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KoncyabTanii 3 nuTaHb
HABYAHHSA MO JUCIHUILTIIHI

B nHi nekiii 3a monepeIHboI0 TOMOBIICHICTIO

BiI0YBaKlOThCHA
Indopmanis npo B Kypci BUKIIaaroThCSl OCHOBU Cy4acHOTO MaTepiajo3HaBCTBA
AUCHHILIIHY HAHOCTPYKTYpP. AKTYalbHICTh BHMKJIAJaHHS AUCLUUIUIIHH, sKa

NOB’s13aHA 3 I[I€I0 TEpPEOBOI0 KPOMKOIO MaTepialo3HAaBCTBA
MOJISITa€ B TOMY, 110 CETMEHT HAaHOMAaTepiajliB 1 HAHOTEXHOJIOT1H
iX BUPOOHMIITBA Ta BHKOPUCTAHHS € TAaKUM, IO HAHOUIBII
IIBUIKO PO3BUBAETHCS 1 ocsT Maibke 4 TpaH moiapis CILIA y
2021 p. Tomy, came (axiBui B ramy3i HaHOMarepiaiiB i
HAHOTEXHOJIOTIH € OJHUMU 3 HAHOUIBII 3aTpeOyBaHUMU B CBITI
BHUCOKUX TEXHOJOTi. HaykoBIl, 1m0 mpamoTh B LIl Tamysi,
MOTpeOyIOTh 0araToMCIUIIIHAPHOT MATOTOBKH.

KopoTka anoranis
TUCHUILIIHHA

ToMy B 3aIpOnOHOBAaHOMY KypCi pO3TJISIAI0TECS Pi3HI OCHOBH
¢i3uko-ximii 1 MexaHikd, (i3UKH 1 MaTepiaJlo3HaBCTBA
HAHOYACTUHOK, HAHOCTPWIKHIB, KBAaHTOBHX TOYOK, TOHKHX
TUTIBOK, KOHCOJIIJOBAaHUX 00’ €MHHUX TUJT 1 METOAM 1X OTPUMAaHHS,
aHATI3yIOTbCA  OCOOJHMBOCTI  CTPYKTYpH  (I3MKO-XIMIYHHX,
(GI3UKO-MEXaHIYHUX,  ONTHYHUX,  CJICKTPOMArHiTHUX  Ta
010JI0TYHHUX BIACTHBOCTEH HAHOMATEPialiB, XapaKTEPU3YIOThCS
OCHOBHI HaIlpsIMKH Cy4YacHOTO 1 MaWOYTHBOTO 3aCTOCYBaHHS
HaHoMmarTepiaiiB. [lucuumuiina € 000B’I3K0BOIO IS aCIiPaHTIB 31
criemianbHicTIo 105 “Ilpuknagna ¢izuka Ta HaHOMaTepiaan”
JUI OCBITHBOI MpPOTpaMM MiATOTOBKH JOKTOpa ¢inocodii, sika
BHUKJIaIa€Thesl B [HCTUTYTI MpobiieM MaTepiano3HaBcTBa iM. [.M.
@panuesnya HAH Ykpainu B 2 cemectpi B 00cs131 2 KpeauTiB
(60 ron), 3 Hux 30 rox ayAMTOPHUX 3aHATH (22 TO/ JEKIIHHUX 1
8 rom mpaktmyHmx) Ta 30 rom camoctiiiHOi poboTu (3a
€ponericekoro KpeautHo-Tpancheproro Cucremoro ECTS).

MeTta Ta wiJii IMCHMILTIHA

Mera Kypcy — 3akjacTd y acHipaHTIB CHUCTEMaTH4HI
OaratoguCIUIUTIHAPHI OCHOBHU 3HAHb B oOJtacTi
MaTepiaio3HABCTBA HAHOCTPYKTYP: (i3MKO XiMii 1 TEXHOJOTii
OJIep)KaHHsS HaHOMAaTepialliB, OCOOJMBOCTEH IX CTPYKTYypH 1
3B’SI3Ky 3 BJIACTHBOCTSAMHU Ta MOTEHI[IHHUMH a00 ICHYIOUUMU
3aCTOCYBaHHSMHU. 3 Ta0OPATOPHHUX 3aHATH CTYACHTH OTPUMYIOTh
MPAKTUYHI HABUYKH POOOTH 3 HAHOMAaTEepialaMy Ha Cy4acHOMY
oOJraxHaHHI.

