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I. O6ume BONpPOCHI
Ppusnkmn

PaAVNaALLMOHHDIX

noBpeXxxaeHumn

TemaTuka ceKIMH NMOCBsIIeHAa Hau0oJ/lee aKTyaJlbHBIM B HacTosiliee BpeMs mpodJjeMaM B 00
paguanuoHHoOi (GU3UKH MeTa/LIoB UM ciaBoB. Ha cekuuio mpeacraBieHbl NOKJAAbl, MOCBSALI
0COOCHHOCTSIM MOBEICHUSA TOYECYHBIX Ae(EKTOB B PA3JIHYHBIX CILNIABAX U COCIMHEHHAX, B TOM YU
Fe-Cr(Ni) cucremax, siBJSIIOIIMXCA OCHOBOW MHOIMX PajHAlMOHHO-CTOMKHMX PeaKTOPHBLIX MaTepy
B IIporpamMy ceKIUHM BKJIOYeHbl [J0KJaAbl, NOCBAIICHHbIC H3YYeHHIO OCOOCHHOCTEH MpoL
B3aHMO/JCHCTBUSI TOYEYHBIX JeQeKTOB PAIMALMOHHOIO M Ae(OpMAIMOHHOIO NPOHCXOKACHHSA
KOMILJIEKCOB Me:K1y c000ii, ¢ MPUMECHBIMH ATOMAMH, TUCJIOKAUMAMH, MeK(Pa3HbIMU U MeK3epeH
rPpaHHIIAMH COBPEMEHHBIMH METOJAAMH MCCJIeI0BAHHM HAa BeceX JTanax (GOpMHPOBAHMA CJIC
Ae(eKTHO CTPYKTYpPbl B HAHO M CYOMHMKPOKPHCTANIMYECKHMX METANIMYECKHMX CHCTeMaxX M BJII
ITHX B3aMMOAEHCTBUII Ha Ae(OPMALMOHHO- U PAIMALNMOHHO-UHAYLHPOBAHHbIE mNpoueccbl. boJ
BHUMaHHe OyJer YyAeJeHO MYJbTHMACIITA0HOMY MOJICJMPOBAHMI0 PAJHANMOHHBIX IPOLECC
00/1yyaeMbIX MAaTepPHAJIAX, AHAJM3Y CTPYKTYPHO-(a30BbIX IMpPeBpallleHUll, a TakKxke IOBe]

TPAaHCMYTHPOBAHHBIX ra30BbIX IPUMeceii.
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POSITRON ANNIHILATION STUDY OF EFFECTS OF SOLUTE ATOMS
ON EVOLUTION OF VACANCY DEFECTS IN ELECTRON-IRRADIATED
Fe-Cr-BASED ALLOYS

A.P. Druzhkov, A.L. Nikolaev
Institute of Metal Physics, Ural Branch RAS, Ekaterinburg, Russia (druzhkov@imp.uran.ru)

The evolution of vacancy-type defects in Fe-Cr alloys (13-16 at. % Cr) undoped and doped
with C, N, Au, or Sb and in conventional ferritic-martensitic steel (~13 % Cr) has been
investigated using positron annihilation spectroscopy under electron irradiation at room
temperature and subsequent stepwise annealing. Small vacancy clusters are formed in the
undoped Fe-16Cr alloy, which anneal out between 320 and 550 K. It has been shown that
oversized substitutional solute atoms (Sb, Au) in the Fe-Cr alloy interact with vacancies and
form complexes, which are stable up to 600 and 420 K, respectively. It has been found that the
accumulation of vacancy defects considerably increases in the alloys and the steel with a
enhanced content of interstitial impurities. It has been shown that this effect is related to the
formation of vacancy-carbon complexes. It is known that chromium in iron decreases the
diffusion mobility of carbon. Therefore, the structure of vacancy-carbon complexes and the
kinetics of their annealing in Fe-Cr alloys differ from those in the Fe-C system.

This work was done within RAS Program (Project No. 01. 2. 006 13394), with partial support
of Ural Branch RAS (Project No. 09-M-23-2004).

THE EFFECTIVENESS OF MATHEMATICAL MODELS FOR FUSION
MATERIALS

S.L. Dudarev
EURATOM/CCFE Fusion Association, Culham Centre for Fusion Energy
Abingdon, Oxfordshire OX14 3DB, UK.
sergei.dudarev @ ccfe.ac.uk

The development of new materials for cost-effective fusion power generation has recently
become one of the priority issues for the international magnetic fusion programme. While the
criteria related to the stability of materials under 14 MeV fusion neutron irradiation, where
candidate alloys and/or composite materials for the tritium breeding blanket are expected to
retain mechanical strength, fracture toughness, and creep resistance over the period of 5 to 10
years, are broadly similar to those for the next generation fission reactor materials, there are
significant differences, primarily associated with the different energy spectra of fusion and
fission neutrons. Recent advances in mathematical modelling show that a synergetic approach,
based on concepts drawn from theoretical condensed matter physics, novel computer simulation
algorithms, and model validation experiments, offers a cost-effective knowledge-based way
forward in the development of fusion materials.

The recent renaissance in mathematical modelling, and the rapid accumulation of new
knowledge about microstructural evolution of materials under irradiation are driven by the
realization of the fact that it is unlikely that a prototype fusion reactor, or a large-scale fusion
neutron source for testing materials are going to be constructed in the immediate future. At the
same time, the operation of the present generation of fusion devices, including Tore-Supra in
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France, Asdex Upgrade in Germany, and JET at Culham Centre for Fusion Energy in the UK,
has highlighted a range of generic materials-related problems not foreseen in the past, like the
problem of materials compatibility in the divertor, and the fact that a substantial amount of
tritium is retained in the plasma-facing materials. The ITER programme is expected to present an
even broader range of materials—related challenges.

Despite the fact the engineering design criteria and constraints imposed by radiation swelling,
hardening, embrittlement, and thermal and irradiation creep, and the loss of mechanical strength
of materials, are macroscopic, analysis shows that all of them are fundamentally related to
microscopic reactions associated with the formation and migration of radiation defects and
dislocations. These processes are controlled by energy scales of the order of an electron-volt
characterizing the dynamics of atoms in the material. This fact highlights the dominant role of
the atomic scale in the hierarchy of multiscale mathematical modelling methods, involving
electronic, atomistic, mesoscopic (Langevin and Monte Carlo) and dislocation-based approaches.
This presentation will also highlight a range of outstanding problems in the field of radiation
stability of iron-based alloys and steels that have recently been addressed and partially resolved
using new mathematical concepts and algorithms, validated by dedicated experiments.

This work was funded by the UK Engineering and Physical Sciences Research Council under
grant EP/G003955 and the European Communities under the contract of Association between
EURATOM and CCFE. The views and opinions expressed herein do not necessarily reflect those
of the European Commission.

CURRENT STATE OF THE RADIATION DAMAGE THEORY

S.I. Golubov, A.V. Barashev and R. E. Stoller
Materials Science and Technology Division, ORNL, Oak Ridge, USA (golubovsi@ornl.gov)

Efforts of many scientists for more than a half of a century have resulted in substantial
understanding of the response of various materials to irradiation. The contribution of theory to
this process is significant. Consequently, some phenomena have been predicted before their
observation: void swelling, radiation-induced segregation and existence of one-dimensional mass
transport under high-energy cascade-producing particle bombardment. Development of the NRT
standard for a common measure of the irradiation dose, the Standard Rate Theory and its further
development, the BEK model, and finally the Production Bias Model have established a
framework for analyzing microstructure evolution in different materials. However, the theory has
not acquired a status allowing it to play a decisive role in creating radiation-resistant materials.
Moreover, some theoretical predictions are in contradiction with observations, which indicates
that something important has escaped attention. In the present paper, the current theoretical
framework and experimental data are analyzed and the reasons for the situation described are
discussed. A way of developing a self-consistent predictive theory is outlined.
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ON THE INTERACTION BETWEEN RADIATION-INDUCED DEFECTS
AND FOREIGN INTERSTITIAL ATOMS IN a-IRON

Alexander L. Nikolaev and Tatiana E. Kurennykh

Institute of Metal Physics, Russian Academy of Sciences, Ural Branch
18, S. Kovalevskoi st., Ekaterinburg, 620990 Russia (nikolaev@imp.uran.ru)

An interaction has been investigated between Frenkel pair (FP) defects and nitrogen atoms in o-iron
by means of a resistivity recovery (RR) method. Both FP partners are captured by nitrogen atoms. A
release of self-interstitial atoms (SIA) takes place at 165 K and that of vacancies occurs at 250 K. Binding
energies of the both FP defects with nitrogen atoms are about 0.1-0.15 eV. A weak carbon-induced stage
is observed at 340 K. Analysis of a position of the stage allows concluding on a decay of the vacancy-
carbon atom pairs characterised by a dissociation (binding) energy about 0.9 (0.35) eV.
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RR curves of Fel (70 appm N) and Fe2 (130
appm N) samples at temperatures above stage
I after electron irradiation. Line graphs
represent RR data of Takaki et al [1] above
stage II depicted for comparison. The dash-
dotted vertical line marks 280 K. In the inset:
high temperature portions of the Fel and Fe2
curves; the dashed horizontal lines mark a
stage at 340 K.

Initial Frenkel pair concentrations in samples:
Fel, Fe2 — 130 appm;

Fe — 84 appm; Fe-15C and Fe-67C — 90
appm; Fe-15C(II) — 490 appm.

RR spectra of Fel and Fe2 samples.
Interpretation of the peaks:

150 K — the onset of free migration of Fe-Ni
mixed dumbbells (our iron contains ~100 appm
Ni);

165 K — dissociation of SIA from atoms of N;
220 K — trapping of vacancies at atoms of N;
250 K — dissociation of vacancies from atoms
of N;

340 K — dissociation of vacancies from atoms
of C (estimated concentration does not exceed 1

appm).
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ELECTRICAL RESISTIVITY STUDY OF THE o PRECIPITATION IN Fe-
Cr SYSTEM AT 773 K

Alexander L. Nikolaev
Institute of Metal Physics, Russian Academy of Sciences, Ural Branch
18, S. Kovalevskoi st., Ekaterinburg, 620990 Russia (nikolaev@imp.uran.ru)

Four Fe-Cr alloys (Cr8.7, Crl10.8, Cr16 and Cr22) were tempered at 773 K during 240 h.
Changes in microstructure were monitored by measurements of electrical resistivity at 4.2 K
(residual resistivity, 0°) and 374 K, p(374K). The temperature-dependent part of the whole

374K

resistivity, so called “ideal resistivity”, i.e. p = p(374K)— p°, was separated. The following

374K

correlations between changes in microstructure and p° and p were found based on

374K

dependencies of p° [1] and p on a Cr concentration and data of the small angle neutron

scattering and atomic probe tomography [2].
Residual resistivity of Cr16 and Cr22 is insensitive to depletion of the solid solution with Cr,

while that in Cr10.8 drops slightly. o precipitation leads to a rise of residual resistivity when a

Cr concentration in precipitates exceeds ~60 at % (C . ). o precipitates with a Cr concentration

below C

crit

do not affect p°.

crit

374K

Changes in p reflect two processes. First, depletion of the solid solution with Cr reduces

p’** . Second, inhomogeneity induced by formation of o precipitates (with any Cr
concentration) increases p° ** . Changes caused by the first process dominate in Cr22, while the

second process is responsible for increase of p’** in Cr10.8 and Cr16 where depletion with Cr

is low.
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Any reliable changes of p° and p were not detected in Cr8.7.
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1. The o-o miscibility gap at 773 K is positioned between 8.7 and 10.8 at % Cr, most
probably, closer to 8.7 at % because the Crl0.8 alloy demonstrates clear features of o
precipitation.

2. o precipitates may nucleate with a Cr concentration below C_.. Incubation time to

crit *

achieve C__ is very short (<3h) in Cr22 and sufficiently long (~100 h) in Cr10.8 and Cr16.

crit

3. Volume fraction of o precipitates after 240 h of aging is estimated as 0.15 and 0.4 vol % in
Cr10.8 and Cr16, respectively.
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CAMOOPTAHM3AIIUA HAHOUKPHCTAJIﬂHqECKOﬁ CTPYKTYPbBI U
PAIMAIIMOHHASA CTOUKOCTDb KOHCTPYKIIMOHHbIX
MATEPHAJIOB

B.I1. Konmorymkun, C.H. Botunos, A.A. Ilapdenos
OAO «BHUHUHM» um. A.A. bBousapa, Mockea, Poccus, kolotush@bochvar.ru

Vxke B Havane 90-x roJoB MpOLIIOrO BeKa NPHU HUCCIEIOBAHMM MEXAHM3MOB YCKOPEHUS
pEeKOMOMHALIMM TOYEYHBIX JC(PEKTOB, BO3ZHUKAIONIMX TMPH HEHTPOHHOM OOJY4YEHUH B
KOHCTPYKLIMOHHBIX MaTepHajax siIEpHbIX PEaKTOPOB, OBUIO 3aMEUYEHO, YTO B CIIaBaX CHCTEMBI
Ni-Cr ¢ MeTacTaOMIBHOM CTPYKTYpPOH KOHIEHTpalUs paJWallMOHHBIX Ae()EKTOB Ha MOPSAIOK
MeHbIe mocie obmyueHus npu temmeparype 330 - 350 °C, yem B cmuiaBax co CTaOMJIbHOU
CTpYKTYpoil [1]. MeTacTabuIbHOCTh CTPYKTYpPBI, 00ECIIEYMBAIOIIYIO YCKOPEHHE peKOMOUWHAINN
paZMalMOHHBIX TOYEYHBIX JE(EKTOB, MPOSBISIN CIUIABbl, yJAJEHHBIE OT CTEXUOMETPHU
yrnopsinoueHHoit (a3er NipCr. MccrnenoBanusi TMoKaszalid, YTO BIUSHHE METacTaOWIBHOCTU
CTPYKTYpbI, T.€. M3MEHUYMBOCTH KpHCTAIOrpaUyecKux IapaMeTpoB, Ha paJualOHHYIO
YCTOMYUBOCTH CILJIABOB OCHOBBIBAETCS HAa CPaBHHUTEIHHO OJMHAKOBOW CIIOCOOHOCTH CILJIaBOB
JAHHOTO cocTaBa K (pOpMUPOBaHUIO OJIMIKHEro MOpsAKa M K paccioeHuto. B crutaBax Takoro
cocTaBa BTOpas NPOM3BOJAHAS CBOOOJHOM HHEPrMM IO KOHILEHTPAlMH OJHM3Ka K HYIIO,
IIOCKOJIBKY 3TH CIUJIaBbl HaXOAATCA B 00JacTW JUarpaMMbl COCTOSIHMSI, TNEPEXOJHON OT
YIOPSAAOYMBAIOIIMXCS CIUIABOB K PaclalaroluMcs.

IIpn >1€KTPOHHO-MUKPOCKOIIMYECKOM HCCIIEAOBAaHUM CTPYKTYpbl U (ha30BOr0 COCTaBa
XPOMOHHKEJIEBBIX CIUIABOB Ha OCHOBE JKe€JIe3a C Pa3IMYHOM MCXOJHON 00pabOTKOI M CIIaBOB
CHCTEMBI HUKEIb-XPOM JI0 U ITOCTIe 00IyueHHsI HEHTPOHAMHU OBLIO YCTAHOBJIEHO, YTO U3MEHEHHE
B Tporecce TepMooOpabOTOK HMCXOIHOTO CTPYKTYPHO-(a30BOTO COCTOSIHUS IO3BOJISET
CYIIECTBEHHO YIY4YIUMTh IOBEJCHHE MAaTepHajoB MOj OOJIy4eHHEM U IOBBICUTh HX
paAMallMOHHYI0 YCTONYMBOCTh. B XpOMOHMKENEBBIX CIUIaBaX Ha OCHOBE jkeje3a U B ciuiaBe Ni-
Cr ¢ metacTaOMIbHON CTPYKTYpO# B pe3yibTare (pOpMUpOBaHUS NMPH HEUTPOHHOM OOIyUECHUU
npu temmeparype 350 - 450 °C noBymiek TOYEUHBIX Ae(EKTOB KOHILEHTPAIMs BTOPUYHBIX
paZuanoOHHBIX JE(PEKTOB CYLIECTBEHHO CHMXKAETCS, U COXPAHIIOTCA BBICOKHE MEXaHUUYECKHUE
CBOMCTBA.

IIpu cpaBHeHun >((HEKTUBHOCTH BIMSIHHUA CTPYKTYpHBIX M (a30BBIX H3MEHEHUH B
KPUCTAJIMYECKON pelleTke, 0OyCIOBICHHBIX pPa3IUYHbIMU (AaKTOpaMu, HaIpUMEp, BIUSHUEM
aTOMOB BHEJPEHHUS, HaJpa3MEpPHBIX aTOMOB 3aMELIEHUS U T.II. HA PAJUALMOHHYIO CTOWKOCThH

7



OBIIME BOITPOCHI ®U3UKU PATAAIITAOHHBIX MTOBPEKIEHUAM

00JTlydaeMpIX HEUTpOHAMH XPOMOHMKEJIEBBIX CTalel W CIUTaBOB OBUIO  OOHApY’KEHO:
MaKCHUMaJIbHOE YCKOpEHHE PEKOMOMHAIIMN BaKAHCUI U MEXKY3eJIbHBIX aTOMOB ITPOUCXOAUT TOJ
BIMSHUEM O0Opa30BaHUSl TETPArOHAJIBHBIX MCKAKEHUW pEIIeTKH, BO3HUKAIOIIMX B Ipoliecce
YIOPAI0YCHHS CIUIABOB MIEPEXOAHBIX MeTaioB. @opMHUpOBaHUE OIMKHETO MOPSAIKaA, a BMECTE C
HUM MCKaXXEHMHM pEeIIeTKH, CIYXalluX JIOBYLUIKAaMU TOYEYHBIX Je(deKTOB, oOecreuynBaeT
paBHOBECHE KOJIMYECTBA 3apPOXKAAIOUIUXCS U PEKOMOMHHPYIOUIMX TOYEYHBIX NE(PEKTOB. DTOT
IPOLECC MOXHO paccMaTpUBaTh KaK CaMOOPraHU3alUI0 CTPYKTYphl 00JIydaeMbIX CILJIaBOB,
IOCKOJIBKY OH oOecrieyuBaeT BO30OHOBJICHHME paspyllaeMoil B KacKagaX CMELICHHUs
KPUCTAJIMYECKON PEUIeTKU M, KaK CIeACTBHE, HE3HAYUTEJIbHOE BAKAHCHOHHOE paclyXaHHe U
BBICOKYIO PaIMalliOHHYIO0 YCTOMYMBOCTh KOHCTPYKIIMOHHBIX MaTepHalIoB [2].

Ecnm sxe cTpykTypa CIUIaBOB NEPEXOJHBIX METALIOB CTaOMIM3HUPYETCsl NpU OOIydeHHUU
HEHTpOHAMH, T.e. B CIUIaBax MPOUCXOAAT (ha30Bble MEPEXOJbl, TaKHWE CIIaBbl OBICTPO
yTPAadMBAIOT CIIOCOOHOCTH CONPOTHBIATHCS PAAUAIMOHHOMY BO3ACHCTBHIO M IOJAEPKUBATH
YCKOPEHHYIO PEKOMOMHALIMIO TOYEYHBIX JAe()EeKTOB, dYTO OOYCIOBIMBACT JACTPAIalHIO
MEXaHWYECKHUX CBOHCTB MaTE€PHAJIOB.

[IposBnsromeecs B psae CUCTEM CIUIABOB IIEPEXOJHBIX METaNIOB OJHOBPEMEHHOE
BO3/ICIICTBIE HEHUTPOHHOIO OOJIy4eHUS U TEPMOJMHAMUYECKOrO OJIMKHETO YHMOpSIOYEHUs Ha
NepepacnpeielieHie aTOMOB KPUCTAJIMYECKONW PEIIETKU SBIAETCS CHUHEPreTHMUECKUM U
dbopMupyeT HENpepbIBHYIO AMHAMUYECKYI0 CAaMOOPTaHU3alUI0 CTPYKTYpbl MeTauioB. Takum
o0pa3oM, caMOOpraHM3anus KpPUCTAUIMYECKOH CTPYKTYphl B TpOLECCe paJuallHOHHOTO
MOBpEXACHUsT oOecreunBaeT yIMHEHHE WHKYOallMOHHOTO Meproja HAKOIUIEHUS BTOPHYHBIX
panuManuoHHBIX  e(EKTOB M  COXpaHEHHE HEOOXOJMMBIX  MEXaHHYECKHUX  CBOMCTB
KOHCTPYKIIMOHHBIX MaT€pHaIOB

Haunbonee 3¢exkTuBHBI MeXaHU3M YCKOPEHHS PEKOMOMHAIIMHM BAaKaHCUH U MEXy3eIbHBIX
aTOMOB CBSI3aH C OJIDKHHUM YIOPSAOYEHHEM M TETPAaroHAJbHBIMU CTAaTHYECKUMH MCKAKCHUSIMH
KpUCTATN4ECKOi perieTkd. CTaTHUECKUE MCKaKEHHUSI BO3HUKAIOT 110 TPaHMIIaM HAaHOJOMEHOB
OJDKHETO YHOPSIOYCHHUs, KOTOPhIe COIepKaT OCHMILISILIUYN PACHPEACICHUS B MAaTPHIIE aTOMOB
HUKEJS U XpOMa C MHTEPBAJIOM PACHOJIOKEHHUS U JUHEHHBIMU pa3MepaMu HaHOJOMEHOB 2 — 4
HM (pUCYHOK 1), a TpaHUIBI HAHOJJOMEHOB SIBJISTIOTCS JIOBYIIKAMH JUIS TOYEYHBIX PaJHAlMOHHBIX
e eKTOoB.

Pucynok 1 - Hanonomensl B cruiaBe
Hukens ¢ 41 % mac. Cr mocie 3aKajlku U
orxura npu Ttemneparype 450 °C B
tederue 9000 g

Uncno aToMOB B HAHOJIOMEHAX OJIMIKHETO YIOPSIOYEHHUs HEBEITUKO, MOATOMY PACCTOSIHHE
MEXy SHEPreTHYECKUMH YPOBHIMHU Takou dactuibl 0 = Eg/N (Er — osueprus ®epmu, N —
YUCJIO aTOMOB B 4YaCTHIIE) CPaBHUMO C TEIUIOBOW »HHeprue kpl. AKTHBHOCTH MaJIbIX
METATMYECKUX YaCTHI[ HAYMHACT MPOSBIATHCS, KOrAa O 1Mo BeauuuHe Onmusko K kg7 [3].
[IpoBeneHHBIC HCCIEAOBAHUS TIOKA3aIM, YTO HAHOJOMEHBI OJMKHETO YIOPSIOYCHUS CO
CpeIHUM pa3MepoM ~ 2 - 3 HM, oOpasyromiecst Ipu OOTy4YeHUH HEUTPOHAMHU B CIUIaBaX HUKEIIS
C XpOMOM, TMPEACTABISAIOT COOOW YACTUIBI pa3MepoM, IMPU KOTOPOM TMPOSBISIOTCS
KaTaJINTUYECKHE CBOMCTBA yacTuilbl. OHU 00pa3yloT TOMOT€HHO pacHpe/ielIeHHYI0 B MaTpHIIe
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CUCTEMY WIM IOJAPEIICTKY KaTaIUTHYECKH aKTUBHBIX LEHTPOB, B3aUMOACUCTBYIOIUX C
BaKaHCHUAMH M MEXY3€JIbHbIMU aToMaMu. [Ipu nuHelHOM pa3Mepe JacTull (HaHOJOMEHOB) ~ 2 -
3 HM Koan4uecTBO aToMoB B HUX B cucteMe Ni-Cr coctaiser 150 - 250 quist remneparypst 600 K
[4]. 3akperuieHne TOUCYHBIX 1e(PEKTOB B 30HE BJIUSHHUS HAHOJOMEHOB OJIM)KHETO YIOPSA0YCHUS
saBisieTcss 3((GEeKTUBHBIM (PAKTOPOM YCKOPEHHUS] peKOMOMHAIMK M TOBBILICHUS PaTUalMOHHOM
YCTOMYUBOCTH CILIaBOB.

CHHCOK HCTOYHHKOB

[1] B.II. Konorymkun. BiusiHue cTpykTypHOTO cocTosiHMs Ha cTabmibHOCTh Cr-Ni- cranei u
CIUIaBOB MpH OOIy4YeHUH HEHUTpoHaMU. "Qusuxa memannod u memannoseoenue’. 2004, Tom 97,
Ne 2, c. 63-73.

[2] Konorymikun B.I1. BorunoB C.H. MuTOM, 2006, Ne 10 (616), c. 27-31.

[3] A.W. I'yceB. Hanomamepuanwi, hanocmpykmypuol, Hanomexuonocuu. - M.: ®DUSMATIINUT,
2005. - 416 c.

[4] Komorymkun B.II., Ilapdpenor A.A. CamoopraHusanuss HaHOKPHCTATHYECKOM
CTPYKTYpBI CIIJIaBOB NEPEXOJHBIX METAIJIOB IOJ ACHCTBUEM TEMIEpaTypbl U OOIy4eHHUs Kak
OCHOBa /I CO3/1aHUs DPAJUALMOHHO-CTOMKHMX KOHCTPYKIIMOHHBIX MAaTE€pUalioB SAEPHBIX
peaktopoB. Memannwvt, 2010. Ne 2, c. 1-13.

3ABUCUMOCTD B3AUMOJIEICTBUII BAKAHCHH C
PACTBOPEHHBIMU ATOMAMM OT MATHUTHOI'O COCTOSIHUS B
PA3BABJIEHHBIX CIIJTABAX HA OCHOBE KEJIE3A

0.U. Top6aros , IT.A. KopxcaBLnTI**, A.B. Py6aH**, I0.H. FOpHOCTBIpeB*’***
*Uncmumym Keanmosoco Mamepuanosedenus, Examepunoype 620107, Poccus
(oleg.gorbatov@igms.ru)

“Koponesckuii Texnonoauueckuii Mncmumym (KTH), SE-100 44 Cmoxeonvm, Ilseyus

Unemumym @usuxu Memannos, YpO PAH, Examepunoype 620041, Poccus

B3anmMopeiicTBie BakaHCHU C PaCTBOPEHHBIMU aTOMaMU OIpeeisieT Mexanu3m auddysun u,
TEM CaMbIM, Bce AU(PPY3MOHHO-KOHTPOJIMPYEMBbIE IPOLIECChl B TBEPABIX TellaX. 3HAHUE ITUX
B3aUMOJICHCTBUI SIBJISETCSI OCOOCHHO BAaKHBIM ISl IOHUMAHUS CTPYKTYPHBIX MpeoOpa3oBaHU,
Pa3BUBAIOLIMXCS B PEAKTOPHBIX MaTepHagax B YCIOBHMSIX OOIy4eHHUs, KOTJa KOHLEHTpalMs
BAKaHCUM BeEJMKA. TpagulMOHHBIE IOAXOAbI PACCMaTPUBAIOT PA3MEPHOE HECOOTBETCTBUE
HMOHHBIX DPAJUyCOB IPUMECH M MaTpUIbl KaK OCHOBHOM MEXaHM3M B3aUMOJEHCTBUSA
pacTBOpPEHHOr0 aToMa C BakaHcHed (IedopMalMOHHOE B3auMMozelcTBuE). B Toxe Bpewms,
COIIACHO COBPEMEHHBIM IIPEICTABICHUAM, BaXKHYIO POJIb UTPACT XUMHUYECKOE B3aUMOACUCTBHE,
3aBUCHALLEE OT DJIEKTPOHHOU CTPYKTYPbI IPUMECH.

Hcnonp3ys MeTos! Teopun GyHKIMOHATA 3JIEKTPOHHOM IIIOTHOCTH, PEaTM30BaHHBIC B CXEME
JOKaJIbHO camocoriiacoBanHblx GyHKkmmid ['puna (LSGF), Mbl mpoBenu cucTteMaTHyecKue
MCPBOIMPUHIUITHBIC PACUCTBI SHCPIUn B3aHMOHeﬁCTBHﬁ BaKaHCHUU C PACTBOPCHHBIMU aTOMaMH
3p (AL, Si, P, S), 3d (Sc - Cu) u 4d (Y - Ag) snemenToB B ciuiaBax Ha ocHoBe OIIK Fe. Pacuerst
OPOBOIWINCH Kak Juii (EeppOMAarHUTHOro, TaK M JUIsl [apaMarHUTHOTO COCTOSTHHS,
MOJICIUPYEMOTO B IPUOJIMKEHUN Pa3yMOPsIOUCHHBIX JIOKATbHBIX MOMEHTOB (DLM).

[lokazaHo, 4TO Ha MEPBBIX JBYX KOOPIMHAIMOHHBIX Cepax B3aMMOJCHCTBHE BaKaHCHS-
IIPUMECH ONPENEIAETCS XUMUUECKUM BKIIAIOM, SHEPIUs KOTOPOr0 3aKOHOMEPHO U3MEHSETCS B
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psAoy DOJIEMEHTOB C POCTOM YHCIA BAJICHTHBIX DJEKTPOHOB. MarHetusMm OKa3bIBacT
CYILIECTBEHHOE BIIMSHUE HA B3aMMOJEHCTBHUS BaKaHCUA-IPUMECh U 3p U 3d sneMeHToB. Ilpu
stom mnepexon ¢eppomarautHoro OIIK Fe B mapamarHMUTHOE COCTOSIHHE COIMPOBOXKIACTCS
YMEHBIICHUEM 3HEPruy B3aUMOJICHCTBUS, KOTOpOE Hambosiee 3HAUUTENBHO JUIs rpuMeceil Mn,
Cr u Cu. Ilony4yeHHble pe3yibTaTbl MUMEIOT OOJIBIIOE 3HAYEHHUE JUIsl MOHMMAHUS KUHETHUKU
CTPYKTYPHBIX U3MEHEHHUH B CIUIaBaX Ha OCHOBE JKEJI€3a, B 3aBUCUMOCTH OT TEMIIEPATYPHI.

MMAPAMETPBI B3BAUMOJIEACTBUA COBCTBEHHBbIX
MEKJAOY3EJbHBIX ATOMOB C ATOMAMM ITPUMECEU B
AJIIOMUHHNHAN

A.D.lasnerunH, B.JI. ApOy308B.
Hncmumym ¢uzuxku memannos YpO PAH, Examepunbype, Poccus (andreydavletshin @mail.ru)

[lpuBeneH 0030p COOCTBEHHBIX M JIUTEPATypHBIX HKCIEPUMEHTAIBHBIX JAHHBIX IO
napaMeTrpaM B3aUMOJEHCTBUS (PHEPIMM CBS3M, paAMYChl 3axBaTa) aTOMOB IIpUMECEd ¢
COOCTBEHHBIMU MEX/I0y3€JIbHBIMA aTOMaM{ B QJIOMHHUH, TOIYYEHHBIX U3 SKCIEPUMEHTOB IO
UCCIICIOBAHMIO HAKOIIJICHUS PaIUAllMOHHBIX Ae(PEKTOB M UX OTXKHUTA MOCiIe 00IydeHHsI.

B HACcTOAICE BpPEMA MCIOJIB3YCTCA JBa METOJAa OKCICPHUMCEHTAJIBHOIO OIPEACICHUA
PaanyCoB 3axXBaTa MOJABUKHBIX COOCTBEHHBIX MCKIAO0Y3CJIIbHBIX aTOMOB aTOMaMH IIPUMECH :

1. Meropn, OCHOBAHHEIN Ha a”Haanu3e KPHUBBIX BO3Bpara OCTaTOYHOI'0
AIIEKTPOCONPOTUBIEHUS Ha cTanuu Ig [1];

2. Meron obparnoii ckopoctr Hakoruienus (OCH) [2].
OO0cyXaro0Tcst BOMPOCHI, CBA3aHHBIE C 0COOEHHOCTSMU ITHX METOOB.

C nomomnisto Meroga OCH omnpeneneHbl OTHOCUTENbHBIE paIMYChl 3aXBaTa NOABUAKHBIX CMA
aTomMaMmH InpuMmecu B cruiaBax Al mpu temmeparype oOmyuenus 54 K: ans aromoB Mg Ri =
0.6+0.07, g Si R, =0.72+0.12, g Sn R, =0.6+0.1, mas Li R, = 0.22+0.03.

N3 3KCepuMEHTOB 1O UCCICJOBAHUIO HAKOIUICHHUS PAIUAIMOHHBIX JEPEKTOB M HX
MOCIIEAYIOLIETO OTKHUIa MPOBEAECHA OLIEHKA SHEPTUU CBA3M KOMIUJIEKCOB aToM npumecu - CMA B
crtaBax Al: qis atomoB Mg Eq; = 0.14 3B, ansa Si Eg; = 0.3 3B, n1s Sn Eg; = 0.34 5B, qs Li
E.; = 0.24 5B.

IIpoBeneH aHanu3 IONYYEHHBIX 3HAUEHWM IIapaMETPOB B3aUMOJCHUCTBHS Ul Pa3/IMYHBIX
TUIIOB NIPUMECEN B AIFOMUHUMU.

O06HapyxeHo, 4TO mpu oO0dydyeHWH B obOmactu Temmeparyp Il cramum Bo3Bpara B
OonpmMHCTBE Al CIIJTaBOB MPOUCXOAUT MepecTpoeHue komruiekcoB CMA - aToM mpuMecH u
dbopmupoBanue 00yiee KPYITHBIX TeTepOreHHbIX KoMruiekcoB CMA Ha aToMax MPUMECH.

Jlureparypa

1. Rizk R., Vajda P., Maury F. e. a., J. Appl. Phys., 47, 11, 4740—4745 (1976)

2. Bomnen0Geprep I'., [IBopxak @., Jlenaptu P. B xu.: Mamepuaner wkonvl no paouay. u
opyeum oeghexmam 6 meepovix menax. Uu-t puszuxku ['CCP, Tounucu, 1974, c. 73—115.
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PAIUAITMOHHO-UHAYIHHUPOBAHHBIE IIPEBPAIIIEHN A B CIIJTABAX
Fe-Ni U Fe-Ni-P C PA3JIMYHOU MUKPOCTPYKTYPOU

C.E. lanunos, B.JI. Apby3oB, B.A. Kazannes
Hnemumym @usuxu Memannos YpO PAH, Examepunodype, Poccus.(danilov@imp.uran.ru)

MertogamMu  OCTAaTOYHOTO  BJEKTPOCONPOTHUBICHHUA M KOI(QQUIMEHTa TEPMUUYECKOTO
pacuupenusi (KTP) wuccrmemoBanbl mpouecchl paaraliiOHHO-UHIYILIMPOBAHHOTO PAaCCIOCHUS
TBEPJIOTO PacTBOPa U SBOJIOLUM PAIHALMOHHBIX Ae(PEeKTOB mpu oOiIydeHUH B auanazone 240-
570 K wu orxurax B crmaBax Fe-34,7a1.%Ni u Fe-34,7a1.%Ni-0,1%P ¢ pa3nuuHOi
MHUKPOCTPYKTYPOii, CO3aHHOM Xo0aHo# nedopmanneii. CpaBHHBAIOTCS CIIIaBbl B COCTOSHUSX:
3akaneHHoM ot 1373 K, cocrapernom npu 780 K, nedbopmumpoBanHom Ha 40 % wu
ne(GOopMHUPOBaHHOM, HO OTOXOKEHHOM mipu 573 K s ynaneHuss BaKaHCHOHHBIX KIIACTEPOB.
[TosmydeHbl A030BBIE M TEMIEPATYPHBIE 3aBHCHMOCTH PAaCCIOCHHsS TBEPIOTO PAacTBOpa, NpHU
00JIy4eHUH 3JEKTPOHAMH H MIPU MOCIEIYIOINX H30XPOHHBIX OTXKUTaX.

[Tokxa3zaHo, 4TO Mmpolecc paaualuOHHO-MHAYIIUPOBAHHOTO PACCIOCHHS TBEPJOTO pacTBOpa,
IPUBO LN K CHIIBHOMY POCTY OCTaTOYHOTO 3JeKTpoconpoTusieHus (10 20 %) u k pocty KTP
(mo 10° K1 MIPOUCXOAUT TIpH 00ydeHnu 5 MaB snexTporamu 10 103 Ha ypOBHE 510" em™
Opy TOCTEAYIONIMX OTKHraX. BakaHCHOHHBIE KIACTEphl, Kak Jae(GopMalliOHHOTO, TaK u
PaAMallMOHHOTO TIPOMCXOXKICHHS JACWCTBYIOT B KAaueCTBE CTOKOB TOUYEYHBIX ACPEKTOB H
CHIDKAIOT PaJMalliOHHO-UHAYLIMPOBAaHHOE PACCIOEHUE TBEPAOIO pacTBOPa, OHU JUCCOLUUPYIOT
npu omxurax B mHTEepBasie 350 - 500 K, mpuBoAs K TMOSBICHUIO MHUTPUPYIOIMIUX BaKaHCHM,
KOTOpbIE B CBOIO Ouepeib, OOECHEeuMBAIOT MPOJNOJIKEHHE IpOIecca PacCIOCHUs TBEPAOro
pactBopa. OJlHaKO, OCHOBHOE U Haubosiee CHIbHOE BIMSHUE HA PACCIOCHHUE MPH JIEKTPOHHOM
00Jy4eHNH OKa3bIBaeT JAMCIOKAIMOHHAS MUKPOCTPYKTYpa; OHAa CHUXKAET PAcCIOCHHUE TBEPIOTO
pactBopa Oojsiee ueM B TpH pasa npu 573 K. BzaumonelictBue Bakancuii ¢ atomamu docdopa
MPUBOIUT K YCHIICHUIO 00pa30BaHUsI BAKAHCHOHHBIX KJIACTEPOB Kak B 1e(hOpMHPOBAHHOM, TaK U
B OOJIyYeHHOM HWHBApe W K YMEHBIIECHUIO PACCIOCHUsI TBepAoro pactBopa u pocta KTP.
[TokazaHo, YTO KOHILIEHTPALlMOHHBIE HEOAHOPOJHOCTH MATPHIIBI B COCTAPEHHOM CIUIaBE HE
ABJISIOTCS 3aMETHBIMH CTOKaMH ISl TOUYEUYHBIX Je(deKToB. BnusHue pazHoil MUKPOCTPYKTYpPBI
Opy HHU3KUX TeMIlepaTypax OONydeHUss He SBJISETCS CYIIECTBEHHBIM, a TIPU BBICOKHX
TEMIEpaTypax HUBEIMPYETCS BIUSHUE CTapeHus U JedOpPMAlMOHHBIX BaKaHCHMOHHBIX
KJIACTEPOB.

Paboma noooepoicana I[lpoexmom MHTIL] Ne 3074.2, npoexmamu PODU Ne 11-02-00224 u
Ne 11-03-00018

CEI'PETAIIAA SJIEMEHTOB 3AMEIIEHUST HA TPAHUIIAX 3EPEH.
HHEPBOIITPUHIUITHBIA PACUET

A.P. Kyznenos***, KO.H. I'opnocteipe™**, C.B. OkaToB**

*UDM YpO PAH, Examepunbype, Poccus (A_Kuznetsov@imp.uran.ru)
**Uucmumym keanmosoeo mamepuanogeoenus, Examepunoype, Poccus

Cerperauy pacTBOPEHHBIX aTOMOB Ha rpaHunax 3epeH (I'3) oka3pIBalOT 3HAYMTEIBHOE
BIMSHUE, KaK Ha (a30ByI0 CTaOMIBHOCTh, TaK U Ha (PU3MKO-XMMHUYECKHE CBOWCTBA CILJIABOB.
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OBIIME BOITPOCHI ®U3UKU PATAAIITAOHHBIX MTOBPEKIEHUAM

XoTs TepMOAMHAMHYECKHE NPUHLHUIBI 00pa3oBaHUSl  Cerperaluii  W3BECTHBI  JaBHO,
MHUKPOCKOIUYECKUI MEXaHU3M 3TOT0 SIBICHUS MPOJOJIKAET OCTABATHCS MPEAMETOM JTUCKYCCUM.
TpanuuMoOHHBIE MOJIXOBI PACCMAaTPUBAIOT PAa3MEPHOE HECOOTBETCTBHE MOHHBIX PAJUyCOB KaK
OCHOBHYIO TPHYMHY B3aWMOJEWUCTBHUS PacTBOpEHHOro »3ieMeHTa ¢ I3 (medhopmannoHHOE
B3aumojieiicTBue). COrJIaCHO COBPEMEHHBIM TMPEACTABICHUSIM ONPEACISIONYI0 pojb B
oOpa3oBaHumM cerperauuii Ha ['3 uWrpaeT XUMHYECKOE B3aUMOJCHCTBHE, 3aBUCSIIEEC OT
3JIEKTPOHHOU CTPYKTYPBI IPHUMECH.

J1Jist BBISICHEHUS POJTH SJICKTPOHHBIX AP(HEKTOB B 00pa30BaHUM CETperaliii METOaMH TeOpUU
dbyHKroHana saekTpoHHOW TwioTHOCTH (PAW-VASP) ¢ ydyeTrom aromMHON pemakcanuu
MPOBECH paCyeT 3JIEKTPOHHOM CTPYKTYPhl M TOJHON 3HEPruM KPUCTAJUIMTA, COAECPKALIErO
crienaibHyto ['3 1 aToOM JIETUPYIOIIETO 3JIEMEHTAa B PA3JIMUHBIX MO3UIUIX OTHOCUTENbHO ['3. B
KauecTBE IpUMEPAa paccMOTpeHbl TIpaHulpl HakigoHa X5{210}[001], X5{310}[001] B Al,
nerupoBaHHoM Mg wnu Si, u X3{112}[001] B OLIK-Fe, neruposannom Ni mnu Cu. ITokazaHo,
yTo B ciydyae ['3 C BBICOKOM IJIOTHOCTHIO COBHAAAIONIMX Y3J0B B IUIOCKOCTH TPAHUIIBI
(X5{310}[001] m X3{112}[001]) oHeprusi B3aUMOAEUCTBUSI OINPEIACISICTCS NEPECTPONKOM
AIIEKTPOHHON CTPYKTYpHI B y3i1ax ['3 ¢ aTOMHON KOOpAMHALIMEH, OTIAMYAIOMIEHCs OT 00BEMHOIA.
[Ipu 5TOM €€ BenM4rHa 3aBUCHUT OT MEPEHOCcA 3apsAia U MAarHUTHOTO COCTOsIHMS nTpuMecH (s ['3
B OLIK-Fe). B Toxe Bpewms, st '3 ¢ HU3KOW MJIOTHOCTHIO COBMAJIAIOIIUX Y3JIOB B IIOCKOCTH
rpanuibl, Takux kak X5{210}[001], ucnpIThIBalOIMX 3HAYUTEIBHYIO ATOMHYIO peJaKCallHIo,
CYIIIECTBEHHBIA BKJIAJ B DHEPTHIO B3aUMOJICHCTBHUS JaeT Ae(opMalmoHHOE B3aWMOJCHCTBHUE.
Crnenan BBIBOJ O TOM, YTO HEpaBHOBeCHbIE ['3, sl KOTOPBIX KpucTamiorpaduyeckas aToMHas
KOOpJMHAIIMS HapyIlIeHa B IIMPOKOM Mpuiieraromeil 001acT, UMEIOT MOBBIIICHHYIO CKIIOHHOCTh
K 00pa30BaHUIO Cerperanuii Jerupyouux 3JeMeHTOB.

Paboma evinonnena npu noooepowcxe Ilpezuouyma PAH (npoexmwur 09-M-23-2004, 10-2-13-
I1IPO,).

BJIUAHUE NOHU3UPYIOLEI'O U3JIYYEHUS HA ITPOYHOCTHBIE
XAPAKTEPUCTHUKH METAJLJIOB U CIIJIABOB

B.A.Kimumenos, A.Il.MaMOHTOB
Hayuonanvnoui uccnedosamenvcruii Tomcxuti nonumexnuueckuil yuusepcumem, Tomck, Poccus

Meramisl M CIUIaBbl HAXOJATCA B COCTOSHMAX, BECbMa JAJIEKUX OT COCTOSTHUSA
TEPMOJUHAMHYECKOIO PAaBHOBECHS, IOCTHKEHUIO KOTOPOTO NPENATCTBYIOT JHEPrETHUECKHE
napamMeTpsl Je(QEeKTHBIX W TPUMECHBIX nepecTpoek. [Ipu o00aydeHHH WOHU3UPYIOIIUM
U3Iy4EHUEM METAJUIOB U CILIABOB IMOSIBJSIIOTCS COCTOSIHUS, MAaJOBEPOSITHBIE C IO3HLHAN
PaBHOBECHOU TEPMOJMHAMUKH.

HccnenoBaHo BIMSHUE HOHU3UPYIOLIETO U3TyUYEHHUSI OCTAHOBJIECHHOTO MPOMBIIINIEHHOTO ypaH
— rpaduroBoro peakropa npu Momuoctu 10361 0,15 — 0,18 P/c 1 MOHU3HPYIOLIETO U3ITyUCHHS
PaauoaKTUBHOTO UCTOYHUKA K00ambT-60 mpu MontHOCTH 110361 240 — 250 P/c Ha MPOYHOCTHBIE
XapaKTepUCTUKU ayCTCHUTHOM CTaju, TUTaHa, BoJb(ppama, MOIHOCHA, TBEP/BIX CIIaBOB B8 u
T15K6. TlpoBomunuchk M3MEpeHHs] HA HMCXOMHBIX O0pa3lax u o0pasiax, OOJYUYeHHBIX 030U

104P MOHU3UPYIOUIET0 M3nydeHus. Pe3ynbTaTel n3Mepennil TBepibix criaBoB BK8 npuBeneHbl
B TabmuIe.
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OBIIME BOITPOCHI ®U3UKU PATAAIIAOHHBIX MTOBPEKIEHUAMN

Pexum Pazpy- [Ipenen Hedbopmanus, | XKecTtkocTs, Muxpo-
00paboTku maronias MPOYHOCTH MM kl'c/mm TBEPJOCTb,
00pasioB Harpyska, P U3ruoe, <c/ w2
kl'c kl'c/lem
Hcxomnsie 443 9843 0,058 7637 1290
00pasIsl
Ob6nyuenue B 392 8756 0,042 9350 1634
peakTope
Ob6nyuenue 390 8754 0,041 9348 1632
60,

Kak BuIIHO, pe3yabTaThl U3MEPEHUN 3aBUCAT TOJBKO OT J03bI OOJyUYEHHUS U HE 3aBUCHT OT
MOITHOCTH J103bl1. [Tocie o0myueHnst yMeHbIIaeTcs pa3pylaonias Harpy3Kka, mpeaes MpoYHOCTH
npu u3ruoe, nedopmanusi, yBeIuuuBaeTCs KECTKOCTh U MUKPOTBEPAOCTH CILJIaBa.

YMeHbIIeHHe KOMU4ecTBa NeEKTOB U YIMOPSIOYCHUE CTPYKTYPhI METAIJIOB U CILJIAaBOB MpU
00Jy4eHHH Majloil MOIIHOCTBIO JA03bl MOHU3HUPYIOIIETO M3JIyuyeHUs, KOTJa MEHbIIE COTOM 0oNu
aTOMOB HMOHM3HPYETCS, BO3MOXKHO TOJBKO 3a CYET OCBOOOKICHHS 3allaCCHHON JHEPTHU B
KPUCTAIJIMYECKON pelIeTKe B pe3yjbTaTe IEeMHbIX MPOIECCOB AHHUTHIISIIMU J1e(DEKTOB.
[Iponiecchl aHHUTHIISIIUM BaKaHCUM C T€HETUYECKH CBSI3aHHBIMU MEXKI0Y3€JIbHBIMU aTOMaMHU
WHULUAPYIOTCS NOHU3ALUEH.

HccnenoBanus, BBINOJIHEHHBIE C MOMOILBIO PAaCTPOBOrO 3JIEKTPOHHOTO MHKpockona POM-
200, noxkazanu, yto oOpa3ubl cruiaBa BK8 comepikanu yactuiibl kapouaa Bojb(pama B BHIE
MHOTOYTOJIBHBIX MPU3M WM LUWIMHIPOB C momnepeuyHbiMu pasmepamu 1 — 10 mxm. B stom
criaBe jgedekTHbple 00JacTH cocpeAoTodeHbl Ha TpaHumax pazgena WC-Co. YMeHblieHue
KOJMYeCTBa Ne(EKTOB MPU HOHUZHUPYIONMIEM OOJYYeHUU B pE3yNbTaTe AHHUTWISIMUA WA
pekoMOMHAIMK J1e(DEeKTOB JOJIKHO COMPOBOXKIATHCS TEIUIOBBIAECICHUEM, OO0YCIOBIEHHBIM
OCBOOOKJICHHEM 3alaceHHOW B KpHCTAule SHEpruu. lIpW STOM MPOWCXOAUT H3MECHEHHE
CTPYKTYphl ~MaTepuayia. Jlns wuneHTudukanmmy WCXOAHBIE U OOJMydeHHBIE  OOpasIbl
AHATM3UPOBAINCH METOJOM MAacCC-CIIKTPOMETPUU BTOPHYHBIX HMOHOB. B  Macc-crekTpax
OOJly4eHHBIX 00pa3oB HAOMIOMamUCh THKHA, cooTBercTBytomue uoHamMm CoWC. D3To
MOATBEPXKIEHO TMPH HW3YYCHHH TMOBEPXHOCTH  PA3pyIICHUS METOJOM  pPEIUIMK  Ha
MIPOCBEYMBAIOIEM IJ1eKTpoHHOM MuKpockone DBM—100. ITosiBnenne HOBOM ¢a3bl U U3MEHEHUE
neeKTHOCTH MaTepralia H3MEHUIIO U XapaKkTep u3IoMa 00pasiios:

— TIOpPBI BIOJIb 00JIACTeH CITAMHOCTH WCYE3a0T U YMEHBIIACTCS WX KOJIMYCCTBO HA TPAHHMIIC
paznena WC-Co;

— Ha TOBEPXHOCTH KapOumaa Boibhpama MOSBISIIOTCS AJIEMEHTHI BSI3KOTO HM3JIOMa — IpeOHH
OTpPBIBA, BA3KUHI U3JIOM;

—YMEHBIIAETCS BHITSKKA KOOATTOBOM CBSA3KH BOKPYT YacTHUIl KapOua Boybgpama.

Takum o0Opa3oM, ymopsiioueHHe CTPYKTYpbl TBEpPIOrOo CIUIaBa NP BO3JEHCTBHHU
HOHU3HPYIOIIETO W3ITYICHUS COTPOBOXK/TACTCS 3HAYUTEILHBIMU CTPYKTYPHBIMH
npeBpamieHusiMA. HaunGomnee cuibHbIE H3MEHEHHsS] IMPOUCXOAAT B OONACTAX C BBICOKOU
MJIOTHOCTHIO JedeKTOB, Hampumep, Ha rpaHunax paszaena WC-Co. Hambonee BeposiTHO, 4TO
HaOJroaeMble TMPEBPAIICHUST CTPYKTYPBI SIBIISIIOTCS CJIEICTBHEM JIOKAIBHOTO pa3orpeBa B
pe3yabTaTe IEMHbIX Peakini MeXy nedexramu.

MeTtoa akyCTHUYECKOW IMHCCUU, TeHEPHUPYEMO B Ipoliecce 00IydeHus, sIBIseTcsl Hanbosee
NIEPCIIEKTUBHBIM METOAOM JJIsi KOHTPOJS KadyecTBa M JUTHOCTMKM METaNIOB M CIUIABOB.
W3mepenns akycTHUECKOI SMUCCHU BBITTOJIHEHBI B Tpoliecce 00aydeHns TUTaHa, ciiaBoB BK8 u
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OBIIME BOITPOCHI ®U3UKU PATAAIITAOHHBIX MTOBPEKIEHUAM

T15K6. Dtr cruaBel UCTIOJIB3YIOTCS ISl U3TOTOBJIEHUS OypOBOTO MHCTPYMEHTA ISl OypeHus
TOpHBIX nopoa. Mmeercs npsmast KOppessiius KOJIU4eCTBa UMITYJIbCOB aKyCTUYECKOM SMUCCHH C
MPOYHOCTHBIMHU XapaKTEpUCTUKaMU TBEPAOro civiaBa. B oOmactu aHHUrWISIIMM J1e(hEKTOB
BO3HMKAET TEIUIOBas BCIBIIIKA 33 CYET OCBOOOXICHHS 3aMaCeHHOW B KPUCTALTUYECKOU
pelieTke SHepruu, Koropas cocraBiseT okono 19 sB. OcBoOoxkneHue 3amaceHHOW 3HEPrUH
MPUBOIUT K PE3KOMY BO3PACTAHUIO TEMIIEPATYPhl B OTPaHUYCHHOM 00beMe, 3aTeM TeMIeparypa
MPAKTUYECKH MTHOBEHHO YMEHBILAETCS 10 TEeMIIEepaTyphbl OKpysKarollei 00JacTb aHHUTHIISILIAN
CpEJBl.

OCOBEHHOCTH PATMAIITHOHHOI O JIE®PEKTOOBPA3OBAHUA B
CPEJAX C OTPUIATEJIBHOU DHEPI'MEN XABBAPIA

3.M.Ubparumosa*, b.JI.Oxcenrenmiep**, C.E.Makcumon**, H.H.TypaeBa**
*Uncmumym soeproti pusuxu Axkademuu Hayx Pecnyonruxu Y3oexucman, Tawkenm,
V36exucman;
** Unemumym anexkmponuxu Axkademuu Hayx Pecnyonuku Y3o6exucman, Tawkenm, Y36exucman
(oksengendlerbl @yandex.ru)

OtpunarenpHast SHeprus Xab0apaa, peanu3yemasi B Cpefax C CHUIBHBIM DJIEKTPOH-UOHHBIM
B3auMojiericTBreM (AHnepcoH, 1975), paaukaibHO U3MEHSET Ae(PEKTHBIE MPOIECCH, BIUIOTh 10
npeBparieHus 1e(ekToB B neheKToHbI-uHBEpCOHBI [1,2]. He MeHee cyiecTBeHHbIE U3MEHEHUS
OyayT TIPOSIBIIAITHCS M B DJIEMEHTApPHOM aKkTe paauandoHHOro nedexroodpazoanust (PIO).
CoBpemennast Teopusi PIIO, ocHOBaHHAash Ha MPEICTABICHUSX O BBIXOJAE BBIOMTOrO aroma 3a
npenensl 30HbI HeycToWunBoctu (3H) B mpomecce ciywaiinoro Omyxknanus (OKceHTEHJIEp,
1978; Buneukuit, 1979), xapakrepusyercsi ceuenuem [3]:

~

C (1" " U T U
o, = m —| = expl =2 | [ T —m, 22 | =T —m,— || (1)
(T E)" |m{U; E" £ £ £

max

3nech E - sHeprus Hanerarouei 4acTullbl, Uy — noTeHImanpHas SHEPrusi CMEWEHHOIO aToMa
Ha rpanune 3H, £ - motepu cmemEHHoro aroma npu aBuxeHun ero B 3H, Tyax - MakcUMalbHO
BO3MOYKHas Tiepeada dHEPTuu (B JIOOOBOM CTOJIKHOBEHHUH) OT OBICTPOM YaCTHUIIBI PETYIIPHOMY
atomy, Cp,, 1 m — mapaMeTphl CTATKUBAIOMINXCS 9acTull, ['(a,x) — HenonmHas ['-dyHKIus.

B cpemax ¢ monOKHTeTbHOM sHeprueii XabGapma Ry =aye’/(&aQ,) - pammyc 3H
Bunbsapna-Komkuaa, Qn — TemaoBas SHEPrUsi MHUTPAIlMd MEXKIOYy3eJIbHOTO aroma, & —
TURJICKTpUYEcKasl IPOHUIIAEMOCTh cpefibl. B cpenax ¢ orpunarensHoi sHepruei Xabbapaa mnpu
KOKIOW TIepe3apsiike MEXJ0Yy3elbHOTO aTOMa OCYILIECTBIseTcss HHBEpcHas Oe30apbepHas
murpanus (Q*, —>0), W 3agaya CMCIICHHS aToOMa CTAaHOBUTCS AaHAJIOTMYHON TMpolseMe
paznenenus 3apsnoB Onzarepa (1938); mpucmnocabinuBas 3TOT pe3ynbTar K mnpobneme PO,
MO>KHO BBECTH HOBBIN paaunyc 3H:

Ro=e*/(EkT); mpu sToM ocraéres crpaseminBoil dopmyna (1). B ciydae aeheKTOHHOTO
(MHBEPCOHHOT'0) XapakTepa MeXJI0y3eJdbHOro aroma [l1] romurcs Oonee ajnexBaTHas TEOpHS,
ocHoBaHHas Ha popmanuzme Yenmena-Konmoroposa [4].

PazButble cooOpakeHUS TMO3BOJISIIOT JaThb TPAaKTOBKY pAAy HHU3KOTeMIIepaTypHBIX
AQHOMAJIbHBIX PaHALMOHHBIX 3()(EKTOB B MOITYIPOBOJHHUKAX.
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1. Okcenrenmiep b.JI., [Tucema B XKOTD 24, Nel, 12 (1976).
2. Okcenrenanep b.JI., Typaesa H.H., XJKOT® 130, Ne3(9), 472 (2006).
3. Okcenrenmiep b.JI., Typaesa H.H., Makcumos C.E. u np., XKKOTD 138, Ne3, 469 (2010).

4. Oxcenrenmiep b.JI., Typaesa H.H., Jlanuna H.A. u np., [lucema B XKXTD 19, Nell, 59
(1993).

BJIUAHUE 'ETEPOT'EHHO PACIIPEJIEJIEHHBIX
HUHTEPMETAJIVIMHBIX BBIIEJIEHUU HA B3BAUMOJIENUCTBHUE
TOYEYHBIX JE®EKTOB C JUCIOKALIUAMU

ILA. Tlepmunos, A.I1. Ipyxkos, B.JI. Apoy3oB
Unemumym ¢usuxu memannos YpO PAH, Examepunbype, Poccus (d_perm@rambler.ru)

Ha cerogusmuuii neHb XojofgHas IIacTUYeckas jaedopManusi KOHCTPYKIIMOHHBIX
MaTepHayioB sBJISCTCS HauOojgee 3(PGEKTUBHBIM M3 HCIOJIB3YEMBIX CIOCOOOB CHUKCHUS
BAaKaHCHOHHOI'O pacllyXaHMsl ayCTEHUTHBIX cTajed. OJHaKo, JKCIEpUMEHTAJIbHbIE JaHHbIE
nokaseiBatoT [1], uro 3ddexkT aucimokamuii mpu Oonpmmx creneHsx aepopmanun (> 30%)
CYIIIECTBEHHO MajaeT. DTO CBSA3aHO C TEM, YTO Ha MPOIIECCHI 3aPOXKACHUS U POCTa TIOP BIHSET HE
TOJIbKO TIJIOTHOCTH AMCIOKAIMi, HO TaKkKe W XapakTep ux pacnpexaeneHus. Ilpu Oonpimx
creneHsx aedopmanuu GOpMUPYETCS CIOXKHAsS, JOKAIBHO HEOIHOPOJHAsS MHKPOCTPYKTYpA.
Kpome Toro, Takas CTpyKTypa BO3HHUKAET BCIEICTBUE MEPECTPOMKH ITUCIOKAIMH, a TaKkKe
HUHTCHCUBHOI'O 06pa30BaHI/I5I AUCIIOKAIIMOHHBIX TICTCIIb IMPHU OGJIyLIeHI/II/I. HpI/I 9TOM pacCIyXaHue
CTallel He TOJbKO HE CHUXKAeTCs, a B pANe ClIydyaeB Jake yBETUUMBaeTcs. IDTOT 3(PQexT
YCUIMBACTCA 3a CUCT TOI'0, YTO JUCIIOKAIUU U JUCIIOKAITUOHHBIC IICTIN 06Ha,Z[aIOT npe(bepeHCOM
M0 OTHOIICHHIO K MEXY3JIUSIM. Y MEHBIIUTH TIpedepeHc auciaokanuii K MA u cTabuian3upoBaTh
JHUCIIOKAIMOHHYIO CTPYKTYpPY MOYHO JIETUPOBaHUEM cTajeun DJIEMEHTAMU,
B3aMMOJICHCTBYIOIIUMU C TUCIOKALIUSIMH.

