O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHH HOMeP: 0824U001535
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 12-04-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Jlanmypna Bnagucnas AHATOMINOBUY

2. Vladyslav A. Lapshuda

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0002-1234-3743

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 153

HasBa HayKOBo'l' cneniaﬂbHOCTi: ABTOMaru3alis Ta npunanobynysaHHs. Mikpo- Ta HAQHOCUCTEMHA TexHika
T'anyss / ranysi 3HaHb!

OCBiTHbo—HayKOBa nmporpama 3i CIeniaJbHOCTI: Mikpo- Ta HAHOCHCTEMHA TeXHiKa
JlaTa 3axHcCTy:

CnenianbHICTD 32 OCBITOIO: Mikpo- Ta HAHOCHCTEMHA TEXHIKA

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIndp cneuniasnizoBaHoOi BYU€HOI pasu (Pa3oBoi cIieniaaizoBaHoi BYeHO1 pagu):. 1d 26.002.127; ID
5313

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainn "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yz. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TemaTHYHHUX PYOPHK: 47.59.29, 47.59.33, 47.09.31

Tema gucepranii:
1. CeHCcOpM BOJIOTOCTi HA OCHOBI HAHOLEJIIOJIO3U [1JIS1 THYYKOI €JIEKTPOHIKN

2. Humidity sensors based on nanocellulose for flexible electronics

Pedepar:

1. Jlanmyna B. A. CeHcopU BOJIOrOCTi Ha OCHOBI HAaHOLIEJIIOJIO3M 17151 THYYKOI eJ1eKTpOoHikU. — KBasidikaniiina
HayKoBa Ipalisl Ha IIpaBax pyKonucy. Jlucepralis Ha 3100yTTs HAYKOBOTO CTyIeHs loKTopa ¢inocodii 3a
creniaznpHicTio 153 — Mikpo- Ta HAaHOCUCTEMHA TexHiKa (rayly3b 3HaHb 15 — ABTOMaTH3allis Ta IpUIafo0yLyBaHHs). —
HauionanpHuil TexHiYHMI yHiBepcUTeT YKpainu “KuiBcbkuil nositexHidyHuii iHcTuTyT imeHi Iropst Cikopcbkoro”,
Kuis, 2024. Po6oTa npucBsiu€Ha JOCTIIKEHHIO HAaHOLeJII0J103H Ta il Mopu@ikariil 11 3aCTOCYBaHHS Yy SIKOCTI
BOJIOTOYYTJIMBOTO IAPY y CKJai FTHYYKUX CEHCOPIB BiTHOCHOI BOJIOTOCTI MOBITpsl. HayKoBO-TIpUKJIaIHi
IOCJIiIKEeHHS, BUCBITJIEH] B IUCEPTaLliliHiil po6OTi, 30cepeyKeHi Ha MPAaKTUYHOMY JOCJIiIPKEHH] XapaKTePUCTUK
THY4KUX CEHCOPIB BiJHOCHOI BOJIOTOCTI IOBITPS Ha OCHOBI HAHOLEJIIOJIO31, KOMIIO3UTIB Ha OCHOBI HAHOLEJIIOJIO3U

