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ABSTRACT

Bachelor’s degree in 11.03.04 Electronics and Nanoelectronics

Course title: Physical chemistry of nanoclusters and nanostructures

Basic part of Block, 3 credits
Lecturer:

N.G. Galkin, Doctor of Sciences, Professor by profession, Professor of the
Physics of low-dimensional structuresdepartment, School of Natural Sciences of Far
Eastern Federal University.

Learning outcomes:

GPC-2: the ability to identify the natural scientific nature of problems arising
in the course of professional activity, to involve the appropriate physico-
mathematical apparatus for solving them

GPC-7: ability to take into account modern trends in the development of
electronics, measuring and computing equipment, information technology in their
professional activities;

SPC-2: ability to reasonably choose and implement in practice an effective
method of experimental study of parameters and characteristics of devices, circuits,
devices and installations of electronics and nanoelectronics for various functional
purposes.

Course description: The contents of discipline covers the formation of
students' ideas about the on the physicochemical mechanisms of the formation of
nanoclusters and nanostructures and their effect on physical properties; on the
conceptual apparatus of quantum mechanics, for a more complete and accurate
understanding of the formation of the atomic and electronic structure of
nanoclusters; on the relationship of atomic and electronic structure, composition,
environment, intercluster interaction during the formation of ordered and disordered
nanostructures and nanocomposites based on inorganic and organic molecules and

macromolecules.
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AHHOTAIUA

VYuebnasa aucnumiauHa «OU3UKO-XUMUSI HAHOKJIACTEPOB U HAHOCTPYKTYP»
pa3paborana I CcTyaeHToB 4 Kypca HampaBiaeHus mnoarorosku 11.03.04
«IJEKTPOHUKA U HAHOAJIEKTPOHUKAY, TpoPuiib « HAHOTEXHOJIOTHUH B JIEKTPOHUKE)
B COOTBETCTBUHU C TPeOOBAHMAMHU 00pPa30BATEIBLHOTO CTaHAApTa, CAMOCTOSITEIIBHO
ycraHasiuBaemoro /[BOY.

OOmast TPyJO€MKOCTh OCBOCHHSI TUCIUIIMHBI COCTABISIET 3  3a4CTHBIC
eaunulibl, 108 yacoB. YueOHBIM IIaHOM MPETyCMOTPEHBI JICKIIMOHHBIC 3aHATHS (34
yaca), npakrudeckue 3aHaTusA (56 yacoB) W camocTosTeNbHAs padoTa CTYACHTA.
Hucuuminna peanusyercs Ha 4 kypce B 7 ceMectpe. lucuuminaa « DU3uko-XxuMus
HAHOKJIACTEPOB U HAHOCTPYKTYP» BXOJUT B BAPUATUBHYIO YACTh ITUKJIA TUCIUILIUH
o0pa3zoBaTeIbLHOM MPOrpaMMBl (pasies — TUCHUIUIMHEI IO BBIOOPY), peanu3yeTcs Ha
4 xypce, B 7 cemecTpe.

Jucuuminia « DU3uKO-XUMUSI HAHOKJIACTEPOB U HAHOCTPYKTYP» JIOTUYECKH U
COJIEPKATEJIbHO CBsI3aHA C TAKUMM KypcaMu, Kak «Xumus», «CraTucthueckas
busukay, « Tepmonunamukay, « DU3MUYECKUE OCHOBBI AJIEKTPOHUKNY, «MaTepuaibl
ANIEKTPOHHOM TeXHUKW», «[Ipomeccsl Ha moBepxHOCTH paszzaena ¢asz». OXYH
ABJISIETCS OCHOBOW ISl M3yYEHHs KypcoB cnienuanu3anuu: «lIporeccel nomyyeHus
HAHOYACTUIl U HAHOMATEPHAJIOB, HAHOTEXHOJIOTHH. OpraHuvecKas HJIEKTPOHUKAY,
«Cunre3 u CBOMCTBa HAaHOCTPYKTYPUPOBAHHBIX MaTepuagIoBy u
«Hanomutorpadus».

Hear Kypca: mnoOAroToBKa akaJeMHUYecKuX OakanaBpoB B o0macTu
HAHOTEXHOJIOTUHA B SJEKTPOHUKE, MOHUMAKONIUX (PU3UUYECKUE U XUMHUYECKHUE
aCMEKThl TEXHOJOTUH HEOPTaHMYECKMX ¢ OPraHMYEeCKUX HAHOKIACTEPOB,
HAHOCTPYKTYpP U HAHOMAaTEpHaJIOB HA UX OCHOBE.

3agaum:

DOOpMUPOBAHUE Y CTYAECHTOB CIECAYIOIINX 3HAHUM:

— IEJOCTHOE  TPEACTaBJIECHUE 0 (GU3UKO-XUMHUYECKUX  MEXaHHM3Max

(dbopMHpOBaHUS HAHOKJIACTEPOB M HAHOCTPYKTYP M MX BIUSHUM Ha (pU3MUecKue

CBOMCTBA,



— TIOHSATUWHBIN ammapaT KBAaHTOBOW MEXaHWKH, JJIsi 0OJiee MOJTHOTO U TOYHOTO
MOHMMaHUsT (HOPMHUPOBAHUSI ATOMHOM M 3JIGKTPOHHOM CTPYKTYPhl HAHOKJIACTEPOB;
— TPEACTaBJIEHUE O B3aUMOCBS3M ATOMHOW U 3JIEKTPOHHOM CTPYKTYpPBI, COCTaBa,
OKpY’)Karolel Cpeapl, MEXKIACTEPHOIO0 B3aWMOJICUCTBUS TPH (POPMHUPOBAHUHU
YIOPSAOYEHHBIX W HEYNOPSJOYEHHBIX HAHOCTPYKTYP M HAHOKOMIIO3UTOB HA

OCHOBC HCOPIraHNYCCKUX U OPTAaHHUYCCKHUX MOJICKYJ U MAKPOMOJICKYII.

Jns ycremHoro u3ydeHHsl TUCHMIUIMHBL «DU3NKO-XUMHUS HAHOKIACTEPOB U
HAHOCTPYKTYp» Yy OOYy4Yarommxcsi JOJKHBI ObITh C(HOPMUPOBAHBI CIEAYIONINE
MpeABapUTEIbHbIC KOMIIETECHIIUN:

— OIIK-1 cmocobHOCTh MPEACTABIATh aJI€KBATHYIO COBPEMEHHOMY YPOBHIO
3HAHUW HAYYHYIO KApTHHY MHUPa Ha OCHOBE 3HAHHSI OCHOBHBIX TOJI0KEHUH, 3aKOHOB
Y METOJIOB €CTECTBEHHBIX HAYK U MAaTeMaTHUKH;

— TIK-1 cnocoOHOCThIO CTPOUTH MpocTeiie GU3NIEeCKUe U aTeMaTUYECKUE
MOJENd MpPUOOPOB, CXEM, VYCTPOMCTB U  YCTAHOBOK OJJICKTPOHUKU U
HAHORJIGKTPOHUKHU  PA3IUYHOrO  (YHKIMOHAJIHLHOTO HAa3HAYCHHS, a TaKkKe

HCIIOJB30BATh CTAHAAPTHBIC IIPOrpaMMHBIC CpEACTBA HUX KOMIIBIOTCPHOI'O

MOACIUPOBAHUA.
Kox u ¢popmysinpoBka Ortanbl GOPpMUPOBAHUS KOMIETEHIIMH
KOMIIETEeHIHH
OIIK-2, OCHOBHBIE (PM3UICCKHE U XUMHIESCKUE TIPOIECCHI,
CMOCOOHOCTP BBIABIATE | 3yaer SIBJICHUS] U 3aKOHOMEPHOCTH, CBSI3aHHBIE C
CCTCCTBEHHOHAYHYIO (dbopMUPOBaHNEM HAHOKJIACTEPOB U HAHOCTPYKTYP

CYIIHOCTb IIpo0JIeM,
BO3HUKAIOIIMUX B XO€

npOhECCHOHATbHOM OCYLIECTBIIATH KJIaCCU(DHUKALINIO IPOLIECCOB,
ACATCTBHOCTH, Vmeer SIBJICHUI ¥ 3aKOHOMEPHOCTEH, CBSI3aHHBIX C
HPUBJICKATH UL UX (opMHpOBaHHEM HAHOKJIACTEPOB  HAHOCTPYKTYP
pereHs
COOTBETCTBYIOIIUI
. HaBBIKAMH pacyera MapamMeTpOB MaTepHaoB U

(bu3uKo-MaTeMaTHYECKUN .
ALHADAT Brageer | ycTpoiCTB Ha OCHOBE HAHOKJIACTEPOB U

P HAaHOCTPYKTYP
OIIK-7, OCHOBHBIEC 00JIACTH MPUMEHEHUS HAHOKJIACTEPOB U
CITOCOOHOCTh YYHUTHIBATH | 3HAET HAaHOCTPYKTYD, TEH/ICHI[MH W HATIPABJICHUS
COBPEMEHHbIE TCHICHIHH Pa3BHUTHS HAHOMATEPHATIOBEICHUSI




Pa3BUTHS DIEKTPOHUKH,

M3MEPHTEIBHON 1 BBISBJIATH COBPEMEHHBIE TEHICHIIMU IPHMEHEHUS
BBIYUCIUTENbHOM VMeeT | HaHOKJIACTEPOB M HAHOCTPYKTYP B DJIEKTPOHHUKE U
TEXHUKHU, U3MEPUTEIIBHON TEXHHUKE

UH(OPMALMOHHBIX

TEXHOJIOTHH B CBOEH HaBBIKAMHU PUMEHEHUS HAHOKJIACTEPOB U
poeCCHOHATBLHOM Brajgeer | HAHOCTPYKTYP B SJIEKTPOHMKE U H3MEPUTEILHOM
JEATENHLHOCTH TEXHUKE

[1K-2, naer OCHOBHBIE CITOCOOBI pEeIIeHUs 3a/1a4 10 pacyeTy
CIIOCOOHOCTH MoJIeJIell HAHOKJIACTEPOB M HAHOCTPYKTYP
apryMCHTHPOBaHHO pelIaTh 3a1a4y [0 PacyeTy MOJEINei

BBIOMPATH 11 Vmeer HAHOKJIACTEPOB U HAHOCTPYKTYP IS
pCaIN30BbIBATL Ha UCII0JIb30BAHKS B YCTPOMCTBAX HAHOJAIEKTPOHUKU
npakTuke 3(pdexTuBHYIO -
METOIIKY HaBBIKAMHU pELICHHS 3a1a4 [0 Pacyery Mojelel
SKCEPUMEHTATBHOTO HAHOKIIACTEPOB W HAHOCTPYKTYp MUl HX
N JalbHENIIEr0 HCIOJB30BAHUSA B yCTPOMCTBAX
HapaMeTpoB . HAHODJIEKTPOHHKH

XapaKTEPUCTHK

npubOpoB, CXeM, | Braneer

YCTPOMCTB M YCTAHOBOK

SIEKTPOHUKH u

HAaHODJIEKTPOHUKH

PasIMIHOrO

(YHKIIMOHATIEHOTO

Ha3HAYEHHS

Jlns hopMupoBaHus BhIIIEYKa3aHHBIX KOMIETEHIIUM B paMKax JUCHUILIMHBI
«DU3UK-XUMUA HAHOKJIACTEPOB M HAHOCTPYKTYpP» NPUMEHSIOTCA CIECAYIOIIUE

METO/Ibl aKTUBHOTO/ HHTEPAKTUBHOTO OOYUEHHUS: TUCKYCCHS;

l. CTPYKTYPA U COAEP KAHUE TEOPETUYECKOM YACTH
KYPCA (34 uaca)

Tema 1. bazoBble KOHIENIIUH HAHOTEXHOJI0rHH (4 Yaca)

Munuattopusanuss B Okpyxawomem wmupe. [loaxomer kK  co3gaHuro
TEOPETUUECKOW OCHOBBI HaHOTeXHOJoTUu. [IpeameT u conepkanue Kypca Gpu3nuko-
XAMHSI HAHOKJIACTEPOB W HAHOCTPYKTYp. BbIX0A  HAHOTEXHOJIOTMHW  HA
rOCy1apCTBEHHBIN YPOBEHb.

