HAIIOHAJIbHUM TEXHIYHUM YHIBEPCUTET
«XAPKIBCHKUWU TTOJITEXHIYHUU ITHCTUTY Ty
MIHICTEPCTBO OCBITHU I HAYVKU YKPAIHU

KBanidikariitna HayKkoBa

Ipals Ha IIpaBaxX pyKOIHCy
PE3HMYEHKO MAPUHA OJIEKCIIBHA

YJIK 550.388.2

JUCEPTAIISA
MMPOSIBU CJTABKUX BAPIAIIIF KOCMIYHOI ITOrOu
B CUCTEMI IOHOC®EPA-IIVIABMOC®EPA:
PE3YJIbTATHU CITOCTEPE)KEHb TA MOAEJIFOBAHHS
104 — di3uka Ta acTpoHOMIs

10 — [Ipupoanudi Hayku
[TomaeTbes Ha 3100yTTs HAYKOBOTO CTYIIEHs JoKTOopa dinocodii

Jucepraiis MICTUTh pe3yabTaTH BIACHUX JAOCHIIKEHb. BUKOpHCTaHHA iiei,
pe3yNbTaTiB i TEKCTiB iHIMX aBTOPIiB MalOTh IOCHJIAHHSA Ha BiAMOBiIHE IKeperno

//Lﬁfﬁ%/M O. Pe3nuuenko
&y

% 7 Cr(roaie CHLL 'C«f?%-/lfia /;7/f'i/(JﬂDL.CL~HayKOBHI7I KEpIBHUK
j m/l‘“‘””‘ . {Y/L:%o//bﬂwkéléé Kotos JImutpo BonoguMuposuy,
7 Le ge/z mag j ac é’ﬂ’ly’ O xanaupar $isuko-MaTeMaTUUHNX HayK, JOLCHT
Hevceee: cexplme TN ATy
G 55&/’1‘0%(/72 ke O O
/< 3 )

73 // ’iza’//ﬁ apkis - 2021




AHOTALIISA

Pesznuuenko M.O. TlposBu cnabOkux Bapialliii KOCMIYHOi TMOTOAM B CHUCTEMI
loHoc(epa-mazmMocdepa:  pe3yslbTaTd  CIOCTEPEXKEHb Ta  MOJCIIOBAaHHSA.  —
Kgamidikamiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHsS JokTopa (imocodii 3a
cnemianpHicTIO 104 — ®i3uka Ta actponoMis (I'amy3pb 3Hanb 10 — [TpupoaHudi HayKm). —
HamionaneHuii TexHIYHHIA yHIBepcUTET «XapKIBCbKUW TMONITEXHIYHUN 1HCTUTYT»
MiHicTepcTBa OCBITH 1 HAYKU YKpainu, M. Xapkis, 2021.

06’exm OocniddicenHss — TEOKOCMIUHA IIJla3Ma Ta MPOLIECH B HIM B Jiana3oHi
BrucoT 200—-7000 xm.

IIpeomem Oocnioxcennss — Baplanii B cucteMi 1oHocdepa-mnazmocdepa,
BUKJIMKAHI BIUIMBOM CJIA0KUX 30ypeHb KOCMIYHOI MOroju, Ta (I3U4HI MEXaHI3MH,
BI/IMOBIAAJIBHI 32 111 Bapiallii.

Hucepramiiina poboTa MNpUCBAYEHA JOCHIKEHHIO BIUIMBY CJIaOKUX 3MiH
KOCMIYHOI ~ TOroJd Ha cucTeMy 1oHoc(epa-miazmochepa 3a  JOIMOMOTOIO
MYJBTUIHCTPYMEHTAIBHUX JIOCIIIKEHb Ta MOJICTIOBAHHS (D13MYHUX MPOIIECIB.

