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OT3bIB

Benymuieit opranmsarmu, Cakr-IlerepOyprekoro AxageMuIecKoro yHUBEPCHTETa, Ha TUCCEPTALMIO
H.B. Cku6pl “B3amMojeiicTBre MOJ IIJIACTHYECKOM aedopMaliy UX BIMSAHHME Ha 3apOXKJICHHE U
POCT TPEIMH B HAHOKPHCTAIUIMYECKUX TBEPIBIX TeNaX , MPEICTABICHHYIO HA COMCKAHHE YICHOH
CTeNeHH JOKTOpa (DH3MKO-MaTeMaTH4ecKuX Hayk mo cmeruanbHocTam 01.02.04 — “Mexanuka

nedopmupyemoro Teepaoro tena” u 01.04.07 — “Du3uka KOHJIEHCUPOBAHHOTO COCTOSIHUS .

Juccepranuonnas pa6ota H.B. CkuObI OCBSIIEHA TEOPETHIECKOMY HCCIIENI0BAHHIO CBSI3CH
MEXKJly paslIM4YHBIMH MOJAMH IUIACTHYECKOH JepopMannu ¥ aHajiu3dy WX BIHSHMA Ha
TPEIMHOCTORKOCTh HAHOKPUCTAUIMYECKUX TBEPABIX TeJl. B OCHOBHOM aBTOPOM HCCIIEXYIOTCH
HAHOKPUCTAUIMYECKAEC METaUIbl, CIUIABBl M KEPAMMKH, & TAK)Ke MCTAVIMYCCKHE U KEPAMHYECKHE
CHCTEMBI TIEHKA-I0/UIOKKA, COCTOSIIME M3 3epeH, MMEIOMUX pa3Mepsl oT 5 1o 100 HaHoMeTpoB.
JIs pelleHHs IOCTaBJIEHHBIX 3aad KCIOIB3YeTCS SHEPreTHYECKHi aHanm3 (C  IMOMOIIBIO
MATEMATHYECKOTO anmapara TeopuH AeeKTOB B yIPYroil cpelie) 3aporkIeHHs W TpaHChopMaluu
pasIMYHEIX Je()EKTHBIX KOH(GUTYPALUi, TO3BOJISIONMIA ONPEIEUTh KPUTHICCKUE XapaKTEPUCTHKH
SBOJIIOLIMM TUX CHCTEM U MX PAaBHOBECHbBIE MOJOXKEHHs. B pamMkax paboThl, IpeanoaaraeTcsi, 4ro B
pe3yabTaTe  HOCIENOBATeNbHOM — TpaHcopMamuy — Ae(EKTHOH — CTPYKTYpbl — (OIHCHIBACMOH
JIUCIOKAMSAMHA W JHUCKIMHAIMAMH)  OCYIIECTBISETCS  IUacTHdeckas  aedopmarms
HAHOKPHCTA/UTMYECKHX MarepuaioB. Takum 00pa3oM, OCHOBHOH IENbIO pabOThl SBISCTCS
pa3paboTKa TEOPETHYECKUX MOJIEINIEH, KOTOPhIE JOCTOBEPHO OIMCHIBAIOT B3AUMOACUCTBHE MEMKIY
pa3IMYHBIMU MEXaHU3MaMH IUIACTUYECKON JeopMaliy ¥ U3yICHUE UX BIMSIHHS HA 3apOXKICHUE U
POCT TPEIIMH B HAHOKPHCTAJUIMYECKUX TBEPABIX TEJIaxX.

