PELLEH3IA

CTapILIOro HayKOBOT'O CIiBPOOITHUKA BiJILTY TETUIOBUX BIaCTUBOCTEH i
CTPYKTYPH TBEPAMX TiJ Ta HAaHOCUCTEM Di3UKO-TEXHIYHOTO IHCTUTYTY HU3bKUX
temneparyp iM. b.I. Bepkina, kanaunara ¢izuko-mMareMaTHYHUX HAyK, CTApLIOrO
HayKOBOTO CITiBpOOITHUKA
3IHOB’€BA Ilerpa BacniaboBuua
Ha quceprauiiiny pobory YHEPEJHUYEHKA Cepris BosioaumupoBuua
«CuHTe3 Ta 0c00IHBOCTI (PI3HYHHUX BJIACTHBOCTEH ByIJleLeBHX
HAHOCTPYKTYP i KOMIO3HTIBY, siKa MOAAETHCS Ha 3/100yTTs HAYKOBOT'O CTYTEHSs
nokropa dinocodii
3a crienianbHicTIO 104 «di3uka Ta acTpOHOMIs»

(ramy3s 3HaHb 10 «IpUPOIHUY] HAYKHY)

AKTya/IbHiCTH 00paHoi TeMH

Ha Moro nymKy akTyanbHICTH poOOTH, 0€3yMOBHO € BHUCOKOK. OCKIIBKH,
NIACHO ByIVIeLIeBI HAHOCTPYKTYPH 3arajioM, Ha ChbOTOJHIIIHIN JJeHb 3HAXOIITh BCe
Olblie 3acTOCYyBaHHS B chepax eJeKTPOTEXHIKU Ta CyMDKHMX TEXHOJIOTisAX. Takox,
ocobnuBo Tpeba BIAMITUTH Cy4acHy TeHIEHII0 0i0(i3HYHOrO 3acTOCYBaHHS
Moau(diKoBaHMX (XIMIYHO, 200 (i3MUHO) BYIVICLIEBUX HAHOCTPYKTYP Ta, BiAMNOBIAHE
IHTEHCHBHE iX JOCHI[DKEHHS B IbOMY HanmpsMKy. OKpeMHUM HamnpsiMKOM
BUKOPUCTAHHS BYIVICLIEBUX HAHOCTPYKTYp Ha ChOTOJHIIIHIA JIeHb € KOMIIO3MTHI
Marepiaiy, MepeBaKHO IMOJIMEpHi, 3 JOAaBaHHSAM BYIVICLIEBUX HAHOYACTUHOK 3
METOI0 MONIMIIEeHHS MeXaHIYHUX Ta (i3MyHMX BiIacTHBOCTe. Taki KOMIO3MTH
BKpai Ba)KJIMBI B IKOCTI KOHCTPYKLIIHHMX €JIeMEHTIB aBia Ta aBTOM0O1/1e0y1yBaHHs,
Ta JUIs KOCMIYHHMX amapariB, Tomo. B auceprauiiiHii poOOTI mpoBeaeH]
AOCIIDKEHHSI MEXaHIYHUX XapaKTEPUCTUK KOMIIO3UTIB HAa OCHOBI SIK €MIOKCUHOTO
KOMMayH/y TaK i nosiedipHoi cMOJIM NPH MEeBHUX METOAMKAX J10/1aBaHHs TEPMIYHO
BiHOBIeHOro okcuny rpadeny (TBOI') ta monugikoBaHOrO BHCOKOYACTOTHUM
IMITyJIbCHUM pO3psAoM B atMocdepi rasy BoaHio okcuay rpadeny (MTBOI), o

[IPUBEJIO A0 3HAYHOI'O HiIlBI/IIIleHHSI MeXaHIYHUX XapaKTCPpUCTHUK.




