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AHHOTAIUA

HucuummuHa «MeTonsl in situ TUATHOCTHKH HU3KOPA3MEPHBIX CTPYKTYp» MpenHa3HauyeHa
Il acmHMpaHToB, oOydaromumxcs 1o  obpasoBarenbHOW —mporpamme  «®usnka
MOJIYIPOBOJHUKOBY U BXOJUT B BAPUATHBHYIO YaCTh yUueOHOrO IIaHa.

IIpu paspabotke paboueit mporpamMmbl y4eOHOW  AMCHHUIUIMHBI ~ HCIIOJb30BAHBI
®denepanbHbll TOCYOAPCTBEHHBIH O0pa30BaTENbHBIN CTAaHAAPT BBICLIETO OOpa3OBaHMS
(YpoBeHb MOATOTOBKM KaapOB BBICLIEH KBaJM(DUKALUK) MO HAMPABICHHIO MOArOTOBKH
03.06.01 — «®usnka ¥ acTPOHOMHs», Yy4eOHBIH MJIAH MOATOTOBKUA AaCHHPAHTOB IO

npopumo «Du3uka noaynpoBOIHUKOB

Hems OcHoBHAas wens W3ydYeHHs AUCUMIUIMHBI — TMOATOTOBKA K craye
KaHIMAaTCKOrO MHHUMYMa MO (PH3UKe MOTYIPOBOIHUKOB.

3apaun:

1. CrocoO6CTBOBATE OCBOEHHUIO AaCIMUPAHTAMH OCHOBHBIX pa3aejioB Kypca
«Meroapl In Ssitu JUATHOCTUKHA HHU3KOPA3MEPHBIX CTPYKTYpP», HEOOXOOUMBIX st
JaJTbHEH e yCTIIeITHONH HayUHOH e TeIbHOCTH.

2. dopMupOBaHHE KOMIETEHLHH, COOTBETCTBYIOLIMX MPO(PHIIO MOATOTOBKH
«®Dusuka mosynpoBOIHUKOB)

Komnerennnn BbINyCKHHKA, ¢opMHpyeMble B pe3yJjbTaTe H3yYeHHs
AHCHHIIHHBI.

O61menpodeccHoHabHbIE KOMITETEHIIHHN |
- OIIK-1. CrocOOHOCTBIO CaMOCTOSITENIPHO OCYLIECTBIJIATh HAYYHO-HCCIIE0BATENbCKYIO
NEeSITeIbHOCTE B 00JacTH (PU3MKH MOJYMPOBOAHUKOB C HCHOJB30BAHHEM COBPEMEHHBIX
METOIOB HCCIEOBAHUS U HH(POPMALHOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTHH

IIpodeccruoHanmbHbIE KOMITIETEHIINHN
- TIK-2. CnocoOHOCTh apryMEeHTHPOBAHHO BBHIOHpPATh W pEAJM30BbIBATH HA MPAKTHKE
3¢ (dekTuBHYI0O  METOOMKY  OKCHEPUMEHTAJIILHOIO  HCCIAENOBAHHS  HApaMETpOB U
XapaKTePUCTUK HU3KOPAa3MEPHBIX CTPYKTYP, B TOM YHCJIE PA3NUYHOrO (PYHKIIMOHATBHOTO
Ha3HAYCHUS
- IIK-3. T'OTOBHOCTh aHaNMW3UPOBATH MU CHUCTEMaTH3UPOBATH PE3YyJbTAaThl HCCIEIOBAHUMH,

NpeacTaBJBsiTh MaTCpHaJibl B BUAC HAYYHBIX OTUCTOB, ny6m/11<au1/11‘/'1, HpGSGHTaL[I/Iﬁ



TpeOGoBanus K YPOBHIO YCBOSHHS COAEP>KAHHS THCIHILIHHBL.

AcCnHpaHThI JOJUKHBI TPHOOPECTH CIEAYIOLINE 3HAHUS H YMEHHS :

-3HaTh.

