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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: OKclepUuMeHTaIbHBIE METO/IBI UCCIICAOBAHMSI HAHOCTPYKTYP
110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUAIIBI

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: B.H. /lenucos, kan/. ¢us.-Mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl QUMK 1 XUMUHA HAHOCTPYKTYp 26.12.2023



AHHOTANMA

Kypc "DkcnepumeHTanbHbIE METOIBI WCCIEAOBAHHMS HAHOCTPYKTYp" TpeAcTaBisier coOoil BBEJCHHE B
COBpPEMEHHBIE METO/IbI HCCIE0BaHUS (PyHIAMEHTAIbHBIX (PU3NUECKHX M XMUMHUYECKHX CBOMCTB MaTepUasoB:
3JIEMEHTHBIN COCTaB, XUMUUECKUE CBA3M, MUKPO- U HAHOCTPYKTypa. [laeTcs NoHATHE O TUIIaX MarepuasoB U
aJIeKBAaTHBIX JUIsI HUX METOOMK HCCIeloBaHMs. PaccMaTpuBalOTCSi COBPEMEHHBIE TEXHOJOTHH CO3aHUs
HAHOCTPYKTYPHBIX MaTe€pHaoB U METOIUKH KOHTPOJIS MOJTY4EHHs] HAHOCTPYKTYPHBIX MaTepualioB in-situ.
Ob6cy>xaaercs BONpOC O B3aUMOACHUCTBUM HCCIENLyEeMOT0 MaTepuana ¢ 30HAMPYIOIMM 00beKTOM ((OTOHOM,
SNIEKTPOHOM U JAPYTHMHU 3apsKEHHBIMH YacTUIIAMU), PE3yJIbTaTax B3aMMOJCHCTBHS (IIOIVIOIIEHHE, PacCesHuE,
BO30Y)KIeHHE KoJeOaTeNbHBIX M JJCKTPOHHBIX IEPEXOI0B, HEIMHEWHBIE MpOoLEecchl) W HHpoOpMauus o
CBOWCTBaxX MaTepualla, IOJTy4YCHHBIX B pe3y/bTaTe aHajiu3a Takoro BzaumopencTsus. IIpoBoaurcs cpaBHeHue
OCHOBHBIX XapaKTEPUCTUK METOAWK: MPOCTPAHCTBEHHOE pa3pelIeHHe, Ipeaesbl JeTEKTUPOBaHMsI, TOYHOCTD,
JNECTPYKTHBHOE BO3ICUCTBUE HA aHAJIM3UpyeMblid Marepuan. [logpoOHO paccMaTpuBalOTCS METOTUKU
MHUKPOCKOIHH, TO3BOJISIFOIIME NOTYy4aTh KapTorpadguio oOpasLoB: ONTHYECKAas, JIEKTPOHHAS U CKaHUPYIOLIast
30H10Basi MUKpockonus. IIpuBoasTcs METOAMKM 3JIEMEHTHOIO, CTPYKTYPHOI'O M XMMMUYECKOIO aHaju3a
HAHOCTPYKTYPHBIX MaTepHaJIOB, KaK OObEMHBIX 00pa3loB, TAK M MX MOBEPXHOCTEH: Macc CHEKTPOCKONUS U
Xpomarorpadus; ONTHYECKas CHEKTPOCKOIUS AJIEKTPOHHBIX M KOJEOAaTENbHBIX IMEPEXOI0B; PEHTICHOBCKAS
CHEKTpOCKONMs, Tormorpagus U AUQPPAKTOMETPHS; CHEKTPOCKONHS MAarHUTHBIX 3JIEKTPOHHBIX M SIIEPHBIX
pe3oHaHcOB. B kypce comepkutcs 60bIIoe KOIMYECTBO MPUMEPOB MPUMEHEHUS! METOAUK K MCCIIEOBAaHUIO
HAHOCTPYKTYPHBIX MaTepHaioB.

1. leau u 3apauun

eap AUCUMNIIMHBI
* 3HAKOMCTBO CTYJICHTOB C COBPEMEHHBIMU (DM3UYECKUMHU METOAAMH HCCIIEIOBAaHUS PAa3INYHBIX, KaK
KOHCTPYKIIMOHHBIX, TaK U (PYHKIIMOHATIBHBIX, HAHOCTPYKTYPHUPOBAHHBIX MaTEPUAIIOB.

3anauu QUCHUTNIHHBI
. dbopmupoBaHre 0a30BbIX 3HAHWK B OOJIACTH COBPEMEHHBIX (U3MUYECKUX HCCICAOBAHUMA
HAaHOCTPYKTYPHPOBAaHHBIX MAaTEpUANIOB KaK JHUCIHIUIMHBI, HHTETPUPYIOMEH OOIEPU3NUSCKYI0 |
OOIIETEOPETHYECKYIO TOATOTOBKY (M3UKOB W  O0ECIIEYMBAIONIEH TEXHOJOTHMYECKHE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeATeTLHOCTH;
* 0o0yueHHE CTYICHTOB METOAMKAMH MCCIIECIOBAHHS IPH PEHICHUH KOHKPETHBIX SKCIEPHUMEHTAIbHBIX
3a/1a4 MPU MCCIICJOBAaHUM HAHOCTPYKTYPUPOBAaHHBIX MaTepHAIOB;

. (dhopMHupoBaHHE 3HAHUA U1 MOHWMAHHUS CYTH SIBJICHHA W TPOLIECCOB, MPOUCXOMSIIUX MPH
UCCIICIOBAaHUM TE€X MM HHBIX CBOMCTB HAHOCTPYKTYPUPOBAaHHBIX MAaTE€pHaJOB Ha 3JIEMEHTapHOM
YPOBHE.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcclIeI0BaHUN

[IK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUECKUe MOACTH JUIS  ONHCAaHUS — H3ydaeMbIX
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN SIBJICHUH U MTPOLIECCOB, OLICHUBATh Ka4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HAyYHbIC MPOOIEMBI, oTy4ath [[IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYeckhe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTAJIBHBIE METOABI UCCICIOBAaHUN K KOHKPETHOU
HaydyHOW 3ajjad€ W MHTEPIPETHPOBATh IOIYYEHHBIC
PpE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!




