YTBEPXJIAIO

Jupexrtop

®denepalbHOTO TOCYJAPCTBEHHOTO
OIOJOKETHOTO YUPEIKIACHUSI HAYKH
“NucTuTyT 00MIeH Gpusuku
uM. A.M. ITpoxoposa PAH”
akagemuk PAH Illep6akos 1. A.
«29» dpespans 2016 T.

BeIylIe OpraHu3alyu o AUCCEPTAIMOHHON paboTe
KBAIIHWHA Anexcanpa ['eHHanseBrya
«OcobennocTr 06pa3oBaHKs HOBBIX KBa3UABYMEPHBIX HAHOCTPYKTYDP M HX (U3MUECKHE CBOHCTBAY,
IPECTABICHHON HA COUCKAaHME y4EHOH CTeleHn Kanaunara Gu3nKo-MaTeMaTUIECKAX HAyK 110
crermanbHocT 01.04.07 - pusrka KOHIEHCHPOBAHHOIO COCTOSHUS

BribpaHHas 1UCCEPTAHTOM TeMa IIPE/ICTaBIseT HHTEPEC ISl COBPEMEHHOTO MaTePHAIOBEICHHSI.
C aKTUBHBIMH pa3pabOTKaMH B 00JACTH KBAHTOBO-XMMHYECKHX METOJIOB PACUETa CTAIO BO3MOIKHBIM
NPOBENCHUE TEOPETUYECKUX OSKCIEPHMEHTOB, KOTOpBIE IIO3BOJIIOT MPEICKA3bIBaTh CTPYKTYPY H
(usuueckne cBoiicTBA HAaHOOOBEKTOB C BBICOKOM TOYHOCTBIO. Jluccepramms Kpammmna AT
NIOCBAIIEHA BOIIPOCY HCCICIOBAHUS HOBLIX KBa3HIBYMEDHBIX HAHOCTPYKTYP METOJaMH TEOPUH
(yHKUMOHANA BEKTPOHHON ITOTHOCTH M METONAaMH KJIACCHYECKOM MONEKYNSpHON MEeXaHWKH, a
TaKXE NECTAJIPHOMY HCCIEOBAHUIO HOBBIX CBOMCTB YK€ H3BECTHBIX YIJIEPOIHBIX HAHOCTPYKTYD,
TaKuX Kak (yJUIepeHsl U yIIepoaHble HAaHOTPYOKH. Vi3ydeHne pU3MUeCKUX CBOMCTB M IIpeICKa3aHUe
YCIIOBH# CTaOWILHOCTH JAHHBIX KBAa3HIBYMEPHBIX HAHOCTPYKTYP BaXKHO I SKCIEPHMEHTATbHOH U
TEOPETHYECKOH (U3MKM KOHJEHCHPOBAHHOIO COCTOSIHHS, IOCKOJNBKY Ha OCHOBE IOMyYeHHBIX
pe3yabTaTOB  BO3MOXXHO  IIPOM3BECTH  OLEHKY YCIOBUH  SKCHEPUMEHTAJIBHOIO  IMOJIYYEHHS
HAHOCTPYKTYP C YK€ ONIMCAHHBIMYU XapaKTEPUCTUKAMH.

B Hacrosmee BpeMs coBpeMeHHas HayKa W TEXHOJIOTUsS TPeGYIOT HMpOBEIEHHS HCCIIeIOBAHHUIT
(u3nyecKux CBOMCTB 0OBEKTOB HAHOMETPOBBIX PasMepoB. [IepCHEKTHBEI PA3BUTUS DMEKTPOHUKH U
0071aCTH KOMIIO3MIMOHHBIX MAaTEPHANOB CBS3aHbl C BO3MOXKHOCTBIO TMOMy4YeHHsS HAHOCTPYKTYp C
3apaHeée HM3BECTHBIMH  CBOMcTBamM. TeopeTMueckoe MOIETHPOBAHME C  MCIOJIL30BAHUEM
BBUUCIUTENBHBIX ~ METOJOB  KBAaHTOBOM  MEXAaHHKH  SBISIETCS  OOJIACTBIO  COBPEMEHHOTO
MaTepuajIoBENEH s, TI03BOJIIIOIIEE PELIUTh YKa3aHHbIE IPOOIIEMEL.

