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PE®EPAT

Jlunnomuast pa6ora, 50 crpanun, 29 pucyHkoB (Trpadukd, WILTIOCTpaAIun), 3
TabnuIel, 64 UCTOYHHUKA.

['PA®EH, CIIEKTPOCKOIIUA KPC, C3M, JE®EKTbHI, YHUCIJIO
IPA®EHOBBIX CJIOEB, CJBUI' JIMHUM KPC, MEXAHMNYECKUE
HAIIPSKEHUA.

Heapr padorel — YCTAaHOBUTH CTPYKTYPHBIE CBOWCTBA BBIPALIEHHOIO H
NEpPEeHeCeHHOro rpadeHa Ha MEAHBIX MOAJOXKKAX METOAaMH CIIEKTPOCKOIHUU
KoMOuHarmonHoro paccesinus ceera (KPC) u ckanupyronieit 30H10BO MUKPOCKOIIUN
(C3M). Ha ocHOBaHMY NOJyYE€HHBIX JAHHBIX ONPEAEIUTh YUCIO ITPa(EHOBBIX CIOEB U
KOHIIEHTpaIuio JeheKToB B Marepuajne, a TaKXKe pacCuuTarbh MEXaHUYECKHUe
HaIpPsDKEHUS, BHEIPSEMbIE MO IOKKaAMHU.

Metox wucciaenoBanuss — crnekrpockonus KPC ¢ ucnonb3oBanuem
koHdpokanpHOro crekrpomerpa Nanofinder HE; wuccienoBanue MOBEpXHOCTH
noJyI0Kkn merogoM C3M mpoBOAMIOCH C MOMOIIBK) CKaHUPYIOLIETO 30HI0BOTO
mukpockorna SolverNano.

B pe3yabTare ucciaenoBanus Obutn noydeHsl criekTpbl KPC u kapter C3M st
rpadeHa Ha MeIHBIX MOJI0KKaX. OmnpeneseHo KOJIMYECTBO CIOEB U KOHIICHTPAIIUS
nedexToB B uccieayemoil obnactu oOpasua. PaccuntaHo 3HavueHue aedopmalu,
KOTOPO€ COOTBETCTBYET BCTPOCHHBIM MEXAHUYECKUM HANPSIKEHUSM, CO3JaBAEMbIM
MEJIHOM TO/JIONKKOW B BBIPAILICHHOM U NepeHeceHHOM Tpadene. [IpoananuzupoBano
BIIMSIHUE TIEPENa0B BHICOTHI TOBEPXHOCTH MOJIOKKHA HA MEXaHUUECKUE HAIPSKCHUS
B rpadene. CoCTaBJI€Hbl THCTOTPAMMBI JIOKAJIbHBIX MEXAaHUYECKUX HAIpPSKECHUN B
oOpa3iiax.

CreneHb BHeApeHUs] — pE3yJbTaThl MCCIEIOBAHUS, IPEACTABICHHBIC B
JTUTIJIOMHON paboTe, MOTYT OBITh HUCIIOJIB30BAHBI JIJISl YUeTa BJIMSHUS TMMOJJIOKEK Ha
CTPYKTYpHbIE CBOMCTBa TpadeHa A0 U TMOCIE NEPeHoca, UYTO aKTyaldbHO s
ONTUMHU3AIMK MPOLIECCOB CUHTE3a M IEpPEHOCa JAHHOTO MaTepuasa, a Takke MpHu
MPOEKTUPOBAHUM M CO3JAAHUHM YCTPOMCTB HAHORJIEKTPOHUKH Ha OCHOBE TIpadeHa,

CUHTC3UPOBAHHOI'O C IOMOIIbKO MCTOJIUK, HC IPCAYCMATPHUBAIOIINX IICPCHOC.



PO®EPAT

Jermmomuas mpara, 50 craponak, 29 mamtonkay (rpadiki, uUTocTparsii), 3
Ta0I111bI, 64 KPBIHILIBL.

I'PA®EH, CIIEKTPACKAIIISI KPC, C3M, JIIK TPA®EHOBBIX CJIAEY,
JO®EKTHI, 3PYX JITHIT KPC, MEXAHIYHbIA HAITPVTT.