[To3uTpOHBI SBIAIOTCS XOPOIIO M3BECTHBIM 30HAOM I AC(PEKTOB BAaKAHCMOHHOTO THIA U
nuciokarnuit. Kpome Toro, B [2,3] HamMu ObUTIO MOKAa3aHO, YTO CETperamus aTOMOB MPHUMECH U
3apoXKACHUE MHTepPMETAIUIMAHBIX 4actull BbiaeneHuil tuma NizTi(Al) Ha auciokamusx
NPUBOAUT K W3MCHCHHIO AHHUTWJISIIMOHHBIX XapaKTepUCTUK. OTO TIO3BOJISIET H3ydaTh
FEeTEpPOreHHOE 3apO’KICHUE BBIICICHUNM Ha JUCIOKAIUSAX M BIMSHHE 3TOro Ipoliecca Ha
B3aUMOJICHCTBUE NHUCIOKAIMK ¢ TOYCUHBIMHU JNepeKTaMu Ha paHHUX CTaausx oOimydeHus (< 1
CHa), KOTJa TOJBKO (POpPMHPYIOTCS HEOONbIINE CKOIUICHHsS Ie(eKTOB B BHJE NETENb WIN
TPEXMEPHBIX KJIACTEPOB.

B oroit pabore wuccnemoBamuch cruiaBel Fe-36.5mac.%Ni u Fe-36.5mac%Ni-2mac%Ti,
npeaBapuTeNbHO npoaedopmupoBanubie (Ha 40%) mpu KOMHATHOM TeMIlepaType U 00 y4eHHbBIC
anexktpoHamu npu 300K u 573K. B xoxe pabGoTel ObuI0 ycTaHOBIIEHO, uTO B criiaBe Fe-Ni ¢
Pa3BUTON IHUCIOKAIIMOHHON CTPYKTYpOH B TIpolecce OOJy4eHHs MPOUCXOAUT OOpa3oBaHHUE
BAaKaHCUOHHBIX CKOIUICHWH, HE CMOTpPS Ha BBICOKYIO IJIOTHOCTH auciokamuii. OOpa3oBaHue
CKOIUICHUH OOYyCIIOBJICHO HAJIMYMEeM OOJIBIIOT0 KOJWYECTBA 00JIacTei, CBOOOIHBIX OT
nuciokanuid. B crmaBe Fe-Ni-Ti ¢ pa3BUTON AMCIOKAIIMOHHOW CTPYKTYPOM HAKOIUICHHE
nedeKToB B mpoliecce 00JyueHusl CyIIeCTBEHHO CHIXKEHO MO cpaBHEHHUIo co crutaBoM Fe-Ni ¢
AHAJIOTHYHOM CTPYKTYpoil. DToT 3¢hekr oOycnoBneH teM, yto yacTulbl BeigeneHuil NisTi,
MPUCYTCTBYIOIIME HA AUCIOKAIUAX, CHIXKAIOT MTpedepeHc AUCTOKAIUI K MeXYy3eJIbHBIM aTOMaM
U, TEM CaMbIM, YCUIUBAIOT B3aMMHYIO PEKOMOUHAIINIO TOYCUHBIX 1e(DEKTOB.
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Paboma evinonnena npu ¢hunarncosoti noooepoicke MHTL] (IIpoexm Ne3074.2) u ¥Ypanvckoeo
omoenenuss PAH (IIpoepamma Ne 10-2-05, wughp «mnynvc»).
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MOJIEJIMPOBAHUE PATUAIIMOHHO-UHIYIIUPOBAHHOM
CEI'PET'ALIMMA B Fe-Cr CIINTABAX U ®PEPPUTHO-MAPTEHCUTHbBIX
CTAJIAX

ITeuenkun B.A., Yepnosa A./l., Monoauos B.JI., JIsicoBa I'.B.
T'HI] P® ®uszuxo-snepeemuueckul uncmumym um. A. 1. Jleiinynckozo, Obnunck, Poccutickas

Deoepayus (vap @ippe.ru)

ITon oOmydeHuem CrulaBbl NEPEeXOAST B CTAllMOHAPHOE COCTOSIHUE C HEOAHOPOIHBIM
coctaBoM. PammanmonHo-uHayuupoBanHas cerperauus (PYC) nmpuBoauT K CyIIECTBEHHOMY
U3MEHEHHI0O MX COCTaBa BO3JIE OCHOBHBIX OOBEKTOB MHUKPOCTPYKTYpPHI (CTOKOB TOYEYHBIX
neeKToB): TpaHUIl 3epeH H o0pas3la, AUCIOKAlMH, HEKOTePEHTHBIX BBIIEICHUH, IMOp H
OKa3blBaeT CUJIbHOE BIMsSHME Ha (DAa30BbIM cOCTaB, paclnyxaHHe, KOPPO3UIO, OXPYMUUBaHHUE U
Jpyrue paaualnuoHHble sBieHus B ciiaBax. Mzyduenue PUC u popmupoBanus paguanoHHO-
UHAYLIUPOBAaHHBIX (Da3 sBIsETCA HEOOXOOUMBIM 3TarioM pa3pabOTKM HOBBIX PaJHALlMOHHO-
CTOMKHUX CILIaBOB.

B paboTte paccmoTpeHsl skcniepuMeHTabHbIe naHHble 1 Mexanu3Mbl PYC B Fe-Cr crutaBax u
(beppuTHO-MapPTEHCUTHBIX CTalsAX. Pa3paboTaHbl (Qu3MYecKue MOJEIM W METOIbl pacuera
HecranonapHoii PUC Bo3ne miockux (rpaHuil 3epeH u obOpasma), cheprudecKux (BBIICICHHM,
nop) ¥ UWIMHAPUYECKUX (IUCIOKALMH) CTOKOB TOYEYHBIX JAe()EKTOB B TPOMHBIX CIUIaBax
3aMelIeHUs] C 3aBUCALIMMH OT cocTaBa AU(P(GY3MOHHBIMU TOABMKHOCTSIMH KOMITOHEHTOB.
MetonamMu  MONEKYJISIPHOM ~ JAMHAMUKH  HCCJIENOBAaHA  3aBUCUMOCTh  JAU(PPY3HOHHBIX
MOJBM)KHOCTEN KOMITIOHEHTOB W HHEPrUil CBSA3M CMENIAHHBIX raHrenel ot cocraBa Fe-Cr
craBoB. IIpoBeneno moxenupoBanume PUC B Takux cmiaBax M (heppUTHO-MAPTEHCUTHBIX
CTalsiX, 0c000€ BHUMAHHKE YACICHO HOHHOMY OOJTYUIECHHIO.

Pazpaborannbie Momenu Mo3BOJISAIOT mpenckasbiBaTh PUC Bo3ne pa3nuuHbIX OOBEKTOB
MHUKPOCTPYKTYPbI B YCJOBUSAX HEUTPOHHOTO OOJIYy4EHHUS IOCIEe MOJEIUPOBAHUS Cerperanuu
BO3JIC TIOBEPXHOCTH 00pasiia mpu SKCIPECCHOM 00JYyICHHH HOHAMH.

BJIMSTHUE OBJYUYEHMUSI TSIKEJIBIMA YACTULIAMM (**Kr, E = 1.56
M>3B/HYKJIOH) HA ITIPEBPAIIIEHUE B CTAJIA 12X18H10T

A.B. Pycakosa, O.I. Makcumkun, M.H. I'yces
Hncmumym Hoeprnoii @uzuxku HAL] PK, e. Aimamul, Kazaxcman, arussakova @ gmail.com
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PaguanyonHble TOBpeXACHUS U CTPYKTYpHO-(a3oBble MpEBpalleHUs B MaTepualiax
000JI0Y€K TBAJIOB OBICTPHIX PEAKTOPOB BHI3BIBAIOTCS HE TOJHKO HEHUTPOHAMH, HO U TSKEIBIMHU
OCKOJIKaMU JieneHus. B HacTosmieil pabore u3ydaid MapTEHCHUTHOE MpPEBpAIICHHE B CTalld
12X18H10T mox Bo3aeiicTBueM OOIydeHHUs TsOKeIbIMU HoHamu. OOpas3ibl ¢ pa3smepamu
paboueit wactu 10x3.5x0.3 mm omxkuranu npu 1050°C B teuenue 30 MUHYT, 3aT€M 4YacTh
oOpasnoB moaBepriu pactsbkeHuto npu 20°C, a 4acTh 0OJYYEHHIO BBICOKOIHEPIETHUYECCKUMU
woHamu SKr (E = 1.56 M»sB/nyxkiion, @ = 1x10" CM'Z; D, = 4x10° CM'Z) Ha yckopurene [L{-60
(Acrana, Pecnyonmka Kazaxcran).

Jns  uccnenoBaHusl CTPYKTYPHO-(a30BBIX TpEBpAaIleHUH B CTadd ObUI  HMCIIOJIB30BaH
pacTpoBBIii  ANEKTPOHHBIK MHUKpockonm JSM-7500F, cHaOXeHHBIH JETEKTOPOM O0OpaTHO
paccesHHbIX 2JIeKTpOHOB (HKL-merexrop). [ momy4eHUsT TEKCTYpHBIX XapaKTEpUCTUK
00pa3IoB HCMOJB30BAICA METOJ aHaiM3a AU(PPAKIUOHHBIX KapTUH OOpPaTHO pPACCESTHHBIX
anekTponoB (EBSD).

OOGHapy»XeHO, YTO B MPUITIOBEPXHOCTHOM CJI0€ O0JIy4eHHOTO oOpa3iia GOpMHUPYIOTCS O- U €—
¢a3pl. Ilpm sTOoM yBenumueHue (QroeHca BeJAeT K YBEIHMUYEHUIO KOJUYeCTBa O- (asbl.
UccnenoBansl ocooeHHOCTH MOopdosiorun O-(has3sl, chopMUpOBABIIECICS B IPOIIECCE OOTyUEHUS.

AyCTeHUT 0. - MAPTEHCUT

Puc. 1 Kapra ¢a3, castas B pexxume EBSD, x7500 nmns o6pasma cramm 12X18HIOT,
00JTy4eHHOTO MKr ¢droercom O=1- 10" non/cm? (war ckanupoBanus 0,05 Mkm)

[IpuBeneHpl pe3ynbTaThl U3Y4EHUsS OCOOCHHOCTEW MapTeHcuTa aedopMaluud B JaHHOM
marepuaie. [IpoaHaaM3UpOBaHBI CXOACTBO W pasiuuue O-(as3bl, oOpa3oBaBIICiiCS TpH
nedopMaIuu 1 B pe3ylibTaTe OOTyICHHUS.

MOIEJIMPOBAHUE JTUD®DY3NU COBCTBEHHbBIX TOYEYHbIX
JIE®EKTOB B YIIPYTUX HOJISIX TUCJIOKAIIAI METOIOM
KHHETUYECKOI'O MOHTE-KAPIO B OIIK (Fe, V) U TIIK (Cu)

KPUCTAJUIAX

A.b. Cusak*, I1.A. CuBak*, B.A. Pomanos**, B.M. UepHop***
*PHI] « Kypuamoeckuii uncmumym», Mockea, Poccus (sivak_ab@nfi.kiae.ru)
**HI] PO ®OU, Obnunck, Poccus
***0A0 « BHUHUHM», Mockea, Poccus

Mertonom  kuHeTmdyeckoro Monte-Kapio mpoBeneHo  MopaenupoBanue — auddy3uu
coOcTBeHHBIX ToueuHBIX aedekroB (CT/]) B ynpyrux moysx AWCIOKAIU pa3IHMYHBIX THIIOB B
temnepatypuoMm nuanazone (293-1000) K B OLK (Fe, V) u I'IK (Cu) kpucrammax c
auciaokanmoHHoW TIoTHOCTRI0 ~(0.1 — 3)-1014 Mm-2. Dueprum B3aumopeiictBus mexay CTJI
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(ynpyrue IUmnoJii) ¥ yupyrumu MoJIIMU TUCIIOKAIMA PaCCYMTHIBAIMCh B paMKaX aHU30TPOITHOM
TEOPHUH YIIPYTOCTH.

JanbHOIEHUCTBYIOIME YNPYTUE MO JUCIOKAIMKA B 3HAYUTENBHON CTENEHW OMPEACIISIIOT
3P PEKTUBHOCTH AUCIOKAIMi kak ctokoB CT/] B paccmMaTpuBaeMoOM TeMIIEpaTypHOM JHara3oHe.
O} PeKTUBHOCTh AUCTOKAIMI YMEHBIIAETCS C POCTOM TEMIEPATYphl U CTPEMHUTCS K BEIHMYHUHE
JUTSL IMHEHHOTO CTOKa 0e3 mousis B3auMmojneicTBus. [lomoOpaHo aHATUTHYECKOE BhIpaXKEHHE,
AKKypaTHO OMMCHIBAIOLIEE JAHHBIE MOJECIUPOBAHHUSI.

B uccrnenoBanHOM Muana3zoHe JUCIOKAIMOHHBIX TUIOTHOCTEH 3aBUCHUMOCTH d()PeKTHBHOCTH
CTOKAa JUCIOKAIMH OT JUCIOKAIMOHHOM IUIOTHOCTH C XOPOIIEH TOYHOCTHIO OIMMCHIBAECTCS
JMHEMHON 3aBUCHUMOCTBIO OT KBAJApaTHOIO KOPHSA W3 JHMCIOKAaUlMOHHOW IUIOTHOCTH. I[Ipu
CTPEMJICHHM JHMCJIOKAIMOHHOW IUIOTHOCTH K HYJIO, YyKa3aHHas JMHEWHas 3aBUCHUMOCTh
CTPEMHUTCS K BEJIMYUHE, IPUMEPHO PABHOM 7[/ 2.

PaccmoTrpennsie ocobennoctr noBeAaeHUss CTJ] B TUCTOKAIMOHHBIX YIPYTHX MOJISIX MOTYT
OKa3bIBaTh CYILECTBEHHOE BIMSHUE HA OHBOJIOLNUI0O MHUKPOCTPYKTYPbl MAaTE€pUAIOB TOJ
MOBPEXKIAIOIINM O0TyIECHUEM.

PAIMAITIMOHHO-CTUMYJINPOBAHHBIE TU®PY3NOHHBIE
ITPOIECCHI B IOJIMKPUCTAIVIMYECKHUX U
YIBTPAIUCIIEPCHBIX MATEPUAJIAX

E.A. CmupHos, A.A. lIImakoBs, Humkuna O.C.
Hayuonanvnuiii uccneoosamenvcxuii soepuwiil ynugepcumem «MUDU », Mockea, Poccus
E-mail: EASmirnov36 @mail.ru

Pa3paborana wMeToguMka W BIEPBBIE B OKCIEPUMEHTAIBHOW MPAKTUKE PACCUYUTAHBI
KOA(PUITMEHTHI U TTapaMeTPhl PAIUANIMOHHO-CTUMYJIUPOBaHHOM TpannyHoi nuddy3uu (PCI )

Ti* B a-Ti u o-Zr. [Toka3aHo, YTO B MCCIEOBAaHHOM TEMIIEPATYpHOM MHTEpBaje 3HAUCHHUS
kodurmentoB yckopenus PCIJ] cocraBmsor 3,5-7,0 TOpPSIKOB W COMIACYIOTCS €
AQHAJIOTMYHBIMU 3HAYCHUSAMH JIJIs 00bEMHOU paguallMOHHO-CTUMYIIUPOBAHHON camoaudy3nu B
o-Ti u o-Zr [1,2]. OueHeHHOE 3HAYEHHWE SHEPTrUU MHUTPALMM BAaKaHCUW MO TpaHUIIAM 3€pEH
coctaBisieT BenuuuHy nopsiaka 0,9 3B mna a-Ti u o-Zr, cornacyrolieecs: ¢ aHAJIOTMYHBIM ISt
nuddy3uu o oobemy.

Pa3zpaborana meromosiornueckas cxema pacuera kodp¢umumentoB PCIJl mis pa3nudHOro
THUMA rPaHuUl] B HAHOKPUCTAIMYECKUX MaTepraiax ¢ HepapXUueckor cTpykrypou. [ns pacuera
kodpduuuentoB PCJl mo rpaHuiiaM HaHOKIACTEPOB MCIIONB30BaHAa paHee pa3paboTaHHas
aBTOpaMHM MOJEIb BIMSHUS TIPUMECE W KOMIUIEKCOB BakaHcusa-ipumech Ha PCIJl u
IpEeCTaBICHUS O TPAHUIAX HAHOKJIACTEPOB KaK MOIIHOM CTOKE paJMallMOHHBIX aedekToB [1,2].
C wucnonp3oBanueM mosydeHHbIX paHee naHHbIX o PCI'J] B o-Ti m o-Zr u pa3paboTraHHOU
METOJOJIOTUYECKON CXeMbl MpPOBEAEHBI pacueThl KoddduuuentoB n mapamerpoB PCI'JI mo
ITPaHMLIaM HAHOKJIACTEPOB Ha IpUMEpe yKa3aHHbIX MarepuanoB. [lokasano, 4ro npu
OIIPEEIICHHBIX 3HAUEHUSAX SHEPTUU CBSI3U KOMIUIEKCOB U MOBBIIIEHHOM COAECpPKaHUM IIpUMecen
Ha CTOKax HaOJII0JaeTcs 3HAYUTEIbHOE CHUKEHHME SHEPIMU MUTpALMM BAKAHCUH IO IpaHHUIIAM
HAHOKJIACTEPOB U YBEIMYEHHUE YPOBHS MOABMKHOCTU IIPU HU3KUX TEMIEPATypax IO CPAaBHEHUIO
C TPaHMIIAMH HAaHO3EPEH Ha MOPSAIKH.

Ha 0a3e MeToAMKH OLECHKH XapaKTepUCTHK pPaAHALUOHHO-CTUMYJIHPOBAHHOW B3aMMHOM
muddy3un B cucteme Zr-Nb [3] BIepBbie B dKCHEPUMEHTAIBHOW MPAKTHKE MPOBEICH pacydeT
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KOA(PUITMEHTOB B3aMMHOM paualiliOHHO-CTUMYIUpOoBaHHOW rpanndHon auddysun (PCI'B/)
JUIs TOW ke cucTembl. Ha mpumepe BbIOpaHHOW CHCTEMBI BIIEPBBIC INpPOBENEHa pa3paboTKa
METOJIOJIOTUM  OLICHKM TEMIEepPaTypHBIX 3aBUCUMOCTEH KOA(PQUIMEHTOB  paAHallMOHHO-
CTUMYJTUPOBAHHOW B3auMHOW nudPy3un B HAHOKPUCTALIMYECKUX MaTepuajax B 3aBUCUMOCTHU
oT nmonu rpaHull. Paccumtansl 3ddextuabie kodhdummentet PCI'JI u PCI'BJ B Zr u ero
cruiaBax ¢ Nb.
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KUHETHUKA PABBUTHSI AE@OPMAIIMOHHO- U PATUALIMOHHO-
CTUMVYJIMPOBAHHOMU CEI'PETAIIMH B CIIJIABE Fe-Cr-Ni

C.A. Crapuxos*, A.P. Ky3ueunos*, B.B. Carapanze*, 1O. H. 'opnoctsipes*, B.A. [leueHkun™*,
N.A. CrenanoB**
*UDM YpO PAH, Examepunbype, Poccus (starikov@imp.uran.ru)
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B Hacrosmieit paboTe uccienoBaHa KHHETHKA Cerperaiuyi HUKEeIs Ha rpaHunbl 3epeH (I'3) B
criaBe Fe-Cr-Ni npu MHTEHCHMBHOW IJIaCTUYECKOM JeopMaluu U B yCIOBUAX oOnyudeHus. B
o0oux ciydasx (GopmMupoBaHHE cerperamuii CBs3aHO C HANPaBICHHBIMH MOTOKAMHU TOYEUHBIX
nedexkToB U3 obbemMa Ha ['3, KOTOpble MPUBOAAT K pa3leICHHIO KOMIIOHEHT CIUIaBa B
npurpannyHoi oomactu (oOpatHsIi 3pdext Kupkennana). Kunernka o6pa3zoBanus cerperanui
U3ydanach MyTeM YWCICHHOTO PENICHUS ypaBHEHUH AU(PQPYy3uH, YIUTHIBAIOIIUX POXKICHUE U
MOTJIONICHNE TOUEYHBIX Je(EKTOB, a TAKXKE UX B3aUMHYIO pekoMmOuHanuo [1, 2]. [Tokazano, 4to
3aBUCHUMOCTh  KOHIIGHTpAlMsI HUKEIS OT BPEMEHH OONy4YeHHs] M1 paguairoOHHO-
uHaynupoBanHon cerperanuu (PUC), kotopas oObIYHO HaOMI0MaeTCSs TMPU  TOBBIICHHBIX
TEMIIepaTypax, MOXKET ObITh HEMOHOTOHHOW Kak JJIsi HETOABMXKHOW, TaK M JUIS JBIDKYLIEHCS
rpanuupl. T.o., Ipu 00MydeHUH cerperanusi HuKenas Ha ['3 B cTallOHAPHOM COCTOSIHUM MOXKET
OBITh MEHBINIE, YeM B IMpeamiecTByromee emy Bpems. [loka3aHo, 4YTO MOSBIECHUE TaKOU
HEMOHOTOHHOCTH OOYCIIOBJIEHO pa3BUTHEM cTaguu  «Owvictpoii» PUC [2]. Ilupuna
MPUTPAHUYHOW 30HBI OOOTAIICHUsS HUKEIEM MOHOTOHHO BO3pPAacTaeT CO BPEMEHEM, JIOCTHras
CTAallMOHApHOTro 3HaueHus. KauecTBEHHO CXOJHBIN XapaKTep MMEET aHaJIOTM4yHas 3aBUCHMOCTh
NIMPUHBI TPUTPAHUYHON 30HBI O0OTAIICHUS HUKEIEM OT BPEMEHH B ciiydae Je(opMainoHHO-
uHayuupoBanHoil cerperanuu (JC). B otnuuum ot ciyyas PUC, 3aBUCMMOCTh KOHIIEHTPALIMS
HUKeNsd OoT BpemeHu oOmyudenus npu JJWUC sBismach MOHOTOHHOWM B cmiy Toro, uro JJUC
00BIYHO HaOJIO/IAaeTCS MPU HEBBICOKMX TeMIeparypax (B paboTe HCIOJb30BaHA TeMIlepaTypa
Onu3Kasg K KOMHATHOM), TPH KOTOPBIX cTaaus «obicTpoii» JIC He pa3BuBaeTcs.

Paboma evinonnena no meme «Cmpykmypa» npu noooepoicke YpO PAH (npoexm 10-2-12-
bA) u PODU (npoexm 10-03-00113).
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B ycnoBusix paaManiMoOHHOTO BO3JCWUCTBHS B MaTepuanax Ha HAaHOMETPOBBIX MaciuTadax
MOJKET pa3BHUBaThbCs IuTacTuyeckas nedopmanus. [Ipu MOHHOM U Ja3epHOM BO3JIEHCTBUSAX 3TO
CBs3aHO C A (deKToM yBEeTUYeHHs O0bEMa TOHKOTO HWMIUIAHTUPOBAHHOTO CJIOSI WIH C
TEPMHUECKUM pACHIMPEHHEM CKUH-cliosl. B ciydae kackamooOpa3yromiero paaualuoHHOTO
BO3JICHCTBUS TMacThueckas nedopManus SBISIETCS CIEACTBHEM HEYNPYroil penakcanuu
KacKaJHBIX obsactelr pazmepoM a0 10 HM, KOTOphIE HA KOPOTKHX BPEMEHAX XapaKTEPHU3YIOTCS
YpEe3BbIYANHO BHICOKOW SHEPrUel — 10 HECKOJbKUX 3B Ha aToMm.

B Tom ciydae, korna mMacmTal pa3BUTHS IIACTUYECKOM JeopMalMi OKa3bIBAETCSl MEHBIIIE
MHUHHMMAaJIbHO BO3MOYKHOT'O PACCTOSHUS MEX]Y IUCIOKAUUSAMH BO3HHMKAET O€3AMCIOKALMOHHOE
YIIPOYHEHHUE METAJUIOB, XapaKTEPU3YIOIIUMCS, KaK MUHUMYM, Ha MOPSA0K OOJBIIUM MOIYJIEM
ynpouHeHus. [lnactuueckas neopmanys Oka3pIBaeTCs CBsI3aHHA ¢ 00pPa30BaHUEM U IBOJIIOLUEH
JIBYMEPHBIX e(PEeKTOB (IUIOCKOCTU CABHIa, ABOHHHMKH, NE(PEKThl YIIAaKOBKHU M T.I.). [IMOTHOCTH

TakuX J1e(HEKTOB MOXKET MPEBHIIIATH 10" em™.

[Tokazana BO3MOXHOCTH MpoOIIeCcCa, IPU KOTOPOM TpH OE3AMCIOKAIIMOHHOW TIACTHYECKON
nedopManuu B MeTajulaX MPOUCXOIUT CTPYKTYPHpPOBAaHHME HA HAaHOMETPOBOM Macmitade. ITo
MOKAa3aHO B pamkax Teopun OpHiuteiina-llepHrke MpUMEHUTENBHO K IUTacTHYecKOi aedopmannu. Poct
GyKTyaluii miacTH4eckoro Te4eHus MPUBOAUT K 0CO00M HAHOKIACTEPHOU CTPYKTYpE MeTaa,
00HapyXKMBAEMOW MUKPOCKOTTMYECKUMH MeTonaMu. [I0SBIEHUIO TaKUX CTPYKTYP COMYTCTBYIOT
CUWJIbHbIE HM3MEHEHHS] CBOWCTB (MEXaHUYECKHX, 3JEKTPO(PHU3NUECKHX, MATHUTHBIX), KOTOpHIE
TaKK€ MOXKHO CBS3bIBaTb C M3BECTHBIMH paJUallMOHHBIMHA SABJIEHUSIMU B Marepuaigax
(pacmiyxaHue, OXpyI4uBaHUe, Jerpajalus J1EKTPOIPOBOAHOCTH U IP.).

[IpuBeneHsl  SKCHEPUMEHTAJBHBIC  PE3YIbTaThl,  WJUIIOCTPUPYIOIIHE  OCOOCHHOCTH
IIaCTUYECKOW AegopMalii B YCIOBUSIX MOHHOM MMIUIAHTAlMU METAUIMYECKUX MaTepuasioB
(meramnel Zr, Ti, cmaBel Fe-Ni-Cr, Ni-Cr, Cu-Ni, Fe-Cr, V-Ti-Cr, uatepmerammuasl — ¢Gasbl
['eiicniepa CupMnAl u NipMnGa). [locie oOmydeHHs WOHAMHU PA3JIMYHON MPUPOIBI B y3KOM
MHTEpPBAJIE PAJUALMOHHBIX IAapaMeTpoB (103, TEMIIEpaTyp MUIIEHW U IJIOTHOCTEH HOHHOIO
MoToKa) (GopMUPYIOTCS TaK Ha3bIBaeMble R-COCTOSIHUS C XapaKTEpHOW KJIACTEPHOH CTPYKTYpOH
(pasmep kiactepoB oT 3 mo 100 HM), mpocTHparomuecs A0 3HAYUTENbHBIX TIyOuH (3¢¢exT
nanbHozeicTBus). B maTepuanax HaOnrogaeTcs MOBBIIEHHE MUKPOTBEPIOCTH B HECKOJIBKO pa3,
yBeIU4YeHNE HAMarHWYeHHOCTHU B 3-4 pa3a (B ¢asax [eliciepa).
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I1I. MaTepuanbl gna ap
U TepMosifepHOM
JHEepreTuku

B HacTosimiee Bpemsi Han0oJiee Ba:KHOM sIBJIsIeTCS MPO00OJieMa CO3AaHUS HOBBIX METATIMYECKH
peakTopoB AeneHusa U cuHTe3a. Ha cexnum Oyzaer 3aciaymaHo 00/1b1I0e YHCJI0 MaTepHATIOBeI4eCk
PaaMalMOHHO-UHAYUHPOBAHHOMY HM3MeHEHHI0 (PU3UKO-MEXAHUYECKHX CBOWCTB Pa3IHYHbIX (H(
HACTOsIllee BpeMsi M MNepPCHEeKTHBHBIX [JIsi HCIOJb30BAHHMS) PeaKTOPHBIX MaTepuajoB.
MaTepuajloBeyeckue MNpoldJjeMbl BbICOKOTeMIIEPaTypHOil moJusydectH, pacnyxanusi I['IIK
PAANAIMOHHOIO BO3JCHCTBHA HA AayCTEHHMTHbIC PEaKTOPHbIe cTajJu. Pe3yabTarbl, NOJyYeHH
PEAKTOPHBIX MaTepHaJIaX, AHAJIU3UPYIOTCH, MCXO0AA M3 O0IMX NMPUHLUHUIIOB PagHALUMOHHON (UM
Takike 31ech OyAyT NpeaCTABJIEHbI JOKJAAbI POCCHHCKUX U 3apy0e:KHbIX YYEHBIX, NMOCBSIIEH
HCCJICOBAHNS BJMAHHUS OKCHAHOIO M HHTEPMETAJIMIHOIO CTAPEHHSI HA CTPYKTYpPy M MeXaH
BBICOKOJICTHPOBAHHBIX KOHCTPYKIMOHHBIX cTaseil. OCHOBHOe BHUMaHue OyaeT yAeJaeHO CO31aBac

BpeM# CTAJIAM, YIIPOYHSIeMbIM TEPMOCTOMKHMH OKCHIAMH (MTTPHUS, THTAHA, TOPHS).
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ANISOTROPIC SWELLING OBSERVED DURING STRESS-FREE
REIRRADIATION OF AISI 304 TUBES PREVIOUSLY IRRADIATED
UNDER STRESS

F. A. Garnerl, J. E. Flinn? and M. M. Hall®
"Pacific Northwest National Laboratory, Richland WA
2Argorme National Laboratory, EBR-II Project, Idaho Falls ID (Retired)
7 Bechtel Bettis Company, West Mifflin, PA

A “history effects” experiment was conducted in the EBR-II fast reactor that involved the
reirradiation of AISI 304 cladding and capsule tubes. It is shown that when irradiated tubes had
not previously experienced stress, subsequent irradiation led to additional swelling strains that
were isotropically distributed. However, when tubes previously irradiated under a 2:1 biaxial
stress were reirradiated without stress the additional swelling strains were not isotropically
distributed. The tubes retained a memory of the previous stress state that appears to be
attempting to distribute strains in the directions dictated by the previous stress state. It is clear,
however, that the memory of that stress state is fading as the anisotropic dislocation
microstructure developed during irradiation under stress is replaced by an isotropic dislocation
microstructure during subsequent exposure in the absence of stress.

It is also shown that once the transient regime of swelling nears completion, further changes
in stress state or irradiation temperature have no influence on the swelling rate thereafter. A
comparison is made with another published experiment on AISI 304 where specimens previously
irradiated in the stress-free state were subsequently reirradiated under stress. In both cases the
terminal swelling rate was ~1%/dpa, regardless of the distribution of strains.

ENHANCEMENT OF IRRADIATION CREEP OF NICKEL-BEARING
ALLOYS IN THERMALIZED NEUTRON SPECTRA CHARACTERISTIC
OF LWR AND CANDU® REACTORS

F. A. Garnerl, M. Griffiths” and L. R. Greenwood®
! Radiation Effects Consulting, Richland WA USA
?Atomic Energy of Canada Limited, Chalk River, Ontario, Canada
I Pacific Northwest National Laboratory, Richland WA USA

Studies of neutron-induced stress relaxation conducted in water-moderated reactors prior to
the early 1980s derived irradiation creep rates that were later found to be significantly higher
than were derived from later experiments conducted in fast reactors. More recent experiments
continue this trend. The question arises whether water-moderated neutron spectra indeed cause
more irradiation creep per dpa or whether some other factor is acting to cause an apparent
increase. The answer now appears to be a combination of these two possibilities, but with both
arising from an identical but previously unanticipated source.

It was in the early 1980s that the SNi (m, ¥) Ni reaction with thermal neutrons was
recognized as a precursor to enhanced helium production via the *Ni(n, o) reaction and in the
late 1980s to enhanced hydrogen production via the *Ni(n, p) reaction. Both of these reactions
are highly exothermic and produce unexpectedly high amounts of additional atomic
displacements. The unrecognized increases in dpa rate lead to calculations of artificially high
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rates of creep in thermalized spectra. Additionally, the generation of helium and hydrogen-filled
bubbles causes a new creep mechanism called bubble-enhanced creep to occur, with the creep
rate increasing by both processes.

In some extreme cases of very highly thermalized spectra operating on high nickel alloys
(X750 in CANDU far-from-core positions) the Ni contributions totally dominate the
production of dpa, producing total relaxation of preloaded springs in less than 3 years whereas
previous predictions based on in-core tests predicted relaxation would occur only after 600-700
years.

PECULIARITIES OF PLASTIC DEFORMATION PHENOMENA IN
HIGH-IRRADIATED AISI 304 AND AISI 316 STAINLESS STEELS

Gussev M.N.*’**, Busby IT.” , Byun T.S.
* Qak-Ridge National Laboratory, Oak Ridge, TN, USA (gussevmn@ornl.gov)
** University of Tennessee, Knoxville, TN, USA

Recently the “true stress — true strain” curves have been widely published and discussed for
irradiated materials. The “true curves” have many advantages compared to the traditional
engineering curves. For example, the true curves give the ability to investigate the real
deformation behavior, but few papers are devoted to irradiated material “true curves” analytical
presentation. In metastable chromium-nickel steels the deformation hardening is under the
influence of other phenomena. These phenomena include formation and accumulation of o-
martensite. It influences stress-corrosion resistance and other material performance measures.
Despite practical importance and scientific interests of martensitic transformation, it has not been
thoroughly investigated for irradiated materials. Other key factor influencing material property
and plastic flow process is grain size. In some cases due to fabrication methods the material grain
size may be as large as 200-1000 micrometers. It is interesting from a scientific and practical
point of view to investigate large grain irradiated material.

In the present work, the results of plastic flow, deformation hardening and martensitic Yy—o
transformation are described and analyzed for AISI 304 and AISI 316 stainless steels of
industrial heats and for the same steels with molybdenum and hafnium additions. Also samples
of cast irradiated AISI 316 steel were tested. Flat samples with gauge dimensions 7.6x1.5x0.75
mm and round samples with gauge diameter 2.1 mm and length 12 mm were tested (tensile,
compression and indentation tests) at temperature intervals of RT-290°C. Post-deformation
structure investigation of samples was performed with using of scanning electron microscopy
and EBSD-analyze. For martensite content measurement the ferroprobe unit and magnetic
saturation methods were used.

The standard engineering mechanical properties, values of critical stress O and strain €
corresponding to the start of martensitic transformation were defined. By using optical
extensometry, the diagrams “true stress ¢ — true strain €’ were obtained. For some cases during
archive and literature data analysis, calculated true curves were used. Kinetic curves of
martensite accumulation were obtained as result of tensile, compression and ball indentation
tests. The influence of irradiation on austenite stability of investigated steels are estimated and
discussed. Peculiarities of irradiated steels plastic flow are investigated and analyzed with using
of different plasticity physics equations (Ludwig, Swift, Holloman). Impact of irradiation on
parameters of these equations is discussed.
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EFFECTS OF OVERSIZED SOLUTES ON RADIATION-INDUCED
SEGREGATION IN AUSTENITIC STAINLESS STEELS

M.J. Hackett*, J.T. Busby**, M.K. Miller**, and G.S. Was***
* TerraPower LLC, Bellevue, WA 98004 (mhackett@terrapower.com)
** Materials Science and Technology Division, Oak Ridge National Lab, Oak Ridge, TN 37831

*** Nuclear Engineering and Radiological Sciences, University of Michigan, Ann Arbor, M1
48109

Radiation-induced segregation (RIS) in austenitic stainless steels is characterized, in part, by a
detrimental loss of Cr at grain boundaries caused by irradiation-produced defect diffusion to
sinks. Since RIS is considered to be part of a complex process that increases the susceptibility for
irradiation-assisted stress corrosion cracking (IASCC) in light water reactors [1, 2], reducing RIS
may benefit IASCC susceptibility.

One method that has been examined for suppressing RIS is the addition of oversized solute
atoms to enhance recombination and reduce defect diffusion to sinks. The primary objective of
this work is to establish the mechanism by which oversized solute atoms reduce RIS in stainless
steel. A solute-vacancy trapping mechanism and its effect on RIS were incorporated into the
composition-dependent modified inverse Kirkendall (MIK) model [3]. The trapping model
(MIK-T) revealed that the binding energy was the most important parameter to the trapping
model and that large binding energies were required for significant reductions in RIS [4].

Austenitic stainless steels with Zr or Hf additions (compositions shown in Table 1) were
irradiated with 3.2 MeV protons at 400°C and 500°C [5]. Grain boundary Cr depletion was
measured with transmission electron microscopy and showed a dramatic reduction in the amount
of Cr depletion up to 3 dpa at 400°C and 1 dpa at 500°C. However, the experiments showed that
the effectiveness of the solute additions disappeared above 3 dpa at 400°C and above 1 dpa at
500°C. The loss of solute effectiveness with increasing dose is attributed to a loss of oversized
solute from the matrix due to growth of carbide precipitates. Solute concentrations were based on
an imaging analysis of carbide sizes and densities to determine the amount of solute remaining in
solution. Atom probe measurements observed the loss of oversized solute in solution as a
function of irradiation dose. These observations were supported by diffusion analysis suggesting
that significant solute diffusion by the vacancy flux to precipitate surfaces occurs on the time
scales of proton irradiations.

POSTIRRADIATION EXAMINATION OF AFC-1 METALLIC
TRANSMUTATION FUELS AT 8 AT. %

B.A. Hilton*, D.L. Porter** and S.L. Hayes**
*TerraPower, LLC, Bellevue, Washington, USA (bhilton@terrapower.com)
** [daho National Laboratory, P.O. Box 1625 MS 6188, Idaho Falls, ID, USA

Introduction

The U. S. Advanced Fuel Cycle Initiative (AFCI) seeks to develop and demonstrate the
technologies needed to transmute the long-lived transuranic actinide isotopes contained in spent
nuclear fuel into shorter-lived fission products, thereby dramatically decreasing the volume of
material requiring disposition and the long-term radiotoxicity and heat load of high-level waste
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sent to a geologic repository. The AFC-1 irradiation tests are designed to evaluate the feasibility
of the use of actinide bearing fuel forms in advanced sodium-cooled fast reactors for the
transmutation of transuranic elements from nuclear waste [1]. AFC-1B, AFC-1F and AFC-1&
are the first set of irradiation tests to be studied. AFC-1B and AFC-1F contain non-fertile and
low-fertile actinide bearing metallic alloy fuel compositions. AFC-1 contains both non-fertile
and low-fertile actinide bearing nitride fuel compositions and is discussed in a separate paper [2].
The tests were irradiated in the Idaho National Laboratory’s (INL) Advanced Test Reactor
(ATR) to an intermediate burnup of 4 to 8 at.% (3.5 — 8.9 x 10%° fiss/cm3). Sibling tests are being
irradiated to reach a final burnup up to 40 at.%.

Experiment Description

The AFC-1B. AFC-1F and AFC-1Z irradiation tests were designed to provide irradiation
performance data at intermediate burnups of 4 to 8 at.% on non-fertile and fertile actinide
transmutation fuel forms containing plutonium, neptunium and americium isotopes [Refs. 3-6].
AFC-1B contains four non-fertile metallic fuel compositions (Pu-12Am-40Zr, Pu-10Am-10Np-
40Zr, Pu-60Zr and Pu-40Zr). There are two Pu-12Am-40Zr rodlets irradiated to different burnup.
AFC-1F contains four fertile metallic fuel compositions (U-28Pu-4Am-2Np-30Zr, U-27Pu-3Am-
2Np-40Zr, U-34Pu-4Am-2Np-20Zr, and U-29Pu-7Am). There are two rodlets each of the U-
28Pu-4Am-2Np-30Zr and U-27Pu-3Am-2Np-40Zr compositions.

The rodlet assembly is designed as a miniature fast reactor fuel rod with a standard diameter
and reduced length. The rodlet assembly consists of the metallic or nitride fuel column, sodium
bond, stainless steel Type 421 (HT-9) cladding and an inert gas plenum. A stainless steel capsule
assembly contains a vertical stack of six rodlet assemblies. Details of the capsule and rodlet
radial dimensions of the metallic and nitride fuel specimens were provided previously [3].

Postirradiation Examinations (PIE)

Preliminary results of postirradiation hot cell examinations of AFC-1B and AFC-1F
irradiation tests are reported for five non-fertile metallic alloy transmutation fuel rodlets and six
low-fertile metallic alloy transmutation fuel rodlets. Non-destructive examinations on the eleven
metallic fuel rodlets included visual examination, dimensional inspection, gamma scan analysis,
and neutron radiography. Detailed examinations, including fission gas puncture and analysis,
ceramography and isotopics and burnup analyses, were performed on three non-fertile and two
low-fertile metallic alloy transmutation fuel rodlets.

Figure 1 displays the fission gas release burnup dependence of the 11 metallic alloy rodlets
and includes data of U-xPu-10Zr (i.e. x=0 - 26) for comparison. The fission gas release behavior
of the transmutation metallic fuels follows the same trend as the U-xPu-10Zr fuel when
correlated with fission density. There is negligible amount of fission gas release until a fission
density of ~6.0 x 10% f/cm®. At this threshold burnup, there is a rapid increase in fission gas
release that is displayed by the AFC-1 metallic fuel samples similar to U-xPu-10Zr behavior. It
is significant that there is no difference in fission gas release behavior between the non-fertile
(non-uranium bearing) and low-fertile (uranium bearing) compositions. Based on gas release at
this intermediate burnup, it is predicted that fission gas release of the transmutation fuels at
higher burnup will show a slightly increasing plateau. This will be evaluated during PIE of the
sibling experiments AFC-1D and AFC-1H.

Comparisons of metallography indicate the transmutation metallic alloy fuels show similar
microscopic and swelling characteristics as U-xPu-10Zr fuels at equivalent burnup. The U-xPu-
10Zr metallic alloy fuels historically exhibit three stages of porosity development and swelling:
1. incubation characterized by very low swelling rate up to a threshold burnup of ~0.35 x 10!
f/cm® (1.0 at.% U-xPu-10Zr), 2. transition characterized by rapid fission gas driven swelling until
a network of open porosity fully develops, the fuel contacts the cladding and majority of fission
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gas is released occurring at burnups between ~0.35 — 1.0 x 10* f/cm® (1.0-3.0 at.% U-xPu-10Zr)
and 3. stable irradiation change characterized by a slowly increasing plateau due to accumulation
of solid fission products and retained fission gas occurring at burnups > 1.0 x 10* f/cm® (3.0
at.% U-xPu-10Zr). Fig. 2 displays metallograph of the low-fertile metallic alloy composition at
two burnups, 0.42 and 0.60 x 10% f/em’, indicating that the transmutation metallic fuels
transition stage occurs at fission density around 0.6 - 1.2 x 10*' f/cm®. The observation of the
transition behavior being similar to U-xPu-10Zr fuels provides another indication that the fuel
performance of metallic fuel forms is similar for a wide range of actinide compositions and
zirconium content.
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Fig. 1. Fission gas release from metallic alloy transmutation fuel rodlets irradiated in AFC-1B
and AFC-1F Capsules and U-xPu-10Zr (x=0 — 26)
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Fig. 2. Transverse cross-sectional metallography montages of U-29Pu-4Am-2Np-30Zr
samples a) Mount LAR-3A irradiated to 0.42 x 10*' f/cm® (6.4 at.%) burnup showing developing
porosity and swelling and b) Mount LAR-3B irradiated to 6.0 x 10* f/cm® (8.9 at.%) burnup
showing fuel fully swollen leading to fuel-cladding contact and initial formation of fuel
restructuring with central dense zone and porous annular zone

Results
Preliminary postirradiation hot cell examinations of AFC-1 irradiation tests were completed

for eleven metallic alloy transmutation fuel rodlets. The preliminary conclusions are summarized
below:

1. No rodlet failures were observed in the actinide-bearing metallic fuel forms irradiated to
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4-8 at.%.

2. The irradiation swelling and fission gas release of metallic alloy transmutation fuel
compositions Pu-TRU-40Zr and U-xPu-TRU-yZr (x=25-34: y = 20-40) is similar to that
of U-xPu-10Zr (x=0-26).

3. The threshold burnup of metallic alloy transmutation fuels to exhibit significant swelling
and fission gas release is ~0.6 x 10*' f/em’.
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STUDIES OF THE CORROSION OF MATERIALS BY LEAD BISMUTH
EUTECTIC (LBE) AT UNLYV, USA

A. L. Johnson, J. W. Farley, D. Koury, and B. Hosterman
University of Nevada, Las Vegas, USA (Allen.Johnson @unlv.edu)

This paper will review the work investigating the corrosion of materials by oxygen controlled
LBE conducted at UNLV and elsewhere in the US, focusing on the efforts the Johnson/Farley
group. The effects of composition and surface modification on LBE corrosion were examined.
Austenitic stainless steels (316 and D9) (exposed at IPPE, Russia) will be highlighted. Studies of
the effects of silicon in iron-silicon alloys (exposed to LBE at Idaho National Laboratory, USA)
and aluminum in steels (exposed in the DELTA loop, Los Alamos National Laboratory, USA) in
LBE corrosion will be discussed. Theoretical descriptions of the corrosion mechanism (based on
the available space model) and new characterizations using Raman spectroscopy will be
mentioned. Work in progress with radiation enhanced LBE exposures will be outlined.
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THE EFFECT OF LOW DOSE NEUTRON IRRADIATION ON THE
TENSILE AND IMPACT PROPERTIES OF A SERIES OF TITANIUM
ALLOYS.

Pierre Marmy*
*SMA, SCK*CEN, Boeretang 200, 2400 Mol, Belgique (pierre.marmy @ sckcen.be)

Structural materials used in the first wall of fusion reactors or in any type of nuclear power
device will become activated and will represent an environmental hazard during their storage.
Titanium is the natural metallic element having the fastest radioactive decay. Binary or ternary
titanium alloys can be designed to keep this basic property and at the same time improve the
mechanical properties of pure titanium. The most widely used titanium alloy is Ti6Al4V. This
metastable alpha-beta alloy suffers from structural instabilities when exposed to radiations.
Vanadium precipitates are generated deteriorating the ductility and inducing brittleness. [1,
2].The situation is better with alpha alloys. A few available results indicate that the resistance to
irradiation is improved compared to alpha- beta alloys [3]. Nevertheless the unique industrial
alpha alloy available Ti5SAI2.5Sn suffers also from phase instabilities and is not an excellent low
activation material due to the presence of aluminium [2].

In this study, a series of simple ternary and binary alloys have been developed in the
laboratory, based on the substitution of Al by Zr. Since the mechanical strength of titanium is
strongly dependent on the forging process, a beta anneal heat treatment has been given to all
alloys in order to have a better comparison perspective. The tensile and impact properties before
and after irradiation to low dose, have been followed together with the properties of pure
titanium.

Alpha and alpha-beta industrial alloys have the best strength but show poor low temperature
impact properties after irradiation. Pure titanium has good impact properties after irradiation but
has a relatively low strength. As expected, the impact strength correlates well with the strength.
The impact properties deteriorate rapidly with irradiation hardening.

The results indicate that the most promising composition is a binary alloy with about 5% Zr.
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MATERIAL'S CHALLENGES FOR TRAVELING WAVE REACTORS

K. D. Weaver', T. Ellisl, J. R. Gilleland' and F. A. Garner”
"TerraPower, LLC, Bellevue WA USA
’Radiation Effects Consulting, Richland WA USA

TerraPower, a private company, is developing and engineering a novel reactor called a
Traveling Wave Reactor (TWR). The TWR exploits the "breed and burn" principle first
proposed in 1958 by Russian scientist S. Feinberg as a way to extract more of the energy in
uranium than can be reached in thermal reactors. Like all fast reactors, TWRs could significantly
reduce enrichment requirements, but unlike many other fast reactor concepts, TWRs do not
require reprocessing in order to achieve high energy utilization. TWRs use depleted or natural
uranium as their primary fuel and require only a small amount of enriched uranium at start-up. A
TWR core with a 60-year operating life, for example, would require as little as 7% of the
separative work units (SWUs) that an LWR with equivalent electrical generation would
consume. The TWR therefore would never need refueling. The longevity of a TWR core
depends on the size of the initial charge of natural or depleted uranium and on the fuel burn-up
achieved during reactor operation.

Last year a conceptual design was completed of a 3,000 MWt metal-fuel, sodium-cooled
TWR plant. The conceptual design of a smaller (1,200 MWt) demonstration TWR labeled TP-1
will be completed this year. TP-1 is slated for beginning of operation in 2020. In addition, an
aggressive fuels and materials development program has been initiated to answer issues
associated with this class of reactor.

As a consequence of the TWR strategy the cladding and duct materials will be exposed to
very high neutron exposures, exceeding 400 dpa. TP-1 envisions the use of ferritic martensitic
alloys as the major structural material. A review will be presented of materials issues for TWRs
and the actions being taken to address these issues.

WCCJEIOBAHUE OCOBEHHOCTEM OBPASOBAHUSA U PA3BUTHS
TA30BOM ITIOPUCTOCTH B U-Mo TOILIUBE OT YCJIOBHUM
OBJIYUHEHUA

C.A. AsepuH, B.JI. [Tanuenko, O.A. T'osocoB
OAO «HUPM», 2. 3apeunviii, Poccus( irm@irmatom.ru)

Jnst mccnenoBaTebCKUX PEAKTOPOB € TOILNIMBOM HHU3KOTO OOOTramieHus 1Mo ypaHy-235
nepcrneKTuBHBIM siBNsieTcss U-Mo nucnepcuoHHOE TOIUIMBO. B mporecce 00myueHus: B TOILTUBE
MPOUCXOAUT oOpa3oBanue mopuctoctd 3a cueT BoigeneHus [TIJI. IlociaepeakTopHbIMU
uccienoBanusiMi  006mydeHHoro U-Mo/Al  IuCHepCHOHHOTO TOIUIMBA BBISBICHO, YTO €ro
cTaOUIIbHOE TMOBEJACHHE B PEAKTOPHBIX YCIOBMUSIX 3aBUCUT OT cmocobHoctu U-Mo cmaBa
yaepkuBaTh B cebe ra3oo0pa3Hble NPOAYKTHI jaeneHUs. [lodToMy BaKHO WUCCIEAOBaTh
Mopdonoruio o0pa3yloIUXCcs MOp U 3aKOHOMEPHOCTH M3MEHEHUS HUX KOJUYECTBEHHBIX
XapaKTEPUCTHUK OT MapaMeTPOB OOTyUEHUSI.

MetogamMu pacTpOBOM NEKTPOHHON MUKPOCKOIHMH U KOJIMYECTBEHHOTO CTEPEOMETPUIYECKOTO
aHain3a [1] uccnenoBansl napamerpsl nopucroctu aucnepcuonHoro U-Mo/Al TomnuBa nocie
00JTydeHHsI 10 PKBUBAJICHTHBIX BbiropaHuii 93 % B wmcciemoBaTenbckoM peaktope MBB-2M
(r. 3apeuHsli).
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[Ipn mpoBeneHnN pacTPOBBIX AMEKTPOHHO-MUKPOCKOIIUYECKUX HCCIIEIOBAaHUI OTAEIBHO BO
BTOPUYHBIX M  OTPaXEHHBIX AJIEKTPOHAX, OBUIO YCTAHOBIEHO, YTO HOPBl HMMEIOT
KpHUCTaIOrpauyecKylo OrpaHKy, COOTBETCTBYIOIIYIO OKTadJIpy, U ONpe/eieHa TONIINHA CIIO,
KOTOpass (opMHpYyeT KOHTpacT oT mop. Ilapamerpsl MOpUCTOCTH PACCUUTHIBAIUCH C Y4ETOM
TOJIIIMHBI TOBEPXHOCTHOTO CJIOSI, B KOTOPOM (POPMUPYETCSI KOHTPACT OT IOP.

MuHruManbHasE MOPUCTOCTh HAOMIO/AaeTCs B TOIUIMBHBIX yacTuiax (TY) ¢ MUHUMaIbHBIM
BeiropanueM. [lopsl mnpeuMymiecTBEHHO OOpa3yloTCsi MO TrpaHunaMm 3epeH TorumBa. C
YBEJIMYEHUEM BBIFOpaHMS PACIpPEAEICHUE MOP CTAaHOBUTCS PAaBHOMEPHBIM IO BCEMY 00BEMY
YyacTUIl TOIUIMBA, pa3Mep Iop Bo3pacTtaeT. [lapameTpbl MOPUCTOCTH 3aBUCIT HE TOJIBKO OT
BBITOPaHMs, HO U OT CKOPOCTH JIeJIEHHsI TOIIMBA U TEMIIEpaTypbl 00Iy4eHuUs. Y CTaHOBJIEHO, YTO
yIeNbHBIM 00BEM Ta30BBIX MOP BO3pPACTAET C BBHITOPAHUEM J0 MAaKCUMyMa M JajibHeInee ero
CHMIKEHHE COBIAJAeT C HAYaJIOM KPUTHUYECKOTO (POPMOU3MEHEHHS TBJIA, CBI3aHHOIO C HAYaJIOM
00pa3oBaHUs «B3IyTHS» 000JI0YeK TB3JIO0B. TakuM 00pa3omM, yienbHbIM 00beM MOp B YacTUIAX
TOIUINBA MOKHO HCIIOJIB30BaTh B KAadeCTBE KPUTEPUAIBHOIO IIapaMeTpa Uil ONpPEIENICHHUS
I'PaHUYHBIX YCIIOBHM 0€30MacHON 3KCIUTyaTalluy TBAJIOB.
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NCCIEJOBAHUE HAHOCTPYKTYPbI I[HCHEPCHQYHPQ‘IHEHHOﬁ
OKCHUIAMMU CTAJIM EUROFER ODS OBJIYYEHHOU HEUTPOHAMU
10 32 CHA
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M.A. Ko3onaes
T'ocyoapcmeennwiii Hayunwiii [Jenmp Poccuiickou @edepayuu -
Hnemumym Teopemuueckou u Ixcnepumenmanvrou Quzuxu, Mockea, Poccus
(Andrey.Aleev@itep.ru)

Pa3zpabaTriBaeMble B HACTOSIIEE BPEMsI TUCIIEPCHO-YITPOYHEHHBIE OKCUAAMHE CTATU SBISIOTCS
MEPCIEKTUBHBIMUA KOHCTPYKIIMOHHBIMU MaTepuajaMU SIAEPHBIX W TEPMOSICPHBIX PEAKTOPOB
HOBOI'0 MOKOJEHUs. boiiee BBICOKHE MEXaHWYECKUE CBOWCTBA WM PaJUalMOHHAs CTOMKOCThH IO
CpaBHEHUIO ¢ (EePPUTHO-MAPTECHCUTHBIMU CTAISIMH B 3HAYUTEIBHOH Mepe OOYCIOBIICHBI
HAIMYUEM B MATPHUIE AUCIIEPCHBIX U YPE3BBIYAIHO CTAOMIBHBIX OKCHIHBIX YAaCTHUIl pa3MepaMu
Ha4yMHas ¢ HECKOJIbKMX HAHOMETPOB.

B namHOlf pabore mpoBeneHB ToMorpaduueckue aToMHO-30HJIOBBIE HCCIIEIOBaHUS
HeoOmydeHHo u oOmydeHHoi ctamu ODS EUROFER (9%-CrWVTa) ¢ no6asnenuem 0.5%
mMaccoBoi monu vactuil Y,0;. O6aydenue mpoBoauiock B peakrope BOP-60 mpu 330°C mo
MoBpeKaaronier 1036l paBHOM 32 cHa. MccienoBaHus nokaszajid, YTO B UCXOJHOM COCTOSHUH
MMEETCA 3HAa4YuTeNbHAas KOHLEHTpauus (~ 2%10* ™) KJIaCTEpPOB, OOOTALICHHBIX aTOMaMH
WUTTpUS, KUCIIOPOJIa, BaHaAus U a30Ta. CpelHue pa3Mephl 3TUX KJIACTEPOB COCTABIISIOT 1.5-3 HM.

ATOMHO-SOHI[OBBIC 06pa3u51 JJIsA O6Hy‘-IGHHOI‘O COCTOAHHUA H3TOTaBJINBAJIINCh U3 ITOJIOBUHOK
nocie Illapnu Tecra mpoBoaummoro mnpu AByX Ttemmeparypax: 330°C u 550°C. Awnanus
OOJIy4eHHOTO COCTOSIHMSI TIOKa3ajl, 4TO BO3JeicTBHE OOJIy4YeHHs NPHUBOAUT K H3MEHEHHUIO
XUMHYECKOT0 COCTaBa OOHApY)KEHHBIX B HCXOAHOM COCTOSIHUM OKCHUAHBIX dYacTull. B HHX
MPpEUMYIICCTBCHHO Ha6moz[am/101> ATOMbI UTTPUA U KHCJIOPOJad, HC3HAYUTCIBHOC OGOI‘&H.IGHI/IG
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XpOMOM, U He HaOdrofanuch BaHaAWK U a30T. KOHLEHTpalyst UTTPUsSL U KUCIOpO/a B MaTpHIle
YBEIUYWIACh B pasbl moja obOsydeHneM. [ITOTHOCTh 4YacTHIl COCTaBWiA TMOPSIKA 5%10* ™.
Takum o00pa3oMm, MPOBENEHHOE HCCIEIOBAaHUE TOKAa3aj0, YTO HAHOMACIITAOHOE COCTOSHUE
nucriepcHo-ynpouneHHo okcuyamu ctaii EUROFER ODS siBnsiercst 1ocTaTO9HO CTaOMIBHBIM
npu jgo3ax oOmyueHHs: 32 CHa, XOTA NPOMCXOASAT U3MEHEHHs COCTaBa JJIEMEHTOB TOHKOU

CTPYKTYpBHI.