Tema 2. Kuaccupukanmss U MeTOAbl MOJYYEHUS] HAHOKJIACTEPOB M
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HAHOCTPYKTYP (4 yaca)

Mounekynsipubie Kiactepbl. ['a3oBbie Oe3nuranineie kiactepbl. McTouyHMKH
NOJIYYeHHUs] KJIacTepoB. Macc-CIEKTpOMETPbl U JIE€TEKTUPOBAHUE KJIACTEPOB.
Komnoungneie knactepbl. TBepAOTENbHbIE HAHOKIACTEPHl M HAHOCTPYKTYPHI.
MatpuuHble HAHOKJIACTEPHI U CYNPaMOJICKYJISIpHbIE HAHOCTPYKTYphI. KitacrepHbie
KpucTtawuibl U Qysuieputsl. KoMmakTupoBaHHble HAHOCHUCTEMbI 1 HAHOKOMITO3UTHI.
ToHKHE HAHOCTPYKTYPUPOBAHHBIC IUICHKU. Y TJIEPOHBIE HAHOTPYOKH.

Tema 3. IloBepxHOCTh TBepAbIX Ted. MHUKpoOCKONUYeCKHe acneKThl (3
yaca)

ATOMHBIE U MOJIEKYJsipHbIE oOpOuTanu. [loBepXHOCTH MOHOKPHUCTAIIOB,
HAHOKJIACTEPOB M MOPUCTHIX copOeHTOB. ['panuiisl pazaena da3. Poab MexdazHbix
rpaHuil B (QOpPMHUPOBAaHUU CBOWCTB HaHOMaTepuasioB. [IpuMecHble aTomMbl Ha
noBepXHOCTH. [lOBEpXHOCTHBIE IEHTPHl KHUCIOTHOTO M OCHOBHOI'O THIIA.
AncopOuusa. Ilpumepst ancop6umu. Karanuz. [Ipumepsl  KaTalnuTHUYECKHX
MPEBPAILCHUI C y9aCTUEM IMOBEPXHOCTU TBEPAOTO TeJla U HAHOKJIACTEPOB.

Tema 4. TepMmoauHaMuKa MOBEPXHOCTE M rpanuIl pa3aesa (4 yaca)

Xumunyeckuit norennuan. CrodoHast sueprusi [ mdb0ca u cBoOOIHASI SHEPTrUs
['emromnbua. TepMoarHaMuka NOBEPXHOCTH M MOBEpPXHOCTEN paznena. CTpykrypa
MOBEPXHOCTH U MexX(paszHbix Tpanuil. Hykieanuss ¥ pocT HAHOKJIACTEPOB B
HaHoIopax BellecTBa. Hykneanus U pocT KJIacTepOB HA OCHOBE TBEPAOTEIIbHBIX
peakiuii. Ponb rpanun pasznena a3 B popMupoOBaHUU CBOWCTB HAHOMATEPHUATIOB.

Tema 5. Kiacrepubie moaenu (6 yacoB)

Mukpockonuyeckass MOJEIb BHYTPHUKIACTEPHOM AaTOMHOW JIMHAMUKH.
TepMoanHaMuueckass MoJelb Kiactepa. KBaHTOBO-CTaTUCTHYECKAass MOJIEIIb.
KoMmnbroTepabsle  MoJenu  KiactepoB. DpakTajibHble MOJEIU  KJIAcTEpPOB.
O6omoueunsie MojenH kinactepa. CTpyKTypHast MOJIEb KacTepa.

Tema 6. YriiepoaHble HAHOKJIACTEPbI 1 HAHOCTPYKTYPHI (2 yaca)

VYraepoHble MOJEKYJbl: MPUPOAA YIJIEPOJHON CBSI3U, HOBBIE YTJIEPOJIHbBIC
CTPYKTYpHI. YTJIEpOHbIE KJIACTEPhI: MaJIbIe YTIEPOAHBIC KIACTEPhl U UX CBOMCTBA.
Oymnepensl: GopMmupoBaHue, (pparMeHTaIMs, SHEPTUM HOHU3AIMH W DHEPTrHUs
CPOACTBA K DOJEKTPOHY. OHAOSAPAIbHBIE M JIK303JpalibHbIE  (PYJUICPEHBI.
Oymnepensl 3amemienus. Dymieputsl. Yriaepognsie HaHOTPYOkH. CTpykTypa
HAaHOTPYOOK. DJEKTPOHHBbIE, KoJieOaTeNnbHbIE W MEXaHUYECKHME CBOMCTBA

HaHOTPYyOOK. HaHOoycTpo#icTBa Ha OCHOBE YTIJIEPOIHBIX HAHOTPYOOK.
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Tema 7. ®usuyeckne W XHUMHYECKHE CBOWCTBA HEOPraHMYeCKHX
HAHOKJIACTEPOB M HAHOCTPYKTYP (6 yacoB)

MorekynsipHbIe JUTaHIHbIC KIacTepbl MeTauioB. CBOMCTBA METATHUECKUX
MOJICKYJISIPHBIX KjacTepoB. Kiactepbl Ha OCHOBE OKCHIOB MeTayuioB. CBoiicTBa
OKCOMETAJUTMYCCKAX MOJICKYJIIPHBIX KIIACTEPOB. besnuranmbie MeTalTHueCKUe
KJIacTephl: KJIACTEPhl IICIOYHBIX METAIOB U cepeOpa, KiacTepbl aTlOMUHMS,
KJIaCcTephl TMEPEeXOAHBIX MeTauoB. ONTHYECKHE M 3JICKTPUYCCKHE CBOWMCTBA
HAHOCTPYKTYpP: ONTHYECKHE CBOWCTBA HAHOCHUCTEM, DJICKTPOIPOBOIHOCTD
HAHOCTPYKTYp. MAarHuTHbIC CBOWCTBA HAHOCTPYKTYp: CyIeprapaMarHeTu3M,
HAMarHWYEHHHOCTh HAHOKIACTEPOB W HAHOCTPYKTYp, KBAaHTOBOE MAarHUTHOE
TYHHEJIUPOBaHUE. [ UraHTCKOE MArHHUTOCONPOTHBICHUE. MarHutHble (Da3oBbie
HIepeX0/Ibl B HAHOCUCTEMAX C M30JIMPOBAHHBIMU KJIACTEPAMHU M B HAHOCTPYKTYpaX.

Tema 8. ®usuueckue W XUMHYECKHE CBOWCTBA OPraHHYeCKHX
HAHOO00bEKTOB M HaHOCHCTEM (4 yaca)

dopMHUpPOBAHUE KOJUIOMIHBIX HaHOCHUCTeM. ONTHYECKHE U DJIEKTPOHHBIC
CBOMCTBAa KOJUIOMJHBIX KJIACTepOB. MaTpuuHble H  CYIpPaMOJICKYJISIPHBIC
HAHOKJIACTEPhI U HAHOCTPYKTYPbI: HAHOKJIACTEPhI METAIIJIOB M OKCHUIIOB METAJLJIOB B
MaTpHIle OPTaHUYECKUX BEIIECTB, MaKPOMOIICKYJSIPHBIE U CYMPaMOJICKYISPHBIC
HAHOCTPYKTYPbI, OCJIKH, IOTUHYKIICATH b U OHOJOrHYecKre 00beKThl. DOTOHHBIE
Kkpuctaiuibl. HanomopucTeie noauMepHbie Matepuaibl. COmoIMMepsl ¢ KECTKUMH

dbparmentamu. [lomMmepHO-HEOpraHUYECKHE HAHOKOMITO3UTHI.

Il. CTPYKTYPA U COJIEP)KAHUE MPAKTUYECKOM YACTH

KYPCA (cemuHapckue 3aHSITHsI, BLICTYILUIeHHS ¢ 1oKJaaaamu) (56 yacos)

PABJEJ 1. BBEAEHUE B TEOPHUIO HAHOKJIACTEPOB H
HAHOOBBEKTOB (26/ _YAC.)

Tema 1. Knaccudukaliins HAaHOKJIaCTEpOB B HAHOCTPYKTYP (6 yacoB)

Tema 2. TepMonHaMKKa MOBEPXHOCTH (8 4acoB)

Tema 3. BausiHre MOBEpXHOCTH TBEP/IBIX TEJ HA 3aPOXKACHUE U POCT
HAaHOKpHCTAJIOB. (6 YacoB)

Tewma 4. Teopetuueckue Moaenu GopMUPOBAHUS HAHOKIACTEPOB. (6 YacoB)



PA3JIEJ II. ®OPMHUPOBAHHUE W CBOMCTBA PA3JIMYHBIX
THUITIOB HAHOKJIACTEPOB U HAHOOBBEKTOB (30/__YAC.)

Tema 5. @opMupOBaHUE U CBOWCTBA JIMTAHIHBIX HAHOKIIACTEPOB. (6 4acoB)

Tema 6. PopMHUpPOBaHUE U CBOKCTBA YIIEPOIHBIX HAHOKIIACTEPOB U
HAHOCTPYKTYD. (4 Jaca)

Tema 7. DopMupOBaHHUE U CBOMCTBA KOJUIOUIHBIX KJIIACTEPOB U
HAHOCTPYKTYD. (4 Jaca)

Tema 8. @opMupoBaHKEe U CBONCTBA MOJIUMEPHBIX HAHOOOBEKTOB U
ononorunueckne 00beKTHI. (6 YacoB)

Tema 8. OnrTryeckue U 3EKTPOHHBIE CBOMCTBA HAHOCUCTEM U
HaHOMaTepHaJioB (5 Y4acoB)

Tema 9. ®opMHpoBaHKE U CBOMCTBA MATHUTHBIX HAHOKJIACTEPOB U

HaHOCTPYKTYD. (5 yacoB)

I1l. YHEBHO-METOAUYECKOE OBECIIEYHEHUE
CAMOCTOSTEJIBHON PABOThI OBYUYAIOIIUXCSI

Y4yeOHO-METOAUYECKOE oOecrieueHue CaMOCTOSITEILHOU paboThI
oOyuyaromuxcs 1o AUCHUIUIMHE « DU3UKO-XUMUSI HAHOKJIACTEPOB U HAHOCTPYKTYP»
npexacrasieHo B [Ipunoxenuu 1 u BkiarovaeT B ceOs:

- IUTaH-TpaUK BBINOJHEHUS CaMOCTOSITENIbHON pabOoThl MO JUCHMILIMHE, B
TOM YHCJI€ IPUMEPHBIE HOPMbI BPEMEHHU Ha BBIITOJIHEHUE 10 KaXKIOMY 331aHHUIO;

- XapaKTEePHUCTHKA 3aJlaHUi JIJIs1 CAMOCTOATEIBbHON pabOThl 00YUaIOIUXCS U
METOJMYECKHE PEKOMEHAALINHU IO UX BBIIIOJIHEHUIO;

- TpeOOBaHMSI K TPEACTABICHUI0O U  O(QOPMIIEHUIO  pe3yJbTaTOB
CaMOCTOSATENbHON padOThI;

- KPUTCPHH OLCHKH BBIIIOJIHCHHA CaMOCTOSITEJIbHOM pa6OTI>I.