VY miicyMKy crienianicT MOBUHEH 3HATH OCOOIMBOCTI CTPYKTYPHU
Ta BJIACTUBOCTEH HAHOCTPYKTYPHHX, HaHO(a3HUX,
HAHOJMCIIEPCHUX  MaTepiamiB,  TEXHOJOTii  OTpUMaHHS
HaHOCTPYKTYPHHUX MaTepiaiiB, Ta 00JIacTi 3aCTOCYBaHHS; BMITH
XapaKkTepu3yBaTH HAHOCTPYKTYPHI 00’€KTH, MIJIECHPSIMOBAHO




BUKOPHCTOBYBAaTH HAHOJIUCIEPCHUNA CTaH pPEYOBHHU JUIS
KEpyBaHHS TE€XHOJIOTTYHUM IPOIIECOM BHUTOTOBJICHHSI BHPOOIB,
YOPaBIiHHS CTPYKTYPOIO Ta BIACTUBOCTSIMH MaTepiaiB.

Kypc migroroBneHo 3 BpaxyBaHHAM Cy4YaCHUX JOCATHEHb
HAaHOHAYKM 1 HaHO-TEXHOJIOTi, cdepy IHTepeciB SAKUX
30CepeHKEHO Ha JIOCTI/PKEHHI TaK 3BaHUX MaJOPO3MIPHHX
00’extiB. CucremaTm3oBaHi JaHi NP0 HAHOCTPYKTYpPHi
Marepiaiu, po3Mip 3epeH, Mip Ta IHITNX XapaKTEPHUX CICMECHTIB
B CTPYKTypi skuX ckmamae meHme 3a 100 Hm. PosrmsnyTi
0COOJIMBOCTI HAHOCTPYKTYP IIMX MarepiaiiB. ¥Y3araabHEHO JaHi
mpo ¢i3uYHI, XiMi4YHI, MEXaHIYHI Ta iH.. BIACTUBOCTI, & TAKOX
npo po3MmipHi epexTr. OnMcaHo OCHOBHI TEXHOJOTiIUHI 3aCO0H
OTPUMaHHS HAHOCTPYKTYpHHUX MaTepianiB. OxapakTepu30BaHO
OCHOBHI ramy3i IX BHUKOPHUCTaHHS B TPAAMIIMHOI Ta HOBOL
TeXHilll, B iHGOPMAIIHHUX TEXHOJOTIAX, a TAKOX B MEIUIIHHI,
6i0J10Tii Ta OXOPOHI HABKOJIUIITHBOTO CEPEIOBHIIIA.
PesynpTaTrom HaB4YaHHS 3a KypcoMm Oyae cucrteMa 3HaHb Yy
acImipaHTa 3 IpUBOJly HAHOMaTepialiB

Bumorn HaBYaJbLHOI
JTUCHUILIIHHA

Kypc € 6a30B010 AUCIUIIIIHOIO ACHIPaHTIB.

O6csr kypey — 2 kpenuty ECTS, 3 Hux 30 rox ayauTopHHX
3aHATH (22 roJa JCKIIHHUX 3aHATh, 8 o MpakTHUHKuX) Ta 30 roj]
caMocCTiiiHOT poOoTu (ouHa ¢Gopma HaBuaHHs). BuBdeHHS
HAayKOBOI JUCIUIUIIHM BHUMarae oOOB’S3KOBE BIJBiayBaHHS
ayIUTOPHUX 3aHATh, aKTUBHY y4acTh B OOTOBOPEHHI NMUTaHb,
SKICHE 1 CBO€YaCHE BUKOHAHHS 3aBJIaHb CaMOCTIHHOT poOoTH, a
TaKOX Y9acTh y BCiX BUJIaX KOHTPOJIIO.

