
Orsrre oQuquanbHoro o[rroueHTa
Ha AncceprarluoHHyro pa6ory CAo6nsrona HrErconar lOpreBr{qa

<<Mo4elupoBaHr4 e crpyKrypHbrx npeBpaqeruEft

OAH OKOMIIOH€HTHbIX IiI MHOTOKOMIIOHOHTHbIX M eTaiIJII,trIeCKI4 X H aHOCI4CTOMaX),

rrpeAcraBJreHHyro Ha c olrcK allilae yqeHofi crerreulr
gorcropaQ Lr3lrKo-MareMarr4rrecKr4x HayK rro c[erlr4€lJrbHo crr4

1.3.8. - @asura KoHAeHcLTpoBaHHoro cocrof,Hr4r.

Arcrya.rrrHocrb reMr,r Aucceprarlnrr o6ycnonnvBaercs. AocraroqHo
IIII4pOKI{MI4 IIepCTIeKTIdBAM'I/ npaKTLrqeCKOfO [pLIMeHeHLrr MeT€IIIJII4TIeCKLTX

HaHoqacrEII u HaHocrpyKrypl4poBaHHbrx Marepra€rJroB Ha vrx ocHoBe. iltts
paspa6orxn HoBbIx Lr 4amnefiurero pagBtrrurfl yxe r{Meroulr4xcr rexnotorzfi
IIoJIyqeHI,I.'I TaK[x MaTepI4€IJIOB Lr L1CIIOnb3OBAIJI!|'fl I{X B KaqeCTBe aKTr4BHbrX 14

[accI,tBHbIX HaHopa3MepHbIX pa6ovzx gJreMeHToB B gJreKTpoHr{Ke vr ApyrHX
HarIpaBJIeHIdtx HaHorexHororufi seo6xoAuuu Qyn4aMeHT€urbHbre r{ccJreAoBaur4r,

[o3BoJItIo[$,Ie BhuIBJItrb Lr o6ocnoerrsarr cnequ$r.rqecKoe rroBeAeHr{e

KaqecrBeHHoe pa3nuril4e csoficrn HaHopa3MepHbrx o6terron Lr HanocucreM
cpaBHeHl{rc c coorBercrByroqLrMr{ o6reunurrau Sa:auu.OrreBr{AHo, rrro rrpLr

nepexoAe or oAHoKoM[oHeHTHbIX HaHoMarepr4noB K MHoroKoMnoHeHTHbrM 6yaer
lpotBJltrbcg 6onrrua.s BapuarvBHocrb cnoficrn, cBt3aHHa.g, B qacrHocrll, c

BapLTaHTHOCTbIO UX COCTaBa.

Kar [paBHJro, I4ccJIeAoBarerrvr nrr6uparor v [crroJrb3yror oArrH

orlpeAenennrtfi MeroA I{ccJIeAoBaHus,.llpu erou qeJrbroAauaofi AlrccepraquoHuofi
pa6ore flBrs,ercfl, paspa6orrca KoMrIJreKcHoro rroAxoAa, ocHoBaHHoro Ha

npI{MeHeHI{I4 AByX €LnbTepHaTI4BHbIX MeTOAoB aTOMLIcTI{qecKOro MoAeJIupoBaHI4fl,:

MoneKynspHoft AunavtuKu vr Monre-KapJlo, AouoJrHeHHbrx r{clonb3oBaHraeM

TepMOAI{HaMI{KI{ AIIfl npolHo3l4poBa}lnfl. TepMoAIIHaMLIqecKIIX XapaKTepI{cTIIK

oAHOKOMnOHeHTHbIX MeTaJIJII{IIeCKLTX HaHOTIaCTT{q, UX pa3MepHbIX 3aBI4CI{UOCrefi

u craduttsHocrr4.

Ans AocruxeHuq llocraBJleHuofi rleirr4 6unz nocraBJreHbr cJreAylou{ne
ocHoBHbIe 3aAaql| nccJle,iloB aHufl:

1. lIpnvreHI,ITb repMoAIaHaMHqecKHfi noAxoA K nporHo3r.rpoBaHr{ro ceoficre
oAHOKOMIOHeHTHbIX MeTalnUqecKI{X HaHOqaCTLTTL B TOM rII4CJre K H3yqeHUIO

pa3MepHbrx 3 aBLT cLr Mo crefi r4x repMoAnHaMHqecKlrx xapaKTep vrcrvrK.
' 2.llpoaecrz aHaJIu3 ycnonnfi cra6umnocrlr Mer€urJrr{qecKlrx HaHorracrr.rq,

BKJIIoqat ycJIoBI4e MexaHllqecrofi cra6unrnocrl{ oAHoKoMrroHeHTHbrx HaHoaracrr4q

rlo orHolueHl{}o K crIoHraHHoMy paana4y, o6ycloueHHoMy Snyrcryaqkrflvtu ux
o0beMa.

3. O6ocnoBarb [pI4MeHeHIre KoMnneKcHoro rroAxoAa K aroMlrcrrTqecKoMy
MOAOJILIpoBaHHIO, coqeTalouleMy IIpLIMeHeHI{e MeToAoB MoneKynspuofi AlanaMkrKu
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u Moure-Kapno.
4. Pasnurr MeroAnKr.r HaxoxAeHr{r repMoAZHaMLrqecKLrx xapaKTepucrnK

HaHoqacrr{q, n4eHrra$riKarlnn crpyKTypbr vr crpyKTypHbrx npeBparqesuir ro
pe3ynbTaTaM aToMllcrr{qecKofo MoAeJrup oBaHLrfl..

