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1. Onuc HABYAJIBLHOI JUCIHUILIIHA

HaiimenyBaHHS TOKa3HUKIB Xapaxkmepucmuka HagyaivbHoOl
oucyuniinu
2. | 3arajbHa KilbKiCTB: 00606 ’s3K06a Oucyuniina
Pix niocomosxu — 2 kypc
KPEIUTIiB — 2 Jlexyii - 16
Ilpakmuuni - 8
rojauH — 60 Koncynemayii - 4
Camocmiiina poboma - 32
3MICTOBHX MOJYJIB — 2 dopma miCyMKOBOTO KOHTPOJIIO:
eK3amen

Meta Ta 3aBJaHHSA HABYAJBLHOI JMCIUILIIHA

Meta (opMyBaHHS y MOJIOJUX JOCIHITHUKIB CY4aCHOTO PIBHS 3HaHb B 00JacTi
(G13u4HOI XIMIi HAaHOMAaTepialiB, OCBOEHHS (DYHIaMEHTaJIbHUX OCHOB PO3BUTKY XIMIYHHMX
HAHOTEXHOJIOTIH; O3HAHOMIIEHHS 3 CY4YaCHHMH METOAAMH JIOCHIKEHHsS eJIeKTPOHHOI
OyZI0OBM aTOMIB, MOJIEKYJI 1 KJIacCTepiB, BU3HAYEHHSI KIHETUYHUX XapaKTEPUCTHK MPOLECIB,
BCTAHOBJICHHSI MEXaH13MIB XIMIYHUX PEAKI1i, B TOMY YMCIIl, CAMOOpraHi3allii pe4OBUHH 1]
JI€FO TI0JIS TOIIIO.

3aBnanHss OCBO€HHS TEOPETUYHUX OCHOB (PI3UYHOI XIMIi IIMPOKOro KoJjia
HEOpPraHIYHUX, KOMIIO3UTHHUX 1 TIOPUIHUX HAHOMATEPialliB, KIIFOUOBUX MIPUHITUIIB IU3aANHY
(yHKIIIOHATFHUX PEYOBHUH 1 METOAIB 1X JociikeHHs. [liAroToBKa actiipaHTiB 0 HAYKOBO-
JTOCIITHUIIBKOT ~ JISUTBHOCTI, TMOB'SI3aHOT 3 PO3BUTKOM  (PI3MKO—XIMIYHUX  OCHOB
KOHCTPYIOBAHHS HOBUX CIIOJIYK T4 KOMIIO3UTHUX PEUOBUH 13 ONTHUMAJIbHUM IO€JIHAHHAM
(YHKIIOHAIBHUX BJIACTUBOCTEH; 0O3HAHOMJIEHHS 3 CyYaCHUMHU METOJAaMHU JIOCIHIKEHHS 1
KOHTPOJIIO MEXaHI3MIB (PI3MYHUX Ta XIMIYHHUX TpaHchopmalliii pedoBuHU. OBOJIOIIHHS
HABUYKaMH TEOPETUYHOTO aHaJi3y pe3yNbTaTiB EKCIEPUMEHTAIbHUX OCIIKEHb.
3acBO€HHST METOIB IUIAHYBaHHS €KCIIEPUMEHTY i 0OpOOKH pe3yNbTaTiB, y3araabHEHHS U
CHUCTEMAaTHU3yBaHHS JITEpaTypHUX HAaHUX 1 CaMOCTIMHO OJep:kaHOl B XOJI JOCHIIKEHb
1H(popMmarii.
IIpenmer AUCHMILTIHUA: HAHOMAaTEpiaIn
[Ipoiec BHBYEHHS NUCHUILUTIHM CHOPSMOBaHUN Ha (DOpPMyBaHHS EJIEMEHTIB HACTYITHHUX
KOMIICTEHTHOCTEH:

a) 3aranpHux (3K):
3K1, 3x4, 3KS5, 3K6, 3KS8.
0) cnemiansHux/paxopux (CK/OK):
CK1, CK3, CK4, Ck7, CK9, CK13, CK14.
[Iporpamni pesynpratu HaBuanus (ITPH): ITPH 2, ITPH 3, ITPH 7, I[TPH 15, T1PH 16, ITPH
20.
VY pe3ynbTari BUBUEHHS HaBYAJIbHOT IUCUHUIUIIHY 37100yBay BUIIOi OCBITH MIOBUHEH
3HATH: OCOOJIMBOCTI MeXaHi3MiB (OpMyBaHsl HyJb-, OJHO-, JABO- 1 TPHU-BHUMIPHHUX