incymkosa ¢popma
KOHTPOJII0 3HAHb

3anik

OuikyBaHi pe3y1bTaTH
HABYAHHA

Pe3ynomamom naguanua 3a Kypcom Oyoe cucmema 3HAHb Y
acnipanma 3 HAaHOMamepiais:

- 3Hamu:

Teopernuni ocHOBM OyJIOBH, BIACTUBOCTEH 1 METOAIB
OTPUMAHHS HAHOCTPYKTYpP 1 HAHOCTPYKTYpHUX MaTepiaiis,
JIOCTaTHI  JJIS  CAaMOCTIMHOTO  TOJAJBIIOTO  TPOBEICHHS
JNOCTI/DKeHb B 1€l Tramy3l 1 HAcTyHmHOTO OBOJIOJIHHS
HAHOTEXHOJIOT1IMHU.

- emimu:

AHaJi3yBaTH CydacHy JIiTepaTypy 3 HaHOMaTepianaiB, BUOMpaTH
METOJM CHHTE3Y (OTPUMAaHHS) HAHOCTPYKTYpP, KOHCOIimarii
TPUBUMIPHMX  MarepiajiB, OTpPHUMaHHS TOHKHX IUIIBOK,
aJanTyBaTH 3HAHHS MPH BUKOHAHHI BJIACHUX IUCEPTALlIMHUX
OCIIKEHb.

Kuarouosi ciioBa

Hanocmpyxmypa, nanouacmumnxu, moHKu niieKu, KOHCOAI008aH ]
Hanomamepiany,  po3MIpHULL — egekm Yy  GIACMUBOCMSX
Hanomamepianie

IIpepexBizuTu

BuBueHHs quctuIuTiHg 0a3y€eThCsl Ha TAKMX Kypcax KIACHYHOTO
yHiBepcHuTeTy (piBeHb 0akanaBpy) sK, (pi3uka KOHICHCOBAHOTO
crany (abo (izuka TBepOTO TLJIa), MaTEMaTHKA (MaTeMaTUYHUN
aHaii3z), craructudyHa ¢izuka (OakaHo), HEOpraHiYHA XiMis,
opraHiuHa XiMisl (piBE€Hb CepeIHbOI MIKOJH), (hi3uka (MeXaHika,
CIeKTpUKa 1  MarHeTW3M, ONTHKa), (i3UYHA  XiMid
(TepMoguHaMika 1 KIHETHKA), Kpucrajorpadis  Ta
KPUCTAJIOXIMisl, XiMisi TBEPAOTO Tija, KOJMOiMHA XiMisl, di3uuHe
MaTepiajJo3HABCTBO, TEOPis Ta TEXHOJIOTiS BHPOOHHUIITBA




MOPOIIKOBUX Ta KOMITO3ULIITHIX MaTepiais,
MarepiajJo3HAaBCTBO  KEpaMidyHUX  MaTepialliB, MeEXaHika
pyWHYBaHHS, 3arajbHa METANypris, TPUOOTEXHIKa Ta IHIIIL.
[ToTpiben 0a3oBHWil piBEeHH BOJIOAIHHS AHTJIIMCHKOIO MOBOIO.
[TinroToBKa 3a JaHUM MPEAMETOM TEPEye OTPUMAHHIO 3HAHB 32

CEMECTPI.

nucuuriinolo  «OcHoBH  HaHOTEXHOJOTIH» Yy  BECHSIHOMY

HaB4yajabHi MeToau Ta [Ipesenrarris, JeKIii, AUCKYyCis
TeXHIKH, AKi 0ynyTh
BHKOPHCTOBYBATHCS IiJ]
Yyac BUKJIQJIAHHS KypCY

HeoOxinne o6aagnanns | MynprumeniitHe o01aiHaHHS

2. Ilnan BUKJIaAAHHA TUCHHUILIIHHA

Tema, miian

KinekicTs roguna

yChOTO

y TOMY 4HCITi

ayJIUTOpHI Camo-
CTiiHa
pobota

Jlekuis 1. BBeeHHsI B MaTepiajlo3HABCTBO HAHOCTPYKTYP:
icTopisi, OCHOBHI MapagurMu i BU3HAYEHHS.

