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1. Pa6enko HO.A. BusHaueHHs 3aIMIIKOBUX PinyH 6i0TOKCHHIB MeTogamu PamaH-cniektpockorii. KBamidikaririna
HayKoBa Ipalsl Ha MIpaBax pykonucy. Jlucepratis Ha 3000yTTs CTyIleHs oKTopa ¢inocodii 3a crenianpHicTio 105 -
[NpuknanHa ¢isuka ta HaHoMmaTepianu (Fanyse 3HaHb 10 - TIpupoaHudi HayKyM). XapKiBCbKUN HalliOHAJIBHUI
yHiBepcurteT iMmeni B.H. Kapasina MiHicTepcTBa OCBiTH i HayKu YKpainuy, Xapkis, 2023. [luceprallig IpUcBIYeHa
IIOCJIIKEHHIO Ta PO3POOIIi METOAUKU OJleP>KaHHSI KOMIIO3UTHUX MaTepialiB, sIKi MalOTh METPOJIOTIYHO CTilKi
napaMeTpH, LoJ0 NifcuieHHs1 PamaHiBCbKOTro po3ciloBaHHS CKJIaHUX OPTraHiYHUX Ta 6i0JI0riYHUX MoJleKyJI. L
KOMIIO3UTH € NePCIEKTUBHYMMU 1711 BUKOPUCTAHHS, SIK y 6i0C€HCOpax, TaK i B iHMKX BUPOOAX 1151 KaJlibpyBaHHS
CIIeKTPaJIbHOTO 061asHaHHS. [Ipy LbOMY BaXJIMBO, 10 HaBeeHI METOIY AAI0Th MOXJIUBICTh OTPUMYBATU
BHCOKOJ0OPOTHI PE30HAHCHI CTPYKTYPU, 10 € CTiliKi 10 XiMiUHOrO Ta MEXaHI{YHOrO BIUIMBY i MalOTh CTabiIbHY
yactory Ppesixa. CydacHi BUCOKOTOYHI CIIEKTPOMETPUYHI METOAU JOCiIKEHHS JAOTh MOKJIMBICTb BUBYATU
TOIOJIOTIIO Ta KOH(POPMALIiI0 CKIaAHUX MOJIEKYJ. OTHUM 3 METOJIiB MiABUIEHHS YyTJIUBOCT] CIIEKTPAILHUX

