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IIporpama HaB4YaJILHOI JUCUUILIIHA

1. Onuc HaBYaJILHOI AMCUUILIIHM, 1I MeTa, PeAMeT BUBYAHHS Ta Pe3y/IbTaTH

HaBYaHHA

B pesynbrari BUBYEHHS AMCUMIUIIHU «BuOpani po3auin (i3UKd TBEpAOro Tiiay

acmipaHT MOBUHEH 3HaTH OCHOBHI MOHATTA (PI3UKU TBEPJOTO Tija, aKTyaJlbHI HAIPSMKH ii
CYy4aCHOTO PO3BHUTKY; BMITH OpIEHTYBATHUCS B Cy4acHUX TEHIEHIIAX PO3BUTKY (GI3UKU
TBEPAOTO Tija, TEPCHEKTUBAX MPAKTUYHOTO 3aCTOCYBAHHS Cy4YaCHHUX PO3POOOK,
BCTAHOBJICHHS B3a€MO3B’SI3KIB MIDXK pPI3HUMHM Trainy3sMmu. JlucuururiHa gae  3aralibHi
YSIBJICHHSI PO Cy4YacHl TEXHOJOTrIi, IO 0a3yroThCs HA MPHUHIMIAX 1 3aKOHOMIPHOCTSIX
GI3UKM TBEPAOrO TiJIa, MUTAHHS CyYacCHUX IIJIXOAIB 1 METOAM BHBUCHHS HAHOOO'€KTIB,
HU3BKOPO3MIPHUX CHCTEM (KOMIIO3MTIB), Cy4aCHUX METOIB Momu(ikaIii TBEpAUX TUI 3
METOI0 HaJaHHS IM HEOOXIJHUX BIACTHBOCTEH, a TaKOXX METOAM IX KOHTPOIO 1


http://intellect.zfftt.kpi.ua/profile/hmv14

IarHOCTHKH.

MeTo10 BHBUCHHS AUCIUILTIHK € (PopMyBaHHS y MailOyTHIX (axiBIliB CTIHKUX 3HAHb
Ta PO3yMIHHS OCHOBHHMX MOHSTH, aKTyaJbHUX 3aJad Ta TEHIACHII PO3BUTKY B Taiys3i
(Gi3uKM TBEpAOro Tijla, YMIHHS BUKOPUCTOBYBATH OTPUMAaHHI 3HAHHS TMPH MOAAIBIINX
HAyKOBUX JTOCHIP)KEHHSX, @ TAKOXK Y CBOIM MPAKTUYHIN A1SUTBHOCTI.

IIpeameToM BUBYEHHS JAaHOI JUCLMIUIIHA € OCHOBHI TE€HACHIII PO3BUTKY Cy4acCHOI
¢13MKKM  TBEpAOro TUMA, CydYyacHI TEXHOJIOrIi, M0 ©0a3ylThCs Ha MNPUHLUIAX 1
3aKOHOMIPHOCTAX (DI3UKM TBEPAOrO TijIa, Cy4acHI METOJM BHBUEHHS HAHOOO'€KTIB,
HU3BKOPO3MIPHUX CHCTEM, MeTonu Moaudikaiii TBEpAUX TIT 3 METOI HaAaHHSA M
HEOOX1THUX BIACTUBOCTEH, METOIM KOHTPOJIIO 1 IIarHOCTUKH BIACTUBOCTEN TBEPAUX TLI.

B pe3ynabrari BUBUYEHHsI AMCIUILUIIHMA acmipaHT HaOy/e HACTYIHI KOMIIETEHTHOCTI,
3HAHHS Ta HABUYKU (3T1HO IO OCBITHHOT MPOTPaMH):

cneniajbHi (paxoBi) KOMIIETEHTHOCTI:

— CKOl. 3partHiCTP  BUSABIATH, CTaBUTH Ta BUPINIyBaTH  MpoOIeMu

JIOCJIITHALIBKOTO XapakTepy B cdepi Ppizuku Ta/adbo acTpoHOMIl, IHTErpyBaTu
3HaHHA 3 PI3HUX Trajly3ei, OLIIHIOBaTU Ta 3a0€3MedyBaTH SIKICTb BUKOHYBAaHUX
JIOCJIIIKEHD.

— CKO06. 3patHicTh 3aCTOCOBYBaTH Cy4YacHI METOAM, METOIUKH, TEXHOJIOTII,

IHCTpyMEeHTH Ta  oOONagHaHHS IS TPOBENCHHS  MNPUKIAJAHUX  Ta
(yHIaMEHTAJIbHUX HAYKOBUX JIOCIIIKEHb Y Tally31 (Pi3UKH Ta/abo acTpOHOMII.

NPOrpamMHi pe3yibTaTH HABYAHHA:

— PHOI. Maru cyyacHi KOHILENTyaldbHI Ta METOJOJIOTIYHI 3HAaHHA 3 (I3UKU

Ta/abo acTpoHOMIii Ta AOTHYHHUX 0 HHUX MDKIMCHUIUTIHAPHUX HANpPSAMIB, a
TaKO)K HEOOX1JHI HAaBUYKH, JOCTATHI JJIsl NPOBEIEHHSA (PyHAaAMEHTaIbHUX 1
MPUKIAAHUX HAYKOBUX JOCIHIJIKEHb 3 METOIO OTPUMAaHHS HOBUX 3HaHb Ta/abo
3[I1ACHEHHS pO3pO0OK Ta IHHOBALIIH.

