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PaGouas mporpamma aucHMIUTHHEL «Pa3mepHblie 3¢ dexTsl B HaHOMaTepHaIaxX» JUIs
obyuaronuxcs 1o HampasineHuio moxarotopkd 28.04.03 Hanomarepumans (Marucrepekas
nporpamma: Hanomarepuaisl # HaHOTEXHOJIOTHH), COCTaBJIeHa Ha OCHOBaHMH DenepanbHOro
roCyIapcTBEHHOTO 0Opa30BaTENIbHOrO CTaHIApTa BBICIIETO OOpa3oBaHHs — MarucTparypa 1o
Hanpasinenuio  moxrotoBku  28.04.03  Hanomarepuanbl,  yTBEPXKIEHHOrO  IPHKA30M
MunuctepcTBa 06pasoBanus U Hayku Poccumiickoit ®ezneparmu ot 22 centsiops 2017 r. Ne 966
(c m3m. u jomn.), [Topsaka opraHu3amuy ¥ OCYIIECTBICHHS 00pa3oBaTENbHON NEATETLHOCTH 10
obpasoBaTeNbHBIM [POrpaMMaM Bbiciiero o0pa3oBaHMs — mOporpaMmaM OakaiaBpuara,
nporpaMmMaM  CHELHAIMTETa, IPOrpaMMaM = MaruCTpaTyphl, YTBEPKIEHHOIO IIPHKa3oM
MunncTepcTBa HayKH M Bhicniero obpasoBanus Poccuiickoit ®enepanuu ot 06 anpens 2021 r.
Ne 245 (¢ u3M. ¥ 1011.), B COOTBETCTBHH C Y4eOHBIM IJTAHOM, YTBEPXKICHHBIM Y YEHBIM COBETOM
®I'BOY BO «Jloul'Y» mns Habopa 2024 roza.

Pa3paboTunk:
npodeccop kaheapsl TEOPETHIECKOH
(GH3UKN ¥ HAHOTEXHOJIOTHH,

71-p. Gu3.-MaT. Hayk, pod. Wp‘/ B.M. [Opuenko

Pa6ouas nporpamMma ozmoOpeHa Ha 3aceflaHWM Kadenpsl TeopeTHdecKod OGH3MKH H
HAHOTEXHOJIOTHA.
[Iporokoin ot 26.03.2024 r. Ne 16

3aBenyromuii kapeapoi A.T'. Tlerpenxo
COT'JTJACOBAHO:
Jlexan pu3HKO-TeXHHUECKOro (akynprera ( /C.A. domMeHko

28.03.2024 .

Vy4eOHO-MeTouUeCKas KOMHCCHS (PU3UKO-TEXHUIECKOTro (aKyipTeta.
I[Ipotokon ot 27.03.2024 r. Ne 2
[Ipencenarens B. H. Korenxko
PykoBouTE)E OCHOBHOM NPOdECCHOHATBHOM
obpa3oBarebHOM POrpaMMBl,

1-p Gu3.-Mar. Hayk, npod.

26.03.2024 . ’

A.I'. Ilerpenxko
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1. MECTO JUCLHUITJINHDBI

1.1. TpeboBaHus K npenBapuTEIbHON NOATOTOBKE O0yYarOUIUXCs, IPEALIECTBYIONINE
U COIYTCTBYIOIIME AUCUUIUIMHBI, HA KOTOPbIX OCHOBBIBAECTCS U3yUEHHE JAHHOM:

IUCLUUIUIMHBL TpOrpaMMbl OakanaBpuara. BBejeHune B CHENMalIbHOCTh, SIBICHHUSA
IepeHoca B KpUCTaUIaX U TOHKHMX IUIeHKaX, PHU3MKa IeTepo3NUTaKCHAIbHBIX HAHOCTPYKTYP,
KBaHTOBas u onrtuyeckas 3J€KTPOHUKA.

1.2.  JlucuumuiuHbl, KypcoBble pabOThl M IPAKTUKHU, JUIl KOTOPBIX OCBOEHHE IJAHHOM
JUCIUTUTMHBI HE0OXO0AUMO KaK MPeIeCTBYOIIEE:

CoBpeMeHHbIE  METOJbl  aHalIM3a M  UCCIEIAOBAaHUS  CTPYKTYpbl M CBOMCTB
HaHomatepuanoB, CoBpeMeHHbIE (PYHKIIMOHAIbHBIE MaTepraibl, [[pon3BoICTBEHHAS MPAKTHKA:
Hay4YHO-UCCIIEJ0BaTeNIbCKas paborTa.

2. OIMMCAHUE JUCHUITJIMHBI

2.1. OOmas xapakTepucTuKa

HanmeHnoBaHue mmoxka3areis 3HaueHUE OoKa3aTes

28.04.03 Hanomarepuainsr (Marucrepckas
nporpamma: Hanomarepuansl u

Hazpanue oOpa3oBaTenbHOI MporpaMmbl

HAHOTEXHOJIOTHH)
Iudp 1 Ha3BaHHE B COOTBETCTBHH C b1.5.M2.7. Pa3mepusbie 3¢ dexThi B
y4eOHBIM IITAHOM HaHOMaTepHuaIax

YacTs 00pa3zoBaTenbHON MPOrpaMMbl bazoBas yacTp

KonngecTBO 3a4eTHBIX €AUHUIL / BCETO YaCOB 41144

2.2.  Pacnpenenenue yacoB 1o popmam u rnepuoaaM o0ydeHus
O0111e€e KOJIMYECTBO YacOB
o
= caMocCTos-
®dopma | 9 o
> | € | mekuu- | nmabopa- | MPakTH- | TENbHOH dopma
00y4eHus 20 3 BCETO
8 | OHHBIX | TOPHBIX | YeCKUX | pabOTHI + KOHTPOJIS
KOHTPOJITb
Ovynas 1 2 14 — 14 116 144 JK3aMeEH