YMETB:

MECTO U pOJib OOIIMX BONIPOCOB HAYKH B HAYYHBIX MCCIICAOBAHUIX;

COBpPEMEHHBIE MPOOIeMbl PU3UKH, XUMHUH, MATEMaTUKH;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3HKE U ee MPUIIOKEHUSX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY IPO0JeM (PU3UKO-XMMHUYECKOTO MOJICITMPOBAHUS;

0 B3aUMOCBS35X U (PyHJaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HAyK;

COBPEMEHHBIE TEXHOJIOTUH CO3/JaHUS HAHOCTPYKTYPHBIX MaTEpHAJIOB.

Ooooooooo

[0 a¢ddexTuBHO UCTIONL30BaTh HA MPAKTHKE TEOPETUIESCKIE KOMITOHEHTHI HAYKH: TIOHITHS, CYXICHUS,
YMO3AKIIOUECHUS, 3aKOHBI;

[l mpencTaBUTh TAHOPAMy YHHUBEPCAIbHBIX METOJIOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;

[1 paboTarh Ha COBPEMEHHOM JKCIIEPUMEHTAIBHOM 000pYI0BaHUY;

[J  abcTparupoBarhCsi OT HECYIIECTBEHHBIX BIMSIHMNA TPU MOACITUPOBAHUN PEalbHBIX (DU3HUYECKUX
CUTyaIUil.

BJIAJIETh:

[J TUIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3NUECKOTO IKCIIEPUMEHTA;

[l Hay4YHON KapTHMHON MUDA;

[l HaBbIKAMH CaMOCTOATENIbHOH paboThl B J1a0OpaTopuy Ha COBPEMEHHOM SKCIIEPUMEHTaJIbHOM
000pyI0BaHNH;

[] mMareMaTH4ecKuM MOJEIHPOBAHHEM (PH3MUYECKHX 3a/1a4;

[l MeTOIMKaMH MCCIICAOBaHUS HAHOCTPYKTYPHBIX MaTepHalIOB.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 3oHAupYyIOLIIEe u JETEKTUPyEMBbIe 5 3
OOBEKTHI
2 Marepuansl U UX XapaKTepu3alus 5 3
3 Mertoabl HCCIEOBaHUS MHUKPO - H 5 )
HAHOCTPYKTYP
4 Mertonsl uccieqoBaHUSl TOBEPXHOCTH U 5 )
TPaHHUI] pa3zieNna MaTepHajIoB
5 O6paborka uWHpOpPMANIMK; OCHOBHBIE 5 3
XapaKTEePUCTUKU METO/IUK
6 XHUMHUYECKHUI COCTaB MaTEpHAIIOB 5 2
7 Mukpockorust u MOJTyYeHHe 15 7
M300pakeHUH
] ONeMEeHTHBIH U CTPYKTYPHBIA aHalu3 15 ]
00beMa 1 MMOBEPXHOCTH
Hroro yacos 60 30
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)




1. 3onaupYyIOIIKE U TIETEKTUPYEMBbIE OOBEKTHI

@DOTOHBI: OT || - U3Iy4eHUs 10 PaliOBOJIH, CPABHUTENIbHAS 1lIKaja IEKTPOMArHUTHOIO U3JIy4YEeHHUS.
CriexkTpalbHBId  AMANa3oH JJIMH BOJH PAa3JIMYHBIX HWCTOYHUKOB CBeTa. BsaumoneictBue
JIEKTPOMArHUTHOTO U3JIy4YEHMs C BELISCTBOM: IIOIVIOLIEHUE, PACCESHUE, OTPaKEHUE, IIPEIOMIICHUE,
HenuHeilHble 3¢dekTel. Knaccuduraums (QOTOmETEKTOPOB M CHEKTPAJIbHBIA IWANa30H HX
[IPUMEHEHMUSL.

YacTunpl: 3EKTPOHBI, MPOTOHBI, HEUTPOHBI, OBICTPBIE YAaCTHIBL. B3auMojelcTBUE DIEKTPOHOB C
BEIIECTBOM. DJIEKTPOH-CTOJKHOBHUTEIbHBIE (MOHM3AMS M BO30YXKACHUE aTOMOB) W paJualiOHHbIC
(TopMO3HOE U3IY4YEHHE) MEXAHM3Mbl IIOTEPU HHEPIUU JJIEKTPOHOB B BEILECTBE. YIPyroe Hu
HEYIIPyTO€ pPACCesHUE IEKTPOHOB B BellecTBE. [IpoxoikaeHHe IJIEKTPOHOB Yepe3 BEHIECTBO.
ITpoueccsl, BO3HUKAIOUINE IPH B3aUMOAECHCTBUN OBICTPBIX YACTHUI] C BEIIECTBOM.

