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1. 3araabHa indgopmanis

Ha3Ba nucnuiiinm Byrnenesi i okcuIHi HaHOMaTepiaiu
OcgiTHs1 mporpama Marictp

CneuniaapHicTs 105 ITpuknanna ¢i3uka i HaHOMaTepianu
I'any3s 3Hanb 10 [TpupogHuyi HAyKU

OcsiTHili piBeHb Marictp

Craryc aucumMIutinm OcHoBHa

Kypc/cemecTp 1/

Po3nonin 3a Bugamu 3anars | Jlexuii —20ron, Ceminaperki — 10ron, CamocriitHa po6ora —60roz
TAa rOAMHAMM TAa HAaBYaHHA

MosBa BUKJIaJaHHSA yYKpalHCbKa

Mocunanns Ha caiit | http://www.d-learn.pn.if.ua
JTUCTAHIIHOT0 HABYAHHSA

2. AHOTaNif 10 Kypcy

Kypc «Byrinenesi i OKCHIHI HAHOMATEPIadl» CTBOPEHHH ISl MATICTPIB OCBITHBO-HAYKOBOI MPOrPaMu
«105 Tlpuknagna dizuka i HaHomatepianu» i «104 di3zuka i actpoHomisi». Kypc po3pobieHo st Toro,
mo6 chopMyBaTH y MaricTpiB ySBJICHHS PO MPUHLIMIIOBO HOBi (i3WKO-XIMidHI SBHUINA 1 MPOLECH, IO
NpUTaMaHHI BYTJICIEBUM 1 OKCHIHHMM HaHoMarepianam (TIOPUCTI CTPYKTYpH, HaHOTPYOKH, QylepeHH,
KOMIIO3UTH/aKTUBOBAHUI BYTJICllb, HAHOOKCHIH MepexiHuX MeTaniB) Taki 3HaHHS € 000B’SI3KOBUMH ITPH
LIECTIPSMOBAHOMY IXHBOMY BHKOPHCTaHHI Yy MPHUCTPOSX HAKONUYEHHS 1 30€peKeHHS eIeKTPUYHOL
eHeprii.

3. Mera Ta uiii kypcy

Mera: BiINOBIZHO O CYYacHMX BHMOI 3a0€3MEUUTH MAriCTpiB 3HAHHAMHU MpO (i3UKO-XiMiuHi
BJIACTUBOCTI BYTJICIIEBHX 1 OKCHJHMX HaHOMAaTepialiB, METOOM iXHBHOTO OTPUMAaHHS Ta IiarHOCTHKH. B
Kypci MOJaHO BiJOMOCTI MPO Cy4YacHUH CTaH Ta MEPCHEKTUBU PO3BHUTKY AOCIIIKEHb HAHOIOPUCTHUX
BYTJICIIEBMX MaTepiajiiB Ta KOMIIO3UTIB (aKTHBOBaHWI ByrJelb / HAHOOKCHAM IEPEXiTHUX METAaliB),
30KpeMa NpO OCHOBHI HAIPSIMKH IXHBOTO 3aCTOCYBaHHS B IPHCTPOSIX HAKONMYEHHA Ta 30epiraHHs
CNMeKTpUYHOl eHeprii. Po3rmsHyTi enekTpoxiMiuHi HpolecH, SKi CYNpPOBOKYIOTh T'€HEpalilo Ta
HAKOMWYEHHS enekTpuyHoi eHeprii. OcoOnuBa yBara TMpHIiIeHa BHCBITJIICHHIO KOHKPETHHX
TEXHOJIOTTYHMX YMOB OTPUMAaHHS BYTJIELEBUX HAHOMATepiasliB 3 CHPOBHHH POCIHMHHOTO IMOXOHKEHHS Ta
BIIMB YMOB CHHTE3Y Ha MOPHUCTY CTPYKTYPY, BEIHYMHY PO3BHUHYTOI MOBEPXHI, MOBENIHKY B BOAHUX Ta
anpoTOHHUX enekTpornitax. OKkpema yacTWHA Kypcy NPHUCBSYEHA MpUHIMIAM (OPMYBaHHS MPHCTPOIB
reHepanii Ta HAKONMYEHHSA eNEKTPUYHOI eHeprii, onTuMizalii IXHIX €MHICHHX Ta EHEPreTHUYHHUX
XapaKTEPUCTUK 3a PaXyHOK THUX UM IHIIMX MEXaHI3MiB HAKOIMMYEHHS 3apsay, 30KpeMa 3 BUKOPUCTaHHSIM
MOJBIMHOTO EIEKTPUYHOr0 LIapy, ICEBIOEMHOCTI.

