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 "DkcnepumeHTanbHble METOIBI HCCIENOBAHUS HAHOCTPYKTYp"  MpEINCTaBiIsieT cOOOH BBEICHHE B
COBpPEMEHHBIE METO/bI UCCIEAOBAaHUS (YHIAMEHTANbHBIX (PU3MUECKUX U XMMUYECKUX CBONCTB MaTEpUasoB:
3JIEMEHTHBIN COCTaB, XUMUUYECKUE CBSA3M, MUKPO- U HAHOCTPYKTYypa. JlaeTcs MOHATHE O TUIIAX MaTepUalIoB U
aJIeKBaTHBIX JUISI HUX METOAMK HCCIeqoBaHusl. PaccMaTpuBaroTcsi COBpEMEHHBIE TEXHOJOTHU CO3JaHHS
HaHOCTPYKTYPHBIX MaTe€pHaoB U METOIUKH KOHTPOJS MOJyYeHHS HAHOCTPYKTYPHBIX MaTepHajioB in-situ.
Ob6cy>xaaercs BONPOC O B3aUMOACHCTBUM HCCIIELyEMOTo MaTepuana ¢ 30HAMPYIOUIMM 00beKTOM ((OTOHOM,
SNIEKTPOHOM U JIPYTUMH 3apsSHDKEHHBIMU YaCTHLIAMH), Pe3ylIbTaTax B3auMo/IeHCTBUS (TIOIMIOLIEHUE, paccesiHIE,
BO30Y)KIeHHE KoJeOaTeNbHBIX M JJCKTPOHHBIX IEPEXOI0B, HEIMHEWHBIE MpOoLEecchl) W HHpoOpMauus o
CBOMCTBaxX MaTepualla, IIOIy4EeHHBIX B pe3ylibTaTe aHajln3a Takoro B3aumoneiicrsus. [IpoBoaurcs cpaBHeHUE
OCHOBHBIX XapaKTEPUCTUK METOIWK: MPOCTPAHCTBEHHOE Pa3pelICHue, Mpeenbl A1eTeKTUPOBAaHUS, TOUHOCTbD,
JIECTPYKTHUBHOE BO3ICHCTBHE HA aHanu3upyemblii Marepuan. IlogpoOGHO paccMmaTpuBaroTCs METOTUKH
MHUKPOCKOIHH, TO3BOJISIIOIME TOTYy4aTh Kaprorpadrio oOpa3LoB: ONTHYECKas, HIEKTPOHHASI U CKAHUPYIOIIast
30H10Bass MUKpockonus. [IpuBoasTcs METONUKH 3JIEMEHTHOIO, CTPYKTYpPHOIO M XHMHYECKOIO aHaJn3a
HAHOCTPYKTYPHBIX MaTepHaJIOB, KAK 0O0ObEMHBIX 00pa3LOB, TaK U MX MMOBEPXHOCTEH: MacC CIEKTPOCKONHS U
Xpomarorpadus; ONTHYECKas CHEKTPOCKOIUS 3JIEKTPOHHBIX M KOJIeOaTeNbHBIX NEPEXOA0B; PEHTTCHOBCKAS
CHEKTPOCKONMs, Tororpadgus u AUQPaKTOMETPHUS; CIEKTPOCKONHS MArHUTHBIX SJIEKTPOHHBIX M SAEPHBIX
pe3oHaHCOB. B kypce comepkutcs 060bIIoe KOIUYECTBO MPUMEPOB NPUMEHEHHS METOHUK K HCCIIEIOBAHHIO
HAHOCTPYKTYPHBIX MaTepHaioB.

1. leau u 3apauun

eap AUCUMNIIMHBI

* 3HAKOMCTBO CTYACHTOB C COBPEMEHHBIMH (PM3MUECKHMMHU METOIAMH HMCCIEJOBAaHUS PA3IMUHBIX, KaK
KOHCTPYKLHOHHBIX, TaK U (PyHKIIMOHAIBHBIX, HAHOCTPYKTYPHUPOBAHHBIX MaTe€pUAJIOB.