2. Marepuaibl ¥ UX XapaKTepu3anus

Cxema  xapakrepm3auuu  MarepuanoB.  Kiaccudukanms — marepuanoB.  DIeMEHTapHBIC
XapaKTepPUCTUKNA MAaTE€pPHUAOB: JJIEMEHTHBI COCTaB, XHMHUYECKHE CBS3H, CTPyKTypa. TuIibl
KpUCTAJUIMYECKUX pemeTok. JledeKTsl Kpuctayumyeckod pemeTrkd. MacmraOHas CpaBHUTENbHAS
IIKaja MaTepuayioB: MAakKpo-, MHKpPO- M HaHOCTPYKTypbl. CBoiicTBa MatepuanoB. CrocoObl
MONy4YeHHs MarepuajoB. Poib moBepxHOCTM MW TpaHMLl pasfenia MarepuaioB. MeTonsl
XapaKTepu3aliy MaTepHaoB.

3. Merozp! Uccael0BaHUs MUKPO - M HAHOCTPYKTYP

Mertonel audpakuun u paccesHus. OCHOBBI KpUCTaIMUECKoW audpakuuu. MHKpOCKONHs H
tororpadus. OOye NPUHLUILL: YBEIUUEHHE, pa3peiienue, abepparun. Onrtudeckasi MUKPOCKOIIHS:
nHTep(EepPEeHINOHHAs MUKPOCKOIHNS, Ja3epHasi CKaHUpyroas koH(pokanpHas Mukpockonus (LSCM)
1 uryopeciieHTHass MUKPOCKOTIHSI ¢ TTOJTHBIM BHYTpeHHUM oTpakeHueM (TIRFM). IIpocBeunBaromas
anekTpoHHass mukpockonus (TEM): nByx BonHoOBasi audpakuusi, ciaOblii My4OK M BBICOKOE
pazpemienne (HRTEM). Ckanupyromasi mpocBeunBaromias 3jaekTpoHHas mukpockonus (STEM):
BbICOKOyIIoBasi  komnbleBass TemHononbHasi (HAADF-STEM). Ckanupylomas —3J€KTpOHHAs
mukpockorus (SEM): Bropuunbix snextpoHoB (SEM-SE), karomomomunecnennus (SEM-CL),
HaBEICHHBIA AJIEKTPOHHBIM IydykoM TOK (SEM-EBIC), »1neKTpoHHO-30HIOBBII MHKpOaHaIU3
(EPMA). Pentrenosckast tonorpadusi (XRT). Ckanupyromas 30Hm0Bas MHKpockorust (SPM):
CKaHWpyIolass TyHHelbHas Mukpockonus (STM), aromHo-cuiioBass Mukpockonus (AFM).
CkaHupytolias ontudeckas MUKpockomus ommkHero o (SNOM). [ToneBast HOHHasT MEKPOCKOTTHUS
(FIM). CpaBHeHHE pa3IWYHBIX MHUKPOCKOMMMYECKUX METOAMK. OnNTHYecKas CHEKTPOCKOMUS:
uH(ppakpacHoro nomiomenus, PamaHoBckoe paccesHue. CHEKTPOCKONMS MarHUTHBIX PE30HAHCOB:
SAMP u OIIP. DnekTpoHHas CIIEKTPOCKOIUS: CIIEKTPOCKONHS XapaKTEPUCTUIECKUX TOTEPh 3HEPTUU
anektpoHoB (EELS), pentreHoBckass QotosnekrponHas cnekrpockonus (XPS), Oxe -
cnekrpockonust (AES). Ananu3 KpucTaIMUeCKUX M aMOP(QHBIX CTPYKTYyp. AHanmu3 Ae(eKToB
pemeTku M npuMeced. AHaIM3 MOJEKYISAPHBIX CTPYKTYp. AHanu3 (a3oBBIX pacHpereeHHi,
TEKCTYpP U KOHEUHBIX CTPYKTYP.

4. MCTO,I[BI HCCIICAOBAaHUS IMOBCPXHOCTU U I'PAHULL pa3Aciia MaTCpruajioB

OCHOBHBIE METOIBl aHAJIN3a XHMHUYECKOIO COCTaBa MOBEpPXHOCTH: OXe - CHEKTPOCKOMHS,
PEHTTEHOBCKAs! (POTOIIEKTPOHHAS CTIEKTPOCKOIHNSA, MAacC CIEKTPOMETPHUsI BTOPUYHBIX HOHOB (SIMS).
JluHamudeckass M CTaTHYeCKas MacC CIEKTPOMETpPHUsl BTOPUYHBIX HMOHOB. BpemsmponerHas macc
cnekrpoMeTrpus BropudHbiX HOHOB (TOF-SIMS). IloBepxHocTh 1 HanoaHanu3. CpaBHEHHE METOJOB
IUIS aHallM3a IOBEPXHOCTH MarepuanoB. VM3MepeHue mpo¢wmiis paclpeleieHusl 3JIEMEHTOB WIIH
npuMecel 1o nryOnHe oOpasia ¢ MOMOILBI0 HOHHO-TUIa3MEHHOTO TPaBJICHUS IOBEPXHOCTH.

Ananmu3 TomorpadMu TOBEPXHOCTH. 3oHJOBas mnpoduiomerpusi. CTpoeHHE TOBEPXHOCTH.
Ontunueckas 30HAOBas npoduiomerpus. Wurepdepenunonnas Mukpockonus. CraHHpyromas
30H10Basi MUKpocKomusi. CKaHUpYIOMIas 3eKTpoHHast MuKkpockorus (SEM).