Paboma ewvinonnena npu noooepoicke eockopnopayuu Pocamom u  npu  uyacmuuHou
noooepoicke PODU (epanm 08-02-01448-a).

TEPMUYECKHU U PAIMAIIMOHHO-UHAYIIUPOBAHHBIE
CTPYKTYPHbBIE UBMEHEHUSA B MOJIEJIBHBIX 1
KOHCTPYKIIMOHHBIX CTAJIAX: CPABHUTEJIBHOE
NCCIEJOBAHUE JU®PAKIIMOHHBIMU METOJIAMUA

I)B.I/I.BOQOHI/IH, 1’Z)I/I.q).Eeprep, 1)B.B.Carapamse, 1)]5.H.1“01111/1111<1/1171

% Hnemumym ¢usuxu memannos YpO PAH, Examepunbype, Poccus (voronin@imp.uran.ru)
%) Hncmumym xumuu meepoozo mena ¥YpO PAH, Examepunobype

B nokiane paccMOTpeHbl NPEUMYIIECTBA HCIHOJB30BaHUSA AUPPAKIMM HEUTPOHOB IO
CPaBHEHUIO C PEHTTEHOBCKUMHU WU AJIEKTPOHHO-MUKPOCKOMUYECKUMH METOJaMH st
UCCIIEIOBAaHMSI  CTPYKTYPHBIX J€(QEKTOB W  MHKPOHANpPSDKEHUM, BBLACNEHUS  HOBBIX
MEJIKOJIMCIIEPCHBIX YacTUIl (HAHOYACTHUI]) B OOBEMHBIX MaTepuanax IMOocie TePMHYECKOTrO WU
paguanMoOHHOTO BO3JEHCTBUA Ha mpuMmepe o0paznoB cranen 40X4['18D2, H26XS5T3 u
Fe65Cr4Ni15Mo3Ti. O6pasisl Obut coctapens! npu temmeparypax 600°C u 700°C B TeucHue
1, 6 1 12 yacoB u/uny 06Iy4eHbl OBICTPEIMU HEHTpoHaMu TpH TeMmeparype ~80°C.

[TokazaHo, YTO mTPOIECCHl MPOUCXONAIIUE TMPH CTAPEHUH € OOTyYeHUH OBICTPHIMU
HEHTPOHAMH BO MHOTOM CXOJHBI. Tak mocie ctapenus B oopasznax 40X41'18d2 Ha mogomBax
IIUKOB BO3HUKAIOT TU(PQYy3HBIE MAaKCUMyMBbI, 0OYCIOBJICHHBIC BBINAJACHUEM KapOuaa BaHAIUs
(puc.1). OOnydyeHue YyBEIUYH-BACT
oobem VC. Takue ke mpoIecchl
gaOmrogarorcs B H26XS5T3 wm
Fe65Cr4Ni15Mo3Ti, HO BbIDAmaeT
daza NisTi. Haiinensr 3aBucuMocTu
napamMeTpoB PELIETKH OT BPEMEHHU
ctapeHusi W (IOEHCa OBICTPHIX
HeWTpoHOB. M3 anammza mpoduis
JUHUNA  TONYyYeHbl JIaHHBIE O pa3Mepax  BbIACHAIONIMXCS  YacTUL[ M  BEJIMYMHAX
MUKpPOHAIPSDKEHUH, BO3HHUKAIOMIUX TP 3TOM B 00beMe HCXOAHOM Marpuibl. Jlana
UHTEpPIIPETAMsT B3aMMOCBSI3M  BBIMQJAIOIIMX YaCcTUI] W UX o0beMa C BeJIMYMHAMHU
MUKpPOHAINPSKEHU HAa OCHOBE pacueTa MOIIHOCTH Je(EeKTOB, HCHOJIb3YS KIacCHUPHUKAILUIO

B KprBornasa [1]. Ha ocHOBe 3KCIIEpUMEHTaIbHBIX JQHHBIX
. HalileHa KOppemsiuusi MEXIy pa3MepoM BbIIEICHUM WU

3000 &

N n3meHeHueM tBepaoctu HB B uccnenoBannbix cransx (puc.2).

2600

1. M.A. Kpusornas «Jugpaxyus penmeeHo8CKUX aydeu u

2200 °

4 HeUmpoHO8 6 HeudedlvbHulx Kpucmannax», Kue, HaykoBa

18004

nymka, 1983, 407 ctp.

1400 4

WHTexcueHOCTL

o @
20, rpan

HB MMa
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CTPYKTYPHASA HACJIIEACTBEHHOCTD B CIIVTABE U-6NB 1
YCJIIOBUA EE YCTPAHEHUA IJ11 UBMEJIBYEHUA AYCTEHUTHOI'O
3EPHA

I0.H. 3yes*, B.B. Carapanze™*, C.B. bongapuyk*, A.E. lllecrakos*, 1.JI. CBsiToB*
*Poccutickutl gpedepanvhbiii soeprulil yenmp BHUUTD, Cuexcunck
**Uncmumym uzuku memannog YpO PAH, Examepunbype

B coBmectHbix uccnenoBanusix MOM u BHUUT® na crmaBe U-6Nb Obuia oOHapyskeHa
CTPYKTYpHasi HacJleJICTBEHHOCTh, 3aKJIIOYAIOIIASCSI B TOM, YTO NPHU HAarpeBe MOJ 3aKaJIKy WU
HOpMalIM3allMI0 B TIpollecce O~y TpPEeBpalleHHs BOCCTAaHABIMBAeTCsS pa3mep, ¢opma u
OpHUEHTAIMs 3epeH BBICOKOTeMIIepaTypHOU Y-¢asbl. BoccTaHOBIEeHHE KpPYMHBIX ayCTEHUTHBIX
3€peH SABJAETCA NPUYUHON MOSIBICHUS KPYMHOKPUCTAIINYECKUX YYaCTKOB M3JI0Ma U CHUKEHUS
MEXaHUYECKUX CBOWCTB MPHU 20°C. C moMOIIBI0 OXHOM TepMOOOpabOTKU paHee HE YAaBaOCh
M3MENIbUYUTh KPYITHOE UCXOIHOE 3€PHO BhICOKOTEeMIIepaTypHoi ¢a3bl. B crutae U-6Nb, kak u B
CIUIaBaX THTaHA, DPEKpUCTAUIM3aLUs OT (a30BOro Hakiena He pa3BuBanack. C IENbIO
yCTpaHEHUS! CTPYKTYpPHOI HacleCTBEHHOCTH OBUIM MPEIOKEHBI YEThIPEe OCHOBHBIX peXHMa
npeaBapuTeNbHON 00pabOTKH UCXOAHO KPYIMHO3EPHHUCTHIX 00pa3lioB: X0oAHas AedopMarius O-
da3pl, ee pekpucTauIM3alMs, MPOBEACHUE 3BTEKTOMJIHOTO paclaja W CTapeHHs MapTEHCHUTA.
Ilocne narpesa 1o 1000°C wacts 00pa3IoB MmojaBepraiu 3BTeKTOUgHOMY pacmany mpu 500-
600°C, gactb 00pasmoB 3aKajavBajId B BOJE Ha MapTEHCUT W mojaBepraiau 104. cTapeHHio mpu
600°C, gacTh 3aKaneHHBIX 00pasioB aeopmupoany Ha 20-50% M PEKPHUCTAILTH30BATH B Ok
cocrostan mipu 600°C. O6paGoTaHHbIE TAKHM 00pasoM 06pasisl Harpesamn 10 700-1000°C u
ONpENENIN yCIOBUS U3MEIBYEHUS MCXOJHOIO ayCTEHUTHOTO 3€pHA. 3aMETHOE U3MEJIbUCHHUE
3epHa BBICOKOTEMIEepaTypHO#l Y-¢ha3bl (B 5-10 pa3) HaOMOAaTU TIPU UCMOIB30BAHUN XOJIOHOU
nedopMaluu, peKpUCTaUTM3aUU B O-COCTOSTHUM U ABTEKTOMIHOTO pacnaaa. MoXHO 0KHUIaTh,
YTO YCTPAHEHHE CTPYKTYPHOW HACJIEICTBEHHOCTH C M3MEIbYEHHEM 3€pHA IO3BOJIUT U3MEHUTH
MexaHu3M Iactuyeckoit nedopmaru U-ONb U MOBBICUTH CONMPOTHUBICHHE 3aPOKICHHUIO U
Pa3BUTHUIO TPEUIUH IPH YAAPHO-BOJIHOBOM HArPYyKEHUH.

CTPYKTYPHbBIE U KOHIHEHTPAIIMOHHBIE U3BMEHEHUS B 30HE
TEPMHUYECKOI'O BJIMAHUSA HAIIVIABKH HA KOPITYCHY1O
PEAKTOPHYIO CTAJIb

IO.H. 3yes*, C.M. Hosropoaues*, B.B. Carapanze**, H.B. Kataepa**, N.JI. CBaToB*,
E.A. lecrakoBa*
*Poccutickutl gpedepanvhbiii soeprulil yenmp BHUUTD, Cuexcunck
**Uncmumym guzuku memannog YpO PAH, Examepunbype

C nomouipl0 CBETOBOM U 3JIEKTPOHHON MMKPOCKOIMM HCCIIEJOBAHO U3MEHEHUE CTPYKTYpPbI
KaK HaIlJIaBKU U3 ayCTeHUTHOW Hepxageromen ctanu 12X18H10T, Tak 1 o0CHOBHOro Matepuaia
kopmyca peaktopa u3 cranu 12XI'M®A. CtpyKTypHbIe UCCIEA0BAHNS HAIJIABJIEHHOIO CJIOS U3
HEep>KaBeIollel cTaly MOoKa3ajlu HalM4yhe B ayCTEHUTHOW CTPYKType HEeOOJBIIOro KOJMYecTBa
nenbTa-heppuTa B BUJAE TOHKHX IPOCIOEK IO TpaHMIIaM 3epeH U cyO3epeH. VccienoBanue Ha
CKaHMPYIOIIEM OJJIEKTPOHHOM Mukpockorne ¢upmbl JEOL ¢ mnpoBemeHueM MoOIIaroBOro
MHUKpOaHalii3a Ha pa3jMyHble JICTUPYIOIIME 3JEMEHThl TO3BOJIMIM OOHAPYXUTh B JIUTOU
HaIlJIJaBKE BHYTPU3EPEHHYIO JIMKBALMIO [0 XpOMYy M HHMKeI0. KoHueHTpamus xpoma JIOKaJIbHO
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u3MeHsiercs no 3epuy ot 20 no 17,8 mac.%, nukens — ot 10,5 1o 9 %, mapranua — ot 1,2 10
2,1 %. CoxpaHeHue NCHIPUTHOMN JIMKBAIMUA OOBSCHSICTCS TEM, YTO MPHU BHITTOJHCHUHN HAIUIaBKU
He OBUIO MPOBEACHO BBHICOKOTEMIIEPATYPHOTO TOMOTCHU3UPYIOMIETO OTKUTA.

bbul BbIMOJHEH aHaNMM3 TIIYOMHBI B3aMMHOTO NPOHUKHOBEHMS JIETHPYIOIIUX 3JEMEHTOB B
NEepexXoAHOM cjioe OT aycTeHuTHoW HamaBku (ctanp 12X18H10T) x mapTeHcuTononoOHON
CTPYKTYpe KOHCTpYKUHMOHHOW cTamu 12XI'M®A B mnpouecce HamiaBku. [Ipu momaroBom
MHUKpOaHaJIU3e Yepe3 Kaxple 3 MKM MEpeXO0JHON 30HbI ObLTH ompeaeneHsl KoHueHTpauuun Fe,
Cr, Ni, Mn. Dta nepexoaHasi 30Ha pazMepoM 33 MKM paclpOCTPaHSIETCs MPUMEPHO HA paBHBIE
paccTosiHusL OT I'paHUIbl HAaIUIaBKH, KaK B CTOPOHY HEp)KaBEIOLIEW CTalld, TaK U B CTOPOHY
KOHCTPYKIMOHHOHN CTalH. DTO 0OCTOSATENHCTBO HEOOXOMMO YUUTHIBATh, TaK KaK B 00€THEHHON
XpOMOM M HHKEJIEM IEepexXOJHOW 30HE Hep)KaBelolle cTamu o0pa3yercss MapTEeHCHT,
YXYALIAIOUINI MJIaCTUYECKHUE XapaKTePUCTUKH CTaJId. JTa 30Ha UMEET IPUMEPHO COCTaB CTallu
X12H7I'l, B xoTopoil MapTeHCHTHas Touka Haxoautcs B pailone 100 — 200 °C u pu
OXJIQXKJICHUH HAIJIAaBKU Peau3yeTcsl MApTEHCUTHOE MpEeBpallleHHUE.

Paboma evinonnena npu noodepaicke MHTL] (npoexm Ne 3074.2).

CPABHUTEJIBHBIE UCCJIEJOBAHUS BJUSIHUS OBJIYUEHUS B
PEAKTOPE BH-600 HA UBMEHEHUE XAPAKTEPUCTHUK
YIIPYTIOCTHU U DJIEKTPOCOINPOTUBJIEHUS AYCTEHUTHBIX
CTAJIEM YC68 U DK164.

A.B. K03J10131), n.A. HOpTHHXl), E.H.H_[ep6a1<0B1), B.C. ]_HlflxaﬂeBl), II.H. fdroButus,
H.M. Murpodanosa®, O.11.MBarnosa”

D 0AO «UPM>, 3apeunviii, Poccus ( irm@irmatom.ru )
) 0A0 BHUHHM, Mocxkea, Poccus

[IpuBeneHsl pe3yibTaThl HCCIEIOBAaHUN (PHU3NKO-MeXaHWYECKHX CBOWCTB cTamu YC68,
SIBIISFOIIEHCS. IITAaTHBIM MarepuaioM o0onodek TBIOB peaktopa BH-600, m cramu DK164,
npeayiaraeMoi B KadecTBe 0ojiee paaualiiOHHO-CTOMKOro Marepuayia. B MCXOMHOM COCTOSHUU
yaenbHOe 3nekTpoconpoTuieHue craiu IK164 na ~5 % Beiiie, uem y ctanu YC68, a Mmonyinb
IOnra Ha cronpko ke Hwke. Hanbonbiiee paznuuue u3 GU3NUECKUX CBOWCTB HAOIIOMACTCS y
koa¢p¢unmenra Ilyaccona: y cranu 9K164 ero Bennumnna cocrasmsger ~0,17, a y cramu YC68 —
oxouo 0,30.

[Tocne o6nyuenus B peakrope bBH-600 nmo moBpexpatronux a03 ~78 cHa
AIIEKTPOCOIIPOTUBIICHHE OOEUX CTalei CYIIECTBEHHO YBEIMYUBACTCS, & MOAYIU YIPYrOCTH
yMeHbpIIAIOTCA. B KadecTBe XapakTEPUCTHUK HMCXOAHOTO COCTOSIHUS IPU aHAIW3€ W3MEHEHHU
¢usuko-mexannyeckux cBoictB (PMC) HCroNB30BaHbI 3HAUEHUS, MOJYyYEHHBIE HA y4acTKax
00004eK TBIIOB, 00My4YeHHBIX Tpu Temmneparype 370 °C mo mos3sl ~0,5 cHa. Benmnunna
n3meHeHuit ®MC oOpasznoB u3 cranmu DK164 mensine, yem y oOpasmoB u3 cramu UC6S.
OCHOBHOH BKJIaJl B U3MEHEHHUE IEKTPOCONPOTUBIICHUS] U MOIYJIEH YIIPYrOCTH JA€T pacinyXaHue,
koTopoe y ctanu JK164 3HaunTensHo MeHblIe, yeM y ctai YC68. OTHOCUTENbHBIE U3MEHEHHUS
OMC xopomo OmUCHIBAIOTCS  (QopMynaMu, TOJIYYEHHBIMH B paHee pa3paboTaHHOU
JIBYXKOMIOHEHTHOW Mozenu [1]:

AR 5-S

== @)
R 4-S+6

4
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AE_ 1 )

= 2 —
E, (1+5)
rne AR,AE - u3aMeHeHus IEeKTPOCONPOUBIeHUS U Moay/st FOHra;
R,,E , - anexTpoconpotusieHue 1 Moaynb FOHra cranu B HCXOIHOM COCTOSIHUM;

S - pacnyxanwue.

Bennuuna xos¢pdumnmenta Ilyaccona y o00o0m0o4ek pasHBIX TBIJIOB pa3jivyaeTcs H
NPaKTUYECKH HE H3MEHSETCS C TOBPEXIaromiei 103bl. OTMEUeHa KOPPEISLUS MEKIAY 3HAYCHHEM
ko3 dunmenta [TyaccoHa v BeIMUMHON pacyxaHusl 000J04YEK TBIJIOB 00CHUX CTaJICH.

Jlutreparypa

1. Kozlov A.V., Shcherbakov, E.N., Averin, S.A., Garner, F.A. The Effect of Void Swelling
on Electrical Resistance and Elastic Modulii in Austenitic Steels // Effects of Radiation on
Materials, ASTM STP 1447. 2004. P. 66-67.

MEXAHOAKTHUBALIMA IIOBEPXHOCTHO-OKNCJIEHHBIX
METAJVIMMECKUX MATPUILl KAK METO/ CO3JAHUA
PEAKTOPHBIX 1YO-CIIJTABOB HOBOI'O KJIACCA

B.B. Carapanze, K.A. Koznos, H.B. Karaesa, B.A. Illabamios, A.B. JIuTBuHOB,
H.®. Bunsnanosa
Unemumym ¢usuxu memannos YpO PAH, Examepunodype

MexaHnueckoe JETUPOBAHHME B TIOCJIEIHUE TOJbI TMpHUBJIEKaeT BCE OoJblliee BHUMAaHUE
CIICIUATIUCTOB, paboTalomux B O00JaCTH KOHCTPYMPOBAHMUSI MaTEPHANIOB I aTOMHOH
DHEPreTHKH, B TOM YHCIIE, KAPOIPOUYHBIX AUCIIEPCHO-YIIPOUYHEHHBIX okcuaamu (Y O) craneit n
CIUUJIAaBOB, YCTOMYMBBIX K BBICOKOTEMIIEPATYpPHOMY pPACIyXaHUIO TMPHU OOJYYCHUH OBICTPHIMHU
HEUTpOoHaMHU. TpaaUIIMOHHOE HCIOJb30BAHUE B KAayeCTBE HOCUTEIEH KHUCIOPOJa OKCHIOB
UTTPUS C BBICOKOW JHEPrHEd MEKAaTOMHOM CBS3M HE BCErla TEXHOJOTHMYECKHU BBITOAHO M
TpeOyeT 3HAYUTEIbHO OOJBIIErO0 BpPEMEHM OOpabOTKM B IIAPOBBIX MEJNbHHULAX IS UX
pacTBOpEHUS B CTalM, YEM MPHU MCIOJIH30BAHUN MaJOyCTOMYMBBIX OKCHUIOB JKelie3a (Harpumep,
remaruta Fe,03). YcranoBneHo, uto nedopmanusi OKCHUIOB JKejle3a B CMECH C MeTalllaMH,
o0yamaromuMu  BBICOKUM cpoacTBoM K kuciopoxny (Ti, Y, Zr), a Takxke cO CTalsiMH,
JETUPOBAHHBIMA XUMHUYECKUM aKTUBHBIMU METAJlJIaMH, MPOTEKAET C aKTUBHBIM PACTBOPEHUEM
HUCXOJIHBIX OKCHJIOB Xeie3a M (OPMHUPOBAHHUEM TIEPECHIMICHHBIX TBEPJbIX pPacTBOPOB U
BTOPUYHBIX YIIPOUHSIONIUX HAHOOKCHIOB 3JIEMEHTOB MaTpHIlbl. OJIHAKO 3TOT METOJI MOXKHO €111
Oojilee  ympoCTUTh, €CIIM TPOBOJIWUTH  TPEIBAPUTEIHLHOE  IMOBEPXHOCTHOE  OKHUCIICHUE
MEJIKOJIMCIIEPCHOTO TOPOIIKA >Kejle3a WIM CTald ¢ oO0pa3oBaHWEM Ha TOBEPXHOCTH YaCTHUIL
OKCHJTHOM TUICHKH, a 3aTeM ITyTeM Je(opMaliu pacTBOPSIThH €€ B CTAIBHOM MaTpHIIL.

OxucneHHbIE TOPOLIKM JKEJI€3a M JIETMPOBAHHBIX CTaledl IOABEpraji HMHTEHCHUBHOMN
nedhopmaruu B MenbHHIIE B TedeHue 4...16 4 B arMmocdepe aproHa Juisi pacTBOPEHUS
MIOBEPXHOCTHBIX OKCHJOB B MaTpuuax jkeie3a U crajeil. CKOMIAKTUPOBAaHHBIE CABUIOM IIOJ
JIaBJICHUEM JIMCKH MOJIBEpraju OTXKUTY npu Temreparypax 750, 900 u 1100°C (30 muH) ¢ nemnso
IIOJIyUYEHUSI HAHOPA3MEPHBIX YIPOYHSIOUIMX OKCHIOB kene3a. C yBEIMUYEHHEM TeMIIepaTypbl
OT)KUTa Hapsay C 00pa3oBaHHEM OKCHAOB Xejie3a MPOUCXOTUT YMEHBIICHHE IUIOTHOCTU
JUCIOKANN, peKpUCTATU3aIus (PEpPUTHOM MaTPULIBI U YBEIMUEHUE pa3Mepa 3epeH. [Ipu aTom
YacTULIBI OKCHJIOB eJle3a CTaHOBSTCS 0osiee SICHO BUIUMBIMU Ha (JOHE PEKpUCTAIIM30BAHHON
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MaTpullbl. YacTHIBI OCTAIOTCS OUYEHb MEJIKUMHM J1a)Ke IIPU HArpeBe 10 1100°C. Cpennuii pazmep
yacTull cocTaBiisieT 3,1 HM, a UX KOHLEHTpAIMsl paBHA 2,8-1022 M'3, YTO JIOCTATOYHO JUIA

SHAYUTCIIBHOI'O IMOBBIMICHUSA TPOYHOCTU U KAPOIMPOYHOCTHU UCXOAHBIX MCTAJNIMYCCKUX MATpPHUII.

Paboma noooepoicana npoexmamu PODU (Ne 10-03-00113, 10-02-90408), MHTL] (npoexm
Ne 3074.2) u Ilpesuouyma YpO PAH (npoexm Ne 10-2-12-5A).

BJIMSIHUE CXKUMAIOIINX U PACTATUBAIOIINX HANTPSIKEHUAM
HA PAIMAITMOHHOE PACIYXAHUE U AE®OPMAIIUIO
MOJI3YUYECTHU B AYCTEHUTHBIX CTAJIAX X18H10T

E.W. Maxkapos, B.C. Heyctpoes, C.B. benozepos, 3.E. OctpoBckuii
OAO «I'ocyoapcmeeHtblil HAYYHBIU YEHMP HAYYHO-UCCAe008AMeNbCKUL UHCTMUMYM AMOMHbBIX
peaxmopos», 2. [{umumposepao-10, Poccus (Evgeny_m86 @inbox.ru)

O0ocHOBaHHME JIUTENBHOTO MPOEKTHOTO CPOKA AKCIUTyaTalluu SIACPHBIX PEaKTOPOB THIIA
BBOP u npoanienue ero u nangee TpeOyeT U3ydeHUsI 3aKOHOMEPHOCTEH N3MEHEHUSI CTPYKTYPHI U
CBOWCTB  KOHCTPYKIIMOHHBIX  MaTepuajoB, OONyYEeHHBIX HEUTpOHAMH TP  YCJIOBHUU
SKCIUTyaTalldd, XapaKTEPHBIX MJIsI BHYTPUKOpIYCHbIX ycTpoucTB (BKY) stux peaktopos.
DKCIEPUMEHTHI TI0 U3YUYECHHIO BIMSHUS PACTITUBAIOUIUX HANPSHKEHUM HA CBOMCTBA U CTPYKTYPY
matepuana npooaunuck B OAO «['HIL HUHUAP» [1], Poccun u B 3apyOeXHBIX CTpaHax, HO
BIIMSTHUE COKMMAIOIINX HAMPSHKEHUH MPAaKTHYECKU HE UCCIeI0BAIOCH. KpoMe Toro, Heo0Xoaumo
OBLJIO MPOBEPUTH COXPAHATCS JIM HU3BECTHBbIE 3aKOHOMEPHOCTH W 3aBHCUMOCTH Jedopmanuu
palralMOHHOM MOI3Y4YECTH OT TUIIA HANPSIKEHUM.

B macTosmieit paboTe pacCMOTPEHO BIUSHUE COKMMAIONIUX W PACTATUBAIOIINX HAMPSHKCHUH
Ha paJMalMOHHOE pacnyxanue u jgedopmanuio mnomdydectd B cramax X18HIOT.
["a3onanonHeHHBIE O0pa3nbl CIOXKHOW (QopMmbl, m3rotoBiaeHHble W3 cranu X18HI10T, Obutn
o0nyuyensl B peaktrope BOP-60 mo moBpexxmaromieid 1036l cBbimie 30 CMEIICHU HAa aToM MpU
temneparype 420-450°C. B o6omoukax 0O0Jyd4eHHBIX OOPa3lOB OJHOBPEMEHHO CO3aBAJIUChH
C)KMMAIOIINE, PACTITUBAIOIINE HAMIPSHKEHUS M OTHOBPEMEHHO 00IyJalluch 00pasibl, B KOTOPBIX
9T HaNpPSOHKEHUS MPAKTUYECKH OTCYTCTBOBAIIH.

Taxke TpuUBEACHBI pe3yiabTaThl HW3MEPEHUH JauMamMerpa M JUIMHHBI  OOJIyYeHHBIX
ra30HAIMOHEHHBIX  00pa3oB. OOHapyXeHO yBEIMYEHHE OOOMX pa3MepoB, TPOBEICH
CPaBHUTEJIBHBIN AHAIN3 KOPPEJALUU WU3MEHEHHs JuaMeTpa W JUIMHHBI, IO €ro pe3yibTaTam
pacnyxaHue TpyOKH-CBUIETENs JOCTUrIIo 9%.

Jlig mony4yeHWs JOCTOBEPHBIX pE3YNbTAaTOB BIWSHUS HANpSOKEHUMM HAa paclnyXxaHue u
HOJ3y4eCTh UCIOJIb30BATM METAIOrpaduio, TPAHCMUCCHOHHYIO 3JIEKTPOHHYK) MHKPOCKOIHIO
(TOM), ompeneneHre MeXaHUYECKHX CBOMCTB. IIpoBeneHO cpaBHEHUE BIUSHUS CKUMAIOIIUX,
pacTATMBAIOIIMX M <«HYJEBBIX» HANPSOHKEHUM Ha paclnyXxaHue, NapaMeTpbl BaKaHCHOHHOMN
nopuctoctu 1 noazydects cranu 08X18H10T. PesynpTaTsl MOKHO MCIOIB30BaTh AJIsl IPOBEPKU
MOJIeJI€H BIMSHUSA HAPSDKEHUHI Pa3HOTO TUIA HA PAJIUAlMOHHbIE PACIIyXaHUE U MTOJI3y4YECTb.

Jlureparypa:
1. Neustroev V.S., Shamardin V.K. Radiation Creep and Swelling of Austenitic 16Cr-15Ni-
3Mo-Nb Steel Irradiated in the Reactor BOR-60 at 350 and 4200C// Effects of Radiation on

Materials: 16th International Symposium, ASTM STP 1175, American Society for Testing and
Materials, Philadelphia, 1993. P.816-823.
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W3MEHEHUE MEXAHUYECKHNX CBOMCTB OBOJIOYEK TBAJIOB U3
CTAJIEH DK164 X YC68 TIOCJIE JJUTEJIBHOIO OBJIYUYEHHS B
PEAKTOPE BH-600.

AM. MOCI/IHI), M.B. EBCGGBI), H.A. HOpTHBIXl), A.B. K03J10131), H.M. MI/ITpO(paHOBa2),
O.U. Usanosa®

D040 «FPM>», 3apeunsiii, Poccus ( irm@ irmatom.ru )
>’ 040 BHUMHM, Mockea, Poccus

B Hacrosimiee Bpemsi akTyallbHOM 3ajadyedl B aTOMHOW JHEPTreTHUKE SIBIISETCSA JTOCTHXKCHUE
BBICOKOTO BHITOPAHUS TOIUIMBA B PEAKTOPaxX Ha OBICTPBIX HEUTpOHAaX. JlJisk 3TOr0 MCIONB3YIOTCS
TB3JIbI ¢ 000710YKaMu U3 aycTeHUTHOH ctanmu YC68, U3roTOBICHHON MO YCOBEPIICHCTBOBAHHOM
texHosorun Ha MC3, a Takxke TB3JIBI ¢ 0Oosoukamu U3 pazpadoranHoir Bo BHUMHM noBoii
ayctreHuTHOM ctanmu DK164.

B nmanHoil pabore ObutH HMcchenoBaHbl 000mouku TB3I0B M3 cranmu YC68 m DK164 mocne
skcrutyaranuu B peaktope bH-600 B Teuenue 560 -572 add. cyT., 10 MAaKCUMaTLHOTO BBITOPAHUS
9,1 -9,7% T.a. u MOCTHXKEHUS TIOBPEKAAIOIIEH J03bI Ha 00010UKY 10 82,4 cHa.

OnpeneneHbl MeXaHUYECKHE CBoMcTBa mpu Temmeparypax 20, 400, 600 °C u temneparype
OKCIUTyaTalldd HMCCIEIOBAHHBIX YYacTKOB 00o0i0o4ek TBIMOB. IIpencraBieHbl W3MEHEHHS
IMaMETpOB M paclyXaHWe [0 JUIMHE TBYJIOB. TakKe HCHONB30BaHbI — PE3yNbTaThl
MeTaJulorpapuuecKux HUCCIeNOBaHUA M (pakTorpaduu MOBEPXHOCTH pa3pyIICHUs IOCIHe
MEXaHUYECKUX HCIIBITAHNH 00pa3oB 000J0YEK M3 PAa3IMYHBIX MO PACIIONIOKEHUIO B AKTUBHOM
30HE YYacCTKOB.

IToka3zaHo, 4TO MaKCUMaJbHOE PACIyXaHUE U U3MEHEHHE JUAMETpPa B LIEHTPE aKTUBHOW 30HBI
obomouek TBAMOB K3 crtanu YC68 B monropa-aBa pasza BbIIIE IO CpaBHEHHIO co cTanbio DK164
IPU UIEHTHYHBIX PEXXUMaX OOIydeHHUS.

Onpe;[eneHHe MCEXAaHUYCCKUX CBOﬁCTB HpOBOI[I/IJIOCB KaK C HUCIIOJIB30BAHHUCM TpaI[I/IL[I/IOHHOﬁ
METOJIMKH OJHOOCHOTO PACTsDKCHHS KOJBIEBBIX OO0paslloB, TaKk M IO HOBOH METOIUKE
UCTIBITAaHUN TpyOuaTbiX OOpa3IOB BHYTPEHHHUM JaBICHHEM IUIACTUYHOTO 3amoiHuTens. [lpu
OTIpe/Ie]ICHUN MeXaHWYeCcKuX cBOMCTB cramu YC68 Ha KoIbIEBBIX oOpasmax OOOJOYKH U3
O6HaCTI/I I.[CHTpa aKTHBHOﬁ 30HbI 3a(bI/IKCI/IpOBaHa Hy.HeBaSI IIJIACTUYHOCTh W HHU3KHUC 3HAYCHMUSL
npoyHocTH. MccnenoBanuss MEXaHUYECKHX CBOWMCTB TBAJIOB METOAOM BHYTPEHHETO JABJICHUS
IIOKA3bIBAKOT 60)166 BBICOKHEC 3HAQUCHUS HpO‘IHOCTI/I nu OT.HI/I‘-IHYIO oT HYJIA IIJIAaCTUYHOCTD.
®pakrorpaduueckue HMCCIECIOBAHUS ITOKA3bIBAIOT, YTO XapakTep IMOBEPXHOCTH pPa3pyIICHUS
IPEUMYIIECTBEHHO TPAaHCKPHUCTAITUTHBIHN, TPU HEOONBIINX YBEIMYCHUAX MOXKET OBITh OTHECEH
K KBa3uCKoy. [Ipu Oonpmmx yBenuueHUsIX paceTKu CKoJIa UMEIOT MEJIKOYAIIEYHBIN pertbed.

[To coBokymHOCTH pe3y/bTaTOB MEXaHUYeCKUE cBoMcTBa cTanu DK 164 nocie BEICOKOJ03HOTO
0o0myuenus Boiie, yem ctuid YC68.
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ATOMHO-30HAOBOE NCCJIEAOBAHUE HAHOMACHITABHOI'O
COCTOSAHUSA CTAJIA ODS EUROFER NOCJIE OBJIYYEHUA
TANKEJBIMA NOHAMHU

H.H. Opinos, C.B. Poroxkun, A.A. Anees, A.A. Hukutun, A.I'. 3anyxusiii, T.B. Kynesoii,
P.I1. Ky#i6una, b.b. Yanbix
T'ocyoapcmeennsiii Hayunwiii [Jenmp Poccuitickou @edepayuu - Hucmumym Teopemuueckotl u
Ikcenepumenmanvuou Pusuru, Mockea, Poccus (Nikolay.N.Orlov@ gmail.com)

B HacTosiiiee Bpemsi, Uil aHAJIM3a PAJUAIMOHHONW CTOMKOCTH TEPCIEKTHBHBIX PEaKTOPHBIX
MaTCpuaJioOB, AKTUBHO TMPOBOAATCA HUMHUTAOUOHHBIC OJOKCICPUMCHTBHI, C HCIOJb30BAHUCM
pa3IMYHBIX MOJIEIBHBIX BO3ACUCTBUI. V3BecTHO, 4TO Hambosiee OBICTPBIM CIIOCOOOM CO3JIAHHUSI
pagualMOHHBIX TOBPEXKICHUNH B HCCIEAYEMOM MaTepuaie SBISIETCS OONydeHHE ITyYKamMH
HU3KOOHEPTEeTHYHBIX TSDKENBIX HOHOB. [Ipw OONyueHWHM MaTephajoB MOHAMH TaKHX SHEPTHA
O6p&30BaHI/I€ paaualinOHHBIX Heq)eKTOB ONpouCXoauT HCOAHOPOAHO, IO3TOMY B TaKHUX
IKCIEPUMEHTAX 00TyJaroTcst 00pa3Iibl 1151 MUKPOCKOITUYECKUX UCCIICIOBAHUH, C TIOCIEAYIOIIHM
U3YYCHHEM HMX MHUKPOCTPYKTYphl. Hacrosimas pabora mocBsieHa OTpabOTKE MMHUTAIIMOHHBIX
SKCTIIEPUMEHTOB 10 OOJY4eHHIO o00pa3loB s ToMmorpaduyecKod aTOMHO-30HOBOM
MUKPOCKOITHH.

[TpoBeneHsl mepBbIE SKCHEPUMEHTHI MO OOJIY4YeHHMIO 00paslloB MEPCHEKTUBHOM CTajiu
sepHbIX U TepmosiaepHbix peakropoB ODS EUROFER nonamu Fe* ¢ sHeprueil 150 k3B no
pasnmuuHbIX moBpexaaronmx a03 (< 13 cHa). OOnydeHHe MPOBOAWIOCH Ha JIMHEHHOM
yckoputene TUIIp (MTO®). Crans ODS Eurofer aucnepcHo ynpoyHeHa OKCHAAMU UTTPUS U
COIEPKUT BBICOKYIO KOHIIEHTpanuto (~ 10 a7 HaHOpPa3MEpHBIX (2-4 HM) KJIacTepoB. AHAIIN3
PacIoIOKEHUST PA3UYHBIX XUMHYECKUX 3JIEMEHTOB B MCCIIEJOBAHHBIX 00beMax OOJIydeHHOM
cramu ODS EUROFER BbIsIBUJI W3MEHEHHE COCTaBa HaHOpa3MEPHBIX KiactepoB. [Ipu
YBEJIMUEHUU MOBPEXKAAIOIIEH [03bl NMPOUCXOAUT YyMeEHblleHHe KoHueHTpauuid O, N n V,
yBEJIMYEHUE KOHIIEHTpauu Mn, a pa3mep U MIOTHOCTH KJIacTepoB OJM3KHU K COOTBETCTBYIOIIUM
3HAYEHUSAM HEOOIyYeHHOTO cOcTosHUsA. CpaBHEHUE MOIYUYEHHBIX PE3YIbTATOB C JTAHHBIMHU IS
ctamu ODS EUROFER, o6nyudennoit B peaktope BOP-60 mo mo3sr 32 cHa, moka3bIBaeT
cooTBeTcTBUE HaHoMaciITaOHbIX M3MeHeHud cranu ODS EUROFER mnpu TsKenoMOHHOM U
HEUTPOHHOM OOJTYYCHHH.

Paboma evinonnena npu noooepoicke eockopnopayuu Pocamom u  npu  yacmuuHou
noooepoicke PODU (epanm 08-02-01448-a).

XAPAKTEPUCTUKHU PATUAIIMOHHOM IMMOPUCTOCTU,
CO®OPMUPOBABIIENCS ITPU OBJIYYEHUU B PEAKTOPE FH-600 B
MATEPUAJIE OBOJIOYEK U3 CTAJIEN K164 U YC68

H.A. HODTHI)IXI), A.B. KOSJ‘IOBI), H.M. MI/ITpO(baHOBaz), 0.1.1Banosa”
D040 «HPM>», 3apeunviii, Poccus ( irm@ irmatom.ru )
? OAO BHUHUHM, Mocxkea, Poccus

B Hacrosmee BpeMs B KauecTBE MEPCIEKTUBHOW CTamu uId OOECIedYeHUs IOCTHKEHHUS
MaKCHUMaJIbHOTO BBITOpaHUs TOIUIMBA paccMarpuBaeTcs aycTeHUTHas ctanb OK164-UJ x.a. s
orieHKH 3(PHEKTUBHOCTH €€ Hcmoiab3oBanus B peaktope bH-600 B Teuenue 560 3¢ dekTHBHBIX
CYTOK IpOBeleHa HSKcIuryaranuss komOuHupoBanHoi TBC, ¢ TBamamu, 000JIOYKH KOTOPBIX
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M3TOTOBJICHBI M3 HOBOM cTayn DK 164-UJI x.1. u u3 mratHoi cranmu YC68-UJ x. 1.

B pabote paccMOTpeHBI XapaKTEePUCTUKU TTOPUCTOCTH, CHOPMHUPOBABIICHCS MPU OOJTyICHUH B
peakrope BH-600 1o mMakcuManbHOM MOBpeXAaroliei 1036l 77 cHa B Marepuane 000JI0YeK U3
cramu DK164-NUJ1 x.n. Jlna cpaBHEHHS MCCIENOBAIUCh 00pa3isl HeoOmydeHHo ctamm DK 164-
W] x.1. TO¥ e TUIaBKH, 9TO U UCCICIOBAHHBIC TBIJIBI, U 00pa3ilbl U3 00IaCTH HIKHEN ra3oBon
MOJIOCTH PA3JIMYHBIX TBIJIOB. YCTAHOBIEHO, YTO CYIIECTBYIOT DPAa3JIM4Usl JUCIOKALMOHHON
CTPYKTYpsl U ()a30BOTO cocTaBa HeoOnMydeHHOro oOpasiia M oOpa3loB M3 OOJACTH HIDKHEU
ra3oBO# MOJOCTH TBAJIOB.

OOpasmpl KCCIeNOBAaHHBIX TBIJIOB COOTBETCTBOBAIM TPEM TEMIIEpAaTypHBIM JIHara3oHaM
00JTydeHHs: HHU3KOTEMIIEpaTypHOMY, CPEIHETEMIIEPAaTYPHOMY M BBICOKOTEMIIEPATYPHOMY.
[Toctpoensl rucrorpaMMmbl pacnpenesieHus Mop Mo pa3Mepam, KOTOPbIe OMUCHIBAINCH B BHUJE
CYMMBI YHUMOJIAJIbHBIX JIOTHOPMAJIBHBIX PAcTIpeIeICHII, COOTBETCTBYIOIIMX ITOPaM Pa3TuIHOTO
tuna. [lapamiensHo HcclaenoOBaMCh OOpaslbl TEX K€ TEMIIEPATyPHBIX TUANa30HOB TBIJIA C
ob6omnoukoir u3 cramm YC68-U]JI Xx.m., skcrmyatupoBaBiierocsi B coctaBe Toi ke TBC uro u
BBl ¢ obonmoukamu u3 cramu DK164-UJ[ x.n. Ha obpasumax cramu UC68-UJ] x.1. U3 Bcex
TEeMITepaTyPHBIX JUATIA30HOB TAK)KE OMPEIEISIINCh XapaKTEPUCTUKH IIOPUCTOCTH.

[IpoBeneHO cpaBHEHME MOJIYYEHHBIX XapaKTEPUCTUK MOPUCTOCTH ABYX CTaJ€d B OJHUX U TEX
KE TEMIEpaTypHBIX Juamna3oHax. B o0eux CTamsiXx C pocToM TeMIepaTypbl OOIydeHus
YBEIIMUMBAECTCA CPEAHUMN pa3zmep mop, Ho B ctanu YC68-U/I x.1. oH Beiiie, yem B ctanu JK164-
NI x.x. s onpenesieHus paciyXxaHus Hapsiay € JIEKTPOHHOM MUKPOCKOIMEN HCIOIb30BAJICA
METOJl TUAPOCTATUYECKOTO B3BEUIMBAHUA. YCTAHOBJIEHO, YTO BEJIMYMHA IIOPUCTOCTH U
pacnyxanue obpasmnoB ctamu UC68-MJ] x.n1. B monTopa u Oojee pa3 BhIIIE, YeM Yy 00OpasIoB
cramu DK164-UJI x.1., 00ydeHHBIX B HACHTHYHBIX YCIOBHSX.

3AXBAT BOJIOPOJA HA HAHOPASMEPHBIE YACTHUIIBI OKUCH
HUTTPUSA B ODS-CTAJIAX

I".A. Pacnioniosa, B.JI. ApOy30B
Hncmumym ¢uzuxku memannos Ypanvcxozo omoenenus Poccuiickoti Axademuu Hayx,
Examepunbype, Poccus, (raspopova@imp.uran.ru)

DeppUTHBIE XPOMHUCTBIC CTalM, YINPOYHEHHBIC IUCIEPCHBIMU OKCHUAAMH UTTpus (oxide
dispersion strengthened-ODS), o6magaroT HEOOXOAMMBIMA CBOWCTBAMH B Ka4ECTBE MaTEPHAIIOB
JUTSE  TETUTOBBIJCNSIIOIIMX JJIEMEHTOB PEaKTOPOB Ha OBICTPBIX HEWTpoHax. TexHomorus
nosydeHus: ODS-craneii obecneunBaeT GOpMUPOBAHHE B HUX OOJIBIIOTO KOJUYECTBA CTOKOB
TOYECUHBIX J1e()EKTOB.

Jlnsg wu3ydeHHs TOBENEHUS BOAOpPOJa B OJTHUX CTalsAX B YCJIOBHSIX OONydyeHUS U s
ornpeneneHus: (akTOpoB, BIUAIOMIMX Ha 3axBaT Bojopoja, B3sATHl ctanmu ODS1 m ODSS u
moaenbHbId criaB FeCr, cootBercTBeHHO, ¢ 10, 13.4 1 10.8 macc. % Cr. Ctanu ObLIH TOJTYYCHBI
METOJIOM CIIEKaHUs MOJ JaBICHUEM MpeaBapUTEILHO U3MEIbUYCHHBIX JKele3a, heppoxpoma u (B
craimu ODSS5) okucna Y,03. CrtaB FeCr BbITuTaBiieH u3 KapOOHMIIBHOTO XkKeje3a U heppoxpoma.

B pabore m3ywyanu paauianiiOHHO-WHIYIIMPOBAHHYIO CETperamuio JeiTepuss B oOpasmax
CTajiell M crutaBa ¢ momoIpo saepHoit peakumu D(d,p)T, koTopas obecrieunsia COBMEIICHUE BO
BpEMEHH M TMPOCTPAHCTBE IMPOLIECCOB HMMIUIAHTAMM W  U3MEPEHHUS  KOHLEHTpalUuu
MMIUTAaHTHPOBAHHOTO JeiTepusi B 00ayyaemMbix o0bemax. [ myOuHy aHanu3a onpeaessiif AITuHON
IPOEKTUBHOTO mpolera aenTpoHa ¢ sHeprueil 700 k3B B aHanm3upyembix marepuanax (~3.7
MkM). C ydeToMm TIyOMHHOTO pa3pelieHHs MUCIOJb3yeMon smepHoil peaknuu (~0.5 MKM) oHa
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coctaBuiia ~ 4 MKkM. THTEHCUBHOCTB OOJIy4eHUS] HAXOJUJIaCh Ha YPOBHE 1x10" wom-c-em™.

briin HU3MCPCHBI OO30BLIC 3aBUCUMOCTU Cpe,Z[HGI\/'I KOHICHTpAallUKM UMIUIAHTUPOBAHHOTO
neiiTepus U 3axBaTa JeiTepus O B 00JIy4eHHBIX 00beMax cpaBHUBaeMbIX 00pa3uos. [Tlapamerp o
OMpPCACIIAIN KaK JOJI0 BCCro UMIINIAHTHUPOBAHHOI'O HeﬁTepHH, 3aXBAUC€HHOI'O B 3TUX 061;eMax.

Hcnonp30BaHHasi cxeMa TMOATOTOBKH OOpPa3IoB, TMPOBEICHUS W3MEPEHUH U aHaiIu3a
IIOJIyUYEHHBIX pe3ynbTaroB [1-3] mo3Bosvia pasfenuTh 3axBaT JAEUTEpHsl HAa paavallMOHHO-
unaynupoBanabie (PJI) m wcxomHbie (YacTHUIBI OKHUCIOB ~ 5 HM B JuameTpe U AcheKTh
CIIEKaHU) JIOBYIIKU U ONPEIEIUTh EMKOCTb MOCIIEIHUX.

[Toka3aHo, 4TO YacTUIBl OKUCHU WUTTPUS COXPAHSAIOT BBICOKYIO 3((HEKTUBHOCTh KAaK CTOKU
TOYEYHBIX /1e(DEKTOB MPU BCEX M3YUEHHBIX J03aX UMIUIAHTALMU JEHTepHs. Y CTaHOBICHO, YTO B
XoJie OO0JlydyeHMs] MPOMUCXOJUT YMEHBIICHHE POJIM MCXOIHBIX JIOBYIIEK B OOIIEM 3axBaTe
MMIUTAHTUPOBAHHOIO JEHTEpHUs, YTO CBA3AHO KaK C 3alOJHEHHEM 3THUX JIOBYIIEK, TaK U C
JOCTH)KEHUEM BbICOKOW mioTHoctd PJI B oOmyueHHbIX oObeMax U IOJABIECHUHU 3axBaTa
neiiTepus Ha HCXOHbIe oByIKK. [Ipu 103ax 06nyueHus-uMIIIanTamun Gomee 1.5x10" cM” Bce
MCXOJIHBIE JIOBYLIKH (JIUCIIEPCHBIE OKUCIIBI U JIEPEKTHI CIIEKaHUs1) HACBILIAIOTCA BOJOPOIOM U UX
POJIb KaK JIOBYLIEK BOAOPOJa HUBEIUPYETCS.

Jlutreparypa

1. Pacmomnosa I'.A., Ap6y3oB B.JI. ®MM. 107, Ne 1, 63(2009)
2. ApOysos B.JI., Pacnonosa I'.A., Carapanze B.B. u np. @MM. 108, Ne 1, 81(2009)

3. Pacmonona I'.A., ApOy30B B.JI. BAHT. Cepus: @usuxa paouayuoHHbix nOBpe#cOeHull u
paouayuonnoe mamepuanosederue (93), 14(2009)

TOMOT'PAONUYECKHUE ATOMHO-30HAOBBIE HCCJIEAOBAHUSA
HAHOPA3BMEPHBIX OCOBEHHOCTEM CTPYKTYPhI
KOHCTPYKIIMOHHbBIX MATEPUAJIOB AJJEPHBIX
JHEPTETUYECKHUX YCTAHOBOK

C.B. Poroxkus, A.A. Anees, A.I'. 3amyxubiii, M.A. Ko3zonaes, H.A. Vckangapos, A.
A. Huxurtun, H.H. Opnos
T'ocyoapcmeennulil nayunviii yeump Poccutickou @edepayuu — Uncmumym Teopemuueckoti u
Oxcnepumenmanvrou Puzuxu, Mockea, Poccus (Sergey.Rogozhkin @itep.ru)

B COBPCMCHHBIX HCCJICAOBAHUAX MATCPHUATIOB HI[GpHOﬁ TEXHUKHU 3HAYUTCIIbHOC BHHMAHUC
yIemnsieTcsl U3y4eHHI0 0COOEHHOCTeH MHKPOCTPYKTYphl. Heobxoaumas uHpOpMAaIUs JEKUT B
00J1aCTH HaHO- M JJa)kKe aTOMHBIX MacIITaboB, U JOJDKHA OTPAXKaTh KaK CTPYKTYPHbIE U3MEHEHHUS,
TaK U MepepacnpeeieHne XUMHUUECKUX JIEMEHTOB. DTH SIBICHUS ONPEIENISIIOT HE TOJIBKO dTaIlbl
3apOXKACHUSA PaJUAlMOHHBIX IOBPEXICHUN, HO B psAlie CIy4acB BO3HHUKAIOIIME CTPYKTYPHBIC
HaHOpa3MepHbIE OCOOCHHOCTH BBI3BIBAIOT M3MEHEHHE MaKpPOCKOIMMYECKUX CBOWCTB (HAIpHMeEp,
pacniyxanue, oxpymumBaHue W np.). C Apyroi CTOpOHBI, TIPU pa3pabOTKe NEPCTICKTUBHBIX
KOHCTPYKIIMOHHBIX MaTepUATIOB aKTUBHOW 30HBI PEAKTOPOB TaKXkKe yIeIseTcsi 0c000e BHUMaHUE
(GOpMUPOBAHHIO PA3TUYHBIX HAHOPA3MEPHBIX OCOOEHHOCTEH CTPYKTYpbI, IMOCKOJIBKY ASTHM
MOKET OBITh OOECTEeueHO BO3pACTaHHE MEXAaHWYECKHX CBOWCTB, MOBBIIICHUE paAHAIIMOHHON
croiikoctu. Hambonee mnpuemyieMbIM METOJOM HW3Yy4Y€HHUsS aTOMHO-MAcIITaOHBIX (a3oBo-
CTPYKTYPHBIX OCOOEHHOCTEH MHOTOKOMIIOHEHTHBIX MAaTepHajoB, pa3BUBAEMbIM B IOCIICIHEE
BpeMsl, ABIIE€TCS ToMOrpaduyeckas aTOMHO-30H10Basi MUKPOCKOITHSI.
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B UTO® HakomuieH 3HAYUTENBHBI ONBIT ATOMHO-MACIITAOHBIX HCCIICOBAHHA CBONCTB
KOHCTPYKIMOHHBIX MaTepuajoB, B TOM 4YHCIE U B YCIOBUAX 00myueHus. Tomorpaduueckue
aTOMHO-30HJI0Bble HccienoBaHuss B UTO® B Hacrosiee Bpems BeAyTCs IO CIEIYIOLIUM
HaIlpaBJICHUSIM: - MCCIIEOBAHUE KOPITYCHBIX MAaTE€pUajoB BOJO-BOJSHBIX HSHEPreTUYECKHUX
peakTopoB (cBapHble 1IBBI Kopnyca BBOP-440); - uccinenoBanue IUCIEPCUOHHO TBEPACIOIINX
dbepputHo-MapTeHCUTHBIX craneir (OK-181, Eurofer 97, ...); - ucciegoBaHue IUCHIEPCHO-
yrpodyHeHHbIX okcugamu ctaneir (ODS Eurofer, crameli poccuiickux pa3paboTok); -
UCCJIEI0BAHNE PAJMALIMOHHON CTOMKOCTH KOHCTPYKIIMOHHBIX MAaTEpUATIOB AI€PHON TEXHUKU B
MMUTAIIMOHHBIX 3KCIIEPUMEHTAaX C MCIOJIh30BAHHEM MOHHBIX My4YKoB. Llenb HacTosmeit paboTsl
naTth 0030p uccaenoBanuii mpososuxcs B UTO® B HacTosiee Bpems.

Paboma evinonnena npu noooepoicke eockopnopayuu Pocamom u  npu yacmuuHou
noooepoicke PODU (epanm 08-02-01448-a).

AHOMAUJIBHBIE ®A30OBBIE ITPEBPAILIEHUS ITPU
JTE®OPMALIMOHHOM U PAJITUALIMOHHOM BO3JIEMICTBUU U
HOBBIE ITIYTH CO3JAHUS YIIPOUHSIEMbBIX OKCUJAMHA
PEAKTOPHBIX CTAJIEN

B.B. Carapanze
HUnemumym ¢usuxu memannos YpO PAH, Examepunodype

W3BectHO, uTO B mpouecce o0mydeHus: ObicTpbiMi HeliTpoHamu Fe-Cr-Ni CriiiaBoB UMeET MeCTO
MUIpAlMsl TOUCUHBIX JE(PEKTOB Ha CTOKM (TPaHHUIBI 3€peH WIM Cy03epeH), YTO IPUBOAUT K
00O0rameHnI0 TPUTPaHUYHBIX YYacTKOB HHKeneM (oOpatHblii ekt Kupkennana). ITomoOHbie
MpUTPaHUYHbIe cerperarmu HUKens (10 2-10% ot o0beMa CriiaBa) MOSIBISIOTCS W TP WHTEHCUBHOM
xonoaHoi nedopmarmu. Hamu Briepseie [1] Obu10 00Hapy)eHO audy3MOHHOE MepepacpeacieHne
Hukens B ciuiaBe Fe-12Cr-30Ni ¢ oboramennemM Hukenem (10 50%) rpaHul] BHOBb 00pa30BaBIIHXCS
npu nedopmanm HaHo3epeH U (pparmeHToB. Ilpurpannynoe oOoramieHHe HHUKENeM OOBSICHSACTCS
HIEPEMEIIICHNEM Ha CTOKH Je(OopMallMOHHO-MHAYLIMPOBAaHHBIX TOYEUHbIX AedekToB. OOpazoBaHue
ne(hopMaLOHHO-UH TYIIUPOBAHHBIX CErPerarii MO3BOJISIET MPEICKa3bIBaTh (POPMHUPOBAHUE ATOMHBIX
cerperaiyii B cruraBax 0e3 UCIOIb30BaHMs PEaKTOPHOTO OO0TYUSHHSI.

[TokazaHo, yTo B mporuecce HeiTponHoro obmyuenus npu 340K B peakrope UBB-2M umeer
Mecto pactBopenre Menkux dactul NisTi, NisAl, Ni3Si B kackagax cMELIEHHS B ayCTEHUTHOM
marpuiie. [Ipu cunpHOi xomomnoit (300 K) medopmarmum (¢ ~ 6) Takxke oOHapyxkeHO [2]
pactBopenue vactuil NisTi (Al, Si, Zr) B aycrenute. Kak mokaszanu pacyeTbl, pacTBOpPEHHUE
natepmetauuaoB NisTi B aycteruTHo# Fe-Ni-Ti maTpurie npu Xoiao0aHOH nedopmManuu MOKET
OPOUCXOIUTh MpHU JAeGOopMANMOHHO-UHIYIUPOBAaHHOM TiepeBoge aromoB Ni um Ti B
MEXJI0y3€JIbHbIE MOJIO0XKEHUS U UX Jpelide B mose HampsHKeHUs BHKYIIMXCS JHUCIOKAalHMA ¢
sHeprueit aktuBauuu 0,2-0,3 OB.

HccnenoBanusi aHOMAaIbHOTO — HU3KOTEMIEPATypHOro JAedopMalMOHHO-UHIYIIUPOBAHHOIO
pactBopeHnst okcunoB Fe,Osz m Y,O3 B cTanbHOM Marpuie NpU MEXaHWYECKOM JIETUPOBAHUU
MO3BOJIUJIM  OTPECIIUTh HOBBIE IMYTH TMOJYYEHHS JHCIEPCHO-YMPOYHEHHBIX okcumamu (JIYO)
KAPOMPOYHBIX PEAKTOPHBIX cTajel. B wacTHOCTH, ObIa IMOKa3aHa BO3MOXKHOCTH OKCHJIHOTO
YIIPOYHEHHSI YUCTOTO KeJie3a MPH ero B3auMOJCUCTBUU C BO3yXOM 0€3 BBEACHHS TPATIUIIMOHHBIX
Y IOPOTHX JIETUPYIOLIUX JIEMEHTOB.

Paboma noooepoicana npoexmamu PODU (Ne 10-03-00113, 10-02-90408), MHTL] (npoexm
Ne 3074.2) u Ilpesuouyma YpO PAH (npoexmur Ne 10-2-12-54, 09-M-23-2004).
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1. 3aBanumun B.A., Jlepsrun A.U., Carapanze B.B. ®MM, 1993, 1. 75, Ne2, c. 90-99.
2. Carapanze B.B. MuTOM. 2008, Ne9 (639), c. 19-27.

OCHOBHBIE PE3VJIBTATBI OKCIIVIYATAIIUU KOHCTPYKIIMOHHBIX
MATEPUAJIOB B AKTUBHBIX 30HAX PEAKTOPA BH-600

M.B. bakanos, B.B. Mansnes, H.H. Omkanos, B.B. Uyes
(benospcras AIC)

[IpoekTHBIE XapaKTEpPUCTUKHN aKTUBHOU 30HBI (AK3) nmepBoro tuma (01) peakropa bBH-600 o
pSAAy IpUYUH HEe OBLUTU JTOCTHTHYTHI B HAYAIBHBIN MEpUOJ dKCIUTyaTallui. BriropaHue TorumBa
OTPAaHUYMUBAIIOCH 7,2%-MU TSKEIBIX aTOMOB (T.a.) W MOBpEXIAIONIe 10301 44 cMmenieHusl Ha
aToM (cHa). OCHOBHOW NMPUYMHON SIBIISIIOCH 3HAYMTEIBHOE DPAIHALMOHHOE (OPMOM3MEHEHHE
37eMeHTOB TeroBbAesomux coopok (TBC), perynmupyromux opraHoB CUCTEMBI yIIPaBICHUS
u 3aumthl (PO CY3) u nerpanamnus ciry>keOHbIX CBOMCTB KOHCTPYKIIMOHHBIX MaTepuanoB (KM),
U3 KOTOPBIX JJIEMEHTBl M3rOTaBIMBAINCH. J[OCTMKEHUE MPOEKTHBIX BEIMYMH BBITOpPaHUS
TOIUIMBA OCYHIECTBIIAJIOCH Mo3TanHo. B 1987 r. mpoBeneHa mepBas MOAEPHU3ALNS aKTHUBHOU
30HbI (01M) ¢ yBenrYeHUEM BBITOPAHUS TOIUIMBA 10 8,3% T.a. (MaKCUMallbHasl OBPEXKAAIOIIAS
no3a 54 cua). B 1993 r. 3akoHueHa BTopas MojaepHu3auus akTUBHOHM 30HBI (01M1) nHa
pOeKTHOE BbIropanue TommmBa 10% T.a. (moBpexnmaromas aos3a - 75 cHa). B mepuon 1995-
2003r.r. IpoBeJEHBI UCIBITaHUS CBbIIIE ThiCSYM WTAaTHBIX TBC Ha MoBBILIEHHBIE, IEPEXO] HA
koTopyto ocymecTtBiéH B 2004-2005 r. C 2006 r. peakTop yCTOMYMBO pabOTaeT ¢ aKTUBHOU
30HOHU TpeThelt Mogepuu3anuu (01M2) Beiropanust Tomiusa 10 ~11% t.a. (moBpexaaroas 103a
- 82 cHa) B 30HE.