10



IV. KOHTPOJIb JOCTHKEHMS LEJIEN KYPCA

Ne KonTposmpyembie pa3aeibl / Koab! 1 3Tanbl OueHo4yHbIE CpeCcTBA
n/n TeMbl JTUCIHIIIUHBI (hopmupoBanusi TeKYUIMii | IPOMEKYTOY
KOMIIeTeHI Ui KOHTPOJIb Hast
arrecTanus
1 Tema 1. bazoBbie KOHIIETIIIHT OIIK- | 3Haer nekiuu  (I1P- | sx3ameH,
HaHOTEXHOJIOTUH 2,7 3) BOIPOCHI 1-7
yMeeT CeMUHApCKO | YCTHBIN
e 3auarue 1 | ompoc,
(TIP-6) 3aJjaHKe Ha
pedepar
Brnageer | CeMHHAapCKO | KOHTPOJbHAs
e 3aHsATHE | padoTa |
(TTP-6)

2 Tema 2. Knaccudukamnus u OIIK- | 3Haer nexuuu (ITP- | sx3ameH,
METO/IbI MTOTY4ECHHUS 2,7 3) BOITPOCHI 8-
HAHOKJIACTEPOB M HAHOCTPYKTYP 13

yMeeT CeMUHapCKO | yCTHBIM
e 3aHSTHE | OIIPOC
(T1P-6)
Brnageer | CeMHHapCKO | YCTHBIN
e 3aHATHE | OTPOC,
(TIP-6) KOHTPOJIbHAs
pabota 2

3 Tema 3. IloBepxHocTs TBepabix | OIIK- | 3Haer nexuuu (ITP- | sx3amen,
Ten. MuKpockonuyeckue 2,7 3) BOIIPOCHI 14-
ACIEKTBHI. [K-2 20

yMeeT CeMuHapCcKoO | yCTHBII
e 3aHATHE | OIPOC
(TTP-6)

Biajgeer | CeMHMHaApCKO | HK3aMeH,
e 3aHATUE | YCTHBIN
(TTP-6) OIpOC

4 Tewma 4. TepmonrHamuka OIIK- | 3Haer JICKIIUU 9K3aMeEH,

MIOBEPXHOCTEH | TpaHuIl pa3aena | 2,7 (TTP-3) Borpockr 20-
[K-2 28

yMeeT CeMuHapCcKO | YCTHBIHI
e 3aHATHE | OIPOC
(TTP-6)

Biajgeer | CeMHUHApCKO | KOHTPOJbHAS
e 3aHsTue | pabora 3
(TTP-6)

5 Tema 5. Kimacrepubie monenu OIIK- | 3Haer JIEKIIUHN 9K3aMe€H,

2,7 (TTP-3) BONPOCHI 29 -
IK-2 34
ymeeT CeMHMHapCKO | YCTHBIN
e 3aHATHE | OIPOC
(TIP-6)
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BJIAJIEET O0630pHBIC 9K3aMe€H,
JIOKJIa bl YCTHBII
(TIP-6) OIpoC
6 Tema 6. Yriepoanbie OIIK- | 3Haer JIEKIUH 9K3aMEH,
HaHOKJIACTEPHI U HAHOCTPYKTYpPHI | 2,7 (TIP-3) BOIpOcCHI 35 -
IK-2 41

yMeeT CeMUHApCKO | YCTHBIN
e 3aHATHE | OIPOC
(TTP-6)

Binageer | CeMHHapCKO | KOHTpOJbHAast
e 3anstue | pabora 3
(TTP-6)

7 Tema 7. ®u3ndeckue u OIIK- 3HaeT JICKITUH JK3aMEH,
XUMHUYECKHUE CBOWCTBA 2,7 (TIP-3) BOIPOCHI 42 -
HeopraHnueckux HaHokjacrepoB | [TK-2 46
¥ HAaHOCTPYKTYP yMeeT CeMUHApCKO | YCTHBIH

e 3aHATHE | OIPOC
(TTP-6)

Brnageer | CeMHMHApCKO | 9K3aMeEH,
e 3aHSTHE | YCTHBIN
(T1P-6) OIIpoC

8 Tema 8. dusuueckue u OIIK- 3HaeT JICKIIUU 9K3aMeEH,
XUMHUYECKHUE CBOMCTBA 2,7 (TTP-3) BOIpOCHI 47 -
OpraHUYECKUX HAHOOOBEKTOB U I1K-2 51
HAHOCHCTEM yMeeT CeMuHapcKO | KOHTPOJbHAs

e 3aHsTHE | paborta 3
(TTP-6)

Brnageer | Cemunapcko | Jlokiamael mo
e 3aHsTHE | pedeparam,
(TIP-6) 00CyKIeHHEe

BOHpOCBI N THIIBI SaI[aHI/Iﬁ K 3K3aMCHY, THUIIOBBIC KOHTPOJIbHBIC 3addaHUA,

MCTOAUMYCCKUC MATCpHaJbl, OIIPCACILAIOIMNC IIPOOCAYPhl OLNCHHUBAHMA 3HaHHﬁ,

YMeHI/Iﬁ W HABBIKOB U (I/IJ'II/I) OIIBITa ACATCIbHOCTH, 4 TAKKC KPUTCPHUH U ITOKA3aTCIIN,

HEO0OXOAUMBIE ISl OLICHKW 3HAHWM, YMEHU, HABBIKOB M XapaKTEPU3YIOIINE ITAlb

dbopmupoBaHUs

porpaMmel, ripecTaBiieHsbl B [Ipunoxenuu 2.

KOMIIETEHITN N

B

rporiecce
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V. CIHMCOK YYEBHOM JJUTEPATYPbI U UHOOPMAILMOHHO-
METOINYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTEepaTypa
(onexmponnvie u neuammvie uz0anus)
1. PakoB DO.I'. Heopranmdeckue HaHOMaTepuaibl: ydeOHOe mocobme — 3.

"bunom. Jlaboparopus 3nanuii", 2013. - 477 c.
http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=8683

2. Perxonkos J[.U., JI€ésuna B.B., JI3unsurypu 3.JI. Hanomarepuansi: yaeOHOE

nocobue — M3x. "bunom. Jlabopatopus 3nanwuit", 2010. - 365 c.
http://e.lanbook.com/books/element.php?pll_cid=25&pl1 id=3134
3. N'onoBuH F0.U. OcHoBbI HaHOTEXHOJOTHH — W31, "MammmHocTtpoenue", 2012.
- 656 c.
http://e.lanbook.com/books/element.php?pll_cid=25&pl1 id=5793

4, Bansuckuit C.1. Hanomatepuansl [ DJeKTpOHHBIN pecypc] : JICHTMIOPOBCKHE
mwieHku. YueOnoe mnocooue / C.M. Bansuckuii, E.K. Haummu. — DnexTpoH.
TEKCTOBBIC nmaHHble. — M. : Msmarensckuii lom MUCuC, 2014. — 188 c.
http://lib.dvfu.ru:8080/lib/item?id=1PRbooks:IPRbooks-56568&theme=FEFU

JlonoiHUTEIbHAS JIUTEepaTypa

(onnexmponnvie u neuammvie uz0anus)
1. PamOougun H.I'., bepé3kun A.B. ®dwusnueckue W XHUMHYECKHE OCHOBBI

HaHoTexHoJiorud — U3a. "dusmaraut", 2009. - 456 c.

http://e.lanbook.com/books/element.php?pll cid=25&pl1 1d=2291

2. Crapoctus B.B. Marepuansl 1 METOIbI HAHOTEXHOJIOTHI: yueOHOE TocoOune
— N3a. "bunom. JIabopatopus 3nanuit”, 2012. - 431 c.
http://e.lanbook.com/books/element.php?pll_cid=25&pll id=8688
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http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=8683
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=3134
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=5793
http://lib.dvfu.ru:8080/lib/item?id=IPRbooks:IPRbooks-56568&theme=FEFU
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2291
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2291
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=8688
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=8688

VI. METOJIMYECKUE YKA3ZAHMS O OCBOEHUIO
T CHUTIIIAHBI

B o6meit Tpynoemkoctu auctumuabl 108 gac. (3 3E) ayauTopHbie 3aHATHS
coctaBisaroT 90 yac, Birovast jJekiuu (34 yac.) ¥ ceMuHapcKue 3aHsaTus (56 yac.).

[lo nucuuIIMHe NpeycCMOTpEHa BHEAYIUTOPHAS CAMOCTOATEIbHAsA paboTa B
o0weMe 0 yacoB Ha BeCh KypC AUCLUILIAHBI.

Pacriucanme ayauTOpHBIX 3aHATUN BKJIIOYaeT B HEAENI0 8 4Yacos.
PekomeHnnyeTcss ydalmiuMcsl IUIAHUPOBAaTh BHEAYJIUTOPHYIO CaMOCTOSITEIIbHYIO
paboty B o0beMe 2.5 4acoB B yUeOHYIO HEJICIIO.

JUist  yriyOJIeHHOTO — M3y4Y€HHsS TEOpPETHYECKOro marepuaia  Kypca
JUCHMIUIMHBL PEKOMEHAYIOTCS HCHOJIb30BaTh OCHOBHYIO U JIONOJHUTEIIbHYIO
JUTEpaTypy, yKa3aHHYIO B IPUBEIECHHOM BBIIIIE [IEPEUHE.

CamocTtosTenpHass paboTa CTYIEHTOB MPH W3YYCHUHM AAHHON TUCIUTUIAHBI
COCTOUT W3 MOATOTOBKM K CEMHUHAPCKUM 3aHATUSAM, KOHTPOJIbHBIM paboTaM u
MOJATOTOBKHM pedepaTtoB MO BHIOPAHHON TeMe W3 MPEAJIOKEHHOTO B Kypce CIHCKa
TEeM, C TOCIEAYIONIeH 3amuTol pedepara Ha CeMUHAPCKOM 3aHATHH Ha 10-12
Helensax 3aHsAThil. PekoMeHayercs A MOATOTOBKU pedepaToB B 00sS3aTeIbHOM
MOPSIJIKE HCIONb30BaTh HAyUYHbIE CTATbH MOCJIEIHUX JIET, B TOM YHCIE U Ha
AHTJIMACKOM SI3BIKE.

Llenpro OCyIIECTBICHUS JAHHOW JAESITEIIbHOCTU SBISETCS NPHOOpETEHHE
CTyJE€HTaM{,  OOyYarou[UMHUCA [0  HanpaBIeHUIO  «DJIEKTPOHUKA  H
HAHOAJIEKTPOHUKAa», HABBIKOB PabOThl C HAYYHOU JUTEpaTypoil pU MOArOTOBKE K
CEMHHAPCKUM 3aHATUSM; TIOJy4YeHHE OmbITa OOpadOTKM W HHTEpIpeTaIiu
JUTEpPATypPHBIX JAHHBIX, @ TAKKE€ TEOPETUUYECKOTO M3YYEHHUS] METOJOB CO3/IaHUs
HAHOKJIACTEPOB, HAHOCTPYKTYP U HAaHOMATEpPUAJIOB U aHAIM3a MX MCIOJb30BaHUs

JIJIs1 KOHKPETHBIX CUCTEM, pacCMaTPUBAaEMbIX B pepepaTUBHBIX paboTax.
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VII.  MATEPHAJBHO-TEXHUYECKOE OBECIMEYEHHUE
JUCHUILIAHBI

OO0pazoBaTeNbHbIN MPOLIECC MO AUCIUILIAHE TPOBOJUTCS B JIEKIIUOHHBIX U
KOMITbIOTEpHBIX aynutopusax kopryca MAITY JIBO PAH, ocHamieHHbIX
KOMIThIOTEpaMH Kj1acca Pentium u MyabTUMeTUHHBIMU (TIPE3CHTAITMOHHBIMH )
CUCTEMaMHU, C MOJKIIFOUEHUEM K OOIIEKOPIIOPATUBHON KOMIIBIOTEPHOU CeTH

HNAITY IBO PAH, IB®Y u cetu UntepHer.
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[Tpunoxenue 1

MUHUCTEPCTBO OBPA3ZOBAHNS 1 HAYKU POCCUMCKOU ®EJEPALIN
DenepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEbHOE YUPEKICHHE
BBICITIETO OOpa30BaHUs

«/labHeBOCTOYHBIN (eaepaibHbII YHUBEPCUTET)
(IBDY)

HIKOJIA ECTECTBEHHBIX HAYK

YYEBHO-METOJUYECKOE OFECIIEYEHUE CAMOCTOSTEJBHON
PABOTbBI OBYYAIOLINUXCSI
o JMucuUILIHHEe «DU3HKO-XUMHS HAHOKJIACTEPOB U HAHOCTPYKTYP»
Hanpasienue nmoaroroBku 11.03.04 DjieKTPOHUKA M HAHOIJIEKTPOHUKA

®opmMa NOATOTOBKH OYHAA

BaaguBocTok
2016
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XapakTepuCcTHKA 3aaHUI JJI1 CAMOCTOSTEIbHON PadoThl 00y4aOIIUXCHA U
MeTOANYeCKHEe PEKOMEHIALMHU 110 UX BbINOJIHEHUIO

3ajaHusl U METOJMYECKUE PEKOMEHAAIMM JUIs CaMOCTOSITENbHON padoThI
o0ecneunBalOT TMOATOTOBKY pedepaTa B paMKax BbIOpaHHOW TEMBI IO
IPOYUTAHHBIM OPUTHMHAJIBHBIM CTaThsIM, KOHTPOJIBHBIM paboTaM U 0030pHOMY
JOKJIagy 1o pedepaTy C HCHOJIB30BAaHUEM OPUTMHAIBHBIX HAay4YHBIX CTaTeil B
paMKax TEeMaTHKUM Kypca JeKuuid «@PU3HKO-XMMHS  HAHOKJIACTEPOB U

HaHOCTPYKTYP».

