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Pabouyto nporpamMmy coctaBui(un):
Houent xadhenpsr HMuM, x.1.H. TroppkoB M.H.

(OondcHocmy, yueHnoe 36anue, cmenensb, Pamunus 1.0.)

(Oondicnocmy, yuernoe 36anue, cmenetsb, Pamunus U.0.)

PenenszupoBanue pabouei mporpaMMbl TUCIHUTUIAHBIL:

X OTcyTCTBYET

Pentensenr

(OoavicHOCmb, yueHoe 36anue, cmenenb, Pamunus 1.0.)

PaGouas nporpamma aucuumiMHbl cocraBieHa Ha ocHoBaHun PI'OC BO u ywyeGHOro niana
HanpasiieHus: noaroroBku 22.03.01 MarepuaiioBeieHHE U TEXHOJIOTUH MaTEpUaoOB

Cpoxk aeiicTBusi padoueil mporpaMMsbl AMCHHUILIMHBI 10 «31» aBrycra 2024 1.

YTBEPXJIEHO

Ha 3acenanuu kadenpsi
«HaHoTexHOMNOrNM, MaTepUaIOBEICHUE U MEXaHUKA)»

(mpotokon 3acenanust Ne 1 ot «30» aBrycra 2019 r.).



1. Ileab ocBOEHUS AMCHUILIMHBI

[{enbro QUCHUIUIMHEI SBIISIETCS — O3HAKOMIIEHUE CTYAECHTOB B paMKax 0030pa pas-
JUYHBIX KJIAaCCOB MaTEpUajoOB, OPraHUYECKUX U OMOJIOTMYECKUX OOBEKTOB B HAHOCO-
CTOSIHUM C OCHOBHBIMU MPHUHIIMIIAMU U SIBJICHUSIMH (PU3UKO-XUMUU HAHOCTPYKTYPHPO-
BaHHBIX MaTepUaloOB U 3aKiajka (yHIaMeHTa Oosiee yriayOJeHHOIO M3y4eHUs HaHO-
TEXHOJIOTUH B PaMKax JAJbHEUIIEH CIIEIUAIA3ALNH.

3agavaMu TUCIHAIIINHEBI

B M3JIOKEHUU BAXKHBIX U U3BECTHBIX SBJIICHUN U MIPEACTABICHUHN 00 UCIIOJIb30BAaHUHT
ATUX SBJICHUH B COBPEMEHHBIX 00JaCTSIX (DU3WUKH, XUMUHU, OMOJIOTUU U MEAWIIMHE, B
(hOpMHUPOBAaHUH HAYYHBIX MOHATHNA HEOOXOIUMBIX IJIsi paOOTHI ¢ HAHOMAaTepUalaMHu U
HaHOTEXHOJIOTUSAMH B MTPOGECCHOHAIBHOM JICSITEIbHOCTH, SBIISFOTCS:

1. PaccMoTpeHre NpUHIMNHAIBHBIX, (YHIaMEHTAIbHBIX MOHSATUNH HOBOTO MEX-
JUCLUIUIMHAPHOTO HAIIPABJICHUS.

2. PaccMoTpeHre pa3iMuHbIX KJIACCOB MAaTEpUalioB, OPraHUYECKUX U OHOJIOorvye-
CKUX OOBEKTOB B HAHOCOCTOSIHUH.
3. 3yueHre OCHOBHBIX MPHUHIUIOB U SIBJIECHUN (DPU3UKO-XUMHUH HAHOCTPYKTYPHUPOBAH-

HBIX MaTEpHUaJOB C PACCMOTPEHUEM HCMOJb30BAHUS TUX MPUHIIUIIOB U SBJICHUN B CO-
BPEMEHHBIX 001acTsAX HUBUKHU, XUMHUH, OUOJIOTUHM U MEIUIUHE.

2. MecTo nucuiuinHbl (yaeoHoro kypca) B crpykrype OITIOII BO

JIuCtuniInHbl U MPaKTUKWA, HA OCBOGHUU KOTOPBIX Oaszupyercsl AaHHas TUCIU-
IJIMHA: TIPY U3YYEeHUH JAHHOTO Kypca He0OXOAMMO 3HaHWE MaTEeMaTHKH, oOmei (pusu-
KM, XUMUHU, KBAHTOBOW XUMUH, PU3UKU KOHACHCUPOBAHHOTO COCTOSIHHSI.

JMCcUMIUIMHBL ¥ TIPAKTUKH, JJISI KOTOPBIX OCBOCHHE JAHHOW NUCIUIUIMHBI HE0O-
XOAUMO KaK MPEANIECTBYIONIEE: MATEPUATIOBEICHUE, TEXHOJIOTHUSI COBPEMEHHBIX Mate-
pHUaoB, METOO0JIOTHSI BHIOOpA MaTEpHAaIOB.



3. [lnanupyemble pe3ybTaThbl 00y4eHHs

®opmupyemMbie U
KOHTPOJIMpyeMble
KOMIIeTEeHI[UH
(ko1 1 HaMMEHO-
BaHHE)

NuHaukaTopbl 10CTHKEHU S
KOMIIETEeHIH A
(Ko 1 HAUMEHOBAHUE)

Ilianupyembie pe3yabTaThl 00yUe-
HHSA

- CIIOCOOHOCTH HC-
MOJIb30BaTh B HC-
CJICJIOBaHHSIX u
pacuerax 3HaHHUA O
METOJIaX WCCIIE0-
BaHHUs,  aHalu3a,
JTMArHOCTHKHU u
MOJIETTUPOBAHUS
CBOWCTB BEILIECTB
(maTepuainos), ¢u-
3MYECKUX U XHMH-
YecKUX  IMpoIlec-
cax,  TPOTEKaro-
IIMX B MaTepuaniax
Ipu WX IMOJyde-
HUH, 00paboTKe M
Mo pHUKAITIT
(TIK-4)

