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HOACHHUTEJIBHASA 3AIIMCKA

Huciuruinaa «W30paHHble raBbl HAHOXMMHUU» OTHOCUTCS K JMCLHMILIMHAM
KOMIIOHEHTA YUPEXJICHHUS BBICIIET0 00pa30BaHMsl. Y HUKAJbHOCTh CBOMCTB BEIIECTB B
HaHOpa3MEpHOM MaciTabe obecreynBaeT OOJBIION HWHTEPEC CHELUATINCTOB U3
pa3MUyHBIX oOOnacTell XUMUHU, (QU3MKA W OHOJOTMM K HaHOMaTepualiaM U UuX
IpUMEHEHUsIM. BHeapeHne HaHOMaTepuaJioB B HWHHOBALMOHHBIE TEXHOJIOTMH
(onTOaMEeKTpOHMKA, (DOTOBOIBTANKA, OMOMEAMIIMHA U JIp.) TPEOyeT OT COBPEMEHHBIX
CHELUAMCTOB-XUMUKOB  BIJIAJICHAS]  3HAaHUSIMHU O  3aBUCHUMOCTH  CBOWCTB
HAaHOMATEpUaJOB OT HX CTPYKTYPHBIX M pa3MEPHBIX XapaKTEPUCTHK, METOJax
MOJIyYEHUsT HAHOMATEPHUAJIOB M UCCIEAOBAHUS UX CBOWCTB, & TAK)XKE MCIIOJIb30BAHUU
HAaHOMATEpHUaJIOB B pa3HOOOPA3HBIX IPUMEHEHUSIX.

esu v 3a0aun y4eOHOM TUCIUAIIINHbBI

Ilenp y4eOHOM MAMCUMIUIMHBI — O3HAKOMUTH CTYIAEHTOB C OCHOBHBIMU
JTOCTHKEHUSIMU HAHOTEXHOJIOTMH, HAHOOOBEKTaMM (KJacTepaMu, HaHOYACTULIAMH,
KBAHTOBBIMU TOYKaMHU M Jp.), OCOOBIMH CBOMCTBAaMHU BEIIECTBA B HAHOPA3MEPHOM
COCTOSIHMM, METOJAAMHM H3y4Y€HUsT W CHoco0amMu TOJY4YEHUS WHANBUAYaIbHbBIX
HAHOYACTHIL], TPUHLIMIIAMA OOBEAMHEHHS UX B aHCAMOJIM M CO3JAHMSI HA 3TOM OCHOBE
HAHOCTPYKTYP C ONPEJEICHHBIMU (PYHKIIMOHATIBHBIMUA CBOMCTBAMH.

N3yuenue paznena « QNEKTPOHHASI MUKPOCKOIIUSA U 3JIEKTPOHOT padpusy Npru3BaHO
00ecnevnTh NOArOTOBKY CTYJIEHTOB K HCCIIE0BAHNIO MUKPOCTPYKTYPBI 1 MOP(OIOTHH
YJIBTPAJUCIIEPCHBIX U HAHOCTPYKTYPHBIX OOBEKTOB PA3HOM CTPYKTYpPHOM OpraHu3alluu
U XUMHUYecKoro cocraBa. K ucciemyeMbiM OOBEKTaM OTHOCATCSI MOPOILKH, JbIMBI,
a3p030JI1, CyCIIEH3UHU U KOJJIOUHBIE PACTBOPBL, 8 TAKKE MACCUBHBIE OO BEKThI — IUIEHKU
W TIOKPBITHS, MOHOKPHMCTAUIBI, IOJM- W HAHOKPHUCTAUIMYECKUE TBEPJIBIE Tema
pPa3IMYHOM XUMHUYECKOW MPUPOIBL. IDTOT pa3Aes IUCUUIUIMHBI HOCUT HAy4HO-
NPUKIAIHON xapakTep. CTyIeHThI U3y4ar0T TEOPETUYECKUE OCHOBBI B3aWUMOCHCTBHS
OBICTPBIX 3JIEKTPOHOB C BEIIECTBOM, 3HAKOMSTCS C AKCIEPUMEHTAIBbHBIMU METOJAAMHU
MOJITOTOBKH Pa3HOOOPA3HBIX OOBEKTOB K UCCIIEIOBAHUIO METOIaMU 3JIEKTPOHOTpapUU
(OI'), npocBeunBaronieit AneKTpoHHON Mukpockonuu (II13M), a Takxke ¢ TpUHIIUTAMU
00paboTKK MH(POPMALUH, TOTYYEHHON ITUMHA METO/IaMHU.

3agaun yuyeOHOUN AUCITUTIIIUHBIL:

1. Ionyyenune cryaeHTamMu (pyHIAMEHTAIbHBIX 3HAHUW M MPEACTABICHHUHA O
3aBUCUMOCTH (DU3UYECKUX U XUMHUYECKUX CBOMCTB BEIIECTBA OT KOJMYECTBA aTOMOB
B €r0 YacTulle, 00 0COOEHHOCTSAX HAHOPA3MEPHOT'O COCTOSIHUS, XUMUUYECKUX CIIocoOax
MOJlyYEHHUS HAHOYACTUI] M HAHOCTPYKTYPUPOBAaHHBIX MAaTepHalloB, OOBEAMHEHUS
HAHOYACTHUII B PYHKITMOHAIIbHBIE aHCAMOJIH;

2. Tomyyenue cryaeHtamu (pyHIaMEHTAIBHBIX 3HAHUW W TPEACTABICHUHA O
IPUPOJIE B3aUMOIEHCTBUS OBICTPHIX 3JICKTPOHOB C BEIIECTBOM U UCIIOJIB30BAHUE ITUX
3HaHUU JUIsl U3y4eHus (GOpMBI, pa3Mepa M B3aUMHOTO PACIOJIOKEHUS YaCTHUI[ B
MaTepuanax pa3HOW CTPYKTYpHOM OpraHu3alu, BKJIIOYash HAHOCTPYKTYpHBIE
TBEepA0(a3HbIe 0OBEKTHI, 3011 U CYCIIEH3UH, a TAKXKE JJI UCCIEA0BaHM MOP(HOIOTHH
MOBEPXHOCTHU U CTPYKTYPHBIX 1€PEKTOB B TBEPBIX TEIaX;

3. ®opMHUpOBaHHUE Yy CTYAEHTOB CHHTETHYECKOTO HAYYHOI'O MHPOBO33PEHMS,
OCHOBAHHOT'O Ha 00bEIMHEHUHN 3HAHUM U3 PA3IMYHbIX 00JIacTel HAYKH;



4. @opMHUpOBaHME HABBIKOB W YMEHUH JUIsi TPOBEACHUS HAyYHBIX
UCCIIEIOBAHUM C MPUMEHEHUEM COBPEMEHHBIX HHCTPYMEHTAIIbHBIX METOJI0B, BKIIFOUAs
TaKue OJTallbl, KaK TpaMOTHas TOCTAaHOBKA 3aJlaud, MOATOTOBKA OOBEKTOB st
npoBeieHus uccienopanuii merogamu OI' u [I9M u uHTepnpeTanus MOJTy4eHHBIX
pPE3yJbTATOB, UTO BAXXHO JJII MOJATOTOBKHU CTYJICHTOB K HAyYHOW AESATEIBLHOCTU U K
COBPEMEHHBIM CIIOCO0aM OIEHKHU KaueCcTBa MPOIYKIUH;

5. IloaroroBka CTyAEHTOB K MOCIEAYIOIIEMY BBIIIOJHEHUIO KYPCOBBIX H
JTUTUUIOMHBIX pa00T, MAaruCTEPCKUX U KaHAUIATCKUX TUCCEPTAIIHA.

MecTo y4eOHOM TUCHMILUIMHBI B CHCTEME MOATOTOBKH CIIEHUAIACTA C BBICIIIUM
oOpa3oBaHUEM.

VYyeOHas JOUCHUIUIMHA OTHOCUTCA K Moayimo «HanoOuoanamuTuka»
KOMITOHEHTA YUPEXKJICHUS BBICILIET0 00pa30BaHUsl.

CBsizu ¢ IpyruMU Y4eOHBIMU JUCHUIIMHAME, BKIIIOYAsl yU€OHBIE TUCIUTLITUHBI
KOMIIOHEHTA YUPEXKICHUS BBICIIIETO 00pa30BaHus, TUCIUIUIMHBI CIICIIMAIU3ALIUN U JIP.
VYcnenHoe u3ydeHUE NaHHOW AMCIUIUIMHBI BO3MOXXHO TPU HAJWYUU 3HAHUM 110
JUACHUIUIMHAM «XHUMUS TBEpIOro Tenay, «Pusnmueckas xumusy», «Heopranmueckas
xumus», «Kpucramioxumus», a Takke TakuXx TeM Kypca (U3UKH, Kak
ANIEKTPOMArHeTU3M U ONTHKA.

TpeOoBaHus K KOMIIETEHUUSIM

OcBoenne y4eOHOM AucuuIUiuHbl «30paHHBIC TJIaBbl HAHOXUMHU» JOJIKHO
obecrieuuTh (HOPMHUPOBAHUE CIACAYIONIEH Crneyuaru3upo8anHot KOMIETECHIUN:

XapakTepu3oBarh (yHIaMEHTAIbHbIC MPUHIUIBI OPTaHU3AIMA HAHOCTPYKTYD,
OCHOBHBIE  CIIOCOOBI  TMOJYYCHHs] HAHOMATEpUAJIOB, pPEHTreHorpaduyecKkue Hu
AJIEKTPOHHOMHUKPOCKOTTMYECKHE METO/IbI, TPUMEHSIEMbIE JIJIsl YCTaHOBIIEHUST (ha30BOTO
cocraa, Mmopdosioruu, GopMbl, pa3MepPOB HAHOYACTHII.

B pesynbrate ocBoeHus1 yueOHON TUCIUTIIIMHBI CTYICHT JIOJKEH:

3HATh:

— (yHIaMEHTaIbHOE OTIMYUE CBOWMCTB BEIIECTBA B HAHOPA3MEPHOM COCTOSTHUU
OT CBOICTB MAaCCUBHOI'O BEIECTBA;

— OCHOBHBIE CIIOCOOBI TMOJYYEHHMsS] HAHOYACTULl YTJIEpOAd, METAIOB H
MOJIyIIPOBOJIHUKOB, OCHOBHBIC MPHUHIMMBI OOBEAMHEHUST HMX B aHCaMOIUM U
HAHOCTPYKTYpBI, O0OJIaJjaloliue 3aJaHHBIMM  CBOMCTBAMHU U  BBITIOJIHSIIOUTUMU
ornpezeneHHble (QyHKINY;

— 3¢ (heKThl, BOHUKAOIIKE ITPU YMEHBIIIEHUU YaCTHII BEIIECTBA /10 HAaHOpa3Mepa,
B ONTHUYECKHUX, BJIEKTPUUYECKUX, MATHUTHBIX W XHUMHUYECKHUX CBOMCTBaxX yIJIEpOIa,
METaJUIOB Y MOJYIIPOBOIHUKOB;

— CBOWCTBa HaHOYACTHUIl yriepoaa ((ysuiepeHOB, HAHOTPYOOK, HAHOTOYEK,
HAHOAJIMA30B, TpadeHa), METAJIIOB, MOTYITPOBOJHIUKOB 1 HAIIPABJICHUS MX BO3MOXKHOTO
MPaKTUYECKOrO MPUMEHEHUS,

— OCHOBHBIE METOABl HCCIEAOBAHUA HAHOOOBEKTOB, OCOOCHHOCTH UX
WCITI0JIH30BaHUS U TPAHUIIBI TPUMEHUMOCTH;

— 3¢ GdeKTbl, BO3HUKAIOIINWE TPU B3aUMOJCHCTBUU OBICTPBIX DJIEKTPOHOB C
BEIIIECTBOM, M CIOCOOBI HX WCIOJAL30BAHUS ISl TOJy4YeHus HWHGOpMaIMu O
MOp(]OTOrUH MOBEPXHOCTH, (Popme, pa3Mepax U B3aMMHOM PAaCHOJIOKEHUH YaCTHII
BelIecTBa, 00 0COOEHHOCTAX J1e(DEKTHON CTPYKTYphI BEIIECTB B TBEPJIOM COCTOSIHUU;
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— TMPHUHIHUIBI TOTYYSHHUS DJIEKTPOHOTPAMM M 3JIEKTPOHHOMHUKPOCKOITUYECKUX
n300pakeHU U BIMSHUE Pa3HbIX (PaKTOPOB HA UX KaueCTBO;

— CIOCOOBI TOJATOTOBKH OOBEKTOB K IMPOBEIECHUIO HCCICIOBAaHHA METOJaMU
AJIEKTPOHOTPA(PUH U MPOCBEUNBAIONICH PJIEKTPOHHOM MUKPOCKOIIHH;

yMeThb:

— TBOpPYECKH MPUMEHATh 3HAHUS U3 DPA3TUYHBIX OOJacTell XUMUH, (PHU3UKH,
uHpOpMaTUKH, OWOJIOTUH, MaTepPUAIOBENEHUS JUId OOBICHEHUS U TMpeAcKa3zaHHs
CBOWCTB HAHOOOBEKTOB M HAHOCTPYKTYP;

— BBIOMPATH TOIXOSIIUN METO ] UCCIIEAOBAHUS B 3aBUCUMOCTH OT U3y4aeMOT0
HAaHOOOBEKTA;

— TMPOBOJUTH IOATOTOBKY OOpPAa3IOB C YYETOM HX MPHUPOJIBI, Mopdoioruu,
TIOCTaBJICHHOM 33a7]a4i ¥ BRIOPAHHOTO METO/1a UCCIIETOBAHMSI,

— TPaMOTHO HHTEPIPETHPOBATh W ONHCHIBATh PE3YJIbTAThl ONTUYECKUX H
ANEKTPOHHOMUKPOCKOMTUYECKUX UCCIIEIOBAaHNN HAHOOOBEKTOB;

— aHAJIM3UPOBATH U CHCTEMATH3UPOBATh JINTEPATYpPHBIC JTaHHBIE, 00pabaThIBATh
MOJYYEHHYIO TEOPETUYECKYI0 M OSKCIEPHUMEHTAIBHYI0 HWH(POPMAIMIO, OMHCHIBATH
pe3yabTaThI TPOBEIACHHOTO UCCIIEIOBAHNS;

BJIA/IeTh:

— TePMUHOJIOTHEH TPOOIEMHOTO OISl HAHOXUMHM;

— HaBBIKAMHU TTOCTAHOBKH 33JIa4i M BBIOOpA METO/Ia MCCIIEIOBAHNUSA, TTOITOTOBKH
OOBEKTOB K MCCIEIOBAHUIO H3y4YaeMbIMU METOAAMH, OOpabOTKM IOJIy4EHHOU
uH(pOpMAIMU U IPEICTABICHUS PE3yJIbTaTOB UCCIICAOBAHUS.

