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dakyJabTeT pagiopizuky, eTeKTPOHIKH Ta KOMII'IOTEPHUX CHCTEM

Kadenpa kBanToBoi pagiodizuku Ta HAHOEJTEKTPOHIKH
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Annpiit HETPEBA
« » 2023 poky

POBOYA ITPOI'PAMA HABYAJIBHOI IUCHUILITHA

®di3uKa noBepxHi

IJISl CTY/ACHTIB

rajay3b 3HaHb 10 “IIpupoanuyi Hayku”
CIELIAJIbHICTh 105 "IlpukiiagHa ¢izuka Ta HaHoMaTepiaiau"
OCBITHS Iporpama “IIpuxkiaagna ¢izuka Ta HaHOMaTepiaan”
PIBEHB BHIIIOT OCBITH JAPYIUii OCBITHbO-HAYKOBMIi (MaricTp)
BU/JI TUCLUILTIHU BUOipKkoBa
dopma HaBYAHHS JAE€HHA
HaBuanpuuii pix 2023-2024
Cemectp 2
Kinekicts kpeautiB ECTS 4
MoBa BuKIIaJJaHHsI, HABYaHHS YKpaiHCbKa,
Ta OI[IHIOBAHHS aHrJiicbKa
dopma 3aKIF0YHOT'O KOHTPOJIIO 3aJliK
Bukaanau:

[lopsiuko Anapiii MuxonaitoBud, JokTOop (i3.-MaT. HaAyK, JONEHT Kadeapw KBaHTOBOI
HaHo(Qi3uku Ta HaHoenekTpoHiku; Kymuk Cepriit [letpoBuu, kanaumar ¢is.-maT. Hayk,
JOTIEHT Kadepu KBAaHTOBOT pa1iod13UKN Ta HAHOCIEKTPOHIKH.

[Tpononrosano: wHa20 /20 H.p. ( ) « » 20 p.

Ha20 /20 H.p. ( ) « » 20 p.




Po3podHuk:
lopstuko Anpapiii MukomaiioBuy, AOKTOp (i3.-MaT. HayK, AOLEHT Kadeapu KBAHTOBOI

pamiodi3uKu Ta HAHOEIEKTPOHIKU

«3ATBEP/UKEHO»

3aBigyBau Kadeapu KBAHTOBOI pamiopi3Mkud Ta
HAHOEJEKTPOHIKH'

I'. 1O. Kapmam

[IpoTokon Ne  Bif « » 202 p.

CxBaJleHO HayKOBO-METOAUYHOIO KOMICi€l0 (akynbTeTy paaioQi3uKu, €JIEKTPOHIKH Ta

KOMIT FOTEPHUX CHCTEM

IIporokon Ne BIJ « » 202 p.
I"'o;moBa HAayKOBO-METOIMYHOT KOMICIT C. I1. Paguenko
« » 202 poky.




BCTYII
1. Mera aQucHMIUIIHM — HaJaTH MarictpaMm 3HaHHS JUIs BUBYEHHS JUCHMIUIIH, JI€ BUKOPHCTOBYIOTHCS
MeToau (i3UKU MOBEPXHI, a TaK0X IS POOOTH 13 CYy4acHOK HAYKOBOIO JITEpaTyporo, B MEpIIy Yepry
BHUJAHOIO AHIUIINCHKOI0 MOBOIO, 1 HE B OCTaHHIO YEpry A0 MOXJIMBOI MPAaKTUYHOI JISUIBHOCTI B PO
TEXHOJIOTIB, KOHCTPYKTOPIB Ta I1HXEHEpiB B pa3l MpaleBlalliTyBaHHS Ha MIANPHEMCTBAX OOOPOHHOTO
CeKTOpy YKpaiHu ab0 Ha BUCOKOTEXHOJIOTTYHUX BUPOOHHUITBAX 32 KOPJIOHOM.

2. llonepenHi BUMOIM 10 ONIAHYBaHHS 200 BHOOPY HABYAJILHOI AUCHHUILIIHHA:

HauanpHa aucrumiina «®i3uka HOBEpXHI» 0a3yeTbcs Ha LUKl JUCHUIUIIH TNpodeciiiHol Ta
NpaKTUYHOI MiArOTOBKM OakamaBpa, a came: ‘3aragpbHa ¢izuka”, “dDi3uka TBepaoro Tina”,
"PamioenexTponika”’, “KBantoBa MexaHika”, “@i3uka KOH/IEHCOBAHOTO CEpeIOBUINA’.

[lonepenHi BUMoOru:

1. CTyeHT NMOBUHEH 3HATH: OCHOBHI 3aKOHH, PIBHSHHS Ta CIIIBBITHOIIEHHS KypCy 3arajibHOi (i3ukKwu,
Kypcy Q3UKM TBEpAOro TuUla, Kypcy KBAaHTOBOI MeEXaHIKH, KypCy KOJMBaHb 1 XBHIb, Kypcy
palioeNIeKTPOHIKH Ta TEOPii eNeKTPUYHUX KiII.