3HaTh: COBPEMECHHBIC METOBI HCCIIe-
JIOBaHUsI, aHAIIN3a, TUAarHOCTUKU M MO-
JIeTUPOBAHMS CBOIMCTB BelIecTB (Marte-
puayioB), (pu3MYECKHe U XUMHYCCKHE
MPOIECChl, MPOTEKAIOIIUEe B MaTepHa-
Jax TpU UX TOIXy4eHUH, oOpaboTke u
MOAM(UKAITIH

YMeTh: HCIONIb30BaTh METOMABI HCCIIEe-
JOBaHMsI, aHAJIN3a, TUATHOCTUKU U MO-
JIEIMPOBAHMSI CBOWCTB BEIIECTB (MaTe-
pUasoB) s aHalM3a CTPYKTYPHI Be-
IIECTB, B TOM YMCJIE HAHOMATEPUAJIOB

BJIaI[eTI)I HaBBIKaMH HCIIOJIb30BaHHUA
COBPEMCHHBIX MCTOJO0B HCCIICIOBAHUA,
aHalln3ad, TUArHOCTUKHU W MOACIIMPOBA-

HUS CBOMCTB BEIECTB (MaTEepPHAIOB)

- CIIOCOOHOCTH HC-
I10JIB30BATh Ha
MIPaKTHUKE  COBpE-
MEHHBIE npen-
CTaBJICHUSA O BIIU-
SHUM MHKpPO- H
HAaHOCTPYKTYpPHI Ha
CBOMCTBa MaTepu-
aJloB, MX B3aUMO-
NEUCTBUU C OKpY-
JKaKollel  Cpelow,
MOJIIMU, YacTHIA-
MU U H3IIy4EHUs-
mu (ITK-6)

3HaTh: CIIOCOOBI MCIIOJIB30BaHUS Ha
NPAaKTHUKE COBPEMEHHBIX TMpeJCTaBIIe-
HUM O BIIUSHHUN MI/IKpO- 1 HAHO-
CTPYKTYphl Ha CBOICTBa MaTepHaloB,
WX B3aUMOJECHCTBUU C OKPYXKAIOIIEH
Cpeloii, TONSMH, YACTHIIAMH U HU3IY-
YCHUSIMH

YMeTb: UCIONBb30BaTh HAa IIPAKTHKE
COBPEMEHHBIE NPEACTABICHUS O BIIMS-
HUW MHUKpPO- U HaHO-CTPYKTYphl Ha
CBOICTBAa MaTE€pUAJIOB, UX B3aUMOIECH-
CTBUM C OKPYXAIOLIEH CpEeNou, IMOs-
MM, YaCTHIIAMH W U3TTYYCHUSIMHU

Bnaners: crnocoOHOCTBIO  HCIOJB30-
BaTh HA MPAKTUKE COBPEMEHHBIE MpEI-
CTaBJICHUSI O BIUSHUU MHUKPO-U HAHO-
CTPYKTYpPhl Ha CBOMCTBa MaTEpHaJIOB,
WX B3aUMOJEHCTBUU C OKPYXKAIOIIEH
Cpe)10171, MmoJIsIMHU, 4YaCTHLOAMH W H3JIYy-
YCHUSIMHU




4. CTpyKTYypa " coJep:KaHue TUCIUNIUHBI

TaJIbHBIX CBOMCTB HaHOMaTepHuayioB. Pazmep-
Hble 3P PEKTI. DIEKTPOHHOE CTPOSHHE.
DJEeKTPOHHBIE COCTOSHUS I TPEXMEPHBIX,
JIIBYMEPHBIX, OJJHO MEPHBIX U HYJIbMEPHBIX
CTPYKTYP. MeTallIbl ¥ MOTYIPOBOIHUKH B
HaHOKPHCTAUTMYECKOM cOocTOosTHUH. KBaHTO-
BbIe TOYKH. [I0BEpXHOCTHBIE COCTO STHHS.
Ponb nedekroB, n3MeHeHHE KOOPAUHA -
HMOHHOTO YHciIa. MeXaHn9IeCKHe CBONCTBA.
BimsHue pasmepa 3epeH Ha MEXCBOMCTBA Ma-
Tepua JoB. 3akoH Xoyua-Ilerya u “aHTH-
Xomn-Ileru*. Mexanuueckre CBOWCTBA HEKO-
TOPBIX HAHOMATEPHAJIOB, IOJTYUYCHHBIX METO-
JlaMu KOMIIakTUpoBaHus. Kpusble Hanpsixke-
HHUe-fAehopMaIus B 3aBHCHMOCTH OT pa3mepa
3epHa A1l MeJHBIX 00pa3oB. Bo3HHKHOBEHUE

