O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U000451
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 17-01-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kysnenosa KarepuHa CepriiBHa

2. Kateryna S. Kuznetsova

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi cHIeniaIbHOCTI: 104

HasBa HayKoBOi crneniaJbHOCTI: ®isuka Ta acTpoHOMis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTi: 35357 disuka ta actpoHomis (104 disnka ta

aCTpOHOMis1)
Jdara 3axucTy: 30-01-2024

CrneniaJbHICTh 3a OCBIiTOIO: Giodisuka

Micue po60oTH 3400yBayva: Incrutyt pagiodisuku ta enekrponiky im. O. . Venkosa HanjionanbHoi akagemi

HayK YKpaiHu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKazemika ITpockypy, 6ya. 12, XapkiB, XapkiBcbkuil p-H., 61085, YkpaiHa

dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi Cleniaai3oBaHoi BY€HOI pagu): 1d ID3739

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: IHCTUTYT pagiodisuku Ta enekTpoHiky im. O. . Venkosa

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKazemika IIpockypu, 6yz. 12, XapkiB, XapkiBcbkuii p-H., 61085, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: IHCTUTYT pamiodisuku Ta enekTpoHiky im. O. 5. Venkosa
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534593

Micue3Haxoa>KeHHS: By/. Akanemika [Tpockypw, 6y, 12, Xapkis, Xapkiscbkuii p-H., 61085, Vkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHX PYOPHK: 47.45.31

Tema guceprauii:
1. MikpOXBU/IbOBA Ai€JIEKTPOMETPisl CUJIBHO MOIJIMHAIOYMX PiMH HAa OCHOBI IIAPyBATUX €JIEKTPOAMHAMIYHUX

CTPYKTYP
2. Microwave dielectrometry of high loss liquids based on layered electrodynamic structures

Pedepar:

1. MeTa po60TH - yIOCKOHAJIEHHSI METO/1iB BUSHAUEHHSI [1ieJIEeKTPUYHUX BJIACTUBOCTEN CUJIBHO NOTJIMHAIYNX PiH
3a JOIIOMOTOI0 MapyBaTUX €JIeKTPOJUHAMIYHUX CTPYKTYp. OO'€KT NOCIiIKeHb — eJIEKTPOMarHiTHi KOJIMBasbHi
IIPOLIECH B LIAPYyBaTUX XBUJIEBIIHUX CTPYKTYpPaX, sIKi MiCTSITh PO3YMHU 6i0JIOTIYHO aKTUBHUX PEYOBUH. TeopeTuyHi
Ta IPaKTU4YHi pe3ysibTaTy. YAOCKOHAJIEHO KOHCTPYKILilO KIOBETH MIieJIEKTPOMETPA, IKa He NOTpedye pedepeHCHO]
PimyHY i CKJIaIaeThCS 3 IBOX KOMIPOK Pi3HOI TOBKUHMU, B IKUX KOMIIEHCOBAHO BILJIMB AU pakuiiiHuxX edeKTiB Ha
Kpasix KOMIpOK, 110 MalOTh aKCiaJlbHy CUMETPII0 Ta JOCTAaTHbO TOHKUY AP JOCIiIPKyBaHOI PiIUHY, BHACIIILOK YOrO
MigBUIIEHO YYTJIUBICTbh BU3HAYEHHS KOMIUIEKCHOI [ieJIEKTPUYHOI IPOHUKHOCTI piguH. JlicTano nomanbiumii
PO3BUTOK EKCIIEPUMEHTAJIbHE BUBHAYEHHS] 3HAYEHb KOMIIJIEKCHOI Ai€JIEKTPUYHOI IPOHMKHOCTI BOOHUX PO34YMHIB