2. CTyZIeHT TOBHHEH BMiTU: OynyBaTu (i3W4HI MOJENi TBEpAOro Tila Ta MOTOKIB YAaCTHMHOK fK B
HaOMIKEHH] KJIacu4HO1 (Pi3MKHM Tak 1 B MeXaxX KBaHTOBOI Teopii, 11eHTU(IKYBaTH HaMBa)KJIMBILII acIIeKTH

3. CTyJI€HT OBHMHEH 3HATH: 0a30B1 OCHOBH TEOPIi €JIEKTPOHHUX IPUIA/IIB, CXEM Ta CUTHAIIB, OCHOBH
BaKyYyMHOI TEXHIKM Ta 0a30Bi OCHOBU KOMII'IOT€PHHX aJTOPUTMIB; aHIVIIHCHKY MOBY Ha piBHI 0a30BOi
rpaMaTHKH Ta 0230BOTO CIIOBHMKOBOTO 3amac MOBCAKJICHHOTO BXKUTKY.

3. AHOTANlil HABYAJILHOI JTHCHUILTiHN:

«®Di3uKa MOBEPXHI» € JUCLUIUIIHOIO 32 BUOOPOM IMKIY HIATOTOBKU MAricTpiB B raiy3i panioQisuku
Ta eJeKTpoHiku. Bona HeoOXxigHa ans ¢dopMmyBaHHS mnpodeciiiHoro cBITOMIALY (GaxiBIg 3 NPUKIaTHOL
¢i3uKky, 3aBepLIYIOYHM JIOTIYHY IOCHIIOBHICTh IUCLMILIIH: 3arajibHa (i3uka, (i3uka KOHIEHCOBAHOI'O
cepenoBuIa / ¢izuka TBEpAOro Tina, (izuka noBepxHi. Meroau Ta KoHIeNuUii (i3UKU MOBEPXHI LIMPOKO
BUKOPUCTOBYIOTbCA Y (yHAAMEHTAIbHUX Ta MPUKIAJHUX TUCLMIUIIHAX B TaKUX CIIELIATI30BAHUX rally3siX
AK (Qi3nuHa eNeKTPOoHIKa, HaHO(I3MKa, MIKpO- Ta HAHO-EJEKTPOHIKa, (POTOHIKA, TOIO — YC1 BOHU MalOTh
BEJIMYE3HE MPHUKJIAIHE 3HAUYEHHS B CY4acHOMY BHCOKOTEXHOJIOTITYHOMY BHMPOOHHMIUTBI NpUIafiB Ta
MPOIYKTIB SIK IUBUILHOTO TaK 1 000POHHOIO NPU3HAYEHHS.

4. 3aBaaHHs (HaBYAJIbHI 1ii):

l. Hapatu ocHoBHI BimoMocTi 3 Kypcy «@i3uka IMOBEpXHI», SKI CKIAJal0Th BAKJIMBY YaCTUHY
3araJlbHO-HayKOBOI MIATOTOBKM Marictpa 3a crenianbHicTio «[Ipukinanna ¢izuka Ta HaHOMaTepiain.
2. Hapat ocHOBHI 3HaHHS 3 Teopii B3aeMOAll KBAaHTOBO-MEXaHIYHMX YAaCTHMHOK 3 IOBEPXHEIO

TBEPJOrO Tijla, MPOJEMOHCTPYBATH 3B’SI30K XapaKTEPUCTUK Li€l B3a€MOAIl 3 MpaMeTpaMu CTPYKTYpH Ta
IHIIUMU (I3MYHUMH XapaKTePUCTUKAMU [TOBEPXHI.

3. HaBuutu 3actocoByBaTH ozep:kaHi 3HaHHs y NpodeciiiHiil AiILHOCTI IPU MPOBEIECHHI HAYKOBUX
JOCIIDKEHb Ta pO3p000K B HAYKOBO-IOCHITHMX a00 KOHCTPYKTOPCHKHX 3aKiIajgaX, B Taly3sX BHCOKUX
TEXHOJIOT1M, MamuHOOYIyBaHHs, XIMIYHOI MPOMHUCIOBOCTI, OOOPOHHOI MPOMUCIOBOCTI Ta MHOJBIHHOTO
NpPU3HAYECHHS.

4. HaBunti eQexkTHBHO 3acTOCOBYBATH OTpPUMaHi 3HAHHA Ui KOMYHIKAlii 3 OJHAKOBOIO
e(EeKTUBHICTIO SK JEepKaBHOIO TaK 1 aHIJIIHCHKOI MOBOIO B OI3HEC CEpeloBHILI Ta Cepel]] TPAHTOBHX
areHuif  mpo  BaXJIMBICTH  IHBECTHMLIH B  HAyKOBEe  MNpUIanoOyayBaHHS Ui THOCHJICHHS
KOHKYPEHTOCIPOMO>KHOCTI, IHBECTHUILIHOT MPUBaOIMBOCTI Ta 000POHO31aTHOCTI Y KpaiHH.