3anauu QUCHUTNIHHBI
. ¢dopmupoBaHrne 0a30BBIX 3HaHMW B OONACTH COBPEMEHHBIX (U3WYCCKUX HCCIIEIOBAHHN
HAaHOCTPYKTYPHPOBAaHHBIX MAaTepUaOB KakK JWCIHIUIMHBI, WHTETpUpYIOUIed OO0mepH3ndecKylo Hu
OOIIETEOPETHYECKYIO TOJTOTOBKY (U3UKOB M oOecreuuBaronield TEXHOJIOTHYECKHE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeATeTLHOCTH;
* 00y4YeHHE CTYACHTOB METOIMKAMHU HMCCIICTOBAHUS NPU PEHICHUN KOHKPETHBIX SKCIIEPHUMEHTAIBHBIX
3a/1a4 MPU MCCIICJOBAaHUM HAHOCTPYKTYPUPOBAaHHBIX MaTepHAIOB;

. (¢opMHUpOBaHKE 3HAHWHA U1 NOHUMAaHMUA CYTH SIBICHUS M MPOLECCOB, NPOUCXOIIIIMX IPH
UCCIICIOBAaHUM TE€X WM HHBIX CBOWCTB HAHOCTPYKTYPHUPOBAaHHBIX MarepuajoB 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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcclIeI0BaHUN

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrniocobeH  BbABUrarb  THIIOTE3bI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThiBaTh |MaTeMaTUUecKue MOJCTH Ul ONHCAaHUS — H3y4aeMbIX
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN SIBJICHUH ¥ ITPOLIECCOB, OLIEHUBATh Ka4€CTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HayYHbIC MPOOIEMbI, 101y4ath ([IK-1.3 CnocobeH NpUMEHATH TeOpeTHYecKHe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTAJIBHBIE METOABI UCCIEIOBAHUNM K KOHKPETHON
Hay4yHOW 3ajadye W HHTEPHPETUPOBATh  IOJy4YECHHBIE
PpE3yNbTaThI

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




MECTO U pOJIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUIX;

COBpEMEHHBIE TPOOIIeMbl PU3UKH, XUMHHU, MATEMATHKH;

TEOpeTHYECKUe MoJIeTH (PyHAaMEHTAIbHBIX NIPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;

NPUHIAITBI CAMMETPHH Y 3aKOHBI COXPAHEHHS;

HOBEHIIINE OTKPBITHS €CTECTBO3HAHMUS,

MOCTAaHOBKY Npo0IieM (pHU3NKO-XUMHIECKOTO MOJICITUPOBAHMYS;

0 B3aUMOCBSA3X U (yHIaMEHTAJILHOM E€MHCTBE €CTECTBEHHBIX HAyK;

COBPEMEHHBIC TEXHOJIOTHH CO3/[aHUSI HAHOCTPYKTYPHBIX MaTepHaoB.

YMETb:

3(Q(EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3AKITIOUEHUsI, 3aKOHBI;

IPE/ICTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;

paboTarh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;

abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAENHMPOBAHUYU PEATBHBIX (PU3MUECKHX
CUTyaIUil.
BIIAJICTh!
TUTAHUPOBAaHUEM, TIOCTaHOBKOM U 00pabOTKON pe3ynbTaToB (PU3NIECKOTO IKCIICPUMEHTA;
Hay4YHOW KapTHHON MUpa;
HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM HKCIIEPUMEHTAIbHOM

000pyI0BaHNH;

MaTeMaTHYeCKUM MOZIEIMPOBaHNEM (prU3NUecKUX 3aj1ad;

METOJJMKAMH HCCIICIOBAHUS HAHOCTPYKTYPHBIX MaTepPHAaJIOB.