Huccepranmonnas pabora Ksamumaa A.I'. TOCBsIEHA TEOPETHYECKOMY HCCIEIOBAHUIO
(pu3ndecKuX CBOHCTB HOBBIX IEPCIEKTHBHBIX ABYMEDHBIX M KBa3HABYMEPHBIX HAHOCTPYKTYP.
Mertonamu pacyeTa M3 IEPBBIX IPUHIKIIOB B paMKax TEOPHU (yHKIIHOHANA SIEKTPOHHOM MIIOTHOCTH
C HCIIOJIb30BAaHUEM SMIUPUYECKUX MHOTOYACTHYHBIX ITOTEHIHAIOB OBLIM ITOJyYEHELI HOBBLIE JaHHBIE
00 aTOMHOM CTPyKType, CTaOMIBHOCTH, BJICKTPOHHBIX M MEXAHMYECKMX CBOMCTBAX M3ydaeMbBIX
HAaHOCTPYKTYp. AKTyalbHOCTH paboTsl KBamumHa A.I'. He BBI3BIBAET COMHEHHIf, ITOCKOJBKY
TIOJy4EeHHBIC JAaHHBIC TO3BOJISIOT CHEIATh P BaXKHBIX BBIBOJOB O (PU3HYECKUX U ()YyHKIHMOHAIBHBIX
CBOMCTBAaX PaCCMOTPEHHBIX HAHOCHCTEM. JlOCTOBEPHOCTH MPEACTABIEHHON MH(GOpPMaLUM TaKke He



BBI3BIBACT COMHCHI/Iﬁ, IIOCKOJIBKY aBTOPOM OBUTH HCIIOJIb30BAaHBI COBPEMCHHBIC, NPOBCPCHHBIC H

aTTEeCTOBAHHBIE KBAHTOBO-XHMHUUECKUE METOIBI.

Ieasro guccepramuonHoro wuccnenoBanus A. I Kpammnuna sgBISETCS — TEOPETUUECKOE
UCCIIeOBaHHE HOBBIX (u3M4eckux 3G (GEKTOB B H3BECTHBIX sz-FI/IGpI/II[I/ISOBaHHBIX YTIIEPOIHBIX
CTPYKTypax, a Tak)Ke U3y4YeHHe CTPYKTYphI M CBOMCTB HOBBIX KBa3HIBYMEPHBIX Sp3-FI/I6pI/IL[I/I3OBaHHBIX
HAaHOCTPYKTYp METOJaMH TEeOpUH (YHKIMOHAJA OJICKTPOHHOHW TJIOTHOCTH M 3MIMPHYECKHX
MMOTEHITHAIOB.

[IpencTaBineHHas paboTa HMEET BCe HEOOXOOUMBIE OSJIEMEHTHI HaydyHOHW HOBU3HBL Tak, B
JUCCEPTALMOHHOM HCCIIEIOBAHNH BIepBBIe OBLI Ipefcka3ad 3QGeKT rpaguTusaiyi B HEYIIepOJHBIX
CBEPXTOHKHX IUIEHKAX €O CTPYKTypoil KameHHOM comm. IlpenckaszamHeid s¢dekt paciierieHus
TOHKHX IUICHOK KyOudeckodi (a3l OBLI JETalbHO HCCIEIOBaH Ha IIpUMeEpe 00pasoBaHMs
rpadeHonoNoOHbIX IUIEHOK Xiopuaa HaTpus. OOBsACHEHa NpHYMHA TrpaQuTHU3AlMK, CBs3aHHAd C
NPEUMYINECTBCHHBIM  BIHMSHUEM  3JIEKTPUYECKOrO  IHUIOJIBHOIO  MOMEHTa,  HallPaBJICHHOTO
epneHauKyIapHo nmosepxHoctu (111), necrabumsupyromero mieHKy. Kpome Toro, Obutd H3y4eHBI
MeXaHUYeCKHe M 3JIeKTPOHHEIE CBOMCTBA IUIEHOK B 3aBUCHMOCTH OT TONIMMHEL Taxske B pabote ObLIH
TIPOBEJIEHB! HCCIENOBAHMS CTAOWIBHOCTH CBEPXTOHKHX YIJIEPOIHBIX IIEHOK, W ObLia IOCTPOCHA
dazoBasg gmarpaMMa  COCYIIECTBOBaHHMS MHOTOCIOHHOTO rpajeHa ¥  CBEPXTOHKOU sp°-
THOPUIN30BAHHON YIJIEPOIHON IUICHKH Pa3lM4HON TOMIIMHEL MccaemoBaHo BIMSHME XHMHUYECKOH
ajcopOIMM aJaTOMOB Ha IOBEPXHOCTH MHOTOCIOHHOrO rpadeHa Ha (asoBblii Iepexox B
CBEPXTOHKYIO YITICPOJHYIO ILUIEHKY .