3abe3neueHHs! TOCATHEHHSI KOMIIETEHTHOCTEH!:
3K 1. 3paTHicTh 10 aOCTPaKTHOTO MUCIIEHHS, aHANI3Y Ta CUHTE3Y.;
3K 3. 3naHHA Ta pO3yMiHHS MPEIMETHOT 061acTi Ta po3yMiHHS NPOQeciiiHOT AISITLHOCTI.
3K 6. HaBnuku BuKopucTaHHs 1H(OPMAIIMHNUX 1 KOMYHIKALIHHUX T€XHOJIOTIH. ;
3K 8. 3naTHicTh BUUTHCS 1 OBOJIOIIBATH CYYaCHUMH 3HAHHIMM.
3K 9. 3aarnicTe 10 nouryky, o0poGiieHHs Ta aHami3y iHpopMallii 3 pi3HUX PKeped.;
3K 12. HaBuuku MiXX0COOHCTICHOT B3a€EMOIII. ;



@K 1. 3garHicTh OpaTH y4acTh y CKJaJaHHI 3allUTIB HAa BUKOHAHHS HAyKOBHX Ta HAyKOBO-TEXHIYHHUX
MPOEKTIB, B TOMY YHUCIIi 1 MDKHAPOJHUX.;

@K 9. 3parHiCTh 10 NOCTIMHOTO MOTIMOJNIEHHS 3HAaHb B Traily3l NpUKIagHOI (i3UKH, IHXKEHepii Ta
KOMII'FOTEPHUX TEXHOJIOTIH. ;

@K 10. 3naTHIiCTH pO3yMITH 1 BUKOPHCTOBYBATH Cy4acH1 TEOPETHUHI YSABJICHHS B rany3i Gpi3uku i aHaizy
CTaHIB Ta BJIACTUBOCTEH (DI3UYHUX CUCTEM.;

©®K 14. 3patHicts OpaTH ydacTh y poOOTI HaJ IHHOBAIIMHUMHU HpPOEKTaMH, BUKOPUCTOBYIOUM 0a30Bi

METOIX IOCTIIHUIILKOT JISIIBHOCTL. ;

5. Pe3yabTaTH HABYaHHS 32 JMCHHUILIIHOIO:

Pesynbrar HaBuanHs (1, 3HaTH; 2, BMITH; ®opwmu (1a/260 MeTonH i MeToau OIIHIOBAHHS Ta Bigcorok y

3, KOMyHiKkamis; 4, aBTOHOMHICTb Ta Bi/ITOBiTaJIBHICTB) . MOPOTOBUI KpHUTEPiit MiICYMKOBi

Kox , TEXHOJIOT11) BUKIIAaHHA 1 ouiHIOBaAHHA (3 owism 3

€3yIbTaT HaBYaHHS HaBYAHHS HeobxiaHoCT) P ——
JIEKUiHI 3aHATTA 3
. BHKOPHCTARHAM HHICBMOBI MOTYIBHI
1 CTYJEHT [TIOBUHEH 3HATH: TEPCOHATLHUX KOHTPOMBH] POGOTH 1o 45

KOMIT IOTEpIB Ta METOAUK
JICTAHIIHHOTO HABYAHHS

OCHOBHI  BH3HA4YCHHA  YKPalHCHKOIO  Ta

AHTIIHCHKOIO MOBaMH: MOBEPXHi, Sazix

MTOBEPXHEBUX nedekTis, CTPYKTYP, o KOHTI;OHBHi poGotH

1.1 | BmacTHBOCTEH, XapaKTepUCTHK ((DHi3UYHUX, JEKUiHI 3aHATTSA SABAHES T ’ Ho 9
XiMIYHHX, ENEeKTPOHHMX, ~  ONTHYHHX, canocTifiEol poora
Mar”iTHHX), IporeciB (eMicis, TpaHCHOPT
HOCIIB CTpyMy, KOHTaKTHi SBHIIA)

OcHOBHI (i3MYHI 3aKOHH, SKi OIHCYIOTh Sazix
MOBEpPXHEBI sBUMA (CNEKTPOHHOI  eMicil, KOH’TPOJ'IBHi poBotu

1.2 | eTeKTpONMpPOBIOHOCTI,  PO3CITHHA  HOCIIB, TICKIIiiHI 3aHATTS ’ Ho 10
MarHeTo-omnopy, azcopomii, necopOrii, CaMng]?[Ii[gI}}II};? ﬂggom
audy3ii, a TAKOXK XIMiIYHI peakmii) P
OcHOBHI  (i3M4YHI MOJENi MMOBEPXHEBUX
MPOIECiB: amcopOmil, PEeKOHCTPYKIil, emicii 3autik,

13 CJ'ICK”.[pOHiB, KBAHTYBAHHS  CIICKTPOHHUX JeKIiHHi 3aRATTS KOHTPOJIBHI po0oTH, T0 9
CTaHiB Ta KaHaJiB TIPOBITHOCTI, 3aBJAHHS JUISA
MIPUIIOBEPXHEBOTO BUTUHY CHEPTETUYHUX 30H camocTiitHoi pobotn
TOIIO
ba30Bi migxoau 0 MOCTAHOBKH EKCIIEPUMEHTIB 3aumik,

13Ul TOBEpXHi, HABUYKKH podOTH 3 e KOHTPOJIBHI U
1.4 ZHI‘J?;MOBHOIO /:[(P;Kylv;emauiexo KOI;)I/ICTYBa‘Ia JICKIIUTHL 3AIGITTA ° 353(,)I[aHH}Ip;J?S(I) , Ho'8
o0sagHAaHHSA 3apyOIKHIX BUPOOHHKIB caMocTiitHoi po6oTH
JIEKUiHI 3aHATTA 3
. BHKOPHCTARHAM HHICBMOBI MOTYIBHI
2 CTYICHT IIOBUHEH BMIiTH: TEPCOHANLHIX KOHTPOIBHT POGOTH 1o 40
KOMII'FOTEepiB Ta METOIHK
JICTaHIIHHOTO HABYAHHS
CTBOPIOBATH AITOPUTMHU 00POOKU KOHTPOJIBHI poOOoTH,

