


MoryTKoHKypupoBaTbcnp'MbIMgKcnepI{MeHToMv|npolHo3llpoBaTbB
HeKoTopblx c;ryqtlflX 6olee AocToBepHbIe pe3yJIbTaTbI' Kpotue Toro' I'tHTepec

npeACTaBIseT p€I3BlITlIe TepMOAnHaMI{qeCKuX noAXoAOB K I{3yrIeH}IIo cBoficTB

HAHOIIACT}Iq U HAHOCTPYKTYPIIPOBAHHbTX MATEPUAJIOB' B TOM qUCIE K

rrpoIHO3LtpOBaHI4IO ary. cTalvrJlbHocTll. KoulneroHblfi tIoAxoA, pa3pa6oTaHHblfi B

AlrccepTarlrroHHofi pa6oTe CAo6nsroBa H.IO., ocHOBaH Ha npllMeHeHlila AByx

€IJTrTSpHaTLIBHbIX MeTOAOB aTOMLICTI{qecKofo MoAeJIUpoBaHI{f,: MoneKyntrpHofi

rILrHaMLrKr4 n Monre-Kapno, AonoJIHeHHbIX IrtcloJlb3oBaHlreM TepMoALrHaMI4KI4

Ant nporHo3lrpoBaHut TepMOAI'IHaMnqe cKIf tX xapaKTepI{cTI'IK

r{x pa3MepHbrx
oAHoKoMuoHeHTHbIxMeTaJIJII4IIeOKI4XHaHoIIacT}III'

3aBLrCr4MOCTefi n cTa6[[bHocr]I. flputrleHenue AByX pa3iil'IqHblx MeTOAOB

aToMLTOTLITIeCKO|O MOAenUpoBa.HkTg., a TaKXte pa3nuqHblx nOTeHIILIaJIOB

MexCaToMHOro B3al{MoAeficrs[s (nOrenqUaJla cI{JIbHOft cBt3H I4 IISTeHUI4€UIOB

MeTOAa nOrpyXeHHOrO aToMa) IIO3B9JISST nOBbIcLITb AoCTOBepHOcTb

p$yJlbraToB MOAenLrpoBaHLr{.

I/.cxolg pr3 BbIIleI{3JIo}KeHHoro'

pa6oruaKTyaJIbHaKaKcHa}^IHofiToqKI43peHl{f,,TaK}IcTotIKI43peHu-s
rrpaKTrueCKOfi 3HaquMocTu [onyqeHHbrx pe3yJlbraroB'

2. Kparnu ii a nal n3 coAeplna Ir Irfl .qrrccepra II lr-n

,{uCCepmqnx COCTOIIT II3 BBeAeHvIA) IIslTvl fJIaB, OCHOBHbIX pe3yJIbTaTOB I4

BbrBoAoB, crIIIcKa co6cTBeHHbIX rry6nnraUufi CAo6nsxosa H'IO', a TaK)Ke

cnrrcKa IIrITlIpyeMofi nuTeparypbl' BKJlroqarolUero 570 naurvreHoBaHlrfi' O6teu

pa6orbr cocTaBJg eT 402 cTpaHrrrlbr, BKJIIOqat 115 unnrocTpaq?Ifi u29 ra6tutl'

Bo nse,ueHrrrr o6ocnoeaHa aKTy€UbHOCTb reMbr Alrcceprallnu' KparKo

On?IcaHo cOBpeMeHHOe CoCTotHIIe llgcJleAyerr'rofi o6lacTu u KoHKpeTHoe MecTo'

KOTOpOe AaHHan pa6ora 3aHVMaeT B Hefi, cQoplryn[poBaHbl IIeJI]I V 3aI.arryr

AlrccepTarluu, nepequcreHbr [oJryqeHHble p$ynbTaTbl, o6ocnosaHa I{X

HOB}I3Ha,uxTeopeTutlecKaflunpaKTl{qeoKafl3HaIII{MOCTb'aTarcKeIIX

AOCTOBepHOCTb. TaXXe UpuBeAeHbI tIOJIOlKeHvtfl) B6IHOCIIM6IS Ha 3aIIIIITy' I4 B

KpaTKOM II3JIOXeHI'IU OnI{CaHO COAepx( aHne pa3AenoB A]ICCepTaI{III4'

B rrepBofi fraBe noApo6Ho OIIncaHbl ocHoBHbre MeTOAbI IIOJTqeHLLI

Mer€IJIJIlrrIecKrIx MoHo- I{ MHoroKoMrIoHeHTHbrx HaHorIacrI'Iq, a raK)Ke o6nacrn

nX IIpaKTlIqecKOrO [pI,IMeHeHI4t. flpuae4eno o[]IcaHLIe noAXoAoB K

KJraccnonKarluu r{ TeopeTlrqecKofi uHTepIIpeTallIIn cTa6uIbHOCTII HaHOTIaCTI',III

u HarrbcTpyKTypupoBaHHblx MaTepIIEIJIOB. Kpoue Toro, onI4cbIB€lIOTCt

oTAenbHbre p$ynbTaTbl aToMIlcTIIqecKoro . 
MoAenupoBaHu-f,

O.trHOKOMnOHeHTHbtX MS-TaIIUqeCKI{X HaHOqaCTIIIIaX' 6unapHrrx U

TeMa AaHHOfi AUCCepraIIrIoHHOfi



MHOToKOMnOHeHTHbIX HaHOcIIJIaBoB. Tarnu o6paSoV, O6OcnosrrBaeTcs

Heo6xoALrMOCTb Lr UeJrecoo6pasnocTb pa3BLrTI1ls. n npuNreHeHlrs KoMTIJIeKCHOTO

noAxoAaKu3yqeH}IloHaHocIIJIaBoB'coqeT€lIouleloaJIbTepHaTI{BHbIeMeToAbI

KoMnbloTepHo|osKcnep}IMeHTaBAoIIonHeH}IeKI4cIIoJIb3oBaHLIK)
TepMoAIIHaMAiIeCKI'tX IOAXOAOB I4 sKCIIepLIMeHT€uIbHbIX MeTOAOB'

