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Pedepar:

1. Incepraris Ha 30O6YTTSI HAYKOBOTO CTyIeHs fokTropa dinocodii 3a cnenjianpHicTio 104 «di3uka Ta aCTPOHOMIA.
- Qi3uKO-TexHIYHUI iHCTUTYT HU3bKUX TemnepaTyp imeHi b.I. Bepkina HAH Vkpainu, Xapkis, 2023. O6’ekT
IOCTiIKEeHHS — AEHAPUTHI TOUKOBO-KOHTAKTi HAHOCTPYKTYpU. [IpegmMeT focaimpkeHHs — e(peKTH HesiHifHOoi
€JIEKTPOIPOBIIHOCTI B KBAHTOBUX IE€HAPUTHUX TOYKOBUX KOHTAKTaxX SJHCOHA. Y nepmomy po3zisi «CydacHull CTaH
Ta MEPCNEKTUBU PO3BUTKY KBAHTOBUX CEHCOPIB, 10 NPALIOI0Th HA IPUHIIUII 3MiHU €JIEKTPUYHOI TPOBiIHOCTI»
HneTbcs Npo PyHIaMeHTalbHi OCHOBU MIKPOKOHTaKTHOI ciekTpockornii (MKC) SIHcoHa Ta TOUKOBUX KOHTAKTIiB
SIHCOHa, 5IKi € 6a30BUM €JIEMEHTOM Cy4aCHUX KBaHTOBUX ceHcopiB. HaBemeHo iHpopmalio mpo Mogesti TOUKOBUX
KOHTAKTiB SIHCOHA, ONMCAHO PEXMMU MPOTiKaHHS CTPyMy. ONKCaHi IPUHLNWIIN AETEKTYBAaHHS Ta30BUX CEPEIOBUILL,

Ipyruii posnin «MeTonu4yHi 0CO6JIMBOCTI LOCTII>KEHb Ta eKCIIepUMeHTaIbHe 00JIafiHaHHS» PO3IIOBiZiae IIpo