Taxxke  BHepBele  OBUIO  TPOBENCHO  JETAIbHOE  MCCIAEIOBaHWE W OMNMCaHHE
GbexcoanekTpuueckoro 3¢ dexra n1g BCEX TUIIOB sz-TI/I6pI/IIIH30BaHHBIX YTIEPOIHBIX HAHOCTPYKTYD,
TakuX Kak (yJUIepeHbl, YIIIEpOHbIE HAHOTPYOKH U TpaeHOBBIE HAHOKOHYCHL.

Hayunas 1 npakTHuecKasi 3HAYHMOCTh Pe3yabTATOB JHCCEPTANMOHHOTO HCCIeJOBAHUS:

UccnenoBaHus Ipolecca paclIeUIEHHss HEYIJICPONHBIX TOHKHX IUIEHOK C  pasiyHOM
KPUCTA/UIMIECKOH CTPYKTYPO# MO3BOJNIJIM IMpPEACKa3aTh BO3MOXHOCTb CYIIECTBOBAHHsS HOBOM
rpadeHonono6HoH (Ga3kl XJIOpHIa HATPHS, KOTOpasi, Kak OBLIO TOKa3aHO B paboTe, CTaOUITbHA TOJIBKO
B BHJIC CBEPXTOHKHUX IJIEHOK HAHOMETPOBOH TOJIIIMHEL

MogenupoBanre  mporiecca  0Opa3oBaHHS ~— aJMasHBIX — HAHOKJIACTEPOB  IOCPENCTBOM
B3aMMOJENCTBUS  (YHKIHOHATM3UPOBAHHOTO AHTPALUTOBOIO YIIs C  OJICKTPOHHBIM  JIy4OM
IPOCBEYMBAIONIEr0  DJIEKTPOHHOTO  MHKPOCKONA  IO3BOJMIO  OOBSCHUTH — 3KCICPHMEHTAIBHO
HaOmoxaeMeli 3¢@ekt. BbUTo moKa3aHo, YTO PEeIlaollylo pojib B 00pa3oBaHWU KJIaCTEpOB alMasoB
HIPaeT BOJOPOJ, KOTOPBIH IPH B3aUMOACHCTBUY C SIEKTPOHHBEIM JTy4OM 00pa3syeT XUMHUICCKHE CBSI3HU
¢ yraepoaoM obpasiia, 9TO W3MEHseT THOPUIU3aIHI0 aTOMOB YITIepoa, U, B JAIbHEHINEM, IIPUBOIUT
K COEIMHEHHUIO CJI0OeB aHTpaIlUTa B aJIMa3HbIH KJIacTep.

HccnenoBaHusl HOBBIX KBa3sHIABYMEPHBIX HAHOCTPYKTYP — CBEPXTOHKHX YITIEPOJHBIX IUICHOK
HAaHOMETPOBOM TOJIIMHBI — IO3BOJISIIOT IONYYUTh HaHHBIE 00 HX (U3MYECKHX CBOHCTBAX U
CTaOMIBHOCTH, a TaKXe 00 YCIOBHAX HX OSKCIEPUMEHTAIBHOIO IIOJNIYYEHUsS IIyTeM CXKaTHd
MHOTOCJIOMHOro rpad)eHa WM MOCPEICTBOM XHUMMYECKOHM ancopOIMH aJaTOMOB Ha IOBEPXHOCTD
MHOTOCJIOWHOTO rpadeHa

Bocnpon3BOAMMOCT  BCEX  IOJMYYEHHBIX  pE3ylIbTaToB  OOecleudBanach  CpaBHCHHEM
TIOJIYYEHHBIX TEOPETHUECKUX ITAHHBIX C COOTBETCTBYIOIIMMHU U JNOCTYIHBIMH SKCIEPUMEHTAIBHBIMU
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pe3yIbTaTaMu. B coBMecTHO# TeOpCTI/I‘IeCKO-SKCHepHMCHTaHLHOﬁ pa60Te CpaBHCHHUE IPOBOAUIIOCH CO
CTOPOHHUMH NAaHHBIMU.