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
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 3oHAupYyIOLIIEe u JETEKTUPyEMBbIe 5 3
OOBEKTHI
2 Marepuansl U UX XapaKTepu3alus 5 3
3 Mertonbl uCCIENOBaHMS MHKPO - U 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 Muxkpockomnust u MOJTyYeHHe 15 7
M300pakeHUH
] ONeMeHTHBI W CTPYKTYpHBIH aHaIu3 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 - U3IYUYEHMS 10 PaZUOBOJIH, CPABHUTENbHAS LIKaJIa 3J€KTPOMAarHUTHOTO U3JIy4EHHUs.
CriexTpalpbHBId  JAMANa3oH JJIMH BOJH PAa3IMYHBIX HCTOYHUKOB CBeTa. B3ammoneiicTBue
JIEKTPOMAarHUTHOTO M3JIy4YE€HUs C BELIECTBOM: IIOMIOLICHHUE, PACCEsIHUE, OTPaXKEHUE, [IPEJIOMIICHNUE,
HenuHelHble 3¢dexTel. Knaccudukanus (HOTOOETEKTOPOB W CHEKTPajbHBIM AMANa3oH HX
[IPUMEHEHMUSL.

YacTunpl: 2JEKTPOHBI, MPOTOHBI, HEUTPOHBI, OBICTPBIC YacTHUIIBI. B3amMoneiicTBHE 3JIEKTPOHOB C
BEIIECTBOM. DJIEKTPOH-CTOJIKHOBHUTEIbHBIE (MOHU3ALMs M BO30YXACHHUE aTOMOB) M palualliOHHBIE
(TopMO3HOE U3IY4YEHHE) MEXaHM3Mbl IIOTEPU HHEPIUU IJIEKTPOHOB B BEILECTBE. YIPYyroe MU
HEYIIPyTO€ pPACCEsHUE OJIIEKTPOHOB B BemlecTBe. I[IpoXoxkIeHue JIIEKTPOHOB 4Yepe3 BEIECTBO.
ITpoueccsl, BO3HUKAIOUINE IPH B3aUMOAECHCTBUN OBICTPBIX YACTHUI] C BEIIECTBOM.

2. Marepuaibl ¥ UX XapaKTepu3anus

Cxema  xapakrepm3auuu  MarepuanoB.  Kiaccudukanms — marepuanoB.  DIeMEHTapHBIC
XapaKTepPUCTUKNA MAaTEepHUaIoB: JJIEMEHTHBI COCTaB, XUMHYECKHE CBSA3M, CTPyKTypa. THIbI
KpUCTAJUIMYECKUX perieTok. Jedekrsl kpucrtaumdyeckoil pemerkd. MacmraOHas CpaBHUTENbHAs
IIKaja MaTepuayioB: MAakKpo-, MHKpPO- M HaHOCTPYKTypsl. CBoiicTBa MarepuanoB. CrocoOb
MONy4YeHHs MarepuajoB. Poimb MOBEpXHOCTM W TpaHUL pa3gena MarepuajoB. MeToabl
XapaKTepu3aliy MaTepHaoB.