Ta KapOOHI30BaHOI HAHOLIEJII0JI03U. B cyyacHUX HAyKOBO-TEXHIUHUX JOCJIiIKEHHSIX THYYKUX CEHCOPIB BiITHOCHOI



BOJIOTOCTI TIOBITPSI BCE MIMPILlE€ 3aCTOCOBYIOThCS 6i0po3KianHi matepianu. CEHCOpH, BUTOTOBJIEHI HA OCHOBI
6i0po3KJIaHUX MaTepiasiB, He IOTPeOYIOTh yTUli3allii Imicsis 3aKiH4eHHs iX TepMiHy BUKOpUCTaHHS. OHAK ceHcopu
Ha OCHOBI TaKUX MaTepiasliB He € JOBroBiYHNMMU. 3 iHIIOro 60Ky, 17151 PSIAY 3aCTOCYBaHb € IOTpeba y po3poodLi
IelIeBUX OJHOPA30BUX CEHCOPIB. [ NPUKIIALy i€ MOXXe OyTU MeIU4YHA cpepa, CIIOPT, HOOYT: AJ1s1 MOHITOPUHTY
¢disnuHOi aKTUBHOCTI Ta,/ab0 peabinitalii cnoOpTCMeHiB, BiliCbKOBUX a00 /101N 3 0OMEKEHUMU MOXKIIMBOCTSIMU
(MOHITOPUHT IMXaHHS Ta IOTOBUANIeHHS). 17151 mOoCiIKeHb B aHill po60Ti BUKOPHUCTOBYBAIACsl HAHOLEJII0J103a
(HLI), oTpuiMaHa i3 HeepeBHOI CUPOBMHM, & CAME 3 POCJIVH, SIKi € BiIXOJaMU CiJIbCbKOT0 ToCrofapcTsa. Ha ocHOBI
HII ra ii mogudikaniii B po60Ti 6ysiu po3po6sieHi TBEpAOTiIbHI CEHCOPY BOJIOTOCTI, @ TAKOXK HY4Ki CEHCOpU
BOJIOT'OCTi B MeXXax [IBOX Minxomis: “drop-casting” Ta “self-standing”. Tunu po3po6eHux CeHCOpiB — pe3UCTUBHUM
Ta €EMHiCHUIL. Y nepuioMy po3ziii 6yau gociigkeHi KOHCTPYKUii Ta ¢pi3nyHi NpUHIMIM pOOOTH BilOMUX Ha CbOTOZHI
CEHCOPIiB BOJIOrocTi HacTo BXMBAaHMMU MaTepiajlaMy [jIs BATOTOBJIEHHS THYYKUX MifKJIag0K CEHCOPIB BOJIOTOCTI Ha
nepeBaXHO € cuHTeTnyHi nosimepu (PL, PA, PET, PEN, PDMS). 3 Touku 30py €KOJIOTi], HallIepCIIeKTUBHIIINMU
MarepiajlaMy, Ha OCHOBI SIKUX MOXJIMBO CTBOPUTU 'HY4Ki CEHCOPU BOJIOTOCTI € 6i0po3KiaAHi nosiMepu (I1iBKU Ha
OCHOBI XXeJIaTUHY, XiTUHY, XiTO3aHY, [T0JliIMOJIOYHOI KUCJIOTHU, HAHOLEJII0JI03H, TOLO). Y IPYyroMy po31ijli IPOBELEHO
MO/IEIIOBAHHS BIIJIMBY KOHCTPYKTUBHUX apaMETPIiB Ha XapaKTePUCTUKU PE3UCTUBHUX CEHCOPIB Ha OCHOBI
3yCTpiuHO-1ITHPbOBOI rpaTku (311I) Ta eMHICHUX CEHCOPIB Ha OCHOBI €J1IeKTPOIiB y KOHIrypatlii po3ropHyTUi
KOHJieHcaTop. TakoX IpoBeieHO MOJEJII0BaHHSI NIpoLiecy afcopoOLii Ha MOBEePXHi HAaHOLE 01031, B pe3ysibTarti
LIbOT'O BCTaHOBJIEHO, o HIJ ancopbye BoJory BiAOBiIHO 110 MexaHi3My JIeHIMIOpa, 3aBIISIKM YOMY CTaJjIo