V pe3ynbTaTi BUBUCHHS HABYANBHOI AUCIHUIUIIHA MaricTp IOBUHEH:

3HAaTH OCHOBHI MOHATTS 1 TepMiHM: TOPUCTHI BYyIJenmeBUH Matepian, rpadeH, ¢ynepen, ¢ymnepur,
HAHOTPYOKH, XipallbHICTh, NOABIMHUN eNEKTPUYHHUN IIap, IICEBAOEMHICTb, BOAHI W AampoOTOHHI
CNEKTPOJIITH, IMITEAAHC, MOPHUCTICTh, IHTEPKAJAIiS, KOMIO3WTH, AKTUBOBAHWM Byrielb / OKCHAHI
HaHOMaTepiaH.

BwMiTH 3aCcTOCOBYBAaTH OTpHMaHi 3HAHHS JUIsl OTPUMAaHHS BYTJIELIEBHX MaTepiajliB Ta OKCHAIB MEepPEeXigHUX
MeTajiB 3 Hamepe[ 3aJaHUMH XapaKTEePUCTUKAMH, BCTAHOBUTH iXHI OCHOBHI XapaKTEpUCTHUKHU, 30KpeMa
MUTOMY TOBEPXHIO, PO3MOAUI TOp 3a pPO3MipamH, HAsABHICTb NOBEPXHEBUX (YHKLIOHATBHHUX TPYII,
MUTOMY E€JIEKTPOIPOBIAHICTD, CHOPMYBATH MPUCTPOI TS TeHepallii Ta HAKOMUYEHHSI eIEKTPUYHOT eHeprii
1 BCTAHOBHUTH iXHIO MUTOMY €MHICTh, TUTOMY IOTY)XHICTh, BHYTPIIIHI Omip, BUSCHUTU BIUIUB Ha JaHi
XapaKTEPUCTUKU TUX UM IHIINX (QYHKIIOHAIBHUX TPYI.

4. PesyabTaTn HaBYaHHsI (KOMIIETEHTHOCTI)

Komnerenuii coniaJibHO-0COOHCTICHI:

® HamoJerIuBIiCTh Y TOCATHEHHI METH;

e TypOOTa Mpo SIKICTh BUKOHYBaHOi poOOTH;

® KpEaTUBHICTh, 3IaTHICTh 10 CHCTEMHOTO MUCIICHHS.
IHCcTpyMeHTANBHI KOMIIETEHI]i:

® HaBHYKHU YNPaBJIiHHS iH(OpMaIi€ro.




IIpodeciiini koMmeTeHIii:

® 3/IATHICTb JI0 KPUTHYHOTO aHATI3y Ta OI[iIHKK CYYaCHUX HayKOBHX JIOCSATHEHb;

3/IaTHICTh TEHEPYBATH HOBI iiel MPU BUPIMICHHI JOCI THULBKUX 1 MPAaKTHYHUX 3aB/IaHb,

3JIATHICTH JI0 3aCTOCYBaHHS 3HAHb JIsl BUPINICHHS 3aBlIaHb SKICHOTO 1 KUTBKICHOTO XapaKTepy;
30aTHICTH MIPOMOHYBATH Ta OOIPYHTOBYBATH TilIOTE3N Ha OCHOBI TEOPETUKO-METOAONOTYHOr 0 aHAII3Y;
3/IaTHICTh 3aCTOCOBYBaTM KOMIT FOTEPHI TEXHOJOTII Ta MpOrpaMu sl MPOBEACHHS IOCITIDKCHHS Ta
aHaJTI3y OTPUMaHUX JaHHX.

