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1. JJanmyzna B. A. CeHcOpM BOJIOTOCTi HA OCHOBI HAHOLLEJII0JI03U [J1s1 THY4KOi esleKTpoHikY. — KBasnidikarifina
HayKOBa Ipalsl Ha IpaBax pyKonucy. Jluceprauis Ha 3000yTTs HAYKOBOTO CTYIIEHs OKTopa (inocodii 3a
crienianpHicTIO 153 — Mikpo- Ta HAaHOCHCTEMHA TexHiKa (raysy3b 3HaHb 15 — ABTOMaTH3alis Ta Npuiafo6ynyBaHHs). —
HanjionanpHuii TexHiyHUH yHiBepcuTeT YKpainu “KuiBcbkuil nositexHiyHUN iHCTUTYT iMeHi Irops Cikopcbkoro”,
Kuis, 2024. Po6oTa nnpucBsueHa JOCiI)KEHHIO HAHOLeJII0103K Ta ii Mopgu@ikaliil 17151 3aCTOCYBaHHS Y SIKOCTi

BOJIOTOYYTJIMBOTO IIAPY Y CKIIAJi THYYKUX CEHCOPIB BilHOCHOI BOJIOrOCTi OBITpsl. HaykoBO-TIpUKIafHi



IOCJIiIKEHHS, BUCBITJIEH] B IUCEPTaLiliHii pO6OTi, 30CcepeKeHi Ha MPAKTUYHOMY JOCJIiIPKEHH] XapaKTePUCTUK
THYYKHX CEHCOPIB BiTHOCHOI BOJIOTOCTi MOBITPSI HA OCHOBI HAHOLEJII0JIO3U, KOMIIO3UTIB Ha OCHOBI HAHOLIEJIIOJIO3U
Ta KapOOHI30BaHOI HAHOLIEJII0JI03U. B cyyacHUX HAyKOBO-TEXHIUHUX JOCJIIKEHHSIX THYYKUX CEHCOPIB BiIHOCHOI
BOJIOTOCTI IIOBITPs BCE MIMPLIE 3aCTOCOBYIOThCS 6i0pO3KIafgHi Marepianu. CeHcopy, BUTOTOBJIEH]I HA OCHOBI
6iopo3KJIaIHUX MaTepiaiiB, He IOTPeOYyIOTh yTUi3alii mmicis 3akiHYeHHSs ix TepMiHy BUKOPUCTaHHS. OJHaK ceHcopHU
Ha OCHOBI TaKWX MaTepiaJsiB He € JOBroBiUHNMU. 3 iHIIOro OOKY, 17151 PSIAy 3aCTOCYBaHb € IOTpeba y po3poodui
IeLIeBUX OJIHOPa30BUX CEHCOPIB. [y NpUKIIany e MoXXe OyTU MeaudHa cepa, CIIOPT, IOOYT: 1J1s1 MOHITOPUHTY
¢disnuHOi aKTUBHOCTI Ta/ab0 peabinitalii cnopTCMeHiB, BililCbKOBUX 200 JI0Jel 3 0OMEKEHUMU MOXKIIMBOCTSIMU
(MOHITOPUHT IUXaHHS Ta IOTOBUANIeHHS). 17151 mOCiIKeHb B AaHill poO0Ti BUKOPHUCTOBYBAIaCsl HAHOLEJII0JI03a
(HLI), orpumaHa i3 HeJjlepeBHOI CUPOBUHHU, @ CaMe 3 POCJINH, SIKi € BiIX0JlaMU CiJIbCbKOrO rocrogapcTsa. Ha ocHOBI
HIJ ra ii Mogu@ikaniii B po6oTi 6y po3pobsieHi TBEPAOTiIbHI CEHCOPU BOJIOTOCTI, 8 TAKOXK FHY4YKi CEHCOpU
BOJIOTOCTI B Me3Xax JIBOX MifgxoiB: “drop-casting” Ta “self-standing”. Tunu po3po6s1eHUx CEHCOPIB — Pe3UCTUBHUIA
Ta €EMHIiCHUIL. Y nepuiomy po3aziii 6ynu gociigykeHi KOHCTPYKUii Ta ¢piznyHi NprHIUIYM poOOTH BilOMUX Ha CbOTOZHI
CEHCOpiB BoJsIorocTi YacTo BXMBaHUMU MaTepiajlaMy Jjis BATOTOBJIEHHS THYYKHUX MifKIa0K CEHCOPIiB BOJIOTOCTI Ha
nepeBaXHO € cuHTeTnyHi nosimepu (P1, PA, PET, PEN, PDMS). 3 Touku 30py €KOJIOTii, HalepCleKTUBHIIINMU
marepiasiamy, Ha OCHOBI SIKUX MOXJIMBO CTBOPUTH FHY4Ki CEHCOPU BOJIOTOCTI € 6iopo3KiafHi nosiMepu (I1iBKU Ha