— PHO4. ®opmymioBatd 1 mMepeBIpSITH TINOTE3M; BUKOPUCTOBYBAaTH IS

OOTpYHTYBaHHSI ~ BHUCHOBKIB HaJeXHI JIOKa3W, 30KpeMa, pe3yJbTaTh
TEOPETUYHUX 1  EKCIEPUMEHTAIbHUX  JOCHIIKEHb,  MaTeMaTUYHOTO
MOJIETIIOBAHHS, KOMII IOTEPHOIO E€KCIEPUMEHTY, a TaKO)K HasBHI JIITepaTypHi
JaHl.

— PHOS. Po3pobnatu Mozeni mporeciB i cucteM y ¢izuii Ta/abo acTpoHOMIT Ta

JOTHYHMX  MUKIUCHUILIIHADHUX  HampsMmaX, BHUKOPHUCTOBYBAaTH 1iX y
HAYKOBO-JTOCTITHUIIBKIA JISTILHOCTI JJIi OTPMMAaHHA HOBUX 3HAHb Ta/abo
CTBOPEHHS pO3pO0OK Ta IHHOBAIIHUX MPOAYKTIB.

— PHO06. IlnanyBat 1 BHKOHYBAaTH TpPUKIAAHI Ta/ab0 QyHIaMEHTANbHI

TOCHiHKeHHS 3 (i3UKH Ta/abo acTpOHOMIT Ta JOTUYHUX MDKIUCIHUIUTIHAPHUX

2



HampsiMiB 3 BHUKOPUCTaHHSM Cy4YaCHUX METOJIB, METOJUK, TEXHOJIOTIH,
IHCTpYMEHTIB Ta oOOJaJHaHHS, 3 JOTPUMAHHAM HOPM aKaJEeMIYHOI ETHKH,
KPUTUYHO aHAN3yBaTH PE3yJAbTaTH HAYKOBHX JOCHIKEHb Y KOHTEKCTI yChOTO
KOMIUJICKCY CYYacHMX 3HAHb IIONO JOCHIKYBaHOI MpoOJIeMH; TOTyBaTu
MPOEKTHI TPOMO3UIii moa0 (iHAHCYBaHHS HAyKOBHMX JIOCHTIKEHb Ta/abo
PO3POOHUIILKUX 1 IHHOBALIMHUX MPOEKTIB.

2. IIpepekBi3uTH Ta NOCTPEKBIZUTH JUCHMILTIHU (Mice B CTPYKTYPHO-JIOTYHIN
cXeMi HABYaHHS 32 Bi/INOBIIHOI0 OCBITHBOIO NMPOrPaMoIo)

IlepenymMoBOIO 1151 BUBYEHHS JUCHUIUIIHM € HASBHICTh CTyIEHs marictpa (i3ukwu.
JucuurmiiHa 6a3yeThCsi Ha 3HAHHAX (PI3MKKM TBEPAOTO TUNA, (PI3MKM HAIIBIPOBIIHUKIB,
JEEeKTPUKIB, CErHETOEJIEKTPUKIB, METalliB, MarHeTHKIB, METOJIB E€KCIEPUMEHTAIbHUX
JOCIHIJPKEHb, BHINOT MaTeMaTHUKH Ta METOAIB MAaTeMaTUYHOIO MOJICIIOBAHHA, 1110
BUKJIAJIAl0ThCS Tiq4ac HaB4aHHS Ha 1 — 4 Kypcax Ta B marictparypi. HeoOXxiHUM Takox €
0a30BUi PiBEHBb BOJIOIHHS aHTIIIMCHKOIO MOBOIO.

B crpykTypHO-JIOTIUHIN CXeMI HaBYaHHS 3a BIAMOBIJHOIO OCBITHBOIO MPOTPaMOI0
pe3yabTaTH BHWBUCHHS JUCIUIUTIHM BUKOPHUCTOBYIOTBHCS JUIsl HAyKOBOi CKJIQJIOBOI, IO
nependadae TPOBEACHHS BIACHOTO HAYKOBOTO JOCHIDKEHHS Ta O(GOpMIICHHS WHOTO
pE3yAbTaTIB y BUIJIAII JUCEPTAIlii.

3. 3MicT HABYAJBLHOI TUCHMILIIHA

Ha eusuenns nasuanvroi oucyuniinu 8iosooumucs 120 2ooun/ 4 kpeoumu ECTS.
Pexomenoosanuii po3noodin HaguaibHO20 Yacy

Bcvozo Po3nooin nasuanvnozo uacy 3a euoamu

3anAmMb
@Dopma | k | 200 | Jlek Kon CP | Cemecmposa
HA6UaHHA | pe | un yii  |llpakmuuni|Inousio| mp. C | amecmauyia
(ceminapcn | yanvhi | (Moo
u Ki) 3aHam )
3AHAMMSL msi poo.
6
JlenHna 4 1120 18 18 1 84 |ex3ameH

Hucuumnnina « BuOpani po3ainu ¢i3uku TBEpAOTO Tijia» BKIOUAE HACTYIHI TEMHU:
1. Oco0,1MBOCTI CTPYKTYPH TA BJIACTUBOCTI TBEPAMX TiJI.

OcHOBHI THIM 3B’S3KIB y TBepaux Tuiax. Judpakmis y kpucranax. JuHamika
KPUCTAJIYHOI FPATKH.



EjiekTpoHHI BJIACTHBOCTI TBEPAUX T

TeroBl BIacTUBOCTI TBEpAWX TUI. JlemokasizoBaHi 1 JIOKali30BaHI CTaHU E€JIEKTPOHIB Y
Kpuctanax. Meranu.