3. Merozp! Uccael0BaHUs MUKPO - M HAHOCTPYKTYP

Mertonel audpakuun U paccesHus. OCHOBBI KpUCTAIMUECKOW Iudpakuud. Mukpockonus u
tornorpadust. OOIye NPUHIMILL: yBEIHMYCHNE, pa3peiieHne, abeppanun. OnTudeckas MUKPOCKOIIHS:
uHTep(EepPEHIMOHHAS MUKPOCKOIIHNSA, Ja3epHasi CKaHUpyomas koHpokanpHas Mukpockonus (LSCM)
1 QuryopeclieHTHass MUKPOCKOTHS € TIOJTHBIM BHyTpeHHUM oTpaxenneM (TIRFM). IIpocBeunBatomniast
anekTpoHHass Mukpockonust (TEM): nByx BonHOBas Iugpakuus, ciadbldi Iy4OK W BBICOKOE
pazpemienne (HRTEM). Ckanupyromasi mpocBeunBaromias 3jaekTpoHHas mukpockonus (STEM):
BbICOKOyIIoBasi  komnbleBass TemHononbHasi (HAADF-STEM). Ckanupylomas —3J€KTpOHHAs
mukpockorus (SEM): Bropuunbix anekrpoHoB (SEM-SE), karomomromuuecuentms (SEM-CL),
HaBelGHHBIH dnekTpoHHBIM myuykoM TOK (SEM-EBIC), 51eKTpoHHO-30HAOBBIH MHUKpOAaHAIHU3
(EPMA). Pentrenosckas tomorpadust (XRT). Ckanupyromias 3oH70Bas Mukpockornus (SPM):
CKaHuWpyomas TyHHenpHass wmukpockonus (STM), aromHo-cuioBas Mukpockonus (AFM).
CkaHupytonias ontudeckas MUKpockomus omkHero moiist (SNOM). TloneBast HOHHASE MUKPOCKOTIHS
(FIM). CpaBHeHHE pa3JIMYHBIX MHKPOCKONMYECKUX MeToAuK. OnTrhyeckass CIEKTPOCKOMHS:
uH(ppaKpacHoro nomiomenus, PamanoBckoe paccesHue. CHEKTPOCKONHMS MAarHUTHBIX PE30HAHCOB:
SAMP u OIIP. DnekTpoHHasi CEKTPOCKOMUS: CIIEKTPOCKOMNHUS XapaKTEPUCTUUECKUX MMOTEPh SHEPTHH
anektpoHoB (EELS), penrrenoBckass ¢Qotosnekrponnas cnekrpockonust (XPS), Oxe -
cnekrpockonust (AES). AHanu3 Kpuctaiumyeckux U aMopHBIX CTPYKTYp. AHanu3 JedeKToB
pemeTkn M IpuMeced. AHaNIM3 MOJIEKYISAPHBIX CTPYKTYyp. AHamu3 (a3oBBIX pacmpenencHuH,
TEKCTYpP U KOHEUHBIX CTPYKTYP.

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

OCHOBHBIE METOIBl aHAJIN3a XHMHUYECKOTO COCTaBa MOBEPXHOCTH: OXe - CIEKTPOCKOIHS,
PEHTTEHOBCKAs! (POTOIEKTPOHHAS CIIEKTPOCKOIHUS, MAaCC CIIEKTPOMETPHS BTOPUYIHBIX HOHOB (SIMS).
Jlunamudeckass M CTaTM4YeCKas Macc CIEKTPOMETpHsS BTOPHYHBIX MOHOB. BpemsmporneTHas macc
cnekrpoMeTpus BropuuHbiX HOHOB (TOF-SIMS). IToBepxHOCTh 1 HaHOaHanN3. CpaBHEHHE METOAOB
IUIS aHalu3a MOBEPXHOCTH MaTepuajnoB. M3mepenne mpoduist pacnpenesieHHs 3JI€MEHTOB WIN
npuMecel 1o nryOnHe oOpasia ¢ MOMOILBI0 HOHHO-TUIa3MEHHOTO TPaBJICHUS IOBEPXHOCTH.

Ananmu3 Tomorpaduu TOBEPXHOCTH. 3oHAOBas mnpodunomerpusi. CTpoeHHE MOBEPXHOCTH.
Ontunueckas 30HAOBas npoduiomerpus. Wurepdepenunonnas Mukpockonus. CraHHpyromas
30H10Basi MUKpocKomusi. CKaHUpYIOMIas 3eKTpoHHast MuKkpockorus (SEM).

5. O6paboTka nHPOPMAIINN; OCHOBHBIE XapaKTEPUCTUKU METOTUK



WNudopmanus, nonyyaemas Mpu U3yYCHUN PE3YJIETATOB B3aUMOJICHCTBUS 30HIUPYIOMUX 00BEKTOB C
BeniecTBoM. CpaBHUTENbHAsT TaONUIA AaHATUTHYECKUX METOMUK HuccienoBaHus. llpeaens
netexktupoBanus. TouHocTh Metomuk. I[IpocTpaHCTBEHHOE pa3pelieHHe METOAWK, pa3pellcHre
METO/IMK IO TITyOWHE HccieayeMoro Marepuana. JlecTpyKTHBHOE BIMSHUE 30HMPYIOMIETO 00BEKTa
Ha aHAIM3UPYEMBId MaTepual: pa3orpeB, WOHM3AIUS, HApPYyIICHWE CTPYKTYpHI, amMopdmu3arms.
Pazpymaromue wu Hepaspymiarolipe METOJUKH. AOCONIOTHBIE W OTHOCHTENBHBIE METOJBI,
KaJIMOPOBOYHBIE 00pa3IIbI.