B wiii mucepramiiiHiii poGoti aBropoM Oyn0 BIPOBAJKEHO JBa HOBITHI
MIIXO JJIsi OTPUMAaHHS Oa)kKaHMX BJIACTUBOCTEH BYIJIEIIEBUX HAHOCTPYKTYP, TAKHUX
sk okcua rpadeny (OI), ta dynepen Coo. Oxcun rpadeny OyB BianajeHuil npu
300 °C (repmiuno BinmHoBnenuit OI' - TBOI'), 3 MeToro oTpumMaTi 6axaHy CTyMiHb
OKHMCIIEHHSI, MiCJIsi HHOTO OYJI0 BAKOPHUCTAHO BUCOKOUACTOTHUH €JIEKTPUYHUN pO3psi
MK eNeKTpoJamMu B arMocdepi BOJIHIO, IO MPHU3BENO O iOHI3alii BOAHIO 3
NOZAJIBILOI B3aeMojiero ioHIB 3 posramoBanuMm TBOI' y Bumisai BiIbHO
HACHUITAHOTO TOONU3Y OJHOTO 3 eNeKTpoiB. Takuid mijixia J03BOJIMB OTPUMATHU 3
onHoro Ooky momubikoBanuit BomHem TBOIT - MTBOI' a 3 iHIIOro cyTTeBO
MiIBULIMTH copOuiiiHy eMHicTh Jiycok TBOI'. TexHomoriss noBosi MpocTa B
MOPIBHSHHI 3 IHIIUMHU MOAIOHUMH, MPEACTABICHUMHU B JITEPATYPi TEXHOJIOTISIMH.
Lls TexHomoris Moxke OyTHM BHKOpPUCTaHA JJisi KOPOTKOYACHOTO HAKOMMYEHHS Ta

TPHUBAJIOTO 36epil"aHH$[ BOJHIO 3 MOI'0 MOAAJILIIIHUM BUKOPHUCTAHHAM B SIKOCTI ITaJIMBa.

[HIIMM HOBITHIM BIIKpUTTSIM aBTOpa AMcCepTalliiiHOl poOOTH Oys10 BUSBIEHHSA
ocobnuBoctel rinpodinbHocTi Qynepeny Cg. [IpoBeneHe B pamkax AaHol
JIUCcepTaliiHOI poOOTH JOCHIIHKEHHS IMOKa3ajo, 110 NMPH MEeBHUX yMoBaX (THCK,
KOHLEHTpallisl, Temneparypa) gynepen Cq MOXKe B3aEMOAISTH 3 BOJOIO 32 PaXyHOK
JIOHOPHO-aKIIeTITOPHOI B3aeMoii. B pe3ynbrari 4oro yTBOPIOETHCS TipaTOBaHUi
¢bynepeH, ONHIED 3 BAXIMBUX BIACTHBOCTEH KOTPOTO € PO3YMHHICTH Yy BOJL.
HeoOxi1HO BIAMITHTH, 110 JUJIS OTPUMAHHS TipaToBaHOTO ¢yliepeHy aBTopom OyB
BHUKOPHUCTaHUI HOBITHIM MeTOJ] KpiOreHHO-CYOIiMallifHOT KOHIeHC Callil cyMillll napy
Bogu Ta Cep. B mpoMy MmeTomi, Ha BiAMiHY BiJ ONHWCAHUX B JIiTEparyp, HE
BUKOPUCTOBYIOTHCSI PO3YMHHMKY Ta 1HIII JOMIIIKHA Ta HE BiOYyBA€THCS MONEPEIHs
ximiuHa Monudikariss monekyn Ceo. JlaHe BIAKPHUTTS Ta 3alpOTIOHOBAHUN METOJ
MO3UTHUBHO 3MIHATh 3araJlbHUM MiAXiJl J0 BHUKOPHCTaHHS HasBHUX KOPUCHHUX

BJIaCTUBOCTEH (ysiepeHy B Oi0JOTIUHMX IiISX.

[TincymoByroumn, BBaXkaro auceprarliiine mociimkenHs Yepennuuenka C.B.
Ba)XXJIMBUM Ta aKTyaJIbHUM 3 OTJISIIy Ha HOro BIUIMB HA MOJAJBIINI PO3BUTOK HAyKU

Ta MOXKJIUBICTh I[MPAKTUYHUX 3aCTOCYBaHb.