MarHiTHi BJacCTHBOCTI TBepAMUX T

Knacudikanis wmarnerukiB. [lpupoma niamarnetusmy. Ilpupoma mapamaraetusmy.
®epomarnetnzM. OOMiHHA B3a€EMO/IisI, CIIHOBI XBUJI1, MATHOHHU.

2. Hanomarepiajau Ta HAHOTEXHOJIOTII.

Knacudikauis Hanomarepianis. [loBepxueBa eneprisi. THCK 117 BUKPUBIEHOK OBEPXHEIO.
Metoau orpuManHsa HaHoMmaTepianiB. CTpYKTYpHI BIIaCTUBOCTI HaHOMarepianiB. Po3MipHi
eextu B HaHOoMarepianax. MetaneBi HaHouacTuHKH 3 ['IK 1 I'II- rparkoro.

3. HaHoyacTHHKH

BrnactuBocTi  1301p0BaHUX  HAHOYACTHMHOK. CTPYKTYpHI BJIACTUBOCTI  130JIbOBAHMX
HAHOYACTUHOK. ENeKTpoHHI BIacTHMBOCTI HaHOYacTUHOK. Kiactepw. MarsiTHi
BJIACTUBOCTI HaHo4yacTHHOK. OnTtuyHi BractuBocTi. [loBepxHeBi mmia3mMoHu. SBuiine
MTOBEPXHEBOTO MiJICHJICHHS €IEKTPOMArHiTHOTO BUIPOMIHIOBAHHSI

4. BymieneBi HAHOCTPYKTYpH

[Ipupona BymieneBoro 3B's3ky. Moaudikamii Bymiemto. ['papen. dynepenu. Byrnenesi
HaHOTPYOKU. MeTonu onepkaHHsI BYIJIELEBUX HAHOCTPYKTYp. EnexTpuuHi BIacTHBOCTI
HaHOTPYOOK. MexaHiuHI BIaCTUBOCTI HAHOTPYOOK.

5. HaHoTexHOJIOrII B eJ1eKTPOHILI.

Byrneneri HaHomarepiaiu: OTPUMAaHHS, BJIACTUBOCTI Ta 3aCTOCYBaHHS Yy MPHUCTPOSX
HAKOITMYEHHS CHEPrii.

CymnepkongeHcaTopu. TeKCTUIBHI CYyNIEpKOHIEHCATOPH.
Consuni enemeHTH. [laMBHI €JIEMEHTH.
6. MarniTHi HaHOMAaTepiaJIu.

MarniTHi HamiBOpOBIIHUKK. MarHiTHi HaHomarepiaau. BruiMB HaHOCTPYKTypyBaHHS
0o0’eMHOT0O  MarepiaJly  Ha  MAar”iTHI  BJACTUBOCTI  (BUKOPUCTAaHHS  SIBUIA
cymneprapamMaraetusmy). @epoMardiTHi piJIiHU.

4. HapuaJuabHi MaTepiajam Ta pecypcu
baszosa nimepamypa:

1. HaykoBi BunanHs 3 HaykoMmeTpuuHoi 6a3u SCOPUS (BuibHMI nocTyn y 610510TeI
KIII im. Iropst CikopcbKoro)

— https://www.sciencedirect.com/search?qs=physics%20solid%?20state

— Nano Letters by the American Chemical Society https://pubs.acs.org/loi/nalefd

— Nanotechnology by IOP Publishing https://iopscience.iop.org/journal/0957-4484


https://pubs.acs.org/loi/nalefd
https://iopscience.iop.org/journal/0957-4484

Physica  Status  Solidi  http://www.pss-a.com/ ;  http://www.pss-b.com/;
http://www.pss-c.com/

Physics of the Solid State http://journals.ioffe.ru/journals/1,

https://www.springer.com/journal/11451/ ta inmi.
Crpoitenea H.I., KicenboB €. M. ®@i13uka TtBepAoro tisia. HaBuanbHuil mociOHHMK

—3/1IA, 3anopixoks, 2018. — 145 c.

. ®i3uka HaHoMmarepianiB Ta kommno3uTiB / B. I. Mensiino, B. I. Mimenko, II. IO.

HNonropykuit, M. . Cebano. — 3amopixxks: 3HY, 2018. — 114 c.
https://moodle.znu.edu.ua/mod/resource/view.php?1d=134058

Korrobuncrkuit B.O., boituyk B.M. Hanomarepianu y mpucTposix reHepaiiii eneprii
/ “TlpukapnaTcbkuii HailloHaJdbHUN YHiBepcuTeT iMmeHl Bacwis Credanuka”. —
IBaHO-DpaHKIBCHK, 2021. 287 C.
http://lib.pnu.edu.ua:8080/handle/123456789/1 1637

. KomroOuncekuit  B.O., boituyk B.M. MarHiTHi BIacTUBOCTI HaHOMarepiamis/

“IIpukaprnarcbKuii HauiOHaﬂbHHﬁ yHiBepcuTeT 1MeHi Bacuns Credanuka”. —
[BaHO-®DpaHKIBCHK, 2021. — 357 C.
http://lib.pnu.edu.ua:8080/handle/123456789/11635

Karim Khan, Ayesha Khan Tareen, Muhammad Aslam, Asif Mahmood, Qasim
khan, Yupeng Zhang, Zhengbiao Ouyang, Zhongyit Guo, Han Zhang, Going green
with batteries and supercapacitor: Two dimensional materials and their
nanocomposites based energy storage applications / Progress in Solid State
Chemistry, Volume 58, 2020,
https://doi.org/10.1016/j.progsolidstchem.2019.100254.

JlonarkoBa jiiTeparypa:

l.