5. Oprani3aniss HABYaHHS KypCy

O6csr Kypey
Bun zangarrs 3arajapHa KUIBKICTH TOAUH

JIEKI[IT 20
ceMiHapchKi 3aHsaTTs / npakTHyHi / 1aboparopHi 10
caMmocTiiiHa poboTa 60

O3Haku Kypcy

Kypc Hopmarushuii /
Cemectp CrenianbHICTh (pix BUOIpKOBUI
HABYaHHS)
1 11 BHUOIpKOBUH
Tematuka Kypcy
Tema, mian dopma Jlireparypa 3aBaaHHH, Bara Tepmin
3aHATTS roJ OLIHKM | BUKOHAHHS

3microBuii Mmoayan 1
OTpuMaHH#, CTPYKTYPa Ta BJACTHBOCTI HAHONIOPHUCTOI0 BYIVIEIEBOr0 MaTepiaasy

Tema 1. Cnocoou Jlexuis 3rigHo cnucky | OmpauioBaHHs 6 3rigHo
OTPpUMAHHSA Ta Moaudikauii | TpakTuyHa JiTepatypu JIEKI1HHOTO pO3KIany
HAHOIIOPHUCTOIO MaTepiaity

BYIJIELIEBOI0 MaTepiaty 3/2

Bumoru 10 BuxigHOL
cupoBuHHU. ['inpoTepmanbpaa
METOJINKa OTPUMAaHHS
HaHOIIPUCTOTO BYTJICI[EBOTO
MaTepiainy. MexaHizmu
¢i3n4HOi aKTUBAIi.
MexaHi3MH XIMIYHOL
aktuBalii. TepMoXiMiyHO
Mo iKOBaHUH BYTJICIEBUH
Martepian. [lomyBaHHs
HaHOITOPUCTOT'0 BYTJICIIEBOTO
MaTepiary Meraiam 3
BHCOKOIO TyCTHHOIO
CNEKTPOHHUX CTaHiB.
Jlazepna Mmomudikamis
BYTJICIICBOT'O MaTepiaiy.

Tema 2. Meroau Jlexuis/ 3rigHo cnuicky | OmpaltoBaHHS 6 3rigHOo
JAOCITiZKeHb HAHOTIOPUCTOr0 | MPakTUYHA |  JIiTepaTypu JIEKL1HHOTO po3Knaxy
BYIJIELIEBOT0 MaTepiaJy. MaTtepiaity

[opomerpis. [Tutoma 2/1

MOBEPXHsI TA PO3MOILT MOp 3a
posmipamu. IMnenancua
crektpockorist. [liarpamu
HaiiksicTa, 1X aHamis.
Tepmorpadiunuii anamis.
[ToBepxHeBi hyHKIiIOHATBHI
TpyIH, iXsl BUSABICHHA 1
aHaii3 nuisixoM Paman 1 ITY




cnekrpockortii. [{ukniuna
BOJIbTaMIiepoMeTpisi. Bosbt-
(dapagHi XapaKTEPUCTHKH.

Tema 3. Mopaeai ITELL.
YmoBa ytBopenns [1EILL.
Posnp XIMIYHUX IMOTEHITIAIIIB
npu yrBopenHi [1EIL.
Mogens I'ensMromsna.
BpaxyBaHHs KOHIIEHTpaii
SNIEKTPOJITY 1 BETHYNHH
MPUKIAICHOr 0 MOTEHIIIaTy B
mopeni ['yi-Uemmnena.
Hudysiiina monens [TEI.
Mogens [lTepHa.
ConpBaTOBaHICTB.
BpaxyBanHs po3Mipy HOHIB
enekTponity. Moznensb
Bokpica-Mromnepa. @opmyna
s tosuau TTEIT.