Ha [faHHBIi  MOMEHT, CYINECTBYET  MHOXKECTBO  JKCIIEPUMEHTAIBHBIX  pabor,
IOATBEPXKNAIOMEX JeicTBHE crenrupUUecKnX MEXaHH3MOB ILIACTHYECKOH jpepopmannu B
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pealbHBIX HAHOKPUCTAUIMYECKUX MeETaJllaX, KepamMHuMKax M ILJICHKax. HpI/I OTOM TCOpPUL
IUIACTUYECKOr0 MOBEACHUSI HAHOCTPYKTYPHBIX TBEPABIX TCJI IIOJ JNIEUCTBHEM BHEIIHEH Harpy3kKu

pasBHTa OTHOCHUTEIIBHO cirabo. Bcee 910 O6YCH3BHI/IBa€T AKTYAJBHOCTb pPCHIACMbIX B

HHCCCpTaHHOHHOﬁ pa60Te 3a1a4y I IMOCTPOCHUA eTUHOM TCOPUH IUIACTHYHOCTH PCaAJIbHbBIX
HaHOMAaTEpHaIOB, a TAKXE JUIA PEIICHUA NPAKTHYCCKUX 3a/la4q II0JTYyICHHA HAaHOKPHUCTATIJIMYCCKUX
MarepualioB, 00J1a1ar0I X YHUKQJIBHBIM COYCTAHUCM BBICOKOM IIPpOYHOCTHU C (I)YHKHHOHaHbHOﬁ
IIaCTUYHOCTBIO.

HaY‘lHaﬂ HOBH3HA TCOPETUYCCKUX MOJICJICH U pE3yJIbTAaTOB UX aHaIn3a, MIPEACTABICHHBIX

aBTOPOM B JIUCCEPTAIMH, HE BBI3bIBACT HUKAKMX COMHEHUH. B nuccepramuu BriepBbie pazpadoTaHbl
TEOPETHYECKHME MOJEIM  B3AMMOJCHCTBHS  MEK3EPEHHOIO  CKOJIBKEHHS € POTAIOHHON
nedopmarpieil 1 UCIyCKaHUEM YaCTHUYHBIX JUCIOKAIMK U3 TPAHUIl 3¢PEH B HAHOKPHCTAJUIMUECKUX
MeTaUlaX U KepaMUKaxX. BIepBBI€ IPOBEICHO TEOPETUYECKOE ONHCaHHE HEOOBMHBIX >(PdeKToB
VIPOUHEHHS! W pa3ylNpOYHEHHs IIPH CBEPXIUIACTUYECKOH JIeOpMalui HAHOKPUCTAIUTMICCKUX
CIUIaBOB. BrepBble IMOCTPOEHBI TEOPETHYECKUE MOJEIM MHKPOMEXaHH3MOB  3apOXK/ICHHA
HAHOJBOMHHMKOBBIX IPOCIIOEK HA TPAHUIAX 3epeH B HAHOKPHCTAUIMYECKMX MeTauiax. Brepsbie
IpEIOKEHBl M OIMCAHBI HOBBIC MEXAHH3MBl peEJaKCallid BHYTPEHHUX HANPSDKCHHH B
HAaHOKPHCTAUTMYECKHMX TUICHKAX M IOKPBHITUSX. TakiKe BIEPBBIE IPOBEICH TCOPETHUCCKUN aHAIIN3
BJIMSTHUS HaHOMAacITaOHOU IJIACTUYECKOMN nedopManuu Ha TPEIIMHOCTONKOCTD
HAaHOKPHUCTATMYECKUX MaTEPHAIIOB.

I[OCTOBGDHOCTI) IIOJIYyYCHHBIX peE3yJibTaTOB IMOATBCPIKAACTCA CpaBHCHHEM C

SKCIICPUMECHTAJIbHBIMH JJAHHBIMH U UCIIOJIB30BaHHUEM aBTOPOM aHpO6I/IpOBaHHbIX METOJI0B pacyeTa.
MaTepHanm JUCCepTallMyd M3JI0KCHBI BO BBEICHHUHU, YCTHIPEX OPHUTHHAJIBHBIX rjaBax H
3aKJIFOYCHHEC, I'/IC C(I)OpMyHI/IpOBaHI)I OCHOBHBIC PE3YJIbTAThl U BBIBOJIbI.