OCHOBI XeJIaTUHY, XiTHHY, XiTO3aHY, [10J1iIMOJIOYHOI KUCJIOTH, HAHOLIEJII0JI03H, TOIO). Y IPYyroMy po31iji IPoBeLeHO
MOJIEJIIOBAaHHS BIUIMBY KOHCTPYKTUBHUX IIapaMeTPiB Ha XapaKTEPUCTUKY PE3UCTUBHUX CEHCOPIB HA OCHOBI
3yCTpiuHO-THUPBLOBOI rpatku (31II') Ta eMHICHUX CEHCOPIB HA OCHOBI €J1eKTPOIiB y KOHIrypariii po3ropHyTuit
KOHJieHcaTop. TakoX IpoBeieHO MOJeJII0BaHHSI Ipoliecy afcopoOLii Ha MOBEepXHi HaHOLEe 01031, B peayibTarti
1LIbOT'O BCTaHOBJIEHO, o HIJ ancopbye BoJory BiAilIOBiHO 110 MexaHi3My JIeHIMI0pa, 3aBIISIKM YOMY CTaJjIo
MO>KJIMBUM MOJEJIIOBATH BilIT'YK CEHCOPA BiJl 3MiHU PiBHS BiTHOCHOI BOJIOTOCTI IIOBITPSL. Y TPETbOMY PO3[iJi
IOCJTiIKeHO CTaTUYHI IapameTpu (BiAr'yK, YyTJIUBICTb, FicTepe3uc, MOBTOPIOBAHICTD) Ta NMHAMIYHI MapameTpu (Yac
BiITYKy Ta BiZlHOBJIEHHSI, KOPOTKO Ta IOBrOTpHBaJja CTabilIbHICTb) CEHCOPiB BiIHOCHOI BOJIOTOCTI B 3aJI€XKHOCTI Bif
macu HII, BuxigHoi cupoBUHU Ta MeTOLYy ii cuHTe3y. Bcranosseno, mo HIJ, oTpumaHa METOLOM OKUCHEHHS Y
posunni TEMIIO, nokasye 3Ha4HO Kpallly YyTJIMBICTb K [1JI PE3UCTUBHUX CEHCOPIB, TaK i [IJIs1 EMHICHUX HE3aJIEXKHO
Bif] BUXiJHOTO Marepiany. B Mexkax KO>KHOI cepii HalKpallli mapameTpy JEeMOHCTPYBAJIM CEHCOPH 3 HAMJIETIIMMU 32
Macolo 1uriBKamMu. HamBuiy mBUAKOLIIO B CEPENNHI KOKHOI cepii T0Ka3yBa HAUTOHII ILUIiBKU. Y PO3[ii 4OTUPU
OyJIM IOCJIiIKEH] THy4Ki CEHCOpU Ha MifKJIaAlli NoJiimMiay, HAaHOILe 01031, HAHOKOMITO3UTY HaHOLIEIOI03U 3
nosiBiHinoBum cuuptom (HLI /TIBC) Ta Ha 0CcHOBi Kap60HiI30BaHOi HaHOLE 003U, [Ipy LIbOMY, Y CEHCOpax Ha
ocHoBi HII Ta Hanokomnosutis HII /TIBC nifkianka BUKOPUCTOBYBAJACh y SKOCTi BOJIOTOYYTJIMBOrO mwapy. s
NOKpAIlleHHSI MEXaHIYHUX [lapaMeTPiB IIiBKY HAaHOLeJ0J1031 O6y1n po3pobseHi komnosurtu [1BC /HII.
BcTraHoBI€HO, 0 MILIHICTD TaKUX IUIIBOK CUJILHO MaJae, OJHAK 3pOCTa€e IVIACTUYHICTD. 3 TOUYKU 30PY €JIEKTPUYHUX
rapameTpiB, HalKpally 4yTJIUBICTb Ta MBUIKOII0 ITOKA3aJIv CEHCOPY Ha OCHOBI HII, oTprMaHoi 3 KOHOILIi METOLOM
rizposisy, OIHaK MWBHUAKOAIS TAKMX CEHCOPIB JIMIIAIACA LOCUTb HU3bKOMO. [l OKpalleHH MBUKOIII Ta iIHIINX
IVHAMiYHUX IapaMeTpiB OyB CUHTE30BaHUI HOBUI1 MaTepiayl HA OCHOBI HAHOLEJIIOJIO3U METOLOM MipoJIi3y y
BakyyMi. B pesyspraTi 1aHOoi onepatiii oTpuMaHo IITiBKY, SIKi IIPY MiHIMaJIbHIN 3MiHi 06'eMy BTpadasnu 1o 80% macw.
BcraHoB/€HO, O JaHUI MaTepias Ma€e 3HaYHO BUILIE 3HAYEHHS MIBUIKOLII y IIOPIBHSIHHI 3 MIJIIBKOIO HAHOLEJIIOJIO3MU.
Y m’'siTomMy po3aisii JOCiI>KeHO BUKOPHCTAaHHSI THYYKMX CEHCOPIB BOJIOTOCTI IOBITPSI HA OCHOBI HAHOKOMIIO3UTIB