CtpykTypa yueOHOH IMCIUTIIHHBI

JucuunnuHa uzyyaercs B 9 cemectpe. B cOOTBETCTBUM ¢ Yy4EOHBIM IJIAHOM
BCEr0 Ha U3yueHue yueOHo! nucuuIuinabl «/30paHHble riaaBsl HAHOXUMUWY OTBEJIEHO
AJIs1 04HOM (opMBbI MOTyUYEHHUs BhICIIEro 0Opa3oBaHusl — 94 yaca, B ToM yucie 36

ayJIUTOPHBIX YacoB: JIEKUUU — 22 dyaca, JlabopaTopHble 3aHATHA — 12 4Yacos,
CEMHHApCKUe 3aHAThA — 2 yaca. U3 Hux:
Jlekuun — 22 wyaca, JlabopaTtopHble 3aHATHS — 12 4YacoB, ympaBisiemas

camocrositenbHas padota (YCP) — 2 yaca.
TpynoeMKoCcTh y4eOHOM TUCHUIIIIMHBI COCTABISET 3 3a4ETHBIC €ANHUIIBI.
dopma NpOMEKYTOYHOM aTTECTALUH — 3a4ET.



COJEPXAHHUE YYEBHOI'O MATEPHUAJIA

Pasznen 1 HaHOTeXHOJIOTMS KAK OCHOBHOE CTPaTernyecKkoe HanpaBJieHue
pa3BuTus 4eaoBeveckoil gesiteabHOcTH B XXI Beke. IIpo0JiemHoe moJie
HAHOXUMHUH

Tema 1.1 Beeoenue. Ponv Hanomexnoiocuii 6 cOBPEMEHHOM Mupe

Oco0eHHOCTH HaHOIPOOJIEMATUKU, €€ CBSI3b C JIPYTMMH OOJIACTSIMU HAYKH.
[TepcrieKTHBBI TPUMEHEHUSI AOCTHM)KEHUM HAHOTEXHOJOTMH B MATEPUAIOBEACHUM U
IIPOM3BOJICTBE MAaTEPUAIIOB, SJIEKTPOHUKE U BBIYMCIUTEIBHON TEXHUKE, OMOIOTHH U
MEAMIIMHE, a9POHABTHKE U KOCMUUECKHUX MCCIIEIOBAHUAX, SJHEPTETUKE U XUMUUECKON
IPOMBIIIJIEHHOCTH, OXpaHe OKpyXkatomeh cpeasl U 1ap. EcTecTBeHHble U
UCKYCCTBEHHbIC HAHOTEXHOJOIMH. BO3MOXHBIE SKOJIOIMYECKHE U COLMAJIbHBIC
MOCJIE/ICTBUS IPUMEHEHHSI HAHOTEXHOJIOTUH.

Tema 1.2 Hanoxumusa Kak Hayka

Dtamnbl CTAaHOBJIEHUS HAHOXMMUU Kak Hayku. [IpobnemHoe mojie HaHOXUMUMU.
OOBEeKThl M3y4YEHHs] HAHOXMMHH: KJIACTEPbl, HAHOYACTHIIbI, HAHOCTPYKTYPBHI,
CTPYKTYpbl C KBaHTOBO-pa3MepHbIM 3(dexkroM. Kpurepun kiaccudukanuum
HaHOOOBEKTOB. [loaxoap! kK co3nanuio HaHoMaTepuanoB. OCOOEHHOCTH CTPYKTYPHOM
OpraHu3alid HAaHOOOBEKTOB. Y HUKAJIbHbIE CBOMCTBA HAHOMATEPUAJIOB U IPUYMUHBI HX
BO3HHKHOBEHUS.

Pa3ngen 2 OcoOble cBOIiCTBA BelIeCTBA B HAHOCOCTOAHUH

Tema 2.1 Buympennuii pazmepnutit 3¢h¢hexm u ceoiicmea HaHOMamepuaios

[IpuurHBl BO3ZHUKHOBEHHUSI pa3MepHbIX d(D@exkToB. BHYyTpeHHUI W BHENIHHI
pasmepHbiil dpdekt. [IpospieHue BHyTpeHHEro pasMepHOro 3¢ @dexra B CBOMCTBAX
HaHoMatepuasioB. OCOOEHHOCTH  CTPYKTYpPhl M  MEXaHWYECKHE  CBOMCTBa
HaHOMAaTEpHUAJIOB. 3aBUCUMOCTh TBEPAOCTH HAHOMATEpPHAJIOB OT pa3Mepa YacTHll.
3akoH Xoima-Ilerya. PoranmonHHOE pa3ynmpOYHEHHME W CBEPXIUIACTUYHOCTD.
TepmoauHamMuueckue  OCOOCHHOCTH  MOBeAeHUsT  HaHoyactuil.  [IpoGriemsl
TEPMOJMHAMUYECKOTO OMHUCAHWUS HAHOCUCTEM. TepMOAMHAMHUKA XUMHYECKHUX
peakuuii ¢ yvactuem HaHodaz. DazoBwiii pasmepHblii 3¢pdekT. Kiaccuueckas
TEpPMOJMHAMHKA C YYETOM BKJIaJIa MOBEPXHOCTHOM sHepruu. HaHorepmoanmHaMuka
Xwia. CtatuctTudeckas TepMOAMHAMUKA HAHOCUCTEM. XMMHUUYECKas TEPMOANHAMUKA
cynpamoJiekys (HaHoTepMmouHamuka PycanoBa). KBaHTOBO-MeXxaHUYECKHE METObI
OMMCaHUsg HAaHOCHUCTEM. TeopeTudecKkue MOJIeNU IUJIAaBJICHUS HaHO4YacTHll. BrusHue
dbopMBI HAHOUYACTUI] HA TEMIIepaTypy IUiaBlieHus. PasmepHbie 2ppeKThl B KHHETHKE.
3aBUCUMOCTh XUMUYECKOW aKTUBHOCTH M PEAKIIMOHHOW CIOCOOHOCTH BEIIECTBA OT
pazmepa u (GopMbl 00pa3yromux ero yactuil. PazmepHbiii 23pDEKT U XUMHUUYECKUE
CBOMCTBA KJIACTEPOB U HAHOYACTHIL. POJIb COCTOSIHUS TOBEPXHOCTH U MOBEPXHOCTHBIX
peakuuii B HaHoxumuu. HaHopazmepHbIil kaTanu3. 3aBUCUMOCTh KaTaTUTHYECKUX
CBOMCTB KJIacCTEpOB OT HMX CTPOCHUS U pa3Mmepa. BO3MOKHOCTH MOJEKYJSIPHOTO
Jv3aiiHa aKTUBHBIX IeHTpoB. KaTanuThueckue CBOMCTBA HAHOYACTHUI[ METAUIOB U
MOJTYTIPOBOTHUKOB.



Tema 2.2 Bnewnuii pazmepnulit 3¢hghexm u ceoiicmea nanomamepuaios

VYcnoBus BO3HMKHOBEHMSI BHYTPEHHEro pa3mepHoro s¢dexra. OcodeHHOCTH
AIIEKTPOHHOM  CTPYKTYpbl TOJYNPOBOJHUKOBBIX HAHOKpUCTaoB. KBaHTOBO-
pa3MepHbiil 3G(eKT B MOTYNPOBOJHUKOBBIX HAaHOKpUCTaiax. McTopus OTKpBITHS
KBaHTOBO-pa3MepHoro 3ddexra. Pa3MmepHO3aBUCHMBIE ONTHYECKHE CBOMCTBA
MOJTyPOBOTHUKOBBIX HAHOKPUCTAIIJIOB. Y CIIOBUSI BO3HUKHOBEHUS JIOKATM30BAHHOTO
MOBEPXHOCTHOTO TUIa3MOHHOTO pe30HaHca. PasmepHbiii >PQexT U onTHuecKue
CBOMCTBa IUIA3MOHHBIX HAHOYACTHUIl (HaHOIUIa3MOHHUKA). DaKTOphI, BIUSIOIMIME Ha
CHEKTpaJbHbIE XapaKTEPUCTUKU TUIA3MOHHBIX HaHoudacTull. PasmepHbiit 3¢ dekT u
ONTUYECKHE CBOWCTBA HAHOYACTUIl C JUANICKTPUUYECKUMU MHU-pe30HaHCAMH.
OnTtuyeckuid MarHeTu3M. VI3MeHeHHe MAarHUTHBIX CBOMCTB HAaHOYACTHI] B
3aBUCUMOCTH oT pa3mepa. CynepnapamareTusm. ['urantckoe
MarHeTocornportuBiieHue. Pa3smepHblii  3p(dEeKT W IIEKTpUYECKUE  CBOMCTBA
HAaHOYACTHII.

Pa3znes 3 MeToab! oJIy4eHUs BelleCTBA B YIbTPAAUCIEPCHOM COCTOSIHUM

Tema 3.1 Obugue nooxoovl K nojydyenuro nHanomamepuanos. Duzuueckue
MemoObl NOSIYYEeHUA HAHOMAMEPUAI08

OOmiee mpeAcCTaBlieHHME O TEPMOJMHAMHUKE M KHUHETHKE MPOLECCOB
3apojbIlIico0pa3oBaHus W pocTa 3apojsiimield TBepaod ¢aspl. Bo3moxkHOCTH
YIIPaBIICHUS CTPYKTYPOM TBEPJIbIX TEJI IIPU BBIPAIIMBAHUN MOHOKPHUCTAIIIIOB, TUIEHOK,
MOPOIIKOB TyTEM PEryJIUPOBaHUS TEPECHICHUs (MEPEOXTaKICHUSI) B CHUCTEME.
OOmue NPUHIMIBI BBIPANIMBAHUS MOHOKPHUCTAJUIOB, TMOJUKPUCTAUIMYECKUX U
AMUTAKCUANIBHBIX IJIEHOK. Kiaccudukaruss METOIOB CHHTE3a HaHOYACTHII.
[IpuHIIUTIBEI CHU3Y-BBEPX U CBEPXY-BHU3. MeXaHHUECKHE CTIOCOOBI TUCTIEPTUPOBAHMUSI.
dusznyeckue METO/bl, OCHOBAHHBIE HA HWCMAPEHUU U KOHJAeHcanuu. Meron
AIIEKTPUUYECKOTO B3PhIBA MPOBOJHUKOB. METO] CYIIKH BHIMOPAKUBAHUEM U JIP.

Tema 3.2 Xumuueckue memoovl cuHmesza HAHOMAMmMepuaios

OG630p HauboJsiee pacCHpPOCTPAHEHHBIX XHUMHYECKUX METOJOB CHHTE3a
TBepao(da3HbIX MaTepuaioB. Bo3MOXHOCTH MOAU(UKALMK 3THUX METOJOB IS
MOJYy4YEHUd HaHOYacTUll. MeXaHOXMMHUYECKHM CUHTE3. JleTOHAllMOHHBIA CHHTES.
Kpuoxumuueckuii cuHTE3. [HMApOTEpMAnbHBIA W COJNBBOTEPMUYECKUN CHUHTES.
TBepnodaszHoe  BOCCTAaHOBJICHHE, TEPMHUYECKOE  PA3JOKEHHE, XUMHUYECKOE
BOCCTAHOBJICHME B OKUIKOW aze. ODnekrpoxumudeckuit cuHTe3. CuHTE3 B
rerepoda3HpIx cucTeMax (B MHUKPOIMYJBCHUSAX, OOpAaTHBIX MHIIEIIaX, Mex(pa3HbINA
cunte3). CHHTE3 B MOJUMEpax U JAeHApUMEpax. PaguallioOHHO-XUMHUYECKUE METO/IbI
(pamuonu3, WMMYJIbCHBIA paauonu3, ¢otonus). Mcmonp3oBaHue Ipyrux BHIIOB
m3nydyeHust (CBY, ynpTpa3ByK) B CHHTE3€ HAHOYACTHL. 30JIb-T€Ib-METOJ U €ro
Momupukanuu. DoOpMUpPOBAHHWE HAHOYACTHUI[I B XOJ€ KOJUIOMIHO-XUMHUYECKOTO
cure3a. Mogens Jla-Mepa. IIpuHOMIIBI TONYyYEHUS] MOHOAMCIEPCHBIX YAaCTHLI.
Metoasl obOecniedeHuss KOJUIOUJHOW YCTOMUYMBOCTH HAaHOYACTHIl. BO3MOXHOCTH
yrpaBiieHus pasMepoM M (OpMOM HAHOYACTHI] MPHU HCHOJb30BAHUM PA3THMUYHBIX
MeTOJI0B cuHTe3a. [lomydeHne HaHOTreTepOouyacTUll THMA SAPO-000J0YKa U TOJBIX
HAHOYACTHII.