Opomronuss Ak3 OCyLIeCTBIsUIach IO pe3ysbraraM HucnblTaHuil B peakrope BH-600 psna
KOHCTPYKLIMOHHBIX ~ MaTepHajoB  COOpPOK  pa3sHOro  THNA W MCCIEJOBAHUAM  HX
pabotociocoOHOCTH TOcie OOJyueHHs B 3alIUTHBIX Kamepax benospckoit ADC, CO
HUKUDT/MUPM, HUUAP u ®DU. B nHacrosmieit pabore mpenactaBieH 0030p OCHOBHBIX
pe3yabTaTOB MO MCCIECIOBAHMIO KOHCTPYKIIMOHHBIX MAaTe€pHajoB SKCIEPUMEHTAIbHBIX U
mraTHeIX TBC, mosyueHHbIX B Ipoliecce BHEIPEHN MAaTEpUAIIOB J1JIs1 U3TOTOBJICHUS 3JIEMEHTOB
peakTopHbIX cO0poK akTUBHBIX 30H BH-600 ¢ 11e71b10 MOBBIIEHHS BHITOPAHHS TOTLIHBA.

BBICOKOIO3HBIE UCTIBITAHUSA KOHCTPYKIIMOHHbBIX
MATEPHUAJIOB JIA A0Y B PEAKTOPE BOP-60

[Mamapaun B.K., [TokpoBckwuii A.C.
(OAO «I'HL] HUHUAP», 2. [Jumumposepad, Yavsanosckas 001, ).

MupoBoii «peHeccaHC» aTOMHOM JHEPreTHKM CBS3BIBAIOT HE TOJBKO C IJIAHUPYEMBIM B
ommwkaiimmme 10 JeT cTpouTenabcTBOM HOBBIX OokoB ADC ( mo pacuéram (paHIly3CKHX
crienuamucToB  okojo 180 OJOKOB), HO ® TPOJUICHHEM TMPOCKTHBIX CPOKOB  YyXkKe
skcruryatupyemslx ¢ 30 1o 40 u 60 ner. B cBa3u ¢ stum B nocnennue 10-15 net B peakrope
BOP-60 Oblmu BBITIOJHEHBI TENBIA Pl MEXIYHAPOIHBIX MporpaMM (dKcrniepuMeHT «Camapa» B
peaktope CM u skcniepument «bopuc» B peakrope BOP-60) mo o0iydeHunio u mocieayonmm
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IIOCJIEPEAKTOPHBIM ~ UCCIIEIOBAaHUSAM  MaTEpUaloB BHYTPHUKOPIYCHbIX ycTpoiictB (BKY)
peaktopoB PWR 1o moBpexaatomeid 10361 =100cHa. BhIMONMHEHBI TakKe MPOMEXYTOUHBIE IO
03¢ O0Jy4YeHHs] M TOCTIEPEeaKTOPHbIE UCIBITAaHUS (PU3HMKO-MEXaHMUYECKUX CBOMCTB U M3Yy4EHHE
CKJIOHHOCTH K KOPPO3HMOHHOMY PACTPECKHMBAHUIO OTEUECTBEHHBIX ayCTEHUTHBIX HEPKABEIOLINX
CTajiei, UCTOJIb3YEMBbIX MPH U3roToBIeHnU 3eMeHToB BKY peaktopos BBOP .

B pamkax coBmecTHbIX pabor JNC(Snonus)-HUMAP Obumu pazpaGoTaHbl, U3rOTOBJICHBI,
MIPOKOHTPOJIMPOBAHBI U 3aTeM 00JydeHsl B peaktope BOP-60 TBensl ¢ o6omoukamu u3 9 %Cr u
12%Cr ODS craneii . K HacTosimemMy BpeMeHH 00Jy4eHbI 10 MAKCUMAJIBHOTO BBITOpaHus = 15%
T.a. M HaxXoJsTcs B mpoiiecce uccinenopanuii Ase TBC ( MakcuManbHas MOBpEXAaoNas 103a Ha
00011049Ke =75CHa).

[lenbro MEKIYHAPOIHBIX IPOIPAMM

- ARBOR 1,2, (“Associated Reactor Irradiation in BOR 60”) ¢ McciaegoBaTenbCKUuM HEHTPOM
B Kapncpys (I'epmanus);

- ALTAIR c nentpom B Cakne (Opannus);

Obul0 00NMy4YeHHE [0 MaKCHUMAaIbHOM moBpexjaromeid m03b6l 70 CHa MEepCHEeKTHBHBIX
MaJIOAKTUBUPYEMBIX MATE€pPHUAJIOB U1 MPOEKTOB OyIyHIMX TEPMOSJIEPHBIX pPEAKTOPOB U
PEaKTOpOB-10KUTaTeNIed aKTUHUOB

Llenp Hacrosiero NOKJIaga MpUBIEYb BHUMaHHE HCCienoBaTeliell K HEKOTOPhIM Haubolee
BO)XHBIM (II0 MHEHHIO aBTOPOB) MHHOBAIIMOHHBIM pe3yjbTaTaM padOT MOCIEAHEr0 BPEMEHH ,
MOJIydeHHBIM Ha 0asze peaktopa bOP-60 , ¢ 1enapio HCMOIB30BaHMS TMOJTYYEHHOTO OMBITA U
PE3YyJIbTATOB, ux Pa3BUTHUA n BO3MOXHOTI'O MMPpOAOJIKCHUA pa60T Ha MaTcpuajiax
,pazpabarbiBacMbix B Poccun. Hekoropble pe3yiabTaThl MEPEUUCICHHBIX JKCIEPUMEHTOB
0€3yCIIOBHO MOTYT COCTaBUTh BECOMYIO YacThb 0a3bl JAHHBIX JUId OyIyHIMX POCCHUHCKUX
npoekToB ADC a Takke B 4YacTU IMOATOTOBKH HOBBIX JOJITOCPOYHBIX MaTepUATOBEIUYECKHX
porpamm .

IBOIOIUSI MUKPOCTPYKTYPbI U JEQ@OPMALIMOHHASL
CTABUWIBHOCTbD CIIVIABOB Zr-Nb-(Fe,Sn,0) 104 AEUCTBUEM
OBJIYUHEHUA

B.H.IlIumos
OAO «BHUHUHM umenu akademuxa A.A.bousapa», Mockea, Poccus
shishovv@bochvar.ru

[IpencraBnen 0630p padoT MO BIAMSHUIO COCTAaBA, PEKUMOB TEPMOOOPAOOTKH U HEHTPOHHOTO
00JTydeHHsI HA MUKPOCTPYKTYpY M cBoicTBa criaBoB Zr-Nb u Zr-Nb-Fe (Sn, O). [loBenenue
CIVIABOB B PEAKTOPE 3aBHCUT OT UX COCTaBa M MUKPOCTPYKTYPHI U J1axke HEOOJbIINE U3MEHEHHUS
COCTaBa M peKUMa TEPMOMEXAHUYECKOH 0OpabOTKM MPUBOJAT K CYIIECTBEHHBIM HM3MEHEHMSM
CBOWCTB B pe3yJabTaTe OHBOJIOIUHM COCTaBa BBIACNCHHH W Marpuubl. PazpaboTka HOBOTO
MOKOJIEHHST CruiaBoB cuctembl Zr-Nb-Fe (Sn, O), KoTopble MNOKa3bIBAIOT MOBBIIMIEHHOE
COIIPOTHUBIIEHUE Jedopmanuu paauanuonHoro pocra (JIPP), panmanuoHHO-TepMHUYECKON
nomydectd (PTII) m koppo3uu, TpeOyeT AETAIbHOTO HM3YyYEHUS HX MHUKPOCTPYKTYpPHI B
npoliecce U3rOTOBJICHUS U3/ICIUI U €€ U3MEHEHHs TPH HEHTPOHHOM O0JTY4YEeHHUU.

OcHoBHbIE  sIBI€HHS TOpu  OOJyYeHHMH  BKIIOYAlOT  oOpa3oBaHHE  paJualllOHHO-
UHIYLIUPOBAHHBIX TMOBpeXaAeHU ((popMupoBaHHEe a- M C- KOMIIOHEHTHBIX TUCIOKAIIMOHHBIX
neTeNlb) U IepepacnpeziesieHne JIETHPYIOIINUX 3JEMEHTOB MEX]y BbLICIECHUSMHU BTOPBIX (a3 u
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matpunieid. Ilokazano BnusiHMe dYacTull, conepxamux Zr, Nb u ocobenno Fe, Ha cBoiicTBa
CIUIaBOB  Mmoj  JeidictBueM  oOmydeHus. OnucaHbl  B3aUMOCBS3M  MEXKIY  COCTaBOM,
MHUKPOCTPYKTYPOIl U paguaiMoHHBIM pocToM (popmMonsMeHeHneM) crutaBoB Zr-Nb-Fe-Sn.

[ToBblllIeHNE COMEpKAHMS KeTe3a CBBIIIE Mpeieia pacTBOPUMOCTH B Zr-1Nb crutaBax BeneT K
cHmkeHuo JIPP u PTII u k ynpo4yHeHuro cruiaBa B pe3yJIbTaTe BBIXOJA aTOMOB JK€JIe3a M3
yactul (as3er JlaBeca B marpuity. ®aza JlaBeca npu stom Tpanchopmupyercs uz ['TIY B OLIK
tuna B-Nb. Ucxoansie dactuipl B-Nb B Zr-Nb cmiaBax npu o0iydeHHH 00STHSIOTCS HUOOHEM
(umm oboramaroTcst IUPKOHUEM), TIPH ATOM B MaTpulle HaOII01aeTCs BhIACICHHE paJualliOHHO-
UHAYIUPOBAHHBIX  MEJKOJAUCIEPCHBIX  YacTHIl, oOorameHHbIXx HuoOueMm. IIpuBeneHsl
XapaKTepHblE  MUKPOCTPYKTYPBI, WUIIOCTPUPYIOIIME  paJUWAlMOHHBIE TOBPEXIEHUS B
IUPKOHUEBBIX CIJIaBaX, HECTAOMJIBHOCTh BBIACIEHUHN, 3BOJIOLHI0 CTPYKTYpPHO-(ha30BOTO
COCTOSIHUS, XapaKTEPUCTUKU PalualliOHHOIO POCTA.

OCOBEHHOCTH KOPPO3UHU CTAJIEM AYCTEHUTHOI'O 1
OEPPUTO-MAPTEHCHUTHOI'O KJIACCOB - MATEPHUAJIOB YEXJIOB
OTPABOTABIIUX TEIVIOBBIAEJAIOLINX CBOPOK PEAKTOPA BH-

350

O. I1. MakcumkuH, A.B. dposuyk, JI.I'. TypybapoBa
HUncemumym soepnou ¢pusuxu, Armamot, Kazaxcman (e-mail: Yarovchuk@inp.kz)

[IpuBeneHbl pe3ynbTaThl KOMILJIEKCHOTO HCCIIEIOBAHUS COCTOSIHMSI MOBEPXHOCTEH CTEHKHU
MIECTUTPAHHBIX YEXJIOB OTpadoTaBmmX TermioBbAesitonmx coopok (TBC) m macmTadOsl
KOPPO3MOHHOM MOBPEXIaeMOCTH HepkaBerowmux cranei aycreHutHoro (12X18HI10T,
08X16H11M3) u depputomaprercutHoro kiaccoB (12X13M2B®DP), obmydeHHBIX B Tpoliecce
skciutyataiuu B peakrope bBbH-350 g0 Bwicokux (~80 cHa)moBpexparonux 03 IpU
CPaBHHUTEIHFHO HU3KUX TeMIlepaTypax U CKOPOCTSIX Habopa J03bl, M BBIACPKAHHBIX B BOJHOM
xpanuiuiie 6omnee 20 ner.

OO6pa3ibl IpeICTaBIsIIA COOON MIIACTHHBI pazMepaMu SX5X2 MM, BBIPE3aHHBIC U3 yUaCTKOB
rpaHu, pacloIOKEHHBIX Ha PA3JIMYHBIX YPOBHSIX OT LIEHTpAa aKTUBHOM 30HBI peaktopa (0, -500, -
900, -1200 MM) ¥ MOJIYYUBIIMX Pa3IHUYHBIE 03Bl 00IyYeHHS MPH dKcITyaTauuu. Mcenenosanus
OCYIIECTBIISTM ~ MeTojaMu  onrTuueckoir — mertamtorpadgum  (Neophot-2),  u3mepeHus
mukporBepgoctu (IIMT-3), mnpocseunBaromeri (JEM100CX) u pacTpoBOd 31€KTPOHHOMU
Mukpockoruu («Amrey-12007).

Oxkazasioch, 4TO0 Hamboyee CHUIBHO MPOKOPPOAUMPOBATN BHYTPCHHHE MOBEPXHOCTU CTCHKHU
CTalbHBIX 4exJoB. Hamuume Oypoit OKpacku ¥ MHOTOUYMCIICHHBIX TPEIIWH TIyOuHON 10 50 MKM
CBUJETEIHCTBYET O TOM, YTO U3HYTPHU 3alIUTHBINA CIION PBIXJIBIA M COCTOUT, TJIABHBIM 00pa3oM,
13 TpexBajJeHTHOro okcuza xene3a (Fe;O3). C BHelIHeW CTOPOHBI YeXJia MMOBEPXHOCTHBIN CIIOM
0oJee TUIOTHBIN, HE OCBINIACTCS U UMEET YEPHYIO OKpacKy. Pasnmuyre B cTeneHu KOPPO3UOHHOTO
MOPKECHUsI HEP)KABEIONIUX CTajJeil yCTaHOBIEHO Takke 1o Bbicore uexia TBC. HaumbGomnee
WHTEHCHUBHO TMOJBEPKEHbl KOPPO3UM YYACTKU MaTepHalia, HaXOJUBIIMECS B LEHTPE aKTUBHOU
30HBl PEaKTopa. YCTAHOBJIEH MEXKPUCTAUIUTHBIA XapakTep KOPPO3HMOHHOTO MOBPEXKICHUS
BHYTpEHHEN NoBepXHOCTH cTeHkH uexiia 3kpanHoil TBC H 214 (I) (ct. 12X18H10T) Ha oT™meTke
+75 MM ot nentpa L{A3, rae moBpexaeHus 0coOeHHO 3aMeTHBI. OTpeieneH JIEMEHTHBINH COCTaB
obacTeit MaTepuana BOJU3H S3BEHHBIX 00pa30BaHMi B HEOOTYUYEHHBIX M O0JTYYCHHBIX CTaJISIX.
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I111. CoBpemMeHHBbIe npo0JIe
(pM3MKH CUIIBHO
KOPPeJUMPOBAHHBIX d- U |
3JIEKTPOHHBIX CUCTEM

TemMaTuka ceKuM 00ycCJI0OBJI€HA HEOOXOAMMOCTHIO MPOBEIeHUSI CHCTEMATHYECKHX, MHOTOCTOPO
AKTHHUJA0B U HX CIUIABOB, B TOM 4YHCJe, JeJAIIMXCH, CBOMCTBAa KOTOPBIX OMNpeaeJasiioTCs, |
0COOCHHOCTSIMH JJIEKTPOHHON CTPYKTYpbl H JAedeKTamu, HaBeJACHHBIMH CaMO0OJy4YeHHEM.
OTHOCSIIIIHECH K CHCTEMaM C CHJIbHBIMH JIEKTPOHHBIMH KOPPeJSUUSIMHU, CIAMIIKOM CJI0KHBI,
OrpaHMYMTHLCS (parMeHTAPHBIM CBEAEHUSIMU, MOJYYEeHHBIMH U3 TeX WIH MHBIX (pu3ndecKux, ¢u:
MeTa/IOrpaguyecKuX HJIH JUHAMHYECKHX 3JKCIEPHUMEHTOB, BBINOJHEHHBIX HA HECKOJIbKHX,
cly4yailHO BbIOpaHHBIX oOpa3uax. UmenHo, modtomy B Ilporpammy ceknum BKJIIOYEHBI JOKJI
HCCJIEIOBAHUIO CBONCTB JeJSIIUXC AKTHHHIOB M HMX MOAEJbHBIX AaHAJIOTOB, HAXOISIIH
TEPMOJAMHAMHUYECKHX COCTOSIHUSIX, MeXaHH3MOB (pa30BbIX NpeBpalleHUd B HHX, BbISIBJECHHUK
JJIEKTPOHHBIX COCTOSIHMi, B3aMMOCBSI3M KPHUCTAJIMYECKOH CTPYKTYPbl, JJEKTPOHHBIX H M
AKTHHUI0B M UX COeJUHEHHH, MPo0jieMaM MX CTAPEeHUsl, PAIUALNMOHHON CTA0MJIBLHOCTH, OTKJIMKA

yAapHble BHEIlIHHE BO3AeHCTBHS.






COBPEMEHHBIE TPOBJIEMbI ®U3UKH CUJIbHO KOPPEJIUPOBAHHBIX d- U f-3JIEKTPOHHBIX
CUCTEM

HIGH-FIELD MAGNETIC AND MAGNETOACOUSTIC ANOMALIES IN
URANIUM INTERMETALLLIC ANTIFERROMAGNETS

A.V. Andreev*, Y. Skourski**, S. Yasin**, S. Zherlitsyn**, J. Wosnitza**

*Joint Laboratory for Magnetic Studies, Institute of Physics ASCR and Charles University,
Na Slovance 2, 18221 Prague 8, The Czech Republic (a.andreev@ seznam.cz)
**Hochfeld-Magnetlabor Dresden (HLD), Forschungszentrum Dresden-Rossendorf,
Dresden, 01314, Germany

In the present work, we report on recent collaborative studies of the magnetism and
magnetoacoustics of several uranium intermetallic antiferromagnets (AF) in pulsed magnetic
fields up to 60 T. All studies were performed on the single crystals grown by the Czochralski
method in a tri-arc furnace.

UCug.95Ge has T = 48 K and the magnetic moments are in the basal plane of the hexagonal
lattice. The metamagnetic transitions (MT) to the forced ferromagnetic (FF) state occurs in the
field of 38 T applied along the c-axis. The sound velocity and the sound attenuation exhibit well-
pronounced anomalies at the transitions, both the spontaneous at Ty and the field-induced to the
FF state. In the paramagnetic state, both acoustic characteristics show large frequency-dependent
changes revealing the presence of unusual relaxation processes of a non-magnetic origin.

UlIrGe has Tx = 16 K. It exhibits a large magnetic anisotropy with the hard direction along the
a axis of the orthorhombic structure. Along the b and ¢ axes, the MT towards the FF phase is
observed at 21 and 14 T, respectively. The sound velocity displays an anomaly of 1x10™ at Tx.
The MT along the b and c axis are accompanied by a lattice softening with a sound-velocity
change of about 1.5x107. Thus, the MTs affect the sound velocity much stronger than the
spontaneous AF ordering.

UCo,S1; has Ty = 82.5 K. The U magnetic moments are aligned along the ¢ axis of the
tetragonal lattice. In magnetic fields applied along this axis, we observed the MT in 45 T (at 1.4
K). The MT is extremely sharp but exhibits a very small hysteresis. Magnetization gain upon the
MT corresponds roughly to 1/3 of the U magnetic moment. We can suppose that the state above
the MT is ferrimagnetic with the ++- arrangement of the magnetic moments. The ultrasound
measurements confirm the transition and show its rather complicated temperature evolution.

U,NipSn has Ty = 26 K. In fields applied along the ¢ axis of the tetragonal lattice, three
metamagnetic transitions are observed at 30, 40 and 52 T. The U magnetic moment reaches 0.7
Us in 60 T without any trend to saturation. High-field measurements along the a axis are planned
to determine type of the magnetic anisotropy.

NEUTRON SCATTERING STUDIES OF MAGNETIC DYNAMICS IN
PNICTIDE SUPERCONDUCTORS

Alexandre [IVANOV
Institut Max von Laue — Paul Langevin, Grenoble, France (aivanov@ill.fr)

Spin excitation spectra are studied by inelastic neutron scattering in the 122-ferropnictide
superconductors and compared with the first-principles calculations. The studied samples of
BaFe, 35Cop.15sAs, and BaFe;91NipgAs, exhibit neither static magnetic phases nor structural
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phase transitions. It is shown that in both the normal and superconducting (SC) states, the
magnetic spectrum lacks the three-dimensional screw symmetry around the [1/2 1/2 L] axis that
is implied by the crystal space group. This is revealed both in the ‘in-plane’ anisotropy of the
normal- and SC-state spin dynamics and in the ‘out-of-plane’ dispersion of the spin-resonance
mode. It is concluded that this effect originates from the higher symmetry of the magnetic Fe-
sublattice with respect to the crystal itself so that the inelastic neutron scattering signal inherits
the symmetry of the unfolded Brillouin zone (BZ) of the Fe sublattice. The in-plane anisotropy is
temperature independent and can be qualitatively reproduced in normal-state density-functional-
theory calculations without invoking a symmetry-broken “nematic” ground state that was
previously proposed as an explanation for this effect. Below the SC transition, the energy of the
magnetic resonant mode E, as well as its intensity and the SC spin gap, inherit the normal-state
intensity modulation along the out-of-plane direction L with a period twice larger than expected
from the body-centered-tetragonal BZ symmetry. The amplitude of this modulation decreases at
higher doping, providing an analogy to the splitting between even and odd resonant modes in bi-
layer cuprates. It is demonstrated that at odd L a universal linear relationship E,s = 4.3 kg7,
holds for all the studied Fe-based superconductors, independent of their carrier type. Its validity
down to the lowest doping levels is consistent with weaker electron correlations in ferropnictide
compounds as compared to the underdoped cuprates.

STUDIES OF NEUTRON ELASTIC AND INELASTIC DIFFUSE
SCATTERING IN SINGLE CRYSTALS

Jiri Kulda
Institut Laue-Langevin, BP 156X, 38042 Grenoble Cedex 9, France

The presence of defects in the regular periodic order of a crystal lattice is reflected by a
modification of the intensity, position and shape of the oJfunction like Bragg peaks of the
original structure and sometimes accompanied by an additional signal appearing at other
positions in the reciprocal space. While the effects concerning directly the Bragg peaks are
frequently investigated, the supplementary signal, apart of superstructure reflections revealing
the appearance of additional order, is subject of less attention. The main reason probably being
interpretation difficulties arising from ambiguities in relation between experimental data and
predictions of existing theoretical models [1]. It is also important to realize that in the X-ray
case, generally more accessible and more favorable in terms of Q-resolution and intensity, at any
temperature the measured diffuse scattering intensity contains in addition to defect scattering
also the integral over the whole spectrum of lattice vibrations, themselves eventually affected by
the presence of lattice defects.

In this sense the case of neutron scattering is more favourable due to the readily available
energy analysis, which permits to separate the static and dynamic components of the response
with a reasonable efficiency. Recent developments of the neutron three-axis spectrometers
(TAS), boosting their performance both by massive beam focusing and by implementation of
arrays of analyzer/detector channels have provided access to very efficient data collection
schemes. Maps of diffuse scattering over several Brillouin zones can be collected in less than an
hour from crystals of a modest size (=10 cm’). Moreover, the flat-cone geometry [2] can be
employed to map response in nonequatorial planes, permitting to carry out systematic surveys
over three-dimensional intervals in reciprocal space.

In this lecture, we will mainly concentrate on fundamentals of diffuse scattering
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phenomenology and on experimental possibilities offered by the ILL FlatCone [3]
multianalyzer, illustrated by examples in diverse fields ranging from relaxor ferroelectrics to
quantum magnetism. We shall also give an outlook into energy-resolved polarized neutron
diffuse scattering.

References

[1] M.A. Krivoglaz, X-ray and neutron diffraction in nonideal crystals, Springer, Berlin, 1995
[2] R. Born, D. Hohlwein, Z. Phys. B74, 547 (1989)
[3] M. Kempa, B. Janousova, J. Saroun et al., Physica B 385-386, 1080 (2006)

PLUTONIUM PROPERTIES IN MULTIPLE INTERMEDIATE VALENCE
MODEL

A. Mirmelstein*, O. Kerbel*, E. Clementyev** ***

*Division of Experimental Physics, RFNC-VNIITF, Snezhinsk, Russia (mirmelstein@mail.ru)
**Laboratory of Neutron Research, Institute of Nuclear Research RAS, Moscow, Russia
***[nstitute of Superconductivity and Solid State Physics, Russian Research Center Kurchatov
Institute, Moscow, Russia

The ground state issue in plutonium metal is one of the central problems in modern solid state
physics. In order to explain high value and weak temperature dependence of magnetic
susceptibility of o- and 8-Pu, we assumed Pu to be in the multiple intermediate valence (MIV)
state, in which fluctuations occur not between two (as in ordinary intermediate valence (IV)
systems), but between three electronic configurations with valence states 4+, 3+, and 2+ [1,2].
Using modified Fermi-liquid relations valid for the ordinary IV systems, in terms of the MIV
model it is possible to describe the experimentally observed behavior of magnetic susceptibility
and electronic (more precisely, magnetic) specific heat of a- and 6-Pu, as well as to explain
significant difference of their atomic volumes [1]. Besides, the MIV model gives reasonable
estimate of the entropy change associated with the a—9 structural phase transition [1].

Furthermore, the temperature dependence of linear thermal expansion coefficient (TEC) o(T)
can be calculated using the classical relation:

a(T)=[yC)"(T)+IC,,, (T)1/3B,(T)

mag

ey

where BT(T) is the isothermal bulk modulus, CVph(T) is the Debye phonon specific heat,
Cmag(T) is the magnetic specific heat calculated in terms of the MIV model, y and I" are the
lattice and magnetic Griineisen parameters, respectively. We show that in general Eq. (1)

reproduces main features of thermal expansion of Pu, including anomalously high TEC of a-Pu
and “invar” effect observed in the fcc Pu-Ga alloys.

We also discuss a microscopic approach to describe thermal expansion of Pu which allows to
estimate temperature variation of the effective Pu valence.

This work has been performed under the auspices of the Russian State Corporation
"Rosatom”".
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STUDIES OF SPIN DYNAMICS IN GEOMETRICALLY FRUSTRATED
MAGNETS AT CNCS, ORNL

A. Podlesnyak*, G. Ehlers**, M. Frontzek**, K. Conder***, E. Pomjakushina*** and
S. Barilo®***
* Neutron Scattering Science Division, Oak Ridge National Laboratory, Oak Ridge TN, USA
(podlesnyakaa@ornl.gov)
** Neutron Scattering Science Division, Oak Ridge National Laboratory, Oak Ridge TN, USA
**% Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland
**%% Institute of Solid State & Semiconductor Physics BAS, 220121 Minsk, Belarus

The Cold Neutron Chopper Spectrometer (CNCS) at the Spallation Neutron Source in Oak
Ridge is a flexible and versatile direct-geometry multi-chopper time-of-flight spectrometer that
provides both good energy and Q resolution at low incident neutron energies (1-50 meV). Two
high-speed choppers, one to shape the neutron pulse from the moderator and a second to cut
down the pulse length at the sample position, provide an adjustable energy resolution, ranging
from ~ 1:2% to ~ 10% of the incident energy. The secondary flight path, with a length of 3.5 m,
has a highly pixilated detector covering scattering angles between -50° and +135° in the
scattering plane and +16° perpendicular to the scattering plane. The detector array with a total
solid angle of 1.7 sr consists of 400 two meter long tubes filled with ‘He gas.

The instrument has been operating since May 2009 with external users. Looking back over a
little more than one year of user operation, it can be concluded that CNCS offers excellent
intensity and resolution for inelastic and quasielastic neutron scattering experiments in the
thermal and cold energy ranges. A wide range of scientific fields has already been covered, most
notably in studies of collective excitations in single crystal samples (spin waves and phonons),
magnetic nanoparticles, and diffusive processes in soft matter. The instrument promises to
become a workhorse for the neutron scattering community for quasielastic and inelastic
scattering experiments. This presentation highlights a few examples including spin dynamics in
spatially frustrated multiferroic CuCrO, and magnetic excitations in lightly hole-doped
Lal_xerCOO3.

Construction of CNCS was funded by DOE grant DE-FG02-01ER45912. Research at Oak
Ridge National Laboratory's Spallation Neutron Source was sponsored by the Scientific User
Facilities Division, Office of Basic Energy Sciences, U. S. Department of Energy.
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HEVTPOHHBIE UCCJIEIOBAHUS ITMHAMUKNA
KPUCTAJJIMYECKOM PEINETKHA KAPKACHO-KJIACTEPHBIX
BOPUIOB - U d- METAJIJIOB

I1LA. AJICKCGGBI), B.H..Ha3yKOB1), K-M. MI/IHBOZ), K.C.HemkoBcKuii”
D pHIT «Kypuamosckuii uncmumym» Mockea, P@® (paval @isssph.kiae.ru)
%) Laboratoire Leon Brillouin, CEA-CNRS, CEA/Saclay, 91191 Gif sur Yvette, France
) Juelich Centre for Neutron Science, Forschungszentrum Juelich, Germany

Coenunenus tuna MBy, Tie x=6, OTHOCATCS K T. H. BBICIIHM OopuaaM U GOpMHUPYIOTCS Ha
OCHOBE TPEXMEpPHOM pemeTkn u3 OOpHBIX KiacTepoB Be mmm B, B mycrorax KOTOpoil u
pacrniomaratotrcsi atombl Metaiia (M). [IpencraBien 0030p dKCIEPUMEHTANBHBIX UCCIEAOBAHUI
JUHAMUKHU PELIETKH B KapKaCHO-KJIACTEpHbIX cuctemax MB, (M=Yb, Lu, Zr), BbIIIOJHEHHbIX
METOJIOM paccesiHusl HEUTPOHOB B COYETAHWU C pacyeTaMHd Ha OCHOBE (DEHOMEHOJOTHYECKOU
MOJIEJIH CUII0BOTO B3aumojeiicTBus bopHa-Kapmana u pacueramu ab initio [1-3].

OOHapy>XeHO NPUHIMIHAIBHOE CXOJICTBO Mexay cucteMamu Ttunma MBg m MBp,. Ha
JUCTIEPCUOHHBIX KPUBBIX HMMEIOTCS MPOTSHKEHHBIE TUIOCKHE YYacTKH, BBICOKOIHEpPreTHYecKas
YacTh CIIEKTpa CBsi3aHA C JUHAMUKOW COOCTBEHHO OOpHBIX KJIACTEPOB, TPaHUYHAS SHEPTHUS
cnekTpoB JexuT B obmactu 130-160 mdB. HMcmonbs3yst moaxoa, aHaJOTMYHBIA METOTY
M30TOMTHOTO KOHTPACTA, YJIAJIOCh BBIJCIHTH IMapIUAIbHBIE IIOTHOCTH (DOHOHHBIX COCTOSHUUN
JUISE  PEeIKO3eMEeNbHBIX  JonekadopuaoB. OcoOeHHOCTH  (POHOHHBIX  CHEKTPOB  ObUIH
MPOAHAIM3UPOBAHBl C TOYKU 3PEHHUS MPOCTBHIX MOJEIBHBIX TPEICTABICHUM M OKa3aJMCh
CBS3aHHBIMH C HMEPAPXUYHOCTHIO B3aWMOJCUCTBUN, KOTIJIa CaMbiM CIaObIM  SIBIISIETCS
B3auMoercTerue M-M, a caMbIM CHIIBHEIM — B-B. Otinnane macimraboB JoCTUTraeT 10? [1,2].

Brimonnensr ab intio pacuersl [3] (OHOHHBIX AUCHEPCHOHHBIX KPHUBBIX U IUIOTHOCTH
COCTOSIHMM Ha OCHOBE MeroAa (GYHKIHMOHAJa IUIOTHOCTH B pamkax LDA-mpuOimkeHus.
[TomydeHo Xopoiee corjacue ¢ 3KCIEPUMEHTOM B 00JIACTH YacTOT OOPHBIX KoOJIeOaHWUU, HO
3aMETHBIC PACXOXKICHHUS JUISI HEKOTOPBIX HU3KOPHEPreTUYECKMX MOJ, TNl BaKE€H BKJIAJ
METaJUTMYeCKHUX (C AMeKTpoHamu f- u d- Tuma) MOHOB.

HccnenoBanbl MposiBICHUS B JAWHAMHUKE KPUCTALTMYECKOW permeTkd 3((EeKTOB CHIBHBIX
KOPPEISIUA Il PEIKO3EMENIbHBIX COCTUHEHWH, a TakKe Mepexoia B CBEPXIPOBOJSIICE
cocrosHue B ZrBj;. OOHapyXeHa B3aHMMOCBS3b MEXIYy HH3KO3HEPreTHYeCKMMH (OHOHAMHU B
YbBi, u cmnekTtpoM BO30YXIeHHI f-2JIEKTPOHOB, TPaHCPOPMUPYIOITUMCS TIPH TEPEX0JIe
CHUCTEMBI B HEMarHUTHOE OCHOBHOE COCTOSHHUE CO CIMHOBOM U 3ap${1[0130171 mIeaIaMu.

1. K.S.Nemkovski, P.A.Alekseev, J.-M.Mignot, A.V.Rybina, F.Iga, T.Takabatake,
N.Yu.Shitsevalova, Yu.B.Paderno, V.N.Lazukov, E.V.Nefeodova, N.N.Tiden, I.P.Sadikov, J.
Sol. Stat. Chem. 179 (2006) 2895.

2. A.B.Peibuna, II.A.AnekceeB, K.C.HemkoBckuii, E.B.Hedpenora, K.-M.MuHnso,
10.Bb.ITagepuo, H.YO.IlIunesanosa, P.bronu, Kpucmannoepaghus 52 (2007) 800.

3. A.V. Rybina, K.S. Nemkovski, P.A. Alekseev, J.-M. Mignot, E.S. Clementyev, M.Jonson
L.Capogna, A.V. Dukhnenko, A.V. Lyashenko, V.V. Filippov, Phys. Rev. B 82, 024302, (2010)
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PE3VYJIBTATBI IPUMEHEHUE METOAUKHU BUJIBAMCOHA - XOJIJIA
K AHAJIN3Y YIHUPEHUA TUO®PAKIIMOHHBIX MAKCUMYMOB
HEJIETUPOBAHHOI'O OBEJHEHHOI'O
KPYIHHOKPUCTAJIVIMMECKOI'O YPAHA ITOCIJIE YIAPHO-
BOJIHOBOI'O HATPYKEHHUA B IUAITA3OHE 20-50 I'TIA.

A.E. lllectakos, E.A. Kosnos, U.B. Apramonos, A.P. Hypranees, U.B. [Togropxosa,
E.A. lIlecrakoBa
Poccuiickuii ghedepanvuwiii s0eprwviti yenmp — BHUW mexnuyeckoti pusuxu um. axao.
E.U.3abab6axuna, Cuesxcunck, Poccus, i.v.artamonov@vniitf.ru

JlanHast paboTa BBINIOJIHEHA C 1IeNIbI0 OTPaOOTKU MPUMEHEHHSI MeTOIuKN Bunbsimcona-Xoimia
JUIS M3y4eHUS TPOILEANINX B3PHIBHOE HATPYKEHUE U COXPAaHEHHBIX 00pa3IoB U3 MAaTEPUAIIOB C
KPUCTAJUIMYECKOM PEIETKON HU3KOW CUMMETpUH. VCronb30BaiuCch ITUCKUA IHAMETPOM OKOJIO
20MM ¥ TOJIIMHON 3MM M3 HEJIETMPOBAHHOTO OO0CTHEHHOTO KPYHMHOKPUCTAIMYECKOTO ypaHa.
OO6pa3ibl OblTM TIOABEPTHYTHI Harpy3ke mmmyiabcamu (20ITIa, 1,4mxc), (30I'TIa, 0,9mkc) u
(50I'TIa, 0,5Mkc). Y napHble aMIUIMTYABI U AJUTENBHOCTH UMITYJICOB HAarpy3Ku CO3JaBaJINCh Ha
oOpasmax u3 ypaHa Mpu TOPMOKEHUU HA HUX IJIACTHH M3 Hepxkaseromer cramu 12X18HI10T,
UMEBIINX PA3IMYHYIO MOUIETHYIO CKOPOCTh U TOJIIUHY. Peann30BaHHbIE PEKUMBI HATPY>KEHUS
obecreuny 3a BpeMsi PETUCTPAIlMd BHICOKOCKOPOCTHYIO OJHOOCHYIO Je(opManuio B 00JacTh
UCXOIHOU Ol-(ha3bl.

Peanu3oBaHHble Ha COXpaHEHHBIX OOpa3lax COCTOSHHUS YpaHa OTIMYAJIUCh HE TOJBKO
aMIUTUTYAO0N U JUIMTENIbHOCTBIO MMITYJbCa yJapHOW HAarpy3Kd, HO M BEJIMYMHON aedopmariu,
TEMIIEpaTypOH yIapHOTO Pa30rpeBa U YpOBHEM OCTATOYHBIX TEMIIEPATYP.

BosneiictBue Ha 00pa3ipl NpUBEIO K W3MEHEHHSAM MHUKPOCTPYKTYPHI (B TOM 4YHCIE H
IJIOTHOCTU JTUCJIOKAIMKA, KOTOpAasi CBsI3aHa C BEJIMYMHONM MHUKPOMCKAXKEHUM KPUCTALTAYECKOMN
pEUETKN) KaK HEMOCPEACTBEHHO IpPU YAAPHO-BOJIHOBOM HArpy:KeHHH, TaKk M B MPOIECCE
OCTBIBaHHS OT OCTATOYHBIX TEMIIEPATyp MPU aTMOCHEPHOM JIaBJICHUH.

DKCINEPUMEHTAIBHO TOKAa3aHO, YTO [0 OTHOILIEHHUIO K HMCXOJAHOMY COCTOSIHUIO YpPOBEHb
MUKpPOUCKQ)KCHUN PEIIETKH YBEIMYUJICS M 3aKOHOMEPHO M3MEHSETCS B COOTBETCTBUU C
pexuMaMu  HarpykeHus. He  BBIABIIGHO  HM3MEHEHUs  BEIMYMHBI  MHUKPOUCKAKCHUH
KPUCTAJUTMYECKOW PEMIETKH MO CEYCHHIO O0paslloB B MX IIEHTPAJIbHOW dacTh. M3menbueHue
KPUCTAITUTOB ypaHa 10 pazmepoB <0, MKM Iipu Bcex pexuMax HarpyKeHus He 00HAPYKEHO.

HEMOHOTOHHOE HOBEAEHUE MATHUTOCOITPOTUBJIEHUA N
HU3KOTEMIIEPATYPHAS TEINIOEMKOCTbh B MATHUTHOM IOJIE
CBEPXITPOBO/JIHHUKA BaPb 75Bij»50:.

JILA. BaﬂaeB*’**, AA. I[y6pOBCKHﬁ*’**, C.H. HOHKOB*’**, K.A. maﬁxyTl[HHOB*’**,
O.H. MaptesiHo™**, M.I. HCTPOB*
" - Huemumym gusuxu um. JI.B. Kupenckozo CO PAH, 660036, Kpacnospck, Poccus. E-mail:
smp @iph.krasn.ru
" _ Cubupckuii Dedepanvuwiii Yuusepcumem, 660041, Kpacrospck, Poccus.
L Hnemumym Kamanuza um. I'.K. Bopeckosa CO PAH, 630090, Hosocubupck, Poccus.
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Jns mposiCHEHUsI MEXaHU3MOB, OINPEIEISIONIUX HEMOHOTOHHOE MOBEIACHUE W TUCTEPE3UC
MarHUTOCONPOTHUBIICHUS R(H) CBEpPXIIPOBOJHUKA BaPbg 75Bip2503 (Tc = 11.3K),
LEJICHANPABIEHHO MCCIEA0BaHbl TpaHCnopTHble cBoKcTrBa (3aBucumoctd R(T), R(H) B
Pa3IMYHBIX IJIOTHOCTSX TPAHCIOPTHOTO TOKAa W JMANa3oHe MarHUTHBIX mosiei mo 65 kOe) u
HU3KOTEMIIEpaTypHas TEMJIOEMKOCTh B MarHUTHBIX noiax 10 90 kOe. XapakTep rucTepe3nCHbIX
3aucuMocteit R(H) BaPbg75Bip2s03 aHamoruden Ttomy, 4To HAONIOAACTCS HA TPaHYISIPHBIX
BTCII, omnako, B otnuuue ot kiaccuueckux BTCII cucreMm, mosneBas mmMpuHa rucrepesuca
MarHUTOCONPOTUBIICHUSI MOJMKpUCTAIInyeckoro BaPbg75Bip2503 3aBUCHT OT TpaHCHOPTHOrO
TOKAa. OJTO YyKa3blBae€T HAa TO, YTO XOTS MEXaHHU3MbI, OTBETCTBEHHBIE 3a THUCTEPE3UC
MarHUTOCOTIPOTUBJICHUSI B OJTHX OOBEKTaX UACHTUYHBI (BIMSHHE MAarHUTHOTO TIOTOKAa,
3aXBAYEHHOTO B CBEPXIPOBOIAIIMX 00nacTax Ha 3((eKTuBHOE TMOJe B JKO3e()HCOHOBCKUX
npocioiikax), B ciaydae BaPbg75Bip25s03 TpaHCHOPTHBIH TOK MOYKET CYIIECTBEHHO BJIHMSTH Ha
MUAMArHUTHBIA ~ OTKIMK  CBEpXMpoBoAHHMKA. OOHApy)XeHO  3HAYUTENbHOE  BIIHUSHUC
TPAHCIOPTHOTO TOKA HAa BEJIMYMHY TOJIS, MpU KoTopoM 3aBucumoct R(H) memoHcTpupyroT
MaKCHMyM U TPOSIBIISIIOT TUCTEPE3UCHBIE CBOWMCTBA. Takoe MOBEIeHNE MOXKET OBITh aJ[eKBAaTHO
MHTEPNPETUPOBAHO B paMKax MOJEIM MPOCTPAHCTBEHHO HEOJHOPOIHOIO  COCTOSIHUS
CBEPXIPOBOIHHUK-TUDIIECKTPUK, IPEIOKeHHOH B padoTe ['opbanieBuya u ap. [1]. HemonoToHHOE
noBenenue BenmuunHbl C/T (C — TEmIoeMKOCTh) OT MAarHUTHOTO TIOJs, OOHApYXXEHHOE B
HACTOSAIIEH paboTe, TaKKe COTIacyeTcs C BHIBOJAAMH JaHHOU Mojaenu [2].

Jlureparypa.
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2. J.A. banae, A.A. [IyopoBckuii, C.H. Ilonkos, K.A. [laiixyrnuaos, O.H. MapTbsiHOB,
M.UN. IletpoB, ZKOTD, Tom 137, Beiliyck 4, ctp. 664-674 (2010).

METAJIVIOT'PAOUYECKHUE UCCIIEJOBAHUSA YPAHOBBIX
OBOJIOYEK ITOCJIE YAPHO-BOJIHOBOI'O HAI'PYKEHMUA, C
IMPUMEHEHHMEM METOJA HBETOBOI'O KAPTUPOBAHU

JI.A. benses, FO.H. 3yes, E.A. Koznos, U.B. Ilogropuosa, 1.JI. CesiToB
P®AL] BHUHUT® um. ak. E.H.3ababaxuna

IIpencraBiaeHsl pe3ysabTaTbl HU3MEPEHUH MAaKpO-, MUKPOTBEPAOCTH U I'€OMETPUYECKHX
XapaKTEepUCTUK TOBPEXAECHUI Ha TMOBEPXHOCTH MEPHUIMOHAIBHOTO CEYEHHUs 000JI0YeK U3
YPAHOBBIX CIIJIaBOB, COXPAHEHHBIX IIOCJIE B3PBIBHOIO HATPYKEHHUs PA3IMYHON WHTECHCUBHOCTH.
[IpoBeneH aHamm3 M BBIABICHBI 3aKOHOMEPHOCTH B PACIpPEIENICHUAX M3MEPEHHBIX BEIWYHMH C
IIPUMEHEHUEM IT0XO0/1a, 3aKJIF0OYAOIIEr0oCs B TCHEPALMY U U3YYEHUHN LIBETOBBIX KapT.

[TpuMeHseMBII NOAXOJ IMO3BOJIAECT BBINOJHATH COBMECTHBIM aHAJINW3 PA3JINYHBIX JAHHBIX,
UMEIOIIUX MPOCTPAHCTBEHHOE pacIpeesieHHe, U MOTECHIUAIbHO MOXET ObITh HCIOJb30BaH B
JTOOBIX MaTepHUaroOBEAUECKUX HMCCIEIOBAHUAX, B KOTOPBIX UMEETCS HEOOXOJUMOCTh M3yYCHMS
IPOCTPAHCTBEHHOTO pacnpeeneH s (U3NUECKUX BEITNYHH.
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NCCIEJOBAHUE CTPYKTYPbI COXPAHEHHOI'O OBPA3ILIA U3
MEJIKO3EPHUCTOI'O YPAHA

C.B. bonpapuyk, FO.H. 3yes, U.B. Ilonropuosa, I.A.bensies
DeodepanvHoe 2ocyoapcmeenHoe yHumapHoe npeonpusmue Poccutickuii ¢hedepanvHulil si0eprbiii
yeump — Beepoccuiickutt HUU mexnuueckotl ¢puszuxu um. akao. E.U.3ababaxuna

Kax u3BecTHO, U3MenbueHUE 3epHa B NOJUKPUCTAIUIMUECKOM MaTepuaie NPUBOAUT K POCTY
ero npo4yHocTHbIX cBoiictB. Bo BHHMMHM nyrem MHOTOKpaTHOM AKCTPY3UH C
IPOMEXYTOUHBIMU PEKPUCTAJUIN3ALUOHHBIMUA OT)KUTaMH OBUIM TOJYYEeHBI LMIMHIPUYECKHE
3arOTOBKM  MEJIKO3EPHUCTOrO ypaHa. [lodydeHHBI SKCIEpUMEHTAJIbHBIA MaTepual B
CTaTUYECKUX M JAWHAMHYECKUX (IPU CKOPOCTH JeopManuu ~10° ¢ wcnpranmax [1]
IIPOJIEMOHCTPUPOBANI TPOYHOCTHBIE CBOMCTBA, B JIBa pa3za IMPEBBIIAIOIIME AHAIOTMYHbBIC
XapaKTEpUCTUKU KPYNMHO3EPHUCTOIO JIUTOIO YpaHa, HW3TOTOBJIEHHOIO B COOTBETCTBUU C
JIEHCTBYIOLIMM OTpAciIeBbIM CTaHIAapTOM. OIHAKO 3KCIEPUMEHTHI 110 B3PHIBHOMY HArpyXEHUIO
HE MOKAa3aJId COOTBETCTBYIOIIUI POCT OTKOJIHOW MPOYHOCTH MPHU CKOPOCTH JePOopMaluu ~10°
¢!, Bamaueii Hacrosmeit paboTHl SIBJISIIOCH TOJIYYCHHE JTAHHBIX O CTPYKTYpe M MEXaHH3Max
pa3pylIeHUs] COXPAaHEHHOTO KJIMHOBOIO 00Opa3la M CpaBHEHHE CO CTPYKTYpOH HCXOIHOTO
cocrosiHus. Metamiorpadguyueckue HCCiIeIOBaHUS MPOBOAWINCH METOJAaMU ONTHYECKOH U
pacTpoBoil  anekTpoHHOW  Mukpockoruu (POM), dpakrorpaduyeckue  uccieaOBaHUS
MOBEPXHOCTU pa3pyuieHusi — MeTogoM POM.

CrpykTypa Marepuaja B HCXOIHOM COCTOSHUU MpPEICTaBIseT COO0l PaBHOOCHOE 3E€pHO
pasmepoM 3 — 5 MKM, OJHAKO, IMPHUCYTCTBYET OTHOCHTEIBHO HeOoibimas mois (mo ~10%)
HEPEKPUCTAININ30BaHHBIX 3€pPEH, MMEIOUIMX IONEpPEeUHblil pazMep 10 150 MKM M TOJIUHY 10
30 MKM U OPHEHTUPOBAHHBIX NEPIEHAUKYIISPHO OCH 3aTOTOBKH.

BxutoueHnss OKCHKapOOHHTPHIOB B HMCXOJHBIX 3aroTOBKax HMeET pasMep 104 Mxwm,
o0beMHas 107151 OKCUKapOOHUTpUIHON (azwl 1,7+0,2%. 3HaueHUss MEKPOTBEPIOCTH MaTepHasia
OTJIMYAIOTCSI B CEUCHHUAX, MApAJUIETbHBIX OCH 3arOTOBKH, M NEpPHEHIUKYISIpHOM eil. B
MONEPEYHOM CEYEHWH MHKPOTBEPJOCTh MMeeT 3HadeHue 32020 Kr/MM?, B MPOAOJIBHBIX KE
CEUEHHUAX 3HaYeHHE MUKpPOTBepAocTU cocTaBiseT 280+20 KI/MM.

Jlisg u3yyeHus: MOBEIEHUsI HOBOTO MaTepualia B YCJIOBUAX BBICOKOCKOPOCTHOM nedopmanuu
ObUI TIPOBEJEH OMNBIT IO B3PHIBHOMY HArpykKeHUIO KIMHOBOro oOpasna. B pesynbrare
HarpykeHusi B oOpasie oOpa3oBaluCh 3 CTPYKTYpHBIE 30HBI B BHJE CJIOEB, MapaljiebHbIX
MOBEPXHOCTU HArpyXeHusi. 1-s1 30Ha uMeeT ToJauUHy ~0,8 MM M OTJIMYAETCS MOBBIIICHHOU
MUKpPOTBEPJOCThIO M JEPEKTHOCTBIO CTPYKTYpBI; CTPYKTypa 2-i 30HBI MOAOOHA CTPYKTYype
HUCXOOHOI'O COCTOAHUSA, OJIA TpeTLeﬁ 30HEI XapaKTCPHO GOHBH_IOG KOJIMYCCTBO TPCIIHUH U HAJITMIUC
JOKAJIBHBIX ~ yYaCTKOB C  BBICOKOM  MHUKpOTBEpAOCThIO.  [lapameTpbl  BKJIIOUYEHHI
OKCI/IKap6OHI/ITpI/II[OB COOTBCTCTBYIOT TAKOBBIM JISI UCXOAHBIX 3arOTOBOK — pa3McEp BKIIIOUCHUN
coctaBisieT 9+3 MKM, 0O0BeMHas J0J1s1 BKJIIOYEHUH B MaTepuaie ~1,9%.

O®pakrorpaduyeckoe HCCIeOBaHUE IMOKa3allo, YTO pa3pylieHHue o0pasia MPOUCXOIUIO B
2 9Tama: cHaydaja MPOMCXOAUIIO 3apOK/IEHNE MHOXKECTBA TPEUIUMH MO CMEUIaHHOMY MEXaHU3MY
KBA3UCKOJI + OTPBIB, 3aT€M MEPEMBIYKU MEXAY COCEAHHMH TPEIIMHAMHU OBLTH pa3pylICHBI 1O
MeXaHU3My 00pa30BaHUs U CIUSHUS MUKPOIIOP.

Jlureparypa
1. E.A.Koznos, B.W.Tapxanos, J.I'.Ilankpatos, 1.B.Tennuko /IuHamuueckas caBurosas

OTKOJIbHAS IPOYHOCTH peIBapUTEILHO KBa3HCTAaTHUECKU 9KCTPYAUPOBAHHOTO
Menko3epHucrtoro ypana u cmiaBa U-0,3%Mo. [okraow axademuu wuayx, 2009, tom 424,
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MAPTAHIIEBBIY OKCH/JI Pb;Mn;0,, CO CMEHLIAHHOM
BAJIEHTHOCTBIO HOHOB MAPTAHIIA: CTPYKTYPA, MATHUTHBIE
U JUDJIEKTPUYECKHUE CBOMCTBA

H.B. Bonkos*, E.B. Epemun*, K.A. Cabnuna*
*Uncmumym ¢uzuxu um. JI.B. Kupenckoeo CO PAH, Kpachosapck, Poccus (volk@iph.krasn.ru)

[Ipo10Kar0T UHTEHCUBHO M3y4YaThCsl MAPraHIEBBIE OKCUIBI, B KOTOPBIX ITyTEM 3aMEIICHUI
MOKHO BAapbUpOBAaTh COOTHOILIEHUE MEXAY MOHAMU MapraHiia ¢ pa3JM4HON BaJIEHTHOCTHIO H,
TakuM 00pa30oM, BHOCUTH KapIUHAJIbHbIE H3MEHEHUS B HMX MArHUTHBIE U 3JIEKTpUYECKUE
cBoiictBa. K TakuM coequHEeHMsAM OTHOcUTCI M PbsMn;Oi;s (Mn3+/Mn4+). B nammx mnepBbIx
paboTax MpHUBEAECHbl MAarHUTHBIE, JUAJIEKTPUUYECKHE U KaJIOpPUMETPHUYECKHE CBOMCTBa
MOHOKpUCTAIIOB  PbsMn;O;s. OOHapykeHbl aHOMaJMM B TEMIIEPATypHOH 3aBUCHMOCTHU
HamarandeHHoct nipu Ty = 160 K, T, = 70 K u T3 = 20 K [1], xopomo cormacyromuecs ¢
QHOMAJMSAMU B TEMIIEPATypHON 3aBUCMMOCTU TeminoeMkoctu [2]. T; cooTBeTcTBYyeT
BO3HUKHOBEHHUIO OJIMKHEr0 MAarHUTHOTO Mopsiika, T, — TemmepaTypa mepexoja B COCTOSHHUE,
xapaktepHoe s ‘“‘ciaboro  ¢eppoMarHeruka’, mnpu T3 TOPOHCXOOUT TeEpecTpoika
aHTU(EPPOMATHUTHOW CTPYKTYpPbl. YUUThIBasi OOJIBIIOE YHUCIO HEIKBUBAJEHTHBIX IMO3ULIUN
MOHOB Mn, MarHuTHasi CTPYKTypa JOJDKHA OBITh JOBOJBHO CIIOXHOW, YTO M TMOATBEPIKIACTCS
HEUTPOHHBIMH MCCIEIOBAHUAMU. TemnepaTypHbl€ 3aBUCUMOCTH JIEHUCTBUTEIBHON U MHHMOM
yacTell UAIIEKTPUYECKOW NPOHMIIAEMOCTH OOHApY)KMBAIOT pEJIaKCAallUOHHOE TIIOBEICHUE B
temnepatypuoMm nuanazone 110 — 180 K, 4To cBd3aHO ¢ mpoueccaMu yHnopsiAOueHUs Mn** u
Mn** nomos B kpuctaine [3]. VHTepnperanuio BCEX INOJYYEHHBIX JAaHHBIX Mbl IPOBOJWIIH,
UCXOJISI U3 TEKCAroHAJbHON MPOCTPAaHCTBEHHOM Tpynmbl P6s/mcm. HemaBHO Obuti mpoBeneHBI
CTPYKTYpPHBIE MCCIIEIOBaHUSI OOPa3lOB Ha CHUHXPOTPOHE BBICOKOTO pa3pelIeHUs] B WHTEpBaie
temriepatyp 15-295 K [4]. Pe3ynbrarbl OIHO3HAYHO OMHCBHIBAIOTCS OPTOPOMOMYECKOM
CTPYKTYpOM € IIPOCTPAaHCTBEHHOW TIpymnmnod Pnma BO BceM TeMmIepaTypHOM MHTEpBAE.
JIONOMHUTENBHO MPOBECHHBIE PEHTTEHOBCKHUE MCCIE0BAHNUs, [TOKA3aJIH, YTO IPU MOBBILICHUH
temneparypsl PbsMn;0;s5 Tpancopmupyercs U3 OpTOpOMOMYECKOH CTPYKTYpbI (Ip. rpymma
Pnma) B rekcaroHaipHyto (mp. rpynmna P6s/mcm). Vcnonb3ysi TEOPETUKO-TPYNIIOBON aHAIIN3,
MBIl YCTaHOBHJIM OOIIME 3aKOHOMEPHOCTH HM3MEHEHHUIl B CTPYKTYpPE M BBIIBWIM OCOOCHHOCTHU
MOBE/IEHUs aTOMOB IIpH (pa30BOM mepexo/ie.