Bropan HIaBa IIocB.sIqeHa paCcMoTpeHLIIo TepMoAI4H€IMIIqecKIlD(

noAXoAoB K IIporHo3LIpoBaHIIrc cBoficTB OAHOKOMIIOH€HTHbIX MeTzuUIIrtqecKI'IX

HaHOqacTurI u r43yr{eHlrro IlposBneHufi LIX CTa6UIbHOCTI4/HeCTa6ulrHocrra'

KoHqenryanbHo I{HTepecHbIM p€BAeJIoM tBJlf,eTct pa3AeJI' B KoTopoM on}IcaHbl

pe3yJrbTaTbr lI3yqeHnf, pa3MepHbrx 3aBI{CI{MOCTefi IIOBepXHocTHoro HaTtxeHLIt

HaHoKaneJrb Lr yAenbHofi cBo6oAHofi sneprur{ MaJIsIX KpLIcraJIJIoB. lloApo6no

paccMaTpz4BaeTcs. noAXoA K oIIeHKe KogQQuqlIeHTa nporropUlloH€IJlbHocTll B

tfoprvryne Pycanoaa ,4JIt IIoBepXHocTHoro HaT')KeIdIi.fl' IIo KI|IHeTIIKe LlcllapeHufl

rraHOqaCTuII ra ycaAKLI BaKaHcHOHHbIX nop. B 3aBepllaloqefi qacTI'I HIaBbI

r{3Jro)KeH no4xo4, cBr3aHHbrfi c TepMoA}IHaMI{qecKuM IIpOrHo3I',IpOBaHI{eM

3aKOHOMepHOcrefi rrJraBJreHr{f, r{ 3arBepAeBaHr{fl MeraJIJIItrIecKI{X HaHOqacrI'Iu-

Tperrn HraBa f,BJrrercfl B onpeAeJreHHoM cMbIcJIe MeroAonoruqecKoft u

nocBtIIIeHa OI]ICaHI4IO I,ICnOJIb3yeMbIX MeTOAOB 14 noAXoAOB K

aroMr/tcrl/trrecKoMy MoAeJrlrpoBaHrrro MerarrlrqecKllx HaHoaIacrlIII. I'lnrepec

rrpeAcTaBJrf,eT o[ucaHr{e'AocTor{HcTB II OTAeJIbHbIX HeAOCTaTKOB IICIIOJIb3yeMbD(

uurbTepHaTLIBHbIX MeTOAOB aToMI{CTLtqecKoro MoAeJI}IpOBAHUfl': MeTOAa

MoneKynrpHofi AuHaMr{Kr,r u MeTOAa Monre-KapJlo. flo4po6no LI3JIO)I(eH

IIoAXoAKHaxoX,{eHIltIopflAaTepMoAI4HaMLIIIecKI4X
MeT€UIJIIIqeCKAX HaHOqacTI4II, a TarcKe o[IIcaHbI MeTOAbI

crpyKTypbr rr cTpyr(rypHbrx npeBparqeHl,Ifi B HaHOqacTIIIIUX

ATOMIICTIITIECKOTO MOAEJIUPOBAHUfl"

qerBeprorl ruIaBeofIIIcbIB€tIoTc'p$yJIbTaTbI'IIocB'IIIeHHbIe

r{3yqeHHlo pa3MepHbIX 3aBI{c}IMocTefi TepMoAIaHaMI{qecKprX XapaKTepI{cTLIK

(reruneparypu, TerrJroTbr u gHTpOlU[, oTBerliloqux fIJIaBneHLIIO U

Kpr,rcT€ulJlnsaqull) vr 3aKoHoMepHocTefi cTpyKTypHbIX npeBpaqeHl'Ift B

OAHOKOM1OHSHTH6IX MeTaJIJII{{eCKI'[X HaHOqaCTAIID( C gC[OJI63OBaH]ISM

MeroIoB aroMrlcrrFlecKoro MOAeJIlrpoBaHr4t' Bce noJryqeHHble

3aKOHOMepHocTI4 CpaBHIIB€UOTC{ C CyUIeCTByIOqI{M}I TeopeTnqecKuMll

MoAeIsMLI'oTAenbHbIM}Ipe3yJIbTaTaMI,IaToM}IcTI{qecKoIoMoAeJII{poBaHI{'

ApyfI,IXaBTopoB'aTaK)KeIIMercIquML|c'KHacTof,IIIeMyBpeMeHLI
gKCrrepLrMeHTaJrbHbrMu AaHHbrMrr. oAruarvr u3 BaIKHbIX p$ynbTaToB f,BJIqeTCt

onucaHlle uccneAoBaHllfi 3aKoHoMepHocTefi cTpyKTypHofi cerperaqun B

o.IIHoKoMfIoHeHTHbIXMeT€LIIJIIIaIecKIIXHaHolIacT}IIIax.