Paznen 4 Co3nanne HAHOCTPYKTYP M aHcaMOJieid HAHOYACTHIIL.
Camoopranusanus

Tema 4.1 Memoowst co30aHus O0OHOMEPHBIX U OBYMEPHBIX aHcamonell
Hanouacmuy,

[TonsiTue o camocbopke u camoopranuzaruu. [Ipocreiinme cnocoObl co3aanus
aHcamOneld  HaHo4yacTUI] (MCHApEHHME KAk, MEJJICHHas JIecTaOWiIn3aluu
KOJUIOMJHBIX aucnepcuid u ap.). OcoOeHHOCTH (QOpMUPOBAHUS HAHOCTPYKTYP
paznuyHOM pa3mepHocTH (OJHO-, NIBY-, TpexMmepHbix). Co3gaHue OJHOMEPHBIX
HAHOCTPYKTYpP (HaHOIPOBOJIOKH, HAHOCTEPKHHU, HAHOTPYOKH). TeMIIaTHbIM CUHTE3.
Ponbp mMomudukaTopoB pocta ImpH CO3aHUKM HAHOCTPYKTYP aHU30TPOIHOU (POPMBI.
MexaHu3M pocTa HAaHOCTPYKTYP «Hap-KUAKOCThb-KpUCcTAI». Co3qaHue JBYMEPHBIX
HAHOCTPYKTYp. MonekynsipHo-inydyeBas snuTakcus. OcoOeHHOCTH (OpMHPOBaHUSA
AMUTAKCUAIIBHBIX HAHOCTPYKTYp. MeToa oca)kaeHus HAHOYACTHUIL U3 KOJUIOMJAHOIO
pactBopa. CaMOOpraHu3oBaHHbIE MOHOCHOM. Metoasl JleHrmropa-baomxertr wu
Jlenrmtopa-1lledepa. MosnekynsipHas caMoopraHu3alys 1 caMocOOpKa MaTepuasoB.
[TonsiTue 00 MepapxXuyecKux CTpyKTypax. MoJIeKyJIIpHOE U MOHHOE HACJIauBaHHE.
MeTon ocakJieHHUs aTOMapHbBIX CJI0E€B HA MOJIOKKAX U KOJUIOMAHBIX HAHOYACTULAX.
[TonM3neKTPOIIUTHBIE CaMOOPTraHU30BAHHBIE MOHOCIIOH. OJIEKTPO(OPETHUECKOE
OCKJIEHUE HAHOYACTHII.

Tema 4.2 Tpexmepuvie nanocmpyxkmypol. Hcnonv3oeanue 0uomoaekyn u
aumozpaguueckux memooos 0.1 CO30aHuUs HAaHOCMPYKHLYD

Camoopranuzaisi B TpEXMEpHBbIE CTPYKTypbl. KoJionaHble KpPUCTAIUIBL.
HckyccTBeHHble omnanbl. lcrnonb3oBaHue OMOMOJIEKYJ B CHUHTE3€ HAHOCTPYKTYD.
buomumerunka. JIutorpaguyeckue MeToibl CO31aHNUS HAHOCTPYKTYp. DIEKTPOHHO- U
MOHHO-TyueBast HaHonutorpadusa. [Ilpumenenue MmeromoB QoTomutorpaduu s
co3gaHusi HaHOCTPYKTyp. Komnmouanass nmurtorpadus HaHochepamu. HanomeuaTHas
mutorpadus. Msrkas nurorpadus. IleppeBas HaHomutorpadus. Onruyeckas
HAHOIEYaTh.

Pa3nen S Hanoxumus yriepoaa

Tema 5.1 Knacmepul yznepooa, (pynnepensi, y2nepoonvie HAHOMPYOKU U UX
npoOU3600HbIE: CUHMES, CEOIUCMEA U NPUMEHEHUA

Marsie kiactepsl yriepojaa, KpeMHus u 6opa. OyInepeHsl, HCTOPUS OTKPBITHS,
ciocoObl TONyueHUss U pazaencHus. Puznueckue W XUMHUYECKHE CBOMCTBA
dbymnepeHoB, TmpoOiemMa CTaOWUIBLHOCTH MalbiX  (yiuiepeHoB. Dyinepoub.
Oymnepunsl. DK30- U dHAOIApaANbHBIE (yiuiepeHbl. HekoBanenTHass moaudukaims
¢ynnepenoB. [lomyueHue u OCHOBHBIEC NMEPCHEKTUBBI MUCIOIB30BAHUS MPOU3BOTHBIX
dbymiepeHoB. YTiaepoJiHble HaHOTPYOKH, OCOOEHHOCTH CTPOCHHS, OJIHOCIONHBIC U
MHOTOCJIOMHbIE HAHOTPYOKU. B3aMOCBSI3b XUPAIBHOCTH YIJIEPOIHBIX HAHOTPYOOK U
ux (pusnyeckux cBOMCTB. OCHOBHBIE CIOCOOBI MOJTYYEHUS U OYUCTKH YIIIEPOJIHBIX
HAaHOTPYOOK. XHMMHUYECKHE CBOMCTBA YIVIEPOAHBIX HAHOTPYOOK. Moauduxanus
YIJIEPOJIHBIX HAHOTPYOOK (3all0IHEHHE BHYTPEHHHUX TOJIOCTEH, BHEPEHHE aTOMOB U
MOJIEKYJ B MHOTOCJIOWHBIE TPYyOKH, TPUBHUBKA (PYHKIMOHAIBHBIX TPYII K
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HOBEPXHOCTHU TPYOOK). YTiIepoiHbIe HAHOTPYOKH Kak MaTpulibl. Co3aaHue aHcaMOnen
U3 yTIEPOAHBIX HAHOTPYOOK.

Tema 5.2 Ipagen, yenepoonvie HAHOMOUKU U HAHOAIMA3bL: CUHME3,
c60licmea u nNPUMEHeHUs

['paden u ero cBs3b ¢ APYrMMH yTIEPOAHBIMU HaHOMaTepuaiamu. OCHOBHbBIC
METOIbl TOJY4YCHHs, CBOWCTBA W TMPHUMEHEHHUS TrpaeHa M €ro MNPOU3BOIHBIX.
Knaccudukanus yriepoaHblXx HAHOTOYEK IO COCTaBY, CTPYKType H MPHUPOJIE
JIOMUHECIIEHTHBIX CBOMCTB. MeTO/ bl TOTyUEHUS yIiepoaHbIX HaHOTOYeK. KBaHTOBO-
pa3MepHblil 3Q(deKT B rpa@eHOBBIX HAHOTOYKAX M €ro MPOSBIECHUE B ONTUYECKUX
cBoiicTBax. OnTHYECKHE CBOMCTBA aMOP(HBIX YIVIEPOJAHBIX HaHOTOuYeK. BimsHue
IOBEPXHOCTHBIX COCTOSIHUM Ha OINTHYECKHE CBONCTBA YIVIEPOJHBIX HAHOTOYEK.
[TpuMeHeHusl yraepoAHbIX HAHOTOYEK. AJAMAHTOUIBI. Y IbTPaJUCIIEPCHBIE aIMa3bl.
OCHOBHBIE METO/bI TIOJYYEHUS], CBOMCTBA U IPUMEHEHUS] HAHOAIIMA30B.

Pasznea 6 Hanoxumust MeTalJioB

Tema 6.1 Cunme3, ceoiicmea u NpumMeHeHUs K1acmepoé U HAHOYACHUY
Memannios

Oco0eHHOCTH KPUOCHHTE3a KiacTepoB MeTauioB. CBOWCTBA M NMPUMEHEHUS
KJIACTEpOB METAJIOB. PoJib HU3KOTEMIEPATypPHBIX pEaKIuii B CTAOMIN3AIMN aTOMOB
¥ MaJbIX KJIACTEPOB METANIOB B U3yYEHUHM HEOOBIUHBIX XMMUYECKHX PEAKIUA C MX
yuyactueM. CBOWCTBa KIJIACTEPOB W HAHOYACTUI METAJUIOB PAa3JIMYHBIX TPYIIII
[lepuonuueckoit cuctemMbl. MeETOJbI HANMPABICHHOTO CHHTE3a W CTaOWJIM3alUU
HAHOYACTUIl METAJUIOB C 3aJlaHHbIMU  Mopdosorueir u pasmepom. CrocoOb
peryiaupoBaHusi pasmepa U (POpPMbI TUIA3MOHHBIX HAHOYACTUIl METAJJIOB TpHU
WCIOJIB30BAaHUU PA3JIMYHBIX METOAOB CUHTe3a. [lonmydeHue HaHOYaCTHUI] METAILIOB
aHMU30TPONHON (OPMBI, YACTHIl AIPO-000710uKa. AHCAMOJIU HAHOYACTHUIl METAJIJIOB.
Konopumerpuyeckrie OMOCEHCOPHI HA OCHOBE TUIA3MOHHBIX HAaHOYACTHI[ METAJIJIOB.
Ycunenue curHana B CIEKTPOCKONUHU TUTAHTCKOTO KOMOMHAIMOHHOTO PaCCEsTHUSA C
MTOMOIIBIO IJIA3MOHHBIX HAHOMATEpHUaoB. Vcrnob30BaHuE JIa3MOHHBIX HAHOYACTHII
B (porokaTanuze u gorodnekrpokaTanuse. [I[puMeHeHne MIa3MOHHBIX HAHOYACTUIL B
OnomeauIMHe U HAaHO(DOTOHUKE.

Paznen 7 HaHoxuMus 1moJynpoOBOAHUKOB

Tema 7.1 Ilonyyenue u onmosjieKmpoHHble CEOUCHEA KEAHMOB0-PA3MEPHBIX
HOJIYRPOBOOHUKOBHIX HAHOKPUCMAILIIO08

CrmocoObpl  moJydeHHsi U OCOObIe  CBOWCTBAa  KBAaHTOBO-Pa3MEPHBIX
MOJIyITPOBOJTHUKOBBIX HaHOYACTHIl. KifoueBble HampaBiICHUS Pa3BUTHS METOJIOB
CHHTE3a KBAHTOBO-Pa3MEPHBIX IOJIYIIPOBOJHUKOBBIX HAHOYACTHI] (CHHTE3 C
UCIIOJIB30BaHUEM B KadecTBe crabwims3atopoB THoJ0B, TOP — TOPO cunres,
MOJIyYCHUE HAHOTETEPOYACTHII SAPO-000JI09Ka; CIOUCTHIX CHEPUUCCKUX YACTHI] —
cucreM “Quantum Dot Quantum Wells™). OcoOeHHOCTH TpUMEHEHUS ITUX MOJIX010B
NPU CUHTE3¢ HAHOYACTHI[ IOJYIIPOBOJIHUKOB PA3JIMYHBIX KJIACCOB. DJIEMEHTapHBIC
MOJIyITPOBOJHUKH (KpeMHHH B repMaHuii). OKCHUIHBIC W XaJbKOTCHUIHBIC CUCTEMBI.
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VYnpaBieHue CTPYKTYpPHBIMH M ONTHYECKHMMH CBOMCTBAMHM MOJyIPOBOJIHUKOBBIX
HAaHOKPHUCTAJUIOB METOJIAMH KOJUIOMIHO-XUMHUYECKOIO CUHTE3a. METOIbI MOTy4YeHuUs
Y OIITORJIEKTPOHHBIE CBOMCTBA KBAHTOBO-Pa3MEPHBIX HAHOKPUCTAIJIOB AHU30TPOITHOM
¢opmbl.  KBaHTOBO-pa3mMepHbIE  IMOJIYNPOBOJHHUKOBBIE  TI'€TEPOHAHOKPUCTAILIBI.
[ToympOBOTHUKOBBIE HAHOKPUCTAILIBI SIAPO-000JI0YKA: CUHTE3 M ONTOJIEKTPOHHBIE
CBONCTBA.

