BIAT'YK O®IIIMHOI'O OITIOHEHTA
npodecopa kadhenpu Gpizuky MeTaNiB Ta HaMiBOIPOBIAHUKIB
HanioHanbHOro TEXHIYHOIO YHIBEPCUTETY «XapKiBCbKUH MOJIITEXHIYHUH 1IHCTUTYT»,
npodecopa, ToKTopa ¢i3UKO-MaTeMaTHYHUX HayK
3YBAPEBA €grenis MukoaaiioBuia
Ha auceprtauiiiny po6otry YEPEIHUYEHKA Cepria BoioaumupoBuua
«CHHTe3 Ta 0c001HBOCTI pi3HUHHX BJIACTHBOCTEH ByrJielleBHX HAHOCTPYKTYP i
KOMIO3HTIBY, sIKa MOJAETHCS Ha 3100yTTs HAYKOBOT'O CTyMeHs AokTopa dijocodii
3a crieniaybHicTIO 104 «di3uka Ta acCTpOHOMIS»

(ramy3b 3HaHb 10 «IpUpOAHUYI HAYKH )

AKTyajIbHiCTh 00paHoOl TeMH.

JKopcTki BUMOTH, WO MpeA'sBISIOTECS A0 CKIAJAHHUX 3 TEXHOJOTIYHOI TOYKHU 30pY
BUpPOOIB, a TAaKOX MO IX BY3JIiB 1 arperariB, BUCYBalOTh Ha MepLIXH IMJaH TaKi X SKOCTI, SIK
BHCOKI MeXaHiYHi XapaKTePUCTHKH, MOXJIUBICTh HaAIHHOTO (h)yHKLIOHYBaHHS B LIMPOKOMY
Jliarma3oHi TeMmIeparyp, TpUBaJIMH uyac Oe3BigMOBHOI pobotu. Ilepur 3a Bce, Li BHUMOTH
CTOCYIOTBCSI BUPOOIB aepOKOCMiuHOI i 0OOpOHHOI rajiy3ed, a TakoXX HaHOINbLI Bpa3IMBUX
TEMIEpPaTypHO- 1 MeXaHIYHO HaBaHTAXEHHUX YaCTHH 1X KOHCTPYKLiH. 3Baxarouu Ha e,
aKTyallbHOIO € auceprauiHa pobora C.B. UepenHuyeHka, sika MpUCBSYeHA AOCIIIHKEHHIO
HOBITHIX BYTIJIELIEBUX HAHOCTPYKTYp, IO € IMEPCHNEKTMBHUMH MJis CTBOPEHHS JIETKHX
BHUCOKOMILIHUX MaTepiajliB, TAKMX K KOMIIO3UTH Ha OCHOBI OKCHUAY rpadeHy Ta MoJiiMepiB 3
BHUCOKHMH NOKa3HUKaMHU yIapHOi B’SI3KOCTi Ta pO3pHUBHOI HAMpyTH.

3 iHmoro O6OKY, CYMICHICTh BYIJIELIEeBUX CTPYKTYp 3 OIOJOTiYHUMH CHCTEMaMHU
BiIKpHUBA€ MEPCNEKTUBU IXHBOTO 3aCTOCYBaHHS Y 610QI3UYHUX TOCTIIKEHHAX Ta Y MEIULUHI.
3 wi€l TOYKU 30pYy, 3MA€THCSA LIKAaBUM Ta aKTyaJlbHUM 3alpONOHOBAaHHH aBTOPOM pOOOTH
OpHUTiHAJIBHUM KpIOTeHHHH MeTOA OTpUMaHHSA po3duuHHOro @ynepeny Ceg. OTpumanHuii
aBTOpoM TrigpatoBanHuii ¢ynepen Cso, 0cOOMMBO, Horo TBepma ¢asa, ska Oyna yTBOpeHa
CHiJIBHOK KOHJeHcalielo nmapu (yjepeHy i BOOM Ha OXOJIOMKXYBaHy MOBEPXHIO, TAaKOX €

LIKaBOIO K 3 TOYKH 30py (yHOaMEHTaJbHHUX JOCHIMIXKEHb 11 CTPYKTypH 1 TEMJIOBHX



BIIACTUBOCTEM, TaK 1 HaJJa€ MePCIIEKTUBHI MOMIIUBOCTI JIJIsi CTBOPEHHSI HOBUX MOJIEKYJISIPHUX
CIOJTYK.