HAHOCTPYKTYp HEOPraHi4HOi, OpraHiyHOI Ta MOJIMEpHOI MPUPOIH; BIUIMBIB CKIamy M
CTPYKTYpH HaHOMATepialliB Ta iX OKPEeMHX KOMIIOHEHTIB Ha CIEKTpaJibHi, (POTOXiIMIivHI,
CJIEKTPOXIMIYHI, KaTaNITU4HI Ta 1HOH  (YHKIIOHAJIbHI  BJIACTHBOCTI, OCHOBH



KOHTPOJILOBAHOT'O POCTY, cTabumi3amii W arperaiii KOMIIO3UTHUX HAHOCHUCTEM; MaTu
YSBJICHHS MPO MOKJIMBOCTI MPAKTHYHOTO 3aCTOCYBaHHS HaHOMAaTepiaiiB: y MEAMIIMHI,
aJIIbTepHATUBHIN €HEePreTulll, CCHCOPHUX MPUCTPOSAX TOIMIO.

BMITH: BHUKOPUCTOBYBaTH HaOyTi (I3UKO-XIMIYHI 3HAHHS JJI1 BHUKOHAHHS
CTpaTeriuHuX 1 MOTOYHUX 3aBAaHb Yy IIMPOKOMY Jiama3oHi poOouMX CHUTyalid Ta
MOBCSIKJICHHOMY KUTTI.

MikaucuMnJiHapHi 3B’ I3KH.

AcmipaHT 3 JaHOT TUCITUILIIHYA TOBUHEH MaTH 0a30B1 3HAHHSI 3 HEOPTAaHIYHOI XiMii Ta
enexkTpoximii. J[Jis BUBUEHHS JAaHOiI AMCIUIUIIHM HEOOXITHO MaTH BHIIY OCBITY 3
BHUBYEHHSM Kypcy (P13UUHOI XiMii a00 XIMIUHO1 (DI3UKH JJIs1 XIMIYHHUX CHEL1aJTbHOCTEH.