Tema 7.2 Ilpumenenusa noaynpo6OOHUKOBHIX KEAHMOBO-DAIMEPHBIX
Hanokpucmannog. Ceolcmea u NPUMEHEHUA CYOMUKPOHHBIX NOJIYRPOBOOHUKOBHIX
Hanouacmuy,

[IpyuMmeHeHne  MOTYNPOBOJHMKOBBIX ~ HAHOKPHUCTAUIOB B JUCIUICHHBIX
TEXHOJIOTUAX UM UCTOYHUKAX cBeTa. DOTOBOIBTANYECKUE YCTPOWCTBA U COJIHEUHBIE
OaTtaper Ha OCHOBE KBAHTOBBIX MOJYNPOBOJAHUKOBBIX HAHOKpUCTAIIOB. KBaHTOBBIE
MOJIyIIPOBOJJHUKOBBIE HAHOKPUCTAJUIBI B KauecTBE (IIYyOPECHEHTHBIX METOK MJis
BBICOKOUYBCTBHUTEIIBHOIO HMMMYHOaHanu3a. PoTokaTanu3 U (POTOKATATIUTUYECKUE
CUCTEMBbl HA OCHOBE IOJYNPOBOJHMKOBBIX HAHOYACTUL. MeToabl CO3JaHHs U
IpUMEHEHUs1 aHcamOJied KBAaHTOBBIX MOJYIPOBOJHUKOBBIX HAHOKPUCTAILUIOB U
THOPUJHBIX HAHOCTPYKTYp Ha HMX OCHOBe. (DOTOHHBIE KpUCTAUIbI: ONTHYECKHE
CBOMCTBAa W mnpuMeHeHHs. POoTOHHBIE 4YepHWIA. HaHOCTPYKTyphl C ONTHYECKUMU
TUAJIEKTpUYeCKUMU  Mu-pe3oHancaMu. [lepcriekTvBbl TPUMEHEHUS! HAaHOYACTHI
MOJIyIIPOBOJHUKOB U HAHOCTPYKTYpP Ha UX OCHOBE.

Pazngesn 8 MeToabl ucciieJ0BAHNSI HAHOMATEePHAJIOB

Tema 8.1 Onmuueckue memoowvl UCC1€006aAHUA 6 HAHOXUMUU

CnektpodoromeTpust B yIbTparOIETOBOM-BUANMOM JMara3oHe.
CnektpodayopumeTpusi B pekuMe  (HOTOIIOMUHECICHIIMM ¥ BO30YXKICHHUS
dboTtomoMunectieHuu. Bpemsi-paspeiienHas (hOTOTIOMUHECIIEHTHASI CIEKTPOCKOTIIHS.
MeTobl ONITUYECKON MUKPOCKOTTMU. MEeTO TMHAMUYECKOT0 paccesiHus ceeta. MeTton
AEKTPOHOPETUUECKOTO pACCESHUS CBETA.

Tema 8.2 Dazoeviit ananus eeuiecmea Memooom 3j1eKmponozpaguu

3agaun, pemaemble  MeToaoM  anekTpoHorpaduu  (OI).  Ilpuponma
B3aMMOJICUCTBUSL  DJIEKTPOHOB C  BemlecTBOM. Jludpakius dSJIEKTPOHOB Ha
KPUCTATMYECKON pemieTke TBepAoda3Hbix BemiecTB. OOIIMe MNpenCcTaBiICHUs o
npuHIMIE padoTel snekTpoHorpada. Co3gaHue MMydka OBICTPBIX SJIEKTPOHOB B
BBICOKOM Bakyyme. TpeOoBaHHS K Ty4YKy OJEKTPOHOB. [IpUHIUIIBI TMOTy4YeHUs
AIEKTPOHOTPAMM Ha «IIPOCBET» U Ha «OTPaXXE€HHE». THUMbI 3JIEKTPOHOrpaMM H
BIUSIHAE HA HUX CTPYKTYPHOW OpraHW3allid HUCCIeAyeMoro oObheKTa. YpaBHEHHE
Bynwda-bperra B snexkrponorpaduu. OnpeneneHne MEKIIIOCKOCTHBIX PACCTOSHUM.
To4HOCTH oOmpeneneHns MapaMeTpoB KPUCTAUIMYECKON pemetkn Mmerogom Ol
Pa3pemaromas crnocoOHOCTh MeTofa. dDakTophl, onpeaensomyue MUPUHY JUHUN U
pedyiekcoB Ha d3JIEKTPOHOrpamMMax; TMPUYUHBI YIIUPEHUS JUHUNA. DaKkTophl,
BIIMSIONIME HA WHTEHCHUBHOCTh JIMHUW W/WUiU PEeJIEKCOB Ha DJIEKTPOHOIpPaMMax.
[Ipumenenue DI s uccnenoBanusi (az3oBOr0 COCTaBa HEOPraHWYECKUX BEIECTB
pa3HOM CTPYKTYpPHOM OpraHu3aiiuu (30J14 U CyCIIEH3UH, ABIMbI U a3P030JI1, TOPOIIKH,
TOHKHE TUICHKH, MOHOKPHUCTAJUIbI, MOJUKPUCTATUIMYECKHE TBepbie Tena). [lneHku-
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NOMJIOKKU /11 TPernapupoBaHusl YJIbTpaJuCHepCHbIX 00bekToB. [loaroroska
MAaCCHUBHBIX 00BEKTOB K DI -HCCIeNOBAHMIO: CTTIOCOOBI MEXaHUYECKOTO, XHMHYECKOTO,
AJIEKTPO- M TUIA3MOXUMUYECKOTO M3TOTOBIICHHUSI TOHKHX CJIOEB, TOJIYYCHHE TOHKHX
MJICHOK METOJI0OM TEPMHUYECKOTO UCIIapeHHs B BakyyMme. JloCTOMHCTBA M HEAOCTATKH
OI' B cpaBHeHMH C JpYyruMU AUQPPAKIIMOHHBIMH METOAAMH HCCICIOBAHUS, WX
npuanHbl. Mecto metona DI cpenu Apyrux METOI0B MCCIEIOBAHUS CTPYKTYPHI U
($ha30BOTO COCTaBa TBEPIBIX TEI.

Tema 8.3 Ilpoceeuusarouwian IneKmpoHHAA MUKPOCKORUA

3amauu, pellaeMbleé METOJOM MPOCBEUMBAIOINICH SJEKTPOHHOW MHUKPOCKOIHH
(ITBM). HuddysHoe paccesHHe 3JIEKTPOHOB BEIIECTBOM. [IpUHIMIBI MOTYYEHUS
M300pKEHU OOBEKTOB C HCIOJIB30BAHMEM ITy4ka OBICTPBIX JJIEKTPOHOB B
MIPOCBEUMBAIONIEM JJIEKTPOHHOM MHKpockomne. lcnonb3oBaHuE BOJHOBBIX H
KOPIYCKYJIIPHBIX CBOMCTB JJICKTPOHOB IS TMOJYYEHUS YBEJIMYEHHBIX KapTUH
nuddy3noro n audpakiimoHHOro paccesHus. [IpeacraBienre 00 3IEKTPOMArHUTHBIX
JMH3aX U METOJIE PETYIMPOBAaHUS YBeIHMUeHUs n300paxeHuii. KonTpacT nzo0paxeHus
U OTIpEJIeIISIIoNTUE ero (haKTOPHI: MPUPOJIa BelecTBa (TIOPSIKOBBIN HOMED JIEMEHTOB,
3aps B y3JIaX KPUCTALTHYCCKON PEMIeTKH, TUIOTHOCTH), TOJIIMHA aHATU3UPYEMBIX
clioeB Wi BennyuHa yactull. OOmme cBefaeHHs 00 YCTPOHCTBE AIIEKTPOHHOTO
MHUKpPOCKOIIa TPOCBEYMBAIONICTO THMA. METOAsl BU3yadu3aluu WHGOPMAIIHH.
[IpencraBienuss 0 paspelariieii CrocOOHOCTH W BIMSHUM HAa HEE Pas3JIMYHbIX
daktopoB. Cdepuueckas u xpoMaruueckas abeppaiusi AJIEKTPOMArHUTHBIX JIUH3.
Oynkiuu nuadparm. [IpenapupoBanue o0pasnoB Aig uccieaoBanus. [loaroroska
UCCJICIOBAHUIO JIMCIIEPCHBIX OOBEKTOB (30JIM W CYCIEH3WH, JBIMBI U a’pO30JIH,
MOPOIIKH, HAHOCTPYKTYpPHBbIE OOBEKTHI) METOAAMH MPSMOTO MpernapupOBaHMUSL.
N3roToBiieHne perivuK MOBEPXHOCTH JAUCIEPCHBIX U MACCUBHBIX OOBEKTOB: OJHO- U
JIBYXCTYTIEHYAThI€ PEIUIMKH, TPUEMbl PACTBOPEHHUS HCCIEAYEeMOro OOBEKTa H
MEXaHUYECKOTO OTClanBaHMs peruk. CoueTaHne MPSMBIX U KOCBEHHBIX METOJ/IOB
NpenapupoBaHus ISl MCCIEIOBAHUS TETEPOTEHHBIX CHCTEM. BBIOOp MeToauKu
MpenapupoBaHus B 3aBUCHUMOCTH OT TPHUPOJBI M MHKPOCTPYKTYPBI HCCIIEITYyEMBIX
00BeKTOB. BrusHue METONWKHM TpenapupoBaHWsl HA KOHTPACT HU300paKCHUS,
pa3pemaroiy0 CIOCOOHOCTh PEIUIMK, XapakTep TOodydaeMol HH(POpMAIUH.
KonmuuectBennas o60pabotka pesynbTatoB I[IOM (THcTOrpaMMbl U KpPUBBIC
pacripefiesieHuss 4Jactui] 1mo pasmepam). Mecto [IOM cpenu napyrux MeToAoB
ucciaenoBaHusT MOPQOJIOTHH TMOBEPXHOCTH MACCHUBHBIX U JIUCIIEPCHBIX OOBEKTOB,
ne(eKTHOM CTPYKTYphl TBEPJOTEIBHBIX MaTepuaaoB, GOPMbI U pPa3MEpOB YACTHII
HEOPTaHUYECKUX BEIIECTB B AUCTIEPCHOM COCTOSTHHH.

Paznen 9 UcciienoBanusi 10 HAHOXMMHUYECKOH NPo0JIeMaTHKe, IPOBOAMMbIE B
Pecny0sinke Benapych u 3a py0e:komM. IKOJOTH4eCKNUH aCIeKT HAHOTEXHOJI0TUHU

Tema 9.1 Tenoenyuu pazeumus HAHOHAYKU U HAHOMEXHOIO02UU 6 MUpE U 8
Pecnyonuke benapycoe. Bauanue nanomamepuanoé Ha OKpYICanouwiylo cpeoy u
300po6be uenosexa

CoBpeMeHHOE COCTOSIHME HCCIEIOBAaHUN IO HaHOIMpoOjemMaTuke. MupoBbie
Hay4dHble Tpynmnbl. [lepcnekTuBbl HayuyHbIX pa3paboTOK B 00JACTH HAHOTEXHOJIOTHIA.
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AKTtyanbHble TpoOJieMbl HAaHOXMMHMHU. OCHOBHBIE HAIIpaBJIEHUs HCCIENOBAaHUN IO
HaHompoOnemaruke B PecyOnuke benapycs. Hayunsle opranuzanuu u mporpaMmBbl.
OKHCIUTENbHO-BOCCTAHOBUTEBHBIE MPOLECCH B CBETOUYBCTBHUTENBHBIX CIIOSIX Ha
OCHOBE TaJIOTeHHJ0B cepeOpa. IlomydyeHne HaHOpa3sMEPHBIX YacTUL[ METAUIOB H
MaTEepUaJIOB HA UX OCHOBE JUIS PA3JIMYHBIX IPUMEHEHHU. HaHOCTpyKTypHpOBaHHBIE
OKCH/IHBIE U THIPOKCHIHBIE CUCTEMBI. KaTann3aTtopsl ¥ ra30BbI€ CEHCOPBI, INIEHOYHBIE
CTPYKTYpHI, (popmupyemble pa3nuyHbIMU crioco0amMu. CTPYyKTypbl C KBaHTOBO-
pazMepHbIMU 3 (EeKTaMH Ha OCHOBE XaJIbKOI€HHJIOB MeTayioB M Jp. [locTaHoBka
npo0OJieMbl M OLIEHKAa PUCKOB IIPH MCIIOJIB30BAHMM HAHOYACTUI[ U HAHOCHUCTEM B
pa3IMYHBIX O00JIACTSAX YEJIOBEUECKON MAESITENBbHOCTH, OXpaHa TpyJda B OTpacisix,
UCITOJIB3YIOLIMX HAHOTEXHOJIOIMH. BOo3/1elicTBE HAHOYACTHI] HAa OKPYKAIOIYIO Cpey
Y KMBbIE OpraHu3Mbl. HAaHOTOKCHKOIIOTHS.
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YYEBHO-METOJUYECKASI KAPTA YUYEBHOM JUCHUIIJINHBI

Ounas (1HeBHas) popMa MOIyYEHHS BBICIIETO 00pa30BaHus C IPUMEHEHUEM JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUH
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HAHOXMMMHH
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MHpEC 2 0bCyKIeHHE
1.2 | HaHoxuMus Kak HayKa
2 | OcoOble cBOICTBA BelIeCTBA B HAHOCOCTOSIHUU
71 BuyTtpennuii pazmepssiii 3pPexT u cBoicTBa
' HAaHOMAaTEepUaIoOB
" " " 4 00CyXIeHue
29 Buemnuii pazmepHsIil 3 ekt u cBoiicTBa
| HAHOMAaTEPHUAJIOB
3 MeToab! n0JIy4YeHus BelllecTBA B
YJAbTPAAUCIIEPCHOM COCTOSTHUU
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061111/16 IMOAXO0AbI K IIOJIYYCHUIO HAHOMATCPHUAJIOB.