Oxpemuii inTepec B auceprauiiHii poboti C.B. UepeanuueHka siBisie BAKOPUCTaHUMN
aBTOPOM METOJ| MiABUIIEHHS COPOLIMHOI €MHOCTI BYIIELEBUX HAHOCTPYKTYp, 30KpeMa,
3aCTOCOBAaHMM [0 TEPMIYHO BIJHOBIEHOTO OKCUAY TpadeHy, LUIIXoM #Horo o06pobku
BUCOKOYACTOTHUM IMITyJIbCHUM pO3PSIOM B cepefoBHINI BoaHIO. Takuii Merom oO6poOku
ByIVIELIEBUX COPOEHTIB € aKTyaJlbHUM Ta IEPCHEKTUBHUM 3 TOYKU 30py CTBOPEHHS HOBHX
CHCTEM ra30BOro HaKOIMM4YeHHs i 30epiraHHs.

Takum uyMHOM, BBaxkal0 TeMy nauceprauiiHoro nocuimxeHHs Yepennuuenka C.B.

BaXXJIMBOKO Ta aKTYAJIbHOIO.

HaykoBa HOBH3HA OTPHMaHHX pe3yJibTaTiB.

HaykoBa HOBM3Ha OTpUMaHHX Y JAucepraiiiiHoMy pocinimkeHHi Yepenuuuenka C.B.

pEe3yJNIbTaTIB MOJIATaE y HACTYITHOMY:

1. HagaHo OCHOBHI HaWBaXJIHBIIli OCOOJMBOCTI HHU3BKOMIPDHUX BYINIELIEBUX CTPYKTYp B
omIsiAi kepel iHdopMallii, TaKMX K BINTUB KpUBU3HHU rpadeHOooAiOHOTrO 1mapy (CTepryHi
0cOONMMBOCTI) Ha XiIMiIYHY Ta MexaHi4Hy CTabUIBHICTh BYIVIELEBUX CTPYKTYp. Takox
HaBeJIeHO TeOPEeTUIHHH mopir xemocopobuii. Li mani sk Halkpalle nepeayroTh HaCTYTHUM
JOCIIIKeHHSIM JIaHO1 JUcepTaliiHol poOoTH.

2. BusBIeHO CyTT€BUW TO3MTHBHUN BIUIUB OOpPOOKH IMITyJBCHUM BHCOKOYAaCTOTHUM
po3psaoM B arMocdepi razomomiOHOro BOIHIO Ha COpOLiNHI BIACTHUBOCTI TEPMIYHO
BiJJTHOBJIEHOTO OKCHy rpadeHy.

3. TlokazaHo, 110 JoJaBaHHS MOAM(DIKOBAHOIO IMITYJIbCHUM BHCOKOYACTOTHHM pPO3PSAOM
TepMi4HO BifHOBIEHOro okcuay rpadeny (TBOI') no ckiamy KoMIO3UTy molniedipHa
CMOJIa-CKJIOBOJIOKHO 3HA4HO IMIiJBUIIYE€ MEXaHIYHI XapaKTePUCTUKH O3HAYEHOIO
xomno3uty. IlpomemoHcTpoBano cyrreBuii BiumiB TBOI' Ha ajresiiiHi Ta MexaHidHI
XapaKTePUCTUKU EMIOKCUIHOTO KIIEHOBOIO KOMITO3HUTY.

