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[Tporpamy pekoMeHI0BaHO 10 3aTBEPKEHHSI BUCHOIO paiot0 HaBuanbHO-HAyKOBOTO
IHCTUTYTY KOMII'IOTEPHOI (Pi3UKU Ta EHEPreTUKU

13 2

2022 poky, npoTokosa Ne

PO3POBHUKU TTPOT'PAMU: Inng MAPYIIEHKO, kanauaat dhizuKo-MaTeMaTUYHUX HAVK,
JONEHT Kadenpu di3uKyd HETPALUIIINHUX EHEPrOTEXHOJIOTIN Ta EKOJIOTI]

[Tporpamy cxBaneHo Ha 3acifanHi kadpenpu (Hi3uKH HETPaIULIHHUX EHEeProTeXHOJIOT1H Ta
€KOJIOT i

ITpoTtokon Bix “ ” 2022 poky, Ne

3aBigyBau kadenpu Hi3UKy HETPAAUIIIHHIX €HEPrOTEXHOIOTH Ta eKOIoTiT

Oxnexcanap KYJIMK

(migmuc) (npi3BuILe Ta iHiI{iamM)

[Tporpamy moroakeHo 3 TapaHTOM OCBITHBOI POrpaMu (KEPiBHUKOM IMPOEKTHOT IPYITH)
[puknanHa di3vka HETPAAUIIHHOT CHEPTETHKU
Ha3Ba OCBITHBOT ITPOTpaMu

Onexcagap KYJIUK

(migmuc) (npi3BuILe Ta iHiI{ianm)

[IporpaMy moroKeHO METOJUYHOIO KOMiciero HaB4allbHO-HAYKOBOTO 1HCTUTYTY KOMI FOTEPHOT
(bI3MKYU Ta eHEePreTUKU
Ha3Ba (I)aKyJ'ILTeTy, JIIA 3/:[06yBaqu BI/IHIO'I. OCBITH SIKOT'O BUKJIAJAa€ThCA HaBYaJIbHA ,HI/ICHI/IHJ'IiHa

ITpoTtokon Bix “ ” 2022 poky, Ne

T'onosa MetoauuHoi koMicii HaBuanpbHO-HAYKOBOTO IHCTUTYTY KOMII IOTEPHOT
(QI3UKHU Ta EHEPrEeTUKHU

Ogera JJICIHA

(migmuc) (npi3BuILe Ta iHiI{iamM)




BCTYII

[Iporpama HaByanpHOi qucuuiutind «HaHnodizuka Ta HaHOMaTepiaau» CKJIAJeHa BiJIMOBIIHO
710 OCBITHBO-TIPO(ECiiiHOT (OCBITHRO-HAYKOBOT) MPOTPaMU MiATOTOBKU

Hpyruii piBeHb, MaricTp
(Ha3Ba piBHS BHILOI OCBITH)

cnenianbHocTi 105 Ipukiagga ¢i3uka Ta HAHOMATEPIAIU

cnenianu3anii Pizuka HETPAAUIIHHUX EHEPrOTEXHOIOrIN Ta (PI3UYHI ACIIEKTH €KOJIOT1]

1. Onuc HAaBYAJIBLHOI TUCHHUILTIHA

1.1. Mera BukJIaaHHs HaBYaJIbHOI AUCLUUIUIIHU: BUBYEHHS (PI3MYHUX OCHOB HAHO(I3UKH,
30KpeMa JAu(y3HOro 1 OaJUCTHYHOTO TPAHCIOPTY Yy HAHOTPAH3ICTOpax, 1 TEXHOJOTIH
BUTOTOBJICHHS HAHOMAaTepialiB.

1.2. OcHOBHI 3aBIaHHS BHBUYEHHS JUCIUIUIIHU: 3a0e3MeuuTH (OPMYBaHHS y CTY/ACHTIB
3HaHHS CY4YacCHOTO CTaHy JOCIHIPKEHb B raily3i HaHO(I3MKH Ta HaHOMAaTepialiB 1 PO3yMIiHHA
NPUHIUIIB poOOTH MPUCTPOIB HAHO(DI3UKH, 30KpeMa B Taly3i HOHOBIIFOBAHOI €HEPTETHUKH.

1.3. KifIbKiCTh KpEAUTIB - 6

1.4. 3aranpHa KUIBKICTh TOIUH - 180

1.5. XapakrepucTrka HaB4aIbHOI JUCIUILTIHA

O060B’A3K0Ba

Jlenna ¢opma HaBuaHHs ‘ 3aoyHa (qucraHmiiiHa) hopMa HaBYAHHS

Pix miarorosxu

1-ii |
Cemectp
2-it |
Jlexmii
32 ron. |
[TpakTH4Hi, CEeMiHAPChKIi 3aHITTS
16 rox.

JlaGopaTopHi 3aHATTS
CamocriitHa pobora

132 rox. |

y TOMY YHUCJI iIHIUBIyanbHi 3aBJaHHS

1.6. 3amaHoBaHi pe3yabTaTd HABUAHHS.