5. O6paboTka nHPOPMAIINN; OCHOBHBIE XapaKTEPUCTUKU METOTUK



WNudopmanus, nonyyaemas Ipu U3yYCHUH PE3YJIETATOB B3aUMOICHCTBUS 30HIUPYIOIUX OOBEKTOB C
BemecTBoM. CpaBHHTENbHAass Ta0lWIa aHAIMTHYECKMX METOAMK UCclienoBaHus. [Ipeneisl
neTeKkTupoBaHus. TouyHOoCcTh MeTomuK. lIpoCTpaHCTBEHHOE pa3pelieHue METOANK, pPa3pelieHue
METO/IMK IO TITyOWHE HccieyeMoro marepuana. JlecTpyKTHBHOE BIMSHUE 30HIUPYIONIETO 00BEKTa
Ha aHAIM3UPYEMBIM MaTepuaj: pa30rpeB, WOHU3AIWs, HApYIICHHE CTPYKTYpbI, aMopQu3aius.
Pazpymaromue u Hepaspymaromme METOIUKH. AOCONOTHBIE W OTHOCUTEIBHBIE METOJIBI,
KaJIMOPOBOYHBIE 00pa3IIbI.

6. XMMHUYECKHHA COCTaB MaTepuaioB

XuMudeckuil cocTaB o0beMa. Macc CHEeKTpOMETpHsl: MHIYKTHBHO-cBs3aHHOW minasmbl (ICP-MS),
mietomero paspsga (GD-MS). MonekynapHast crnekrpockonus: Y®/Buanmas CrneKTpoCKOmus
MOJIEKYJISIPHOTO TIOTJIONIeHus1, (iyopectieHTHast/ GocdopecieHTHas crekTpockonus, PamanoBckas
cnekrpockonusi, UK cnekrpockonus. KonmuecTBeHHass HMPOTOHHO-sJIEpPHAs MarHUTOPE30HAHCHAsS
cnektpockonusi (1H QNMR). ATomMHasi CHEKTPOCKOMHS: CHEKTPOCKOMHUS aTOMHOIO MOTJIOIIEHUS
(AAS), aromHas SMHCCHOHHAs CIEKTPOCKONHUS WHAYKTUBHO-cBsizaHHOW 1m1a3mbl (ICP-AES),
HCKpOBasi ONTHYEeCKass SMHUCCHOHHas crekrpomeTpust (Spark OES), onTuueckas sMuccroHHas
cnekrpomerpus Tietomero paspszga (GD OES). Penrrenosckas ¢uyopecuenuus (XRF). Snepusie
aHAJIMTUYECKUE METO/AbI: HEUTPOHHBIM aKTUBAMOHHBIA aHamu3 (NAA), MrHOBEHHBIH Tramma
aktuBaunoHHbI aHamu3 (PGAA), wHeitponnsld mnpoduins ryounsl (NDP), doronnsiii
akTUBanMOHHBIN aHamu3 (PAA), ananmu3 axTtwBanuu 3apspkeHHbIME  wactuiiamu  (CPAA),
PEHTTEHOBCKOE U3iIyueHue, Hapeaennoe yactuuamu (PIXE). Xpomartorpaduueckue MeToabl: razoBast
xpomarorpadust (GC), xuakoctHas xpomarorpadus (LC), >kuakoctHas Xpomarorpadusi/macc
cnekrpomerpus (LC/MS).

MukpoaHanuTHdecKas XMMUYeCKasi Xapakrepu3aus. AHaIUTHYecKas EKTPOHHAsT MUKPOCKOIIHS:
9HEPro-IuCIepCHOHHAs PEHTTEHOBCKAs CHEKTPOMETPHS (XEDS), CHEKTPOCKOIHS
XapaKTepUCTHYECKUX MOTeph dHepruu 37ekTpoHoB (EELS). DnekTpoHHO-30HA0BBIN PEHTTCHOBCKUHT
mukpoananu3 (EPMA): osnepro-gucnepcuonnas cnekrpomerpus (EDS), cnekrpomerpusi c
nucrieprupoBanueM 1o JuiHaM BoiH (WDS). Ckarupytomiast Oxe - CIEKTPOCKOMHSI. DKOJIOTHYECKast
ckaHupymomas nekrponHas mukpockonus (ESEM). UK u Paman mukpoananus.

Cemecrtp: 2 (Becennuit)
7. MHEKpPOCKOTIHUS U TIOTy4YEeHHUE N300paKeHU N

OOumme NpPUHLMIBL: — yBEJIMYEHUE, paspemieHue, abOepanuu. OnThyeckas MHKPOCKOIHS.
Onekrponnas mukpockonus (SEM, TEM, STEM, FIB). Ckanupyromas 30H10Basi MUKPOCKOTIHS
(AFM, SFM). OcobeHHocTH HCCIENOBaHUS HAHO-OOBEKTOB M HAHO-CTPYKTYPHUPOBAHHBIX
MarepuaoB

8. DIeMEeHTHBIN U CTPYKTYPHBIH aHaIIN3 00beMa U IOBEPXHOCTH

AHanM3 ONTHUYECKUX W PEHTICHOBCKUX CIIEKTPOB HMCITyCKAHUS MPH BO30YXJICHUU aHAIU3UPYEMOTO
Matepuana (poroHamu, anekTpoHamu, oOsicTpeivu yactuniamu (PL, LIF, CL, XRF, XPS, XRR, XPD,
ICP-OES, LEXES). Paccesaue u noromienue ontuaeckux ¢oronos (Raman, FT-IR). Tudpakuus u
noroeHne peHTreHoBekux aydei (XRD). Jdudpakuns n normomenue snektpoHoB (AED, EELS,
LEED, IETS, RHEED). Dmnuncomerpus (VASE) u ontudeckas peduekromerpus. MoaynsiuoHHas
cnekrpockornusi. CrekTpockomnusi pasHocTHOro orpaxkeHus (RDS). OcoOeHHOCTH HCCIIeOBaHUS
HAHO-O0BEKTOB M HAHO-CTPYKTYPHUPOBAHHBIX MarepuasioB. CpaBHEHHE METOIUK IO OCHOBHBIM
xapaktepucTrkam. (6 Jac.)

