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1. Incepraniiina po60oTa IpUCBIYeHa po3poobLii METOy CTBOPEHHS TOYKOBO-KOHTAKTHUX CEHCOPHUX MAaTPUIb 3
XapaKTepUCTUKaMU, 110 BiITBOPIOIOTHCS, YIOCKOHAIEHHIO TEXHOJIOTII OTpUMaHHS TaKUX HAaHOOO0 €KTiB, IPOBELIEHHIO
IOCJiIKEHb, IO CIIPSIMOBaHI Ha NOIVIUOJIEHHS PO3YMiHHS IPUPOIU TOYKOBO-KOHTAKTHUX CEHCOPIB BUIUXYBAHOTO
rasy Ha OCHOBI CIIOJIyKM T€TPalliaHOXiHOAIMETaHy, a TaKO>K PO3pOoO6Li METOOJIOTIYHOI OCHOBH [J1s1 aHAJi3y
CIEKTPaJIbHAX CEHCOPHUX NPOQiiB rasy, o BUAUXAETHCS, 3 MEAUYHUM 3aCTOCYBAaHHSIM. TOYKOBI KOHTAKTU
SIHCOHA SABJIAIOTH COO0I0 €JIEKTPUYHI KOHTAKTU MiXK MAaCHBHUMH €JIEKTPOJIAMU 3 IJIOIEI0 TOTUKY, 110
XapaKTEPU3Y€EThCS NiaMETPOM, MEHIIMM 200 MOPIBHSIHMM i3 CepeIHbOIO JOBKMHOIO BiJIbHOTO IPOOIry HOCIiB 3apsLy
B pevyoBrHi. CHiBBiHOMEHHS MiX JOBXUHOIO BiJIbHOTO IIPOGIry €JIEKTPOHA i liaMeTPOM KOHTAKTy BU3HAYa€ MEXKY