POTaMOHHBIX MO AedopMaliiu. PacueTHsie
MOJIENIM CTPYKTYPbl HAHOMEU J0 U MOCJIE

Bbaibl ®opMbI TEKYLIETO
Moayas (pa3- | Bujg yuyeoHoii HanmeHnoBaHMe TeM 3aHATHH KOHTPOJIA (HanuMe-
yae (p y . Cemectp | O0bem, 4. HNuTepakTus, 4. P (
nen) padoThI (yuedoHoii padoThI) BPC HOBaHHE OI[€EHOYHO-
r0 CpeacTBA)
1. OcobGennoctu |Jlek O61wast XapakTepPUCTHKA HAHOCOCTOSHUA. 7 4 VYerHbI# onpoc (co-
HAHO CTPYKTYPbI J1a6 TexHoJoruu cUHTE3a HAHOMAaTEepPHUaoB. Gece HOBaHHe)
Knaccudukaryst 1 aHau3 W3BECTHBIX METO-
IIp 4 2
noB nonyuenust Y AI1. Mexanusm ¢opmupo-
Cp BaHUSI HAHOKPUCTATUYECKOTO U aMOP(HOTO 10
cocTOsIHUS. DUBHUKO-XUMHUYECKHE METOABI.
CpaBHI/ITeJ'IBHaSI OLICHKA CYHICCTBYIOIIUX MC-
TOAOB NOJYYCHUA YJIbTPAAUCICPCHBIX MaTC-
pHAJIOB.
2. CDyHILaMeH- Jlex IToBepxHOCTHAs SHEPTUS U €€ AaHU3OTPOIUSL. 7 6 V CTHEBIH orpoc (CO-
TaIBHBIE CBOL- J1a6 PexoHcTpyKkuMs U penakcanys MOBEPXHOCTEH. GeceoBaHue)
O0paboTKa MOBEPXHOCTH H YCIOBUS COXpa-
crBa HaHOMaTe- | [Ip N 6 2
HCHHS €€ CBOUCTB. TCXHOHOFI/ISI IIJICHOK U I10-
pPHAJIOB Cp KpbIThii. O6II1as XapakTepucTuKa (yH1aMeH- 15




Moayas (pa3-
Jie)

Bup yueonoii
padoThI

HaumeHnoBanue TeM 3aHATHH
(yueOHOii padoThI)

Cemectp

Oo0Bbem, 4.

Banabl

bBPC

HNHTepakTHB, 4.

®DopMbI TEKYLIETO

KOHTPOJIA (HanMe-

HOBaHUeE OLIeHOYHO-
r0 CpeacTBA)

nedopmanmn. Peakiimonnas crocoOHOCTh U
Karanus. MIsMeHeHue NoTeHIala HOHU3AUN
U peaKIUOHHOU crocoOHocTH. OCcHuInupyo-
Uit XapakTep peakIMOHHON CIOCOOHOCTH
HAHOKJIACTEPOB. THI U XapaKkTep XHUMIIPEBpa-
HICHUH [UIA KJIacTEPOB Pa3HOTo pasMmepa. 3a-
KIIFOUHUTENIBHBIE 3aMEYaHMsI O BO3MOXKHON MO-
Jenu HaHococTsHHA. CTpyKTypa H 0COOCHHO-
CTH.

3. Tepmoanna-
MUYECKHE Mapa-
METpPbI HAHOCO-
CTOSIHUSL U €T0
YCTOMYMBOCTh

JIex
JIa6
Ip
Cp
I1A

DOHOHHBIN CHEKTP U TEPMOAUHAMHUYECKUE
CBOMcTBa. 3HaUCHHE TEIJIOEMKOCTH JUII MaTe-
pHAJIOB B PAa3IMYHBIX COCTOSHUAX. DaKTOP
Jlebas-Bamnepa kak GpyHKIHs pa3mepa ya-
CTHII. 3aBUCHUMOCTbh TeMIIEpaTyphl IUIABICHUSA
OT pa3Mepa HaHoudactul. da3oBble paBHOBE-
CHsl ¥ TepMOJMHAMUKA. 3HaYCHHUE TIOBEPX-
HOCTHOT'O HATSDKEHUSI HA TPaHULIaX 3€peH He-
KOTOPBIX HaHOMaTepHuainoB. TeruroBsie 3¢ dek-
ThI (3HTaNBUsA AH, Touka muaBnenus ). M3o-
TEPMEI aficopOImu Bomopoaa. JecopOrms.
AnmoTponuyuecKkue U NoIuMop(HBIC TIpeBpa-
IICHUS NIPH U3MEHeHnH pa3mepa. CtaOnib-
HocTh. Poct 3epen u nuddysus. [lapamerps
camo i y3uu HEKOTOPHIX HAHO KPUCTAIUIU-
YECKUX U KPYIMHOKPHCTATHIECKUX 00Pa3oB.
®da3oBas U XUMHUYECKasi yCTOMUUBOCTD CILJIa-
BOB B HAHOCOCTOSIHUU. TepMOAMHAMUYECKUM
Y KHHETUYECKUM acnekT. XUMIOTEeHI1al Mo-
BEPXHOCTH KaK JIBIKYIIas cuia (a3oBOro
paccioeHus CIuiaBa B HaHOcOoCTOssHIH. OO0ras
XapaKTepUCTUKA OCHOB TEXHOJIOTUU U TIpUMe-
HEHHS MHOTO(Q)YHKIIHO HAJTBHBIX HAHOMATEPH-
aJloB.

14,75
0,25

VYerHsiit onpoc (co-
OeceoBaHuE)

Hroro:

72




5. O0pa3oBare/ibHbIC TEXHOJIOTHH

B nacTosimiem Kypce MCHONB3YIOTCS CIEAYIONIe 00pa3oBaTesbHbIE TEXHOJIO-
THH:

1. Texnonorust TPaaULIUOHHOTO OOy4YeHUs! (IMIOTOKOBOE KOHCYJIBbTUPOBAHUE,
MPaKTUYECKUE 3aHATHUS, CAMOCTOATENbHAs paboTa).

2. IHTepaKTHBHBIC TEXHOJIOTUH (JICKIIHsI — Oecea, CeMUHap — TUCKYCCH)

6. MeToauueckue YKa3zaHusA 110 OCBOCHUI0 TUCIHTNIIJIMHBI

JlumakTHYeCKre eIUHMIIBI, TPEAYCMOTPEHHBIC pabodeil mporpaMMon Ha caMo-
CTOSITEIIBHYIO TIPOPA0OTKY, MODKHBI OBITh M3yYEHBI CTYACHTAMHU B XOJIe CaMOCTOS-
TeJIHbHOU paboThl. B X0/1€ caMOCTOSTEIBHOM PaOOTHI KaXKIbI CTYACHT 00s3aH MpOYH-
TaTh OCHOBHYIO M IO BO3MOKHOCTH JOIIOJTHHUTEIBHYIO JIUTEPATypy IO HU3ydacMOM
TE€Me, JOMOJHUTh KOHCIEKTHI JICKIIMI HEIOCTAIOIIUM MaTepUajoM, BBIMHCKAMHU U3
PEKOMEHIOBAaHHBIX MEPBOMCTOYHUKOB. KoHCIekTHpoBaHue Hanbosee CIOXKHBIC IS
MOHUMAaHUS TEMbl HEOOXOIUMO COYETaTh C MOJYyYEHHUEM MMHUCHMEHHBIX, a MPU BO3-
MO>KHOCTH, ¥ OYHBIX YCTHBIX KOHCYJIbTAIIMM PO aBaTesl.