3. 3MicT HABYAJIBHOI M CHUILIIHH
3micTroBuii Moayab 1. Hanomarepianu: knacudikaiiisi Ta METOIU OJIep KaHHS
Tema 1. Knacudikamis nanomarepianiB. CydacHa mapaaurMa CTBOPEHHS HOBITHIX
TEXHOJIOT1 Ha OCHOBI HAHOCTPYKTYPOBAHUX T4 KOMIIO3UTHUX MaTEpPiaiB.
Tema 2 . Metoau cunTe3y. Camo30ipka Ta camooprasizailisi HAHOCTpYKTyp. Knacudikarris
METOJIIB OJiepKaHHS HaHocHcTeM. [[ucmeprariiiftai Metoau. Mopdooris HaHOCTPYKTYP.
Oco6muBocTti cunaTesy OD, 1D ta 2D Hanocuctem. Metoau gpakiiioHyBaHHS HAHOCHCTEM.
Meronuka «mapa — piiMHa — KpUCTaDy Jis OJCpP>KaHHS HAHOBICKEPIB IEJEKTPUKIB Ta
HaIIBNPOBIIHUKIB. CUHTE3 HAHOCUCTEM 3 €MYJIbCIii: IEPCIIEKTUBYU Ta BUKIIUKH.
Tema 3 MikpockomniuHi Ta Iu(pakiiiiHi METOM NOCHIIKEHHsI HaHoMaTepianiB. Pobora 3
BIPTyaJIbHUM E€JIEKTPOHHUM MIKPOCKONIOM. TeXHiKa MIATOTOBKU 3pa3KiB Ta OCOOIMBOCTI iX
BHBUEHHS 32 JOTIOMOTOI0 CKaHYBAJIbHOTO Ta MPOCBIYYIOUOTO €IEKTPOHHOTO MIKPOCKOIIA.
[IpakTiKa BUKOPUCTAHHS PEHTTEH(IYyOPECIETHOTO aHATI3Y
3micToBuii Moayab 2. CyyacHl HAaHOMaTEpialy B HAyLll Ta TEXHIL
Tema 1 Meroa xiMmiuHOTO OCapkeHHS 3 Ta3oBoi (a3m (chemical vapor decomposition,
CVD) nns onepskaHHs ByTJIEHEBUX KOMIIO3UTHUX HaHOMATepialiB.
Tema 2. Po3mipHi edexkTd B HAHOTEXHOJIOTISIX: TMPUHIMIM 3aCTOCYBaHHS B
HU3BKOPO3MIPHUX  HAIIBIOPOBIAHUKOBUX MaTepiajax, Jau3aiiHl HaHOKATalli3aTopiB.
Hwuszbkopo3mipHi ByrienieBi HaHoMaTepiaiau. ByriienieBl HAHOTPYOKH: METOJIU OCp KaHHS
Ta 3aCTOCYBaHHS B €JIEKTPOHIIl. DylepeHu: 1CTopis PO3BUTKY YSBICHb MPO iX OyI0BY,
crocoOu ojiep:kaHHs Ta 3acTtocyBaHHs. ['paden, okcun rpadeHy Ta BITHOBICHUN OKCHIL
rpadeHy: BUKIMKM Ta JIOCATHEHHs. ByrieneBi KBaHTOBI TOYKM: HOBa epa
HAITIBIPOBITHUKOBHUX JIFOMIHECIIEHTHUX KBAHTOBHX TOYOK. Aeporelli Ha OCHOBI OKCHUJTHUX,
BYIJICIICBMX Ta METAIIYHUX HAHOCHUCTEM. TOKCHYHICT, HaHOMATEpiaTiB: ICTOpis Ta
cyuyacHICTh. MakceHu: (pi3UKO-XiMisi HOBUX HEOPTaHIUHUX JBOBUMIPHUX HaHOMAaTepiaiiB.
Hanomenuuuna ta HaHokocmertosoris. doToauHamiuHa Tepamis. YCHIXH YKpPaiHCBKUX
BUCHHX B JM3aiiHI HOBUX MOJI(QYHKIIOHATFHUX HAHOMATEPIaliB.

4. TeMu JeKIiHHUX 3aAHATH

Ne, 3/m | Ha3Ba temu KigpkicTh
TOIUH




1 Knacudikauis nanomartepianiB. CydacHa mapagurma CTBOPEHHS | 2
HOBITHIX TEXHOJOTIH Ha OCHOBI HAHOCTPYKTYPOBaHHX Ta
KOMITO3UTHHUX MaTepiaiB.

2 Knacudikaris metomiB oxepkanHs HaHocucteM. Jlucmeprartiiiai | 2
METOTH.

3 Camo301pKka Ta camooprasizailiss HAHOCTPYKTYP. 2

4 Mopdonoris HaHoCTpyKTYp. OcobimBocTi cunte3dy OD, 1D Ta 2D | 2
HaHOcUCTeM. Metou dhpakiioHyBaHHS HAHOCUCTEM.

5 Metonuka «mapa — piggHa — KpUCTam» s OACpXaHHS | 2
HAHOBICKEPIB JIICJIEKTPUKIB Ta HAMIBIPOBITHUKIB.

6 Po3mipHi epekT B HAHOTEXHOJOTISX: MPUHIUIH 3aCTOCYBaHHS B | 2
HU3BKOPO3MIPHUX HAIIBIPOBIAHUKOBUX MaTtepilanax, Iu3aiHi
HAHOKATaJI13aTOPIB.

7 Huszbkopo3mipHi BYIJICIIEBI HaHOMAaTepiau. Byrnenesi | 2
HAHOTPYOKHU: METOJIM OJIEP>KAHHS Ta 3aCTOCYBAHHS B €JIEKTPOHILII.
dynepeH Ta rpadeH.

