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1. 3aranbHa indopmanis

Ha3Ba qucoumiinu HaHOoCTPpYKTYpH Ta MeTOIM IX JOCJIIKEHHS
PiBeHb BH1IIOI OCBiTH Jokrop dinocodii
Buxaanau (-i) Huxupyii Jlrobomup IBaHOBMY — kaHaumar ¢i3uKo-

MaTeMaTHYHUX HayK, mpodecop kadenpu ¢izuku i Ximii
TBEPJIOTO Tija

KonTakTHmii Tenedon +380956991785

BHKJIaJa4ya

E-mail Bukaagaua lyubomyr.nykyruy@pnu.edu.ua
@opMaT IMCHHUILTiHH Ounuii

OO0csr IUCHUILTIHA 3 kpequtu ECTS, 90 rog.
IMocuaanus HA caiir | http://www.d-learn.pu.if.ua
JUCTAHLIMHOIr0 HABYAHHSA

KouncyabTanii

2. AHOTANIA 10 KypCY

Huctumutina « HaHOCTPYKTypH Ta METOIM X MOCTIDKEHHS» € AUCHUILIIHOIO 32 BUOOPOM IS
cnemiagpHOoCcTi 104 Disuka Ta acTpoHOMis mias TpeTboro (mokTop (imocodii) OCBITHBO-
HAYKOBOTO PIBHS BHIIOi OCBITH, SIKa BUKJIAQNAETbCA B 3 ceMecTpi B 00csa3i 3 kpemutu (3a
€pporneiicbkoro KpenutHo-Tpancheproro Cuctemoro ECTS). 3mict Ta MaTepian HaBUalIbHOI
TUCIMIUTIHA ~ CTOCYETBCSl  JeTaii3allii MOMJIMBOCTI IHCTPYMEHTIB HAHOTEXHOJIOTIH Ta
BUKOPUCTaHHSA IbOI'0 IHCTPYMEHTAPIIO JIUIsl BATOTOBJICHHS Ta XapaKTePUCTUK HaHOMAcIUTaOHUX
MaTtepiaiB. ACHipaHTH O03HAWOMITIOIOTHCS BAC 13 MPAKTUYHUMHU METOAMKAMH (OpPMyaHHS Ta
JOCHIJDKEHHs HaHOMaTtepiajiiB, TEOPETUYHUMH MiJXOAAMU IOSCHEHHsS iX BIIACTHBOCTEH,
HaBUYKaMU Ta IHCTPYMEHTaMH, $SKi JO3BOJISIOTH IEPETBOPUTH HOBITHI iAei 31 cdepu
HaHOTEXHOJOTiM y (i3uuHy ¢opMmy Ta sKI JO3BOJATH Bi3yalli3yBaTH 1 HpoaHaii3yBaTh
XapaKTEPUCTUKNA HAHOMACIITAOHUX 00’ €KTIB.

Jlnist BUBUEHHSI KypCy aclipaHTH OBUHHI 3HaTH OCHOBHI 3aKOHU Ta MOHSTTS 3 KypCiB 3arajibHO1
(b13MKM, KBaHTOBOI MEXaHIKH, (I3MKM TBEPJOTO TLJIa; BMITH 3aCTOCOBYBATH HaOyTI paHille
3HaHHS 3 KYpCiB CTAaTHCTUYHOI (i3UKH, KOMII'IOTEPHHMX TEXHOJIOTIH Ta 3 KypciB, MIO
CTOCYBQJINCA TEXHOJIOTIYHUX MIAXOAIB [UIsl PO3B’SI3Ky MPAKTUYHUX 3aBAaHb; BOJIOAITH
HaBUKaMH MOLIYKY Ta OIpallOBaHHS CIIELiali30BaHOi JIITEpaTypH, MOOYyAOBU Ta aHalizy
rpadiyHUX 3aJIKHOCTEH.

3. MeTa Ta uiji Kypey

Merta kypcy: OBOJOIIHHS Cy4YacHUMHM METOAMKAMU 1H)KEHepii HaHOOO €KTIB, OINHUCY
BJIACTMBOCTEHN Ta TEXHOJIOT1SIMU X OTPUMAaHHS Ta aHaJli3y, a TakoX (OopMyBaHHS B acIipaHTIB
BMiHb Ta HaBUKIB MPAaKTUYHOI pOOOTH JIJIsl pO3B’A3aHHS NPOOJIEMHHUX 3aB/IaHb.

