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AKycTHYecKOe 30HAMpOBaHue cpeiHel aTMochepbl (TeOpHs M IKCIIEPUMEHT)
Kymuukos C.H., Ilepenenkun B.I', bym I'.A., Uynuy3os W.I1., 3akupos M.H., ITonos O.E.,
HUnemumym ¢usuxu ammocghepor um. A.M. O6yxoea PAH, Mocksa, Poccus

snik1953@agmail.com

IIpencraBiensl pe3yibTaTbl HCCIEAOBAHUMN TOHKOHW HEOJHOPOAHOW CTPYKTYpBl CpEIHEH
atmochepnr  (BoicoThl 20...120 kM) AWCTAaHIMOHHBIM aKyCTHYECKUM MeTonoM. VcciienoBanue
OCHOBAHO Ha peanm3anuu uaei akagemmuka A.M. OOyxoBa O paccesHUHM 3ByKa Ha TypOYyJIEHTHBIX
HEOTHOPOTHOCTIX aTMochepsl. OOCYKIAIOTCS Pe3yJIbTAThI UCCICAOBAHUS pacCesHUS HHPPA3BYKOBBIX
BOJIH HAa aHU3OTPOIHBIX CTPYKTYpax CpeaHedl aTMocdepbl. YCTaHOBJICHAa B3aUMOCBS3b MEXKIY
CIEKTPaMH PACCESIHHBIX CHUTHAJIOB U CHEKTpaMU aTMOC(EpHBIX HeogHopoaHocTeil. Ha ocHoBe sToM
B3aMMOCBS3M pa3padOTaH METOJ AaKyCTUYECKOrOo 30HJIMPOBAHUS AHU3OTPOIHBIX TYpOYJIEHTHBIX
HEOJIHOPOJHOCTEN. B KauecTBe MCTOUHMKOB 30HIMPYIOIIMX UMIYJIbCOB HCIOJB30BAINCh HA3€MHBIE
B3PBIBBI U HM3BEPKEHHS BYJIKaHOB. B pesynbraTe 00paOOTKHM IKCHEPUMEHTAIBHBIX JIAaHHBIX OBUIN
OLICHEHBI MapaMeTpbl TOHKON HEOIHOPOIHON CTPYKTYPHI (BEpPTHUKAJIbHBIE TpagueHTH d()(eKTHBHON
CKOpPOCTH 3BYKa; TOJIIMHBI CIOEB) Ha BBICOTaX BEpXHEH cTpaTocepbl. YCTaHOBICHO HAJIHYUE B
oOnactu BeICOT 45-50 KM €105 C aHOMAJIbHO OOJIBIIMMHU, B HECKOJIBKO pa3 MPEBBIIAIOIINMYU CpEHEE
3Hau€HUE, BEIMYMHAMU BEPTUKAIBHOTO IrpajueHTa 3 (HEeKTUBHON CKOPOCTH 3BYKa.

Kniouesvie cnosa: umgppaszeyk, cpeouss ammocgepa, mouxas cmpykmypd, OUCAHYUOHHOE
30HOUpOBaHe.

Acoustic sounding of the middle atmosphere (theory and experiment)
Kulichkov S.N., Chunchuzov I.P., Bush G.A., Perepelkin V.G., Popov O.E., Zakirov M.N.
Obukhov Institute of atmospheric physics RAS, Moscow, Russia

snik1953@agmail.com

The results of the study of the fine inhomogeneous structure of the middle atmosphere (altitudes
0t 20...120 km) by the remote acoustic method are presented. The study is based on the implementation
of the ideas of Academician A.M. Obukhov on the scattering of sound on turbulent inhomogeneities of
the atmosphere. The results of the study of the scattering of infrasonic waves on anisotropic structures
of the middle atmosphere are discussed. A relationship was established between the spectra of scattered
signals and the spectra of atmospheric inhomogeneities. Based on this relationship, a method for
acoustic sounding of anisotropic turbulent inhomogeneities was developed. Ground explosions and
volcanic eruptions were used as sources of sounding pulses. As a result of processing the experimental
data, the parameters of the fine non-uniform structure (vertical gradients of the effective speed of sound;
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layer thicknesses) at the altitudes of the upper stratosphere were estimated. The presence of a layer with
anomalously large, several times exceeding the average value, vertical gradient values of the effective
speed of sound in the region of altitudes of 45-50 km was established.

Key words: infrasound, middle atmosphere, fine structure, remote sensing.

N3y4denune me3ochepHbIX 00J1aKOB: HCTOPHSL, Pe3YJbTATHI, NEPCIEKTUBbBI
[Tepuen H.H.l, [TepmunoB B.1.L, Hanmu I1.A.23
YUncemumym ¢uzuxu ammocgpepor um. A.M. O6yxoea PAH, Mockea, Poccus
2Hhtcmumym rocmuyeckux uccineoosanuti PAH, Mockea, Poccus
SUncmumym xocmuveckoii pusuxu, Kupyna, Illseyus
n.pertsev@bk.ru, v.perminov@rambler.ru, pdalin@yandex.ru

PaccmaTpuBaroTCsi OCHOBHBIE JOCTUKEHHS B U3yYeHUU Me30C(epHBIX (CepeOpHUCThIX) 00JIaKOB,
HauMHasg ¢ roja ux mnepBoro HaOmoaenus (1885) mo Hactosmero Bpemenu. PopMyIUpYIOTCA
npo0sieMbl MOHHUTOPHHra Me30c(epHBIX O0O0JaKoB, TMpeAsaraloTcsi MyTH WX [OPEOAOJICHHUS.
OO6cyxmaTcst (GakTOpbl, OKA3bIBAIOIINE BIUSHUE HAa MEXIOJOBYI0 H3MEHUHMBOCTH ME30C(HEPHBIX
00J1aKOB, pacCMaTPUBAETCS METOMKA MOCTPOCHHSI MHOTOJIETHHUX PSIJIOB, OMUCHIBAIOIINX MEXKT0/I0BbIE
U3MEHEHHUsl aKTUBHOCTH Me30c(hepHbIX 001akoB. OINUCHIBAIOTCS pe3ybTaThl MO WX MHOTOJETHUM
TpeHJ1aM, CTaBSATCS BOMPOCHI AJisl Oy yIuX uccienoBanuii. O6cyk1at0Tcs BO3SMOXXHOCTHU U Pe3yIbTaThI
UCIIOJIb30BaHUs Me30(epHBIX 00JIAKOB AJIs U3YUECHUS THIPOIUHAMUYECKUX BOJH U TYpOYJICHTHOCTH.

[TpencraBisiemble pe3yabTaThl MoJTyueHsl B pamkax ['oczaganus 17.1.

Knrouesnie cnosa: M€3OC¢€prl€ 06]ZaKa, USMERYUBOCb, MOHUMOPUHS, MHO2O/lemHue mpeHObl.

Studies of mesospheric clouds: history, results, prospects
Pertsev N.N.%, PerminovV.1.%, Dalin P.A 23
1Obukhov Institute of atmospheric physics RAS, Moscow, Russia
2Space research institute RAS, Moscow, Russia
3Swedish Institute of Space Physics, Kiruna, Sweden
n.pertsev@bk.ru, v.perminov@rambler.ru, pdalin@yandex.ru

The main achievements in the study of mesospheric (noctilucent) clouds are reviewed, starting
from the year of their first observation (1885) to the present. The problems of mesospheric clouds
monitoring are formulated, and ways to overcome them are proposed. The factors influencing on the
interannual variability of mesospheric clouds are discussed, and the methodology for constructing long-
term series describing interannual changes in the activity of mesospheric clouds is outlined. The results
are described based on their long-term trends, and aims for future research are raised. The possibilities
and results of using mesopheric clouds to study hydrodynamic waves and turbulence are discussed.
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The work was supported by the Ministry of Science and Higher Education of the Russian
Federation-project 17.1.
Key words: mesospheric clouds, variability, monitoring, long-term trends.

IlepcniekTHBHASI METOAMKA TMATHOCTUKY COCTOSTHHSI ABPOPAJILHOI HOHOC(hEPHI C pa3HbIX
opouT, IJIAT(HOPM 30HAMPYIOHIUX PAKET, CETH HA3eMHBIX M300paKaomUX KaMep (B BUAUMON U
BY®-o6s1acTn cniekTpa)

Mepsnsiii A.M., Ky3emun A K., Hukudopos O.B., [To3un A.A., Cokonos A.B., lllykun FO.H.,
SnakoB A.T.

HNuctutyT kocmudeckux uccienopanuii PAH, Mocksa, Poccust

pinegald42@yandex.ru, alkkuzmin@mail.ru, sokolov.ad@phystech.edu, eet-21@mail.ru,
pozin@rpatyphoon.ru, gelokin2201@yandex.ru, schukin@rpatyphoon.ru

PaccmarpuBaeTcsi COBpEMEHHOE COCTOSIHUE HCCIIEIOBAaHUI  XapakTepUCTUK  MOJSPHOU
HOHOC(EpBI, U 3JIEMEHThl METOJMKHU, BKIIOYAIOLIEH pa3HOMAacIITaOHble I100ajJbHbIE U JIOKAJIbHBIE
HaOJIOIEHUS. C MCIIOJIb30BAaHMEM DPA3JIMYHbIX NMPUOOPOB, ycraHOBIeHHbIX Ha KA, paGotaromux Ha
pa3HbIX OpOHTax, Ha I1aT(GopMax, OTAEIAEMbIX OT 30HAUPYIOIIUX PAaKeT Ha Pa3HBIX BBICOTAX, a TAKXKE
Ha Ha3eMHBIX CTaHILIUAX, PACTIOJIOKEHHBIX B apKTH4eCKOl 30He Poccun. AHaMU3upyOTCsi BO3SMOXKHOCTH
MHOIOTOYEUHBIX  OJHOBPEMEHHBIX  M3MEpPEHMH  aBpOpPAJbHBIX  SMUCCHM,  3HEPreTHMYECKHX
XapaKTepUCTUK BBICHINAIOLUIMXCA YacTUL, TIPAJUEHTOB MArHUTHOIO M 3JIEKTPUYECKOro IOJ,
CUMHTWUISLMM CUTHAJIOB OpPOUTANbHBIX HABUTALIMOHHBIX CUCTEM, a TaK)K€ HAKJIOHHOIO OOIIEro
anektponHoro coaepxkanus (STEC) B paznuunbix cektopax MLT u B paznuyHbIX reopu3nyeckux u
T€OMarHUTHBIX YCIOBHUSX.

A promising technique for diagnosing the state of auroral ionosphere from different
orbits, sounding rocket platforms, and network of ground-based imaging cameras (in the visible
and VUV spectral regions)

Merzly A.M., Kuzmin A.K., Nikiforov O.V., Pozin A.A., Sokolov A.D., Schukin Yu.A.,
Yanakov A.T.

Space Research Institute RAS, Moscow, Russia

pinegal42@yandex.ru, alkkuzmin@mail.ru, sokolov.ad@phystech.edu, eet-21@mail.ru,
pozin@rpatyphoon.ru, gelokin2201@yandex.ru, schukin@rpatyphoon.ru

In the report are considers the current state of research on the characteristics of the polar
ionosphere, and elements of a methodology that includes multi-scale global and local observations using
various instruments based on the satellites operating in different orbits, on platforms separated from
sounding rockets at different altitudes, as well as at ground stations all-sky imagers located in the Arctic
zone of Russia. The possibilities of multipoint simultaneous measurements of auroral emissions, energy
characteristics of precipitating particles, magnetic and electric field gradients, scintillation of signals
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from orbital navigation systems, as well as inclined total electronic content (STEC) in various MLT
sectors and in various geophysical and geomagnetic conditions are analyzed.

Study on the impacts of severe events in the lower atmosphere on the upper atmosphere
Jiyao Xu
National Space Science Center, Chinese Academy of Sciences, Beijing, China

Jyxu@spaceweather.ac.cn

Severe events such as thunderstorms, typhoons, earthquakes, and volcanic eruptions that occur on
the earth surface and lower atmosphere have significant impacts on the middle and upper atmosphere
and ionosphere. The detection and research of phenomena and physical processes in the response of the
upper atmosphere to these strong events are interesting topics. We have established a monitoring
network of airglow over the Chinese Mainland, which is composed by about 20 stations. This network
has conducted double-layer detection for OH airglow (with a radiation altitude of about 87 kilometers)
and Ol 630nm red line airglow (with a radiation altitude of approximately 250 kilometers) for about ten
years. This report will present observations and research progresses on the physical processes of
disturbances of the upper atmosphere and ionosphere caused by severe events such as thunderstorms,
typhoons, and Tonga volcanoes using the airglow network and satellite detection.

Key word: Upper atmosphere and ionosphere, disturbances, airglow network, strong events of
weather, OH airglow.

AHaJM3 reHepanuy BTOPUYHON 16-1HeBHOM IVIAHETAPHOI BOJIHBI 32 CYET HeJIMHEHHBIX
B3aMMOJeHCTBMH B aTMOCc(epe

Kosanps A.B.}?, Jlunenxo K.A.13 Epmakosa T.C. 12, Tonrynosa O.H.12
L Canxm-Iemepbypackuii 2ocyoapcmeennviii ynueepcumem, Canxm-Ilemepbype, Poccus

2Poccuiickuii 2ocydapcmeennviii 2uopomemeopono2uyeckuii ynueepcumem, Canxm-Ilemep6ype,

Poccus

SUncmumym semmozo maznemusma, uonocgepuvi u pacnpocmpanenus paouosonr um. H.B.