3.1
@u3nYeCKUe METOIBI TOIYYEHUS] HAHOMATEPUAIOB
2 o0CcyXIeHHE
3.2 | XuMHYECKHE METO/Ibl CHHTE3a HAHOMATEPUAJIOB
4 Co3paHne HAHOCTPYKTYP U aHcamMOJIel
HaHo4acTul. CamoopraHusanus
41 MeTonbl co31aHMs] OMHOMEPHBIX M IBYMEPHBIX
" | ancamOJield HAHOYACTHUI] 00CcyXKeHue,
TpexmepHble HAHOCTPYKTYpHI. Vcrions3oBanue 4 KOHTPOJIbHAsA
4.2 | OGMOMONEKY U TUTOTPaPUUECKUX METOJIOB JJIS pabora
CO3JaHUsI HAHOCTPYKTYP
S | Hanoxumus yrJiepoaa
Knacteps! yrinepona, pymiepensl, yriiepoHbie
5.1 | HaHOTPYOKHU M X MPOU3BOJHBIE: CUHTE3, CBOWCTBA U
MPUMEHEHUS 4 o0cyXIeHHe
59 ['paden, yriepogHble HAHOTOUYKH U HAHOAIMA3bI:
" | cuHTE3, CBOMCTBA U IPUMEHEHHUS
6 | Hanoxumus MeTa/JIOB
. o0OcyXKaeHue,
CuHTe3, CBOMCTBA M MPUMEHEHHUSI KIACTEPOB U
6.1 2 KOHTPOJIbHAs
HAaHOYACTHIl METAIIJIOB
pabora
7 | HaHOXMMHUS MOJIYIIPOBOAHUKOB
71 [ToyyeHue 1 ONTORIEKTPOHHBIE CBOMCTBA KBAHTOBO- 4

PasSMCPHBIX ITOJYIIPOBOJHUKOBBIX HAHOKPHUCTAJIJIOB
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[IpuMeHeHus MOTYTIPOBOJHUKOBBIX KBAHTOBO-

. o0cyxieHue,
pa3MepHbIX HaHOKpHCcTaLuioB. CBOICTBA U
7.2 KOHTPOJIbHAs
MPUMEHEHUST CyOMHKPOHHBIX MTOTYTPOBOTHHUKOBBIX aGoTa
HAaHOYACTHII P
8 | MeToabl ucciie0BaHUSI HAHOMATEPUAJIOB
8.1 | Onruueckue METO bl UCCIEOBAHUS B HAHOXUMUHU o0cyxaeHue, scce
27 ®da30BbIil aHAJIU3 BEIIECTBA METOJIOM
" | anekTpoHorpaduu
MUCbMEHHBIN OTUET
Ipenapuposanue 06vexkmos 0 UCcied08aHUs
MemoooM IneKmponozpaguu (yiempa- u © BBITIOTHEHHH
82.1 pOnop VAP 1abopaTopHOI
HaHoOucnepcHvie 00beKmbl, MACCUHble Mmeepoble .
paboThl, YCTHBIN
mena)
ompoc
MUCHbMEHHBIN OTYET
O BBITIOJTHEHUHU
Onpedenenue ¢hpazoo2o cocmasa eewjecmsa no e2o .
822 nabopaTopHOi
91€KMPOHOZpAMME .
paboThI, YCTHBIN
orpoc
8.3 | IIpocBeunBaronias 31€KTPOHHAs MUKPOCKOITHS
MMUCbMEHHBIN OTYET
IIpenapuposanue cepuu mooenvHulx 06pa3yos 014 O BBITIOJTHEHU U
8.3.1 | 91eKMpPOHHOMUKPOCKONUYECKO20 UCCIe008aAHUS n1abopaTopHOi

NpAMbIMU memooamu u Memooamu peniuk

paboThl, yCTHBIH
oTpoc
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Kauecmeennoe u xonuuecmeennoe onucanue

MUCHbMEHHBIN OTUET
O BBITIOJTHEHUH

830 | Pesyrvmamos uccneooganusi memooom [IOM. 4 gzggg :ITOpHOH
7 | Hpunyun Odeticmsus 51eKmMpoOHHO20 MUKPOCKONA ’
npoceeuusawe2o mund cobecenioanue,
KOHTPOJIbHAs
paboTta
HccaenoBanus mo HAaHOXMMHUYECKOH
9 npodJieMaTuke, NpoBoanMbie B Pecmy0sinke
Benapych u 3a pydeskomM. IKOJIOTHIYECKHUI aCIEeKT
HAHOTEXHOJIOTHH
TenaeHIMM pa3BUTHS HAHOHAYKU U HAHOTEXHOJIOTUU YCTHOE
9 |BMUPEHB Pecnyonuke benapyce. Biusuaue BBICTYIUIEHUE C
HAaHOMAaTEPHUAJIOB HA OKPYKAIOILYIO CPEAY U MPE3CHTAIUEN,
3I0POBBE YEIOBEKA o0cyXIeHHe
Bcero yacos 22 12
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NHOOPMAIMOHHO-METOANYECKAS YACTD

OcHoBHasl iuTEpaTypa

1. BBenenue B HaHOXHMHUIO: yueOHOe mocobue s By30B / JI.H. baunos, N.JI.
[Tepdunona, B.B. [Tomskosa, A.B. Cemenua, H.W. KpsutoB — 2-¢ u3z., crep. — CaHKT-
[TerepOypr: Jlanb, 2024. — 80 c.

2. TlonenoB 10.B. ®u3nko-XxuMHUYECKHE OCHOBBI HAHOTEXHOJOTHM: Yy4eOHHK
it By30B / FO.B. Tlonenos, E.B. EropoBa — 2-e u3j., crep. — Cankrt-IlerepOypr: Jlans,
2023.-180c.

JlonoJiHUTEIbHAS JIUTEPATypa

1. TapaceBuu, I0.I'. TepmoguHamuka HaHOpa3MepHBIX cucteM: nocodue / HO.
I'. TapaceBuu. — I'poano : I'pl'Y, 2022. — 49 c.

2. Cepreesa, O.B. Beaenue B HAaHOXHMHIO: TTocoOure 11 cTya. Xxum. pak. / O.B.
Cepreena, C.K. PaxmanoB. — Munck: bI'Y, 2009. — 177 c.

3. PakoB, D.I'. Heoprannueckne HaHomaTepuasbl: yuyeOHoe mocooue / DO.I.
PaxoB. — 3-e uza. — Mockga: Jlaboparopus 3Hanuii, 2020. — 480 c.

4. Jlucnukun, I'.B. XvMHsl NOBEpXHOCTH HEOpraHudeckux Hanoyactuy / I'.B.
Jlucuukun, A.1O. Onenun, .. KynakoBa. — M.: Texnocdepa, 2020. — 380 c.

5. Ceprees, I'.b. Hanoxumus / I'.b. Ceprees. — 2-e uza., ucnp. u aom. — Mockpa:
N3a-Bo MockoBckoro yH-Ta, 2007. — 336 c.

6. BopoOnesa, T.H. Xumus tBepaoro tena: yued. mocobue i CTy/l. XUM. CIell.
yupexaeHuii, obecrned. nomydeHue Bbicil. obpazoBanus / T.H. Bopobnéra, A.W.
Kynak. — Munck: BI'Y, 2004. — 148 c.

7. Crapoctun, B.B. Martepuanbl 1 MeTo1pl HAHOTEXHOJIOTHIA: y4el. mocodue /
B.B. Crapoctun; ox obm. pea. JI.H. IlatpukeeBa. — 2-¢ u3n. - Mocksa: BMHOM.
JlaGoparopus 3Hanui, 2017. — 431 c.

8. Hpsiukos, I1.H. DnekTpoHHbIe cBOWCTBAa U MpUMeHeHne HaHoTpyOok / I1. H.
HpsiuxoB. — M.: BUHOM. Jlabopatopus 3nanuit, 2020. — 488 c.

9. Hanoctpykrtypsl B Onomenuuune / nox pen. K. I'oncanec, K. Xans0epmranr,
K. JIopencun, JI. Haup; niep. ¢ anri. — 4-e u3 ., a3nekTpoH. — M.: JlTaGopaTtopust 3HaHUH,
2020. - 538 c.

10. XaptmanH, Y. OuapoBanue HaHOTEXHOJIOTHH / Y. XapTMaHH; Mep. C HEM. —
5-e uzn. — Mocksa: Jlaboparopus 3nanuii, 2021. — 176 c.

11. EmuceeB, A.A. @yHKIMOHATBLHBIE HAHOMATEPHUABL: yue0. mocobue / A.A.
Enucees, A.B. Jlykamun; non pen. FO.J. TperbsikoBa. — MockBa: ®U3MATIIUT,
2010.—-452 c.

12. Buts3s, [1.A. OCHOBBI HAHOTEXHOJIOTUH ¥ HAHOMATEPHAJIOB: yuel. mocodue
st cTyn. Texamueckux yH-ToB / ILLA. Butsass, H.A. CBumyHoBud. — MuHCK:
Brmmmsimnias mkona, 2010. — 302 c.

15. AprembeB, M.B. HoBble HEopraHnueckue COCIWHEHUS W MaTepuaibl Ha
OCHOBE MUKPO- 1 HAHOPA3MEPHBIX YaCTHII: ITOTyUYEHUE, CBOKMCTBa, puMeHeHue / M.B.
AptembeB, A.U. JlecuukoBuy, O.A. UBamkesuy; bI'Y. — Munck: bBI'Y, 2015. — 151 c.
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16. Marepuasibl 1 METOJIbI HAHOTEXHOJIOTHH: y4eb. mocooue / A.A. Pemnens,
A.A. Baneea. — ExarepunOypr: U3a-so Ypan. yu-ta, 2015. — 136 c.

17. CoBpemMeHHBIE METO/bl MCCIEAOBAHUSA KOHJICHCUPOBAHHBIX MaTEPHUAsOB:
Kypc nexuuit qist crya. ¢usud. u xum. gax. / B.b. Omxaes, [.B. Cupunos, 1.A.
Kapnosuu, B.B. Ilonapsanos; B aBr.pen. — Mu.: bI'Y, 2003. — 82 c.

18. CysznmaneB, W. II. HanorexHonorus. ®uU3MKO-XUMUS HAHOKJIACTEPOB,
HaHOCTPYKTYp U HaHnomatepuaios / W.I1. Cy3naneB. — U3n. crep. — MockBa: URSS:
JIu6poxom, 2019. — 589 c.

19. Brnacos, A.W. DnexTpoHHass MUKpocKomus : yue6. mocodue / AWM. Bnacos,
K.A. Encykos, N.A. Koconanos. — M. : U3g-Bo MI'TY um. H. O. baymana, 2011. —
168 c.

20. Annpeesa, B.J[. DnekTpoHHass MUKPOCKOMHS MaTepUalioB: yuel. mocodue /
B.Jl. Aunpeesa, 1.W. I'opmikos. — CII6.: M3a-Bo [loauTexH. yH-Ta, 2016. — 139 c.

21. Mopozora K. H. OcHOBBI 371€KTPOHHON MUKPOCKOMUU: y4eOHOE mocooue
JUTS By30B. — 2-¢ u3a. — M.: FOpaiit, 2022. — 84 c.

22. TannsamoB M.O. MeToabl ONTHYECKOM M 3JICKTPOHHOM MHMKPOCKOIIHMU:
KJIACCUYECKUM YHUBEpPCUTETCKUHN yueOHuk. — M.: MI'Y, 2024. —224 c.

23. Ozin, G.A. Nanochemistry. A chemical approach to nanomaterials / G.A.
Ozin, A.C. Arsenault, L. Cademartiri. — RCS Publishing, 2023. — 874 p.

24. Prospects of colloidal nanocrystals for electronic and optoelectronic
applications // D. Talapin [et al.] / Chem. Rev. —2010. — Vol. 110. — P. 389-458.

25. Present and future of surface-enhanced Raman scattering / J. Langer [et al.] //
ACS Nano. 2020 — Vol. 14, No 1. — P. 28—117.

26. Amirjani, A. Plasmon-enhanced photocatalysis based on plasmonic
nanoparticles for energy and environmental solutions: a review / A. Amirjani, N. B.
Amlashi, Z. S. Ahmadiani // ACS Appl. Nano Mater. —2023. —Vol. 6, No 11. —P. 9085—
9123.

IlepeyeHb pekoMeHyeMbIX CPEACTB AMATHOCTUKH U METOAUKA (popMUPOBaAHUS
HUTOTOBOM OTMETKH

OOBEKTOM TUAarHOCTUKHU KOMIIETECHIINI CTYJIEHTOB SIBJISIFOTCS] 3HAHUSI, YMEHUSI,
MOJIyYeHHbIE MMM B pe3yJibTaTe€ H3Y4YeHUs Y4eOHOU MUCIUILUIMHBI. BrelsBleHME
Y4EOHBIX JIOCTHXKEHHUM CTYAEHTOB OCYIIECTBIACTCS C TOMOIIBIO MEPONPUSITUI
TEKYIIECH U MPOMEKYTOYHOM aTTECTAIWH.