5. Ilponecrlr aHalrvr3 pa3MepHbrx 3aBrircr{Mocrefi TepMoAr4HaMlrqecKprx

xapaKTepr{cruK (nrrrcvar reMrreparypbr rrJraBJrenvrfl.I4 Kpl{cranrrr4sar\vrrr, TeuJrorbr

kr oHTporrr4u yKa3aHHbrx npoqeccon); BbrrBHTb pr o6o6ulzrr 3aKoHoMepHocrrz

crpyKrypHbrx rpeBpau{eHvlvr B OAHOKOMIIOHeHTHbIX MeT€LIIHTIeCKLIX

HaHOTIaCTLIqaX C UCnOJIb3OBaHLIeM MeToAOB aTOMIICTLIqeCKO|O MOAeJILIpoBaHUfl..

6.Vlzyuurs 3aKoHoMepHocrra cefperauuu B 6nHapHux MerarrJrlrqecKux

HaHorracrvrJax c pa3[LrqHbrM pa3MepHbrM HecoorBercrBr,reM aroMoB, r4ccJreAoBaTb

npo6nevry cra6unsrtocru/uecra6znrnocru 6uueraJrJrr4rrecKr4x HaHoqacrurl.

7 .I4ccte4oBarb rrpoqeccbr KoaJrecqenrJvrr4 rr crreKaHvrfl KaK cnoco6a cr{HTe3a

6zHapHrrx MeTaJIJIH.IecKLIX HaHoqacrl,Iq c llcnoJrb3oBaHueM aroMr{crrrqecKoro

MOAeJrLrpOBaHVrfl..

8. Paspa6orarb Lr npoBecrll anpo6aquro MeroAoJrorl4r4 MoAeJrrirpoBaHnfl

repHapHblx (Ha npl,IMepe HaHocr4creMbl Ti6Al4V) u MHoroKoMnoHeHrHbrx

HaHOaIaCTI4II.

9. I4cnorb3oBarb rounrercnrrfi rroAXoA, co.rerarcr{ufi [pr{MeHeHr{e

aJIbrepHarIlBHbIX MeroAoB aroMlrcrkrqecKoro MoAenupoBaHvrr, (vronexynflpHafl,

ALrHaMr4Ka vr Monre-Kapno) K r.rccJreAoBaHr{ro Sa^:onrrx nepexoAoB v
crpyKTypHblx lpeBpalrleHrrft r .rerrrpex u [rrrnKoMrroHeHTHbrx Merannr4qecKr,rx

HaHOTIaCTVITIA)(.

1 0. Paepa6orarr v peuru3oBarb KoHllerrqvru [ocneAoBareJrbHoro nepexoAa

OT MOAenHpOBA}JLTfl. OAHOKOMIOH9HTHbIX MeTa[[uqeCKI4X HaHOTIaCTI/Iq K

MoAenvpoBaHkrro 6uuapurrx v MHoroKoMrroHeHTHbrx HaHocr,rcreM c

IIC[IOJIb3OBaHLIeM KOMIIJIeKCHOTO IIOAXOAa, OCHOBaHHOTO Ha IIppIMeHeHI{I{ AByX

aiIbTepHaTI4BHhIX MeTOAOB aTOMTACTT4TIeCKO|O MOAenVpOBAHVrfl,, AOIIOIHeHHbTX

TepMoAr4 HaMr4 qe cKr4 M MOAenr4p oBaHr4eM.

llpe4napxx o6cyx4euue pa6orbr, orMerry, rrro Ar4cceprarlproHHaq pa6ora
coorBercrBylor nyHKTaM 1r 2, 5 [aclopra nayvnofi cneqr4anbHocrra 1.3.8. @uszra
KOHAeHCT,TpOBaHHOTO COCrOrHr.rq. crpyrrypa AuccepTarJkrvr

TpaAI{IIUOHHM:AI4CCepTaIIn' cOCTOI4T LI3 BBeAeHLIf,, nflTLI rJIaB, OCHOBHbIX

pe3ynbraroB H BbIBoAoB, cnucKa co6crBeHnrx ny6turcat1uit,, a raKxe crrr4cKa

qutzpyeuoft Jlureparypbl, BKJlloqarcqero 570 HaurvreHosanr,rfi. O6rerra pa6orrr
cocraBJrser 402 crpaHr{rlbr, BKJrroqa.f, 115 nntrocrpaqufi u29 ra6r'ug.

Heo6xoArrMo orMerr{Tb, qro pe3ynbrarbr pa6oru xopouo anpo6upoBaHbr,
a raKlKepe3yJlbrarbl pa6oru rroJrHocrbro orpa?KeHbr B HayqHbrx ny6"rrurcaq[flx:
rlo reMe HccneAoBanuir ouy6rurcoBaHo 96 crareit, BxoA.rril{rrx B [epeqeHb BAK
ulunu IlHAeKcLIpyeMbIX B MexAyHapoAHhrx 6azax AaHHbrx Web of Science vr



Scopus, nonyqeHbl 7 csu4ereJrbcrB o rocyAapcrneHnoft pen{crparlr{r{ [porpaMM
na 3BM, rI3AaHbI 3 tuouorpa$uw, [epeqeHb Koropbrx [pr4BeAeH B Ar.rcceprarlnvr.