(Paboma nooodepocana Ilpoepammori OPH PAH 5.1, npoexkmom CO PAH Ne 101)

Jlutreparypa

1. Volkov N.V. et al., J. Phys.: Condens. Matter 20, 055217 (2008)
2. Volkov N.V. et al., J. Phys.: Condens. Matter 20, 445214 (2008)
3. Volkov N.V. et al., J. Phys.: Condens. Matter 22, 375901 (2010)
4. RaschJ.C.E.etal., J. Sol. St. Chem. 182, 1188 (2009)
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MATHETU3M U BAJIEHTHASA HECTABUJIBHOCTD B
KBABUBUHAPHBIX CUCTEMAX

E.C.KHGMGHTLGB1’2, H.A.AHGKCGGBZ, B.H..HaSyKOBZ, A.B.MHpMeanTeﬁH3, A.B.FpHGaHOB4,
AA. Hpocnawmas
! Hnemumym Hoepnvix Uccneoosanuti PAH, Mocxkesa, Poccus (e_clementyev@mail.ru)
? PHIJ «Kypuamoesckuu uncmumym», Mockea, Poccus
I P®AI-BHUUT®D, Credxcurnck, Poccus
* Mockosckuii I ocyoapcmeenuwlil Yuusepcumem um. M.B.Jlomonocosa, Mockea, Poccus
> HUAY Mockosckuil Unocenepno-Duzuueckuti Uncmumym, Mockea, Poccus

OCHOBHOE COCTOSIHHE W BaJICHTHOCTH IIepHsi ObUIM UCCIIEeIOBAaHbI B KBa3HOWHAPHBIX CHCTEMAaX
Cex(Gd,Pr); xNi mpu momomm W3MEpPEHHH MarHUTHBIX CBOWCTB, HEUTPOHHOW JU(paKIIHH,
PEHTIC€HOBCKOM CIEKTPOCKONUU TMorionieHus. PopMHUpOBAaHHE OCHOBHOTO COCTOSIHUSI B
LEPUEBBIX MHTEPMETAINAAX MPOUCXOIUT B PE3YJIbTATE CI0KHOW KOHKYPEHIUMHU CIEAYIOIINX
B3anmopeiicteuii: PKKW, rtubpunuzammu 4f >1eKTpOHOB Iiepus, B3aUMOACHCTBHS C
KPUCTAJUIMYECKUM 3JIEKTPUYECKUM II0JIEM. DbIIM MOJTy4YeHBbI SIBHBIE CBHUJIETEIBCTBA B IMOJB3Y
CUJIBHOTO BJMSHHUS YaCTHMYHO Jefokanu3oBaHHbIX 4f osnektpoHoB Ce Ha MarHuTHOE
ynopsnouerue noapenietok Gd u Pr B Ce(Pr,Gd)Ni. CeNi siBisieTcss TpOMEKYyTOUHO-BAJICHTHOM
CHCTEMOH C HEOOBIYHBIMM MArHUTHBIMH CBoMcTBaMHu [1]. ®@usmyeckue cBoiictBa noHoB Ce B
KBa3MOMHAPHBIX coeuHeHUX Ha ocHOBEe CeNi CHIIBHO 3aBUCAT O XUMHUYECKOTO 3aMelieHus [2].
®eppomarnerukn GdNi u PrNi ¢yHIameHTanbHO OTIMYAIOTCS MO MEXaHHU3My MAarHUTHOTO
YIOPSAOYEHHsI, B TIEPBOM Cllydyae MEXaHHU3M OOBIYHBINA, BO BTOPOM YIOPSAOYEHHE CBSI3aHO C
NOSBICHMEM MSTKOW MOJBI B CHEKTpe MarHUTHbIX Bo30yxaenuid [3]. B To Bpems kak Ce
BaJIeHTHO HecTaOuieH, noHsl Gd u Pr o0majmaioT XOpolio JOKaJIW30BAHHBIMH MarHUTHBIMU
MoMeHTaMu B nHTepMmerauingax RNi. Bece 3ty coenquHeHuss KpUCTAIUIM3YIOTCS B CTPYKTYPHBIN
tun CrB ¢ nmpoctpancTtBeHHOlM Tpynmoid Cmcm U JEMOHCTPUPYIOT MOJHYIO PACTBOPUMOCTH B
TBepAbIX pacTBopax mpH 3amenieHnn Ce/Gd/Pr. MarHuTHble CBOWCTBAa KBa3MOMHAPHBIX CHCTEM
Ha ocHOBe RNi (DC namarunuenHocTh 1 AC MarHuTHas BOCIIPUUMYHUBOCTH) OBLITH W3MEPECHBI
npu 1.8K<T<300K na ycranoBke PPMS. Maruutnas audpaxius HEUTPOHOB HM3MEpEHa Mpu
2K<T<50K. BanentHocth nepust Obuta u3ydena npu nomoriu Li;-XANES crniekTpockornuu mpu
temneparypax ot 10K<T<300K, L; ciektpsl Ce 6put1 nostyuensl B HASYLAB (I'epmanust) u B
KIICHUHT (MockBa). OO6CykaaroTcsi 3aBUCUMOCTh BaJIGHTHOCTH IIEpHUsl OT TEMIEpaTyphl U
XUMUYEeCKoro JapieHus. [loayueHHble JaHHBIE TEMOHCTPUPYIOT CUIIbHOE BIUSIHUE 3JIEKTPOHOB
uepus Ha JIOKalIu30BaHHbIM MarHetu3sM B coeauHeHusx (Pr,Gd/Ce)Ni. BepositHee Bcero,
JaHHbIA 3¢ (dekT BrI3BaH BKIaA0M 4f snekTpoHoB Ce B 00MEHHOE B3aUMOACHCTBUE.

1. E. S. Clementyev, J.-M. Mignot, P. A. Alekseev et al., Phys. Rev. B, 61 (2000) 6189 .

2. A. Mirmelstein, E. Clementyev, V. Voronin, et al., J. Alloys. & Comp. 444-445 (2007) 281.
3. E.S.Clementyev, P.A.Alekseev, P.Allenspach, et al., Physica B 350, 83 (2004).
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OBOBHIEHHAA TEOPUA JUHAMHNYECKOI'O CPEJHEI'O I1OJISA B
CUJIBbHO KOPPEJIMPOBAHHBIX CUCTEMAX

M.B. CagoBckuii™
*Uncmumym snexkmpoghuzuxu YpO PAH, Examepunbype, Poccus (sadovski@iep.uran.ru)

OcHoBbl Teopuu auHamuyeckoro cpennero nons (DMFT). Henmocratku u orpanudeHus
DMFT. O6mas cxema DMFT+E npubnmwkenus. [Ipumenenus DMFT+X noaxona: ocoOeHHOCTH
SJIEKTPOHHOM JUCIEPCUM B CHJIBHO KOPPEIHMPOBAHHBIX CHUCTEMAX, ‘KUHKW — JJIEKTPOHHOMN
MPUPOJLI U POJIb SJIEKTPOH - (OHOHHOTO B3ammoneucTBus. [lepexonm Motra - AHzmepcoHa B
HEYMOPSAJOUYCHHBIX CHCTEMAaX, 3BOJIOLMS IJIOTHOCTA COCTOSIHUM, ONTHYECKas MPOBOAMMOCTbD,
¢dazoBas quarpamMma. Yder 3¢ (eKTOB HEJIOKaIbHOCTH - BBeneHHe maciradba mamuael B DMFT.
[lceBnomeneBbie  QuyKkTyanmuu: CHEKTpalbHAs IUJIOTHOCTh W IJIOTHOCTh  COCTOSTHHIA,
JMHAMUYECKasi MPOBOAUMOCTb. DJIEKTpoHHas cTpykTtypa “peanbHbix’ BTCII okcumoB menu B
cxeme LDA+DMFT+E.

HEJIMHEWHBIE BOJIBT-AMIIEPHBIE XAPAKTEPUCTUKHA
MOHOKPUCTAJUVIMYECKOT O (LA 5EUj5)07PB¢3MNO;: BO3MOXHOE
MPOSIBJIEHUE BHYTPEHHEI'O PA3OT'PEBA HOCHUTEJIEN

K.A. lMavixyrauaop*** C.U. Ilonko***, JI.A. banaes***, C.B. Cemenos*, A.A. beikoB*,
A.A. ly6posckuii®**, H.B. Cannponosa*, H.B. Bonkop™* **
*Unemumym usuxu um. JI.B. Kupenckoeo CO PAH, 2. Kpacnospck, Poccus, e-mail:
smp@iph.krasn.ru
**Cubupcrutl pedepanvrwiii ynugepcumem, 2. Kpacnosapck, Poccus

B pabore mpoBeneHo nmoapoOHOE HCcCleA0BaHNE TEMIIEPATYPHOU IBOTIOIUN BOJIBT-aMIIEPHBIX
xapaktepuctuk (BAX) moHokpucrammumyeckoro Manranuta Jiantana (LagpsEugs)o7PbosMnOs B
MIMPOKOM auanazone (10 1 A) anmapatrypHbIx TOKOB. OCHOBHOH 11eNbl0 paboThI OBUIO U3yUYCHHE
BIUSHHUS  TPAHCIOPTHOIO  TOKA WM MPWIOKEHHOIO  3JEKTPUYECKOTO  MOJII  Ha
AJIIEKTPOCOMPOTUBIICHHE JAHHOTO MaTepuaia, T.€. BO3MOXHOCTH peaju3aliyd MeXaHu3Ma
paspylieHusl 3apsA0BOTO YIOPSIOYEHUS B JIUIIEKTPUYECKUX OO0JIACTAX, BO3HHUKAIOUIMX B
pe3yabTare (pa30BOro paccioeHUs MaHTaHUTOB. beiio oOHapyskeHo, uTo BAX xapakTepusyroTcs
YY9aCTKOM C OTPUIATENIbHBIM JAu(depeHITnaTbHbIM CONTPOTHRICHUEM, T.€. 3PPEKTOM «TOKOBOTO
nepekaoueHus». Hipke TemmepaTypbl mepexoaa Merami-auanekTpuk (LapsEugs)o7PbysMnOs
Ha BAX mnaOmomancs rucrepesuc. OIHaKO TMOAPOOHBIM aHAIW3 BIUSHUS BHYTPEHHETO
camopa3zorpeBa o0pasia ¢ MPUBJICUCHUEM IKCIICPUMEHTAIBHBIX JaHHBIX [0 TETJIOMPOBOTHOCTH
nokazan, uro BAX momoGHOTO BHaa MOTryT OBITh OOBSCHEHBI B paMKaxX KOHIIEIIIUN
HEPaBHOBECHOI'O Pa30rpeBa dJIEKTPOHHOrO rasa [1].

Jlutreparypa

1. K.A. Shaykhutdinov, S.I. Popkov, D.A. Balaev, S.V. Semenov, A.A. Bykov, A.A.
Dubrovskiy, N.V. Sapronova, N.V. Volkov, Physica B 405, 4961 (2010).
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OCOBEHHOCTH JJUCJIOKAIIMOHHOM CTPYKTYPBI OBPA3IIOB 13
YPAHA, COXPAHEHHBIX NOCJE YIAPHO-BOJTHOBOI'O
HAI'PYXXEHMUSI.

A.E. Illecrakos, .B. ApramoHOB

Poccutickuii ghedepanvhwiii s0epHblil yermp 6CepoCcCUtiCKULl HayYHO-UCCIe008AMENbCKULL
uHcmumym mexnudeckou ¢uzuxu um. akao. E.1M.3ababaxuna, Poccus, e. CHedxxcunck
(a.e.shestakov@vniitf/ru)

OaHuM U3 BaXXKHEWIINX acTEeKTOB 0E30MaCHOCTU CIIOKHOM COBPEMEHHOM TEXHUKH SIBIISETCS
YCTOMYMBOCTb CUCTEM U KOHCTPYKLIMH K BO3/IEHCTBUIO B3PBIBHBIX (YAAapHBIX) Harpy3ok. OgHaxo,
B HEKOTOPBIX CJIy4asiX, IPOBEICHHE pEaJbHBIX HCIBITAHUNA HEBO3MOXKHO. OJTO BBIHYXKJAET
MPOBOJIUTh BUPTYaIbHbIE MCIBITAHUS, PACUETHO-TEOPETUUECKU MOACIUPYS MPOLECCHI, UIYIIUE
MpU pa3jIMYHBIX pPEXKHMaxX, B TOM 4YHCIE€ W TPU YyIApHO-BOJHOBOM HarpyxeHuu (YBH).
JlanpHeiilee COBEPIICHCTBOBAHUE MOJENEHN, JBHXKYILEECS IO IYTH y4eTa MPOLIECCOB, UIYLIUX
Ha MHKpPOYPOBHE, TpeOyeT MaHHBIX 00 HM3MEHEHHH MHUKPOCTPYKTYphl 00BekTOB mpu YBH.
Judpakusi peHTTeHOBCKOTO H3IyYEHHUS TO3BOJSIOT MOJNYYUTh JaHHBIE O KPUCTAILUTUYECKOU
perieTke U 3aQUKCUPOBATh U3MEHEHUS, IPOUCXOAIINE Ha TAKOM MacIITAOHOM ypOBHE.

[TonydeHbl [aHHBIC O AUCIOKAIMOHHON CTPYKTYpe CEepHUeCKUX YPaHOBBIX 00pa3IoB MOCIe
yIapHO-BOJIHOBOTO HarpyxeHus. Mcmomp3oBana peHtrenogudpaknuonnas (PJ]) meromuka,

58

3oHa 2

.

3oHa 3

e

3oHa 4

[N

T
12

pacCToAHNE OT KpaAa 0BONOYKM, MM

OCHOBAaHHAad Ha aHaJIn3C YIIUPCHUA

T (PaKIIMOHHBIX MaKCUMYyMOB.
Ilony4yeHHsble pe3yabTaThl
CBUJICTEIBCTBYET 00 YBEIUYCHUH
IINIOTHOCTHU ,Z[I/ICJIOKaL[I/Iﬁ B MaTepI/Iane
COXpaHEHHBIX o0pasioB o
CpaBHeHI/IIO C HNCXOIHBIM
COCTOSIHUEM. Brigasiena
3aBUCUMOCTH IINIOTHOCTHU

JMCITOKAIIMA  OT KOOPIUHATBI  T10
paauycy chepsl.

[IpoBeneno COIIOCTABJIEHUE
pe3yanaTOB HCCIICIOBAHUA
IHUCIIOKAILMOHHOM CTPYKTYPBI

COXpaHEHHBIX 00pa3IoB U 00pa3IoB
C M3BECTHOM TEPMOMEXaHHYECKOU
uctopueil. OTMedeHbl 0COOCHHOCTH
JUCIIOKAllOHHON CTPYKTYPHI.
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MOJUMOP®U3M U ®A30OBBIE NEPEXO/IbI B KPUCTAJLJIAX C OILIK
PEIHIETKOM

A.E. lllecrakoB *, B.E. Apxumnos **, ®.A. Kaccan-Ormusr **
*Poccutickuti ghedepanvhwiii soeprulil yenmp — BHUUT® umenu akademurxa E.U. 3ababaxuna,
Cueorcunck, Poccus
** Huemumym gusuxu memannos YpO PAH, Examepunbype, felix.kassan-ogly @imp.uran.ru
Poccua

Ha ocHoBe nceBIOCIMHOBOrO raMmibTOHMAHa J3MHra, ONMCHIBAIOLIETO KOONEpPAaTHUBHBIE
Kosie0aHusl MJIOCKOCTEl aTOMOB B BYSIMHOM IOTEHIMANIE, IPU YUYETe B3aUMOJICHCTBUN MEXKIY
ONMMKaWIIMMUA U BTOPBIMH COCEISIMH IMOCTPOEHA TEOPHUs OIJMHOYHBIX CTPYKTYPHBIX (ha30BBIX
npespamennii u3 OLIK crpykrypst B LK, T'TTY, AI'TIY u kackamoB ($a3oBbix mepexomos [1].
PaccunTana xapTuHa BBICOKOTEMIIEpAaTypHOTro Iu((y3HOrO paccesHusi, a TakKKe COBMECTHas
MepecTporKka HCXOMHBIX bparroBckux peduiekcoB u 3BoioIus auddy3HOro paccesHus B
Bpoarrosckue peduiekchl mpu nepexojax B HU3KoTeMnepaTypHble ¢asbl [2]. Pa3BuThiii monxon
OOBSCHSIET CYUIECTBYIOIIME TMEPEXOAbl M TMPEACKA3bIBACT HOBBIE TIEPEXOJbl B JApYyrue
IUIOTHOYNIAaKOBaHHbIE CTPYKTYpBl (CM. pHCYHOK). OOcyxmaercss BO3MOXKHOCTb 0000IeHHUS
TEOpUM  HA  MHOXECTBEHHbIE  IMOJUMOP(HBIE  MpEeBpallleHuss B  KpUCTaUIaX  C
BBICOKOTEMIIEPATYPHOI CTPYKTypol cdanepuTa.

Paboma svinonnena npu noooepacke Ilpoexma ¥YpO PAH, Ne 10-2-39-A1].
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IV.PagnanmoHublie fABJIeH
MATrHETHKAX, CBEPXIIPOB/
IOJIYIIPOBOAHUKAX U HU30

TemaTnka ceKllUM TPAAUIUOHHO GopMHUPYeTCH € HeIbI0 1aTh YYacTHUKaM CeMuHapa (B OCHOE
o0lee mpeaAcTaBJIeHHE O MOCJAEIHUX Pe3yabTAaTax MCCJIAeI0BAHUN PaAHANUOHHBIX I(PPeKkToB
NOJIyPOBOJHMKAX, U JAWIJIEKTPUKAX (B TOM 4Hc/ie, MATHUTHBIX). B mepBbIX ABYX ciydasix 3Ha
(usnyecknx  CBOMCTB  MAaTepPUAJOB  HACTYNAWOT NPpH  OOJYyYeHHMH  JOCTATOYHO M
BbICOKOIHepreTuyeckux yactun. [loaTroMmy n3ydyeHune NpUYUH TAKUX MOBPEKICHUH U J1erpaamuu (
CBOMCTB 3TOH TIPynnbl MaTepUAJIOB BCerja fIBJISIOCh U SIBJSIETCH AKTYaJbHOUM 3anadveid. B 1
NnpeacTaBjJeHbl JOKJIAaAbl N0 (u3nke paaualUOHHBIX JI(PGeKTOB B MNOJYNPOBOAHUKAX U M3
PajHALMOHHBIX [e()eKTOB U H3MEHeHHe (PU3NKO-MeXaHNYECKHX CBOICTB AHAJM3UPYETCA B T4
manrauutel La,SrMn,;0;, LaMnQ3;, okcung CuO, Si, SmBg, GaN u ap. O6cyxnawres amopd
BO3/1e/iCTBMM HMOHHBIMH Ny4YKamMu, audjaekrpuueckuii 3¢ppekt B BTCII-xkepamuke, npuH
MoauUKANMH  TOJYNPOBOJAHMKOB M  IHYIEKTPHUKOB, BJHUSHHE  PagHALMOHHOIO P

MOJYIMPOBOJHOKHUBBIC 1€TCKTOPLI H3J'Iy‘l€HHﬁ.
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STUDY OF THE MECHANICAL PROPERTIES OF LiF AFTER VARIOUS
TYPE OF IRRADIATION

Elsaid M. Abdelshakour
Physics department, college of science, Aljouf university, 2014 Kingdom of Saudi Arabia

The paper presented microhardness measurements for pure lithium fluoride (LiF) implanted
with Ar, Kr and Xe at doses ranged from 109 up to 10'> ion/cm®. Measurements were also
performed for the microhardness after irradiation by electron and gamma rays. The data
exhibited a large increase of microhardness of LiF using heavy ions in comparison with the
unimplanted and irradiated samples with electrons and gamma rays. The influence of annealing
the samples on the microhardness is also studied. The obtained results were interpreted
according to the formation of F-centers in LiF.

BJIUAHUE HECTEXUOMETPUU U SJIEKTPOHHOI'O OBJIYYEHUSA
HA ITAPAMAT'HUTHOE COCTOAHUE JIAHTAHOBbBIX MAHT'AHUTOB

T.1. ApGy3osa*, C.B. Haymos, B.JI. ApOy308, C.E. [lanunos
*UDOM YpO PAH, Examepunbype, C.Kosanescxot, 18 (naumov@imp.uran.ru)

B wmanranmtax Ha ocHoBe LaMnOs cTpykTypHbBIE, 3apsioBble U 3JIEKTPOHHbBIE
HEOJTHOPOJHOCTH MIPAlOT KJIIOYEBYIO poJib B 3 (eKTe KOJ0CcCaabHOr0 MarHUTOCOMPOTHBIICHUS
(CMR).  Crexuomerpuueckuii ~ LaMnO;  sBasercs  OpOMTambHO  YHOPSI0YEHHBIM
anTudeppomarneTukoM A-tumna. llpu OTKIOHEHHMHM OT CTEXHOMETPUYECKOTOo COCTaBa WIIU
JETUPOBAaHUM JABYXBaJleHTHbIMM uHoHamu Ca, Sr, Ba mnosBiasercs HaMarHMYE€HHOCTD,
obycnoBinernnast  (peppomarutHeiME  Mn®*-  Mn**  Bsaumopeiicteusmu.CMR-3gdexr B
napaMarHUTHOM 00JacTH Helb3sl OOBSICHUTH OJHUM MEXaHHU3MOM JIBOMHOrO oOMeHa, MO3TOMY
BO BCEX MOJENSAX pacCMaTpuBaeTcs NpUCyTcTBHUE NossipoHOB. CornacHo [1] Beime Te moryt
COXpaHATHCS KOPPETUPOBAaHHbIE W HEKOPPEIUpPOBaHHbIE HaHOMAcIITaOHble TMOJSPOHBL. B
KOPPEJIUPOBAaHHBIX TMOJSPOHAX ¢ oOpOuTaIbHBIM yrmopsipodeHueM CE-tuna nokanbHBIN
(eppOMarHUTHBI TOPSJOK BbI3BAH JBOMHBIM OOMEHOM 3a CUeT JeNOKalIu3alud €, —
3JIEKTPOHOB MOHOB Mn’*. Takue MOJISIPOHBI MOTYT CYIIECTBOBATh TOJIBKO B OPTOPOMOHYECKOM
¢daze. HexoppenupoBaHHbIE TOJSAPOHBI  OOpasylorcss BOMM3M  JedekTa BO  BCEX
Kpuctauiorpapudeckux ¢asax.

Hecrexuomerpuueckue o60pasnpl LaMnOs,s SBISIOTCS HEMPOBOIALIIMMHU TPU  BCEX
temriepatypax. Omgnako Hapsgy ¢ ADM dazoii A-tuma MoryT cymectBoBaTh FM obOmactu
HoBoro E-tuma, ananormunsie CE-¢dasze, mostomy B HuX BOo3MoxeH 3¢pdekr CMR [2].
MaruuTtHble U3MEpeHHsl B MapaMarHUTHOM OO0JIaCTH HECTEXHOMETPUYECKUX M JIETMPOBAHHBIX
MAHTaHUTOB MOTYT JaTh WH(OPMALUIO O KOPPENIAIHH COCTaB — CTPYKTypa — CBOMCTBA.
OO6nydyeHre HJIEKTPOHAMHM MOXKET MPHUBECTH K JIOKAIbHBIM CTPYKTYpHBIM H3MEHEHUSM 0e3
M3MEHEHHs COCTaBa 00pa3IoB.

B pabore uccrnenoBaHbl MarHUTHbIE CBOWCTBA HCXOJHBIX M OOJYYEHHBIX 3JIEKTPOHAMU
HECTEXHMOMETpUUeCKuX coctaBoB LaMnOs.s M JErMpoOBaHHBIX MaHTaHUTOB B 00JacTu
80K<T<650K. O6pasiisl ¢ pasHbIM CoepKaHueM HOHOB Mn** i cumMeTpueit KpucTaImIIecKoi
PELIETKH MOJTyYEHbI IIYTEM JOMOIHUTENLHOIO OTXKHUTA IIPH PasHbIX Temmeparypax (ot T=1100°C

63



PAJIMAIIMOHHBIE ABJIEHUA B MATHETHUKAX, CBEPXITPOBOJHUKAX, ITIOJYITPOBOJHUKAX
N N30JIATOPAX

10 T=650°C) ¢ mocieayromen 3aKkaaKoi.

[Ipu ymenpmieHnn T OTXKWTAa CUMMETpPHsI PEHICTKH W3MEHSIACh OT OPTOPOMOMYECKOM 10
poMOo3Iprueckoii. KoHIeHTpauss MOHOB Mn** ouenuBamace 1o 00BeEMy BJIEMEHTapHOM
saueiiku. [Ipu yBenumdyeHuu yucna Mn** dbeppoMarauTHas Temneparypa Kiopu moBblmanach oT
Tc=122 K 1o Tc=186 K, uro cBsizaHo ¢ yBenmueHueM uucia map Mn*- Mn**. B oGpasmax ¢
MaJIbIM COJEPKAHUEM Mn** aHomanus B moBeeHHH TEMITIEpaTypHOU 3aBUCHMOCTH OOpaTHOM
BOCIIPHEMYMBOCTH B 06macti T=500-600 K cBsizana co cTpyKTypHbIM mepexonoM O’ (c/N2<a<b)
— O (a<c/N2<b). B poMG0ospHuecKuX 0OpasIax 3TOT MEPEeX0] CABHIAeTCs B 00JACTh Gosee
Hu3kux temreparyp T<200 K. Temnepatypusie 3aBucumoctu 1/x(T), moseBbie 3aBUCUMOCTH
HAMarHWYeHHOCTU M BBICOKHE 3HaueHUs 3(P(EKTHUBHOIO MarHUTHOTO MOMEHTa YKa3blBalOT Ha
IPUCYTCTBUE HEKOPPEINPOBAHHBIX MAarHUTHBIX MOJISIPOHOB 110 MoJieian Varma BIuloTh A0 620 K.
DNeKTpOHHOE 00TydeHHE 10301 ®=5*10"1/cM’ B HectexuomeTpudyecknx LaMnOs,s mpuBOAUT
Kk ymenbineanno Tc Ha 2-6 K. B mpoBomsmem Lag¢;Bag33sMnO; nepexon BOmm3u Tc=338 K
pa3MbIBaeTCs, 4YTO YKa3blBaeT Ha HEOAHOPOJHOE pacmpeneneHue nedexktoB. Bo3moxkHoi
NPUYMHOW W3MEHEHHUS MArHUTHBIX CBOMCTB OOJIYYEHHBIX MAHTAHUTOB SIBISIETCS CMEIICHUE
MOHOB KHUCJIOpOJa CO CBOMX MO3UIMM, MU3MEHEHUE PACCTOSSTHUM M yrJoB cBsisu Mn-O-Mn,
BIIUSIONINX HA CBEPXOOMEH U IBOHHOI OOMEH.

Paboma evinonnena pamxax npoepammer nayunozo compyonuvecmsea YpO PAH u CO PAH u
npoepammol OOPH PAH ,, Quzuka HO8bIX Mamepuanos u cmpykmyp “.

Jlutreparypa

1. E. Dagotto. New Journal of Physics, 1, 67 (2005)
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W3MEHEHHUE XAPAKTEPUCTHUK CBETOAUOA0B HA OCHOBE GaAs
N GaN P BO3AENCTBUU TAMMA-HEUTPOHHOI'O U3JIYYEHUSA

C.M./1y6poBckux, O.B.Tkaués, B.I1.11Iykaiino
POAL-BHUUTD, 2.Cueorcunck, Poccus (dep5@vniitf.ru)

HccrnenoBaHo BIMSHME TaMMa-HEHTPOHHOIO H3Iy4YeHHs Ha KUHETHKY, WHTEHCUBHOCTb U
CHEKTp DJIEKTPOJIOMHMHECIICHIIMM  CBETOAMOMAOB, BOJbT-aMIEpHbIE U  BOJbT-(apaaHbie
xapakTtepucTuku. MccnenoBan oTkur oOdydEHHBIX CBETOJMOJOB MpPU Pa3HOW TeMIeparype u
TOKaX, IPOTEKAIOIINX YEPE3 CTPYKTYPY.

B kauecTBe 00pa3loB ISl MCCIEIOBaHUS OBbUIM B3STHl CBETOAMOABI HA OCHOBE CTPYKTYpBI
GaN/InGaN c¢ mnukoBod jiuuHOM BOJHBI ~480 HM wus3rororneHHbie POAI-BHUUTD wun
ceetonnosibl AJII08AM Ha ocHoBe cTpykTypbl AlGaAs/GaAs ¢ MMKOBOW JIMHOW BOJIHBI ~845
HM [IPOMBILIIEHHOTO U3rOTOBJICHUS.

HaunbGonee cymecTBeHHO OOJydeHHE BIMSET HAa KHHETHKY W HHTCHCHUBHOCTH CBEUCHHS
O6p213].[OB. HOKaSaHO, qyToO I-IyBCTBI/ITG.HBHOCTB K pa,Z[I/IaLII/IOHHOMy BOSﬂeﬁCTBHm HNHTCHCUBHOCTH
cBeueHuss GaN-CBETOIMOI0B Ha JIBAa MOPsIKAa MEHbIIE CBETOANOI0B GaAs.

AHanu3 Ha OCHOBaHUM YPAaBHEHUSl KMHETUKU HEPABHOBECHBIX HOCUTENEH 3apsiia B aKTUBHOMU
oOactu mpudopa yIOBIETBOPUTEIHLHO OMUCHIBAET HKCIIEPUMEHTATIbHbIE PE3YIIbTATHI.

DKCHEepUMEHTAIBHO TOKa3aHO TpeodNafaHne HHXKEKIHOHHoro omkura mius  GaN-
cBeTOANO010B. D (PEKT MMEEeT MOPOTrOBBI XapaKTep M MPOSBISIET ceOsl MPH TIOTHOCTH TOKA
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Gonee 2 A/cm?®. TeMIepaTypHBIii OTHKHT He HAGIIOMATH, HATPEB OOMYYEHHBIX 06pasnos 10 130
°C mpUBOIII K YMEHBIIICHUIO HHTCHCUBHOCTH CBEYCHHSI.

Jlureparypa
1. CommnukoB W.IIL., Jlyaaun B.B., YcuxoB A.C., u ap. Ocobennoctu (HopMUpOBaHHS

BHeApeHuid InGaN B matpune GaN npu BeipammBanuu MerogoM VOCVD. @TT], 1.34, BbIN.6,
(2000).

OBPA3OBAHUE HAHOCTPYKTYPbI U HAHOYACTHUIL B
KPUCTAJUVIAX ®TOPHUJA JIMTUSA ITPU TAMMA-OBJIYYEHUN

3.M. H6parumosa, M.A. Myccaesa, M.Y. Kananos
HUncmumym Hoepnoii @uzuku, Tawkenm, Y3bexucman (e-mail: ibragimova@inp.uz)

JaBHO u3BecTHO [1], 4TO pU pagroIn3€e MOHHBIX MIEIOYHO-TAIOUIHBIX KPUCTAIUIOB CHavasa
00pa3yloTcsi OJMHOYHbIE Mapbl DpeHKens, a 3aTeM M0 Mepe HAaKOIUICHHWS W B3aWMOJEHCTBUSA
00pa3yroTcs arperaTsl BAKaHCUM rajloreHa 1 HaHOpa3MepHbIE KOJIJIOUAHbBIE YaCTHIIBI METaJuIa, ¢
KOTOPBIMH CBSI3aHO LIMPOKOIONIOCHOE moriomienue 2.3-3.3 sB. Hamu Obuto mokasano [2], yto B
v-061ydennbix  gosoii  10° P kpucrammax LiF ¢ opuenrammeii {100} o6pasyrorcs
HaHokpuctaumTel LiOH co cpeanum pasmepom 28 HM, IIpU 3TOM JBOMHHUKOBAaHUE PELIETKU
U3MEHSETCS.

MeTogamMu PEHTTCHOBCKOW NU(PAKIUKM M ONTUYECKOTO TOTTIONMIEHUS HCCIECIOBAH IPOIECC
00pa3oBaHMsl HAHOCTPYKTYpbl M HaHodacTHI] B Kpuctamiax LiF co ckoimom (100) mpu cyxom
60C0—raMMa—06nyquHH B MHTEpBAJIe 103 10°-10° P npu momHoctu 10361 530 P/c u 300 K.
BriepBrie 00HapYX€HO, UTO TIPH J103€ 10° P omrTiueckast INIOTHOCTB TIOJIOCHI TTOIIOIEHHS 250 HM
F-uentpoB pocturaer D>3, uTo xapakTepHO AJis MEPEXOIOB C IMEPEHOCOM 3apsijia, U OHA
pacuiernsieTcss Ha CUMMETPUYHBIN NyOneT y3KMX PE30HAHCOB, MOXOXKUX Ha MOBEPXHOCTHBIE
IUIa3MOHBIl HAHOYACTHI[ S -METAIUIOB [3]. Comnacho Tteopuu Mu-T'aHca wHIMHApPUYECKHE
HAaHOCTEP>KHM TOAJICPKUBAIOT JBE IUIA3MOHHBIE MOJBI: MPOIOJIbHAs MOXeT cMmemarbcs B MK-
CTOpOHY, a momnepeyHass B Y®, 4acTOTbl KOTOpBIX 3aBUCAT OT a/b pa3mepoB HaHodacTul [3].
HawnGonbmas xonmeHTpanus F-nieHTpoB 3,3-1017 CM'3, COOTBETCTBYET CPEAHEMY PACCTOSIHUIO
MEXIy HUMH ~ 14 HM, Korna oOmMeHHoe B3aumosercTBre 3¢ dekTruBHO. C pOCTOM 1031 10 10'P
npononbHbil 280 HM U monepeuHslid 220 HM pe3oHaHChl AocTUraroT D~4, oHM pas3znencHsl
dotonnoit menpio ¢ D=0, 4uro cBugerenscTByeT 00 ymopsimoueHuu F-mienTpos. Ilosoca
nornomesns M-1eHTpoB (muBakaHcuit) 450 HM pacIuenisercs Ha TpHILIeT mpu gose >107 P,
Korja oopa3yroTcs HaHouacTHIbl Li, (A=380 M) u HaOmomaeTcs ga3epHas reHeparus. B cinydae
LiF ckorieHue nedekToB Ha JBOWHUKaX o0O0eCHeuyuMBaeT WX YIOPAJOYEHHE U COOpKY
HaHocTepkHer Li,. HaOmromaeMbrii KOTepeHTHBIH ONTHYECKUNA OTKIMK CBEpXpEmeTKH M-
LEHTPOB M HaHoudacTul Metaiia B LiF mpencrasiser mHTepec [Uisi HEIMHEHHOW ONTHUKHU U
HaHO(OTOHHUKH.

Jlureparypa
1. Lushchik A., Lushchik Ch., Schwartz K, Vasil’chenko, Papaleo R., Sorokin M.,
Neumann R. And Trautmann C., Phys. Rev. B 76, 054114 (2007).

2. MycaeBa M.A., UGparumoBa 3.M., KamanoB M.VY., MymunoB M.U., @uz. Teepo. Tena
48, 2170 (2006)
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3. Nanoparticles — Building blocks for nanotechnology. Ed. Vincent Rotello. Springer
Science-Business Media Inc. NY (2004) pp.173-200.

CBONCTBA SIIMTAKCHUAJIBHBIX CJIOEB HUTPUJIA TAJLINA,
OBJIYYEHHbBIX PEAKTOPHBIMN HEUTPOHAMMU

A.B. Kopynun, M. A. bapkos, B.M. boiiko, C.C. BepeBkun, A.W. Kamokanos, H.I'. Konun,
.. Mepkypucos, T.H. Xapuronosa, B.A. UeBbiuenon
QI'VII «<HUDXU um. JI.A. Kapnosa, 2. Obnunck. 9n. nouma: ngkolind8@mail.ru

Paccmompeno enuanue obnyuenus oonvuiumu ¢haroeHcamu peaxmopHvix Heumporos (@ =
17 . 19 2 .
1,510 + 810 cm™) u nocrneoyrowux mepmoobpabomox 8 unmepsaie memnepamyp 100 +
1000 °C na snekmpoguszuneckue ceolicmsa u nepuod pewemku snumaxcuanivisvix cioee GaN,
sbipaujeHHvlx Ha noonodxcke Al,Os.

[Tokazano, uTo ¢ pocToMm ¢iroeHca HeUTpoHoB A0 (1+2)- 10" em™ YAEIBHOE AIEKTPUUECKOE
COIPOTHUBJICHHE MaTepHualla yBEJIMYMUBACTCS 10 3HAYEHUH OKOJIO 10" Om-cm (puc la) 3a cuer
obOpasoBaBmmxcs paguanuoHHbXx gedektoB (PJ]) [1], a npu nanpHeimeM yBeITWYECHUU
¢uroeHca, yienbHOE CONPOTHBICHHE, NMPOXOJs Yepe3 MaKCHMYM, YMEHbIIAeTCs 10 3HAYeHUH
2:10° Om-cm mpu 300°C, 49ro OOBSCHAETCS MOSIBICHUEM MPBLKKOBON IMPOBOAMMOCTH TIO
HEepeKpBITHIM 000NI0uKaM obnacTeil pasynopsaodenus. Ilepuon pemierkn ¢ poctoM (iroeHca
HEUTPOHOB 10 8- 10" em™ yBenuuuBaeTca Ha 0,38 % (puc 2a) npu MpakTUYECKH HEM3MEHHOM
napamerpe a. TepmooOpaboTka 0bmydeHHbIx oopasuos 1o 1000°C (puc 16, 20) He IPUBOIUT K
MOJIHOMY BOCCTAHOBJICHHIO MEPUO/Ia PEIIETKU U 3JIEKTPOYU3NUECKUX CBOMCTB MaTepuara.

r T T T T T T T T T T T — T T — T T T T T T T T
10° 10" 10'® 10" 10°0 100 200 300 400 500 600 700 800 900 1000
o -2
Dmoenc HeHTPOHOB, CM Temneparypa orxura, "C

Puc. 1: (a) - 3asucumocmo yoenvnoco snekmpuueckoco coOnpomueieHus 3NUMAaKCUATIbHOLU
naenku GaN om @rioenca noiHo2o cnekmpa peakmopHuIX HeumpoHo8 (a) u memnepamypbvl
omoicuea (6) 0nsa 0bpazyos ¢ paziuyHoOU UCXOOHOU KOHYenmpayueu Hocumeneu 3apsaoa n.
Coomuowenue niomuocmeti HOMOKO8 MENi06biX U ObICMPbIX HEUMPOHO8 8 30He O00LYYEeHUs.
@r/@s—1. Ha ocu npusedenvl 3uauenus P 01 UCXOOHbIX 00paA3Yo8.

(a): n, [em™]: 11107, 1a 12=10"

(6): n, [em>]: 1,2, 3,4 1107; 1a 12=10"; &r=10"% [cr?]: 1, 1a—0,15;2—-7,3;3—15; 4
- 80
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HccenenoBanock Takke BIMSHUE KOHUEHTPALUMM UCXOMHOMU JIETUPYIOILEH IIPUMECHU KPEMHUS
Ha MEXaHW3MBbI O0pa30BaHUA M OTXKUTA paauanuoHHbIX nedexktoB B GaN, oOmyuyeHHOM
peakTOpHBIMH HeWTpoHamu. HaOmromaroTcss Tpu OCHOBHBIE CTAaauU OTKHra pPagualliOHHBIX
nedexros: 100300 °C, 300700 °C, 700+1000 °C.

Crenan BBIBOA O TOM, YTO HaJW4WMe IMpHUMeEceld B Marepualie, He3aBUCUMO OT CIocoda HxX
BBeJICHUS (MIPU BBIPAIIMBAHUU WM B PE3yJbTaTe SJIEPHOTO JIETUPOBAHUS), BIUSIET Ha XapaKTep
00pa30oBaHUs U OTXKUTA PAIUANMOHHBIX JEeEKTOB B 00TyUEHHBIX HEHTPOHAMH IMUTAKCHAILHBIX
minenkax GaN. IToka3aHo, 4TO ITPU OTHOCUTENLHO HU3KUX Temmeparypax (10 800°C) omxkur PII B
JIETUPOBAHHBIX 00pa3iax MpoucxoauT Gosee 3hPeKkTHBHO, a npu Temreparypax Boie 800°C —
MeHee 3(QGeKTHBHO, YeM B HEJIETHPOBAaHHBIX oOpasmax. Kpome Toro, Ha MONHOTY OT)KHTa
paguanuoHHBIX Ne(DEeKTOB B AMUTAKCHANBHBIX IJIeHKaX GaN OTpUIIaTeNbHO BIHSIOT Kak
Hanuuue OONbIION KOHIIGHTpallMM TpUMEcel B Marepuasie, TaK W BbICOKME 3HauYeHUs
KOHIIEHTPAIlUU PAJANAMOHHBIX JedeKTOB (T.e. Oojee BHICOKHE (IIOEHCHI HEUTPOHOB), YTO
0oOBsCHSETCS o0pa3oBaHMEM B MarTepuaje mnpu OOJydeHHH U TPU  TMOCIEAYIOIINX
TEpMOOOpPabOTKaX OOJBIIOTO0 KOJIMYECTBA TEPMOCTAOMIIBHBIX paJUAllMOHHBIX Je(PEeKTOB, HE
omxurarommxcs Bmiots A0 1000 °C.

(a) (6)
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Puc. 2. 3asucumocmv nepuooa pewemku c¢ snumaxcuanvhou niesku GaN om ¢aoenca
NOIHO20 CNEeKMpa PeaKkmopHblX HeumpoHos (a) u memnepamypsvl omxcuea (6) 011
Hele2UpPosaAHHbIX 00paA3y08 ¢ UCXOOHOU KOHYeHmpayuel Hocumenell 3apaoad n, [ em]: 107, Ha
OcCU npusedeHvl 3HAUeHUsL € 0151 UCXOOHBIX 00PA3Y08.

(6) - =108 [em?]: 1-80;2-15;3-73

Paboma svinonnena npu gpunancosoii noooepaicke npoexkma MHTL] Ne3870.

Jlureparypa

1. A.Y. Polyakov, N.B. Smirnov, A.V. Govorkov, A.V. Markov, S.J. Pearton, N.G. Kolin,
D.I. Merkurisov, V.M. Boiko, Cheul-Ro Lee, In-Hwan Lee, Fast Neutron Irradiation Effects in
undoped n-GaN Films,J. Vac. Sci. Technol. B25(2), 436-442 (2007).
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N3YYEHUE MOP®OJIOI'MA ITOBEPXHOCTHU KPEMHMUA (100)
MOCJIE OBJYYEHUS TIPOTOHAMM C SHEPTHUEM 21 MAB C
MMOMOIIbIO ATOMHO-CHJIOBOH MUKPOCKOIIUH

C. B. Kpaesckuii, }O.B. [lonosunkuna, C. B. Poroxkun, A.I'. 3anyxHbliii
T'ocyoapcmeennvii Hayunwuii Llenmp Poccutickou ®edepayuu
Hucmumym meopemuueckoii u sxcnepumenmanvrou ghusuxu, Mockea, Poccus

(skraevsky @mail.ru)

UccnenoBanne B3auMOACHCTBUS BRICOKOPHEPTETHYHBIX YACTHL ¢ TBEPIABIM TEIIOM MPHUBIEKAET K cebe
Oompmoi uHTEpec (cM. Hampumep [1]). M3BecTHO, 4TO MpPU BBICOKMX JHEPTHSIX HAJETAIOMIMX YacTHI]
(> 1 M»B/HYKIJIOH) OCHOBHBIC PHEPTETHUECKHIE TIOTEPH CBSA3AHBI C B3aMMOJICHCTBHEM HAJIETAIONINX MOHOB
C 2JIEKTPOHHOH MoJCUCTeMOH. Briaenstomasics Ipu 5TOM SHEPrus MOXET HPUBOJIUTH K 0Opa30BaHUIO B
00BbEMe 00ydaeMoro marepuana oOJlacTeld ¢ HapyLUIeHHOW CTPYKTypoH - TpekoB [2]. Ilo HexoTOpbIM
JIAaHHBIM 00pa30BaHHWE TPEKOB B KPEMHUH BO3MOKHO TOJIBKO IPH IOTEPSX, MPEBHIIIAIOMIX 35 KOB/HM
[3]. HccrnemoBanusi, TpoBEIEHHBIC NPHU 3HAYNTEIHLHO MEHBINHNX JIMHCHHBIX TOTEPSX JSHEPrud (Ipu
o6myuenun nonamu C™ ¢ smeprueit 1.2 I'5B), mokas3anu, 4To Ha MOBEPXHOCTH OOIYYEHHOTO KPEMHHS
00pasyroTcst OCTPOBKH HAHOMETPOBBIX pa3MepoB [4].

B Hacrosimieli paboTe MpOBEACHBI HMCCICAOBAHUS HM3MEHEHHH MOPGOJOTHH  MOBEPXHOCTH
MOHOKPHUCTAJITUYECKOTO KPEMHHUSI OOIyuYeHHOTO MpoToHamMH ¢ sHeprued 21 MbpB. MerogoM aTomHO-
CHJIOBOM MHUKPOCKOITMHM Ha TIOBEPXHOCTH OOJYYEHHBIX 00pa3LioB 0OHAPYKEHBI OCTPOBKH HAHOMETPOBBIX
pasMepoB, IpUYEM B psiie CIIydyaeB OHU OOpa3ylOT JIOKAJbHbIE CKOIUIEHHUsS (B KOTOPBIX IUIOTHOCTh
HaHOOCTPOBKOB Ha -2 mopsaka OTIMYaeTcs OT cpeaHero 3HaudeHus). [lokazaHo, uyTo (opMHpOBaHUE
OOHApYXEHHBIX PaJUallMOHHO-UHAYLHPOBAHHBIX HM3MEHEHHH TOBEPXHOCTH KPEMHHUS  SIBISAETCS
HOCTPaAUALIOHHBIM TEMIICPAaTYPHO-aKTUBUPYEMBIM SBJICHHEM. DTH MU3MEHEHMs SIBIISIOTCS CIIEACTBUEM
oTXHTa AePEKTOB, 00PA30BABIIUXCS MPU OOTYICHUN KPEMHHUSI.

Paboma evinonnena npu noodepoicke cockopnopayuu Pocamom u npu yacmuyrnoi nodoepoicke PODOU
(epanm 08-02-01448-a).

Jlureparypa

1. @.®. Komapos, YOH 173 (2003) 1287—1318.

2.  A.P.Yensmuuckuii, B.C. Bapuuenko, A.M. 3aiiues, @TT, 40 (1998) 1627.
3. A. Dunlop, G. Jaskierowicz, S. Della-Nerga, NIM B 146 (1998) 302—308.

4. T.S.Balashov, A.A.Golubev, M.A.Kozodaev, A.D.Fertman, S. V. Rogozhkin, V.L
Turtikov, Micro- and Nanoelectronics, Proceedings of SPIE 2006, v. 6260, 626008.
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BJIUSITHUE NTHTEHCUBHOM MJIACTUYECKOMN JE®OPMALINU U
TEPMOBAPUYECKOM OBPABOTKU HA CTPYKTYPY U
®U3NYECKUE CBOMCTBA CILTABOB I'EMCJIEPA HA OCHOBE X-Y-
Z. (X =Co,Ni; Y =Cr, Mn; Z = Ga, Al, Sn)

B.B.MaquHKOBl, K.A. CDOMI/IHal, E.N. H_Ipez[epl, 9.B. FaﬂomHHal, B.II. I[SIKI/IHal,
H.1. KoypOBl, Hn.B. Mesze/:[eBal, B.IL HI/IJ‘IIOFI/IHI, E.b. MapquKOBal, B.I. HyH_II/IHl,
T.B. I[BSI‘-IKOBa2, ATl TIOTIOHHI/IK2, IO.T. 3aﬁHYHHHH2, R. WangS, C.P. Yang3, H.W. Weber
! Unemumym ¢usuxu memannos, 620041, Examepun6ypz, Poccus (march@imp.uran.ru)
2HHcmumym xumuu meepoozo mena, 620990, Examepunbype, Poccus
3Faculty of Physics and Electronics Technology, Hubei University, 430062, Wuhan, China
* Atominstitut, Vienna University of Technology, 1020, Vienna, Austria

B mocnennue roasl Oosiblioe BHUMaHUE YHAETSAETCS HMCCIENIOBaHMIO CIUIaBOB ['eiicimepa u
reiiciaeponooOHbIX CIUIABOB, BCIEACTBHE HAOIIOaeMOro B HHMX YIPABISEMOIO MarHUTHBIM
nojeM U TeMmmepaTypoil 3¢ddexkra mnamMaATH (HOPMBI, TMOITYMETAINYECKOTO COCTOSHHS,
TUTAHTCKOTO MarHUTOKaIopudeckoro a¢dexra u Apyrux GyHKIMOHAIBHBIX CBOUCTB [1, 2].

Mbl  ucciaepoBalidi  CTPYKTYpPY,  ONTHYECKHE,  JBJICKTPUUYECKHE,  MArHUTHbIE U
rajJbBaHOMAarHUTHBIE CBOMCTBA HEKOTOPBIX U3 CIIaBoB I eiiciepa Ha ocHoBe X-Y-Z (X = Co, Fe;
Y =Cr, Mn; Z=Ga, Al, Sn), Haxomdmmuxcs B YHOPSAOYECHHOM (HMCXOIHBIE OOpa3Ibl) U
pasymnopsiioueHHOM  (1eopMUpOBaHHBIE O0pAa3Ibl) COCTOSHHAX. YTOPSIOYCHOE COCTOSTHHE
JOCTUTANIOCh ~ TIOCPEJICTBOM  OTXKHTOB  TOCTEe  JUThA.  PasymopspodeHwe  0OpasiioB
OCYIIECTBIISIIOCH TyTeM MHTEHCHUBHOW IUIACTUYECKOM JedopMaluu KpyUeHHEM MO/ AaBJIEHUEM
B HAKOBaJIbHIX bpukMeHa 1 myTeM TepModapruieckoil 00paboTKH CIIIaBOB.

CornacHO TMOJIyYEHHBIX HaMHU pe3yJlbTaTOB, MHTEHCHBHAs IUIacTHYecKas nedopManus u
TepMoOapuyeckass 00padOTKa MPUBOJAT K YMEHBIICHHIO Pa3MEPOB 3€pEH U, KaK CIIEACTBUE, K
CYIIECTBEHHbIM  U3MEHEHUSM  HUX  ONTHYECKHUX,  OJJCKTPUUECKHUX,  MArHUTHBIX U
raJlbBAHOMarHUTHbIX CBOMCTB. CTpyKTypa CIUIaBOB IpU 3TOM coxpassercd. llomyueHHble
pe3ynbTaThl 00CYXKIAI0TCA B paMKaX CYIIECTBYIOLIUX TEOPETHUECKUX MPEICTABICHUN.

Paboma evinonrnena npu yacmuunoil noooepocke Asecmputickou axademuu Hayk u Donoa
ecmecmeennvix Hayk Kumas (epanm Ne 10911120055/A0402).

Jlureparypa

1. BacunbeB A. H. , byuyensuukoB B. JI. , Takaru T. , Xoaiino B. B. , Octpun 2. U. , VOH
173, 577 (2003)

2. HWpxun B.M., Kaunenscon M., VOH 164, 705 (1994)
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BJIUSIHUE TEPMOBAPUYECKOIN OFPABOTKH HA JJIEKTPO- U
MATHUTOPE3UCTUBHBIE CBOMCTBA
HAHOKPUCTAJIVIMYECKOI'O Nd, ;Sry:MnOj3

N.B. MC,Z[BGI[eBal, B.B. MaD‘-IeHKOBl, E.b. MapquKOBal, T.B. I[L;IqKOBaZ, A.Il. TIOTIOHHUK,
10.I'. 3alinymnun, C.P. Yang3, S.S. Chen3, K. Baerner4, K.A. ®omuna’
! Mnemumym ¢usuxu memannos, 620041, Examepun6ype, Poccus (march@imp.uran.ru)
? Unemumym xumuu meéepoozo mena, 620990, Examepun6ype, Poccus
3Faculty of Physics and Electronic Technology, Hubei University, Wuhan 430062, P. R. China
* Institute of Physics, University of Goettingen, 37077 Goettingen, Germany

Opromanranutsl R xDxMnOs; (R-peako3eMenbhbliii, D-111e109H03eMeNbHBIA METAILT) TPUBJIE-
KarT 60JIBHJOI>'I HHTCPECC B CBA3HM C UX BO3MOXKHBIM HCIIOJIB30BAHUCM B Ka4CCTBC pa601mx 62 (S5
MEHTOB B YCTPOMCTBAaX OMEPATUBHOW MaMmsATH. X MAarHUTO- M 3JIEKTPOPE3UCTUBHBIE CBOMCTBA
MOTYT OBITH HCIIOJIb30BAHBI KaK JUIsl YTEHUS, TaKk W JUIs xpaHeHus uHpopmanuu. [Tockombky
3JIEKTPOHHBIE TPAHCIIOPTHBIE CBOMCTBA KEPaMHUECKUX MAaHTAaHUTOB CHUJIBLHO 3aBUCAT OT pa3Me-
POB 3€peH U MEX3epeHHBIX TpaHuIl [1], TO OBLUTO M3YYEHO BIMSHUE MHKPOCTPYKTYPHI, U3MEHSI-
IoIelics Mpu TepMoOapuiecKoit 00paboTKe, Ha AJIEKTPO- U MarHUTOPE3UCTUBHBIE CBOICTBRA.

[Momukpucranmuyeckuit oopasen Ndy7Sro3MnO3; moaBepraics Tepmodbapudeckoir 06padboTke
npu KBazuruapocrarnyeckoM aasienuu 9 I'lla u remneparype 1000 C B Teuenue 10 MHUHYT C
MOCJEAYIOLIEH 3aKaJKOW JO KOMHATHOM TEMIIEPATYphbl U B KUJAKWW a30T. Pe3ynbraTel peHTre-
HOBCKOT'O aHaJIM3a U CKaHHUPYIOIIEH 3JIEKTPOHHON MHUKPOCKOMHMM IOKa3ajid, YTO XOTs 00pado-
TaHHBIC O0PA3Ibl M COXPAHWIN OPTOPOMOMYECKYIO TCEBIONEPOBCKUTHYIO CTPYKTYPY, OTHAKO,
JUTMHBI U yTIIbl cBsizell Mn-O-Mn U , COOTBETCTBEHHO, MapaMeTPhl PEIIETKU HEMHOIO U3MEHU-
much. Takre 0cOOEHHOCTH MUKPOCTPYKTYPHI, KaK pazMep 3€pHa U MEKKPUCTALTUTHBIC TPAHUIIBI
TaK)K€ CYIIECTBEHHO W3MEHUIIUCh. Tak cpeAHuii pa3mep 00JIaCTH KOTEPEHTHOTO pacesiHHs,
KOTOPBIM MO>KHO OLIEHUTH C MIOMOILBIO PEHTT€HOBCKUX JaHHBIX, yMeHbIIMICA ¢ 90 HM 10 60 HM.

3akasika Mpy BHICOKOM JIaBJICHUH MPHBEJa K 3HAUUTEIbHBIM U3MEHEHUSIM TeMIepaTypHOil 3a-
BHCHUMOCTH CONPOTUBJICHHI. BennunHa COpOTUBIICHUS YBEIMYWIIACH HA J[BA MOPSIIKA, a TEMIIe-
patypa mepexoaa MeTaui-u3oisaTop yMmenbimmiack Ha 50-100 K B oOpasmax Ndy7Sro3MnOs,
00paboTaHHBIX MPU BEICOKOM JaBJIICHUU U BBICOKOU Temmeparype. KpoMe Toro, B 3TuX o0pasmax
HaOmogaMCh O0mbIKe 3HaYeHUS IeKTPO- (700%) u marautopesuctuBHoro (30%) apdexTos.

Paboma svinonnena npu noooepoicke Poccutickoeo ¢honoa pynoameHmanbHuix ucciedo8aHull
(epanm Ne 08-02-92205) u ¢onoa ecmecmeennvix Hayk Kumas (epaumor No.10774040 u
No.10911120055).

Jlutreparypa

1. Yang C.P., Chen S.S., Zhou Z.H.,.Xu L.F, Wang H., Fu J.H., Morchshakov V., Baerner
K., J.Appl.Phys. 101, 063909-1-4 (2007)
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CTPYKTYPHOE COCTOSAHUE PAJIMAIITMOHHO-
MOINPULTUPOBAHHOT'O MOHOKPUCTAJIJIA TisoNig;Fe;

B.J. Tapxomenko, C.®. lyounnn, B.1. Makcumos
Hncmumym ¢uzuxku memannos Ypanvcxoco omoenenus PAH, Examepunoype, Poccus
parkhomenko @imp.uran.ru

Metonom nu¢pakiMy TEMJIOBBIX HEMTPOHOB MCCIIEAOBAHO, Mpu Temnepatypax 78K u 295K,
CTPYKTypHOE cocTosiHue MoHOKpuctamia TisoNigsFes o0iydeHHOro OBICTpHIMH HEUTpOHAMU
(F=2.5x10"cm™) nipu Temmeparype 340K. BoIGop cIiiaBa 9TOro cocraBa 06yCIOBICH TOMCKAME
paznanoHHO-CTOHKOro Marepuaia ¢ 3p(HeKToM «maMsITH (GOpMBbI». Y CTAHOBICHO, YTO JTAHHBIHA
CIUIaB Tocje OOJy4YyeHUs COXpaHsSeT KPUCTAJUIMUYECKOE COCTOSHME, B TO BpeMs Kak
UCCIICIOBAaHHBI Hamu paHee kpuctal TisgNis; Mociae aHaJOTHYHOTO OOTYYSHHS MOTHOCTBHIO
nepexoauT B amopdHoe coctossHue. HecMOTpst Ha TO, YTO OCHOBHOH CTPYKTYPHBI MOTHB
KpHCTaJIa TIOCJIe BO3ACUCTBUS 00JIyueHHs COXPaHIETCsl, MAPTEHCUTHBIE TPEBPAIICHUS B HEM HE
npoucxoasaT. Crenanbl OIEHKU paaualiOHHONW CTOMKOCTH KPUCTAJUIOB JAaHHOTO KJ1acca.

"Paboma evinoanena no niany PAH (mema Ne01.2.006 13394) , npu uacmuunoil noooepoicke
Munoopuayxu P® (kommpaxm Ne 02.518.11.7119) u 6 pamkax npoecpamm (hyHOAMEeHMATbHBIX
uccneoosanuu: ODPH PAH «Heumponnvlie ucciedosanus cmpykmypvl eewjecmea U
¢dyrnoamenmanvHuix ceolicme mamepuu». npoekm Ne 09-T-2-1012 YpO PAH; Ilpoepamma
MEAHCOUCYUNTIUHAPHBIX NPOEKMO8 (DYHOAMEHMANbHBIX UCCIe008aHUll, 8binoaHsemuix 8 YpO PAH
6 2009—2011 ze., npoexm Ne 09-M-23-2004 YpO PAH ”.

BJIMSIHUE TEPMOPA TUAIIMOHHON OBPABOTKH HA ITPOIIECC
OBPA3OBAHUA JE®EKTOB B JIETUPOBAHHOM KPEMHHUHA

Maxkamos I1I., Kapumo M., TypcynoB H.A., Maxmynos III.A., CartueB A.P.
Uncemumym soepnou ¢pusuxu AH PY3, Tawkenm, Y30exucman ( natur @inp.uz )

Wzydensl mnpoueccsl (GOPMHUPOBAHUS MPUMECHO-AE()EKTHBIX KOMIUIEKCOB B KPEMHUH,
JIETUPOBAHHOM OBICTPO MUY YHAUPYIONTUMHU TPUMECIMUA MEIU U TTaJLTaIHs.

W3 ananu3a moyiydyeHHBIX PE3yJIbTAaTOB MOKA3aHO, YTO B JISTHPOBAHHBIX 00pa3lax HaIu4yue
npuMeced Meau W TNauiafus OPUBOJUT K M3MEHEHHMIO YIPYro SHEPrUM KpHUcTaula U
00pa30BaHUIO MPHUMECHBIX CKOIICHHH BOKPYT MHKPOAC(PEKTOB. YBEIWYCHHE KOHIICHTPAIUU
nawragus g0 3-10° em® wim (dbmroeHca HEHTPOHOB BBIIIES 10" M MPUBOJIUT K pacnagy
MPUMECHBIX CKOIUICHUH, YMEHBIICHUIO Pa3MEpOB sJipa MUKPOAEC(PEKTOB U MEPEeCTPOKe aTOMOB
najuragus ¢ NoCICAYOINM BCTPAauBAHUCM HX B LCIIOYKY B BUAC UTJIbI.

BBenenue mpumecu Meau B KPEMHUM TPUBOAUT K (POPMHUPOBAHUIO HHUZKOPA3MEPHBIX
neeKTHBIX KOMIUIEKCOB ¢ pasmepamu 5 — 10 MKM, MOCIEQyOIIMM BCTpaMBaHHUEM HX B
KOMIIO3UIINH, PACTYIIUE B BUJE E€peBa, pasmMepsl KOTopbix gocturatotr 70 — 100 MKM u 3aBUCST
ot Hanpasnenus kpuctaia [100], [110] wmm [111].