JInst TMarHOCTUKU KOMITETEHLIUM MOTYT MCIIOJIb30BATHCS CIEAYIOIINE CPEACTBA
TEKYIeH aTTeCTallMh: YCTHBIM OMpPOC; KOHTPOJbHAs paboTa; 3cce; 00CyXKICHHE,
YCTHOE BBICTYIUICHHE C TMPE3CHTAIMEH; coOeceoBaHNe; MUCHMEHHBIH OTYET O
BBITIOJIHEHUU JTA00PaTOPHOI pabOTHI.

dopMoil MPOMEKYTOUHOM aTTeCTaluu Mo JuciuIuinHe «M30paHHbIe TIaBbI
HAHOXUMUWY YUEOHBIM IUIAHOM MPETyCMOTPEH 3a4eT.
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IIpumepHBIN MepeyYyeHb 3aJaHIH VISl YIIPABJIsIeMOii CaMOCTOATEILHOM PadoThI

Tema 8.1 Onmuueckue memoont uccineooeanus 6 Hanoxumuu (1 u)

Hamncanne scce mo TeMaTWKe, CBA3AHHOM C OCOOCHHOCTSMU NPUMEHEHHS
ONTUYECKUX METOJIOB MCCIEIOBAHMUSI HAHOMATEpHUAJIOB Ha mpakTuke. [Ipumepsl Tem
acce:

1. Cnextpodoromerpusi B YD-Bugumom guanazoHe. CyTb W TpaHUILBI
IPUMEHUMOCTH METO/Ia, CXEMa OJHOJYYEBOIr0 CIIEKTpOo(oTOMETpa

2. CIexTphl HOIJIOMIEH S MTOIYIIPOBOAHMKOBEIX KBaHTOBBIX Touek ABV!:
oO11ast CTpyKTypa, pasmepHbie 3G (HeKThl, UHTEPIpETalUs

3. CrexkTpbl MOIJIONIEHUS YIJIEPOAHBIX KBAaHTOBBIX TOYEK: 0OIIas
CTPYKTYypa, pa3MepHble 3G (HeKTbl, UHTEPIpETaUs

4. CrexTpbl HSKCTUHKIIMU HaHOcdep cepebdpa: CTpyKTypa, pa3MepHbIe
3¢ deKThI, UHTEPIpPETALIUS

5. CrekTpbl SKCTUHKIMM HAHOKYOOB cepedpa: CTpyKTypa, pa3MepHbIE
3¢ (eKThI, UHTEPIPETALINS

6. CrexkTpsl JKCTHUHKIMM HAHOCTEp)KHEH 30Ji0Ta: 00mIas CTPYKTypa,
pa3MepHble 3PPEeKThl, HHTEPIpETauUs

7. Cnextpodayopumetpusi: CyTh U TpaHULIBI IPUMEHUMOCTH METO/1a, CXeMa
criekTpodiryopumerpa

8. CrnexTpbl POTOMOMUHECIICHIIUHN TTOTYTIPOBOJHUKOBBIX KBAHTOBBIX TOUEK
A"BV!: o0Omas ctpykrypa, pasmepHbie 3P (EKTHI, HHTEPIPETALMS

9. CrexTpbl BO30YXIeHUSI (OTOTIOMUHECIICHIIUN TOJTYTPOBOHUKOBBIX
kBaHTOBBIX Touek A'BVY!: 00mmias crpykrypa, pasmeprsie 3G (EKThI, HHTEPIPETALHS

10. Bpewms-pa3penieHHas CIIEKTPOCKOIUS (OTOTOMUHECTICHITHH.

WuTtepnperaiiysi KpUBBIX 3aTyXaHUs! (POTOTIOMHUHECIICHITIH

I11. Merog AWHAMHUYECKOTO pacCessHUSI CBETa: CyThb METOJa, CXema
DKCIEPUMEHTA M0 HW3MEPEHUIO THAPOAMHAMHYECKOTO pa3Mepa  KOJUIOMIHBIX
HAaHOYACTHII

12.  Meron IUHAMUYECKOTO paccessHus cBeTa: (PaKTophl, BIUSAIONIME Ha
TOYHOCTB IKCIIEPUMEHTA, aHAJIN3 ABTOKOPPEIIILIMOHHON KPUBOM

13.  Meroxa 3mekTpodOpEeTUIECKOT0 pacCesiHUsl CBETa: CyTh METO/a, cXema
DKCIEPUMEHTA 110 U3MEPEHUIO I3ETA-ITOTEHIINAIIA KOJUIOUIHBIX HAHOYACTHIL

14. Merogpl ONTUYECKOW MHMKPOCKOIIMH, IPUMEHSEMbIE B HAHOXHWMHH.
Crnioco0bI ipeoosieHrs TudpakIMOHHOTO TIpeiena

15. TeMHomnonbHAas ONTUYECKAsT MUKPOCKONUS IJIA3MOHHBIX HAHOYACTHI]

16. IlpumeneHue HOTOTFOMHUHECIIEHTHON MUKPOCKOITUY B HAHOXUMHH

(@opma KOHTpPOJIA — ICCE).

Tema 9.1 Tenoenuyuu pazeumus HAHOHAYKU U HAHOMEXHOI02UU 6 MUpE U 8
Pecnybnuke Benapycv. Bauanue nanomamepuanoe Ha OKpysucarouwyro cpeoy u
300poeve uenoseka (1 u)

[IpencraBneHre yCTHOTO MOKIana C Mpe3CHTAIMel MO 3aJaHHOW TeMAaTHKE,
0OCY>KJIeHHE TOKJIaa B CTYJCHUYECKOH TpyTIIe.

(dopma KOHTPOJISI — YCTHOE BBICTYIUUIEHHUE C MPE3EHTAIUel, 00CYyKIeHuE).
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IIpumepHbIi NepevyeHb JA00PATOPHBIX 3AHATHI

1. ITpenapupoBanre 0OBEKTOB JIJIsI UCCIICAOBAHUS METOAOM 3JICKTpOHOTpaduu
(YIpTpa- ¥ HAHOJWCIIEPCHBIC OOBEKThI, MACCHUBHBIC TBepibic Tena). OmpeneicHue
($a30BOT0 COCTaBa BEIIECTBA IO €T0 AJICKTPOHOTPAMME

2. [IpenapupoBanue cepum MOJIEIIbHBIX 00pa3ioB InIE:
AIEKTPOHHOMUKPOCKOIMYECKOTO HCCIEAOBAHUS MPSMBIMU METOJIAMU U METOJAMU
PEIUIUK

3. KauecTBeHHOE U KOJMYECTBECHHOE OIMCAHHE PE3YIILTATOB HCCIICAOBAHUA
MCTOJOM I[IOM. HpI/IHHI/IH I[CﬁCTBPIH QJICKTPOHHOTI'0O MHUKPOCKOIIA ITPOCBCUYUBAIOIICTO
THUIIA

Onucanve HHHOBAIIMOHHBIX MO/X0/I0B M METOA0B K NPEeNnoJIaBaHUI0 YueOHoil
AUCIHUILINHBI

[IpenonaBanue ydeOHOW nUCHMIUIMHBL «l30paHHbIE TJIaBbI HAHOXUMUUW»
IpeaycCMaTpuBaeT MPOBEACHUE JIEKIUH, CEMUHAPCKUX, JA0OPATOPHBIX 3aHSITHI.
Opranuzanus yueOHOro npouecca rno gucuuiuinie «30panHbie riaaBbl HAHOXUMUM)
IpPEANnojaraeT MCNOJIb30BAHUE pAJla HWHHOBALMOHHBIX MOAXOJOB U METOJOB:
o0yyarouie-ucciae0BaTe/IbCKoro, IBPHUCTHYECKOIO, NMPAKTUKO-
OPUEHTHPOBAHHOI0, PA3BUTHS KPHUTUYECKOI0 MBbIILIEHHUSI, METOJAa AHAJU3A
KOHKPETHbIX CUTyaluil (Keiic-MeTox).

VYyeOHblli  mporiecc, OpPraHU30BaHHBI  HAa  OCHOBE o0yuaromie-
HCCJIEI0BATEILCKOTO0  NPUHIMINA, Tpu3BaH  (QopMupoBarb y  CTYJCHTOB
UCCIIEIOBATENbCKUE YMEHUS, AHAIUTUYECKUM XapakTep MbIILJICHUS, TBOPYECKUI
MOAXO/A K PEHICHUI0 Pa3HOOOpa3HbIX 3a/Jady, YMEHHE padoTaTb B KOJUICKTHUBE B
MPOIIECCE€ HW3YUYEHHs NPOrpaMMHOro marepuana. I[Ipu mpoBeneHHH CEMUHApPCKUX
3aHATHI TIpernojaBareib (HOpPMYyIHUPYET OTKPBHIThIC 3a7aHUsi, KOTOPHIE CTAHOBSTCS
NpeaMeTOM  OOCYXXJICHMS,  NPUMEHSs]  JIBPUCTHYECKHH W NPAKTHKO-
OPUEHTUPOBAHHBI  moaxoabl.  OJHOBPEMEHHO  Pa3BUBAIOTCS  HABBIKH
KPUTHYECKOr0 MBbIIJIEHUsI, CBA3aHHbIE C TTOHUMaHMEM Hay4yHOU HHpOpMAIUU U
ciocobamu ee TpaHchopmanuu. IIpu opraHuzanuu JEKIIMOHHBIX U CEMUHAPCKUX
3aHATHN TPUMEHACTCS KeMC-MeTOod, MPEANoiararliil pacCMOTPEHUE MNPUMEPOB
peabHbIX HAay4YHO-UCCJIEAOBATEIbCKUX 3aJlad M aHaJIUu3 KOHKPETHBIX MPOOJIEMHBIX
CUTyalluid Ha OCHOBe MH(GOpPMAlUU TPENoaaBaTess U JUTEPATypPHBIX HWCTOYHHUKOB,
COOCTBEHHOTO OTIBITA.

MeToan4yeckue peKOMEHIAIMY 110 OPraHU3ANMH CAMOCTOATEIbHON padoThl

[Ipu opraHmzamuu CcamMoOCTOSITEILHOW pabOThl CTYJACHTOB IO y4eOHOM
mucrutinHe  «l30paHHBIE TIaBBl HAHOXMMHHN» HApsAy C TPaaUIIMOHHBIMH
UCTOYHUKAMU WHPopMaruu (y4eOHHKH W y4yeOHBIE TMOCOOWs, B TOM YHUCIE H
NOATOTOBJICHHbIE MpenojaBatessiMd  BI'Y) UCHonb3ylOTCsi U COBPEMEHHBIE
uHpopmarmonHsie pecypcebl. Ha o6pazoBarenbHom nopraiie educhem.bsu pazmernieHbl
y4eOHO-TIPOrpaMMHBIE MaTepUaJIbl, TPE3CHTAIIUN JIEKINH, yUeOHbIe MaTepHalIbl IS
MOATOTOBKH K JICKIIMOHHBIM, JJA0OPATOPHBIM U CEMUHAPCKUM 3aHSATUSIM, 3aaHus JJIs
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CaMOCTOSITEJIbHOM MOJATOTOBKM K CEMUHAPCKUM 3aHATHUsM, 3a1aHus Y CP, Bonpocsl
JUISl IOJTOTOBKH K 3a4€Ty, CHMCOK PEKOMEHAyeMOH JutepaTypsbl. [Ipyu BbIonHEHUH
psiia 3aAaHuii TpeOyeTcs TAaKKe OCYIIECTBISATH MOUCK U KPUTHUECKHM aHATTU3 Y4eOHOM
uHbOpMaIlMu Ha XUMUYECKHX caiiTax B cetn IHTepHeT.

3amanus YCP 1o yueOHOW JAMCHMIUIMHE COCTaBISIIOTCS C  YYETOM
WHIUBUYAIbHOM MOJArOTOBKH CTYJEHTOB M MOTYT OBITh MPEACTaBIEHBI HA Pa3HOM
YPOBHE: OT 33JIaHUi, POPMHUPYIOIINX JOCTATOUYHBIE 3HAHUS 10 U3yYEHHOMY YYEOHOMY
MaTepuady Ha ypOBHE y3HaBaHUSA, K 3aJaHHUAM, (QOPMHUPYIOIIMM KOMIETEHIIMHU Ha
YpOBHE BOCIIPOU3BEACHHUSA, U Jajiee K 3aAaHUAM, (OPMHUPYIOIIMM KOMIIETEHLIUHU Ha
YpOBHE NPHUMEHEHUs IMOJIy4eHHBbIX 3HaHMU. [Ipu 3TOM coxpansieTcss TpeOOBaHUE K
OCBOEHHUIO HEOOXOJUMOro M JIOCTATOYHOIO o0BbeMa YyueOHOro Marepuajga Ipu
OCBOEHHUH Kypca.

IIpumepHbIN NepeYeHb BOIPOCOB K 3a4eTy

1. Tlpo6nemuoe mosie HaHOXUMHUH. OOBEKTHI M3YYEHUS U  METObI
uccienosanus. Kpurepun kiaccudukaum HaHOOOBEKTOB.

2. llpuMeHeHHE HAHOTEXHOJOTMH B  MaTE€pUAIOBEACHUH, MEIULIMHE,
DHEPIeTUKE, A3POHABTHUKE, OXPAHE OKPYKAIOIIEH CPEBI.