xapaKTeprIcTlIK

r4AeHTI{0rIKaIInZ

no pe3yJlbraTaM

B



Ilsras HraBa coAepxuT p$ynbTarbr, noryqeHHble HerIocpeAcTBeHHO C

LICnOJII3OBaHII9M KOMIIJIeKCHOIO 1OAXOAa , 'K aTOMI4CTI{qgCKOMy

MoAenI,IpoBaHIIIo cTpyKTypHbIX IIpeBpaIqeHIIfi B 6unapHrrx vI

MHoroKoMnoHeHTHbrX MeTaJIJIrItIecKI4x HaHoqacTlftllax. OnucaHbl nonyqeHHble

3aKoHoMepHocrtr cerperarlur4 B 6uHapHbIX MeralJILFIecKI,tx HaHoqacrl4llax' B

ToM rrr{cJre paccMorpeHbr 6unapnue HaHocnJIaBbI c pa3nI/FIHbIM pa3MepHbIM

HecOOTBeTcTBIIeM aToMoB KoMnoHeHToB. KpoMe TorO' o6cyx4aerCr upo6JleMa

cTa6r,ubHocTu/HecTa6ulrHocru 6rauerallr4qecKLtx HaHOqacruII. Kar

sQQerruBHbre cnoco6br criHTe3a 6nnapuux MeraJIJII,FIecKlrx HaHorIacrI'III

paccMoTpeHbl p$yJIbTaTbI aToMIICTlIqecKoro MoAennpoBaH.us' npoqeccoB

KoaJrecueHurau u cneKaHrrr. Haz6onbrul,Ifi o6rervr rlccneAoBanvrfi' B AaHHofi

HraBe nocBrrrleH MoAeJrr{poBaHuro TepHapHbIX, qeTbIpexKoMnoHeHTHbIX n

rrrrr{KoMTIoHeHTHbIX HaHorIacrrIII. Kpafiue BaxHo' qro B AaHHofi HIaBe

METO.ITOJIOII4IICCKI,IE ACNEKTbI MOAENI4POBAHI{fl MHOTOKOMNOHEHTHbIX

HaHoqacrurl' Ha rrprdMepe uccneAoBalur repnapnofi cl4creMbr Ti6Al4V n

npr{BeAeHbl pe3yJlbTarbl

npeBpalqeHrlfi B raKoM

p$yJrbTaTbl IIccJIeAoBaHkIs, Sa:onoro nepexoAa u crpyKTypHbIX npeBpaIIIeHLII't B

qerbrpexKoMnoHeHTHofi HaHoclrcreue Au-Cu-Pd-Pt. B garmoqrarenrHofi Sacrrl

4anHofi rJraBbr . [pr{BeAeHo onr{caHrle nepcneKTrlB MoAenI'IpoBaHu{

rrflTr4KoMnoHeHTHbrx HaHorracrrrrl Ha rlpl4Mepe HaHocLtcrerr,rrr Ag-Au-Cu-Pd-Pt.

,{anuufi pa3AeJI Bo MHoroM HocrIT rrolrcKoBblft xaparcreP.

crrrrcKoM co6crseHHblx3anepuraercr pa6ora ny6.nurcaqufi

Cno6nnrcona H.IO., a raK?Ke ocHoBHbrMrr pe3yJrbraraMrl rl BbIBoAaMIr.

3. IIOsnCHa llccJleAonannfi It IIoJIyqeHIIbIx pe3yJIbTaToB

[uccepmqlroHrryrc pa6ory CAo6ngxona H.IO. orJlllqaer BblcoK€Ifl

creneHb HoBrr3Hbr lrccneAoBanuit u nonyqeHHblx p$yJlbraroB. 3ro ce-f,saHo

npexAe Bcero c TeM, rITo BnepBble:

- rlpoBeAeHbr AeTaiIbHbIe TeopeTl4rlecKrle oIIeHKI'I rosQQuqIdeHra

ilporopqnoHaJrbHocrlr K rvrex4y yAenrnofi cso6oAHofi rloBepxHocrHoft

eHepruefi v paAlryCOrrl HaHOTIaCTLIII C uCnOJIb3OBaHveM IIM€K)IUI{XCf,

SKcrrepr4MeHTaJrbHbrx AaHHbrx rro cKopocrlr uclapeHl4f, Mer€LiIJILIqeCKI{X

HAHOIIACT}III H CKOPOCTIA YCAAKLI BAKAHCHOHHbIX NOP;

- npoaHaJrlr3rrpoBaHo BrusHue BHerrrHero AaBJIeHTIg na cta6raJrbHocTb

MeraJlJrrlqecKr/rx HaHorracrwr vr rroKa3aHo, rITo cta6unrnocrb M€LIIbrx o6rerrog

AOIXCHa Bo3pacraTb c pocroM BHelrrHero AaBJIeHI4f,;

- npoBeAeHa oIIeHKa pa3MepHbIX 3aBLIcIIMocrefi TeMIIepaTypbI

4

aroMlacrl{qecKoro MoAeJII4pOBaHIdfl' CTpyKrypHbIX

TepHapHoM HaHOCnJIaBe. Kporrae rofo' orII4caHbI



KpI{CTallnn3arlkrrl

orrlrcblB€uoIIIero

HaHOqacTLrq u

o6oloqnofi c

cI{cnoJIb3oBaHI{eMTepMoAI,IHaM[IIecKorocooTHoIIIeHI4g''

pa3MepHylo 3aBlftcl'rMocrb reMrleparypbl """T:1:
noJryqeHHoro B paMKax MOAenn iliaBreHut c xlIAKon

yqeroM TeMneparypHblx U p€BMepHbIX 3aBI{CI{MOCTefi

paMKax TepMoAlIHaMLrrIecKoro noAXoAa

3aBI4CTIMOCT'MTI TeMneparyp nnaBn envrs' Tm

qro pa3MepHat 3aBI'ICI',tMOCTb T" tBJltrerct

noBepxHocTHbrx HaTrxeHrrrfi u rraexoaanoro HaT{}KeHI{t Ha rpaHLIIIe Mex4/

TBepAbrM TeJIOM I',I pacnJlaBoM;