AnropeQepar Aucceprarluvr coorBercrByer coAep)KaHr4ro kr crpyKrype
AnccepraIJuv, aAeKBarHo orpax{aer [onyqeHHbre B Avrcceprarluonsofi pa6ore
pe3yJrbTaTbr.

flocronepHocrb nonyqeHHhrx B pa6ore CAo6n.srcosa H.IO. pe3ynbraroB

o6ycnonrLrBaercfl c ogHofi cropoHbl KoppeKTHocrbro rrocraHoBKlr 3a.qaq

nccneAoBalJvrn, c Apyrofi cropoHbl- aupo6zpoBaHHbrM rroreHqr{aJroM

MelKaroMHbIX B3al{Mo.4eficrsufi. aAeKBarHo Bocnpor{3BoAtrrrlero csoficrna
Mer€UIJII{rIecKI{x HaHocl4creM rroreHrll{aJroM culrHofi cBfl3r4, a raKxe
cpaBHeHLTeM C pe3yJIbTaTaMI4, [OIyrreHHbIMr4 C I4CTIOJTb3OBaHI'IeM ApyfOrO
cI4JIoBoro rIoJI.l: noreHrlr,raJra norpyx(eHHoro aroMa. Tarxe p.nfl perueHu-rr

nocraBJIeHHbIX 3a4aq HccneAoBal;.nfl, r{crroJrb3oBaJrlrcr He3aBr4cr4Mo pa3pa6oraHurre

KOMnbrorepHhre rporpaMMbr, OCHOBAHHbIC Ha [pr4MeHeHr{rr MeToAa

r{3orepMr{.re croft MoJreKyJrf, pnofi .{r4 H aMHKr4 r{ MeroAa MoHre -Kaplo.
llonyuenHble pe3yJlbrarbl, HecoMHeHHo, rBJltrorcg HoBbIMr{, B rracrHocrl4

sto Kacaercs AeranbHblx TeopernrrecKrdx orIeHoK r<osQ$uqueHTa
[pouopquoHanbHocrl{ Me)KAy y.qenrnofi cno6o4nofi uonepxnoctrofi snepruefi u
paAl4ycoM HaHoqacTLII{ c I4CnOJIb3OBaHUeM LTMeIOUII4XCT SKCrrepr{MeHTEUrbHbrx

AaHHbIX rIO CKOpOCTI|I ngnapeH-krfl, MeT€UrrzqecKr,rx HaHoqacrvrr\ u cKopocTr{ ycaAKr{
BaKaHcI{oHHbIX nop. Kpovre rofo, noeofi 14 opr.rrr4H€rnruofi uAeefi f,BJrrerct
parpa6orr<a vr peurtrcarJvrfl. KoHrlelrlr4z rrocJreAoBareJrbHofo nepexoAa or
MOAenUpOBAHVTfl. OAHOKOMIIOHeHTHbTX MeT€UrJrUrqeCKLrX HaHOqaCTr4rI K
MoAeJII4poBaHI{ro 6nuapnrtx u MHoroKoMrroHeHTHbrx HaHocLrcreM c
I4CTIOJIb3OBaHI4eM KOMTIJIeKCHO|O [OAXO.qa, OCHOBaHHOTO Ha npUIMeHeHLrr4 AByX
aJIbTepHaTLIBHbIX MeTO.4OB aTOMI{CTLITIeCKO|O MOAeIVpOBAIJVIfl, AOnOnHeHHbIX
TepMoAr4HaMlrrre cKLrM MoAenr{p oB aHLr eM.

Bce sro Aaer ocHoBaHl{f, crlurarb nolyrreHHbre pe3ynbrarbr AocroBepHbrMu
14 HaAe)rcHbrMrr, a cSopuyrr4poBaHHbre

o6ocHonaHHbrMlr.

Bo BBeAeHrrrro6ocnosaHa aKTy€rJrbHocrb

onlrcaHo coBpeMeHHoe cocro.rrHr{e zccle4yeuofi

llonox{eHl{r 14 BbrBo.4bI

TeMbr Ar4ccepTar\uu, KpaTKo

o1tacru Lr KoHKpernoe Mecro,
Koropoe AaHHafl, pa6ora 3aHI4Maer B uefi. C$opuynlrpoBaHbr rlenr4 r4 3aqarru

AI{ccepraIIHu, neperIHcJIeHbI rt,oflyqeHHbre pe3ynbrarbr, o6ocnosaHa r{x HoBr,r3Ha,

rrx TeopeTI4qecKa"f, u [paKTl4qecKat 3HaqHMocTb, a Tarcr{e r4x AocToBepHocTb,
rIpI4BeAeHbI rIOJIOXeHI,lt, BbrHOClIMbIe Ha 3aUILrTy, U B KpaTKOM H3JrOlr(eHVr4

o ru c aH o c oA eplK aH r4 e p a3Aen o B Ar4 c c ep T ar[r4r4.

B nepnofi ruraBeorrucaHhl MeroAbI rroryqeHllr Mer€urJrr4rrecKl4x MoHo- r4

MHO|OKOMTTOHeHTHbTX HaHOrracTHII I{ MeTOAbI I43yrreHIAt UX CTpyKTypbI, a TaKXe

o6tacru I4x npaKTllqecKoro uprrMeHeHr4r. Ouucanu HeKoropbre rroAxoAbr K

xlaccz$uKar\ukr LI Teoperz.{ecrofi I4HTeplperarlvru cra6utrrrocrr4 HaHoqacrur\ u
HaHOCTpyKTypI,IpOBaHHhIX MaTeprr€UrOB,paccMoTpeHbrHeKoTopbre pe3yJrbTaTbr



aTOMI{CTLIqeCKOTO MOAeJII,IpOBAHVfl, OAHOKOMIIOHeHTHbIX MeT€UIJILIqeCKLIX

HAHOIIACTI.Iq, 6UUAPTTTTX VI MHO|OKOMTIOHCHTHbIX HAHOCIJIABOB. ANTOPOV

rrpoaH€Lnl{3upoBaHbr Jrr.rTepaTypHbre I4cTorrHr{Kr{ BrrJroTb .qo HacTo.{ulefo BpeMeHI4.