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

ydeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py/10BaHHEM (IIPOECKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI
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978-5-94836-168-0.
2.HanorexHomnorusi B 3JieKTpoHHUKe. BBeJeHne B ciennanbHOCTh: Y4yeOHoe mocodue. 2-¢ u3ll., ucup. /
JlozoBckuii B.H., Koncrantunosa I'.C., JlozoBckuii C. B., CII6.: U3narensctBo «Jlauby, 2008. — 336
c: wi. — (YuebHuku ains By30B. CnennanbHas aureparypa). ISBN OT8-5-8114-0827-B.
3.HanoTexHoNOTMH JJIsi MUKPO- U onTodekTponnkr/ Maptunec-Jlyapt .M., Maptun-ITanva
P.JIxk., Arymio-Pyena ®@., Mocksa: Texunocdepa, 2007. - 368c. ISBN 978-5-94836-126-0.

JlononHuTeNbHAS TUTEPATypa
1. Horst Czichos, Tetsuya Saito, Leslie Smith (Eds.), Springer Handbook of Materials Measurement
Methods, Springer Science Business Media, Inc., 2006.
2. Glnter Gauglitz and Tuan Vo-Dinh (Eds.), Handbook of Spectroscopy, WILER-VCH Verlag GmbH
& Co. KGaA, Weinheim, 2003.
3. Bharat Bhushan (Ed.), Springer Handbook of Nanotechnology, Springer-Verlag Berlin Heidelberg,
2004.
4. B.E.A. Saleh, M.C. Teich, Fundamentals of Photonics, Second Edition, John Wiley & Sons, Inc.,
Hoboken, New Jersey, 2007.
5. C.N.R Rao, A. Muller, A K. Cheetham (Eds.), Nanomaterials Chemistry, WILEY-VCH Verlag
GmbH & Co, KGaA, Weinheim, 2007.
6. C.Grupen and B.A. Shwartz, Particl Detectors, Second Edition, Cambridge University Press, The
Edinburgh Building, Cambridge CB2 8RU, UK, 2008.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Jocrynsbie yepe3 Internet HaydHbIC 1 HAYYHO-TEXHUUESCKUE KYPHAIIBI, SJICKTPOHHBIC KOHCTICKTHI
TIEKIUH, yaeOHble MOco0Hs U COOPHUKH 33124, pa3paboTaHHbIE JUIsl JAHHOTO Kypca.

Tabmums! u marepuansl Evans Analytical Group (EAG) (http”//www.eaglabs.com). OGecrieuenue
CaMOCTOATENBHOM paboThI - 6a3bl TaHHBIX 110 )KypHanam Physica Status Solidi b, Physical Review,
J.Appl,Phys.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.
9. MeTonuyeckne yKkazaHusl JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CIUILIHHBI (MOXYJIs)

CryneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3YIbTATC U3YUCHUA INUCHUIUIMHBI CTYACHT HOOJDKCH 3HATH OCHOBHBIC OIPCACIICHUSA W IMOHATHA
AUCHUIUINHBI, YMETb MIPUMCHATD IMOJYUYCHHBIC 3HAHUS IJI1 pCIICHUSA pa3/IMYHbIX 3aJa4d.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSIX;
— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUM TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajeHHUss MaTepraIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTLIAHEL



BaxxHO moOWTHCS TTOHMMAaHHS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

PaszpatGoTunk: B.H. Jlenucos, kaua. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX

HACCIIE0BATh MAaTEMATUYECKUAE MOJIEIIN SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON

M3y4aeMBbIX SBJIICHUN U MPOLIECCOB, CHCTEMHO  |MOJEIIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yJIbTaThl

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pe3

YJIbTATC HU3YUYCHUA JUCHUIIINHBI ((BKCHGI)I/IMGHTZUIBHLIG MCTOAbI HCCJIICAOBAHUSA HAHOCTPYKTYP»

00yJaronuiics JOmKeH:

3HATb:

MECTO U pOJib OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUAX;

COBpPEMEHHBIE MPOOTIeMbl PU3UKH, XUMHUH, MAaTEMaTHUKU;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKECHUX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEWIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY IPO0JIeM (PU3UKO-XMMHUYECKOTO MOJICIMPOBAHUS;

0 B3aUMOCBS35X U (PyHIaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HayK;

COBPEMEHHBIE TEXHOJIOTUH CO3/IaHUSA HAHOCTPYKTYPHBIX MaTEpHAJIOB.

Ooooooooo

yMeTh:

[l 3¢ ¢eKTHBHO UCTIONB30BaTh HA MPAKTHKE TEOPETHYECKNE KOMIOHEHTHI HAYKH: TIOHATHS, CYXKICHHS,
YMO3aKJIIOUYEHNs, 3aKOHBI;

[J mpeacraBuTh NaHOPaMy YHHUBEPCAJIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTE€CTBO3HAHUS;

[J paboTarh Ha COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYIOBaHNU;

[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX
CUTYyaluH.