HaykoBa HOBH3HA OTPHMAHHX pe3y.IbTATIB
HayxkoBy HOBH3HY nuceprauiiiHoi pobotu Yepennuuenka C.B. MoxHa
BUCJIOBUTH HACTYITHUMH ITyHKTaMH:

1.B omsai mxepen iHpopmalii HaBeJEeHO XapaKTEPUCTUKY ByIVIELIEBUX
HU3BKOPO3MIPHUX CTPYKTYp, SKi 3ajie)arh BiJl KOH(pOpMAIiHHUX OCOOTHUBOCTEH.
OOroBopeHO TEOpeTUYHI METOAM MOJENFOBAHHS TaKUX CTPYKTYp Ta iX XiMIUHMX
MozuGiKalii, 1110 CTBOPIOE MIATPYHTS 1151 SIKHAMKPAIIIOTO YCBITOMJICHHS IIPOLIECIB,
1110 BIUIMBAIOTh HA OTPUMAaHI €KCIIEPUMEHTANIbHI pe3yJIbTaTh JaHoi poOOTH.

2. Briepuie Brasiocst orpuMary BogHui po3uuH ynepeHy Ceo 6€3 BUKOPUCTAHHS
PO3UMHHUKIB Ta MoAuGiKalil Mosiekynu Qynepeny. OTpuMaHHii pO3UUH BHSBUBCS
po3urHOM rigparoBanoro ¢ynepeny Ceo. OTike, Oyi10 BUHANHIEHO 1€ OIHY HOBITHIO
METOJMKY MOro OTpUMaHHs, a caMe KpioreHHo-cyOiMariiHa.

3. Bnepume moaudikoBaHMI BHCOKOYACTOTHMM PO3psiIOM B arMocdepi rasy
BOoAHIO okcuj rpadery (MTBOI') OyB BUKOpHCTaHHMH B SKOCTI 3MILHIOIOYOL
JIOMILIKK y KOMIIO3MTI Ha OCHOBI mojiedipHOi CMOJNH, IO MaJio CYTTEBHH
MO3UTUBHUN e(eKT Ha MEXaHIYHI BJIACTUBOCTI KOMIO3UTY. IHIIMM BiJKPUTTSAM
CTaJIO BUSIBJIEHHS MIJBUILEHHS MIIIHOCTI KJIEHOBOIo 3°€JHaHHS y 3 pa3u, a TaKoxK
BUSIBIIEHHs aJre3ifHUX BlacTUBOCTe mnpu BukopuctanHi TBOIT B skocri

3MILHIOKOYO] JOMIIIIKH €[TOKCUIHOTO KJIEIO.

IIpakTHYHe 3HAYEHHS OleP:KAHUX Pe3YJIbTATIB

IIpakTvyHe 3HauYeHHs pe3yJbTaTiB JAOCHIDKeHb, OTPUMAHMX B JaHii
nucepTauiiHii poboTi:

1. Tepmiuno BigHOBHeHMH okcua rpadeny (TBOI') Ta monudikoBanuit
IMITyJIbCHUM pO3psiioM B arMocdepi BoaHio okcuna rpadeny (MTBOIY) MoxyThb
e(eKTUBHO BUKOPHCTOBYBAaTHCh B SIKOCTi 3MiIIHIOIOYMX JOMIIIOK JJISi YTBOPEHHS
JUCIEPCHO-3MILIHEHUX KOMITO3UTIB Ha OCHOBI nojtiedipHOi Ta enokcuiHo1 cmort. Lle
J0CHIKeHHS] 0€3yMOBHO MiIBUILUTH K HAYKOBHUH IHTEpEC TAKMX KOMITAyH/IiB TaK i

LIKaBICTh 3 OOKYy BUPOOHHKIB aepo-KOCMI4HOI, aBTOMOO1JIeOyAyBaHHs Ta iHILIHUX,

Oinb11 MOOYTOBUX Chepax.