4. HoBiTHIM BaKyyMHO-KpiOreHHO-CyOIiMalliiHuM MeTomoM Oyna oTpuMaHa TBepaa ¢asza
cyMimi ¢ynepeHa Cgo Ta MOJEKYJ BOOH, IUIABJIEHHS SIKOI YTBOPIOE KOJOIJHUN BOIHHUM

po3uuH ¢ynepeny Ceo. [LInsgxom mocimimkeHb, BAKOHAHUX PI3HUMHU (PI3MIHUMH METOaMH,



JIOBEJIEHO, 1110 TaKUM PO3YHH MICTUTh YuCTH dynepeH Ceo 6€3 Oyap-sIKUX MPOAYKTIB HOTO

XiMiuHOI MoaMiKariii.

IlpakTHYHe 3HAYEHHS OJEPKAHUX Pe3yJIbTaTIB.

Pesynbratu [gocnipkeHh JaHOI AMCEpTAIlifHOI pPOOOTH BaXJIUBI HE TIIBKH 3
byHIaMEeHTaIbHOI TOYKH 30Dy, ajle 1 MaloTh CYTTEBE NPAaKTUYHE 3HAYESHHS:

1. OrpumMaHuii MeToOM OOpPOOKH IMITYJIbCHUM BHCOKOYACTOTHHUM pPO3PSAIOM B aTtMmocdepi
BOJHIO TEPMIYHO BIJIHOBIIEHHH OKCHJA TpadeHy € TMepCrHeKTUBHUM 3 TOYKU 30pY
BUKOPHUCTAHHS Y SIKOCTI €(peKTHBHOTO COPOEHTY y elleMeHTaX MaJuBHUX KOMIPOK, a TaKOX
y SKOCTI HAallOBHIOBa4Ya /Il CTBOPEHHS MOJIIMEPHUX KOMIIO3UTIB 3 ITiJABUIIEHUMHU
eKCIUTyaTalliiHUMH XapaKTepUCTUKAMHU.

2. Po3pobnenuii BaKyyMHO-KpiOr€HHO-CyOIiMaIliiHUK MeTon Moxe OyTH BUKOPHUCTAaHO HE
TIJIBKY JJ1 BUPOOHUIITBA BOAOPO3YMHHOIO TiIpaTOBaHOIO (ysiepeHy, ajie i AJisi CTBOPEHHS
IHIIKX MONIEKYJIAPHUMX CyMilllel i KIaTpaTiB, sKi € 4y TNIMBUMH JIO TiIBUILEHOI 32 KIMHATHY
TeMIIepaTypy.

3. CTBOpeHU# 3a JONMOMOIOI BaKyyMHO-KpiOreHHO-CyOniMaIiifHoro MeToay riipaToBaHUK
¢bynepen Ceo, AKHH JIETKO PO3YUHAETHCS Y BOJII, MOXKe OyTH BUKOPUCTAHO Jist 010(p13UUHUX
JOCIiIKEeHb, CEHCOPIB TOLIO.

BuxoHaHi B JaHiii poOOTi IOCHIMKEHHS BYIJIELEBUX HAHOCTPYKTYpP Ta KOMIIO3MTIB

6e3yMOBHO JalOTh MiAIPYHTS )il MOJANBIINX (yHIaMEeHTaIbHUX JOCIIIKEHb.