CTyneHTH MaroTh JOCATTH TaKUX PE3yJIbTaTiB HABYAHHS:
ITPH 1. BukopucToByBaTH 3HaHHS B Tajy3i NPUKIAIHOI (I3UKH, MATEMAaTHKH, CJICKTPOHIKH Ta

iHpOpMaLIHHUX TEXHOJOTIH JUIsi BUKOHAHHS HAYKOBUX JOCIIKEHb Ta PO3B’sI3aHHS BUPOOHUYNX
3ajau.
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[IPH 2. 3HaxoaMTu Ta aHaNi3yBaTH HAyKOBY Ta HAayKOBO-TEXHIUHYy iH(oOpMalio B ramysi
NPUKIAAHOT (DI3MKH Ta HAaHOMATEpialliB 13 BITYM3HAHUX Ta 3apyODKHHUX JDKEpell, B TOMY YHCIHI 3
BUKOPUCTAHHSAM CYYaCHHUX MOIITYKOBUX CHUCTEM.
ITPH 3. O6roBoproBaTH Ta 3HaXOAUTH MPOTPECHUBHI Ta IHHOBAIiIHI pillIeHHs TPOOJIEM 1 3aBIaHb
IIpY BUKOHAHHI HAYKOBO-TEXHIYHUX Ta BUPOOHHUYUX MPOCKTIB.
ITPH 5. EdexkTuBHO TpamioBaTH K iHAMBIAyaJIbHO, TaK 1 B CKJIaJl KOMaHIM, OI[IHIOBATU Ta
3a0e3neuyBaTu SKICTh BAKOHYBAaHUX POOIT y raiy3i npukiaaHoi (Gi3uKu Ta HAaHOMAaTepiaiB.
ITPH 6. KopektHO ¢(opmyntoBatu mpodeciiiHi BUCHOBKH, anmpoOyBaTH iX Ta JOHOCHTH [0
ayauTopii pi3HOro (haxoBOro piBHS, BAKOPHUCTOBYIOUM CYy4acHI METOAMKH HAyKOBOI Ta TEXHIYHOI
KOMYHIKaIlli YKpaTHChKOIO Ta 1IHO3EMHHMH MOBaMHU.
[TPH 7. Bonozitii TEOpETUYHUMHI OCHOBAMH MaTepialo3HABCTBA Ta BIAMOBIIHUX PO3ALTIB (Di3UKH
TBEPJIOro TiIA, HEOOXITHUX JUISI PO3POOKM MEPCIEeKTUBHUX KOHCTPYKIINHHHMX MaTepiaiiB
HETPATUIIHHOT €HEPreTUKU Ta TEXHOJOTIH IX CTBOPEHHSI.
ITPH 9. 3HaTu OCHOBM Ta MEPCIEKTUBU PO3BUTKY HETPAIHUILINHOI EHEPTeTUKH.
ITPH 10. BmiTu npoaHanizyBaTH Ta OLIHUTH MOKJIMBOCTI HETPAJUIIHHOT €eHEPTreTUKH MTOPIBHSHO
3 TpaAULIIHHUMU JKEepellaMu eHeprii.

2. TeMaTHYHHUH IJIAH HABYAJIBLHOI THCIHUILTiIHA

Po30in 1. @izuyni 0cHO8U HAHOENEKMPOHIKU
Tema 1. Jugpysnuil i 6aricmuunuti mpancnopm

1.1 3mina mapagurMu: 3arajbHa MOJENb TpaH3icTopa. TpaHCIOPT B HAHOPO3MIPHUX CTPYKTYpax.
Bbanicrnynumii Ta nudy3Huit Tpancnopt. 3akoH Oma Ta 6axiCTUYHUN TPOBITHUK.

1.2 JIBi xiroyoBi koHuenuii: Konmenmist minbHOCTI cTaHiB. EkcriepuMeHTalbHI TeXHIKA BU3SHAYECHHS
minpHOCTI ctaHiB. KoHnenmist enekrpo-xiMiyHoro noreHmiany. @ynxiis depmi.

1.3 PiBHoBara, ¢ynkiis @epmi i enekrpo-xiMiyHui noteHuiaid. Ctpym enekrpoHiB. Habmmxenns
Mauoi Harpyru. OyHKIIis POBITHOCTI.

1.4 V3aranpHenwuit 3akoH Oma: OyHKIIIS TPOBITHOCTI U OATICTUYHOTO 1 TU(Y3HOTO TPAHCTIOPTY.
3akoH Oma 1iist 1u(y3HUX eNEeKTPOHIB. Y3araibHeHHs 3akoHy OMa Ha OamiCTUYHI TPOBITHUKH.

1.5 udysHa ta GanictuuHa npoBiaHOCTI: DyHKINS TPOBIAHOCTI BENUKUX (AU(Y3HUX) MPOBITHUKIB.
®opmyna Jpyne. @yHKIlisS TPOBITHOCTI HAHOPO3MIPHUX (OATICTUYHUX ) TPOBITHUKIB.

1.6 Konrakthuii omip: CTpyMm eNeKTpoHIiB 1 pkoyneBo Terto. Omip OamicTUYHOTO MPOBITHHKA.
Mognens ympyroro pesictopa. Konraktauit omip.

Tema 2. Keanm npogionocmi

2.1 JIBi xonnemnii: N(E), D(E): IIpocta moaens mst minsHOCTI ctaHiB. Konnentis N(E) — kinbkocTi
CTaHiB 3 eHepriero, mo He nepepuinye 3anany E. Konanenmis D(E) — minsHOCTI cTaHiB.

2.2 lomxxuna xuii le bpoitns: XBuiboBa npupoja eneKTpoHa i KBaHTyBaHHsI iMmysibea. [linpaxyHok
KUTBKOCTI CTaHiB. AHAJIOTIS 3 MEXaHIYHOIO CTPYHOIO.