0COOGJIMBOCTI NPOLIECY CTBOPEHHS TOYKOBUX KOHTAKTIB SIHCOHA Ta METOJU NOCIIPKEHHS iX XapaKTePUCTHUK.
HasegneHo omnuc 1a60paTOPHOTrO YCTaTKyBaHHS, ONIMCAHO METOJ0JIOTII0 IiATOTOBKY €JIeKTPOJIITIB Ta €JIeKTPO/iB IJIs
CTBOPEHHS [E€HIPUTHNUX TOUKOBUX KOHTAKTIB SIHCOHA. ONIMCaHO METOLOJIOTiI0 NUCEPTALINHUX NOCIiIKEHb B
ra3oBOMY CEpeNOBUILi. Y TPETbOMY pO3aii «KBaHTyBaHHS IIPOBITHOCTI — HOBUI CEJIEKTUBHUN MeEXaHi3M
IleTEKTYBaHHS ra30BUX CEPENOBUII» 3alIPONIOHOBAHO HOBY KOHLEMIIIO CEJIEKTUBHOIO NETEKTYBAHHS B FA30BUX Ta
piKuX ceperoBulax, OCHOBaHY Ha (POPMYBaHHI OpUTriHAJIbHOI KBAHTOBOI CUCTEMU Ta peecTpallii ii eHepreTUYHUxX
CTaHIB y IMHAMIYHOMY PEXXMMi 3a J0IIOMOTO0I0 IEHIPUTHUX TOYKOBUX KOHTAKTIB SIHCOHA, CHHTE30BaHUX
€JIEKTPOXIMIYHUM HUISIXOM Y JOCIIIKYBaHOMY cepenosulli. CHHTE3 HAaHOPO3MIPHUX AEHIPUTHUX TOYKOBUX
KOHTaKTiB SIHCOHA BUKOHYETHCS B IIPOLIEC] IUKIIYHOTO KOMYTallilHOTO e(eKTy, SKUN Mae Miclie B eJIeKTPOJIiTi, 110
KOHTAaKTy€ 3 CEPEIOBUILEM, IO aHAI3yeThbCs. [IpOBiAHICTE EHIPUTHIX TOYKOBUX KOHTAKTIB SIHCOHA IEMOHCTPYE
KBAaHTOBY IOBEJIiHKY, 1[I0 BU3HAYA€ETbCSI 000JIOHKOBUM e(peKTOM. KBaHTOBUI1 060JI0HKOBUI e(EKT hopmye
reoMeTpilo Ta 06YMOBIIIOE AUCKPETHY 3MiHY CTPYKTYpHY IIPOBiAHUX KAHAJIB JE€HIPUTHAX TOYKOBUX KOHTAKTIB
SlHcoHa B nipoueci ix cuHTe3dy. InHAMIYHUN PEKUM CKaHYBaHHS €HEPreTUYHUX CTaHiB TOYKOBO-KOHTAaKTHUX
KBaHTOBUX CUCTEM, 3aIIPOIIOHOBAHUMN y JaHill poOOTi, J03BOJIsIE PO3POOUTU YHiIBEPCATIbHUI METOZ, 1151 BUOiPKOBOTO
BUSIBJIEHHS 6araTboX ra3onofibHuX i pifKux cepemoBULl, BKIOYAI0YHM TaKi BasKKi /171 BUSIBJICHHS PEYOBUHH, K
MeTaH i iHepTHi ra3u. YeTBepTuil po3zin gucepTaliiHOi poOOTH NPUCBIYEHUI JOCTIIKEHHIO «MeXaHi3My akTuBallii
LMKJIIYHOIO KOMYTAaLifHOTO e(EeKTY /1J151 KBAHTOBOT'O CEJIEKTUBHOTI'O ETEKTYBAaHHS 3a JOTIOMOTOI0 JE€HIPUTHUX
TOYKOBUX KOHTAKTiB SIHCOHa». Po3po6ka KBaHTOBUX CEJIEKTUBHUX CEHCOPIB BUMAarae JeTajibHOTO BUBYEHHS
IpUPOAY, KIHETUYHUX NTapaMeTpiB i MexaHi3miB akTuBalii BCix (a3 LUKIiYHOro KoMyTaliitHOro eexry. To4YKoBi
KOHTAaKTH SIHCOHA € OCHOBHUM iHCTPYMEHTOM [1J151 BUPilIE€HHS] BUHUKAIOUUX 3aBIaHb. [Ipy po3milleHHi ix B
iOHOTIPOBIHOMY CepeNOBuILli IPOBITHMI KaHAJl KOHTAKTy MOKe (PYHKLiOHYBAaTH SIK €JIeKTPOXiMiuHa Oe3IiIMHHA
enexkrpogHa cucrema (BEC). AHasi3 excrieprMeHTaIbHUX JAHUX W00 AMHAMIKY €JIEeKTPOIPOBITHOCTI Ta Yacy
SKUTTS AEeHIPUTHUX TOYKOBUX KOHTAKTIB SIHCOHA Mif 4ac LUKIIYHOrO KOMyTaliiiHOTro eeKTy J03BOJIsiE€ OCHITUTH
0COOJIMBOCTI IIPOLIECIB, SIKi MOXYTb YMOKJIMBUTHU peaJlizallilo KBAHTOBOI'O MeXaHi3My BUGIPKOBOIO Je€TEeKTyBaHHS Ta
IIPU3BECTH [0 MiIBULIEHHS YyTJIMBOCTI TOUKOBO-KOHTaKTHUX CEHCOPIB 10 PiIKUX i ra30M0i6HMX aHAJIITIB.
3anpornoHOBaHO Ta 0GrOBOPEHO MaTeMAaTUYHy MOZEJIb PyHHYBAaHHS aHOAY IEeHAPUTHUX MiTHUX TOUKOBUX
KOHTaKTIB IIiJ 4ac LUKIiYHOro KOMyTaliHoOro epexry. Y mw'stomy posnisi «KBaHTOBUI CEHCOP — CEHCOP HOBOTO
IIOKOJIiHHSI» PO3IJISIHYTO PE3yJIbTAaTH AOCIIIPKEHb, 0 OYyJIM CIPSIMOBAaHI Ha MepeBipKy MOKIMBOCTI IPAKTUYHOTO
3aCTOCYBaHHS CEJIEKTMBHOTO KBAHTOBOTO MEXaHi3My [IeTEKTYBaHHS ra30BUX CEPEIOBUI, SIKUi1 6yJI0 BiIKPUTO IpU
BMKOHaHHI AucepTauiiiHoi poboTu. [ uporo 6ysa nposeseHa po3pooKa NPOTOTUILY HOBOIO KBAHTOBOTO CEHCOPA.
[icTorpamu NpoBigHOCTI, 5IKi BiANIOBiAI0Th KBAHTOBUM CTaHAaM JIEHIPUTHUX TOYKOBUX KOHTAKTIB B IIPOLEC] ixX
[IepEeTBOPEHb, € MAPKEPOM NIEBHUX CEPEOBHUI i MOXYTh OyTH 3apeeCTPOBaHi 3a JOIIOMOTOI0 IPOTOTUITY HOBOTO
KBaHTOBOT'O CEHCOpPa, pO3p06JIeHOro B AUCEPTaLiHii poboTi. ie3maTHiCTh pO3p06IEeHOT0 NIPOTOTUILY Oyia
IIOBEJIEHA B €KCIIEPUMEHTAX B ra30BUX CEPEJOBUIIAX aPrOHY Ta OTOYYIOYOro MOBITps. OTpUMaHi pe3yJbTaTh
3a0€31e4yI0Th [1IEPEAYMOBHU 11711 PO3POOKM KBAHTOBUX CEHCOPiB HOBOTO ITOKOJIiHHS [1J151 CEJIEKTMBHOIO BU3HAUEHHSI
PiIKMX Ta ra30BUX cepenoBulll. Kio4yoBi c10Ba: HAHOCTPYKTYPA, €/1eKTPUYHA ITPOBiAHICTh, MIKDOKOHTAaKTHA
CIIEKTPOCKOIIiS SIHCOHA, MIKpDOKOHTAaKTHUI ra304yTAMBUI ePeKT, CEHCOP, AEeHIPUT, €JIeKTPUIHUI OIIip,
HaHOCTPYKTYPHI [1I€PETBOPEHHS, KBAHTYBaHHS I[IPOBIIHOCTI, IPOBiAHICTh, TPAHCIIOPTHI BJIACTHUBOCTI, TOYKOBI
KOHTAaKTH, KBAHTOBUI pPO3MipHUI €(DEKT, CKaHyI04a eJIEKTPOHHA MIKPOCKOIIisl, HAHOMAaTepiaiu, KBAaHTOBI e(eKTH,