Islam, M. R., Afroj, S., Novoselov, K. S., & Karim, N. (2022). Smart electronic
textile-based wearable supercapacitors. Advanced Science, 9(31), 2203856.
https://doi.org/10.1002/advs.202203856

CyOMIKpOHHI Ta HAHOPO3MIPHI CTPYKTypH €JIEKTPOHIKH: MiIAPYyYHUK / 3EeHOH
IOpiitoBuu Totpa, IBan IBanoBuu Ipuropuak, borman AwnrtonoBuu JlykisiHels,
Bikrop IlerpoBnu MaxHiii, Cepriit Bonogumuposuu [1aBnoB, YUepHiB. Hall. yH-T IM.
1O. ®enproBuua; 3a pen. 3enon HOpiiioBuu l'orpa.— YepHiBui : TexHOMOTTUHUN
LenTp, 2014.— 838 C.
http://pdf.lib.vntu.edu.ua/books/2018/Gotra Nanoelektron 2014 839.pdf

. Ty3sk O.51. OCHOBU €JEeKTPOHHOI Ta 30HJI0BOI MIKPOCKOIIIi: HaB4. MocioHuK / O.51.

Tyzsk, B.YO. Kypnsk. — JIeBiB : JIHY imeni [Bana ®@panka, 2012. -296 c.
B.B. Ilorocos, I0.A. Kynunpkuii, A.B. ba6iu, A.B. Koporyn “Enementu dizuku
MOBEPXHI, HAHO- CTPYKTYp 1 TexHouoriit”, 2010, 3anmopixoks: 3HTY, 365 c.

. [Ipomnenxo I. FO. Hanomarepianu i HAHOTEXHOJIOT1T B €JEKTPOHIII : MAPYyYHUK / [BaH

FOxumoBuu [lponenko, Haramnis [BaniBHa [llymakosa ; Cym. nepxk. yH-T. — Cymu :
CyM. nepx. yH-T, 2017. — 150 c.


http://www.pss-a.com/
http://www.pss-b.com/
http://journals.ioffe.ru/journals/1
https://www.springer.com/journal/11451/
http://lib.pnu.edu.ua:8080/handle/123456789/11635

6. Hanomarepianu 1 HaHOTEXHOJIOTIi: HaB4YainbHUU mMOCIOHUMK / A3zapenkoB M. O.,
Hexmonos 1. M., bepecuer B. M., Boepozin B. M., [Torpeonsk O. /1., Kosrys I I1.,
Cob6oms O. B., Ynosuipkuii B. T, Jlutopuenko C. B., Typ6in I1. B., Uumkana B. O.
— X. : XHYVY imeni B. H. Kapaszina, 2014. — 316 c.

7. Tomnasko FO. M. Il dizmka TBepmoro Tima : miapyyauk. B 2-x tomax. / FO. M.
[TonnaBko. — KuiB : KIII im. Irops Cikopcekoro, Bua-so «Ilomitexnika», 2017. —
Tom 1: CrpykTypa, KBa314aCTUHKH, METAJIN, MarHeTuku. — 415 c.

8. IMommaBko FO. M. Il ®i3zuka TBepmoro Tina : migpydHuk. B 2-x tomax. / 0. M.
[TornaBko. — KuiB : KIII im. Irops Cikopcekoro, Bua-so «Ilomitexnika», 2017. —
Towm 2: JlienekTpuKku, HaMmiBIPOBITHUKH, (ha30B1 iepexoan. — 379 c.

9. Tlomaeko FO. M. Hanodizuka, HaHOMaTepiaiy, HaHOEJIEKTPOHIKAa: HaB4. MOCi0./
1O0. M. Tlomnasko, O.B. bopucos, I0.1. dxumenko. — K. : HTYY «KIIl», 2012. —
300 c.

10.Hanomarepianu, HaHoTexHOJOTii, HaHOmpucTpoi/ boposuit M.O., KyHnunpkwii
I0.A., Kanenuk O.0., Oscienko 1.B., Ilaperpaaceka T.JI. — Kuis: «IaTepcepnicy,
2015.-350 c.

11.B.B. TIlorocos, O.A. Kynwmnpkwuii, A.B. ba6iu, A.B. Koporyn, A.Il. Illnak
“Hanodi13uka 1 HaHOoTexHomor1i”, 3anopixoks: 3HTY, 2011. — 380 c.

12.Samer Bayda The History of Nanoscience and Nanotechnology: From Chemical—
Physical Applications to Nanomedicine/ Samer Bayda, Muhammad Adeel, Tiziano
Tuccinardi, Marco Cordani, Flavio Rizzolio // Molecules 2020, 25(1), 112

13.Hogi pedoBunu. Yactuna 1. Big TpaguuiiHUX 10 HOBUX MaTepiaiiB: HaBUYAJIbHUI
nociGuuk 1o kypey nekuiit / O. T. Boropow, C. O. Boponos, B. 1. Koroscskuit, H.
O. Topmiitko ; HTYY «KIIl» ; mix pea. O. T. boropoma. — KuiB : HTYY «KIII»,
2015.-517c.

14.boropom;, O. T. Hoi pedoBunn. Yactuna 2. I[I’e30enexkTpuyni Ta
CerHeTOeNeKTpUYHI Marepianu: HapdanbHUM mociOnuk / O. T. Boropom, C. O.
Boponos, B. M. Korosebkuit ; HTYY «KITI» ; mig pea. O. T. boropoma. — KuiB :
HTVY «KIII», 2015. — 455 c.