[Ipu MOATOTOBKE K 3aHATHSAM, TEKYIIEMY KOHTPOJIO U MPOMEKYTOUHON aTTe-
CTaIlMU CTYACHTHI MOTYT BOCIIOJIb30BaThCS JIEKTPOHHOM Oubinorexkoit BY3a, momy-
YUTh JOCTYIl K y4eOHO-METOAMYCCKHM MaTepuajgaM kak omommorekn BY3a, tak m
WHBIX DJICKTPOHHBIX OMOIUOTEUHBIX CHCTeM. [Ipn HEOOXOAUMOCTH CTYIAEHTHI MOTYT
B3STh IUTEpATypy Ha Kadeape nin Ha abOHEMEHTe By30BCKOW OMOIMOTEKH B mevaT-

HOM BHJIC, a TaAKKEC BOCIIOJIB30BAThCA YUTAJIbHBIMU 3aJIaMHU.



7. OueHOYHBIE CPeACTBa
7.1. ITaciopT OLIEHOYHBIX CPEACTB

Koxa koHTpoJIMpyemMoii KOMIIETEeHIIUN

Cemect
P (WM ee 4YacTH)

HaumenoBanue
OIIEHOYHOI0 Cpe/IcTBa

7 [1K-4

Cobeceoosanue no memam mooys NeNe
1-3.

Cobecedosanue no memam NpaKmudecKux
pabom NeNo 3-5.

Bonpocut ons 3auema NeNe [-30.
Komnnexm mamepuanog ons 3auema: 6o-
npocwt NoeNe 1-50.

7 I1K-6

Cobecedosanue no memam NpaKmudecKux
pabom NeNo [-2.

Bonpocwvt ona 3auema NeNe 36-60.

Komnnexm mamepuaios on4 3ayema: 60-

npocwlt NoNe 51-100.

7.2. TunoBbie 3aJaHUsI WJIN MHBbIE MAaTePHUAJIbI, HEOOXOAUMBIE JISI TEKY-

1ero KOHTPOJIst
7.2.1. CobecenoBanue

1. 3apanme (s1):

- Onpenenenue MIOTHOCTA MEITKOAUCTIEPCHON Cpeibl TUKHOMETPUYECKUM METOI0M
- OnpeneneHue MIOTHOCTU MEITKOIUCTIEPCHON CpeIbl MAHOMETPUUECKIUM METOJIOM
- Onpenenenue yaenbHOM MOBEPXHOCTH YacTull mpudopom [1CX-2

- OnpeneneHue yaenbHOM MOBEPXHOCTH YacTHIl mpubopom ToBaposa

- Onpenenenue yaenabHON TEIJIONMPOBOTHOCTH HAHOTIOPOIIIKA

2. Kpurepum oueHku:

® OIIEHKA «OTJIMYHOY» BBICTABIIETCS CTYJEHTY, €CIIU B Pe3yJIbTaTe padOThI MOJI-
HOCTBIO PAaCKphITa TeMa MpakTUYecKor padoThl. CTYJEHT aKTUBHO y4aCTBYET B
coOece0BaHuy U NMPaBUIIBHO OTBEYAET HA BCE MTOCTABIEHHBIE BOIIPOCHL;

® OIICHKA «XOPOULIO» BBICTABIISIETCS CTYACHTY, €CJIH B pe3yJibTaTe paboThl pac-
KpbITa TeMa MpakTudeckoil paboThl. CTyIEHT y4acTBYeT B COOECEeI0BaHUU U
IIPU HAIMYUU HABOJSIIHMX BOIIPOCOB IIPABUIIBHO OTBEYAET HA BCE MOCTABIICH-

HBIC BOIIPOCHI;

® OIEHKA «YJOBJIETBOPUTEIHHOY» BBICTABIIAETCS CTYACHTY, €CJIM B pE3yJIbTaTe
paboThI HE MOJHOCTHIO PACKPHITA TEMA MPAKTUUYECKON paboThl. CTyAEHT
y4acTBYeT B COOECEIOBAHUM U MPU HATMYMK HABOSIINX BOIIPOCOB HE BCEra
MPaBUJILHO OTBEYAET Ha MOCTABIIEHHBIE BOMPOCHI;



OILICHKA «HEYJOBJIETBOPUTEILHOY» BBICTABISICTCS CTYJICHTY, €CIIU B PE3YIbTaTe
paboThI HE pacKpbITa TeMa MPaKTUUECKO paboThl. CTyIEHT y4acTBYET B CO-
OeceloBaHUM U JaKe MPU HATMYKUU HABOJSIIMX BOIIPOCOB HEMPABUIIBLHO OT-
BEYAET Ha MOCTABJICHHBIEC BOIIPOCHI.