Iywxosa PAH, Tpouyk, Poccus

a.v.koval@spbu.ru, didenko.xeniya@yandex.ru, taalika@mail.ru, olgakolp@yandex.ru

C nomouibio HeIMHEHHOI Moenu o01Iel HMpKyIAuK cpeaHel u Bepxueit armochepst (MCBA)
UCCIIEIOBaHbl MPOCTPAaHCTBEHHO-BPEMEHHbIE CTPYKTYphl IiaHeTtapHbix BoiH (IIB) B cpenneit u
BepxHell arMmocdepe. MogenupoBaHue TI00ambHOW aTMOC(epHON LUPKYJSAIMKA aTMocheps
BBITIOJIHEHO 32 siHBapb-(eBpanb. OOHapykeHO siBJIeHuEe TreHepanuu 16-gHeBHOl 1B BHyTpeHHUMHU
aTMOC(EpHbIMU HCTOYHHKAMHU B IOXKHOM HIDKHEH TepMmocdepe, HE3aBHUCUMBIMU OT MOJIENbHBIX
UCTOYHUKOB BOJIH B Tporniocdepe, 3aaHHbIX B Mojienu. [ unTepnperanuu Habaroaaemoro 3¢ ¢dexra
ObUI TIPOBEAEH PSJI YMCIEHHBIX SKCIIEPUMEHTOB IO PAa3JIMYHBIM CLEHApUsIM C H30UpaTEeNbHBIM
BKJTIOYEHHEM/BBIKIIIOYEHUEM TPONOC(HEPHBIX HCTOUHUKOB OTJeNbHBIX Mo [1B (uMeromux nepuoast 4-
16 cyToK) B MOJieNH. AHAJIM3 3BOJIIOLMU BO3MYILIEHHON MOTEHIMAIBHON SHCTpOohuu s 16-1HEeBHOM
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1B, a Takxe BKJIaJ B HE€ HEJIMHEHHBIX B3aUMOJEHCTBUN MEX 1y OTAeabHbIMU [1B mo3Bosni BnepBbie
HarjJIsiTHO MPOJAEMOHCTPUPOBATh IPOIECC T'eHepauuu BTOpu4HOW 16-mHeBHOM IIB B pesynbTare
HEJIMHEMHOTO B3auMoieicTBUs 4-nHeBHOM U S-gHeBHOM [1B. C nenpio noaTBEepkKAeHUS aeKBaTHOCTH
BOCITPOM3BOMMBIX MOJICIIBIO BOJTHOBBIX CTPYKTYP OBLIO IIPOBEICHO CpaBHEHHUE BeiBIET-criekTpoB [1B
C JaHHBIMH peaHaIn3a U JUCTAHIIMOHHOTO 30HANUPOBAHUS.

PaGoTa BeimonHeHa npu nmoazaeps;kke Poccuiickoro Hayunoro ¢onma (rpant Ne 20-77-10006-11).

Knwuesvie cnosa. Ammocgepnas yupxyaayus, — niAHemMAapHvle  B0JIHbL,  HENUHElHble
83AUMOOeUCMBUSL; YUCTIeHHOe MOOeIUPOBAHUE.

Analysis of the generation of a secondary 16-day planetary wave due to nonlinear
interactions in the atmosphere

Koval A.V.}? Didenko K.A.*®, Ermakova T.S.%2, Toptunova O.N.12
1Saint-Petersburg State University, Saint-Peterburg, Russia
2Russian State Hydrometeorological University, Saint-Peterburg, Russia

*Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Russia

a.v.koval@spbu.ru, didenko.xeniya@yandex.ru, taalika@mail.ru, olgakolp@yandex.ru

The spatiotemporal structures of planetary waves (PWs) in the middle and upper atmosphere were
studied using the nonlinear model of the general circulation of the middle and upper atmosphere. The
global atmospheric circulation was simulated for January-February. The phenomenon of 16-day PW
generation by internal atmospheric sources in the southern lower thermosphere, independent of the
tropospheric wave sources specified in the model, was detected. To interpret the observed effect, a
number of numerical experiments was carried out under various scenarios with selective switching
on/off of tropospheric sources of individual PW modes (with periods of 4-16 days). Analysis of the
evolution of perturbed potential enstrophy for the 16-day PW, as well as the contribution of nonlinear
interactions between individual PWs to it, made it possible for the first time to demonstrate clearly the
process of secondary 16-day PW generation as a result of nonlinear interaction between 4-day and 5-
day PWs. In order to confirm the adequacy of the wave structures reproduced by the model, the PW
wavelet spectra were compared with reanalysis and remote sensing data.

The work was supported by the Russian Science Foundation (grant No. 20-77-10006-P).

Keywords: atmospheric circulation, planetary waves, nonlinear interactions, numerical
modeling.

OnTuyeckue uccaeroBanusi BepxHei u cpegneit armocgepsl B UKOHUA CO PAH
Konrosckoii .M., Hukonamkua C.B., Ammocos ILI1., MeBenko U.b.

HUncmumym xocmogpuzuueckux uccneoosanuti u azponomuu um. FO.I. lllagpepa CO PAH, a.
AHrymcxk, Poccus
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koltigor@mail.ru, nikolashkin@ikfia.ysn.ru, ammosov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

[IpencraBieHbl OCHOBHBIE HAIPABJICHUS U PE3YJbTAThl MCCIEIOBAHHUM 1a00paTOpUU ONTUKU
atMocepsl. JTabopatopus 6GepeT cBoe Hayallo ¢ MEePBbIX HAOIIOACHH ONITUYECKUX SIBJICHUN B BEpXHEH
atmocdepe B SAxkytuu ¢ 1957 r., B CBsA3U ¢ mpoBeaeHneM MexayHapoIHOTO reodru3ndeckoro roaa. B
HACTOALIEE BpPEMsS OCHOBHBIM HANpaBiICHUEM HCCIEIOBaHUN J1a00opaTOPUH SIBISIETCA H3Y4YCHHE
TEPMOJMHAMHYECKUX M BOJHOBBIX MpOIlECCOB B BepxHel atmochepe Apktuku u CyOapKTUKH, UX
peakuuu Ha HW3MEHEHUS YPOBHS COJHEYHOM aKTMBHOCTH, C IIPUMEHEHHEM COBPEMEHHBIX
BBICOKOYYBCTBUTEJILHBIX ONTHUECKUX MpHOOpOB — Qorokamep, crekTporpadon, (HOTOMETPOB H
nunaapa. Ontuyeckuil moauroH «Markimaray, pacnosioxeHHblid B 130 kM ceBepHee T. SIKyTcka aBisieTcs
LEHTPaJIbHBIM IIYHKTOM CETH ONTUYECKOT0 MOHUTOPHHTA Ha Tepputopuu Skytun. Taxke HaOI01eHUS
npoBoasarcs B [II'O «Tuken», KI'C «Kuranck» u «Heproarpu», odecrieunBasi OOITUPHBINA IAPOTHBIN
OXBar.

Kniouesvie cnosa: 6onnoswie npoyeccol, céeyerue HOUHO20 Heba, NOAsPHbIe CUSIHUS, ONMUYECcKUue
npubopbi.

Optical studies of the upper and middle atmosphere at SHICRA SB RAS
Koltovskoi I.1., Nikolashkin S.V., Ammosov P.P., levenko I.B.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

koltigor@mail.ru, nikolashkin@ikfia.ysn.ru, ammosov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

The main directions and research results of the laboratory of Atmospheric Optics are presented.
The laboratory begins from the first observations of optical phenomena in the upper atmosphere in
Yakutia since 1957, the beginning with the International Geophysical Year. Currently, the main research
area of the laboratory is the study of thermodynamic and wave processes in the upper atmosphere of the
Arctic and Subarctic, their reactions to changes in the level of solar activity, using modern highly
sensitive optical devices — cameras, spectrographs, photometers and lidar. The optical station
"Maymaga", located 130 km north of Yakutsk, is the central point of the optical monitoring network in
Yakutia. Observations are also carried out in Tiksi, Zhigansk and Neryungri, providing extensive
latitudinal coverage.

Keywords: wave processes, the glow of the night sky, auroras, optical instruments.

N3yuyenne MeakoMacmITaOHOM CTPYKTYPbI NOJIAPU3ALMOHHOIO JKETA ¢ HCIOIb30BaHUEM
Pa3JIMYHBIX HA0JII01ATEJIbHBIX CPEICTB

Yepupimos C.J1.1, Cunesuu A.A.L, Uyrynun JI.B.}, ITanuenko B.A.2, Morunesckuit M.M.2,
Koroaa JI.C.%, Kinumenko M.B.4,

Y Uncmumym xocmuueckux uccneoosanuii PAH, Mockea, Poccus

2 Hucmumym 3eMH020 MazHemu3Ma, uoHocgepul u pacnpocmpanenus paouoeonn um. H.B.
Ihwxkoea PAH, Tpouyk, Poccus
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3YHueepcumem Ocno, Ocno, Hopseaus

*Kanununzepadckuii (punuan uHCmumyma 3eMHO20 MAHemu3Ma, UOHOCHepbl U
pacnpocmpanerus paouosonn um. H.B. [Iyuxosa PAH, Kanununepao, Poccus

achernyshov@cosmos.ru, sinevich.aa@gmail.com, dimokch@cosmos.ru, leo-ion@yandex.ru,
mogilevsky2012@agmail.com, daria.kotova@fys.uio.no, mvklimenko@wdizmiran.ru

[Tomstpuzanmonnsiii ket (I1[1), Takke W3BECTHBIM B aHTJIOSA3BIYHON HAyYHOM JIMTEpaType Kak
cybaBpopanbHbiii noHHbIHA apeid (Sub-Auroral lon Drift — SAID), npencraBiser co6oi OBICTPHBIi
y3KHi M0 mupoTe Apeid mia3Mmbl Ha 3amajg B CcyOaBpopaibHBIX IIUPOTaX B HOHOchepe 3emit.
Kpynnomacmrabusie ocobennoctu [1]] B HacTosIIee BpeMs XOpOLIO W3Y4YeHbl, HO MEJIKOMAacCIITa0HbIe
npoueccsl BHyTpu IIJ[ mpakTudyeckn He U3y4eHbl, U 3[€Ch OCTAETCS MHOIO OTKPBITBIX BOIPOCOB.
HecmoTps Ha BaXKHOCTH HCIIOIB30BaHUS PAa3IMYHBIX HAa3eMHBIX CPE/ICTB HAOMIOACHUS ISl U3YUYCHUS U
aHanuza cBorctB I[IJI/SAID, a Takxke pa3pabOTKH aHATUTHUYECKUX MOJENed U YHCICHHOIO
MOZICTTMPOBaHMs, Haubosiee IICHHBIMU SBIAIOTCS HaOmroaeHus iN-SitU, TO €CTh CIyTHHUKOBBIC
HAOMIO/IEHUsI ¢ BBICOKMM pasperieHneM. Ha HauaiapbHOM 3Tare Mbl M3y4Yald MEJIKOMAacCIITaOHBIE
cTpykTypbl B PJ/SAID B0 BpeMs reOMarHUTHBIX Oypb € UCIOJIB30BaHUEM MYJIbTHUHCTPYMEHTAIBLHOTO
MOJIX0/Ia C MPUBIICYCHUEM PA3IUMYHBIX HU3KOOPOUTAIBHBIX CIIYTHUKOB. BriepBbie ObLIM 0OHAPYKEHBI
MenkoMacmTabHble HeoqHOpoaAHOCTH B I1J] ¢ mpocTpaHCTBEHHBIMU pa3MepamH A0 COTEH METPOB H
noka3ano, yto I/l cocrout u3 ctpykryp pazmepom ~0.2° MIMPOTHI, BHYTPU KOTOPHIX MPUCYTCTBYIOT
MenkoMacmTa0Hble HeogHopoaHocTH. Ho Hamboree TONHOE ONMUCaHWE W TIOHUMAaHHE POJIH
BHYTpeHHel cTpykTypsl [1]] obecnieurnBaeT KOMIUIEKCHBIN MOAXO0 C IPUMEHEHUEM KaK Ha3€MHbIX, TaK
U CIIyTHUKOBBIX HaOMIO/EeHUI cyOaBpOpaiabHON oOsacTH. B Hammx HEZaBHUX MCCIENOBAHUSAX IS
uzydyenus I1J] Bo BpeMsl reOMarHMTHON aKTHMBHOCTH MCIIOJIb30BaHbl PE3yJbTAThl OJHOBPEMEHHBIX
U3MEPEHUH, OyUYEeHHBIE C TOMOIIBIO PA3JIMYHBIX Ha3eMHbBIX (MarHUTOMETphl, pagapbl SuperDARN,
MOHO30H/Ibl, HABUTAIIMOHHBIE TPUEMHUKN ) U CITyTHUKOBBIX cpeacTB (Norsat-1, DMSP, Swarm, a Taxxe
Hapuranuonueie crnyTHuku GPS/TJIOHACC). VYcranosneno, uto BHyTpu IIJI ¢ pa3BuTuem
F€OMarHUTHOM aKTUBHOCTH (UIYKTyallMM MapaMeTpoB IJ1a3Mbl YBEJIUYMBAIOTCS Ha BCeX MacluTabax,
IIPU 3TOM PacTeT poJib KpynHoMacTaOHbIX 3¢ dexkToB. OOHapy>KEeH HOBBIM TUII SBJIEHUH, HA3BaHHBIN
CTpaTU(ULMPOBAHHBIN NOJSPU3ALMOHHBIN JDKET, COCTOSIIMM M3 HECKOJbKHUX MEIKOMAacIITaOHbIX
CTpart, ompeneneH TUMUYHBIN pa3mep crpar. [lokazaHo BmusiHME cTpaTudunupoBanHoro I1J[ Ha
pacnpocTpaHEeHUEe TPAHCUOHOC(HEPHBIX PAJAMOCUTHAJIOB TJI00ANbHBIX HABUTAIlMOHHBIX CHUCTEM:
yBeJIMYEHHUE IMOKa3zareneil (a3oBbIX M aMIUIUTYIHBIX MEpLAHui, a TakXKe MOTeps 3axBaTa CUTHAJA.
Kpowme Toro, nanusie ¢ npuémankoB GPS/I'JTIOHACC B pernonax, HaxoJsiumecs B cy0aBpopaibHON
30HE, MO3BOJIIOT CO3/1aBaTh JOKAJIbHbIE KapThl MOJHOTO 3JEKTPOHHOTO COJEpP)KaHUS, HAa KOTOPBIX
3aMeTHO Hanmuuue [1J[. YcraHOBIIEHO, YTO CTpaThl MOJISPU3ANUOHHOIO JKETA U HEOJHOPOIHOCTH
napaMeTpoB IUIa3Mbl BHYTPH HHUX MOTYT BBI3bIBATH MHOXKECTBEHHBIE OTPa)KEHHUS paJMOCUTHA’A,

KOTOPBIC BUIHBI HA HOHOI'paMMax B BUJIC F-paCCCSIHI/ISI.