Jlexuis/
NpaKTHYHA

3rigHO CHHCKY
JiTepatypu

OmnpartoBaHHA
JIEKI1HHOTO
MaTepiaity
3/1

3rigHO
po3KIaIy

Tema 4. InTepransiniiini
MpoLecH B HAHOTOPUCTUX
ByIJIelleBUX MaTepianax.
OCHOBHI MOHATTS 1 TEPMIHH.
Meronu iHTepKaIIOBaHHSI.
TepMiYHO-EKCTIO3UIIIHHUH,
XIMIYHO-CEJIEKTUBHHUIA,
SNEKTPOXIMIUHUH.
CTpyKTypHI carekTH
iHTepkuItoBaHHA. Da30Bi
MepeTBOPEHHS, 3yMOBJICH]
MpOoIeCaMy IHTEPKAIIAILII.
loiaTepkansmis i
KOIHTepKaJsList. 3apsaoBuid
cTaH “TocThOBOi”
MiICHCTEMH.

Jlexuis/
NpaKTHYHA

3riiHO CHHCKY
JiTepatypu

OmnpartoBaHHA
JIEKL1HHOTO
MaTepiaity
2/1

3rigHo
po3KIaIy

3micToBHii MOTYB 2.

IIpucrpoi HakonU4YeHHs, reHepanil Ta 30epiranHs eJeKTPHYHOI eHeprii Ha OCHOBI HAHONOPHCTOT0

BYIVICIIEBOI'0 MaTepialy Ta KOMIIO3UTIB HA HHOr0 OCHOBI.

Tema 5. [IpuHuun podoTu
Ta KJacupikamis
eJIeKTPOXiMIYHHX
KOH/IEHCATOPIB Ta JxKepes
eJIeKTPHYHOI eHeprii.
Hakonmuenns 3apsmy
MOJBIHUM eNIeKTPUYHUM
mapom. [IceBnoemuicue
HaKOMU4eHHs 3apsay. Pomb
a30TOBMICHUX TPYII.
Kommnosutu Ha ocHOBI
HAHOIOPUCTOTO BYTJIELEBOIO
MaTepialdy Ta HAHOOKCHUZIB
MepexiTHUX METAaIiB.
I'i6puani enexTpoxiMiuHi
CHCTEMH.

Jlexuis/
NpaKTHYHA

3riAHO CHHCKY
JiTepatypu

OmnpartoBaHHA
JIEKI1HHOTO
MaTepiaity
2/1

6

3rigHOo
po3KIaIy

Tema 6. Bumoru o
eJIeMEHTIB KOHCTPYKILil
CyNePKOH/IecaTOPIB Ta

Jlexuis/
NpaKTHYHA

3rigHO CHHCKY
JiTepatypu

OmnpartoBaHHA
JIEKL1HHOTO
MaTepiaity

3rigHo
po3KIaIy




NPHUCTPOIB reHepanii
eJeKTpoeHeprii.

CriocoOn BUTOTOBJIEHHS
ENIEKTPOIiB, IX ONTHMaJbHA
TOBIIMHA. B3aeMO3B’ 130K MIXK
MacaMmH eNIEeKTPOLIiB.
Cenapatop. HMonna i
ENIEKTPOHHA POBIAHICTH
cenaparopa. BomHi i
amnpTOHHI ENEeKTPOIIITH, iX
MPOBIIHICTH Ta HAaNpyra
JexoMIo3uiii. Meraniysi i
MJIaCTMACOB1 KOPITYCH:
repeBary i HeJIOMiKY.
Ctpymo3Himaui.