3. LEJM JUCIUTUIMHBI

[lonyuyenne yrayOieHHBIX 3HAHUH B o0nacTH (U3MUECKUX OCHOB (OPMHUPOBAHUS
CTPYKTYpPbI U «OCOOBIX» CBOHCTB HAaHOpPa3MEpPHBIX U HAHOCTPYKTYPUPOBAHHBIX MaTepHAJIOB:
dbopMupoBaHUH y OYyAYIIUX CIEIUATUCTOB YMEHUW ISl MCIMOJB30BAaHUSA 3TUX d(DPEKTOB IS
CO3JIaHUS HOBBIX (DYHKIIMOHAIBHBIX MaTEPUAIOB U TEXHOJIOTUN X U3TOTOBJICHUS

4. KOMITETEHIIMN OBYYAIOINEI'OCA, @OPMUPYEMBIE B PE3VJIPTATE
OCBOEHNMA KOMIIOHEHTA OBPA30OBATEJIbBHOU ITPOI'PAMMEBI, X UH/IUKATOPBI
N INTAHUPYEMBIE PE3VIJIbTATBI ObYUEHU A

Komnerenmmu Wuaukatopsl PesynbraThl 00y4eHus
OIIK-1. Cnocoben OIIK-1.1. OIIK-1.1.1. 3HaeT B mogHOM 00beMe PUUKY
CTaBHTH U pelIaTh Hcnonp3yer TBEPOTO Tela JUIs ONMHCAHHs, aHAIN3A,
UH)KEHEPHBIE U HaYYHBIH TEOPETUYECKOT0 M IKCIIEPUMEHTAIHLHOTO
HAYYHO-TEXHHYECKUE | MHCTPYMEHTAPHH WCCIIEIOBAHMSI M MOJICIIMPOBAHNS POLIECCOB




3ama4yy B 001aCTH
[OJIy4YEHHUS U
HCCIIEIOBAHUS
HAHOMATEPHAIIOB U

(bU3UKH TBEPIOTO
TeJa 171l ONUCAHuS,
aHam3a,
TEOPETUIECKOTO U

CHHTE3a U HCCIICIIOBAHUS

HaHOMaTepHAaJIOB

OIIK-1.1.2. YMmeeT BbIOMpATh HAYIHBIN
WHCTpYMEHTapUil (PU3UKH TBEPAOTO TeNa JUIS

HOBBIX AKCIEPUMEHTAJILHOTO | TEOPETUYECKOTO U HKCIIEPUMEHTAILHOTO
MEXIUCIUTUIMHAPHBIX | UCCIICIOBAHUS U HCCIe0BaHUsl HAHOMATEPHUATIOB
HaIpaBJICHUH C MOJICTTUPOBAHUS OIIK-1.1.3. Bianeetr HaBbIKaMy MPUMEHEHUS
UCIIOJIb30BaHUEM MPOIIECCOB CUHTE3a U | HAYYHOTO UHCTPYMEHTAPUST (PU3UKH TBEPIOTO
€CTECTBEHHOHAYYHBIX | UCCIIEJJOBAHUS Tena JUis TEOPETUUYECKOro U

Y MaTeMaTUYECKHUX HaHOMaTEPHAJIOB SKCIEPUMEHTAIBHOTO

Mojiesei UCCJIEJIOBAaHMSI HAHOMATEPUAJIOB

OIIK-7. OIIK-7.1. OIIK-7.1.1. 3HaeT CcTPyKTypy OTUeTa IO
Crniocoben CocraBisieT OTUeThl | HAYYHO-HCCIIE0BATEIHCKOM padoTe.
pa3pabaThIBaTh U o OIIK-7.1.2. YMeeT yuuThIBaTh pe3yJIbTaThI
aKTyaJIu3upOBaThH AKCIIEPUMEHTAIIbHBIM | UCCIIEIOBAHUM MIPU COCTABIIEHUU OTYETOB B
HAyYHO-TEXHUUYECKYIO | U TEOPETUUYECKUM COOTBETCTBUU C YCTAHOBICHHBIMU
JIOKYMEHTAITUIO B HCCJICIOBAHMSIM, TpeOOBAHUSIMU.

00JacTH MOTy4eHUS MPaKTUYECKOU OIIK-7.1.3. Bnageer HaBBIKaMU

HaHOMAaTepHaJloB

JIESITCIILHOCTH B
COOTBETCTBHUHU C
YCTaHABIINBAEMbIMH
TpeOOBaHUSAMHU

HCITOJIB30BAaHUSA MPOrpaMMHBIX CPECACTB IJIA
COCTAaBJICHUS OTYCTOB I10 TCOPECTUYCCKHUM U
OKCIICPUMCHTAJIILHBIM UCCJICAOBAHUAM,
HpaKTI/I‘leCKOI‘/JI JACATCIIbHOCTH B COOTBETCTBUHU C
YCTaHAaBJIMBACMbIMHU TpC6OBaHI/I$IMI/I.

o. I[TPOI'PAMMA JJUCHUITJINMHBI

HazBanue temnl

Kpatkoe copeprkanue TeMbl (BOIIPOCH! TEMBbI)

Paznen 1. Pasmepnbie 3ddexTsl B

HaHOMaTepHalax

Ocobennoctu cTpykTypsl | Kilaccudukanmus  BemecTB 1O arperatHbIM

HAaHOMATEPHAJIOB. COCTOSIHMSIM M Pa3sMEpPHBIM XapaKTEPUCTHUKAM.
TepMuHONIOTHUECKNE TOAXOABI K  ONHCAHHIO
MOHATHUS «HaHoOMaTepuanm». Kpurnaeckuil pazmep
CYILLIECTBOBaHMS HaHOKPHUCTAJNINYECKOTO

matepuana. [lons rpaHun pasgena B oOuiem
o0beMe HaHOMaTepuasa. BO3HMKHOBEHHE HOBBIX
Ka4yecTB IPU YMEHbIIEHNH 00beMa BEIIECTBaA.