MeToauveckue peKOMEHAALMH 110 NOATOTOBKe pedepara

B yuebHoM mpomecce pedepar sBIASETCS YaCTbIO CaMOCTOSATEIbHOM,
BHEAYJIUTOPHON pabOThl CTyAeHTa IO BbIOpaHHOW Teme. llenb BBIONTHEHUS
pedepatuBHOM pabOTBI - CaMOCTOSITENIbHOE TIyOOKOE H3yYyeHUE U aHaJIu3
KOHKPETHBIX BOIIPOCOB, IOJYYEHHWE HABBIKOB OMOIMOrpapuuecKkoro IOMCKa,
aHAIMTHYECKOW pabdoOThl C JHUTEPaTypod, HUCBMEHHOTIO O(QOPMIICHHUS TEKCTa.
Pedepar - 53TO caMoCTOsATENbHOE TBOPUECKOE HCCIENOBAaHUE CTYJIECHTOM
ONPEJEICHHONW TEMbI, OH JOJKEH OBITh LEIOCTHBIM M 3aKOHYEHHBIM, TBOPUYECKOU
Hay4yHOW paboToil. ABTOp pedepara MODKEH MOKa3aTh YMEHHE pa3OupaThCcsi B
npo0iemMe, CUCTEeMaTU3UPOBATh HAyUYHBIE 3HAHUS, MPUMEHSTh TEOPETHUYECKUE
3HAHMS Ha MPAKTHUKE.

Pedepar BbIMONHSETCS CaMOCTOATENBHO, IJIarMaT HEAOMYCTUM. MEpICiu
JIPYTUX aBTOPOB, LIMTATHI, U3JIOKEHUE YYEOHBIX UM METOAMYECKUX MaTEpHUaJIOB
JIOJKHBI UIMETh CCHUIKU HA UCTOYHUK.

Pedepar BemonHseTCs TO OJHOW W3 TMPEIJIOKEHHBIX TEM IO BBIOOPY
crtyaeHTa. CTYIEeHT MOXET MPEeAJIOKUTh COOCTBEHHYIO TEMY HCCIEIOBaHUS,
00OCHOBaB €€ I1e1eco00pa3HOCTh. BBINONHEHNEe CTyA€HTaMU OJHOM TI'pYIIIIbI

pedepaTuBHOI pabOTHI HA OAHY U TY K€ TEMY HE JOIMYCKaeTCs.
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[Ipu nHanucanuu padbOTHl HEOOXOJUMO HCIOIb30BATh PEKOMEHAYEMYIO
JUTEPATYPy: Y4eOHBIE M TMPAKTUYECKHE TOCOOMs, YIeOHHKH, MOHOTpadUUIeCKue

HCCIICAO0BAHNsA, CTATBbH B HAYYHBIX KYpHAJIaXx.

Crpykrypa pedepaTuBHOM padoThI
Pedepar - camocrosiTenbHOe, TBOpueckoe wuccieqoBanue. CTPYKTYpHO
pedepatuBHas paboTa JOKHA BBITIIAAETH CICAYIOIUM 00pa3oM:
- TUTYJIbHBIN JTUCT;
- IJ1aH pedepaTUBHOM pabOTHI (OTJIABJICHUE);
- TeKCT pedepaTuBHOM pabOThI, COCTOSIINMN U3 BBEJACHHUS, OCHOBHOM
yacTH (IJ1aBbl U nlaparpadsl) 1 3aKITI0YCHUS;
- CIIMCOK MCTIOJIh30BaHHON JIUTEPATYPHI.
Hanucanue pedepara
Pexomennyembiii 00bem pedepara - 15-20 cTpaHUI] MAIIMHOIKCHOTO TEKCTA.
HazBanue paboThl, T71aB U TIOATIIaB HE JODKHBI OBITH TPOMO3JKMMHU M HE JOJKHBI
coBnaaath. Pabora Haj pedepaToM HaUMHAETCS C cOcTaBiieHus miiana. [Ipogyman-
HOCTb IJIaHa — OCHOBA YCIIEIIHON ¥ TBOPYECKOM paOOThI HaJl IPOOIEMOM.

Bo BBeieHuM aBTOp 00OCHOBBIBAET BHIOOP TEMBI, €€ aKTYaIbHOCTh, MECTO B
CylLlecTBYIOLIEH MpobieMaTHKe, CTENEHb €€ Pa3pab0TaHHOCTH U OCBEIIEHHOCTH B
JUTEpAType, ONPEACNAIOTCS LEI U 3aJadu uccienoBaHud. JKenareiaeH CKaTbli
0030p HAy4YHOU JIUTEPATYPHI.

B ocHOBHOM 4YacTH BBIIETSAIOT 2-3 BOMpoca paccMaTpUBaeMOi MPOOIIeMbI
(rnmaBbl, maparpadsi), B KOTOPBIX (POPMYTUPYIOTCS KIIOUEBBIE MOJOKEHUS TEMBI.
[Ipn HEoOXomMMOCTH TJaBbl, maparpadbl TODKHBI 3aKAHUYMBATHCS JIOTUYCCKUMU
BBIBOJIaMH, TOABOJSIIMMH HMTOTH COOTBETCTBYIOIIETO JTama WCCIEAOBAHUS.
KenatenpbHo, 4TOOBI TJIaBBI HE OTIWYAINCH CHUIBLHO TIO o0OBemy. [lpuctymare k
HaIMCaHUIO pedepaTa JIydIie Mociie H3y4eHHs] OCHOBHOM JTUTEPATYPHI, BAYMYHUBOTO
OCMBICJICHUS IPUHIIUIIOB PEIICHHs TIPOOIEMBbI, MPOTUBOIOJIOKHBIX MOAXO/I0B K €€

paccmoTpenuto. OCHOBHOE cojiepkaHue pedepara u3araeTcs o BOMpocaM IiaHa
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IOCJIEI0BATENbHO, J10KA3aTeIbHO, ApPryMEHTUPOBAHO, YTO SBJISETCSI OCHOBHBIM
JIOCTOMHCTBOM CaMOCTOSITEJIbBHON PabOTHI.

B 3akil04YeHMHM TOIBOAATCS UTOTHM  HCCIENOBaHUS, 00001arTcs
MOJlydYeHHBIE pE3yNbTaThl, JENAIOTCS BBIBOABI MO pedepaTuBHON pabdore,
pPEKOMEHJaMK [0 NPUMEHEHUIO pe3yJbTaToB. B oOryiaBlieHHH BBEICHUIO U
3aKJIFOUEHUIO HE NIPUCBAUBAETCS NOPAIKOBBIM HOMep. HymepyroTcs nuib riaBsl U
naparpadsl OCHOBHOM 4acTH pabOThI.

Pedepart 3aBepiaeTcsi CMCKOM MCIOJIb30BAHHOM JTUTEPATYPBbI, KOTOPBIN

CIYXKHUT IIOKAa3aTCJICM N3YYCHHOCTHU TCMBI aBTOPOM.

CIIMCOK JIMTEPATYPBI

1. lonranesa JI.M. Pedepat: meToguueckue pekomenaanuu — Haxoaka: MaCTHTYT
texHosnoruu u 6usHeca. — 2003. — 12 c.

2. bacakoB M.M. Ot pedepata nmo mumIoMHOW padoTel. Pexomenmarum
CTyJIeHTaM 110 oopMIICHHIO TeKcTa: Yuel. mocobue - Poctos H//I.: dennke, 2001.
- 64 c.

3. 'pamotHO OdopMIsii  caMOCTOATENBHO TEKCT. - BrmammBocTtok: W3a-Bo
BI'VOC, 2002. - 36 c.

4. CaponoB A.A. OcCHOBbl HayyHBIX HCCIENOBaHUU: Yueb. mocobue. -

Bmagusoctok: M3n-Bo BI'YOC, 2000. - 168 c.

Kpurepuu onieHk# BbINOJTHEHUS CAMOCTOSITEIbHOI PadoThI
OyenusaHue pezrome NPoBOOUMCS NO KPUMEPUSIM.:

- HCTOJIb30BaHWE JIAHHBIX OTEUECTBEHHONW M 3apyOeKHOU JUTEpaTyphl,
VMCTOYHHUKOB VIHTEpHET U Kypca JIEKIUH;

- BJIQJICHUE MeETOJAaMH MW IIPUEMaMH aHajdu3a TEOPETUYSCKUX H/UIN
MPAKTUYECKUX aCTIEKTOB M3y4yaeMou 00J1acTu;
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- OTCYTCTBHC (I)aKTI/I‘{eCKI/IX OH.II/I6OK, CBA3aHHBIX C IOHMMaHHUEM HpO6H€MBI.

HOI[FOTOBKa K KOHTPOJIbHBIM paﬁoTaM

[ToaroToBKa K KOHTPOJIBHBIM paboTaM MPOBOJUTCS MO TEMATHKE JEKIUNA B paMKax
PacCCMOTPEHHBIX TeM. BOMPOCH BEIHOCATCS Ha KOHTPOJIBHBIE PaOOTHI 6€3 uX
npeaBapuTenbHOro oocyxaenus. [IpenogaBaTens OCTaBIsAET 3a COOOM MPaBO
MPOBOJUTH KOPOTKHUE MO BPEMEHU KOHTPOJIbHBIE pa0oThI (10 10 MUHYT) C OTBETOM
Ha 5 KOPOTKUX BOMPOCOB, CHOPMYIMPOBAHHBIX B CTPOTOM COOTBETCTBHH C TEMAMH

JICKIIMOHHBIX 3aHATUM U CIHCKOM npcajiaraCMbIX JIJIsI CAMOKOHTPOJIAA BOIIPOCOB.

[Tpunoxenue 2
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MHWHHCTEPCTBO OBPA30BAHMA U HAYKU POCCHUIICKON ®EJEPALIMU
®DenepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHIE
BBICITIETO OOpa30BaHUs

«/{aabHeBOCTOYHBIN (eepabHbIN YHUBEPCUTET»
(ABDY)

HIKOJIA ECTECTBEHHBIX HAYK

®OH/J ONEHOYHBIX CPEJACTB
o JMucunILInHEe «DU3UKO-XUMHS HAHOKJIACTEPOB U HAHOCTPYKTYP»

®opmMa NOATOTOBKH OYHAA

BaaguBocTok
2016
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MMacnopt ®OC

Koxa u ¢popmysiupoBka

dranbl GOPMUPOBAHUS KOMIIETEHIIUN

KOMIEeTeHIUH
OIlK-2, OCHOBHBIE (PU3HUECKUE U XMMUYECKHUE IIPOLIECCHI,
CIIOCOOHOCTD BBISBIIATH 3HaeT SBJICHUS U 3aKOHOMEPHOCTH, CBA3aHHBIE C
CCTCCTBCHHOHAYTHYIO (opMUpOBaHHUEM HAHOKJIACTEPOB U HAHOCTPYKTYP
CYITHOCTB TIPOOIIEM,
BO3HUKAIOIINX B XOJI€
npoeccHoHATbHOT OCYIIECTBIIATH KIIACCU(HUKAIIHMIO TIPOLIECCOB,
ACATCILHOCTH, Ymeer SIBJICHHI U 3aKOHOMEPHOCTECH, CBA3aHHBIX C
HPUBJICKATE UL UX (opMHpOBaHHEM HAHOKJIACTEPOB H HAHOCTPYKTYP
peLeHus
COOTBETCTBYIOIINI
. HaBBIKAMU pacyeTa apamMeTpoB MaTepHajIoB U
(bu3MKO-MaTeMaTHYECKUN .
ALEADAT Brnaneer | ycTpoHCTB Ha OCHOBE HAaHOKJIACTEPOB U
P HaHOCTPYKTYP
OIIK-7, OCHOBHBIE 00JIACTH MPUMEHEHHSI HAHOKJIACTEPOB U
CIIOCOOHOCTD YYUTHIBATh 3Haer HAaHOCTPYKTYpP, TCHACHIWHN 1 HAIIPABJICHUA
COBPEMEHHBIE TEHJICHIINN Pa3BUTHA HAHOMATCPUAJIOBCACHUA
pa3BUTHS AIIEKTPOHUKH,
W3MEPUTEIBHON 1 BBISIBIISITH COBPEMEHHBIE TEHACHIIMU TPUMEHEHUS
BBIUUCIIUTENIbHON Ymeer HAHOKJIACTEPOB U HAHOCTPYKTYP B 3JIEKTPOHUKE U
TEXHUKH, MU3MEPUTEIBHON TEXHUKE
MH(POPMAaLIMOHHBIX
TEXHOJIOTHii B CBOCH HABBIKAMU ITPUMEHEHUSI HAHOKJIACTEPOB U
npodecCHOHATBHOM Brnaneer | HAHOCTPYKTYp B 2JIEKTPOHUKE U U3MEPUTEIBHON
ACATCIIBHOCTHU TEXHUKE
[1K-2, 3naer OCHOBHBIE CITIOCOOBI PEIIEHUs 3a/1a4 110 pacyeTy
CIOCOOHOCTh Mo/iesIell HAHOKJIACTePOB U HAHOCTPYKTYP
apryMCHTHPOBaHHO pelarth 3a1auu Mo pacueTy Mojesei
BBIOUPATH M| VMmeer | HAHOKIACTEPOB M HAHOCTPYKTYP LIS
pean30BbIBATL Ha HCIIONIB30BAHUSL B YCTPOMCTBAX HAHOAIEKTPOHUKH
npakTuke 3(QeKTuBHYIO "
METOTHEY HaBbIKAMU peILeHHs 3a7ad IO pacdyeTy Mojelneit
HAaHOKJIACTEPOB W HAHOCTPYKTYp IS HX
HKCHEPUMEHTAIBHOIO . .
JabHEHMIIero  MCHOJb30BaHUS B YCTpPHCTBax
WCCIIEIOBAHHS
HAHOAJIEKTPOHUKH
apaMeTpoB U
XapaKTEPUCTHK
npubopoB, CXeM, | Braneer
YCTPOICTB M YCTaHOBOK
AIIEKTPOHUKHU u
HAHOAJIEKTPOHUKHU
pa3IMIHOTO
(GYHKIIMOHATIBHOTO
Ha3HAYCHUS
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KonTtpoanpyembie pa3aeis /

