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\u OT36IB BEJYVIIEI OPTAHM3AIIVA |
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nata pu3nKo-MaTeMaTHUeCKuX Hayk 1o cueruansaocti 01.04.07 — ¢oun
JIEHCAPOBAaHHOI'O COCTOSHHSL.
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sl M CAaMOOpranu3anus noagpueix mojekyJa CqFis Ha MmeTasnnve-
\PXHOCTHX », IPEICTABICHHOW HA CONCKAHUE yIeHO! CTeNeH: KaH/IH-

BAKa KOH-

AKTyaJI HOCTb TCMbI JUCCEpTAlUU.
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B HOCJIG%(HI/IG o6l B MI/Ipe IoABHJIOCh W HHTCHCHBHO paBBI/IBae’{CSI HOBOC

HalpapJICHUE B MHUKPOSJIEKTPOHUKE — OPraHuYeCKas dJIEKTPOHMKA, KOTOPpas ABJII-

€TCS MOCTOM MEXAy HEOPraHAYeCKUMH U IIPHPOJOHONOGHBIMH OPTaHMIECKAMHU

TGXHOHbFHﬂ . B Bacrosiiee BpeMI B Ka4YeCTBE OCHOBHOT'O 3JICMCHTA B épFaHHLIe-

CKOM 3JICKTPOHMKE UCHOJIB3YIOTCS OPraHUICCKHUC MOJICKYJIBI, KOTOPBIC XAPAKTCPU-

3VIOTCS CYIIECTBEHHON BapHalnueld SIeKTPOHHON CTPYKTYPBI M TeMIIepaTypHBIX

|
)
|
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napamMefrpoB paboTHl 3JIEMEHTOB Ha MX OcHoBe. OmHAKo cymecT\ByeT OospInas

npobieMa BCTpamBaHHs 5JIEMEHTOB OPraHOANCKTPOHWKH B COBPEMEHHYIO IIONY-

IIPOBOJHUKOBYIO HHAYCTPHUIO, I'IC HauboJjee CIOXKHBIM BOIIpOCOM %IBHXCTCH B3an-

MOJEHCTBHE OPTaHUYECKUX MOJEKYJI C METAINIMYECKHMH dJeKTpojgaMu. Juccep-

TalMOHHAas paboTta Uymakosa P.I'. mocBsimiena M3y4eHuro (byHﬂaMeHTanBme ¢bu-

|

CeoF1s Ha MOHOKpHCTAIIMYECKHX HOBepxHOCcTIX Au(l111) Ni(lO(? XapakTepu-

3UKO-XUMHYECKUX SABICHUH, POUCXOAAINUX IPU aCOPOIMH MOIPHBIX MOIEKYII
3YIOIUXCSA PasIMYHOM XUMHUYECKOM aKTHBHOCTHIO H KpHCTaJIﬂHT—Ie KOH CTPYKTY-
poii. BEIbop MOReKyIBI (bTopI/ma ¢dyimepena CgoF1g3 B kKauecTne 06’BGKTa HCCIIeIO-
BaHUA Oj}TCJIOBJIeH €e YHUKAIbHO BBICOKHM 3JIEKTPUYECKHM ,Z[I/IHOJI]}HBIM MOMEH-
TOM H ‘BBICOKOHM XHMHYECKOH M TEMIICpPaTypHOH CTaOHIBHOCTEIO. HbaTOMy aKTy-
aJIBHOCTIJ pabotel UymakoBa P.I'. He BEI3BIBa€T COMHEHHM, Kak C 1;‘\0‘11(1/1 3peHust
byHIaMEeHTIBHBIX HUCCIENOBaHUM, TaK M C TOYKU 3PEHHS BOSMO)ITHOCTI/I Jlalb-
HEHIIIET0 |IPaKTHYECKOT0 HCIONIB30BAHMS PE3yIbTaTOB pabOThl I énTHMnsauHH
YCTPOICTB OpraHuYecKoil SIeKTPOHHKH. |

s HEOBG,I[@HI/UI HCCIIEIOBAHUI B JYCCEPTAIlUOHHOM paboTe I’IYMaKOBa PI.
I/ICI‘IOJIBSOLEUIC)I KOMIUIEKC COBPEMEHHBIX U XOPOIIO anpo6HpOBaHHLIX METOJOB
I/ICCJIG,Z[OB HUSI IIOBEPXHOCTH, BKJIIOYAIOKAX METOMBI peHTI‘eHO-IIeKTpOHHOI/I