Tunsl HaHOPa3MEPHBIX CUCTEM. Hanomspenusi.  Mukpousnenus.  MaccuBHbIE
HaHOMaTepHalbl: OAHO(pA3HbIe U MHOrodasHbIE.
Komno3utsl c KOMIIOHEHTaMH u3
HAaHOMATEPHAJIOB.

Hanomarepuaiibl 1 X CBOMCTBA. Oco0eHHOCTH CBOMCTB HAHOMATEPUAJIOB.

HanorexHosoruu. dyepeHsl, G yIICpUTHI, HAaHOTPYOKH.
OcHOBHEBIC o0iactu MIPUMEHEHUS
HAaHOMAaTEPHAJIOB u HAHOTEXHOJIOTHi:
KOHCTPYKIIMOHHBIE MaTepHabl,
WHCTPYMCHTAJILHBIC MaTepHAIIBI,
MIPOU3BOJICTBEHHBIE TEXHOJOTHHU, TPUOOTEXHUKA,
BOEHHOE JIetio, sIepHast JHEPreTHKA,

QJICKTPOMAruuTHAasA MW  JJICKTPOHHASA TCXHHKA,
3alMTa MOBCPXHOCTH MATCPHAJIOB, MCAWIIMHA M
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OMoTEXHUKA

[TpoGiieMbl HAaHOMATEPUATIOBEICHUS. Cnumanue HaHOYACTHI TNpH  (HOPMHPOBAHUU
u3Zenuidi W3 HaHOmopomKkoB. HecrabuibHOCTH
CTPYKTYPBI HaHOMAaTEpHaJIOB. Koppo3us
HAHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX
MaTepUaJIOB.

Amopdnble  Metaimyeckue — cruiaBbl | CTpyKTypa M CBOMCTBA JKMIKHX METAUIOB U
(Hacts 1). CIIaBOB. MeTobl NOJIy4€HHs] METANIMYECKUX
CIUVIaBOB B aMopdHOM cocTtossHuM. MeToabl
UCCJIEJOBAHMUSI CTPYKTYpbl ~ METaJIIM4YECKHUX

CTEKOJL
AMopdubie MeTanueckue [PeHTreHorpadguueckue METO/IbI aHaiuza
cruiaBbl.(YacTs 2) aMOp(QHBIX W HAHOKOMITO3UTHBIX  CTPYKTYP.

[IpuMeHeHHEe MeTona MajloyIJIOBOTO paccesHus
PEHTTEHOBCKUX JIydyell il aHaiu3a CTPYKTYpbI
aMOp(HBIX CIUIABOB M HAaHO(Aa3HbIX KOMIIO3UTOB.
DIEKTPOHHO-MUKPOCKOIIMUYECKHE METObI
MCCIIEIOBaHUs CTPYKTYphI CIUIaBOB ¢ aMOp(HON u
aMOP(PHO-KPUCTAIMYECKON CTPYKTYPOIl.

Amopdubie Metainueckue | OpdextuBapie  kodbbunueHtsl  Auddy3um,
craBbl.(YacTs 3) KOHTPOJUPYIOIIME  KPUCTAJUIM3ALMIO  CTEKOJI.
MexaHnuecKue CBOMCTBA METAJUIMYECKUX CTEKOJL.
Mexanmsmbl  1uddy3un B HEYHNOPSAOYEHHBIX
CTPYKTypax. MexaHu3Mbl ¥ KUHETHUKA MPOIECCOB
CTPYKTYPHOH pelakcalii B METaUIMYECKUX
CTeKJIaX. BimsHUE penakcallmOHHBIX MPOIECCOB
Ha CTPYKTYpy M CBOWCTBa aMOP(HBIX CIUIABOB.
CreknmooOpa3Hblii  mepexoj B pacilaBax |

CTEKJIAX.
Mexanu3Msl u KMHETHKA | MeXaHu3Mbl M KMHETHKAa  KPUCTAJIU3ALUU
KpUCTAJIIM3aLMU aMOP(HBIX CIJIaBOB. aMOp(HBIX cIIaBoB. MeXaHU3Mbl 3apOKICHUS

KPHUCTAJNIOB B PACIUIaBaX U CTEKJIaX. MeXaHU3MBI
NPOILIECCOB  POCTa KPUCTANIOB B  aMOP(HBIX

CIUIaBax. Metoabt UCCIIEI0BaHMS

Kpuctaun3anuu aMophHbIX (a3s.
TepMoaMHAMUKa MPOLIECCOB 3apOKAeHUs | TepMoIuHaMUYEeCKHe " KUHETHYECKHE
U pocTa KpUCTAIOB B amMop(HOI | mapaMeTpbl, KOHTPOJUPYIOLIUE 3apOXKACHHUE U
MaTpHuIle. pPOCT  KpHUCTAJIOB B  aMOp(QHBIX  CIUIaBax.

