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Pedepar:

1. Incepraujiiina po60oTa IpucBsIYeHa po3poodlii METOly CTBOPEHHSI TOUKOBO-KOHTAaKTHUX CEHCOPHUX MaTPUIlb 3
XapaKTEePUCTUKAMU, 1O BiTBOPIOIOTHCS, YIOCKOHAIEHHIO TEXHOJIOTI] OTpUMaHHS TaKUX HAHOOO0'€KTiB, IPOBEIEHHIO
IOCJIIKeHb, IO CIIPSIMOBaHi Ha OTVINGJIEHHS PO3YMiHHS IPUPOIYU TOYKOBO-KOHTAKTHUX CEHCOPIB BUIUXYBAHOTO
rasy Ha OCHOBI CIIOJIyKM TE€TpPalliaHOXiHOZiMETaHy, a TaKO>XX PO3p0o0Lii METOI0JIOTiYHOI OCHOBY [1J1s1 aHAJi3y
CIIEKTPJIbHUX CEHCOPHUX NPOQiiB rasy, Mo BUAMXAETHCS, 3 MEJUYHUM 3aCTOCYBaHHSIM. TOUKOBi KOHTaKTU

SHCcoHa gBAI0TE COOO0I0 eJIeKTpI/I‘-IHi KOHTaKTU Mi’K MAaCUBHUMU €JIEKTPO4aMU 3 IVIOIIEI0 NOTUKY, IITO



XapaKTePU3yeThCs AiaMeTPOM, MEHIIMM a60 MOPIBHSIHUM i3 CEpeIHbOIO JOBKMHOIO BiIbHOTO MTPOGIry HOCIiB 3apsny
B pedoBuHi. CiBBiIHOLIEHHS MK JOBXKUHOIO BiJIbHOTO ITPOGIry eJIeKTPOHA i AiaMeTPOM KOHTaKTy BU3HAYA€ MEXY
MiK 3BUMaliHUMU €JIEKTPUYHUMU KOHTaKTaMU i TOUKOBUMU KOHTaKTaMu SIHCOHA, a TAaKOXK BiAMIHHICTb iX Qi3UyHUX
BjlacTuBOCTe. 11i BigMiHHOCTI 06yMOBJIEH] THM, IO Y TOYKOBUX KOHTAaKTax SIHCOHA BeJIMKa JJOBXXUHA BiJIbHOTO
IIpOGiry eJIEKTPOHIB y MOPIBHSIHHI 3 iX po3Mipamu 3a6e3medye po3fijieHHs Y IPOCTOPi TEMI0BUX €(PEKTIB Ta
HEPiBHOBAXHUX €JIEKTPOHHUX IIPOLECIB, SIKi BiINOBIgAIbHI 32 CIEKTPAJIbHI Ta CEHCOPHI BJIACTUBOCTI [JUX KBAHTOBUX
00’exTiB. Taka 0COOJIMBICTD 3a0€3I1eUye YHiKaIbHI MOXKJIMBOCTI TOUKOBUX KOHTAKTIB SIHCOHA, 1110 pOOUTS iX
IpUBAGIMBUMU 00'€KTaMU 7151 PO3POOKY ra30BUX CEHCOPIB. Y SIKOCTi ra304yT/IMBOrO MaTepiay 1Jsi CTBOPEHHS
(YHKIIOHATIBHOTO IIapy CEHCOPY HAa OCHOBI TOYKOBUX KOHTAKTIiB SIHCOHA 6yJI0 BUKOPHCTAHO CIIOJIYKY
teTpaujaHoxiHogiMeTany (TCNQ). Bubip maTtepiany 6yB 00yMOBJIEHUI BUCOKOIO aHI30TPOIIi€I0 €JIeKTPUYHO]
IIPOBIAHOCTI, 10 XapaKTepHa JJ1s1 OPraHiyHMX NPOBIIHUKIB. Y IIpolecci CuHTe3y 06'€KTIB JOCiIKEHHS
cTBOproBanach pedoBruHa Cu-TCNQ. [Inst cuHTe3y (QyHKLiOHAJIbHUAX Ta MOZEJbHUX 3Pa3KiB BUKOPUCTAHO
OpUTiHaJIbHY TEXHIKy KOMOIHOBAHOTO €JIeKTPOXiMiYHOr0 OcaiKeHHs 3 IPUMYCOBOIO KOHBeKIJi€l0. Y rpoleci poboTu
JOCJIIZIPKEHO CTPYKTYPY Ta (Ha3oBUii CKJIa/, Fra30BUX TOYKOBO-KOHTAKTHUX CEHCOPIB Ha 0CHOBI criosyku Cu-TCNQ.
BusHavyeHo 3as1eXHiCTb TIOBEPXHEBOi MOP(OIOTii OTPUMYBaHUX HAHOOO'€KTIB BiJ] pesKUMIB ix cuHTe3y. OTpuMaHi