15.boropom, O. T. Hosi peuoBunu. Yactuna 3. Hano- Ta 6iomarepianu 1 Matepiaiu 3
YHIKQIbHUMU BJIACTUBOCTSIMU: HABYaJbHUM MOCIOHMK A0 Kypcy Jjekuit / O. T.
Boropom, C. O. Boporos, B. 1. Korosceknii ; KITI im. Irops Cikopcbkoro. — KuiB
KIII im. Irops Cikopeskoro, 2016. — 405 c.

HaBuyaJibHUI1 KOHTEHT
5. MeToauka onaHyBaHHS HABYAJIbHOI JUCUMUILIIHA (OCBITHHOT0 KOMIIOHEHTA)

3aranpHUI METONWYHUH TiAXi 10 BUKIAJAHHS HaBYAJIHHOI JUCIUIUIIHN BU3HAYAETHCS 5K
KOMYHIKaTHBHO-KOTHITUBHUI Ta MpodeciiHO OpPIEHTOBAHWUM, 3TIIHO 3 SKUM Y ILIEHTPI
OCBITHBOTO TIPOIIECY 3HAXOAUTHCS ACHIPAHT — Cy0’ €KT HaBUAHHSA 1 MaliOyTHIi HayKOBEIIb.

Jlexyiuni 3ausammsi

Ne Ha3Ba Temu Jsiek1iii Ta nepenik OCHOBHUX IUTaHb
3/m




Tema 1. Oco0JIUBOCTI CTPYKTYPH Ta BJIACTUBOCTI TBEPAUX TiJl.

OcHOBHI TUMH 3B’S3KIB y TBepAuX Tinax. OCHOBU 30HHOI TEOpii TBEpIAUX
Tin. Audpakiis y kpuctanax. JluHamika KpUCTaTI4HOI TPATKH.

EJjiekTpoHHI BJIACTUBOCTI TBEPAUX TLI

TemioBi BIAacTUBOCTI TBepaAuX Tul. JlenokanizoBaHi 1 JIOKalli30BaH1 CTaHU
€JIEKTPOHIB Y KpucTanax. Meraiu.

MarHiTHi BJ1aCTUBOCTI TBEPAMX TiJl.

Knacudikamis  marnerukiB. Ilpupoma  giamarnerusmy. Ilpupona
napamaraetusmy. depomarnerusm. OOMiIHHA B3a€MOJis, CIIHOBI XBHIII,
MarHoHH.

Tema 2. HanoMarepiaiu Ta HAHOTEXHOJIOTil.

Knacudikauis nHanomarepiamB. IloBepxneBa enepris. Tuck mia
BUKDUBIICHOIO TOBEpPXHEW. Meronu OTpUMaHHS HaHOMarepiaib.
CtpykTypHi BJIacTMBOCTI  HaHomarepianiB. Po3mipHi edexktu B
HaHomatepianax. Meraneri HanodacTuHkH 3 ['LIK 1 I'LL[- rpaTkoro.
[Topucti Ta 610MOp(dHI HAHOCTPYKTYPH.

[lepcnexkTBE 3acTOCYBaHHS HAHOTEXHOJIOTiH 1 HaHOMaTepialiB B
MEIUITNHI, MaImHOOy/TyBaHHI, CJICKTPOHIII], 1H(bOpMaIiiTHIX
TEXHOJOTISIX, E€HEpPreTHIll, CUIbCBKOMY TOCIOJAapCTBI, HAaHOMEXaHIYHUX
OPUCTPOSIX.

Tema 3. HaHOYACTHHKH

BrnactuBocTi  130/1bOBaHUX ~ HAHOYACTUHOK. CTpPYKTYypHI  BJIaCTHBOCTI
130JIbOBAHMX HAHOYACTUHOK. EJEKTpPOHHI BIIACTUBOCTI HAHOYACTHHOK.
Krnacrepu. MarHiTHi BIacTUBOCTI HAHOYACTHUHOK.

OnTuyHi BIACTUBOCTI HaHOYACTUHOK. [lOBEpXHEBI MIa3MOHU, METOIHU iX
30ymxeHHs. [IoHSATTS JOKami30BaHMX IJIa3MOHIB. EBaHECIEHTHI XBUIII.
Po3nonin 3apsaiB Ha MOBEpPXHI MeTaldy Npu 30yIKEHHI €BaHECIIEHTHOI
XBWIl 1 (Di3uyHa I1HTEpHpeTaiiss eKCHOHEHI[IadbHOro 3aTyXaHHs il
iHTeHcuBHOCTI.  [lmasmoBa  wactota 1 BigZ €éMHUH  KOeQILIEHT
JTIEEKTPUYHOI  MPOHUKHOCTI.  SIBUIE TMOBEPXHEBOIO  IMJICHJICHHS
€JIEKTPOMArHiTHOTO BUMPOMiHIOBaHHS. HamdyTnuBi ceHCOpH, 3aCHOBaHI
Ha TOBEPXHEBOMY IUIa3MOHHOMY pe3oHaHCi. ['iraHTchke KoMOiHaIliifHe
poscitoBanHsi (SERS - Surface-Enhanced Raman Scattering). ®otonni
KpHUCTAJIH.

Tema 4. ByriieneBi HAHOCTPYKTYpPH
[Ipupona BymiemeBoro 3B's3ky. Moaudikamii Bymiemr. [paden.
Oynepenu. BymieneBi HaHOTpyOku. MeToau ojfepKaHHS BYTIICLIEBHX




HAHOCTPYKTYp. ENekTpuuHi BIacTHMBOCTI HAHOTPYOOK. MexaHiuHi
BJIACTHUBOCTI HAHOTPYOOK.

Tema 5. HaHOTEeXHOJI0TiI B €JIEKTPOHiLIi.