3aKOHOMEPHOCTH (dbopMupoBaHUS

HAHOKpHUCTANIMYeCKuX  ¢da3 B amMOpdHBIX
cmraBax.MarauTHele W MeXaHMYeCKHe CBOICTBa
CIUIABOB C  HAHOKOMIIO3UTHOW  CTPYKTYPOM.
OBTEKTHYECKAasl KpPUCTALIA3ALMS PaCIUIaBOB U
CTEKOJI. MexaHU3MBI CTallMOHAPHOTO u
HECTAIMOHAPHOT'O MPOIECCa POCTa.

6. CTPYKTVYPA U COAEPXXAHUE JUCIHUIIJIMHBI

6.1. ®dopma oOyueHus — ouHas, Kypc — 1, cemectp — 2

KoanuectBo yacoB

HanMeHoBaHIS pasienos i TeM Jlexu. | Jla6op. | IMpaxt. | CPC+K | Beero




Pa3nen

HaHOMaTepHajax

1. Pasmepubie  3ddexTtsi B 14 14 116 144

Oco0eHHOCTH CTPYKTYpbl HAHOMATEPUAJIOB.

12 14

Turbl HaHOPa3MEPHBIX CUCTEM.

12 14

1 1

1 1
Hanomarepuaiibl 1 X CBONCTBA. 1 1 12 14
HanorexHonorumu. 1 1 12 14
[IpoOGnemMbl HAaHOMATEpUATIOBEICHHS. 1 1 12 14
AmMopdHble MeTauM4eckue crutaBel (YacTh 1 1 12 14
1).
AmopdHble MeTauTM4ecKue cruiaBbl.(YacTh 2 2 11 15
2)
AmMopdHbIe MeTauTM4ecKue cruiaBbl.(YacTh 2 2 11 15
3)
MexaHu3smMbpl M KMHETUKA KPUCTAJUIM3ALUU 2 2 11 15
aMOp(HBIX CIUIABOB.
TepMoanHaMuKa TPOLIECCOB 3apOXKACHUS U 2 2 11 15
pocTa KPUCTAIIOB B aMOp(HOM MaTpHuIle.
HNUTOI'O I[TO KOMITOHEHTY OIIOII 14 14 116 144

7.

OLEHOYHBIE MATEPUAJIBI (CPEACTBA) UL TEKYIIEI'O KOHTPOJIA
YCIIEBAEMOCTH, IIPOMEXYTOYHOU ATTECTALINN

7.1.  KoHTpoJbHbIE BOIIPOCHI

Pasnen 1

1. Krnaccupukamuss BemECTB IO  arperaTHbIM — COCTOSIHMUSM W Pa3MEpHBIM
XapaKTEpUCTUKAM.

2. TepMHHOIOTMYECKHE MTOIXO0/IbI K OMMCAHUIO TIOHATHUS «HaHOMaTepuay.

3. Kputnueckuii pazMep CylecTBOBaHUS HAHOKPUCTAININYECKOIO MaTepHaa.

. Jons rpanuil pa3zziena B 001meM o0beMe HaHOMaTepuara.

. BO3HMKHOBEHHME HOBBIX KauecTB MIPU YMEHBIIEHUU 00beMa BEIIeCTBa.

. HarHom3 nenusi.

. Muxkpousnenus.

. MaccuBHbIe HaHOMaTepHalbl: OAHO(Da3HbIE 1 MHOTO(a3HbIE.

9. KoMno3uThl ¢ KOMIIOHEHTaMH U3 HAHOMAaTEPHUaJIOB.

10. OcoOeHHOCTH CBOMCTB HAHOMATEPHUAJIOB.

11. ®ynnepensl, GymiepuThl, HAHOTPYOKH.

12. OcHOBHbIE 00J1aCTH MPUMEHEHUS! HAHOMATEPHUaIOB U HAHOTEXHOJIOTUH.

13. Cniunanue HaHOYACTHIL ITPHU (POPMUPOBAHUU U3JIETUI U3 HAHOIIOPOIIKOB.
14.HecTaOuiabHOCTh CTPYKTYphl HAHOMATEPHAJIOB.

15.Koppo3ust HAHOCTPYKTYPHBIX KOHCTPYKLIHOHHBIX MaTepHaJIOB.

16. CtpykTypa 1 CBOMCTBA )KUJKNX METAJUIOB U CIIJIABOB.

17. Pentrenorpaduyeckre METOAbI aHaIM3a aMOP(HBIX U HAHOKOMITO3UTHBIX CTPYKTYD.
18. Mexanusmsbl 1uddy3un B HEYNOPSIOUEHHBIX CTPYKTYpax.

19. MexaHu3MBbl M KHHETUKA KPUCTAIIM3AMKA aMOP(HBIX CIIABOB.

20. TepmoHAMUKA TIPOIIECCOB 3aPOXKICHUS M POCTa KPUCTAIIIOB B aMOp(HON MaTpHIIe.
21.TTonsiTHE UHTETPANIBHOTO MTpeodpa3oBanus. [Ipumepsi.

22.OCHOBHBIC 33/1a4¥ TEOPHUH UHTETPABHBIX TpeoOpa3oBanuii. [IpeodpazoBanne Dypbe
UHTETPUPYEMBIX (DYHKITHA.

23.0rpaHUYEeHHOCTh M PaBHOMEpHAs HENpPEphIBHOCTH NpeobOpazoBanus dypre. Jlemma
Pumana-Jle6era. [IpeoOpa3zoBanue @ypbe 4ETHBIX U HEUETHBIX (DYHKIIUH.