Koabl 1 Tanel

OuneHo4HBIE CpPeICTBA

n/n TeMbl JUCHUIIJIMHBI ¢popmupoBanus TeKYIHil | IPOMEKYTOY
KOMMeTEeH Uit KOHTPOIb HasT
arrecTanus
1 Tema 1. bazoBble KOHIIETIINN OIIK- | 3Haer nexkmun (ITP- | sx3ameHn,
HAHOTEXHOJIOTUH 2,7 3) BOIpOCHI 1-7
yMeeT CeMuHapcKO | yCTHBII
e 3anstue 1 | ompoc,
(TTP-6) 3a/IaHkE Ha
pedepar
Biaajgeer | CeMHHAapCKO | KOHTPOJIbHAs
e 3anstue | pabora 1
(TTP-6)

2 Tema 2. Knaccuduxanus u OIIK- | 3Haer nekuuu (ITP- | sx3ameH,
METO/TbI ITOJTYICHHUS 2,7 3) BOIIPOCHI 8-
HAHOKJIACTEPOB U HAHOCTPYKTYP [K-2 13

yMeeT CeMUHapCKO | YCTHBIM
e 3aHSTHE | OIIPOC
(T1P-6)
Binageer | CeMHHapCKO | yCTHBIN
e 3aHSTHE | OIPOC,
(TTP-6) KOHTPOJIbHAS
pabora 2

3 Tewma 3. [ToBepxuocts TBepabix | OIIK- | 3Haer nexuuu (ITP- | sx3ameHn,
Ten. MUKpOCKOTMYECKue 2,7 3) BONPOCHI 14-
ACTEKTHI. IK-2 20

yMeeT CeMUHaApCKO | YCTHBIH
e 3aHSTHE | OIIPOC
(TTP-6)

Brnageer | CeMHMHApCKO | DK3aMeEH,
e 3aHSTHE | YCTHBIN
(TTP-6) OTIpoC

4 Tewma 4. TepmonrHamuka OIIK- | 3Haer JICKIIUU 9K3aMeEH,

MIOBEPXHOCTEH | IpaHuIl pa3aena | 2,7 (TTP-3) Borpockr 20-
[K-2 28

yMeeT CeMUHaApCKO | YCTHBIH
e 3aHSTHE | OIIPOC
(TTP-6)

Bianeer | CeMHUHApCKO | KOHTPOJbHAS
e 3aHsATHE | paboTta 3
(TTP-6)

5 Tema 5. Knacrepusie monenu OIIK- | 3Haer JIEKIUHU JK3aMEH,

2,7 (TTP-3) BOTIPOCHI 29 -
IK-2 34
ymeeT CeMHMHapCKO | YCTHBIN
e 3aHATHE | OIPOC
(TIP-6)
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BJIAJIEET O0630pHBIC 9K3aMe€H,
JIOKJIa bl YCTHBII
(TIP-6) OIpoC
6 Tema 6. Yriepoanbie OIIK- | 3Haer JIEKIUH 9K3aMEH,
HaHOKJIACTEPHI U HAHOCTPYKTYpPHI | 2,7 (TIP-3) BOIpOcCHI 35 -
IK-2 41

yMeeT CeMUHApCKO | YCTHBIN
e 3aHATHE | OIPOC
(TTP-6)

Binageer | CeMHHapCKO | KOHTpOJbHAast
e 3aHsATHE | pabora 4
(TTP-6)

7 Tema 7. ®u3ndeckue u OIIK- 3HaeT JICKITUH JK3aMEH,
XUMHUYECKHUE CBOWCTBA 2,7 (TIP-3) BOIPOCHI 42 -
HeopraHnueckux HaHokjacrepoB | [TK-2 46
¥ HAaHOCTPYKTYP yMeeT CeMUHApCKO | YCTHBIM

e 3aHATHE | OIPOC
(TTP-6)

Brnageer | CeMHMHApCKO | 9K3aMeEH,
e 3aHSTHE | YCTHBIN
(T1P-6) OIIpoC

8 Tema 8. dusuueckue u OIIK- 3HaeT JICKIIUU 9K3aMeEH,
XUMHUYECKHUE CBOMCTBA 2,7 (TTP-3) BOIpOCHI 47 -
OpraHUYECKUX HAHOOOBEKTOB U I1K-2 51
HAHOCHCTEM yMeeT CeMuHapCcKO | KOHTPOJbHAS

e 3aHsATHe | pabota 5
(TTP-6)

Brnageer | Cemunapcko | Jlokiamael mo
e 3aHsTHE | pedeparam,
(TIP-6) 00CyKIeHHEe

IIIkana oueHUBaAHUA YPOBHSA C()OPMHPOBAHHOCTH KOMIIETEHIIUI

KO}I u Tanel (l)OpMHpOBaHPlﬂ KOMIIETCHIIUHU KpUTEpuun nmokKasarte

¢opmysnposka U

KOMIIETCHIIUH
OIIK-2, 3HAeT OCHOBHBIE (pU3HUECKUE U | OOBICHATH yueOHbIi | 60-74
criocobrocts | (OPOTO | xpvrgecknme mpottecesl, | MaTepman ¢ TpeGyeMoit
BBISIBIISITh };;I:BeH SBIICHUS U CTETIEHbIO Hay4YHOI
CCTECTBCHHOH | 1) 3aKOHOMEPHOCTH, TOYHOCTH Y TIOJTHOTHI
ay4YHYIO CBSI3aHHBIE C
CYIIIHOCTh (dhopMupoBaHreM
npobiem, HAHOKJIaCTEPOB U
BO3HUKAIOIIN HAHOCTPYKTYP
X B Xo0le
npodeccuona
JTbHON yMeeT | OCYIIECTBIISTh yMETh CHUCTEMAaTH3HpOBATh | 75-89
nestenpHOCTH | (MPOIE KJIaCCU(UKAITHIO Hay4YHYI0  HMH(POPMAIIHIO,
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, TIPUBIICKATh | MHYTHIA | [IPOIIECCOB, SIBJICHUHN U BBIMTOJTHSTh THITOBBIC
TSt nx | ) 3aKOHOMEPHOCTEH, 3a1a4d [0  W3MEPEHHSIM
pelieHus CBSI3aHHBIX C XapaKTEePUCTHK
COOTBETCTBY (bopmupoBaHueM HAHOKJIACTEPOB u
FOIIN I HAHOKJIACTEPOB U HAHOCTPYKTYP
¢buzuko- HAaHOCTPYKTYD
MareMaTuyec | Biajeer Ymets pemiath pasnudsbie | 90-100
KUl anmapar (BVI’ICOK HaBBIKAMU pacuera 3agauu B obacTu
k) napamMeTpoB MaTepPHAIOB | IKCIIEPUMEHTAIBLHOTO
Y YCTPOMCTB Ha OCHOBE UCCIICIOBaHMsI, KOHTPOJIS
HAHOKJIACTEPOB U CBOMCTB M XapaKTEPHCTHUK
HAHOCTPYKTYP HAHOKJIACTEPOB u
HAHOCTPYKTYD
OIIK-7, 3HAaeT | OCHOBHBIE 00JIACTH OOBSICHATD y4eOnblit | 60-74
criocoGrocTs | (MOPOTO | yhpiveHeHns marepual ¢ Tpedyemou
YYUTHIBATH ;;?BGH HAHOKJIACTEPOB U CTEIICHBIO Hay4HOH
COBPEMEHHBIE | 1 HAHOCTPYKTYD, TOYHOCTH M TIOJTHOTBI
TEH/ICHIUH TEHICHIIUH U
pa3BUTHSA HAIpaBJICHUS Pa3BUTHS
AIIEKTPOHHUKH, HAHOMATEPUATIOBEICHHSI
U3MEPUTEIIbH | ymeeT yMETh CHCTEMAaTHU3UPOBATh | /5-89
oi u | (POIB | priapiaTE COBpEMEHHBIE | HAY4HYIO — MH(OPMALHIO,
BBIYKMCITUTEITh ?HYTHH TCH/ICHIIUHM IPUMCHEHHSI | BBIIIOJIHSATH THUIIOBBIC
HOW TEXHHUKH, HAHOKJIACTEPOB U 3a7a4d [0  H3MEPEHHSIM
uHpOpMAIIHO HAHOCTPYKTYD B XapaKTEPUCTHK
HHBIX JIIEKTPOHUKE U HAHOKJIACTEPOB u
TEXHOJIOTUH B HU3MEPUTEIbHOM TEXHUKE | HAHOCTPYKTYP TSt
CBOEH YCTPOWCTB IEKTPOHHUKH
npodeccrona | Brageet Vmers pemath pasnmansie | 90-100
JIBHOM (BbICOK 3a7a4i B obJracTu
nestensrocry | M) HaBBIKAMHU TIPUMCHEHUS SKCTIEPHMEHTATHHOTO
HAHOKJIACTEPOB U
HAHOCTPYKTYD B MCCIIeNIOBAMA,  KOHTPOJIA
CBOMCTB M XapaKTCPHCTHUK
ANIEKTPOHUKE U .
U3MEPUTEIIBHON TEXHHUKE YCTPOUCTB — Ha  OCHOBE
HAHOKJIACTEPOB "
HAHOCTPYKTYD
[1K-2, 3HAaeT | OCHOBHBIE CIIOCOOBI OOBSICHATH y4ueOnbIit | 60-74
criocobrocTh | (MOPOTO | herers 3amad mo Mmarepuan ¢ TpeOyemoi
apryMeHTHPO }B;I(I:BeH pacdery Mojenen CTETCHBIO Hay4HOU
BaHHO b) HAHOKJIACTEPOB U TOYHOCTH U TIOJTHOTBI
BBIOMpATh U HAHOCTPYKTYD
peann3oBbIBA | ymeer YMETh CHCTEMAaTH3UpOBaTh | 75-89
Th Ha | (TPOXB | penraTs 3agaun mo HayyHyl0  HHGpOpManuio,
MPaKTHKE ?Hyn’m pacuery Mojenei BBITTOJTHSTH THITOBBIC
>ddexTuBny HAHOKJIACTEPOB U 3a/1a4n o pacuery
0  METOAMKY HAHOCTPYKTYP MoJieNiell HaHOKJIACTEPOB U
IKCTIEPUMEHT HAHOCTPYKTYD
aJILHOIO BIaJeeT | HaBBIKAMU perenust | YMmers pemiats pasiauunbie | 90-100
HCCIIEA0BaHU (BVHCOK 3a71a4 o pacuery | 3agauu B obnactn
s ImapaMeTpoB i) Mojeen HAHOKJIaCTEPOB | S3KCIECPHUMCHTAIBbHOI'O
1 Y HAHOCTPYKTYP WCCIICIOBaHMsI,  KOHTPOJIS
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XapaKTePUCTH
K TpubOpoB,
cXeM,
YCTPOWMCTB U
YCTaHOBOK
INEKTPOHUKHU
u
HAHORJIEKTPO
HUKHU
Pa3IUIHOTO
(hyHKIIMOHAIB
HOTO
Ha3HAYCHUS

CBOWMCTB M XapaKTEPUCTUK
HaHOKJIaCTEPOB u

HAHOCTPYKTYP

MeToauueckue PEKOMEHIAIUA, ONIPpEAC/IAIOINHUE ITPOUECAYPHI OLICHUBAHUA

pe3yabTaToB OCBOCHHUA TUCHMUIIJIMHBI

HpOMe)KyTO‘-IHaﬂ aTTrecranuda CTYACHTOB. HpOMe)KyTO‘-IHaH aTTecrangusa

CTYACHTOB II0 JUCHUIUIMHC IIPOBOAUTCA B COOTBCTCTBHMM C JIOKAJIbHBIMHA

HOpMAaTUBHBIMU akTamu JIBDVY u sBnsercs 00s13aTeabHOM.