2 HogiTtHi#l cnoci® orpumanHs TrigpatoBaHoro ¢yliepeHy Ta BOJHOTO
po3uuHy ¢ynepeHy Oe3yMOBHO TmpuBepHe yBary (apmaieBTHYHOI raiy3i Ta
NOCHIiAHUKIB B obnacti 6iodisuku. OCKUIBKH CIpOOM BUKOPUCTATH (ysepeHy B
SKOCTI MILJHOTO Ta XiMiYHO CTabiIbHOTO HOCis OioNOriYHMX 100aBOK 1 JIIKiB
pobnsiTeest Bxke Oinbine 20 pokiB, aje Ha 3aBajli cTae HeoOXiHICTh Moaudikaii
MOJIeKyJ (pynepeHy JUlsi OTPUMaHHs iX BOJHOTO PO3UHHY, III0 pOOUTH (ysiepeH O1bIL
peakLiiHO3JaTHUM, Ta TOKCMYHUM. METONMKM OTpPUMAaHHS BOJHUX PO3YMHIB
HeMou(pikoBaHUX (ylepeHiB — e 0e3yMOBHO BaXJIMBHM KPOK JUIs BHPILICHHS
naHoi npobsuemu. J{o Toro x, sk MOKHA OAYMTH 3 Pe3yJIbTaTiB AOCIIDKEHHS JaHOL
AMcCepTaliiHOl poOOTH Ta JITEpaTypHOro OISy, XiMis QylepeHiB BUBYEHA He
JIOCKOHAJIO, OT)KE 11€ NMEePCIeKTUBHUI HANPSIMOK i 3 TOYKHU 30py (hyHIaMeHTaIbHUX
JOCHIKEeHb.

s MopudikoBanuii miasmoro BogHi okcua rpadeny (MTBOI'), moxe
OyTH BMKOPUCTAaHUN B SIKOCTI CHUCTeMH Juis 30epiraHHs rasziB. Takox cama
TEXHOJIOTIS, sika € JOCHTh MPOCTOK MOXKE BHUKOPUCTOBYBATHCH Ul HACHUEHHS

BOJJHEM COPOEHTY, 1110 CKJIaJAa€ThCs i3 ByIIELEBUX HAHOCTPYKTYP.

Cryninb OOrpYHTOBAaHOCTI HAyKOBHX [M0JIOKeHb, BHCHOBKIB Ta iX
JAOCTOBipHICTb.

Pesynbratu nocnimkens aucepraumiiinoi podotu C.B. Uepennuyenka, siki
Oynu OTpHMaHi 3 BUKOPUCTAHHSM HACTYITHUX METOAMK: MPOCBITIIOOYA eJIeKTPOHHA
MIKPOCKOITisi, CKaHyIOUa eJIeKTPOHHA MiKpOCKoTisi, YD CrieKTpOCKOITisi OTTUHAHHS,
I4 cnekrpockomisi NMOIMWHAHHS, iHIlIlOBaHA Jia3epoM Mac-CIIEKTPOMETpisl He
NIAJSAraloTh CYMHIBY, OCKUIBKH JIaHi METOIMKH B)Ke J100pe 3apekoMeH1yBajiu cebe B
KOMO1HaLI5IX, BAKOPUCTAHUX B JIaHiil poOoTi. MexaHiuHi BUIIPOOyBaHHS KOMIIO3UTIB
IIPOBOJMIIMCH 1O cTaHaapram, nependadenumu JCTY, Ta He BUKIMKAIOTh MUTaHb 3
MPUBOJY iX MPOBEJCHHS.

Cnuparounuch Ha Bce BHILEBKa3aHe CTYIMiHb OOIPYHTOBAaHOCTI HayKOBHX



IloBHoTa BHK/Iaay B HAyKOBHX NYyOJiKalisix, 3apaxoBaHHX 32 TEMOIO
AUCepTAaNii.