i3 mepBoil_ rJiaBe IIpeACTaBJICHbl TCOPCTUYCCKUE MOJIEIIH, OIIMCHIBAOIINEC B3aMMOCBS3b

MEX3CPEHHOI'0  CKOJIBXXCHHA C JAPpYrUMH  MCEXaHH3MaMH IUIACTUYECKOM I[C(bOpMaHI/II/I B
HaHoMarepuajlax H OIIPEACICHBI YCIIOBHUA IE€peXoja OT OAHOIO MCXaHu3Ma IUIACTUYHOCTH K
APYyromy. B JaCcTHOCTH, paspa60TaHI>1 TECOPETHUYCCKUE MOJICIIN COBMECTHOTIO JICHCTBUS
MEX3CPEHHOI'0 CKOJIBXKCHUST U pOTaHI/IOHHOﬁ I[e(l)OpMaHI/II/I, U MEX3CPCHHOI'O0 CKOJIBKCHUA U
CKOJIBXKCHUA PEIICTOYHBIX M YaCTHYHBIX JINCJIOKALIMHI Ipu IUIACTUYECKON M CBerHHaCTHqCCKOﬁ
,Z[C(bOpMaIlI/II/I HaHOKPUCTAJUIMYCCKHUX METAJIJIOB, KEPAMUK MU CIIJIaBOB. OHpe)leJIeHLI KPUTHUYICCKHUC
HaIlpsOKEHUS COBMECTHOU peanu3anyu 3TUX MCEXaHU3MOB KW OCYIIECTBJICHHUS IICPEXOJ0B MCKIY
HUMU. HpOBe,Z[eH AHaJIU3 BIMUAHUS DTUX MEXaHNU3MOB IIJIACTHYHOCTH Ha 3apOXKACHUE HAHOTPEIINH B
HAaHOKPHCTAJUIMYCCKUX MaTepuajlax.

Bropas rjiaBa IIOCBAIIEHA  TCOPETHYCCKOMY PacCMOTPECHUTIO MHKPOMEXaHU3MOB

3apOXXACHUA U SBOJIIOIAU HAHOJBOMHHMKOB Ha rpanunax 3¢peH B HAHOKPUCTAJUIMICCKUX METalIax
2



¥ KepaMuKax. TeopeTHIECKH MCCieJ0BaHbl MEXaHN3Mbl 3apOXKICHUA HaHOJIBOMHUKOBBIX IIPOCIIOCK
3a cueT IOCIENOBATEHHOIO HCIyCKaHWs YACTHYHBIX JMCJIOKAlUM M3 TPaHWIl 3€peH BIOJb
MapajuIe/IbHBIX IUIOCKOCTEN CKOJBXEHHS M 32 CYeT MOCIeN0BaTEIbHON peaTu3alui HUICaIbHBIX
HAHOCKOIMIECKIX CIBUTOB BOJIM3H BEPIINH TpelluH. [10ydeHbl BETMYMHbI HAIPSDKSHUH TEUCHU,
IpH  KOTOPBIX TPOUCXOAMT (OPMUPOBAHNE HAHOIBOWHUKOB M OLCHCHBI PasMEpbl H (hopMBI
HAHOJIBOMHHUKOBBIX IMpOCiIoeK. Takke NpoaHaIu3HpOBAHO BIUSHUC 3apOXKICHHUA JTBOMHUKOB
BOJIM3M BEPUINH TPEUIUH HA JAIbHEHIINI POCT ITHX TPCIIUH.