2.3 ®opmynu npoBigHocTi: [TopiBHAHHSA TOYHOI (POPMYIH AT TUTOMOI MPOBIAHOCTI 3 (OPMYJIIOIO
Jpyne: y sikux Bumnajakax i yomy ¢opmyna JIpyzae 1oope nparoe.



2.4 TI'paden: I'paden sk OBOBUMIpHHM NPOBITHUK. PyxmuBicTe enekrpoHa. Iluroma mpoBigHICTBH
eJleKTpoHa B rpageHi. @akTop BUPOKEHHS B rpadeHi.

2.5 Konuenmis uucna moxa, M(E): bamictuuna mpoBigHicTh — 3araimbHa Qopmyna. bamictuyna
MPOBITHICTE 1 Yncao Moa. DI3UYHMIA 3MICT KOHIIEMIIIT Yrcia MO,

2.6 KpantyBanHsi mpoBigHocTi: KBaHT mpoBigHOCTi. ExciepuMeHTanbHI CBITYEHHS KBaHTYBaHHS
NpoBiAHOCTI. YOMY KBaHTYBaHHSI IPOBITHOCTI HEMOKJIMBO CIIOCTEPITraTH y BEIMKUX MPOBITHUKAX.

Tema 3. Hanompaun3zicmop 3a medxcamu NiHiUHO20 6i02YKy

3.1 Yomy ctpyM HacuuyeTbcs: Mopenb HaHOTpaH3icTopa. BonmbT-ammepHa XapakTepUCTHKa
HaHOTpaH3icTopa. YoMy cTpyM HacuuyeThcsi? [103UTHBHUI 3BOPOTHIH 3B’S130K B HAHOTPAH31CTOPI.

3.2 Ponb enextpoctaTuku: [loTeHianbHa eHepris kaHana. EnekTpocTaTnyHuil BIUIMB KOHTAKTIB Ha
eHeprito kaHana. MoaudikoBaHe piBHSHHS CTPyMY €JIEKTPOHIB.

3.3 Camoy3roxkeHa Moziens: EnextocTarnyanii BIUMB y KaHami. OTHOENEKTPOHHA €HEeprist 3apsiAKH.
Camoy3rokeHa Mo/ieb PO3paxyHKy CTPyMY €JEeKTPOHIB B TPaH31CTOPI.

3.4 Posmmpena monenb kaHana: J(udepeHnmiiina Monmenb TpaH3icTopa 3 JOBMHMM KaHajioM. KBasi-
¢bepmieBchKi piBHI. [InTOMa POBIHICTD B pO3MIMPEHii MOENi KaHaa. Posb enekrpocTatuku: apeid
Ta 1udysis.

3.5 Hosi rpannuni ymoBu: 3akoH OMa B po3ImupeHoi Mojeni KaHairy. Mo/JentoBaHHs! KOHTAaKTHOTO
ONOpYy HAaKJaJaHHSAM TPAaHUYHUX YMOB Ha pIBHSAHHS Ui CTPyMy eNeKTpoHiB. bamictuunmii i
Iu(y3HUN TPaHCIIOPT Y PO3IMIMPEHINA MOJIENi KaHaly.

3.6 PiBusanns bonpiimana: BuBeneHnHs iBoi yacTHHM piBHAHHA bosbliMaHa 13 piBHSHb HbloTOHA.
PiBHsinHS BonbiMana sik 00J1acTh MEpEeTUHY KJIACUYHOI MEXaHIKHU 1 TEPMOJAUHAMIKH.

Po30in 2. Hogimui mexuonoeii onsa “3enenoeo” ceimy
Tema 4. Cninmponika i MazHoHIKa

4.1 CninoBwuii knanad: TpaH3icTOp 13 MarHiTHUMHM KOHTAaKTaMH. 3aJIeKHICTb OMOPY TPaH3ICTOpa Bix
HaMarHiueHocTi KOHTakTiB. Moaens /[xynbepa. [lonspusariis i MarHitoomip.

4.2 PiBusnus Banera-®epa: KBazidepmieBcbki piBHI BcepenuHi kaHamy. OCHOBHI PIBHSHHS JUIS
CTpyMy eneKkTpoHiB. IIpouecu cniHOBOro meperopTaHHs BcepeluHi KaHaimy. BpaxyBaHHS mpoleciB
CIIIHOBOTO TIEPEBOPOTY B PIBHSAHHI JUI CTPYMY €JEKTpPOHIB. JIOBXKHMHA CIIIHOBOTO IEpEropTaHHS.
PiBusinus Banera-®epa.

4.3 Cminosi norenuianu: Jugys3is exeKTpoHiB 3 ypaxyBaHHAM criHy. [IoBHUI 1 CHIIHOBUE CTpyM.
HenoxanbHi ciiHOBI noTeHNiaau. ExcriepiMeHTH 3 BUMIPIOBAHHS CIIIHOBUX MOTEHITANIB.

4.4 Cniam 1 MarHitu: SIkuil 3B'S30K MK OINOpPOM TpaH3icTOpa 1 Opi€HTAIli€l0 WOro MarHiTHUX
koHTakTiB? Excriepument IlItepna-I'epnaxa i MarHiTHi BIaCTUBOCTI €1€KTpOHA. MarHeTusM aToMiB.
Hanomarsiru.
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4.5 CninoBuii ctpyM 1 MarHoHika: EdQekt meperopTaHHs BEKTOpY HaMarHi4eHOCTI.
BukopucranHs cmiHOBOTO CTpyMy Ui 3amucy iHgopmauii. BrmactuBocti marHity 1 ricrepesic.
Jlunamika BekTopa MaraiueHocTi. PiBuanus Jlannay-Jlipmuna-I'in6epra.