Taruu o6pasou, o6ocnosaHa rleJrecoo6pa3Hocrb pa3Bprrr4fl, v rIpI4MeHeHrI.fl

KOMIJIeKCHOfO TTOAXOAa K r,r3yqeHr,rrc HaHOCIJIaBOB, COqeTaIOUIefO

aJrbrepHarr{BHble MeroAbr KoMrrbrorepHofo 9KcnepLTMeHTa B AononHeHl4e K

lrcrroJrb3oBaHr{ro TepMoAr{HaMr{qecKr4x rroAXoAoB I,I SKcIlepLIMeHT€uIbHbIX MeToAoB.

Bo n1opofi rJraBeorll{caHbl TepMoALTHaMr4rrecKue rro.qxo.qbl K

rrporHo3r{poBaHuro cnoficrs oAHoKoMrroHeHTHbIX MeraJIJII4rIecKI{x HaHorlacrurl vr

Lrx cra6zlrnocru/secra6ur'tlnocru. B qacrHocrlr, orAenbHbre pa3AeJrbr

flocBrrrleHbr r{3yqeHlrro pasuepuofi 3aBr{cr4Mocru noBepxHocrHoro Harfl)KeHvrn

HaHoKarrerrb H pa3MepHoit sasucuMocrr4 yAenrnofi cno6oAHofi euepruu MaJIrIX

Kpr.rcT€rJrJron. B AanHofi fJraBe BrrepBbre npoBeAeHbr AeraJrbHbre reoperl4rlecKl4e

orIeHKr{ roe$QuqpreHra rrporopqvoH€LnbHocrz K MexAy yAenrHofi cno6oAHofi

noBepxHocrHor{ SHepfzer4 vr paAr,rycoM HaHorracTuq c r4crroJrb3oBaHneM

r{Meroulr4xc.s gKcnepI{MeHT€uIbHbIX AaHHbrx IIo cKopocTlr vcnapeHl{Ifl.

METAJIJII,IIIECKLIX HAHOqACTKIIJ V CKOPOCTI,I YCAAKVI BAKAHCI{OHHbIX NOP, A TAKXE

p€BpaooTaH noAXoA, B KoropoM pa3Mep MeraJrJrr4rrecKr4x HaHor{acrr4rl

r{cnoJrb3yerc.rr KaK Qarrop ux cra1uJrbHocrr{. I4sroxeH rroAXoA, cs.f,saHHrrft c

TepMo,4r4HaMr4r{ecKuM npofHo3HpoBaHLreM 3aKoHoMepHocTelr rrJraBJIeHHr vr

3arBepAeBanvrfl. Mer€urJlrrqecKLrx HaHoqacrr4rl. Kpovre rofo, BnepBbre c

rrcrroJrb3oBaHr{eM ycJIoBr4.rI MexaHl{r{ecrofi cradutrcrtocrlr MaJIoro o6nerra
lpoaHanr.r3r,rpoBaHo BrrurflHue BHeruHero AaBJreHr4r Ha cra6unrHocrr
Mer€uIJITITIecKLIX HaHorracrur\ u noKa3aHo, rrro cra6zruocrb M€ulrtx o6reKToB

AOJrX{Ha BO3paCTaTb C pOCTOM BHerIrHefO AaBneHr4.rI.

Tperrr rJraBa[ocB-rrqeHa no4po6noMy o[ucaHr.rro uclonrcyeMbrx MeroAoB

u noAXoAoB K aToMuTcTllrrecKoMy Mo.4enlTpoBaHurro MeTaJrJrr4rrecKr4x

HaHoqacrzq.ZHrepec upeAcraBJr.rrer pa3Aen, B KoropoM onl4caHbr AocroralrcrBa r4

HeAOCTaTKI{ I4CIIOJIb3yeMbIX aJIbTepHaTI{BHbrX MeTOAOB aTOMT4CTHqeCKO|O

MoAeJrupoBaHr4fl.: MeroAa MoJreKyJrf,pHofi AunavtuKtt u MeroAa MoHre-KapJro.

Kporue roro, r{3JroxeH rroAXoA K HaxoxAeHI,Irc pflAa repMoAr{HaMlrqecKr4x

XapaKTepI4CTI4K MeTaIIJII{qeCKI,IX HaHOTIaCTLIq [O pe3ynbTaTaM aTOMLTCTHTIeCKOTO

MoAenr{poBaHufl.. llo4po6Ho paso6paHbr MeroAbr r.rAeHrn$zraqu}r crpyKrypbr r4

crpyKTypHbrx rrpeBparqeuvrfi B HaHoqacrr,rqax no pe3yJrbraraM aroMlrcrrrqecKoro

MoAenr,rpoBaHvrfl., B ToM rrr,rcJre c r{crroJrb3oBaHr{eM oTKpbrToro [porpaMMHofo

ooecller{eHHt OVITO. Orueuy, qro ef oAo cror4HcTBal{o c oo eHHo crl4

HcrroJrb3oBaHvrs, B r{acrHocrr{ rur4poKoro o6cyx4arorct B neAaeHeft pa6ore B.

llorara (ComputationalMaterials S cience. 2022. V. 20r.
Art. J\b 110882. 8 p.)