2.1 €KCIIEpUMEHTAJIbHUX JAHUX OIEPXKAHUX LIPU JICKUIHHI 3aHATTA 3aBJAHHA UL Ho 8
JIOCTIDKEHHI TOBEpXHi TBEPAOTO Tija camocTiitHOl poboTH
3niiicHIOBAaTH OLIHOYHI PO3PAaXyHKN OCHOBHHX
MOBEPXHEBHX (DI3MYHHUX MapaMeTpiB (MUTOMMUH KOHTPOIEHI POBOTH

2.2 orip, MOBEPXHCBA KOHUCHTPALiA 33pANY, JIEKUIHHI 3aHATTA 3aBJAHHS Ui , Ho 8
BEJINYMHA TOBEPXHEBOT'O BUTHHY 30H, T'YCTHHA RV
CTpyMy TepMoO-, (OTO-, aBTO-, BTOPUHHOI Ta camocriiitof poborn
TYHEITBHOI €JIEKTPOHHOI eMicii ToIIo)

[paBuiabpHO BU3HAYATH 00JACTh 3aCTOCOBHOCTI
OCHOBHHX (DI3MYHUX MOJIENIEH Ta 3aKOHIB, 1110
ONHCYIOTh TIOBEPXHEBI SBHUIIA Ta BIACTHBOCTI .
53 | TOBEPXOHB, YiTKO 11eHTH(IKYyBaTH OCHOBHI o KOHTPOIIBHI poboTH,
. . . JIEKNIHHI 3aHATTA 3aBJIAHHS JUIs Ho 8
¢biznuni H?IGJQII/I)KCI-’IHSI, 1o po§nﬂTLCﬂ pH camoCTiRHOT poGoTH
BUBEJICHHI BIAMOBIAHUX aHATITHIHUX
CITIIBBI/IHOIIIEHD T4 BIACTHUBI iM
HOXHOKH/HETOYHOCTI




InenTrdikyBaTn ekcriepuMeHTATBHI METOTUKHI
HEeOoOXiHI T BUMipPIOBaHHS OCHOBHHX
XapaKTEePHUCTHK ITOBEPXHi, 3HAXOTUTH KOHTPOJIBHI po0OoTH,

2.4 | omTHMaibHI 3aCTOCYBaHHS 0a30BHX MPOIIECIB JEKUiHI 3aHATTS 3aBJAHHA IS Ho 7
Ha MOBEPXHI TBEPAOTO TiJIa B MPAKTHIHNX camocTiitHoi pobotn
TEXHOJIOT1SIX BUPOOHUIITBA TOHKOTITiBKOBHX
CHCTEM, EJICKTPOHHUX MPHUIAIiB Ta CCHCOPIB

JIEKUiHI 3aHATTA 3
BUKOPUCTaAHHAM . .
. . MMMCbMOB1 MOYJIBH1
3 KOMYHiKaIis: HePCOHATBHUX . o 5
, . KOHTpPOIBHI podoTH
KOMIT FOT€PIB Ta METOANK
I[PICTaHI.[ifIHOI‘O HaBYaHHA
[podeciiiHa KOMYHIKaIlisT MOXIHBOCTEH
T THULBKOT J1a Topii HaJlaHHSA .
JIOCTIIHHIIIBKO Goparopii mozo Hasa . KOHTpOJIBHI po0OoTH,
JIaTrHOCTUYHUX TOCITYT I IPEACTaBHUKIB eu e

3.1 . . N JICKIIIFH1 3aHITTS 3aBIAHHS I Jlo 3

mMAIPUEMCTB BUCOKOTEXHOJIOTIYHUX Trary3€n ‘u .
e : camocTiitHoi pobotn
BI/Ip06HI/IHTBa, B T.4. QHT'JTIIMCBKOIO MOBOIO 13
3aKOpJOHHUMHU 3aMOBHUKAMU
HaBuuku poOOTH y BETUKUX AOCITI THHIIBKHX
KOITaboparisax (3 pobo40r0 MOBOIO - KOHTpOJIBHI po0oTH,

3.2 AHTITICHKOIO)B ranmy3i (pi3uKy MOBEPXHI, 30KpeMa JIEKIIWHI 3aHATTS 3aBIAHHS I o 2
13 BUKOPUCTAHHAM CHHXPOTPOHHHUX JDKEpPEIT camocTiitHoi pobotn
BUIIPOMiHIOBAHHS

