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1. MeTonu MOHITOPUHTY HIXHBOI ioHOC@epy Ta JIOKaLil IOTYXKHUX PO3PsZiB 6JIMCKABOK 3a JAaHUMHU BUMipIOBaHb
HHY-JIHY atmocdepuxis

2. Methods for monitoring the lower ionosphere and locating powerful lightning discharges based on
measurement data of ELF-VLF atmospherics

Pedepar:

1. MeTa po60Tu ~ po3po6JIeHHS HOBUX Ta YI,OCKOHAJIEHHS iCHYI0YMX METO/iB MOHITOPUHTY IIapaMeTpiB HUXKHbOI
ioHOC(Eepu Ta rpo30BOi aKTUBHOCTI HAa OCHOBI aHai3y pe3yJbTaTiB BUMIPIOBaHb IPUPOIHUX €JIEKTPOMAarHiTHUX
BUIIPOMIHIOBaHb B [lianla30Hax HaIHU3bKUX Ta Ay>Ke Hu3bKux yactoT (HHY ta JHY). O6’eKT gocmimKeHp ~
BJIACTMBOCTI HAAIOTYXHUX PO3PSIZiB 6JIMCKABOK Ta IIPOLeCU y HIKHIM ioHOCcepi TOB'sI3aHi 3 BIIJINBOM SIBUIIL
KOCMIYHOTO Ta aTMOC()EPHOTro NMOXOAKeHHs1. TeopeTuyHi Ta IpakTU4Hi pe3ysbTaTy. BUsIBJIEHO perysspHi
BiXUJ€HHS napameTpis nossipusauii HHY cryieckiB npy NpoXoAKeHHI Tpacy MNOMUPEHHS 06IM3Y TepMiHaTopa
SIKi IPU3BOJATD 10 TOXMOKY BU3HAYEHHS TIEJIEHTY PO3psiB 6J1MCKaBOK A0 10-15 rpagyciB. YIOCKOHAIEHO METOIUKY

JIoKallii 6;IMCKaBOK Ha OCHOBI aHasIi3y cMHXpoHHuUX 3anuciB JJHY armocdepukis Ta HHY crseckis, sika 103BoJIsIE



MiIBUIMINATY TOYHICTh BU3HAUYEHHS KOOPIUHAT Ta NapaMeTpiB CTPyMy po3psiziB 6111cKaBoK. HOBM3HA HAyKOBUX
pe3yJbTaTiB. Briepie BUsIBIEHO Ce30HHI 3MiHM e(eKTHUBHOI BUCOTU HUKHBOI Me>Xi HiyHOi ioHOCcdhepu y niBHIYHIN Ta
MiBIEHHIN MiBKYJISIX Ta NPOSB 27-NEHHOTIO LUKy COHSAYHOI aKTUBHOCTI. Briepine ogep>kaHi Bapialii mapamerpis
MoJeJli pi3ko 06Me>KeHOi HIKHIN ioHOChepU — BUCOTU HIDKHBOI MEXi Ta KOHLIEHTPALlii €JIEKTPOHIB IIPOTSIrOM HOUI.
Opnep>kaHO OLiHKY YaCTOTHA BUHMKHEHHS 0JIMCKABOK Iifl YaC HAJIIOTYKHOTO BUBEP>KEHHS ByJiKaHy ToHra 15 ciyHs
2022 poKy Ta BUSBJIEHO Pi3HUIIO Y CIIEKTPAJIbHOMY CKJIai ix BUIIPOMiHIOBaHHA B Aianasonax JJHY ta HHY gxka
CBiZJUMTb IIPO BiAMiHHICTb YMOB (POPMyBaHHS PO3PsJiB 100Uy XKEpJia Ta y [10nesoBoMy meidi. Metonu
OOCimXeHb. BU3Ha4eHHs1 mapaMeTpiB HIKHbOI i0HOC(epr BUKOHAHO METOOM Pafio30HIyBaHHS XBUJIEBOLY
3emisi-ioHocdepa BUIIPOMiHIOBAHHSIM OJIMCKABOK 32 pe3yJIbTaTaMU IIOPiBHSIHHS 3 MOZEJLII0 HiYHOI HUKHBOT
ioHocdepy, sika 6a3yeThCs Ha JaHUX PaKeTHUX BUMiptoBaHb. OLIiHKY [1apaMeTPiB pPo3psifiB 61MCKaBOK BUKOHAHO i3
BUKOPUCTAaHHSIM OJHOMO3ULIHNX Ta 6araToNO3ULiMHUX METOB JIOKAallii i3 BAKOPUCTaHHSIM CUHXPOHHUX
BuMiptoBans HHY cnineckis i JIHY atmocdepukib. [y aHai3y pe3ysbTaTiB CIOCTEPEKEHb BUKOPUCTOBYBAIMUCS
KJIACUYHi METOIY MaTeMaTUYHOI CTATUCTUKU, CTATUCTUYHOI pafiodizuku, iudposoi ¢inpTpalii Ta KiaacTepisariii.
Cryninb ynpoBaJyKeHHs. Pe3ysbTaTy pOOOTH BUKOPUCTOBYIOTHCS [IPY aHasi3i JaHuX BUMiploBaHb npupogHux HHY i
JHY eneKTpOMarHiTHUX MOJIiB OTPMMAaHUX Ha YKPAiHChKill AHTapKTUYHIN cTaHLii «Akanemik Bepnancekuit». Chepa
BUKOPUCTaHHS. Po3po6JieHi B gucepTalliliHiil po60Ti aITOPUTMU Ta MTPOrPaMU [1J1s1 aBTOMAaTUYHOTO BUSIBJIEHHS 1
anasnizy HHY cnneckis ta IHY atmocdepukiB MoKyTb 6YTH BUKOPUCTAHI [1J1s1 CTBOPEHHS CUCTEM JIOKallii Ta
BM3HAYEHHS [IapaMeTPiB HAANOTYXKHUX OJIMCKaBOK, aBTOMAaTU30BaHUX CUCTEM MOHITOPUHIY CTaHY HU>KHbBOI