OOcyxmaercss BO3MOXHBIH MeXaHW3M (OPMHPOBAHUSI HHU3KOPA3MEPHBIX ACPEKTHBIX
KOMIIJICKCOB € YYaCTUCM MPUMCCHBIX W paduallMOHHBIX I[e(beKTOB 1 THUIIBI KBA3UXUMHWUYCCKUX
peaKkuuii, MPOTEKAIOMIMX B JETMPOBAHHOM KPEMHUHM MPH TEPMUYECKOM M paaualiOHHON
o0paboTkax.
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V. PaagnanmoHHbIe
TEXHOJIOT MU
CO3AaHus
MAaTEPHUAJIOB.
HNounnas

HMILJIAHTALUASA

B IIporpammy CeMuHapa BKJ/II0YEHA CEeKLIHMSl € LeJbI0 O03HAKOMHUTH YYACTHHUKOB C
NMOCJeJHUMH Pa3padoTKkaMu B 00J1aCTH PAIMANMOHHOI0 MATEPHAJIOBEIeHUS 10 METOAaM
NMOJIy4YeHHsI HOBBIX (YHKHMOHAJBHBIX MATEPHAJIOB, B TOM 4YHCJIEe 00J1agal0UUX
HAHOCTPYKTYpoii. BynyT mpeacraBieHbl padoThl MO CO3JAHMI0 HAHOCTPYKTYP METOAOM
PaaMallMOHHOT0 MOAM(UUIHMPOBAHNS, B YACTHOCTH, C MIOMOIILI0 HOHHOI MMILIAHTAIINH, A

TaKKe YIapHOBOJIHOBOI'0 BO3/I€iiCTBHSI.






PAINATIMOHHBIE TEXHOJIOTMU CO3JAHUSI MATEPUAJIOB. HOHHASI UMIIJIAHTAIIUA

PATUAIIMOHHO-UHAYHUPOBAHHBIE CTPYKTYPHBIE
N3MEHEHUSAB CINIABAX 'EMCJIEPA Cu,MnAl U Ni,MnGa

H.}O.bormanos, B.C.XMeneBckas
HATO HUAY « MUDU», Obnunck, Poccus, khmel @iate.obninsk.ru, bogdanovnj@mail.ru

CmuiaBsl [eficiepa mpencTaBisitoT CcO0OM MHTEPMETAIUIBI, B KOTOPBIX HAOIIOMAIOTCS
(dbeppoMarHuTHBIC CBOMCTBA, XOTS JJIEMEHTHI CIUTaBa (HampuMep, B KIIACCUYECKOM CIUIaBE
['eiticnepa Cu,MnAl) He sBIstOTCS (heppoMarHeTukaMu. MarHiuTHBIC CBOMCTBA B ATHX CIUIaBax
€CThb Pe3yJbTaT MPOUCXOASIINX B HUX (Pa30BO-CTPYKTYPHBIX MPEBPAILECHHUH, IPU 3TOM BaXHYIO
POJIb UTPAET PACCTOSHUE MEX]ly ATOMaMH C HECKOMITEHCUPOBAHHBIMH CIIHHAMMU.

B nmanHo#l paboTe wuccieqoBaIMCh M3MEHEHHE CBOWCTB M CTPYKTYPBI ATHX CIUIABOB IIPH
noHHOM oOmydeHuu. [Ipu obmydennu crmaBoB Cu,MnAl u Ni,MnGa moHamu aprona ObLIO
00HapyKEeHO CUJIBHOE BO3pPaCTaHUE HaMarHU4eHHOCTH. OnHOBpEMEHHO ObUTH
3aperuCTPUPOBAHbI U3MEHEHUS TU(PPAKLIUMOHHOW KapTHHBI, TOA00HbBIE HAOIIOIaBIIMMCS PaHee B
METaJUIMYEeCKUX TBEPABIX pacTBopax [1, 2]. B TBepabIX pacTBOpax HOHHOE 00IydyeHHE TPUBOIHUT
K O0Opa30BaHUI0 HAHOKJIACTEPHOW CTPYKTYpbl M CHJIBHOMY H3MEHEHHMIO MEXAaHHYECKHX U
anekTpopuszndeckux cBorcTB. Ilockonbky B crutaBax [eiicmepa oOnydeHue HpUBENO U K
U3MEHEHHIO (DOPMBI PEHTT€HOBCKHX JIMHUM, M K U3MEHEHHI0O HAMarHM4E€HHOCTH, ObUIO CAEIaHO
IpEeNonokeHne 00 00pa3oBaHNU B HUX CX0Xel HAaHOKJIACTEPHOH CTPYKTYpBHI.

(422) Puc.1. /{udpaknuonnas nuaus (422)
. criaBa Cup,MnAl, ncxomgHast U I1ocie
Hcexonnsii obomyuenuss (Ar+, 30 xdB) mpwm

Pa3IMYHOMN TEMIIEPATYPE MUILIECHU

130 135 140 145 150
20
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Puc.2. 3meHnenne HaMarHMYEHHOCTH
cmmaBa  Cu,MnAl (oTHOCHUTENBbHBIC
E€AVMHUIBI) B 3aBUCHMOCTH  OT
Temnepatrypbl oOmyudeHus (Ar+, 30
k3B) npu paznuyHOil TemmepaTrype
MUILIEHU

Puc.3. [udpakunonnas nunus (422)
crraBa Nio,MnGa, mcxomHas M IIOCIeE
obomyuenuss (Ar+, 30 xd3B) mpu
pa3INYHON TeMIepaType MUIICHH

Puc.4. zmMenenne HaMarHM4eHHOCTH
ciutaa  NipMnGa  (OTHOCHUTEJIBHEIE
€IWHULBI) B  3aBUCUMOCTH  OT
Temreparypsl oOmydenus (Ar+, 30
K3B) mpu pasnuuyHONM Temmeparype
MUIIICHU



PAINATIMOHHBIE TEXHOJIOTMU CO3JAHUSI MATEPUAJIOB. HOHHASI UMIIJIAHTAIIUA

B cmmaBe Cu,MnAl npu TemmepaType MULIEHH 450°C nmmms (422) okaseiBaeTCs
pa3aABOCHHOW C JIOCTaTOYHO OOJBIIMM YIJIOBBIM PACCTOSHUEM MEXAY KOMIIOHEHTaMHU.
Hekotopble u3MeHeHus (OpMBI JHMHMM BHAHBI M TpU TeMIeEpaTypax 400°C u 500°C.
OnHOBpEMEHHO € U3MEHEHUSMM  PEHTTEHOBCKOM  nudpakuuMu  CHIBHO  BO3pacTaer
HAMarHM4€HHOCTh CIUIABA, JOCTUIash MakKCUMyMa IIpU TEMIIEpaType 450°C. O6pazoBaBieecs
COCTOSTHUE MaTepuayia sBIISIETCS MeTacTaOWJIbHBIM U pa3pylIiaeTcsi B IPOLECCe BaKyyMHOTO
OTXHra Mpu TeMIepaType, paBHOW TemIieparype MHIIEHH BO Bpems obmydenus. Ha puc.2, 4
CTpeJIKaMu TO0Ka3aHO HW3MEHEHHWE HAMarHMYEHHOCTH OOJy4YeHHBIX 00paslloB B Mpoliecce
NOCTPAJNALMOHHBIX OTKUTOB. [10100HbIE, XOTA ¥ HE UICHTUYHBIC, U3MEHEHHUS TPU 00TyYeHUN
Obutn  mosydeHsl Uit crutaBa  NipMnGa. CXO0ICTBO PErHCTPUPYEMBIX JAUPPAKITMOHHBIX
U3MEHEHUN M WU3MEHEHUH CBOWMCTB Marepuana B cruiaBax I'eiiciiepa, ¢ OJHOH CTOPOHBI, U B
METAIJIMYECKUX TBEPJBIX pacTBopax, C JAPYyroil CTOpPOHBI, YKa3blBa€T Ha CXOJCTBO
IPOUCXOJAIINX B MaTepuanax CTPYKTYPHbIX W3MEHEHMH. VM3MeHeHne HaMarHWYeHHOCTH B
criaBax I'eiiciiepa MOXeT OBITh OOBSICHEHO TE€M, YTO B pEHIETKE O00pa3yloTcs KIacTephl ¢
CUMMETpUEH, OTIIMYHOM OT CUMMETpUU MaTpulpl. IIpn 3TOM MOryT mpoucXoauTh W3MEHEHUs
pacCcTOSHUN MeXAy aToMaMu C HECKOMIIEHCHPOBAHHBIM CIMHOM. JTO MOXET NPUBOAHUTH K
M3MEHEHHI0 0OMEHHOTO B3aMOICUCTBUS U M3MEHEHUI0 HAMAarHUYEHHOCTH MaTepuaa.

Cnucok JuTeparypbl.

1. Knacrepubie ctpyktypsl B ['LIK Marepuanax npu BBICOKMX YPOBHSIX PaadallMOHHOTO
noBpexaenus / B.C. Xwmenesckas, H.B. Kynukosa, A.B. Hakun, B.I'. Mansiakusn // Hzeecmus
8y306. HAoepnas snepeemuxa. - 1999.- llpunoxenne k Ne2. - C.83-88.

2. Xwmenesckas B.C., bormanos H.}O., Kopmo M.H. PaagnannoHHO-UHAYLIHPOBAHHOE
CTPYKTYpUPOBAaHHE B CIJIaBax Ha OCHOBE HUKeNs // Qusuka u xumus 06pabomku Mamepuanos. -
2008. - Ne2. - C.14-18.

BJIMAHUE OBJIYYEHUA NOHAMMU AJIIOMUHUSA HA UBMEHEHHUE
COCTABA 1 CTPYKTYPbI HOBEPXHOCTHBIX CJIOEB
HEPXABEIOHIEU CTAJIN

I1.B. beikos, /I.I'. [llaiicyntanos, B.4. basukun
Quszurko-mexuuueckuu uncmumym YpO PAH, Hxcesck (less @fti.udm.ru)

B Hayasne mpomuioro Beka ObUIO OKa3aHO, YTO COCTOSIHME MOBEPXHOCTH — HAIMYWE LAparvH,
HAJIPE30B, CIENA0B 00padOTKU U T.I., & TAKXKE TOMOJOTHUS M COCTaB MOBEPXHOCTH, OMpEICIseT
MHOTHE CBOMCTBa TBEpPJbIX TeJl, HAUMHAsA OT MX BHELIHETO BUJA M 3aKaHYMBas MPOYHOCTHBIMU
XapakTepucTukamMu. MoauduuupoBaHie MOBEPXHOCTHOTO CJIOS TNPUBOJUT K H3MEHEHHIO
CBOMCTB METAJUTMYECKUX MarepuanoB. Ha cerogusmHuii neHb pa3pabOTaHbl COTHU CIIOCOOOB
00pabOTKM TMOBEPXHOCTH: TEPMOMEXAHUYECKUE, XUMHUYeckue, W T.n. OXHHUM U3 METOMOB,
AaKTHBHO Pa3BUBAIOUIMMCS B IOCIIEHEE NECATHIIETUE, SBISETCS MOHHO-TYyYEBOE JIETHPOBAHMUE.
LenenanpaBieHHO BBIOMpAsi aTOMBI JIETUPYIOIIEH PUMECH U PEKHUMbI O0TY4EHUSs, C TOMOIIBIO
METOJla MOHHOM HMIUIAHTAlUM MOKHO O0O€CIEeYUTh IIUPOKYID TaMMy IIOJE€3HBIX CBOWCTB
MIOBEPXHOCTHBIX CJIOEB MAaTCPUAJIOB: IIOBBILICHUE IpEZesia MPOYHOCTH, TEKYy4eCTH, YAApHOU
BSI3KOCTH, TPEUIMHOCTOMKOCTH, KOPPO3UOHHOM, H3HOCOCTOMKOCTH U T.I. [1, 2]. ITo cpaBHEHUIO C
TPaIUIIMOHHBIMU  METOJAAMH XHUMHKO-TEPMHYECKONH O00paOOTKM, WOHHAs HMIUIAHTALUS
MO3BOJIIET B JIECATKH pa3 COKPAaTUTh BPEMsI U PE3KO IMOHU3UTH TemrepaTypy o0paboTKu,
IPOM3BOJIUTH CENIEKTUBHYIO O0pabOTKYy OTHENbHBIX Yy4acTKOB JeTanu. CylecTBEeHHBIM
MPEUMYIIECTBOM METOJa SIBJISETCSI OTCYTCTBUE MPOOJIEM aire3uu MeXAy MOAU(PUIMPOBAHHBIM
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cloeM M 00BbEeMOM MaTepuaia, XapaKTepHBIX I CIOCOOOB HAHECEHUs pPa3JIMYHOrO poja
MTOKPBITUM.

B nanno# paboTe MccleA0BaHO BIUSHUE OOTYYCHHUS MOHAMHU MIOMHUHWES ¢ dHepruer 80 k3B
10301 10" HOH/cM® ¥ IIIOTHOCTBIO TOKA B uMnysibce 2,5 MA/cM” Ha MOPQOJIOTHIO TTOBEPXHOCTH,
CTPYKTYpy U COCTaB IOBEPXHOCTHBIX ciioeB Hepxkaseromei craiu O08X18HIOT. Ilokasano
U3MEHEHHE CTPYKTYPHO-(a30BOTO COCTOSHUSA M COCTaBa MOBEPXHOCTHBIX CJIOEB MOJ JIEHCTBUEM
MOHHOW 60MOAapANPOBKH.

Paboma evinonnena npu purnancosoti noodepoicke npoepammoi Ilpezuouyma PAH Ne 09-11-2-
1026

Jlutreparypa

1. Jlerocraesa E.B., lllapkees FO.I1. Tpenue u usnoc. 23, (5), 529 (2002)
2. InemmBues H.B., KpacukoB E.A. Memannsi. (4), 98, (1995)

OOPMHUPOBAHUE COCTABA HOBEPXHOCTHBIX CJIOEB,
N3MEHEHHUE MOP®OJIOT'M HOBEPXHOCTHU U MEXAHUYECKHUX
CBONCTB YIUVIEPOJUCTOM CTAJIA B 3BABUCUMOCTH OT
IHAPAMETPOB OBJIYYEHUSA NOHAMU MAPT'AHLIA

B.JI. Bopo0OséB, I1.B. brixos, B.41. basaxun
Quzuxo-mexnuyeckuu uncmumym YpO PAH, Hoicesck (less @fti.udm.ru)

OnHuM W3 HampaBiI€HUH B COBPEMEHHOM MAIMHOCTPOCHUU SIBIISIETCS MOBEPXHOCTHOE
YIPOYHEHUE CPABHUTENBHO JEUIEBBIX CTAJIEW W CIUIABOB ISl U3TOTOBJICHUS JAETAJIEd MAIWH U
MEXaHM3MOB, paOOTAIOMIMX B CJHOXHBIX YCIOBHSX. OJTO 00ECIEYMBAET IKOHOMHUIO
JIOPOTrOCTOSIIIMX BBICOKOJIETUPOBAHHBIX CTAJIEH U CIJIABOB M yJenIeBseT caMmo uzaenne. OTHUM
U3 METOJIOB, AKTUBHO PA3BUBAIOIIMMCS B HACTOSIIIIEE BPEMSI, SBJISIETCSI HIOHHO-JIy4€BOE U MOHHO-
I1a3MEHHOE JIeTUpPOBaHUE MOBepxHOCTU. LleneHanpaBneHHo BeIOMpast JErUPYIOMIUNA 3IEMEHT U
PEXHUMBI 00TydeHUsI, C TIOMOIIBIO METOIa MOHHOW MMILTAHTAIIMA MOYKHO OOECIICUUTh MIUPOKYIO
raMMy TMOJE3HBIX CBOMCTB IIOBEPXHOCTHBIX CJIO€B MATEpUAJIOB: TOBBIIICHUE MPEICIIOB
MPOYHOCTH U TEKYYECTH, YAAPHOU BSI3KOCTH, TPEIIMHOCTOMKOCTH, CONPOTUBIICHUS KOPPO3UU U
n3HococToiikocty U T.0. [1, 2]. [llupoko uccrenyroTcs U UCHONB3YIOTCS METOAbl MOHHOW M
HMOHHO-TUIa3MEHHOW 00pabOTKM CHUJIBHOTOYHBIMH myuykamu [3]. OpgHako B psje ciydaeB
WCIIOJIb30BaHUE HWHTEHCUBHOM WOHHOM WJIM HWOHHO-TUIA3MEHHOW O00pabOTKH IMOBEPXHOCTH
INPUBOAMUT K JETpajalli CBOWCTB MaTepHalia OCHOBBI BCIEACTBUE BBICOKHMX TEMIEpPATyp, NpHU
KOTOPBIX OCYILECTBIISICTCS 110100HOE BO3/ICHCTBUE.

B nmanHo# paboTte mccleqoBaHO BIMSHUE OOJYYeHHUsS] HOHAMU Maprasiia ¢ sHepruen 45 xoB
10301t 5-10'° won/em* u CKOpOCThIO Habopa 10361 10 — 50 MKA/cM” Ha MEXaHHYECKHE CBOICTBA,
MOP(QOJIOTHIO TIOBEPXHOCTH M COCTAB IMOBEPXHOCTHBIX CJIOEB yriepoauctoi cramu Cr.3cr.
[TokazaHo HEMOHOTOHHOE€ W3MEHEHHE MHUKPOTBEPAOCTH U YCTAJIOCTHOM NPOYHOCTH B
3aBHCHUMOCTH OT CKOPOCTH Habopa J03bl U CTIIaKMBAHUE TIOBEPXHOCTH MO JEHCTBUEM MOHHOU
60MOapINPOBKH.

Paboma evinonnena npu purnancosoti noodepoicke npoepammoi Ilpezuouyma PAH Ne 09-11-2-
1026
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Jlureparypa

1. Jlerocraesa E.B., lllapkeeB FO.II. Tpenue u usnoc. 23, (5), 529 (2002)
2. IInemmBueB H.B., KpacukoB E.A. Memannsi. (4), 98, (1995)
3. Hunenxo A. H., u ap. QusXOM. (5), 14, (1991)

HOHHO-JIYUYEBASI OGPABOTKA 1 MATHUTHBIE CBOMCTBA
MAT'HUTOMATI'KUX MATEPUAJIOB

B.B. I'voepnaropos*, FO.H. Iparomanckuii*, T.C. CerueBa*, B.A. IBueHK0**
*Uncmumym ¢uzuxu memannos YpO PAH, Examepunbype, Poccus (sych@imp.uran.ru)
**nemumym snexkmpoguszuxku YpO PAH, Examepunbdype, Poccus

W3BecTHO, YTO MarHMWTHBIE CBOMCTBA MAarHUTOMSTKHX MAaTE€pHajiOB MOXHO HW3MEHSTh,
UCTIONB3ys Ha 3aKJIIOYUTENIFHON CTaAMM WX IPOU3BOJICTBA TEPMOMArHUTHYIO WM HOHHO-
aydeByto oopadotku (TMO umu WJIO) [1,2].

[Ipencrasmsier nHTEpec komOuHMpoBaHHOEe MpuMeHeHne TMO u NJIO.

VYcranosneno, uro B OLIK crnase Fe-3 Bec. % Si anekTpoMarHuTHbIE IOTEPH YMEHBIIAIOTCS
Ha 10% mnocne MJIO+TMO, a MarHUTOCTPUKIMSA OCTaeTCsd HEeM3MeHHOH. Ecnm ykazaHHble
ornepauuu nposectu B oopatHoM nopske (TMO+IJIO), To MarHUTOCTPUKLINS YBETHUUBACTCS C
1.5-10° bie} 16'106, a 2JIEKTpOMarHuTHeie notepu Pg7/1000 moBeimarores ¢ 12.8 go 31 Br/kr,
0CTaBasACh IIPH 3TOM Ha JOIYCTUMOM YpPOBHE.

[Tpuunnoii Busaus NJIO Ha CHUXKEHUE JIEKTPOMArHUTHBIX OTEPh B MIEPBOM CIIydae MOXKET
ObITH TO, 4TO MJIO CymiecTBEeHHO MOBHIIIAET HU3KOTEMIIEPATYPHYIO TTOIBUIKHOCTH aTOMOB U TEM
CaMbIM CHOCOOCTBYeT paduHUpOBaHHIO OOBEMOB CIJIJaBa B 30HAX KOJEOaHUS TPaHUIL
MarHuTHBIX JoMeHOB mpu TMO. B «uucthix» mo nedekram oObemMax MarHUTHas JOMEHHas
CTPYKTYypa CTAaHOBUTCS 00JIee COBEPIICHHON U JIECTaOMIIM3UPOBAHHOM.

Bo BTopom ciydae MJIO nossimaer aedekTHOCTh cIutaBa. B pe3ysnbTrare B MOBEPXHOCTHOM
CJIO€ MOSIBIISIFOTCS CKMMAIOIIME HANPSDKCHWS M PACTATUBAIOIIUE HANPSIKEHUS B OCTaIbHOM
o0beme. CxUMaroIye HaNpsDKEHUS] U3MEHSIOT MAarHUTHYIO JIOMEHHYIO CTPYKTYPY: BO3HHKAeT
CHCTEMa MEJIKMX JIOMEHOB C MOMEPEYHOM HaMarHM4eHHOCThIO (90-rpagycHbie JOMEHBI). ITO
o0ecrieyMBaeT MaKCUMyM  MarHUTOCTPUKIMOHHBIX  Jedopmauuii  oOpa3ma TMpH  €ro
IIEPEMAarHUYMBAHUA BO BPEMs OKCIUIyaTaluW. PacTaruBamompe HanpsyKEHUS IPUIAIOT
MaTepHaiy MarHUTHYIO MsTkocTh. Tak kak npu MJIO npopabaThiBatoTCsl MOBEPXHOCTHBIE CIIOH,
T0, m3MeHss napamerpsl MJIO u TommuHy 00pabaThiBaeMOTro MaTepHalia, MOKHO TOJYYUTh
HE00X0/IMMOE COYETaHUE FITEKTPOMArHUTHBIX MTOTEPh U MAarHUTOCTPUKIINY.

Taxkum 00pazoM, MpUMEHEHHE KOMOMHHUPOBaHHOW 00paboTku, BKimovaronieir TMO u NJIO,
IMO3BOJIACT YIIPABIIATH CBOMCTBaAMU MaTCpruajIOB B MIHUPOKUX MNpCAciax, B TOM YHUCIC
9KCIUTYaTallMOHHBIMUA CBOWCTBAMH MAarHUTOMSATKUX MaTePHUAIIOB.

Paboma evinonnena npu yacmuunoil noooepoiicke unmespayuoHno2o npoekma ¢ MOM-UD
YpO PAH Ne 09-U-2-2002.

Jlureparypa

1. 3aiikoBa B.A., CrapueBa WN.E., ®ununnos b.H. Jomennas cmpykmypa u maenummole
ceoticmea snekmpomexnudeckux cmaneu. Hayka, Mocksa, 1992, c. 271
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2. Coxonos b.K., I'y6epnatopoB B.B., [lparomanckuii FO.H. u np. @MM. 89, 32 (2000)

BJIMAHUE 103bI TASEPHOI'O OBJIYYEHUS HA
CET'PETAIIMOHHBIE ITPOLHECCBHI B ®OJIBI'AX Nis¢Cusy C
HAIIBIVIEHHBIM CJIOEM Al

Kuxapes A.B., Kimmosa 1.H., basnkun B.51.
Quszurxo-mexuudeckuu uncmumym YpO PAH, 2. Hoiwcesck (less @fti.udm.ru)

MeTo 16l 00pabOTKH METALNTHYECKUX MAaTePUAIOB KOHIICHTPHUPOBAHHBIMU ITOTOKAMHU SHEPTHU
COCTaBJIAIOT ~ OJHO W3  HambOolee  TEepPCHEeKTHBHBIX  HANpaBICHUH  COBPEMEHHOIO
MaTepuajoBe/icHUs. B dyacTHOCTH OypHOE pa3BHTHE JIa3€PHON TEXHHKH B ITOCIICTHEES BpeMs
CIocoOCTBOBANIO MIPUMEHEHHUIO J1a3epoB JJisi 00padOTKM METAUTHYECKUX MATepUAOB C IEJBIO
HAIPaBJICHHOTO HW3MEHEHUS MX 3JEMEHTHOTO COCTaBa W CTPYKTYPHO-(A30BOTO COCTOSHUS
HOBerHOCTHbIX CJIOCB. HepCHeKTHBHOCTB TaKOﬁ TCXHOJIOI'MN O6YCJIOBJ'I€Ha BO3MOXHOCTBIO
CO3MaHMS PA3JIMYHBIX HOBBIX ITOBEPXHOCTHBIX CTPYKTYP C YIYYIICHHBIMH (DU3HKO-XHMHKO-
MEXAHHNYCCKUMU CBOﬁCTBaMH HpI/I HCIIOJIB30BAHHUHU OTHOCHUTCIIBHO HpOCTOI‘O OGOpyI[OBaHI/IH B
HECJIOKHBIX TEXHOJIOTHUECKUX Iporeccax. IIpuyeM OTKpBIBaeTCS BO3MOXKHOCTH CO3/1aBaTh
TaKHueC pa3anHHe HepaBHOBeCHbIG HOBerHOCTHbIG CIIJIaBHBI, KOTOpBIe HCBO3MOXKHO HOJ'Iy‘II/ITB
TPAAUITMOHHBIMHA METOJIaMU METai000padoTku [1].

B nanHoit paboTe paccMaTpuBaeTCs BIUSHHE Ja3epHOTO BO3JCHCTBUS Ha H3MEHEHHE
MUKpPOTBEPJIOCTH U CETPETal[MOHHBIE TMPOILECChl B MOBEPXHOCTHBIX closix (osbr NisgCusy ¢
HaIbJIEHHBIM C OJHOW CTOpPOHBI Al B 3aBUCHMOCTH OT YHCJa UMIYJIbCOB Ja3epa. Pe3ynbpTaTsl
MOJYyYEHbl METOAAMU PEHTIE€HOAIEKTPOHHON CHEKTPOCKONMUH, CKAaHHUPYIOIIEH 30HI0BOM
MUKPOCKOIIUH U U3MEPEHUSIMU MUKPOTBEPIOCTH.

Paboma svinonnena npu gpunancosoii noooepaicku PODU (npoexm 10-02-96039_ypan).

[1] BeixkoBckuii F0.A., HeBonun B.H., ®omunckuii .1O. Hounas u nazepnas umnianmayus
Memannuyeckux mamepuanos. — M.:Oueprousaar, 1991 — 240 c.

BJIMAHUE OBJIYYEHNA HOHAMH Ar" HA MUKPOCTPYKTYPY "
PA30BbIN COCTAB CIIJIABA /116 B PA3JINYHOM NCXOIHOM
COCTOAHNN

B.B. OBunnnukoB*, A.A. Knenukosa*, H.B. I'ymuna*, ®.®. Maxunbko™,

JL.N. Kaiiropogosa**, C.M. MoxapoBckuii***, A.B. ®ununnoB™***
*Unemumym snexkmpoghusuxu ¥YpO PAH, o. Examepunbype, Poccusi (chemer@iep.uran.ru)
**Uuemumym ¢usuxu memannos ¥YpO PAH, e. Exkamepunoype, Poccus
***Kamenck-Ypanvckuti memannypeusveckuii 3a600, 2. Kamenck-Ypanockuii, Poccus

OOBEKTOM HCCIEIOBaHUs SIBISUTUCH 00pasibl amtoMuHueBoro crutaBa J[16 cucremsr Al-Cu-
Mg-Mn TONIMHOM 3 MM, KOTOpbIE MOABEPraInuCh BO3AEHCTBUIO MYYKOB YCKOPEHHBIX HOHOB Ar'
(E =40 x3B, j =400 MKA/CM2, D= 2,5-1015—1017 CM'Z, COOTBETCTBYIOIIIEE BpeMst 00myueHus 1-
40 c) B xosogHOIe(POPMUPOBAHHOM U 3aKAJICHHOM COCTOSHHSIX. MaKcHUMallbHas TeMIeparypa
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HEMPEPhIBHOTO HarpeBa oOpas3lioB MOHHBIMU Iydkamu He mpebimana 450°C (6e3 BbLaepiKeK
IIPY NTOCTOSIHHBIX TEMIIEPATypax).

Meramnorpagudeckoe ¥ JIEKTPOHHO-MHKPOCKONINYECKOE HCCIEAOBAaHWE HCXOAHBIX U
00JIy4eHHBIX 00Opa3loB CIUIaBa IMOKA3aj0, YTO OOJydeHHE YCKOPEHHBLIMH MOHAMHU Ar' 1030M
10" e (Bpemst o06pabotku 40 c, Tyax~450°C) xomomnomedhopmupoBanHoro cruiaBa (16
CIOCOOCTBYET TPOTEKAHUIO MPOIECCOB PEKPUCTAIM3AMK: BO BCeM o00beMe oOpasua
HaOmomaercst  (OpMHUpOBaHME  HOBBIX  PEKPHUCTAUIM30BaHHBIX  3epeH.  CTpyKTypa,
dopmupyromasics npyu 00ydeHUH YKa3aHHOM 10301 OJu3Ka K TOM, KoTopas oOpasyeTcst B XoJie
HarpeBa Ioj 3akajky (HarpeBa u Bbiaepxku npu 495°C B teuenune 20 MUH mnepen onepanuent
3aKaJIKH).

Ipu 06aydeHnH 3aKaneHHoro cruiasa J16 mosoit 2,5-10"7 cM” B CeUCHHH, MapajuIeIbHOM
00JTydeHHOW TIOBEPXHOCTH Ha pacctosHuu 150 MKM OoT Hee, HaOmomaeTcss (GopMupoBaHUE
SYCHCTOM  TUCIIOKAIIMOHHOM CTpPYKTyphl. IloBblmeHHe 10361 OOJYy4eHHUS CIIOCOOCTBYET
BO3PACTaHUIO CTETIEHU €€ OJJHOPOIHOCTH, CY>KEHUIO IPaHUIL STYeeK U BO3PACTAHUIO UX JIUaMeTpa.
Kpome TOro, mnpoucxoauT TPaKTUYECKH TIOJHOE  PACTBOPEHHE  HMHTEPMETAJUIHJIOB
Kpuctaum3anuonHoro mnpoucxoxacHus Alg(CuFeMn) peeunoit gopmbel. B o0beme oOpasma
neiictBue OOMydeHHUs Ha CTPYKTYpy CIUIaBa MEHEe 3HAYUTEIbHO: OOJydeHHE HE BBI3HIBACT
00pa3oBaHMs SUYEUCTON CTPYKTYphI U pacTBopeHus yactull gasbl Alg(CuFeMn). B To ke Bpems,
YCTQHOBJICHO BIIMSHUE OOJYYEHUSI HAa COCTaB YNPOYHSIOMmEH (a3bl, BBLACISIOMIEHCS IpH
pacmaze TepechIIEeHHOrO0 TBEPAOro pacTBOpa: B HEOOIYYEeHHOM CIJIaB€ B Ipoliecce
€CTECTBCHHOI'O CTapeHHUs BbIACseTCs MertactabmibHas (asa 07 (3omubr I'TI12) Ha ocHOBe (hassr
CuAl,, B o6mmyuenHnoMm - 30HbI [ TIb Ha ocHOBe (ha3et Mg, AlsCus.

Paboma evinonnena npu noooepoicke Ypanockoeo omoenenus PAH (epanm monoowvix yuenvix
u acnupanmosé «Busnue obnyuenus uonamu Ar® cpednux sHepeuli Ha CMpYKmMypy u ce0licmea
cnnaeog cucmemvl Al-Cu-Mg 6 X0100HO0ehopMUPOBAHHOM U 3AKANEHHOM COCMOSHUSX»,
2010 z.).

CPABHEHUE XAPAKTEPA PAJIMAIIMOHHBIX ITOBPEXKJIEHU B
YUCTOM IVIATUHE ITPU OBJIYYEHWU BLICTPBIMA HEUTPOHAMU
N NOHAMMU CPEJHUX SHEPI'NU

E.B. Measenesa*, B.A. Buenko*, A.B. Koznos**, T.A. benpix***, C.C. Anekcanaposa*
* Vupeocoenue Poccutickoul akademuu nayk Mucmumym snekmpogusuxu YpO PAH, e.
Examepunbype, Poccus (lena_p@bk.ru)

** OAO «HMncmumym peakmopHulx Mamepuanos», 2. 3apeunvii, Poccus
** QI'AOY BIIO «Ypanvcxuii pedepanvHulil ynusepcumem umenu nepsozo llpesudenma
Poccuu b.H.Envyuna», Examepunoype, Poccus

B pabore mpuBeneHbl pe3ynbTaThl W3Y4YEHHUS AaTOMHON CTPYKTYPHI U MPOCTPAHCTBEHHOTO
pacnpenesieHusl pagualMOHHBIX MOBPEXACHUNW (BAaKAHCUKW M UX KOMIUIEKCOB, paJHalMOHHO-
WHIYIIUPOBAHHBIX HAHOMOP W T.1.) B oO0beme uuctoil (99,99 %) mnatuHbl, TOABEPTHYTON
pa3uyHBIM THUNAM OOJy4YeHHs (HEHTPOHHOMY M HOHHOMY) METOAOM IIOJIEBOMl HMOHHOM
mukpockormuu (ITMM). [Torennnansubie Bo3MoxkHOcTH [IMIM MO3BOMSIFOT B aTOMHOM MaciiTade
MPOBOJIUTH MPSIMOE MPEIU3UOHHOE U3YyYEHUE PaJIMAllMOHHBIX MOBPEXKICHUN KPUCTATINYECKON
pemieTkn MaTepuaiia, WACHTH(GHUIIMPOBATh MOPHI CKOJIb YTOJHO MaJbIX pPa3MEPOB, BIUIOTH 0
€IMHUYHBIX BaKAaHCHHM M WX CKOIUICHWH, YCTaHABIUBATh UX KOHIEHTPAIMIO, pa3Mepsl, Gopmy,
pacripeieiecHue B 00beMe OOJydEeHHOTO MaTepualia, M3MEHCHHE YKa3aHHBIX IapaMeTpOB B
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3aBHCUMOCTH OT (pyitoeHca 00Ty4eHus U T. 1.

OO0yyeHne UroJap4YaThix 00pa3loB MJIATHHBI, TPOBOIUIOCH HOHAMU Ar+ ¢ 3Heprueit 30 kB
1o dmroencoB F=1018 non/cmM2 u miotHOCTHIO HOHHOTO ToKa j=200 MxA/cM2 (T=300°C). Hdns
n3ydeHus 1e(eKToB, 00pa30BaBIIMXCS MPU HEUTPOHHON OOMOApAMPOBKE, TUIATUHOBBIE 00Pa3Ilbl
obiydanuck B peakrope UBB-2M npu temneparype ~310 K no ¢umroenca 6sictprix (E > 0,1
M>5B) neiitponos 6,7x1017 cm-2.

OO6yyenue mIaTuHbl HeUTpoHaMmu 10 duroeHca 6,7x1017 cm-2 npuBeno Kk GopMUpOBaHUIO B
Hel 1eeKTHOM CTPYKTYpBI, 1151 KOTOPOI XapakTepHa MOBBIIIEHHAsT KOHIEHTPAIUS €IMHUYHBIX
TOYCYHBIX Je(PEKTOB W WX KOMIUIEKCOB. [loiydeHa KonuyecTBeHHass WHQPOpPMANUs O
MPOCTPAHCTBCHHOM PACHPCACIICHUN BAKAHCHOHHBIX KOMIUICKCOB B 3aBUCHUMOCTH OT HX
KPaTHOCTH Ha MEXX3EpEHHOHU TpaHuUIle B B 00beMe 00ITyIeHHOTO MaTeprara.

B mpomecce wu3yuenus CTpykTypsl Pt, oOnywennoirt mo F=1018 wuon/cmM2, B
MPUIIOBEPXHOCTHOM 00OBbeMe HaOMI0anu CKOIJICHUS TOp, HAINOJHEHHBIX aToMaMHu aproHa.
VY CTaHOBIIEHO, YTO KOHIEHTpAlMs T'a30HANOIHEHHBIX MOp MO TIyOHMHE OOJIY4eHHOro MeTajuia
WU3MEHSETCS B TUHEHHO-yOBIBatomel 3aBUcUMocTH y = — 0.084 x + 5.154. J[aHHBIC YHCIICHHBIC
3HaYeHUs KOI(P(UIMEHTOB OBUIM pPAacCUMTaHbl TOJBKO JJISi YCIOBHH  BBIIOJHEHHOTO
JKCIIEPUMEHTA.

Paboma evinonnena 6 pamxax @LII «Hayunvle u HayuHo-nedazocuueckue Kaopbl
unnosayuounou Poccuu» na 2009-2013 22, I'K Ne 11750 om 20 mas 2010 a.

OCOBEHHOCTH ®OPMHUPOBAHUS XUMHNYECKOI'O COCTABA
IHOBEPXHOCTHBIX CJIOEB ITIPOKATAHHBIX MEJTHO-HUKEJIEBBIX
@®OJIbI' BCJIIEJCTBUE D®PEKTA JAJIBHOJIENCTBUS TP
NOHHOMN NUMILJIAHTAIIUM.

Hosocénos A.A., basukun B.A., ['unemytausos @.3.
Omoen ¢puszuxu u xumuu nosepxnocmu @PTU YpO PAH, Uxcesck, Poccus, less@fti.udm.ru

ejb: Pemenue ¢yHmameHTanpbHOM  mpoOsiemMbl  (OPMUPOBAHUS  HAHOMETPOBBIX
KOMITO3UIIMOHHBIX CJIOEB C 3aJaHHBIMU q)HSI/IKO—XI/IMI/I‘ICCKI/IMI/I CBOIICTBAMH B METATIMYECKUX
crcTeMax MPHU HOHHOM U 3JICKTPOHHOM OOJTy4YEeHUH.

IIpumMeHsieMble METO/bI: HOHHO-TYYEBOE U UMITYJIbCHOE JIEKTPOHHO-IY4€BOE BO3/IEHCTBUE,
WCCJICIOBAHNE W KOHTPOJIb METOJAMH PEHTTEHOBCKOW (POTOAIEKTPOHHON M 0XKE-AJIEKTPOHHOU
CIIEKTPOCKOIIUH, aTOMHOU CHJIOBOM MUKPOCKOIIUU, BTOPUYHO-MOHHON MaCC-CIEKTPOMETPHH.

ITosyyeHHbIE PE3YabTAThI:

[TpoBeneHbl MCCIEIOBaHMS 3IEMEHTHOTO COCTaBa IMOBEPXHOCTHBIX CJIOEB MPOKAaTaHHBIX
donbpr CugyNi,, mociie obmydeHuss moHamMu Art u B+ mpuw pa3nuuHOil SHEPrUM HOHOB U
WHTETpaJIbHON 03¢ 00myueHus. Mi3mMepenust mokasanu, 94To ¢ 00JydeHHOW CTOPOHBI U3MEHEHUE
MHUKPOTBEPJAOCTH (OJBI B 3aBUCUMOCTH OT IapaMeTpoB OOJIyUYEHHUS KOPEIIUPYIOT C
M3MEHEHHEM KOHIIEHTpallMi Oopa B IMOBEPXHOCTHOM cjoe. M3MeHeHue 103bl 00IydeHUs
BBI3BIBACT ropasno Ooyiee CyIIECTBEHHOE HM3MEHEHHE MHKPOTBEPIOCTH (KaK M 3JIEMEHTHOTO
COCTaBa), YeM M3MEHCHHE SHEPruu MOHOB. VcciemoBaHme cocTaBa ¢ HEOOIYyYEHHON CTOPOHBI
BbISIBUWIM, YTO B PC3YJIbTaTC HOHHOU HUMIUIAHTAllUA  OPOUCXOAUT HCpCpacupCACICHUC
KOMIIOHEHTOB MaTepuana (MEHSeTCSl OTHOILIEHHWE KOHIICHTPAIMM aTOMOB MEIUW U HUKENs),
HECMOTPS Ha TO, YTO TOJNIIMHA (OJBI HA HECKOJIBKO MOPAIKOB MPEBBIIIACT PACUETHYIO INTyOUHY
M3MEHEHHUS COCTaBa U CTPYKTYphl MaTepuala B pe3yibTaTe HOHHOW UMIUIAHTAIUH.
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[To HammemMy MHEHHIO, 3TO CBSI3aHO C MCXOJHO HEPAaBHOBECHBIM COCTOSIHHUEM OOpPAa3IOB MOCIE
Npokatku. MoHHasg WMIUIAHTalMs BbI3BIBAET CAMOPACIPOCTPAHSIONIMECS CTPYKTYpPHBIE
W3MEHCHUS: TPpU OONyYeHUH MUIICHH NAJAlOIIMe HOHBI CO3JAI0T JIOKAIbHBIE TEPMHUYECKUE
nukd. O4eBUIHO, M30BITOK SHEPTHH BBI3BIBACT I€HEPAIUIO YAAPHBIX BOJH, MPU 3TOM SHEPTHS,
YHOCHMMAasi BOJIHAMH, JOCTATOYHA JUIsi TpaHCHOPMAIUU HUCXOAHOW IEPEKTHOU CTPYKTYpPHI
MaTepuaia, B TOM YHCJIC WHHUIIMALMEH IIEMHBIX pEaKiui (CBSI3aHHBIX C Pa30JIOKUPOBKON
JTUCIOKAMK, aHHUTWIALMEH pa3HbIX TUIOB JedekToB). B pe3ynbrare Ha HEOOTydEHHOM
ctopoHe (oapru MBI BHIAMM TIepepaclpesicicHHe KOMIIOHEHTOB Marepuajga BCIEACTBUE
CLEIJICHUsI aTOMOB OIIPEJEICHHOT0 COpPTa C BO3HHUKIIMMHU B IMPOILIECCE MOHHOW WMMILUIAHTALUU
MOTOKaMU Je(EKTOB.

Takum 00pa3om, HOHHO-ITy4eBasi 00pabOTKa METAIUIMYECKUX CUCTEM IPU COOTBETCTBYIOIIEM
noadope MmapaMeTpoB MOXKET OBITh HKCIOJb30BaHa JJIs HaIMpaBICHHOW Moaudukanuu
TOHKOMEPHBIX M3JICJIUN I CO3JaHHsI CBEPXTOHKMX IMMOBEPXHOCTHBIX CJIOEB 33JaHHOTO COCTaBa,
CTPYKTYPHI B TOTIOTpadum.

Paboma eévinonnena npu gpunarcosoii noooepsicke PODOU (npoexm 10-02-96039_ypan)

BO3JEACTBUE IIYYKOB HOHOB Ar* HA JIEKTPOTEXHUYECKHE
CBONMCTBA MMOPOIIKOB KAPBOHUJIBHOI'O KEJIE3A P-20 1 BK

B.B. Opunnnukos*, ®.®. Maxunsko*, H.B. I'ymuna*, M.B. Oxynos*, H.B. Cno6HOB**,
A.B. ®epgaii**

*Unemumym snekmpoghusuxu YpO PAH, o. Examepunbype, Poccusi (chemer@iep.uran.ru)
**000 «Cunmes I[IKJK, 2. /{3eporcunck, Poccus

KapOonunbHoe Kenne3o MpeacTaBisieT Cco0OM  MalloAMCIIepCHbIE YacTUILIBI  YHCTOTO
METAJIIIMYECKOro kene3a pazmepoM oT 0,5 10 25 mxM. CpeaHuii HaCBITHOW BEC COCTAaBJISET OT 3
no 4,5 r/em’. [Topomrku kapOOHUIBLHOTO KeJie3a MCIOIB3YIOTCS NIl TPOU3BOCTBA U3JICTUHN TIO
TEXHOJIOTUM HWHXXEKUMOHHOTO ¢opmoBanus (MHUM-texHonorus), a Takke B TPAJAULUOHHOM
MOPOIIKOBOM METAJTypruu. biaromaps cBoed MEIKOW CTPYKTYpE€ OHH SIBJISIOTCS OTIMYHBIM
CBIPBEM TSI TIPOU3BOJICTBA BBHICOKOTOUHBIX JIETANCH CIIOKHON (popMbl, 007Ia1ar0IMKUX BHICOKOU
IJIOTHOCTBIO, TIOBBIIIEHHON IPOYHOCTBIO M XOPOIIMMHM MAarHUTHbIMH cBoWcTBamu. [lpum
IPOM3BOJICTBE KapOOHUIIBHOTO XKeJe3a 00JbIIoe BHUMAHUE YJENAETCsl BOIPOCcaM CTaOMIbHOCTH
CTPYKTYpbl M COCTaBa BBIIYCKAEMBIX IIOPOIIKOB, a TakX€ IOBBIIICHUIO YPOBHS
AIEKTPOTEXHUYECKUX CBOMCTB.

B pabote mpoBeneHa MOHHO-ITydeBass 00paOOTKa MOPOIIKOB KapOOHMIBHOTO Keje3a JBYX
mapok P-20 u BK. O6iydenne nmopomkKkoB HEMPEPHIBHBIMK MyY4KaMu HOHOB Ar' ¢ sHeprueii 30
k3B npoBoamnock Ha ycraHoBke [TYJIBCAP, ocHamieHHONW MOHHBIM MCTOYHHMKOM Ha OCHOBE
TIEIONIEr0 pa3psafa C XOJNOAHBIM MONBIM KaToAoM. U3 myuka MOHOB Ar' KPYIJIOrO CEYECHHS C
MOMONIBIO KOJUIMMATOpa BBIPE3aJICs JEHTOYHBIN mydok cedeHueM 20x100 MM’, TIOJ KOTOPBIM
nepeMeIiaics JOTOK C MOPOIIKOM CO CKOpOCThio 4 M/c. TommuHa cost 006J1y9aeMoro mopoIika,
HACBIIIAHHOTO Ha TIOBEPXHOCTh JIOTKA M3 HEPIKABEIONICH CTanu, OblIa CPaBHHMA CO CPEIHUM
pasmepoM ero ydactuil. B xoae o0mydeHust BappbUpOBasiach INIOTHOCTh MOHHOTO Toka j = 100 —
300 MxA/cM 1 1032 obmyuenus D = 1052 10" em™

KapOoHunpHOE kee30 yKa3aHHBIX MapoK, MOJBEPTHYTOE OOJYYECHHIO, OBLIO MCITOIH30BAHO
JJISL MOJIYYCHHUA KOJIBIICBBIX CCPACYHUKOB METOAOM X0JOOHOT'O MMpeCCOBaHUA. Ha
MIOJITOTOBJICHHBIE CEPJICYHNKHA HAaHOCHWIMCh OOMOTKH MEIHOTO mpoBoa Mapku [19B nuamerpom
0,4 MM. BennuuHbI MHIYKTUBHOCTH M JOOPOTHOCTH KATYIIKM MHIYKTMBHOCTH W3MEPSUTUCH C
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nomouibto RCL—metpa Hioki 3532-50, u 1o 3Hau€HUsM MHAYKTHBHOCTH MPOBOJMIICS pacuer
MarHuTHOM TPOHMIIAEMOCTH B IIMPOKOM JHANa30HE YacTOT. BeaudwHBI MOTEpPh SHEPIHH B
cepaeunuke omnpenensuch U3 B-H 3aBucumocteit B aunanazone vactor ot 10 go 500 kI'u u
uHaykusax ot 8 go 50 mT. M3aMmepeHuss mpoBOAMIIMCh, HAa YCTAaHOBKE BBICOKOM TouHOCTH YBT
82-A-93 YpanbCcKoro HHCTUTYTa METPOJIOTHH.

B pesynbTate mpoBEACHHBIX HCCIIENOBAHUM YCTAaHOBJICHO, YTO HMOHHO-JIy4eBas oOpaboTKa
MOPOUIKOB KapOOHMIBHOTO JKeJe3a MPH ONPEIEICHHBIX MMapaMeTpax OOMy4YEeHHUs MOBBIIIACT €ro
HaMarHW4eHHOCTh HachllieHus Ha 1,8 % wu oOecreunBaer 5-10-kpaTHOE yBeIUYEHUE
I[OGpOTHOCTI/I KaTyH_IeK I/IHI[yKTI/IBHOCTI/I JUIA paI[I/IOB.HeKTpOHI/IKI/I C Cep,Z[GLIHI/IKOM 13 KOMIIO3UTa
«TUAJIEKTPUK — KapOOHMIIBHOE Keye30» B auamnazone yactot 10 — 500 kI,

Paboma evinonnena 6 pamxax peanuzayuu PLII1 « Hayunvle u nayuno-nedazozuyeckue Kaopol
unnosayuonrou Poccuu» na 2009 — 2013 200wvt (I'K Ne I1650 om 19 mas 2010 2.).

NMMHUTAIIUMOHHBIE SKCIIEPUMEHTDI 110 PAIMAIIMOHHOMY
IHOPOOBPA3OBAHHIO B CIVIABAX ITPA OBJTYYEHUHU TYYKAMUA
YCKOPEHHbBIX HOHOB CPEJHUX SHEPI'UH

B.B. OBunnnuko*, B.B. Carapanze**, H.JI. [leuepkuna**, ®.®. MaxuHbpko*
*Unemumym snekmpoghusuxu YpO PAH, o. Examepunbype, Poccusi (chemer@iep.uran.ru)
**Uucmumym gusuxu memannos ¥YpO PAH, e. Exkamepunoype, Poccus

Lenpto MHOrMX COBPEMEHHBIX MCCIEAOBAaHUN MPOLECCOB pacllyXaHus B MOJACIBHBIX U
pPEaKTOPHBIX MaTepualiax SBISETCS CHIKeHUE BenmnuuHbl pacrnyxanus B 'K aycTeHUTHBIX cTamsax
no ypoBHs OLIK ¢deppuTHBIX M (QeppUTO-MapTEHCUTHBIX CTalel C COXpaHEHUEM MPEUMYLIECTB
ayCTEHUTAa B MEXaHUYECKHUX CBOWCTBAX.

B cBs3u ¢ mpoOieMoil BaKaHCHOHHOTO pacCIlyXaHHs PEaKTOPHBIX MaTepUaJIOB MPEACTABISIET
MHTEpEC MOJEIIMPOBAHKE 3TOTO MPOIECCa C UCIOIb30BAHUEM HOHHOTO OOTydeHHUS.

B nacrosmeit paboTe npeanpuHsATa MOMBITKA MONydeHNs dpdeKTa paauaioHHOTO pacyXaHus B
UCXOAHO jAedopmMupoBaHHBIX HuKenbcopepxkamux [TIK cmmaBax FegNiz; uw  UC-68 ¢
WCIIOJIb30BAHMEM YCKOPEHHBIX HOHOB Ar" ¢ osHeprueil 20 k3B. Temmeparypa o6iydeHus
nojiepxuBaiacs pasHort 650°C, 9T0 COOTBETCTBOBANIO MUKY paciiyxanus Hukenbcoaepxkammx ['TIK
caBoB mpu  oO0myuenmn uoHamu Krt (1,5 MbdB). TpeOyemas TtemmepaTypa oOOIydeHHUS
o0ecrieunBagach 3a CYET SHEPTHH M3IyUEHHs HarpeBaTessi, COCTOSINEro U3 CIHUpaiu U pediiekropa,
U OJHOBPEMEHHBIM JeMCTBHEM HOHHOrOo Ny4yka. B oTcyTcTBHE mydka TeMmIieparypa MHIIECHH
(o6pazua 8x 8 mm” TommmHo# 20 MkM) cocTapisiia ~200°C. OGpaserr Gbl MOABENICH B BAKyyMe HA
TOHKHMX HHUTSX C HU3KOH TETJIONPOBOJHOCTHIO TAKMM 00pa3oM, 4TO €ro TETNIO0OMEH C OKpYXKaromei
Cpeoi OCYIIECTBISIICS TOJIBKO M3NydeHneM. HeoqHOpoAHOCTh MOJIs TeMIepaTyp 1o OBEPXHOCTH U
mo TommuHe oOpasua me npesbimana 1 K. Jloza oGmywenns 5-10'7 mon/cm® cooTBeTcTBOBaA
noBpexaaronien 1o3e >200 cHa.

DNEKTPOHHO-MUKPOCKOIIMYECKUE WCCIICOBAHUS TIOKa3ali, YTO Tocie OOJydeHHs B CIUIaBax
FeeoNiz; n UC-68 nHabmromaroTcst mopel, uMeronme JuHeiHble pazmepbl or 10 mo 100 HM, nx
o0beMHas 0N cocTaBisieT He MeHee 2-3 %. Ilopbl UMEIOT YETKYI0 OTpPaHKy, HEKOTOPBIC W3 HUX
BBITSHYTHl B ONPEACIEHHBIX KPUCTAIIIOTpahUUecKnX HAMpPaBICHUSAX W MMEIOT MPOTSHKECHHOCTH 0
100 aM.

TakuM 006pasoM, yCTaHOBIEHO, 4TO OONy4eHHe uoHamu Ar® ¢ sHeprueil 20 k3B npu mo3e

o6yuenns 5-10" mon/cM® n Temmeparype 650°C MPHBOAMT K MOPOBOMY PACIYXaHHIO CIUIABOB
FC69Ni31 u YC-68.
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[TokaszaHo, 4TO C MPUBJICYCHUEM HU3BECTHON METOIMKH OJHOCTOPOHHETO TPaBJICHHS 00pa3LoB 10
yKa3aHHOM TOJIIIMHBL, 00Ty4eHHEe HOHAMH HU3KUX SHEPTHH MOXKET OKa3aThCsl BeCbMa 3 (EKTHBHBIM
JUISL  OLEHOYHBIX MCCIENOBAaHUM CTOMKOCTH MOJEIBHBIX M  PEAKTOPHBIX MATEpUAIOB K
PaavallMOHHOMY pacIyXaHHIo.

Paboma evinonnena 6 pamxax Coenawenus o compyonuvecmee YpO PAH ¢ BADC (npoexm
Ne 10-2-47-BA).

CIIEKTPAJIBHBIN COCTAB CBEUEHMS NIOBEPXHOCTH KEJE3A,
IIUPKOHUSA 1 BOJIb®PAMA ITPU OBJIYYEHUU NOHAMM Ar*
CPEJHUX DOHEPIT'UHM

B.B. OBuunnukos, B.1. Conomonos, H.B. I'yimuna, ®.®. Maxunbko
HUncmumym snexkmpoghuzuxu YpO PAH, o. Examepunbype, Poccus (chemer@iep.uran.ru)

O6pa3ubl yncroro xeneza (99.99 Fe), Bonbdppama (99.96 W) u nupkonus obiyuanu B
BAKYyME IPH OCTATOYHOM JaBICHNN < 10 MM PT. CT. HEIPePBIBHBIMHU IIyYKaMH HOHOB Ar’ mpu
M3MEHEHUU SHEPTUr UOHOB OT 5 10 20 k3B 1 mmoTtHocTH noHHOTrO Toka oT 50 mo 150 MKA/cM>.
CriekTp CBEYECHHs MHUILIEHEH W3Mepsuics MHOTOKAaHAIbHBIM (oTompueMHUKOM Ha 0aze
nudpakiuonnoro crnekrporpada OC-12 u I13C-nmuneiiku B amamazone ot 360 mo 850 HM.
CBeToBO# MOTOK OT 00My4aeMoro o0pasiia B OTONPHUEMHHUK MEepeaBaICA TI0 MHOTOXXUIBHOMY
KBaplIEBOMY CBETOBOJlY, MPUEMHBIM KOHEIl KOTOPOro ObUT YCTaHOBJIEH Ha PAacCTOSHUU 1 CM OT
Kpast oOpasiia 1 HampaBJIeH Ha OBEPXHOCTh 00pasia noj yriom 60°.

B crnekTpax Bcex MHUIICHEH MPUCYTCTBYIOT JIBE IMIMPOKHE MOJIOCHI IUTAHKOBCKOTO TEIIOBOTO
u3nydenus. [lepBast moaoca ¢ MAKCHMYMOM TPH JJIHHE BOJHBI Ay, H3MEHSIOIICHCS B Mpeeax
npubmu3utenbHo oT 500 10 570 HM, COOTBETCTBYET pa8HOB8eCHOMY TUTAHKOBCKOMY U3TyYEHUIO
HPUIIOBEPXHOCTHOM I1a3Mbl. MakCHMyM BTOPOM MOJIOCHI MPH JJIMHE BOJHBI Ay PACIIONIOKEH B
UK o6nactu. Drta mosnoca MposBISETCS JUIIL B BHAE €€ KOPOTKOBOJHOBOTO KpbUIa H
00yCJIOBJICHA TETUIOBBIM H3JIyd€HHEM MUIIICHHU, HHTETPAJIHHO HArPETOM BO3ACHCTBUEM ITyUKa.

Ha ¢one 3THX MIMPOKHUX MOJIOC BO BCEX CIEKTpax HaOII0AaeTcsl 3HAUUTENBbHO OoJiee y3KHe
MOJIOCHl HEpAaBHO8eCHO20 W3IYUYEHHs, HEKOTOPbIE U3 3THUX IMOJIOC XOPOIIO COOTBETCTBYIOT
U3JIYYCHUIO aTOMOB 00Jy4aeMbIX METAJUIOB, a TAaKXKe U3IYYEHUIO aTOMOB aproHa. DTH MOJIOCHI
HanboJiee OTYETIIMBO TMPOSBISIOTCS TPH yCKopsromieM HampsbkeHun Menee 10 xB. s
UICHTU(PHUKAIIMHA OCTAIBHBIX I1OJIOC HEOOXOAMMBI JJOTTOTHUTEIbHBIE HCCIIEIOBAHUSI.

B mpennonoxeHun o NOCTUKEHUH KBa3HPAaBHOBECHOTO COCTOSIHMS B 00JIACTH TEPMHUYECKHX
nukoB (thermal spikes), BO3HMKaoIIMX B pe3yibTaTe TEepMalM3allMM IJIOTHBIX KacKalioB
aTOMHBIX CMEIIEHUH M SABISIOIIMXCS HCTOYHMKAMM IPUIIOBEPXHOCTHOM IUIa3Mbl, C
UCIIOJIb30BAaHUEM 3aKOHAa CMeUIeHHs BuHA, MoiyuyeHbl OICHKH 3HAUYEHUH TemIeparypsl B
00J1aCTH TEPMHUUYECKUX IMHUKOB JUIS Pa3IMYHbIX METAJUIOB. DTa TEMIEpaTypa, B 3aBUCUMOCTH OT
MaTepHala MUIICHU U apaMeTpoB o0iryueHus, uaMensiercs B npeaenax ot 5000 xo 6000 °C.

[losnydyeHHblE pe3yabTaThl YAOBIETBOPUTEIBHO COINIACYIOTCA C JAHHBIMM MOJEKYJSPHO-
JTMHAMUYECKUX PAcyeTOB C HKCMOJb30BaHWEeM mporpammbl SRIM [1] myist cOOTBETCTBYIOIIMX
3HauUEHUM 3HEpruil HoHOB U Macc MuiueHei. Poct uatencuBHoctn UMK kpbuia mznyuenus s
BCEX TPEX METAIOB KOPPEINPYET C YBEIMYEHUEM DHEPrMM MOHOB, IJIOTHOCTH MOHHOTO TOKA,
J103bI 00JTyYeHHSI U COOTBETCTBYIOT HHTETPAILHOMY Pa30TrpeBy MHILICHEH.

