MHMUHUCTEPCTBO OBPA30BAHUS PECITYBJIMKU BEJIAPYCb
BEJIOPYCCKHWIM I'OCYJAPCTBEHHBIV YHUBEPCUTET

®U3NYECKH ®AKYJIBTET

Kadenpa pusuxu Teépaoro rea

YK 669.018.6

JIUIIVIOMHAA PABOTA
CTPYKTYPHO-®A30OBbBIE UBMEHEHMUS B KPUCTAJIVIMYECKHUX
HAHOYACTHIIAX KEJIE3A ITPU OBJIYYEHUHN NOHAMU KCEHOHA

crynenra VIkypca
Komaposa Hukounas JImutpueuda

Hay4unb1ii pyKOBOAUTEIH
3aBelyIoIINi Kadenpoi Gpusnku
TBEPIOrO Tea,

npodeccop, ToKTop Gpu3.-MaT. HAyK
Yrnos Bragumup BacunbeBuu

Penenzent

npodeccop Kadeapsl saepHon GU3MKH,
TOKTOp (hu3.-MatT. HayK

Jlooko Anexkcanap CepreeBud

«/lomyCTUTh K 3a1uTe»

«_» 2019 .

3aenyrommii kadeapoii pusuku TBEPIOTO TENA,

JOKTOp (PU3UKO-MAaTEMaTUIECKUX HAYK, MPoQeccop B. B. Yrios

Munck, 2019



PE®EPAT

B nannoil auruiomHO# paboTe comepkuTcs 52 CTpaHUIlbl, 28 PUCYHKOB, 3
tabnmuipl. [lpu Hamucanum paOoOTHl OBLIO HCMOJB30BAHO 38 JHUTEpaTypHBIX
UCTOYHHUKOB.

KmtoueBsie cnoBa: JIEGEKTOOBPA3OBAHUE, AMOPOU3ALINA,
HAHOUYACTUIIbI, PASMEPHBIE 5OOEKTHI, SHEPT U CBA3N.

OOBEKTOM HCCIEI0BaHMS JAHHOW palOThl SBIISIIOTCS HAHOYACTHUIIBI JKele3a
pasmepamu 2—6 ©M. Ilpenmer wuccinepoBaHuii — gedekTooOpa3oBaHHUE,
amopduzanusa, paadalMOHHBI  pa3orpeB,  pagualMOHHO-UHIYLIMPOBAHHbIE
HanpspkeHus, Heauddysuonneie mnepemenieHus naedextoB. llenpio paboThI
SBIISIETCSI M3YyYEHHE CTPYKTYpHO-(a30BbIX HM3MEHEHUM, MPOUCXOASAINIMX MO/
oOlyueHHMeM B HaHOYacTHIIaX  JKeje3a  METOJaMU  KOMIIbIOTEPHOIO
MojenupoBaHus. Mcnoap3yeMble METOAbl — MOJIEKYJIIpHAs CTaTUKa U JUHAMUKA,
YHCIIEHHOE pelleHne AU pepeHInanbHbIX YpaBHEHHIA.

BrisiBnen poct creneHu amopguzanuuHaHodacTUFe ¢ yMEHBIIEHHEM HX
pasMepa npu OOJy4eHUH MOHAMH X€ C OJMHAKOBBIMH SHeprusiMu. [lpu pasHbIX
SHEPrusiX MOHOB YCTAHOBJIEHO, YTO Pa3ymopsIOUeHUE CTPYKTYphl HaHodacTuiiFe
3G ()EKTUBHO TPOTEKaeT B HEOONBIIOM JWANa30HE OJHEPrudl  OOTydeHUs,
3aBHUCSIMM OT Pa3MEpPOB M CBSA3aHHOTIO CO 3HAYEHUEM IMOJHOrO MpoOera MOHOB
XeB  xenese.  [IpoaHanu3upoBaHbl  COMYTCTBYIOIIME  pPaJUAlMOHHOMY
MOBPEXJICHUIO TPOIIECCHl, KOTOPbIE BIMSIOT Ha Pa3ymnopsoueHUe, TaKUEe Kak:
TEIJIOBOM  pa3orpeB, WHAYLMPOBAHHBIE HaMpsDKeHUsT W Henud@y3smoHHOE
nepepacrnpejieieHnie TodeuHbix JedexktoB. Ha mpumepe HaHowacTHI] »kenesa,
BHEJIPEHHBIX B Si-MaTpHILy, MOKAa3aHbl 3aBUCUMOCTH TEPMOYNPYTIHX HAMPKEHUN
Y KOHIEHTpAIUs AUCIOKALMA OT BpEMEHU IIPU 00Iy4eHUH HOHaMH Xe.