MOJKJIMBUM MOJZEJIIOBATH BiATYK CEHCOPA Bifl 3MiHM PiBHA BiTHOCHOI BOJIOTOCTI MOBITPS. Y TPETHOMY PO3Jii
IOCTiIKeHO CTaTUYHI IapameTpu (BiAr'yK, YyTIUBICTb, FicTepe3uc, OBTOPIOBAHICTD) Ta NMHAMIYHI MapameTpu (Yac
BiITYKy Ta BiIIHOBJIEHHS], KOPOTKO Ta IOBrOTpHUBAaja CTabiIbHICTb) CEHCOPIB BiIHOCHOI BOJIOTOCTI B 3aJI€XHOCTI Bif
macu HII, BuxigHoi cupoBuHM Ta MeToAy ii cuHTe3y. BcTaHoBneHo, o HI, oTpMaHa MeTOIOM OKUCHEHHS Y
posunni TEMIIO, nokasye 3Ha4HO Kpallly YyTJIMBICTD SIK 171 PE3UCTUBHUX CEHCOPIB, TaK i 1J1s1 EMHiICHUX HE3aJIESXKHO
Bif] BUXiJHOrO Marepiany. B Mexkax KO>KHOI cepii HayKpallli napameTpy JEeMOHCTPYBAJIM CEHCOPH 3 HAWJIETIIMMU 32
Macolo 1uriBKamMu. HalBuily MBUAKOLIIO B CEPENNHI KOKHOI cepii oKa3yBav HAUTOHIII IJIiBKA. Y PO3Aii 4OTUPU
Oysin DoCifKeHi rHy4Ki CeHCOpU Ha MiAKIaALi noiiMiny, HaHOLeJI01031, HAHOKOMITO3UTY HAHOLIEJII0JIO3U 3
nosisiHinosum cunuptom (HLI /TIBC) Ta Ha ocHOBi Kap60Hi30BaHOi HaHOLE 003U, [IpU LIbOMY, Y CEHCOpax Ha
ocHosi HIJ Ta nanokomnosutis HII /TIBC mifKiagka BUKOPUCTOBYBAJIACh Y IKOCTi BOJIOTOYYTJIMBOrO Wapy. [l
[OKpAIleHHSI MEXaHIYHUX NlapaMeTpiB IUIiBKY HAaHOLEJ0J1031 O6yin po3pobseHi komnosurtu [1BC /HII.
BcTraHOBIEHO, O MILHICTh TaKUX IIIBOK CUJIBHO NaJa€, OJHAK 3POCTA€E IVIACTUYHICTD. 3 TOUKU 30PY €JIEKTPUYHUX
IapameTpiB, HaKpally 4yTJIUBICTb Ta IIBUIKOIII0 ITOKA3aJI CEHCOPY Ha OCHOBI HII, oTprMaHOi 3 KOHOILIi METOLOM
rizposisy, OOHaK WBUAKOAIS TAKMX CEHCOPIB JIMIIAIACA OCUTb HU3bKOIO. [l MOKpalleHH MBUAKOII Ta iHINX
IVHAMIYHUX IapaMeTpiB OyB CUHTE30BaHUI HOBMI1 MaTePiasl HA OCHOBI HAHOLEJIIOJIO3U METOLOM MipoJIi3y y
BakyyMi. B pesyspTaTi 1aHO0i onepatiii oTpMMaHo IJTiBKY, SIKi IIPU MiHIMaJIbHIN 3MiHi 06'eMy BTpayasnu 1o 80% macu.
BcraHoBIEHO, 10 AaHUI MaTepial Mae 3Ha4uHO BUILE 3HAUYEHHS LBUAKO/II y OPIBHSHHI 3 IIJIIBKOIO HAHOLIEJII0JIO3U.
Y m’aToMy po31isi JOCTiIKEeHO BUKOPUCTAHHS FTHYYKUX CEHCOPIB BOJIOTOCTI NOBITPs HA OCHOBi HAHOKOMITO3UTIB
HII/TIBC pyist MmeguyHOro 3actocyBaHHs. OnTuMaabHUM MaTtepiasiom € HaHokomno3utu HLI /TIBC, B To# yac sk
yucta HII ta yncrtuit [1BC neMOHCTPYIOTS ripili pe3ysbTaT. Taki CEeHCOPU [O3BOJISIOTh YiTKO PO3PI3HATHU YaCTOTY