psALy 6i0JI0riYHO aKTUBHUX PEYOBUH (QaHTUOIOTHKY, IV1I0KO33, CHPOBATKOBUI aJIbOyMiH JIIOAUHY, iMyHOT100y1iH G



JIIOAVHY, BOJHI Ta COJIbOBI PO3YMHMU 6iJIKYy aIbOyMiHY 3 JOJaBaHHSIM IVIIOKO3U, NU(TepiliHNIT aHATOKCUH), SIKi
3MEHIIYIOTHCS B 3aJIEXKHOCTI Bifi 361/1blIIeHHS KOHLIEHTpaLlil 610JI0T{YHO aKTUBHUX PEYOBUH Yepe3 3MEHILIEHHS
KIJIBKOCTI BiJIBHUX MOJIEKYJI BOOU B po3unHi. Lli pe3ynbTaT NiATBEPIKEHO METOIOM MOJIEKYJISIPHO-AVMHAMIYHOTO
MOJ€JIIOBAHHS 3TiAHO 36i1bLIEHHS rigpaTalii Ta 4acy iCHyBaHHS BOJHEBHUX 3B'S13KiB MXK MOJIEKYJIaMH BOJIHU 3
MOJIEKyJIaMU OiJIKa Ta TII0KO3U, Ta MAIOTh JOOpe y3ro[KeHHS 3 pe3ybTaTaMi, OTPMMAHUMU BilOMUM
dapmakonerHUM METOLIOM aHasi3y papmalleBTUYHUX Npenapatis — metonoMm UV-Vis cekrpodoTomeTpii.
HoBusHa HayKoBUX pe3ysbTaTiB. Bepiie kinacu@pikoBaHO MOJU KPYIJIOTO METAJIEBOTO XBUJIEBOAY 3 LIEHTPAJIbHUM
Ii€JIEKTPUYHUM CTPYDKHEM, OTOYEHUM LMIAPOM CUJIBHO MOIVIMHAIOYO] PiAMHY, 10 HE MAIOTh (PiKCOBAHMX 4ACTOT
BificikaHHS MoJ, a KoedillieHT 3aracaHHs JJ1s1 XBUJI Mae HallMeHIli 3HaYeHHs [IOMDK iHIIWX TUIIIB XBUJIb Y
IIMPOKOMY Ziana3oHi yacToT. Briepie 3aliporIoHOBAaHO METOJVKY MOHITOPUHTY (PepMEHTATUBHOI peakii rinpoaizy
6inKiB anbOYMiHY Ta iMyHOI100yJ1iHY G JIIOAVHY 3 TPUIICMHOM Y PEJIbHOMY 4aci 4epe3 BU3HAYEHHS KOMILJIEKCHO]
IieseKTpUYHOI IPOHMKHOCTI LIMX PO34MHIB, IO 3HAMLIO MigTBEPIKEHHSI METOJOM crieKTpodoTomMeTpii. Ha Bigminy
BiJl KJIaCUYHOI METOZIMKH, 1i5l PeaKllisi He NOoTpebye nepepuBaHHs. MeTonu gociipKeHb. ExcriepuMeHTanbHui
METOJI, OCJIiIPKEHHST KOMILJIEKCHOTO KoedillieHTy NOMKUPEHHS XBUJIi Y XBUWIEBIIHUX CTPYKTypax y MijiMeTPOBOMY
Iliarla3oHi NOBXUH XBUJIb 32 TOMIOMOTIOIO BUMipIOBaHHS (a3y Ta aMILIITYOU XBUJIi, 3aCTOCOBYIOYM MiKPOXBUJIbLOBUIA
nudepeHUiHNN AiesekTpoMeTp. YncesnbHi 1 aHAMITUYHI MeTOOY PO3B'SI3aHHS €JIeKTPOAMHAMIYHOI 3a1a4i 1S
3HAXOJ)KEHHS KOMIUIEKCHOI [Ii€JIEKTPUYHOI IPOHUKHOCTI CUJIBHO ITOTJIMHAIOYO]I PiJHUA B MiJIMETPOBOMY Ta
CaHTHMETPOBOMY Jialla30Hax JOBXXMH XBUJIb 3 BUKOPMCTAHHSIM LIapPyBaTOi XBUJIEBiIHOI CTPYKTypU. CTyIiHb
yIIpOBaKEHHS. Pe3ynbTaT po60TH MOXYTbh OyTH BUKOPUCTAHI IIPY YAOCKOHAJIEHH] [ieJIeKTPOMETPUYHUX METOIiB
IOCJIiI)KeHHS CUWJIBHO IOTJIMHAIYUX PiIUH Y MiKPOXBUJILOBOMY Ziana3oHi yacToT. Cdpepa BUKOPHUCTaHHSL.
Po3po6seHnit HOBU NiAXin 6€3MepepBHOro y Yaci MOHITOPUHIY (PepMEHTATUBHOI peakLii rinposisy 6inka Mmoxe
OyTU 3aCTOCOBAHMH 11711 MOHITOPUHIY 6iOXiMiYHUX pPeakliil 6€3 HeOOXiZHOCTI PyHHYBaHHS (PEPMEHTY Ta 3yIIMHKU
peakuii. 3arponoHoBaHa METOAKKA KOHTPOJIIO [IpoLiecy repexony Tu@TepiliHOro TOKCHHY B HETOKCUYHY HopMy
AaHaTOKCUH METOJIOM MiKpOXBUJIbOBOI /lieIeKTPOMETPIi 1J151 TEXHOJIOTIYHOTO MPOLLeCy BUPOOHUIITBA BAKLIUHU [IPOTH
Iu@Tepii 3aMiCTb BUKOPUCTAHHS TBapyH. Po3pobsieHa BAOCKOHaTIeHa KOHCTPYKIisl BUMIPIOBAJIbHOI KIOBETH 3
IiIBUIIEHOI0 YyT/IMBICTIO BU3HAUYE€HHS KOMIUIEKCHOI 1ieJIeKTPUYHOI TPOHUKHOCTI PO34YMHIB 6i0JIOT{YHO aKTUBHUX
PEYOBUH B JOCTaTHHO TOHKOMY IIapi piAMHM MoOsKe OyTU 3aCTOCOBaHA JiJ1sl 6ioMeIUYHUX [NOCIiIKEeHb, KOHTPOJIIO
SIKOCTi Xap4OBUX IIPOAYKTIB, TEXHOJIOTIYHUX [IPOLIECIB BUTOTOBJIEHHS (papMal}eBTUYHUX PO34KHIB, KOHTPOJIIO