9ernepran rrasa6esycJroBHo 3aHuMaer oAHo vr3 rleHTp€rrrbHbrx Mecr



Ar{ccepTarluoHHofi pa6oTe r{ [ocB.rruleHa r.r3yqeHr{ro pa3MepHbrx 3aBr{cuMocTefi

TepMoAr,rHaMHqecKHX xapaKTepr{cTprK v 3aKoHoMepHocrefi cTpyKrypHbrx

rtpeBpalqeHl{fi B oAHoKoMnoHeHTHbIX MeraJrJrr4rrecKr.rx HaHorlacrlrr{ax c
krcrronb3oBaHr,reM MeToAoB aToMLIcTLIqecKoro MoAenlrpoBaHufl. B rlacTHocTrlr

npHBeAeHbI LI OIII{CaHbI pe3yJlbTaTbr rro pa3MepHbrM 3aBr{CTAMOCT{M TeMrrepaTyp,

TerrJror z surpourEft, orBeqarcqux nJraBJreHr{ro u KpkrcraJrrrv3ar\r4Lr. B paMKax

TepMoAI4HaMI{rIeCKOfO IOAXOAa rrpoaHaJrr{3r{poBaHa B3ar4MOCB{3b MeX{Ay

P€BMEPHbIMU 3ABI4CIIMOCT.f,MI.I TCMTIEPATYP IIJIABJIEHH{ T, ?I KPLICTAN I]/lZAlq.ZIW T 
".

floxa:ano, ltro pa3MepHa.rr 3aBuclrMocru T. flBIrflercfl, MeHee BbrpoKeHuofi, uevr

pa3MepHat 3aBLIcI{Mocrb Tn",. lloryreHnrre 3aKoHoMepHocrr{ cpaBHlrBarorc.fl c

TeOpeTI{qeCKLIMIiI MOAeJIflMI{, pe3yJIbTaTaMI4 aTOMHCTI{q€CKO|O MOAeJII{pOBaHI4fl,

Apyrl{x aBTopoB, a raKxe c orAenbHbrMr{ sKcnepr{MeuTaJrbHbrMr4 AaHHbrMr4. B
saeepurarolqefi .v.acrv rJraBbI I{ccJreAoBaHbr 3aKoHoMepHocr}r crpyruypuofi
c elp ef aIII{ I,I B oAHoKoMnoHeHTHbrx MeT€urJrr{qecKllx HaHoqacTlrrlax.

B nqrofi rJraBerIpeAcraBJIeHbI IdHTepecHbre, ua vofi B3rJr.rrA, pe3ynbrarbr,

lolyqeHHble c floMorrlbro KoMnJreKcHoro noAXoAa K aToMI{cTLrqecKoMy

MOAenUpOBaHr{rO CTpyKTypHbrX npeBparqeHlru B ol4HapHbrx u
MHofoKoMrIoHeHTHbIX Meraflrl,IqecKl{x HaHorlacrl4uax. B qacrHocru, 6rtlu
I{3yqeHbI 3aKoHoMepHocrlr celperarlr{r4 B bunapnux MerarruqecKnx
HaHoqacrl{rlax, B ToM qracre paccMorpeHbl 6r{HapHbre HaHocruraBbr pa3JII{qHbrM

pa3MepHbIM HecoorBercrBr4eM aroMoB KoMnoHeHToB. OrAelurrrfi pa3AeJr

TIOCB.'IIUCH I{CCJIC.{OBAHI4IO upo6reurr cra6uruu ocru/He cra6ralrrr o cru
OI4MeT€UIJII4qeCKLIX HaHOqaCTI4U. TaxNe paccMorpeHbr pe3ynbrarbr

ATOMI'ICTNIIECKOTO MOAEJIIIPOBAHUI, IIPOqECCOB KOTNECqEHIII4LI U CIICKAHT4-{ KAK

cnoco6 cHHTe3a 6unapnux MeTaIJIJII{qecKLrx HaHoqacrraq. llora:aHo, rrro Mero.qbr

cI4HTe3a 6UnapHrrx Mer€urJrlrqecKnx HaHoqacrr4rl, ocHoBblBarou{r{ecr Ha

KoaJIecqeHIIIdLI u cTIeKaHLIH oAHoKoMrroHeHTHbIX rlacrrarl, o6ecne.ruBaror

6omuryo BapuarvBHocrb Kone.rHofi crpyKrypbr c rorrKr.r ..3peHr{t

rlpocrpaHcrBeHHoro pa3AeJreHr,r.rr KoMrroHeHroB. Anropou pa6oru rro Mepe

BO3MO)KHOCTI4 BCefAa TIpOBOAI{TC.rr CpaBHeHr{e pe3yJrbTaToB KoMnbroTepHoro

MoAeJII{poBaHVfl. c l4Merorquv,Lrcs. gKcnepr{MeHTaJrbHbrMr4 IaHHbrMr,r. Foluua.s
qacrb AaHsofi rJIaBbI tIocB{IrIeHa MoAenr{poBaHr.rrc TepHapHbrx,
rIerbIpexKoMIIoHeHTHbIX v rItrHKoMrroHeHTHbrx HaHoqacrlrrl. lloragaHo, rrro
cqeHapufi crpyKTypoo6pasonaHvrs. B TepHapHbrx Mer€LJrJrrdr{ecKr4x HaHoqacrr4rlax

Ti6A14V B rlpoqecce Kpl4cr€ulIrv3arJvru olpeAeJrserc.rr cKopocrbro r4x oxJra)KAeHr{{.