B T]’)eTbefI rjiape aBTOPOM IIPEJIIOKCHBI HOBBIC OpPUIHHAJIBHBIC TEOPETHYECCKUE MOJICIIN

crienu(UUECKEX ~ MHKDOMEXAHH3MOB  DEJaKCaluu — HANPSKEHWH  HECOOTBETCTBHA B
HAHOKPHCTA/LIMYECKUX [UICHKAX M TOKPBHITUSAX. B 9aCcTHOCTH, MOCTPOCHBI JABYMEPHBIC MOACIHA
pejlakcalMyl BHYTPEHHHMX HANPKEHWH 3a CYeT Pean3ali MEK3CPEHHOTO  CKOILKCHUS ¥
G dy3HOHHOTO MacCOIepPEHoca MO IPaHHIaM 3epeH B HAHOKPHCTAILIMYECKUX MCTAILIMICCKAX 1
KepaMHYECKHX CHCTeMax ILICHKA-TIOJIOKKA ¢ PaccoriacoBaHHOM rpanuieil pasjena. Iloxasano,
4TO NelCTBHEE STHX CHelM(pHUECKHX MEXaHU3MOB ILIACTHIHOCTH MOXKET S(QQEKTHBHO CHIKATH
BHYTPEHHHE HAIPSDKCHIUS B HAHOKPHCTAUIMICCKHX IJICHKAX 1 MOUIOXKKAX.

B 4erBepTOil_rJiaBe IIPOBOAUTCA TEOPETUICCKOC OIIMCAHME HOBBIX MHKPOMEXaHH3MOB

3apOJK/IEHHs M OBOJIOLHMH HAHOCKOTIMYECKHX 3€PeH M HMX IENOYCK Ha IPAHMIEAX OTHOCHTCIRHO
GOJBIIMX 3epeH BOJIM3M BEPUIMH TPEIMH B HAHOKPHCTAUIMYECKHX U YIBTPAMEIKO3CPHUCTHIX
KepaMuKax. BIepBble HCCIIeyeTCsl BIMSHHUE 3aPOXK/ICHUs HOBBIX HAHO3CPCH M CBAZAHHBIX C HIMH
JUCK/IMHAIOHHBIX CTPYKTYP Ha TPEIIHHOCTORKOCTD XPYIIKUX HAHOKPUCTAIIIMICCKIX MATCPUAIOB.

[IpencrapieHHble B qucceprannonHoi padore H.B. CxuObI pe3y/IbTaThl IPOTMBAIOT CBET HA
[OHMMaHHe (DHU3MKO-MEXAHHYECKHX IIPOLECCOB, OTBETCTBEHHBIX 33 IUIACTHHYCCKOC MOBCACHHC
HAHOKPHCTAIUIMIECKHX MaTEPUANIOB, HO3BOJIAS OMUCATh HMEFOIIMECS SKCICPUMEHTAILHBIC HaHHbIC
H IIpeJICKa3aTh BO3MOKHOCTD PEaM3allii HOBBIX MEXaHM3MOB IUIACTHYECKOH HedopMalum.

B pesyibrate u3ydeHus aucceprammonHoi padorst H.B. Cxu0bl, HaMU ObUI BBIABIICHBI DS/l

HEJO0CTAaTKOB, KOTOPLIC Cq)OpMyJ'H/IpOBaHI)I B CIIEAYIOIIUX 3aMEeYAHHUAX!

1. Ilpm wuccienoBaHusx — oOpasoBaHus — JUCIOKAUMH B OOJIBIIMHCTBE  CJIy4aes
PaccMaTPUBAIOTCSL PABHOBECHBIE DHEPIUH M HE YUMTBIBAIOTCS KHHETHICCKUC (bakTopsl U
MeracTabmibHbie coctostHusA. CrenoBano Obl 00CYIUTh, KaKyl pOjb MIPacT KMHETHKA B
peabHOM CTPYKType HaHOMATEPUAJIOB.

2. B paGore, B OCHOBHOM, paccMarTpuBaeTCsd  HICATbHAT KyOWueckas peluerka,
XapakTepusyemas JByMsi napamerpamu E M v. ECTECTBEHHO BO3HHKACT BOIpPOC O

IIPUMEHMMOCTH Pa3pabaThIBAEMbIX MOJIENICH JULS aHU30TPOTIHAIX PEIIETOK.