COBPEMEHHOE COCTOSIHUE HAyKH B 00J1aCTH (PU3UKH HU3KOPA3MEPHBIX CTPYKTYP
CYLIECTBYIOLIHE COBPEMEHHbIE METObI HCCIIEAOBAHNUS TOBEPXHOCTH TBEPIOTO TeJa
OCHOBHbIE METONbl MAaTEeMAaTHYEeCKOrOo ONHCaHus (PU3HYECKUX MPOLECCOB,
NPOTEKAIOINX B HU3KOPA3MEPHBIX CTPYKTypax

COBpEMEHHbIE CMOCOOBI HCIOJIb30BAHUS WH(POPMALMOHHO-KOMMYHHUKALIHOH HBIX
TEXHOJIOTHH B chepe hU3UKH HU3KOPA3ZMEPHBIX CTPYKTYP.

Ywmers:

BBIOMpATh MaTeMaTHYEeCKHEe METOAbl HEOOXOMUMbIE IJIsi OMHUCAHUS (PU3HUECKHX
MPOLIECCOB, MPOTEKAIOIINX HA MOBEPXHOCTH TBEPIOTO TENA,

KPUTHYECKH OLIEHHBATh O0JACTh MPUMEHHMOCTH BBIOPAHHBIX MATEMATHYECKUX
METO/IOB JJIsl OMUCAHUS MPOTEKAIOLINX HA MOBEPXHOCTH,

00OCHOBAHO BBIOMPATh METOBI IKCIEPUMEHTAIBHOTO UCCIIEOBAHUSI TTOBEPXHOCTH
HU3KOPa3MePHBIX CTPYKTYD,

HCIOJIb30BaTh COBPEMEHHOE JIabopaTopHOe OOOpYyIOBaHHME Ui MPOBEIEHUs
JKCIEePHMEHTA,

BLIOMpPATh W MNPHUMEHATh METOAbl  HCCJIEHOBaHHS  (DU3MUECKUX  CBOWCTB
HU3KOPa3MePHBIX CTPYKTYD,

BBIOMPATh M MPUMEHSAThH METOIbl UCCIIENOBaHUs (DYHKIHOHAJBHBIX XapaKTePHCTUK
HU3KOPa3MePHBIX CTPYKTYD,

PaLMOHAIEHO OPraHM30BBIBATE HAYUHYIO pabOTy B BbIOpaHHON oOmactu (usuku
MOBEPXHOCTH,

NPENCTABNIATh PE3YJIbTATH HAYUHOH PabOTHI.

T'oTOoBHTh 3asiBKM HA MOJIyYeHHE HAYUHBIX TPAHTOB U 3aKJIIOUEHHS] KOHTPAKTOB IO

HUP B BeiOpanHoi 001acTu (U3HUKKA HU3KOPAZMEPHBIX CTPYKTYD.

COIEPXAHUE TEOPETUYECKOMN YACTHU KYPCA (18 uacor uaca)

1. Beoanas nexknus (1 gac).

IIpoOnemMbl aHaM3a JIOKATBHOTO COCTaBa, CTPYKTYPhI U (PU3UKO-XUMHUECKUX CBOHCTB

MMOBEPXHOCTH. COBpeMeHHLIe METOABI UCCIICNOBAHNA MOBCPXHOCTH TBEPAOTO TCJIAa U UX
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kinaccudukamus. Mcropuyeckoe pa3BUTHE METOIOB M 0030p HX BO3MOYKHOCTEH.
OFpaHI/ILIeHI/ISI, XapakKTCpHBIC i1 KaKOoro mMeronaa. AHaJ'II/I3 HCKOTOPBIX Ba’KHBIX

MPUIIOKEHUI.