Onprcrtnarorct pe3yJlbrarbr LrccJreAoBanvrfl, Sasonoro nepexoAa r{ crpyKrypHbrx
rlpeBpatqenuit B qerblpexKoMlroHesrHofi HaHocr.rcrerr,reAu-Cu-Pd-Pt. Tax rolrxo
!^nfl cocTaBa Au13a-Cuaa-Pdy2-Pt177 HaHocIIJIaBa Au-Cu-Pd-Pt Bo3MoXHo

$opnrzpoBaHlle JIoK€uIbHhIX KpLrcr€rJrJrr{qecKr4x @as B npoqecce oxJraxAeHu.rr

HaHoKarlenr. lnx Apyrl4x crexLloMerpr4rrecKr.rx cocraBoB rrerblpexKoMrroHeHTHbrx



HaHoqacrrlq Au-Cu-Pd-Pt B rrpoqecce oxJraKAeHra.rr Sopuupyrorcs al,rop$Hrre

HaHoqacrr{rlbr. B eanepruaroulefi qacru HIaBbI oIII4caHbI IIepcrIeKTI,tBbI

MoAenl4poBauvrfl. rr.flTLrKoMnoHeHTHbIX HaHorracrvrl Ha rrpriMepe HaHocncrelartAu-

Ag-Cu-Pd-Pt. ,{annrrfi pa3AeJr MoxHo paccMarpuBarb KaK rror4cKoBoe

I{ccJIeAoBaHvre, Ho npr4 3ToM 6uno ycraHoBJreHo, rrro BeJrLrqI{Ha reMneparypHoro

r4HTepBaJra AT., B KoropoM rrpot4cxo.{r4T npoqecc KpLIcranJIVsarJr4Lr

rrrrr4KoMrroHeHrHbrx HaHoqacrnrl Au-Ag-Cu-Pd-Pt, onpeAeJrf,er I{x KoHeqHyIo

crpyKTypy. Kporvre roro, cAeJraH saxHrtfi BbIBoA o roM, rITo cerperal{IaoHHoe

NOBEIEHI{E MHO|OKOMTIOHCHTHbIX METAJIJII4IICCKT4X HAHOIIACTKIII TIO3BOJI'CT

noApa3AeJrr.rTb aToMbr BxoA.rrulr{x B Hr,rx KoMrroHeHToB Ha TpI{ TI,Ina: 1) arourt,
npo.rrBn.flrcrrlue reHAeHrlr{ro K rroBepxHocrnofi cerperarll4lr; 2) atotvtst,

Qopnrrapyorque flApo HaHorracrr4rlbr, a raKlKe ee nepu$epufiurte o6tacru;
3) arol,ru, raH4uQ$epeHrHbre K rrpoqeccaM cerpe|a\Lrkr.

3anepruaercx pa6ora crrrcKoM co6crneHHblx ny6.rrunaqnfi aBTopa, a
Ta K?r(e ocH oBH brM rr pe3yJIbTaTaM n II BbI BoA alldlil.

fiaunax Ar,rcceprarluoHHar pa6ora rlMeer BaxrHoe reoperrrqecKoe u

[paKTurrecKoe 3HaqeHue. Tar reoperr4qecKrae pe3yJrbrarbr kr pe3ynbrarbr

ATOMI4CTI4IIECKO|O MOAenr{poBa}IkTfl IOATBepxAaroT BO3MO}KHOCTb

pacnpocTpaHeHkrfl. MeToAoB vr rroAXoAoB TepMoAI4HaMuKu Ha HaHopa3MepHbre

o6rerrur, T.e. noJryqeHHbre B lr{cceprar\uv pe3yJrbrarbr BHoc.f,T BKJTaA B pa3Br4Trre

HaHOTepMOAT{HaMr{Kr{ V CO3AaTOT OCHOBy Anfl [OCJreAyrOqefO Kpr4Tr4qeCKOfO

aHaJrv3a I{MeIoqI{xc.rI SKclepI{MeHT€lJIbHbIX v TeopeTLrrrecKr{x pe3yJrbTaToB rro

pa3MepHbrM 3aBr.rcr4MocTrM TepMoAr4HaMr{qecKr4x xapaKTepucrur.Kpoue Tofo,
peaJrr.r3arllrro KoHrIemIr,rH Ar4ccepTaquouHofi pa6oru MoxrHo paccMaTpr,rBaTb KaK

4amHeftruee pa3BI{Tr4e MeroAoB u rroAXoAoB K aroMrlcrr{qecKoMy

MoAeJrr4poBaHl{rc Mera[[LrqecKLrx HaHoclrcreu. Baxno, rrro pe3ynbrarrr pa6oru
Mofyr 6utr HclroJrb3oBaHbr AIrfr yrorlHeHll.s [oreHrlrr€lJloB MexaroMHoro

83 aLrM oA e itcrr;us. B M eraJr Jrrlq e cKux c rI creM ax u ux lr ap aM erp us arJuil
C npaKTr{qecrofi ToqKr4 3peHr4r 3Har{HMocrb rrofiyqeHHbrx pe3ynbraroB

o6ycraur4Baerc.rr reM, rITo gKc[epHMeHT€LnbHbre r.rccJreAoBannfl HaHorracrvrJ kr

HaHOCT{CTeM, KaK rrpaBr{Jro, 3UtpyAHUTeJrbHbr U qaCTO OTHOCflTC.{ Jrr,Ilrrb K

oTAeJrbHbrM piBMepaM vr cocTaBaM HaHoqacTVrJ, 4 TaKx(e K y3KLrM TeMrrepaTypHbrM

HHTepBanaM. Tarzu o6pasou, aroMrrcrr,rqecKoe MoAenr,rpoBanue - y4o6Hrrfi

r4HcrpyMeHT vrsyqenvrfl, HaHorracrLrrl, rro3BoJr.flroqufi na6ruoAarr crpyKTypHbre

np'OnpaqeHnfl, Ha ypoBHe orAeJrbHbrx rpy[r aroMoB. CoorsercrBeHHo, HeKoropbre

BaxHbre c [paKTrr.{ecxoft TorrKLT 3peHr{.rl sQSerru r{ 3aKoHoMepHocrLI Moryr 6rrm
npeABapr{TeJrbHo npeAcKa3aHbr reoperlrrlecKI4 uttu o5uapyxeHbl B KoM[bIorepHbIX

9KCIIepLIMeHTaX,T.e. aTOMLICTI{qeCKOe MOAenI{pOBaHLIe MO}I{HO U Hy)KHO

LrcnoJrb3oBarb KaK raNHufi grarr rrJraHrrpoBannvrfl. gKclepr{MeHT€rrlbHbrx

I{ccJIeAoBarrufi, oAHoKoMnoHeHTHbIX I{ MHofoKoMrroHeHTHbrx HaHor{acrr.rq.



