degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: DKCIIepUMEHTAIBHBIE METO/Ibl HCCIICOBAHUI MUKPOCTPYKTYPHI M TIOBEPXHOCTH
TBEPIBIX TEJ, MOJICKYJI, KPUCTAJLIOB

10 HANPABJIEHHIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U uccaenoBannii uM. Jlanaay
kadeapa MEKTPOAMHAMUKY CIIOKHBIX CUCTEM W HAHO(OTOHUKU

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocrasuin: N.A. borunckas, kaHj. TEXH. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl SJIEKTPOAUHAMUKH CIOXKHBIX cucTeM U HaHodortoruku 04.06.2020



AHHOTANMA

Juctmuimaa « OKCIEpUMEHTAITLHBIE METOJIbI UCCIICIOBAHIA MUKPOCTPYKTYPBI U TTIOBEPXHOCTH TBEPIbIX TEIL,
MOJIEKYJ, KPUCTAIUIOB» TPEACTaBIsieT cO00M Kypc TO HM3YYEHUIO COBPEMEHHBIX METOJZIOB HCCIEOBaHUS
ANEKTPOPUZHUECKIX, ONTHIECKIX, MOP(OTOTHISCKUX XapPAKTEPUCTUK (PYHKIIMOHAIHHBIX MAaTePUAIOB B BUJIE
TOHKMX IUIEHOK, MHOTOCJIIOWHBIX MOKPBHITUH Ha OCHOBE JAMAJIEKTPUKOB, METAJUIOB, MOJIYNPOBOIHHUKOB,
BBICOKOMOJIEKYIISIPHBIX BEIIECTB U UX cMece, 3h(heKTUBHBIX CPEI.

Ha xypce OyayT u3ydeHbl (U3UKO-XMMHUYECKHE OCHOBBI COBPEMEHHBIX METOJIOB HCCIIEIOBAHUS CBOWCTB
MaTepUajioB: 30HJOBOW MHKPOCKONHNH, OJJIEKTPOHHOW MHKPOCKOMIHH, 3JUIMIICOMETPHUH, KOJIeOaTeIbHOM
CIIEKTPOCKOIIMH M JIPYTHX MeTonoB. [IpemycMoTpeH naboparopHblii Kype, IPOXOKICHHE KOTOPOTO TTOMOXKET
OCBOWTH OCHOBHBIC METOJBI MCCIIEA0OBAaHUN Ha COBPEMEHHOM 000pynoBaHWHU. Takke OymTyT OCBOCHBI OCHOBBI
TUTAHUPOBAHUS HCCIIEA0BATENILCKOM paboThl M aHanu3a IMOJYYEHHBIX JAHHBIX C IOMOIIBI0 aKTYalIbHBIX
(hm3rUecKX MOJIEIeH.

1. leau u 3apauu

eap AUCUMNIMHBI

W3ydenne cryneHTamMu (QU3HMYECKUX OCHOB COBPEMEHHBIX METOJIOB MCCIIEIOBAHHS MHKPOCTPYKTYPHI,
TIOBEPXHOCTEH U (PH3UKO-XUMHUYECKUX CBOMCTB TBEPABIX Tel. [loiaydeHune mpakTHueCKuX HaBBIKOB TIPU
paboTte ¢ COBpeMEHHBIM UCCIIEIOBATEIBCKIM 000pYy/TOBaHHEM.

3agauu AU CHUILIHHBI

* (dopmupoBaHre 0a30BBIX 3HAHUN B 00MACTH (PU3UKU IIEKTPOHHOTO CTPOCHHUSI aTOMOB, MOJIEKYII,
KJIACTEPOB U TBEP/BIX TEIT;

¢ HU3YUCHUC CBA3U MCIKAY DOJICKTPOHHBIM CTPOCHHCM W OINTUYCCKUMU, 3J'ICKTpO(1)I/I3I/I‘ICCKI/IMI/I n
MarHUTHBIMHM CBOMCTBAMH MaTepHralioB;

* 0o0y4yeHHE CTYJICHTOB HAaBBIKAM INPHMEHEHHsS IOJYYCHHBIX 3HAHWUH JUIS PELIeHUs MPaKTHYECKHX
3a[a4, CBA3aHHBIX C UCIIOJIb30BAHUEM COBPEMEHHOIO HCCIIE0BATENECKOTO 000PYI0BaAHUS

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
npo(eCCUOHANBHON  JesTeNbHOCTH  (yHIAaMeHTalbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-2 Nmeet nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue u (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.