4.6 Enexrponu i maraitu: KonuentyanbHi npo0ieMu criiHoBoi MarHoHiku. [lepeBepTanHs BeKTOpa
HaMarHi4eHoCTi: aHajoris 3 moispusauiero cpitina. Edext Xawnne. Ixes cmiHoBoro TpanzicTopa.
Konneniis xybira.

Tema 5. Tepmoenexmpuxa

5.1 Ctpym, 1m0 BUKIMKaHUNA Temneparyporo: Oynkiis Pepmi sk pyHkiis Temneparypu. CTpym, 1o
BUKJIMKaHHH TeMIepaTyporo: ¢iznyHa kapTuHa. HamiBopoBIAHUKY N-TUIY 1 P-THITY: TEMIIEPATypHHMA
METOJ] BU3HaYCHHS. BUKOpUCTaHHS Pi3HMILII TeMIIEpaTyp KOHTAKTIB JJIs 3apskaHHs OaTapei.

5.2 Koedimient 3eebeka: Popmyna HpOBIAHOCTI Ui CTPYMY, L0 BUKIMKAHUN TEMIIEPATypoOIO.
Koedimient 3eebexa.

5.3 Tlotik Temna: Edext Ilenpt'e. IloTok Temna i1 me nBi ¢yHkuii nposigHocti. Koedimient
[enbT'e. 3B'130K MiX KoedinienTamu IlenpT'e 1 3eebeka.

5.4 OpnopiBaeBi mpuctpoi: Koediumientn 3eebeka st omnHopiBHeBoro mpuctpos. KoeoimieHt
[Tenbt'e. Koedinient Gk. [Mapamerp ZT sk Mipa IpuAaTHOCTI TEPMOEIEKTPUKA ISl TEXHOJIOTTYHOTO
BUKOpUCTAaHHs. DOHOHHUI BHECOK y IIEPEHECEHHS TEIUIA.

5.5 Hortik Teruta, mo BUKIMKaHUN GoHoHamu: IIoTik Temia, Mo nepeHocuThes (HoHOHAMH. Pexxum
niHifHOTO BiAryKy. [IuToMa Termnoemuicts. @ynkiist po3noaina bose-Eitnmreiina. [Ipobnema ZT.

5.6 Konnenuis “3umu3y-Bropy’: Ilemaroriuni mepeBard i HEIOJIKM KOHIEMIIi “3HU3Y-Bropy” s
pO3yMiHHS (i3MKM HAHOPO3MIPHUX EJIEKTPOHHUX NpUCTpoiB. HoBe po3ymiHHS cTapoi KOHIEMIii
CTPYMY €JICKTPOHIB.

Tema 6. @ynoamenmanvHi 0OMeHCEHHs!

6.1 dpyruii nouatok tepmoanHamiku: IIpouecu, kepoBaHi eHTporniero. pyruii 3aKon
TepMoanHaMiku. CrcremMa y BeTUKOMY KaHOHIYHOMY aHCaMOJIi.

6.2 Entpomisa: Cucrema i3 JBOX CTaHIB Y KOHTAaHKTI 3 pe3epByapoM. Entpomist BonbimMana.
[Tpuniun MakcuMyMmy eHTporii. BineHa enepris.

6.3 PiBHoBara: Cuctema JABOX CTaHiB y KaHOHIYHOMY aHcaMOJii. J[oBiIbHA KBAaHTOBA CHCTEMA.
Cepenue 4ncio 3alOBHEHHS.

6.4 Entpomnis lllennona: Busenenus popmynu 'i60ca s entpomii. Entpomnis lllennona ta
iHpopmanis. BukopuctanHs eHTpOIIii A1 BAKOHAHHS poOOTH.