CHOEKTPOCKOIMH ¢ aHAIH30M TOHKOH CTPYKTYPHI CIIEKTPOB OCTOBHBIX YPOBHEH H

BaJIeHTHOI\I 30HbI, B TOM YHCJI€ C HCIOJb30BaHHEM CHHXpOTpOHHOl"Oi HN3JIy4CHHA,

|

METOOOB dHCKTpOCKOHI/II/I PEHITCHOBCKOI'O ITOIJIOIICHH: BOJIM3HU Kpaﬁf norjaonme-

METOO0B KaHI/IPYIOIIIefI TYHHCHBHOﬁ ‘MHUKPOCKOIIMN H CIEKTPOCKOIIMH, a TAaKXKe

HUS yruepona u ¢ropa. IIpoBesieHO TeOpeTHIeCKoe MOJIEINPOBaHIEe XHMUAYECKOH

aJICOPOITUH MOJIEKYIl METOJIOM TEOPHU (QyHKIMOHAJA INIOTHOCTH M CPABHEHHE pe-

3yJIBTATOB [PACYETOB € SKCIIEPUMEHTATBPHBIMU pe3yibraTamu. Jis o6paborku mo-

JIYYCHHBIX | OKCIICPUMCHTAIBHEIX PE3YIBTATOB HCIIOJIB30BAJICA KOMHﬁ €KC COBpE-

MEHHBIX METOJOB U MporpaMM o0paboTKH SKCIIEpUMEHTAIBHBIX JaHHBIX. CHHTE3

1 XapaKTepu3als UCCICAYEMBIX CUCTEM IPOBOIUIHNCH B YCIOBHAX CB(?pXBBICOKO-

I'0 BaKyyMd. K‘OppeKTHOCTB IIOIYHYEHHBIX PE3YIbTaTOB HMOATBEPKACHA QOHOCTaB-

JJEHUEM HX|C JIMTCPATyYPHBIMU HAHHBIMH U TCOPETUICCKHMH paCdCTAMH. OcHOB-







CTUTYTE

joBKa M

Hodde

rocyaaprcTBeHHOM yHHBepcuTeTe UM. M.B. Jlomonocosa, UHCTHTY
HUKH U 31IeKTpoHHMKH UM. B.A. KoTenbHMKOBa, a TakXxe APYTrUX BY
HCCIIEZIOBATENbCKUX HHCTUTYTAX CTPAHEI.

Io AHCCEPTAIHH MOKHO C/1eJIaTh CJICAYIOIHE 3aMecYaHud:

br3nKy MOMyIpoBOAHUKOB M. A.B. Pxxanosa, ®I'VII 23A
ocxoBckor obnactu), MAII PAH (Canxrt-Iletepbypr), @’
PAH (Canxt-lletep6ypr), CII6GI'Y (Camxt-ITeTepOypr),

\H (Yepnoro-
[ mm. A.O.
MockoBckoM
TE PaJIOTeX-

3aX WU HAYyYHO

1. He A0 KOHIa IIpoaHalId3vpoBaHa poOJib IIOBECPXHOCTHBIX CTYICHCK B MEXa-

2. He

VYkas:
BalOT OCI
TeJIbHYK

. Uym

paKTepU3yIOTCS BBICOKOM JOCTOBEPHOCTHIO. Pabora BeINONHEHA

HAYIHOM
HBEl B Be)
IIPOIILTH
MEK Ty H:

U TIPaBHUJ

3ak

Jlrcc

3arys I

CTBYET B

AHHBIC 3aME€YaHMud HC HOCAT IPHHIHUNHUAIBHOIO XapaKTepa
HOBHBIX BBIBOAOB pa6OTI>I 1 HC MCHAIOT B IICJIOM BBICOKY]

) OICHKY HHCCBPT&HHOHHOﬁ paﬁon. OcHOBHBIE ITOJIOXEE

TyIMUX PEICH3UPYyEMBIX HAYyJHBIX U3HAHHAX, PEKOMEHIYEM

THHO OTPAKAET COACPKaHUE PAOOTHI.