Kniouesvie cnosa: Cybaspopanvhas uoHocgepa, norsapusayuoHHbulil 0d4cem, 2eoMaHUMHASL
AKMUBHOCMb.
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Study of the Small-Scale Structure of the Polarization Jet/SAID Using Various
Observational Means

Chernyshov A.A.%, Sinevich A.A.%, Chugunin D.M.%, Panchenko V.A.2, Mogilevsky M.M.%,
Kotova D.S.3, Klimenko M.V.*

Space Research Institute, Moscow, Russia

2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Russia

3University of Oslo, Oslo, Norway

“Kaliningrad Branch of the Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation RAS, Kaliningrad, Russia

achernyshov@cosmos.ru, sinevich.aa@gmail.com, dimokch@cosmos.ru, leo-ion@yandex.ru,
moqilevsky2012@gmail.com, daria.kotova@fys.uio.no, mvklimenko@wdizmiran.ru

We studied small-scale structures in Polarization Jet (PJ) (or Sub-Auroral lon Drift (SAID)),
during geomagnetic storms using a multi-instrumental approach involving various low-orbit satellites.
For the first time, small-scale inhomogeneities in PJ/SAID were discovered with spatial sizes up to
hundreds of meters, showing that PJ consists of structures approximately 0.2° in latitude, within which
small-scale inhomogeneities are present. To examine PJ/SAID during geomagnetic activity, we used
the results of simultaneous measurements obtained through various ground-based (magnetometers,
SuperDARN radars, ionosondes, navigation receivers) and satellite instruments (Norsat-1, DMSP,
Swarm, as well as GPS/GLONASS navigation satellites). It was found that within PJ/SAID, as
geomagnetic activity develops, plasma parameter fluctuations increase on all scales, with the role of
large-scale effects growing. A new type of phenomenon, called stratified polarization jet (SSAID -
Stratified Subauroral lon Drift), consisting of several small-scale strata, was discovered, and the typical
size of the strata was determined. It was established that the strata of PJ/SAID and the inhomogeneities
in plasma parameters within them can cause multiple reflections of the radio signal, which are visible
on ionograms as F-scatter.

Keywords: Subauroral ionosphere, polarization jet, geomagnetic activity.

JoJrornasi 3aBUCHMOCTD IUVIOTHOCTH IJIa3MbI B I1a3Mocdepe B CIIOKOHHOE BpeMs
COIJIACHO CIIYTHUKOBBIM U3MEPEeHUAM

Yyrynun /I.B., KotoBa I'.A.
Hncemumym xocmuyeckux uccnedoganuti PAH, Mockea, Poccus

dimokch@mail.ru, kotova@iki.rssi.ru

PaGora MNOCBAIICHA HCCICOOBAHHUIO 3aBUCHUMOCTHU 3aIlOJIHCHUSA HH%MOC(I)CPHBIX MAardiuMTHBIX
CHJIOBBIX pr6OK oT FCOFp&(I)H‘-ICCKOfI JIOJITOTBl B CIOKOMHOE BpEMs. HeCMOTp}I Ha TO, YTO
MaFHI/ITOC(I)Cpa B OCHOBHOM OIIUCBIBACTCS MArHUTHBIMU KOOpAHWHATAMH, Ha €€ 3allOJIHCHUC
HOHOC(I)CpHOfI IUIa3MOM BIHUSET U pa3Hula B OCBCIICHHOCTHU OCHOBAHMI CUJIOBBIX JIMHHUII MAarHUTHOTO
noisi. B manHoit pa60Te 9TOT BOIPOC U3YydaACTCA C MMOMOIIBIO I/I3MepeHI/II>'I KOHICHTpAallUl MOHOB Ha
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cnytiuke MHTEPBOJI u koHueHTpaumu 37ekTpoHOB Ha cnyTHuke ERG. Jlns wucciaegoBaHus
BBIOUpAIUCh TOJBKO JUIMTEIbHBIE CIOKOWHBIE MEPUOJbI, B TEUEHHE KOTOPHIX MAarHUTHbIE TPYOKH
yCHeBaJlv 3aM0JIHUTHCS M1a3Moi 10 nuddy3nonHoro papHoBecus. [lokazaHo, 4To 1715 OJHUX U TEX Ke
F€OMarHUTHBIX KOOPJIMHAT MJIOTHOCTH TUIa3Mbl B I1a3Mocdepe 3aBUCUT OT reorpapuueckoil J0NroTol.
Hccnenyercs, Kak 3Ta IpOSBISETCS B pa3HbIC CE30HBI.

Knouesvie cnosa: niasmocgepa, uonocghepno-macnumocghepvie ceazu.

Longitudinal dependence of the plasma density in the plasmasphere during quiet time
according satellite measurements

Chugunin D.V., Kotova G.A.
Space Research Institute of RAS, Moscow, Russia

dimokch@mail.ru, kotova@iki.rssi.ru

The work is devoted to the study of the dependence of the plasmaspheric magnetic flux tubes
filling on geographic longitude during quiet time. Despite the fact that the magnetosphere is mainly
described by magnetic coordinates, the filling of it with ionospheric plasma is also affected by the
difference in the illumination of the base of the magnetic field lines. This issue is studied in this work
using measurements of ion concentration on the INTERBALL satellite and electron concentration on
the ERG satellite. For the study, only long quiet periods were selected, during which the magnetic flux
tubes had time to fill with plasma to diffusion equilibrium. It was shown that for the same geomagnetic
coordinates, the plasma density in the plasmasphere.

Key words: plasmasphere, ionosphere-magnetosphere coupling.

Development of an Asymmetric Spatial Heterodyne Spectrometer (ASHS) for sounding
neutral winds in middle and upper atmosphere

Yajun Zhu
National Space Science Center, Chinese Academy of Sciences, Beijing, China

y.zhu@spaceweather.ac.cn

Neutral winds play a critical role in dynamics, transport, and energy budget in middle and upper
atmosphere. FP1 and Michelson interferometers are two typical instruments to detect neutral winds in
this region for decades. Here, a new type of interferometer using Asymmetric Spatial Heterodyne
Spectroscopy (ASHS) has been developed to sound the neutral winds. Comparisons have been
conducted with co-located lidars and meteor radars. It is found that winds detected from different
technologies show a good consistent with each other. The correlations between the wind data from
ASHS and co-located instruments can reach up to 0.8.

Key word: ASHS, winds, middle and upper atmosphere.
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MaJblii cnyTHUK CKOPIUOH ISl MCCJIEI0BAHUS YJHEPTUYHBIX MPOIECCOB B BepPXHeil
aTmocdepe

boromoios B.B.

Hayuno-uccreoosamenvckuii uncmumym sioeprou ¢pusuxu umenu /. B.Ckobenvyvina
Mockosckozo eocyoapcmeennozo ynusepcumema um. M.B. Jlomonocoea, Mockea, Poccus

bogovit@rambler.ru

B HUUAD MI'Y rotoBuTtcs K 3anmycky Maibiii cnyTHUK CkroprinoH B (opmate kybcar 16U, Ha
KOTOpPOM OyJIeT yCTaHOBJIEH KOMILUIEKC HAyYHOU ammaparypsbl, IpeIHa3HauYeHHBINA AJI1 UCCIIEOBAHUS
BepxHeil atmocdeprl. B cocraB KHA Bxomsr ramma-cnekrpomerp TI'C s perucrpanuu
aTMOC(EpHBIX TaMMa-BCHBIMICK, onTHYeckuid u YD cnekrpomerp-poromerp AVYPA-T mus
UCCJICIOBAHMSI BBICOTHBIX Pa3ps/ioB, paJAMOYACTOTHBIA aHAIWU3aToOp, KOMIUIEKC JETEKTOPOB
KocMuueckoi paauanuu. ConyTHUK OyJIeT BBIBEICH Ha KPYTOBYIO MOJISIPHYIO OpOUTY BbICOTOM ~500 KM,
npoBoAsl HaOMIOJEHUS BO BCeX pailloHax, B TOM 4HMCie B OOJACTSIX IPO30BOM aKTHMBHOCTH BOJIM3U
9KBATOpa M HA LIMPOTaxX aBpopaibHOro oana. OxumaeMblii CyTouHbI 00BEM maHHBIX ~100 MO
MO3BOJIUT MEpeAaTh Ha 3eMIlt0 AETadbHYI MH(OPMALHUIO MPH OJHOBPEMEHHBIX H3MEPEHUSIX BCEMH

puOOpaMHu.

Knrouegvie cnosa: Kocmuueckuu skcnepumenm, eamma-cnekmpomemp, Y@ cnexmpomemp-

Gdomomemp, ammocghepHbvle 2amMMa-8CNbIUKY, 8bICOMHbIE leKmpUuiecKue paspsaovl, Kyocam.

Small satellite Scorpion for the study of energetic processes in upper atmosphere
Bogomolov V.V.

Skobeltsyn Institute of Nuclear Physics of M.V. Lomonosov Moscow State University, Moscow,
Russia

bogovit@rambler.ru

The Nuclear Research Institute of Moscow State University is preparing to launch a small satellite
Scorpion in the cubesat 16U format, which will be equipped with a complex of scientific instruments
designed to study the upper atmosphere. This equipment includes a gamma-ray spectrometer TGS for
recording atmospheric gamma-ray flashes, an optical and UV spectrometer-photometer SONET for
studying high-altitude discharges, a radio frequency analyzer, and a set of cosmic radiation detectors.
The satellite will be launched into a circular polar orbit with a height of ~ 500 km, conducting
observations in all regions, including the regions of thunderstorm activity near the equator and at the
latitudes of the auroral oval. The expected daily data amount of ~100 MB will allow detailed
information to be transmitted to Earth with simultaneous measurements by all instruments.

Keywords: Space experiment, gamma-ray spectrometer, UV spectrometer-photometer,
atmospheric gamma-ray flashes (TGF), high-altitude electric discharges, cubesat.

Biusinue COJIHEYHON U reOMAarHUTHOM aKTHBHOCTH HA TEMIIEPATYPHYIO CTPATH(PHKALUIO
U 23P030JIbHOE HAIIOJIHEHHE CpeHel aTMochepbl
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Huxonamkuu C.B., Tutos C.B., EBcees V.H.

Hncmumym xocmoghuzuueckux uccaedosarnuti u azponomuu um. FO.I'. [llagpepa CO PAH,
AHrymcxk, Poccus

nikolashkin@ikfia.ysn.ru, stitov@ikfia.ysn.ru, striem830289@gmail.com

[TpuBoasATCS pe3ynbTaThl HUCCIEIOBAHUIN BIMSHHUS COJHEYHON AKTUBHOCTH Ha TEMIIEpaTypy
HIDKHEH TepMocdepbl, Me3o0may3bl U cTparocdepbl, a TakKe Ha CIEKTPAIbHYIO MPO3PAYyHOCTh
atMocepsl ontuyeckumu Metogamu B Skytuu. IlokazaHo, 4YTO CyIIECTBYeT OTpHULIaTEIbHAS
KOppeJsIUs MEeXIy TeMIlepaTypoil cyOaBpopallbHON HIDKHEW TepMmochepbl U YPOBHEM COJIHEUHOM
aKTUBHOCTH B ee 1 1-neTHeMm 1ukie. Bo Bpemsi COTHEUHBIX MPOTOHHBIX COOBITHI HAUMHAET Pa3BUBATHCA
a’p030JIbHAS 3aMYTHEHHOCTh aTMOC(ephl, IIPH 3TOM a3p030JIbHOE HAMOJIHEHHE OTMEUYACTCs TAKKE B
ctparocdepe. [locne cunpHOM reoMarHUTHON OypH a3pO30JIH PETUCTPUPYIOTCS TaKkKe B Me3ocdepe.