2/1

Tema 7. Excnityaraniiini
XapaKTepPHCTHKH
CYNEePKOH/IEHCATOPIB Ta
NPHUCTPOIB reHepyBaHHS
eJIeKTPHYHOI eHeprii.
ITutoma emHiCTH 1
BHYTPILIHIK OITip,
ONTUMAJIbHE CIiBBiTHOICHHS
MK HUMH. [IuToMa eHeprisa i
MUTOMA MOTYXKHICTb.
KynoniBckka eeKTUBHICTS,
11 3aJIEKHICTD BiJ KUILKOCTI
LUKIIB 3apsiy/po3psiay.
CynepkoHIeHCaTOpU Ta
MpUCTPOI TeHepanii
SNEeKTPUYHOI eHeprii, 10
MPaLIOIOTh 32 MPUHIUIIOM
3apsny/pospsiay [1EIL,
MICEBIOKOHIEHCATOPH,
riOpuaHi enekTpoximMiuHi
CHCTEMH, iXHi IepeBart i
HEJIOJIKH.

Jlexuis/
NpaKTHYHA

3rigHo
po3KIaIy

3riAHO CHHCKY
JiTepatypu

OmpairtoBanHs 5

JIEKI[ITHOTO

MaTtepiaity
2/1

Tema 8. Tunu esnexkrpoJiris
BogaHi i anpoToHHi
enektponitu. Hampyra, siky
BUTPHUMYE TOH UM IHIIWH
CIIEKTPOJIIT.

Jlexuis/
NpaKTH4HA

3rigHo
po3KIaIy

3riiHO CHHCKY
JiTepatypu

OmpairtoBanHs 5

JIEKI[ITHOTO

MaTtepiaity
2/1

[TincymKoBuit KOHTPOJb (€K3aMeH) 45

6. CucreMa OiHIOBaHHS KYpCY

3aranpHa cucTeMa OLIHIOBAHHS KYPCY

[loTouHuii  KOHTPOJNH  3MIACHIOETHCS  MiJ  Yac
MPOBENEHHS JICKUIHHUX, NPaKTHYHHUX, J1a00OpaTopHHX,
IHIMBIAyaIbHUX 3aHATH 1 Ma€ HAa METI NEpeBipKy 3HaHb
CTYAEHTIB 3 OKPEMHX TEM HAaBUaJbHOI IJUCLMUILUIIHU Ta
piBHS iX MIArOTOBIEHOCTI OO BHUKOHAHHS KOHKPETHOI
poboTu. OuiHKK y HAIiOHANBHIN miKami («BigMiHHO» - 5,
«1obpe» - 4, «3aM0BIMIBHO» - 3, «HE33JAOBIUTBHO» - 2),
OTpUMaHi MaricTpamu, BUCTABIIAIOTHCS Y )KypHanax oOJiKy
BiZIBIlyBaHHS Ta yCHIIIHOCTI aKaJeMiqHOI TPYIIH.

MonynbpHuit  koHTpoib (cyma OaiiB 3a OKpeMHid
3MICTOBUH MOJYJb) MPOBOAUTHCS (BUCTABIETHCS) Ha
MiICTaBl OLIHIOBAHHS PE3YyNbTaTiB 3HaHb MAaricTpiB Micis




BUBYECHHS MaTepiaqy 3 JIOTIYHO 3aBEpUICHO] YaCTHHH
JUCHUIUTIHA — 3MICTOBOTO MOZYJIS.

3aBraHHsIM MOAYJIBHOTO KOHTPOIIO € TepeBipKa
pPO3yMiHHS Ta 3acCBOEHHS IIEBHOrO Matepiany (Temmu),
BHUPOOJICHHSI HaBUYOK MPOBEAEHHS PO3PaxyHKOBHX pOOIiT,
BMiHHS BHpINIyBaTH KOHKPETHI CHTyaTHMBHI 3ajayi,
CaMOCTiHHO OIpanboOBYBaTH TEKCTH, 30aTHOCTI
OCMHCIIOBaTH 3MICT JaHOI YaCTHMHU AWCHMILIIHM, YMIHHS
myOJIiYHO YU MMCHMOBO TIOAATH TIEBHUH MaTepial.

CemectpoBuii (ITiICYMKOBHIT) KOHTPOJIb MPOBOAUTHCS
y (opmi ex3zameny.