6. XMMHUYECKHHA COCTaB MaTepuaioB

XuMHudeckuil cocTaB oObeMa. Macc CHEeKTpOMETpHs: MHIYKTUBHO-cBsi3aHHOW mina3mbl (ICP-MS),
mietomero paspsga (GD-MS). Monekynspaas crnekrpockonus: Y®/Bumumas CcHekTpoCKOnus
MOJIEKYJISIPHOTO TIOTJIONIeHus1, (iyopectieHTHast/ GocdopecieHTHas crekTpockonus, PamanoBckas
cnekrpockonusi, UK cnekrpockonus. KonmuecTBeHHass HMPOTOHHO-sJIEpPHAs MarHUTOPE30HAHCHAsS
cnekrpockonust (1H QNMR). AromHasi CHEKTPOCKOIHS: CIEKTPOCKONHUS aTOMHOTO MOTIIONICHHS
(AAS), aromMHas SMHCCHOHHAs CIEKTPOCKOIMS WHAYKTHUBHO-CBsizaHHOM Iuia3mbl (ICP-AES),
WCKpOBasi ONTHYECKass dMHUCCHOHHAas crekrpomeTpusi (Spark OES), onruyeckas >MHCCHOHHAsS
cnekrpomerpus Taetomero paspszga (GD OES). Penrrenosckas ¢myopecuenuus (XRF). Anepnsie
aHAJIMTUYECKUE METO/AbI: HEUTPOHHBIM aKTUBAMOHHBIA aHamu3 (NAA), MrHOBEHHBIH Tramma
aktuBaunoHHbIM aHamu3 (PGAA), wHeidtponHslii npod¢wns miyounsl (NDP), ¢ortonHbIi
aktuBallMoHHBIN aHanmu3 (PAA), ananu3 axtuBamuu 3apsokeHHbIMH —uactunamu  (CPAA),
PEHTTEHOBCKOE U3IyueHue, Hapeaennoe yactuuamu (PIXE). Xpomartorpaduueckue MmeTonbl: razoBas
xpomarorpadust (GC), »xuakoctHas xpomarorpadus (LC), skuakocTHas xpomarorpadus/macc
cnekrpomerpus (LC/MS).

MukpoaHanuTH4YeCcKass XUMUYECKasi XapakTepu3alusa. AHAIUTHYECKas: IEKTPOHHAs MUKPOCKOIIHSL:
9HEPro-IuCIepCHOHHAs pEHTTeHOBCKas CHEKTPOMETPHS (XEDS), CHEKTPOCKOIHS
XapaKTepUCTHUECKUX MoTephb dHepruu ekTpoHoB (EELS). DnekTpoHHO-30HI0BEII peHTI€HOBCKHI
mukpoananu3 (EPMA): osnepro-gucnepcuonnas cnekrpomerpus (EDS), cnekrpomerpusi c
nucneprupoBanueM 1o jmHaM BosiH (WDS). Ckanupyromiast Oxe - CIIeKTpOCKONHA. JDKOIOTHYeCKas
ckaHupymomas nekrponHas mukpockonus (ESEM). UK u Paman mukpoananus.

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

OOumme NpUHLMIOBL — yBEJIWMYEHHE, paspelieHue, abbepauuu. Onrudeckas MHUKPOCKOIMA.
OnexrponHas mukpockonus (SEM, TEM, STEM, FIB). Ckanupyromas 30HAOBas MHUKPOCKOIIHS
(AFM, SFM). Oco0OeHHOCTH HCCIENOBaHUS HAHO-OOBEKTOB H HAHO-CTPYKTYPHUPOBAHHBIX
MarepuaoB