Marepianu mucepraniiinoi podoru C.B. UepenHuueHnka npejcrtaBieHi B 3
CTATTAX y BUAAHHSX, L0 IHAEKCYIOThCS B MIXKHApPOIHUX HAyKOMETPUYHUX Oazax
SCOPUS Ta Web of Science. Lli Tpu cTarTi ony0nikoBaHi B )ypHaii kBapTuiio Q3,
a came — Low Temperature Physics. B nux poborax 3 J0CTaTHbOI MOBHOTOK
Npe/ICTaBleHI Marepialu JaHoi auceprainidHoi pobortu. Bxazanux myOmikarii
NOCTaTHBO JUIsl AMcepTauiiiHoi podoTu nokropa (inocodii 3riiIHO BCTAHOBIEHHM
BumMoram MOH Vkpainu mono mnyOmikaiiii OCHOBHOTO 3MicCTy Jucepraliil Ha
3000yTTs cTyneHs Jokropa ¢inocodii 3i cneuianbHocTi 104 — «®Di3uka Ta
acTpoHoMmisi». Bcel crarTi HanmucaHo y CMiBaBTOPCTBI, B OAHIM 3 TpbOX cTared —
AUCEePTAaHT € NepLIMM aBTOpoM. Pe3ynbratd HayKOBHX JOCIHIIKEHb JaHOL
AMCepTaliifHOl pOoOOTH JIOMOBIJAJIMCH Ta OOrOBOPIOBATMCH HAa MIKHAPOAHHUX
KOH(pepeHLisX Ta ceMiHapaX, omyOnikoBaHi B 30ipHMKax Te3 HAYKOBHMX
MiKHapoaHUX KoH(epeHiiii (4 Te3) 1 BioMi crieniamicram B raiy3i ¢pizuku. 3 odcsry
NpoBe/IeHOT B paMKax JaucepTallii poOoTH Ta 3 myOJiKaliid cTae O4eBHJIHUM, 11O

0COOMCTHUH BKJIAJ IMCEPTAHTA B O3HAYEHI pOOOTHU € BU3HAYAIbHUM.

3ayBakeHHs 10 AHcepTaNiliHOl poboTH
- Ha wiit nmornsig Oyno © AOLIBHO MOPIBHSATH BIACTHUBOCTI  MOJIIMEPHO-
rpag)eHOBMX KOMIIO3UTIB 3 IHIIUMH, ICHYIOYMMHM, HANpHUKIAJ] [OJIMEpHO-

rpagiToBUMH, Ta 3 iHIIMMHU ICHYIOUMMH He ByIVIeLIeBUMU JO0OaBKaMHU.

- Takox xorinocss 6 mnoOGAYUTH OiNBII PO3TOPHYTY XaPAKTEPUCTHKY
OTPUMAHOTO B paMKax JaHol JAWcepTaliiiHoi poOdoTH okcuay rpadeny ta
MoauikoBaHoro okcuay rpadeny. Hanpukiaa, cTocoBHO COpOLIHHUX AOCHIKEHb

— sIKUM Oyjie BIUTMB 00pOOKH BUCOKOYACTOTHUM PO3PSAIOM B aTMOc(hepl BOAHIO IIPH

IHIIMX eHeprisx?




- CrocoBHO ¢ynepenriipatry — naHa pobora Oyna BUKOHaHa 3a JOCHTHh
KOPOTKMM TPOMIXKOK Yacy Ta moTpeOyBajla CTBOPEHHS Ta HaJalITyBaHHS
crnienudiunoro obnaaHanHs. Ha Moro aymMKy komani, 3a yuactio Ceprisi Baanocs 1e
3podbutu. OTpuMaHa BoJHA CyMill (ylepeHy — i€ JOCHTb YyTJIMBHM, CKJIaIHUI
00‘eKT AOoCiKeHHS, IO TI0TpeOye BeUKOI KiIBKOCTI METOIB 10CiKeHb. OHaK
OTpUMaHI1 pe3yNlbTaTH, B JaHiid JucepraliiHiii poOOTi BKa3ylOTh Ha HAasBHICTh
riipatoBaHoro QynepeHy ab0 CXOOi Ha HBOTO 3a BIaCTHBOCTAMH (hazu. Tomy
JOUIIBHO Oyno © mpoBeCTH MAOCHIKEHHs came TBepaoi (as3u KOHAeHcaTy
rizparoBaHoro @¢ynepeny. besymoBHO, 1s poGora crpusiia 6 MiATBEPPKEHHIO
MOXXIMBOCTI OTpUMaHHs po3unHy Cep y BOAI 0€3 BUKOPUCTAHHS JOTOMIXKHHX
JIOMIIIIOK.