6.5 LinHicTsb iH(pOpMaIlii K nanauBa: K MO’KHa BUKOPHCTOBYBATH 3MiHY €HTPOIIT CUCTEMH IS
BUJTYYEHHS €HEeprii.

6.6 Indo-6arapei: Ines mpucTpiio, M0 OTPUMYE SHEPTiIO Bif “‘CHaloBaHHS” €HTPOMII i
MIEPETBOPIOE 11 HA KOPUCHY POOOTY.



3. CTpyKTYypa HABYAJIBbHOI AUCHHUILIIHH

HasBu po3ziniB i Tem Kinekicts roanu
JieHHa popma 3aouHa Gopma
yCb y TOMY YHUCII yCb y TOMY YHUCII
oro | n m | ma |iHD | C.p. | Oro |n| m | ma | iHO | C.
0. . 6. | . | p.
1 2 3 4 5 6 7 8 1911011 ] 12 |13
Po3ain 1. @i3uuni ocnosu nanoenekmponiku
Tema 1. Inudy3unii i 35 1 6 4 25
0aJTiCTUYHUNA TPAHCTIOPT
Tema 2. KBanT npoBigHocti| 35 | 6 4 25
Tema 3. Hanotpansictop 3a| 28 | 6 2 20
ME)KaMU JIIHIHHOTO BIATYKY
Pazom 3a pozainom 1 98 | 18 | 10 70
Po3nin 2. Hosimni mexnonocii ona “3enenozo ceimy”
Tema 4. CninTpoHika i 32 | 6 2 24
MartoHika
Tema 5. Tepmoenextpuka | 27 | 6 2 19
Tema 6. dyngameHTambHI 23 2 2 19
O0OMEKEHHSI
Pazom 3a pozninom 2 82 | 14 | 6 62
Yevozo cooun | 180 | 32 | 16 132
4. TeMH NpaKTHYHHUX 3aHATH
Ne Hazsa temu KinbkicTs
3/m TOJIUH
1 | Aucdy3Hwuii i 6agicTUYHUNA TPAaHCTIOPT 4
2 KBanT npoBinHOCTI 4
3 | HanotpansicTop 3a MeXaMu JIiHIITHOTO BIATYKY 2
4 | CiiHnTpoHiKa i MarHOHIKa 2
5 | Tepmoenekrpuka 2
6 | dyHnaMeHTalIbHI 0OMEXEHHS 2
Pa3zom 16
5. 3aBpaHHs 1719 caMOCTiiHHOI podoTH
Ne Buau, 3mict camocTiiiHOi poO0TH KinbkicTb
3/m TOJIUH
1 OmnparroBatul TeMy “/Jughysnuil i 6anicmuunuii mpancnopm’” 25
2 | OnpaitoBatu Temy “Keaum npogionocmi” 25
3 | OnpamtoBaru temy “Hanompanzicmop 3a mexcamu NiHitiH020 8i02YKYy 20
4 | OnpatoBatu Temy “Cninmponika i macnouika” 24
5 | OnpamtoBaru temy “Tepmoenekmpura” 19
6 | OnpamroBaru Temy “@yHaamMeHTaIbHI OOMEKEHHS 19
Pazom 132

6. InuBinyanbHi 3aB1aHHSA

[HauBiAyanbHI 3aBJaHHS BKIIIOYAIOTh pedepaTu 3a TEeMAaTHKOIO Kypcy:




KBanToBwuii komm'torep: (pi3uyHi 3acaiu i IepCcrleKTUBU BUKOPUCTAHHS.
TyHenbHUI MIKpPOCKOT SIK IHCTPYMEHT HAaHOTEXHOJIOT1H.
MorexymsipHO — IPOMEHEBA EMITaKCisl B HAHOTEXHOJIOT15IX.

OLED - opraniyauii cBiTinonion. ®@izuyHi npuHUKTIN poOOTH.

MarsiTope3ucTiBHA ONepaTUBHA MaM'sITh: (PI3MUHI TPUHIIUIIH.

OnHOENEeKTPOHHI MPUCTPOT Ta IX BUKOPUCTAHHS B CYYaCHUX TEXHOJIOTISX.
Byrneuesi HaHOTpYOKH 1 TpadeH Ui pearyBaHHs JaHUX.

1

2

3

4

5

6. T'iranTcbkHii MarHeToOMip i MPOPHUB Y KOMITFOTEPHUX TEXHOJOTISX.

7

8

9. EnekrponHa Oymara: (hi3MyHI NIPUHLIKIN TEXHOJIOTII Ta il 0OMeXeHHS.
1

0. BukopucTaHHs HAHOTEXHOJIOT1H y TEPMOENEKTPUYHIN EHepreTUIli.

PexomennoBanuii oocsr pobotr — 10 cTop. MammHONMUCHOTO TeKCTY. [lo 00csary pobotu
BKJIIOYAIOTBCS CTOPIHKH BiJl TUTYJBHOTO apKyllla J0 OCTaHHBOI CTOPIHKM BHCHOBKiIB. CHHCOK
JDKEpeN 1 JIiTepaTypH, MOJATKHU 10 IIbOTO OOCITY HE BKIIOYAIOTHCS, ajle MiAJsATaloTh 3arajibHil
HyMepauii. MoBa — ykpainceka. PoO0oTy HabuparoTh Ha KOMIT'IOTEPI 3 0JTHOr0 OOKY apKy1ia 61710ro
nanepy gopmary A4 ugepe3 1,5 intepBany (28-30 psakiB Ha ctopiHii) 14-M kermem mpudty
Times New Roman. TekcT ApyKyIOTh, 3QJIMIIAI0YHU TOJIS TAKUX PO3MipiB: jiBe — 30 MM, mpaBe —
10 MM, BepxHe — 20 MM, HUXKHE — 20 MM. 3aronoBku cTpykTypHux yactul "3MICT", "BCTVII",
"PO3LI", "BUCHOBKH", "CITMCOK BUKOPUCTAHUX JKEPEJI" npyKyioTh BEeTUKUMHU
JTepamH.