- COBpEeMEeHHbIE TPoOIeMbl (PU3UKH, XUMHUHU, MaTePUAIOBEICHNUS;
- OHU3UKO-XUMHUYECKHE TPUHIUIIBI METOAOB aHAIN3a;
- TEOpeTHUYECKHE MOAEH (yHIaMEHTAIBHBIX [IPOLIECCOB U SIBJICHUH B (PU3UKE U €€ MPHIIOKEHUIX;
- Ipo0JeMaTuKy (PU3UKO-XMMHYECKOTO MOJICTTMPOBAHUSI.
YMETB:

- 3((EeKTUBHO HCIOJIB30BATh HA MPAKTUKE TEOPETUYECKNE KOMIIOHEHTHI HAYKU: MOHATHA, CY)KICHUS,
YMO3aKIIOUEHUS, 3aKOHBI;

- IPUMEHATh METOIOJIOTHIO €CTECTBO3HAHMS IPU OPraHN3aIlMK KOHKPETHBIX HCCIIEN0BaHNU;

- MOJICJIUPOBAThH MPOLECCH U aHATU3UPOBATH MOAEIIH;

- UCTIONIb30BaTh COBPEMEHHbIE METOJJOIOTUH U MOJIEIIH;

- paborath ¢ nmpodeccuoHaNbHON HH(OPMAITHEH.

BIIAJICTh!
- Hay4YHBIM METOAOM, HAYYHO! KapTUHOU MUPA;
- METOJIOJIOTHEH BBIOOPA a/IeKBaTHBIX METOJIOB UCCIICOBAHHUS;
- HaBBIKAMH CaMOCTOSATENBHOM paboThl B TabopaTopuu;
- MaTeMaTHYECKUMH METOAAMHU MOJCITUPOBaHMs (PU3NIECKUX 3a71ad.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
CoBpeMeHHbIE IKCTIEPUMEHTAJIbHBIC
1 METOJIbl UCCIIEJOBAaHUS MUKPOCTPYKTYPBHI 6 ’ 6
u MOBEPXHOCTH TBEPABIX Tell.
®U3NKO-XUMHYECKHE TIPUHIIUIIBI
2 MeTozapl 2IEeKTPOHHON MUKPOCKOITUHU 4 6 10
ATOMHO-CHIIOBas MUKPOCKOTIHSL.
3 TyHHenbHasA MHKPOCKOTIHSL. 6 8 8
brmxHenonbHas MUKPOCKOIIHS
4 DnIUIncoMeTpust 4 4 8
Cnexrpockomnus KOMOWHAIIMOHHOTO
5 paccesiHus u nHpakpacHas 6 6 8
CIIEKTPOCKOIIHS
6 Hurepdepomerpust " 4 4 5
uHTep(EpEeHIIMOHHAS CTIEKTPOCKOTIHS
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. COBpeMeHHLIe OKCIICPUMCHTAJIBHBIC MCTOAbI HCCJICAOBAHUA MHUKPOCTPYKTYPhI U NOBCPXHOCTHU
TBEPABIX TEJI. DU3NKO-XUMHUYECKHUE IIPUHIMUIIBI




Knaccuduxamust  SKCepUMEHTAJIbHBIX ~ METOAOB  JUIS  HCCIEJOBAaHMS  MHKPOCTPYKTYDBI.
[InanupoBaHne 3KcepUMEHTa. AHanW3 AaHHBIX. OnTHYecKHe MeToAbl. 30HAOBAsS MHUKPOCKOIHS.
PentreHocrpykrypHbiii  aHanu3.  ONTHYECKME  METOIbl  UCCIIEAOBAaHUS  MUKPOCTPYKTYpBHI.
Bub6panunonnas cnekrpometpusi. DU3nko-xUMHYECKUE IPUHIMITEI METOAOB aHAIN3a.