JluccepTanmsi SIBJISIETCS CAMOCTOSAITEIBHOI padoToii, 06001Iaroiei pe3yabTaThl, MOJIyYCHHbIE
JIAYHO aBTOPOM M B COABTOPCTBE ¢ HAydHBIM pyKoBoiuTedeM. ITocTaHoBKa 3a/ad, BBIOOp METOJUK
pacueta, o6CYKIEHHE PE3YJIBTATOB OCYIIECTBISLIOCH HENOCPEICTBEHHO aBTOPOM M OOCYXKIANOCh C
Hay4HBIM PYKOBOJHUTENEM. B COBMECTHBIX pa0OTax BKJIAJ aBTOpa B PE3YJbTATHI HCCICAOBAHHUH
SBJISIETCS. OIPEIEIISIOIIHM.

Bce pe3yIbTaThl, IPUBEACHHBIE B IUCCEPTAIHHY, Oy ONMKOBaHEl B 11 cTaThsix B MEXIYHAPOJHBIX
¥ OTEYeCTBEHHBIX >KypHamax, BXomamux B cmoucok BAK, nomosxensl Ha 14 MexmayHapOIHBIX
KOH(EPEHIHAX, KaK B POCCUICKUX, TaK U B 3apyOEKHBIX HAyYHBIX LIECHTPAX.

CTpykTypa paGoTHl 06/1a1aeT JIOTHIeCKuM eAHHCTBOM. OHa BKIIFOYAET B ceOst BBECHUE, IIECTh
7B, ¥ 3aKmiodeHue B (opMme BbBOAOB. OOBEM IuccepTaluy coCTaBisfeT 132 cTpaHMIBL, BKIIOYas
CIIHCOK JINTEpaTypEl, 3 Tabmuisl u 52 pucyHKa. CIHCOK LUTHPOBAHHOM THTEPaTyphl COEPXKUT 149
HaNMEHOBaHMI, BKITIOUAs ITyOIMKAIMK aBTOpa [0 TeMe JuccepTanuy. Bo BBefieHnH cpOpMYTHPOBAHEI
enh ¥ OCHOBHAs 3aJadya HCCIEIOBaHUSA, a TakkKe OOOCHOBaHA aKTyaJlbHOCTh IIPOBOJMMBIX
HCCIIEIOBAHKH, CHOPMYITUPOBAHB! OCHOBHBIE I10JI0XKEHHS, BBIHOCUMBIC Ha 3allUTY.

IlepBasi ryiaBa MOCBSIIEHA JHUTEPaTypHOMY 0030py, I[l€ IPHBOJISITCS OCHOBHBIC NAHHBIE O
Hapbolee M3YYeHHBIX JBYMEDHBIX MaTrepHaiaX pasiuuHoro cocrapa. ONHCaHBl CIPYKTypa H
KIaccH(pUKAIUA H3BECTHBIX IBYMEPHBIX MaTePHaJOB, X JJEKTPOHHBIE U MEXAHWIECKUE CBOHMCTBA, a
TaKKe CIOCOOBI SKCIEPHMEHTAIBHOTO NOTydeHHus. Bropas yacTh ImepBOH TJIaBBl IIOCBAILICHA TEOPUH
dyuknmonana snekTponHoi mwiotHocTH (DFT), sBnsromieiics OCHOBHBIM METOAOM, HCIIOIb3YEMBIM B
JCCepTallMOHHON paboTe.

