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1. ’KpaHko €. I'. lunamiuzi npouecy B ioHOoCpepHOMY pasiioKaHali: pe3ysbTaTi JUCTAaHLIHHOTO paslio30HIyBaHHS
ionocdepu. - Kpanidikalifina HaykoBa palls Ha [IpaBax pyKonucy. Jlucepraris Ha 3000yTTsI HAQyKOBOTO CTYIIEHS
nokropa (inocodii 3a crenianpHicTio 105 [Tpuknanxa ¢izuka Ta HaHOMaTepiany. — XapKiBCbKUI HAI[iOHAIbHUN
yHiBepcuTeT imeHi B. H. KapaziHa MinicrepcTBa ocBitu i Hayku Ykpainu, Xapkis, 2025. [JucepratuifiHa po6oTa
IIPUCBSYEHA PO3B’I3aHHIO aKTYaJIbHO]I 3a/1a4i — €eKCIIEPUMEHTATIbHOMY Ta TEOPETUYHOMY AOCJIIIPKEHHIO BIJIUBY
BHCOKOEHEPIreTUYHUX I)KEPeJl €eHEPTOBUIIEHHS [IPUPOJHOTO Ta MITYYHOTO MOXOKEHHS Ha TapaMeTpy
PajioXBUIIb | KaHAJIIB IXHBOTO MOUIMPEHHS, 1[0 BAKOPUCTOBYIOTHCS /IS TEJIEKOMYHIKAILii, pajlio3B 93Ky,
papnioHagiraiiii, Touo. MeTolo gucepTauiiHoi poOOTH € eKCIIepUMEHTabHi TOCTiIKeHHS XapaKTePUCTUK
paziocurHasis i napaMeTpiB JMHAMIYHUX IPOLECIB B iOHOCEPHOMY pajlioKaHaJli, BUKJIMKAHUX IPUPOJHIMU Ta
TEXHOT€HHUMU JiKepesiamu. [lepmuit po3gin € orisgoByM, BiH 3aKiH4y€eTbCS IIOCTAHOBKOIO 3371a4. Y IPYTOMY

PO3[ii pO3BUHYTO TEOPETUYHI OCHOBU JIONIIJIEPIBCHKOr0O pPalio30HAyBaHHS ioHOChEPH Ha [TOXUJIMX pafioTpacax i



OTPUMAHO IIPOCTi AHAIITUYHI CIiBBiIHOMIEHHS AJ1s1 OLiHKA MAaKCHMMAaJIbHOI 3aCTOCOBHOI 4aCTOTU Ha Noxunux BY
pazioTpacax, BilHOCHOI aMIIiTyi1 KBa3inepioguyHux 30ypeHs i BeJIMYMHY anepiofnyHuX 30ypeHb KOHIeHTpallii
€JIEKTPOHIB y ioHOC(dePi. Y TpeTbOMY PO3/iJii pO3IsgaeThCs BILJIMB Ha i0HOC(EPY Ta XapaKTEPUCTUKU PaiOXBUJIb
coHsIYHUX 3aTeMHeHb (C3). C3 10 yepBHa 2021 p. CyIpOBOAXYBAIOCS IOCUJIEHHSIM XBUJIbOBOI aKTUBHOCTI B
ionoc@epi. [lepiopn T = 5-12 XB i BiiHOCHI aMIIiTy 1M KBasinepioguyHUX Bapialiil KOHLEHTpallii es1eKTpoHiB ON =
0.3-0.6% BigHOCSTBHCA 00 aTMOC(epHUX rpasiTaliiinux xBuib (AI'X). Bnepie 3a gonomoroto 'HCC-texHooriit
IOCJIiIKEHO PEaKLilo IIOBHOTO €JIEKTPOHHOr0 BMicTy Ha C3, 10 MaJjlo MicLe repey, Ta B [epiof] IPOXOIKEHHS
Be4ipHbOTO TepMiHaTOpa. BcTanoBeHO, o C3 3anyckae (isMKo-XiMiuHi Ta AMHAMIYHI IPOLLECU B CUCTEMI 3eMis -
atMmocdepa - ioHocdepa - marHiTocdepa, sKi 3a6e311euyOThIIPOLOBKEHHS peakliii ioHocepu mics 3akiH4eHHS
3aTeMHeHHs1. TpuBasicTb peakuii csrasna 120-180 xB. BennunHa nediuuTy B 1iIoMy BifcTeKyBaja 3MeHIIeHHs gasu
C3 ta Amax. ¥ ueTBepTOMy pPO3[ijli HABE€JIEHO Pe3yJIbTaT iOHOCHEPHUX CIIOCTEPEXKEHD 32 CTAPTAMU Ta [IOJIOTAMU
BaxKux pakeT (CP) 3 kocmonpomy Barikonyp 3a 2009- 2021 pp. BukoHnaHo cratuctnyHuil aHanis 134 sunagkis CP.
[TigTBEpI)KEHO iCHYBaHHS AEKiIbKOX IPYI YaciB 3aMi3HIOBaHHSI MOXKJIMBOI peakiiii ionocdepu Ha CP, 1m0
3MiHIOBanMcs B Mexkax Bif ~10 go ~300 xB. Llum rpynam BiNOBiZAI0Th HACTYIHI IPYNX yIaBaHUX TOPU3OHTAIbHUX
MIBUAKOCTEN nomupeHHs 36ypens: ~100-200 m/c; 390 + 23 m/c; 0.97 £ 0.10 km/c; 1.28 + 0.13 km/c; 1.68 + 0.13