ioHocepu Ta nonepepKeHHs Mpo KaTacTpo(ivHi SBUILA Y HABKOJIUIIHBOMY CE€PEeOBULII.

2. The purpose of the work is development of new and improvement of existing techniques of monitoring the
parameters of the lower ionosphere and thunderstorm activity based on the analysis of the results of
measurements of natural electromagnetic radiation in the ranges of extremely-low and very low frequencies (ELF
and VLF). The object of research is the properties of powerful lightning discharges and processes in the lower
ionosphere associated with the influence of phenomena of cosmic and atmospheric origin. Theoretical and
practical results. Regular deviations of the polarization parameters of ELF bursts during the passage of the
propagation path near the terminator were revealed, which lead to an error in determining the direction to
lightning discharges up to 10-15 degrees. The method of lightning location has been improved based on the
analysis of synchronous recordings of VLF atmospherics and ELF bursts, which allows increasing the accuracy of
determining the coordinates and parameters of current of lightning discharges. Novelty of scientific results. For
the first time, seasonal changes in the effective height of the lower limit of the night ionosphere in the northern
and southern hemispheres and a manifestation of the 27-day cycle of solar activity were revealed. For the first
time, variations of the parameters of the model of the sharply limited lower ionosphere - the height of the lower
boundary and the concentration of electrons during the night — were obtained. Estimates of the frequency of
lightning occurrences during the super-powerful eruption of the Tonga volcano on January 15, 2022 were obtained
and the difference in the spectral composition of their radiation in the VLF and ELF ranges was found, which
indicates the difference in the conditions for the formation of discharges near the vent and in the ash plume.
Research methods. The parameters of the lower ionosphere were determined by the method of radio sounding of
the Earth-ionosphere waveguide by lightning radiation based on the results of comparison with the model of the
nighttime lower ionosphere, which is based on data from rocket measurements. The parameters of lightning
discharges were estimated using single-position and multi-position location techniques with the use of
synchronous measurements of ELF bursts and VLF atmospherics. Classical methods of mathematical statistics,
statistical radiophysics, digital filtering and clustering were used to analyze the results of observations. Degree of
implementation. The results of the work are used in the analysis of measurement data of natural ELF and VLF
electromagnetic fields obtained at the Ukrainian Antarctic Station "Akademik Vernadsky". Scope of use. Algorithms
and programs developed in the dissertation work for automatic detection and analysis of ELF bursts and VLF
atmospherics can be used to create systems for locating and determining the parameters of powerful lightning,
automated systems for monitoring the state of the lower ionosphere and warning about catastrophic events in the

environment.
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