Knroueswie cnosa:
AHTITAUCKUHA

Kocmunueckasi moroa u TexHorenHasi 6e301acHoOCTh
[Tanpuna JI.IT.
Axaodemus nayk Pecnyonruku Caxa (Axymus), Axymck, Poccus

lushadr@mail.ru

N3MeHeHns: KOCMUYECKOW MOTr0/Ibl HEraTUBHO BO3JECHCTBYIOT HAa TEXHOJOTHYECKYIO CpEy U Ha
YeJIoBeKa — ATO MPECTABICHUE SBJISIETCS €CTECTBEHHOW HOPMOM, KOTOPYIO HEBO3MOKHO U30€KaTh, HO
HEOOXOJUMO 3HAaTh M Y4MTbIBaTh. OJIHO W3 HAa3eMHBIX MPOSABIEHUN KOCMMYECKON MOroisl —
reoMarHuTHble Oypu. CunTaercs, 4To OHU ABIIAIOTCS Hanbosiee BEpOSITHONW MPUYMHON HapyIIEHUH Ha
auHUX Aektponepenad (JIDII), Be3biBas reHepanuio reonHayupoBaHHbIx TokoB (I'UT). M3yuenuto
MEXaHHU3MOB M CJIEACTBHUI BO3AEHCTBUSI N3MEHUYMBBIX (PaKTOPOB KOCMUYECKON MOT0/bl Ha FEHEPALIUIO
I'NT mnocesimeHO MHOXECTBO paboT. [JTaBHOW TPUYMHON CUMTAIOTCS BapuUallMM aBPOPATLHOTO
3JEKTPOKETa BO BpeMsi reoMarHuTHbIX 0ypb. Ho onHo3nauHo# cBsizu ['UT ¢ reomarHuTHBIME OypsiMU
HET — JOCTAaTOYHO YaCTO OHU HAOJIFOIAIOTCSI B MArHUTOCTIOKOMHOE BpeMsi. [IpoBeieHHbIN HaMU aHATTU3
nokasai, 4yto B jeTHee Bpems 2012-2018 rogos 22% napyumenuit Ha nuausax JISII (16 usz 73) Obiu BO
BpeMsl perucTpaliy TIeOMarHUTHBIX Oypb, KOTOpble comnpoBoxaanuck DopOym-3ddexramu
(MOHMKXEHUSIMU UHTEHCUBHOCTH KocMUYecKuXx jtydeit). Ho ropasno 6omnpinast yacTh TaKuX HapylIeHUH,
78% (56 w3 73) okazanuch cBsizaHbl ¢ DopOyui-3ddekraMu B OTCYTCTBUM T'€OMAarHUTHBIX OYypb.
Y AUBUTENBHO, YTO 3a TOT K€ MEpPUOJl BpeMEHU ObUIO 19 reoMarHUTHBIX Oyph, HEKOTOpbIE U3 HUX
JIOCTaTOYHO HMHTEHCHUBHbBIE, BO BpeMsl KOTOpbIX He Obu1o HapymeHuil JIDII. Dto o3Hauaer, yTo
KOCMHUYECKHE JIy4d SBISIOTCS Oosiee 3HAYUMBIM (DAaKTOPOM ATOrO0 TEXHOT€HHOTO SBJICHUS, YEM
reoMarHuTHbele OypH. Bricka3piBaeTcs npeanonoxenue, yto Bo3oyxaenue ['MT Moxer ObITH CBSI3aHO
¢ aTMOC(epHBIM JIEKTPHUUECTBOM, PEIIAIOIIYIO POJIb B JOPMUPOBAHUU KOTOPOTO UTPAIOT KOCMUYECKHE

Ty4H.

Knroueswie cnosa: kocmuueckas 1’1020061, 2eoMacHUmMHble 5ypu, Kocmudeckue 1ydu, Hapyuenus Ha
JUHUAX 3Jzel<mp0nepe()a% ZQOUH()yL;MPOSClHHble MOKU, MEXHO2EHHDbILE ABTIEHUA.
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Space weather and technogenic safety
Shadrina L.P.
Academy of sciences of Sakha (Yakutia) Republic, Yakutsk, Russia

lushadr@mail.ru

Space weather changes have a negative impact on the technological environment and on humans
— such a representation is a natural norm, that cannot be avoided, but must be known and taken into
account. One of the ground displays of space weather is geomagnetic storms. They are considered to be
the most likely cause of power line outages, causing the generation of geomagnetically induced currents
(GIC). Many works are devoted to the study of the mechanisms and consequences of the impact of
variable space weather factors on the generation of GIT. The main cause is believed to be variations in
the auroral electrojet during geomagnetic storms. But there is no clear connection between GIT and
geomagnetic storms — they are often observed during magnetically quiet times. Our analysis showed
that in the summer of 2012-2018, 22% of power line outages (16 out of 73) occurred during the
recording of geomagnetic storms, which were accompanied by Forbush effects (cosmic ray intensity
decreases). But a much larger part of such disturbances, 78% (56 out of 73) were associated with
Forbush effects in the absence of geomagnetic storms. Surprisingly, during the same time period there
were 19 geomagnetic storms, some of them quite intense, during which there were no power line
outages. This means that cosmic rays are a more significant factor in this technogenic phenomenon than
geomagnetic storms. It is suggested that the generation of the GIT may be associated with atmospheric
electricity, in the formation of which cosmic rays play a decisive role.

Key words: space weather, geomagnetic storms, cosmic rays, power lines outages,
geomagnetically induced currents, technogenic phenomena.

N3mepenne Temnepatypsl atMocdeps! Ha BbicoTe n3iaydennss OH npu BCII na
MEPHIMOHATBLHOH CETH ONITHYECKHUX CTAaHUUH B SIkyTnn

I'apunbena I.A., Cusnesa B.1.?, Konrosckoit .M., IOmmanos H.H.2, Ammocos TLIT.

Y Unemumym xoemogusuueckux uccnedosanuii u asponomuu um. FO.I'. lllagpepa CO PAH,

AHrymcex, Poccus
2Cegepo-eocmounuiii pedepanvuuiil yuusepcumem um. M.K. Ammocosa, Axymck, Poccus

gagavrilyeva@ikfia.ysn.ru, misanagi@mail.ru, koltigor@mail.ru, nn.iumshanov@s-vfu.ru,
ammosov@ikfia.ysn.ru

Habmonenne u3MeHeHus: TemmepaTypbl atMochepbl Ha3eMHBIMU MPUOOPAaMH U COMOCTaBIICHUE
€ro CO CIIyTHUKOBBIMU M3MEPEHUSMHU MPOBEACHO Ha MEPUINOHAIBHON CETH ONTUYECKUX CTAHLIUN BO
BpeMs BHe3anHoro crparocgepHoro norerienus (BCII) 3umoii 2018-2019 roga u B konue 2023 rona.
CeBepo-BocTOYHAS MEPUIMOHAJIBHAS ceTh BKIto4aeT noisipuyto (Tuken 71.5°N, 129°E), cyOnomnsipHbie
(Kuranck 66.76°N, 123.37°E, Maiimara 63°N, 129.5°E) u cpeanemmpotnyo (Heprourpu 56.39°N,
124.43°E) cranuuu. B kadecTBe MHIMKATOpa COCTOSHUS HEWTpalbHOM aTrMocdepsl Ha BBICOTE
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u3aydeHus rtuapokcuiabHON omuccun OH  (3-1) (~87 KM) HCHONB3YIOTCS OTHOCHTEIbHAS
MHTEHCUBHOCTh U BpallaTtelbHas Temrneparypa. HazemHble u3MepeHus: napameTpoB T'HIPOKCHIBHOM
SMHCCUU CPaBHHUBAJIUCH C JaHHBIMU M3MepeHuil paguomerpa SABER, ycTaHOBIEHHOIO Ha CITyTHUKE
TIMED. Pa3zsutue BCII B Hmkenexameld arMocdepe ObLII0 M3YUEHO IO JAHHBIM JUCTAHIIMOHHOTO
30HIUPOBaHUs TemIepaTypsl atMochepsl mpudopom MLS/AURA.

Knrwouesvie cnosa: Meszonaysa, euopoxcunvuas smuccus, epawjamenvuas memnepamypa OH,
cmpamocgepHvle nomenieHus.

Measuring the atmospheric temperature at the altitude of OH radiation during SSW at
the meridional network of optical stations in Yakutia

Gavrilyeva G.A ., Sivtseva V.1.2, Koltovskoy I.1.1, Yumshanov N.N.2, Ammosov P.P.!
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

gagavrilyeva@ikfia.ysn.ru, misanagi@mail.ru, koltigor@mail.ru, nn.iumshanov@s-vfu.ru,
ammosov@ikfia.ysn.ru

Observation of atmospheric temperature change by ground-based instruments and its comparison
with satellite measurements was carried out at the meridional network of optical stations during the
sudden stratospheric warming (SSW) in the winter of 2018-2019 and at the end of 2023. The
northeastern meridional network includes polar (Tiksi 71.5°N, 129°E), subpolar (Zhigansk 66.76°N,
123.37°E, Maimaga 63°N, 129.5°E) and midlatitude (Neryungri 56.39°N, 124.43°E) stations. Relative
intensity and rotational temperature are used as an indicator of the neutral atmosphere state at the altitude
of the OH(3-1) hydroxyl emission (~87 km). Ground-based measurements of the hydroxyl emission
parameters were compared with measurements from the SABER radiometer on the TIMED satellite.
The development of SSW in the underlying atmosphere was studied using data of remote sensing of
atmospheric temperature by the MLS/AURA instrument.

Key words: Mesopause, hydroxyl emission, OH rotational temperature, stratospheric warming.

¢ PexTh reOMarHUTHBIX Oypb Ha OCHOBEe HHCTPYMeHTOB Kasmmuunrpaackoro ®@uinunana
N3MUPAH

Knumenko M.B., Tumuenko A.B., Knumenko B.B., SIkumosa I'.A., E¢pumos N.W., Hocukos
N.A., Psxosckuii U.A., bopueBkuna O.I1., beccapad @.C.

Kanununepaockuii punuan uncmumyma zemnoeo maznemusma, UoHocgepuvl u
pacnpocmparnenus paouogot um. H.B. Ihwkoea PAH, Kanununepad, Poccus

mvklimenko@wdizmiran.ru, aleksandr.timchenko77@agmail.com, vwk 48@mail.ru,
efishov@hotmail.com, igor.nosikov@gmail.com, ryakhovskiy88@yandex.ru,
olgaborchevkina@gmail.com, bessarabf@gmail.com
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B Kamuaunrpaackom dunuane USMUPAH ¢ 1964 roxa BemyTcs peryssipHbie HaOIIOICHUS 3a
napaMeTpamMu HUXKHEH atMmocdepsl, HOHOChEPbl U BapUalUsIMU MarHUTHOro mojis 3emin. OCHOBY
M3MEPUTEIILHOTO KOMIUIEKCa, pacrnojiokeHHoro B KamuHunrpaackoi ooOmactu (54°c.mr., 20°B.7.)
COCTaBJISIIOT: MOHO30HJ BEPTHKAILHOIO 30HAMPOBAHMS HOHOC(EPHI; JBYXYACTOTHBIC MPUEMHUKH
CUTHAJIOB HABUTAIIMOHHBIX CITyTHUKOBBIX CUCTEM, KOTOPBIE UCIIOJIBb3YIOTCS ISl OMPEIEIICHUS TOTHOTO
3JIEKTPOHHOTO COJEpKaHUsA B MOHOC(Epe; MarHUTOBApHAIlMOHHAS CTAaHLUs, MpeJHa3HAYCHHbIC IS
HENPEPBHIBHON PErucTpalvy BapHaluidi TpeX KOMIOHEHT BEKTOpa MarHUTHOTO IOJIs 3eMJIM U pacuera
nokanpHOoro K-muaekca; mereocranuus; npueMHuk curtanoB CJIB-nuamazona; xkamepa Bcero He0a
(ycranoBnennass 30 mapra 2024 roma).Kpome toro, B Kammaunarpaackom ®ummane USMHUPAH
pa3paboTaHbl M AKTUBHO UCHOJB3YIOTCS (17151 MHTEPIPETALlUU TaHHBIX HAOIIOCHH ) MO/IETN BEepXHE
aTtMocepsl u Bceit atMochepbl, OCHOBaHHbIE Ha PEHICHUH CUCTEMbI THPOAMHAMUYECKUX YPaBHEHUI
JUIST. MHOTOKOMIIOHEHTHOM CMECH Ta30B U YpaBHEHHUS COXpPAaHEHUS IUIOTHOCTH TIOJHOTO TOKAa.
[IpoBenenne OIHOBPEMEHHBIX MOJAETUPOBAaHUS W HAOMIOJEHUI Bapualdidi MarHUTHOTO IO,
MOHOC(HEPHBIX, ONTHUYECKUX M METEOPOJOTHYeCKUX IapaMeTpoB B OAHOW oOcepBaTopuu
MPEIOCTaBIsECT IIMPOKHUE BO3MOXKHOCTH MJISI UCCIENOBaHMs aTMoc(hepHO-HOHOC(hEpHBIX CBSI3EH B
NEePUOABl PA3UYHBIX SIBICHUN KOCMUYECKOM MOTO/bI, BKJIIOYas TeOMarHuTHele 0ypu. B crathe naHo
KpaTKOE OMHCAHHE BCEX MHCTPYMEHTOB, MPUBEACH CIOCO0 Mepenayn U XpaHeHHUs] BPEMEHHBIX PSIOB
U3MEPSEMBIX MapaMeTpoB, a TAKXKE MPEACTABICHBI MPUMEPHl HCIOJNB30BAHMUS ITHX JAHHBIX IS
MPOBEJICHUS Pa3IMUHBIX re0PU3NYECKUX HCCIEAOBAHUN B MEPHOJbl T€OMArHUTHBIX Oyph (BKIIOUYAs
reoMarautHbie Oypu Cssitoro Ilatpuka B mapte 2015 r. u J{us [To6enst B mae 2024 r.).

Knrouesvie cnosa: Bepxuas ammocghepa, ceomacnummuas 0Oyps, uUCIeHHOE MOOeIUpo8aHue,

onmudecKue s6J1€HUA, paduoqbusuttecxuﬁ MOHUMOPUHC.

Effects of geomagnetic storms based on the instruments of the Kaliningrad Branch of
IZMIRAN

Klimenko M.V., Timchenko A.V., Klimenko V.V., Yakimova G.A., Efishov I.I., Nosikov |.A.,
Ryakhovsky I.A., Borchevkina O.P., Bessarab F.S.