OueHouHbIe CPeACTBA IS IPOMEKYTOYHOM ATTECTANMH

Bomnpocsl k 3k3ameny

1. Knaccuduxarus HaHOOOBEKTOB: MoueKyspHbIe KiacTephl. ['a30Bbie

Oe3nuraniHbie Kiaactepbl. IcTouHuMKYM u3ayyeHus kiactepoB. Macc-

CIICKTPOMCTPHBI U ACTCKTUPOBAHUC KJIACTCPOB.

2. CTpyKTypa MOBEPXHOCTU U MEX(Pa3HBIX TPAHHUIL pa3/ena.

3. Knaccudukamus HanHooobekToB: Koimongasie kiaactepsl. TBepaOTEIbHBIC

HaHOKJIACTEPHl U HAHOCTPYKTYPHI.

4. TloBepxHOCTh TBepABIX Tel: [I[puMecHbIe aTOMBI Ha TOBEPXHOCTH.

o

Knaccudukanus HaHo0ObeKTOB: MaTprUyHble HAHOKJIACTEPHI U

CyHIpPaMOJIEKYJISIPHbIE HAHOCTPYKTYPBI.

© o N o

HAHOKOMIIO3UTHI.

ATOMHBIE ¥ MOJIEKYJISIPHBIE OPOUTAIIH.
Knaccudukanus HanooobekToB: KnactepHbpie KpucTauibl U QyJIICPUTHI.
Ponsb rpanun pazgena a3 B GopMUpoOBaHUM CBOWCTB HAHOMATEPHUAJIOB.

Knaccudukanus HanooobekToB: KoMnakTupoBaHHbIE HAHOCUCTEMBI U
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10. TToBepXHOCTB TBEPABIX TEI: DIEKTPOHHBIC U MATHUTHBIE CBOMCTBA
MTOBEPXHOCTH.

11. Knaccudukarms HaHOOOBEKTOB: TOHKHE HAHOCTPYKTYPHUPOBAHHBIE
TUICHKHU.

12. Tlopucteie MaTeprabl U (POTOHHBIE KPUCTAILIBI.

13. Knaccuduxkaims HaHOOOBEKTOB: YTIIepoaHble HAaHOTPYOKU. ['paden u ero
CBONCTBA.

14. MonekynsipHble JUTaHIHbIE KJIacTepbl MeTauioB. CBoiicTBa
METATUIECKIX MOJICKYJISIPHBIX KIIACTEPOB.

15. TloBepXHOCTh MOHOKPUCTAJUIOB, HAHOKJIACTEPOB U MOPUCTHIX COPOCHTOB.

16. KnacTepbl Ha OCHOBE OKCHIOB MeTauioB. CBOMCTBA OKCOMETAIUTHYECKUX
MOJIEKYJISIPHBIX KJIACTEPOB.

17. TloBepXHOCTh TBEPJBIX TEJI: ATOMHBIE U MOJIEKYJISIPHbIE OPOUTAIIH.

18. ®ymiepuTsl U yriiepoiHbIe HAHOTPYOKH (9JIEKTPOHHBIE CBOMCTBA U
MpUOOPHBIE MPUMEHEHHUS ).

19. Xumnueckuii morennuan. CeoboaHas sHeprus [ mdb6ca u ceodogHas
sHeprus [ emrospua.

20. Masble yriaepoHbie KJIacTephl.

21. ®opmupoBanue QymieperHoB. OysuiepeHbl U UX CBOICTBA.

22. TepmoauHaMuKa MOBEPXHOCTU U MEK(a3HBIX TPAHHUIL.

23. beznuranaHpie METAITMYECKHUE KIIACTEPhI U UX CBOMCTBA: KIIACTEPHI
HIEJIOYHBIX METAJIOB U cepedpa.

24. TrepaoTeabHbIC HAHOKIIACTEPBI U HAHOCTPYKTYPHI (CHHTE3 U MEXaHUICCKUE
Y TETUIOBBIE CBOMCTBA).

25. 3apoxaeHrne U pOCT HAHOKJIACTEPOB B HAHOMIOPAX BEIECTBA.

26. [ToBepxHOCTB TBepABIX Tell: [I[puMecHbIe aTOMBI HAa TOBEPXHOCTH.

2. AMopdHBIE HEOPraHUYECKUE HAHOCTPYKTYPHI.

28. 3apoKJIeHNE U POCT KJIACTEPOB HA OCHOBE TBEPIOTEIBHBIX PEAKIIHMA.

29. beznuranaHbpie METAIMYECKHUE KIIACTEPhI U UX CBOWMCTBA: KIIACTEPHI
ATFOMUHUSA, KJIACTEPhI PTYTH, KJIACTEPHI MEPEXOTHBIX METAJIIOB.

30. Mukpockomnuyeckast MOJeJIb BHYTPUKIIACTEPHOM aTOMHOM TMHAMUKHU.

31. TepmonuHamMuueckasi MOJICIb KlacTepa.

32. KBanToBo-cratucTuueckass MOJI€ENb.

33. KommbroTepHbie MOICIN KIIACTEPOB.
27



34.®pakTanbHble MOAETHU KJIACTEPOB.

35.006051049e4HBIC MOJICTN KJIacTepa.

36. CtpykTypHas MOJAEIb KiiacTepa.

37. Onrudeckue W DIICKTPUUYECKUE CBOMCTBA HAHOCTPYKTYP: OINTHYCCKHEC
CBOMCTBA HAHOCUCTEM, JIEKTPOTPOBOTHOCTh HAHOCTPYKTYP.

38. MaraurtHsie CBOIiCTBA HAaHOCTPYKTYP: cyrnepIiapaMarHeTU3M,

HAaMAarHWYEHHHOCTh HAHOKJIACTEPOB U HAHOCTPYKTYD,

39. MarHutHble  CBOMCTBa  HAHOCTPYKTYp:  KBaHTOBOE€  MAarHUTHOE
TYHHEJUPOBAHUE.
40. MaruurtHble CBOMCTBa HaHOCTPYKTYP: TUTaHTCKOE

MarHeTOCONPOTHUBIICHHE.

41 MaruutHble CBOMCTBa HAHOCTPYKTYp: MAarHuTHbIE (Pa3oBble MEPEXOnbl B
HAHOCHCTEMAaX C M30JIMPOBAHHBIMU KJIACTEPAMH U B HAHOCTPYKTYpax.

42. ®opMupoBaHUE KOJUIOUIHBIX HaHocucTeM. ONTHUYECKHUE U 3JIEKTPOHHBIE
CBOMCTBA KOJUIOMIHBIX KJIACTEPOB.

43. MaTtpuuHble U CYIpaMOJIEKYJSpHbIE HAHOKIACTEPbl U HAHOCTPYKTYPHI:
HAHOKJIACTEPHl METAIJIOB M OKCHIOB METAJUIOB B MAaTPHIIE OPTaHUYECKUX
BEIIECTB.

44. MakpOMOJNEKYJIIpPHbIE W CYNPaMOJEKYJISPHbIE HAHOCTPYKTYPBI, OEJIKH,
MOJIMHYKJICATU Bl U OMOJIOTUYECKHE OOBEKTHI.

45. ®OTOHHBIE KPUCTAJIIBI.

46. HanomopucTbie OJIMMEpPHBIE MaTEPUATTBI.

47. ConoauMepsl ¢ KECTKUMHU (pparMeHTaMu.

48. ITonrumepHO-HEOPTraHUYECKUEe HAHOKOMITO3HTHI.

49. MUKpOdIJIEKTPOMEXaHUYECKNE CUCTEMBI.

50. HaHOnIeKTpOMEXaHUYECKHE CUCTEMBI.

51. MonekyspHbIe U CylpamMoJIeKyJIsIpHbIE TPUTTEPHI.

Texkyumasg arrecrauusi CTyJAeHTOB. Tekyiias arrecrauusi CTYACHTOB IO
JUCIUIUIMHE «DPU3UMKO-XUMUS HAHOKJIACTEPOB U HAHOCTPYKTYpP» IMPOBOAUTCA B
COOTBETCTBUM C JIOKAJbHBIMA HOpMAaTUBHbIMU akTamu JIBOY wu sgaBusgercs

00s3aTEIbHOM.
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Texkymass arrecrauus no AUCHUIUIMHE «DU3UKO-XUMHUS HAHOKJIACTEPOB U
HAaHOCTPYKTYpP» MPOBOAUTCS B (JOpME KOHTPOJIBHBIX MEPOIPUATUH (HAMMCaHUE U
3amuTa peeparoB Mo MPEeUIOKEHHBIM TeMaM, KpaTKUe OTBETHl Ha BOMPOCHI Ha
CEMUHAPCKUX 3aHATHUSIX, KOHTPOJIbHBIE PA0OTHI B paMKax BOIIPOCOB CAMOIIPOBEPKH
B XOJIc CEMHHAPCKUX 3aHSATHH) MO OICHUBAHWIO (DAKTUYECKUX PE3yJTbTATOB
OOy4YEHHMsI CTYJICHTOB OCYIIECTBIISICTCS] BEAYIIUM IPEIO/1aBaTEIIEM.

OOBeKTaMu OTICHUBAHUS BBHICTYTAIOT:

- yueOHas JUCUMIUIMHA (QaKTUBHOCTh Ha 3aHATHUSX, CBOEBPEMEHHOCTD
BBITIOJIHEHUS PA3JIMYHBIX BUJIOB 33JJaHUM, TTOCEIIaeMOCTh BCEX BUOB 3aHATUM 10
aTTECTyEeMOM JUCHUILINHE);

- CTETIeHb YCBOCHUS TEOPETUYECKUX 3HAHUM;

- YpPOBEHb OBJIQJICHUS MPAKTUYECCKUMH YMCHUSMH M HAaBBIKAMH II0 BCEM
BUJIaM y4eOHOM paboThI;

- pPe3yNbTaThl CAMOCTOSITEIbHON PabOTHI.

OrneHrBaHWE PE3yJIbTaTOB OCBOCHMS JTUCIUIUIMHBI Ha JTale TEKyIen
aTTeCTallMy TPOBOJUTCS B COOTBETCTBUM C UCIOJIb3YEMbIMU OIICHOYHBIMHU

CpEICTBaMH.

Kpurepuu oieHKHM 0TYETOB 110 CEMHUHAPCKHUM 3aAHATHAM

OnennBanre pabOTHl HA CEMHUHAPCKUX 3aHSATHUAX IMPOBOJUTCS HAa OCHOBE
aHajgu3a BBICTYIUICHHH CTyJI€HTa C KpaTKUMHU OTBE€TaMHM 10 3aJaHHbIM Ha
CEMHUHAPCKOM 3aHSITUU BOIIPOCAM TEOPETUUECKOTO M TEXHOJIOTHUYECKOTO XapaKTepa
MO JIBYXOQJIITLHOM IIKAJIE: «3aUTEHOY», «HE3aUYTECHO.

OuleHka «3a4TE€HO» BBICTABIISIETCS CTYyAeHTY, eciau oH nocetun 100%
CEMHUHAPCKUX 3aHATHI U MPOJAEMOHCTPUPOBAN BIAJECHUE METOJAMU U MpHUEeMaMU
TEOPETUUYECKUX U/WIIH MPAKTUYECKUX aCTIEKTOB paOOThI.