POD®EPAT

B nanzenaii npimiomMHai mpanbl YTpeIMiliBaeIia 52 cTapoHki, 28 MalroHKay,
3 taGminel. [Iper HamicanHl mpaiibl OBLIO BEIKAphICTaHa 38 JIiTapaTypHBIX KPBIHIII.

KmouaBeiss  crmoBel:  [IDOEKTADAPMIPABAHHE, AMAPO®OI3AIIBIA,
HAHAYACIIIL, PASMEPHBIS DOEKTHI, SHEPI'TA CYBA3I.

AOG'ekTamaciie[aBaHHs 113 HANTIPAIIBI3 STy IS FOIIIaHaHAYACITIITbKAJIE3ariaM
epami 2-6 HM, ykapaH€ueiss Yy Si-matpeiry. [Ipaamer npacnenaBaHHAY -
mdektadapmipaBanHe, amapdizanbis, pPambISIBIAHB pa3arp3y, pajbIaIbIiHA-
1HyKaBaHbIsl HaNpykaHHs, HeAblPpdy31EHHBIT Tepapa3MepkaBaHHe mIAQeKTay.
Mbtail mpanpl 3'ayiseniua BbIBYYIHHE CTPYKTYpHa-(a3aBbIX 3MSHEHHSY, SKis
an0bIBalOIIIIA 1Al alpaMsiHEHHEM Y HaHauyacllll )Kajie3a MeTajami KaMIl'roTpHara
MaJpIIsIBaHHS. BBIKaphICTOVBaOIIAa METAAbl: MAJIEKYJISIpHAsI CTAThIKA 1 JbIHAMIKA,
KOJIbKaCHA€ palidHHe JbI(hepIHIIBISUIBHBIX payHAHHSY .

Bristynensl poct cryneni amapdizandpli HaHadaciil Fe 3 maMsHImHEeM 1X
naMmepy Ipel anpaMsHeHH1 i€Hami Xe 3 aJHOJbKaBbIMI 3Heprisami. [Ipel po3HBIX
’Heprisix i€Hay ycTaHOYIeHa, IITO pa3ynapajKkaBaHHE CTPYKTypbl HaHadacuin Fe
adeKThIyHA Tparsgkae ¥ HEBsUTIKIM JbISTIA30HE DSHEPTid amnpaMeHbBaHHS, SKis
3anmexarp aa namepay i 3Bs3aHara CA 3HaudsHHEM ToyHara mpabery i€Hay Xe ¥
xaneze. [lpaanamizaBaHplsl CHagapoXHBIA — pajbIALbBIHHAMY — MAIIKOKAHHS
IpaLdChl, sIKis YIUTBIBAIOLb HA pa3ylapajikaBaHHE, Takis K: [EIUIaBOM pazarpsy,
1HAyKaBaHblsd HampyXaHHA 1 Heablh(y3iEHHBIS Mepapa3MepKaBaHHE KPOMKaBBIX
mdekray.Ha mnpbeikianze HaHayacIil >kaje3a, YKapaH€HbIX y Si-MaTpbllly,
Naka3aHbl 3aJIEKHACLI TEPMANpPyTrKi XBBICUIKAY 1 KAHIPHTPALbIS AbICIaKalbId aJl
qacy npbl aripaMsiHeHH1 1€Ham1Xe.



THE SUMMARY

This work contains 52 pages, 28 figures, 3 tables. When writing the work
was used 38 literary sources.

Key words: DEFORMATION, AMORPHIZATION, NANOPARTICLES,
DIMENSIONAL EFFECTS, COMMUNICATION ENERGY.

The object of the study of this work is iron nanoparticles with dimensions of
2—6 nm, embedded in a Si matrix. The subject of research is defect formation,
amorphization, radiation heating, radiation induced stresses, non-diffusion
displacements of defects. The aim of the work is to study the structural and phase
changes that occur under irradiation in iron nanoparticles using computer
simulation methods. The methods used are molecular statics and dynamics,
numerical solution of differential equations.

An increase in the degree of amorphization of Fe nanoparticles with a
decrease in their size during irradiation with Xe ions with the same energies was
revealed. At different ion energies, it was found that the disordering of the
structure of Fe nanoparticles effectively proceeds in a small range of irradiation
energies, depending on the size and associated with the total free path Xe ions in
the iron. Radiation damage related processes that affect disordering are analyzed,
such as: heat heating, induced stresses and non-diffusion redistribution of point
defects. Using the example of iron nanoparticles embedded in a Si matrix, the
dependences of thermoelastic stresses and the concentration of dislocations on time
upon exposure to Xe ions are shown.