BJIaJeTh:

[J TUIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3NUECKOTO IKCIIEPUMEHTA;

[l Hay4YHON KapTHMHON MHDA;

[l HaBbIKAMH CaMOCTOATENIbHOH paboThl B J1a0OpaTopuy Ha COBPEMEHHOM 3KCIIEPUMEHTaJIbHOM
000pyI0BaHNH;

[] MareMaTH4ecKuM MOJEIHPOBAHHEM (PH3MUYECKHX 3a/1a4;

[l MeTOIMKaMH MCCIICAOBAHUS HAHOCTPYKTYPHBIX MaTepHalIOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! k auddepeHnpoBaHHOMY 3a4€Ty B OCEHHEM CEMECTpE:

1) DnemeHTapHBIE XapaKTEPUCTUKN MATEPUAIOB: BJIEMEHTHBINA COCTAaB, XUMUYECKHE CBS3H, CTPYKTypa
2) JleexTbl KpUCTAIIIMYECKON CTPYKTYPHBI

3) B3aumopeiicTBUE 3NEKTPOMArHUTHOTO M3JIyUYEHHsI C BEIIECTBOM

4) CpaBuutenbHas TaONHULA AHATTUTHYECKUX METOANK UCCIICIOBAHUS



5) Tlpenens nerexTrpoBanus. Pasperienrne MeTouk 1o TIyOWHE HCCIIeyeMOoro Marepuaia
6) OnTudeckasi CIEKTPOCKOIH

7) Tumbl nepexo0B, HCCAEAYEMBIX METOAAMH ONTHUYECKOH CIIEKTPOCKOIHH

8) YO, Bunumoe u UK mornormenne

9) 3akon bupa-Jlamb6epra

10) CrieKTpHI MOTIIOIIEHHSI B TBEPAOM Telie

11) KomOunanuonnoe paccessaue cBeta (KPC). IlpaBuna orbopa. CrnocoObl TOBBIIICHUS
gyBcTBUTeNnbHOCTH KPC (Pezonancnoe KPC, SERS, CARS)

12) Kak onpeaenuts pasmMep KpUCTALTUTOB B rpadure no cnekrpam KPC

13) [IposiBieHrne HAHOPA3MEPHOCTH B ONTUYECKOHN CIIEKTPOCKOINUN

14) ®otonromuHecteHIs: QuryopecieHIus U pochopecueHnns

15) IIpaBuio 3epkanbHOil cuMMeTpun. UyBCTBUTENBHOCTh METOIA

16) Kak oTauuuTh QPOTONIOMUHECHEHLINIO OT KOMOMHAITMOHHOTO PacCesTHUsI CBETa

17) VYmiepoaHble HaHOCTPYKTYpbl: (QysuiepeHbl, HaHOTpyOkn u rpadeHsl. WX cnexTpajbHbIE
XapaKTEPUCTUKH

18) Kak mo cniekrpam KP onpenenuts nuamerp HaHOTPYOOK M OTIIMYHTH METANTUYECKHEe HAHOTPYOKH
OT TOIYIPOBOASIINX

19) Henuneiinas criekrpockonusi. [ eHepanusi BTopoi TapMOHUKHU

20) KorepentHoe anTHCTOKCOBCKOE KOMOMHaoHHoe paccesiHue (CARS)

21) I'mneprkomOunaunonnoe paccesiaue (I'KP)

22) Otnnune npasui otoopa KP u I'KP B ieHTpocuMMeTpUYHBIX cpeaax

23) IIposiBiIeHHE TOUCUHBIX U IUIAHAPHBIX ACPEKTOB B ONTHYECKON CIIEKTPOCKOIIHH

24) Onrtuueckas Mukpockonus. OOmIre NPUHLIUIBL YBETHMUEHHE, pa3pelieHue, abeppaunuu

25) Metonel ONTHYECKOW  MHKDPOCKONWH: HWHTEp(EpEeHIMOHHAs, J1a3epHas CKaHUPYIOLIas
KoH(OKanbHas

26) Honspu3amoHHass MUKPOCKOTIHH
27) dnyopeclieHTHAs MUKPOCKOIHUS
28) Ckanupyromas onTruueckas MUKpocKomus ommkHero moist (SNOM)

29) IlpoceeuunBarorias iekrponHas Mukpockomnust (TEM): nByx BonmHOBast qudpakius, cladblii My4oK
u Beicokoe paspemenne (HRTEM)

30) Cxanupyromas mpocBeUnBaronias MekTponHas Mukpockonus (STEM): BEICOKOYIIOBast KOJIbIieBast
temHonojsHast (HAADF-STEM)

31) Ckanmpyromas d1ekTpoHHass Mukpockornusi (SEM): Bropuunbix snekTpoHOB (SEM-SE),
katopomomuHectenuus: (SEM-CL), HaBeeHHBIH 25ekTpoHHBIM Ty4koM Tok (SEM-EBIC)

32) DnexTpoHHO-30HA0BbIN Mukpoananus (EPMA)

33) Ckanupytouias 30H10Basi MUKpockonust (SPM): ckanupytomas TyHHelbHast Mukpockonus (STM)
34) AromHo-cuioBast Mukpockomnusi (AFM)

35) Pentrenosckas ¢uryopecuenuus (XRF)

36) DHepro-aucrepcuoHHas peHTreHoBckas cnekrpomerpus (EDS)

37) CnekrpoMeTpusi C TUCIIEPrUpOBaHUEM 110 JynHaM BoiH (WDS)

38) CrieKTpoCKONHs XapaKTepUCTHYECKUX MOTepb d3Heprun dekTpoHoB (EELS)

39) AtoMHasi CHEKTPOCKOIHS: CIIEKTPOCKOMHS aTOMHOT0 norouienus (AAS)

40) ATOoMHAst SMUCCHOHHAsI CHEKTPOCKOIHS MHAYKTUBHO-CBsi3aHHOM u1a3mel (ICP-AES)
41) Uckposas ontudeckas smuccuoHHas crekrpomerpus (Spark OES)

42) Ontudeckas SMHUCCUOHHAs clieKTpoMeTpus Tieromiero paspsaa (GD OES)

43) Macc crnekTpoMeTpHs: HHAYKTUBHO-cBsi3aHHOU masmel (ICP-MS), tneromero paspsina (GD-MS),
Macc CIIEKTPOMETPHS BTOPUYHBIX HOHOB (SIMS)

44) Uckposas Macc criektpometpusi, SSMS (Spark Source Mass Spectrometry). Bpemsinponernas macc
cnekrpoMeTpus BropuuHbix HOHOB (TOF-SIMS)