OLieHKa «HE3a4TEHO» BBICTABIISIETCS CTYJEHTY, €CJIM OH ToceTun meHnee 50%
CEMUHAPCKUX 3aHATUHA U HE BIIAJICET METOIAMH U MMPUEMaMU TEOPETHUCCKUX U/HIN

MPAKTUYECKUX ACMEKTOB palOThl, JOMYCKAET CYIIECTBEHHbIE OIIMOKH B pabdoTe,
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npeacTaBsI€T OTYET C CYIICCTBECHHBIMHM OTKIOHCHHMAMHU IIPpH  OTBETAaX Ha

IMOCTABJICHHBIC BOIIPOCHI.

Kpurepuu o1ieHKHM KOHTPOJIbHBIX PadoT

OueHnBaHWEe TPOBOJUTCS MOCIE MUCbMEHHBIX OTBETOB HAa IMOCTABJICHHBIC
BOIIPOCHI MO MATHOAJUIBHON LIKAJIE.

MaxkcruMasbHas OLleHKa [0 KOHTPOJIbHOU paboTe — 5, MUHUMaJIbHas 3.

Pe3ynbTaTbl KOHTPOJIBHBIX pabOT YUMUTHIBAIOTCS MPH CAaye HK3aMEHOB.
JlononHUTEIbHBIE BOTIPOCHI 33JaI0TCS 110 TEMaM KOHTPOJBHBIX pa0oT, IO KOTOPBIM

CTYJICHT TIOJIy4HJI OIICHKY HIDKE 4 OalIoB.

OneHoyHbIe cpeacrea nJjs TeKyll_[eﬁ arrecranmmm

(I)OprI H METOABI /I TEKYIIETI0 KOHTPOJIA: KOHTPOJbHEBIC pa6OTBI I10 pa3aciiaM

JUCITUITIINHBI.

KOHTPOJIBHBIE PABOTbBI

KonrpouabHas padora Nel

®opMUpPOBaHUE U CBOMCTBA MOJIEKYJISIPHBIX KJIACTEPOB.

dopMUpOBaHUE U CBOMCTBA Ia30BbIX OE3TUTAHIHBIX KJIACTEPOB.

VYcnoBus popmMupoBaHus TBEpAOTEIbHBIX HAHOKIACTEPOB U HAHOCTPYKTYD.
MatpuyHble HAHOKIIACTEPHI U CYNPAMOJIEKYJISIPHBIE HAHOCTPYKTYPBI.
KnactepHble kpucTamisl U QyIIepUTHI.

KomnaktnpoBaHHble HAHOCUCTEMBI 1 HAHOKOMITO3HUTHI.

ToOHKME HAHOCTPYKTYPUPOBAHHBIE ILNICHKH.

o N o O bk wd R

VYrnepoaHble HAHOTPYOKHU U TpadeH.

KonTpoabnas padora Ne2

1. Xumuuecknit morennuan. CBoooaHas sueprus [ mo6ca u cBoOogHAS DHEPTHS
I'eneMromanna.

2. TepmoauHaMHKa TOBEPXHOCTH U MOBEPXHOCTEH paszfena.

3. TepmonuHamMuKa KpUBOJIMHEHHON MOBEPXHOCTH.
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N o ok

CTpyKTypa MOBEPXHOCTH U MEX(Pa3HBIX TPAHHUII.

HyxkJieanust 1 pocT HAHOKJIACTEPOB B HAHOIIOPAaX BEIIECTBA.

Hyxiieanus u poct K1acTepoB Ha OCHOBE TBEPAOTENBHBIX PEAKIUH.
3aBUCUMOCTh CBOMCTB OT pa3Mmepa 4dactull. [loBeneHne HaHOYACTHIL IIPU

CIICKaHHU.

KonTpoabHas padora Ne3

N o ok w0DdE

Muxkpockonuyeckas MOAEIb BHYTPUKIACTEPHON aTOMHOW TMHAMMKH.
TepMmonnHaMHUUeCKass MOJENb KiacTepa.

KBanTOBO-CcTaTHCTHUECKAS MOJICIIb.

KomrbroTepHbie MOAENHN KIIACTEPOB.

OpakTaIbHbIE MOJEIHN KJIACTEPOB.

O060J104eYHBIE MOJIENIN KJIacTepA.

CrtpyKkTypHas MOJEb KJIacTepa.

KonTpoabnas padora Ne4

1.

Knacteper Ha oCHOBe OKCHMAOB MeTauioB. CBOMCTBA OKCOMETAILNTMYECKHUX
MOJIEKYJISIPHBIX KJIACTEPOB.

besnurangnple MeTa/UIMUECKHME KJIACTepbl M UX CBOMCTBA: KJIACTEPHI
IICJIOYHBIX METAJUIOB M cepedpa, KiacTepbl allOMUHUSA, KIacTepbl PTYTH,
KJIACTEPbI IEPEXOIHBIX METAJIOB.

Oymieputbl W yraepoaHble HAHOTPYOKH (DJIEKTPOHHBIE CBOWMCTBA U
npUOOPHBIE TPUMEHEHUS).

Heoprannyeckre HaHOCTPYKTYPUPOBAHHBIE MaTepHaNIbl: METAJUIMYECKUE
KOMIIO3UTHBIE MaTepralibl, HAHOCTPYKTYpUPOBaHHAS KEpaMHKa.
TBepaoTeIbHBIE HAHOKOKJIACTEPHI (CUHTE3 U CBOMCTBA).

[TopucTeie MmaTepuaibl U POTOHHBIC KPUCTAILIBI.

AMopdHBIE HEOPTAHUUECKIE HAHOCTPYKTYPHI.

KonTpoabnas padora Ne§

1.

2.

cDOpMI/IpOBaHI/Ie KOJILTIOMJHBIX HaAHOCUCTEM. 30JI4, MUIICIIIBI,
MHUKPOSMYJIbCHUH.

Opranuzanus ¥ cCaMOOpPraHu3alrsl KOJUIOUIHBIX CTPYKTyp. Onruueckue u
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AJIEKTPOHHBIE CBOMCTBA KOJUIOMAHBIX KJIACTEPOB.

CuHTe3 MOJNMMEPOB  KOHTPOJIMPYEMOM  CTpPYKTypbl.  MukpodasHoe
paccioeHne 0JI0K-CHITIOJIUMEPOB.

MurnennoobpazoBanue B 0J0K-COMOIUMEPAX.

ArperaThble U (a30Bble COCTOSTHUS MOJIUMEPOB. TepMO3TaCcTOIIIACTHI.
Hanonopucteie mnonumepHble Marepuaibl. ConoauMepbl €  KECTKUMHU
dbparmeHTamMu.

[TomuMepHO-HEOPraHNYECKNE HAHOKOMITO3UTHI.

BGJIKI/I, IMOJIMHYKJICATUAbI U OMOJIOrNYECKUE OOBEKTHI.

TEMATHUKA U IEPEYUEHD PE®EPATOB

Paboueit  mporpammoit  y4ueOHONM  mucHMIUIUHBI  «DU3UKO-XUMUS

HAHOKJIACTEPOB M HAHOCTPYKTYp» MPEAYCMOTPEHA CaMOCTOSATENbHas padora

CTYJIEHTOB B 00beme 34 uac., BKIIOYarolias B ce0s MOJATOTOBKY pedeparoB o

CJIEYIOIINM TeMaM:

1.
2.

© 0o N o O Bk~ W

CBolCTBa MHAVMBHUIYAJIBHBIX HAHOYACTHUI: METAUIMYECKUE HAHOKIACTPEPHI.
CaoiicTBa VHJIUBUY AJIbHBIX HAaHOYACTHLL: IIOJTYIIPOBOJHUKOBBIE
HAHOYACTHULIBI.

KnacTtepbl aTOMOB peIKHX ra30B U MOJIEKYJISIPHBIE KIaCTEPHI.

MeTonbl CHHTE3a MOJIEKYJISIPHBIX JIUTAHIHBIX U O€3JTUTaHIHBIX KIaCTEPOB.
YriepoIHble HAHOKJIACTEPHI: OT aTOMOB YTJIEPO1a B HAHOCTPYKTYpPaM.
[TopucTslii KpeMHUN — MaTEPUA Il HAHODJICKTPOHUKHU.

Mertamun4eckue KJIacTepbl B ONTUYECKUX CTEKJIIAX.

VYraepoiHbie HAHOTPYOKHU U UX TPUMEHEHHS.

deppomaraeTu3m u GeppUMarHeTu3M B HAHOCTPYKTYpax.

10. I'uranTCKO€ MarHETOCOMPOTUBIIEHUE B CJIOUCTHIX HAHOCTPYKTYpaX.

11. OnTuyeckass u  KoyieOaTeldbHAsi CIEKTPOCKOIHUS HAHOKJIACTEPOB U

HAaHOCTPYKTYD.

12. Ontuyeckure u 3JIeKTPOHHBIE CBOMCTBA KOJIJTIOUIHBIX KJIACTEPOB U KJIACTEPOB

MCTAJIJIOB U ITOJYITPOBOJIHUKOB.
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13. HaHoknacTepsl METaJJIOB U OKCHUJOB METAJIJIOB B MAaTPULE OPraHUYECKUX
BEILIECTB: CTPYKTypa U CBOMCTBA.

14. MakpoMOJEKyJIIpHbIE U CYNIPaMOJIEKYJIIPHbIE CTPYKTYPhl: CPAaBHUTEIbHBIN
aHaJIN3 CTPOCHHUS U CBOMCTB.

15. CynepmarHeTusm B MarHUTHBIX HAaHOKJIacTepax.

16. MarauToMsrkue 1 MarHuTOXKECTKHE HaHOMaTepHuasibl U 3()(PEeKT KBaHTOBOTO

MAariuTHOI'O TYHHCIMPOBAHMA.

BOIIPOCHI )11 CAMOIIPOBEPKH IO KYPCY JIEKIIU

Bomnpocs! ajs1 camonpoBepku mo teme Nel

1. B 4em coCTOUT CyTh IIPOIIECCOB «CBEPXY-BHU3» U «CHHU3Y-BBepX»? PermaroT mu
OHU OCHOBHBIE NPOOJIEMbl HAHOTEXHOJIOTHit?

2. Kakue noctueHus B pU3MKE CTAIM OCHOBOM JJIsl Pa3BUTHS HAHOTEXHOJIOTUIA?
3. KT0 u3 y4eHsIx copMyIrpoBall OCHOBHBIE 33]]Ja4l HAHOTEXHOJIOTHIA?

3. KakoBblI 11€711 1 00BEKTHI U3YUYEHUSI B HAHOXUMUH U (PU3UKO-XUMUU HAHOYACTHIL
¥ HAaHOMaTEePUajoB?

4. YTto Takoe HaHOTEXHOJIOTHUecKass mHuuaTuBa? Kakue 11ean 1 3a1auu oHa

CTaBUT NIEPe]l YICHBIMU, Pa3paboTUYMKAMU U TEXHOJIOTaMu?

Bonpocel aj1s1 camonpoBepku 1o Teme Ne?

1. Yto Moj0’KeHO B OCHOBY KJacCHU(UKAIIUU HAHOKIACTEPOB?

2. Yto u3 cebs mpeACTaBIAIOT MOJICKYJISIPHBIE KJIaCTePhl U KaKO€ MUHUMAIIbHOE
KOJIMYECTBO aTOMOB OHH BKJIIOYAIOT?

3. Uro Takoe JIUraHi A MOJIEKYJISIPHBIX KPUCTAIIOB?

4. Kak nony4aroT razoBble O€3TUTraHHbIe KJIacTephl?

5. Kakoil 3 HCTOYHUKOB KJIaCTEPOB UMEET MUHUMAJIbHYIO HHTEHCUBHOCTD U
KaKOW MakCHMaJIbHYyI0 HHTEHCUBHOCTb?

6. Kakum criocoOom mosTydaroT yriiepoaHble HAHOTPYOKHU U (yIuiepeHbi?
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7. Yem oTaMyarOTCA CTAaTUUECKHE U AMHAMUYECKUE CIIOCOOBI B Macc-
CHEKTPOMETPHUH?