Memoou docniosxcennsa. CnocTepekeHHsl CTaHy 10HOC(hEpH B TMepioau CIaOKUX
3MIH KOCMIYHOi MOroJd BHKOHAHI METOJaMH HeKorepeHTtHoro po3scisHHa (HP) Ta
BEpPTUKAILHOTO 30HayBaHHs 10HOocepu (B3I). s aHamizy pe3yabTaTiB CIOCTEPEKEHD
BUKOPHCTOBYBAJIMCS METOJIM MAaTeMATHYHO! CTATUCTUKHU Ta CTATHCTHYHOI Pagiodi3uKH.
Jocnimxenuss (I3UMYHUX MEXaHI3MIB, BIAMOBIJAJIBHUX 3a CIIOCTEPEKYyBaHI 3MIHU B
cuctemi 1oHoc(epa-tuiazmocdepa, BHUKOHYBAIHACS 3a  JOMOMOTOK  (pi3WYHOTO
MOJICTIOBaHHSI ~ cUCcTeMH  1oHOocdepa-tuiazmocdepa.  OCOOIUBICTIO  METOIUKH
MOJICIIIOBAHHSI € BHUKOPHUCTAHHS PE3YIbTaTiB 10HOC(HEPHUX CIIOCTEPEKEHBb Y SIKOCTI
BXiHUX mapameTpiB st ¢izumunoi mozeni Field Line Interhemispheric Plasma (FLIP).
Taka mMeToaMKa AOCIIKEHb € YHIKAJIbHOI, OCKUIBKH J03BOJISIE YHUKHYTH 3HAYHHUX
HEBU3HAYCHOCTEH Y BXIAHUX MapaMmeTpax (Hi3zuyHoi MO, 10 MPUTaMaHHI OUIBIIOCTI
IHIIMX TEOPETUYHUX JOCHIIPKEHb 4Yepe3 HU3bKY TOYHICTh EMIIPUYHUX MOJeei
Tepmocdepr i 10HOChepH, MO 3a3BUYall BUKOPHCTOBYIOTHCS SIK JDKEPETIO BXITHHUX

naHuX s (i3MYHOTO MOJENoBaHH. Bamigaiis 3MoenboBaHUX Bapialliii mapaMeTpiB
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IUTa3MOBOTO CEPEIOBUINA MTPOBOAMIIACS IUISXOM MOPIBHSIHHS 3 JaHUMHU CIOCTEPEKEHb
MIXHAPOJHUX 10HOCPEPHUX 1 MITa3MOCHEPHUX CYITyTHUKOBHUX MICIH.

Hayxosa nosusna nucepraniitHoi poOOTH MOJIATAE Y HACTYITHOMY:

- BIIEpIIE MPOJEMOHCTPOBAHO, IO HABITh CJIA0KI Bapialmii KOCMIYHOI MOTOAU
3MaTHI TIPU3BOAMTH JIO 3HAYHOI TepeOy/IoBH B3aeMOJli B cHCTeMI 1oHoOcdepa-
mia3Mocdepa,  BUKIMKAIOYM, 30KpeMa, CHJIbHY  MOAYJALIKD  10HOC(EpHO-
nnasMoc(epHuX MOTOKiB ioHiB BoxHIo (HY);

- 33 JIOTIOMOTOI0  (PI3UYHOTO  MOJICNIIOBAHHS  BCTAaHOBJIICHO  MEXaHI3MH,
BIJIOBIJIAJIbHI 32 3MIHM Yy B3aeMoAii 1oHOcepu Ta Mmiasmocepu. ['omoBHUMEU
NPUYMHAMM 3MIH € BEpPTUKAIBHUA pyX 10HOc(epu ab0 4YacTKOBE CIYCTOIIEHHS
azMocdepu;