JIEKUiMHI 3aHATTS 3
BUKOPUCTAHHAM . .
. . . . MMCbMOB1 MOYJIbH1
4 ABTOHOMHICTB Ta BiANOBiTaILHICTH: HePCOHATIbHUX . 1o 10
, . KOHTPOJIBbHI pO0OTH
KOMIT IOTEP1B Ta METOANK
I[I/ICTaHLliI‘/’IHOI‘ O HAaBYaHHA
3maTHICTD 0 CAMOCTiHHOrO HOMIYKY Ta POOOTH 3 .
A 5 . LYKy Ta p KOHTpOJIBHI po0oTH,
JDKepenaMu HayKoBoi iH(opmanii, B T.4. e
4.1 i . JICKIIIFH] 3aHITTS 3aBIAHHS I o 5
AHIIICHKOI0 MOBOIO, 32 TEMATHKOIO AiarHOCTHKU N
. ) caMOCTIHHOI poboTH
TIOBEPXH1 TBEPAOr'o TuUia
ExcriepTHa OLiHKa HOBU3HH 3aIIPOIIOHOBAHHX .
P H 71 3anp . . KOHTpOJIBHI po0oTH,
CKCIICPUMCHTAJIbHUX JOCIIIXKCHDb Ta JOIUIBHOCT1 eu s

4.2 : . JICKIIIFH] 3aHITTS 3aBIAHHA I o 5

3aKyHiBellb JOPOroBapTICTHOrO HAYKOBOI'O AV
. caMOCTIHOI po6oTH
BUMIPIOBAJILHOT'O 06Jla,I[HaHH$I

6. CniBBitHOIICHHSI pe3yJILTATIB HABYAHHS NJUCHMILIIHY i3 IPOrPAMHHMMH Pe3y1bTATAMHM HABYAHHS

IIporpamui pe3y/IbTaTH HABYAHHS

Pe3y.]'ll>TaTl/I HABYAHHS JUCIUILIIHH

1.1

1.2

1.3

1.4

211222324

3.1

3.2

4.1

4.2

ITPH 1. I'muGoki 3HaHHA B ray3i CydacHOI IpHUKIagHOI (Gi3uku i
(i3uKK HaHOMATEpiaiB.

+

+ + |+

+

TEXHONOIH Ta
METOMIB  JOCIIKECHHS

I[IPH 2. Po3yminna
eKCIEPUMEHTAIBHIX
PEYOBHH i MaTepianis.

TEOPETUYHUX  Ta
BJIACTUBOCTEH

TIPH 4. 3xaHus iH03eMHOI MOBH.

[IPH 6. 3naxogutu 1 aHaNi3yBaTd HAYKOBO-TEXHIUHY
inpopmMamito 3 pi3HHX [Keped 3 BHUKOPHCTAHHAM CYYaCHHUX
iH(opManiitHIX TEXHOIOTIH.

IMPH 8. 3maxoamTn TporpecuBHI Ta IHHOBAIiHHI pIilICHHS
npobneM 1 3aBJaHh TIPpM BHUKOHAHHI HAYKOBO-TEXHIYHHX
MPOEKTIB.

I[IPH 10. OuiHioBaTH Ba)KJIMBICTh MaTepiaiiB Ul JOCSTHEHHS
I[i7Iei HAYKOBOT'O JIOCII/DKEHHS B TaTy3i NPUKIATHOI (i3HKH.

ITPH 12. InTeprpeTyBaTi HAYKOBO-TEXHIUHY iH(pOpMAIIifo.

IMPH 13. TlpexcraBmaTh 1 3aXWImaTH OTPHMAaHi HAyKOBi i
MPaKTHYHI pe3yAbTATH B YCHIH Ta MICBMOBIH (opmi.

IMPH 15. Pospobmstu Ta dopmymroBata cBoi mpodeciiini
BHCHOBKM Ta PO3YMHO iX apryMeHTYBaTH I (axoBoi Ta
HehaxoBoi ayIuTopii.

IMTPH 17. O6'exTBHA CaMOOI[iHKA OTPUMAHMX PE3yIbTAaTiB Ta
CTMIPOMOJKHICTB 3a0e3MeuyBaTH X HagiiHICTb.

ITPH 19. IIpoBoanTH HaYKOBi AOCITIPKEHHS B TaIy31 MPUKIaIHOI
(disvkn Ta ePEKTUBHO BHUKOPHUCTOBYBATH I1X pPE3yIbTaTH JUIs




BUPIIICHHS KOMIUIEKCHHX MpoOireM ab0 BUBYEHHS CKIAQIHHUX
SIBUII] HA OCHOBI IHTePAUCIIILTIHAPHUX 3HAHB.

7. Cxema ¢popMyBaHHSA OLIHKH

7.1. ®opMu OLiHIOBAHHS CTY/AEHTIB: PIBEHb JOCATHEHHS BCIX 3allJJaHOBAaHUX PE3y/bTaTiB HaBYaHHS
BHU3HAYAETHCS 3a pe3ydbTaTaMU HallMCaHHSA MHCBMOBHX KOHTPOJIbHHUX poOIT, Ta TMpe3eHTalii yCHHX
nornoBizeil. BHECOK pe3ynbTaTiB HaBYaHHS y MIJICYMKOBY OIIIHKY, 32 YMOBH iX OMAHYBaHHs Ha HAJICXKHOMY
piBHi:

- pesynbraru HaByaHHA 1.1 — 1.4 [3HanHsA] — 10 45 %;
- pe3ynbrar HaByaHHA 2.1 — 2.4 [BMiHHsA]| — 10 40%);
- pe3ynbrar HaBuaHHA 3.1-3.2 [KomyHikanisg] — 10 5%;
- pe3ynbrar HaByaHHA 4.1-4.2 [aBTOHOMHICTB Ta BianosigaabHicTh]| — 10 10%);
@®opMH OLIIHIOBaHHS CTY/IEHTIB:
ceMecTpPOBe OL[iHIOBAHHS: KOHTPOJIb 311IHCHIOETHCS 32 TAKUM IIPUHIIUIIOM.
1. Konrposbaa po6ota 3 Tem 1-8 (rmepmono): PH 1.1-3, PH 2.1, PH 3.1, PH 4.1 —20 GaiB.
2. Kontponbsaa pobdoTta 3 Tem 8-15 (muckmoBo): PH 1.4-6, PH 2.2-3, PH 3.2, PH 4.2 —20 GamiB.
3. lomoBib CTYAEHTA aHTITIMCHKO0 MOBOO Ha cemiHapi(ycno): PH 1.1-6, PH 2.1-3, PH 3.1-2, PH 4.1-2
—20 Gais.

nigcyMkoBe ouniHoBaHHs (y ¢opmi 3aiiky): ¢opma 3aiiky — DMCbMOBO-ycHa. Bchoro 3a 3aiik MoXHa
otpumati Big 0 mo 40 GaniB. YMOBOIO TOCATHEHHS MO3UTHBHOI OIIHKU 32 JUCHHUILUIIHY € OTPUMaHHS HE
MeHII Hik 60 0aniB, mpu 1IbOMY, OIlIHKa 3a 3aJ]iK He Moke OyTu MeHiow 15 6anis.
YMOBH JIOIIYCKY 10 3aJiKy: YMOBOIO JIOIYCKY JI0 3aIIKy € OTPUMAaHHS CTY/IEHTOM CYMapHO HE MEHIIIE,
HIK KpUmuyHo-po3paxyHkosuu minimym 3a cemectp — 30 datiB.

7.2. Opranizaniss ominoBanusi; (0008 513K080  3A3HAYAEMbCA  NOPAOOK  OpeaHizayil
nepedbauenux podoO40I0 HABUANLHOIWO NPOCPAMON) (DOPM OYIHIOBAHHA i3 3A3HAYEHHAM
OPIEHMOBAHO20 2pAiKy OYIHIOBAHHS):!

Oyinrosanna 3a hopmamu KOHMPOIO:

CemectpoBa poboTa - : Kimkicts danis :
Min. — OaniB Max. — OauiB
MonynbHa koHTpoJibHA poboTa Nel 10 20
Jonosiab oddmaitn abo onnaitn 10 20
MonynbHa KOHTpousibHa poGoTa Ne2 10 20
Opienmosanuii epadix oYiHIBaAHHA.
Dopma oLliHIOBaHHS OpieHToBHUI nIepioa I[JI}I.BI[iI\/'ICHeHH}I BIANIOBIHOT
(hopmH OLIIHIOBaHHS

MopynbHa KOHTpoJIbHA po6oTa Nel Oepe3eHb
Jonosins oddraitn abo onnaitn IIPOTSTOM YCHOT'O CEMECTPY
MoaynbHa KOHTposIbHA poGoTa Ne2 TPaBEHb
3aitik TPaBEHb

Po3spaxyrox banis, siki ompumyoms npu YCniwHin 30ayi 3auiKy:

3HaueHHs Cemectp 3anik ITincymkoBa o1riHKa
MiniMmym 30 30 60
Makcumym 60 40 100
7.3. lllkana BiANOBiAHOCTI OLIHOK
Ominka (3a HarioHanabHOMO mKanoro) / National grade Pisens nocsruens, % / Marks, %
3apaxoBano / Passed 60-100%
He 3apaxoBano / Fail 0-59%




8. CTpykTypa HaBYAJbLHOI (McOMILTiHN. TeMaTHYHMI NJIAH JIEKIIHHUX 3aHATH

3/I

HasBa temn

YV ToMy 9HCIi - KiTBKICTh TOAWH

Jlekii

Ceminapu

CamocriiiHa pobora

3MicTOBHU I

Moay.b Nel

Beryn, npeamer kypey Ta 00’€KT BUBYEHHS,
OCHOBHI ySIBJICHHS IIPO MOBEPXHIO TBEPJIOTO TiNa:
Mopdororis, Gpi3udHi, XiMi4H1, ONTHYHI Ta
€JIeKTPOHHI XapaKTepUCTHKU. HaykoBHii CIOBHUK:
0a30Ba aHIJIOMOBHA TEPMIHOJIOTIS B Tany3i Gi3UKH
MTOBEPXHI.

SIBHIIE TEPMOETIEKTPOHHOT eMicii 3 MOBEpXHI
MeTaiy y BakyyM. Enepris ®epmi ta poborta
BUXOJTY.

3aranpHuUil BUpa3 il TYCTHHU CTPyMY eMicii 3
MOBepXHIi, piBHsAHHSA Pluapcona-Jlammana.

BB 30BHIINIHBOTO €NEKTPUYHOTO MOJIS Ha
BeIMUuHY epekTuBHOI poboTH Buxody. Edext
HloTki.

KBaHTOBO-MEXaHIYHUI PO3IIIA]] €HEPreTHYHOTO
0ap’epy Ha MEXI1 TBEpJIe TUI0 — BaKyyM. SIBHIIe
ABTOEJIEKTPOHHO1 eMici.