3arajibHi BUMOTH JI0 IIUTYBaHHS:
a) TeKCT IIUTATH OYMHAETHCA 1 3aKIHUY€ETHCS JIAlKaMu, HABOAUTHCS caMe TakK, K BiH MOJAaHUN Y
JpKepeni, 31 30epekeHHSIM 0COOIMBOCTEN aBTOPCHKOTO HAMMUCAHHS;
0) uMTYBaHHSI NMOBUHHO OyTH MOBHHMM, 0€3 JOBIILHOTO CKOPOUYEHHSI aBTOPCHKOTO TEKCTY 1 0e3
MEePEeKpy4YeHb JyMOK aBTopa. lIpomyck ciiB, pedeHb, ab3alliB JOMyCKAaeThCs Oe3 3MiHU
aBTOPCHKOTO TEKCTY 1 MO3HAYA€THCSI TPhOMA KpankamMu. BoHM cTaBiAThCS y OyIb-IKOMY MicCIi
UTaTy (Ha MOYaTKy, BCEPEMHI, B KiHI). SKII0 mepes mponyeHuM TeKCTOM abo 3a HUM CTOSIB
PO3ALIOBUI 3HAK, TO BiH HE 30€epiracThes;
B) KOKHA LIUTaTa 00OB'SI3KOBO CYIIPOBOJIKYETHCS MOCUIIAHHAM Ha JKEPETIO;
T) IiJ] 9ac HeMpsIMOTO IIUTYBaHHs (TIepeKas, BUKJIA]] JYMOK 1HIIIUX aBTOPIB CBOIMH CJIOBAMH) CJIiJT
OyTH MakCHUMaJbHO TOYHUM y BHKJIQJAl AYMOK aBTOpa, KOPEKTHHM IIOJAO OIIHIOBaHHSA HOro
pe3yJbTaTiB, pPOOUTH BIAMOBIIHI IOCHIIAHHS HA JKEPETIO;
1) TUTYBAaHHs HE TIOBUHHO OYyTH HAaAMIPHUM, 0O I1€ CTBOPIOE BPaXKEHHS KOMITUISITUBHOCTI IpaIli.

7. MeToau HABYAHHA

JIexmiifHi 3aHATTS MPOBOAATHCS METOJOM JIEKIIl Ta pO3MOBii-AUCKYCii 1 ependavyaoTh
MO>KJIMBICTh BUKOPUCTAHHS EJEKTPOHHUX 3ac00iB HaBYaHHS (Mpe3eHTalii abo BiJEO3B’SI30K B
cucremMi Zoom). IIpakTu4Hi 3aHATTS NPOBOIATHCA METOJaMHU OOTOBOPEHHS TEOPETHYHHUX
MIOJIOKEHb KypCy Ta PO3B’s3aHHS 3a]ad, 110 MOSCHIOIOTH Ta JIOTIOBHIOIOTH JIEKIIHUNA MaTepial.
OCHOBHOI0O METOI0 NPAKTUYHHUX 3aHATH € 3aKpIIUIEHHS TEOPETHYHOr0 Martepiany s
3a0e3neueHHs po3yMiHHS (DI3MYHHX 1 TEXHOJIOTIYHUX MPUHIIMITIB HOBITHIX IPUCTPOIB HAHO(DI3UKH
Ta MEPCIEKTUB iX 3aCTOCYBAHHS B EHEPreTUYHIN Tay3i.

8. MeToau KOHTPOJIIO
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1. Excrnpec-koHTpoub (3arainbHuii BaroBuii 0an - 20) mpoBOIUTHCA 3 METOIO MEPEBIPKU

SAKOCTI poOOTH CTy/IeHTa Ha MPAKTHYHUX 3aHATTAX B ayAuTopii. BiH Moxxe OyTH SIK yCHHM, TaK i
MUCHMOBUM. TpuBaicTh ekcrpec-KoHTpoIto 5-10 xBunuH. KojkeH ekcripec-KOHTpOJIb BKII0OYae 1
MUTaHHSA. 32 KOKHY MPaBUIbHY BIJMOBIb CTYyIEHT OTpUMY€ 2 6alii, 3a YaCTKOBO MPaBMWIbHY — |
6an. BiAcyTHiCTh CTyIeHTa Ha 3aHATTI a00 HEBUKOHAHHS EKCIIPEC-KOHTPOJIO IMPUHOCHUTH
cryaenty 0 Gais.

2. PoboTa Ha MpaKTUYHKX 3aHATTSIX (3arainbHui BaroBuil 6am - 10) mpoBOAUTHCS 3 METOIO
OINaHYBaHHS CTYJEHTOM MaTeMaTHYHUX METOJIB 1 epeadadae po3B’si3aHHA 3a7ay y JOIIKH. 3a
KO)KHY TpaBWJIbHY BIJANOBIIb CTYAEHT OTpUMye 2 Oaiu, 3a 4YaCTKOBO MpaBWibHy — 1 Oai.
BincyTHICTh cTyeHTa Ha 3aHATTI @00 HEBUKOHAHHS €KCIPEC-KOHTPOIIO NPUHOCUTH CTyAeHTY 0
Oais.

3. IloTouyHMiT KOHTPOJIB (3araJbHUM BaroBuii 0ai - 15) IpoBOAUTHCS y BUTIISAAI KOHTPOJIBHOT
pobotu TpuBamicTio 2 akagemiuni roguan. KP ckiagaeTbes 13 0AHOTO TEOPETUIHOTO MUTAHHS, IO
ouiHoeTbes B 10 OaniB, Ta oxHi€l 3a1ay4i, MO OIIHIOETbCA y 5 OaniB. MakcuMaibHa KiIbKICTh
6amis - 15.