CTynim; 00rpyHTOBAaHOCTIi HAYKOBHX MOJIOXK€Hb, BACHOBKIB Ta iX J0CTOBiPHICTb.
Pesynwraru nocmimxens C.B. Uepennuuenka 6a3yroThCsl Ha eKCIIEpUMEHTax, Kl Oynu
BUKOHAHI 3 BHUKOPUCTAHHAM HAIiMHUX CY4YaCHHUX BHMCOKOTOYHHMX YCTAaHOBOK 1 J00pe
anpoOOBaHUX EKCIIEPUMEHTALHUX METOMIB AOCIIIKEHHS MaTepiajiB, TAKMX K CKaHylo4a Ta
NpOCBiYyl0Ya eJIEKTPOHHA MIKPOCKOIIis, ONTHYHA CIEKTPOCKOMis B YJIBTPadioeToOBOMY,
BUJMMOMY Ta iH(payepBOHOMY Jiana3oHax, Jia3epHa Mac-CIIEKTPOMETpisi, MeXaHiuHi
BUIIPOOYBaHHS, Ki J00pe y3rofkKyIThCs MiX COOOIO Ta 3 BIANOBITHHUMH JIiTEpaTypHUMH
naHuMH. PesynbraTu He cynepedyarh TaKOX 1 3arajJlbHOBIIOMHUM (Ii3UYHUM MOHSATTIM 1
npuHnunaM. Lle n1o3Bossie naTh OAHO3HAYHO MO3UTHBHY BiJAIOBiIb HA MUTAHHS IPO CTYIIHb

0OIPyHTOBaHOCTI HAyKOBHX IOJIO)KEHB Ta BUCHOBKIB JUCepTallii, IX TOCTOBIPHOCTI.



IloBHoTa BHKJaAy B HayKOBMX myOJikaulisix, 3apaxoBaHHX 3a TeMOI0 JAHcepTauii.

Marepianu guceprauii C.B. UepeanuueHka 3 J0CTaTHBOIO OBHOTOIO BUCBITIIEH] B 3 CTATTAX
y BUJ@HHSIX, 10 iHAEKCYIOThCS B MiXKHapoAHUX HaykoMeTpudHux 6azax SCOPUS ta Web of
Science. Bci Tpu crarti omy6uikoBaHi B yKypHaui kBapTtuio 3, a came — Low Temperature
Physics. Jlanux myOumikaliiii 1oCTaTHBO AJIs AUCEPTaLiifHOT poOoTH HoKTOpa (histocodii 3rigHO
BcTaHoBNIeHMM BUMoraM MOH VYkpainu mono myOuikaiii OCHOBHOTO 3MICTy AMCepTalliil Ha
3100y TTS cTyneHs gokTopa dimocodii 3i cnenianpHocTi 104 — «®i3uka Ta acTpoHoMis». Bei
CTaTTi HAITUCAHO y CIiBaBTOPCTBI, B OHINA 3 TPHOX CTATe — AUCEPTAHT € MEPIIMM aBTOPOM.
Pe3ynpraTd HayKOBHX JOCHIKEHb JAaHOl AHcepTaliifiHOi poOOTH [JONOBIAATUCH Ta
0OroBOPIOBAIIUCH Ha MIKHAPOIHUX KOH(EpeHIisX Ta ceMiHapax, oImyOiikoBaHi B 3061pHUKaX
Te3 HayKOBUX MiXKHApOJHHUX KoH(epeHIIii (4 Te3u) i BiioMi crerianictaM B raiysi ¢pizuku. 3
o0csry npoBeneHOl B paMKax AucepTallil poboTy Ta 3 myOmikaliii oueBUIHO, 110 0COOUCTHM

BKJIaJl JUCEpPTaHTa B O3HA4YeHI poOOTH € BU3HAYAJIbHUM.

3ayBakeHHsI 10 AMcepTaliiHOl poOOTH.

[Ipu o3HaliomyieHHi 3 gucepramiiHol pobortoro C.B. YepenHuueHka He BHUHHUKAIIO
IPUHLIMTIOBUX 3ayBaXKE€Hb, sKi 6 CTOCYBaJIKCS 1l OCHOBHHUX IOJIOKEHB | BUCHOBKIB. € 3ayBayKCHHS,
MOB's3aH] 3 MOJAYer0 AESKUX pe3yJIBTaTiB, HESCHICTIO AeSKHX (OpMYIOBaHb, O0(OpPMIEHHIM
pobotu:

1. ABTOp cTBepKye Ha cTop. 78 “Sk MoxkHa mobaunutu (3 Puc 3.1), 06pobka miazMor0 BOIHIO
MpuU3BeNa 0 CYTTEBOTO poO3lIapyBaHHS JeKiJIbKamapoBoro rpadeHa”. 3a sSKUMH O3HaKaMU
KOHTPACTy Ha HaBeJIeHUX eJIEKTPOHHO-MiKpOCKOMYHUX 300paxeHs 3pa3kiB TBOI' ta MTBOI
MOYKHA 3pOOUTH TaKUii BUCHOBOK.