Exzamen — ¢opma miacyMKOBOTO KOHTPONIO, SKa
nepenbaydae nepeBipKy PO3YMiHHS MaricTpom
TEOPETUYHOr0 Ta MPAKTHYHOTO MPOrPaMHOro MaTepiany 3
yciei OMCHUIUTIHM, 34aTHOCTI TBOPYO BUKOPUCTOBYBATH
3100yTi 3HaHHS Ta BMiHHS, ()OPMYBaTH BJaCHE CTaBJICHHS
JI0 TIeBHOI IpoOJIEMH TOIIO.

Bumoru o nucemMoBoi podotu [lincymkoBa mHCbMOBa poOOTa BHUKOHYETHCS y (opmi
TECTOBHX 3aBJaHb 3 BHOOPOM MPAaBHIBHOI BiAMOBI.
Kinbkicts TecToBuX 3aBmanb — 100.

CeMiHapchKi 3aHATTS [TepeBipka HaOyTHX 3HAHB, HABUYOK 1 YMiHb 3JIIHCHIOETHCS
3a JOMOMOTOK ONMUTYBAaHHS MAriCTPiB Ha TMPaKTUYHHUX
3aHATTAX, 3aXUCT1 IHAWBIMTyalbHUX 3aBlaHb, JAVCTAHINIIHE

HAaBYAHHSL
YMOBH IOTTYCKY 0 MiZICYMKOBOTO [To3uTHBHI OIIHKK 3 TTOTOYHOT'O KOHTPOIIIO 3HaHb 3a
KOHTPOJIIO 3MICTOBHUMH MOIyIssMU (OI[IHIOBaHHS POOOTH CTy[IEHTA

MiJ Yac MPaKTHYHHUX 3aHATH; MOTOYHE TECTYBaHHS MiCIIs
BUBUCHHS pO31iny; pedepar)

MaricTp JAomycKaeTbCsl 00 CKJIaJaHHS €K3aMeHY,
SKIO BIOPOJOBXK CEMECTPY BiH 3a 3MicTOBI Moayni HaOpas
cymapHo 25 OauiB i BHIIE.

MaricTp He OmyCKaeTbcs 00 CKJIaJaHHS €K3aMeHY,
SKIIO BIOPOJOBXK CEMECTPY BiH 3a 3MicTOBI Moayni HaOpas
Menme 25 6aiiB.

7. lHoaiTuka Kypcy

YKonHi hopMu OPYIICHHS aKaIeMivHOT TOOPOYECHOCTI HE TONEPYIOThCS.

Moaituka BucTaBjeHHs 0ajiB. BpaxoByioTbcs 6anu HaOpaHi Ha MPAaKTHUYHHUX 3aHATTIX, MOTOYHOMY
TECTyBaHHI, caMoOCTilHIi poboti (pedepartu, mpesenrauii). [Ipu 1bOMYy 00OB’SI3KOBO BPaXOBYIOTHCS
MPUCYTHICTh Ha 3aHITTAX Ta AaKTHBHICTh MaricTpa MiA 4ac NPAaKTUYHOTO 3aHATTSA; HEAOMYCTHMICTD
MPOITYCKIB Ta 3alli3HEHb Ha 3aHSATTSA; KOPUCTYBaHHS MOOUIBHMM Tene(OHOM, MIIAHIIETOM YH IHIIUMHU
MOOUTEHUMH IPUCTPOSIMH TIiJ] Yac 3aHATTsI; HECBOEYaCHE BUKOHAHHSI TOCTABJICHOTO 3aBIaHHA 1 T. iH.
Bumoru Bukaagauya. KokeH BHKIazad CTaBUTh MaricTpaM CHCTEMY BHMOT Ta TPaBHJI TMOBEIIHKH
MAaricTpiB Ha 3aHATTAX, JOBOAUTH JI0 1X BiJloMa METOAWYHI peKOMEH A1 00 BUKOHAHHS KOHTPOJIBHUX
pobiT, TecToBMX 3aBAaHb. Bce me rapaHTye BHCOKY €(EKTHBHICTb HABYAJILHOIO MpPOLECYy 1 €
000B’SI3KOBOIO TSI MATICTPIB.