2. JaekTpoHHan oxe-cnekTpockonus (JOC) (2 uaca).

Odusnyeckre ocHOBBI MeToma. Oske-mepexonbl, YHEPTrHs 0XKe-3JIEKTPOHOB B TBEPIOM
Tesie. DJIEKTPOHHBIE CIEKTPOMETPhl. biiok-cxema criekTpoMerpa. XUMUUYECKHE CIBUTH
B Oe-CrekTpax Teepaoro tena u ¢opma mukoB. JOC kak MeToq aHA/M3a COCTaBa
noeepxHoctdu. KonuuecTBenHas oxke-cnektpocoknus. Ilpumenenne 32D0C ana

MOCJIOWHOTO aHAIN3A.
3. Pentrenosckas porodnekrponnas cnekrpockonusi (P®IC) (3 yaca).

IIporuece doTornekTporHoi smuccuu. MCTOUYHUKH (DOTOHOB. DJIEKTPOHHAS SMHUCCHS,
BO30yKmaemass pEHTreHOBCKUM usnydenueMm. P®IC-cnextpomerpel. CrekTpsl
(OTOAMHCCHU OCTOBHBIX YPOBHEH aTOMa. JHEPruH CBSI3M BAJEHTHBIX JJIEKTPOHOB U
SJIEKTPOHOB BHYTPEHHUX 000s10uek mo maHHbiM POIC. POIC - xak CekTpOCKOMHUs
U aHaJii3a COCTaBa IOBEPXHOCTH. ConocraBieHne METONOB HCCIEIOBAHUS

nosepxuoctd J0C u POSC.

4. Cnexrpockonust XIIJ (2 gaca).

Ousnueckne OCHOBBI Merona crektpockonuu XIID. KosnektnBHOE BO30YKAeHUE
SJIEKTPOHOB MPOBOIMMOCTH B TBepaoM Ttene. Ilmasmonel. Heympyroe paccesnue
douonoB. Cnekrper XIID MNOBEPXHOCTH KPEMHHS W TOBEPXHOCTHBIX  (has.
Crnexrpockonus X119 nis ananusa TOBEPXHOCTH.

S. Andpakuus menneHHbIX 3jekTpoHOB (JIM3J) (2 uaca).

Kpucramnorpadus moBepxHocTH TBepAoro tejia. OOpatHas pelietka u Aupaxius
anekTpoHoB B kpucramnax. Iloctpoenne Opambna. Jlomenwl m crymenu. Omnucanue
CTPYKTYp BEpPXHHX CJIOEB KPHCTAJUIMYECKHX CTPYKTyp. C(Cxema yCTaHOBKH IS
u3MepeHuss mu(pPaKUUA  MEMJIEHHbIX JJeKTpoHOB. OmpeneneHne  CTPYKTYpPhI

MoBepXHOCTH MeTozamu JIMD .

6. ludpakuus orpazkeHus ObICTPLIX 1ekTpoHOB (JIOBJ) (2 uaca).
®uznuveckre ocHOBBI Metona. (Cxema skcmepuMeHTanbHOW ycranoeku mns JIOBO.

IMoctpoenue chepbr Dpanpna npu JOBD. Ilpumenenwe wmetona s H3YUEHUS
5



SMUTAKCHAJIBHOIO poOCTa W APYyrux IMnpoHeCCOB Ha MHOTOCJIOMHBIX MOBEPXHOCTAX.

Conocraenenue JIObD u JIMD.

7. YasTpaduoneroBas porodsmuccnonnasi cnekrpockonusi (Y®IC) (2 gaca).
OcHoBbl Merona. OcHOBHbIE CBeneHusl O mpouecce porodmuccun. M3yueHne 30HHON
CcTpykTypsl MeTonoM Y®IC. YOIC kak MeToa HUCCIEeNOBAaHUS DJIEKTPOHHOU
CTPYKTYPBI TBEPOBIX TE.

8. Cxanupywomas tynseabHast Mukpockonus (CTM) (4 gaca).

®uznueckne ocHOBbI Merona. Koumenmus ckanwporanus. CBB ycranoBka mns
ckanupyome TyHHenpHOM MuKpockomnn OMICRON MULTIPROBE. Onwucanmne
rpadpuyeckoro uHtepgerica Solaris (OpenWindows) u cHCTeMBI  KOHTPOJIS
ckanupoBanuss Omicron SCALA. IMonyuenune nanubix (CTM-kaprun) Ha 6aze CTM.
IIpumenenne meroga CTM s aHanmm3a CTPYKTYpPhI MOBEPXHOCTH TBEPHOTO Tela U

MOBEPXHOCTHBIX (pa3.