2. ABTOp Yy CBOiIli pOOOTH KOPUCTYETHCS MOHATTAM AEKUIBKOLIAPOBOIO OKCHAY rpadeny. B
poOoTi He NPHUBOAATHCSA OaHi MO KiibKocTi miapiB, aromHux IuromuH (0001)rpadepy B
Jycoukax OKCHAY TIpadeHy, eJeKTPOHHO-MIKPOCKOMIYHI 300paKe€HHSAX SKHUX, HalpUKIa,
HaBeJleH1 Ha puc. 2.2, 2.3 ta 3.1.

3. HeMOHOTOHHY 3aJIeXHICTh XapaKTepHHX 4YaciB cOpOLii MOJEKYJISPHOIO BOAHIO B[
temneparypu ©(T) mus 3paskis TBOI' i MTBOI' aBrop TOSICHIOE KOHKYPEHIIEIO MiX
TepMOAKTUBAIIHHUM Iu]y31HHUM MeXaHi3MOM, KU TOMiHYy€e Ipu Temrieparypax Buile 40 K,

1 MEXaHI3MOM TNIPONOJIbHOI IH(y3ii, BHECOK SKOTO IepeBaXkae IPH HU3bKUX TeMIeparypax. Y

-



TECTI JAuUcCepTalidHOi poOOTH HE OMUCYEThCS, YMM Ii MeXaHi3MH AuQy3ii TPUHIMIIOBO
BIZPI3HSIOTHCS.

4. BUHUKaIOTh MUTAHHS J0 €JIEKTPOHHO-MiKPOCKOIIIYHUX 300pakeHb, MpeAcTaBieHux Ha Puc.
5.11. Ilo-nepie, 3a KOO METOAMKOIO TOTYBaBCS 3pa30K 3 BOAHO-KOJIOIAHOI cyOcTaHuil
Ceo@{H20}n s eneKTpOHHO-MIKPOCKOIYHUX JOCHTiIKEeHb, a caMe, Ha SKii miakiajiii
3MIMCHIOBaBCS Mpouec Ccymkd. [lo-gpyre, Ha Miif NOIISA, BaXXKO CIIOCTEepiratd B
eJIEKTPOHHOMY MiKpPOCKOIII OKpeMi MOJIeKyIu (yepeHy Ha MigKiIaii.

5. JIns nesikux eKCriepuMeHTaIbHUX 3aJIeXKHOCTeH, HanpHuKJaj, HaBeJleHuX Ha puc. 3.2 Ta 3.4
6axxaHo Oys0 6 OIIHUTH OXUOKY BUMIpIOBaHb, OCKUIBKH PO3KHU] €KCIIEPUMEHTAIBHUX TOUOK

Ha LuX rpadikax JOCUTH BEITUKUH.

€ Taxox 3ayBakeHHs 10 0OpPMIIEHHS JUcepTaliiHol po6oTH:
1. B nesxux cnopax npomyiieHi 6ykBu: “...Mopdororito MoaudikoBaHo 3pa3ka...” (cTop. 3),
abo cioBa “....OCKiJIbKY IOTEHIiiHI B LEHTPi BYIVIELIEBUX FeKCAroHiB € MiHiMaJIbHUMU [71]
C (cTop. 79).
2. 3yCcTpivaloThCsl peYeHHs, B SKMX CJIOBa He Y3ToDKEHi 3a BiMiHKaMu: “...0TpUMaHe 3
ontuyHoro mikpockori MBI-6...” (cTop. 93).
3. Ha crop. 113 € nocunanns Ha (Puc. 5.5.3.1 b) 3amicts (Puc. 5.15 b).
4. 1ini ykcna BiJOKPEMITIOIOTHCS BiJl AECATHHHUX IO Pi3HOMY, KPanKor abo KOMOIO.
3a3HaueHi HEeNONIKM He € NPUHLUIIOBUMH, HE 3HIKYIOTh HAyKOBOI 1 NpPaKTHYHOI