3aBIaHHS KypCy:

v Knacudikailis HaHOOO €KTIB Ta HAHOCTPYKTYp, aKIEHTYBaHHS Ha 1X MPAKTHYHOMY
3aCTOCYBaHHI, OKPECJICHHS Mepe0BUX HAMPSAMKIB JI0CIIKEHHS] HAHOMaTeplaiB,;

v O3HalfOMJICHHSI i3 METOJMKAMH OTPHMAHHS HAHOPO3MIPHHX CTPYKTYp: METOIH
emitakcii Ta nitorpadii, aknentysanns Ha PVD, CVD texnomorisx;

v' O3HalfOMJIEHHSI i3 CyYaCHHMH METOJAMH EKCIEPUMEHTAIBHOTO  JOCIIKCHHS
xapaktepuctuk HaHooO ekTiB: ACT, CEM, TEM, X-npomeHnesi audpakiiitHi MeToan
JOCIIJIKEHHS, ONTUYHI CIIEKTPaIbHI METOMKH;

v\ OBONOJIHHA 0a30BMMH METOAaMH KBAaHTOBO-MEXAHIUHHMX IiAXOMIB Ui OIHKCY
BJIACTUBOCTEH HAHOCTPYKTYP;

v/ OTpUMaHHS TPAKTUYHUX HABUKIB POOOTH i3 Cy4aCHHMMH MPOIPAMHHMH TTAKETAMH, IO
J03BOJISIIOTh BUKOHYBAaTH CTaTHCTUYHY OOpOOKY eKCIepUMEHTaIbHHX IaHux SEM,
ASM, EDX, EDS anani3is;

v KOpPOTKHIi €KCKYpC B iCTOPil0 BAHUKHEHHS i PO3BUTKY HAHOCTPYKTYP.

4. KomnerenTHocTi
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3K06. 3naTHicTs reHepyBaTH HOBI i/1€1 (KpeaTUBHICTH).

3K10. 3gaTHicTh po3p00IATH Ta YIPABIATH HAYKOBUMH IIPOSKTaMU B YMOBax
00MEKEHOT0 Yacy Ta pecypciB.

@®KO02. 3pmaTHICTP YCHO 1 MHCbMOBO MPE3EHTYBaTH Ta OOrOBOPIOBATH PE3YJIbTATU
HAYKOBHUX JIOCHTIPKEHb JEpPKaBHOIO Ta AHTJINCHKOI0O MOBaMH, TNIHMOOKE PO3yMIHHS
aHTJIOMOBHHMX HAayKOBHUX TEKCTIB 32 HAIPSIMOM JOCI1KEHb.

®KO0S5. 31aTHOCT! Yy BUKOPUCTAHHI HAYKOBOT'O OOJIaJHAHHS Ta TEXHOJIOT1H.

®KO08. 3naTHicTh OpaTh y4yacTh y JUCKYCIAX 13 JOCBIAYEHUMU (13MKaMU-HAyKOBLSIMU
CTOCOBHO HaYKOBOT'O 3HAYEHHSI Ta MOTEHILIWHUX HACIIJIKIB OTPUMAHUX PE3YJIbTATIB.

5. Pe3yabTaTn HaBYaHHS

ITPHOS. I'oTyBaTH 1 BUKOHYBAaTH €KCIIEPUMEHTAJIbHI, TEOPETHYHI JOCTIPKCHHS B Tamy3i
GBUKM Ta JOTHYHUX MDKIUCIUIUIIHAPHUX HAMpPSAMIB 3 BUKOPHUCTAHHSIM CYYaCHUX
IHCTPYMEHTIB, KPUTUYHO aHAII3yBaTH PE3yJbTaTH BIACHUX JOCIIKEHb 1 pe3yJbTaTH
IHIIUX JOCHIJHUKIB Yy KOHTEKCTI YChOTO KOMIUIEKCY CYYaCHHUX 3HaHb 010
JIOCITIKYBAHO1T TTPOOJIEMH.

[IPHO7. PeanizoByBaTM HayKOBI MPOEKTH, MJI1 IIEPEOCMHUCICHHS HAsSBHOIO Ta
CTBOPEHHS HOBOTO LILJIICHOTO 3HAHHS.

[TPHO09. 3actocoByBaTH Cyd4acHi METOIM aHali3y IS BCTAHOBJICHHS CTPYKTYpPH Ta
(ha30BOr0 CKJIaly CHHTE30BAaHUX CITOIYK, BUBUCHHS KIHETUKHU Ta MEXaHI3MIB (PI3MUHUX
MIPOIIECIB.

6. Opranizauisi HABYaHHS KYpCY

O06car naBuanbpHol gucnumuiing 90 rog.