CIIEKTPOCKOMis, PamaHiBCbKa CIIEKTPOCKOIIis, TPAHCIIOPTHI BIACTUBOCTI, MUTOMUM €JIEKTPUYHUI OIIip.

2. The thesis is submitted to obtain the scientific degree of Doctor of Philosophy in specialty 104 "Physics and
Astronomy". - B.Verkin Institute for Low Temperature Physics and Engineering of the National Academy of
Sciences of Ukraine, Kharkiv, 2023. The object of the study is the nanostructured point-contact sensor. The
subject of the study is the effect of nonlinear electrical conductivity in quantum dendritic Yanson point contacts.
The first chapter, "Current state and prospects for the development of quantum sensors which operate using the
electrical conductivity changing principle", is devoted to the fundamentals of Yanson point-contact spectroscopy,
which is the essential element of modern quantum sensors. Information about Yanson's point contact models is
provided, current flow modes are described. The principles for the detection of gaseous media are described. The



second chapter, "Methodological features of research and experimental equipment", is about the features of the
process of creating Yanson's point contacts and the methods for investigation of their characteristics. The
laboratory equipment is described, and the methodology of preparation of electrolytes and electrodes for the
creation of Yanson dendritic point contacts is given. The methodology of dissertation research in a gaseous
environment is explained. The third chapter, "Conductance quantization as a new selective sensing mechanism in
dendritic point contacts”, introduces a new concept of selective detection in gaseous and liquid media. This
concept is based on forming an original quantum system and registering its energy states in a dynamic mode using
dendritic Yanson point contacts synthesized electrochemically in the studied environment. The synthesis of nano-
sized dendritic Yanson point contacts is performed in the process of a cyclic switching effect that takes place in
the electrolyte in connection with the medium being analyzed. The conductance of dendritic Yanson point
contacts exhibits quantum behavior determined by the shell effect. The quantum shell effect shapes the geometry
and causes a discrete change in the structure of the conducting channels of Yanson dendritic point contacts in
their synthesis. The dynamic mode of scanning the energy states of point-contact quantum systems, proposed in
this work, makes it possible to develop a universal method for the selective detection of many gaseous and liquid
media, including such difficult-to-detect substances as methane and inert gases. The fourth chapter studies
"Activation Mechanism of the Cyclic Switchover Effect for Quantum Selective Detection with Dendritic Yanson
Point Contacts". The development of quantum selective sensors requires a detailed analysis of the nature, kinetic
parameters, and activation mechanisms of all phases of the cyclic switchover effect. Yanson point contacts are the
main tool for solving emerging problems. The conductive contact channel can function as an electrochemical
gapless electrode system (GES) when placed in an ion-conducting medium. The analysis of experimental data on
the dynamics of electrical conductivity and lifetime of dendritic Yanson point contacts during the cyclic switching
effect makes it possible to investigate the features of processes that can ensure the implementation of a quantum
mechanism of selective detection and lead to the increased sensitivity of point-contact sensors to liquid and
gaseous analytes. A mathematical model of anode destruction of dendritic copper point contacts during the cyclic
switchover effect is proposed and discussed. In the fifth chapter, "Quantum sensor - sensor of a new generation”,
the research results aimed at verifying the possibility of the practical application of the selective quantum
mechanism of detection of gaseous media, which was discovered during the dissertation work, were considered.
For this purpose, a prototype of a new quantum sensor was developed. Conductivity histograms, which
correspond to the quantum states of dendritic point contacts in the process of their transformations, are a marker
of certain environment compositions and can be registered using the prototype of a new quantum sensor
developed during the study. The performance of the developed prototype was proven during experiments in gas
environments of argon and ambient air. The obtained results provide prerequisites for developing -generation
quantum sensors to select liquid and gaseous media. Keywords: nanostructure, electric conductivity, Yanson
point-contact spectroscopy, point contact gas-sensitive effect, sensor, dendrite, electric resistance,
nanostructured transformations, conductance quantization, conductivity, transport properties, point contacts,
quantum size effect, scanning electron microscopy, nanomaterials, quantum effects, spectroscopy, Raman
spectroscopy, transport properties, electrical resistivity.
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