Byrnenesi HaHomarepianu: OTpPUMAaHHS, BJIACTUBOCTI Ta 3aCTOCYBAaHHS Y
OpUCTpOsiX HakonmuueHHs eHeprii. CynepkoHaeHcaTopu. TeKCTUIbHI
CYHEPKOHJIEHCATOPH.

CousuHi ejiemMedTd. [TaJIMBHI €JIEMEHTH.

Tema 6. MarniTHi HaHOMAaTepiaJn.

MarHiTHl ~ HamiBOPOBIAHMKW.  MarHiTHI ~ HaHomarepiaau.  Brumms
HAHOCTPYKTYpyBaHHSI 00 €MHOrOo Marepiaqy Ha MAarHiTHI BJIaCTHUBOCTI
(BUKOpUCTaHHSA ABUIIA cyneprnapaMarieTusmy). depomaruitTHi piaguHu.

['iranTcekuit MaraiToomip.

INranrcpkuii marniroonip (GMR) 1 #ioro sikicHa iHTEpHpeTallis Ha OCHOBI
30HHO1 CTPYKTYpH MeTaiiB. ['IraHTChKHII MarHiTOOMIp B MYJIbTHIIIAPOBUX
cTpykrypax. Bukopuctanus GMR B obGuuncitoBanbHii TexHimi. CIiHOBHIA
BEHTWJIb, NPULHUN POOOTH. MAarHiTHUIA TYyHEJIbHHH Nepexid, NPUHLIHIH
MRAM. A magnetic tunnel junction (MTJ) device. CmiHOBI XBWIII.
CninoBi xBwjIl Ha Tpanuili cepenoBuill. CriocoOu 30yIKEHHS CITIHOBUX
XBUJIb

lpaxmuuni 3anamms

Hasga temu 3aHSTTS Ta nepesiik OCHOBHUX MUTaHb

Knacudikamis rparok bpape. IlimomuHu Ta HanpsMKA B KPUCTall, 1HICKCH
Minnepa. Koopnunariiine uyucno. IlopiBHSHHS pI3HUX THIIIB 3B’SI3Ky B
KpuCTajgax. YTBOPEHHS E€HEPreTUYHUX 30H Y CIHPOIIEHIA MOjei KpucTaja.
Po3p’s30k  piBHsHHS [llpeminrepa y mnepiogndyHOMY MOTEHIIATBHOMY TOJ1
KpHUCTaa.

Knacudikauis nanomarepianis. Po3miphi epexktu B HaHOMaTepianax. 2-, 1- ta
0- BUMIpHI HAHOCTPYKTYPH.

I'paden Ta iioro BIacTUBOCTI.

EBomronis mopgosnorii HaHoYaCTUHOK. MeTonu CHHTE3y HaHOCTPYKTYpOBaHHX
MarepiaiB

[ToBepxHEBI TUIa3MOHM y METai30BaHUX HAHOCTPYKTYPOBAHHX MOBEPXHSIX.
CrexTpy MOBEPXHEBO IMIJICUJIHOTO KOMOTHAIIHOTO pO3CitOBaHHS
HanorexHosorii s eKOJOTIYHUX JDKepen CICKTPOKUBICHHS. bioposkmamHi
CYIIEPKOHACHCATOPH.




7 | MexaHi3M yTBOpPEHHS JOMEHHO1 CTPYKTypH (PepOMarHeTHuKiB
8 | I'iranTchkuil Mmaraitoonip. CriiHOBUM BeHTWIb. CIIIHOBI XBUJII.
9 | Oco0nuBOCTI 3aCTOCYBaHHsS E€KCIIEPUMEHTAIbHUX METOIIB  JOCHIIKCHHS

BJIACTUBOCTEU TBEPAUX TLI

6. CamocriiiHa po0oTa cTyleHTa/acmipaHTa

CamocriitHa poOoTa 3m00yBada HAYKOBOTO CTyMeEHs AokTopa (iocodii € OCHOBHUM
3ac000M 3aCBOEHHS HABYAIBHOTO MaTepialy y BUIBHUN BiJ HAaBYAJIbHHUX 3aHATH Yac 1

BKJTFOYAE:;
Ne 3/mt Bun camocriitHoi pobotu KinekicTe
rogud CPC
1 [TizroToBKa 10 ayTUTOPHUX 3aHATH 48
2 ITigroroBka 1o MKP 6
3 [linroroBka 10 €K3aMeHY 30

IHoniTHKa Ta KOHTPOJIb
7. ToniTMka HABYAJBHOI M CIUILTIHUA (OCBITHHOI0 KOMIIOHEHTA)

Cucrema BUMOT, sIKi BUKJIa/Ia4 CTAaBUTh TIEPE]T aCIipaHTOM:

® - @paBWiIa BIJABIYBaHHS 3aHAThH: BiAnmoBinHo 1o Haxkazy 1-273 Big 14.09.2020 p.
3a00pOHEHO OLIHIOBAaTH MPUCYTHICTH a00 BIJICYTHICTH 3700yBaya Ha ayJUTOPHOMY
3aHATTI, B TOMY WYHCJ HapaxoOByBaTH 3a0XouyBajibHi a0o mTpadHi Oanm.
Bignosigno mo PCO panoi nucumruriHu Oajiyd HApaXOBYIOTh 3a BIATIOBIIHI BUIW
HABYAJILHOI aKTUBHOCTI HA JIEKIIIMHUX Ta MPAKTUYHUX 3aHATTSX.