8 O6nacTi 3aCTOCYBaHHS HaHOMAaTepialiB. TokcuuHICTB | 2
HAaHOMATEPIaIiB: ICTOPisl Ta CYYaCHICTb.

5. Temu ceMiHAPCHKHUX 3aHATH
CeMiHapCBKi 3aHATTA He nepeadaveHi.
6. TeMH NpaKTUYHUX 3aAHATH

Ne, 3/m Ha3zBa Temu KitpkicThb

r'OJIMH

1 MikpockoriuHi Ta IupaxiiifHi METOAN JOCIIIKEHHSI 2
HaHoMatepianiB. Po6oTa 3 BipTyaabHUM €IEKTPOHHUM
MikpockornoM. TexHika miAroTOBKH 3pa3KiB Ta 0COOIMUBOCTI 1X
BHUBUYEHHS 32 JIONOMOT'0I0 CKaHYyBaJIbHOTO Ta MPOCBIUYIOUOTO
SJICKTPOHHOTO MIKPOCKOIIA.

2 [TpakTrKa BUKOPUCTaHHS PEHTTeH(IyOpECIIETHOTO aHATI3Y 2

3 ByrneneBi KBaHTOBI TOYKH: HOBa €pa HAMiBIPOBIIHUKOBUX | 2
JIIOMIHECIIEHTHUX KBAHTOBUX TOYOK.

4 ToOKCHYHICT, HAHOMATEPIAJIIB: 1ICTOPisl TA CYYaCHICTb. 2

5 Yenixu YKPaiHChKHUX BUCHUX B TU3aitH1 HOBHUX | 2
oI YHKITIOHATPHIX HAHOMATEPIaTiB.

7. Temn J1a0OpaTOPHUX 3aHATH

JlabopaTopHi 3aHATTS He NMepeadayeHi.

8. Camocriiina podora




Ne, 3/m HazsBa Temn KinpkicThb
TOJINH

1 Knacudikarist Ta METOM CHHTE3y HAHOOO EKTIB. 4

2 CuHTEe3 HAHOCHCTEM 3 EMYJIbCIN: MEPCIEKTUBHU Ta BUKJIHUKH. 4

3 Brus Temnepatypu Ha popMy Ta po3Mip yacTok. Bzaemoss’szok | 4
PO3Mipy YaCTHHOK 3 iX ONTHYHUMH BIACTUBOCTSIMHU. OCOOIMBOCTI
€JICKTPOXIMIYHO1 MTOBEIIHKA HAHOPO3MIPHUX YaCTUHOK. Brius
PO3MIpY YaCTOK Ha iX ME€XaHI14H1 BJACTHUBOCTI.

4 ®dynepenu. Meroau cuntesy gynepeniB. CTpyKkTypa Ta XiMiuHI 4
BiactuBocTi. Dyrnepenosi axyktu. O0aacTi 3aCTOCYBaHHS
GdynepeHis.

5 ['paden, okcun rpadeny Ta BITHOBICHUHN OKCH]I Tpadeny: 4
BHUKJIVIKU Ta JTOCATHEHHSI.

6 Aeporeii Ha OCHOB1 OKCUJTHUX, BYTJICIIEBUX Ta METAIIUHUX 4
HaHOCHCTEM.

7 Makcenu: Gpi3uK0-XiMisi HOBUX HEOPTaHIYHUX JBOBUMIPHUX 4
HaHOMATepiaJliB.

8 Hanomeauimua Ta HaHoKocMeToJoriss. PoToauHaMivHa Tepamis. | 4

9. ®opMH KOHTPOJIIO i METOAU OLiIHIOBAHHS
(Y T.4. KpuTepil OLiHIOBAHHA Pe3yJIbTATIB HABYAHHA)
JliarHOCTHKa yCHINTHOCTI HAaBYaHHS aACMIPAHTIB 1] Yac MPOBEJACHHS JEeKIiHHUX Ta
NPAKTUYHUX 3aAHATH!
®  yyacTh B OOTOBOpPEHHI IMCKYCIMHUX MUTaHb (2-5 6aiB)
®  JIOMOBIJI, Mpe3eHTAIlil Ha 3aPOTIOHOBAHI TeMH MPAKTHYHUX 3aHATH (10-20 GamiB).