7.3. OuneHo4yHble cpeacTBa AJsA MPOMEKYTOYHON aTTeCTALMU 10 UTOram

0CBOCHUA ITUCHUIIJIMHDBI

7.3.1. Boripochl K POMEKYTOYHOM ATTECTALNH

Cemectp /
Ne n/mt Bomnpocsr k 3auety

1. OxapakTepu3yiTe KIacCU(PUKALMIO KOHCOJHIUPOBAHHBIX HaHOMAaTe-
pHAJOB MO0 METOAAM U3TOTOBJIEHUS U TUIAM CTPYKTYP

2. [lepeuncnuth OCHOBHBIE METOJbI MOJYyUYEHUS YIbTPAJUCIEPCHBIX IO-
POILKOB

3. [lepeunciuTh METOABI MEXaHUYECKOTO U3MEIbYEHUSI MaTEPUATIOB

4. [lepeuncnuTh U OXapakTepU30BaTh (PU3UKO-XMMUYECKUE METOMBI MO-
Jy4Y€HUs HaHOMaTepHUaJIOB

S. [lepeuncnuth M OXapakTepuU30BaTh XUMUUYECKHE METOJIbI IMOJIyYEHUs
HaHOMAaTepHaJIOB

6. Jaiite BbIBOJ (hOPMYJIBI ISl pacueTa yuciaa aToOMOB (MOJIEKYJ) B KpH-
TUYECKOM 3apOJIbIIIIe

7. [lepeuniciure JOCTOMHCTBA M HEJOCTATKH BBICOKOIHEPTETUYECKOTO
U3MEJbUYCHHUS, MEXaHOXUMHUYECKOTO U MIa3MOXUMHUYECKOTO criocoda

8. JlaTh 00IIyI0 XapaKTepUCTUKY CTPYKTYPhl HAHOMATEPUAJIOB

Q. BriBeauTe COOTHOLIEHMSI, ONMUCHIBAIOLIME 3aBHCUMOCThH OOILIEH 10JU
ITOBEPXHOCTEN pa3zielia, a TAKXKe J0JEN MEK3EPEHHBIX IPAHULl U TPOU-
HBIX CTBIKOB OT pa3Mepa KpUCTaJUIMTOB

10. | Kakue gaktopsl onpeaeistoT LIMPUHY PEHTT€HOBCKUX MUKOB?

11. | Yrto BBIABIAET BBICOKOpA3peLIaloiasi MPOCBEUNBAIOIAs 3JIEKTPOHHAS
MUKpPOCKOTIUsA?

12. | OxapakrepusyiTe OCHOBHbIE MEXAHU3MbI POCTA MJICHOK

13. | CpaBHUTE NOCTOMHCTBA W HEJOCTATKU METOJOB MPOCBEUMBAIONICH
AIIEKTPOHHON MUKPOCKOIUHU U PEHTTEHOCTPYKTYPHOIO aHaIu3a

14. | OxapakTepu3yiTe OCHOBHBIC THUIbI PACIPEACICHUSI KPUCTAIIIUTOB IO
paszMepam

15. | OnummTe OCHOBHBIE TUIIBI 1e()EKTOB B HAHOMAaTepHaiax

16. | Moryt 1 ObITh HAHOKPUCTAILIBI O6€3/1e(DEKTHEIMU?




17.

KakoBbI 0coOeHHOCTH HOBerHOCTCﬁ pasaciia B HaHOMaTepuruaiax

18. | [lepeuncanre OCHOBHbIE XapaKTEPUCTUKU CTPYKTYpPbl HAHOTIOJIMMEPOB

19. | OxapakrepusyiiTe OCOOCHHOCTH CTPYKTYPBI CYIPaMOJEKYJISPHBIX U
HAHOIIOPUCTHIX MaTepUaIOB

20. | IlpuBenute npumep JIHK-nanomarepuana

21. | JlaiiTe oOIIyl0 XapaKTEpUCTHKY TYOYJSPHBIX M JTYKOBHYHBIX HaHO-
CTPYKTYp

22. | B ueM [OCTOMHCTBA M HEAOCTAaTKU TEXHOJOTUU IUICHOK U MOKPBITHHA
KaK METO/1a U3rOTOBJICHUS] HAHOMATEPHaJIOB

23. | OxapakTepu3yiTe MOJy4eHHE HaHOMATEePHAIOB METOJIaMU WHTCHCHUB-
HOM MIacTU4ecKoil nedopmManuu U KOHTPOJIUPYEMOU KpUCTAIIA3AUN
13 aMOP(PHOTO COCTOSTHUS

24. | OxapakTepu3yiTe OCHOBHBIE METOJbl MOJIYYEHHUS HAaHOKpHUCTaINYe-
CKHUX IOJIYIIPOBOJHUKOB

25. | KakoBbl MexaHM3MBI POCTa TUICHOK U3 Mapa

26. | B yem ocoOeHHOCTH MOMy4YeHHsI THOPUIHBIX, OPUCTHIX U CyIIpamoJe-
KYJISIPHBIX HAHOMAaTEPHAaJIOB

27. | OxapakTepu3yiTe METObl NOJYyUYEHUS YIIIEPOIHBIX HAHOCTPYKTYP

28. | OxapakTepu3yiTe METOIbI CaMOCOOPKH HAHOCTPYKTYP

29. | OxapakTepu3yiTe OCHOBHBIC JTalbl UCTOPUH HM3yUEHUS pa3MEpHBIX
b dexToB

30. | KakoBbl 0cOOCHHOCTH MPOSIBICHUS pa3MepHBIX 3G (HEeKTOB B HAHOMATE-
puanax

31. | B ueM cyTh KBaHTOBBIX pa3MepHbIX 3HPeKTOB?

32. | Kak dhopmupyroTcs HAaHOCTPYKTYPBI ¢ KBAHTOBBIMHU TOUKaMU?