® - MpaBwWIa MOBCIIHKHA HA 3aHATTAX: CTYJACHT MAa€ MOXJIHUBICTh OTPUMYBaTH Oaju 3a
BIJIMOBIAHI BUJM HABYAIBHOI aKTUBHOCTI Ha JICKIIWHUX 3aHATTAX, HependadyeHi
PCO nucuumniau. BukopucTanHs 3aco01B 3B 3Ky Uil TONIYKY iH(oOpMarllii Ha
TYII-AUCKY BUKIAgada, B IHTEpHETI, B AUCTAHIIHHOMY Kypci Ha tardopmi
CikopChbKUH 3IMCHIOETHCS 32 YMOBH BKa31BKH BHKJIa1a4a;

® - MOJITUKA JE/UIaifHIB Ta TEepecKiaJaHb: SKIIO acHipaHT HE MPOXOAuB abo He
3’siBuBcst HAa MKP (6€3 moBakHOT MPUYMHHU), HOTO Pe3yJsIbTaT OIiHIOEThCS y O OartiB.
[Tepecknananns pesynsrarie MKP He nepenbaueno;

® - TMONITHKA M0N0 akaaemiuHoi goOpodecHocTi: Komexc decti HarmionambsHOro
TEXHIYHOTO yHiBepcUTeTy VYKpaiHu «KHIBCBKMI MOMITEXHIYHUH 1HCTUTYT»
https://kpi.ua/files/honorcode.pdf BcTraHoBIIOE 3aranbHi  MOpajdbHI  MPUHIUIIU,
npaBujia €TUYHOI TOBEIIHKM 0cCi0 Ta mnepefdadae TMOMITHKY —aKaJeMIYHOl
T00pOYECHOCTI JJIs 0Ci0, 110 MPAIIOI0Th 1 HABYAIOTHCS B YHIBEPCHUTETI, IKUMHU BOHU
MaloTh KepyBaTHCh Y CBOIM isUIBHOCTI, B TOMY YMCJIl MPYU BUBYCHHI Ta CKJIa/JIaHHI
KOHTPOJIBHHX 3aXO[IB 3 TUCHUILTIHU «BuOpani po3ainu Gpi3uku TBEPIOTO TijIay;



® - MIpU BUKOPHCTAHHI IU(PPOBUX 3aC00IB 3B’SI3KY 3 BHKJIagaueM (MOOLIbHUI 3B’ S30K,
€JIEKTPOHHA MOIITa, Mepenucka Ha ¢opyMax Ta y COIMEpEekax TOII0) HEOOXiTHO
JOTPUMYBATUCh 3arajbHONPUHHITHX €TUYHUX HOPM, 30KpeMa OyTH BBIWJIMBUM Ta
00MEe’KyBaTH CIIJIKYBaHHS poOOYMM YacoM BHUKJIAJaya.

8. Buay KOHTPOJIIO Ta peTUHIOBA CHCTEMA OLIHIOBAHHS Pe3yJbTATiB HABYAHHS
(PCO)

[ToTo4uHMIT KOHTPOJIL: OMMTYBAHHS 32 TEMOIO 3aHATTS, BUCTYNH 3 AonoBiaao, MKP.
Kanenmapauii KOHTPOJIb: MPOBOIUTHCS BIYl HA CEMECTP SIK MOHITOPUHT MIOTOYHOTO CTaHY
BUKOHAHHSI BUMOT CUJIa0yCy.

CemecTpOoBHil KOHTPOJIb: EK3aMEH.

YMOBU J0TTYCKY A0 CEMECTPOBOTO KOHTPOJIIO: BIACYTHI.

Ha nepmomy 3aHsaTTI acmipaHTH O3HAWOMIIIOIOTHCA 13 PEUTHHTOBOIO CUCTEMOIO
orintoBanHg (PCO) mucnuruiiam, sika moOynoBaHa Ha OCHOBI «IloJIoKeHHS MPO CHUCTEMY
OIIIHIOBAaHHSI pE3yJIbTaTiB HaBYaHH:», https://document.kpi.ua/files/2020 1-273.pdf
PeiiTunr acnipaHTa 3 TUCHUIUIIHU CKJIAJIA€ThCs 3 0aliB, K1 BIH OTPUMYE:

1) Ha TPaKTUYHUX 3AHATTIX;

2) 3a MOAYNbHY KOHTpOsbHY poboTy (MKP);

3) 3a BIJMIOBI/Ib HA €K3aMEHI.

Cucrema peHTUHTOBUX OaliB

1) [Ipaktuuni 3aHsaTTs. BaroBuii koedimieHT A0piBHIOE 5. MakcuMalnbHa KIJIBKICTh OaiB,
AKI MOXXK€ OTPUMATH acHipaHT Ha MPaKTUYHUX 3aHATTSIX CTAHOBUTH 9x5=45 Oanm.
HapaxyBanHs 6aJiiB Ha OJJHOMY NMPAKTUYHOMY 3aHATTI:

- BIIMIHHI BIIIIOB1A1 5 OaiIiBs;

- y>’ke 100pi, 100pi BiAnosial 4 6anu;

-3aJJ0B1JIbHI, JIOCTaTHI BIAIOBIA1 3 Oanu.

2) MonynpHa xoHTpoiabHa pobora (MKP). BaroBuii koeditieHT popiBHIOE 15.
MakcumanbHa KIUTBKICTh OalliB 32 KOHTPOJIbHY po0OTy cTaHoBUTH 1x15=15 Oamnis.
HapaxyBanHs 6aiiB 3a KOHTPOJIBHY POOOTY:

- «BIIMIHHO», TIOBHA B1AMOB11b (He MeHIe 90 % notpidHoi iHpopmarrii) 14-15 Ganis;

- «100pe», JOCTaTHbO TMOBHA BIANOBIAL (He MeHIIe 75 % morpidHOi iH(opMalii abo
He3HauHi HeToyHOoCT1) 13-14 Ganis;

- «3aJI0BUIbHOY», HEMOBHa BIAMOBIAL (He meHmie 60 % moTpiOHOI iHGopMali Ta aeski
nomuiku) 10-12 6ais;

- «HE3aJI0BIIILHOY», HE3aI0BUIbHA BiINMOB1Ab (MeHIIE 60 % moTpi6Hoi iHpopMmairii) 0.