10. ITuTanHs 119 MIACYMKOBOI0 KOHTPOJIIO
1. Onep>kaHHs HAHOCUCTEM 3a MPUHIUIIOM «top down» Ta «bottom-upy.
2. OpepkaHHsS HaHOMAaTeplalliB MEXaHIYHOK JMJI€I0 PI3HUX CEPEJIOBHIN: KaBiTallliHO-
riApoAMHAMIYHUEN croci0, BiOpaliifHuii crocid, MoApIOHEHHS YJIbTPa3BYKOM, CIOCIO
yAapHOi XBUI1 a00 JeTOHAIIMHUI CUHTE3.
3. Oco6MBOCTI XIMIYHUX METO/IIB OJEp>KaHHA HAHOYACTUHOK Ta HAHOMAaTEepialiB:
OCa/)KCHHSI, BITHOBJICHHS,T'1IPOJII3.
4. Ilma3MOXiMIYHMM METOJT CHHTE3y HaHOMAaTepialiB: TEXHOJIOTIYHA peai3allis,
MOKJIMBOCTI Ta HEJIOJIIKA METOTY.
5. BioximMiuH1 ME€TOIM OJIep>KaHHS HAHOMATEPIaJIiB.
6. MeTon emiTakcii B TEXHOJIOTTT HaHOMaTepialiB. MOJIEKYJISIPHO-ITYYKOBa €MiTaKCisl.
7. 3011b-TEIIb Ta TEMITJIATHUN CUHTES3.
8. IcTopuuHi eTanyu CTaHOBIEHHS HAHOHAYKH. 11 3B’ 30K 3 IHIIUMH TaTy3aMHU.
9. Miciie HaHOCTPYKTYpP Ha PO3MIpHI ITKaJll PEYOBUHHHUX yTBOPEHb.
10. O6’exTH HAaHOXIMI].
11.Knacudikariss HaHOMaTepiaiaiB Ta HAHOCHCTEM.
12. Po3MmipHi eeKTH B HAHOCHCTEMAX.



13.0co0nuB1 BIACTUBOCTI PEUOBUHU B HAHOMETPOBOMY Jliama3zoH1 po3mipiB. [Ipuuunu ix
BUHUKHEHHS.

14. OnTr4H1 BIACTHBOCTI METAIIYHUX HAHOYACTUHOK.

15.5Buiie m1a3MOHHOTO pe3oHaHcy. [loBepxHeBHi MIIa3MOHHUI MOJSPUTOH. [iraHTChKe
KOMOiHaIli{He pO3CilOBaHHS CBITJIA.

16. BnmuB nucnepcHOCTi Ha TemiepaTypy (a3zoBux mneperBopeHb. PiBHsHHS [160ca-
Tomcona.

17. BB aucnepcHoOCTi Ha npupicT eHeprii ['100ca, 3MiHy XIMIYHOrO MOTEHIaTy Ta
PO3YMHHICTH TBEPAOIO TiJIA.

18. BB qucrepcHOCTI Ha MEXaHIYH1 Ta MarHiTHI BJIaCTUBOCTI HAHOMAaTEpialiB.

19. MikpocKomiyHi METOIU JAOCIHIPKEHHS HAaHOOO €KTiB. THMM MIKPOCKOMIB Ta ix
MOJIUBOCTI.

20. EnexktpoHHa MIKPOCKOMIS K METOJ AOCHIKEHHS HaHoMmarepiadiB. [IpocBiuyroua
€JIEKTPOHHA MIKPOCKOITisI: TIPUHIIMIT 11, MOKJIMBOCTI Ta OOMEKEHHSI METOTY.

21. EnekTpoHHa MIKpPOCKOMISl SK METOJ JOCHIIDKEHHS HaHomatepianiB. CkaHyroda
€JICKTPOHHA MIKPOCKOITisI: TIPUHIIMIT 11, MOKJIUBOCTI Ta OOMEKEHHSI METOTY.

22. Ocob6mmBa poab Kapbony y HanocBiTi. OcHOBHI anoTtporHi Gopmu KapOony (anmas,
rpadir, kap6in). Ix xapakrepucruka.

23. I'paden: MeTo U CUHTE3Y, BIACTHUBOCTI, 3aCTOCYBaHHS

24. dynepeHu: CTPYKTypa, BIACTUBOCTI, METOIU OJCPKaHHS Ta 00J1acTi 3aCTOCYBaHHS.