2. MeTozs! 2IEKTPOHHON MUKPOCKOITNN

dusnueckre OCHOBBI METOHA MIEKTPOHHOW MHKpOCKONUH. IIpakThdyeckue acmeKkThl NMPUMEHEHUS
METOJIOB JIEKTPOHHON MHMKPOCKOIIUH JUIS UCCIIEOBAHUS IMOBEPXHOCTH M CTPYKTYPBI TBEPABIX TEIN.
Bropuunbsie osnexTponbl. OOpaTHO-paccesHHBIC 3JIEKTPOHBL. DHEPTOAUCIICPCHOHHBIN  aHAIU3.
JlabopatopHnast pabota Ha snekTpoHHOM MuKpockorne JCM 7000 (JEOL, Snonus)

3. AtoMHO-cuI0Bast MUKpocKonusl. TyHHeIbHass MUKPOCKONHUs. biinkHenonbHasi MUKPOCKOIIUS

[TonsATHE O 30HAOBOK MUKPOCKOIMH. BHibl MUKpPOCKOIIMY. Brbl B3auMOIEHCTBUI MEXY 30HAOM U
noBepxHOCThI0. DeHoMeH xumuueckor cBsi3u. OCHOBHBIC MOAXOIBI K JIEKTPOHHOMY CTPOCHHUIO
Mouiekyll. [loBepXHOCTh Kak OTHEIbHBIA BUJ TBepAOro Tena. TyHHenbHbIM TOK. Merton KenbBuHa.
HByxnpoxoansle Metonsl. JlabopatopHas pabGoTra Ha aTOMHO-CHJIOBOM MHKpOCKome Solver
(NT-MDT, Poccus)

4. DnauncoMeTpus

OcHOBHOE ypaBHEHHE OJIUIMIICOMETpHU. Buabl crekrpomMerpoB. OCOOCHHOCTH MOJEIUPOBAHMUS
TBEPABIX TEJ: AUIJIEKTPUKH, TOHKHAE TUICHKH METAJUIOB M TOJXYIPOBOIHHUKOB, d3(PPEKTUBHEIE CPEIbI.
OCHOBHBIE MOJICIH: MOJIEIbh TOJTYOECKOHEYHOTO CJIOS, MHOTOCTIOWHAs MOJellb, MOJEIb
Hpyne—Jlopenma. JlabopatopHasi paboTa Ha CIIEKTpaIbHOM 3JUIHIICOMETpuYeckoM komruiekce CATL
1891 (UDIT CO PAH, Poccus)

5. Cnekrpockonus KOMOMHALIMOHHOTO PAacCesiHUS M HHPpaKpacHas CIIEKTPOCKOIHS

BubpaunonHnas cTpykrypa TBeproro tena. PacmmdpoBka CHeKTpoB. AHaIN3 MUKPOCTPYKTYPHI Ha
OCHOBE CIEKTpa KOMOMHAIIMOHHOTO paccesHus. Meroapl paclIMPpOBKM U aHalu3a CHEKTPOB.
CroexTpsl pa3IUYHBIX THUIIOB MOJIEKYN M KpucTamioB. JlabopatopHast paboTa Ha CHEKTpOMETpe
koMOuHaumonHoro paccessaust Alpha 300 R (WlTec, I'epmanus).

6. Uatepdepomerpust 1 uHTEPHEPEHIMOHHAS CIIEKTPOCKOIINS

Unreppepomerp Hetotona, Maiikenbcona. Untepdepenunonnslii Mukpockon Mupo. JlaboparopHas
pabora Ha 3D ckanupyroniem nateppepomerpe New View 7300 (Zygo, CIIIA)

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHas aymuTopusi, OCHAIICHHAS] MYJIBTUMEIHAIPOCKTOPOM U SKPAaHOM. DKCIIEPUMEHTATIBHOE
00opyoBaHUE /ISl POBEJCHUS 1a00PaTOPHBIX PaboT.

JlabopaTopHbie pabOTHI 1O TEME:

- aToMHO-cuiioBast Mukpockomnust. [Ipudop Solver (NT-MDT, Poccust). M3mepenne Mmopdoioruu
MOBEPXHOCTH TOHKHX IICHOK 30JI0Ta, HAHOKOMITO3UTOB. Pabora B KenbBun mone. HMccnenoBanue
MarHUTHBIX XapaKTEPUCTUK HOKPBITHH;

- amumanicometpust. [lpubop CAI 1891 (MDIT CO PAH, Poccust). Onpenenenue aucrepcuu
OINITHYECKUX XapaKTEPUCTHK TOHKUX IUIEHOK OKCH/Aa KPEMHHMS, 30J10Ta, KPEMHHUSI, METAJUIONOJIMMEPHBIX
HaHOKOMITO3HTOB;