- BCTAHOBJICHO, 1[0 HAWOUIBII YYTJIMBUM JO CJIAOKHWX 3MIH KOCMIYHOI IOTOAU
napaMeTpoM ioHocepHOi MIa3MM € BiJHOCHA KOHIIEHTpalis ioHiB Bomuio H'. 1l
3HAXiJKa JO3BOJIMJIA TMOSICHUTH OaraTopiyHy MpoOJIeMy HU3BKUX MPOTHOCTHYHUX
MOXJIMBOCTEH MOJENl 10HHOTO CKJIaJay 30BHINIHBOI 10HOCHEpU MIKHAPOIHOTO
emmipuaHoro cranmapty International Reference lonosphere.

llpakmuuna 3uauumicms 1UcepTallii moyisirae 'y HacTynmHomy. HoBi mani Ta
3HAHHS TIPO PEAKIli0 CUCTEeMHU i1oHOc(hepa-TutazMocdepa Ha ciladKi 3MiHM KOCMIYHO1
MOTOAN CHPUSTUMYTh TMOTJIHUONCHHIO pPo3yMiHHS BIUTUBY COHIIE Ha HAaBKOJIO3EMHHM
KOCMIYHUN MPOCTIP Ta AO3BOJIATH MPOCYHYTUCS y PO3B’SI3aHHI aKTyaJbHUX MPOoOJIeM
NPOrHO3YBaHHS KOCMIYHOI MOTOAM Ta KOPEryBaHHS MOJIENe HaBKOJO3E€MHOIO
TUTa3MOBOTO CEPEJOBHINA 33Ji1 JOCTOBIPHOTO MPOTHO3YBAHHS HETATHBHOTO BILIMBY
loHocpepu Ta mnasmocepu Ha pyx Ta (QYHKIIOHYBAHHS KOCMIUYHMX amaparis,
CYIYTHUKOBHX CHCTEM 3B’SI3KY, PaII0JIOKAIlli Ta TI00ATBHOTO MO3UIIIOHYBAHHS.

Y 6cmyni oOIpyHTOBAHO aKTYalbHICTh AMCEPTAIIITHOI pOOOTH, CPOPMYIHOBAHO
METy Ta 3ajadi JOCHIKEHHsS, BU3HAYEHO OO0 €KT, MPEAMET 1 METOIU OCIIHKCHHS,
MOKa3aHO 3B’S30K POOOTH 3 HAyKOBUMH TEMaMHM, OIMCAaHO HAyKOBY HOBH3HY Ta
NPaKTUYHE 3HAUCHHS OTPUMaHUX pPe3ysIbTaTiB, 3a3HaYEHO OCOOMCTHI BHECOK 3/100yBaya,

HABEJICHO BIJJOMOCTI CTOCOBHO ampoOariii poboTu 1 myOJiKalliid pe3yabTaTiB TOCHTIIKEHb.
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llepwiuti po3oin mae OTrASAOBUNA Xxapaktep. B HbOMY NpeacTaBICHO OTJIs
Cy4aCHUX YSBJIEHb MPO COHSYHO-3€MHI 3B’SI3KM Ta OCHOBHI (Pi3WUHI MEXaHI3MH, IO
BHU3HAYAIOTh KOCMIUHY TIOTOAY, HABEJIEHO OMKC Mpolecy 30ypeHHs T€OMarHiTHOro MoJst
Ta KJIacu(iKaIito TCOKOCMIYHIX Oyp 3a T€OMarHiTHUMH 1HIEKCaAMH, OMMCAHO 3araJibHy
CTpYKTYpy 1oHOC(hepu Ta miuasmocepu 3emiii Ta PO3MVISIHYTO OCHOBHI JpailBepu
30ypeHb B i0HOCcPepi Ta miazmocdepi. OkpeMo MpeCcTaBICHO aHAI3 CYy4YaCHOTO CTaHy
JOCITIJKEHb HAaBKOJIO36MHOTO KOCMIYHOTO CEpEIOBHINA, METOIIB Ta 3aco0iB HOTO
JIIarHOCTUKHM (IUCTaHIIMHUX pamiodi3UYHUX Ta CYMyTHHUKOBHUX), a TaKOX Cy4YacCHHUX
Mozeneld 1oHochepu Ta 1wazMochepu. OOrpyHTOBaHO BHOIp MOPOOJIIEMATUKHU
JOCIIIKEHb, HEOOXIAHICTh 1 aKTyaJIbHICTh BUPILICHHS 3aBJIJaHb JUCEPTALIITHOTI poOOTH.