YeCKUX nOBerHocmx U ¥X POJb B Pa3IWyUU B THUIIE aJIC
paKTepa B3auMOJICUCTBHS MOISPHBIX MOJIeKyn Cgol (g ¢ moB
COBCEM IIOHSTHO, YTO JIEKUT B OCHOBE PA3NIOKEHHS CIIEK]
TpaJdbHBIE COCTABIIAIONINE (TIOT0KEHNE ITUKOB, YUCIIO CIICK
CTaBJIIIOLINX, 10 KOTOPBIM IPOHU3BOAMTCS paznoxenne.) K

PHUH IPABAIIBHOCTH Pa3jIOKEHUI Ha COCTaBISIOIIHC?

akoBa P.I'., BEIHOCMMBIE HA 3aIIUTY, 00NaIal0T HAyIHOH H(

ypoBHE. Pe3ybTaThl paboTEl HOTHOCTBIO U CBOEBPEMEHHO

IOYCHHUC

HU3MaX aJIcopOIum MOISPHBIX MoneKyn Cgol (g Ha pasmuvHbIX MeTaUId-

OpOIiK M Xa-
CPXHOCTHIO.

POB Ha CIeK-
TpaJbHBIX CO-

aKOBBI KpHTe-

, HE 3aTparu-
0 U TOJIOKH-
M5l JAcCcepTa-
DBHU3HOU M Xa-
Ha BBICOKOM

oy OMKoBa-

pix BAK PO,

anpobaruio B popMe JOKIaI0B U 00CYKICHUH Ha MHOTUX POCCHMCKHX K

\POTHEIX KOHQEPEHIIUAX U CeMrHapax. ABTopedepar AUCCEPTALKM TOTHO

epranus Uymaxopa Patu6opa ['puropseBida «Ancop6uius i caMOOPraHu-
onsapubeix Moiekylnl CegoFig Ha METaINIMIECKMX IOBEPXHOCTSIX» COOTBET-

CEM Tpe6OBaHI/I}IM «Ilonoxenus o NOpAIKe IIPUCYKACHUS YICHBIX CTCIIC-




HbIC BBI\BO,Z[BI JAUCCCPTallii 1 BCE 3allAIIACMBIE MONOXKEeHNI O6OC%1OBaHBI J0ocTa-

TOYHO YOCAUTECIbHO, U UX AOCTOBEPHOCTHL COMHEHHU HE BBI3LIBAET.

|0KHO BBIJIEIIHTD ClIeayromue Hanboee BaXKHEIE PE3YIBTATHI B HOCTHKE-

HUS AUCCEPTAIMOHHON PaboThL:

1

‘1. Ompenenena Mmophonorus TOHKUX mteHOK Monekyi CyoF g Ha pccaemyeMpIx

]

,tMeTaJIJIH‘IeCKI/IX IIOBEPXHOCTSX M YCTAHOBIEH THI aICOPOIMH M Xapak-
|
t

Tep B3auMozgencTBus ¢ MoneKyn CyoF g ¢ MoBepxHOCTEIO. E CTaHOBJIECHA

busnaeckas amcopbnms momspHbIx Modekyn CgFis Ha moBepxHOCTH

Au(111) ¢ camoopranmzanmeii B MOJEKYJIAPHLIE OC’[pOBKE/I ¢ TreKcaro-
HaTBHOH IUIOTHOH YITAKOBKOM BHYTPH OCTPOBKA, ONPEAEICHO MeXMOe-
Tympﬂoe paccTosgHre. B NpOTHROMONOKHOCTE 3TOMY, IPH OCAKICHUH
I\{IOJIGKYJI CeoF1s Ha moBepxHOocTh Ni(100) mmeeT MecTo ){Xemocop6um{
I\‘KIOJIGKYJI C BOBHUKHOBEHHEM CIIa00¥ XUMHIECKOH CBSI3H MEXY aTOMAMK

)TOpA MOJIEKYJTBI B HOAIOKKOM.