BBeneHHs B HAHOCTPYKTYpHE MaTepiaJo3HABCTBO. 3arajibHa
XapakTepUCTUKAa  HHU3bKO  po3MipHMX  cucteM. OCHOBHI
napagurMy,  MiAXOAW.  ICTOpUYHI  acmeKTd  PO3BUTKY
HaHOMAaTepiamiB Ta HaHOTEXHOJIOT1H. Knacudikaris
HAHOCTPYKTYPHHUX 00’ €KTiB. Bu3HaueHHs po3MipHOCTI 1 ii poib y
¢13uyHuX 1 XIMIYHUX sBHINAX. CHiBBIJHOLIEHHS MK 00’€MOM,
MDK (a3HOIO TpaHMICIO 1 MoBepxHer. Kiacrepu, He3BUYaHI
HaHOoOO ekTh. [ledexTn B Kpucramiunmx o0’ekrax. ['mobambHe
3HAUEHHS HAHOTEXHOJIOTii, HaHOMaTepialliB, HAHOMPUCTPOIB IS
PO3BHUTKY HAYKH 1 TEXHIKHU.

Jlexuis 2. Po3mipHi epexkTn B HaHOMaTepianax.

Posmipamii edekT B YacTHHKAX, IUIIBKaxX, TOJIKpHUCTaJIax.
Po3smipHa 3anexHicTh (I3MYHUX BIACTUBOCTEH MaTepiamis;
Hanogucnepcuwuii crad. Po3mipHuii e(hekT B 4aCTHHKAX, IUTIBKaX,
noJiikpuctanax. BusHaueHHs: po3mipHoro edexty 3a [siirepom.
Posmipaa 3anmexHicTh (Di3WYHUX BIACTUBOCTEH MaTepiayliB B
JMCTIEPCHOMY CTaHi. 3aranpHa XapaKTepUCTHKA
HAHOKPUCTAJIIYHOTO CTaHy B 3aJIeKHOCTI BIJl PO3MIPHOCTI
HAHOCTPYKTYp. OCHOBHI TMOHATTS TEPMOAMHAMIKU (ha3oBHX
MEPETBOPEHB. 3AJICKHICTh KOOPJWHAT TOYOK (Pa30BUX MEPEXOIiB
BiJl po3mipy HaHO 00’ ekty. CerperarliiiHi i arperamiifai IpoIecH.
['omoreHnHe 1 reTeporeHHe 3apoKeHHsI HOBOI (a3u. OcoOMMBOCTI
¢dazoBux piBHOBar B HaHocHcTemax. HaHodeppouku —
(beppoMarHeTHKH, CErHETOCTEKTPUKH, (PePPOCTACTUKU — €THICTD
BIJITYKY Ha MOJIS.

Jlekuis 3. Po3mipHuii edekT B YaCTHHKAX, ILUTiBKAX,
noJjikpucragax. PoaMipHa 3a1eXHiCTh KIHETUIHHX 1
MEXaHIYHUX BJIACTUBOCTEH MaTepiaiiB; . OCHOBHI MOHATTS
KiHeTUKH Mu(y3ii B HAHOCTPYKTYpaxX: KpUTHYHA JOBXKHUHA
BUTBHOTO TIpo0iry aydysanty. TemionposigHiCcTh
HaHOMAaTepialiB, KPUTUYHA JOBKMHA Ipobiry ¢oHoHiB. Po3mipHi




3aJIeKHOCTI MOJYJISI IPYKHOCTI, TBEPJOCTI, MILTHOCTI Ta
TPIIMHOCTIMKOCTI.