- npoaHawr3}rpoBaHa B

B3aUMOCBt3b MexAy pa3MepHblMrr

r,r KpI,Icr€uIJILr3aIIIlI'I { . florasano,

MeHee BbrpaxeHuofi, veu pa3MepHau 3aBI{CpIMOCTlr- T*;

- nPeAJIoxeH rounnercnrrfi noAXoA K aroMucr[qecKoMy

MOASJII{pOBaHIIIS MSTaJUI1IISCKIT X HaHOTIaCT}III'' CoqeTaloqllfi npUUeHeHI{e

MeTOAOB tUolerympnoft AI',IHaMTIKLT U Monre-KapJIo .rIJIt H€lxoxAeHl{f,

xapaKTeplrcTI4Kpa3MgpHbrx. 3aBr4Cr{MOCTefi TepMoA}IH€IMUIIeCK}IX

MeTalIUqeCKI/tX HaHOqaCTLIII ;

- BBeAeHo B paccMoTpeHlle n [poaHaJI]I3]IpOBaHO IIOI{flTI4e CTpyKTypHoLI

cerperaqnn B

QoprraupoBaHulo

Qopnnzpyerca vr n,4enrnQuqupyeTct JII{rub oAHa OrIpeAeJIeHHat noK€ulbH€rfl

crpyKTypa;

-HaIIp}IMepeqeTbIpeXKoMnoHeHTHbIXHaHoqacTLIIIAu.\-u-ru-rt
pa3MepOM AO 4-5 Hrr,r BbItBJIeH CTeXIaOMerpn'reCrUfi COCTaB' Otee'IaJOIUzft

QoprvrupoBaHuro JroKzrJrbHbrx KpLrcT€UrII4qeCKnx Qas " 
qpoqecce oxJIaXAeHnt;

- Ha npuMepe IUITIIKoMIIOHeHTHbIX HaHoTIacTIIII Ag-Au-Cu-Pd-Pt c

rrcxoAHblM paBHoMepHbIM paclpeAeJleHl{eM KOMnOHeHTOB ycTaHoBneHo' rITO

BapnaTuBHocTb rone.Inofi cTpyKTypbl HaHoqacTuq MolKeT onpeAentTbct

BeJrlrrrrirHofi rerranepaTypHofo IIHTepBaJIA LT"' B KOTOpOM npolIcxoALIT npoqecc

KpLrcraJlnv3ar\uvr;

-BbIcKa3aHaunoATBep}KAeHafl{noTe3aoToM,IITo,BoTJII/ttII|IeoT
6unapnrrx u TepHapHbrx HaHOqacTrIII, B qeTblpex- u TTf,TI4KOMIIOHeHTHbIX

HaHOqacTLrrIax MoxHo u4eHruonqllpoBaTb TpLt TI4IIa aToMOB C TOTIKII 3peHllf, IIX

noBeAeHrrr B cerpefarlrroHHblx flpoqecc€x: 1) aToMbI, [posBnf,Iolqlle

reHAeHUrilo K noBepxHocrHofi cerpelaqull; 2) arorrarr, Qopunpyroque sApo

HaHorracTlrrlbr, a TaKXe ee nepnQeprafinrre o6nacrn; 3) arourr'

MOHOMETAJTJIIIqE CK}IX

o6racrefi (son vrru
HaHOrIacTuIIalq KoTOparI orBeqaer

rroJrocoBbrx cTPYKryP), B Koropbx

Au-Cu-Pd-Pt

ranara$$epeHrnbre K npoqeccaM cerperaquu'



i,'

4.TeopernqecKaflIIIlpaKTllqecKafl3IIaqIIMocTI'

B 4UCCepTarIr4oHHOfi pa6ore noKa3aHO, IITO TeOpe'TI',ItrecKHe pe3yJIbTaTbI lI

pe3yJIbTaTbI aTOMlICTIAqecKofo MoAeJIIIpOBaHI4-fl IIOATBepxAaIoT BO3MOIKHOCTb

pacnpocTpaHeHl{t MeTOAOB LI IOAXOAOB TepMoAI{HaMI{KI4 Ha HaHOpa3MepHbIe

o6rertrr. B qacrnocTH, anpo6uponanu KoHIIelqulI Marepl4ncrofi Qasu u Qasu

cpaBHeHut, nO gTHOIIIeHI{Io K KOTOprIM onpeAeJlf,IoTct ug6Hrxu gKcTeHC}IBHbD(

BSJII{qLIH, oTHocI4MbIe It ru66coBcKofi pa3AeJltloqefi [oBepxHocTII' llorasaHo

TaKXe, qTo xapaKTep pa3Mepnofi 3aBI4CIIMOCTI4 TeMnepaTypbl KpIICTaJIJII43aI\UVI

MolKHo o6rgcnurb He roJIbKo rrcnoJlb3oBaHl,reM Kl4HerlaqecKoro paccMorpeHr4g',

Ho LI B paMKaX TSpMOALIHaMLIIISCKOIO 1OAXOAa' HecorraHeHHo' IITO nOJryrIeHHbIe

B ALICCepTAI\nU pe3ynbTaTbl BHOCST BKJIaA B pa3BLITI{e HaHOTepMOAI4HaM}IKLI'