By 3anstTs 3arajibHa KUIBKICTh TOJIMH
JIeKIil 14 ron
CeMiHapChKi 3aHTTs / mpakTHuHi / 1abopaTopHi 16 rox
camocTiitHa poboTa 60 ron
OsHaku Kypcy
Cemectp CreraiabHICTh . Kype HOpM.aTHBHHVH /
(pix HaBYaHHS) BUOIpPKOBUI
3 104 ®dizuka Ta 2 BUOIPKOBUI
ACTPOHOMisl
TemaTtuka Kypey
Tema, mian dopma Jliteparypa 3aBaaHHS, Bara Tepmin
3aHATTS roj OIIIHKHU BUKOHAHHS
Tema 1. Berym 1o Jlexitis, [2, 10, 11, 14] | OmparroBaTrt 10 o
HAHOTEXHOJIOT1H. IIPaKTUYHE JEeKIIMHUHT HAaCTYIHOTO
Knacudikarnis 3aHATTA MaTtepial, 3aHATTA 32
HaHOMaTepiaiB. IArOTYBaTHUCS PO3KIIaIoM
3acTocyBaHHA bils)
HAHOCTPYKTYp. Poib MPaKTHYHOTO
MMOBEPXHi Ta 3aHATTS
0cO0IMBOCTI
HAHOCTPYKTYPHHX
00’€KTIB
Tema 2. Ba3osi Jlexitis, [1, 14,17, 18] | OmparroBaTit 10 o
BUMOTH 10 NpaKTHIHE JeKLIHHAI HACTYITHOT'O
HAHOTEXHOJIOTIH. 3aHATTS Mmarepiai, 3aHATTS 32
YucTi KIMHATH. M ITOTYBaTHCS PO3KIIaIOM
ba3zoBi mpuHIHIH bi (o)
CNICKTPOHHO- MPaKTHYHOTO
HNPOMEHEBHUX Ta 3aHATTA
BaKyYMHHX METOJIIB




(hopMyBaHHS
HaHOOO’ €KTIB,

Tewma 3. Jexuis, [2,3,8,12- OmparroBatu 10 Ilo
HocnimxeHHs MIpaKTHYHE 14, 18] JeKIIMHUHT HAaCTYITHOTO
cTpykyTpu. EDS 3aHATTS Marepiai, 3aHATTS 3a
METO/I. MiZrOTyBaTUCS PO3KIIaIOM
Tpancwmiciiina i (Y

CJIEKTPOHHA MPAKTUIHOTO

Mikpockortist. Kpio- 3aHATTS

TpaHCMiciifHa

CJIEKTPOHHA

MIKPOCKOITis.

ITpununu

KOMIT FOTEPHOL

Tomorpadii

Tema 4. X- Jlexuis, [2,3,8,12- OmpairoBatu 10 Tlo
MIPOMEHEBI METOAH MPaKTHIHE 14, 18] TeKIIHHUI HACTYITHOTO
nocHioKeHHs. X- 3aHATTS Matepia, 3aHATT 3a
MPOMEHEBU I MiZrOTyBaTUCS PO3KIIaIOM
CHEKTpaIbHUI hi(s)

anami3. OntuyHi MPaKTUYHOTO

CIEKTPaIbHI 3aHATTS

BHMipIOBaHHSI.

OcobamnBoCTi

3aCTOCYBaHHA X-

MPOMEHEBUX Ta

ONITHYHUX

CHEKTPATbHUX

METOMIB 10

ACTPOHOMIYHHUX

JIOCITIDKEHb

Tewma 5. Anasis Jlexrist, [15, 19] OmnparroBatr | 10 o
BaKyyMHHX CHCTEM. | MPaKTHYHi JEeKIIHU T HACTYIHOTO
MexaHiuHi, 3aHATTSA Marepial, 3aHATTA 3a
KpIOTeHHI Ta MiArOTYBaTUCS pO3KIIaIoM
TypOOMOIIEKYJISAPHIi bi (0]

TTOMITH. MPAKTUIHOTO

EnexkTpoHHo- 3aHSTTSA

MPOMEHEBE

BUIIAPOBYBaHHS

PEYOBHHH.

Tema 6. Meroau Jlexitis, [6,7,8,17] OnparrroBatu 10 o
¢izngyHOrO TA NPaKTUYHI JEeKIIMHUT HaCTYITHOTO
XIMI4HOTO 3aHATTS Marepial, 3aHATTS 32
0CaJKEHHS MiJrOTyBaTUCS PO3KIIaIoM
PEYOBHHH. bi (o)

dotomitorpadis. MIPaKTUYHOTO

EnexTpoHHo- 3aHSTTA

MPOMEHEBa

siTorpadis.