INNOMKMPEHHA 6i0710TiYHO aKTUBHUX PE€Y0BYH Yy HAaBKOJIMIIIHE CEPENOBUIIE.

2. The purpose of the study is to improve the methods for determining the dielectric properties of the high loss
liquid using electrodynamical structures. The object of research is electromagnetic oscillatory processes in layered
waveguide structures that contain solutions of biologically active substances. Theoretical and practical results. The
design of the dielectrometry cavity has been improved. It consists of two cells of different lengths where the
influence of diffraction effects at the cell edges has been eliminated. The cells have axial symmetry and a
sufficiently thin layer of the tested liquid, as a result of which the sensitivity of determining the complex
permittivity of liquids has been increased. The experimental determination of the values of the complex
permittivity of water solutions of biologically active substances (antibiotics, glucose, human serum albumin, human
immunoglobulin G, aqueous and saline solutions of albumin with added glucose, diphtheria anatoxin) has
undergone further development. It has been established that the complex permittivity for these solutions decrease
with an increase in the concentration of biologically active substances, due to a reduction in the number of free
water molecules in the solution. These results were confirmed by molecular dynamics modeling, indicating
increased hydration and the duration of hydrogen bonds between water molecules and protein and glucose
molecules. The obtained results showed good agreement with the established pharmacopoeial method of analysis
for pharmaceutical preparations - the UV-Vis spectrophotometry method. Scientific novelty of the obtained
results. For the first time, the modes of a circular metal waveguide with a central dielectric rod surrounded by a
layer of high loss liquid, which do not have fixed mode cutoff frequencies, and the attenuation coefficient for the
wave has the smallest values among other types of waves in a wide frequency range, have been classified. A novel
methodology for monitoring the enzymatic hydrolysis reaction of proteins albumin and immunoglobulin G in real-



time has been proposed for the first time, involvingthe determination of the complex permittivity of these
solutions,which was confirmed by spectrophotometrymethod. Unlike the classical methodology, this reaction does
not require interruption. Research methods. Experimental method for determining the complex wave propagation
coefficient in waveguide structures in the millimeter wavelength range by measuring the phase and amplitude of
the wave using the microwave differential dielectrometer. Numerical and analytical methods for solving the
electromagnetic problem to find the complex permittivity of high loss liquids in the millimeter and centimeter
wavelength ranges using a layered waveguide structure. Degree of implementation. The results of the work can be
used to improve dielectric methods for studying strongly absorbing liquids in the microwave frequency range.
Scope of use. A developed continuous real-time monitoring approach for the enzymatic hydrolysis reaction of
proteins can be applied to monitor biochemical reactions without the need to disrupt the enzyme or halt the
reaction. The proposed methodology for controlling the process of converting diphtheria toxin into a non-toxic
form, anatoxin, using microwave dielectrometry, for technological process in the production of diphtheria
vaccines without the use of animals. The designed structure of the measurement cuvette, with enhanced
sensitivity for determining the complex permittivity of solutions of bioactive substances in a sufficiently thin layer
of liquid, can find applications in biomedical research, quality control of food products, technological processes of
manufacturing pharmaceutical solutions, and for monitoring the spread of bioactive substances into the

environment.
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