Kporr,re ToIo, noJryqeHHble pe3yJIbTaTbI MOryT 6rrrr nOJIOXeHbI B oCHoBy AJII

IlocneAylonlel.o KpuTLIqeCKOTO aHaIIpI3a LIMeIOqnxct 3KCnepIIMeHTaJIbHbIx I4

TeOpeTrqeCKltX Pe3YJIbTaTOB nO

TepMoAnHaMnrrecK[x xapaKTepucTlrK Vr

TepMoAI4HaMrMecKoro

rrpaKTrltlecKofi ToTIKI{

TepMoAITHEIMI'rtIecKoI'o noAXoAa'

oruernu TaKXe, rrTo KoHIIelqLII4 AIdCCepTaIIEOHHOfi pa6oTbl BHOCLIT

BKJTaI B A€rJrbHefimee pa3BIITI{e MeTOAOB U IIOAXOAOB K aTOM}ICTLIqecKoMy

MOAeJIT{poBaHLrro MeTalIurrecKI4X IIaHOCI{CTerrl. Kporvre Toro, oAHIIM LI3 BaXHbIX

acneKToBnpIIMeHeIIPI'aToMI{cTIIIIecKoroMoAenLIpoBaHII'KnpoI.Ho3LIpoBaHIIIo

cBoficTB HaHoqacTuII u HaHocTpyKTypIIpoBaHHbIX MaTepIItLJIoB tBJIteTct

npo6ner"ra Bbr6opa n alpo6aqlftI nOTeHIIII€LJIOB MeXtaToMHOro B3allMoAeitcrsufl"

ouenn4no, rrTo pe3yJrbTaTbl ALICCepTaIIIIOHHOfi pa6oru IIO3BOJI-f,IOT B

.IIaJIbHefiIneM I{X qCIIOJI63OBaHLIS npu ru6ope nnu yTOTIHSHpIU IOTSHqUaJIOB

MelKaroMHOrO B3al4MoAetrtcrFjug. B MeTaJIJI[qecKLrx cPICTeMaX' a raKxe V t4X

napaMeTpll3alll/Ifi.

Kaf yXe OTMeqUt[OCb BbIIue, aTOMLICTI4IISCKOS MOASJIIIpOBaH]IS MO)KST

6uru ucfroJrb3oBallo B KatIecTBe /Ao6noro I4HcTpyMeHTa AJIS LI3ytIeHLIs

HaHorracrlrrtr, uo3BoJrrroqero Ha6rroAarb crpyKTypHble npeBpalqeHus Ha

ypoBHe oTAenbHbrx rpyln aToMoB. Tarulrvr o6pa.sou, oqeBI4AHa 3HaIII4MOCTb

IloJryqeHHbrx p$yJrbTaTOB C UparuluecKofi TOIIKLI 3peHIIt' TaK KaK noKa

9KC[epI{MeHTaJIbHbIe IICCJIeAOBAHUI, HaHOIIaCTIIII u HaHOCIICTeM

3aTpyAHI,ITeJIbHbI vr OTHOctTCfl JIIIIIIb K oT'4eJIbHbIM pa3MepaM n cOcTaBaM

HaHoIIacTlIII, a TaKXe K y3KIIM TeMnepaTypHbIM IIHTepBaJIzIM' BesyclonnO'

KOMIJISKCH6Ifi IOAXOA, COqeTaIOuUfi npurr'reHeHple aJIbTepHaT]IBHbIx MeTOAOB

aToMrrcTr{rrecKoro MOAeJI}IpOBaHILfl' AOIIOJIHeHHOe IIpUMeHeHIIeM

MOAenI,IpoBaHufl' no3BoJlger nporHo3l4poBarb BaxHbIe c

pa3MepHbIM 3aBlrclrMocr{M

yToqHeHlrf, rpaHI'III IIp]TMeHnMOCTIA

a 3aKOHOMepHocrrI' xapaKTepHbre
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ToJIbKoAJItrHaHoqacTI,uII4HaHocTpyKTypnpoBaIIHbIXMaTepLI€tJIoB.3aTeMyxe

MOIKHO ocyruecTBr4Tb IIeJIeHanpaBJIeIIHbIfi fIolIcK npeAcKa3aHHbIX

3aKOHOMepHocTefi B nptMbIX 3KCnepI[MeHTtX. @amn'IecKfi 1lpeAnoxenHrrfi

KoMIIJIeKcHbIfi nOAxOA Mo)KeT 6srrr ucnOJIb3oBaH KaK OrAelrnrrfi gTaII'

lrpeABapfforqufi nptMble gKCnepI4MeHraJIbHbIe LICCneAoBaH.us' AJlf,

npeqpr3r,roHHofi UAeHTT4oLIKaIILILI clequouqecKl4x CBOfiCTB HaHorIacTI4U 14

HaHOCTpyKrypupoBaHHbIX MaTepI4€IJIOB'

5. OoocnoBaHHOCTb II AOCTOBepIIOCTb IIayTIIIbIX IIOJIOXeHnfi n BbIBOAOB

flpe4craureHHbre B ALIccepraIII4oHHofi pa6ore c4o6nrnona H'IO'

pe3yJIbTaTbI'f,BJIfIoTcfAocToBepHbIMI4'aBbIBoAbI}IocHoBHbIenoJlox(eHl{.f,

BrroJrHe o6ocnosaHrr c Qusnuecrofi TOTIKLI 3peHufl' 9ro o6ecneqeno KaK

KOppeKTHOCTbTO nocTaHOBKX 3aAaq uccJIeAOBAHLlfl', TaK LI anpo6upoBaHHblM

noreHrllr€lJroM Mex(aroMHbrx B3alrMoAeficmufi' aAeKBarHo Bocnpolr3BoAf,Irlero

csoficrsa rubrarrnqecKr/rx Ha'ocrrrcreM - [oreHur4€L[oM c'rJrbHofi cssgu, a raK)Ke

cpaBHeHlIeM c p$yJIbTaTaMI',t, noJryqeHHbIMlI c I4ClOJIb3OBaHlIeM Apyfolo

crrJroBolo rIoJIt : noTeHIII'IaJIa IIorpylKeHHoIo aTOMa' B Ce npOaeAeHHbIe pacqeTbl

BpaMKaXKoMfIbIoTepHoIosKcnep}IMeHTaflBJI'IoTc'Boc[poLI3BoAI4MbIMI/t,
ucloJlb3yeMbleMOAenunpuMeHI',ITeJIbHOKLICCneAyeMbIM3aAaIIaMaAeKBaTHbIIft

TUIaTeJrbHo aupo6upoBaHbl. Kporrae TOIO' pBynbTaTbl I4CCneAoBasuit'

Koppen[pyloTc}IMeIoIuMLIc'oTAeJIbHbIMLIJIIITepaTypHbIMI{AaHHbIMII'
1OJTyIISHH6IMI,I B paMKaX aTOMIICTI{qeCKorO MOAenI4pOBaHns' ulunr rrptMOIO

gKCneprIMeHTa.