Kaliningrad Branch of the Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation RAS, Kaliningrad, Russia

mvklimenko@wdizmiran.ru, aleksandr.timchenko77@agmail.com, vwk 48@mail.ru,
efishov@hotmail.com, igor.nosikov@gmail.com, ryakhovskiy88@yandex.ru,
olgaborchevkina@gmail.com, bessarabf@gmail.com

Since 1964, the Kaliningrad department of IZMIRAN has been conducting regular observations
of the parameters of the lower atmosphere, ionosphere and variations in the Earth's magnetic field. The
measuring complex located in the Kaliningrad region (54° N, 20° E) consists of: an ionosonde for
vertical sounding of the ionosphere; dual-frequency receivers of signals from navigation satellite
systems, which are used to determine the ionospheric total electron content; a magneto-variation station;
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a meteorological weather station; a VLF-range signal receiver; all-sky camera (installed on March 30,
2024). In addition, the West Department of IZMIRAN has developed and actively used (for the
interpretation of observational data) models of the upper atmosphere and the whole atmosphere, based
on solving a system of hydrodynamic equations for a multicomponent gas mixture and the equation of
conservation of the total current density. Simultaneous modeling and observations provides unigque
opportunities for studying atmosphere-ionosphere coupling during periods of various space weather
phenomena, including geomagnetic storms. The article provides a brief description of all the tools and
also presents examples of using these data for various geophysical studies (including the geomagnetic
storms of St. Patrick's Day in March 2015 and Victory Day in May 2024).

Key words: Upper atmosphere, geomagnetic storm, numerical modeling, optical phenomena,
radiophysical monitoring.

O ¢opmupoBaHNM KBA3MNIEPUOANYECKHX CTPYKTYP B 00J1acTH Me30c(hepbl-HHKHEl
TepMocdepsbl

Uxernanu O.I'.}, Bazaesa H.B.%, Illanumos C.JI.2
YUnemumym ¢uzuxu ammocgpepor um. A.M. Obyxosa PAH, Mockea, Poccus
2Hhtcnfmmym dusurxu 3emau um. O.fO. [lImuoma PAH, Mockea, Poccus

ochkheti@ifaran.ru, vazaevanv@ifaran.ru, pmsk7 @mail.ru

Paccmotpen Mexanu3m oOpazoBaHusi PPOHTAIBHBIX CTPYKTYP B 005IacTH Me30c(hepbl-HUKHEH
tepmochepsl (MHT), ocHOBaHHBIM Ha HEYCTONYMBOCTHM SKMAaHOBCKOIO THUIIAa B HEUTpalbHOM
KOMIIOHEHTE CIa0OMOHM30BAHHON TMJa3Mbl HOHOCGEpHI, KOTI/a BaXXHBIM OKa3bIBae€TCS y4YeT
CIUPATBHOCTH KPYMHOMACIITA0HOTO BeTpa U TYpOYJIEHTHOCTH HEUTpPaIbHOH KOMIIOHEHTHI.
PesynpratoM  pa3sBUTHS  HEYCTOMYMBOCTEM  DKMAHOBCKOTO THUMA  SBISKOTCS  HEJIUHEHUHbBIE
KBa3UMEPUOANUECKUE CTPYKTYPHI THUIA posyioB. Jns TunuyHoro mpoduis BeTpa Ha BbicoTax MHT
MojlyyaeM HaONI0JIaeéMyl0 B OKCIEPUMEHTE OpHUEHTAIMI0 O00pa3yIolMxcs 3AeCch CTPYKTYp B
HeNTpaIbHOU (CIeI0BaTeNbHO, U B MJIA3MEHHOM, N3-3a O0JIBIIION YaCTOTHI CTOJKHOBEHUH HEHTPaTbHBIX
4acTHIl C MOHaMH) KOMIIOHEHTE. [ TaBHYIO poJib B OpUEHTAIIUU CTPYKTYp UTPaeT F0)KHAsE KOMIIOHEHTA
BeTpa (IIs1 CEBEPHOTO MOYyIIapusi), OHA K€ 00YCIOBIMBAET IOT0-3aMaaHbIi Apeid cTpykTyp (Beab
€CJIM CTPYKTYPhI CUJIBHO BBITAHYTHI B HanpaBienuu C3-FOB, To npu 10xHOM BeTpe (a3oBblit PpOHT
CTPYKTYpbI OyJeT mepeMeniaThCcsl Ha I0ro-3amnaja). Y4eT KOT€PeHTHBIX CTPYKTYp, BO3HHUKAIOIIMX B
obnmactu MHT BcnencTBue THIPOIUHAMHYECKUX HEYCTOWYUBOCTEH AJIsI pacHpelleieHHi CKOpOCTeH
9KMaHOBCKOTO THUIIA, YBEIUYMBAET CKOPOCTh BEPTUKAIBLHOTO AM(PGY3UOHHOTO MEPEMEITUBAHUS 10
MeHbIe Mepe B 2 pa3a. Ha oObrunbIil nudPy3uMOHHBI MTEPeHOC HAKIAIBIBACTCS MEPEHOC B IOJIE
NEPUOANYECKUX BHUXPEBBIX sdeek. MHoromacmrabHOE pa3BUTHE BHXPEBBIX CTPYKTYp B HUXKHEH
noHochepe MOXKET MPHUBOJIUTh K MHTCHCHUBHOMY TEIJIOMACCOTIEPEHOCY M PEHUPKYJIAIUA aTOMOB U
HMOHOB METAJUIOB. XapaKTepHas 3[eCh KaK Ui Tpoduiieil BeTpOB, TaK U I CTPYKTYP CIHUPATBHOCTb
MO>KET OOBSICHATH AHOMAJIbHBIE AMILTUTY 1Bl BETPOB B HIDKHEH MOHOChEpE.

Kniouesvle crosa: mezocgpepa, nudichss mepmocghepa, Heycmouuu8oCcms IKMAHOBCKO2O MUNA,
8UXpeBble CMPYKMYPbl, CRUPATbHOCHb, OUPDY3UsL.
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On the formation of quasi-periodic structures in the mesosphere-lower thermosphere region
Chkhetiani 0.G.%, Vazaeva N.V.%, Shalimov S.L.2
IA.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia.
2Schmidt Institute of Physics of the Earth RAS, Moscow, Russia

ochkheti@ifaran.ru, vazaevanv@ifaran.ru, pmsk7 @mail.ru

The mechanism of formation of frontal structures in the mesosphere-lower thermosphere (MLT)
region based on Ekman-type instability in the neutral component of weakly ionised ionospheric plasma
is considered. Here it is important to take into account the helicity of the large-scale wind and turbulence
of the neutral component. The result of the Ekman-type instabilities are nonlinear quasi-periodic
structures of the roll type. For a typical wind profile at MLT heights, we obtain the orientation of the
structures formed here in the neutral component (hence also in the plasma component, due to the large
frequency of collisions of neutral particles with ions) observed in the experiment. The main role in their
orientation is played by the southern wind component (for the northern hemisphere). It also causes the
south-west drift. In fact, if the structures are strongly elongated in the NW-SE direction, the phase front
of the structure will move to the southwest in a southerly wind. Taking into account the coherent
structures arising in the MLT region due to hydrodynamic instabilities for Ekman-type velocity
distributions, increases the vertical diffusion mixing rate by at least a factor of 2. An additional transport
in the field of periodic vortex cells is superimposed on the usual diffusion transport. The multiscale
development of vortex structures in the lower ionosphere can lead to intensive heat and mass transfer
and recirculation of metal atoms and ions. The helicity characteristic here both for wind profiles and
structures can explain the anomalous wind amplitudes in the lower ionosphere.

Key words: Mesosphere, lower thermosphere, Ekman-type instability, vortex structures, helicity,
diffusion.

Me:kronosbie Bapualnuu TeMIepaTypsbl 00J1aCTH Me301ay3bl H MAKCHMYMA 3JICKTPOHHOM
KOHIEHTPAUHUHU B 24-M COJTHEYHOM IHKJIE 110 JAHHBIM H3MEPEHHI HA KOMILIEKCEe HHCTPYMEHTOB
HNC3® CO PAH

Mensenesa 1.B., ParoBckuii K.T'.
Hnemumym conneuno-3emnou gpusuxu CO PAH, Upkymck, Poccus
ivmed@iszf.irk.ru, ratovsky@iszf.irk.ru

[IpencraBieHbl pe3yabTaThl aHAINM3a MEKIOJJOBBIX BapUaliil TeMIepaTypbl 00JacTi Me301ay3bl
(Tm) m makcuMyma 3JIeKTpoHHOW KoHUeHTpanuu (NmF2) mo maHHBIM CHEKTPOMETPUYECKUX |
panuodu3nuecKuX U3MEpPEeHUH Ha KOMILUIEKCE MHCTPYMEHTOB MHCTHUTYTa COTHEYHO-36MHOM (U3UKU
CO PAH B 2008-2020 rr. /lanable o Temmeparype 00JacTH Me30May3bl MOJyYeHBl MPU MOMOIIU
CIIEKTPOMETPUYECKUX M3MEPEHHI MapaMeTpoOB SMUCCHH MOJIEKYJIbI THApOKcHia (nonoca (6-2), 834.0
HM, BbIcOTa MakcuMyma wuziaydeHus ~87 kM, 51.8°N, 103.1°E, Topsl). 3HaueHHs MaKkCUMyMa
JJIEKTPOHHOW KOHILIEHTPAIMH IMOJYYEHBI MO JaHHBIM BEPTHUKAIBHOTO 30HAMPOBAHUS HA UPKYTCKOM
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nono3onae DPS-4 (52.3°N, 104.3°E). MccienoBaHbl M COTIOCTABIICHBI CPETHET0/IOBbIC 3HAYCHHUS Tm 1
NmF2, a Takke CpeIHEroJioBble 3HAYCHUS UX MEKCYTOUHOM U BHYTPUCYTOYHOM M3MEHUYMBOCTH. K
aHaJIM3y MPHUBJICYCHBI JaHHBIC 00 nHIekcax coiaHeyHou (F10.7) u reomaruutHo# (Ap) aKTUBHOCTH, a
TaKkke JaHHble 0 Bapuanusax uHaekca KOxknon octnmmuanuu (SOI). B uccnenoBaHuy MCOIb30BaHbBI
METO/bl MPOCTOM M MHOXKECTBEHHOW JuHEHHON perpeccun. OOHApyXEHO, UYTO CPEIHETOI0BHIC
3HaueHuss NmF2 npeuMylecTBeHHO OOYCIIOBJICHBI BapHallUsIMU COJTHEYHOW AaKTUBHOCTH, a
MEXTOJIOBbIC BapuallMi W3MEHUYMBOCTM NmMF2 BBI3BaHBI W3MEHEHUSMU KaK COJIHEUHOH, Tak M
T€OMAarHUTHOW aKTUBHOCTH. CpeaHEroJoBbie 3HAYCHUS HW3MEHYMBOCTH Tm KOpPPEIHPYIOT ¢
n3MeHeHusiMu SOI-uHAEKCA: MEXKCYTOUHBIE BapUaLIMK IMOKA3aJId MOJIOKUTENIbHYI0 Koppesiiuto ¢ SOI-
WHJIEKCOM, TOT/Ia KaK BHYTPUCYTOYHAS U3MEHYMBOCTH JIEMOHCTPUPYET OTPUIATEIHHYIO KOPPEISIIHIO
¢ SOI. 3Haunmasi cBA3b MEXKIYy MEXKIOJOBBIMA U3MEHEHUSIMH U3MEHUUBOCTH NmF2 U U3MEHYHMBOCTH
Tm HEe oOHapyKeHa.

HccnenoBanue BBIOJIHEHO 3a cueT rpanta Poccuiickoro nHayunoro ¢ouma No 22-17-00146,
https://rscf.ru/project/22-17-00146/.

Knrouesvle cnosa: meosiceo0oswle eapuayuu, obnacme mesonaysvl, memnepamypa, MAaKCUMYMm

3ﬂ€Kmp0HH01/7 KOHYeHmpayuu, U3SMEHYUBOCNIb.

Year-to-year variations in temperature of mesopause region and peak electron density in
solar cycle 24 from experimental data of ISTP SB RAS equipment

Medvedeva I.V., Ratovsky K.G.
ivmed@iszf.irk.ru, ratovsky@iszf.irk.ru
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

We present the results of the analysis of year-to-year variations in the temperature of the
mesopause region (Tm) and the peak electron density (NmF2) from spectrometric and radiophysical
measurements with the equipment of the Institute of Solar-Terrestrial Physics SB RAS in 2008-2020.
Data on the temperature of the mesopause region were obtained from spectrometric measurements of
the OH emission ((6-2), 834 nm, Tory (51.8°N, 103.1°E)). The peak electron density was derived from
the Irkutsk DPS-4 measurements (52.3°N, 104.3°E). We analyzed the annual mean Tm and NmF2, as
well as yearly average values of day-to-day and intradiurnal variability in Tm and NmF2. The analysis
involved data on solar and geomagnetic activity, as well as on variations in the Southern Oscillation
Index (SOI). For the analysis, we used simple and multiple linear regression methods. It was found, that
variations in the yearly average NmF2 are dominantly controlled by changes in the solar flux, whereas
year-to-year variations in NmF2 variability are caused by changes in both solar and geomagnetic
activity. The yearly average values of Tm variability correlate with changes in the SOI-index: the day-
to-day variability shows a positive correlation with the SOI, while the intradiurnal variability
demonstrates a negative correlation with the SOI. A significant relationship between the year-to-year
variations in the NmF2 variability and Tm variability was not revealed.

The research was funded by the Russian Science Foundation (project No. 22-17-00146),
https://rscf.ru/project/22-17-00146/.
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Keywords: year-to-year variations, mesopause region, temperature, peak electron density,
variability.

