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Pedepar:

1. B maHiil po60Ti Ha OCHOBI YHiBEpPCaJIbHOTO TEXHOJIOTTYHOTO MiZIX0Y, OCHOBOIO SIKOT'O € KOHAEHCAllisl [Iapu 3
MaJIIM BiJHOCHUM IlepeHacHU4eHHsM, Oy OTpUMaHi MOPUCTi MiKpo— Ta HaHOocuTeMu Zn i Cu, 5Ki B IOJAJIbIIOMY
OyJ11 BUKOPHUCTaHI, K IPEKYPCOPHU [JI1 OTPUMAaHHS APy NOPUCTOrO TypOOCTATHOTO IOPUCTOrO rpadiTy, a TaKOX
nopuctux cucreM NiO, ZnO Ta Si. Y nitepaTypHOMY OrJIsi AUcepTaLiliiHOi po60TU ONKUCaHi 0COGIUBOCTI
BUKOPMCTAHHS Pi3HUX TUIIIB MaTepiasiB y KOCTi aHOAIB 1JIs JITi-IOHHUX aKyMyJISITOPiB. AHaIi3 JliTepaTypHUX
I)KepeJ I0Ka3aB, 10 IKMPOKO BKMBAHUM B SIKOCTi €JIEKTPOAiB rpadiT J03B0JIsi€ iHTEPKAJIIOBATH TiJIbKA OAUH i0H

JIiTilO B IIiCTh aTOMIB BYIJIELIO, 110 Bif[IOBifja€ TEOPETUYHIM €KBiBaJI€eHTHIN eMHOCTi 372 Arog /kr. OKpiM 1bOTO,



