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

YTBEPXJIEHO
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: OKcIepUMEHTAIbHBIE METO/IBI UCCIICAOBAHII MUKPOCTPYKTYPBI U IIOBEPXHOCTH
TBEPABIX TEJ, MOJIEKYJI, KPUCTAIIIOB

10 HANPABJICHHUIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

npo¢uib NOArOTOBKH: Kocmuueckue TexHONIOruu

®usrex-mrkoia A3poKocMUYecKux TeXHONOr it
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

JucuururHa « OKCIIepUMEHTaIbHBIE METObl UCCIIEIOBAHUNH MUKPOCTPYKTYPHI U MOBEPXHOCTH TBEPIBIX TEI,
MOJIEKYJ, KPHCTAJJIOB» TMPEICTABIsIET COOOM Kypc IO HM3YYEHHIO COBPEMEHHBIX METOAOB HCCIIEJOBAaHMSA
ANEKTPOPUZNIECKUX, ONTUIECKUX, MOP(POJIOTHUECKUX XaPAKTEPUCTUK (PYHKIMOHAIBHBIX MaTepHaloB B BUC
TOHKMX IUIEHOK, MHOTOCJOWHBIX IIOKPBITUH Ha OCHOBE JU3JIEKTPUKOB, METAJUIOB, IIOJYIPOBOAHUKOB,
BBICOKOMOJICKYJIIPHBIX BEIIECTB U UX CMECe, 3PPEKTUBHBIX CPE.

Ha xypce OymyT n3ydeHbl (HU3MKO-XHUMHUYECKHE OCHOBBI COBPEMEHHBIX METOJOB HCCIEIOBAHHUS CBOMCTB

MaTcpHuaJioB:

BOHHOBOI\/’I MUKPOCKOIINH, SHGKTpOHHOﬁ MHUKPOCKOIIMH, SJIIMIICOMETPUH, KOJIeOaTeILHOM

CIIEKTPOCKOIIMU U APYTMX MeTonoB. IIpemycMmoTpeH s1abopaTopHbIil Kypce, MPOXOXKAEHHE KOTOPOTO ITOMOXKET
OCBOHTH OCHOBHBIC METOJIBI MCCIIECIOBAaHUI HAa COBPEMEHHOM 00opynoBaHuH. Tarxke OyayT OCBOGHBI OCHOBBI
IUIAHUPOBAaHMS HCCIIEI0BATEILCKOM pabOThl M aHaldM3a IOJNYYCHHBIX JaHHBIX C ITOMOIIBIO AKTYyaJIbHBIX

(hm3rUecKX MOJIEIeH.

1. leau u 3apauu

eap AUCUMNIMHBI

W3ydenne cryneHTamMu (U3MYECKHX OCHOB COBPEMEHHBIX METO/IOB MCCIEIOBAHUS MUKPOCTPYKTYPBHI,
TIOBEPXHOCTEU U (PH3UKO-XMMHUYECKUX CBOWCTB TBEPIbIX Tell. [loydeHne npaKTHYeCKUX HaBBIKOB IIPH
paboTte ¢ COBpeMEHHBIM UCCIIEIOBATEIBCKIM 000pYy/TOBaHHEM.

3agauu AU CHUILIHHBI

* (opmupoBaHrue 0a30BBIX 3HAHUN B 00NACTH (U3UKU IJIEKTPOHHOTO CTPOCHHUS aTOMOB, MOJIEKYII,

KJIACTCPOB U TBCPABIX TCII;

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

MarHUTHBIMHM CBOMCTBAMH MaTepHralioB;

* o0ydeHHEe CTYJICHTOB HaBBIKAM INPHUMEHEHHUS IOJyYCHHBIX 3HAHUHU JUIS PELICHUS MPaKTUYECKUX
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 cHocoOGH  HCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
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 NmeeT npeacTaBieHrne O 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 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
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()(eKTUBHO MCHONB30BaTh HA MPAKTUKE TEOPETUUECKHE KOMIIOHEHTH HAyKH: IOHATHS, CYXIACHHS,
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 MUCCIIEOBAaHUS MUKPOCTPYKTYPBI 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. COBpCMCHHLIe OKCIICPUMCHTAJIBHBIC MCTOABI HCCICAOBAHUA MHUKPOCTPYKTYPBI U IMOBCPXHOCTU
TBEPABIX TEJI. DU3NKO-XUMHUYECKHUE IIPUHIMUIIBI




Knaccuduxamust  SKCepUMEHTAJIbHBIX ~ METOAOB  JUIS  HCCIEJOBAaHMS  MHKPOCTPYKTYDBI.
[InanupoBanue sKcnepuMeHTa. AHanu3 JaHHbIX. ONTHYECKHE METOIbl. 30HI0Bas MHKPOCKOIHSI.
PentreHocrpykrypHbiii  aHanu3.  ONTHYECKME  METOAbI  MCCIIENOBAaHUS  MHUKPOCTPYKTYDBI.
Bub6panunonnas cnekrpometpusi. DU3nko-xUMHYECKUE IPUHIMITEI METOAOB aHAIN3a.