3. TImasa 1: B 1moCTpoeHHOH [guarpaMMe CLEHApHEB IUIACTHYECKOH  peraxcanuu
MEX3EPEHHOTO CKOJIBKCHUSI BO3HHUKAIOT O0JACTH, TZ€ BO3MOXHBI U HAHOTPEIUMHBL, M
YyacTUYHBIE AucioKanuu. Kakoi sxe crieHapuil OCyIecTBIISIETCs] Ha IIPAKTHKE U OT Yero 3To
3aBUCHUT?

4.  T'maBa 3: paccMaTpUBaeTCs JByMEpHasl MOJIEJb IUIEHKU Ha PacCOIIacOBAHHOM IOJUIOKKE.
Mex1y TeM H3BECTHO, YTO B psijie CJIy4aeB OCYIIECTBISIETCS MEXaHWM3M peJlaKCalluy
YIOPYIHX HaNpsDKeHHWH depe3 o00pa3oBaHHE TPEXMEPHBIX OCTPOBKOB CTPaHCKOIo-
KpacranoBa (OCHOBHOM MeXaHH3M [pSMOro (OPMUPOBAHHUS KBAHTOBBIX TOYEK B
IOJIYIPOBOJIHUKOBBIX Martepuanax InAs/GaAs, Ge/Si u T1.1.). XKenatensHo Obuio ObI

00CYTUTh B3aHMOCBSI3b JIBYMEPHOTO U TPEXMEPHOIO MEXAHU3MOB.

HecmoTpst Ha clenaHHbIE 3aMEuUaHMs, MOXHO C YBEPEHHOCTBIO YTBEPXKIATh, YTO
JIMCCepTAIMOHHAs paboTa BRIIOJTHEHA Ha BHICOKOM HAy4YHOM YPOBHE, U IIOJTHOCTLIO COOTBETCTBYET
Ha3BaHMIO M 3aJadyaM, I[IOCTaBJICHHBIM B BeJieHHE. Bce 3TO I03BOJIAET IOCTaBUTH BBICOKYIO
OLEHKY J2HHOW JMCCepTAllMOHHOW paboTe. MarepHan IUcCCepTallMy IIOJHOCTHIO OTpPaKEeH B
onyOJIMKOBaHHBIX aBTOPOM padoTtax. ABTopedepar COOTBETCTBYET COAECPKAHUIO JUCCEPTALH.

Jluccepramuonnas pabora H.B. Cxkubsr “B3aumozeiictBue MoA IIIaCTUYECKOH JepopManuy U
UX BJIMSHHE HA TPEIIUHOCTOHNKOCTh HAHOKPUCTAUIMYECKUX TBEPIBIX TET YIOBIETBOPSAET BCEM
TpeboBanmsiM, npeabspiasieMbiM BAK P® k HoKTOpcKMM JUccepTanusM 110 CHEHHATIBbHOCTSIM
01.02.04 - “Mexauuka jgepopmupyemoro TBepporo Ttena” u  01.04.07 - “ODwusuka
KOHJICHCHPOBAHHOTO cocTostHUs”, a ee aBrop, H.B. Ckuba, 3aciyxuBaer npucyXIeHUs HCKOMOM
YUEHOH CTEIeHH JOKTOopa (PHU3UKO-MAaTEMATHYECKUX HAYK 10 YKAa3aHHOM CIEIMaIbHOCTH.

Joxnan H.B. Cku0bl 110 MaTepraiam JucCepTaluOHHON paboThI ObLT 3aciIylad U 00CyKIeH Ha
cemuHape Jabopatopun ¢um3uku HaHOoCcTpykTyp CankT-IlerepOyprckoro — axaaeMHUUeCKOro

yauBepcurera 19 centsiopst 2014r.

3apenyromuii Jaboparopueit pU3UKU HAHOCTPYKTYP,

3aBenyrommit kKageapoit TeopeTuueckoi Gpu3nku

Cankr-IleTepOyprckoro akajaeMUUecKoro YHUBEpCUTETa V2
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JNOKTOp (H3.-MaT. HayK, podeccop Q@// B.I'. JlyObpoBckuii
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