- CIIEKTPOMETPHsI KOMOMHAIIMOHHOTO paccesHus. [Ipudop Alpha 300 R (WITec, I'epmanus).
W3mepenne koneOaTenbHBIX CIEKTPOB KPEMHHSI, CMECEH IMOJMMEPOB, OSIIKOB B TOYKE M KapTHPOBAaHHE
IO TUTOLIA/IH;

- 3D ckanupytomuii uareppepomerp New View 7300 (Zygo, CLLIA). [loctpoerue mopdosoruu
MOBEPXHOCTH U ONpEJIeIICHHE TOMIINHBI TOHKHUX IUIEHOK JHJIEKTPUKOB.

- QJIEKTPOHHAs] MUKpOCKOHsl. DieKTpoHHbIi Mukpockon JCM 7000 (JEOL, Anonus). U3mepenue
MOP(OJIOTUH TOHKUX METATMYECKUX TUICHOK.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. OcHoBBI ckanupyrolei 301080 Mukpockonvu [Texct] / B. JI. Muponos ; Poc. akan. nayk, MH-T
¢uznkn MuKpocTpykTyp - M. Texnocepa,2004
2. ®uzuka tBepaoro Tena [Teker] : B 2 T. T. 1 / H. Amkpodt, H. Mepmus ; riep. ¢ anri. A. C.
Muxaiinosa ; mox pen. M. U. Karanoa .— M. : Mup, 1979 — 399 c.
3. ®usuka tBepaoro Tena [Teker] : B2 T. T. 2 : [yue6. mocobue mis By3oB] / H. Amkpodt, H. Mepmun
; mep. ¢ anr. K. WM. Kyrena, A. C. Muxaiinosa ; nog pea. M. U. Karanosa .— M. : Mup, 1979 .— 424
C.

JononauTtensHas IuTEparypa
1. UK cnekrpsl n cnektpsl KP HeopraHuuecknx u KOOpAMHALMOHHBIX coeanHeHni [ Tekct],
[Monorpadusi]/K. Hakamoro , -M., Mup, 1991

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru/catalogue/ — snexrpoHHast Oubianoreka PuzTexa.

2. http://www.edu.ru — ¢penepanpabIil TOpTan «Poccuiickoe oOpa3zoBaHue.

3. http://benran.ru —6ubnuoreka Mo ecrecTBeHHBIM HaykaMm Poccuiickoii akazieMun Hayk.

4. http://www.i-exam.ru — eauHblii noptan MHTEpHET-TEeCTHPOBaHUS B cpepe 0OpazoBaHusl.

5. http://ufn.ru/ «Ycnexu Gpusnueckux HayKk» 0030pbI O aKTyalIbHBIM (pr3nueckuM npodieMam

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJIIOYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKITFOYAsk IEMOHCTPAIIHIO
npe3erTanuii. cnonpr3oBanue daiinos (B popmare pdf), cofepramux Bu3yaabHbIH MaTepua JJis
JIEKIMH B BUJIEC IPE3EHTALNH, a TaK)Ke PU HEOOXOTUMOCTH CIIEIUATU3UPOBAHHBIX HAYYHBIX
pedepupyembix xkypHanos: poccuiickux (YOH, XKOTO, nucema B XKOTD, dusnka TBEpaoro TEna u
np) u anmos3eruHbIX (Physical Review Letetrs, Physical Review A, Sensors and Actuators A, B.,
Optics Express, Ontudeckunii )KypHai.), TOCTYIHbIX Yepe3 Internet.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui TUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IMOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJAKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare m3ydeHWs NHUCLHUIUIMHBI CTYACHT JOJDKEH 3HATH OCHOBHBIE ONPEAEIEHUS W NOHATHSA,
YMETb IPUMEHSThH [10JIyUYCHHbIE 3HAHUS AJIs PELICHUs Pa3IMuHbIX 3a/ad.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro Marepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHSAX;

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.



BaxxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU M3YYEHHsI OTIENbHBIX TEM, BOIIPOCOB, CIIEAyeT OOpamarbesi 3a KOHCYJIbTalUsAMH
MIpENoAaBaTelto.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEIICHUS 33/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.