Paboma ewvinonnena 6 pamxax Coenawenus o compyonuuecmsee YpO PAH ¢ P®AL]
BHUUT®D (npoexm Ne 10-2-48-AL]).
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1. Biersack J.P., Haggmark L.G. Nucl. Instr.& Meth. 1980. 174. 257.

HAHOCOCTOAHUA METAJIVIMHMECKUX MATEPHUAJIOB,
NHAYHUHUPOBAHHBIE BBICOKO/J10O3HbIM HOHHBIM OBJIYYEHHUEM

B.C.XwmeneBckas
Hayuonanvnouii uccnedosamenscruil ynugepcumem (MUDH), Hucmumym amomuou
anepeemuxu (OOHUHCK)

[Ipu CTPYKTYPHOM HCCIIEIOBAHUN METAUNTMIECKUX MAaTEPUAIOB (YUCTHIX METAJUIOB U CILJIABOB
— MOJICJIBbHbBIX H HpOMBIH_UIeHHBIX), OGHy‘-IGHHBIX BBICOKOJO3HBIMHW HWOHHBIMU ITYyYKaMH, 651.]'[0
oOHapyXeHO (OpMHpOBaHHE OCOOBIX aHOMAaJbHBIX COCTOsSHMM BemecTBa. (CocTosHUS
BO3HUKAIOT B HEKOTOPOM ONPEICICHHOM WHTEpBalie paJAHAlMOHHBIX MapamMeTpoB (7103,
TEMIIepaTyp MUIICHH W HHTEHCHUBHOCTEH ITOTOKA); MPH HM3MEHEHUHW TNPHUPOJIbI WM SHEPTHH
HOHOB O6HaCTL CYIICCTBOBAHUSA COCTOSIHUU CABHUTACTCA IO IIKAJIC PAAUAlIUOHHBIX ITapaMCTPOB.

Hauubiii 3¢ddextT HaOmomancs mnpu OOJYYCHHH MaTEepHAJOB B HOHHBIX YCKOPHUTEIAX U
IMJIa3MCHHBIX YCTAHOBKAX IMPU Pa3JINYHBIX DQHCPIUAX U IPUPOJAC NOHOB; MOXKHO ITOJIaraTb, 4YTO OH
SIBIISICTCS YHUBEPCATBHBIM.

I'maBHEBIE CBOWCTBA COCTOSHMIA:
— BO3HUKAIOT B Y3KOM WHTEPBaJIC paaualliOHHBIX TapaMETPOB;

— HUMEIOT KJIACTEPHYIO HAaHOKPHUCTAJUTMUECKYI0 MOP(DOJIOTHIO (CTPYKTYpa 3aperucTpUpOBaHa
METOJIaMH TPAHCMUCCHOHHOMN U CKaHUPYIOIIEH 3JIEKTPOHHOM MUKPOCKOIHNH);

— BO3HUKHOBEHHE COCTOSIHUM CONPOBOXKAACTCS 3HAYUTEIbHBIMU W3MEHEHUSIMH CBOWCTB,
OTHOCSIIIIUXCS KaK K MIOHHOM, TaK M K AJICKTPOHHOHN MOJICHCTEMaM METallja;

— TCECTOBBIM IIPHU3HAKOM, IO KOTOPBIM COCTOAHHUA MOTYT 6BITB I/I,Z[GHTI/I(l)I/II_II/IpOBaHBI n
pacro3HaHbl, SBISIOTCS W3MEHEHUS DPEHTTCHOBCKON MUGPAKIMOHHON KapTHHBI OOJTYyYEHHBIX
00pa3IoB.

CoCTOSIHUA 3apeTUCTPUPOBAHBI B MAaTEpUANIaX C PA3IMYHON KPUCTAUIMYECKON PEIIEeTKOW —
TBEPABIX pacTBOpax U HpoMblluIeHHbIX civtaBax cucteM Fe-Ni, Fe-Cr-Ni, Cu-Ni (I'IK
kpuctaunueckas pemerka), Fe-Cr, V-Ti-Cr (OLK pemerka), Zr (I'ITY kpucrtamimdeckas
peueTka).

MOXHO MpEeAnonoXKUTh, 4YTO IeJieHanpaBieHHOEe (OPMUPOBAHHE IOJOOHBIX COCTOSHUMN
MO3BOJIMT PAa3BUTh HOBBIH CIIOCOO paguallMOHHOTO MOAU(DUIIMPOBAHHS MAaTEPHAIIOB.
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CTPYKTYPA M CBOVMCTBA MMOKPLITHII HA OCHOBE TUTAHA,
MNOJYYEHHBIX METOIOM IVIASMEHHO-UMMEPCUOHHOU
NOHHOU UMIIVIAHTAIIMA U OCAKAEHUSA METAJIJIOB

N.A. Ilpiranos*, A. Komny**

*Jluneykuti 2ocyoapcmeeH bl mexHudeckutl ynusepcumem, Jluneyk, Poccus
(zyganov @ fromru.com)
**Hccnedosamenvckuil yenmp Jpezoen-Poccendop, /lpesoen, ' epmarnus

B nmanHOl pabGoTe aHAMM3UPYIOTCSA CTPYKTYpHO-(a30BbIe MPEBpAIICHUS W CBOMCTBA
HNOKpbITUI TpoiHOM cucteMbl Ti-N-O, MoaydeHHBIX € MOMOILBIO IUIa3MEHHO-UMMEPCHOHHON
HOHHOM HMINIAaHTAIMH W ocaxacHus MetamioB, [IMMMO (anrim. #a3zBanme merona —Plasma
Immersion Ion Implantation and Deposition, PIIID). B ucnonszyemomM meToze miaazma Merasia
oOpa3yeTcs NpH MCIAapeHUu MaTepuaia KaToJa 3JIEKTPUYECKUM TYrOBBIM pa3psioM B pexXHUMe
IOCTOSIHHOTO TOKa M (UIBTPYETCS OT MAKpOYacTHUI] MOCPEJCTBOM H3O0THYTOIO MAarHUTHOTO
¢mibTpa. MoOHBI M3 IUIa3Mbl YCKOPSAIOTCA K IIOBEPXHOCTH CyOCTpaTa MNpU IPUIO0KEHUU
OTPHIIATEILHOTO HANPsDKEHUS K nojanoxke. Takum obpazom, B npouecce [IMNMNO obbennneHs!
MOHHAs MMIUIAHTAIMsl W OCAXJEHHE, 4YTO CHOCOOCTBYET XOpOIIEH aare3uu MOoJydaeMbIX
nokpeITuii. IIpu 3TOM BO3MOXKHA 00pabOTKa CIIOKHBIX TPEXMEPHBIX 00BEKTOB. OKCHUIBI W/WIH
HUTPU/Bl TUTaHa (OPMHUPYIOTCA IMyTEM I0Jaud B BAaKyyMHYIO Kamepy BOJIM3HM IOJUIOKKU
KHCIIOpoJa W/uiaM azora, coorBercTBeHHO. Meron I[IMMHWO mno3Bonsier moiydaTh MJIOTHBIE
HOKPBITUS C Ppa3IMYHBIMH CBOMCTBaMU B 3aBUCUMOCTHU OT IIapaMeTPOB 00pPaOOTKH.

@Da30BbIif COCTAaB MJICHOK CHJIBHO 3aBHCUT OT OTHOIICHMS MapLUANbHBIX JaBICHUNA paboumx
ra3oB B BakyyMHOW kamepe. B cmyuae momaum dymcToro asora Ha Jaudpakrorpammax
IPUCYTCTBYIOT NUKH, XapakrepHsle Mg TiN ¢ 'IIK-pemerkoit. Ilpu nonoaHuTensHoM nogayue
KHCJIOPOJIa B KaMEpy C OTHOIICHUEM MapIuaibHbIX gaBieHui razoB p(0,)/p(N;) = 1/3 muku TiN
CMEIIAIOTC B CTOPOHY OOJBIIMX YIJIOB, YTO CBHUJETENBCTBYET O CXKAaTHHM PELIETKH H3-3a
BHepeHus kucnopoaa. [Ipu paBHbIX nmapuuanbHbIX AaBieHUsX Ny u O, HabM0Ial0TCs IUPOKKE
TU(pPaKIMOHHBIE MUKH, KOTOopble cooTBeTcTBYIOT cmecu ¢a3 I'IK-TiN u T'IIK-TiO. Kak
MOKAa3bIBalOT pe3yiabTaThl OXKe-3JEKTPOHHOM CIEKTPOCKOIHUH, MPU OTHOIIEHUH MaplUaIbHBIX
naBineHui razoB p(O2)/p(N2) =1/3 u p(O2) =p(N2) OCHOBHBIM KOMIIOHEHTOM IOJIyYE€HHBIX
mieHoK siBisieTcss amopdHas ¢daza TiO,. Kpucrammuzamums stoit amopdHOil (a3er B
aiorponuueckue moaupukanuu TiO, pyrun u aHata3 HauumHaeTcs Hpu 0Oojiee BBICOKOM
napruanbHoM naBieHun kuciaopoaa p(O,)/p(N,) =3/1. Ilpu nmomade umctoro O, oOpazyercs
CMech KpUCTANTUNYECKUX (pa3, cocTosias MpeuMyILeCTBeHHO U3 PyTHIIa C IPUMECHIO aHaTa3a.

[TonsipHas KOMIOHEHTa MOBEPXHOCTHOM 3HEPTUH U TUAPO(GOOHOCTD 3aBUCAT OT 3JIEMEHTHOTO
coCTaBa M CTENEHU aMOPPHOCTH MOKPHITUSA. CaMON BBICOKOM TBEpAOCTHIO M YIyYIIEHHOU
OMOCOBMECTUMOCTHIO 00J1aJaeT OKCUHUTPUAHOE TOKphITHE cocTaBa TiNg 40 ¢.
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TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

MATERIALS CHOICES FOR THE FLEXIBLE MYRRHA IRRADIATION
FACILITY.

Pierre Marmy, Serguei Gavrilov, Rafael Fernandez and Peter Baeten
SMA, SCK*CEN, Boeretang 200, 2400 Mol, Belgique (pierre.marmy@ sckcen.be)

MYRRHA [1] is designed as a multi purpose irradiation facility for radio-isotopes
production, reactor materials irradiation studies and nuclear fuel developments. It will also be the
first of the art Accelerator Driven System (ADS) to be constructed in the world. It will serve as a
demonstrator for the transmutation of radioactive waste in a high power (100MW) subcritical
core cooled with lead-bismuth eutectic (LBE). For this purpose, it will be connected to a proton
accelerator delivering a beam of 2.5 mA at 600 MeV.

The physical damage processes taking place during operation into the liquid metal cooled
MYRRHA system have been identified to be swelling, irradiation creep, corrosion in LBE,
radiation embrittlement, creep, fatigue, LBE embrittlement and stress corrosion cracking.
Degradation of mechanical properties is due to the combined action of LBE and radiation
damage. Based on the open literature and from previous sodium cooled fast reactors expertise
the following list of materials has been chosen as candidate materials, pointing out that the final
chemichal composition will be determined on a latter stage: the austenitic steel 15-15Ti, also
denominated D9 in the US, the austenitic steel 316 L and finally the ferritic martensitic steel
T91.

The materials selected [2] in the different reactor components have been chosen taking into
account the following factors, as received mechanical and physical properties, fabricability and
materials availability, materials database qualification in nuclear environment and degradation
of properties by irradiation and LBE.

Safe operation of the components is possible if the materials limits are not transgressed.
Nevertheless the materials limits need to be validated by urgent R&D, especially in the domain
of corrosion where long term results are missing and in the domain of fatigue where results are
scarce.

References

1. Abderrahim, H.A., et al., Myrrha Technical Description, O.b.0o.M. Team, Editor. 2008,
SCK-CEN, 2400 Mol.

2. Marmy, P., MYRRHA Structural Materials Choices Study. 2010, SCK CEN, Centre
d'étude de 1'énergie nucléaire, Report I-187. p. 1-83.

TN ®DY3US BOTOPOJIA B METAJLIAX MO/ JEVICTBUEM
WOHU3UPYIOLETO U3JYYEHUS U AKYCTUYECKHUX BOJTH

I'.B. I'apanuH, B.B. Jlapunonos, E.A. Ckusaposa, U.I1. UepHos
Hayuonanenuiii uccneoosamenvckuii Tomckuil nonumexnuyeckuii ynusepcumem, 2. Tomck,
Poccus, larvv@sibmail.com
OObuHO paccmaTpuBaercs AU(GQPy3us BOIOpOJa B MeTajulaX OTHAENBHO IOJ JACHCTBHEM
MOHU3UPYIOLIET0 M OTHCIBHO aKyCTHYECKOro u3inydeHusa. I[Ipm 5TOM BO3HHUKHOBEHHE
aKyCTUYECKOTO M3JIyUYeHHUS TpH paJuallMOHHOM BO3JIEHCTBMM HCIOJB3YyeTCs IS aHalu3a
CTPYKTYpPbl HaBOJOPO’KEHHBIX METAJIJIOB, T.. NPUMEHSAETCS B KaueCTBE WHCTPYMEHTAIbHOIO
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TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

MeToa M3MeHeHus nedexToB. B maHHO# paboTe mokazaHo, YTO MPU AKyCTHUYECKOW 3MHUCCHH,
BO3HHKAIOIIEH MO JeHCTBUEM MOHU3UPYIOLIETO U3IYYEeHHUs, IPOUCXOAUT yCuiieHue quddy3un
BOZOPOJA, INpPUYEM KaK Ha BOCXOJAILIEH BETBU aKyCTHUUYECKOTO CHMIHajga, TaKk M Ha €ro
HUcXonsmen (3aryxatomei) BeTBu /1/. Takum 00pa3om, BO3HUKAET aHOMAaJIbHAs HEIWMHEHHAas
muddy3us BogopoJa B TUTAHE M CTAIW. YPaBHEHUs, ONMCHIBAIOLINE H3ydaeMble MPOIECCHI,
MoJy4eHbl Ha ocHOBe Teopuu ["onbiioBa-CmupHoBa /2/. [IpuBeneHa cxema S3KCEPUMEHTAIBHOMN
YCTAHOBKH in situ uig u3ydeHus mpoueccoB aAuddy3uum B paccMaTpuBaeMbIX YCIOBHUSX H
00CyXJIeH MEXaHU3M IepeHoca BOAOPOAa Ha OCHOBE B3aUMOJICHCTBHSI U3ITy4eHUs ¢ BOJOPOJHON
MOJACUCTEMOM METAIOB. /[l yCTAaHOBIIEHMS KOPPEIALMU MEXKIAY BEIMYMHON DHEPruu
MOHM3UPYIOLIETO U3JIyYEHUS B HABOJOPOKCHHBIX META/UIaX U UX aKyCTHYECKHMH CBOHMCTBAMU

[IPOAHAIIU3UPOBAHA 3aBUCUMOCTb JUDJIEKTPUYECKOU IIPOHULIAEMOCTH TUAPULIOB
paccMaTpyUBaEMbIX METAJIOB OT UX COCTAaBA.
JIUTEPATYPA

1. 3bipsHoBa, A.B., MoxaeB B.I'. YcnoBus moctynarenbHOr0 BHOpONEpEMEIICHHST MajbIX
00BEKTOB 101 BO3ACHCTBUEM UMITYJIbCOB paznu4Hoi popmsl // JKTD. — 2009. — T. 79. — Ne. 11.
- C.77-85.

2. CmupHoB, JI.W. ITepenoc atromoB BHeapenus // @PMM. 2000. — T. 89. — Ned.— C. 10-14.

N3MEPEHUSA TEIIVIO®PU3NYECKHUX CQOﬁCTB I'PAOUTOBBIX
KOMITIO3UTOB JIA KOHBEPTOPA HEUTPOHHOU MUIIIEHU

E.N. }KMVDI/IKOB* N.B. CaBuenko**, C.B. Crankyc**, I1.B.Jloraués*, L. Tecchio®**
HHcmumym sa0eprot puzuxu um. H.M. Byoxepa C O PAH, 2. Hosocubupck
“ Unemumym mennogusuxu um. C.C.Kymamenaose C O PAH, 2. Hosocubupck
““Laboratori Nazionali di Legnaro - Istituto Nazionale di Fisica Nucleare, Legnaro, Italy
E-mail: evg.zhmurikov @ gmail.com

N 13
Knrouesvle cnosa: TemionpoBOHOCTh, TEIUNIOEMKOCTD, TpaduT, n3otom rpadgura ~C

[IpoBeneHsl W3MEpEHUs] TEIIOPUINISCKUX XaAPAKTEPUCTUK IMPOMBIIUICHHBIX TpauTOB,
TPaAUITMOHHO MCTIOIB3yeMbIX B siiepHOl TexHuke, Takux kak MIIT-6 wim CGD ot SGL Carbon
Group, a Takke BIIEPBHIE CHHTE3MPOBAHHOTO TPaUTOBOrO KOMIIO3UTAa HA OCHOBE H30TOIA
yriepoaa B, N3Mepenusi mpoBOAMIIMCH B JUAIla30HE TEMIIEPATYpP OT KOMHATHOW 110 1400°C
METOZOM Jla3epHOl Bcmbllku Ha ycraHoBke LFA-427 ¢upmer Netzsch (I'epmanus). Otu
PE3yNbTaThl COMOCTABIIEHBI C MOJYYEHHBIMU paHee JaHHBIMU PEHTTEHOCTPYKTYPHOTO aHalu3a U
BBICOKOPA3PEIIAIONICH AJIEKTPOHHONH MUKPOCKOIMH, U MOTYT OBITh MCIOJB30BaHBI B TEIIOBBIX
pacuérax KOHCTPYKIMH TpapUTOBON MUIIEHH HEHTPOHHOTO KOHBEPTOpA C HCIOIb30BAaHUEM
nporpamMmmbel ANSYS
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TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

N3MEHEHUE HAHOMACHITABHOI'O COCTOAHUA ®PEPPUTHO-
MAPTEHCUTHOW CTAJIM DK-181 B 3ABUCUMOCTH OT PEXKUMOB
TEPMHUYECKOM OBPABOTKH

H.A. Uckannapos, A.A. Hukutun, A.A. Anees, C.B. Poroxkun, A.I'. 3anyxHbIit
T'ocyoapcmeennviil nayunviii yenmp Poccutickoit @edepayuu Hucmumym meopemuyeckou u
akcnepumenmanvou usuxu, Mockea (Iskandarov @itep.ru)

XKaporpounsle Majl0aKTHUBUPYEMbBIE CTaJd SABISAIOTCA IEPCHEKTUBHBIMM MaTepHallaMu
AEPHBIX U TEPMOSJEPHBIX PEAKTOPOB HOBoOro mokojeHus. B Poccun ocoboe BHHMaHME
ynensercss 12%-Hoil xpomucToil (epputHo-MapTeHcuTHOH cramum OK-181, obmamaromieit
MOBBIIICHHON >KapOIPOYHOCTHIO, CYIIECTBEHHO MPEBOCXOSIICH XapaKTEPUCTUKU 3apyOeKHBIX
aHasioroB npu temmeparypax no 700 °C [1-2]. Cuauraercs, 4yTO yJIydlIEHUE MEXAHUYECKHX
CBOMCTB, MOXXET OBITh OOecrmedeHO (OPMHUPOBAHHEM B TMPOIECCEe TEPMHUECKOM 00pabOTKH
HAHOPAa3MEPHBIX 0COOEHHOCTEH CTPYKTYpHI (Pa3IMYHOTO BHJA KJIACTEPOB, MpeABbLAeTIeHUN) [1-
2]. Tomorpaduueckre aTOMHO-30HJIOBBIC HCCIEIOBaHUs (peppuTHO-MapTeHCUTHON cTanu OK-
181 mokazamu [3], 4To moOcCIe TPAAWIMOHHOW TEepPMHUYECKOH OOpabOTKM B MaTpHIe
dbopMupyroTCS KIacTepbl pa3MepamMu ~ 3 HM, 0OOraileHHbIE BaHAIUEM, XPOMOM U a30TOM.
HanbHeliimee ynyumeHue cBoicTB ctanu OK-181 cBsA3bIBaeTCS C YMEHBIICHHEM pPa3MEPOB
JUCIEPCHBIX YacTHll. DJTO, B CBOIO OYepenb, TpeOyeT YTOYHEHHsS] PEXUMOB TEPMHUUECKOU
00paboTku gaHHOro Matepuana. [[ns BbiOOpa IeIeHanpaBlIeHHOTO MYTH COBEPLICHCTBOBAHUS
TepMo0oOpabOTKH, HE0OX0MMa MH(POPMAIHS O HAHOMACIITAOHOM COCTOSIHHH, (OPMUPYEMBIM
Ha Pa3IMYHBIX CTaIUAX TEPMHUUYECKUX 00paboToK. [Iis nccienoBaHus TBEPJOro pacTBOpa CTaIN
OK-181 na HaHOMacmTaOHOM ypPOBHE B HACTOSIIEE BPEMs IMOIYUYUIIO IMUPOKOE MPUMEHEHUE
TOMOTpaduyecKasi aTOMHO-30HI0Basi MUKPOCKOTIHSI.

[lenbto HacTosAEeH pabOTHI SABISETCS W3YYCHHE H3MEHEHHS HAaHOMACIITaOHOTO COCTOSHUS
cramu OK-181 mMeTonoM ToMorpaduuexoil aTOMHO-30HA0BOW MUKPOCKOIHH B 3aBUCUMOCTU OT
PEXUMOB TepMUUYECKON 00paboTKH: - 3aBoaAcKOM oTxur mpu 800-850°C; - 3akanka mpu 1100°C,
40 muH; Bo3ayX; - 3akanika npu 1100 °C, 40 mun; Bo3ayx + ornyck npu 720 °C, 3 4; BO3ayX; -
3akanika mpu 1100 °C, 40 mun + tepmounkinupoBanue 810°C, 30 mun + otmyck npu 720 °C, 1 4.

Paboma ewvinonnena npu noooepoicke eockopnopayuu Pocamom u  npu  yacmuuHou
noooepoicke PODU (epanm 08-02-01448-a).
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Huxutun A.A., Quzuxa memannos u memannogeoenus , 6(108), 612 (2009)

93



TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

OCOBEHHOCTH CBOMCTB HAHOJJIOMUHO®OPOB N X
INNPUMEHEHME JUIAA PETUCTPAIIUA U3JTYUEHUU

B.C.Koptos, I0.I".Ycrbsnnes, C.B.3Bonapes
Ypanovckuii peoepanvruiil ynusepcumem umeru nepsoeo Ilpezuoenma Poccuu b.H.Envyuna, 2.
Examepunbype, Poccus (v.kortov@mail.ustu.ru)

HHTtepec kK CBOMCTBaM HAHOPA3MEPHBIX MAaTEPUAIOB CTUMYJIUPOBAJI UHTCHCUBHOE U3y4YEHUE
0cOOeHHOCTEH  cBeveHUss HaHOMOMUHOGOpoB. B  Hacrosmiee BpeMmsi HCCIEIOBaHUS
CKOHLICHTPUPOBAJIMCH HA JABYX OCHOBHBIX HaIlpaBlIieHUsAX. lIepBoe U3 HUX CBS3aHO C IIOMCKOM
3 PEeKTUBHBIX HAHOIIOMHUHOGOPOB MIJIsi CBETOM3ITyUYaIOIINX YCTpOHCTB. BTOpoe HampaBieHo Ha
CO31aHUC BBICOKOAO3HBIX JIIOMUHCCICHTHBIX JCTCKTOPOB NOHHU3UPYIOIIUX H3J’Iy‘-1€HHﬁ.

B  nmoxmame paccMoTpeHBl  (yHIAMEHTabHBIE  OCOOCHHOCTH  HAHOJIOMHHO(OPOB,
00yCJIOBJICHHbIE MX CTPYKTYpPHBIM COCTOsSIHHEM. OTMEUYeHO BJIMSHHE Ha XapaKTePUCTUKU
CBEUYEHMsI HaHOIIOMHHO(OPOB BBICOKON KOHIIEHTpAIlMHM IMOBEPXHOCTHBIX ILEHTPOB 3axBaTa, a
TaKXKe KBAHTOBO-PAa3MEpHBIX orpaHndeHuil. [loBBIIIEHHE BEPOSTHOCTH PEKOMOMHAIUIA
HOCHUTEJIeH 3apsiia BHYTPM HAHOYACTHII M YMEHbBIIEHHE KOJIMYeCTBAa Oe3U3IydaTelbHbIX
IEPEX0I0B  MPHUBOJAT K POCTY HMHTEHCUBHOCTH JIIOMMHECLEHLMU. B  pesynbrare
HAHOJIOMUHOGOPHI SABIIAIOTCS IEPCHIEKTUBHBIMU MaTepHaiaMH JIJIsl CO3/IaHUs CBETOTEXHUYECKIX
YCTPOMCTB Ha OCHOBE YJIBTPa(UOJIETOBBIX CBETOAMOMOB. B 3TOM cityyae HaHOMIOMUHODOPHI
UTparoT pojib KOHBEPTOPOB Y D-U3Ny4eHUsI B BUJUMBINA CBET.

Oco0eHHOCTH TIOMUHECICHIINH HAHOCTPYKTYPHBIX MATEPHUAJIOB OIPEICISIIOT TaKXKe P
HOBBIX CBOMCTB, BaXHBIX NPU JETEKTUPOBAHMM H3TydyeHHd. Cpenu HUX YBEJIWYEHUE BBIXOJA
JIOMUHECIICHIINHM TPU BBICOKOJO3HOM OOIYYCHHHM W TIOBBIIICHHE PAJUAMOHHONW CTOWKOCTH,
0OyCIIOBJICHHOE€ HWHTEHCHUBHBIM CTOKOM OOpa3yloIIMXCS B HAHOYACTULIAX pPaTUAIMOHHBIX
nedeKTOB Ha MX MHOTOYMCIICHHBIC TPAaHUIIBL. B pe3ynbrare 3aMeyisieTcs Mpoiecc HaKOTUICHUS
paAMallMOHHBIX Je(PEeKTOB, M CIEAOBAaTEIbHO, JErpajalus CBOWCTB JIIOMHUHECHEHTHBIX
JETEKTOPOB MPHU BHICOKOAO3HOM OOTyICHHH.

B noxkiane mpuBOAATCA ONMCAHHBIE B JIMTEPATYpPEe M IIOJYyYEHHBIE aBTOPAMHU pE3YJIbTAaThl
UCCIICIOBAaHUM  JIIOMMHECIICHTHBIX M JO3MMETPUYECKHUX  CBOICTB  HAHOIIOMHHO(OPOB
Pa3IMYHOIO COCTaBa IPHU PETUCTPALMM raMMa-H3JIy4E€HHs, DICKTPOHHBIX M HMOHHBIX ITy4KOB
BBICOKOM IUIOTHOCTH. [IpoBeneHO CpaBHEHHME YKa3aHHBIX CBOMCTB KOMMEPYECKMX U
HaHOPa3MEPHBIX 00PA3I0B TEPMOIIOMHHECLEHTHBIX AeTeKTOpoB. OTMeueHa MepCleKTUBHOCTh
UCTIOJIb30BaHUSI HAHOIIOMHUHO(OPOB B KAUECTBE BHICOKOIO3HBIX TO3UMETPOB.

O®OPMHUPOBAHUE CTPYKTYPBI B ASOTUPOBAHHBIX HOHHO-
HHJIASMEHHBIM METOAOM Fe-Cr CIIVTABAX P UHTEHCHUBHOU
IHJTACTUYECKOU JE®@OPMALINHU

B.A. lla6amor*, C.B. bopucos**, B.B. Carapanze*, A.B. JlutBunos*, A.E. 3amaroBckumii*,
K.A. JIsmkos*, H.®. Bunsnanosa*, B.1 1. Boponun
*Unemumym usuxu memannos YpO PAH, Examepunbdype
**Uuemumym xumuu meepooco mena YpO PAH, Examepunbype

B Hacrosimiee Bpemsi aKTHMBHOE pa3BUTHE TIONYYMIIM MCCIICNOBAaHHS 1O pa3padoTKe
a30TCO/ICPKAIINX BHICOKOMPOUYHBIX CTajJ€il U CIJIAaBOB B KaU€CTBE KOHKYPEHTOB HEPKaBEIOLIUM
CTaJIsIM, coJepXaiuM AehUIMTHBIE HUKENh U Mapranen. K Takoro pojga cucreMaMm OTHOCHTCS
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cucrema Fe-Cr-N. B pa6ore [1] moapobHO mccnenoBaHbl paBHOBECHbBIE (Da30BbIe AMArpaMMbl
cucteMbl Fe-Cr-N u BiusHHE a30Ta Ha TPOIECCHl CTPYKTYpPOOOpa3oBaHUS H  (PU3UKO-
XMMHUYECKHE CBOMCTBAa 3THX CIUIABOB. A30THPOBAHHWE IMOBEPXHOCTU CIUIABOB 3TOW CHUCTEMBI
co3JaeT YCIOBHA Uil MoAM(UKAMM CTPYKTYypHl HpU TOciexyoomeid naehopmMannoHHOW H
TEpPMUYECKOi 00paboTKax.

B nanHO#t paboTe paccMOTPEHO BIUSHHUE COACpPKAHUA XpoMa Ha (Ha3oBBIA COCTaB |
ctpykrypy Fe u Fe-Cr cmmaBoB (Fe-4Cr, Fe-20Cr u Fe-22Cr) B MOBEpXHOCTHBIX 00JIACTSX,
AQ30TUPOBAaHHBIX MOHHO-IUIa3MEHHBIM MeTojoM. Iloka3zaHo, 4YTO 1O Mepe YyBeIMYEHUs
CoJIepXaHusl XpoMa a30TUPOBAHHUE MPUBOJUT K POCTY KOJUYECTBA a30Ta B CIUIABaX U 3aMEHE
azotucroro aycrenuta u HUTpuAoB Y-FesN u e€-FexN ma CrN. OOpasyromiuecss HUTPHUABI
ABIIAIOTCS CYOMHKPOKPUCTAILTMYECKUMH, YTO OOJIerdaeT MOoCHeAyIolee pPAacTBOPEHHE WX B
nporiecce neGopManMOHHO-UHIYITMPOBAHHBIX MPEBPALICHII HUTPUIOB U 00pa30BaHUS TBEPIBIX
pacTBOpOB a30Ta U Xpoma B MaTpuie o Fe.

[IpoBeneHo uccnenoBaHue BIMSAHUS XapakKTepa CTPYKTYphl MaTpHUIbl U CHOPMUPOBAHHBIX
MOHHO-IUIa3MEHHBIM METOJOM HHUTPHUJOB Ha IPOLECCHl MEXaHOAKTUBHUPOBAHHBIX (Pa30BbIX
IpEeBpaICHU, KHHETUKY 00pa30BaHMs TBEPBIX paCTBOPOB M HAHOCTPYKTYPHPOBAHHUE.

Paboma noooepacana npoexkmamu PODPU Ne 10-03-00113 u Ilpezuouyma YpO PAH Ne 10-
2-12-FA).

1. Koctura M.B., bauubsix O.A., biunoB B.M., [IsimoB A.B., Mamepuanogedenue, 2, 35
(2001)

N3YYEHUE MAPTEHCUTHOTI' O y-o’ IIEPEXOJA MIPH C:KATUA
OBPA3I1OB OBJIYYEHHOU HEUTPOHAMMU METACTABUJIBHOU
CTAJIA 12X18H10T

Mepexko M.C., Makcumkun O.I1., I'yceB M.H., Tokrorynosa J[.A.
HUncmumym Aoeproii @usuxu, Armamol, Kazaxcman (merezhko.mihail @ gmail.com)

[lpuBeneHsl U OOCYKHAIOTCSL PE3YNBTAThl AKCIIEPUMEHTOB, HANPABICHHBIX HAa H3y4YCHHE
KUHETHKH (pa3oBoro Oe3auddy3noHHOr0 7y-0' TpEeBpalleHHs B HEpXkaBewlell cranu
12X18H10T B mpoiiecce 0OAHOOCHOTO CKATUS U, 111 CPABHEHUS, PACTSHKEHUS.

CranbHble 00pa3ipl HWIMHApUYECKOH ¢opmbl aycreHusupoBanu (1050°C, 30 munyT), a
3aTeM O0Jlydalld B aKTHBHOW 30HE HCCIeIoBaTeNbcKoro peakropa BBP-K mpu temmepatype
~80°C nmo MakcumalibHOTO (hIIIOCHCA HEHTPOHOB 1,4-10"n/cm’. IIpoBonunu MexaHUYECKUE
WCTIBITAHUS HA PACTSHKEHUE U CKATHE CO CKOpOoCThIo 0,5 MM/MUH MpH KOMHATHOW TEMIIEpaType.
B mpomecce momaroBoil miacTH4eckoil  pedopMalMM  PETUCTPUPOBAIM  KOJIUYECTBO
MapTEHCUTHOUN o -(a3bl, HHIYIIUPYEMO B 00pasile, a TakKe U3MEHEHHE €r0 T€OMETPUUYECKUX
pa3MepoB.

B pe3ynpTare 3KCIIEpUMEHTOB MTOCTPOEHBI AMArpaMMBbI CKATHS U PACTSDKCHHS B KOOPIMHATAX
«“UCTUHHBIE” HaNpsOKEHHUs — JIOKaIbHbIE ‘‘UCTUHHBIE® aedopManum», a Takke KpHUBBIC
nehopMaImoOHHOW 3aBUCUMOCTH MapTEHCUTHOM o’ -(ha3bl.

O6p&60TKa MOJIYUYCHHBIX JaHHBIX TIO3BOJIWJIA OHNPCACIUTL  CICAYHOIIUC  BCIWYUHEI,
XapaKkTepU3yIOLIMe TapaMeTpbl y-o Tepexoaa B HEOONYyYeHHOW M OOJydeHHOW HEHTpPOHAMH
CTaJH:
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- «HACTUHHBIC» 3HAYEHHs] KPUTHUYECKUX HANpsDKEHHH M Jedopmariuii, COOTBETCTBYIOLIMX
Havyayry o0pa3oBaHMs o’ -MapTEHCUTA B IIporiecce aedopmanuu;

- MapaMeTphl B YPAaBHEHHUH, ONMCHIBAIOLIEM KHHETUKY MAPTEHCUTHOI'O V-0’ IIPEBPAIIECHHUS;

- 3HAYCHUS KPUTHUYECKOW TIJIOTHOCTH MEXAaHWUYECKOM paboThl, HEOOXOAMMOW IS
MHAYLUPOBAaHUSA Y-0’ IEPEX0/aA.

AHanu3upyercs pojib MOJied BHYTPEHHUX HaNpsDKEHUM B MpoIEccax 3apoKICHUs U
HAKOIIJICHU MAapTeHCUTHOU o’-(a3bl B METACTAOMIBHBIX HEPXKABEIOIIUX CTAJSAX, 0OMyYEHHBIX
HEUTpOHAMU.

O KAJIOPUMETPUYECKOM OIIPEAEJEHUM IIVIOTHOCTH
HMOHHOI'O TOKA ITO CEYEHHMIO MOIIHBIX ITYYKOB
YCKOPEHHbBIX NHOHOB

B.B. OpunnHukoB*, C.B. OBunHHuKOB *, ®.®. Maxunsko™, A.A. [ToB3nep™*
*Unemumym snexkmpoghusuxu YpO PAH, o. Examepunbype, Poccusi (chemer@iep.uran.ru)
**Vpanvckuii eocyoapcmeennulil mexnuueckuil ynusepcumem, 2. Examepunoype, Poccus

OnpeneneHue niomHoCmu UOHHO20 MOKA (MKA/CMZ) M (C TOYHOCTBIO 7O MHOMKHTEII,
PaBHOTO 3apsily MOHOB) nOMOKA UOHO6 (Ha3bIBAEMOTO TaKkxke (rakcom, HoH/CM™-C), paBHOTO
CKOPOCTH Habopa 003vl WK (hioeHca, SBISETCS CIOXKHOW 3amadeild. Vcronb3oBaHue s 3TOU
uenu nuinuHApa dapages ¢ AMEKTPOIOM, HAa KOTOPBIM MOJAETCS OTPULIATEIBHBINA MOTEHIUA,
OTCEKAIONIIMA BTOPHYHBIC JJIEKTPOHBI, BHIOMBa€MbIE HMOHAMH W3 MUIICHH, SIBJISETCS
3¢ (HeKTUBHBIM JHIIL A MaJbIX IUIOTHOCTEH ToKa. [Ipy MOBBILIEHHBIX IIOTHOCTSX HOHHOIO
TOKa BO3MOKHO 00pa3zoBaHUE MPOBOAIICH 1a3Mbl BHYTpU HuuHApa Dapajies, 4To HCKaKkaeT
U3MEPEHHUS.

I[J'ISI OnpeacICHUA IJIIOTHOCTU HWOHHOI'0O TOKa MOT'YT 6BITB HUCIIOJIB30BaHbl AOCTAaTOYHO
CJIO’KHBIC DKCTIEPUMEHTAIbHBIE CXeMBI [ 1], KOTOpbIE I KaXKI0TO KOHKPETHOTO THITA UCTOYHUKA
HOHOB MOT'YT GBITB NPpCAJIOKCHBI U pCaIn30BaHbI JIMIIb HpO(l)CCCHOHEUIBHBIMH croenauainucraMiu B
00J1aCTH AMEKTPOPU3NUECKUX U3MEPCHUA.

Crnenyer OTMETHTH TakXke, YTO B HEKOTOPBIX CIy4asX MOTPEIIHOCTh HM3MepeHus (iakca
MO’KET ObITh OOYyCIIOBIIEHA Mepe3apsaIKkod 4yacTh MOHOB. IIpu 3TOM pa3orpeB MHILEHH MOKET
HaOJII0aThCS B OTCYTCTBHE COOTBETCTBYIOILEIO pPOCTa IUIOTHOCTH HOHHOTO TOKa 3a CYET
MPUCYTCTBHS B MOTOKE YaCTUI HEUTPaIbHBIX aTOMOB, BCIeCTBUE dPdeKTa nepe3apsaKu.

Ha ocHoBe aHanmm3a MpoLECCOB, COMPOBOXKIAIOIINX BHEIPEHHE YCKOPEHHBIX HOHOB B
BEIIECTBO, U OCOOCHHOCTEH pelleHus] OTHOMEPHOI 3aJjaur TEIJIONPOBOAHOCTH B OMPEIEIICHHBIX
TPAaHUYHBIX YCJOBHUSX, TMPEAJIOKEH KAIOPUMETPUUECKUH METOJ ompeneneHus (iakca
YCKOPEHHBIX YaCTHUI[ U HEKOTOPBIX JIpYrux nmapamerpoB. OCHOBBIBAsCh HAa 3aKOHAX COXpPaHEHUs
seprun u Credana-bonbiMana, B yCIOBHUSX MOHUMOpUHea memnepamypsl 30HIOB yIaeTcs
MOJIYyYUTh CUCTEMY aCUMNTOTHYECKUX ypaBHEHHH (mpu t—0 U t—00), MO3BOJIAIONIUX (C YUETOM
MMOJIy4aCMbIX JSKCICPUMCHTAJIbHO MaJIbIX IOIIPAaBOK Ha PpacClobUICHHUC W YBCIWMYCHHUC MACChI
MUIIEHU 32 CYET BHEJIPEHUSI HOHOB) OMPEIEINUTD LI psii mapaMeTpoB mpoiecca. A UMEHHO,
yJaeTcs ONpeAeanTb KOAPQPHUIMEHT MOTJIOUICHNS MaTepuaIoM MHILIEHH SHEPrHU MyYKa HOHOB,
KO3 PUIMEHT pachbUieHUs ¢ JIYYCHCITYCKATeIbHYIO CIOCOOHOCTh (CTETEHh YEPHOTHI)
MaTepHaja MUIIEHH, a TaK)Ke U3MEPUTh IUIOTHOCTh MOHHOTO TOKA ((JIaKC YCKOPEHHBIX YaCTHIL)
M0 CEYCHUIO MMyYKa HOHOB.

Paboma evinonnena ¢ pamxax Coenawenuss o compyonuuecmse YpO PAH ¢ BASC (npoexm
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Ne 10-2-47-551).

1. TaspunoB H. B., Kameneukux A. C. XKypnan texuudeckoit puzuxu. 2006. T. 76. Boi. 6.
C. 32-37.

OIIPEJIEJIEHUE PASMEPOB BAKAHCHUM U IIOP B METAJLJIAX U
CIIVTABAX 110 TAHHBIM BPA®

B.W.I'padyrun’, A.I.3anyxusiit', E.IL [Ipokonses'

QI'VII T'HI] P® Uncmumym meopemuueckou U SKCNepUMeHmManibHOU Qu3uKu um.
A.U.Anuxanosa, yn. b.9epemywrunckas, 25, 117259, Mockea, Poccus
Mockosckuii 2ocyoapcmeentblil uHcmumym 31ekmpounot mexuuxu (MUIT), 3enenozpad,
npoeso 4806, o. 5, 124498, Mockea, Poccus
(e-mail: epprokopiev@mail.ru)

B paborax [1-5] Ha ocHOBaHUM HcclenoBaHMid cranel peaktopa BBOP-440 mokaszano, uro
NP HEUTPOHHBIX (IIFOEHCAX <~ 10-10%° cm™ Bee MMO3UTPOHBI 3aXBaThIBAlOTCS nedexramu. [Ipu
9TOM ONPEEICHHOE BPEeMsl )KM3HU MO3UTPOHOB B ITHX JePeKTaX OTHOCHTEIHHO AHHUTHIISIIIUN
coctapisieT BenuuuHy 250-260 ps. Takomy BpeMeHHU KU3HHU JOJKHBI COOTBETCTBOBATH AC(EKTHI
¢ paauycamu =~ 2-3 A (TO ecTh ¢ quamerpamu S5-6 A) [3,4]. ABTOpHI [3-5] AenarT BBIBOJ, YTO
MoJ1 IeCTBUEM HEUTPOHHOTO O0IydeHUs: 00pa3yroTcsl HEOObIINEe BaKaHCUOHHBIE KJIacTephl U3
5-6 BakaHcuil. OTMETHUM, YTO OLIEHKH pPa3MepoB AE(EKTOB, ONMpEAETICHHBIX U3 PE3YJIbTAaTOB
W3MEPEHHI YTIIOBOTO paclpeiesieHus] aHHUTHIAIMOHHBIX (oToHOB (YPAD), maroT mpuMepHO Te
K€ 3HAUECHUS BEJIMYMH Pa3MeEpOB.

Jlutreparypa

1. V. Slugen. What kind of information we can obtain from positron annihilation
spectroscopy? EUR - Scientific and Technical Research Series; ISSN 1018-5593. Luxembourg:
Office for Official Publications of the European Communities. 2006 — 94 pp.

2. Q. Deng, Y. Jean // Macromolecules. 1993. V.26. P.30.

3. B.W.Ipadpyrun, E.ILIIpoxomwes, HO.B.®yHTHKOB. Pa3BuTHE METO/IOB MMO3UTPOHHOU
AHHUTHUJISIIUOHHON CIEKTPOCKONUH JIJIsl ONpeieNieHUs] pa3MepoB HAHOOOBEKTOB B IMOPHUCTHIX
cucreMax, JaedeKTHBIX MaTepualiax W HaHoMarepuamax. Physics-Online.ru/ OO6cyxnenue
COBpeMeHHBIX Mpobiem B Mmupe ¢usuxu/ bruor. IIpokonseB Esrenmii IlerpoBuu. PyOGpuka:
Xumuueckass (usuka, ¢uzMUeckas XUMUS W MaTepualioBeneHue http://www.physics-
online.ru/php/paper.phtml?jrnid=null&paperid=8127&option_lang=rus

4. P. Hautojarvi, L. Pollonen, A. Vehanen, J. Yli-Kauppila, J. Nucl. Mater.114 (1983) 250.

5. J.Cizek, F.Becvar, [.Prochazka // Nucl. Instrum. And Meth. Phys. Res. 2000. V.A450.
P.325-337.
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OIIPEAEJIEHUE KHNHETUYECKUX TAPAMETPOB
MAPTEHCUTHOI'O y—a' IPEBPALIEHHWSA B CTAJIM 12X18H10T,
OBJYUYEHHOMH TENJIOBBIMU U BBICTBIMHA HEMTPOHAMM,
JTE®@OPMUPOBAHHOM IMPU HU3KUX TEMIIEPATYPAX

Py6an C.B., Makcumkusn O.I1., I'yceB M.H.
HUnemumym Hoepnou @usuxu, Armamot, Kazaxcman ( rubanserg @gmail.com )

W3BecTHO, YTO XapaKTEPUCTHKH MHOTHX (PU3MKO-MEXaHHMUECKUX CBOMCTB pPEaKTOPHBIX
AyCTCHUTHBIX HEP)KABCIOIIMX CTajlel W WX TOBEACHUWE TMPH HArpy)KeHUH BO MHOTOM
OTIPENENAIOTCS KHUHETUKOW Y—0 Mepexoja B Mpolecce IUIACTHYECKOW aedopmanuu. ITo
00CTOSATENHCTBO OCOOCHHO Ba)XHO YYMTHIBATH NMPU TMPOBEACHUH PabOT MO TPAHCTIOPTHPOBKE
0TpabOTaBIIMX TEIIOBBIIEISIONNX COOPOK PEaKTOPOB HA TAIE UX IEKOMHUCCHUH.

B mnacrosmeit pabore wu3ydanu azoBO-CTPYKTYPHBIE W3MEHEHHS, WHIYIIHPOBAaHHBIC
xonoaHou aedopmanueit B ctanu 12X18H10T (MTO cocTostHue) — Marepuaie mecTUTPaHHOTO
yexjia OTpaboTaBIIe TETUIOBBIIENSIONeH coopku ObicTporo peakropa bH-350 (LI-19, «-160
MM», To6,=370°C, 55 cHa), a TakKe B aHAJIOTMYHOW CTAJIM B ayCTCHU3UPOBAHHOM COCTOSTHUU
(1050°C, 30 muH), TOABEPrHYTONH HEUTPOHHOMY OOJIyUEHHIO B HCCIIEIOBATEIBLCKOM PEaKTOpe
BBP-K (4-10'%; 1,9-10"%; 9-10" m/em?, Tos, <80°C).

HeobOnydyenHsle W OOJydYeHHBIE IUIOCKHE CTajbHBIE 00pa3ibl aeGOpMUPOBAIA TIPH
temneparypax 20, -20, -60, -100°C nomaroBo perucTpupysi “3MEHEHUE MarHUTHBIX CBOMCTB U
TreOMETPUYECKUX pa3MepoB 00pas3noB. B pesynbraTe NOCTPOECHBI KpPHUBHIE 3aBUCHMOCTH
«UCTHHHBIX» HaNpsOKEHWH M KoJmdecTBa oOpasoBaBmeiics O-¢a3bi(My) OT «HCTHHHBIX»
nedopmanuii(e). OTo 1a10 BO3MOXKHOCTb, B YACTHOCTU ONPEACTUTh «UCTUHHBIC» KPUTHUUYECKHE
napamMeTpsl Hadana o0pa3oBaHus o -(asbl.

[TomyueHHble SKCHEpUMEHTANbHbIE JaHHbIE aHAIM3UPOBAIM, HCIONb3Ys ypaBHEHUE
Jlronurcona-beprepa. Omnpenenensl 3HaueHHS KOI(PPUIMEHTOB B 3TOM YPaBHEHUHU IS
Pa3IUYHBIX YCIIOBUM 001ydeHus u ucnbiTanus. [loka3aHo, 4To mapaMeTpbl aBTOKATATUTUYHOCTH
U CKJIIOHHOCTH CTaJIM K MApTCHCUTHOMY IMPCBpAIlICHUIO B CHUIILHOW CTEIICHU 3aBHUCAT OT
TeMnepaTypbl pacTsokeHus. Hactosime pe3yinbTaTbl COMOCTABICHBI € MOTyYeHHbIMU paHee| 1,2].

Jlureparypa
1. Makcumkun O.I1., CagokacoB JI.X. KuHeTHKa MapTEHCHTHOTO Y—0' TpEBpAILCHHS,

uHaynupoBanHoro nepopmanueit B cranu 12X18HI10T, oGnyuennoi nerponamu. Ilpenpunm
@TH HAH PK (1997). ¢.31

2. Makcumkun O.I1., Hanraes A.C., beppnanue JI.T. Kunetuka pa3BUTHsI MapTEHCHUTa
nedopmaruu B HepkaBeromiei cranu 12X18H10T, obnydennoii neiitponamu. Becmuuxk KazHY
cepus «usuyeckas» (2008) ctp. 58-67
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U3YUYEHUE MAPTEHCUTHOI'O y—a’ IPEBPAIIIEHUS B
HEPXABEIOIIEN CTAJIU 12X18H10T, OBJIYYEHHOM
HEUTPOHAMM U JE®OPMUPYEMOM ITPU OTPULIATEJIBHBIX
TEMIIEPATYPAX

C.B. Ppi6un, O.I1. Makcumkus, J{.A. Tokrorynosa, M.H. I'yces.
Hncmumym Hoeprnoii @usuxu, Armamol, Kazaxcman

B nocnenHee BpeMs B PEakTOPHOM MaTepHAIOBEICHHM OOJbIIOE BHUMAHUE YAEISAEeTCA
U3YYEHHIO MAapTeHCUTHBIX (NPSMBIX M OOpaTHBIX) TPEBPAIICHUN, NPOTEKAOINX B
HEP)KaBEIOIUX ayCTCHUTHBIX CTAIAX IMOJ BO3ICHCTBHEM HEHTPOHHOIO IIOTOKA, TEMIIEpATyp U
I'PaJAMEeHTOB HaIpsyKEeHUH. VI3BECTHO TakKe, YTO HU3KHUE TEMIIEpaTyphl UCIIBITAHUS U O0JIydeHHe
BBICOKOHEPreTUYHBIMH YaCTULAMH UHTEHCU(DUIUPYIOT (pa30BbIe IPEBpAILECHHS.

B oToii CcBA3M BBISBICHHWE 3aKOHOMEPHOCTEH U 0COOEHHOCTEH y—a'-mepexona IpH
HU3KOTEMIIEpaTypHOU AedopMalii METacTaOMIbHBIX XPOMOHHMKENIEBBIX CTaleld MpeACTaBiseT
ONPEAEIIEHHBINA UHTEPEC.

B Hacrosmeil paboTe mpuBENEHBI PE3yNbTaThl M3YyYEHHsS MAPTEHCUTHOIO IPEBpAILEHUS B
o0rydeHHON HeWTpoHamMH (max ®t=2-10""n/cm?, E>0,1M>B) peakropHoii cranu 12X18H10T B
nporecce ee  AepopmMupoBaHus mnpu oTpunartelbHbIX (o0 -100°C) temneparypax (T), ¢
UCIIOJIb30BAaHUEM METOJla U3MepeHus deKTpoconpoTusieHus (R).

MuHHaTIOpHBIE CTalbHBIe 00pasnbl mocie ayctenm3anuu (1050°C, 30 MuH) oOmydamu B
peaktope BBP-K npu T<80°C. 3aTtem HeoOnydyeHHbIe (MCXOAHBIC) U O0IydYeHHBIE HEUTPOHAMHU
o0pa3ipl 1eopMUPOBAIN MPU PA3IUYHBIX OTPUIATEIBHBIX TeMIlepaTypax Ha YHHBEpCalIbHOU
ucneITaTeNibHOW MamuHe «Instron-1195» B cnenuanbHO CO3AaHHOW HHM3KOTEMIIEpATypHOU
kamepe. Tekylmme »HKCIIEpUMEHTAIBHBIE [JaHHbIE, IIOJIYYEHHbIE B XOJE€ OKCIEPHUMEHTA,
ABTOMATUYECKU PETUCTPUPOBATIUCH ¢ momomibto [1K.

B pesynbsrare mosydensl 3aBucuMocTd R=f(T) m R =f(Pdt), aHanmu3 KOTOPHIX MO3BOJIMI
YCTaHOBUTH IapaMeTpbl MAPTEHCUTHOIO Y—>0 -IIPEBPALLEHUSI IPU PA3JIMYHBIX YCIOBMSIX
pacTsbkeHuss oOJydeHHOW HelTpoHamu cTtanmu. OOCYKTAIOTCS MEXaHU3Mbl CTPYKTYPHO —
(a30BbIX NpeBpalleHuii B OOJYYEHHBIX METacTaOMIBHBIX HEP)KaBEIOLIMX CTalsIX B Ipolecce
HU3KOTEMIIEpaTypHOil nedopmanuu.

AUHAMHUYECKOE JE®@OPMAIIMOHHOE CTAPEHHE CTAJIA
12X18H10T U APMKO-KEJIE3A, OBJIYYEHHbBIX HEUTPOHAMUA

ILA. Tokrorynosa, O.I1. Makcumkun, M.H. I'yce, M.C. Mepexko
Unemumym Hoepnou @usuxu, Armamol, Kazaxcman (diana@inp.kz)

Ectb Bce ocHOBaHMsI MojaraTb, YTO M3MEHEHHME IPOYHOCTH U  IUIACTUYHOCTH
KOHCTPYKLIIMOHHBIX PEAKTOPHBIX MAaTEPUAJIOB IPU JKCIUIyaTallid B TEMIIEPATYPHOM HHTEpBAJe
200-600°C BO MHOTOM OIPENENAIOTCS TMPOLECCaMU JWHAMHYECKOro Jae(opMarmoHHOTO
crapenus ([JIC) — B3auMOJeWCTBUEM NPUMECHBIX M JIETUPYIOIIUX ATOMOB C TMOJBHKHBIMH
mucnokanuamu. Kakx mpaswio, JJIC compoBokgaercs MOsSBICHMEM Ha JIedOpMalMOHHOM
KpHUBOH 3y04YMKOB, CBSI3aHHBIX ¢ MAKPOJIOKAJIN3aLUeH qedopmManuu.

Panee ObulM yCTaHOBIIEHBI HEKOTOpBIE 3aKOHOMEPHOCTH M ocobenHoctH siBnenus JJJIC B
keneze, Hepxkaperomer cramu  12X18HI0T wu  BblcokoHumkeneBoMm — cmuiae  YC-43
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(03X20H45M4FBP1l), obmyuenHsix B wuccienoBaTenbckoM peaktope BBP-K[1]. Hacrosas
paboTa BBITTOTHEHA B PA3BUTHH dTUX MCCIICIOBAHUM.

[Tnockue o6pasubr (10x3.5%0.3 Mm) obsnyuanu B peaktope BBP-K no makcumanbHOro
¢droeHca HEHTPOHOB 1.4-10"s/cM® (E>0.1M5B). MexaHndecKne HCIBITAHHS HA pacTsKeHue
MPOBOJUIN CO CKOPOCTBHIO 8310 ¢' B amamasome temnepatyp 20-700°C. Yactp
HKCIIEPUMEHTOB  COMPOBOXKIANACh BUACO3ANUCHIO C LENbI0O HM3y4eHHS OCOOCHHOCTEH
nokanuzanuu nedopmaruu pu JJJ1C.

BrusBrensl aBe Temmneparypubix obmactu JJJIC B oOnydeHHONW HEWTpOHAMM Hep KaBEIOLICH
cramu 12X18HI10T — 200-400°C u 425-625°C, B KOTOPBIX 3y0O4aTOCTh Pa3IM4aeTCs MO TUIY U
MHTCHCUBHOCTH. B HU3KOTEMIEpaTypHOi 00nacTi HabIr0AaeTCsl YMEHbIIEHHE HHTEHCUBHOCTU
JJIC BcnencTBue o0IydeHUSI.

Y cTaHOBIIEHO, YTO HEUTPOHHOE 00IyUYEeHHE apMKO-)Kelle3a MIPUBEJIO K YMEHBIIEHUIO dPdeKTa
OXpYITYMBaHUA B Juara3oHe TeMmeparyp mnporekanus mnpoueccoB JJIC u mnomasieHuro
3yO04aTOCTH Ha KPUBBIX TEUCHHSI TEM CHUIIbHEE, UEM BBIIIE (IIIOCHC.

PaccmoTpeHa 9BOMIONUS  MHUKPOCTPYKTYpbl ~ OOJIy4EHHOTO apMKoO-Kelle3a B XOJe
nehOopMaIMOHHOTO YIIPOYHEHUS U 00cyxknatorcs Mexanu3Mbl JIJIC B 00TydeHHBIX MaTepHranax.

[1] Caxbae M.XK. /Junamuueckoe Oegopmayuonnoe cmapemnue xicene3a U HEKOMOPbIX
JHCENIe30XPOMOHUKENEBbIX — CNIABO8, NnO0BEPeHYMbBIX  PAOUAYUOHHOMY  B030€liCMEUI0,
ABtoped.mucc...x.d.-M.H., Anmarsl, 1994, 22¢.

JJOKAJINBAIUA MAPTEHCHUTA BBJIM3U OTKOJIA ITPH YBH
HEPXKABEIOIIEN CTAJIH 12X18H10T

K.I'. Tonopuies, FO.H. 3yes, N.JI. Cesros, A.E. lllecrakos, A.B. IlaBnenko
Poccutickuii ghedepanvhwiii s0epHblil yermp 6CepoCcCUtiCKULL HAYYHO-UCCAEe008AMENbCKULL
uHcmumym mexnudeckou guszuxu um. akao. E.U.3ababaxuna, 2. Cnescunck, Poccus
(depS @vniitf.ru).

Cranp 12X18H10T mmpoko mnpumensercs B POSL-BHUUT®. Coueranne MexXaHUYECKHX
XapaKTEPUCTUK CTAJH, TAKUX KaK IMPOYHOCTb, INIACTUYHOCTh U yIapHas BS3KOCTb, €€ TEXHOJIOTUYHOCTh
(cBapuBaeMOCTh, KOPpPO3UOHHAsl CTOMKOCTb, M T.I.) JeNaloT €€ BecbMa IPHUBIEKATEILHON MpHU
M3TOTOBJIEHUU aMITyJl [ XPaHEHUS U MCIIBITaHUS TOKCUYHBIX U JIENSIIUXCA MaTepualoB. JlaHHas cTainb
AKTUBHO MCIIOJIb30BATACh BO B3PBIBHBIX IKCIIEPUMEHTAX.

PabGora BBIMOTHEHA C IETBIO BBIABICHHWS Ha MHKpOYpOBHe wm3MeHeHMd B cramm 12X18HI10T
MIPOUCXOASIINX MIPH yAapHO-BOIHOBOM HarpyxeHuu (YBH).

W3noxxeHbl pe3yabTaThl peHTTEHOTrpapuuecKoro MCCIe0BaHUs paclpeeleHls] MapTeHCUTa
nedopmarnuu B oOpasmnax u3 Hepkapewmed cramu 12X18H10T mperepmeBmux OTKONI TpU
YIApHOBOJIHOBOM HarpyKeHuW. Jlyig uccienoBaHUs PACOPEIECICHUS COACPKAHUS MapTEHCHUTA IIO
rIyOmHe BBIOpaHHOTO oOpasiia ObUT IIPOBENEH IMOCIOWHBIN PEHTTCHOCTPYKTYPHBIM aHAIM3 CO CTOPOHBI
orkoa. OOHapyXeHa JOKanIu3alus MapTeHCHTa AcdopManui BOJU3M TIOBEPXHOCTH OTKOJA.
CrenaHbl OLIEHKHU TOJIIIUHBI CII0s, B KOTOPOM IIPOUCXOUT JTOKATU3ALIUS.