7.2.  Tewms! noxnanos (pedepaton)

03O0 D K~
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TepMuHOIOrMYECKUE OIXO/IbI K OITMCAHUIO MTOHATUS «HAHOMATEPHUAI».
QDyIepeHsl.

DyIIepUTHI.

HanotpyOku.

OcHoBHbIE 00/1aCTH TPUMEHEHUS HAHOMATEPHAJIOB M HAHOTEXHOJIOTUH.
KoHCTpyKIIMOHHBIE MAaTEpHUAIIBI.

HNHcTpyMeHTalIbHBIE MAaTEpUAIIBI.

TpuboTexHUKa.

. Kuakve Metasuibl U CIUIaBBI.

10. MarauTHbBIE 1 MEXaHIUYECKHUE CBOMCTBA CIJIABOB C HAHOKOMIIO3UTHOM CTPYKTYPOH.

CoNOR~WNE

7.3.  Tembl nUCHbMEHHBIX PAOOT (THITBI 33/1a4)

— Kpucramnuueckue CTpyKTypbl M Tulbl KpuctauioB. Pemerku bpase: kosdduimeHt
YIIaKOBKHU, MHAEKCHI Muiliepa 1 3J1EMEHTbl CUMMETPUU.

— HM3nyuyenusa tpex TunoB u 3akoH bparra. Meroxn Jlays. Meron BpameHus Kpucrasia.
MeTtox moporika

— OOparnas pemerka. 3oHbl bpummosna. CTpykTypHbI (akTop 0azuca M aTOMHBIN
dbaxTop umm hopm — dakrop.

— Temmneparypnas 3aBUCUMOCTb JIMHUM OTpaskeHus - (haktop Hebdas — Younepa.

— Kpucrannel uneptHbix rasos. Cunbl Ban — nep — Banbca — Jlonnona. PaBHoBecHbIe
HOCTOSIHHBIE PeLIeTKH. DHeprus cBs3u. CKUMaeMOoCTh U 00BEMHBIN MOYJIb YIPYTOCTH.

— Hounble kpucramisl. OHeprus MajenyHra WIH 3JIEKTPOCTaTUYECKas HHEPIus.
[TocrosinHas Manenynra. O0beMHBIN MOJYJIb YIIPYTOCTH

— Kosanenrnsie kpucramibl. ['omononspHas cBs3b. Ponb cniuna u npuniun Ilaymu. Ponb
B3aMMHOW OPHEHTAIMH CIIMHOB B ()OPMHUPOBAHHUU KYJIOHOBCKOH SHEPTUU - OOMEHHas
SHEPTHUSL.

— Kpucramnel ¢ BogopoaHsiMu CBs3sIMU. OCHOBHBIE€ MOHATHUSI MOJIEKYJISIPHON T€HETHKHU:
TUMWH, aACHWH, OHUTa3WH, 'YaHWH.

— Meramnuueckass cBsa3b. Mogens pyne. @yHkuus pacnpeaeneHus (epMu YacTHIl.
®epmu- u bosze- yacTuipl. DaeKTpocTaTHUECKas IHEPTU DBajbaa

— Kunernyeckoe ypaBHeHUE B MeTaJIax

— IIpoBOAMMOCTb U TETIIONPOBOIHOCTh

—  DOddexr Xomna u kBaHTOBBIN 3 PexT Xoa.

— Tepmonnektpuueckue sBieHus U npuHuun OH3arepa

— CrnuHoBbI  mapamarHeTu3M. KBaHTOBaHHME ypOBHEW CBOOOJHOTO JJIGKTPOHA B
MarHuTHOM noje. J[namaruerusm Jlannay.

— HopwmanbHblil 1 aHOMaJBHBIA CKUH — 3P PEKTHI.

KonTponbHast paboTa Mo MNpoBEpKEe TEOPETUYECKUX 3HAHMM — IO BCEM TEMaM, C
MCIIOJIb30BaHUEM YKA3aHHBIX BBILIE KOHTPOJIBHBIX BOIIPOCOB.

7.4. Obpazern conepkaHus YK3aMEHAIIMOHHOTO Ouera
JloHeKni rocyJapCTBEHHBIN YHUBEPCUTET
du3HuKo-TeXHUUECKUI (PaKynbTeT
Kadenpa teopernueckoii PuU3NKu 1 HAHOTEXHOJIOTHIT

[Tporpamma Beiciiero oopasoBanust  I[Iporpamma maructparypsl
Hampasnenne noarorosku 28.04.03 Hanomarepuassl
Marucrepckas nporpamma HanomaTepuanbsl 1 HAHOTEXHOJIOTUH
®opma o0yueHHs Ounas



Cemectp Bropoii
Jucuuniuza Pa3mepHsbie 3P PeKTHI B
HaHOMaTepuagax

DK3aMeHanoHHbIA Orter Ne 1

1. OcoOGeHHOCTH CBOWCTB HAHOMATEPUAJIOB.
2. Mexanusmsl AU Py3un B HEYNIOPATOUYCHHBIX CTPYKTYpPaX.
3.  ®ymnepensl, QyIepUTHI, HAHOTPYOKH.

YTBepkaeHO Ha 3aceqaHuu Kadeapsl TEOPETUUSCKOW (PU3UKH U HAHOTEXHOJIOTHH, MPOTOKOJ No
oT 202 r.

3aBenyromnmii kKageapoit

DK3amMeHaTop

B CJIydac BCIACHUS y‘Ie6HOl"O nponecca € UCIOJb30BAHUEM JJICKTPOHHOI'O 06y‘IeHI/I${ n
JUCTaAaHIIMOHHBIX 06pa30BaTeJH)HI)IX TCXHOHOFHﬁ, COACPIKAaHUC oujera MOXKET OTJIMYATBCS OT
MMPUBCACHHOI'O.