IIpakTu4yHe 3aHATTH 1

Jlekuis 4. ByrieueBi HaHomarepianu: rpadgenu, ¢yepeHu,
HAHOTPYOKH, HAHOKJIACTEPH: TEXHOJOTisi OTPUMAHHS,
CTPYKTYpA, BJACTUBOCTi. AJIOTPONHI (OpMH BYIJICIIO — Bif
anMazy 1o ¢Qynepeny i rpadeny. Knacudikamis ByrieneBux
HaHOKJIACTepiB: rpadenu, ¢ynepenu, ¢yndopaHu, HAHOTPYOKH,
dymnepitu. Un dynepen monexyna? CTpyKTypHI OCOOJHMBOCTI
dbynepeny. TexHosorii oTpuMaHHs QyJIepeHiB — Ja3epHa aOsIis,
QYyroBOi CHHTE3, COHSYHHUW TIPOJi3 BYIJIEBOAHIB. Meroa
Kperumepa. Cunrte3 enmomerano-dynepeniB.  Excrpakiis
¢dynepeHiB 3 CHUpOBHHHM. XpomarorpadiuHe  po3AUICHHS
dynepeHiB pizHOro po3mipy. DynepeHoONnomiOHI HeOopraHiuHi
cronyku. ByrieneBi HaHOTpyOku: OyaoBa Ta TEXHOJOTIT
oTpumManHs. ImynbcHa nazepHa abmsiis. KomOGiHOBaHA TEXHOJIOT1sS
cuHre3y. EnexrpoximiuHe ocamkeHHs. Peakuis benna-Bymyapa.
Ponp katamizy Ta MexaHi3M pOCTy HaHOTpPyOok. OHiOHH.
Crpyktypa oOHIOHIB. OTpHMaHHS OHIOHIB 3 HAHOYACTHHOK
anmaszy. Homa ctpykrypHa ¢opma Byriemwo. Hesyrienesi
HAHOTPYOKH.

IIpakTH4yHe 3aHATTSH 2

N

Jlekuiss 5. OcHOBM MeTOAiB OTPMMAHHSI HAHOAMCIIEPCHMX
CTPYKTYP: i3udHi MeTOIH.

@i3uKOo-XIMIUHI 1  (I3MKO-MEXaHIYHI OCHOBHM  OJI€p’KaHHS
HaHOAMCIIEPCHHUX MOPOIIKIB pI3HOMaHITHUX MaTepiaiiB. OCHOBHI
METOAM OJIepKaHHS HAHOIUCIEPCHHUX MopomkiB. Knacudikarris
METOMIB OJIep)KaHHS HAHOYACTUHOK. MeToam xapakTepu3arlii
HAaHOYACTHHOK. (OCHOBHI €JEMEHTH IOPOIIKOBOI TEXHOJIOT1I.
OTpuMaHHd  HAHOYACTMHOK  METOJaMH  BUIIAPOBYBaHHS-
KOHJICHCAIII€10, eNeKTPOBUOYXY. OTpUMaHHS KBAaHTOBUX TOYOK.
Oco06MBOCTI MEXaHIYHUX MEPETBOPEHB i TI€H0 1HTEHCUBHOTO
nopiOHeHHs, aMmopisallisi MaTepiaiB.

I

N

Jlekuist 6. OCHOBH MeTOiB OTPUMAHHS HAHOAMCIIEPCHUX
YACTHUHOK i MOPOLIKIB: XiMiYHI MeTOIH.

OCHOBH CHHTE3y HAHOYACTUHOK MOKPUMH XIMIYHUMHU
METOJIaMU: CHIBOCAKEHHSM, TAPOTEPMaIbHUM OCAIKEHHSM 1
HaNpaBlIeHUM 3pocTaHHSAM. CHHTE3 IIITXOM TEPMIYHOTO
PO3KJIaaHHS HECTIMKUX MPEKYPCOPIB SIK METOJI OJI€pPKaHHS
HAHOJIMCTIEPCHUX MOPOIIKIB..