Y Opyeomy po3dini TpPENCTaBICHO pe3yJbTaTU aHalli3y YacOBUX Bapialliid
nmapaMeTpiB IUTa3MOBOTO OTOYEHHS 3€MJli, OTPUMAHUX 3a JOMOMOTOI0 pajapa
HEKOTEPEHTHOTO pO3CISHHS [HCTUTYTy i1oHOC(epu 10, MiJg 4Yac Ta MICHA CIAOKUX
Bapialliif KOCMIYHOI TMOTOAM B PI3HI CE30HM Ha PI3HUX (azax MHUKIY COHSYHOI
akTUBHOCTI (23-ro Ta 24-r0). BuKOHAaHO TOPIBHSUIBHUM aHANI3 PE3yJbTaTIB
CIIOCTEPE)KEHb BIJIHOCHOTO BMICTY 10HIB BOJHIO 3 OIIIHKAMH MIXXHApPOJHOI MOJEi
ionHoro ckiany IRI-2016/TBT-2015.

OTpuMaHO HACTYITHI PE3yJIbTATH:

- BUSBIICHO, IO Uil OUIBIIOCTI AOCTIIKYBaHMX TMepiodiB ciaOki Bapialtii
KOCMIYHOI TMOroAM HE MPU3BOIATH [0 ICTOTHUX 3MIH Yy Bapiamisix KOHIEHTpallli
CJIEKTPOHIB B 00JACTI MakCUMyMy 10HI3aIii ioHocdepu Ta 30BHINIHIN 10HOCDEpI;
BUKJIIOUCHHSM € mepion y rpyani 2017 p., Is SKOTO KOHILEHTpAIlis Tia3MHu Y HIYHI
TOJIMHU TICHs CIa0KOro reOMarHiTHOro 30ypeHHs 3MEHIIuIacs yaBiui;

- BUSIBIICHO, IO MPOTSITOM YCiX JOCTIIHPKEHUX TEPIOJIIB, 0 CYMPOBOIKYBATUCS
CIa0KMMHU 3MIHAMH KOCMIYHOI TOTOJAM, HE BIJOYBAJIOCS ICTOTHHUX 3MIH y Bapialisx
TEMIIEpaTyp €JIEeKTPOHIB, II€¢ CBIAYATH TPO BIACYTHICTh 3HAYHOTO TOCUJICHHS
KUIBIIEBOTO CTPyMYy, SKHW MIrT OM BIUIMHYTH Ha Bapiailii KOHIIEHTpAIl €JIeKTPOHIB B
obnacTi F2 ta y 30BHILIHIN 10HOC)ED];

- 3HAWJeHOo, 1[0, Ha TMPOTHBAry IHIIMM TAapaMeTpaM IUIa3MH, BIJIHOCHA

KOHIIGHTpAIlis 10HIB BOJHIO Yy 30BHIIIHIA 10HOC(Epl 3HAYHO 3MIHIOBAJAcs IIiJI 4ac
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cmabkux 30ypeHb KOCMIYHOI MOroau. BimHOCHA KOHIIEHTpAIlis 10HIB BOJHIO MOXE
3MIHIOBAaTHCS 10 2—3 pa3iB HaBiTh MpH TyK€ CIa0KOMYy MOCHJIEHHI T€OMarHiTHOI
akTHBHOCTI (K,<3), MpHUYOMy IOCHUJIECHHS T€OMAarHiTHOI AKTHBHOCTI IPU3BOIUTH IO
smenmerHs N(H')/N, a mocnabneHns — 10 36iIbIIeHHS;

- BHSIBJICHO, 1[0 HaWKpallla y3roJKEHICTh MK Pe3yJIbTaTaMH CIIOCTEPEKEHb Ta
MOJICJIbHUMH OIlIHKaMU BIJIHOCHOTO BMICTY 10HIB H" mae wicue NPy TOCHJICHIHN
TE€OMarHiTHI aKTUBHOCTI; PO30DKHOCTI 301IBIIYIOTHCS 31 3MEHIICHHSM MAarHiTHOI
aKTUBHOCTI.