COAEPKAHUE JJABOPATOPHOI'O ITPAKTUKYMA (18 uacoB)

1. Ananu3 cocTaBa MOBEPXHOCTH MpH (HOPMHPOBAHUHM MOBEPXHOCTHBIX (a3 In Ha
Si(111) meromom D0C. CBB ycranoBka oTedecTBeHHOro mpousBoactsa ‘“Yaiika-
1”’u pupmsr RIBER LAS-600 (4 gaca).

2. Tlomyuyenne n aHanmu3 crekTpoB XIID mMOBEpXHOCTH KPeMHHS U MOBEPXHOCTHBIX
¢a3. CBB ycranoBka oteuectBeHHOro mpoussoacTea “Haiika-1”, ¢upmer RIBER

(DEL-300 u LAS —600) - (3 1aca).

3. Omnpenenennie CTpyKTyphl moBepxHocTr Meronamu JIMD. CBB ycraHoBku hupmer
RIBER (DEL-300 u LAS-600) - (4 yaca).

4. Tlpumenenune merona JIOBD mns n3yueHus snutakcHaibHOTO pocta kpemuus. CBB
ycranoBka oteuecTBeHHOro npousoactea KATYHD - (3 yaca).

5. Tonyuenue mauubix (CTM-kapTuH) npu (HOPMHUPOBAHHH MOBEPXHOCTHBIX (a3 Ha

Si(111). CBB ycrtaHoBKa [ CKaHUPYIOLIEH TYHHEJIBHOH MHUKPOCKONUH

OMICRON MULTIPROBE - (4 uacos).

CAMOCTOATEJIBHAA PABOTA ACIIUPAHTOB (45 YACOB)
1. 3HaKOMCTBO C MHPOBOW MEPUOANUECKON JINTEPATYpOl MO MaTepraiaM JICKIHH.

2. 3HaKOMCTBO ¢ y4eOHBIMH MOCOOMSAMH 110 KYPCY.



3.

IMoarotoBka OTUETOB MO JTAOOPATOPHBIM PabOTAM.

e KOHTPOJIb JOCTUKEHUSA IEJEN KYPCA

L X N R WD

—_— =
—_ O

12.

13.

14.
Is.

16.
17.
18.

19.
20.
21.
22.

23.

Bonpocsl k 3k3aMeHy:
COBpeMeHHLIe MCTOAbI HCCJICOAOBAHUA IOBEPXHOCTH TBEPAOIO Tejlla HU HUX
KJIACCH(PHKALIHS.
Heynpyroe paccesinue anekTpoHOB Ha moBepxHOoCTH. Puszndeckue ocHOBE DOC.
Oske-miepexoipl, SHePIus 0’Ke-3JIEKTPOHOB B TBEPAOM Telle.
AnHanm3 cocraBa MOBepXHOCTH TBepaoro tena merogom JOC.
Oske-CIIeKTphI TS KOJIMYECTBEHHOI'O aHAJIM3a ITOBEPXHOCTH TBEPAOTO Tela.
Tumner oxxe-aHanm3zaTopoB. biiok-cxema oxe-crieKTpoMeTpa.
Iocnotinerit anamm3 ¢ npumeHenueM meroaa J0C.
®doToanekTpoHHas IMHUCCHs. ICTOUHUKH (POTOHOB.
Crextpel POOC s ananusa coctaBa MOBEPXHOCTH.
H3yuenne HapyXHOHU SHEPreTHUECKON MOJIOCH MPOBOAHUKOB MeTotoM POIC.

Crnextpsl (POTOIMHUCCHH OCTOBHBIX YPOBHEH aroma o gaHueiM POIC.