3. OcoOble cBOWCTBA BEUIECTBA B BHICOKOJIUCIIEPCHOM COCTOSIHUM. Y CIIOBUS U
IPUYUHBl BO3HUKHOBEHHMS pa3MEpHbIX 3(PQPexkToB. BHyTpeHHMII M BHEIIHUU
pa3MepHbIil 3P eKT.

4. Pa3smepHble 3¢ (HEKTh 1 MEXaHUUECKHE CBONCTBA HAHOCUCTEM.

5. Tepmomunamuueckre 0coOEHHOCTH MOBeAeHMsI HaHodacTull. Ilomxonsl k
ONMCAHUIO TEPMOJMHAMUKN HAHOCHCTEM.

6. Pasmepnbie 3¢(HeKThl B KHHETUKE U KaTalln3e.

7. DNEKTPOHHOE CTPOEHUE MOIYITPOBOIHUKOBBIX HAHOKpUCTALIOB. KBaHTOBO-
pa3MepHbIil 3P PpekxT. OnTryecKkrue CBOMCTBA MOIyIPOBOIHUKOBBIX HAHOKPUCTAJIOB.

8. OCOOEHHOCTM ONTHYECKHX CIEKTPOB HAHOYACTHUI] 30JI0Ta U cepedpa.
Jloxann3oBaHHBIN TOBEPXHOCTHBIN TUIA3MOHHBIN PE30HAHC.

9. OnTuyeckne CBOMCTBA HAHOYACTHI] C  JMDJIEKTPUYECKHUMH  Mu-
pe3oHaHcamMu. ONTUYECKUA MAarHETU3M.

10. Pa3mepuble  3(¢exkTbl MW  MarHuTHbIE CBOMCTBA HAHOMATEpPHUAJIOB.
CynepnapamarieTusM. [ MTraHTCKO€ MarHETOCONMPOTUBIICHUE.

11. Knaccudukanus MeToqoB CUHTe3a HaHo4acTHLl. [IpUHIKITBI CHU3Y-BBEPX U
CBEpXY-BHU3.

12. MexaHn4eckoe U MEXaHOXMMHUYECKOE AucneprupoBaHue. MeTox B3pbiBa
IIPOBOJIHUKA.

13. ITonyuyenue HaHocTpyKTyp Metogamu PVD u CVD.

14. NoHHO-TTy4€eBOIl METO/I CHHTE3a HAHOCTPYKTYP.

15. COHOXUMHUYECKU U COJIbBOTEPMUUECKHUI METO/Ibl CHHTE3a HAHOYACTHII.

16. 3051b-r€sIb METOJT CHHTE3a HAHOYACTHIL U €r0 MOJIU(UKAIIH.

17. PamnainoOHHO-XMMUYECKHE METOIbl CUHTE3a HAHOYACTHII.

18. XrMHUuecKoe BOCCTAHOBJIEHHE B BOJHOM PACTBOPE KaK CIIOCOO MOJTyUECHHUS
HAaHOYAaCTHUILl METAJIOB.
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19. TepmoguHaMuka M KHHETHKAa  KOJUIOMIHO-XMMHYECKOTO  CHHTE3a
Ha”HoudacTtul. Moguens JIa-Mepa.

20. OcHOBHBIE METOABI W OCOOEHHOCTHM CHHTE3a MAarHUTHBIX HAaHOYACTHII
METAJJIOB ¥ OKCHJIOB METAJLJIOB.

21. Meroasl NOIy4eHHs] HAHOYACTHULL «SIIPO-000JI0YKa» U MOJIbIX HAHOYACTHII.

22. [lpyHUMIBI MONYYEHUST MOHOAMCIEPCHBIX HAHOYACTHUI M CIOCOOBI HX
peanuzanuu. Ctabunmzanus HaHouacTUll. OyHKIIUN CTaOMIN3aTOPOB.

23. CuHTe3 HAHOYACTHUI] B MMKPOAMYJBCUOHHBIX CHUCTEMaxX W MeEX(a3HbIH
CUHTE3.

24. Ilonstue o camocOopke u camoopranuzanuu. CamMOOpraHu30BaHHBIE
MOHOCJIOM.

25. Ilpocreitmme criocodbl co3gaHus aHcaMOJjied HaHOYACTHIl. MeTO/IbI
cosganus 1D HaHOCTPYKTYp.

26. Temnnatueii cunTe3. IlomydeHne HAHOCTPYKTYp C YHNOPSAOYEHHBIM
PACITOIOKEHUEM ITyCTOT.

27. « MsTKHEe» U «KECTKHE» MAaTPULIbl. AHOIHBIM OKCHJT ATFOMUHHUS ¥ TIOPUCTHIN
KPEMHUM KaK TEMIUIATHI B HAHOXUMUH.

28. CrHTE3 HAHOYACTUII B LIEOJINTAX, MUALIEIJIAX, ICHAPUMEPAX.

29. IloyyeHne HaHOCTEPKHEN 110 MEXAHU3MY AP — JKUJIKOCTh — KPUCTAJLIL.

30. ®u3nyecKue 1 XUMUYECKUE METOBI MTOTydeHHs 2D- cucrem.

31. MonekynspHO-1y4yeBasi SIUTAKCHUsI KaK CIIOCO0 CO3aHMsI HAHOCTPYKTYP.

32. Metoasl Oca)KAEHHs U3 KOJUIOUAHOTO PACTBOPA U AIIEKTPOPOPETHUECKOTO
OCAKJEHUS JUIsl co3/1aHns 2D HaHOCTPYKTYD.

33. Ilomy4yeHue TOHKUX IUIEHOK 1o Metony Jlenrmiopa-bnomxkert u Jlenrmiopa-
[ledepa.

34. Xumnueckast cOopka: MOJIEKYJS[pHOE M MOHHOE HaclauBaHME, OCAXKICHUS
aTOMapHBIX CIIOEB.

35. Ilocnoitnas caMmocOopka MIPOTHUBOMOJIOKHO 3apsIKECHHBIX
ITOJIMDJIEKTPOJIUTOB.

36. Metonbl co3nanust 3D-HanocTpykTyp. [lonyueHne (hOTOHHBIX KPUCTAILIOB.

37. Ucnonb3oBaHue OMOMOJIEKYJI B CHHTE3€ HAHOCTPYKTYp. bruoMumerunka.

38. JIutorpaduueckue cnocoObl CO3/1aHNs HAHOCTPYKTYP.

39. Hanoneuarnas nutorpadusa. Markast tutorpadus.

40. [TepweBas nHanomutorpadus. Komionanas nurorpadus HaHOCPepamu.

41. Maneie kiacrepsl yriaepoga. @yiepeHsl — OCHOBHBIE IPENCTABUTEIH,
CTPOECHUE, METOBI ITOTYyYCHHUS.

42. XuMHYeCKHE CBOMCTBA U IPUMEHEHUS (YIITICPEHOB.

43. MeTopl OJTyuEHUs U BBIJCJICHUS YTIEPOIHBIX HAHOTPYOOK.

44, MoaudunupoBaHUe YIIEpOIHBIX HAHOTPYOOK.

45. XupaabHOCTh M CBOMCTBAa YIVIEPOJHBIX HaAHOTPYyOOK. Ilpumenenus
YTJIEPOJIHBIX HAHOTPYOOK.

46. I'paden. [lomydenue, cBOMCTBa, MPUMEHEHUE.

47. Metonpl TOJIy4eHUs, CTPYKTypa, ONTOAJIEKTPOHHBIE CBOWCTBA U
MIPUMEHEHUS YTIIEPOJAHBIX HAHOTOYEK.
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48. Hanoanmassr: METO/IbI IIOJIy4CHUS], CTPOEHHUE, IIPUMEHEHUE.
JleTOHaIIMOHHBIN CHHTE3 HAHOAJIMAa30B.

49. KnacTtepbl METAJIIOB — OMPEEICHNE, METO/IbI MOTYUYCHHS, CTaOMIU3aIIHSL.
Marnyeckue u CTpyKTypHBIE KIIACTEPBI.

50. Hutpatusiit Meton u metoa bpacra-lluddprna mist cuaTes3a mia3sMOHHBIX
HaHOC(ep MeTaIoB.

51. OcoOGeHHOCTH KOJUTOMAHO-XUMHUECKOTO CHHTE3a IJIa3MOHHBIX HAHOYACTHI]
METAJJIOB  aHU30TponHOW  ¢opmbl.  [lonMoNbHBI ~ CHHTE3  HAHOKYOOB.
DOTOXUMHUYECKUI CUHTE3 TPEYTOJIBHBIX HAHOIIJIACTHH.

52. IlpenapaTuBHbBIE METOABI CHHTE3a HAHOCTEPKHEH 30J10Ta U cepedpa.

53. IlpumeHeHne TUIa3MOHHBIX HAHOYACTUI[ METAJUIOB B OIITONIEKTPOHUKE,
onomenuiuHe U (porokaTanmse.

54. BbICOKOTEMIIEPATYPHBIA CUHTE3 IOIYIIPOBOJHUKOBBIX HAHOKPUCTAIIIIOB.

55. IloynnpOBOJHUKOBBIE HAHOKPUCTAJUIBI THMA «AIpPO-000JI0UKa»: CHHTES,
CBOMCTBA U IPUMEHEHHS.

56. 'mapodunnszanusi MOBEPXHOCTU MOJYNPOBOJAHUKOBBIX HAHOKPHUCTAIIIOB
AHBVI.

57. JlroMUHECLIEHTHBIE CBOMCTBa KBaHTOBBIX Touek A'BVL.

58. KsanToBbie Touku A"BY — mosnyyenue, 061acti npruMeHEHHS.

59. IlpuMeHeHrsT  MOJIYIIPOBOJHUKOBBIX ~ HAHOKPUCTAIUIOB:  JIUCIUJICHHBIC
TEXHOJIOTMH U UCTOYHUKHU CBETa, (POTOBOJIbTANKA, OMOMENIUIIMHA U (POTOKATAIINS.

60. OnTuyeckue CBOMCTBA U MPUMEHEHHUS (POTOHHBIX KPUCTAILIOB.

61. Meroa AMHAMHUYECKOrO paccesHus cBeTa. MeTos 3JIeKTpOoPOpPEeTHUECKOTrO
paccesiHus CBeTa.

62. MeTtoabl ONTUYECKONW CHEKTPOCKONUU B HAHOXUMHHU: CIIEKTPO(POTOMETPUS
U CIEKTPOITyOPUMETPHSI.

63. 3ajaun, pemaeMble C MOMOUIBI0 3JEKTpOHOrpaduu M DIEKTPOHHOU
MUKpockonuu. llouemy B KayecTBe€ HMCTOYHHMKA M3IIYYEHUS ISl DJIEKTPOHHOU
MUKpPOCKOIIMM BBIOPAaH HMMEHHO ITy4OK 3JIEKTPOHOB, @ HE KAKOT0-Iu00 Apyroro
aneKTpoMarHuTHoro uznyuenus (Y ®, UK, peHTreHoBcKkoe, HEUTpOHHOE)?

64. JloctromHCTBa W HEAOCTAaTKM dJJIEKTpoHOrpaduu B CPaBHEHHH C
peHTreHorpagueii ¢ ydyeroM MeXaHU3Ma B3aWMOJCHCTBUS  BJEKTPOHOB H
PEHTIEHOBCKOTO M3Jy4YeHUsI C BemecTBOM. Kakol W3 yKa3aHHBIX METOJOB
UCCIIEIOBaHMsI TPUTOJEH sl omnpejaeneHus: (a3oBOro cocraBa IUIGHKH MPOAYKTa
KOppo3uH, o0pa3yrolencs Ha MOBEPXHOCTH TUTAHOBOM MJIACTUHBI (TOJIIIMHA IJIEHKU
40 um).

65. @akTophl, ONPECTSAIONINE TOIIIMHY JIMHUM KOJIeI] Ha 3JEKTPOHOTpaMMax,
oOycinoBineHHble paboroit mpubopa. [lpuumHBl ymmpeHus JWHUANW  KOJIEI,
00yCIIOBJIEGHHOTO OCOOCHHOCTSIMU CTPYKTYpbl 00pa3ioB. Ilouemy TpynHO NOTyduTh
TOYEYHBIE (2 HE Pa3MbIThIE) pedIeKChl Ha 3JIEKTPOHOrPAMME MOHOKpUCTAILIA?

66. @akTopbl, OMNPEEIAIONME WHTEHCUBHOCTh IU(PPAKIIMOHHOTO paCCesHUS
ANEKTPOHOB. ONUIIMTE XapakTep H3MEHEHUS WHTEHCHUBHOCTH JIMHUM KOJIEI] Ha
ANEKTPOHOTpaMMax ¢ poctoM yria audpakuuu. OObICHUTE BO3MOXKHOE
HECOBMAJCHUE TMOPSAKA PpACHpPENEIICHUS WHTEHCUBHOCTH JIMHUM KOJIELl Ha
AIEKTPOHOTPAMME CO CIIPABOYHBIMH TAHHBIMH.
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67. OCHOBHbIE MPUHLMUIBl PAaCHIMPPOBKU DIJIEKTPOHOrpamMM. Y paBHEHUE
Bynbda-bparra. [locrosnnas npubdopa, coco0 ee onpenenenus. Binusaue ctpykTypsl
UCCIIETyeMOTO0 O00BEKTa M YCKOPSIOIIETO HAmpsOHKEHHUs 3JIeKTpoHOorpada Ha BHI
AIEKTPOHOTPAMMBI.