2. yCTTHOBJIeHO, gro Ha noBepxHocTH Au(l11) agcopbims momexynm CgoFig

IPOUCXOJUT IPEHMYIIECTBEHHO aToMaMy (pTopa B HallpaBIEHUH K IIOJ-

) !
noxKe, a Ha mosepxHoctr Ni(100) monexynbl ¢ropuna dymiepeHa ca-
M%}pranmsym"mﬁ B OCTPOBKOBYIO CTPYKTYPY € 3NEKTPHUSCKUAMH JHNONb-
H}LIMH MOMEHTaM¥, HANpaBIeHHBIMIA TapaljieNbHO JPyr APYry ¥ HOp-

MaJIbHO K IIOJIOXKCE.

37“5MeT(ﬂ’110M CKaHUPYIOMeH TyHHENBHOM CIEKTPOCKONHH W3MEPEHH! CIEKTPHI

TIPOBOAAMOCTH OTHENBHBIX MOJeKyld CgFis Ha IOBEPXHOCTH 3070Ta H
ompeieNIeHbl 3aBUCHMOCTH TIPOBOJUMOCTH MOJEKYIBI OT '€OMETPUN af-

CO 6HI/II/I MOJIEKYIBI Ha ITOBEPXHOCTH.

HaquaT HOBH3HA pa6OTBI 3aKII0YacTCst B JETalIbHOM KOMIIIICKCHOM HCCIIC-

JOBaHHM THUNIAa aJCOPOLUHM W XapakTepa B3aUMOJEHCTBHA NONSPHBIX
CeoF1s Ha‘HABerHOCTI/I METaJJIOB, pa3paboTaH MeToA NOIy4YeHUs TOHI

MOJSPHBIX MOJIEKYN (ropuaa ¢yepeHa B YCIOBHUAX CBEPXBBICOKOTO

MOJIEKYI

(UX CJIOCB

BaKyyma,

onpeneﬂeﬁm\ QUBUKO-XMMIYECKHe CBOWCTBA MOJIEKYISIPHO-METATIMYCCKUX HH-

tepdeticop’ KomOurarumell sKcIepuMeHTAIBHEIX METOAOB PEHTTEHO-3IEKTPOHHOM
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HbIE BBIBO]
TOYHO yOe]

Mox

HUS TUCCEPTALMOHHON pabOTHI:
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3. Meta

OIpeaeIC€Hbl 3aBHCUMOCTH ITPOBOANMOCTH MOJICKYJIBI OT I'€0!

(61¢)

Hayyna

NOBAHWMH THIIA a[COPOIUM M XapaKkTepa B3aMMOJIEHCTBUS MOJSPHBL
Ceol'1s Ha 11
TIOMAPHBIX MOMNeKyJI $hTopuna QyinepeHa B YCIOBHSX CBEPXBBICOKOTY

OIIPECACIICHD

TepdelcoB!

IbI JUCCEPTAIIUHU W BCE 3allUIIaEMEBIC IIOJOXKEHHUI OOOCHOE
TUTCJIBIHO, X KX JOCTOBECPHOCTH COMHEHUH HE BBI3LIBAET.

(HO BBIIACIINTH CICOYIOIIHUE HauboJiee BaKHEIE PE3YILTATEL

c7ielicHa MOpdOIOTHs TOHKUX TIeHOK Moekynn CqoF g Ha uc

drsmdecKkas amcopOLus nomsipueix MoJekynn CgFig Ha m

HANLHOW IUIOTHOU YIIAKOBKOM BHYTPH OCTPOBKA, ONPEIEIIEHC

HFTOBO,I(HMOCTI/I oTaenbHBIX MOJIeKyNl CgoF1g3 Ha MOBEpXHOCT

u(111) ¢ camooprasuzanmeii B MOJNEKYJISIPHbIE OCTPOBKH

/JIIPHOE pacCTOsHUE. B IIPOTHBOIIONOXXHOCTE 3TOMY, IIPH
onekyin Cgol'1g Ha moBepxnocTh Ni(100) mmeeT MecTo Xe

ropa MOJIEKYJIBI ¥ TIOTIOKKOM. 1
HOBJEHO, YTO Ha moBepxHocTd Au(l11) amcopOimus Moire
YOUCXO/IUT IPEUMyILECTBEHHO aToMaMu (Topa B HaIpaBIe
xkKe, a Ha moBepxuHoct Ni(100) monexynsl ¢propuma (yn