OCHOBH CHHTE3y HAHOJUCIICPCHUX CTPYKTYP B HAHOPO3MIipHUX
peaktopax; Pi3uKO-XiMiYHI OCHOBH OJICP>KaHHS
HAHOJIUCTIEPCHUX MOPOIIKIB PI3HOMAHITHUX MaTepiaiiB B
yMOBax HaHOpeakTopiB. CHHTE3 HAHOAMCIICPCHHUX MOPOIIIKIB B
yMOBaxX COHOXIMIYHOI KaBitarii. CHHTE3 HAaHOUCIIEPCHUX
MOPOILIKIB B YMOBaX HaHOAUCIIEPCHUX €MYJIbCiH, MPAMUX Ta
3BOpoTHUX Miten. CHHTE3 3 HEeCTIHKUX npekypcopiB. CUHTE3 B
ME30MOPUPCTUX MATPUIISIX.

IIpakTH4He 3aHATTS 3

Jlekuisi 7. OCHOBH MeTOiB OTPUMAHHS HAHOAMCIIEPCHUX
CTPYKTYP: KoMOiHOBaHI i riOpuaHi MeToau.
MexaHOXIMIYHI IEPETBOPEHHS 11/ BILTUBOM IHTEHCUBHHUX
nedopmartiii. Di3uKo-XiMigHI OCHOBH OJICpIKAHHS
HAaHOAMCIIEPCHHUX MOPONIKIB PI3HOMAHITHUX MaTepialliB




IHTEHCUBHUM JIUCIIEPTYBAaHHSAM Ta METOJIaMHU MEXaHOXIMIYHOTO
cunTe3y. OcHoBu po3meny. Kpail qucnepryBaHHs pi3HUX
MeTauiB. Posib MOBEpXHEBO-aKTUBHUX CIONYK. OTpuMaHHS
HaHOAMCIIEPCHUX MOPOIIKIB B YMOBaX MexaHOaKTuBarlii. Bix
MEXaHOAKTHBAIlIi 0 MEXaHOXIMIYHOTO cuHTe3y. CHHTE3
HAHOCTPYKTYp Ha TeMiutataXx. CTBOPEHHS CTPYKTYP THILY «SIpO-
obosioHKay. ['IOpuaHI HAHOCTPYKTYPH, 10 00’ €THAIOTH
opraHiyHi 1 HeopraHiuHi pedoBUHH. KipalbHICTB 1 KipanbHi
CTPYKTYPH SIK BXKJIMBUI €JIEMECHT CHHTE3Y XKHUBHX OPTraHi3MiB.

Jlekuia 8. KoHcouaigoBani Hanomarepiaiu 3a ['asiitepom i
Cxkopoxogom. Kiacudikamiss MeTomiB, Teopis KOHCOJIIaii
HaHO4YacTHHOK. KoHTposboBaHa KpucTamizamis i3 amMopdHOro
cTaHy. MoJeKynsapHa Teopis KOHCOJNIJaIii HaHOYaCTHHOK.
Koanecnentist B ancam6111 HAHOPO3MIpHUX YacTHHOK. Koaryssiist
HAHOYACTHMHOK SIK TepIia CTadis JIOKAJIBHOTO CIIKaHHS.
Oco06MBOCTI KIHETUKH POCTY 3€pEeH IiJ Yac crmikanHg. OCHOBHI
MPUIOMU KOHCOJIAaIii.

[IpakTka OTpUMAaHHS KOHCOJIIIOBAHUX HaHOMATEpIlamiB T
TUCKOM. MeToau KOHCOMiAamii HaHOJUCIEPCHUX IOPOIIKIB.
Koncomigaris B xopctkoi matpuili. KoHcomigaris 3 monepeaHim
dopmyBanHsaM. Koncomimaris B BimbHOI  dopwmi. [apsue
MpecyBaHHs, ICKPO-TNIa3MOBE CIIKAHHS, CITIKAHHS ITiJT BUCOKHM
TUCKOM, IMITyJIbCHE CIIIKAHHS B YyMOBaxX YIapHUX XBHWJIb.
EBomrortiss ancam0I110 HAHOYACTUHOK B TPOIECax CIIKaHHS T
TuckoM. CrikaHHS HAHOAIAMAHIOB IIIJI BUCOKHUM THCKOM.
XoyiogHe CHiKaHHA HaHOKepaMiku Tif TUCKoM. CIikaHHS, IO
yckiagHeHo  (asoBum  meperBopeHHsiM.  CmikaHHS, IO
YCKJIaIHEHO XIMIYHUM NEPETBOPEHHSIM.