Bo BTOpoOil rJjiaBe HCCIENOBaHA BO3MOXKHOCTh CYINECTBOBAHHS HOBBIX KBa3HIBYMEPHBIX
YIIIEpOHBIX HAHOCTPYKTYD HA OCHOBE MHOTrOcioiHOro rpagena. PaccMarpuBaeTcs aTOMHas
CTPYKTYpa CBEPXTOHKHMX aIMA3HBIX IUICHOK C Da3IMYHON KPUCTAIOrpaQuvecKkoil OpHeHTalHueH
TIOBEPXHOCTEH, a TAKKe MCCIENYETCS CTabMIbHOCTD YIIEPOIHBIX IIIEHOK CO CTPYKTYPO# KyOHIecKoro
aqMasa M CO CTPYKTypoit JoHcaeinuTa. Mcxons W3 HaHHBIX KBaHTOBO-XUMHMUYECKMX pPacieTOB,
OTIMCHIBAETCS METOJ IIOCTPOeH s (ha30BOM JUATPAMMEBI COCYIIECTBOBAHHS MHOIOCIOMHOrO rpadeHa 1
CBEPXTOHKOH YIJIepOIHON IUICHKM B 3aBUCHMOCTH OT TOMIMHBL Ilokasamo, urTo apcopbupoBaHue
aJ[ATOMOB Ha IIOBEPXHOCTh MHOTOCIOMHOrO rpadeHa INPHBOIUT K YMEHBIICHUIO NaBJeHAs (Ha3oBOro
Hepexoia MHOTOCIIORHOTO IpadeHa B CBEPXTOHKYIO YITIEPOJHYIO TICHKY.

IIpencrapieHHble pe3yabTATHl IPEACTABIAIOT HECOMHEHHBIH HHTEPEC UL SKCIIEPUMEHTATOPOB,
CIeNUANU3UPYIONIMXCS Ha CHHTE3€ U U3Yy4E€HUH CBOMCTB HAHOMATEpUAJIOB HAa OCHOBE yIJIEpOJa.

B TpeTbeil riaBe jaeTcd OOBACHEHHE IIPOLECCa SKCIEPHUMEHTANbHOH TpaHChOpMaruy
aHTpAlUTA B aIMa3HBIE KJIACTEPHI IIOCPEICTBOM XHMMHYECKHM HHIYIMPOBAHHOTO ()a30BOro Iepexosa.
Ha ocHOBE OKCIIEPUMEHTAIBHBIX pE3yJIbTaToOB, TIJE IOJyYeHHBbIC KJacTepbl aiMasa HMMENn
[IPEUMYIIECTBEHHO TOBEpXHOCTH (111), B TEOPETHYECKOM HCCIENOBAHHM PACCMATPUBAICS (asOBBIA
nepexoX rpadUTOBEIX KIACTEPOB B HAHOKIACTEPHI anMa3a, OrpaHéHHble MoBepxHOCThIO (111),
IloydyeHHEIE Pe3yIbTAaTHl MOJEIUPOBAHMS [O3BOJIIOT CJENATh BBIBOJ, O TOM, YTO aKTHBAIMOHHBIM
Gappep mepexoma rpadUTOBOrO KiacTepa B alMasHBIM KiacTep OyneT MMETb MECTO TOIBKO A
KJIacTepoB Oonbile 14 HM, B TO BpeMs KaK MEHBIIHME YaCTHIII MOTYT OBITH IMOJIyYEHBI TOJIBKO
XUMHUYECKOH (PyHKIHOHATH3AIMeH rpadeHocoaepiKaliuX MaTeprasoB.



B derBepToii riiaBe IPOBEJEHO H3yYEHHME M OIMCAaHHE MEXAHMYECKHX M DJICKTPOHHBIX
XapaKTEPUCTUK CBEPXTOHKHUX sp>-THGPH/IH30BAHHBIX YTIEPOIHBIX IUICHOK, KaK CO CTPYKTYpOH avasa,
TaKk M cO CTPYKTypoill JoHceinuTa. lccrnemoBaHbl OCOOCHHOCTH BIHSHHSA CTPYKTYphI M THIIA
TIOBEPXHOCTH Ha (usmdeckue cBolictBa. Kpome TOro, ObUIO HCCIETOBAHO MOBEICHUE CBEPXTOHKHX
IJIEHOK THpH KpUTUUYecKux aedopManusx. J[ng >Toro mi€HKM OAMHAKOBOIO pajauyca ¢ JKECTKO
3aKpEMIeHHBIMH KPasMH IIPOJABIHBATUCH HOTyChepodl U3 HEHOIBIKHBIX aTOMOB, AMUTHPYIOLIEH
HHJIEHTEP aTOMHO-CHJIOBOTO MMKpockomna. IIponaBnuBanue MIEHOK MPOBOAMIIOCH C IIaroM 0.2 A. Ha
KaKIOM IIare MPOBOXMIACH ONTHMH3AIMSA TEOMETPHH METOIOM CONpshKeHHoro rpaiuenta. Ilo
IOJIy4eHHBIM JAaHHBIM CTPOWJIACh 3aBHCHMOCTH IJIyOMHBI Nporuba IUICHOK OT HX TOJIIMHEL H
BEIUKMCIISIACEH ABYMEpHAsl KOHCTaHTa yIPYTOCTH.