45) Pentrenosckas (orosnexTponHas cuekrpockonus (XPS), Oxe - cnekrpockonus (AES)
46) CrieKTpoCKOIIisS MarHUTHBIX pe3oHaHcoB: SIMP u DI1P

47) udpakuusa Penrrenosckux Jlyueit (XRD)

48) dudpakuusa Ha MmoHOKpucTaiiax (Single-crystal X-ray diffraction)

49) qudpakuus Ha nopoiukax (Powder diffraction)

50) dudpakuus npu cronbasimeM nageand (Grazing incidence XRD)



51) dudpaknus Beicokoro paspeuienns (High-resolution XRD)

52) PenTrenoBckwmii aHanmm3 noirocHbIX puryp (X-ray pole-figure analysis)

53) PenTrenoBckwmii aHanmm3 KpuBor kauaHwust (X-ray rocking curve analysis)

54) Pentrenosckast Tonorpadus (XRT)

55) [posiBieHne TMHEWHBIX U MJIaHAPHBIX Je(PEKTOB B PEHTIEHOBCKOM Tomorpadun

56) OpueHTanus KpUCTAIIIOB METOIOM PEHTTEHOBCKOM Tomorpadguu B 0eI0M H3ITyIeHUN
57) AHanm3 KpUCTAIUIMYECKUX U aMOP(HBIX CTPYKTYP

58) Ananuz ieeKTOB PEMIETKH U IPUMeECeH

59) CpaBHEeHHE METOIOB AJIsl aHAIHM3a TOBEPXHOCTH MaTepHasioB

60) M3mepenue npoduiisi pacrpeieieHus SIEMEHTOB WIIM MPUMECEH o ITyOrHe o0pasiia ¢ MOMOIII0
MOHHO-TIJIA3MEHHOTO TPaBJICHUSI TOBEPXHOCTH

Bonpocs! k auddepeHunpoBaHHOMY 3a4€Ty B BECEHHEM CEMECTpE:

1. DneMeHTapHbIE XapaKTEPUCTHKH MAaTEPHAIIOB: 3JIEMEHTHBIA COCTaB, XUMUYECKHE CBSA3H, CTPYKTYpA.
JledeKThl KpUCTaNTMIeCKON CTPYKTYPHI.

2. B3aumopeicTBuE 3JEKTPOMAarHUTHOTO U3IYYCHHS C BEIIECTBOM.

3. CpaBHHTeNbHAs Ta0JMIIA AHAIMTHYESCKUX METOIUK UcclenoBanus. [Ipeaens JIETEKTUPOBAHUS.
Pazpemenne MeTonuk 1Mo TIryOMHE UCCIIEyeMOTo MaTepHraia.

4. OnTuyeckas CIICKTPOCKOIIUA. Tumnsr nepexoaoB, HUCCICAYCMBIX MCETOdaMU OITHYECKOM
CIICKTPOCKOIINH.

5. Y®, Bupumoe u MK noriomenne. 3akon bupa-Jlam6epra. CrieKTphl MOTIONMIEHHSI B TBEPJIOM TeTIe.

6. KomoOunanmonnoe paccesuue cBeta (KPC). IlpaBuna otbopa. CrnocoObl MOBBIIICHHS
gyBcTBUTeNnsHOCTH KPC (Pezonancnoe KPC, SERS, CARS).

7. Kax onpenenuTs pazmep KpUcTauiuToB B rpadure no cuexrpam KPC?
8. IlposiBneHne HAHOPAa3MEPHOCTH B ONTHYECKON CIIEKTPOCKOIINH.

9. ®oromomunecueHuus: guyopecuenuus U pochopecuennus. [IpaBuio 3epkanbHOW CHMMETPHH.
YyBCTBUTEIBHOCTH METO/IA.

10. Kak oTnuauTh QOTONMIOMUHECIICHIINIO OT KOMOMHAITMOHHOTO paccesiHusl cBeTa?

11. VYrmepomHble HAHOCTPYKTYpbHI: (QyJUlepeHbl, HaHOTPyOkum u Tpadenbl. WX crexTpaibHbIE
XapaKTePUCTUKH.

12. Kak no criektpam KP onpenenuTs aAuamMerp HaHOTPYOOK M OTIIMYHUTH METAJUIMYECKUE HAHOTPYOKH
OT MOTYTPOBOJSAIINX ?

13. HenuneitHas cnexkrtpockonus. [eHeparusi BTopoil rapMoHHKH. KorepeHTHOe aHTHCTOKCOBCKOE
koMmOuHarnmonHoe paccesHue (CARS).

14. TunepxomOunaumonuoe paccesaue (I'KP). Omnmume mnpaBun otbopa KP uw T'KP B
LEHTPOCUMMETPUYHBIX CPEIaXx.

15. TIposiBiieHrE TOUEUHBIX | TUTAHAPHBIX AEPEKTOB B ONTHYECKON CIIEKTPOCKOTIHH.
16. Onrtnaeckas Mmukpockornust. OOIye NPUHIUIIBL: YBEIWMUeHIE, pa3pelieHue, abepparum.

17. Metoapl ONTHYECKOW MHUKPOCKONUHW: WHTepPEpEHIMOHHAS, Jla3epHas CKaHUPYOMas
KoH(OKanbHas1, MOIAPU3AHOHHAs U (IIyOpeCLEeHTHAsE MUKPOCKOIIHH.

18. Cxanupyromias onTuyeckasi MUKpockomnusi OmxHero noist (SNOM).

19. IlpocBeunBatomas anekrponHas Mukpockonus (TEM): aByx BonHOBast audypaxiusi, cnadblii my4oK
u Beicokoe paspemieHre (HRTEM).