3HAYMMOCTI JUcepTaliifHOl poOOTH i He BIUTMBAIOTH Ha ii OBUTUBHY OLIHKY.

3araibHa oliHKa Ta BUCHOBOK.

Hucepranifina pobora C.B. UYepemnuuyenka «CHHTE3 Ta OCOONMBOCTI (i3HUHHUX
BJIaCTMBOCTEN BYIIELIEBUX HAHOCTPYKTYP 1 KOMIIO3UTIBY» € OPUTiHAJIBHOIO, CAMOCTIHHOIO Ta
3aBEpLIEHOI0 HAyKOBOIO pOOOTOI0, sika MICTHTh HayKOBO-OOIDYHTOBaHi pe3yJbTaTH, Mae€
HayKOBY HOBM3HY Ta IIEPCIIEKTUBY JJIs IOAAJIBIIUX NOCHiKeHb. HaykoBuii piBeHb qucepTaliii,
6e3yMOBHO, € BUCOKMM; HOBU3HA, HAYKOBE Ta NMPAKTHYHE 3HAYEHHS OTPUMAHMX PE3yJbTaTiB
He BHUKJIMKa€ CyMHIBIB. OT)Xe, BpaxOByIOYM aKTYaJbHICThb T€MH, OTPHMaHi HOBI HayKOBi
pe3yNbTaTy Ta ixX NpaKTHYHY 3HAYyLIiCTh BBaXkaro, L0 AMCepTaliiiHa pobora UepenHu4eHKa
C.B. «Cunrez Ta 0coOnMBOCTI (i3HUHHX BIACTUBOCTEH BYIVIELIEBUX HAHOCTPYKTYp i

KOMITO3HUTIB» TIOBHICTIO BiIIl'IOBiI[ae BUMOI'aM «HOpS[Ile IMPUCYIKEHHA CTYIEHA OJOKTOpa



¢binocodii Ta ckacyBaHHsS pillleHHs Pa30BOi CIeliali30BaHOI BYEHOI pajy 3akialy BHIIOI
OCBITH, HAyKOBOI YCTaHOBH IIPO MPHUCYKEHHS CTYIEHs JoKTopa (inocodii», 3aTBEpIAKEHOMY
nocraHoBoro KabGinery MinictpiB Ykpainu Big 12 ciunst 2022 p. Ne 44 3i 3miHamy, a ii aBTop,
Yepenuuuenko Ceprid BomoauMupoBuY, 3acCiIyroBy€ Ha NPUCYIKEHHS CTyIE€Hs AOKTOpa
binocodii 3a creuianbhicTiIO 104 — «®i3uka Ta acTpoHOMis» 3 raiy3i 3HaHb 10 —

«IIpuponHuyi HayKu».

OnoHeHT:

IIpodecop xadeapu ¢iznku meraJjiB Ta
HaniBNpOBIAHHUKIB

HauioHa/JIbHOro TEXHIYHOI0 YHIBEpCHTETY
«XapkiBCcbKHH MOJITEXHIYHUH IHCTHTYT»

AOKTOP (izHKO-MaTeMaTHYHHUX HAYK, npodecop L €rreniii 3YBAPEB

3ACBIIUYIO.

Buyennii cekperap HauioHanbHOTO
"XapKiBChbKUM MONITEXHIYHUH 1HCTY
KaH[l. TeXH. HayK., JOIL., Ipod.

IOpiit 3AULIEB