Jluteparypa 17151 cCaMOCTOSITEIbHOIO U3YYECHUS:

1. UIsemn, B.A.; Cnecusues, E.B. Dmiuncomerpus. YuebHO-MeToAHUYECKOE TOcOOME K Tab0paTOpHBIM
paboram. [s. 1.], 2013.

2. Tompkins, H.G.; Irene, E. A. Handbook of ellipsometr. [s.l.] : William Andrew, 2005.

3. DmnuncomeTpusi U noJsipuzoBaHHbIM cBeT. P. Azzam, H. bamapa ; mep. ¢ anmi. mog pen. A. B.
Pxanona u K. K. CBurtamesa .— M. : Mup, 1981 .— 583 c.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIKo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3yIbTaThI

2. Illoka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynbprare n3ydeHus TUCHMIUIMHBI «DKCIEPUMEHTAIbHBIE METOIbl HCCIEIOBAHUNH MHUKPOCTPYKTYpPHI U
MOBEPXHOCTH TBEPJBIX TEJI, MOJIEKYJI, KPUCTAJJIOB» OOYYAIOLIMNACS TOJKEH:

3HATb:

- COBpeMEeHHbIe TPoOIeMbl (PU3UKH, XUMHUHU, MaTePUAIOBEICHNUS;

- OHU3UKO-XUMHUYECKHE TPUHIUIIBI METOAOB aHAIN3a;

- TEOpEeTHYECKHE MOAETH (PyHIaMEHTAIBHBIX [IPOLIECCOB U SIBJICHUH B (PU3UKE U €€ MPHIIOKEHUIX;
- Ipo0NeMaTuKy (HPU3UKO-XMMHYECKOTO MOJICTTMPOBAHUSI.

yMeTh:

- 3((EeKTUBHO HUCIOJIB30BATh HA MPAKTUKE TEOPETUUECKHNE KOMIIOHEHTHI HAYKU: MOHATHSA, CY)KICHUS,

YMO3aKJIKOYCHHNA, 3aKOHBI;

- IPUMEHATH METOOJIOTHIO €CTECTBO3HAHMS IPU OPraHN3aIlM KOHKPETHBIX HCCIIEN0BaHNU;
- MOJICJIUPOBATH MIPOLECCH U aHATU3UPOBATH MOAEIIH;

- UCTIONIb30BaTh COBPEMEHHbIE METOJJOIOTUH U MOJIEIIH;

- pabotath ¢ nmpodeccuoHaNbHON HH(OPMAITHEH.

BJA€Th:

- Hay4YHbIM METOAOM, HAYYHO! KapTUHOU MUPA;

- METOJIOJIOTHEH BBIOOPA a/IeKBaTHBIX METOJIOB UCCIICOBAHHUS;

- HaBBIKAMH CaMOCTOSATENBHOM paboThl B T1abopaTopuu;

- MaTeMaTHYECKUMH METOAAMHU MOJCITUPOBaHMs (PU3NIECKUX 3a71ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHEIM OMpPOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHOM TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst



IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

1. Meroj BajieHTHBIX CBsI3€H.

2. OCHOBHOE ypaBHEHUE JUIUIICOMETPHUHU.

3. Ilpupona cuil, OTBEYArOIIKX 3a MAarHUTHOE YIIOPsJ0YEHUE

4. MetoJ, MOJIEKYISIPHBIX opOuTanen

5. OTnuune MeTojia BaJICHTHBIX CBSI3€H OT METO/Ia MOJIEKYJISIPHBIX opOUTaei

6. Cunel Ban-nep-Baanbca.

7. Kpucramn kak nepuoguueckas crpykrypa. [Ipsimast u oOpaTHast pemeTKy JUIsl THK U OIIK KPUCTAJUIOB.
OOpartHasi pemieTka B CIy4ae W3MEHEHHs CHUMMETPHM MpPSIMOM peImeTKH (Ha IpuMepe YIBOCHUS
MepHUOJia HCXOTHOU CTPYKTYPHI).

8. DnekTpoH B nmepruoandeckoi crpykrype (kpucramie). @ynkuuu bioxa. Teopema brioxa.

9. Tumbel TBepABIX TN M 30HHOW CTPYKTYpbl. lloMynpoBOAHWMKH. DNEKTPOHHBIE W ABIPOYHBIC
coctosHus. [IoBepXHOCTHBIE COCTOSHUSI.