25. KapOoHOBI HaHOTPYOKH: CTPYKTypa, BIACTHUBOCTI, METOAM OJIEpaHHS Ta 0O0JaCTI
3aCTOCYBaHHS.

26. HanocTpyKTypy Ha OCHOB1 HEOPTaHIYHUX CIIOIYK. MaHTaHITH.

277. MarHiTHi HaHOMaTepianu. PepoMarHiTHI piIMHA: BIACTUBOCTI, CIIOCOOH OJIepKaHHS Ta
3aCTOCYBaHHS.

28. HaHomaTtepiaiy B €1€KTPOXIMIYHMX MPOLIecax 1 BUPOOHUIITBAX.

29. 3acTocyBaHHS HAHOYACTHHOK B KaTaJli3i.

30. HanonucnepcHi cucTeMy B KOCMETHYHIN raty3i.

31. biomo06aBkH, IK HAHOKOMIIO3HUTH.

32. Oco0auBOCTI 3aCTOCYBaHHSI HAHOYACTUHOK B PI3HUX Taily3siX MPOMUCIOBOCTI.

33. MakceHu, BIaCTUBOCTI. SIBHIIIA «T1ITaHTCHKOTO» 1 «KOJIOCAJILHOT0» MAarHETOOIOPY.

34. HaHo4yaCTUHKHU B MEIUIINHI.

35. HanoenekTpoMexaHi4H1 CUCTEMU: HAHOMAIIIMHK Ta HAHOIIPUCTPOT

36. Hanotexnounorii B mooOyTi.

37. HanoenepreTtuka. MoXJIMBOCTI BUKOPUCTAaHHS HAHOTEXHOJIOT1H JIJ1s1 CTBOPEHHS
MaJMBHUX €JIEMEHTIB Ta MPUCTPOIB [Tl 30€piraHHs eHeprii.

38. [lepcnekTuBM HAHOTEXHOJOT1] Y BIHCHKOBI CITpaBi.

11. Po3noais 0aJjiB

Dopma Ons icnumy

[ToTounumii Ta MepiOAUYHUIN KOHTPOIIb [TincymkoBumii Cywma OaniB
3mictoBuii Mosynb Nel | 3micToBuit Moayiab Ne2 KOHTPOJIb
(icut)
30 30 40 100




IIIxana oninroBanusa: HamioHaabHa Ta ECTS

Cywma OaJiB 3a BCi Ominka O1rinKa 3a HAI[lOHAJIFHOIO IIKAJIOH0
BUJIM HaBYAJIbHOI ECTS JUTSL ICTTUTY TUTSL 3aJTIKY
ISUTBHOCTI
90-100 A BIZIMIHHO 3apaxoBaHO
82-89 B no00pe
74-81 C
64-73 D 3aJ10BIJILHO
60-63 E
35-59 Fx HE3aJJ0BUIBHO 3 HE 3apax0OBaHo 3
MO>KJIUBICTIO MO>KJIUBICTIO
MIOBTOPHOTO MIOBTOPHOTO
CKJIaJaHHS CKJIaJaHHS
0-34 F HE3aJ0BUIBHO 3 HE 3apaxoOBaHO 3
000B’I3KOBHUM 000B’I3KOBHUM
MIOBTOPHUM MTOBTOPHUM
BUBYCHHSIM BUBYCHHSIM
IUCHAIUIIHA IUCHAIUIIHA

12. PexomeHnaoBaHa Jiteparypa
OcHoBHA

. Tepe6inenko K.B., Orenko B.M. Hanoximis Ta HAHOTEXHOJOT1 (11 CTYJEHTIB XIMIYHUX
Ta TeXHIYHUX cremianbHocTel) / KuiB — Jlipa K — 2020 - 145c.
. Baig N., Kammakakam I., Falath W. Nanomaterials: A review of synthesis methods,
properties, recent progress, and challenges //Materials Advances. —2021. — Vol. 2. — No. 6.
—P. 1821-1871.
. Kolahalam L. A. et al. Review on nanomaterials: Synthesis and applications //Materials

Today: Proceedings. —2019. — Vol. 18. — P. 2182-2190.
JlokanbH1 METOII JOCIIIKEHD [ ENeKTpoHHU# pecypc|: mApyYHHK I CTYACHTIB
cnemiansHOCTi 105 «Ilpuknagna ¢izuka ta HaHOMaTtepianuy / 3aropoaniit B.B.; KIII im.
Irops Cikopcbkoro. — Enextponni TekcToBi naHi (1 ¢aitn: 6.40 Mo6aiit) — Kuis: KIII im.
Irops Cikopcebkoro, 2019, 323 ¢
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