3). Exzamen. Kputepii ominroBaHHs. 3aBIaHHS MICTUTh JBa TCOPSTUYHI MMUTAHHS, KOXKHE 3
AKUX OLIHIOIOTECS Y 20 6ainiB. Beboro 2x20=40 6ainis.

HapaxyBanns 6aniB 3a ek3aMeHaIllliHy BiJIIIOB1/Ib:
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- moBHa BiAnoBib (He MeHIne 90 % notpidHoi iHGopMmariii) 36-40 Gamis;

- TOCTaTHBO MOBHA BiAMOBiIb (He MeHIe 75 % notpidHoi iHdopMmariii) 30-35 Gais;
- HenmoBHa B1ANOBIAL (He MeHIIe 60 % moTpidHOI iHdopMmartii) 24-29 Gais;

- He3aJ0BUIbHA BIANOBLAb (MeHIIe 60 % noTpidbHoi 1H(opmarlii) O.

Tabu1rg BIAIIOBITHOCTI PEHTUHIOBUX OaIlB OIIHKAM 34 YHIBEPCHTETCHKOIO IIIKAJIOKO:

Kinvxicmo 6anis Ouinka
100-95 BigMinao
904-85 Jly:xe nobpe
84-75 JlobOpe
74-65 3aJI0BUILHO
64-60 JlocTaTHBO
Menme 60 HezanoBinbHO
He Bukonani ymoBu He ftomyIieHo
JIOITYCKY

9. lonarkoBa iH(popMais 3 AMCHHUILIIHU (OCBITHBOI0 KOMIIOHEHTA)

[Tepenik nmuTaHb, SIKI BAHOCATHCS HA CEMECTPOBUN KOHTPOJIb:

1. Tunwm 3B’3Ky y KpucTajiax

2. EnepreTruuHi 30HU B KpUcTaii. BiIMiHHICTh €eHEPTreTUYHOT CTPYKTYPH 130JIbOBAHOTO
aToMa BiJ aTomMa B KpHCTaJIIYHIN IparTiii.

3. TlosicHeHHs yTBOPEHHS €HEPTeTUYHUX 30H B KPUCTAJl HA OCHOB1 XBHJIbOBOT
IPUPOJIU EJIEKTPOHIB B OJHOBUMIPHIN MOJIEJi KpUCTaia.

4. Tlepioguunuii moteHian. Po3p’s3ox piBasaHs [lpeninrepa y mnepiogudyHOMY

HNOTEHI1aTbHOMY I0JII KpUCTaia

30HHA CTPYKTYpa HAMIBIIPOBITHUKIB.

Meranu

[Ipupoaa niaMarHeTusMmy.

[Ipupona mapamarseTusmy.

9. ®epomarneruzm. OOMiHHA B3a€MOJIISI.

10. CriHOBI1 XBHIII, MATHOHH.

11.Hanomarepianu. Po3mipHi ehekTy B HaHOMaTepiaiax.

12.JIBOBUMIpHI, OTHOBUMIPHI, HYJIbBUMIPHI HAHOCTPYKTYPH.

13.Tlopucti Ta 6ioMOphHI HAHOCTPYKTYPH.

14.BiactuBOCTI 130JIbOBAHUX HAHOYACTHUHOK.

15.TloBepxHeBi TIa3MOHHU. SIBUIE TOBEPXHEBOTO MIJACWICHHS €JIEKTPOMArHiTHOTO
BUTIPOMIHIOBaHHS

16.Monudixkarii Byremro. ['paden.

17.Moaudixkaii Byriero. Oynepenu.

18. Monudixkartii Byremro. Byriienesi HaHOTPYOKH.

19.CynepkonneHcaropu.

20.CoHsYHI €IeMEHTH.

21.1TanuBHI €JIEMEHTH.

22.T'iraHTChKHUI MarHiTOOIMIp

O N W
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Ceprudikatu NPOXOMKEHHS JUCTAHIIMHUX YW OHJAWH KypciB 3a BiJIMIOBITHOIO
TEMaTUKOI0 MOXYTh OyTH 3apaxoBaHl 3a YMOBH BHUKOHAHHS BHMOI, HaBEIECHUX Y
HAKAS3I Ne 7-177 BI1 01.10.2020 P. «IIpo 3aTBep1yKEHHS MOJIOKEHHS [IPO BU3HAHHS B
KIIT  im. Iropas  CikopcbKOro  pe3ynbTaTiB ~ HaBYaHHS,  HAOyTux Yy
HedopMalibHIN/1H(HOPMaITbHIM OCBITI.

PoGouy nporpamy HaBYAJIbHOI JUCUMILIIHM (cHIa0yC):

Cxuaneno goneHt kadenpu 3aranbHoi (izuku Ta (PI3UKUM TBEpAOro Tula, K.d.-M.H.,
UypcanoBa Mapuna BanepiiBHa

YxBaJjieHo: kadeaporo 3arajabHoi (Hi3UKH Ta MOJIETIOBaHHS (PI3MYHUX MPOIECIB (MPOTOKOI
Ne 06-23 Bin 07.06.2023)

Horoaxeno Meroauunoro komiciero DM (mpotoxon Ne 10 Big 27.06.2023)
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