HII /TIBC pjiss MegU4YHOro 3acTocyBaHHs. OnNTMMaabHMM Martepiasiom € HaHokomnosutu HII /TIBC, B To# 4ac sk
yucta HII ta yncrtuii [1BC neMOHCTPYIOTH ripii pe3ysbTaT. Taki CEHCOPU [O3BOJISIIOTh YiTKO PO3Pi3HATH YaCTOTY

AUXaHHA, PEECTPYBATU 3aTPMMKY IHNXdHHA Ta pOBpiSHHTI/I Cu1y Ioguxy.

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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InenTudikarop ORCHID ID: 0000-0002-6182-4703
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT (isnKy HaNiBNPOBiAHMKIB iMeHi B.€. JlamkapboBa
HAH Ykpainu

Kopg 3a €IPIIOY: 05411695

Micue3Haxoa KeHHS: , Kuig, 03028, Vkpaina
dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

CekTOp HayKH:

Penensentu

BsacHe IIpizBuie Im'sa ITo-6aTbKOBI:
1. Bep6uupbkuii Bonogumup ['puroposuy

2. Volodymyr G. Verbytskyi

KBasmigikanis: g.1.1., c.H.c., 05.27.01
InenTudikarop ORCHID ID: 0000-0001-5717-0797
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT bepecTeiichkuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. OpnoB Anatomniit TumodiitoBuy

2. Anatolii T. Orlov

KBasigikamis: . t. u., npodecop, 05.27.01
ImenTudikarop ORCHID ID: 0000-0001-9426-6317
JonaTkoBa iHdopmarist:

IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBnHuKk Bigginy YKpIHTEI, mo €
BiZNOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisIIBHOCTI

Mauyngacbkuil OsnekcaHgp Bikroposuy

Mauysnsacekuit Osnekcangp Bikroposuy

Jlanmmypa Brnapgucias AHaTOINOBUY

VKpIHTEI

Opuenko TersiHa AHaToOJIiBHA