BBUTH MCCIENOBAHEI JJIEKTPOHHBIE CBOMCTBA B 3aBUCHMOCTH OT KOJHMYECTBA CJIOCB W THUIIA
noBepxHOCTH. [loJydeHHas IIMPHHA 3alMpeEHHON 30HBI Ui TMAPHPOBAHHBIX IUIEHOK OKasalach
MeHbIIeH, deM mj1d Tpadana, aiMasa U JIOHCAECHIATA U yMEHBIIATIACh C YBEIMYEHHEM KOJTHHUCCTBA
CIOEB, 9TO CBHIETENHCTBOBANIO O CYIIECTBOBAHAM MHHMMYMA B 3aBHCHMOCTH IIMPHHBI 3aPEIIEHHOH
30HBI OT KOMYECTBA CI08B. TaKoi HenHHeHHbIH 3p(EeKT B 3aBUCHMOCTH IMMPHHBI 3aIPENIEHHO 30HBI
I HCCNeNyEMBIX CTPYKTYP MOXET OBITH OOBACHEH MOBEPXHOCTHBIMU JIEKTPOHHBIMU COCTOSHHUAMM
# 5Q(EeKToM KBaHTOBOrO OrPaHHWYEHHs. B mpolecce yBENMYCHHs TONMMHBI TUIEHKH 0L
IOBEPXHOCTH YMEHBUIACTCS, ¥ MOBEPXHOCTHBIE 3QPEKTHI MEPECTAIOT UIPATh ONPEMNEIISIOMIYIO POJIb,
BCJIEICTBHE YETO AJIEKTPOHHBIE CBOMCTBA IUIEHOK OyIyT CTPEMHUTHLCS K CBOUCTBAM ajIMa3a.

B nsToii riaBe IpoBeIEHO onucanue oomero dddexTa rpadpuTU3anuy AByMEPHBIX MaTEPUATIOB
C pa3TMYHOM KPHCTALIMYECKON CTPYKTYpOd H PpasiMYHBIM COCTAaBOM. bBBIIH  paccMOTpEHEI
coenuHeHHs co cTpykTypoii amvasa (C, Si), murkoBoit oomanku (BN, BP, SiC) u xameHHOH conm
(NaCl). Beuto moka3aHo, UTO BCE HCCIIEyEMBIE THITBI CTPYKTYP ITOJBEPIKEHBI 3¢ (eKTy pacIleIICHHS.

TIporecc rpaguTU3AIMK CBEPXTOHKUX IUIEHOK HOHHOTO COCTaBa ObUI AETANBHO HCCIENO0BAH Ha
pEMepe CTPYKTYpHI XIOpU/a HaTpust. [IpOBOIMIIOCH AeTATBHOE HCCIIEN0BAHNIE [eKCaroHaIbHOM OEKIS
XJIOpHJIa HATpHsl, TIOCIE 4ero GbUIO MOIyYeHo, uto Ky6udeckue B1-NaCl mienku ToHbIIe 8-Mu cioeB
SBJISIOTCS HECTaOMIbHBIMY ¥ CIIOHTAHHO IepexonsaT B rpadurononobusie (G-NaCl) rekcaronaibHbie
mnenku ¢ ABC ymakoBkodt crmoeB. B paGore ObUIO IOKa3aHO, YTO OCHOBHOM IPHIMHOH
HeCTAGMIIBHOCTH KYOUUIECKHX IUICHOK SBJISETCS HECKOMIICHCHPOBAHHEIHR SIEKTPUYECKHIT TUIOIBHBIH
MOMEHT, OPHCHTHPOBAHHBIH MEPIEHAUKYJSPHO MOBEPXHOCTH TuieHKH (111), 4ro mpuBOWMT K
YBEIMYCHHIO TTOBEPXHOCTHOH JHEPIUHM, M JENaeT IOBEPXHOCTh HECTAOHJIBHOM. B momonnenne
HCCIIEIOBAHMAM CTaGMIBHOCTH OOBEMHBIX M HAHOPAa3MepHBIX (a3 XJIOpHaa HATPUs Takxke ObUIH
JIEeTATPHO UCCIIENOBAHEl MEXAaHMUECKHE U DJIEKTPOHHBIE CBOMCTBA 3TUX MAaTEPUAIOB.