ANXaHHA, pEECTPYBATU 3aTPMMKY IMXdHHA Ta pOSpiBHﬂTI/I Cuy IoJuxy.

2. Lapshuda V. A. Humidity sensors based on nanocellulose for flexible electronics. - Qualifying scientific work on
manuscript rights. Dissertation for obtaining of the scientific degree of Doctor of Philosophy in specialty 153 -
Micro- and nanosystem engineering (field of knowledge 15 - Automation and instrument engineering). - National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2024. The work is devoted to the
study of nanocellulose and its modifications for use as a humidity-sensitive layer in flexible sensors of relative air
humidity. Scientific and applied research, highlighted in the dissertation, is focused on the practical study of the
characteristics of flexible sensors of relative air humidity based on nanocellulose, composites based on
nanocellulose and carbonized nanocellulose. Biodegradable materials are increasingly used in modern scientific
and technical research of flexible sensors of relative air humidity. Sensors made based on biodegradable materials



do not need to be disposed of at the end of their useful life. However, sensors based on such materials are not
durable. On the other hand, there is a need for the development of cheap disposable sensors for several
applications. For example, it can be in the medical field, sports, everyday life: for monitoring physical activity
and/or rehabilitation of athletes, military personnel or people with disabilities (breathing monitoring, sweating
registration, etc.). For research in this work, nanocellulose obtained from non-wood raw materials (namely from
plants that are agricultural waste) was used. Based on NC and its modifications, solid-state humidity sensors, as
well as flexible humidity sensors within two approaches, drop-casting and “self-standing”, were developed in the
work. The type of developed sensors is resistive and capacitive. In the first chapter, the designs, and physical
principles of operation of humidity sensors were investigated. Oil based polymers (PI, PA, PET, PEN, PDMS) often
produce flexible substrates for humidity sensors. From the point of view of ecology, the most promising materials
based on which it is possible to create flexible humidity sensors are biodegradable polymers (films based on
gelatin, chitin, chitosan, polylactic acid, nanocellulose, etc.). In the second section, the influence of design
parameters on the characteristics of capacitive sensors based on interdigital electrode and capacitive sensors
based on electrodes in the configuration of an expanded capacitor were modeled. It was established that NC
adsorbs humidity according to the Langmuir isotherm. As a result, it became possible to simulate the response of
the sensor to changes in the level of relative air humidity. In the third chapter, the influence of the static
parameters (response, sensitivity, hysteresis, repeatability) and dynamic parameters (response and recovery time,
short-term and long-term stability) of relative humidity sensors depending on the mass of NC, raw materials and
the method of its synthesis were investigated. Thus, it was established that the NC obtained by the method of
oxidation in the TEMPO solution shows much better sensitivity for both resistive and capacitive sensors,
regardless of the initial material. The thinnest films provided the highest speed for obtained sensors. In chapter
four, flexible sensors based on a PI substrate, an NC substrate, an NC/PVA nanocomposite substrate, and
carbonized nanocellulose were investigated. It should be noted, sensors based on NCs and NC/PVA
nanocomposites used a substrate as a humidity-sensitive layer. PVA/NC composites were developed to improve
the mechanical parameters of the nanocellulose film. It was established that the strength of such films drops
sharply, but plasticity increases. From the point of view of electrical parameters, sensors based on NC showed the
best sensitivity, but the speed of such sensors remained quite low. To improve speed and other dynamic
parameters, a new material based on nanocellulose was synthesized. The material was obtained by pyrolysis of
nanocellulose films in a vacuum. As a result of this operation, it was observed a lost up to 80% of mass with a
minimal volume change. It was established that this material has a significantly higher action speed than the
nanocellulose film. In the fifth chapter, the application of flexible air humidity sensors based on nanocellulose and
its modifications for medical applications was investigated. The optimal composite materials is the composite
NC/PVA, while pure NC and pure PVA show worse results. Such sensors allow to clearly distinguish the frequency
of breaths, detect breath delays and distinguish the force of breath.
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HAH Vkpainn

Kopg 3a €IPIIOY: 05411695

Micue3Haxoa KeHHS: , Kuis, 03028, Vkpaina
dopma BiracHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bepbuupbkuii Boogumup ['puropoBuy

2. Volodymyr G. Verbytskyi

KBasigikanis: 1.1, c.h.c., 05.27.01
Imentudikarop ORCID ID: 0000-0001-5717-0797
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OpnoB AHaTtoxnitt TumodilioBuy

2. Anatolii T. Orlov

KBasigikanis: x. 1. u., mpodecop, 05.27.01
ImenTudikarop ORCID ID: 0000-0001-9426-6317
JonaTkoBa iHdopmaris:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Mauyngaacskuit Osnekcanzp Bikroposuy

Mauyngacebkuit OsnekcaHzgp Bikroposuy

Jlanmypa BiaguciaB AHaTOsinoBAY

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