YPraHU3YIOTCSL B OCTPOBKOBYIO CTPYKTYPY C BIEKTPHUCCKHUN

|

\TBHO K TTOJTIOMKKE. z
JIOM CKaHUPYIOIIEeH TyHHENIBHOW CHEKTPOCKOIINY M3MEpEeH
1

i

pPOIMH MOJICKYJIBI Ha TOBEPXHOCTH.

OBCPXHOCTHU MCTAJLIOB, pa3pa60TaH METO/J IIOJIYUCHUA TOE

IMI MOMCHTAaMH, HalIPpaBJICHHBIMH IApalllICIIbHO APYT APY

$1 HOBH3HA paGOTLI 3aKIQUYacTCsa B ACTAJIBHOM KOMIIIEKCE

I (PU3MKO-XUMHUYIECKHE CBOMCTBA MONEKYIAPHO-METAILIAY

aHbI OOCTa-

1 JOCTHIKE-

CICAYEMBIX

CTANIMYCCKUX ITOBEPXHOCTAX M YCTAHOBJIICH THII a,Z[COP6HI(H/I H xXapakx-
|

°p B3amMozecTBas ¢ Monekyd CgFs ¢ MOBepXHOCTEIO. Y cTaHOBIIEHA
i

OBEPXHOCTH
C rekcaro-
MeXMOoJIe-
OCaXKICHUYU

MOCOPOIIHS

o . j
DJICKYJI C BOSBHUKHOBCHHUECM c11a00# XMMHYECKOH CBI3U MEXIy aroMaMu

Kyl CeoF1g
HUW K IIOJI-
nepeHa ca-
1 JTUTIOIB-

yTY U HOp-

I CIIEKTPEI
1 30JI0Ta U

MCTPpUH al-

JOM HUCCJIC-
X MOJIEKYII
KX CJIOCB

) BaKyyMma,

CCKHUX HH-

'KoMmOuHamueil SKCIepIMEHTANLHBIX METOOB PEHTICHO-3IIEKTPOHHOM







Hel» B

Munobpasopanus u Hayku PO (B pepaxuuu [Tocranopnenus Ilpapu-

TenbeTBa PO o1 24 cenrsabps 2013 r. Ne 842), mpenbsBisgeMbiM K I’{KaHIII/IIIaTCKI/IM

auccepranmamM, a ee aprop, Uymaxos Patubop I'puropresmd, 3aciyxuBaer mnpu-

CYXIEHH €My Y4eHOH CTeleHH KaHAuaTa (QU3MKO-MAaTEMATHUYECKUX HAYK IO

cunermansaocTy 01.04.07 — «du3nka KOHACHCHPOBAHHOIO COCTOSHUAN.

OT3BIB Ha AUCCEePTAIMOHHYI0 PaboTy cocTaBlieH mpodeccopoM Kadeaphl SIEKTPo-

HUKY TBEPJOTO TeJNa, JOKTOPOM (PU3UKO- MAaTEMaTHUYECKIX. HayK A. M wxuaemv.

JuccepTanus pacCMOTpPeHa, a OT3hIB O0CYXK/IEH U 0100peH Ha SaCGIL'aHI/II/I Kadeapsl

9JIeKTpO¥II/IKI/I TBEPIOro Tena, nporoxon Ne #— ot 11 centsiOps 2018 r.

Ipodeccop xadenpst SJIGKTPOHH;(PI

tBepaoro rena CII6IY, nokrop ¢puzuxo-

MaTeMaTI/I'\ eCKUX HayK AM.1Iukun

3aBeayromuii kahenpoit JIeKTPOHUKA
TBEPAOTO ’Lena CIIoI'Y, moxrop dwusmko-

MaTeMaTH4ecKUX Hayk, npodeccop
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