KM /c; 2.07 + 0.13 kM /c Ta ~8 kM /c. BuHuKaoui 36ypeHHs, SIK IpaBuJIo, OyJu KBazilnepioAuYHUMU 3 I1ePioJioM Bif| ~5
o ~20 xB Ta ammitygoro J134 Bin 0.1 go 0.3 I'. BigHocHa ammuniTyga oN 3a3Budai craHoBuia ~1-10%. JJocimkeHo
peakuito ioHocepu Ha CP mif yac reoKocMidyHUX OYp Pi3HOi iHTEHCUBHOCTI. BusBieHHs L€l peakuii Ha BinganeHni
Ha ~2000 KM CTapT i NOJIT BasKKOI pakeTu Ha (OoHi Oypi JONIIIEPiBCbKUM METOLIOM 3a3BUYall MOXKJIMBE 32 iHIEKCY
Kpmax < 5. [lns1 minBuieHHs HafiiitHOCTI BUsIBIeHHS peakuii Ha CP monriepiBCcbKuil pafiap NOBUHEH OJTHOYACHO
IpaloBaTy Ha HU3LI yacToT (Bif 1.5-2 1o 4-6 MI'n). IT9Tui po3Aisn NpruCBsSYeHO B3a€EMO/Il MOTYKHOTO iMITyJIbCHOTO
Ta MepioJUYHOroO PafioBUIIPOMIHIOBAHHS 3 i0HOCHEPHOIO M1a3Mo10. CriocTepekeHHs Benucs 32 960 KM Bif,
HarpiBHOro cTeHza. Briepiue 6ysi0 IokasaHo, 1o B IIepiof, MiHIMyMy COHSYHOI aKTHBHOCTI peecTpOBaHi 30ypeHHs B
ioHocdepi Ha maHiil BicTaHi MOXXYTb BUHMKATH IIPU €(PEeKTUBHIN IOTY>KHOCTI, pPiBHIi1 25 MBT. 3a MOHOIMIIyJIbCHOTO
BUIIPOMIHIOBAaHHS TPUBAJICTh peaklii ioHocdepu criBnagasna 3 TpUBaliCTIO MOHOIMITYJIbCY. BoaBaHi ropu3oHTabHi
IIBUAKOCTI NOMmMpPeHHs 30ypeHs ckiaaganu 300-420 m/c. [lepiognyHuil peKUM BUIIPOMiHIOBAaHHS
CYIIPOBOMKYBABCS reHepallielo KBasinepioAuyHux 30ypeHb KOHLEHTpalLlil eJIeKTPOHIB. Y IIOCTOMY pPO3isi
IOCTiIKYIOTbCS 4acoBi Bapialii xapakrepucTtuk BY panioxBusb Ta ioHoCpepPHUX 30ypEHDb IIPOTITOM r€OKOCMIYHOI
Oypi 23-24 ksitHs 2023 p. Y 36ypeHi AHI BUsBIEHO cyTTeBe (10 1.5 I'n) ymupeHHs [IC, nocuaeHHs
6araToIpoMeHeBOCTi Ta po3CisiHHS pazioxsuib. 34 3a3HaBasio KOJIMBaHb Y Aiana3oHi nepioxis ~8-120 xB 3
ammitygo 0.04-0.4 I'u. Ionocdepna 6ypst CynpoBoJKyBajacs TPUBAJIMMU KBasilepioguyHuMH Bapialisimu
BUCOTH BinouTTs panioxsuib (30-130 km). CepeliHs BepTUKajlbHa WIBUAKICTb PyXy 00JIACTi BiIOUTTS PafioXBUIIi
3MiHIOBasnacs y mexax 10-60 m/c. BigHocHa aMmmyiiTyia KBasinepioguuHux Bapialliil KOHIEHTpallii eJ1eKTPOHIB
cranosuia 1.6-39%.