6. PenorvrerrAarl[[ nO nCnOJII'3OBaHI'IK) pe3yJlbTaTOB I'I BbIBOAOB

AUCcepraIInu

Peynrrarbr Alrcceprauuu cAo6ssrosa H.IO. Moryr 6bITb ucnoJIb3OBaHbI

B yue6nrrx 14 HayqHbIX f{pexAeHl4tx vr TexHoJIorIaIIecKI{X IIeH'IpaX'

cneqlr€IJllr3lrpyrcq?rxcs B o6nactr pa:pa6orrul MeroALrK crIHTe3a

MeTaJIJILIttecKI{x I{aHolopoIIIKOB' B TOM IIIACJIe MHOIOKOMIIOHeHTHbIX' TaKIIX KaK

@fByH <<I,lncruryr crpyrrypnofi MaKpoKI,IHerprKlI vr npo6lernr

MaTepIIaJIoBeAeHI/tf, IIM. A.f. MepXanona PoccnfiCrofi aKaAeMIIu HayK)'

orEyH <<Irlncrraryr Qusurul rporIHOCTlI II Marepl{€uloBeAeHns', cu6upcKolo

orAeJreHr4, poccuficrofi araAeMulr Hayp), ofEyH <Irlncrnryr MerarrJrypfuu kl

MaTepLIaJIoBeAeHI4-f, LIM9HLI A.A. Bafirosa Poccuficrofi araAeMupl Hayr>> LI pflAe

Apyrux HayrrHbrx yqpe)KAeHufi Poccul4, BeAyIIII{X IIpaKTIItIecKI{e IICCJIeAOBaHUA

rlo r43yrreHr4lo TepMoAIIHaMIilIecKltx vI cTpyKTypHbIX xapaKTepLICTIIK

MeTaIII4qgCKIIX HaHoqaCTUII. Pageutrre MSTSAIIKLI MOAenupOBaHI4[



3aKoHoMepHocTefi u MexaHu3MoB cTpyKTypoo6pa3oBahrus'' B ToM rIlIcJIe

cerpeIaqIIoHHbIX tBJIeHI',Ifi' B MHOIOKOMnOHeHTHbIX MeTZUIJII{IIeCKI',IX

HaHorracrlrrril( (BKJrroqarr raK Ha3brBaeMbre BbrcoKogHTpo[ufinue nanocnnanrr)

Moryr nafirra cBoe rpuMeHeHLIe B HayqHbIX fpynnax @fAOy BO

<HaqraoHalHrHfi I{ccneAoBatelrcruft TexHoJloruqeCrulfi yHI'IBepcI'ITeT

(MI4CI4C), (DfBoy BO <<Xaraccrrafi rccyAapctnennrrfi yHl4Bepcl4rer

rau, H.@. Karanosa), ofEoy BO <Ka6apAuno-Eanrapcrnfi rccyAapctsenHrrfi

yHrrBepcrTer errvr. X.M. Eep6erona>, OfEyH <Llncruryr Qu:urz rBepAol'o

reJra Poccnficrofi aKaAeMLru Hayp), ofAoy BO <IOxHo-vpalrcMfi

rocyAapcrnennHfi yHr,IBepcI{TeT (naquonalrnrrfi I4CCneAoBaTenbcKLIfi

yHlrBepcr4rer)>> u prle Apyrl4x ytlpe)KAeHllt, B Koropblx npoBoAsrcfl

LrccJIeAoB alug' no 6wrgroft reuarnne'

flonaraeu TaKXe, qTo oTAeIbHbIe pe3yJIbTaTbI I{CCJIeAOSaHUfi MOryT 6gtr

BKIIoqeHq n yue6gble KypCbI' IIoCBsIIIeHHbIe MOAenI4poBaHLIIO HaHOpa3MepHbIX

cucr€u Lr MeroAaM Lrx cI'tHTe3a.

7. 3aue'raHrrfl Ir Bonpocbr rlo Alrccepralllrrr

flpn LI3yrIeHlIu AllccepTallllonnofi pa6otu B63HIIKaI9T cneAyloul[e

Bonpocbl LI3aMeqaHut

1. flpu oqelrKe napaMerpa Pycanona B ra6nnqax 2.3, 2.4 H 2.5

[peAlgnal'aeTcf, uocTosHgtso o6seMa HaHoqacTIIII npu pa3HbIX TeMllepaTypax'

Mex4y reu, o6seM HaHOrracTr{I 3ZIMeTHO II3MeHteTcfl c pocToM TeMflepaTypbl'

oco6enno B oKpecrgocrlr reMneparypbr nnaBJrenras. BoggrrKaer Boqpoc' KaKyIO

orun6ry BHOCTTT AaHHOe AOrryrIeHIIe B pe3yJIbTaTbI ouenor?