Jlekuis 9. [IpakTuka KoHcoJiganii HAaHOMaTepiaJiB 0e3 THCKY
i y BinzbHOi ¢gopmi (2rox). Meroam  KoHcoimAIii
HaHOAMCIEPCHUX TopoIKiB. KoHcomiamis HaHOMOPOMKIB 0e3
MaTpHLli - KOHCO11allis 3 monepeaHiM (OpMyBaHHSM Ta B BUIbHOI
dopmi. Heizorepmiune crmikanHs. CrmikaHHS 3 KOHTPOJIBOBAHOIO
MIBUJAKICTIO ymIuibHeHHs. CIiKaHHS HAHOIOPOIIKIB B yMOBax
MIKpOXBUJILOBOTO  HarpiBy. @uemi-cmikaHHs. CeneKkTUBHE
Ja3epHe CHiKaHHS — MUK TEXHOJIOTIi CrikaHHs 0e3 GopMu.
EBonrortiss MiKpOCTPYKTypH B MpoOIlecax BIJIBHOTO CIIKaHHS.
KonkypeHiisi MexaHi3MiB MacOIEpeHOCY Ha pI3HHX CTafisx
crikanHs. IlomomaHHS pOCTy 3€peH HANPHKIHIN YIIUIBHCHHS.
OcoOIMBOCTI  €IEKTPONIEPEHOCY B TIPOIECI MIKPOXBHIBOBOTO
CIIIKaHHS TIPOBIIHMKIB Ta JiCJNIEKTPUKIB. SIBUIIE TEIMIOBOTO
po0oIo.

Jlekuis 10. HaHOKOMIIO3UTH: TEXHOJIOTii iX OTPUMAHHS,
0CO0JIMBOCTI IX CTPYKTYpH Ta BJacTUBOCTEl (2rom).

Knacudikarrisi HAHOKOMITO3UTIB KOHCOJIiJOBaHUX 3 HAHOCTPYKTY]
pizHoi Mopdoorii (mo I'nsiiTepy), a TakoXX MO THUITYy MaTPHIII.
Yomy noTpiOHi HaHOKOMIO3UTH? OTpUMaHHS HAHOPO3MIPHOTO
3epHa. CrabOimizariss HaHOCTPYKTYp. JIOCSTHEHHS KOPHUCHOI
KOMOIHAIlI] BJIACTUBOCTEN BUXIAHUX KOMIIOHEHTIB. KoMmo3uru 3
MeTaneBoi Ta kepamiuHoi Mmatpunero. Kmacugikamis Hiixapu.
BrnactuBocTi  HaHOKOMIO3UTIB.  3amobOiranHs  OCTBaJIbIOBY
3pOCTaHHIO, BHOIp KUTPKOCTI KOMIIOHEHTIB Ta CIIOCOOY
po3MileHHs iX B MaTpuili. KineTnka pocty 3epeH B AByX(pazHOMY
HAHOKOMITO3UTi. 3MIIIHEHHsT KOMIIO3WTIB HAHOBOJIOKHAMH, Ta




HaHopyOkamu. HoBa mapajgurma HaHOKEpaMiKd: Kepamika 3

MOJTIMEDIB.