10. MarauTHas BOCHPUMMYHMBOCTh Ppa3HbIX MarepuaioB (0e3 MarHWTHOTO —YHOPSIOYEHHS):
napa-marHetu3sMm  (JlamxeBeHoBckuii, wnu 3akoH Kiopu), Ban-®nexkoBckuili mapamarHeTusM,
napaMmaraetusm llaynum, tuamarHeTusm.

11. ToueuHsIe TPYIIIBI CHMMETPHH.

12. Ilonsipu3yeMOoCTb U AUMOIBHBIII MOMEHT MOJIEKYJIBIL.

13. MareMaTuueckre METObI aHAJIN3a TIOBEPXHOCTEH.

14. OcHOBHBIE BUBI HHTEP(PEPOMETPOB.

15. IlpuHuMn padoThl aTOMHO-CHIIOBOTO MHUKPOCKOIIA.

16. YpaBuenue Komu.

17. YpaBuenue [pyne-Jlopenua.

18. YyeT mepoxoBaToCTH MOBEPXHOCTU C MOMOILLBIO YpaBHEHUSI MakcBeiia -I'apHeTTa.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. Uem mosynpOBOAHUKH OTIIMYAIOTCS OT CBEPXIPOBOAHUKOB?

2. OCHOBHBIC IPUHLUIIBI PACIIH(PPOBKH CIIEKTPOB KOMOMHAIIMOHHOTO PACCESTHUS

3. DBaHECLEHTHBIEC BOJHBI

4. JIByXnpOXoJHbIe METOJbI B @aTOMHO-CHIIOBON MUKPOCKOITUU

5. [louemy Ban-nep-BaabcoBCKoe B3aUMOJICHCTBUE (IOTSHIINAI) O0OPATHO MPOMOPIMOHATBHO R6?

[Ipumepsl 3K3aMEHALMOHHBIX OUJIETOB:

burer 1.

1. OTnune MeToa BaJICHTHBIX CBSI3€H OT METO/a MOJIEKYIISIPHBIX opOHTaei

2. Cunsl Ban-nep-Baanbca

burer 2.

1. Tumbl TBepHbIX Tel M 30HHOW CTPYKTYpbl. lloMynpoBOAHWMKH. DNEKTPOHHBIE W ABIPOYHBIC
coctosHus. [loBepXHOCTHBIE COCTOSHUSI.

2. MarnuTtHas BOCHPHUUMYHUBOCTb Ppa3HbIX MarepuanoB (0e3 MAarHUTHOTO YIOPSAJOYEHHUs):
napa-marHetu3sMm  (JlamxeBeHoBckuii, winu 3akoH Kiopu), Ban-®nexkoBckuii mapamarHeTusM,
napamaraetusm llaynu, tnamarHeTusm.

burer 3.

2. OCHOBHOE ypaBHEHHUE SIUTUIICOMETPHH.

3. Ilpupona cuii, OTBEYArOMIKX 38 MArHUTHOE YIIOPSJ0YECHUE

Kputepun oniennBanus

Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Ouenka oOmIMYHO 8 Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEZOYETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOopouro 6 0amIoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpUAJI, TPAMOTHO H I10
CylI€CTBY U3JIarac€t €ro, yMeCT IPUMCHATD MOJTYUYCHHBIC 3HAHNA Ha IMPAKTUKE, HO JOITYCKACT B OTBCTC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

Ouenka Xopo1o 5 6aioB - BEICTABISAETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha NMPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka yIOBIETBOPUTENbHO 3 Oajla - BBICTABISETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWMU, AOMycKaroulemy omHuOku B (popMynupoBKax 0a30BbIX NOHSTH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TadbHEUIIETO 00yYeHHS U
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAaHAAPTHOM CUTYalUH.

OueHka HEyIOBIECTBOPUTENHHO 2 Oajuia - BBICTABISICTCS CTYIEHTY, KOTOPBII He 3HAaeT OoiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH NPOBOAATCS B MUCBMEHHOH (ycTHOI) dopme mo Omieram. B kaxxaom Oumiere mpeacTaBieHO
JIBa TEOpeTUUeCKuX Bompoca. [Ipu npoBeneHnn sx3amMeHa odydatomemycs npenocrasisgercs 30 MUHYT
Ha MoAroToBKy. Onpoc o0ydaronierocs He TOJHKEH NPEBHIIAaTh OJHOTO aCTPOHOMHUYECKOTO Yaca.