68. Metoapl  mpenapupoBaHMS  YJIBTPAAUCIEPCHBIX ~ OOBEKTOB  JJIs
aneKTpoHorpaduyeckoro uccineaoBanus. [Ipennoxute MeToabl IpenapupoBaHus s
ATOTO MCCIEAOBAaHUs YAaCTHI] JIbIMA, KOJUIOMJHOTO pacTBOpa, CIUIaBA HA OCHOBE
MHTEPMETANINYECKOTO COCIMHEHHS.

69. MeTonbl IIpernapupoBaHus MacCCUBHBIX 00BEKTOB TUIS
3JIeKTpoHOrpaduyeckoro ucciaeaoanus. [Ipeninoxure MeToabl IpenapupoBaHus AJis
ATOT0 UCCJENOBAHNS TOHKOM IIJICHKH THOKCHIA TUTAHA HA IOBEPXHOCTH TUTAHOBOIO
MMIUIAHTA, a TAK)KE MUILEBOI aTFOMUHUEBON (POJIBIM AJIs 3all€KaHuUs (CIIaB Ha OCHOBE
ATFOMHUHUS, TOJMIIHUHA 20 MKM).

70. O6mue npeAcTaBiIeHUs O IPUHILIMIIE PadOThI 3eKTpoHOorpada. TpedoBanus
K Iy4YKy 3J€KTPOHOB. OOBSCHUTE, TOYEMY BAKHO BBINIOJIHEHHUE 3TUX TpeOOBaHUU U
KaKUMU METOJIAMH JIOCTUTAETCS UX BBINIOJHEHUE.

71. Ilomy4yeHune 3JIEKTPOHOIPAMM B PEKUME «HA MPOCBET» U «HA OTPAKECHUEN.
BnusgHue TonmuHBI cios 00paslia, COBEPUIEHCTBA, PAa3MEPOB KPUCTALIOB U MX
OpHUEHTALMHU HA BUJI DJIEKTPOHOIPAMM.

72. BaxHeWIne XapaKTEPUCTUKHU DIIEKTPOHOTPAMM: TOYHOCTH ONPEICIICHUS
MOJIOKEHUSI Y3J0B B KPHUCTAJUIMUECKON pelIeTKe, pa3peularomias CrocoOHOCTb,
MHTEHCUBHOCTB JIMHUHU. VX 3aBUCUMOCTB OT XapaKTEpPUCTUK MTPHOODA.

73. Pazpemaromas ciocOOHOCTb U YBEJIMYEHHUE AIIEKTPOHHBIX MHUKPOCKOIIOB
IIPOCBEYMBAIOLIETO TUIIA B CPABHEHUH C 3TUMH XaPAKTEPUCTUKAMHU ISl CKAHUPYOLIUX
AJIEKTPOHHBIX MMKPOCKOIIOB, ONTHYECKUX MHUKPOCKONOB. MOXHO JIM yBHIETh B
IPOCBEUYMBAIOLIEM 3JIEKTPOHHOM MHUKPOCKOIIE HaHOUYACTHIIbI cepedpa pazMepoM 2-3
HM, €CJIM TMpernapar npeacTaBisieT coO0M YriaepoHy0 PeIuKy 3TuX yactuil? OTBeT
MOSICHUTE.

74. IIpuHIMI TEUCTBUS SJIEKTPOHHOTO MUKPOCKOITIAa MPOCBEYUBArOIIETo Thna. C
MOMOILBI0 KAaKUX MPUEMOB HEBUAMMBIA MYyYOK 3JEKTPOHOB TpaHchopMUpyeTcs B
BuauMoe uzoopaxenue? Kak oOecreunBaeTcs yBenuueHue uzoopaxeHusi? Kakos
JIMAna3oH YBEIMYECHUN U KaK IEPEXOAAT OT OJHOTO YBEIUYECHUS K Apyromy?

75. YCTpOHCTBO M NMPUHUMIT JEUCTBUSA DJIEKTPOHHOW MYIIKH B 3JIEKTPOHHOM
Mukpockorne. TpeOoBaHus, mpeabsBisgeMble K IMy4Ky 3JIEKTpoHOB. OOOCHOBaHUE
HEOOXOJMMOCTH BakyyMa B cucTeMe. YUTO TpOM30WJET TpH HEMpPaBWIHHOU
AKCILTyaTalK IJTI030BOM KaMepPbl U HAITyCKE BO3yXa B KOJIOHHY MUKPOCKOIa?

76. OCOOCHHOCTH W MEXaHH3M pacCesiHUsI JJIEKTPOHOB, PEHTTEHOBCKOTO
U3ITyYCHUs 1 HEUTPOHOB BEMIECTBOM. [ [pUHITMIIBI MCTIOJIB30BaHUS 3TUX OCOOCHHOCTEN
B DJIEKTPOHHON MHUKpPOCKOMHMH AJii (POPMUPOBAHUSA U YBEIMUEHUS H300paKeHUs
00BbekTOB. [loueMy He CyHIECTBYeT MHMKPOCKOINHMS C HCIOJIb30BAHUEM B KaueCTBE
MCTOYHUKA U3TyYEHUs] HEUTPOHOB?

7°7. Pa3pemaromias CIIOCOOHOCTD AIEKTPOHHOTO MHKpPOCKOIa
MpocBeUYUBalolero Ttuna. Baxkdeimme (akTopbl, CBS3aHHBIE C YCTPOHCTBOM
AIEKTPOHHOTO MMKPOCKOIIA IMPOCBEYMBAIOLIETO THUIIA, KOTOPBIE OMNPEACIISIIOT €ro
paspemaronryto cnocooHocTh. CrocoObl HCTIpaBICHUS adeppaluy JUH3.
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78. ®aKkTOpBI, ONpEAEISAIOIME KOHTPACT M300pak€HUs B IMPOCBEUMBAIOLIEM
AIIEKTPOHHOM MHUKpockore. COmocTaBbTe KOHTPACT M300pa)keHUsl 4acTHll oOpasia
IIPU IPSIMOM METOJI€ IIPEMAPUPOBAHUS U UX MPENAapUPOBAHUH METOIOM peruiuk. Kak
YBEJIUYHUTHh KOHTPACT P NPEMAPUPOBAHUM PEINIMKH MACCUBHOIO 00pasiia ¢ riaaaKoi
MOBEPXHOCTHIO?

79. KonuuectBeHHas 00paboTKa pe3ynbTaTOB JIEKTPOHHOMUKPOCKOITMYECKOTO
(OM) uccnenoBanus. Tunsl rucTorpamMm, BBIOOpP THIIA THCTOTPaMMbl M BEITUYHHBI
KJ1accoB IpH 00paboTke DM naHHbIX. UeM orpaHumumBaeTcs 4ucio kiaccoB? B uem
COCTOSIT 3aTpyJHEHUsT HpH BbIOOpE (pa3paboTKE) KOMIIBIOTEPHON MpOTrpamMMbl
rpaHyJIOMeTpuuecKkoi 00paboTKu pe3yabTaTtoB DM uccienoBanus?

80. [aiite o60cHOBaHME BBIOOpA THUIA KPUBBIX PACHPEICICHUS JIEMEHTOB IO
paszMepam, OTpaXkarolllUX M3MEHEHHE pelibe()a TMOBEPXHOCTH IMOJIMMEpa B IPOLECCE
00paboTKH, B pe3ybTaTe KOTOPOH 00pa3yloTcs MHOTOUMCIeHHbIE AMKH. [IpuBennTe
NPUMEPHBIA TpauK C TpeMs KPUBBIMU, OTPAXKAIOIIUMU: 1) TMOSABICHHUE SMOK, 2)
YBEJIMYECHHE UX YUCIA U Pa3MEPOB, 3) YMEHBIIICHHUE UX YUCIA U YBEJIIMYEHUE PA3MEPOB
B PE3YJbTATE CIUSHUS IPYT C APYTOM.

81. [Ipemyioxkure METOAMKY MpenapupoBaHus oOpaslia g HCCIeI0BaHUs
METOJOM TPOCBEUYMBAIOIIEN 3JEKTPOHHOM MUKpOCKONMH. M3ydaeTcss mOBEPXHOCTH
IUIEHKH, cPOPMUPOBAHHOM KpucTaiaMu okcuaa osioBa (IV), Ha KoTOpyro HaHeceH
KaTalu3aTop M3 HAHOYACTUI[ 30JI0Ta C pa3MepaMu, MPEANOJIOKUTEIBHO HE
npesbimatomumMu 10 HM. TpeOyercst ompenenuts (opmy, pasMmepsl U penbed
NIOBEPXHOCTU KpHUCTAIOB SnO,, a TakKe pa3Mepbl HAHOYACTHI[ 30JI0Ta U UX
PaCIIOJIOKEHUE HA IOBEPXHOCTH 3TUX KPUCTAILIOB.

82. MeTooM TEPMHUYECKOTO0 HMCIAPEHHs B BAaKyyMe€ Ha IOBEPXHOCTb CIIFOABI
HaIlbUICHa TUIeHKA, cocrosimias u3 HaHokpuctamwioB Pbl, m CuCl,. HeobGxomumo
J0Ka3aTh HaM4ure (a3 000UX TaJIOTeHUIOB U ONPEAeTIUTh (OPMY U pa3Mephbl YaCTHII
KaxJa0ro u3 Hux. Kakue meTonpl uccienoBaHus oOpa3ua MOAXOASAT JJIS PelleHUs
nocTaBieHHoU 3aaaun? [Ipeasnoxure MEeTOauKy (METOIUKH) MPENapupOBaAHHUS.

83. TpeboBaHus, NpeabsBIsIEMbIC K TUICHKaM-TI0IJI0KKAaM B ITPOCBEUUBAIOIIEH
ANEKTPOHOTpa(UH 1 3JIEKTPOHHON MUKPOCKOIINH, UCIIOJIb3yEMbI€ B KaUECTBE TJICHOK-
MO/JIOKEK MaTepualbl U UX CPaBHUTEIbHAS XapaKTepUCTUKA. MOXKHO JM MOJYyYUTh
AIIEKTPOHOTPAMMY, U3yYasl YIJIEPOJIHYIO PEIUIUKY YacTul Mean? MOXHO JIU U3y4HUTh
penbed MOBEpXHOCTH YACTHUI] MU MPU NPSIMOM IpenapupoBaHuu (0€3 U3roTOBICHUS
perunku)? OTBET OSICHUTE.

84. [Ipeasioxkure BO3MOXHBIE METOJbl MpenapupoBaHUs 30Js8 cepedpa s
MOJIyYEHHUSI BJIEKTPOHOTPAaMMbl M 3JIEKTPOHHOMHKPOCKOMUYECKOTO H300pakKeHHUS.
Uem pasnmuyaroTcd  pPEeXHMBl  MOJYYEHHS B DJIEKTPOHHOM  MHKPOCKOIE
AJIEKTPOHOTPAMMBI U 3JIEKTPOHHOMHUKPOCKONMUYECKOro n3o0paxenus? ComocraBbTe
JNOCTOMHCTBA M HEAOCTATKH MCIOJIb30BaHUS Ul MPEMApUpPOBaHUS IMOJIMMEPHBIX
(KaKMX UMEHHO?) U YIJIEPOJIHBIX IJIEHOK-MOJIOXKEK.

85. Ilpennoxure Tpu BapuaHTa NpPEMapyupoOBaHUs JIJIsl UCCIEIOBAHUS METOI0M
MPOCBEUMBAIOUIEH AJEKTPOHHOM MMKPOCKONHMHM TOBEPXHOCTH MOJyOsecTsIen
anmoMuHueBo (oabru. Kakoit u3 3Tux BaprMaHTOB MO3BOJUT MOJIYYUTh U300paKeHUs
C HauOONBIIUM KOHTPACTOM M HAWIYYIIUM pa3pelieHHeM »3JIEMEHTOB penbeda
noBepXHOCTU? OTBET MOSICHUTE.
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86. Kak, ucnosnp3ysi METO/IbI 2JIEKTPOHOIpaUU U IJIEKTPOHHOM MUKPOCKOIIUH,
OTIPEAETUTh COCTaB, pa3Mepbl U (POPMyY YACTHII, COAEPKAIINXCS B BBIXJIOMHBIX Ta3ax
aBTomoOmis? [lpennoxure moaxoasIIre MEeTo bl penapupoBanus AbiMa. Kakoit Tun
TUCTOTpaMMBI CJIEIYyET BBIOPATh ISl OMMCAHUS IPaHyJIOMETPHUECKOTO COCTaBa JbImMa?

87. ComocTaBbTe MOHITHE O pa3pelIaroieil CIOCOOHOCTH AJeKTpoHOrpada u
IIPOCBEYMBAIOLIETO 3JIEKTPOHHOIO0 MUKpocKkona. Ha3oBUTe UX BO3MOKHBIE 3HAUYEHHUS.
Moxer M MOBJIUSATH Ha pa3penaronyo CIIOCOOHOCTH
3JIEKTPOHHOMUKPOCKOIIMYECKOTO M300pa)KeHHsl cocod mpenapupoBaHusi oOpasua?
OTBeT NOSICHUTE.
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