MiXX 3BUYATHUMM €JIEKTPUYHUMU KOHTAKTAMU i TOUKOBUMU KOHTaKTaMu SIHCOHA, a TAaKOX BiAMIHHICTD iX Hi3nyHUX



BylacTuBOCTeM. Lli BifMiHHOCTI 00yMOBJIEHI TUM, II0 Y TOYKOBUX KOHTAKTax SHCOHA BeJIMKa NOBXXMHA BiJILHOTO
IIpo6Iiry eseKTPOHIB y MOPIBHSIHHI 3 ix po3mipaMu 3a6e3rnedye po3aijIeHHs y IPOCTOPi TEIJIOBUX e(deKTiB Ta
HEPiBHOBAXHUX €JIEKTPOHHUX IIPOLECIB, SIKi BiIIIOBiJaIbHI 33 CIIEKTPAJIbHI Ta CEHCOPHI BJIACTUBOCTI [JMX KBAHTOBUX
00’exTiB. Taka 0CO6IUBICTb 3a6e31euye YHiIKalIbHi MOXKJIMBOCTI TOYKOBUX KOHTAKTIB SIHCOHA, 11J0 POOUTS ix
IpUBAGIMBUMU 00'€KTaMU 17151 PO3POOKYU ra30BUX CEHCOPIB. Y IKOCTi ra304yT/IMBOrO MaTepiay 1Jjsi CTBOPEHHS
(YHKIIOHAJIBHOTO 1Iapy CEHCOPY HAa OCHOBI TOYKOBUX KOHTAKTIiB SIHCOHA 0yJI0 BUKOPUCTAHO CIIOJIYKY
teTpauiaHoxiHogiMeTany (TCNQ). Bubip maTepiany 6yB 00yMOBJIEHUI BUCOKOIO aHI30TPOIi€I0 €JIeKTPUYHO]
IIPOBIZIHOCTI, [0 XapaKTepHa /IS OPTaHIYHUX MTPOBIAHUKIB. ¥ ipoliecci CMHTe3y 06'€KTIB LOCiIKEHHS
cTBOpIoBazachk peyoBruHa Cu-TCNQ. [lsist cuHTe3y PyHKLIOHATbHUX Ta MOJIE€JIbHUX 3Pa3KiB BUKOPUCTAHO
OpUTiHabHY TEXHIKY KOMOIHOBAHOTO €JIEKTPOXiMiUHOI0 OCaIKEHHS 3 IPUMYCOBOIO KOHBEKIJi€l0. Y npoleci poboTu
JOCJIIZIPKEHO CTPYKTYPY Ta (Ha3oBuii CKJIaJ, ra30BUX TOYKOBO-KOHTAKTHUX CEHCOPIB Ha 0CHOBI criosyku Cu-TCNQ.
BusHavyeHO 3ay1eXXHiCTb NIOBEPXHEBOI MOP(OJIOTii OTPUMYBaHUX HAHOOO'€KTIB BiJl pesKMMIB ix cuHTe3y. OTprMaHi
ra3oBi CEHCOPM HaJaJjli BAKOPUCTAHO [JIS IE€TEKTYBAaHHS a3y, 0 BUAUXAEThCS JIOIUHO0. Takuii ra3 € CKIagHoK
ra3oBOIO CyMilllIo, 10 Hece iHpopMallilo Ipo MeTaboJIiuHuil cTaH opraHiamy. 15 ingpopmatiis micTuTbCs y
€HEepPreTMYHOMY NPO(Pisi BUAUXYBAHOIO Ta3y, SIKUH BUMIPIOETbCS Y BUIJISIZ] CUTHAJY Bilr'yKy TOYKOBO-KOHTAaKTHOTO
ceHcopa. AHaJli3 0co6IMBOCTEN KPUBOI BiArYKYy TOUKOBO-KOHTAaKTHUX CEHCOPIB Ha [Iil0 BUAMXYBAHOI'O a3y JIIOIUHN
i3 3acTOCyBaHHSIM KOPEKTHOI MaTeMaTUYHOI 0OPOOKY pe3ysbTaTiB 3a6e3redye MOKIMBICT BUBHAYEHHS
XapaKTEPUCTUYHUX N1apAMETPIB, SIKi Hafali MOXKYTb OyTA BUKOPUCTaHI AJ1s1 PO3POOKU MaTEMAaTUYHOTO aJITOPUTMY
BUSIBJIEHHSI OKpEMUX 06J1acTell Npodiao BUAMXYBAHOTO Ta3y, 1o BiANOBiJAIOTh PiI3HUM META00JIiUHMM NIPOLecaM,
sKi BifiOyBaloTbCs B OPraHi3Mi JoAuHM. Y X0[li AucepTalii 3aporoHOBaHO METOI0JIOTIYHY IIOCIIiIOBHICTb IPOLIeLYP
10 BU3HAYEHHIO BMICTY CEPOTOHiHY, KOPTHA30J1y Ta MEJIATOHIHY B OPTraHi3Mi JIIOAVHY 32 aHaJli30M rasy, 1o
BUMXAETbCS, 3 BAKOPUCTAHHSIM TOYKOBO-KOHTAKTHUX CEHCOPiB. PO3p06IIeHO yHiBepCalbHUI MifXif, Mo
HeiHBa3MBHOMY BM3HAUYE€HHIO BMiCTy TOPMOHIB, 1110 6a3y€ThCs Ha AOCIIIPKEHHI 0COOIMBOCTEN KPUBUX BilITyKY
JIATYMKIB Ha [Ii10 ra30Boi CyMillli Ta IPOAEMOHCTPOBAHO MOro QyHKIiOHaNbHICT. Pe3ysbTaT JOCTiAKeHb, 1110
BHUCBITJIEHO B JIaHill POOOTI, J03BOJISIIOTh 3HAYHMM YMHOM ITOKPAIIUTH PO3YMiHHS IPHUPOAY TOYKOBO-KOHTAKTHUX
CEHCOPpIB rasy, 110 HabJIKa€e ePCIeKTUBY iX IUPOKOr0 BUKOPUCTAHHS ISl MEIMYHOI [IiarHOCTHKU. Brucoka
IOCTOBIpHICTb pe3yJbTaTiB 6yJla rapaHTOBaHa 3aBJsIKU 3aCTOCYBAHHIO Cy4aCHOTO €KCIIePUMEHTAJIbHOTO
0671aJHaHHS1, BUKOPUCTAHHIO OPUTiHAJIBHUX METOIiB Ta METOJVK, SIKi I0Ka3aJIK CBOIO €(EeKTUBHICTb Ta OyIn
anpoO6oBaHi Mif yac nonepenHix AOCHiI)KeHb, BU3HAHMX HayKOBOIO CIIJIbHOTOI0, & TAKOXX BUCOKUM (DaxOBUM PiBHEM
CIIiBaBTOPiB HayKOBUX IybJikaliil. Pe3ynbpratu JoCiiKeHs, M0 JISTIM B OCHOBY AaHoi po6oTy, 6yJiu anpoboBaHi y
MeIUYHUX TOCIIIPKEHHSIX Y AePKaBHiN yCTaHOBI «[HCTUTYT OXOPOHM 3[0POB'd IiTel Ta MigjiTkiB HanioHanbHOi
aKkageMii MeIMYHMX HayK YKpaiHu», M. XapKiB, 10 CTaJIO MifTBEPAKEHHIM IXHbOI BUCOKOI HAZiHOCTI Ta
3aTpebyBaHocTi. MaTepianu po6oTu 6yJi0 BIpOBaJKEHO B HaBYaabHUH npouec kadbenpu Ppisuku meTatis i

HamniBNpoBinHUKiB HanjionasnesHoro TexHiyHOro YHiBepcuTeTy «XapKiBCbKUi [losiTexHiyHni [HCTUTYT».