DHEPruM CBSI3U BAJIEHTHBIX 3JIEKTPOHOB M 3JIEKTPOHOB BHYTPEHHUX 000JIOUEK MO

manHeM OOC.
P®OC - xak crieKTpOCKONUs ISl aHAJTN3a COCTaBa ITOBEPXHOCTH.

®usnueckne 0CHOBBI MeTona cnekTpockonun X113,

KomnexktrBHOE BO30YyXKIEHHE DOJEKTPOHOB MPOBOJMMOCTH B TBEPIOM TeEJNE.
IInazmonsI.

Crnextpockonust XI1D s ananu3a moBepXHOCTH.

Kpucrannorpadus moBepXHOCTH TBEPIOTO TeJA.

OOpatHast perieTka ¥ AUPPaKIUsg 3JIEKTPOHOB B KpHcTawiax. Iloctpoenue
DBaybna.

Onucanne CTPYKTYP BEPXHHUX CJIOEB KPUCTALTHUECKUX CTPYKTYP.

CxeMa yCTaHOBKH Jisl H3MEPEHUsl AU(PPAKIIUN MEICHHBIX JIEKTPOHOB.
Onpenenenre CTPYKTYphI MOBEPXHOCTH MeToaamu JJMD.

®dusuueckue ocHoBbl MeTona JIOBD.

Cxema skcniepuMeHTaNbHON yetanoBkH mist JJOBD.



24.

235,

26.
27,
28.
29.
30.

31,

32,

Ioctpoenue cheprr IBanbaa npu JOBD.

Ilpumenenne wmeroma JIOBD jng  u3ydeHHs  ONUTAKCHALHOTO — POCTA

MMOJIYITPOBOJTHUKOBR W APYTHX MTPOILIECCOB HA MHOTOCIOMHBIX MTOBEPXHOCTSIX.

OcHOBHBIE CBenieH sl O mpouecce (HOTOIMUCCHH.

H3yuenune 30HHOM cTpyKTYphl MeTozoM Y DIC.

Y®3C kak METO UCCITEIOBAHNS SIEKTPOHHOW CTPYKTYPhI TBEPABIX TEN.
®usnueckue ocHoBel MeToga CTM. Konnenmus ckaHUupOBaHHS .

CBB ycranoBka mis ckanupyromeil tyHHensHOH Mukpockommn OMICRON
MULTIPROBE

Onucanue rpaduueckoro wuntepdeiica Solaris (OpenWindows) u cuctemsl
koHTpoJis ckanupoanus Omicron SCALA.

IIpumenenne meroqa CTM miisa aHaIu3a CTPYKTYPhI MOBEPXHOCTH TBEPAOTO Teia

U MTOBEPXHOCTHBIX (has.

YYEBHO-METOJUYECKOE OBECIHEYEHUE TUCHUITJIMHBI

OcHoBHas JuTEpaTypa

. Beenenue B pusuxy nmosepxuoctu/ K. Oypa, B.I'. Jlugmun, A.A. Capanun, A.B. 30TOB,

M. Karassma. M.: Hayka, 2006, 490 c.
Huxomuues JI.E., Bopskos A B. JIokansHas muarHoCTUKA COCTaBa MOJYIPOBOHUKOBEIX
HAHOCHCTEM METOJIOM CKaHUPYIOIIEH 0yKe-MUKPOCKOonuu": YueOHO-MeTOarnIecKOoe

nocobue. - Huwxuuit Hosropon: M3a-so Huxeroponackoro rocynusepcurera, 2011, - 110

¢. http://window.edu.ru/resource/857/77857

Cwvupnos, B.W. Hepaspymarorie MeToasl KOHTPOJIS TapaMeTPOB HOJTYTIPOBOIHHKOBBIX
MaTepUajoB U CTPYKTYp: yuebHoe mocobue / B.U. CmupuoB. - Yiesaosck: Ynl' TV,