2. llpuneAeHHoe B pa3AeJIe 3.6 o6ocnosaHl'Ie qelecoo6pa3HocTl{

lrclroJlb3oBAF{VIL,) pa3Bl{BaeMoro aBTOpoM (KOMIIJIeKCHO|O noAXOAD>. K

ATOMIICTATICCKOMY MOAEJI}IPOBAHIITIO' COITETAIOUIEMY IPIIMCHEHI4E METOAOB

MoJreKyJr{pnofi Auna}aurn (M,{) u Monre-Kapno (MK)' Ha HaIu B3IJI'A' AaHo

HecKoJIbKO AeKJIapaTlIBHo !I MofJIo 6u 6urr II3JIoxeHo 6onee rrry6oro' flo

cyTtr, aBTOp [poI,I3BOALIT nepeq]IcJlel{I{e npeIIMyUIeCTBa I4 HeAocTaTKOB AByX

MeToAoB II IrplIXoAI4T K B6IBOAy b IIX B3aIIMnofi aepuQuraquu r1p]I oTcyTcTBlILI

gKcrreplIMeHT€uIbHbIX AaHH6IX. flpu 3ToM, KaK cJIeAyeT LI3 Aangrefiurero

r/t3JrolKeHllf, CyTb (KOMIIJIeKCHOIO noAXOAa) 9T[M He oI'paHIrFII4BaeTcfl'

3. CAenanHoe aBTOpOM yTBepxAeHlIe npll cpaBHeHLIU MeTOAOB MA u

MK, qTo MeroA MK O6naAaer npeLIMyIqeCTBOM IIO CpaBHeI{I{IO C MA B

cllTyaqu'X,KoIAaHaAoBbIBecTIdcIIcTeMyI{3oKpecTHocTlInoK€LIIbHoro
MlrHr{MyMa He cOBCeM KoppeKTHo. Ha CaMOM Aene B crryrlae SprOAnrIecKI{x

CI{CTeM O6a rvretoAa tBJItIOTCt paBHo3HaqHbIMll' flpll 9TOM BIIBOA CncTeM n3



(3€TMOpOXeHHbID) KOHQUTp a\u[t npu noIIaAaHuI{ C}ICTeMbI B noxHoe

paBHoBecHoe cocToflHl4e B OKpecTHocTI{ JIOKaJIbHOIO gHepleTl4qecKolo

MLTHIAMyMa Ha MHOIOMepHOfi noTeHIII{aJIbHOfi IIOBepXHocTH BbInoJIHteTCt

pa3HbrMlr cnoco6aMl{.

4.Ha cTp. 216 aBTOp [UrreT, IITO ((... I{3BeCTHbI CJryqau' KorAa

HaHoqacTurlu o6naAaloT 6onee errcorofi npoqHocTblo' B ToM qI4cJIe 6onee

BbICOKI'IM}I 3HAqEHI{-'IMI4 TEMNCPATYP IIJIABJIEHLI' U KPLICTAIINI43AI\IIYI' NO

cpaBHeHLIIo c qacTnIIaMII 6nzgrux p€BMepoB). B AaHHoM cnyqae cBf,3blBaTb

lpoqHoCTb HaHOIIaSTIIII c TeM1lepaTypofi nnasJ1elg.us, HecKOJIbKO HeyMeCTHO' B

AaHHoM cJryrlae 6rrno 6u roppeKTHee ILIcaTb o TeMnepaTypHofi ycTofiqI'IBocTI'I

HAHOTIACTLIq.

5. AerOp nCnoJlb3yeT IIOHflTue CaMoC6Opru npI'IMeH[TeJIbHo K {BJIeHI{Io

KoaJrecqeHrlrrn KarreJrb paclnaBJreHHblx HaHoqacrull MeraJIJIon (crr'r. ctp' 246 u

252). Mex4y reM, Ilollf,rl{e caMoc6opK}I npl{MeHf,ercs K llpoqeccaM,

npoucxoAfIIII{M B MOJIeKyJItpHbIX CI{CTeMaX, u I',IHTepnpeTllpyeTcs KaK

o6pasonaHrre ynoprAorreHHbrx HaAMOJreKynrpHbIX CTpyKTyp.

6.I4s JlllrepaTypbl Xoporuo I'I3BecTHo, rITo B TepHapHoM cIIJIane Ti6Al4V

Ha6rroAarorcf, Qa:orne nepexoAbr Me)KAy cL olry) u B (OI$) crpyKTyp

yAeJrbHbrfi npoqenT Koropbrx Moxer 6srm BecbMa 3HarILrreJIbHbrM. Bognuraer

Bonpoc noqeMy B MoAennpyeMbrx HaHorIacrI4IIax Ha6nroAarorcf, ToJIbKo cJIeAbr

B ipa:u?
7.fIpu qerbrpexKoMrIoHeHTHOfi

Au-Cu-Pd-Pt crexrloMerpl,IqecKl4fi cocraB'
MOAeJII/tpoBaHIII4

aBTOp BbISBI,UI

IIaHOlIaCTI[IbI

orBeqaroIuI4fi

SoprvrzpoBaHlllo JI6K€LJI6H6IX KpIIcT€UIn[qecKLIX Qag " 
[poqecce oXJIa)KAeHufl" B

rreM 3aKJIIOqaeTCs npaKTurIeCKarI 3HaIILIMocTb HafiAeHHOfi Crpyxrypu?

8. B pa3AeJIe 5.5 [p?I ofII{caHI4Lr repcneKTLIB MoAen}IpoBanus'

rrtrllKoMrroHeHTHbrx HaHorIacrIfIII, Bbr6paHa cl{creMa coAep}K€Ilqaf, cMecb

aToMoB BxoAslqux B cocTaB cLIcTeMbI B oAI{HaKoBofi llponopqr,ru' B pe3ynbTaTe

MoAeJprpoBaHrrr Bo3HrrK€tror BblcoKogHTponufiHbre crlcreMbl. Bognraxaer Borrpoc

KaKOBa npaKTIIqeCK€tf, 3HaIII4MOCT6 TaKOTO O6terra MOAeJII'IpOBaHLrfl? O6g.rnO

MHOTOKOMnOHeHTHbTe crrJraBbr co3AaroT Anr QopnaupoBaHr4s' onpeAeJIeHHbIX

KpI,ICT€UI1qIIS9KIIX yngpf,AotleHl'Ifi II3 AOMIIHaHTH9fi KOMnoHeHTbI ClJIaBa nOA

BJrLrfHLreM MaJIbrx Ao6aBoK.