8. PACIIPEAEJIEHUE BAJIJIOB, KOTOPBIE [TOJIVHAIOT OBYUYAIOIINECA

OO0mas olleHKa 3HaHWM O0YYAIOIIMXCS MO AMCHUIUIMHE MpoBoAuTcs no 100-6annbHoi
IIKAJIe HMCXOJ W3 MAaKCUMyMa, MPHUBEACHHOTO B TaOymie Huxke. OpraHu3alioHHO-y4YcOHast
paboTa B ayAUTOpUU OIICHMBAETCA HA OCHOBE TAKMX KPUTEPUEB KaK IMOCEIIAEMOCTb 3aHSTHIA,
CBOEBPEMEHHOE M KauyeCTBEHHOE BBITIOJIHEHUE JOMAITHUX 3aJaHUl, aKTUBHOCTH BO BpeEMSs
MPOBEJCHUS JEKIHMOHHBIX W TMPAKTUYECKUX 3aHATUH (ydacTHe B OOCYKICHHH TEKYIIeTro W
MIPOMICHHOTO MaTepuaia, pereHue 3aaad 1 T.11.).

8.1. Cewmectp 2

Howmepa pasznenos Bunst pabot Maxcimarbroe
KOJINYEeCTBO 0aJIJIOB
OpranuzanoHHO-y4eOHas paboTa B ayAUTOPHH 15
CamocrosTenbHas paborta 5
1 [TpakTryeckne padoThI 20
KonrtpomnbHas paboTa o T€OpeTHIECKOMY 20
MaTepuainy
NTOT'O 60
DK3aMeH 40
OO0muii uTor 3a cCeMecTp 100

CooTtBeTcTBYE 0AJUIOB OLIEHKE

OneHka 1o naTuOaIBHOM HIKaIe
KommmuectBo 0amioB v
s 100 ECTS | Dx3amen, nuddepeHnnpoBaHHbIi 3auer
3a4eT
90-100 A OTJINYHO 3a4TEHO
80-89 B <ODOLLIO 3a4TEHO
75-79 C p 339TEHO




70-74 D OBJICTBOPUTEIBLHO 3a4TCHO
60-69 E yA p 3a4TEHO
35-59 FX HE 3a4TE€HO
0-34 = HEYJIOBJICTBOPUTEILHO S

9. OBECIIEYEHHME OGPA3OBATEJIbHOI'O ITPOLIECCA JJIA JINLL C
OI'PAHYEHHBLIMU BO3MOXHOCTAMU 310POBbBA 1 MTHBAJIMJIOB

B xone peanuzanyy JUCHUIUIMHBI UCIIOJIB3YOTCS CIEAYIOIINE JOMOIHUTEIbHBIE METOABI
00y4YeHHs, TEKYIIETO KOHTPOJISI YCIIEBAEMOCTH U MPOMEXKYTOYHOM aTTeCTalli 00yJaromuxcs B
3aBUCUMOCTH OT UX MHIUBUYalIbHBIX OCOOEHHOCTEM:

1) JUTSL CIICTIBIX U CITa00BUISIINX

- JIeKIMu Oo(OpMIISIIOTCS B BHUAE DJIEKTPOHHOIO JOKYMEHTa, JOCTYIHOIO ¢
MIOMOIIBI0 KOMITBIOTEPA CO CHEIHATU3UPOBAHHBIM ITPOTPAMMHBIM 00eCTIeueHHEM;

— JUIs  BBIIOJHEHUS  3aJaHMs  NpU  HEOOXOJMMOCTH  HPENOCTaBIIAETCS
YBEIMYMBAIOIIEE YCTPOWCTBO; BOSMOXKHO TAK)KE MCIIOJIb30BaHNE COOCTBEHHBIX YBEIMYUBAIOIIIX
YCTPOUCTB;

— MUCHbMEHHBIE 3a7aHus O(POPMIISIFOTCS YBETUYEHHBIM IIPH(PTOM.

2) JUIS TIIXUX ¥ CTa00CbIIIAIINX

— JeKIIH OPOPMIISIOTCS B BUJIE SJIEKTPOHHOTO JOKYMEHTA;

— IIUCbMEHHBIE 3aJ[aHUs BBIIIOJIHAIOTCS Ha KOMIIBIOTEPE B MUCbMEHHOH (opMme;

— 9K3aMEH TPOBOJUTCS B MHCHBMEHHOM (OpME Ha KOMIBIOTEPE; BO3MOXKHO
npoBesieHue B (hopMe TeCTUPOBAHHUS.

3) UTSL JIAL C HApYIIEHUSIMHA OTIOPHO-/IBUTATEIBHOTO anapara:

— JeKuuu Oo(QOpMIISIIOTCS B BHUAE 3JIEKTPOHHOIO JOKYMEHTa, JOCTYIHOIO ¢
MIOMOIIBIO0 KOMITBIOTEPA CO CHEIHUATH3HPOBAHHBIM IIPOTPAMMHBIM 00ECIICYCHHEM;

— MUCbMEHHBIE 3a[aHUs BBIITOJIHSAIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOIATCSA B YCTHOU (pOpPME HITH BBITIONHSIOTCS B TICEMEHHON
(dopme Ha KOMITBIOTEpE.

[Ipy HEOOXOTUMOCTH TPEIYCMATPUBACTCS YBEIMYCHHE BPEMEHH ISl IIOATOTOBKH
OTBETA.