8. DIeMEeHTHBIN U CTPYKTYPHBIH aHaIIN3 00beMa U IOBEPXHOCTH

AHanM3 ONTHUYECKUX W PEHTICHOBCKUX CIIEKTPOB HMCITyCKAHUS MPH BO30YXJICHUU aHAIU3UPYEMOTO
Matepuana (poroHamu, anekTpoHamu, osicTpeiMu dacturiamu (PL, LIF, CL, XRF, XPS, XRR, XPD,
ICP-OES, LEXES). Paccesiane u nomomenue ontudeckux GorornoB (Raman, FT-IR). ludpakuus u
norioeHne peHTreHoBckux jiyuerd (XRD). dudpakuus u noromenue 3nekrponoB (AED, EELS,
LEED, IETS, RHEED). Onnuncomerpus (VASE) u ontudeckas peduiekroMmerpus. MoaynsiuoHHas
cnekrpockonusi. Crekrpockonusi pasHocTHOTO oTpaxkeHus (RDS). OcobeHHOCTH wWccnenoBaHUs
HAHO-OOBEKTOB M HAHO-CTPYKTYPHPOBAaHHBIX MarepuaioB. CpaBHEHHE METOJAHMK IO OCHOBHBIM
XapakTepucTukam. (6 gac.)

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



OcHoBHas nuTeparypa
1.Hogetimmue natauku/ [lxexcon P. I'., 2-e uzn., nom., Mocksa: Texnocdepa, 2008. - 400c. ISBN
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, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3YIbTATC MU3YUCHUSA AUCHUIUIMHBI CTYACHT HOJIKCH 3HATh OCHOBHBIC OIPCACICHHUA W NOHATUA
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEIHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

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

[Tokazarenem BiIaJicHUs MaTepUaIOM CITY)KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI 110 TeMaM
JUCIUTLIAHEL



BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpum
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAIUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEIICHUS 33/1a4 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

kBaTuuKkanus: 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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrate uW3y4eHUS IMCHUILIHHBI «JKCHEPHUMEHTAIBHBIC METOABl HWCCIECIOBAaHHS HAHOCTPYKTYpP»
00yJaronuiics JOmKeH:

3HATh:
MECTO U pOJIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUIX;
COBpEMEHHBIE TPOOIIeMBbl (PU3UKH, XUMHHU, MATEMATHKH;
TEOpeTHYeCKue MoJeTH (PyHAaMEHTAIbHBIX MPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;
NPUHIAIIBI CAMMETPHH Y 3aKOHBI COXPAHEHHS;
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMUS,
MOCTAaHOBKY Npo0IieM (PHU3NKO-XUMHYIECKOTO MOJICITUPOBAHMYS;
0 B3aUMOCBSA3X U (yHIaMEHTAJILHOM E€MHCTBE €CTECTBCHHBIX HAyK;
COBPEMEHHBIC TEXHOJIOTHH CO3/[aHUSI HAHOCTPYKTYPHBIX MaTepHaloB.
yMeThb:
3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3AKITIOUCHUS, 3aKOHBI;
IPE/ICTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM JKCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarhCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAEIHUPOBAHUU PEATBHBIX (PU3MUECKHX
CUTYyaluH.
BJIA/IETh:
TUTAHUPOBaHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZIEIMPOBaHNEM (prU3NYecKUX 3a/1ad;
METOJJMKAMH HCCIICIOBAHUS HAHOCTPYKTYPHBIX MaTepHAaJIOB.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC 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) KombOunammonnoe paccesaue cera (KPC). IlpaBuna otbopa. CrnocoObl MOBBINICHUS
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) VYmieponHble HaHOCTPYKTYpbI: (ymiepeHsl, HaHOTPYOKM U rpadeHsl. MX crekTpaibHbIe
XapaKTEPUCTUKH

18) Kak mo cniekrpam KP onpenenuts ntuamerp HaHOTPYOOK M OTJIMYUTH METAINTUYECKHE HAHOTPYOKHU
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 MHKPOCKONHMH: HMHTep(EpEHIMOHHAs, Jla3epHas CKaHHUPYHOIIAs
KoH(OKanbHas

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

29) IlpoceeunBaroias sekTpoHHas Mukpockonvsi (TEM): aByX BosmHOBast qUdpakius, Cla0blil My4oK
u Beicokoe paspemenne (HRTEM)