Kporr,re Toro, ecTb HecKoJrbKo 3aMer1aHllfi pe4anqlIoHHOIO XapaKTepa:

1.B Aurcceprarlur4 Bcrpeq€uorcfl plrcynrul (pnc. 1.10, 1.8, 1.9 n3.10) ua

KoTopblx I{CnoJIb3bBaHbI nOAIIuCu ocefi Ha aHHIIIftCTOU s3blKe'

2. SQQeruaBrrbrfi ArraMeTp aroMa <<aD BIIepBbIe onncblBaeTc.f, Ha cTp. 91,

B TO BpeMS KaK OH npucyrcTByeT Ha pucyHKax 2.1 u 2.2 (crP.75). Taxxe era



BeJuIqI,rHa H€BhlBaerct paccrorHraeM Melr(Ay 6laxafiuruuu coceArMr4. 3rc
HecKoJrbKo ycJroxHfleT npoqTeHue Ar4ccepTarlnu.

3. Ha crp. 99 ynoMlaHaerc{ ra6mnqa 5, B roropofi rpeAcraBJreHbr
pe3yJlbrarhl orIeHoK Anfl €LIIIoMulaus. llo scefi BzArrrMocrr4, gro orrncKa 14 peqb
r{Aer o ra6nuqe 2.7.

8.3arc.nrorreHue

,{uccepraqiaonnar pa6ora H.IO. Cao6nsKoBa rBJrf,ercr oprrrunaltrnofi,
caMocro{telurofi u saroH.reHHofi HayqHo-KnalnQuraqllonHofi pa6orofi,
BbIIroJIHeHa Ha aKTyaJrbrryrc TeMy, o6laAaer uayunofi noerasHofi vt

upaKTl4rlecrofi IleHHocrbro. Pa6ora BbrrroJrHeHa Ha BbrcoKoM HayqHoM ypoBHe r,r

BHocI{T cylqecrBeHnrrfi BKnaA B flpeAcraBneHrrr;r o 3aKoHoMepHocrf,x

crpyKTypHbIX npeBpalqenzfi B oAHoKoMrroHeHTHbrx r{ MHoroKoMloHeHTHbrx

MeTa[ILIqecK]IX HaHoclftcTeM€x. PeeynrtaEr, [oJryqeHHbre aBTopoM,

npeAcTaBJrflroTcf, AOCTOBepHbrMr4, A CAeJraHHbre B

o6ocnonanHLrMr4.

no3BoJrreT cocTaBr4Tb aAeKBaTHOe npeACTaBJreHr{e

LICCJIeAOBAHUflX U [OryrreHHbrx p$ynbTaTax.

pa6ore BbrBoAbr

lIpune4eHHBIe 3aMeqaHat He r{3MeHrror o6qefi nonoxarenrnofi oueHKr4

Ar.rccepraqraonnofi pa6orn Lr He cHLrx(arcT ee rleHHocrb.

co4epxaHrae Alrcceprarlurl AocraroqHo noJrHo orpaKeHo B

orry6naroBaHHblx HayrIHbIX pa6orax. llo reMe orry6rumoBano 96 crarefi,
BXoAtIqux B repeqeHr BAK u/unu r4HAeKclrpyeMbrx B MexAyHapoAHbrx 6aeax

AaHHIIX Web of Science H Scopus, rroJr) reHbr 7 cBzAereJrbcrB o
rocyAapcrnenHofi perlacrpalllru rporpzrMM Ha 3BM, r43AaHbr 3 rraonorpa$nu.
Pesyltrarrr pa6oru xopouo aupo6upoBaHbr, He pa3 npe.qcraBJrrJrr{cb Ha

ronoepenqutrx n ceMrrHapax pa3Horo ypoBHr u 3HaKoMbr HayqHoMy
cooouecTBY.

AnropeSepar IroJIHocrbIo coorBercrByer coAep)Kanlrro Arrcceprar{ulr. kI

BbIfIOJIHCHHbIX

Tannra o6pa.:onr, Ar,rcceprarlzoHH€ur pa6ora H.Io. Cao6nsroBa orBeqaer
rpe6onanuxrra floloxenns (O [oprAKe rrpucy)r(Aeuufl yqeHbrx creneHefi>>,
yrBep)I(AeHHoro nocraHoBneHzeM flpannrenbcrBa Poccnficrofi (De4epaquz

J\b 842 or 24.09.2013 (e arryanurofi pe4arrlnu), coorBercrByer rracnopry
clleqll€ulbHocrll 1.3.8. @usura KoHAeHcr,rpoBaHHoro cocrorHr{r rro Susurco-
MareMarrrqecKr4M HayKaM (rryHrcrU 1, 2, 5), a ee aBrop, C,qo6nsroa HuKolafi
IOprennr, 3acJryxrlBaer npl4cyxc,AeHr{f, yueuofi creneHrr AoKropa $usll o-
MareMarrITrecKlIX HayK rro cnequ€urbHocra 1.3.8 - @ugura KoHAeHcr4poBaHHoro

cocTo.f,Hl4rr.

,{acceprarluoHHarr pa6ora H.IO. CAo6Hsxona n or3brB Ha Hee
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