HccaenoBanue BOJHOBBIX MPOIECCOB BO BpeMsl CJI0KHBIX BHE3AMMHBIX CTPAaTOC(hePHBIX
noTenJIeHui

Nunenko K.AM2, bukOynaros B.A.%, EpmakoBa T.C.2%, KoBanp A.B.22

1thcmumym 3eMHO20 MACHeMmuU3Ma, UOHOCHepPblL U pacnpocmpaneHus paouooan um. H.B.
Ilywrosa PAH, Tpouyk, Poccus

2Canxm-ITemepbypeckuii 2ocyoapcmeennuitl ynusepcumem, Canxm-ITemep6ype, Poccus

3Poccuitickuii 2ocyoapcmeennbiii 2udpomemeoponocuueckuil ynusepcumem, Canxm-Ilemep6ype,
Poccus

didenko@izmiran.ru, bogdan.bikbulatovl@gmail.com, taalika@mail.ru, a.v.koval@spbu.ru

W3ydena 5BOMIONUS PAa3IMYHBIX HEJIMHEHHBIX MPOIECCOB B cpeaHeil aTMocdepe, CBI3aHHBIX C
pacupocTpaHEHHEM CTalMOHApHBIX IUIaHeTapHbiX BOJH (CIIB) BO BpeMsi pa3BUTHS CIIOXKHBIX
BHe3anmHbIX crpaTocdepubix noremieHuid (BCII). AHanmu3 BOHOBBIX MPOIECCOB OCHOBAH HA METOJIC
UCCIIEIOBAaHMSI BO3MYIICHHOM mMOTeHIHManbHOW »HCTpoduu (I13). DtoT Merox mo3BOISIET
[IPOAHAIIN3UPOBATh BPEMEHHYI0 W3MEHUHMBOCTb BOJHOBOM AKTMBHOCTHU, AUBEPIeHLMH WM aJIBEKLIUU
MOTOKOB BO3MYIIICHHON MOTEHUUATBHON SHCTPOUH, a TaKkKe B3aUMOACUCTBUN aTMOC(EPHBIX BOJIH
JpyT € IPYTOM U CO CPEAHHM MOTOKOM. AHanu3 Obll npoBeaeH A 3uM 2003—2004 u 2005—2006
ronoB, korjaa Habmonanucsk BCII co crnoxxHol TepMoguHaMudeckoi cTpykTypoid. [Tokazanbl cxoacTBa
B PAa3BUTUM HEJIMHEMHBIX B3aMMOACHCTBUNA MEXAy IUIAHETapHBIMU BOJHAMU M pPa3iudus BO
B3aMMOJICHCTBHUH TIJIAHETAPHBIX BOJH cO cpeAHHM moTokoM mpu ¢opmupoBanuu BCII. [TonydeHnnsie
OIICHKH BOJHOBBIX MPOIIECCOB MOTYT OBITh MCIIOJNIH30BAHBl B KAUYECTBE MPEIUKTOPOB (HOPMUPOBAHUS
BHE3AIMHBIX CTPATOCHEPHBIX MOTETUICHUI.

PaboTa BeinosiHeHa nmpu nozjepxkke Poccuiickoro Hayunoro ¢ponga PH®, rpant Ne23-77-01035,
https://rscf.ru/project/23-77-01035/.

Kniouesvie cnoea: cmpamocghepnviii nonApHulii  6uUxXpb, niaHemapHvlie B0HbL, GHE3ANHOE

cmpamocqbepHoe nomenjenue, 3HCmp0¢1/lﬂ, 60JIHO6ASl AKMUBHOCN1b.

Investigation of wave processes during complex sudden stratospheric warmings
Didenko K.A., Bikbulatov B.A.L, Ermakova T.S.?, Koval A.V. 2

1Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Moscow, Russia

2Saint-Petersburg State University, Saint-Peterburg, Russia

didenko.xeniya@yandex.ru, bogdan.bikbulatovl@gmail.com, taalika@mail.ru,
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The evolution of various nonlinear processes in the middle atmosphere associated with the
spreading of stationary planetary waves during the development of complex sudden stratospheric
warming is studied. One of the ways to investigate the internal dynamic reasons of the sudden
stratospheric warming development associated with the wave processes is to investigate the variability
of the perturbed potential enstrophy — the potential vorticity squared. Using the MERRA-2 reanalysis
data, the temporal variability of wave activity, perturbed potential enstrophy fluxes divergence and
advection, the interactions of atmospheric waves with each other and with the mean flux were analyzed.
Such an analysis was carried out for the winters of 2003-2004 and 2005-2006, when complex sudden
stratospheric warmings were observed. This is due to the complex spatial and temporal distributions of
zonal wind, temperature, and the amplitudes of planetary waves with different zonal wave numbers
during their development. Similarities in the development of nonlinear interactions between planetary
waves and differences in the interaction of planetary waves with the mean flux during the formation of
the sudden stratospheric warmings under consideration are shown.

The research was supported by Russian Science Foundation grant #23-77-01035,
https://rscf.ru/en/project/23-77-01035/.

Keywords: stratospheric polar vortex, planetary waves, sudden stratospheric warming,
enstrophy, wave activity.

MepuanoHajabHOe U A3MMYTajlbHOE PACIPOCTPAHEHNE FTeOMATHUTHBIX PcS-nmyabcanuii u nx
IKBUBAJEHTHBIX TOKOBbIX BUXPei 10 JAHHBIM HA3€MHBIX M CHYTHUKOBBIX HA0JI10/1eHH i

Mormucees A.B., ITonoB B.U., Ctapoxy61es C.A.

Hucmumym kocmogpuzuueckux uccneooganuii u aspornomuu um. FO.I'. [llagpepa CO PAH,

Hrxymcex, Poccus

moiseev@ikfia.ysn.ru, volts@mail.ru, starodub@ikfia.ysn.ru

[Tpoananu3upoBaHbl CKOPOCTH pPAaCIpPOCTPAHEHUS PE30HAHCHOIO BCIUIECKA TI'€OMAarHUTHBIX
nyiabcauuii Pc5 B asuMyTanbHOM M MEpUIMOHAIBHOM HANpaBIEHUSX M CEpUH  COOBITHH.
Hcnonb3oBanuck JiBa METOJa: MO (ha30BBIM 33JepXKKaM CUTHAJIOB MEXKJy CTaHIUSAMH U CMEIEHHEM
LIEHTPOB BHUXPEW MX OJKBUBAJICHTHBIX TOKOBBIX CHCTEM. AHalM3 I0Ka3all, 4TO PaclpOCTpaHEHHUE
MyJbCAalMil M BUXpEH COBNAJAcT IO HAIPABICHUIO, BIOJb MEPUIUAHA, IPEUMYILIECTBEHHO OHHU
pacIpoCTpaHsIOTCs Ha ceBep. B O0NbIIMHCTBE ClTyyaeB CKOPOCTh PAaCIPOCTPAHEHUS COCTABIISIET 5 KM/C
JUIs TylnbcallMii U 2 KM/C Ans BUXped. B asuMyTaiabHOM HampaBieHUU MyJIbCallud U BUXPHU
pacIpoCTPaHAIOTCS Ha 3amajl co CKOPOCTBIO pacmpocTpaHeHus mynbcaiuid 10 KM/C U CKOPOCTBIO
pacripocTpaHeHus Buxpei 3 km/c. ['eomarHuTHas MIMPOTa, HA KOTOPOH 3aperuCTpUPOBAHBI LIEHTPHI
BUXpPEH, COBMAgaeT ¢ MUPOTOH MAaKCUMaIbHON aMIUTUTY/bl T€OMAarHUTHBIX MyJbcalluil (pE30HAHCOB
CWJIOBBIX JINHHMH) M yMEHbIIAETCs Ha ~15° K paHHMM YacaM MECTHOTO BpEMEHH. A3MMYyTaJbHOE
pacrpocTpaHeHHe MyJbCalluidi MO Ha3eMHBIM HAOJIOJEHUSM CPAaBHUBAIOCH C PAaclpOCTPaHEHHEM B
MarHuTocepe Mo CHyTHUKOBBIM HaOmoaeHUsAM. CKOpOCTH paclpOoCTpaHEHHs MO CIIyTHUKOBBIM
JAaHHBIM BapbupoBanuch B nuanasone 100-200 km/c. Ilpu mpoennpoBaHUM TOJIOKEHUH Ha3eMHBIX
CTaHLUH B MarHuTocepy a3uMyTalbHble CKOPOCTH PACIIPOCTPAHEHHSI MKy HUMH CTaHOBSTCS TOTO
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e MOpsiIKa, YTO U CKOPOCTH IO CIYTHUKOBBIM HaOmoaeHusM. [Ipeanonaraercs, yro Habmogaemas
JTWHAMHUKa MyJibcalnidi U BUXpei PcS orpaxkaer pacnipoctpanenrie MI'JI-BosiHBI B MarHuTOChEpE.

Knroueswie cnosa: I'eomacnumnvle Pc5 nynvcayuu, 8uxpu 3k8UBAIeHMHO20 MOKA, A3UMYMAIbHOE
pacnpocmpanerue, 80JIHO8ble 803MYUCHUS NAPAMEMPOS8 NILA3MbL U 2EOMACHUMHO20 NOJISL 8 OUANA30HE
nyavcayuil Pc5 6 macnumocgepe.

Meridional and azimuthal propagation of Pc5 pulsations and their current systems
according to ground-based and satellite observations

Moiseev A.V., Popov V.l., Starodubtsev S.A.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

moiseev@ikfia.ysn.ru, volts@mail.ru, starodub@ikfia.ysn.ru

The propagation velocities of resonant burst of geomagnetic Pc5 pulsations in the azimuthal and
meridional directions were analyzed for a series of events. Two methods were used: based on the phase
delays of the signal between stations and the displacement of vortex centers of their equivalent current
systems. The analysis showed that the propagation of pulsations and vortices coincides in direction,
along the meridian, they predominantly propagate northward. In most cases, the propagation velocity is
5 km/s for pulsations and 2 km/s for vortices. In the azimuthal direction, pulsations and vortices
propagate westward, with pulsation propagation velocity of 10 km/s and vortex propagation velocity of
3 km/s. The geomagnetic latitude where the vortex centers registered coincides with the latitude of the
maximum amplitude of geomagnetic pulsations (field line resonances) and decreases by ~15° towards
the early hours of the magnetic local time. The azimuthal propagation of pulsations based on ground-
based observations was compared with the propagation in the magnetosphere based on satellite
observations. Propagation velocities according to the satellite data varied in the range of 100-200 km/s.
When projecting the positions of ground stations into the magnetosphere, the azimuthal propagation
velocities between them become of the same order as the velocities according to satellite observations.
It is assumed that the observed dynamics of Pc5 pulsations and vortices reflects the propagation of an
MHD wave in the magnetosphere.

Key words: Geomagnetic Pc5 pulsations, equivalent current vortices, azimuthal propagation,
wave disturbances of plasma parameters and geomagnetic field in the range of Pc5 pulsations in the
magnetosphere.

Yucaennoe HCCIICAOBAHNE BHYTPCHHUX I'PABUTAIITUOHHBIX BOJIH, ACCOLIMMPOBAHHBIX €
cepeOpUCTBLIMHU 00JIaKAMU

Krresenkuit C.IT.22, KynnukoB C.H?, ITepue H.H.?
L Banmutickuii pedepanvuviii yuusepcumem um. M. Kanma, Kanununepao, Poccus
2Uncmumym ¢uszuxu ammocghepor um. A.M. O6yxoea PAH, Mockea, Poccus

spkshev@gmail.com, snik1953@gmail.com, n.pertsev@bk.ru
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W3naraercst OnbIT YUCICHHOTO MOJECTUPOBAHUS U UCCIEI0BAaHUS BHYTPEHHUX I'PaBUTALIMOHHBIX
BOJIH, aCCOLIMUPYEMBIX C cepeOpucTeiMu obnakamu. [lapamerpsl MonenupyemMbix BOJH OepyTcs U3
9KCIIEPUMEHTANBHBIX HabmoaeHuil cepedpucTthix o0nakoB. HaOmromaemble BOJIHBI MMEIOT YETKHE
JUIMHBI  BOJH, YacTOTbl, CKOpPOCTH pacnpocTpaneHus. CrenoBaTellbHO, BOJIHBI OJNM3KH K
KBa3uUMOHOXpomaThueckuM. CTaBUTCS 3aa4a MOCTPOUTh YCTOWYUBBIM BOJHOBOI MaKeT BHYTPEHHUX
IPaBUTALMOHHBIX BOJH C MapaMeTpamMH, COOTBETCTBYIOUIMM HaOmrogaeMbiM. C 3TOH 1eNbI0 PelieHbI
JMHEapu30BaHHbIE YpaBHEHUsI JJIsi BOJHOBOM MOJIbI, CKOPOCTh PACIpOCTPaHEHHs] U TOPU3OHTAIbHAS
JUIMHA BOJIHBI KOTOPOM COOTBETCTBYET HabtogaeMbIM. Jlanee CTpOUTCS KBa3MMOHOXPOMATUYECKUI
BOJIHOBOM TMaKeT, KOTOPBbIA HCHOJB3YyeTCsl KaK HayajdbHOE YCIOBHE B 33/Jaye YHCICHHOIO
TUAPOIMHAMUYECKOTO MOJICIIUPOBAHMS PacpoCTpaHeHHsl BOJIH. UKMCIIeHHOE HCCleI0BaHNE BBISBIISET
nBa oocrosTenbcTBa. [lepBoe: BOTHOBOM MakeT HE MOXKET OBITh Y3KUM, OH JIOJDKEH MPOCTUPAThC Ha
3HAYUTEIIbHOM HHTEpBaje BHICOT. B MpPOTHBHOM cCilydae BOJHOBOW MaKeT OBICTPO pachagaercs, U
3aryxaetr. Bropoe. Briie Habmo1aeMbIx cepeOpHUCThIX 00J1aKOB BOJIHBI OBICTPO 3aTyXalOT C BHICOTOM,
BCJIE/ICTBUE 3HAYUTENbHOU Auccunanuu. [loaToMy Mbl HaOMI0OAaeM B SKCIIEPUMEHTE BEPXHIOIO YacThb
BOJIHOBOTO IMakeTa. bomee TOro, Ha BBICOTaX CEepeOPUCTHIX OOJIAKOB MAMCCHUIIALIMS BOJH TOXE
3HAUUTENbHA BCJEICTBUE TOTO, YTO 3TU BOJIHBI KOPOTKHE MO BEpTUKANU. TakuM 00pa3oM, OCHOBHAS
SHEPTrusl BOJHOBOIO MaKeTa PaclpOCTpaHsIETCs HUXKE cepeOpUCThIX 00JaK0B, U, 00Jiee TOT0, BEPXHSIS
4acTh BOJHOBOTO MMaKeTa, HA0II0AaeMas B 9KCIIEPUMEHTaX, IOCTOSHHO MOAMUTHIBACTA CHU3Y TOTOKaAMH
BOJIHOBO# PHEPIHH U3 LIEHTPA PACIIPOCTPAHSIONIETOCs BOJIHOBOTO MakeTa. Becbma BEposSTHO, OCHOBHAS
SHEPTrusl BOJH, MPOSBISIONUX ceOs B 00pa30BaHUU CEpeOPUCTHIX 00JIAKOB, PACIPOCTPAHSIETCS BIOJb
noBepxHOCTH 3emMiu B aTMocepHOM KBa3UBOJIHOBOZAE. BoiHbl, Habmogaemple Ha BBICOTaX
cepeOpucThIX 00JaKOB, CYTh M3IyUYE€HUE M3 MPUIIOBEPXHOCTHOTO KBa3WBOJIHOBOJA, YTO M OOBSICHSET
JUTUTETIFHOE CYIIECTBOBaHME, yCTOMYMBOCT BOJIH, HAOIIOaeMbIX Ha BEICOTaX cepeOpHCThIX 00IAKOB.