Jleknisa 11. HAaHOKOMIIO3HTH 3 IOJIMEPHOI0 MATPHIEIO 4 2 2
(2ron);

[TonimMepHi HAHOKOMIO3UTH — KJIAc 3MIIHEHHX MOJIMEpIB 3

HU3BKUM BMicTOM (< 5%) HaHOPO3MIPHUX YaCTUHOK — METAJiB,
OKCHUJIIB, HAHOTPYOOK, cmonyk Ta iH. [lomimepHi Marpuii 3
MOHTMOPHUJIOHITOM. Moaudikailis MOBEpXHI HAHOYACTHHOK,
ajgcopOuist noaimepiB. Crabinizanis HEOPraHiYHUX HAHOYACTHHOK
pizHOi Mopdoorii B mosmiMepHoi Matpuili. [lomimepusartis ta co-
noJiiMepu3alliss Ha TOBEpPXHI HAaHOYACTUHOK. I[lpuroryBaHHs
HAaHOKOMITO3HUTIB Yepe3 PO3YMHU Ta po3IiaBu. MinenspHi
CTPYKTypHU: Milenu Ta Be3ukynu. DopMyBaHHS MOJIIMEPHHUX

HAaHOKOMITO3HUTIB. TepmocTabiTBbHICTD HaHOKOMITO3HTIB.

MikpokaricymoBaHHs. SIBHIE 1HTEPKAIIOBAHHS B MOJIMEPHHUX

HAHOKOMIIO3HUTIB..

Jexnia 12. Touki miaiBku. 6 2 4

Tonki mmiBku: (i3udHI TEXHOJOTII 1X OTpUMaHHS, CTPYKTYpa,
BracTuBocTi; Knacudikailiss HAHOKOMIIO3UTIB KOHCOJIIOBaHUX 3
HAaHOCTPYKTYp pi3HOi Mopdoorii (mo [nsaiitepy), a Takox 1o
PO3MIpHOCTI Hampy>KEHOTo CTaHy. YoMy Ba)KIMBa PO3MipHICTbH
U1 HAaHOCTPYKTYyp? Po3mipHuii edekT B TOHKUX TUTIBKax.
TexHonorii  OTpUMaHHS  TOHKMX IUNBOK. MarHeTpoHHE
posrmunienns (HBY), ionHe, Ta i0HHE- TJIa3MOBE PO3MMJICHHS.
ImynecHa na3epHa abmnsiis. KomOiHOBaHAa TEXHOJIOTSI JTa3€PHOTO
3 10HHMM JJis1 OaratomapoBuX IUTIBOK. EjekTtpoximiuHe
ocaJkeHHs 3 mapy. PeakmiitHe po3nwieHHs. BusHauni dakropu
I TUTiBOK. HampykeHHsT mpu  B3aeMoOfii 3  IMAKJIAJKOO.
OTpuMaHHS KBAaHTOBHX TOYOK. TepMiyHa CTIMKICTh Ta CTapiHHS
w1iBoK. CTpyKTypa Ta BIACTUBOCTI TOHKUX ITiBOK. OHOpIIHA Ta
HEOJHOpigHA  IJacTMyHa  JedopMallis  TOHKHX  IUTIBOK
TYTOIJIAaBKMX PEYOBHH. baraTomaposi IUTiBKH.

IlpakTuuHe 3aHATTH 4 2 2

Bcvozo 3a modynem 60 30 30

3.Kontpoab 3Hanb
B ocHOBI MeTO/IB KOHTPOJIIO 3HAHb BUKOPUCTOBYIOTHCSI TOTOYHE 1HAMBIAYaIbHE ONUTYBaHHS
Ta €K3aMEH.

IIIkana oninoBanHa: HanioHadbHa Ta ECTS

Ominka ECTS Cyma 0aniB 3a HaBYaIIbHY O1iHKa 3a HAIlllOHAJILHOIO MIKAJIOK0
ISIIBHICTD

A 90-100 BigMiHHO

B 82-89

C 74-81 JloGpe

D 64-73 3a10BLILHO

E 60-63 JlocTaTHBO

Fx 35-59 He3an0BijIbHO 3 MOXKIIUBICTIO TIOBTOPHOTO
CKJIaJaHHs

F 1-34 He3amoBiIbHO 3 000B’I3KOBUM TTOBTOPHUM
BHBYCHHSIM KYpCY
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