33. | OxapakTepu3yiTe KBAaHTOBBIC CTCHKH, TPOBOJIOKH U TOUKH

34. | I[IpuBenute npuMepsl U OOBSCHUTE BIUSHUE pa3MEPHBIX d3(PPEKTOB Ha
AJIEKTPOHHYIO CTPYKTYpPY HAaHOMAaTEpHUaJoB

35. | Ilepeuncnute OCHOBHBIE (PAKTOPHI, BIUSIONINE HA HEPABHOBECHOE CO-
CTOSIHWE HAaHOMAaTEepHUaJoB

36. | IIpuBenure mpuMepbl U OOBSICHUTE MPUPOAY HAIMYUS METACTAOWIIb-
HBIX (Da3 B HaHOMAaTepHUaiax

37. | OxapakTrepu3yiite 0coOOeHHOCTH (Ha30BBIX MPEBPAIICHUI B HAHOCTPYK-
Typax

38. | OxapakTepusyiiTe BIMSHUE pa3Mepa KPUCTAUIUTOB Ha HJIEKTPUUECKHE
CBOICTBAa HAHOMATEPHAJIOB

39. | Kak mensietrcs TemIo€MKOCTh HAHOMATEPUAJIOB B 3aBUCUMOCTH OT pas3-




Mepa KpUCTALITUTOB?

40. | Kak Biusger pasmep KpPUCTAUTMTOB Ha KOA(DQPHUIIMEHT TEPMUUYECKOTO
pacUIMpeHus U TeMIIepaTypy IIIaBJIIeHUs] HAHOMATEPUAJIOB?

41. | KakoBbl OCOOEHHOCTH TEIUIOMPOBOAHOCTH U TOOPOTHOCTH HaHOMAaTe-
puanon?

42. | OxapakTepu3yiTe MarHUTHbIE CBOMCTBAa HAHOMATEPHUATIOB

43. | Kak MeHsieTcst MpOYHOCTh, TBEPAOCTh U MJIACTUYHOCTH MPU yMEHbIIIe-
HUU pa3Mepa 3epHa B HaHOMaTepuanax?

44. | OxapakTepu3yiTe MPOSBICHUE MOJ3YYECTH U CBEPXIUIACTUYHOCTH B
HaHOMaTepHaax

45. | [IpuBenure mpuMepsl BIUSHUSA pa3MEPHBIX 3()(PEKTOB HA pPEaKIUOH-
HYIO CIIOCOOHOCTh U aKTUBHOCTh HAHOMATEPUAJIOB

46. | [IpuBenure mpuMepbl U OOBSICHUTE NMPUPOAY HATUYUS METACTAOWIIb-
HbIX a3 B HaHOMaTepuaiax. KakoBa poyib TEPMOJUHAMUYECKOTO U
KHUHETUYECKOTO (haKTOPOB

47. | OxapakTepu3yiiTe 0COOEHHOCTH (Pa30BBIX MPEBPALIEHUN B HAHOCTPYK-
Typax

48. | KakoBbl 0COOEHHOCTH (POHOHHOTO CIIEKTpa U TEIJIOBBIX CBOMCTB
HaHOMAaTEePUaJIOB

49. | Kak u3MeHseTCs TEIUIOEMKOCTh HAaHOMAaTepHalioB B 3aBUCMOCTH OT
pa3Mepa KpUCTaUIuTOB

50. | Kak Bamsier pazmep KpPUCTAIIIUTOB Ha KOA(DPHUIIMEHT TEPMUUECKOTO
pacUIMpeHus U TeMIIepaTypy TUIaBJICHHS] HAHOMATEPHAJIOB

51. | 3akon Xomna-Iletua

52. | Autu Xomna-Ilerya 3akoH

53. | Biusiaue pa3smepa 3epHa U TOJIIWHBI WHANBUAYAIBHBIX CIOEB B MHO-
TOCJIOWHBIX TJICHKaX Ha TBEPOCTh MaTEPHUAIIOB

54. | [lepeurcnuTh METOABI TEXHOJOTUH TTOJIYICHUSI HAHOILJICHOK

55. | Onurcath TEXHOJOTHIO MOTydYeHHsI aMOP(HBIX HAHOMATEPUAJIOB

56. | OxapakTepusyiTe MPOSBICHUE MOJ3YYECTH M CBEPXIUIACTUYHOCTH B
HaHOMaTepHaax

57. |IlpuBenute npuMepsl BIMSHUS pa3sMepHbIX A(P(HEKTOB HA pPEaKIMOH-
HYIO CTIOCOOHOCTb U KaTaJIUTHUYECKYI0 aKTUBHOCTh HAHOMATEpUAJIOB

58. | Kak Bamsier pazmep 3epHa Ha (ha30BYI0 YCTOMUMBOCTh HaHOKPHUCTAJI-
JINYECKUX CIIaBOB?

59. | KakoBo noBejieHne ONTHYECKUX CBOMCTB HAHOKPHUCTAIJIOB

60. | Onucarh MaKcUMaNbHBIE TEIIOBBIE 3PGhEKTHI /111 HAHOMATEPUAJIOB




7.3.2. Kputepun 1 HOpMbI OLIEHKH

dopma nposeje-

HHUA
Cemectp . Kpurtepuu u HOpMbI OLlEHKH
MPOMEKYTOYHOU
aTTecTALMH
7 3auer BBICTABJISICTCS CTY/ICHTY, €C-

«3a4YTCHO»

JIY CTYCHT JaJI MOJHBIE UC-
YEepIbIBAIONINE OTBETHI HA 3
BOIIPOCA UJIM €CJIH CTYJICHT
Jiaj1 TIOJIHBIE HCUePITbIBAO-
I[M€ OTBETHI HA 2 BOIpOCa
WJIM OTBETHJI Ha 2 UJIH 3 BO-
npoca ¢ HeOOJIBIIUMH 3aMe-
YaHUSIMH (HE CYIIeCTBEHHBI-
MU 3aMEUYaHUSIMU );

«HE3AYTCHO»

BBICTABIIICTCS CTYJICHTY, €C-
JIM CTYJEHT JaJI MIOJIHBINA HC-
YEpIIBIBAIOIINI OTBET TOJIBKO
Ha OJIMH BOIIPOC WJIU OTBET
OTCYTCTBYET.