WBUIKICTb AUQY3ii JIiTiI0 B ByIjIeLleBOMY MaTepiaili CTaHOBUTD Bif, 10-12 no 10-6 cMm2 /¢ (uis rpadity BoHa
3HaXOAUTHCS B Mexax 10-9 - 10-7 cM2 /), 10 CTBOPIOE IIepelyMOBH IJ1s1 HU3bKOI NOTyKHOCTI JIIA. OTxe, icHye
HarajibHa oTpeba 3amiHuTy rpadiTHi aHOAM, 2060 YAOCKOHAIUTH iX CTPYKTYPY 3 METOIO MiJBUIIEHHS EMHOCTI Ta
IIMTOMOI MTOTY>KHICTI, SIKi TaKOK MOXYTb 3a0€311€4UTH BUCOKY IPOJYKTUBHICTS i MOJIermuTy audysito Li-ionHiB B
aHoJ, pu 36epeskeHHi BiATBOPIOBaHUX LMKIIiB. TaKoX 32 TEOPETUYHUMU PO3PaXyHKaMU BiloMo, 0 ZnO, K
aHOJHUI MaTepas mae eMHicTb 978 Arop /kr. [Ipu LiboMy aHaJli3 JiTepaTypu MOKasye, 110 3HaYHY [I€PCIIEeKTUBY
BHMKOPHUCTaHHS B IKOCTi e(DEKTUBHUX €JIEKTPO/IiB TaKOXK MaIOTh IOPUCTUH KpeMHill Ta NiO. ¥V gpyromy po3saisni
OIKCaHi TEXHOJIOTIYHI MiAX0A OTPUMAHHS IOPUCTUX MIKPO— Ta HAHOCHUCTEM HA Pi3HUX TUIAX MiAKIIANOK, a TAKOXK
HaBEeJ,EeHO MPUHIUI POOOTH PO3p06seHOi ycTaHOBKU. OCKiIbKM (POPMYBAaHHS MOPUCTUX CUCTEM METAJIiB MOKIUBE
TiZIbKY 32 YMOBU BUKOPUCTaHHS BUCOKOYMCTOTO iHEPTHOTO cepenioBuina (Ar), B pobOTi 3HauHa yBara OyJia
aKLEHTOBaHa Ha OYMIIEHH] aproHy Bifl XIMiUHO aKTHBHUX Ta30BUX JOMIIIOK. Y 3B’13Ky 3 LIUM BUKOPUCTOBYBAJIU
BaKyyMHY po6ouy Kamepy ycTaHoBku BCA-350 pa3oM 3 CHCTEMOI0 TOHKOTO OYMIEeHHS iHepTHUX rasiB. [y
OTPUMAaHHS IOPUCTOrO TypOOCTPATHOTO rpadiTy 3 pisHUMU MOPOJIOTIYHUMU XapaKTEePUCTUKaMU OYB
BHMKOPHUCTaHUI po3po6JieHNH i 3al1aTeHTOBAaHUI TEXHOJIOTIYHUI Mifxif 611M3bKO-PiBHOBAXXHOI KOHAEHCALlil B
IIyCTOTLIOMY Katozi. [Ipu ibOMy B SIKOCTi pO60YOro ra3oBOro cepenoBulla 6yjia BUKOPUCTaHa I1apa alueToHy. byso
IIPOJEMOHCTPOBAHO, 110 CEJIEKTUBHICTb IPOCTOPOBOrO PO3MOiNy 3apOJKEHHS Ta POCTY CTOBIIYACTUX IPadiTOBUX
CTPYKTYP BUM3HA4aeThCs (PIIyKTyallie€lo HaNpPYKEHOCTi eJIEKTPUYHOTO 1107151 HaJl TIOBEPXHEI0 PocTy. Buxozsayun 3 Toro,
110 Ipy cTBOpPeHHS JIIA Ta ra30BUX CEHCOPIB, SIK IPaBUJIO, BAKOPUCTOBYBAJIMCS 6araTouapoBi CUCTEMU, BUHMKAJIA
HeoOxinHiCcTh BUpileHHs mpobsem anresii Ta koresii KoHAeHcaTiB. B po6oTi nmpobiemu aaresii Ta koresii
BUPilllyBasMcs TpboMa crioco6amu. [lepmmii 3 HUX MOJISATaB B BUKOPUCTAaHHI MiIK/IaZ0K 3 1a60paTOPHOrO CKJla Ta
CUTaJIy 3 HEIOJIiPOBaHOIO IOPCTKOIO MoBepxHelo. [Ipobyiemu anresii i Koresii Tako>k BUPIlyBanncs 3aBIsKU
BMKOPHMCTaHHS XPOMOBUX IIPOIIAPKIB, & TPETIiil BapiaHT BUPIilIeHHs TPO6jieMHU Koresii mpu ¢popMyBaHHI KOMIIO3UTIB
BUpiIlyBaBCsI IPafliEHTHUM IIE€PEX0J0M BiJ] OHOTO MPOIIAPKy 1o iHmoro. TpeTiil po3zin MicTuTs iHpopmaliio mpo
HaHOCHUCTEeMHU Ha OCHOBI Zn, ZnO Ta ZnO/NiO 11711 BUKOPUCTaHHS OCTAaHHIX B SIKOCTi aKTUBHUX €JIEMEHTIB ra30BUX
ceHcopis. PopmysanHs nopuctux HanocucreM ZnO /NiO npecTaBieHo B poOOTi y BUIVISAL TPbOX €TalliB: a) 33
YMOBH KOHJIeHCallii Iapy LMHKY 3 HAZHU3bKUM IIEPECUYEHHSIM NIPOBOAUIIOCS (POPMYBAHHS HAHOCUCTEM y BUTJISL]
IIOB'SI3aHUX MK 00010 HAHOHUTOK; 6) OKMCJIEHHSI Ha OTPUMAaHUX HaHOCUCTEMax Zn; B) HAHECEHHs Ha OTPUMaHi
HaHocuctemu ZnO peakTuBHUM MeTonoM MiBKY NiO. [Ipy 1pomy B SKOCTi €/1eKTPOJiB 6y BUKOPUCTAaHi CTilKi 10
okucyeHHs ITO-11iBKY, £Ki 110 BifHOIIEHHIO 40 HaHOcKCTeM ZnO Many OMiYyHU Xapakrep. CEHCOPHI BJIaCTUBOCTI
IOCJIIKYBaJIMCs 110 BiIHOMIEHHIO 10 METAaHY Ta METAHOJIy, a TUII 3a3HAYEHNX PEAreHTiB BU3HAYABCS 3a JOIIOMOI 00
BCTaHOBJIEHHS 3MiH XapaKTepy BOJIbT-aMIIEPHUX XapaKTePUCTUK (BAX) 3 3aly4eHHSIM aBTOMaTU30BaHUX CUCTEM Ta
IIPY BUKOPUCTAHHI KOMEPLiITHOT0 IPOrpaMHoOro 3adesnedenHs LabView. IIpu nboMy xapakrepHi 3minu BAX npu
nepexo/ii Bill METAHOJTy IO METaHy BKa3yIOTbh Ha (PpaKTaIbHO-TIEPKOJISLINHUI XapakTep HaHocucTeM ZnO /NiO Tta
Ha MO>KJIMBICTb PO3Ii3HaBaHHS Pi3HUX pPeareHTiB. B ueTBepTOMy 3aKJIIOUHOMY PO3[isi 6yaIu JOCHiIKeHi
CTPYKTYPHO-MOP(QOJIOTiuHi XapaKTEPUCTUKU Ta PE3YJIbTaTA BUKOPUCTAHHS B IKOCTI eJ1eKTpoziB JIIA Takux
MIOPUCTUX HAHOCUCTEM, 5K ZnO, Zn/Zn0O, Zn/C, Ni/C, Si Ta Cu/Si+W. JocmimpKeHHs LUKIIiB 3apsaay-po3psaay 3
BHMKOPHCTaHHSIM IIOPUCTUX HAHOCUCTEM Ha OCHOBI Zn0O, Zn/Zn0O, 5K eneKTpoiiB Ta po3dnHHUKIB LiPF6 i LiBF4,
IIOKa3yI0Th, 1O 3aJIEXKHO Bifl CTPYKTYPHO-MOPQOJIOTiYHNX XapaKTE€PUCTHK, €JIEMEHTHOI0 CKJIay Ta KiJIbKOCTi
LIMKJIiB, KoedillieHT eMHOCTi 6aTapei BapitoeTbcs Bin, 800 1o 218 Aron /kr. [TpuBeneHi OCHIIKeHHS 10710
CTPYKTYPHO-MOP()OJIOTIYHMX XapaKTePUCTUK IIOPUCTUX HAHOCUCTEM KPeMHIlo. [IopiBHSIbHUI aHai3 po60TH
eJIeKTpoziB Ha ocHOBi cucteM Cu/Si ta Cu/Si+W 103B0JIUB 3pOOMTH BUCHOBOK IIPO GijIbIIl HU3bKY CTiMKICTh 10
OKHCJIEHHS KpeMHilo 6e3 106aBKU Bosibdpama i, IK HaCIimoK, 3Ha4HO BUlli eMHOCTI (320 Arof /Kr) eJ1eKTpOoIiB Ha
ocHoBi Cu/Si+W.