2012. - 75 c. http://window.edu.ru/resource/280/77280

Cepba I1.B., Muporuaunuenko C.I1. Yuebuoe mocodue no kypey "Kpucramiorpagus".
KoHTpons mapaMeTpoB MHKPOCTPYKTYPBI MATEPHATIOB METOAAMH TU(PAKITHOHHOTO
anaymu3za. - Taraupor: Uzn-so TTHU FODY, 2009. - 40 c.
http://window.edu.ru/resource/950/73950

Hopoxun M.B., Kynpun A .B. 'anbBaHOMardHuTHBIE U OMTHYECKAE METOIBI
HCCIIENOBAHUS MOy ITPOBOIHUKOBLIX HAHOCTPYKTYD. DIIEKTPOHHOE yUeOHO-

MeTtomudeckoe nmocodue. - Huxxuuit Horopon: Huskeropoackuii rocynusepcuter, 2012,



- 80 c¢. http://window.edu.ru/resource/285/79285

. Muxaiinuna B.B. CHHXpOTpOHHOE H3/Ty4YeHHE B CIIEKTPOCKOMUH: YueOHoe mocodue /
MI'Y um. M.B. JlomonocoBa;, HayuHo-uccienoBareabCkiuii HHCTUTYT SIAEPHON (DH3UKH

umenn JI B. Ckobensupiaa. - M., 2007. - 161 ¢. http://window.edu.ru/resource/708/74708
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MeTtomundeckoe nocodue. - Huxxuuit Hoeropon: Huskeropoackuii rocynusepcuter, 2012,



- 42 ¢. http://window.edu.ru/resource/399/79399
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Katayama, Springer-Verlag: Berlin, Heidelberg, 2003, 440 p.

10. “Surface Phases on Silicon” V.G. Lifshits, A.A. Saranin, A.V. Zotov, 1994, Wiley, p.
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11. Yuebnoe nocodue no pusuke nosepxuoctd. B.I'. Judmum, JIBI'Y, 1999r.,140 ctp.

12. BeneHne B XUMHUECKYIO (PU3HKY MOBepXHOCTH TBepabix Tej. C. M. Penunckuii,
Hosocubupck, "Hayka”, 1993, 216 ctp.

13. Mumkwun I'.T., Arees 1.M. HanosnekTpoHuKa. DIeMEHThI, TPUOOPHI, YCTPOHCTBA
[@nexrponnslii pecypce]: yuedroe nocobue— M.: BUHOM. JlabopaTopusi 3HaHUM,

2012.— 413 c¢. http://www.1prbookshop.ru/6462.

METOAUYECKOE OBECIIEYHEHHUE JUCHUITJIMHDBI

1. OcHOBBI (pH3HKH MTOBEPXHOCTH MOJIYIPOBOAHUKOB. YueOHOe nocodue. JIudimmmn
B.I'. Uzn. ABI'Y, UAITY IBO PAH, 1999,158 ctp.

2. Tlpouecch Ha moBepxHOCTU TBepAbIX Teu. JIudumn B.I'., Penunckuit C. M.,
Bnagusoctok, «lamsHayka», 2003, 700 c.

3. BeeneHue B CKaHHPYIOUIYIO TYHHENbHYIO MuUKpockonnio A. B. 3otos, A A.

Capanvn. — Bnagueoctox: MAITY, JIBI'Y, BI'VOC, 2002, 62 c.

TEXHUYECKHE CPEACTBA OBECIIEYEHUA JUCHUIT/IMHDBI

CBepXBBICOKOBAKYYMHBI€ YCTAHOBKH IUISI POCTA TeTePOINMUTAKCHAIBHBIX CTPYKTYP,
CBEPXpELIETOK C KBAHTOBBIMHU MPOBOJIOKaMU M KBaHTOBbIMU Toukamu (pupm RIBER
(DEL-300 — 1 ., LAS-600 - 2 wTt., OMICRON — 2 mr., VARIAN — 1 wr,

KATYHD — 1 1wit., 0T€4eCTBEHHOTO MPOM3BOACTBA — 4 1IT.)).
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