Takox B auceprauiiiHii poOOTI MPHCYTHI rpaMaTU4Hi Ta CTHIICTHYHI
IIOMHJIKH, BXKUBAHHS crieliU(iuHUX TEPMiHiB.

Bka3zaHi 3ayBakeHdsl CYTTEBO HE BIUIMBAIOTh HAa TMO3UTHBHY OIIHKY
aMceprallii, Ha BAaroMiCTb OTPUMAHUX Pe3yJIbTariB, & CTAHOBJISATh HA METY TOYHIlIe

MO3HAYUTH ILISIXU MaiOyTHIX J0CIiHKEHb.

3arajabHa OLIHKA Ta BHCHOBOK

Huceprauiiina pobora C.B. UYepennuuenka «CuHTe3 Ta 0COOIMBOCTI
GI3MYHMX ~ BIACTHMBOCTEH  BYIVIELIEBUX  HAHOCTPYKTYpP 1  KOMIIO3MTIBY €
OpMTiHAJIBHOK, CaMOCTIHHOIO Ta 3aBepIIEHOI0 HaykKoBOK pobortorw. Haykosuii
piBeHb JucepTalii, 0e3yMOBHO, € BHCOKMM; HOBH3H4, HAyKOBE Ta MpPaKTHYHE
3HAYEHHs OTPUMAHMX PE3YJIbTaTIB HE BUKIIMKAE CYMHIBIB.

CTOCOBHO A€sIKOT PO3PI3HEHOCTI JOCIIKEHb, Pe3YJIbTaTH SIKUX BUKJIAJICH] B
JaHli JuceprauidHiii poOOTI MOXKHA KOHCTATyBaTH, IO aclipaHTy BAaJIOCs
BUKJIACTU LI pe3yibTaTH B JIOTIYHIM TMOCTIZOBHOCTI, BIAMOBIAHO J0 Ha3BU Ta
TeMaTUuKU poOOTH.

Takum 4MHOM, BBaXKaro, 110 3a CBOIM HAyKOBHMM pIiBHEM Ta MPAKTUYHOIO
LIHHICTIO, 3MICTOM i O(OpMIIEHHSM JaucepTaliiiHa podoTa MOBHICTIO BiJIOBilA€

Bumoram «llopsinky mpucymkeHHs ctyneHs jaoktopa (inocodii Ta ckacyBaHHS
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piLIEHHS Pa30BOI CHeliani3oBaHOi BYSHOI pajy 3aKiiajy BHILOI OCBITH, HAyKOBOI
YCTAaHOBHU TMpPO MPHUCYIKEHHS CTyINeHs JokTopa ¢inocodii», 3arBepaKeHOMY
nocraHoBoto Kabinery MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44 3i 3minamu
Bia 12 Oepe3ns 2022 p. Ne 341, Bix 19 tpasust 2023 p. Ne502 Ta Bia 03 TpaBus 2024
p. Ne507, a ii aBrop, Yepennuuenko Cepriii BonogumupoBuy, 3aciyroBye Ha
NPUCY/DKEHHSI CTyTeHs JokTopa ¢inocodii 3a cnemianbHicTio 104 — «di3uka Ta

acTpoHOMis» 3 rany3i 3HaHb 10 — «[IpupomHuui HayKW».

Peuensent:

cTapUIHii HAYKOBHH CNiBPOOITHHK By
TeNJIOBHX BJIACTHBOCTEH | CTPYKTYpH TBEpAHX
TiJI TA HAHOCHCTEM

Pi3HKO-TeXHIYHOTO iIHCTHTYTY

HH3bKHX Temnepatyp im. b.1. Bepkina,

KaHAMAAT Qi3HKO-MaTeMATHYHHX HAYK,

CTapUIINi HAYKOBHH CNiBPOOITHH Ilerpo 3IHOB’€B
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