Tpemiti po30in TPUCBSIYEHUU MOJICIIIOBAHHIO (PI3UYHUX MPOIIECIB B CHUCTEMI
10HOCc(pepa-mazmMocepa, B TOMY YUCIHI 3 BAKOPUCTaHHAM JaHux panapa HP [acturyty
1oHOCepu. OTpUMaHO HACTYITHI PE3YJIbTATH:

- TPOJEMOHCTPOBAHO, IO HABITH CJIa0Ki Bapialli KOCMIYHOI MOTOAM 3JaTHI
MIPU3BOJIUTH 10 3HAYHOI IepeOyI0BH B3aeMOJIl B cUcTeMi 10HOCchepa — 1asmocdepa.
Ils mepeOynoBa BimOyBaeTbCcs  BHACHIIOK 3HAYHOI  MOAYJSAMII  10HOC(EpHO-
m1a3Moc(epHUX MOTOKIB 10HIB BOJIHIO;

- BCTaHOBJICHO KJIFOYOB1 (Pi3MUHI MEXaHI3MH, BIAMOBIIAIBHI 32 3MIHU Y B3a€MOIi
ioHochepn Ta Tuia3Mocepu, Ta 3B'A30K LUX MEXaHI3MIB 31 CIAOKUMHU BapiallisiMU
KOCMIYHOI TOroau. ['OJIOBHMMU TpPUYMHAMH 3MIH BEPTUKAIBHOTO PyXy IUIa3MH, IO
CIPUYMHSE MOJYJISIIIIO TIOTOKIB 10HIB BOAHIO MMiJT Yac 30ypeHb KOCMIYHOI MTOTOJTH, MOXKYTh
OyTH JBa TOJIOBHUX (paKTopa: TMOCHJIEHHS TOPU3OHTAIBHUX TepMOC(EepHUX BITPIB,
COpPSMOBAaHMX JIO €KBAaTOpPY BHOYI (BHACHIOK pO3IrpiBy aBpOpaibHUX 30H), Ta
MPOHUKHEHHSI 30HAJIbHUX MarHiToC(hepHUX eIEeKTPUYHHX OB B CEPEAHI IHUPOTH;

- TPOBEACHO BaTiJAIlil0 3MOJIEIbOBAHUX Bapialiii mapameTpiB ioHOchepu Ta
mazMochepu NUISIXOM TMOPIBHSHHS 3 JaHUMH CIOCTEPEXKEHb 3a JOTIOMOTOI0 pajaapa
HP, a Takox Mi>XKHapoAHUX 10HOC(HEPHUX 1 MIa3MOC(HEpHUX CYITyTHUKOBUX MICIH;

- TMIOSICHEHO TOJIOBHI MPUYMHM 3HAYHUX BIJIMIHHOCTEH MK CIIOCTEPEKYBAHUMU
Bapiamismu N(H)/N ta mpormosamm mozeni ionnoro cknamzy IRI-2016/TBT-2015 B
CHOKIMHUX T€OMarHiTHUX yMOBaXx;