Camoopranizartis

HAHOCTPYKTYP

Tewma 7. Jlexuist, [1,2,9, 11- OmparroBatu Io
Hanoctpykrypu. MIpaKTHUYHE 18] JEeKIIMHUHT HAaCTYITHOTO
I'etepocTpykyTpH. 3aHATTA MaTtepial, 3aHATTS 32
KBanTOBi TOUKH, M ITOTYBaTHCS PO3KIIaI0M

KBAaHTOBI HUTKH Ta

a0




KBaHTOBI SIMH: MIPAKTUYIHOTO
Teopis Ta 3aHATTS
CKCIIEPUMCHTAIILHE
JOCHIIKEHHS.
Eneprernuni
CICKTPH
HanouactrHOK (0D,
1D, 2D — 06’ekTH).
Oco06auBoOCTI
3aCTOCYBaHHS
HaHOMaTepialiB JJis
CHEPreTHKH

[MincymkoBe 3anstrs | [lincymkona 30
pobota

7. Cucrema OLiHIOBAHHS KYPCY

3arajgbHa cHCTEMA OLIIHIOBAHHS 100 6aabHa:
Kypcy 60 GaJiB 1iICyMOBYIOThCS 32 BUKOHAHI TPAKTHYHI 3aBIaHHS:
- 3asgauns: «PVD-MmeTonu ocamkeHus» - 10 6auis.
- 3aBmanHs: «AmnHami3z wMopdomnorii moBepxHi ACM-
300paxeHby - 20 faJtiB.
- 3asmauns «SEM, TEM, EDS - npocmimxeHHs
HAaITiBITPOBITHUKOBUX CTPYKTYp» - 20 HaJis.
- 3aBpmanHs «CrnektpanbHi MeToau gocmimkenas y OTT
Ta B actpodizumi» - 10 6axis.
Ha 40 0asiB — OIIHIOETbCS BUKOHAHHS TECTIB y CHUCTEMI
JUCTaHIIIMHOTO HABYAHHSI.
Jesiki TeMHu MOXYTh MOEAHYBATUCS (3aMIHATHUCS) 13 TECTAMH Y
CHCTEM] NUCTAHIIMHOro HaB4yaHHS. KUIBKICTH OajliB 3a TECTH
€KBiBaJIEHTHA KIJILKOCTI OaiB 3a MpakTU4HY poOOTy.

3apaxoBaHo-“BiAMiHHO” — CTYZEHT JEMOHCTPYE TMOBHI 1
IUOOKI 3HAHHS HABYAIBHOTO MaTepially, JOCTOBIpHHIA PiBEHb
PO3BUTKY YMIHb Ta HaBHYOK, NpaBWIbHE i OOIpyHTOBaHE
(dopMyITIOBaHHSI TPAKTUYHUX BUCHOBKIB, HaBOJIUTH TOBHUM
OOIpyHTOBaHUI pO3B’A30K MPHUKIAAIB Ta 3ajJa4, aHaIi3ye
MIPUYUHHO-HACIIIKOBI 3B’SI3KH; BIUIBHO BOJIOJIE HAyKOBHUMH
TEepMiHAMH;

3apaxoBaHo-“m0o0pe” — CTYACHT JEMOHCTPYE IOBHI 3HAHHS
HaBYAJILHOTO Marepially, aje JOIyCKae HEe3Ha4HI MPOIYCKH
(¢akTHUHOrO MaTepiany, BMi€ 3acTOCyBaTH HOro o0
PO3B’sI3aHHS KOHKPETHUX MPHUKIAIIB Ta 3a/a4, Yy JesSKuX
BUIAJIKaX HEYITKO (HOPMYIIOE 3arajioM IpaBUiIbHI BiAIMOBIII,
JOMyCKAa€ OKpPEeMi HECYTTEBI IIOMWJIKM Ta HETOYHOCTI
pO3B’sI3Kax;

3apaxoBaHo-“3a0BiIbHO” — CTYICHT BOJIOJIE OLIBIION
YaCTUHOIO (PAaKTUYHOrO Marepialy, aie BHUKJIAAae HOro He
JOCUTDH TOCHIIOBHO 1 JIOT1YHO, JOIMYCKAa€ iCTOTHI MPOIYCKH Y
BIJINIOBI/Ii, HE 3aBXIAM BMI€ MPAaBWIBHO 3aCTOCYBAaTH HAOYTI
3HaHHS JO PO3B’S3aHHA KOHKPETHHX MpPUKIANiB Ta 3ajad,
HEYITKO, a IHKOJNX 1 HEBIpHO (OPMYIIIOE€ OCHOBHI TBEPKECHHS
Ta MIPUYUHHO-HACIIIKOBI 3B I3KH;