ra3oBi CEHCOPM HaJajli BAKOPUCTAHO [JIS IETEKTYBAHHS ra3y, 0 BUJAUXAEThCS JIOIMHOI0. Takuil ra3 € CKIagHoK
ra3oBOIO CyMilllIO, 110 Hece iHpopMallilo Ipo MeTaboIiuHMil cTaH opraHiamy. 15 indpopmatiis micTuTbcs y
€HEepPreTMYHOMY NPO(Pisi BUAMXYBAHOIO Ta3y, SIKUH BUMIPIOETbCS Y BUIJISIZ] CUTHAJY BiilryKy TOYKOBO-KOHTAaKTHOTO
ceHcopa. AHaJli3 0CO6JIMBOCTEN KPUBOI BiITyKy TOYKOBO-KOHTAKTHMX CEHCOPIB Ha Jil0 BUAMXYBAHOTO Ta3y JIOJUHA
i3 3acTOCYBaHHSIM KOPEKTHOI MaTeMaTUYHOI 0OpOOKY pe3ysbTaTiB 3a6e3redye MOKIMBICTb BUSHAYEHHS
XapaKTEPUCTUYHUX N1apaMeTPiB, SIKi Hafali MOXKYTb OyTA BUKOPUCTaHI J1s1 PO3POOKU MaTEMAaTUYHOTO aJITOPUTMY
BUSIBJIEHHS] OKpEMUX 06J1acTell podiaio BUAMXYBAHOTO Ta3y, o BiAMNOBIJAIOTh PI3HUM META00JIiUHMM POLecaMm,
sKi BiOyBaloTbCS B OPraHi3Mi JII0AuHU. Y X0[Ii AuCepTalii 3apornoHOBaHO METOI0JIOTIYHY IIOCIIiIOBHICTb IPOLIELYP
I10 BU3HAYEHHIO BMIiCTy CEPOTOHIHY, KOPTHA30JIy Ta MEJIATOHIHY B OPTraHi3Mi JIIOAVHY 32 aHAJIi30M raay, 110
BUJIMXA€ETbCS, 3 BAKOPUCTAHHIM TOYKOBO-KOHTAKTHUX CEHCOPiB. PO3p06s1€HO yHiBEpCaIbHUMN MiAXi 11O
HeiHBa3MBHOMY BU3HAUY€HHIO BMICTy TOPMOHIB, 10 6a3y€eThCs HAa JOCJiIKEHHI 0COOIMBOCTEN KPUBUX BiITyKy
JIATYMKIB Ha Zil0 ra30Boi CyMillli Ta IPOAEMOHCTPOBAHO MOro QyHKIiOHaNbHICT. Pe3ybTaT JOCTiIKeHb, 1110
BHCBITJIEHO B JIaHiil POOOTi, J03BOJISIIOTh 3HAYHUM YMHOM ITOKPAIIUTH PO3YMiHHS IPUPOAU TOUKOBO-KOHTAaKTHUX
CEHCOPIB rasy, 10 Hab/Ka€e NePCHeKTUBY iX IMPOKOr0 BUKOPUCTAHHS /11 MEIUYHOI IiarTHOCTUKU. Bucoka
IOCTOBIpHICTh Pe3yJbTaTiB OyJla rapaHTOBaHA 3aBISIKU 3aCTOCYBAHHIO Cy4aCHOTO eKCIIePUMEHTAJIbHOTO
0071aJHaHHS1, BUKOPUCTAHHIO OPUTiHAJIbHUX METOIiB Ta METOVK, SIKi I0Ka3aJIu CBOIO e(eKTUBHICTb Ta Oyu
arnpoOOoBaHi NiJi Yac NonepeHixX JOCIiIKeHb, BU3HAHUX HAYKOBOIO CIIJIBHOTOIO, @ TAKOK BUCOKMM (PAaXOBUM PiBHEM
crniBaBTOPiB HAYKOBUX IyO6JliKaliil. Pe3ysibTaTy JOCiaXeHb, O JISITIM B OCHOBY aHOI po60TH, 6y/1n alipoOoBaHi y
MEIVYHUX JOCIIIKEHHAIX Y NEP>KaBHIN YCTaHOBI «[HCTUTYT OXOPOHM 3[0POB'A IiTel Ta niaiTkiB HanioHanbHOI
aKkazeMii MeIMYHMX HayK YKpaiHu», M. XapKiB, 10 CTaJIO MiITBEPAKEHHIM IXHbOI BUCOKOI HAZJiHOCTI Ta
3aTpebyBaHocTi. MaTepianu po6oTu 6yJ10 BIPOBaIKEHO B HaBYaabHUH npouec kadbenpu (pisuku meTatis i