[Iponienypa  mpoBeACHUST  NMPOMEXKYTOYHOH  aTTeCTallk I OOYYarOIIMXCS
YCTAQHABJIMBAaeTCSI C Y4€TOM HX HMHJIUBUAYAJIbHBIX ICUXO(U3NYECKHX OCOOEHHOCTEH.
[TpomexyTouHas aTTecTanus MOXKET IPOBOJUTHCS B HECKOJIBKO ITAIIOB.

[IpoBenenne mpoueAypbl OIEHHBAHUS PE3YJIbTaTOB OOYUYEHHS JIOMyCKAaeTCs C
UCIOJIb30BAaHUEM JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUH.

ObecnieunBaeTcst 1oCTyl K MHQOPMAIIMOHHBIM U Onbnnorpaduyeckum pecypcaMm B CETU
WuTepHer Ui Kaxaoro oOydarouierocs B (opMax, aJalTHPOBAHHBIX K OrpaHHUYEHHSIM HX
3JI0POBBSI ¥ BOCTIPHSITHS MHPOPMALIH:

1) JUTSL CIIETBIX U CIIA0O0BUISIINX

— B [I€YaTHOHN (popMe YBETUUEHHBIM HIPUPTOM;

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA;

2) IUTSL TITYXHUX ¥ CI1a00CTBIIIAIIHX

— B IIEUaTHOH opme;

- B (hopMe AIEKTPOHHOTO JOKYMEHTA.

3) U1 00yYaroIuXcs ¢ HAPYIIEHUSIMHU OIIOPHO-/IBUTaTEIbHOTO arapara:

— B IeYaTHOI Gopme;

— B (hopMe 3IEKTPOHHOTO JJOKYMEHTA.
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10. MATEPUAJIbBHO-TEXHUYECKOE OBECITEUEHME YYEBHOI'O ITPOLIECCA

VYuebuble 3aHsATHS mnpoBoaircs B 4 yueOHom kopmyce Jonl'Y (r. [omemnk, mp.
Tearpanbubiid, 13). Jlng mnpoBeneHus Ja0OpPAaTOPHBIX 3aHATHA TpeOyeTcs ayauTopus,
000opy/sOBaHHAsl MEJIOBOM WIM MAapKEpHOW JIOCKOW, MYJIBTUMEIUIHBIA HPOEKTOp U 3KpaH,
HOYTOYK, KOMIUIEKT yueOHOU MeOenu s CTyIeHTOB, paboyee MeCTO IpernojaBaTelis, BIXO B
WHTepHeT — MPOBOAHOM WK ¢ UCob3oBaHHeM Wi-Fi.

Jlis caMoCTOSITeNIbHOM paboOThl KCIIOJIB3YIOTCS TEKCTOBBIE U DJIEKTPOHHBIE PECYPCHI
Hayynoii OMOAMOTEKH YHHBEPCHUTETa W JPYTUX DJICKTPOHHBIX OHOIMOTEYHBIX 0a3 NaHHBIX,
yueOHO-MeTo/InYeckoe oOecreueHne, MPeICTaBIeHHOe B Yy4eOHO-METOIUYECKOM KaOWHeTe
Kadeapbl TCOPETUICCKON PU3UKU M HAHOTEXHOJIOTH (ay/1.256).

OOyuvaromuecs HMMEIOT BO3MOXHOCTh HCIIOJIb30BaTh  y4eOHble MaTepuaibl 110
JTUCITUIIIMHE, pa3MmenieHHbie Ha tiatrgopme Moodle LlenTpa mucTaHmnoHHOTO 00pazoBaHUS
®OI'BOY BO «loHI'Y». Ilpn u3ydeHUH AUCIUTIIMHBI PUMEHSIOTCS JIEKTPOHHOE OOY4YCHHE U
JMICTaHIIMOHHBIE 00pa30BaTEIbHBIC TEXHOIOTHH.

C  wucnonp3oBaHHMEM  pecypcoB  MmiIaTGopMbl  JUCTAHIMOHHOTO  00pa3oBaHUS
OCYIIECTBIISICTCSI TEKYIIUH KOHTPOJb 3HAHWK OOYYAIONMXCS HAa OCHOBE TECTUPOBAHUS H
MIPOBEPKHU PE3yIbTATOB CAMOCTOSTENIbHOM paOOTHI.

11. PEKOMEHAYEMA JINTEPATYPA

11.1. OcHoBHas nuTepaTypa

1. KOpuenko B.M. Pa3mepnbie 5>QdekThl B HAHOKPUCTAUIMYECKHX MaTepHaliax
[DneKTpOoHHBIN pecypc]: WISt CTYACHTOB, aCIUPAHTOB, CIICIHMAIIU3UPYIONIUXCS IO HAIPABICHUIO
noarotoBku 030402 «pusuka» M CrenuagIucToB B 00JaCTH (PU3MKU KOHJICHCUPOBAHHBIX CPE]I,
TeopeTquCKOH (1)1/13141(1/11/1 Ha"otexHosorui. / H. I1. UBaauupis, C. B. TepeXOB B. M. IOpuenko

roy BIIO " JloHEU KU HaIlMOHAJILHBIN yHUBepcuTeT",DU3UKO-TEXHUUECKUI

q)aKyaneT Kadenpa teopernueckoit ¢pusuku u HaHotexHoioruil. - [loneuk : JouHY, 2019.
DneKTpOHHbIE TeKCTOBbIe NaHHbIe (1 daiin).

2. MunocnaBckuii A.I'. KoHcriekt yieknmii o kypcy «OCHOBBI MPOIIECCOB MUKPO- U
HaHoTexHoJoruiy. — Jlonenk: JlonHY, 2018. — 246 c.