VcraHosneHHbre B Auaaeprarluonnofi pa6ore 3aKoHoMepHocrrl

cTpyKTypooopa3oBaHr4fl. B MHoroKoMrroHeHTHbrx MeTanrlrqecKklx HaHoqacTlrrlax

IIpn TepMlrqecKoM Bo3Aer4cTBprr4 [peAcTaBJrsroT rrHTepec Anfl TexHoJroflr?I

nollyrleHn{ Mer€LrrlrqecKr{x HaHonoporuKoB vr rexHoJrorLrr4 uoporuronofi
MeraJrnyprr4r4 Ha HaHoMacrura6uovr ypoBHe Moryr 6rtrr uc[oJrb3oBaHbr n @|EYH
<I4ncruryr Merannyprnu YparbcKoro orAeJreHrrs. Poccuircrcofi aKaAeMr{H Hayp),

@fEyH <<Llucruryr MerarrJryprvrr4 r{ Marepr{€rnoBeAeHufl, uMenra A.A. Fafixosa

Poccnficroft . aKaAeMr4r{ Hayp), B OfEyH <<Vlrucruryr crpyrrypnofi
MaKpoKr4Herr4Krd u upo6nerr,r MareplrzrJroBeAeHr{.rr r4M. A.f. Mepxauona
Poccuftcrofi axaAeMvrv :nayK) u psAe Apyrr,IX HayqHbrx 1..rpexAeHuir Poccuu,
BeAyrrlux [paKTr{rrecKr,re uccneAoBalr.nfl. rro aHaJroru.{Hofi TeMarr4Ke. MeroAuxu
MoAeJrr{poBaHufl.3aKoHoMepuocrefi r.r MexaHr43MoB crpyKTypoo6pasonanvrfl, B ToM

rrHcre cefpefarlHoHHbrx flBreHkrvr, MofyT obrTb paclpocTpaHeHbr vr Ha

MHOTOKOMIIOHEHTHbIE MCT€LIII4qCCKLIC HAHOI{ACTI4IIbI, B TOM qI4CJIC

BbrcoKogHrpouufiHue HaHoclJraBbr Lr MoryT naitru cBoe rrpr4MeHeHr4e B HayqHbrx

KoJrJreKTrrBax, npe.{craBJrsroqr4x, Hanpr4Mep, @fEOy BO <<Xaxaccrufi

rocyAapcrseHHufi yHuBepcurer HM. H.O. Karanoaa), HI4Ty <MI4CuC), OfBOy
BO <I4xfTV rzueHrE M.T. KararuHuKoBa)). Kpoue rofo, orAeJrbHbre pe3ynbrarbr

r.rccJreAoBasnit MoryT 6urr BKJrrorreHu n yve6Hbre Kypcbr, rrocBrrrleHHhre Qusure
H aH Op a3 M ep Hbrx c rr cTe M r4lru vMvrT arlr{ oH Ho My M oA e Jr r{p o B aHlrro.

Buecre c reM K coAepxaHr{ro AlrcceprarlzonHofi pa6orrr HMeerct

HECKOJIbKO 3AMEIIAHI{{ :

1. B Aracceprarlr4oHHofi pa6ore o6cyxAarcrc.f, noAxoAbr r rnaccn$uKarJvrv Lr

TeopeTr{qecKor4 r4HrepnpeTar\r4Lr CTAOI{JIbHOCTI4 HaHOqacTI4U U

HaHocrpyKTypr{poBaHHbrM Marepr{urJron. OAuaKo KaK orMeqaer caM aBTop (Artx

HaHoMarepu€LJroB, oco6enno MHofoKoMrroHeHTHhrx, xapaKTepHa 6omrua-f,

BapvaruBHocrb cnoftctn, cBt3aHHat, B qacrHocrvt, c BapuaHTnocrbro I4x cocraBa>).

B csssn grLIM, Kpureprru cra6umuocrlr ra [porBJreHr4fl, Hecra6urbHocrr{ Mofyr
6rttr p€tsrlnuHblMl.I Aax(e Arrfl HaHocrrJraBoB, coAepx{arrlr4x olr4HaKoBoe rrlrcJro

KOMIIOHEHTOB.

2.8 Ar,rccepraquoHHofi pa6ore uccneAyeMbre o6rercrrr ero cno6o4uue
HaHorIacrHIIbI. OAHaro nonyqeHHbre B pa6ore 3aKoHoMepHocru AonxHbr 6rrrr
HecKoJIbKo cKoppeKTnpoBaHhr c freroM crrJroBoro rtolltr rro4nox(Kz. Buecre c reM,
y'aBTopa I4Merorc.{ pa6orur no uTccJreAoBaHr{ro pasvrepuofi 3aBlrcr{Mocrr.r

TeMneparype rrJraBJreHHr HaHopa3MepHbrx rrJreHoK Ha noAnoxKe (nanpzvrep,

Cauconon B.M., CAodHqKon H.IO., Feu6elr A.f., Corolon .4.H., Hosoxraros
H.B. Tepuo4nHalrnqecrufi rroAXoA K npo6nelae pasuepnofi 3aBrlclrMocrr4

reMrleparypbl nnaBIreHtrs, roHKr4x rrJreHoK llLlssecrnq PAH. Cepwx Snsuuecxafl' -
2014. - T. 78. - Ns 8. - C. 960-963 ntrn CawrcoHoB B.M., CAodHqrcoB H.IO.,



Coxoros A.H., Cauconon M.B., Hosoxunoe H.B. Tepuo4uHaMr4rrecKas Mo.qeJrb

nJIaBJIeHut roHKI{x MeTaJIJII{tIecKIzx rrJreHoK ll flonepxnocrb. PegrreHoBcKr,re,

cr{HxporpoHHbre u uefirpoHHbre nccneAoBanufl.. -2015. - }lb 8. - C. 76-80).