30) Cxanupyroias nmpocBeunBarolias ekrponHas Mukpockonus (STEM): BBICOKOyIIIOBas KOJbIIEBas
temHonojsHast (HAADF-STEM)

31) Ckanmpyromasi dmekrpoHHas wmukpockonus (SEM): Bropuunbix anekrponoB (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). BpemsinponerHas 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) M3amepenne npoduist pacrpeesieHus JIEMEHTOB WM MTpUMecel 1Mo ryOnHe o0pasiia ¢ IMOMOIIIbIO
MOHHO-TIJIA3MEHHOTO TPaBJICHUSI TOBEPXHOCTH

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

1. DneMeHTapHBIE XapaKTEPUCTUKH MAaTEPHAIOB: 3JIEMEHTHBIN COCTaB, XUMHUYECKHE CBS3U, CTPYKTYypa.
JledeKThl KpUCTaNTMIeCKON CTPYKTYPHI.

2. B3aumopeicTBuE 3JEKTPOMAarHUTHOTO U3IYYCHHS C BEIIECTBOM.

3. CpaBHutenbHas TabnuIla aHATUTHYECKUX METOAWK HccienaoBanus. [Ipenernst JIETEKTUPOBAHUS.
Pazpemenne MeTonuk 1Mo TIryOMHE UCCIIEyeMOTo MaTepHraia.

4. OnTuueckas CIICKTPOCKOIIHUA. Tumnbt nepexoaoB, HCCICAYCMBIX MCTOdaMU OIITHYECKOM
CIICKTPOCKOIINH.

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

6. KomoOunanmonnoe paccesaue cera (KPC). IlpaBuna or6opa. CrocoObl MOBBIICHUS
gyBcTBUTeNnsHOCTH KPC (Pezonancnoe KPC, SERS, CARS).

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

9. ®oromomunecueHuus: ¢ayopecuenuus u docpopecueHuns. [IpaBuno 3epkaabHOH CUMMETpPUH.
YyBCTBUTEIBHOCTH METO/IA.

10. Kak oTnuauTh QOTONMIOMUHECIICHIINIO OT KOMOMHAITMOHHOTO paccesiHusl cBeTa?

11. VYrmiepomHsle HAHOCTPYKTYpHI: (yisiepeHbl, HaHOTPYOKM u rpadeHsl. X crexrpaibHbIe
XapaKTEPUCTHKHU.

12. Kak no cniekrpam KP ompenenuts quamerp HaHOTPYOOK M OTJIMYUTH METANTMUECKHE HAHOTPYOKH
OT MOTYTPOBOJSAIINX ?

13. HenuneitHas crektpockomnus. [enepamnust BTOpoil TapMOHUKH. KorepeHTHOe aHTHCTOKCOBCKOE
koMmOuHarnmonHoe paccesHue (CARS).

14. TunepxomOunaumonuoe paccesaue (I'KP). Otmmume mnpaBun orbopa KP u T'KP B
LEHTPOCUMMETPUYHBIX CPEIaXx.

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

17. Metonpl ONTHYECKOW  MHKPOCKONUHM: HWHTep(epeHIMOHHas, JiazepHas CKaHUPYoInas
KoH(OKanbHas1, MOIAPU3AHOHHAs U (IIyOpeCLEeHTHAsE MUKPOCKOIIHH.

18. Cxanupyromias onTuyeckasi MUKpockomnusi OmxHero noist (SNOM).

19. IlpocBeuuBaromas ekrponHas Mukpockomnusi (TEM): nByx BomHOBas qudpakuus, ciadblii My4oK
u Beicokoe paspemieHre (HRTEM).

20. Cxanupyrolasi IpocBeurBaronas 31ekTpoHHas Mukpockonus (STEM): BeICOKOYTIOBasi KOJIbIEBas
temHononsHas (HAADF-STEM).

21. Ckanupytomas diekTpoHHass wmukpockonus (SEM): Bropuunbix snekrpoHoB (SEM-SE),
katopomomuHectenuus: (SEM-CL), HaBemeHHBIH 5iekTpoHHbIM nyuykoM Tok (SEM-EBIC),
ANIEKTPOHHO-30H10BbIN MuKpoaHann3 (EPMA).