He3apaxoBaHo — CTYJCHT HE BOJIOJIE JOCTaTHIM piBHEM
HEOOXiTHUX 3HaHb, YMiHb, HABUYOK, HAYKOBUMH TepMiHaMu/

Bumorn 1o npaktruHoi podoTr | [IpakTuyne 3aHATTS NPOBOJMTBCA 3 METOK (POPMYBAaHHS Y
acmipaHTiB TNPaKTMYHUX YMiHb 1 HaBHYOK 3 TIPEAMETY,
(GopMyIIIOBaHHSL Ta BHUPIIIEHHS TNPHUKIATHUX 3aBIaHb, iX




nepeBipKa Ta OL[iHIOBaHHS. 32 METOIO i CTPYKTYPOIO PaKTHYH1
3aHATTS € JAHIIOKKOM, SIKHI MOB'SI3Y€ TEOPETHYHE HABYAHHS 1
HaBYAlIbHY MPAKTUKy 3 JUCIHIUTIHK, a TaKOoX mependavae
MOTIePE/IHI KOHTPOJb 3HaHb. OIliHKA 332 KOXHE NPaKTUYHE
3aHATTS MiJCYMOBYETHCS 1 BPaxOBYEThCS TPU BUCTABJICHHS
ITiICYMKOBOT OI[IHKY 3 AUCIUTLTIHH.

[IpakTuuHi 3aBHaHHS BHKOHYIOThCS Ha ©0asi nmabGoparopiit
Kaenpu i3 BUKOPUCTaHHSIM HASBHOTO  MaTepialbHO-
TEXHIYHOTO 3a0e3MeveHHs. 3a0X0Uy€ETHCS TOIATKOBE HABYAHHS
Ha tuiatdopmi Coursera..

YMOBH IO0IyCKY 0 TiCYMKOBOTO
KOHTPOJIIO

8. HoaiTuka Kypcy

- caMocCTiliHe BHKOHAaHHS HaBYAJIBHHUX 3aBAaHb, 3aBJaHb IOTOYHOTO Ta TMiJCYMKOBOTO KOHTPOIIO
pe3yJIbTaTIB HaBYaHHS (U1 OCi0 3 OCOONMBHMHU OCBITHIMH HOTpeOaMu 11 BUMOTa 3aCTOCOBYETHCS 3
ypaxyBaHHAM iXHIX iHAUBITyaTbHUX TOTPeO 1 MOXKIIMBOCTEN);

- IOCWJIaHHS Ha JuKepena indopMarii y pa3i BUKOpUCTaHHSI i71ei, po3po0OK, TBEpIKEHb, BIIOMOCTEH;

- HaJaHHS AOCTOBipHOi iHQoOpMamii Mmpo pe3yJabTaTH BIACHOI HAaBYAIBHOI (HAYKOBOi, TBOPYOI)
TiSUTPHOCT1, BUKOPUCTaHI METOAMKH JOCIIKEHb 1 [Kepena iHhopMarii.

3acBO€HHS TPOMYIIEHOI TEMH JEKLii 3 TMOBaKHOI NPHYMHHU TEPEBIPAETHCS MiJ Yac CKJIAJAHHA
MiZICYMKOBOTO KOHTpOmo. [Ipomyck Jekmii 3 HEemoBa)KHOI MPUYMHH BiANPAbOBYETHCS CTYIESHTOM
BIJIMOBITHO BUMOT (OMpaIffoBaHHS po00OYOro Marepialy, BUKOHAHHS TECTOBHX 3aBIaHb y CHCTEMIi
TUCTAHITIHOTO OIIHIOBAHHS 3HAHb, TOIIIO).

[Morouni HeraTuBHiI 6any, OTPUMaHi aCHIPAHTOM IIi/I Yac 3aCBOEHHS BiAMOBITHOT TEMH HA IPAKTHYHOMY
3aHATTI MEPECKIaJaroThCsl 0 CKIAAaHHs MiJCYMKOBOTO KOHTPOJIO 3 OOOB'SI3KOBOIO BiJIMITKOIO Y
KypHaITi 00Ky poOOTH aKaJeMidHUX TPYIL.
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