PiBusanns ®aynepa-Hopareiima. KomGinoBanuit
PEKUM TepPMO- Ta aBTO-EJIEKTPOHHOI eMicii, Horo
3aCTOCYBAaHHS B IPAKTUYHHUX KOHCTPYKLIAX
KaTo/iB. [HKeHepHUii CIIOBHUK: OCHOBHA
aHTJIOMOBHA TEPMIHOJIOTIS CTOCOBHO KaTOIIB
€JIEKTPOBAKYYMHHUX IPUTIaIiB.

AncopO1ist 4y)KOpiTHUX aTOMIB Ha MOBEPXHI
TBEPAOTIO TiNa, iXHil BIUIUB HA BEIHMYMNHY POOOTH
BHXOJ1y KaTOJIB Cy4aCHUX BaKyyMHHX
EIeKTPOHHUX MPHUIIALIIB.

TyHenbHa eMicist eeKTPOHIB 3 HOBEPXHI TBEPAOTO
T1a y BakyyM. CkaHyBajbHa TyHEJIbHA
MIKpOcKomis Ta if MoxJinBocTi. Kpucraniuna
CTPYKTypa MOBEPXOHb METAJIIB Ta
HaMiBIPOBIIHUKIB.

doTOoENeKTPOHHA eMiCisl 3 MOBEPXH1 TBEPAOro Tija
y BakyyM. [ToHATTS 1po poTOENEKTPOHHY
cniektpockomnito. CydacHi NpakTUYH1 3aCTOCYBAHHS
(oTokaToiB.

10

CkanyBajybHa €J1eKTPOHHA MIKPOCOKOMIS Ta
esiekTpoHHa OXe-CIeKTPOCKOTIs K CydacH1
METOJMKH JOCITIKEHHS TOBEPXHI.

3MicTOBHUMI

MoayJib Ne2

11

BusnadenHs nmoBepxHi. Buan nmoBepxoHs: ieanbHa,
aTOMapHO 4YHCTa, pealbHAa. EkmepuMeHTalbH1

2




CrocoOu OTPUMaHHS aTOMapHO YUCTOT MOBEPXHI.

IToBepxHeBi TAMMIBCHKi #f IIOTTKIBCHKi CTaHM. IXHs
12 |¢i3uuna npupona. [loBepxHeBi cTaHH SK TPUYHHA 2 - 6
BUHUKHEHHS NPUIIOBEPXHEBOTO BUTHHY 30H.

BunukHeHHS MOBepxHEBOro Oap’epy ¥ MOABIMHO
3apsDKEHOr0  IIapy:  BUNAAOK — MeTalny i

13 . . . . 2 - 2
HaniBnpoBinHuka. I[loaBiliHO 3apsypkeHUN Mmap y
Metanii. lorocopOis. XeMocopOIris.
Hlap [oTTki y HAaMIBIPOBITHUKY. 3aJeKHICTh

|4 |3HAUYCHHS TIOBEPXHEBOTO MOTEHIiady BiA pIBHA ) 4

nerysanHs. Mexa Benna. Moxens ManenyHra B
3aCTOCYBaHHI 10 TIOBEPXHI.

KoHTakTHa pIi3HUIS NOTEHIHATIB A KOHTaKTY
Metan-HamiBrpoBigHuk.  Edexr IlorTki  ans
15 |KOHTaKTy MeTajl-HamiBIPOBITHUK. TeXHOJIOrTYHUIMA 2 - 4
CIIOBHHMK: 0a30Ba aHIJIOMOBHA TEPMIHOJIOTIS B
rajry3i akTUBHUX HallIBIPOBIIHUKOBUX MPUCTPOIB.

Enextpuynunt crtpym B Mmoxemax J[pyne Tta
16 |Jlannayepa-/larra-Jlynacrpoma. Buznauenns 2 - 2
MOHATH TYCTUHU CTaHIB 1 YMCIa MO/ MPOBITHOCTI.

HuszbkoBuMipHi Mmarepianu. [Ipunosepxuesi 2D
17 |oGnacti. BuBeneHHs 3a1€KHOCTI T'yCTUHU CTaHIB 2 - 6
Bix eHeprii ans 2D npoBinHuKa.

Bupa3 g umcena mopn mpoBimHOCTI (OanicTHYHA
MPOBIAHICTB). Bupas UL KoedilieHTa

18 . o 2 - 4
NpoXo/pKeHHs (audysiiiHa npoBinHICTh). Pexum
JHIHHOTO BIATYKY. BiKHO MPOBIAHOCTI.
3aranpHi BUpa3W s ONOPY M HPOBIAHOCTI B
Moeni Jlannayepa-/latra-Jlynactpoma IS
19 |MoA yep YUACTP 2 - 4
NOBUIBHOIO  PEeXUMY  HPOBIAHOCTI —  BiX
0aicTUYHOTO A0 AUQY31HHOTO.
[onsATTss pyxnmBocTi HOCiiB cTpymy. bamictuuna
20 pyxauBicTb. PopmanibHa pyxiauBicTb. OcoOIMBOCTI 1 i 5
OUCHMALIl MOTYKHOCTI W MagiHHA Hampyru B
OaTiCTUYHUX PE3UCTOPAX.
Bceboro 38 - 81
3araneHuit o0csT 120 rox., B TOMy 4Hcii:
Jlexuii 38 rox.
Koncynpramii 1 ron.