Knrouesnwie crosa: BHympeHHue cpasumayuoHHble 60JIHbl, YUCIIEHHOE MO@@]ZMPO@GHH@, 60IHOBOU

nakem, Hecywas, 021/160}0114&1}1.

Numerical study of internal gravity waves associated with noctilucent clouds
Kshevetskii S.P.2?, Kulichkov S.N.2, Pertsev N.N.2
Immanuel Kant Baltic Federal University, Kaliningrad, Russia
20Obukhov Institute of atmospheric physics RAS, Moscow, Russia

spkshev@gmail.com, snik1953@gmail.com, n.pertsev@bk.ru

The experience of numerical simulation and research of internal gravity waves associated with
noctilucent clouds is presented. The parameters of the simulated waves are taken from experimental
observations of noctilucent clouds. The observed waves have clear wavelengths, frequencies, and
propagation velocity. Consequently, the waves are close to quasi-monochromatic. The goal to construct
a stable wave packet of internal gravity waves with parameters corresponding to the observed ones is
formulated. For this purpose, the linearized equation system are solved for the wave mode with
propagation velocity and horizontal wavelength close to the observed ones. Next, a quasi-
monochromatic wave packet is constructed, which is used as an initial condition to the hydrodynamic
problem of wave propagation numerical simulation. Numerical research reveals two circumstances.
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First: the wave packet cannot be narrow and may exists only over a significant interval of heights.
Otherwise, the wave packet quickly decays. Second. Above the observed noctilucent clouds, the waves
quickly attenuate with height due to significant dissipation. Therefore, we observe in the experiment
namely the upper part of the wave packet. Moreover, at the altitudes of noctilucent clouds, wave
dissipation is also significant due to these waves are vertically short. Thus, the main energy of the wave
packet may propagate only below the noctilucent clouds, and, moreover, the upper part of the wave
packet observed in experiments is constantly fed from below by wave energy flows from the center of
the propagating wave packet. It is very likely that the main energy of the waves manifesting themselves
in the formation of noctilucent clouds propagates along the Earth's surface in an atmospheric quasi-
waveguide. The waves observed at the heights of noctilucent clouds are rather the radiation from a near-
surface quasi-waveguide. It may explain the long existence and stability of the waves observed at the
heights of noctilucent clouds.

Key words: Internal gravity waves, numerical modeling, wave packet, carrier, envelope.

AHaJIUTHYECKOE U YMCJICHHOE UCCIIeI0BAHNE Pa3pylLIeHUsl BOJH B BepxHeil atmocdepe
KmeBenkuit C.H.l*z, I'aBpunos H.M.3, Kypasesa I0.A%
L Banmuiickuii pedepanvuviii yuueepcumem um. M. Kanma, Kanununepao, Poccus
2HHcmumym @uszuxu ammocghepvl um. A.M. Obyxoea PAH, Mockea, Poccus
8Canxm-Ilemep6ypeckuii 2ocyoapcmeennviii ynusepcumem, Canxm-ITemep6ype, Poccus

4HHcmumym 3eMHO20 MACHeMmu3Ma, UOHOCHepPbvl U pacnpocmpaneHus paouosoan um. H.B.
Iywxosa PAH, Tpouyk, Poccus

IIpennoxena nmpocrass aHAIMTUYECKAs HEJIMHEWHAs MOJEIb PacIpOCTPAHEHUS U pa3pyLICHUS
BHYTPEHHUX TPAaBUTAIMOHHBIX BOJH C BEPTUKAIBHBIM MPOGUIEM, OMUCHIBAEMBIM KaKOH-TH00 OJHOM
BOJIHOBOI M010i1. C MOMOIIIBI0 aHATUTUYECKON MOJIENU MOTY4YeHBI MPOCThIE (hOPMYIIbI, OUCHIBAIOIIHE
IapaMeTpbl BOJH, BO3HUKAIOIIMX I10CIIE pa3pyLIeHUs] UCXOAHOW BOyIHBL. [lokazaHo, 4yTO pa3zpyuieHue
BOJIH MPOUCXOTUT CIOAMU. OOBIYHO pa3pylIeHHe BOJH HAUMHAETCSA Ha YPOBHSX, TJI€ TOPU3OHTATbHAS
CKOpPOCTb M3MEHSET 3HAaK. BBINOJHEHO YMCIEHHOE MOJEIMPOBAHMUE PA3PYIIEHUS BOJH C MOMOLIBIO
IPSMOr0 YMCJIEHHOIO PELIEHUs] HEINUHEHWHBIX THAPOJAMHAMUYECKUX YPABHEHUW U PpeE3yJIbTAThl
CPaBHEHBI C AHATUTUYECKON MOJEINBIO PACIIPOCTPAHEHUS U Pa3pyLIEHUs BOJIH.

Knroueswle cnosa: BHympeHHue cpasumayuoOHHble B6OJIHbL, HeJZMHelZHOCWZb, paspyuierue 60JIH,

mypOyIeHMHOCMb, YUCTIEHHOE MOOETUPOBAHUE.

Analytical and numerical study of wave breakdown in the upper atmosphere
Kshevetskii S.P.>2, Gavrilov N.M.2, Kurdyaeva Y.A.*
Immanuel Kant Baltic Federal University, Kaliningrad, Russia
20Obukhov Institute of atmospheric physics RAS, Moscow, Russia

3Saint-Petersburg State University, Saint-Peterburg, Russia
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It is known that internal gravity waves can disintegrate over time, or even form turbulence. This
property of gravity waves introduces difficulties in the numerical modeling of atmospheric processes,
since the resulting small-scale ones create a large computational error and prevent high-quality
modeling of processes. There exist two known ways to overcome this difficulty. The first, classical one,
consists in averaging hydrodynamic equations; the influence of small-scale waves trying to take into
account through the introduced turbulent viscosity and turbulent thermal conductivity. This approach is
called parametrization of small-scale waves. The second consists in a special extension of the
hydrodynamic equations to the class of non-smooth hydrodynamic fields, and the influence of small-
scale waves is introduced into consideration through this mechanism. With any approach, numerical
methods require verification, and we need analytical nonlinear models that describe wave destruction.
One of well-known analytical models is based on the Korteweg-de Vries equation, which is derived for
nonlinear waves propagating in a waveguide. There is no rigid upper bound in the atmosphere, but in
the upper atmosphere strong dissipation damps waves. The Korteweg-de Vries-Burgers equation is
derived, which approximately describes the propagation and destruction of a single-mode gravity wave
in a layer of the atmosphere with a thickness of at least the vertical wavelength. Based on the derived
Korteweg-de Vries-Burgers equation, a qualitative analysis of wave propagation and destruction in the
upper atmosphere was performed. It is shown that destruction occurs in layers depending on the vertical
wave profile. It was found that instabilities arise primarily at heights where the horizontal velocity in
the wave changes sign. Later, the resulting small-scale structures can penetrate into the atmospheric gas
column. profile of the wave. It was found that instabilities arise primarily at heights where the horizontal
velocity in the wave changes sign. Later, the resulting small-scale structures can penetrate into the
atmospheric gas column.

Key words: Internal gravity waves, nonlinearity, wave breaking, turbulence, numerical modeling.

Annpoxkcumanus BojaH PoccOu no cnyTHHKOBBIM TeMIIEPATYPHBIM JaHHBIM
Cusuesa B.U., 'puropses B.B.
Cesepo-6ocmounbiii ghedepanvuwiii ynugepcumem um. M.K. Ammocosa, Axymck, Poccus

verasivtseva@agmail.com, d alighieri@rambler.ru

BonHoOBBIE TIpoIEeCCHl Pa3MYHOTO MaciiTaba WrparoT BaXXHYIO poOIb B JMHAMUKE Bcel
atMoc(epsl, SBISSCH OJHUM M3 MEXaHHU3MOB HSHEProoOMeHa Mexay ee ciosiMu. CIyTHUKOBBIE
HAOIO/IEHUsT TIPEIOCTABIAIOT OOIIMPHBIA O00BbEM NAaHHBIX JUIS HCCIEIOBAaHUNA aTMOC(EpPHBIX BOJH.
B noxmanme Ha OCHOBE CITyTHHKOBBIX TEMIEpaTypHBIX AaHHBIX (Aura (MLS)) anmpokcumupyercs
AKTUBHOCTH aTMOC(EpHBIX BOJIH MIaHETapHOTO Maciitaba. [lmaHeTrapHble BONHBI YacTO SIBISIOTCS
CUHOHMMOM BOJH PoccOu, KOTOpbIE MOSBISAIOTCA B aTMochepe M3-3a MIMPOTHOTO TPAJAMEHTA CHIIBI
Kopuonuca, KOTOpblii ypaBHOBEMIMBAET H3MEHEHHUsS CWJIbl TIpaaueHTa pAasieHus. lloctpoenue
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aNnpOKCUMUPYIOINX (QYHKIMNA TNPOBOJUTCS HA OCHOBE BOJHOBOro YypaBHeHus PoccOu. [ns
ornpezeNieHus: IapaMeTpOB allIPOKCUMUPYIOMUX (PYHKIMHA UCIOIB3YETCS METO/I MYESIMHON KOJTOHUU.

Knrouesvie cnosa: Boanvt Poccou, memoo nuenuroii kononuu, cnymuukossie oantule, Aura (MLS)

Rossby wave approximation from satellite temperature data
Sivtseva V.I., Grigoriev V.V.
M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

verasivtseva@agmail.com, d alighieri@rambler.ru

Wave processes of various scales play an important role in the dynamics of the entire atmosphere,
being one of the mechanisms of energy exchange between its layers. Satellite observations provide a
vast amount of data for atmospheric wave studies. In this report, planetary-scale atmospheric wave
activity is approximated using satellite temperature data (Aura (MLS)). Planetary waves are often
synonymous with Rosshy waves, which appear in the atmosphere due to the latitudinal gradient of the
Coriolis force, which counterbalances changes in the pressure gradient force. The approximating
functions are constructed based on the Rossby wave equation. The Artificial Bee Colony (ABC) method
is used to determine the parameters of the approximating functions.

Key words: Rosshby waves, Artifitial Bee Colony method, satellite data, Aura (MLS).

HN3MeHYnBOCTHL HHTEHCHBHOCTH YMHUCCHH 557,7 HM B CBe4eHHH HOYHOI0 He0a Kak
NO0KAa3aTeJIb BOJTHOBOI aKTHBHOCTH B aTMoc(epe B 23 1 24 COJTHEYHBIX IUKJIAX

ITapauxos C.I'., MeBenko W.b.