2. In this work, on the basis of a universal technological approach, the basis of which is the condensation of steam
with low relative supersaturation, porous micro- and nanosites of Zn and Cu were obtained, which were
subsequently used as precursors for obtaining a layer of porous turbostatic porous graphite, as well as porous
systems NiO, ZnO and Si. The literature review of the dissertation describes the features of using different types of
materials as anodes for lithium-ion batteries. The analysis of literary sources showed that graphite, widely used as



electrodes, allows intercalation of only one lithium ion in six carbon atoms, which corresponds to a theoretical
equivalent capacity of 372 Ah /kg. In addition, the diffusion rate of lithium in the carbon material is from 10-12 to
10-6 cm2 /s (for graphite it is in the range of 10-9 to 10-7 cm2/s), which creates prerequisites for a low power of
LIB. Therefore, there is an urgent need to replace graphite anodes, or to improve their structure in order to
increase the capacity and specific power, which can also provide high performance and facilitate the diffusion of
Li-ions into the anode while maintaining reproducible cycles. The second chapter describes the technological
approaches to obtaining porous micro- and nanosystems on different types of substrates, and also provides the
principle of operation of the developed installation. Since the formation of porous metal systems is possible only
under the condition of using a highly pure inert medium (Ar), in the work, considerable attention was focused on
the purification of argon from chemically active gas impurities. In this regard, a vacuum working chamber of the
BSA-350 installation was used together with a fine purification system for inert gases. A developed and patented
technological approach of near-equilibrium condensation in a hollow cathode was used to obtain porous
turbostrat graphite with different morphological characteristics. At the same time, acetone vapor was used as the
working gas medium. It was demonstrated that the selectivity of the spatial distribution of the nucleation and
growth of columnar graphite structures is determined by the fluctuation of the electric field intensity over the
growth surface. Based on the fact that when creating LIB and gas sensors, as a rule, multilayer systems were used,
there was a need to solve the problems of adhesion and cohesion of condensates. In the work, adhesion and
cohesion problems were solved in three ways. The first of them consisted in the use of substrates made of
laboratory glass and sital with an unpolished rough surface. The problems of adhesion and cohesion were also
solved thanks to the use of chrome layers, and the third option for solving the problem of cohesion during the
formation of composites was solved by a gradient transition from one layer to another. The third section contains
information on nanosystems based on Zn, ZnO and ZnO /NiO for the use of the latter as active elements of gas
sensors. The formation of porous ZnO/NiO nanosystems is presented in the work in the form of three stages: a)
under the condition of condensation of zinc vapor with ultralow supersaturation, the formation of nanosystems in
the form of interconnected nanothreads was carried out; b) oxidation on the obtained Zn nanosystems; c)
application of a NiO film on the obtained ZnO nanosystems by the reactive method. At the same time, oxidation-
resistant ITO films were used as electrodes, which were ohmic in relation to ZnO nanosystems. The sensory
properties were investigated in relation to methane and methanol, and the type of the indicated reagents was
determined by determining the changes in the character of the current-voltage characteristics (CVC) with the
involvement of automated systems and using the commercial LabView software. At the same time, the
characteristic changes of the C-V characteristic during the transition from methanol to methane indicate the
fractal-percolation nature of ZnO/NiO nanosystems and the possibility of recognizing different reagents. In the
fourth, final chapter, the structural and morphological characteristics and results of using such porous
nanosystems as ZnO, Zn/Zn0O, Zn/C, Ni/C, Si and Cu/Si+W as LIB electrodes were investigated. Studies of
charge-discharge cycles using porous nanosystems based on ZnO, Zn/ZnO as electrodes and solvents LiPF6 and
LiBF4 show that, depending on the structural and morphological characteristics, elemental composition and
number of cycles, the battery capacity factor varies from 800 to 218 Ah /kg. A comparative analysis of the work of
electrodes based on the Cu/Si and Cu/Si+W systems allowed us to conclude that silicon based on lower oxidation
resistance without the addition of tungsten and, as a result, significantly higher capacities (320:450 Ah /kg) of
electrodes based on Cu/ Si+W.
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