IIPUJIaZB, IO HaJla€ MOXUJIMBICTD JETEeKTyBaTU PEYOBMHU B HAIMAJIUX KOHLIEHTPALliSIX € MifCUIeHHS [I0BEPXHEI0



KOoMOiHaljiiiHe po3citoBaHHs cBiTsa (SERS). B ubomy meTozi 3a3BMy4ail BAKOPUCTOBYIOTb HAHOYACTUHKYU METasliB
poamipoM Bix 15-50 HM, a B poOOTi JocinKeHi HAHOYACTUHKY 3010Ta 5-10 HM. ['paHysM yTBOPIOIOTh KOMIIO3UTHY
CTPYKTYPY 3 IIPO30PUM CEPENOBUILEM MiJKIAIKHY, B Kill CIIOCTEPIraeThCsl CMyra I1J1a3MOBOTO MTOTJIMHAHHS,
BiITIOBiJIHA O KOJIMBAHb IJIa3MU BiJIbHUX €J1€KTPOHiB. OJIHaK iCHYIOUM METOAMKYM C(POKYCOBaHi HA CTBOPEHHI
KOJIOiZly y PO3uMHax, abo Ha MigKJaaKax 3 MiTKOI0 6€3 BUCYLIyBaHHS 3Pa3Ka, 10 He A€ MOXKJIMBOCTI OTPUMYBATH
MeTpoJoriyHe cTabinbHuil curnan SERS. EQexT ryasmoBoro pe3oHaHcy Ta oro BuUKopucTtaHHs y SERS Bimomi
IABHO, Ta iHTEPEC [10 CTBOPEHHSI HOBUX METPOJIOTIYHMX METOAMK JE€TEKTYBaHHS MOJIEKYJ OCTAaHHIM 4aCOM CYTTEBO
3pic. Komno3utHuii MaTepial, o yTBOPIOETLCA 3a JOIIOMOIOI0 JIa3epHOI iIMILIaHTaLil paHyJIApHOI IIIiBKU 30J10Ta Y
IIPUTIOBEPXHEBUI AP IJIABJIEHOTO KBAPLy HAaJla€ MOKJIUBICTb CTBOPUTH MeTamaTtepia CTiKuN 1o XiMi4HOro Ta
MEXaHiYHOr 0 BIIMBY Ta TaKUH, [0 Ma€ BUCOKOOOPOTHMI pe30HaHC. JIo IbOro 4acy BiICYyTHI METOJMKN CTBOPEHHS
TaK/X METPOJIOTIYHO AETEPMiHOBAHMX KOMIIO3UTIB. | X04a cripobu jla3epHUX TEPMIUHUX IMITJIaHTALil 30J10Ta Ta
cpi6sa y npunoBepxHeBUi map 6yJu 3/1iiCHEeHi HU3KOIO aBTOPIB, Y AucepTalii 151 MeTouKa 6yja B4OCKOHAIEHA Ta
HaJjajia MOKJIMBICTb CTBOPIOBATH ME€TaMaTepiasl 3 Harepes 3alaHuMU BIaCTUBOCTSIMU. CydaCHUM PO3BUTOK
YMCEJIBHOTO MOJIE/IIOBAaHHS Hala€ MOKJIMBOCTI PO3paxyHKY (isMUYHUX BJIaCTUBOCTEN TOMOJIOTIYHO CKIIaHUX
HaHoMarepiasis. ToMy y poOOTi HaBeeHi YMCeNbHI PO3PaXyHKU MOJOBOTO CKJIaly CKJIAIHOI TOMOJIOTii
HAaHOYACTUHKY 30J10Ta Ta e(peKTUBHOrO iHpekcy pedpakiii Moz, Takox 4ucesbHO 6YJI0 po3paxoBaHe GJIVKHE IToJ1e
y «raps4iii TO4Li» HaHOYaCTUHKU 30JI0Ta Ta OyJI0 BCTAHOBJIEHO €(PEKT 3B'sI3yBaHHS MOJ], Mi’)K HAHOYaCTUHKAMHU Ta
KOJIMBAJIbLHAUMMU PiBHSIMU €HEPTii MOJIEKYJISIPHOI I'pyNy, 1O BiAIIOBiIae JUNOJIBHOMY Nlepexoay. Jlani 6yyo
HiATBEPAKEHO B €KCIIEPUMEHTax 3 6araTolapoBUM CKJIaIoM ILIiBOK. BCTaHOBJIEHO, 1110 3B'130K CIIOCTEPiraeTbCs Ha
BifcTaHsax 0o 50 HM, 110 BiAnoBifnae 6JvKHil 30Hi. BCTaHOBJIEHO, 10 HA TaKMX BiICTaHSIX MOXKHA BUKOPUCTOBYBATU
MOJ€JIb IUIIOJIBHOTO OCLMJISITOPA [J1s1 ONIUCY HAaHOYACTUHOK MeTaJliB. YucesbHI pOo3paxyHKU MOJIEKYJI BilOMi JaBHO,
ajie CKJIaHICTb 6i0JIOTiYHMUX MOJIEKYJI HAaZla€ MOXJIMBOCTI IPECTAaBUTH MOJIEKYJIN Y BUTJISIIi KBAHTOBO-MEXaHIYHOi
IieJIEKTPUYHY [IPOHUKHICTh MeTasliB. CIIpOleHa METOVKA PO3PaXyHKy JieJIeKTPUYHOI IPOHUKHOCTI Pomaminy 6G
HaBeJleHa y JucepTallii Ta BKa3aHo, 1[0 TaKy METOJMUKY MOXKHA 3aCTOCOBYBATHU [0 BEJIMKUX MOJIeKYJL. Lle posmuploe
MO>KJIMBOCTI Y YMCEJIbHOMY MO/IEJIIOBAHHi MificeHHs] PaMaHiBCbKOTO PO3CilOBaHHS 6i0JI0NYHAMU MOJIEKYJIaMU Ha
BUCKOJJOOPOTHUX PE30HAHCHUX CUCTEMAX. PaMaH-CIIEKTPOCKOIIisl Ma€e BaXKJIMBE 3HAYEHHS Y Cy4acHUX 6i0(PisnyHmx
IOCTiI)KEeHHSX. AJle KilIbKiCTb JOCJIiI)KeHb BKpail 06MeKeHa Ta HE HOCUTbh CUCTEMHOTO XapaKTepy IO/A0 CIEKTPiB
TOKCUYHUX MOJIEKYJI Ta CIIEKTPIB PEYOBUH, 110 YTBOPIOIOTHCS y MPOLEeCi 610XiMiYHMX peaKLiil IUX TOKCUHIB 3
dbepmeHTamy, 10 YTBOPIOIOTHCS i1 9ac iMyHHOI Bianosini. Tomy y nucepTauii HaBeleHa METOIMKA BU3HAYEHHS