- TMPOBEJEHO NOCIIKCHHs Bapialiii ioHochepHOi TuIa3Mu B JIBOX BiJJajIeHUX

perionax IliBHIYHOT MIBKYJl — e€BporeichbkoMy (XapkiB, YkpaiHa) Ta a3iicbKOMY
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(IlIurapaxi, SAnonis). Becranosieno, mo pi3Ha peaxiiis ioHocdepu Ha ciaalOki Bapiarii
KOCMIYHOI noroau Haj LleHTpanbHOEBPONEHCHKUM Ta a31iICbKUM PETiOHAMU MOXE OyTH
nosicHeHa e¢eKToM MicueBoro uyacy. Pe3ymbraTH MpOBEICHOTO MOJIETIOBAHHSA
y3TOJDKYIOTECA 3 JaHuMu 1oHocheprmx (Swarm) 1 mirazmochepanx (DMSP)
CYMyTHUKOBHX MICIH.
Kniouosi cnosa: xocmiuHa T1orojia, cucrema 1oHocdepa-miazmocdepa, 10HU
BOJIHIO, 10HOC(epHO-IIa3MocepHi TMOTOKM 10HIB, MOZAYJAIIS TOTOKIB, pajap

HCKOT'CPCHTHOI'O pOSCiHHH}I, MOJCIOBAHH:.
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ABSTRACT
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ionosphere-plasmasphere  system: results of observations and simulations. -
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“Kharkiv Polytechnic Institute”, Ministry of Education and Science of Ukraine,
Kharkiv, 2021.

The object of the study is geospace plasma and processes in it in the range of
altitudes of 200-7000 km.

The subject of the study is variations in the ionosphere-plasmasphere system
caused by the effect of weak space weather disturbances and the physical mechanisms
responsible for these variations.

The thesis is devoted to study the effect of weak space weather changes on the
ionosphere-plasmasphere system using multi-instrumental research and modeling of
physical processes.

Research methods. Observations of the ionosphere during periods of weak space
weather changes were carried out by remote radiophysical methods of incoherent scatter
(1S) and vertical sounding of the ionosphere. Methods of mathematical statistics and
statistical radiophysics were used to analyze the results of observations. Experimental
data were processed using original software developed at the Institute of lonosphere
(upgraded UPRISE software package). Investigations of the physical mechanisms
responsible for the observed changes in the ionosphere-plasmasphere system were
performed using physical modeling. A feature of the modeling method is using of
ionospheric observations as input parameters for the physical model Field Line
Interhemispheric Plasma (FLIP). This research method is unique because it avoids the
significant uncertainties in the input parameters of the physical that are common to most
other theoretical studies due to the low accuracy of empirical models of the
thermosphere and ionosphere commonly used as a source of input for physical

modeling. Validation of the simulated variations of plasma environment parameters was



2
carried out by comparing with the observational data of international ionospheric and

plasmaspheric satellite missions.

The scientific novelty of the dissertation is as follows:

- for the first time demonstrated that even weak variations of space weather lead
to significant rearrangement interaction in the ionosphere-plasmasphere system,
causing, in particular, strong modulation of ionospheric-plasmospheric fluxes of
hydrogen ions (H*);

- the mechanisms responsible for changes in the interaction of the ionosphere
and plasmasphere have been established using physical modeling. The main reasons of
changes are vertical motion of the ionosphere or partial depletion of the plasmasphere;

- it is established that the most sensitive parameter of ionospheric plasma to weak
space weather changes is the relative concentration of hydrogen ions H*. This finding
allowed us to explain the long-standing problem of low predictive capabilities of the
topside ion composition model of the international empirical standard International
Reference lonosphere.

The practical significance of the results is as follows.

New data and knowledge about the response of the ionosphere-plasmasphere
system to weak space weather changes will contribute to deepening the understanding
of the impact of the Sun on the near-Earth space and allow us to advance in solving
actual problems of space weather forecasting and adjusting models of the near-Earth
plasma environment to reliably predict the negative impact of the ionosphere and
plasmasphere on the motion and operation of spacecraft, satellite communications, radar
and global positioning.

The introduction substantiates the relevance of the dissertation, formulates the
purpose and objectives of the study, defines the object, subject and methods of research,
shows the relationship of work with scientific topics, describes the scientific novelty and
practical significance of the results, indicates the personal contribution of the author,
provides information about approbation of work and publication of research results.