100



TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

0,90

075 \ ; _ [ S

0,60 \\ \\
K

0,45 w

0,30 -

Omrowerve upmercubtoomed Augul
MODMEHCUMA U QLYCMeHUTA

—
0,15 L o

¥ T " ! ¥ T ¥ X 1
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350
Faccmoasue om noBepxXHoCMY  Omkoaa. MM

Jlureparypa

1. Tompmmreitn M.U., I'paueB C.B., Bekcnep FO.I'. Creyuarvuvie cmanu. Yuebnux ons
8y306. M.: Meramnyprus, 1985, 408 c.

2. lackonbckas M.IL., «Kpucmannocpagus», Beicuwas wxona. Bmopoe uzoanue, nepepao.
u oon. — M.: Berci. k., 1984. — 376 c.

3. A. Tunee. «Peumeenocpagpus Kpucmannos», meopus u npakmuxa. llepeB. c
dpanmysckoro E.H. benoroii, C.C. Keutku, B.I1. TapacoBoii mox pen. akanemuka H.B. benoga.
I'oc. uzn. gus-mat. aureparypsl. Mocksa 1961, 604 c.

4. T. Jluncon, I'. Ctunn «HMmnmepnpemayus nopowikosvlx penmeenozpamm». IlepeBon ¢
anriuiickoro E.H. benosoii u I'.I1. JIutBunckoii nox pen. H.B. benosa. M3nar. «MHWP» Mocksa
1972.

METAJIVIOT'PAOUYECKOE U ®PAKTOI'PAOHYECKOE
NCCIIEAJOBAHUME CTAJIM 12X18H10T ITOCJIE YAAPHOI'O
HAT'PYKEHUSA HA JIETKOTA30BOM IYIIKE

W.B. Toponos, JI.A. benses, FO.H. 3yes, H.B. lBanosa, A.B. [TaBnenxo 1.JI. CsiToB, E.A.
[ITecrakoBa
Poccuiickuii ghedepanvhwiil 10epHbIL YyeHMpP 8CePOCCULICKULL HAYYHO-UCCIE)08AMeNbCKULL
uHcmumym mexuudeckou Qusuxu um. axao. E.U.3ababaxuna, Poccus, e. Chedcunck
(dep5 @vniitf.ru)

[IpoBeneno meraorpapuueckoe U (pakTorpapuueckoe HCCIEeAOBaHUE O0pa3LoB U3
Hepxkagerolend aycreHuTHor ctanu 12X18H10T ¢ paznuuHol TepMOMEXaHUYECKOM UCTOpUEH (B
HUCXOJHOM COCTOAHHUHU, IIOCIIC TepMI/I‘lCCKOﬁ 06pa60TKI/I U TI0CJIC YAapHO-BOJHOBOI'O Hal"py}ICCHI/IH),
COXpaHEHHBIX I0CJIE yJapHOTO HarpyXeHus Ha ra3oBoil mymike. OmpeznerneH (a3oBblii cocras
Marepuaiia o0pas3loB B UCXOJHOM COCTOSHHM (ayCTEHHUT, OCTATOUHBIA (heppUT U BKIIOUEHHUS KapOuga
TI/ITaHa); IIOCJIC TCpMOO6pa60TKI/I, COHpOBO)KZ[aBIHCﬁCH HU3MCJIBYCHUCM 3CpHA (aYCTCHI/IT n BKJ'IIO‘-ICHI/IH);
MOCJe  YIAApHO-BOJHOBOI'O HArpy>KE€HHS (AyCTEHUT, BKIIOUCHHS M MAapPTEHCUT JehopMalli).
VYCTaHOBJIGHO, YTO paspylleHHe MaTepHajga II0Clie  YAapHO-BOJHOBOTO HATPYKEHHS HMEET
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MPEUMYIIECTBEHHO BS3KHHA XapaKTep M OCYIIECTBISETCS [0 MEXaHH3MYy 3apOXKIEHUS W CIUSHUSL
MUKPOIOP.

HNCCIEJOBAHUE NIPOHUIMAEMOCTHU TAXEJIBIX N30TOIIOB
BOJOPOJA YEPE3 HUKEJIEBBIE CIIJIABBI.

P.P. ®a3binos, FO.H. Honunckuii, E.A. [llecrakosa, FO.H. 3yes.
POAI-BHUUT®D, Poccus

B mnporecce paboTel peakTopa JAENEHUS C IKHUAKOCOJEBOM akTuBHOM 30HON (OKCP)
IPOTHO3UpYeTCs 00pa3oBaHME 3HAYMTENBHBIX KOJNWYeCTB TpUTHUA. [lyis KOHTposisi oboporta
TpUTHSI, 00JIa1aI0IIEr0 BHICOKON MOJBUKHOCTHIO, XMMHUECKON U paJlualliOHHON aKTUBHOCTHIO,
HEOOXO/JUMBI 3HAHUS O €ro IOBEJICHUHM B KOHCTPYKIMOHHBIX MaTepuajaXx MU (TOPUIHBIX
pacruiaBax.

B mHacrosmee Bpems B pamkax mnpoekta MHTIL[ #3749 BeimosnHeHa niepBast cepus
SKCHEPUMEHTOB B 3TOM HampaBieHuH. lIpoBelneHbl HM3MEpEeHHs CKOPOCTH MPOHUKHOBEHMS

Jeltepus U3 ra30Boil ¢as3el uepes miIockue oopasisl HuKeneBbix craBoB XHSOMTIO (Poccus)
u EM721 (CNRS, ®panius).

Omnpenenenbl K03((GUIMEHTH MPOHUIIAEMOCTH, TUPGY3UH U PACTBOPHUMOCTH JCUTEpUs B
JIaHHBIX CIJIaBax B auana3zone temnepatyp 473...1123°K npu naBnenuun aedrtepus 0,14... 89,8
k[la. Iloka3ano, 4ro TemmeparypHas 3aBUCHUMOCTb KO3(P(QHUIMEHTOB MPOHUIAEMOCTH U
muddy3un neritepus B crmiaBe XHS8OMTIO ummeer apeHWYCOBCKMI BHUII C OTKJIOHCHHEM B
oOmactu Temnepatyp 723...823°K.

Jis noHuMaHuss OOHApPY>KEHHOTO SIBJICHHS BBIMOJHEHBl HCCIEIOBAaHUS CTPYKTYPHOTO
COCTOSIHMSI CIUJIaBOB JO M TOCJI€ 3KCHEPUMEHTOB IO BOJOPOJONPOHULIAEMOCTH, PE3YJIbTAThl
KOTOPBIX TaK kK€ MPUBOJATCS B IaHHOI padore.

OBJYUYEHHME PACIIJTABOB METAJIJIOB MOIIIHBIMHA
JJIEKTPOMAI'HUTHBIMHU UMITYJIbCAMU

B.®. banakupes*, B.B. Kpeimckuii**, H.A. [1labypoBa***
HUnemumym memannypeuu YpO PAH (e. Ekamepunbype)
**FOocHo- Ypanvckuil cocyoapcmeennwiii yrusepcumem, 2. Yensounck, Poccus
(kvv@susu.ac.ru)
***I0cno- Ypanvckuil cocyoapemeennulil ynusepcumem, 2. Yensbunck, Poccust
(sarnata34 @rambler.ru)

PGI‘y.HI/IpOBaTB CBOﬁCTBa T'OTOBOI'O MCTAJJIOB MOXKHO y)Ke Ha HaAYaJIBHBIX CTaausX
MPUTOTOBJICHUSI — C TIOMOIIBIO BHEIIHETO BO3JCUCTBHUS Ha paciuiaB. M3BeCTHO, 4TO, BapbUPYs
PEKUMBI M1 METOABI 00pAaOOTKHM paciijiaBa, MOXKHO B IHIMPOKHX IpeNeIax U3MEHATh CTPYKTYpY H
CBOMCTBa MeTaJlIa.

TexHoMOTUYECKHE TPOLIECChl MPOU3BOJICTBA METANIMYECKUX PpACIJIaBOB  CBSI3aHBI  C
NEPEeBOJIOM HCXOJHBIX MAaTepuajoB B pACIUIABIEHHOE COCTOSIHUE U IOCIEIYIONIYIO
KPUCTAIIM3AIUI0 CHCTEMBI. TpaguIlMOHHO, WCCIEOBaTeIN OOJbIllee BHUMAHUE YIACISIOT
MMEHHO BTOPOW CTaJuH, T.€. MOMCKY ONTHUMAJIbHBIX YCIOBUN KpuCTAIM3anuu. [lonmbITku ke
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BO3JICUCTBUS HAa METAUl Ha CTaJMU paciilaBa OTrPAaHMYUBAIOTCS JIMIIb JIOTOJTHUTEIBHBIM
JeTMpoBaHUEeM U padUHUPOBAHHMEM, C LEIbI0 ONTHMM3AIMKM COCTaBa W yAaJeHHUs BPEIHBIX
npumeceil. B pabore mpemiaraercss crmoco0 BHEIIHETO BO3JEHCTBHA Ha  PacIuIaB,
o0ecreunBaroIMii MOJyYeHHE JIUTOTO METaJlla C OBBIIIEHHBIM KOMIUIEKCOM CBOMCTB.

B kadectBe BHemHEro (hU3MYECKOrO BO3JCHCTBUS Ha pacijiaB B paboTe paccMaTpuBaeTcCs
00paboTKa MOIITHBPIMUA HAHOCEKYHIHBIMH 3JIEKTPOMarHuTHEIMU ummyiabcamu (HOMIN).

BozgeiicTBue Ha pacrmiiaBbl METAUIOB  BBICOKOIHEPIETHMUECKUMHU  3JEKTPOMArHUTHBIMU
UMITyJIbCaMHU — HOBOE, MaJI0 MCCIIeZIOBaHHOE HamnpapieHue. Brepsoie B mupe ¢ 1996 r. nelictBue
BBICOKOMOIIIHBIX 3JIEKTPOMArHUTHBIX UMITYJIBLCOB Ha pa3iMyHbIe BEUIECTBA U3y4asioch B FOxHO-
VYpanbckoM ToCyIapCTBEHHOM YyHUBepcuTeTe. MCnosib30BAIUCh TEHEPATOpbl C HMIYJIbCHOM
MoITHOCThIO Oonee 1 MBT mpu anmutenbHOCTH uMmIyiabca | Hc. I'eHepaTopbl UMEIOT Malible
rabaputsl u Bec. [lorpebnsemas momHocTh MeHee 100 BrT.

O06paboTKy pacIuiaBoB MPOBOAMIN HAa yCTAaHOBKE, CXeMa KOTOPOW NprBeeHa Ha pHc. 1.

B nmpoBoauMbix SKcnepuMeHTax wucnois3oBaicsi reHeparop HOMM tuma GNP  co
CIICAYIONIMMHU XapaKTEPUCTHUKAMH: JUIMTENbHOCTh uMIyibca 0,5 Hc, ammuutyaa 6ornee 8 kB,
MOIIIHOCTh B OJIHOM HMITyibce Oonee 1 MBT, yactora moBTopeHus: uMiynbcoB a0 1000 I
I'enepaTopom (1) co3maBasicsi OMHOMOJAPHBIA UMMYJIbC ToKa. OauH 31ekTpos (2) reHeparopa
MOTPY’KAJICS B TUTEJb C PACIIJIABOM, a BTOPOM 3aKPEIUISIICSA Ha KOPIyCe TUTJIS.

BosgelictBue OMU Ha pacmiiaB OCylIECTBISUIM MOTPYKEHUEM Hu3iaydarens (4) B paciuiaB
MeTasia (6).

Bo3sgelictButo mojBepraiuch pacijiaBbl, Kak 4yepHbIX — ctainb 20JI, 20I'JI, wyryn CY 20,
HU3KOKPEMHUCTHIH 9yTyH ¢ 3,7 Mac.% C, Tak ¥ I[BETHBIX METAJLIOB — M€/, OJIOBSIHHOW OpPOH3BI,
AJTIOMUHUS], TPOMBIIIJICHHBIX CUJIYMUHOB, IIMHKOBBIX CIIJIABOB, CBUHIIOBO-IIMHKOBBIX | T.A. [1, 2,
3]. Bo Bcex MpoBOAMMBIX MCCIEAOBAHUAX NOMHUMO M3MEHEHUHN CTPYKTYpPbl M CBOMCTB MeTaslja
OBLTH U HEKOTOPHIE U3MEHEHHSI XMMHUYECKOTO COCcTaBa MeTaia [2, 4].

! -7 2 S 3 Puc. 1. CxeMa ycTaHOBKH i 00pabOTKH
I 4 METALINYECKHUX PACILIABOB:
= HOMU:
* 1 — reneparop HOMU;
o ::‘: = o 5 2 — poBOJA;
o % 12 ) 3 — acOecToBast KPBIILIKA;
ol N - o 4 — p3Tyyarens;
o|N - o
oIN ' o _ S —THUrens ¢ paciiiaBoM;
NS 5 0 6 — HarpeBaTeNbHas eYb COMPOTHBIEHHUS

Pe3ynpraTsl OONBIIMHCTBA MPOBEACHHBIX HE3aBHCUMBIX HCCIEIOBAHUN METAIJIOB U CILJIABOB
XOpOULIO COIIACYIOTCS APYr C APYIOM M OJHO3HAYHO CBHUJAETEIBCTBYIOT O IOJIOKUTEIBHOM
BJIMSTHUM JIEKTPOMAarHUTHOTO MMIYJIbCHOTO BO3AEMCTBHS HA CTPYKTYpY U CBOWCTBAa FOTOBOTO
metayuia. OgHAKO ClIeqyeT 3aMEeTUTh, YTO MOCIEIYIOIUe TEPMOOOPaOOTKU JIUTOTO MeTalla
HUBEJIUPYIOT PE3yJIbTaThl UMITYJIbCHOI'O BO3/1EUCTBUS.

Pabota aBTOpOB ABISETCS MPOJOIHKEHUEM pabOT 0003HAUEHHOTO HATIPABJICHHUS U MOCBSILEHA
U3yYCHUIO BO3JCHCTBHS HJICKTPOMArHUTHBIX MMITYJIbCOB Ha PACIUIaBbl CBUHIIA U JIETKOIIIABKUX
CILJIaBOB.

DIIeKTPOMarHuTHOE BO3JICHCTBHE Ha PACIUIaB CBHHIIA MPOBOJUIIOCH HA MPUBEICHHON BBIIIE
yYCTaHOBKE. J[MUTEN,HOCThIO UMITYJILCHOTO BO3JICHCTBUS HA pacIUIaB CBUHIIA ObLIa Pa3IMuHON —
0, 15, 30 u 60 MUHYT.
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HccnenoBanne MUKpOCTPYKTYpPBI, IPOBOAMMOE PacTpOBOM 3JIEKTPOHHOM Mukpockone JEOL
JSM-6460LV nokaszano:

1) @a3oBbIii cocTaB 00pa3LOB OJMHAKOBBIM W MPEJCTABICH CICIYIOIUMH (a3zaMu:
CBUHI[OBUCTOM MaTpHLEH, KPUCTAJUIAMHU CYPBMBI, BBIJCIMBIIMMUCSA IO TPAHMIIAM CBHHIIOBBIX
3epeH, cynbpuanbivu (Cu, As, Sb, S)- u PbS- dazamu.

2) B MUKpOCTpYKTYpe 00pa3IioB UMEIOTCSI HEKOTOPBIE XapaKTepHble oTiauums. B oOpasie, He
MOABCPTHYTOM JBJICKTPOMAarHuTHOMY BO3,Z[€I>'ICTBHIO, npe06ﬂa;[aI0T HCPABHOBCCHLIC BbIICJICHUA
9BTEKTUYECKUX KPUCTAJIOB CYpbMBbI, KOTOPbIE B HEKOTOPBIX ydacTKaX MUKpOILIHda 00pa3yroT
CIUIOIIHYIO CETKYy Mo TpaHuuam 3epeH. Cynab(puaHble BKIIOUEHHS CPAaBHUTEIBHO KpPYIIHBIE,
KOMIIAKTHbIE U HEPABHOMEPHO PACIIpeIeTICHbI IO MOBEPXHOCTH MUKPOILTUDA.

B ocrampHBIX 00pa3max HaONIOMAeTCs CHW)KCHHE JIOJIM OBTEKTUYECKUX BBIJICICHUN
KPUCTAJUIOB CYpbMBI, KOTOPBIE CTAHOBSATCS JHUCIEPCHBIMU. OTMEYEHO NOBBIIICHHUE 0N
Cynb(UIHBIX BKIIOYCHH B CTPYKTYPE.

st HeoOpaboTaHHOTO UMITYJIbCAaMHU 00pa3iia XapakKTEePHO HAJTWYHE JIMKBAIUUA 1O OCHOBHBIM
npuMecHbIM 3nemMeHTaMm (Sb, Cu, As). BcrmeactBue 3Toro, B OTHENBHBIX O0JIACTAX MeTasia
KOHIICHTPAIIUS dTUX 3JIEMEHTOB JIOCTUTAET SBTEKTUYCCKOTO COCTaBa M MMPOUCXOAUT 00Opa3oBaHue
HEPABHOBECHOW IBTEKTUKH.

HccnenoBanue BIUSHUE 3JIEKTPOMArHUTHON 0OpaOOTKH pacIiiaBOB JIETKOIUIABKUX CIJIABOB
[I0KAa3aJI0 CIENYIOLIEe.

Hccnenyemple crumaBel 38 % Pb — 62% Bi u 32% Pb — 50% Bi — 18% Sn Obumn
MPUTOTOBJICHBl B JIA0OPATOPHBIX YCIOBUSIX M3 TEXHHUYECKH YHUCTHIX KOMIOHEeHTOB. [locie
pacruiaBieHus] BCEX KOMIIOHEHTOB PacIlIaB MEPEMEITUBANICS, U OTIUBATACh KOHTPOJIbHAS TIpoda
JUIsL aHajn3a XHMHUYECKOro cocTaBa. [lanee mosioBMHA paciuiaBa pas3iuBaiach B alyHIOBBIN
TUTENb, BTOpasi MOJOBHHA KAXKJOTO CIUIaBa — MOJABEpPrajgach BO3ACHCTBUIO AJIEKTPOMATHUTHBIX
UMITYJIBCOB B TeueHue 10 MUHYT, 3aTeM Takke Opajiach mpoda Ha XMMHUYECKHUH COCTaB, OCTATKH
MeTaslla 3aIMBAICh B ATYHJIOBBIM TUTETIb.

MuxkpocTpykTypa 00pa31ioB UCCIIeI0BaIach Ha MOJMPOBAHHBIX HETPABJICHBIX NUTH(AaX.
XapakTepHble MUKPOCTPYKTYPHI CIIaBOB MTOKa3aHbl HA PUCYHKaX 2, 3.

CornacHo auarpamme cocTtosiHuid Pb-Bi cmiiaB oTHOCHTCS K 3a’BTeKTHUECKUM. Da3oBbIN
COCTaB 3aIBTEKTHUYECKUX CIUIaBOB B cucteme Pb-Bi mpencrasnen aByms (azaMu — IepBUYHBIMU
KpUCTAJUIAMH BUCMYTa, KPUCTAJUIM3YIOIIMMUCS W3 JKUAKOW a3kl W JBOWHOM CBUHIIOBO-
BHCMYTOBOI 3BTEKTHKOM, Kpuctammuzytouieiics npu 125°C. KonnuecTBo CBUHIIOBO-BUCMYTOBOM
9BTEKTUKH B CTPYKTyp€ YKa3aHHOIO CIUIaBa IPU PAaBHOBECHOM KPUCTAJUIM3ALUU OJIKHO
coctaBiATh nopsaaka 70%, a nepBUYHBIX KpUCTaIoB BucMyTta — 30%.

HccnenoBanusi MUKPOCTPYKTYpPBl HEOOpaOOTaHHOTO HWMITYJIbCAaMH O0Opasiia TMOKa3alid, YTO
KOJIMYECTBO HBTEKTHKH B CTPYKType oOpasua He mnpeBbimaer 45-50%, COOTBETCTBEHHO
MEePBUYHBIX KpUCTAIIOB BUCMYTa — 50-55%. OTMEUeHHOE COOTHOIIEHNE (Da3 CBUIETEIHCTBYET O
MPOTEKAaHWW HEPABHOBECHOW KPUCTALIM3AlMK, OOYCIIOBICHHOW, IO BCEH BHUIUMOCTH,
YCKOPEHHBIM OXJIAXK/IECHUEM.

XapakTepHbIM OTJIMYHEM MHKPOCTPYKTYpHI —CIUIaBa, OOpaOOTaHHOTO UMITYJIbCaMH B
pacIjiaBI€HHOM COCTOSIHMHM, SBIISICTCA 3aMETHO MEHbIIEEe KOJUYECTBO NMEPBHUUYHBIX KPHCTAJIOB
BrUcMyTa. KonnuecTBO NepBUYHBIX KPUCTANIOB BUCMYTa HE MPEBbILAET 5%.

CrnenoBarenbHO, B Cllydae CIljlaBa, OOJyYEHHOTO 3JIEKTPOMArHUTHBIMM MMIYJIbCAMU MOKHO
TOBOPUTH O IIPOTEKAHUHU PABHOBECHON KPUCTAJIIIU3ALMH.

Ha puc. 3 nmoka3aHbl xapakTepHbIe MUKPOCTPYKTYPBI CIUIABOB cucTemMbl Pb-Bi-Sn.
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Puc. 2 — MukpoctpykTypa oOpasima
HeoOnydeHHoro (a) u oOmydeHHoro (0)
nByXxKoMmoHeHTHOro 38 % Pb — 62% Bi
CIUTaBa

Kak wcxomHblii, 1 00paOOTaHHBIN MOIIHBIMU 3JIEKTPOMArHUTHBIMU HMITYJIbCaMH OOpa3ell
colepxaT B CTpYyKType 3 (a3bl — mepBUYHBIE KPUCTAUIBI BUCMYTa, OKAWMIICHHBIC JTBOWHOMN
OJIOBSIHHO-BUCMYTOBOM 3BTEKTUKOH, TpOWHAs CBUHLIOBO-OJIOBSHHO-BUCMYTOBAasi 3BTEKTHKA
pacroiaraercsi Ha iepudepuu.

B MHKpOCTpYKType CIUIaBOB HaOJIIO/IaeTCsl CYIIECTBEHHOE pa3iuuue B KonuuecTBe (a3. B
CTPYKType 00pab0TaHHOTO CIIJIaBa MPAKTHYECKH OTCYTCTBYIOT MEPBUYHBIC KPUCTAUIBI BUCMYTA,
3aMETHO CHUKAETCS KOJIMYECTBO JIBOMHOU DBTEKTUKHU.

Jlng uccieqyeMbIX CIUIAaBOB MPOBOJMIMCH M3MEPEHUS INIOTHOCTH METOJOM TPEXKPATHOIO
B3BELIMBaHMA. Pe3ynbTarhl MpeacTaBieHsb! B Ta0I. 1.

Taoauna 1
3HaueHus TUIOTHOCTH UCCIEAYEMBIX CIUIABOB
Oopa3zen IloTHOCTBD,
r/em’
CmuiaB Pb-Bi, ncxoaHbiin 10,421
CmuiaB Pb-Bi, o6paboranubsiit HOMU 10,537
Cmutas Pb-Bi-Sn, ncxoaubii 9,779
CmiaB Pb-Bi-Sn, o6paborannsiit HOMU 9,905
YucTeIll CBUHEL, UCXOIHBIN 11,132
Uucteiii cBuHen, oOpaboranneii HOMU ¢ 10,934
TedeHue 15 MuHyT
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Uucteiit cBunen, oOpabotannbiii HOMU B 10,482
teueHune 30 MUHYT

Uucteiit cBuHen, oOpabotannbii HOMU B 11,080
teueHue 60 MUHYT

Puc. 3 — MukpoctpykTypa oOpasia
HeoOMydeHHoro (a) u oOsydeHHoro (0)
TPEXKOMITOHEHTHOTO CILIaBa

CpaBHEHHE TBEpAOCTH CBUHIIOBBIX 00Pa3IoB MOKa3aio (Tadi. 2):

Taoauna 2
3HaueHUe TBEPJOCTH JIUTHIX CBUHIIOBBIX 00PA3IOB
Ne obGpasma Cpenusis
TBEPIOCTb,
HB

YucTeli CBUHEL, HCXOIHBIN 11,6
Yucrsiii cBuHel, oopadboTannbiii HOMMU ¢ Teuenue 15 MuHyT 12,6
YucTernii cBuHel, 06padotanubeiiit HOMU B Teuenne 30 MuayT 10,9
UYucrsiii cBuHen, oopadborannsiiit HOMU B Teuenue 60 MuHyT 13,4

Takum 0o0pa3zom, Mo pe3yabTaTaM MPOBEIEHHOI'O HCCIEAOBAHHUS MOXXHO 3aKJIIOYUTh, UYTO
BO3/JCHCTBUE Ha pACILIaB CBHHIA M JIETKOIUIABKUX CIUIABOB MOIIHBIMH HAHOCEKYHIHBIMU
3IIEKTPOMArHUTHBIMH MMITYJIbCAMU CITIOCOOCTBYET Pa3BUTHIO PAaBHOBECHOW KPUCTAJUIM3ALUHU BO
BCEM OO0BbEME MeTayla, M3MEIbYEHUIO CTPYKTYpPbl M YIYULIEHHIO CBOMCTB MeTaimia. Yto

106



TEXHUKA 1 METOJAUKA DKCIIEPUMEHTA

IIOATBEPKIAET PE3YJIBTATHI IIPOBEICHHBIX PAHEE DKCIIEPUMEHTOB.

HHUP nposooumcs 6 pamxax pearusayuu PILI1 « Hayunvie u nayuno-nedazoeuyeckue Kaopol
unHnosayuonrou Poccuu» na 2009-2013 200wbi.

Jlutreparypa

1. Pu 3.X., Pu Xocen, Hopodees C.B., SAxumoB B.U. Brusnue obnyuenus scuoxoi ¢hazol
HAHOCEKYHOHbIMU —~ INEeKMPOMACHUMHbLIMU — UMNYIbCAMU — HA — ee  CmpoeHue,  Npoyeccyl
KPUCMAnIu3ayuu, Cmpykmypooopasosauue u C80UCMEd JUMEUHbIX CHIA808. — BIaInBOCTOK:
JanbHayka, 2008. — 177 c.

2. banakupe B.D., Kpeimckuii B.B, KynakoB b.A., Pu XoceH. Onexmpoumnynvchuie
Hanomexnonozuu [ oy pexn wi.-kopp. PAH JILA. Cmupnosa. — Exarepunbypr: YpO PAH, 2009.

3. Iabypoa H.A. @opmuposanue cmpyxmypvi u ceoticme aumeuHvlX aitOMUHUEBbIX
CNiago8 noo GuusHUeM 0epOPMAYUOHHBIX U INEKMPOUMNYIbCHBIX B030€UCMBULL: OUCC. KAHO.
mexn. Hayk. — Yensounck: 2007. — 176 c.

4. B.®. bamakupes, B.B. Kpemmckuii, H.A. [llabypoBa OnexmpomacHumrnoe obO1yuenue
pacnnaeos | Te3ucvl 00KIA008 B0CLMO20 MEHCOYHAPOOHO20 — YPANbCKO20 — CeMUHAapda
«Paouayuonnas gpuzuxa memannos u cnnasoe». — Caexunck. 2009. — C. 29-31.

SOPOEKT OC IIPU BO3JAENCTBUN HEMTPOHOB C DHEPI'MEMN 14
MDB HA KHU CBUC CTATHYECKOI'O O3Y.

E.IO. lllamaes, A.I1. CrenoBuk, B. I1. Hlykaiino
Poccuiickuti @edepanvuwiii Aoepnuiii yenmp — Beepoccutickuut HUU Texnuueckoui @usuxu,
456770 Poccus, Cuesicunck, Yensbunckasn oon. a.s. 245 (depS @vniitf.ru)

[Ipu B3ammoaeiicTBUM HEHUTPOHOB C dHeprueil 14 M»pB ¢ momynpoBOoIHUKOM 00pa3yroTcs
JOKallbHble O00JacTh BbIJENEHUS OSHEpruu. B cBI3M ¢  pa3BUTHEM COBPEMEHHOMU
MHUKPO3JIEKTPOHUKH 1O MYTH YMEHBUIEHHS] T€OMETPUYECKUX Pa3MEPOB OTIEIbHBIX AKTUBHBIX
3JIEMEHTOB, JIOKaJIbHAsl 00JIaCTh BbIIEICHUS SYHEPTUU CTAHOBUTCS COIIOCTAaBUMOM IO pa3MepaM ¢
aKTUBHON 00J1aCThIO MHTETPAIBHOIO TPAaH3UCTOPA. BenencTBue aToro, HEHTPOHBI ¢ dHepruei 14
M5B moryT BeI3bIBaTh onuHOYHBI cOoit (OC) B mudppoBeix UMC, To ecTh mepexiIoueHue
JIOTMYECKOTO COCTOSIHHSI SIY€EK MaMSITH, TPUITEPOB U JIOTHUECKUX BeHTwiIeH 1udposeix UMC,
CBS3aHHOE C TeHepalueil OTHOCUTENbHO OOJBIIOTO JIOKAJBLHOTO 3apsijia B aKTUBHOM oOnactu
npubopa.

HaunGosiee BepoOsSTHBIM MEXaHU3MOM B3aWMOJICHCTBUS HEUTPOHOB C 3Heprued 14 MbdB u
KpeMHHUsl sBJsieTcss oOpa3oBaHHe MepBHYHO-BBIOMTHIX aTtoMoB (IIBA). B stom mpormecce
IPUCYTCTBYIOT TAaKXXE€ U IIOPOTOBBIE SAECPHBIE PEAaKLHMH, HO HX CEUYCHHE B3aUMOJICHUCTBUSA
HE3HAYUTEIIBHO.

O6pazyrommecs [IBA umeror cpenHioro sHepruto nopsanka 960 k3B u nuHeliHyo morepro
sHepruu (JIIIJ) oxono 6 MbaB*cm?/ur.

Ienwsto mannoi pabotsl Obut0 Hccaenoanue 3pdexra OC B BUC KHU cratuueckoro O3Y
(CO3Y) npu BO3ACHCTBUM HAa HUX HEUTPOHOB ¢ 3Hepruei 14 M»aB. IlomyueHHble pe3ynbTaThl
MOATBEPKIAIOT, UYTO HEUTPOHBI ¢ SHepruer 14 M»sB BezsiBatoT OC.
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Pucynoxk 1 — 3aBucumocTu kommdectBa cooeB CO3Y oT BenmmunHbI UIFOSHCa TIPpH 00TydeHuH
HeUTpoHaMmH ¢ 3Hepruel 14 M»sB, nomydeHHbIC B HECKONIBKUX DKCIEPUMEHTAX.

Ha pucynke 1 mpencraBnensl 3aBucumoctd kosnmdectBa OC 0T QuitoeHca HEHTPOHOB C
sHeprueit 14 M»B, monydeHHBIE B pa3HBIX dKCIepuMeHTax. Pa3dpoc 3HaueHM Ha HaYaIbHOM
y4acTKe 3aBUCHUMOCTEH HOCUT CTOXacTHuecKuil xapaktep. Ilpu Oonpimx 3HaueHUsX QiroeHca
XapaKTEPUCTUKU HAYNHAIOT CXOIUTHCS.

B pabote Takke mpezcTaBieHa olleHKa BO3MOHOTO konmuectBa OC ot ¢uroenca 14 MsB
HEUTPOHOB.

METAJUVIOTPA@UYECKOE HCCJIETJOBAHUE XPOMOHHUKEJIEBBIX
CIITABOB 10 ! ITOCJIE KOPPO3MOHHBIX UCIIBITAHUN

E.A. lllecrakosa *, B.I'. Cy66otun*, B.B. Carapamze**, A.N.CypeHKOB***,
C.M.Hogropoaues*, 1.B. Toponos*, [I.A. bensie™
*POAL[-BHUUTD, 2.Creorcunck, Poccus
**UDM, 2. Examepunbype
***PHI[-Kypuamosckuu uncmumym, 2.Mockea

Kak u3BecTHO, B HacTosiiee BpeMs HaOII0JaeTCsl MOBBIILIEHUE MHTEpeca K HKHUIKOCOJIEBBIM
SIZIEPHO-?HEPreTUYECKUM ~ CUCTEMaM, MMEIOIUM [pPEeUMYIIecTBa TMepea TPaTULUOHHBIMU
CHUCTEMaMHU I10 TaKUM HapaMeTpam, Kak 3Q(GeKTUBHOCTh MCIOIb30BAaHUS MPUPOIHBIX PECYPCOB
SIZIGPHOTO TOIUIMBA, 3aMBbIKAHUE SIIPHOTO TOIUIMBHOrO MHukjia, noseimienue KIIJ, pemenue
npobsieM HepacrpocTpaHeHus U T.h. OIHUM U3 BaXHEWIIUX BOMPOCOB MPHU CO3JaHUM TAKOTO
poJla CHCTEM SIBIIIETCSI BBIOOP MAaTEPHAIOB, COBMECTHMBIX C KUIAKOCOIEBHIMU KOMITO3UIIUSIMHU H
UX «KHBYYECTbIO» B IIPOLIECCE IKCILTyaTalUH.

Jns momyuenus tpeOyemoil mHGopManuu ObUIM MPOBEACHBI CPAaBHUTEIbHBIC MUCCIEIOBAHUS
W3MEHEHUN CTPYKTYPHOTO COCTOSIHHMSI HEKOTOPBIX CIJIABOB Ha OCHOBE HUKEIIS, NMEPCIEKTHBHBIX
JJIs1 UCIIOJIB30BAaHHUA B ) KUJAKOCOJIEBBIX CUCTEMAX, 40 U ITIOCJIC 3KCIIO3UIIUU B pacnnaBHo—coneBmx
KOMITO3HMIMAX. B Hacrosmieil paboTe mpeacTaBleHbl pPE3ynbTaThl MeTaIorpaduyecKoro,
dpakTorpaduueckoro u 3JIEMEHTHOr0 (MHKPOPEHTTEHOCIIEKTPaIbHOTO) aHajdn3a CIUIAaBOB
XH80M-BU, XHS8OMTHIO, XH8OMTB, EM721 B HCXOITHOM COCTOSIHUU M TIOCJIE€ KOPPO3UOHHBIX
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ucnelTaHui, npoBen€HHbIX B coisax 15 LiF -58 N a F -27Be F 2 u LiF -T hF 4- UF 4 npu
temnepatype 700C. Ha ocHOBaHMM MOJIyYEHHBIX NAHHBIX CIEJIaH MPEABAPUTEIIbHBIN BBIBOJA O
npeumyiectse cruiaBa XHEOMTIO ¢ Touku 3peHns KOppO3MOHHON YCTOMUMBOCTH.
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VIL.Pa0ouun
cemuHnap MHTI]

IIpoBenenue ceMuHapa MO3BOJMT OPraHU30BaTh HMIUPOKYIO TUCKYCCHIO M 00CY:KIeHHe
NMpeACTABJEHHBIX Pa0oT, YTOUYHUTH NMPOrpaMMbl JaJbHEHIINX UCCIeJ0BAHNI, YCTAHOBUTDH
TBOPYECKHE CBSA3M U ONpeAeJUTh KPYr mpodjeM, KOTOPble MOTEHIHAJIbHO MOIYT CTATh
OCHOBOI1 HOBBIX COBMECTHBIX HCCJIeI0BAHUI, B TOM 4YHcJjIe, o npoekram MHTII. Oxnoii u3
3aJa4 ceMHHapa sBJsercd, NPH YCJIOBHU BbliAeleHus (puHancupoBanus or MHTII,
o0cyKaeHHe TpenIoKeHUd mo mnpoektam u3 06a3bl AaHHblx MHTIL (moayyuBmmm
onobOpenune 0e3 (GUHAHCMPOBAHMS), TNPEICTABJSIOIINX TOTEHIUAJBHBIA HHTepec sl

peau3aluy B MHTepecax siiePHOH JHePreTHKN H HAHOMAaTepHaI0BeeHH.






PABOYMIA CEMWUHAP MHTI]

BJIMSHHUE BOAOPOJA U HU3KOTEMIIEPATYPHbBIX HEWTPOHHOI'O
U 3JIEKTPOHHOI'O OBJIYYHEHHUHN HA PATUALITMOHHY1O
HOBPEXIAEMOCTBb AYCTEHUTHOU CTAJIN

Ap6y3oB B.JL.*, Tomunkwuii b.H.*, lanunos C.E.*, 3yes FO.H.**, Kappkun A.E.*,
Carapamze B.B.*

*Uncmumym Quzuxu Memannoe ¥YpO PAH, Examepunoype, Poccus.(arbuzov@imp.uran.ru)
*+PDAL] BHUUT®D, Cueoicunck, Poccus

MeTtonaMu 31€KTPOCONPOTHUBIIEHUS, NIEKTPOHHON MUKPOCKOIIMU M METOIOM U3MEPEHUS MeEX.
CBOMCTB mpu HHU3KoTeMmiieparypHoM (77 K) 5JIeKTpOHHOM U HEUTPOHHOM OOIydeHHSIX
UCCIICIOBAHbl HAKOIJICHHWE M OTXKUT paJUallMOHHBIX JE(PEKTOB B ayCTEHUTHOM CTaiu
16Cr15Ni3MolTi sBnsromielics NEPCIEKTUBHOW B KadeCTBE PEAKTOPHOIO paaHallMOHHO-
CTOMKOT0 MaTepHaya B HachIIEHHOM BoaopoaoM 10 300aT. ppm COCTOSHUU U B HEHACBIILIEHHOM
COCTOSIHUH.

[Ipoananu3upoBaHo BiIMsHUE BoaopoAa W HuzkoremneparypHoro (77 K) HEUTpoHHOro u
AIIEKTPOHHOTO OOMyYeHUs] HA MEXaHWYECKHUE CBOWMCTBA W OCTATOYHOE DJIEKTPOCONPOTHBIICHUE
aycreHUTHOM cranu. [lomyyeHo, yTo HaChIIEHHE BOJOPOIOM IPUBOIUT K YBEIMUEHUIO Mpeena
TekydecTd. OOnydeHHe OBICTPHIMH HEHTPOHAMH TAaK)Ke YBEIMYMBACT TMpENeNT TEKy4ecTH.
Bopopon npakTudyecku He OKa3bIBaeT BIUSHUS HAa PaJUAllMOHHOE YIIPOUYHEHUE, HO CKa3bIBAETCS
Ha IPUPOCTE OCTATOYHOTO JIEKTPOCOTPOTUBIICHUS.

[TepekpriTHE KackaJoB CMEIICHUS MPU OOJTYYCHHUH HaYyMHAETCs MpHu (IrroeHce OOJbIe, 4YeM
1,5x10" oM™ Habmomgaercs IIPAKTUYECKU JIMHEWHAs CBA3b MEXKIYy IIPUPOCTOM IIpenesna
TEKy4eCTH AO0p, U KOPHEM KBaJpaTHBIM M3 IPUPOCTa OCTATOYHOI'O AJIEKTPOCONPOTHBIICHHS
(KOHILIEHTpallMK1 HAKOIJICHHBIX PaJUallMOHHBIX J1e(eKTOB) 4 2 npu BceX (priroeHcax HEHTPOHOB
U DJEKTPOHOB. DTO CBHUICTEILCTBYET O TOM, YTO BKJAJ OT pPaJUALMOHHBIX Ie(PEKTOB B
OCTaTOYHOE 3JIEKTPOCOMPOTUBIICHUE HE 3aBUCUT OT TOTO pacCIpelieleHbl OHM FOMOT€HHO WU
HaXOJATCS B 00JIACTH KAaCKaJ0B CMELICHHS, JaXKe KOT/1a JOCTUTHYTO EePEKPBITHE KACKAIOB.

[TpoBeneH aHanu3 BIUSHUSA KAaCKaJ0B CMELICHUH M FOMOI€HHO PACHpPENEICHHBIX CBOOOAHBIX
nap @penkens Ha GU3NKO-MexXaHHUECKUE cBoiicTBa aycTreHUTHOH ctanu 16Cr1SNi3MolTi.

Paboma noooepoicana npoexmom MHTIL] Ne 3074.2, npoexkmom PDPDU Ne 11-02-00224 u
npoexmamu Ilpezuouyma YpO PAH Ne 09-M-23-2004 u Ne 10-2-05 AL].

HEUTPOHOI' PAOMYECKOE M3YUEHUE MUKPO- U
MAKPOHAIIPSI)KEHU B KOHCTPYKIIMOHHBIX CTAPEIOIINX
CILIABAX JIJIS1 ATOMHOM SHEPTETUKHU NOCJIE TEPMUYECKOI'O
U PAJIMAIIMOHHOT O BO3JENCTBUIA.

B.N.BobpoBckuii
Hncmumym ¢puzuxu memannos YpO PAH, Examepunoype, Poccus (bobrovskii@imp.uran.ru)

[Tpoext MHTILI #3074.2 HanpaBlieH Ha U3y4YEHHE MUKPO- U MaKpOHANpPsHKEHUN B o0Opasiax
paauanMOHHO-CTOMKHUX CTallel, MCIIOJIb3YEMBIX B SJIEPHBIX peakTopax. B Xxone BbIOIHEHMS
IIPOEKTa 3aIUIaHMPOBAHO KOMIUIEKCHOE HCCieloBaHuEe 00pa3lioB 3yyaeMblXx MaTepuanos. [lpu
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3TOM B Ka4e€CTBE OCHOBHOTO METO/1a UCCIIEIOBaHM BhIOpaHa HEHTpOHHAs AU(PaKIHsI BBICOKOTO
pa3pelieHus, NO3BOJIAIOIAs U3MEPITh KaK MUKPOHANPSDKEHUS, BOSHUKAIOIUE MPU OOIy4EeHUH
WIA pacrmajge TBepaoro pactBopa (¢ oOpa3oBaHHMEM HWHTEPMETAIUAOB, KapOWUIOB,
paZMaloOHHBIX KJIACTEpPOB M JAPYIMX BBIIENEHUH) B 3aJaHHBIX o0ObeMax o0Opasla, Tak U
HalpsDKEHUsT B CBAapO4YHOM IuBe. lleHTpaJbHOM 3ajadedl HACTOALLErO IIPOEKTa SIBISAETCS
U3MEpEHUE BHYTPEHHUX MMKPOHAINPSDKEHUH B 00beMe 00pasloB M3 paauallMiOHHO-CTOMKHX
cTajel mnpu oOpa3oBaHHM, pOCTE M KOATYISIMM JAUCHEPCHBIX YacTUI[ BTOPOM (a3bl,
CYIIECTBEHHO BIMSIOIIMX Ha TOPOOOpa3OBaHHUE.

Jlns meneit mpoekTta ObUT MOATOTOBIEH HEoOXoauMblid HaOOp oOpasuoB. [IpoBemeHbl mx
TepMooOpabOTKa,  arrectammsi cocTaBa M CTPYKTyphl.  [IpoBeneHO — 3JIEKTPOHHO-
MUKPOCKOIIMYECKOE W HEUTPOHOTpadUUIECKOe HCCIICJOBAaHHE MHUKPOHANPSHKEHUN B oOpas3iax
coctapeHHor crtanu 40X4TI'18d2, X16HISM3T1 u H26XS5T3. IlomuMo 3TOro ¢ mnoMouipro
HEUTpoHOTpauK BBICOKOTO pA3pPEUICHUS MCCIEIOBAHBI MAaKpO- W MHUKPOHANPSIKEHUS B
HCXOJIHOM COCTOSIHMM (0 HEHTPOHHOTO OOJydeHHs) B oOpa3liax KOPIYCHOW CTalM peakTopa
BBOP (dhepput mapku 12XIT'MDAA).

Ob6napyxxeHa Oounblllasi pa3HHUIA B CTPYKTYPHOM MEXaHHU3ME HWHTEPMETALUTUIAHOIO U
kapOuaHoro cTapenus craneid H26X5T3 u 40X41'18D2.

BrimonHeHsl McclieqoBaHUS JCHCTBUS AJNEKTPOHHOTO W HEHUTPOHHOTO OOJIyueHHs Ha
paauanMoOHHO-UHIYIITMPOBAaHHBIE CTPYKTYypHO-(a3oBbie mpeBpamenus B cruiaBe Fe-Ni-Ti mpu
temneparypax oOmyuenuss 320-340 K. IlomydeHsl [1030BbIE 3aBHCHMOCTH H3MEHEHHS
MHUKpPOHAMNpPsKEHUH NpH 00pa30BaHUN BaKaHCHOHHBIX KJIACTEPOB B ayCTEHUTHOM cIulaBe Fe-Ni B
nporiecce 00aydeHHs OBICTPBIMU HEUTPOHAMH U JeKTpoHamu Tipu 340 K.

VYuactue B [IpoekTe mo3Boimio 00beIMHUTD YCUIIUS UccienoBareneil n3 MHcTuTyTa Gusnku
merauioB YpO PAH (ExarepunOypr), Jlaboparopuu Helitponnoit ®@usuku OO0beIHMHEHHOTO
WNucruryra Anepusix Uccnenosanuii ([lyona) u Poccuiickoro @eaepansuoro Anepuoro Llentpa
— Bceepoccuniickoro  Hayuno-UccnenoBarensckoro  Mucruryra texHuueckot — Dusuku
(CHEXUHCK).

N3MEHEHHUE CTPYKTYPHBIX ITAPAMETPOB PEHIETKH "
IJEKTPOHHBIX CITEKTPOB INVIEHOK r-GaN HA CAII®UPE I1PU
PEAKTOPHOM OBJYYEHHUH

B.H. bpynueiii*, H.I'. Komua**, A.B. KocoOymkuii***
* HayuonanvHolil uccnedosamenvckuti Tomcekutl eocynusepcumem, Tomck, Poccust
**Oonunckutl punuar HUOXU um. JILA. Kapnosa, Obnunck, Poccus
** Kemeposckuii cocynusepcumem, Kemeposo, Poccus
(brudnyi@mail.tsu.ru)

PeannHrie YCJII0BUA BbIpallluBAHUW INICHOK HUTPUAOB HA IMOJIOKKAX MPUBOAAT K INOSABJIICHUIO
paCTATUBAIOIIMX U CXKHUMAIOMIMX OJHOOCHBIX U JIBYXOCHBIX (OMaKCHaNbHBIX) YIPYTUX
HanpspkeHud. JlOMOJHUTENbHBIM BHYTPEHHUM HANpSOKEHUSM TaKXKe CIOCOOCTBYET BBICOKAs
KOHIIGHTpALUsl paJuallMOHHBIX JIe(eKTOB B OOJyueHHBIX HUTpHAax. Bce 3To oOycmaBiuBaer
BBICOKMI MHTEpEC K HW3YYCHHMIO BIMSHHS BHEIIHETO TUAPOCTATUYECKOTO JAaBJIEHUS U
AQHU30TPONHBIX YIPYTUX HANPSIKEHUM PacTSKEHUS/CKATHsl HAa CTPYKTYPHBIE M 3JIEKTPOHHBIE
napaMeTpbl MOTYNPOBOTHUKOBBIX HUTPUIOB A°N.

B pa60Te CUCTCMATUYCCKU HCCICIOBAHO BJIIMSIHUC BHCIIIHETO FI/II[pOCTaTI/I‘IeCKOI‘O JdaBJICHUA
1o 40 I'Tla; oqHOOCHOM AedopManK PacTsHKEHUS U CKATHUS BIIOJIb TeKCaroHaJIbHOW OCH ¢ TIPH

114



PABOYMIA CEMWUHAP MHTI]

yueTe pelakcalii KPpUCTAJUTMUECKON PelIeTKH BAOJIh OCH @; a TakKe ABYXOCHOU nedopmanuu
pacTsKEHUS M CKATHS B TIJIOCKOCTH OCHOBaHUs anemeHnTapHou sueiiku (0001) ot -10 mo 10 I'Tla
IpU y4eTe perakcaliy KPUCTAJUIMUECKON pPElIeTKH BJIOJIb OCH ¢ Ha 3HAYEHUS CTPYKTYPHBIX
[apaMeTpOB PELIETKH d, ¢ U U, JJIMHBI BAJICHTHBIX CBS3€M, DHEPIMM 30HHOM CTPYKTYpHI U
MOJIO’)KEHUE YPOBHA JIOKalIbHOW 3apsiaoBod HeuTpanbHocTH (YJI3H) B n-GaN BropuuTHOM

CTPYKTYpPBI

[IpoBenensl u3MEpeHUsT MapamMeTpoB pemeTok B rerepocTpykrype n-GaN/AlL,O; npu
O0Ty4eHHH pPEaKTOPHBIMH HEUTPOHAMH MOTOKAMHU [0 7.25%10" cm. BbisiBIeHO YBEJIMUECHHUE
napametpa ¢ 110 0.38% B menke n-GaN npu nMpakTUYECKON HEM3MEHHOCTH napamerpa a B GaN
u AlOs;. IlokazaHo, yTo B oOnyueHHOH IieHKe n-GaN BenuMurMHA HAPSKCHUS PACTKCHUS
BIoJb ocu ¢ aocturaer 1.5 GPa, torma kak B 0a3aJibHOM TUIOCKOCTH 3JI€MEHTAPHOU SYCHKH
BeJIMYMHA HampspkeHust cxkarua Ommska 0.5 GPa. Pactskenne mnenku n-GaN  Baonb
TEKCarOHAJIbHOM OCU NMPHUBOAUT K YMEHBIICHHUIO IIMPHUHBI 3aIPEIICHHON 30HBI U IOHUKEHUIO
YPOBHS JIOKaJIbHOM 3apsaaoBoii HelTpanbHocTu B GaN Ha 37 M3B u 22 M3B cooTBeTCTBEHHO 1O
OTHOIIIEHHUIO K WX 3HAYEHUsAM B UCXonHOM mieHke n-GaN Ha candupe. Ha ocHOBE ATHX JaHHBIX
ObUIM BBIYUCIIEHBI KO QHUIMEHTH! AaBIEHUs IHPUHBI 3anpenieHHoi 3ousl 1 YJI3H B GaN. B
WHTEpBaje TeMIlepaTyp 100-1000°C W30XPOHHOTO OTXKHI'A HKCCJIENOBAHO BOCCTAHOBJICHUE
CTPYKTYPHBIX MapaMeTpoB IUIeHKH n-GaN ¥ U3MEHEHHUs YNpPYrux HarpspkeHHH B 0OTydeHHOU
PEAKTOPHBIMU HEUTPOHAMHU TeTepocTpyKTYphl n-GaN/Al,Os.

BAHAI[I/IEBI)IIZI‘ CILIAB, INTAKUPOBAHHBIN ®EPPUTHOM
HEPKABEIOIIEN CTAJIBIO - MATEPHAJT OBOJIOYEK TB3J10B
PEAKTOPOB HA BBICTPBIX HEUTPOHAX

C.H. Borunos
OAO «BHUHUHM» um. A.A. bBousapa, Mockea, Poccus, kolotush@bochvar.ru

INVESTIGATION OF MOLTEN-SALT FLUORIDE SYSTEMS FOR
INNOVATIVE NUCLEAR POWER ENGINEERINGS

A.JL. XKepebrio
Poccutickuii pedepanvuwiii soepruviti yenmp BHUHUT®, Cruesxcunck

WCCJIEJIOBAHUSA POSI-BHUUT® B OBJIACTHA U3YUYEHUS
B3AMMOJIENCTBUS U30TOIMOB BOTOPOJIA C
KOHCTPYKIIMOHHBIMUA MATEPUAJIAMU JIJISI TEPMOSIIEPHBIX
YCTAHOBOK U TPUTHEBBIX CHCTEM

I0.H. 3yes
Poccutickuii ghedepanvusiii soepnuiii yenmp BHUUTD, Cuescunck
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HCCJEJOBAHUE 3AKOHOMEPHOCTEM, 1 AHAJIN3 MEXAHU3MOB
BJIUSTHUS IIJIOTHOCTHU MOTOKA BBICTPBIX HEMTPOHOB
(PJIAKCA) HA OXPYITYUBAHUE MATEPUAJIOB KOPITYCOB

PEAKTOPOB

E.A. KpacukoB
PHI] «Kypuamosckuti uncmumym», Mockea, Poccus, (ekrasikov@mail.ru)

YckopeHHOe 00ydeHHe He MO3BOJSET NOJIYYUTh KOHCEPBATUBHYIO OLIEHKY OXPYNUYMBaHMS
MaTepHajioB KOPITYyCOB PEaKTOPOB C BOJAOH IOJ JaBICHHUEM, BBI3BIBAEMOro (HOpMHUPOBAHHEM
MEIHOOOOTalEHHBIX MPELUNUTATOB MPU HU3KUX (uiakcax HEHTPOHOB B 00NACTH [0 IUIATO.
PaccornmacoBanue MHEHMH MO mpobieme BIMSHUS (akca HEUTPOHOB Ha paJUAllMOHHYIO
HOBPEXJAEMOCTh MAaTEPHUATIOB KOPITYCOB PEAKTOPOB OOBACHSETCA NPUCYTCTBUEM B KUHETUKE
OXpPYMUUBAHUS KOJIeOATEIbHOTO KOMIIOHEHTA. Pe3ybTaT 3aBUCUT HE TOJBKO OT ¢1akca, HO U OT
droeHca.

[Ipennaraercss WHTEpHpeTanuss BIMSAHUSA IUIOTHOCTH TOTOKa OBICTPBIX HEHTPOHOB Ha
paAMallMOHHOE OXPYMYMBAHHE MaTEPUaJIOB KOPIYCOB PEAKTOPOB KakK pe3yjbTaTa KOHKYPEHIIMH
CTUMYJIUpYeMOro oOiydeHueM (OopMHpPOBAHUS MEIHOOOOTAIEHHBIX BBIIEICHUN U UX pacnajaa
BCIIEACTBHE OOMOApAMPOBKY HEUTPOHAMH (KACKaIHOTO PACTBOPCHHS).

B wurore, mnposiBnenue QaxkTopa ¢uakca B 3aBUCUMOCTH OT JOCTUTHYTOTO (prroeHca
HEWTPOHOB BO3MOXKHO KaK ITO3UTHBHOTO, HETATUBHOTO HJIM HYJIEBOTO 3 QeKTa OXpymIHBaHU
OTHOCHUTEJIbHO HOPMATUBHOW 3aBHUCHMOCTH, TMOJYYEHHOH TPHU BBICOKMX IIJIOTHOCTSIX
HEUTPOHHOT'O MOTOKA.

PAJIMAIITMOHHO-IMHAMUYECKUE D®PEKTHI TIPU OBJYYEHUU
HEHTPOHAMM, MOHAMHU, OCKOJKAMM JEJEHMS,
HETPAJIMIIMOHHBIE METOJbI MOJU®UKALIMA CBOIICTB
MATEPHAJIOB U TPOBJIEMA BE3OIACHOCTH SIIEPHBIX
PEAKTOPOB

B.B. OBunHHUKOB
HUncmumym snexkmpoghuzuxu YpO PAH, o. Examepunbype, Poccus (chemer@iep.uran.ru)

B paborax Huctutyra 3nmektpodmsuku Ypansckoro Otaenenust Poccuiickoit AxaaemMuu
Hayxk (MD® VYpO PAH) 3apeructpupoBaHO SBJICHHE pPAJUALUMOHHOIO WHULUUPOBAHUS
B3PBIBHBIX (ha30BBIX NPEBPAILIECHUI B METACTAOMIIBHBIX CPEAax, B YACTHOCTH, B METACTAOUIIbHBIX
MeTaJulaX M CIUIaBaX, BCIEICTBUE PEKOPIHO BHICOKOW CKOPOCTH BBIZCNICHHS SHEPTUU B 00J1aCTH
IUIOTHBIX KAaCKaJOB AaTOMHBIX CTOJIKHOBEHHH, IOpsAKa CKOPOCTH BBIAEICHHUS OSHEPrUU
([x/atom/c) mpu simepHOM B3pbIBe. DPQPEeKTsl HAOTIOAAIOTCA MPH OOIYUYEHHH MOJCIBHBIX U
PEaKTOPHBIX MAaTepHUaIOB HEUTPOHAMU M YCKOPEHHBIMU MOHAMHU. Y CTAaHOBJIEHO, YTO yKa3aHHbIE
SBJICHUS HE CBs3aHBl C OOpa3oBaHMEM paHALMOHHBIX Ae(eKToB M MaccomepeHocoMm. Hx
OPUYMHON  SBIAIOTCA — KOJUIGKTUBHBIE — PaJUallMOHHO-IMHamMuuyeckue  3(dexTs,  He
paccMatpuBaBiIrecs paHee. Ha ocHOBe MMeOIMXcs TaHHBIX MOXET ObITh MPEACKa3aHO pe3Koe
YBEJIMYEHUE CKOPOCTH CTAapEHUs PACILCIUIIOIUXCA MaTepuajgoB B YCIOBHSIX BHELIHETO
oOmyuenus. MccnenoBanue oOHApY>KEHHBIX IPOLIECCOB SIBISIETCA aKTyalbHBIM KaK C TOYKHU
3peHHs pa3pabOTKU HETPATULMOHHBIX METOJOB MOIU(UKAIMK CBOMCTB MaTepHalioB, TaK U C
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TOYKHU 3pCHUMA 0e30ImacHOCTH AACPHBIX SHCPIrETUUCCKUX YCTAHOBOK.

OcnoBHo# 1enpto mpoekta MHTLL Ne 2228 sgBnsiercss 3KCIEPUMEHTAIBHOE U TEOPETUUECKOE
UCCIICIOBAaHUE  PAJAMALMOHHO-TUHAMUYECKUX  A(P(EKTOB: HHULUUPYEMBIX  OOIydyeHHEM
OBICTPONPOTEKAIOIINX IPOLIECCOB U (ha30BbIX MPEBpAIICHUM, MOJOOHBIX SIBICHUSM TOPEHUS U
ACTOHAIlMU, IIpU O6Hy‘~I€HI/II/I HeﬁTpOHaMH, OCKOJIKaMH [JOCJIICHHUA U TSAXKCIBIMU HOHAMU B
MeTacTaOMIbHBIX METallJIaX U CIIJIaBaX, B TOM YHUCIIE PaAMAIMOHHOCTOMKUX CTaIsIX U CIUIaBax, B
CBsI3M C MpoOIeMoli 6€30MacHOCTH SACPHBIX PEAKTOPOB M Pa3paOOTKOM MPUHIIUITHATBHO HOBBIX
paAMalMOHHBIX METOA0B MOAU(DHUKAIIMN CBOWCTB MaTepUaOB.

PASPABOTKA HAYYHbBIX OCHOB CO3JAHUS PATUAIIMOHHO-
CTOUKHUX HUPKOHUMUEBBIX KOHCTPYKIIMOHHbLIX CIIJIABOB JJIA
AKTHUBHbBIX 30H ATOMHBIX PEAKTOPOB

B.H. [lIumos
OAO «BHUHUHM umenu axkademurxa A.A.bousapa», Mockea, Poccus
shishovv@bochvar.ru
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