2. Zhdanko Y. H. Dynamic Processes in the Ionospheric Propagation Channel: Results of Remote Radiowave
Sounding of the Ionosphere. — Qualifying scientific paper: a manuscript.Thesis for a Philosophy Doctor Degree in
Physics and Mathematics: Speciality 105 Applied Physics and Nanomaterials. - V. N. Karazin Kharkiv National
University, Ministry of Education and Science of Ukraine, Kharkiv, 2025. The dissertation is devoted to the solution
of an urgency task: the experimental and theoretical study of the impact of high-energy sources of energy release
of natural and man-made origin on the parameters of radio waves and their propagation channels used by means
of telecommunications, radio communications, radio navigation, etc. The purpose of the dissertation work is an
experimental study of the characteristics of radio signals and the parameters of dynamic processes in the
ionospheric radio channel caused by sources of natural and man-made origin. The first chapter is an overview and
ends with a statement of tasks. The second chapter develops the theoretical foundations of Doppler radio
sounding of the ionosphere along oblique radio paths and derives simple analytical relationships for estimating the
maximum usable frequency on oblique HF radio paths, the relative amplitude of quasi-periodic disturbances and
the magnitude of aperiodic disturbances in electron density in the ionosphere. In the third chapter, the impact of
solar eclipses (SEs) on the ionosphere and characteristics of radio waves is examined. The SE of June 10, 2021, was



accompanied by an enhancement of wave activity in the ionosphere. The period T = 5-12 minutes and relative
amplitudes of quasi-periodic variations in the electron density oN = 0.3-0.6% refer to atmospheric gravity waves
(AGWs). For the first time, the response of the total electron content to an SE was investigated using GNSS
technologies, both before and during the passage of the evening terminator. It was found that SE triggers
physicochemical and dynamic processes in the Earth-atmosphere-ionosphere-magnetosphere system, ensuring
the continuation of ionospheric response after the end of the eclipse. The duration of the response reached
120-180 min. The magnitude of the depletion generally tracked the decrease in the SE magnitude and Amax. The
fourth chapter presents the results of ionospheric observations during the launches and flights of heavy rockets
(RLs) from the Baikonur Cosmodrome for the 2009-2021 period. A statistical analysis was performed on 134 cases
of RLs. The existence of several groups of the ionospheric potential response time delays to RLs ranged from ~10 to
~300 min. The following groups of apparent horizontal propagation speeds of disturbances correspond to these
groups: ~100-200 m/s; 390 + 23 m/s; 0.97 + 0.10 km/s; 1.28 + 0.13 km/s; 1.68 + 0.13 km/s; 2.07 + 0.13 km /s, and ~8
km/s. The disturbances generated were generally quasi-periodic, with periods ranging from ~5 to ~20 min and
Doppler Shift (DS) amplitudes between 0.1 and 0.3 Hz. The relative amplitude oN of electron density variations
typically ranged within ~1-10%. The ionospheric response to RLs during geospace storms of various intensities was
investigated. Detection of this response for a distant (~2000 km) launch and flight of a heavy rocket against the
background of a storm using the Doppler method was generally possible when Kpmax < 5. Toenhance the
reliability of detecting responses to RLs, Doppler radar should operate simultaneously at a number of frequencies
(from 1.5-2 MHz to 4-6 MHz). The fifth chapter is devoted to the interaction of powerful pulsed and periodic radio
emission with ionospheric plasma. Observations were conducted 960 km away from the heating facility. It was
shown for the first time that during the minimum of solar activity, the disturbances recorded in the ionosphere at
this distance can occur at an effective power of 25 MW. With monopulse radiation, the duration of the ionospheric
response coincided with the duration of the monopulse. Apparent horizontal propagation speeds of disturbances
were 300- 420 m/s. The periodic mode of radiation was accompanied by the generation of quasi-periodic
disturbances in electron density. Chapter six examines the temporal variations in the characteristics of HF radio
waves and ionospheric disturbances during the geospace storm of April 23-24, 2023. On the disturbed days,
significant (up to 1.5 Hz) broadening of Doppler spectra, enhanced multipath propagation, and increased radio
wave scattering were observed. The DS exhibited oscillations within the range of periods ~8-120 min with
amplitudes of 0.04-0.4 Hz. The ionospheric storm was accompanied by long-term quasi-periodic variations in the
height of radio wave reflection (30-130 km). The average vertical motion speed of the radio wave reflection region
varied within 10-60 m/s. The relative amplitude of quasi-periodic variations in electron density was 1.6-39%.
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Micqesﬂaxon)KeHHﬂ: maiipan CBobonu, 4, XapkiB, XapKiBcbKUl p-H., 61022, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. beppnuk Cepri JleoHimoBu4

2. Serhii Berdnyk

KBasigikamis: n. ¢.-m. H., crapmuii HaykoBuii CriiBpo6iTHUK, 01.04.03

InenTudikarop ORCID ID: 0000-0002-0037-6935

JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina

Kopg 3a €IPIIOY: 02071205

Micuesnaxo;pxeunn: mangaH CBo6onu, 4, XapkiB, XapKiBCbKUil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

IMynsra Cepriin MukosanoBuy

[Iynera Ceprin MukosiaiioBuy



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[lleBuenko AHnpint OsieKcaHgpOBUY

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