8. YueOHO-MeTOAMUYEeCKOEe M MHPOPMALIMOHHOE O0ecnedeHue TUCIUIIIMHBI

8.1. O6s3aTenibHAs IMTEPATYypa

Tun (yueOHUK,
y4eOHoe 1oco-

KoanuecTBOo B
Hay4YHOU On0-

Ne One, yueOHoO-
ABTOPBI, COCTABUTEIH 3ar;iiaBue (3aroJji0BoK) I'ox u3panus Juorexe /
n/n METOoaNYecKoe
nocobie, npak- HaumenoBanue
’ IBC
THKYM, JIp.)
OcoOenHocTy (PU3UKO-XUMHUYECKUX CBOMCTB HAHO-
MOPOIIKOB U HAHOMATEPHAJIOB : yueOHOe ocodue /
A.Il. Mnbun, A. B. Mo- | A. I1. Unbun, A. B. MocroBmukos, A. B. Kopry-
1 cToBmUKOB, A. B. Kop- | HoB, JI. O. Poot. — 2-¢ u31. — Tomck : TITY, 2017. VY4yebHO0€E mocodue 2017 OBC "Jlanp"
myHoB, JI. O. Poot — 212 ¢. — Tekcr : 2aeKTpoHHbIH // JIaHb : 31eK-
TpOHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/106760.
Hanomarepuainsbl. CBoiicTBa 1 cepbl IpUMEHEHUS :
T V1. [xapumaniesa, yuebnuk / I'. . Ixxapaumanuesa, K. A. Keigpanue-
K. A Kiibatuesa. A Ba, A. B. Merenuna, U. E. Ynaun. — Cankr-
2 B. MeTenzlldp A 1 E’ V.(b- [TerepOypr : Jlans, 2020. — 200 c. — ISBN 978-5- Y4eOHuK 2020 ObC "Jlanp"
) e, B 8114-4433-5. — TekcT : aneKTpoHHBIH // JIaHb :
TSTH] .
AIIEKTPOHHO-0MOMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/140739.
8.2. lonosiHUTEILHAS JIUTEPATYPA
Tun (yuebuux, KonnuectBo B
yueOHoe 1moco- N
HAy4YHOi1 010-
Ne Ome, yueOHoO-
ABTOpPBI, COCTABUTEIH 3arsiaBue (3aroJi0BoK) I'ox u3panus Juorexe /
n/n MeTOAN4YeCcKoe
nocobHe, npaK- HaumeHnoBanue
’ IBC

THKYM, JPp.)




Tun (y4eOHuK,
yuyeOHoe 1moco-

KoanuecTBOo B
Hay4YHOU On0-

Ne Oue, yueOHO-
ABTOPBI, COCTABUTEIH 3ar;iiaBue (3aroJji0BoK) I'ox u3panus Juorexe /
n/n MeTOAMYeCKoe
nocobue, npak- HaumenoBanmue
’ IBC
THKYM, Jp.)
DKOJIOTHS HAHOMATEePUaJIOB : yueOHoe rmocobue / A.
1O. ToppiMuyk, I'. T'. CaBenbeBa, A. I1. 3pikoBa ; moa
enakuueit JI. H. [latpukeeBan A. A. PeBunoii. — 3-
A. 1O. 'ogpimuyk, I'. T'. P o
’ e u3a. — Mocksa : Jlabopartopust 3nanui, 2020. — "
1 CasenbeBa, A. I1. 3pIK0- o parop VYuebHOe mocobdue 2020 OBC "Jlanb

Ba

275 c.— ISBN 978-5-00101-838-4. — Texkcr :
ANEeKTpOHHBIH // JIaHb : 3IeKTPOHHO-OUONIMOTEYHAs

cuctema. — URL:
https://e.lanbook.com/book/135540




8.3. Ilepeuenb npodeccHOHANBHBIX 0a3 JAHHBIX M HH(POPMANMOHHBIX
CIIPABOYHBIX CHCTEM

e Poccuiickue  HaHOTEXHOJOTMM  [DJEKTPOHHBIM  pecypc] : Poccniickue
HAaHOTEXHOJIOTUHA MEXIAYHAapOJIHBIM HAy4YHBIM >XypHal. Yupeaurtenb XypHana: DenepaibHoe
areHCTBO 110 HayKe U uHHOBanusM P®. - Pexxum poctyna K kypH.: https://www.nanorf.ru

e  WebofScience[3nekTpoHHBIN pecypc] : MyIbTUIUCIUIUITMHAPHAS pedepaTuBHas 6aza

JIAHHBIX. — Philadelphia: ClarivateAnalitics, 2016 . - Pexum JOCTyTa
. apps.webofknowledge.com. — 3ar. ¢ skpana. — 3. pyc., aHrIL.
e Scopus[DneKkTpoHHBII  pecypc] : pedeparuBHas  06a3a  JaHHBIX. —

Netherlands: Elsevier, 2004— . — Pexxum gocTyma : SCOPUS.cOm. — 3ari. ¢ 3kpaHa. — SI3. pyc.,
aHrII.

e Elibrary[DnexTpoHHbIil pecypc] : HaydHas syeKTpoHHas Oubimoreka. — Mocksa :
H3B, 2000— . — Pesxum mocryma : elibrary.ru. — 3ari. ¢ skpana. — SI3. pyc., aHri.

e SpringerLink[DnekTpoHHbI! pecypc] : [6a3a JIAaHHBIX |. —
Switzerland: SpringerNature, 1842— . — Pesxxum mocryna : link.springer.com. — 3ari. ¢ skpaHa. —
S13. anru.

e ScienceDirect[DeKTpoHHBIN pecype| : KOJUICKIUS AJICKTPOHHBIX KHUT W3IATCIb-

ctBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum moctymna : sciencedirect.com. — 3ari. ¢
3KpaHa. — 3. aHr.
e Cambridgeuniversitypress| DJIeKTpOHHBI pecypc]| : JKypHAIBl H3AaTeIbCTBA. —

Cambridge: Cambridgeuniversitypress, 2018— . — Pexxum goctyma : cambridge.org. — 3ari. ¢
3KpaHa. — 3. aHri.

e NEICON[DnektponHbIii pecypc]| : 3JeKTpoHHas HHGOPMAIUS : apXHB HAayYHBIX
xypHaioB. — MockBa : HOUKOH, 2002— . — Pexxum moctyna : neicon.ru/resources/archive. —
3aru. ¢ ’kpaHa. — f3. pyc., aHri.