Kpurepii oriHioBaHHS BiiMOBiIeH Ha TEOPETUYHI MTUTAHHS:

(a) cTyeHT MIIIHO 3acBOiB TEOPETUYHMH Martepiasl, TIMOOKO 1 BCEOIYHO 3HAE 3MICT
HABYAIILHOT JUCIMIUIIHYU, JIOTIYHO MUCIHUTH 1 OyAy€e BiJMOBiAb, BUCIOBIIOE CBOE
CTaBJICHHS IO THX Y iHIIUX mpobiem — 10 Ganis;

(b) crynenT nobpe 3acBOiB TEOPETHUHUI MaTepiai, apryMEHTOBAaHO BHKIJIAJae ioro, ajie
NPUITYCKAETHCS IEBHUX HETOYHOCTEH 1 MOXUOOK Yy JIOTII BUKJIAly TEOPETUYHOTO 3MICTY
— 8 Oauis;

(c) cTyneHT mepeBakHO OMAHYBAB TEOPETUUHUMH 3HAHHSAMU HABYAJIBHOI TUCIMILIIHM, aje
HETePeKOHJIMBO BIIOBIgAa€, IUTyTa€ MOHATTS, JOJATKOBI NHTAaHHS BHUKIMKAIOThH
HEBIEBHEHICTh a00 BIJICYTHICTh CTa0LIbHUX 3HaHb — 6 OalliB;

(d) cTryneHT nOEMOHCTpY€ JIMIIE YacTKOBE 3HAWOMCTBO 3 TEOPETHYHHUMH 3HAHHIMH
HABYAIIbHOT JUCHUIUTIHKM, HEMEPEeKOHJIMBO BIAMOBINAE, TUTYTA€ TMOHSATTS, TOJATKOBI
MUTAHHS BUKJIMKAIOTh HEBIEBHEHICTh 200 BIACYTHICTh CTa0LIBHUX 3HAHb — 4 6any;

(e) cryneHT Maibke He ONaHyBaB HABUAIBHUIN MaTepian AUCHUIUIIHU, HE 3HA€ HAYKOBUX
¢axTiB, BU3HAYCHb, BIJICYTHE HAyKOBE MUCIICHHS, NPAKTUYHI HAaBUYKU Maibke He
chopMoBaHi — 2 Ganu;

(f) 3HaHHA 5K 3 TEOPETHYHOI, TAK 1 3 MPAKTUYHOI MMiATOTOBKH 32 JaHUM 3aBJaHHSIM BUSBUTH
HE BAA€ThCs, a00 BiAMOBIIb B3arami BiacyTHs — 0 GauiB.

Kpurepii oriHioBaHHs po3B’s3aHHA 33/au:

(a) mpaBUWIIBHO 1 MOBHICTIO BUKOHAHE 3aBJJAHHS OLIIHIOETHCS Yy 5 OaiB;

(b)3aBmaHHs, BUKOHAHE 3 HECYTTEBUMH IIOMUJIKAMU, OI[IHIOETHCS Y 4 Oanu;

(c) 3aBmaHHs, BUKOHAHE YaCTKOBO, ajie 0e3 MOMUIIOK, OLIHIOEThCA y 3 6any;

(d) HempaBmIIbHE BUKOHAHHS 3aBAaHHA (TpyOli MOMHIKH B PO3paxyHKax, aje MPaBHIBHO
oOpaHa JIoTiKa pillleHHs1) OLIHIOETbCA y 2 Gaiu;

(e)3aBmaHHA 3 BIICYTHIMH pO3paxyHKaMu, ajie MPABHWJIBHO OOpPaHOIO JIOTIKOIO pillleHHS,
OLIIHIOEThCA B 1 Oair;

(f) BiicyTHE BUKOHAHHS 3aBJaHHS OLIHIOEThCA B () OamiB.

SIKIIo CcTYAeHT oTpUMaB OLIHKY MeHme 5 6aniB 3a KP, BiH 3000B’s13aHMi nepenucaTH 110
poboTy, ane He OibIlIe OJHOTO pasy.

4. Pedepar oniHtoeTbes y 15 6ami. YacTkoBo BuKOHaHUH - 10 10 6aniBs.
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5. Ex3ameHartiitHa po6oTta (Baroswuii 6ai - 40). HeoO0xi1HOIO yMOBOIO JIOMYCKY CTyIE€HTa J0
eK3aMeHY 3 AUCUUIUIIHYU € TIO3UTUBHUM PEHTHHT 3 KOHTPOJIbHOT poOOTH Ta HasBHICTH pedepary,
3araioMm He MeHIe 10 GaniB. Ex3ameHnariiinuii 6i1eT MiCTHTh JBa TECOPETUYHUX MUTAHHS 1 OIHY
3ajauy.

Kpurepii oriHioBaHHs BiIOBi/IeH Ha TEOPETUUHI TUTAHHS:
(a) cTyAeHT MIITHO 3acBOIB TEOPETHYHHMI Marepiai, TIMOOKO 1 BCEOIYHO 3HAE 3MICT

(b)

(c)

(d)

(e)

®

HABYAIILHOT JUCIMIUIIHYU, JIOTIYHO MUCIHUTH 1 OyAy€e BiMOBiAb, BUCIOBIIOE CBOE
CTaBJICHHS IO THX Y iHIIUX Ipobiem — 15 Ganis;

CTyZEHT 0o0pe 3acBOIB TEOPETHYHHMI Marepiall, apryMEHTOBAHO BUKJAIa€e Horo, ane
NPUITYCKAETHCS IEBHUX HETOYHOCTEH 1 MOXUOOK Yy JIOTII BUKJIAy TEOPETUUHOTO 3MICTY
— 12 Oanis;

CTYJICHT MIEPEBAKHO OTMIAHYBaB TEOPCTUYHUMU 3HAHHSIMH HABYAJIHHOI JUCUHUIUIIHY, alie
HENEPEeKOHJIMBO BIAMOBIAE, TUTyTa€ TMOHSTTS, JJOAATKOBI THUTAHHS BUKIUKAIOThH
HEBIEBHEHICTh a00 BIJICYTHICTh CTa0LIbHUX 3HaHb — 9 OalliB;