3. TepexoB C. B. ®usnuka HaHOOOBEKTOB: [yuebHOe mocobue] / C. B. Tepexos, B. H.
Baproxun; 'OY BIIO «/lonHY» - Honeux: JouHY, 2013. — 418 c.

4. I'yceB A. V. Hanomatepuansl, HAaHOCTPYKTYyphl, HaHOTexHOoJoruu / A. WU. I'yceB. —
H3n. 2-e. — Mocksa: ®uzmaraur, 2009. — 414 c.

11.2. JlononHMTENbHAs IUTEpaTypa

1. HanoTexHonOruM U crienuaibHble MaTepHalbl : yued. mocodue AJisi CTYAEHTOB BY30B,
oOyuyaromuxcst 1Mo HampasieHuto noarotrosku 140140 - Texn. ¢usuka / FO. I1. Connues, E. 1.
[Tpsixun, C. A. Bonmorkanuna, A. I1. Ilerkona ; mox pexn. FO. I1. Connnena. - Cankt-IletepOypr :
Xumuzpaat, 2009. - 334, [1] c.

2. Cy3nanes, U. I1. HanoTexHONOTHS : PU3NKO-XUMHS HAHOKIACTEPOB, HAHOCTPYKTYp U
Hanomarepuainos / U. I1. Cy3znanes. - 2-e u3z. - Mocksa : URSS : JIu6poxom, 2009. - 589 c.

3. TlomydyeHume u WHCCIEIOBaHWE HAHOCTPYKTYP : JIAOOPAaTOPHBIA TPAKTUKYM IO
HaHoTexHoJorusiM / [A. A. EBnokumoB u ap.] ; mox pen. A. C. CuroBa. - Mocksa : BUHOM.
JIa0. 3nanuii, 2010. - 146 c.

12. NHOOPMALMOHHBIE PECYPCbI

1. Hauunonanbuast 3JIEKTPOHHAas OndmMoTexa (H3B): dbenepanpHas
rocyaapctBeHHas uH(popMmaimonHas cucrema / MunucrepctBo Kynbrypel P®; Poccuiickas
rocyiapcTBeHHas Oudnnoreka. — Mocksa, 2019- . — URL: https://rusneb.ru/ (nara obpamenus:



https://rusneb.ru/
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01.09.2023). — Pesxum mocryma: cBoOOIHBIHN, moAnucka. HeoOxoauma ycTaHOBKA IPOTPaAMMHOTO
oOecrieyeHus. — TeKCT: AIEKTPOHHBIN.

2. eLIBRARY.RU: nayunas snekTpoHHas OuOnmoreka: cat. — Mocksa, 2000- . —
URL: https://elibrary.ru (mara oopamenus: 01.09.2023). — Pexxum moctyma: aisi aBTOPU30B.
MoJb30BaTeeh. —TeKCT: JIEKTPOHHBIN.

3. Hayunast snextponnass OubOnuoreka «KubepJlenmHkay: caiit / Accoruanms
«OtkpbITass Hayka». — Mocksa, 2014- . — URL: https://cyberleninka.ru/. — Pesxxum poctyma:
cBOOOHBIN. — TeKCT: NEeKTPOHHBIH.

4. DNeKTpOHHO-OUOIMOTEeUHAS cucremMa «Jlanby»: [caiiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum jgocTyma: JUisi aBTOPU30B.
nojb3oBaTesen. — TeKcT: 3JIeKTPOHHBI.

5. IBC IOpaiit: >nexTpoHHas 6ubnuoreyHast cucrema: caT. — Mocksa, 2013. —
URL.: https://biblio-online.ru (mara odpamenus: 01.09.2023). — Pesxxum 1ocTyna: Juiss aBTOPU30B.
IIOJIb30BaTeseH. — TEKCT: 2JIEKTPOHHBIMN.

6. y1eKTPOHHO-0ubmoTeuHast cuctema Jlonl'Y: caiit / ®I'BOY BO «/lonl ' V». —
Honeuk, 2016- . — URL: http://library.donnu.ru/ (mara oopamenusi: 01.09.2023). — Pexum
JocTyna: cBOOOIHBIN. — TeKCT: AMeKTPOHHBIM.

1. JJekTpoHHbI katajsor Hayunoii 6uGmmoreku [lonl'Y: pasnen caiita / Hb
JouIl'Y. — Tekct: snekrponnsiii / DbC Jloul'Y: caitr. — URL: http://library.donnu.ru/catalog/
(mara oOpamenusi: 01.09.2023). — Pexum jgocTyma: MOHUCK CBOOOIHBIN, 3JIEKTPOHHBIC
JIOKYMEHTBI — J1s Itosbs3oBarene Jonl'y.

8. daexTpounblii apxuB Joul'Y: pasmen caiita / Hb Jlonl'Y. — Tekcr:
anektponHbii // OBC [Joul'Y: caiit. — URL: http://repo.donnu.ru/ (mara oOpamieHus:
01.09.2023). — Pesxum roctymna: CBOOOIHBIIA.

13. [TPOT'PAMMHOE OBECIIEYEHUE

1. Windows 7 PRO (xopmoparuBHaas nunensust Joal'Y Ne 46484614)

2. Microsoft Office (kopropatuBHas junen3us oY Ne 46472919)

3. Microsoft Visual Studio (suniensust nporpammsl Dream Spark 1t BBICIINX Y4eOHBIX
3aBe/IeHNN )

4. Awntuupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (auuenszun GPL, Apache,
BSD m1st cBo60HOTO POrpaMMHOTO OOECTIEYeHUS).


https://elibrary.ru/
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http://library.donnu.ru/
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