8. PexoMeH10BaHa JiTepaTypa

1. bymynsax .M., Pauiii B.I., Koutoouncekuit B.O., 6108, Mopymko O.B. Cuntes, cTpykrypa Ta
SNEKTPOXIMIYHI BIACTUBOCTI HAHOIOPUCTOTO BYTJIEHEBOrO MaTepialy Ta KOMIIO3UTIB Ha HOro OCHOBi. —
IBano-®pankierk: [ABH3 “IlpukapnaTcekuii HamioHadbHUN yHiBepcuteT imeHi Bacuns Credanmka”,
2021, 382c.

2. Inax A.Il. OtpumanHs Ta Mo ]iKalis HAHOIOPUCTOTrO BYTJIEHIO Il MOJIEKYJIIPHIX HaKOMMYyBadiB
enekrpudnoi eHeprii / [A.IL. Ilmak, .M. Byn3ynsk, P.I1. JlicoBchkmii Ta iH.] — K.: HaykoBe BumaHHs.
I®M HAH VYkpainu, 2006.— 82 c. — ISBN 966-360-029-2.

3. Ocradiiuyk b.K. HaHomarepiaqum B TNpHCTpOSX TeHEpyBaHHS 1 HAKONMYeHHS eHeprii  /
[b.K. Ocradiituyk, [.M. bymsynsk, LI I'puropuax, [.&. Mupontok] — IBano-®pankiscek. B/IB LIIT
[IpukapnarcpKoro HalioHaJIBHOTO yHiBepcuTery iMeHi Bacuns Credanuka, 2007. — 200 c. — ISBN 978-
966-640-216-8.




4. Preparation and electrochemical characteristics of N-enriched carbon foam / M. Kodama, J. Yamashita,
Y. Soneda, [at al.]. // Carbon. — 2007. - V. 45.— P. 1105-1107.

5. ®pymkun A. H. /IBoitHoii cioit u anektpoanas kuHernka / A. H. ®pymkun. — M.: Hayka, 1981. — 376
C.
6. Beguin F. Carbons for Electrochemical Energy Storage and Conversion Systems / F. Béguin,
E. Frackowiak. — CRC Press, 2010. — 532 p.

7. IluToMi eHepreTM4Hi XapaKTEPUCTHUKH HAHOIOPUCTOTO BYTJIELIO, aKTHBOBAHOTO opTohochopHOIO
kucnoroto / b. 1. Paudiii, b. K. Ocradiituyk, 1. M. bymsynsk, H. f. Ipaniuok. // Xypnan Hano- Ta
enekTpoHHoi pisuku. —2015. — T. 7, Ne 4. — C. 04077(6).

8. Nanoporous Nitrogen-containing Coal for Electrodes of Supercapacitors / B. K. Ostafiychuk, 1. M.
Budzulyak, B. I. Rachiy, M. M. Kuzyshyn, L. O. Shyyko. // Nanoscience and Nanotechnology Research.
—-2013.-V. 1, Ne 2. - P. 17-22.

9. Kysunmu M. M. EnekrpuyHa NMpOBITHICTH a30TOBMICHHX HaHOIOPUCTUX BYTJICHEBHX MatepiaiiB /
M. M. Ky3umns, 1. M. Bymynsk, B. K. Ocradiituyk, b. 1. Pauiit, P. B. Inpaunekuii, JI. O. Mopos. //
®di3uka i ximis TBepaoro tina. — 2014. — T. 15, Ne 3. — C. 497-503.

10. Bombouu HO.M. Dnexrpoxumuyeckue kouaeHcatopsl / [FO.M. Bonehosuy, T.M. Cepmiok] //
Onexrpoxumusi. — 2002. — T. 38, Ne 39. — C. 1043-1068.

Bukiaagau