2. The thesis is devoted to the development of a method for creating point-contact sensor matrices with
reproducible characteristics, improvement of the technology for obtaining such nano-objects, carrying out studies
aimed at deepening the understanding of the nature of point-contact breath sensors based on the
tetracyanoquinodimethane compound, as well as the development of a methodological basis of the approach to
analyze the spectral sensor profiles of breath for medical purposes. Yanson point contacts are electrical contacts
between two bulk electrodes with a contact area diameter smaller than or comparable to the mean free path of
charge carriers in the substance. The ratio between the electron mean free path and the contact diameter defines
the boundary between conventional electrical contacts and Yanson point contacts, as well as the difference in
their physical properties. The large electron mean free path compared to the size of Yanson point contact ensures
the spatial separation of thermal effects and non-equilibrium electronic processes that are responsible for the
spectral and sensor properties of these quantum objects. This feature provides unique capabilities of Yanson point
contacts, making them attractive objects for the gas sensors development. The tetracyanoquinodimethane (TCNQ)
compound was used as a gas-sensitive material for creating a functional layer of a sensor based on Yanson point
contacts. The choice of the material was caused by the typical for organic conductor high anisotropy of electrical



conductivity. In the process of synthesizing the research objects, the substance Cu-TCNQ was obtained. For the
synthesis of functional and model samples, an original technique of combined electrochemical deposition with
forced convection was used. It the process of the study, the structure and phase composition of point-contact gas
sensors based on the Cu-TCNQ compound were investigated. The dependence of the surface morphology of the
obtained nanoobjects on corresponding synthesis regime was determined. The obtained gas sensors were used to
analyze gas exhaled by a person. Such gas is complex gas mixture, which carry the information related to the
metabolic state of the body. This information is contained in the energy profile of the breath, which is measured as
the response signal of the point-contact sensor. Analysis of the response curve features of point-contact sensors
to the action of human breath using correct mathematical processing of the results provides the ability to
determine characteristic parameters that can later be used to develop a mathematical algorithm for detecting
individual areas of the breath profile that correspond to various metabolic processes occurring in the human body.
The thesis materials propose a methodological sequence of procedures for determining the content of serotonin,
cortisol and melatonin in the human body by analyzing breath using point-contact gas sensors. The universal
approach that is based on the study of response curve features to non-invasive investigate the hormones content
has been developed and its functionality has been shown. The results of the research, which are demonstrated in
this work, allow to improve significantly the understanding of the nature of point-contact gas sensors, which
brings closer the prospects of their widespread use for medical diagnostics. High reliability of the results is
guaranteed by using of modern experimental equipment, original methods and techniques that have shown their
effectiveness and have been tested during numerous studies. The study results have been recognized by the
scientific community. The results of the study, which formed the basis of this thesis, were tested in medical
research at the SI “Institute for Children and Adolescents Health Care” of the NAMS of Ukraine, Kharkiv, which
confirmed their high reliability and demand. Thesis materials were introduced into the educational process of the
Department of Metals and Semiconductors Physics of the National Technical University "Kharkiv Polytechnic
Institute”.
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Micue3HaxoaKeHHs: npocniekt Hayku, 6y, 47, Xapkis, XapKiBcbKuii p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3ybapeB €BreHiit MukosatoBuy

2. Evgeniy Zubarev

KBasidikanis: 1. ¢.-m. ., npodecop, 01.04.07
InenTudikarop ORCID ID: 0000-0001-6494-317X
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHUil TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJI. Kupnudosa, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB

OdiuiiiHi OoIOHEHTH

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Jonbun Onexcanap BitonpnoBuy

2. Oleksandr Dolbyn

KBasigikamis: s ¢.-m. 1., npodecop, 01.04.09

InenTudikarop ORCID ID: 0000-0001-8631-5051

JoparkoBa iHpopmawisi: Scopus Author Identifier 6603895851; Web of Science ResearcherID: Q-1694-2018

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: Di3uKO-TEXHIYHUIA iIHCTUTYT HU3LKUX TeMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534601

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 47, XapkiB, XapkiBcbkuil p-H., 61103, Vkpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. JoB6emiko 'annHa IBaHiBHA

2. Galyna Dovbeshko

KBasigikanis: g. ¢.-m. ., npodecop, 01.04.07

ImenTudikarop ORCID ID: 0000-0002-7701-0106

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: TucTuTyT (isuku HauionanbHoi akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

MicueSHaxo,vieHHﬂ: npocnekt Hayku, 6ya. 46, Kuis, 03680, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. 3aneB Poman BaneHTHHOBUY

2. Roman V. Zaitsev

KBasigikanis: 1. 1. u., npodecop, 01.04.07
Imentudikarop ORCID ID: 0000-0003-2286-8452
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicueBHaxo,ereHHﬂ: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:

1. CinatoB Onekcangp IOpiitoBuy

2. Oleksandr Y. Sipatov

KBasigikamis: g. ¢.-m. ., npodecop, 01.04.10
InenTudgikarop ORCID ID: 0000-0002-2693-2135
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBepCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"



Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

Manuxin Cepriii Bonogumuposuy

Masnuxin Cepriii BotoguMuposuy

I'ap6y3 Imutpo OsekcanapoBrY

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