Camocriitna po6ora 81 rox.

9. PexomenaoBaHi JiTepaTrypHi Jkepesa:
OcHoBHi mKepesia (MaTepiaJ A JeKLii Ta caMoCTiiiHOI podoTH):
1. D.P. Woodruff. Modern Techniques of Surface Science. — Cambridge University Press, 2016. — 492

pp-
2. M. Rocca, T.S. Rahman, L. Vattuone. Springer Handbook of Surface Science. — Springer Nature
Switzerland AG, 2020. — 1260 pp.
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3. H. Ibach, Physics of Surfaces and Interfaces, Springer, 2006.

4. B.A.CmunTnna. @i3uko-XiMiyHi sIBUIIIA HA TOBEpXHI TBepauXx Til. Oxeca: ActpomnpuHt, 2009.

5. K.W. Kolasinski, Surface Science, Wiley, 2008.

6. J.I. Goldstein et al. Scanning Electron Microscopy and X-Ray Microanalysis. — Springer Science +
Business Media LLC, 2018. — 550 pp.

JonaTkoBi pxepena:

1. E. Meyer, R. Bennewitz, H.J. Hug. Scanning Probe Microscopy. — The Lab on a Tip. — Springer
Nature Switzerland AG, 2021. — 322 pp.

2. H. Luth, Solid Surfaces, Interfaces and Thin Films, Springer, 2010.

3. U. Celano. Electrical Atomic Force Microscopy for Nanoelectronics. — Springer Nature Switzerland
AG, 2019. — 408 pp.

4. P. Hawkes, J.C.H. Spence. Springer Handbook of Microscopy. — Springer Nature Switzerland AG,
2019. — 1543 pp.

5. B.I. Crpixa, I'.I. Ileka. IloBepxHeBi Ta KOHTaKTHi SBHINA B HamiBIpoBinHukax. Kui: JIubins, 1992.

6. Jlng miaroToBKM YCHHMX JOMNOBIAEH aHIIIIHCHKOIO MOBOIO BHKJIAJau Hajae CTYJIEHTY aTKyalbHI Ta
HEII0/1aBHO (Ha MOMEHT JOHOBii) omyOliKOBaH1 aHIJIOMOBHI CTaTTi y MepioJUYHUX (aXxOBUX BHAAHHIX
abo poszaimu MoHorpadiii mpoBiTHMX 3akopaoHHHMX BuAaBHULTB (Springer, Willey, Oxford, Tomo), sxi
PO3MIIIIEH] B MEPEXi IHTEPHET B PEXKKUMI BUIBHOTO JJOCTYIY.

I's1ocapiii 0OCHOBHUX aHIJIOMOBHHX TEPMiHIB

. Adatoms (adsorbed atoms) — aTomu ajgcopOoBaHi Ha MOBEPXHI TBEPOTO TLIA;

. Bulk — 06’emHa yacTuHa (TBepOTO TL1A) 32 BUKIIOUEHHSIM IIPUIIOBEPXHEBUX Ta IIOBEPXHEBHX I11APIB;
. Coverage — CTymniHb HOKPUTTA (IOBEPXH1 TBEPIOTO Tila aTOMaM# ad0 MOJIEKyllaMu afcopbary);
. Diffusion — nu¢y3is (aTomiB JOMIMIKH 3 00’€My Ha MOBEPXHIO a00 B IUIOLIMHI OBEPXH1);

. Electron emission — eMicist eIeKTPOHIB (3 MOBEpXHI TBEPAOIO Tia)

. Field desorbtion — necop61is aToMiB 3 MOBEPXH1 TBEPAOrO TiIa MiJ AI€I0 IEKTPUYHOTO HOJIS;

. Generation of carriers — reHeparlist HOCIiB €JIeKTPUYHOTO CTPYMY;

. Hybridization — ribpuaun3zanis (eIeKTpOHHUX opOiTanell Ha OBEPXHI TBEPIOro TiIa);

. lonization — ioni3auis (aToMiB a00 MoJIeKyJ OUTS TIOBEPXHI TBEPIOTO TLIA);

. Inversion — igBepcis (TUITY IPOBIAHOCTI B IPUIIOBEPXHEB1H 001aCTi HANIIBIPOBIAHUKA);

. Kelvin probe microscopy — mikpockomis 3051y KenbBina;

. Low-dimensional materials — yu3pko-BUMIpHi MaTepiany;

. Microscopy — MiKpocKoIis (IOBEpXH1 TBEpPAOIO Tia);

. Mode of conductance — Mmoza (pexxum, MeXaHi3M) €1eKTPUYHOT IPOBIIHOCTI,

. Non-contact atomic force microscopy — 6€3KOHTaKTHa aTOMHO-CHJIOBA MIKPOCKOIIIS;

. Quasi-crystalline — kBa3iKpUCTaIIYHUIA;

. Residual gases — 3anuikoBi ra3u (y BakyyMHii kamepi);

. Surface — moBepxHs;

. Terrace — Tepaca (aToMapHO-IJIaJKa IUISHKA IOBEPXHI KPUCTAIY);

. Ultra-high vacuum — HagBHCOKHUI BaKyyM.
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