The first chapter provides overview of modern ideas about solar-terrestrial

relations and the main physical mechanisms that determine space weather, describes the
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process of geomagnetic field perturbation and classification of geomagnetic storms by

geomagnetic indices, describes the general structure of the Earth’s ionosphere and
plasmasphere and considers the main drivers of perturbations in the ionosphere and
plasmasphere. The analysis of the current state of near-Earth space environment
research, methods and techniques of its diagnostics (remote radiophysical and satellites)
as well as current models of the ionosphere and plasmasphere are presented separately.
The choice of research problems, necessity and relevance for solving the problems of
dissertation are substantiated.

The second chapter presents the results of analysis of temporal variations of the
Earth's plasma environment parameters obtained by incoherent scatter radar of the
Institute of lonosphere before, during and after weak variations in space weather for
different seasons at different phases of the solar cycle (23-rd and 24-th). Comparative
analysis of the results of observations of the relative concentration of hydrogen ions with
estimates of international ion composition model IRI-2016/TBT-2015 was carried out.

The main results of second chapter are as follows.

- it was revealed that for most of the studied periods weak variations in space
weather do not lead to significant changes in electron density variations both in the F2
layer peak region and topside ionosphere; the exception is December 2017 when the
plasma density decreased by twice after weak geomagnetic disturbance during nighttime;

- it was found that during all the investigated periods accompanied by weak
space weather changes there were not significant variations in the electron temperature;
this indicates the absence of significant increase of the ring current, which could affect
variations in the F2 layer peak electron density and the topside ionosphere;

- it was found that the relative concentration of hydrogen ions in the topside
ionosphere changed significantly during weak space weather disturbances in contrast to
other plasma parameters. The relative concentration of hydrogen ions can change up to 2-3
times even with a very weak increase in geomagnetic activity (K,<3). Moreover increase in

geomagnetic activity leads to decrease in N(H")/N while weakening to increase;
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- it was revealed that the best agreement between the results of observations and

model estimates of the relative concentration of H® ions occurs with increase in
geomagnetic activity; differences increase with decrease of magnetic activity.

The third chapter is devoted to modeling of physical processes in the ionosphere-
plasmasphere system using Kharkiv incoherent scatter radar data. The following results
were obtained:

- it is demonstrated that even weak variations of space weather lead to significant
reorganization of the interaction in the ionosphere - plasmasphere system. This
rearrangement occurs due to strong modulation of ionospheric-plasmospheric fluxes of
hydrogen ions;

- the key physical mechanisms responsible for changes in the interaction of the
ionosphere and plasmasphere and connection of these mechanisms with weak variations
of space weather are established. The main reasons of changes in the vertical motion of
plasma, which causes modulation of hydrogen ion fluxes during space weather
disturbances may be two factors: enhancement of horizontal thermospheric winds
directed to the equator during nighttime (due to heating of auroral zones) and
penetration of zonal magnetospheric electric fields to middle latitudes;

- validation of the simulated variations of plasma environment parameters was
carried out by comparing with IS radar and international ionospheric and plasmaspheric
satellite missions data,

- the main reasons of significant differences between observed variations of N(H")/N
and predictions of the ion composition model IRI-2016/TBT-2015 in quiet geomagnetic
conditions are explained;

- multi-instrumental studies of ionospheric plasma variations in two distant
regions of the Northern Hemisphere — European (Kharkiv, Ukraine) and Asian
(Shigaraki, Japan) was carried out. It is established that different reaction of the
ionosphere to weak space weather changes over the Central Europe and Asian region
can be explained by the local time effect. The simulation results are consistent with data

from ionospheric (Swarm) and plasmaspheric (DMSP) satellite missions.
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ionosphere-plasmasphere fluxes of ions, modulation of fluxes, incoherent scatter radar,

modeling.
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