IIPUCYTHOCTi TOKCUYHOI p€4OBUHU BOTYJIOTOKCUHY A Y CUPOBATILi KPOBi XBOPUX Ha MiaCTEHII0.

2. luliia Riabenko. Detection of traces of biotoxins using Raman spectroscopy. Qualification scholarly paper: a
manuscript. Thesis submitted for obtaining the Doctor of Philosophy in Specialty 105 - Applied Physics and
Nanomaterials (Natural Sciences). - V. N. Karazin Kharkiv National University of the Ministry of Education and
Science of Ukraine, Kharkiv, 2023. The thesis focuses on the research and development of the method for
obtaining composite materials with parameters consistent with metrological standards to enhance Raman
scattering of complex organic and biological molecules. These composites are promising for use both in biosensors
and in other devices for calibration of spectral equipment. Such methods give an opportunity to obtain high-
quality resonant structures resistant to chemical and mechanical influences and possessing a stable Frelich
frequency. Modern high-precision spectrometric research methods provide for a better understanding of topology
and conformation of complex molecules. One of the methods of increasing the sensitivity of spectral devices is
SERS which detects substances in residual concentrations. This method usually employs metal nanoparticles sized
15-50 nm, while the present research uses gold nanoparticles of 5-10 nm. The granules form a composite structure
with a transparent substrate, where a plasma absorption band corresponds to plasma oscillations of free electrons.
However, the existing techniques are focused on creating a colloid in solutions or on substrates with a label
without drying the sample, which does not allow for obtaining a SERS signal consistent with metrological
standards. The effect of plasma resonance and its use in SERS have been known for a long time, nevertheless, there
has been a growing interest in creating new metrological methods of molecular detection. The composite material



formed by laser implantation of a granular film of gold in the near-surface layer of fused quartz creates a
metamaterial resistant to chemical and mechanical influences with a high-Q resonance. Currently, there are no
methods able to create composites which would be consistent with metrological standards. Although attempts at
laser implantation of gold and silver in the near-surface layer have been made by several authors, the present
research improves this technique making it possible to create a metamaterial with predetermined properties. The
modern development of numerical modeling provides opportunities to calculate the physical properties of
topologically complex nanomaterials. Therefore, the paper presents numerical calculations of modes of complex
topology of a gold nanoparticle and the effective refractive index of the modes. The near field in the "hot spot" of a
gold nanoparticle was also calculated, and the mode coupling effect was established between the nanoparticles
and vibrational energy levels of the molecular group corresponding to the dipole transition. The data was
confirmed in experiments with a multilayer composition of films. It was established that coupling is observed at
distances up to 50 nm, corresponding to the near-field. Hence, at such distances, the dipole oscillator model can
be used to describe metal nanoparticles. Numerical calculations of the molecule properties have been available for
some time. Still, the complexity of biological molecules makes it possible to present a molecule as a quantum
mechanics system and determine its main parameters: the polarizability tensor, energy levels in quantum
mechanics, and dielectric permittivity of metals. The thesis proposes a simplified method for calculating the
dielectric constant of Rhodamine 6G, indicating that such a method can be applied to large molecules. This
expands the possibilities of numerical modeling of Raman scattering enhancement for biological molecules on
high-Q resonant systems. Raman spectroscopy is of paramount importance in modern biophysical research.
However, the number of studies available is quite limited and a systematic review could be beneficial in terms of
the spectra of toxic molecules and substances formed during biochemical reactions of these toxins with enzymes
as part of the immune response. Therefore, the present thesis presents a method for determining the presence of
Botulinum toxin A in the blood serum of patients with myasthenia gravis.
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