CTYJIEHT JIEMOHCTpPY€ JHIIEe YacTKOBE 3HANOMCTBO 3 TEOPETHUYHUMH 3HAHHSIMU
HABYAIIbHOT JUCHUIUTIHA, HEMEPEKOHJIMBO BIAMOBINAE, TUTYTA€ TMOHSATTS, TOJATKOBI
MUTAHHS BUKJIMKAIOTh HEBIIEBHEHICTh 200 BiCYTHICTh CTa0LIBHUX 3HAHb — 6 6amy;
CTYJICHT MaiKe HE OMaHyBaB HABYAIBHUN Marepiasl AUCUUIUIIHYM, HE 3HA€ HAYKOBHX
¢axTiB, BU3HAYCHb, BIJICYTHE HAyKOBE MUCIICHHS, NPAKTUYHI HABUYKU Maibke He
chopmoBani — 3 Ganu;

3HAHHS SIK 3 TCOPETHYHOT, TaK 1 3 MPAKTUYHOI MIATOTOBKHY 32 JAHUM 3aBJIaHHSIM BUSBUTH
HE BAA€ThCs, 200 BiAMOBIIb B3arami BiacyTHs — 0 GauiB.

Kpurepii oriHioBaHHs po3B’sI3aHHA 3a/au:

(a) mpaBWIIBHO 1 MMOBHICTIO BUKOHAHE 3aBJIaHHS OLIIHIOEThCs y 10 Oais;

(b)3aBnaHHs, BUKOHAHE 3 HECYTTEBUMH ITOMMIIKAMH, OIIIHIOETHCS Y 8 OaJIiB;

(c) 3aBmaHHs, BUKOHAHE YAaCTKOBO, aje 0e3 MOMHUIIOK, OLIHIOEThCS y 6 OaiB;

(d) HempaBmIIbHE BUKOHAHHS 3aBAaHHA (TpyOi MOMHIKH B PO3paxyHKax, aje MPaBHIBHO
oOpaHa JIoTiKa pillleHHs1) OLIHIOETbCA Y 4 Ganu;

(e)3aBmaHHA 3 BIICYTHIMH pO3paxyHKaMu, ajie MPaBHWIBHO OOpPAHOIO JIOTIKOIO pillleHHS,
OILIIHIOEThCA B 2 Oaiu;

(f) BimcyTHE BUKOHAHHS 3aBJaHHS OLIHIOEThCA B () OamiB.

3a OaxaHHAM CTYyJIEHTa MOXYTb HapaxoByBaThucs A0 10-TW 3a0XouyBajbHHX OajiB 3a
KOMEHTap IMiJCYMKOBOi poOOTH B yCHil ¢opMmi Ta BIANOBIZAI Ha JOAATKOBI 3alHUTaHHS, aje
3arajibHUM Oall 3a ek3aMeHaliliHy poOoTy He Moke nepeBulyBatu 40 Oais.

9. Cxema HapaxyBaHH# 0ayiB

[ToTouHMI KOHTPOJIB, CAMOCTiHiHA po0OTa, KOHTPOJIBHI poOOTH Tomr
Posgin 1 | Posgin 2 Kontponsiia Pedepat Pasom | pobGota Cyma
pobora
T1-T3 T4-T6
15 15 15 15 60 40 100

[TepenbavaroTbes Oanu 3a:

BIJIMIOBi/Il HA TEOPETUYHI MTUTaHHS — 60;
pO3B’s3aHHs 3a1a4 — 25;

pedepar — 15.
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Kpurepii oniHIOBaHHSI HABYAJbLHUX JOCATHEHb

IIIkxana oniHIOBaHHSA

Cyma GatiB 3a BCi BUIM HABYAIBHOT Ouninka
AANBHOCT] POTATOM CEMECTPY JUIsL ABOPIBHEBOI IIKAJIHM OI[IHIOBAaHHS
90-100
70-89 3apaxoBaHO
50-69
1-49 HE 3apaxoBaHO

10. PexomennoBana Jiireparypa
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S. Datta. Lessons from Nanoelectronics: A New Perspective on Transport. World Scientific,
2012.
Adrian P. Sutton. Electronic Structure of Materials. Oxford University Press, 1993.
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JonomizkHa Jiiteparypa
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Jiilich Forschunzentrum.
S. Datta. Electronic Transport in Mesoscopic Systems. Cambridge University Press, 1997.
S. Datta. Quantum Transport: Atom to Transistor. Cambridge University Press, 2005.
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Honatoxk 1

JlogaTok 10 poOo4oi mporpaMu HaBYAIbHOI JUCITUILIIHH
Hanodi3uka Ta HaHOMaTepiaau

(Ha3Ba JUCLUILTIHH)

3actynnuk aupekropa HHI koM’ 1oTepHoi (i3UKH Ta eHEPreTUKHU 3 HaBYAIbHOT
poboTH

Oxsra JIICIHA
(migmuc) (npi3BuLe, iHiMiaH)
« » 20 p.

I'omosa metoauunoi komicii HHI koM’ rorepHoi hi3UKM Ta EHEPIrETUKNA

Ipuna TAPAYEBCBHKA

(migmuc) (npi3BuLIe, iHiMiaM)

« » 20 p.