8. Kakue Tunsl KOJIOUJHBIX KIACTEPOB BBl MOYKETE HAa3BaTh?

9. Kak 00pa3yroTcst MUIIEIJIBI M KAaKOBBI UX CBOMCTBA?

10. KaxoBbI OCHOBHBIE CTIOCOOBI MOIYYE€HUS TBEPAOTEIBHBIX HAHOCTPYKTYP?

11. KakoBsI c11ocOOBI OTYyUYEHUS CYIIPaMOJIEKYJIIPHBIX HAHOCTPYKTYp?

12. Bo3moxkHO 711 00pa3oBaHue KJIACTEPHBIX KPUCTAIUIOB U KaKOBa y HUX
HNEPUOAUYHOCTD?

13. Kakumu cnocobamu nosryyaroT KOMIAKTUPOBAHHbBIE HAHOCUCTEMBI U
HaHOKOMIIO3UTHI?

14. KakoBbl OCHOBHBIE METO/IbI IOJYYEHUS U BUJIbl HAHOCTPYKTYPUPOBAHHBIX
IJICHOK?

15. Yem oT/IMYAIOTCS OJHOCIOMHBIE U MHOTOCJIONHBIE YTJIEPOIHbIE HAHOTPYOKH?

16. Yto Takoe rpadeH u Kakue oH uMeeT (hU3nIecKue cBoicTBa’?

Bonpoce! 17151 camonpoBepku 1o Teme Ne3

1. B d4ewm pazHuia Mexay aTOMHBIMH U MOJICKYJISIPHBIMA OpOUTAISIMU?

2. Uto Takoe METOJ TMHEHHOW KOMOMHAIIMK MOJICKYJSIPHBIX opOuTasneii?

3. Kak uzMeHnsieTcst noTeHIuanbHas SHEPTUSI U PACTIOJIOKEHUE MOJIEKYIISIPHBIX
opOuTanel Npyu U3MEHEHUH PACCTOSIHUSI MOJIEKYJIbI OT MTOBEPXHOCTH?

4, Kak u3MeHseTcsl KOOpJAMHAIIMOHHOE YHCIIO Ha TpaHsax nmopepxHoctu (100),
(110)m (111)?

5. B de paznuunie Mexay TOHKOTOPUCTHIMU U KPYITHOIIOPUCTHIMU
CeMKareIsiMu?

6. CkoJbko TemMmnepaTypHbIX MOAUGUKAIIUNA KOPYHJIA CYIIIECTBYET?

7. Ot 4ero 3aBUCHUT pa3Mep Mop B LEOIUTaX?

8. Ha kakue ¢pusndeckue 1 XUMHIECKHUE MTapaMeTPhl BIUSIOT IPUMECHBIC HOHBI

Ha MMOBCPXHOCTU OKHUCIIOB METaJlJIOB?
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9. Kak BiusieT HapylIeHUE IEPUOJUIHOCTH Ha TOBEPXHOCTH OKCUIOB METAJIJIOB
Ha BEJIMYUHY U XapakTep NPOBOAUMOCTH?

10. KakoB nuarmna3oH U3MEHEHHUs IUPHUHBI 3apPeIIeHHON 30HbI B OKCHIAX
METAJUIOB M OT YETO OHA 3aBHCHUT?

11. Yem omnpenensiroTcsi MarHUTHBIE CBOMCTBA TOBEPXHOCTU METAJIJIOB U OKCHJIOB
METaJlJIOB?

12. Yo Takoe MOBEPXHOCTHHIE IIEHTPA KUCIOTHOTO M OCHOBHOTO TUTIA ¥ YTO OHH
ONPEACIAIOT?

13. Kakue tumbl aficopOIuu CyIecTBYIOT U KAKMMU TTapaMeTpaMH OHU
ONPEAEISAIOTCS?

14. Ha yTo BiMsieT reTEPOreHHBIN KaTajau3 Ha MOBEPXHOCTH TBEPJIOTO TeJla U Ha
OTJIETIBHBIX KJIacTepax?

15. YTo MOKHO HICCIIEOBATh C TOMOIIBIO METOJIa MeccOayIPOBCKOM
CIIEKTPOCKOTINH, U KaKre MPHUOOPHI TTO3BOJIIOT UCCIE0BATh KHHETUKY
XAMHUYECKUX PEaKun?

2. Kakue 6a30BbIe KOHIICIIIMNA COCTABIISIIOT MTOHATUHHBIN anmapaT KBaHTOBOH U

ONTUYECKOMN 3JIEKTPOHUKH?

Bonpoce! 1j1s1 camonpoBepku 1o Teme Ned

1. Kakas ¢pyHgameHTanbHas BEJIMYHMHA, TOA00HO cHiie B (PU3MKE TBUKEHUS,
MOKET KOJIMYECTBEHHO MPOCIENANTD 38 XUMUUECKUMU MPEBPALLEHUSIMH U
COOTBETCTBOBATH OMPEEICHNUI0 XUMHUYECKOTO CPOACTBA?

2. Tlpu kakux ycrmoBusix cBoOoHas sueprus [ mb0ca u cBoOoIHAS SPHEPTHS
['enbMrosbLa cOBMagar0T?

3. Urto Takoe MOBEPXHOCTHOE HATSKEHHE?

4. Kak onpenenuTs MOBEPXHOCTHOE HATSHKEHUE JUISl TBEPIBIX TEN?

5. Kakumu mapamerpamu MokeT 00J1a71aTh CBEKECKOI0Task MIOBEPXHOCTh
BerlecTna?

6. Kakum o6pazom BimsieT aficopOIins KUCIOPO/ia Ha TTOBEPXHOCTHOE

HaTSDKEHHUE TBEPAOTo cepedpa?
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7. Tlpu Kakux yCIOBHSIX B 3aMKHYTOH IOpe HAOIOIAETCSI 3apOXKIACHUE HOBOM
da3bl u ee pazpacranue?

8. Kak mpoucxoIuT 3aposKICHUE TBEPAOTEIIBHBIX KIACTEPOB B aMOP(HHOM
dbaze?

9. Yewm omnpenensercst 6appep ISl ClIEKaHUS TBEPAOTENbHBIX KIIACTEPOB?

Bonpoce! Aj1s1 camonpoBepku 1o teme Ned

1. Kakxum oOpa3oM BBIYHMCISAIOTCS CPEIHEKBAIpATUUHBIE CMEIICHNUS aTOMOB B
KJIACTEPE U KaK YUYUTHIBACTCS CIIEKTP KoJieOaHUM B HUX?

2. Yrto Takoe kputepuii JIlungemana u Kakoi mporiecc OH OMUCHIBAET?

3. YTO Mo3BOJISIET pacCUUTaTh U KOJIMUYECTBEHHO 0XapaKTEpPU30BaTh
TEPMOJMHAMHUYECKAsA MOJIEIb Kilactepa?

4. Kakas Mozelb 03BOJIIET ONMUCATh NEPEXO]] KJIACTepa U3 TBEPIOTO COCTOSIHUS
B KHJIKOE U JIA€T MPEICTABICHUE O MPOMEKYTOYHOM COCTOSIHUM — COCTOSIHUU
CIISIKOTH?

5. Yto Takoe mapaMeTp HEXKECTKOCTHU, B KAKOH MOJIEIN OH BBOJUTCS U KaKoe
COCTOSIHUE KJIACTEPA MO3BOJISIET OXAPAKTEPU3Z0BATH?

6. C nomouibro Kakoi MOJENH y1aeTcsl onucaTh AMHAMUKY NIepexo/ia KiacTepa
U3 TBEPJOT0 COCTOSIHUSA B )KUIKOE?

7. Kakyro uHpopmaiuio 1aet KOppeasiHuOHHbIA CIIEKTP B KOMIIbIOTEPHOU
MOJIeNIU KjacTepa?

8. Kakoe cocTostHHE KJIacTepa OMHUCHIBAET CPEIHEKBAIPATUYHOE OTKIIOHEHHE
JUTUHBI CBA3U OT CPEIHEN BEJTUYNHBI?

9. Kakumu napamerpamu XapakTepusyloTcs (ppaKTanbHbIE KIacTephl?

10. Kakue monenu popMupoBaHus (PpaKkTaIbHBIX KIACTEPOB OMKUCAHbBI B
HacTosIIee Bpems?

11. Ha yeM ocHOBaHa ujiesi TOCTPOCHHS 000JI0UEUHON MOIEH KiiacTepa’?

BonpocsI 1151 camonpoBepku mo Teme Neb6

1. Kakue ¢popmMbl MajbIX YriepoaHbIX KJIACTEPOB CYIIECTBYIOT?
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2. Kakoii pazmep uMeeT MUHUMAJIbHBIN IapOOOpa3HbIN YIIIEpOIHBIN KiacTep?
3. KakoBa 31ekTpoHHas CTPYKTypa KOJIbIe0Opa3HbIX YIIIEPOIHBIX KJIACTEPOB ?
4. YUem 0TIMYAIOTCS SHAO0SIPAIbHBIE U K303ApalibHbIE QYIIIEpEeHbI?

5. KakoB Mexanusm popmupoBanus GyuiepeHoB?

6. Kak ompenemnstoT sHeprui0 HOHU3AIMU U SHEPTUIO0 CPOJCTBA K IIEKTPOHY IS
bymiepeHoB?

7. Yto Takoe rpadeH U KaKOBBI €0 OTINYUTEIbHbIE CBOMCTBA?

8. KakoBa cTpykTypa dyinepuTa v pu Kakux yCIoBHUsIX oHa (hopMuUpyeTcs?

9. KakoBa cTpyKTypa yriepoaHbix HaHOTPYyOOK?

10. Yro Takoe XupaabHOCTh HAHOTPYOIOOK M HAa KaKUE CBOWCTBA OHA BIUSET?
11. Kakue TUIIbI MHOTOCTEHHBIX YTJIEPOIHBIX HAHOTPYOOK CYIIECTBYIOT?

12.  Uewm ompenensieTcs moJieBast SJIEKTPOHHAS SMUCCHUS YTIIEPOIHBIX
HAHOTPYOOK?

13. Kakue npubGopsl MOTYT OBITH CO3/JaHBI HA OCHOBE YIJIEPOJAHBIX HAHOTPYOOK?

Bonpoce! 1j1s1 camonpoBepku 1o Teme Ne/
1. B yem cocTOUT CyTh MpoLecca CIIOHTAaHHOTO U3JTyYEHHUs ?
2. Kakue 6a30Bble KOHIENIIUN COCTABIISIIOT OHSITHIHBIN arrapaT KBAaHTOBOW U

ONTUYECKOMN 3JIEKTPOHUKH?

Bonpocsl aj1s1 camonpoBepkH 1o Teme Ne8
1. B uem cOCTOMT CyTh Mpolecca CIIOHTAHHOTO U3IIy4eHUs?
2. Kakue 6a30Bble KOHIIENIIUN COCTABJISIIOT MMOHATUMHBIN anmapaT KBaHTOBOUN U

ONTUYECKOMN 3JIEKTPOHUKH?

TEMBI IPAKTUYECKHUX 3AHATHI (36 uacos)

Tema 1. Knaccudukaiys HaHOKJIACTEPOB M HAHOCTPYKTYP (2 daca)

Tema 2. TepMoarHAMUKa TOBEPXHOCTH (4 yaca)
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Tewma 3. BinsiHre MOBEpXHOCTH TBEPABIX TEJ HA 3aPOKIECHHUE U POCT
HaHOKPUCTAIIOB. (4 Jaca)

Tema 4. Teopetndeckue Moaenu GOpMUPOBAHHS HAHOKIACTEPOB. (6 4acoB)
Tema 5. ®opmupoBaHue U CBOKWCTBA JIMTAHIHBIX HAHOKJIACTEPOB. (4 vaca)
Tema 6. @opMHpOBaHKE U CBOMCTBA YIIEPOIHBIX HAHOKIACTEPOB U
HaHOCTPYKTYD. (4 Jaca)

Tema 7. @opMUpOBaHUE U CBOKMCTBA KOJUIOWIHBIX KJIACTEPOB U HAHOCTPYKTYP.
(4 yaca)

Tema §. ®opMupoBaHUE U CBOKWCTBA MOJMMEPHBIX HAHOOOHEKTOB U
Oounonornyeckue 00beKThI. (4 yaca)

Tema 8. OnTHYECKHE U ANEKTPOHHBIE CBOMCTBA HAHOCUCTEM U
HaHOMaTepuaJioB (4 Jaca)

Tema 9. ®opMupoBaHHUE U CBOMCTBA MArHUTHBIX HAHOKJIACTEPOB U

HAHOCTPYKTYP. (4 Jaca)
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