8.4. Ilepeyenb MPOrpaMMHOIo obecmevYeHmst

Ne Hanmenosanue IO PexBU3UTEI norongpa
n/n (naTa, HOMep, CPOK JAeHCTBHA)
1 | Windows: noroBop Ne 757 ot 04.07.2018r.,

CPOK JI€HCTBHSI — OECCPOUHO;
WinPro 10 RUS Upgrd OLP NL Acdmc

KOHTpakT Nel653 or 14.12.2018,
CPOK JIEUCTBUS — OECCPOUHO;

2 | Office Standart: noroBop Ne 757 ot 04.07.2018r.,
CPOK JICUCTBHS - O€CCPOUHO;
Office Standart 2016 Russian

koHTpakt Ne 727 or 20.07.2016,
CPOK JIeHCTBUS — OECCPOUHO;

3 noroBop Ne 469 ot 05.06.2020, cpok aei-
Mathcad Education - University Edition Sub- | cTBus - 6eccpouro
scription (25 pack)

4 | Mirapolis Human Capital Management noroBop Ne  42/02/22 - K or
02.02.2022 mo 31.08.2022



http://apps.webofknowledge.com/
http://scopus.com/
http://elibrary.ru/
http://link.springer.com/
http://sciencedirect.com/
http://cambridge.org/
http://neicon.ru/resources/archive

8.5. Onucanue mMaTepHaIbHO-TEXHHMYECKOH 0a3bl, HeOOXOAUMOM ISt
OCyIIeCTBJIEHHSI 00Pa30BaTEILHOI0 MPOLECCa MO AMCIUIIHHE

n/n

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKUX H
Ap. 00bEKTOB VIl IPOBeAeHHS MPAKTHYe-
CKHX H JJa00pPaTOPHbIX 3aHATHIA, IOMellle-
HM 1JI51 CAMOCTOATEIbHOM padoThI 00y-
Jamuxcs (HoMep ay1uTOPUN)

IlepeyeHb OCHOBHOIO 000PY/10BAHUS

KomnbrotrepHslii kiacc. YueOHasi ayAuTOpHUS
JUI TIPOBEACHUS 3aHATUH JIEKIUOHHOTO TUIIA.
VYyeOHast ayauTopusl JUisl IIPOBEICHUS 3aHs-
TUH CEMUHApCKOro Tuma. YdeOHas ayauTo-
pus Ui POBEACHUS JIA0OPATOPHBIX PAOOT.
VYuebHasg ayauTopusi Ui KypCOBOTO IIPOEK-
TUPOBAHMS (BBIMOJHEHHUSI KYPCOBBIX padoT).
VYuyebHasg ayauTopHs AJS NPOBEAEHUS TpyH-
MOBBIX W WHIUBUAYAIbHBIX KOHCYJIbTALIUN
VYuebHasg ayauropus JUIsl IPOBEIEHUS 3aHs-
THM TEKYIIEr0 KOHTPOJS M MPOMEXYTOYHOU
arrecranuu. E-214

Ctonbl ydeHUYECKHE IBYXMECTHBIE , CTO-
JIbl YYEHHUYECKHE, CTOJ KOMIIbIOTEPHBIH,
cron npenonxasarensckui, IIK ,mocka
TPEXCEKIMOHHAs ayIUTOpHas (MeJoBas),
CTyl1l  NPENoAAaBaTEIIbCKHI,  MPOEKTOP
MYJIbTUMEAUNHBIN ,9KpaH JJi1 MPOEKTOpa,
TymOa BbIKaTHas

JIaGoparopust «MeTtamtorpadusi».
VYuebHas ayauTopus Ui IpoBeieHus 1abo-
paropHbIx pabot.E-203

Croun mpenojaBaTelIbCKUM, CTOJ bl YYEHU-
YecKHue JBYXMECTHbBIE, CTyJbs, JOCKa
aynuToOpHas (MeJioBas, TPEXCTBOpUaTas),
CTOJIBI J1a0OpAaTOpPHBIE, MHUKPOCKOIBI Me-
TayutorpaguyecKue.

[Tomemienue sl CaMOCTOSATENBHONH PabOTHI
obyuaromuxcs [-401

Crosibl y4eHMUYECKHE, CTYJbsl Yy4YEHHUYE-
ckue, [IK ¢ BeIxogom B cetb MHTEpHET

[Tomemienue [Isi CaMOCTOSATENBHONH PabOTHI
obyuatomuxcst J[-409

Cronbl-mapThl ABYXMECTHBIE, CTYIbSI, CTOJ
MPEToIaBaTeNIbCKUii-, CTYJ TpernoaaBa-
TENbCKUH, TEpeaBUKHAs JOCKa, SKpaH,
MpOIecCOop, TPOEKTOP, KOMIIBIOTEPHBIE
CTOJIbI, KOMITBIOTEPHI /IS CTYJACHTOB C BbI-
XOJIOM B CETh WHTEPHET, KOMIILIOTED Ipe-
1o/iaBatTessl.

16
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