JlaHHBIE pe3yJbTAaThl MpPEACTABIAIOT HECOMHEHHBIM HHTEpEC UL Da3pabOTKHM  HOBBIX
TEXHOJIOTHH Ha OCHOBE HEYIJIEPOAHBIX HU3KOPa3MEPHBIX MaTepUaIOB.

B mecToif riaaBe IPOBENEHO M3ydeHHE (IIEKCORNEKTPHUIECKOro dddexTa B pasImIHbIX sz_
THOPUI30BaHHBIX YTIIEPOAHBIX HaHOCTPYKTYpax. bruta MOCTPOEHA 3aBUCHMOCTD
IIeKCORIEKTPUYECKOTO AUIOIFHOI0 MOMEHTA OT pasMepa HaHOCTPYKTYp Ha MPUMEpe YIJICPOIHBIX
HAaHOKOHYCOB. IIOATBEP)KIEHO, YTO MPEJIOKEHHAs M OMMCaHHas METOJMKa IO3BOJSCT OLCHUTH
BENIMYMHY (IEKCOITEKTPUUESCKOrO IUMONFHOI0 MOMEHTA UL BCEX TUIIOB YIJIEPOAHBIX HAHOCTPYKTYD.
B pa6oTe HCCIeI0BATUCE YITIepOHbIE HAHOTPYOKHM PasIUYHBIX JUAMETPOB M MOJIEKYJIBI GbynIepeHos,
1 GBUTO MOKA3aHO, YTO BEJIUYHMHA (IIEKCORIEKTPUIECKOrO ATOMHOTO JUIIOJIBHOTO MOMEHTA 3aBUCUT OT
KPYBH3HEI CTPYKTYPBI M NOIUHHSETCS THHEHHOMY 3aKOHY — YeM OOIbIle KPHBU3HA CTPYKTYPEL, TEM
OOJBINMI TUIIOIBHBIA MOMEHT B HEM BO3HUKAET.



Bo Bropo#l wyacTu wmccienoBanMCh CIPYKTYphl ¢ Goliee HHM3KOM cHMMeTpheli— rpadeHOBbIe
HAHOKOHYCBI C yrilaMH IIpM BepUIMHe paBHbiMH 112.9°, 83.6°, 60°, 38.9° u 19.2°. B pesynsrare
HCCIIeIoBaHu ObUIa MOJNyYeHa 3aBHCHUMOCTD (DIICKCOAIEKTPHYECKOTO IUIIONLHOIO0 MOMEHTA KOHyCa
OT €r0 JUIMHEL, a TAK)Ke OT YIJla MPU BEPIIUHE.

Hucceprarus A.I'. Keamuuna sBisercst 3aBeplIeHHON HayYHO-KBATH(HKAIHOHHOR paGoToil B
aKTyalbHOM O0JIACTH M3y4eHHs HAaHOCTPYKTYP PasiMYHOTO COCTaBa. HoBBle HayuHBIE pe3yiIbTATHL
TIONyYCHHBIE THMCCEPTAaHTOM, HMCIOT CYUIECTBEHHOE 3HA4eHHEe I pa3pabOTKU IMEPCIEKTUBHBIX
3JIEMEHTOB HAHOYCTPOMCTB M TEXHOJNOTWMH. BBIBOXBI M peKOMeHIaIUM, MOJNydYeHHbIE B XOIe
BBIIIOJIHEHHUS PabOTHI, TOCTATOYHO 000CHOBAHBI.