20. Cxanupytoiasi mpocBedrBaromas 3MekTpoHHas Mukpockonus (STEM): BbICOKOyTIIOBasi KOJIblIeBast
temHononsHas (HAADF-STEM).

21. Ckanupytomas diekTpoHHass wmukpockonus (SEM): Bropuunbix snekrpoHoB (SEM-SE),
katonomomuHectenuus: (SEM-CL), HaBeaeHHBI 531eKTpoHHBIM myukoM Tok (SEM-EBIC),
ANIEKTPOHHO-30H10BbIN MuKpoaHann3 (EPMA).

22. Cxanwupyromas 30H10Basi Mukpockonust (SPM): ckanupyromas TyHHenbHass MUKpockonust (STM),
aTOMHO-cuiI0Basi MUKpockonus (AFM).

23. Pentrenosckas ¢uryopecuenus (XRF). DHepro-aucnepcuoHHasi peHTTEHOBCKAsI CIIEKTPOMETPUS
(EDS), cnextpomerpusi ¢ IMCHEprHpoBaHUEM Mo JyirHaM BoiaH (WDS).

24. CIeKTpOCKOIHS XapaKTepUCTHUECKUX MOTeph dHepruu 31eKkTpoHoB (EELS).



25. AToMHasi CIIEKTPOCKOMHS: CIIEKTPOCKOIUSI aTOMHOTO moriomeHus (AAS), aToMHasi 3MACCHOHHAs
CIIEKTPOCKONHS HMHAYKTHBHO-CBsizaHHOW 1a3smbl (ICP-AES), uckpoBas onTuueckas 3MHUCCHOHHAs
cnekrpomerpus (Spark OES), onTuueckass SMHUCCHOHHAsI CHEKTpoMeTpHs mietoniero paspsaa (GD
OEN).

26. Macc criekTpoMeTpusi: HHIYKTUBHO-cBsi3aHHOM 1uia3Mbl (ICP-MS), tieromero paspsaa (GD-MS),
Macc chekTpoMerpust BTopuuHbIXx HMOHOB (SIMS). HckpoBas macc cmexkrpomerpusi, SSMS (Spark
Source Mass Spectrometry). Bpemsmponernas macc ciekrpoMeTpust BTopudHbiX HoHOB (TOF-SIMS).
27. PenrrenoBckast potosnexTpoHnas cnektpockonus (XPS), Oxe - ciekrpockonus (AES).

28. CriekTpockonus MarHUTHBIX pe3oHaHcoB: SIMP u OI1P.

29. HMudpakuus PentreHoBckux Jlyweit (XRD). Hudpakuus Ha MoHOokpuctaimax (Single-crystal
X-ray diffraction). Judpakuuns Ha TIOPOIITKaX (Powder diffraction). udpakuus npu
ckonp3simeM nagennn (Grazing incidence XRD).

30. Iudpakmuss  Bbicokoro  paspemienuss  (High-resolution ~ XRD). PentreHoBckwii ananms
nomocHbIX Quryp (X-ray pole-figure analysis). PentreHoBckuili ananu3 kpuBod KauaHus (X-ray
rocking curve analysis).

31. Penrrenosckast Ttomorpadus (XRT). IlposiBneHre NHMHEWHBIX U IUIAHAPHBIX J1e()EKTOB B
PEHTI€HOBCKO# TOTOrpaguH.

32. OpueHTanus KpUCTAILIOB METOIOM PEHTTEHOBCKOW TOorpaduu B 0JI0M U3ITy4CHHH.

33. AHanM3 KpUCTAIUTMYECKUX B aMOP(HBIX CTPYKTYp. AHAIHN3 Ie(PEKTOB PEIICTKA U IPUMECEH.

34. CpaBHeHHE METOOB JUIS aHAJIN3a TIOBEPXHOCTH Marepuanos. M3mepenne npopuiis pacnpeneneHus
SNIEMEHTOB WM MpHUMeced mnmo TiIyOMHe oOpasia ¢ TOMOIIBI0 HOHHO-TDIA3MEHHOTO TpPaBJICHUS
MIOBEPXHOCTH.

Kpurepun onennBanus
Onenka ormuyHo 10 OamoB - BBICTABJISIETCSl  CTYIEHTY, [IOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka omm4yHO 9 0OamoB -  BBICTAaBISIETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO 8§  GasoB - BBICTaBJSIETCA  CTYICHTY, IIOKa3aBLIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomo 7 6aJoB - BBICTABISIETCA CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuaj, IPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS HAa NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopouro 6 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepua, IPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT NPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka xopomo 5 6aoB - BBICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, rpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENIHHO 4 Oajia - BBICTABISIETCS CTYACHTY, IMOKa3aBIIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIEeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yIOBIETBOPUTENIHHO 3 0Oana - BBICTABISIETCS CTYACHTY, IMOKa3aBIIeMy (parMEHTApHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTEIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaabo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIero o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.



OneHKa HEy/OBIETBOPUTEIHLHO 2 0ana - BBICTABISCTCS CTY/ICHTY, KOTOPBIA HE 3HAaeT OoblIeil yacTu
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OrneHka HEYHOBIECTBOPUTENBHO | 0an - BBICTABISIETCS CTYICHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennn auddepeHnUanbHOrO 3adeTa oOywaromemycst npenocrasisgercss 30 MHHYT Ha
noaroroBky. Onpoc obyuatomierocs mo OmieTy Ha yCTHOM Iu((depeHIUpOBAaHHOM 3a4eTe HE OJKEH
IIPEBBIIIATH OJIHOTO AaCTPOHOMMYECKOI'O yaca.