2. MeTozs! 2IEKTPOHHON MUKPOCKOITNN

dusnueckre OCHOBBI METOHA MIEKTPOHHOW MHKpOCKONUH. IIpakThdyeckue acmeKkThl NMPUMEHEHUS
METOJIOB IEKTPOHHONH MHUKPOCKOIHH JJIsI UCCIEAOBAHUS TOBEPXHOCTH U CTPYKTYPBHI TBEPIBIX TEIl.
Bropuunbie snexTpoHbl. OOpaTHO-pacCcesHHBIC 3JIEKTPOHBI. OJHEPrOAUCIEPCHOHHBIA  aHAJM3.
JlabopatopHnast pabota Ha snekTpoHHOM MuKpockorne JCM 7000 (JEOL, Snonus)

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

[TonsATHE 0 30HA0BOM MUKpocKonuu. Buasl Mukpockonuu. Buasl B3anMOAEHCTBAN MEXAY 30HIOM U
MOBEPXHOCTHIO. DeHOMEH XUMHUYECKoW CcBsA3U. OCHOBHBIC MOAXOABI K BJIEKTPOHHOMY CTPOCHHIO
Mouiekyll. [loBepXHOCTh Kak OTAENBHBIM BHUJl TBEPAOTO Tena. TyHHenbHbINH TOK. Meton KennpBuHa.
HByxnpoxoansle Metonsl. JlabopartopHas pabora Ha aTOMHO-CHJIIOBOM MHKpockore Solver
(NT-MDT, Poccus)

4. DnauncoMeTpus

OcHOBHOE ypaBHEHHE JIIIUIICOMETpUH. Buppl crekrpoMeTpoB. OcoOEHHOCTH MOJCIUPOBAHUS
TBEPABIX TEI: JUIEKTPUKH, TOHKHE TUICHKA METAJUIOB W ITOIYIPOBOIHUKOB, 3(pPEeKTUBHBIE CpEbI.
OCHOBHBICE ~MOJIENHM: MOJAETh TMOTYOSCKOHEYHOTO CJIOSl, MHOTOCIIOWHAs MOJEeNb, MOJENb
Hpyne—Jlopenma. JlaboparopHass paboTa Ha CHEKTPAILHOM JJUTUTICOMETpUYecKoM Komruiekce CAI
1891 (UDIT CO PAH, Poccus)

5. Cnekrpockonus KOMOMHALIMOHHOTO PAacCesiHUS M HHPpaKpacHas CIIEKTPOCKOIHS

Bubpaunonnas cTpykrypa TBeproro tena. PacmmdpoBka CIeKTpoB. AHaIN3 MUKPOCTPYKTYPHI Ha
OCHOBE CIEKTpa KOMOHMHALMOHHOTO paccesHus. Meronasl paciMppoBKM W aHAIM3a CIEKTPOB.
CroexTpsl pa3IUYHBIX THUIIOB MOJIEKYN M KpucTamioB. JlabopatopHast paboTa Ha CHEKTpOMETpe
koMOuHaumonHoro paccessaust Alpha 300 R (WlTec, I'epmanus).

6. Uatepdepomerpust 1 uHTEPHEPEHIMOHHAS CIIEKTPOCKOIINS

Unreppepomerp HrtoTona, Maiikenbcona. MaTepdepenunonnsiii 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, M3y4arolui JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJAKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare m3ydeHHs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M IOHATHA,
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 y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

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

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.



BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3Y4EHHUsI OTIEIbHBIX TEM, BOINPOCOB, CJIEAYET OOpaIarbcs 3a KOHCYIbTAlMAMHU
MIpENoAaBaTelto.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/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. Dnnuncomerpust u nonsipu3oBaHHbIN cBeT. P. Aszam, H. Bamapa ; mep. ¢ anmi. nog pen. A. B.
Pxanona u K. K. CBurtamesa .— M. : Mup, 1981 .— 583 c.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: Kocmuueckue rexnonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
kadepa MEKTPONUHAMUKH CIIOKHBIX CUCTEM U HAHO(POTOHUKHU
Kypc: 1
KBaJupuKaAnus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: N.A. boruHckasi, KaHJI. TEXH. HayK



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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
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 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHLHBIMHU
METOJJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHNN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThI

2. Illoka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynprare u3ydeHus: IUCUUILTUHBI «DKCIEPUMEHTAIBHBIE METOIBl MCCIEAOBAHUA MHUKPOCTPYKTYPBI H
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((eKTUBHO MCHONB30BaTh HA MPAKTUKE TEOPETHUECKHE KOMIIOHEHTH HAyKH: IOHATHS, CYXIACHHS,

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 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHOM TEME.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst



IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

. MeTox BaJleHTHBIX CBSI3EH.

. OCHOBHO€ ypaBHEHHE LIMIICOMETPUH.

. IIpupoza cui1, OTBeUaroMX 3a MArHUTHOE YIIOPSIOYEHHE

. Meton MoseKynsipHBIX opOuTanen

. OTn4me MeTosia BaJICHTHBIX CBSI3€H OT METO/1a MOJICKYJISIPHBIX opOuTaneit
. Cunel Ban-nep-Baanbca.

~N N B WN

. Kpucrann kak nepuonuueckas crpykrypa. [Ipsimas u oOpaTHas peeTKH 1j1sl THK U OLK KPUCTAJLIOB.
OOpartHasi pemieTka B CIy4ae HW3MEHEHHUs CHMMETPHM MNpPsIMOil pereTkd (Ha IpuMmepe YyABOCHUS
MepHUOJia HCXOTHOU CTPYKTYPHI).

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

9. Tumbl TBepHbIX Tel W 30HHOM CTPYKTYphl. llodaynpoBogHMKH. DJIEKTPOHHBIE M JBIPOYHBIC
coctosHus. [IoBepXHOCTHBIE COCTOSHUSI.

10. MarauTHas BOCIPUMMYHMBOCTH pa3HbIX MarepuajoB (0e3 MarHUTHOTO YIOPSAAOYEHUS):
napa-mardetn3m  (JlamkeBeHoBckuit, winM 3akoH Kriopu), Ban-OnekoBckuii mapamarHeTusM,
napamarsetusM Ilaynu, nmamMarseTusm.

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 W 30HHOM CTPYKTYphl. llodynmpoBogHMKH. DJIEKTPOHHBIE M JBIPOYHBIC
coctosHus. [loBepXHOCTHBIE COCTOSHUSI.

2. MarnuTtHas BOCHPHUUMYHUBOCTb Ppa3HbIX MarepuanoB (0e3 MAarHUTHOTO YIOPSAJOYEHHUs):
napa-mardetn3m  (JlamkeBeHoBckuit, win 3akoH Kriopu), Ban-OnekoBckuii mapamarHeTusM,
napamarsetusM Ilaynu, nmamMarseTusm.

burer 3.

2. OCHOBHOE ypaBHEHHUE SIUTUIICOMETPHH.

3. Ilpupona cui, 0TBEYAIONINX 33 MArHUTHOE YIOPSA0YEHNE

Kputepun oniennBanus

Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka oOmM4YHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEZOYETAMH.

Ouenka Xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OHGHKa XOpouIo 6 0aJIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CyHI€CTBY U3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HA IMPAKTHUKE, HO OOITYCKACT B OTBETC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U TI0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTENbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapylLEeHUs JIOTUYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO MaTrepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynOBIETBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HaHWMW, AOMycKaloulemy omHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAaHAAPTHOM CUTYalUH.

OueHka HEyIOBJICTBOPUTENIHHO 2 Oajuia - BHICTABISAETCS CTyACHTY, KOTOPBIA HE 3HAaeT OOJIbIIe 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMUOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHHS NP PEIICHUN
TUTIOBBIX 3a]a4.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH MPOBOSATCS B MUCBMEHHOH (ycTHOMH) (opme mo OuieraMm. B kaxoMm Ouiere mpeacTaBieHO
7IBa TeOpeTUYecKux Bompoca. IIpu npoBenennn sx3amena olydatomemycs npeaocrasisercss 30 MuUHYT
Ha MoAroToBKy. Onpoc o0ydaronierocs He TOJHKEH NPEBHIIAaTh OJHOTO aCTPOHOMHUYECKOTO Yaca.