[Ipu 3HAKOMCTBE ¢ PabOTOH BO3HUKIIA CIIEAYIONIUE BONPOCHI M 3aMeYaHHS.
1. Tepmun "rpapurwsanmsa’, BeTpedaroMiics B TeKCTe MUCCEpTalMM H  aBTopedepara,
NPUMEHCHHBI K OIMCAHHIO MPOIECCa pACCIOCHHS HEYIJIEPOAHBIX IUIEHOK HE SBIISIETCS
OOIICTIPUHSATEIM, H, O BO3MOXHOCTH, TOJDKEH OBITh 3aMEHEH HA COOTBETCTBYIOIIMH CHHOHIM,
SBJIAIOIIUICS OOINEIPUHSITEIM TEPMUHOM.
2. Ilpu ommcaHum CTPYKTYpHI IUICHOK MCIOJB3YeTCS CIOBO ‘“‘CBEPXTOHKHE”, OXHAKO KpUTEPUI
TOJIMHEL, NPH KOTOPOH IUICHKA MOXKHO CYMTAaTh CBEPXTOHKHAMH, aBTOPOM HE OIpEJENEH.
Crenyer wim BBECTH ONIpeNeIeH e, M H30eraTh yroTpeOIeH s 3TOr0 TepPMUHA.
3. B muccepranuu He NpOBEEHO ONMCAHKE TECTUPOBAHKS METOJ0B PacueTa Ha IPeIMET OIHCAHMS
BaH-Jiep-BaanscoBa B3aMMOIEHCTBUS MEXIy CIOSIMH MHOTOCIOMHOTO rpadeHa miH rpaduTa,
KOTOPOE€ MOTJIO CYIIECTBEHHO MOBJIHATH HA IONyYeHHBIE PE3YIILTATEL
Tem He MeHee, OTMEUYEHHBIE HEOCTATKH HE CHIDKAIOT HAYYHYIO M NPAKTHUECKYIO LEHHOCTH
JMCCEPTAIHOHHOTO UCCIEeNOBaHus. ABTOpedepaT uccepTaluy ¥ MyOIuKalMy aBTOpa B IIOJIHOM Mepe
OTpa)XalOT €€ OCHOBHOC COACP)KaHHE M IIO3BOJSIOT CYIHUTh O CTEIEHH ITOJHOTHI M 3aKOHUYEHHOCTH
paboThI B COOTBETCTBHH C IIOCTABICHHBIMH aBTOPOM LIEIAMU.
Pesynpratel muccepTanuu MoryT ObITh Mcnoiab3oBaHbl B TUCHYM, MOTU, UBX®D um.

H.M. Smmanysnsg PAH, NO® nm. A M. IIpoxoposa PAH 1 npyrux HayYHBIX MHCTHTYTAx U LEHTpaXx.

Pabora orseuaer kpurepusam [Tonoxenus BAK P® o mopsxe MpHCYKIEHHUS YICHBIX CTEICHEH,
OPENBABIACMBIM K KaHIMAATCKUM JuccepramusM, a ee aBrop A.I. Ksamnuub 3acmyxuBaer
IPUCYXICHUS €My YYCHOW CTENMEHH KaHauaaTa (PH3UKO-MaTEeMATHUECKMX HayK II0 CIIEIHAIBHOCTH
01.04.07- ¢puzuka KOHIEHCHPOBAHHOTO COCTOSHHS.

Huccepranmst  monoxeHa u  o6Cy)XIOeHa Ha CeMHHape JabOpPaTOPHM  CIIEKTPOCKOIHH
HaHoMatepHanoB MucturyTa obmet Gusuxn uM. A.M. IIpoxoposa PAH 25 Hos6ps 2015 1. OT35IB Ha
TUCCEPTALMIO YTBEPXKACH Ha YueHOM coBeTe OTnena CBETOMHAYIUPOBAHHBIX IIOBEPXHOCTHBIX
siBieHu#t MHeTuTyTa 00meit ¢pusukm uM. A.M. Ipoxoposa PAH « 16 » mexa6ps 2015 r.

3aB. mabopaTtopueil CIEKTPOCKOIMH HaHOMATepHaJIoB
DenepabHOTO TOCYAaPCTBEHHOIO

OIOKETHOTO YUPEXKACHUS HAYKH
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