3. EesycnoBHo, oqeHb Bax(Ho paspa6arbrBarb co6crseHHoe rrporpaMMHoe

ooec[IeqeHl4e, B paMKax Al{ccepTalltroHHofo LrccneAoBalJufl. nonrreH pflA
cBLIAeTeJIbcTBo, oAHaKO eCJII{ aBTop [CloJIb3yeT oTKpbITOe [porpaMMHoe

o6ecueqeHlle AJIfl analrusa crpyKTypHbrx [peBparrleHr4ft - OVITO, uoueMy He

HcnoJlb3oBarb AJI.a MoneKyn[pHo-Ar{HaMr4rrecKr,rx gKcrreprrMeHToB orKphrrbrfi narer
LAMMPS nossonsroulufi TaKlICe [poBoALITb Mo.qeJrr{poBaHr{e c ucrroJrb3oBaHr4eM

pa3rurrHblx cI4JIoBbIX nonefi (noreuquar czlruofi cBfl3tr, rroreHrllran

[ofpy)KeHHofo atorr,ra) ;

4. Olsurr,r kr3 (BeqHbrx) BonpocoB npr{ rrccJreAoBaHuvr cHcTeM c

HcIIoJIb3oBaHI{eM KoMlrblorepHoro MoAeJrupoBaHvrs. f,BJrf,ercr Bonpoc nu6opa
kr ero [apaMerph3arJvrkr. B 4 vr

lapaMeTpoB, oTBerIaeT npaBHJry

5 rJraBax napaMerprrcarJvrfl

JlopeHqa-Eepuo
( uaxogrrrcs KaK cpeAHr{e reoMerpuqecKr{e BeJrr4rrr{Hbr,

/b KaK cpeAHI4e apuQrr,reruqecKr{e. llocxomry napaMetpu Au C s noreHqr4€Lne

culrHofi cBflgLr orBer{alor 3a coorHolrreHlae napuoft 14 MHofoqacrn.rHofi
cocTaBJltloulux, npeAcraBJlseT I4HTepec aHaJru3 pe3yJrbraToB rrpn tlcrroJrb3oBaHvrvl

Apyroro BecoBoro ros$SnqrleHTa, 6oruuero uJrlr MeHbruero, veu 0,5. Tar<ofi

cIIeHapI4I4 BOOOU{e MOX{eT ObrTb peairH3oBaH Ha npaKTaKe AJI' MeTanJrHrrecKr{x

naHocucreu?

5. YcranoBJreHo, qro cqenapufi crpyKTypoo6pasonanr4fl. B TepHapHbrx

Mer€uuu4qecKux HaHoqacrlallax Ti6Al4V B rrpoqecce KplrcraJrnusarJur4

orlpeAenf,erct cKopocrblo vx oxJraKAeHr{f,. llo-nu4zvrory, AaHHrrft xpurepnfi
AOnXeH TaruKe p acnp ocTp aHflTbc fl, I,I Ha MHof oKoMrIoHeHTHbre HaHOrracrHrIbI ;

6. Moxno rn yrBepxAarb, rrro orHeceHlre o[peAeneHHoro gJreMeHTa K

OAHoMy I{3 TpeX TLIIIoBIIpeAnaraeMoro CefperalllzloHHoro IIoBeAeHI,It aToMoB

MHoroKoMnoHeHTHbIX MeraJrJrnqecKl{x HaHoqacrllq (1 arousl, rrpogBJlgloulne

reHAeHqI4Io K noBepxHocrHofi cerperarlr4r,r; 2 arorvrrt, Soprvrupyoqr{e f,Apo

HaHorracrllllbl, a raKx{e ee nepuQepufiune o6tacrn;3 arovrlr, nH1raS$epeHTHbre K

npoqeccaM cerperaquu) 6y4er xapaKTepHo AJrs AaHHoro oJreMeHra Anr Bcex

Bo3MoxHrrx xou Surypartrurx HaHoqacr ur\ u vx p a:vrep ax?

flepe.rncJleHHble 3aMer{antrfl,, qacrb r43 Koropbrx Hocl4TpeKoMeHAarerurrfi
xapaKTep AIrfl 4alrueftruero pa3Btrrus. uccneAoBaruuit v He cHr.rx{a}or o6rqefi
rroJro)KlrrelrHofi orIeHKu .qr4cceprarluonuofi pa6orrr.

,{nccepraqusClo6HrKoBa Huronas lOprenuua <<MoAelzpoBaHr{e

crpymypuux npeBpalqesuft B oAHoKoMrroHeHTHbrx 14 MHoroKoMrroHeHTHbrx

MeTaJIJILrIeCKI{X HaHOCI4CTeMaX), [peACTaBJIeHHat Ha COLICKAHI4e yUeHOfi CTerreHr.r

AoKTopa Qzsuro-uareMarl{rlecKux HayK, flBrrflercs. sanepruenuoft HayqHo-

CI,IJIOBO|O IIOJI.'I

nepeKpecrHbrx

rapaMerpst Au
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