22. Ckanupymomas 30H70Basg Mukpockonus (SPM): ckanupytomias TyHHelIbHass Mukpockomnus (STM),
aTOMHO-cuiI0Basi MUKpockonus (AFM).

23. PentrenoBckas ¢umyopecuennus (XRF). DHepro-nucnepcuoHHasi peHTICHOBCKAs CIIEKTPOMETPH
(EDS), cnextpomerpusi ¢ IMCHEprHpoBaHUEM Mo JyirHaM BoiaH (WDS).

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



25. AToMHas CTIEKTPOCKOIHS: CIIEKTPOCKOIUSI aTOMHOTO Toromenus (AAS), aToMHass SMUCCHOHHAS
CIIEKTPOCKONHS HHAYKTHBHO-CBsizaHHOW 1mia3Mbl (ICP-AES), uckpoBas onTHyeckas SMHCCHOHHAS
cnekrpomerpus (Spark OES), omruyeckas SMHUCCHOHHAs CIEKTpoMeTpus Tieromero paspsnaa (GD
OEN).

26. Macc criekTpoMeTpusi: HHIYKTUBHO-cBsi3aHHOM 1uia3Mbl (ICP-MS), tieromero paspsaa (GD-MS),
Macc cHekTpoMeTpust BTopuyHbIX HMOHOB (SIMS). Uckpoas macc cmekrpomerpusi, 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. Mudpakuus PenrrenoBckux Jlyuerr (XRD). Hudpakuus Ha MoHOKpucTamiax (Single-crystal
X-ray diffraction). dudpakius Ha TIOPOIITKaX (Powder diffraction). udppakuus mnpu
ckonp3simeM nagennn (Grazing incidence XRD).

30. Mudpakmuss  Beicokoro  paspemenust  (High-resolution ~ XRD). PentreHoBckmii anamu3
nomocHbIX Quryp (X-ray pole-figure analysis). PenTreHoBckuii aHann3 KpuBoW KadaHus (X-ray
rocking curve analysis).

31. Pentrenosckas tomorpadust (XRT). IlposieieHne nMHEHHBIX M TUTAHAPHBIX JC(PEKTOB 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 JUI aHAJIM3a IOBEPXHOCTH MaTepuaiioB. M3mMepenue mpoduis pacipeaeaeHus
SNIEMEHTOB WM MpHUMeced mnmo TiIyOMHe oOpasia ¢ TOMOIIBI0 HOHHO-TDIA3MEHHOTO TpPaBJICHUS
MIOBEPXHOCTH.

Kpurepun onennBanus
Onenka ommuyHo 10 OanoB - BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOH MpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omm4yHO 9 0OamoB -  BBICTABISETCS  CTYIEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO 8§  GasoB - BBICTaBJSIETCA  CTYICHTY, IIOKa3aBLIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepHall, TPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopomio 6 6aj0B - BEICTABISETCS CTYAEHTY, €CIIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka xopomo 5 6anoB - BBHICTABISETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, TPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ynOBIETBOPHUTEIbHO 4 Oana - BBICTABISIETCS CTYACHTY, IOKa3aBHIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yIOBIETBOPHUTEIbHO 3 0Oajia - BBICTABISIETCS CTYACHTY, IOKa3aBHIeMYy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH porpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.



OueHka HEyJOBJICTBOPUTENILHO 2 0alia - BBICTABISICTCS CTYACHTY, KOTOPBIH He 3HaeT OoJblieil YacTu
OCHOBHOTO cOAepXaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(OpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh ITOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYHOBIECTBOPUTENBHO | Oan - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mnposenenun anddepeHnnanbHOro 3adera olydaromiemycs mnpenoctasisercs 30 MUHYT Ha
noaroroBky. Onpoc ofyuaromierocsi o OUIETy Ha yCTHOM AUQQepeHIIMPOBAHHOM 3aueTe HE JOJDKEH
IIPEBBIIIATH OJIHOTO AaCTPOHOMMYECKOI'O yaca.