HamniBNpoBinHUKiB HanjionansHoro TexHiyHOTo 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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IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: Di3uKO-TeXHIYHUIA iIHCTUTYT HU3LKUX TEMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534601

MicueSHaxo,q)KeHHﬂ: npocnekT Hayku, 6ya. 47, XapkiB, XapKiBcbkuil p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3ybapeB €Breniit MukosaioBuy

2. Evgeniy Zubarev

KBasidikamis: 1. ¢.-m. n., npodecop, 01.04.07
InenTudikarop ORCHID ID: 0000-0001-6494-317X
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y7. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUI

VII. BizomocTi npo odinifiHHX ONOHEHTIB Ta PELeH3€HTiB

OdiuiiiHi OIOHEHTH

Baacue IlpizBuiie Im's Ilo-6aTbKOBI:

1. Jonbun Onexcanap BitonpnoBuy

2. Oleksandr Dolbyn

KBasigikanis: n. ¢.-m. 1., npodecop, 01.04.09

Imentudikarop ORCHID ID: 0000-0001-8631-5051

JoparkoBa iHpopMmamwist: 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: npocniekt Hayku, 6y, 47, Xapkis, XapKiBcbKuii p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMiqHuit

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JoBbemko I'asivHa IBaHiBHA

2. Galyna Dovbeshko

KBasigikanis: 1. d.-m. ., npodecop, 01.04.07

InenTudikarop ORCHID ID: 0000-0002-7701-0106

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOM: [HCTUTYT disnkyn HauionansHoi akanemii Hayk YKpainu
Kopg, 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 46, Kuis, 03680, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. BaiiueB PomaH BaneHTHUHOBUY

2. Roman V. Zaitsev

KBasigikamis: n. 1. ., npodecop, 01.04.07
InenTudikarop ORCHID ID: 0000-0003-2286-8452
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. CinmaroB Onekcangp IOpirioBud
2. Oleksandr Y. Sipatov

KBasigikamis: g. ¢.-m. 1., npodecop, 01.04.10
ImenTudikarop ORCHID ID: 0000-0002-2693-2135

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicneSHaXO;DKeHHﬂ: ByJ1. Kupnuuosa, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCiiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBoO1

OisIIBHOCTI

Manuxin Cepriil BonogumMuposud

Manuxin Cepriit Bonogumuposud

I'ap6y3 Imutpo OsiekcannpoBrY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