Msta mpambl - ycransBallb CTPYKTYPHBISL YIaciiBacili BbIrajiaBaHara i
nepaHeceHara rpadeHa Ha MEAHBIX MMAIKIagKaX MeTajami  CIIeKTpacKarii
kaMmOiHarpliiHara pacceiiBanns cestia (KPC) 1 ckanipyrouail 30H71aBail Mikpackariii
(C3M). Ha nancraBe aTpbIMaHBIX JAJ3€HBIX BBI3HAYBILL JIIK TpadeHOBBIX cilacy i
KaHIPHTpalpto A3GeKkTay y MaTdipbisie, a Takcama pas3iiyblllb MEXaHIYHBIS
HaIpY>KaHHS, K1 YKapaHsIoIa MaIKiIa KaMi.

Meran naciaenaBanns - cnexkrpackamnisi KPC 3 BeikapbicTaHHEM KaH(akagbHara
cnexkrpomeTpa Nanofinder HE; nacnegaBanne maBepxHi maakianki metagam C3M
mpaBoji3iiacs 3 AanamMorai ckaHaBaJibHara 30HjaBara Mikpackormna SolverNano.

Y BbIHiKY naciegaBannsi Obuni atpsiManbl ciekTpel KPC 1 xapter C3M s
rpadeHa Ha MeTHBIX TaAKIaAKax. Bpi3HauaHa KoJbKAcIh Claéy 1 KaHIPHTpPAIbIs
madexray y qocnenanait Booaaciii. Pasmiuana 3HausHHE A3 apMalibli, IKOe aJirnaBsae
yOyJaBaHbIM MEXaHIYHBIM BBICUIKAM, CTBapaHblM MeOHAW NaAKiIaakal ¥
BhIpAIlIYaHbIM 1 TiepaHeceHbIM Tpadene. [IpaananizaBan Ymuibly meparnajay BbIIbIHI
NaBepXHI MaAKIaJKI Ha MEXaHIUHbIl HanpyxaHHs Y rpadene. Ckiaa3eHbls
rictarpamsl JIaKaJdbHbIX MEXaHIYHBIX BBICUIKAY Y y30pax.

CryneHb YkapaHeHHsI - BBIHIKI JlacjieaBaHHs, IPAJICTAyICHbBIA ¥ JBITIIIOMHAM
mpaiie, MOTYIlb OBIIlb BBIKAPBICTAHBI AJIS YKy YIIIBIBY MaJKJIagKa Ha CTPYKTYPHBIS
ymacmiBacil rpadgeHa Aa 1 macis TEpaHocy, IITO akTyaldbHa IS amnThIMi3allbli
nparpcay CiHTA3Y 1 MepaHoCy Aaj3eHara MaTIphisuTy, a TakcaMa Mpbl MpacKTaBaHHI 1
CTBap3HHI MpbLIaJ HAHAZJIEKTPOHIKI Ha aCHOBe rpadeHa, CiHTI3aBaHara 3 ganamoran

MCTOJBbIK, SKIST HE MpagyriCaKBarolb MCpaHocC.



SUMMARY

Graduation work 50 pages, 29 pictures (graphics and illustrations), 3 tables, 64
sources.

GRAFEN, RAMAN SPECTROSCOPY, SPM, DEFECTS, NUMBER OF
GRAPHENE LAYERS, SHIFT LINES, MECHANICAL STRAIN.

The goal of this research is to establish the structural properties of grown and
transferred graphene on copper substrates by the methods of Raman spectroscopy and
scanning probe microscopy (SPM). On the basis of the data obtained, to define the
number of graphene layers and calculate the mechanical stresses implemented by the
substrates.

The method of research is Raman spectroscopy with the use of a confocal
spectrometer Nanofinder HE; Substrate surface analysts was carried out using a
scanning probe microscope SolverNano.

The research has determined Raman spectra and SPM maps for graphene on
copper substrates, the number of layers and the area of defects in the inspected sample.
The stress value corresponding to the built-in mechanical stresses created by the copper
substrate in the grown and transferred graphene has been calculated. The impact of the
height differences of the substrate surface on graphene mechanical stresses has been
analyzed. Histograms of local mechanical stresses in the samples has been made.

The degree of implementation — the results of the research may be used for
considering the influence of substrates on graphene’s structural properties, which is
relevant for the improvement of the processes of synthesis and transporting of the
material, as well as for designing and building of nanoelectronic graphene based

devices synthesized without graphene transportation.