Hucmumym kocmogpuzuueckux uccaeoosanuii u aspornomuu um. FO.I'. [llagpepa CO PAH,

AHrymcex, Poccus

parnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

N3BeCTHO, UTO MHTEHCUBHOCTb SMUCCUU 557,7 HM aTOMapHOI0 KMCIOpPO1a B CBEYEHUH HOYHOTO
He0a 4acTo 3HAUYUTENIbHO U3MEHSETCS B TeUeHHE HOYM B MAarHUTHO-CIIOKOMHBIX ycIoBUAX. VI3MeHeHHs
UHTEHCUBHOCTH OOYCIIOBJIEHBl BapHalMsIMU IUIOTHOCTH HEWUTpaJbHOM aTMochepbl Ha BBICOTE
u3nydeHus 3eneHoil nuHumM [OI]. Moaynsuus MIOTHOCTH MOXeT OBbITh BbI3BaHa IUIaHETAPHBIMU
BOJIHAMHU, BHYTPEHHHMH TPaBUTALIMOHHBIMA BOJHAMHM U aKyCTUKO-TPAaBUTAL[MOHHBIMHM BOJIHAMH,
KOTOpble BO3HUKAIOT B HIDKHEH M cpefHed atMocdepe M paclpoCTpaHSIOTCS 10 BBICOT HU)KHEH
TepMocepsl. B 3T0if paGore mpeacTaBieHbl pe3yabTaThl UCCieqoBaHus Kod(dduimenta Bapuauu
UHTEHCUBHOCTH 3Muccun 557.7 um [Ol] B HOYHOM HeOGe MO JaHHBIM CHEKTPO(POTOMETPUYECKHX
HaOmofeHUH Ha ctaHimu «Maitmaray (63° N, 130°E) B 1997-2018 rr. BrisiBieHa He3aBUCHMOCTH
BapHaluil MHTEHCUBHOCTH 3TOM SMUCCUU B TEYEHHUE HOUM OT COJTHEYHON aKTUBHOCTH. DTO YKa3bIBAET
Ha OTCYTCTBHE JIOMHUHHUPYIOUIETO BIUSHUS aKTUBHOCTH COJHIA B 23 W 24 nuUKiIax Ha BOJIHOBBIC
BO3MYUICHHUS B Cpe/IHEHN U BepXHEel atmocpepe.
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PabGora BhIMONHEHa B paMKaxX TOCYJAapCTBEHHOTO 3ajgaHus (HOMep Trocpeructpanuu No
122011700172-2.

Knrouesvle cnosa: ceeuenue nounozco neba, smuccus 557,7 um [Ol], ammocghepa u HudiHCHAS
mepmocghepa, 80IHO8AsL AKMUBHOCTID.

Variability of the nightglow 557.7 nm emission intensity as the wave activity indicator in
atmosphere in the solar cycle 23 and 24

Parnikov S.G., levenko 1.B.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

parnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

It is known that the 557.7 nm atomic oxygen emission intensity in the airglow often varies
significantly during the night under magnetically quiet conditions. The intensity changes are due to the
density variations of neutral atmosphere at the height of green line emission [Ol]. The density
modulation can be caused by planetary waves, internal gravity waves and acoustic-gravity waves that
arise in the lower and middle atmosphere and propagate upto the the lower thermosphere heights. This
paper presents the study results of the of the 557.7 nm emission [OI] intensity variation coefficient in
the nightglow based on spectrophotometric observations at the «Maimagay station (63°N, 130°E) in
1997-2018 The independence of the intensity variations coefficient this emission during the night on
solar activity was revealed. This indicates the absence of a solar activity dominant influence in the
cycles 23 and 24 on wave disturbances in the middle and upper atmosphere.

This work was supported by the Ministry of Science and Higher Education of the Russian
Federation and Siberian Branch of the Russian Academy of Sciences (registration number
122011700172-2).

Keywords: airglow, 557.7 nm emission [Ol], atmosphere and lower thermosphere, wave activity.

IIpeaBapuTebHbIe pe3yabTaThl KaTagoruanuu Hadaoaenuit STEVE B okpecTtHocTH
3eHHTa cTanuuu «Malimara»

[Tapuukos C.I'., UeBenko 1.b., Hoes A.A.

HUncmumym xocmoghuzuuecxkux uccaedosanuti u azponomuu um. FO.I'. lllagpepa CO PAH,
AHrymcxk, Poccus

parnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru, Noev@ikfia.ysn.ru

[Ipexxne He W3BECTHBIM BHJ CyO0aBpOPaJbLHOTO CBEUYEHMSI, OTKPBITHIN Omaronapst ¢otorpadam-
arobutersiM, nonyunn HazBanue STEVE (Strong Thermal Emission Velocity Enhancement). STEVE
IpescTaBiIsieT co00i y3Kyl0, BBITSHYTYIO BJIOJIb T€OMarHUTHOM LIMPOTHI JIEHTY CBEUYEHHUS (IECATKH
KUJIOMETPOB B HAIPABJIEHUU CEBEP-IOT U THICSUM KHJIOMETPOB B HAINpPaBJIEHUU BOCTOK-3amaj),

UMEIOUTYIO JHJIOBBIM OTTeHOK. CBEUYEeHHE, YacTO COMPOBOXKAAEMOE 3€JIEHBIMU CTPYKTYpaMH B BUJE
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mraketHuka (Picket fence), BBI3BaHO CHIIBHBIM IOBBIIICHHEM CKOPOCTH TEIJIOBOTO M3JIYYEHUS W
ACCOIIMUPYETCS C YpE3BbIUAHHO MHTCHCUBHBIMU HOHHBIMU aperipamu (SAID (Subauroral Ion Drift)).
STEVE u Picket fence mporekaloT Ha OJHUX U TEX K€ CHIIOBBIX JMHHUSAX T€OMArHUTHOTO ITOJIS.
OcHoBHOH criekTpasibHOM Xapaktepuctukod STEVE, ornuuaromero e€ro ot OOBIYHBIX CHSHUH,
ABIIIETCS YCWJICHHE KOHTHUHYYMa B BHJIMMOI 00JacTH CHEKTpa MHOT/AA C JIOKAJIbHBIM YCHJICHHEM
smuccun 630,0 Hm [OI]. B sroii paboTe mnpeacTaBieHBI MEPBbIE PE3YIbTaThl KaTaJIOTH3alUH
naomoaenuit STEVE u Picket fence kamepoit Bcero HeOa B OKpPECTHOCTH 3€HHUTa CyOaBpOpaibHON
craniuu «Maiimara» (63° N, 130°E) 3a nepuoz ¢ 2013 mo 2024 roa. Karanor npeacraBisieT HHTEpeC
CHeluairucTaM B 00J1aCTH MOJICIUPOBaHUS MarHUToc(hepHO-nOHOC(HEPHOTO B3aUMOICHCTBUS.

PabGora BbIMONHEHa B paMKaxX TOCYJAapCTBEHHOTrO 3ajaHus (HoMmep rocpeructpanuu No
122011700172-2.

Knroueswvie cnosa: STEVE, Picket fence, kamepa 6cezo neba, cybaspopanvhoe ceeueHue.

Preliminary results of cataloging STEVE observations in the vicinity of the zenith of the
Maimaga station

Parnikov S.G., levenko I.B., Noev A.A.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

parnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru, Noev@ikfia.ysn.ru

A previously unknown type of subauroral luminosity, discovered by citizen scientists, was named
STEVE (Strong Thermal Emission Velocity Enhancement). STEVE is a narrow ribbon of glow,
elongated along the geomagnetic latitude (tens of kilometers in the north-south direction and thousands
of kilometers in the east-west direction), having a purple tint. The glow, often accompanied by green
picket fence structures, is caused by a strong increase in the rate of thermal radiation and is associated
with extremely intense ion drift (SAID (Subauroral lon Drift)). STEVE and Picket fence flow on the
same geomagnetic field lines. The main spectral characteristic of STEVE, which distinguishes it from
ordinary auroras, is the enhancement of the continuum in the visible region of the spectrum, sometimes
with a local enhancement of the 630.0 nm emission [Ol]. This work presents the first results of
cataloging observations of STEVE and Picket fence with an all-sky imager in the vicinity of the zenith
of the «Maimaga» subauroral station (63° N, 130° E) for the period from 2013 to 2024. The catalog is
of interest to specialists in the field of modeling magnetospheric-ionospheric interaction.

This work was supported by the Ministry of Science and Higher Education of the Russian
Federation and Siberian Branch of the Russian Academy of Sciences (registration number
122011700172-2).

Keywords: STEVE, Picket fence, all-sky imager, subauroral luminosity.

Oanospemennsbie Ha0moaeHust ”HTeHCHBHOCTH STEVE n ELF/VLF-mymosB B
cy0aBpoOpaJbHBIX HIUPOTAX ceBepo-BocTOKAa Poccnu 3a mepuoa 2015-2022 rr.

Kapumos P.P., [Tapauxos C.I'., Hoes A.A., UeBenko 1.b.
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HUncmumym xocmoghuzuuecxkux uccaedosanuti u asponomuu um. FO.I". [llagpepa CO PAH,
Hrxymck, Poccus
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Mg pacecmotpenu 16 coowrtuii STEVE, 3adukcupoBaHHBIX ¢ TOMOIIBIO "KaMephl Bcero HeOa' Ha
craniuu Maiimara (63 N, 130 E) B mnpeaBedepHeM CEKTOpe BO BpeMs pa3BUTHS CYOOypb,
HaOmoaBmuxcst B uaTepBaie ¢ 2015 mo 2022 roxa. [ns 13 u3 stux 16 coObITHH OAHOBPEMEHHO
Haomonamch STEVE u Bcrnecku narencusHoctn KHY/OHY m3nmyuenuit B quanaszone ot 0,4 xI'1y 10
4,0 xI'u. Uznyyennss 8 KHY/OHY nuamna3one ObUTHM 3aperucTpUpPOBAaHbl MAarHUTHOW BEPTHUKAIBHOU
MeTJICBOM aHTEHHOU Ha paauodusnueckoit crannuu Oidenkens (62 N, 129 E), pacnonoxxennoii B 130
KM OoT crtaHuuu Maiimara. [lpenmonaraercs, uro kak STEVE, Tak u BCIleCK MHTEHCHBHOCTH
cyb6aBpopaibabix KHUY/OHY u3nydeHnii TeHEpUPYIOTCS OJHUMU M TEMH K€ IPOIeCCaMH B TLTa3Me
MarHutocdepsl BO BpeMs paszButus cyoOypb. [Ipeamomaraercsi, 4TO HMCTOYHHUKH HAOIIOAAEMbIX
BcruieckoB  ELF/VLF  cBs3aHbl ¢ TOBBIIICHHOW TIeHepaluell CBUCTAIIMX MOJOBBIX BOJH B
MarHutocepHol IMazMe Ha CyOaBpOpalbHBIX IIHPOTax BO Bpems GopMmupoBanus cy0o0ypH,
BBI3BAHHOE BBICOKOCKOPOCTHBIM IIOTOKOM COJIHEYHOrO BeTpa. TpeOyroTcs manpHeimine, Oojee
NeTallbHbIE  HCCIEAOBAHUS OTUX  SBJICHHM OJHOBPEMEHHO Kak ONTHYECKMMH, TaK U
pPaIUOTEXHUYECKUMHU METOJAAMH.

Pe3ynbrar momyyeH B paMkax rocyJapCTBEHHOIO 3aJaHusi MHUHHCTEpCTBAa HAYKH M BBICLLETO
oOpazoBanusi Poccuiickoit ®enepanuu (Homep rocynapcrsenHoro ydera B EITMCY HUOKTP
122011700182-1 u 122011700172-2).

Knroueswvie cnosa: STEVE, OHY-uymsi, cybaspopansvHule wiupomsi, cyooyps.

STEVE and ELF/VLF-noises intensity simultaneous observations at subauroral latitudes
of North-East of Russia for period 2015-2022

Karimov R.R., Parnikov S.G., Noev A.A, levenko I.B.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

karimov@ikfia.ysn.ru, parnikov s g@ikfia.ysn.ru, noev@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

We considered 16 STEVE phenomena recorded using an "all-sky camera™ at Maimaga (63 N, 130
E) station in the pre-midnight sector during the substorms formations observed in the interval from 2015
to 2022. For 13 of these 16 events the STEVE and the bursts of intensity of ELF/VLF emissions in the
range from 0.4 kHz to 4.0 kHz were simultaneously observed. ELF/VLF emissions were registered by
a magnetic vertical loop antenna at the Oibenkyol radiophysical station (62 N, 129 E), located 130 km
from the Maymaga station. It is assumed that both the STEVE and the intensity burst of ELF/VLF
subauroral emissions are generated by the same processes in the plasma of the magnetosphere during
substorms formations. Obviously, the sources of the observed ELF/VLF emissions are associated with
increased generation of whistling mode waves in magnetospheric plasma at subauroral latitudes during
the substorm formation caused by a high-speed solar wind flow.
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The work was financially supported by the Ministry of Science and Higher Education of the
Russian Federation, SHICRA SB RAS (State Registration Number in INIS RDE 122011700182-1 and
122011700172-2).

Key words: STEVE, VLF-noises, subauroral latitudes, substorm.

O perucrpanun BoJiHOBBIX npoueccoB 1 STEVE no kamepe Bcero He6a Haji NoJIMIOHOM
Maiimara

Teiyk O.B., Konrosckoit M.U1., Hukonamkun C.B., Ammocos ILII., [Tapaukos C.I'.

Hncmumym xocmoghuzuueckux uccnedosanuti u azponomuu um. 0.1 [llagpepa CO PAH, a.
AHrymcxk, Poccus

oleSmile@mail.ru, koltigor@mail.ru, nikolashkin@ikfia.ysn.ru, ammosov@ikfia.ysn.ru,
parnikov@ikfia.ysn.ru

B nanHoii pabote wWccrenyroTcs peAKUe SBIEHUS CpelHed U BepxHel armocdepsl
3aperuCTPUPOBAHHBIX B CBEYCHUHM HOYHOTO Heba ¢ MOMOIIBI0 KaMephbl BCero Heba, yCTaHOBICHHON Ha
onTuyeckoM monuroHe Maiimara. C moMoIipi0 Kamepbl BCero Heba, HACTPOCHHON Ha 3MHCCHUIO
MOJIEKYJI TUPOKCUIA (BBICOTA ~87 KM), MOYKHO MOJTYYUTh U300paKeHHsI BHYTPEHHUX IPABUTALIMOHHBIX
BousiH (BI'B). OGpaboTka CHUMKOB U OTIpeielieHHe MapaMeTPOB BOJIHOBBIX BO3MYIIIEHUIN MPOBOIUTCS C
MOMOIIBIO MMaKeTa Mporpamm Ha si3bike Python. J[muHBI 3aperucTpupoBaHHBIX BOJIH BapbUPYIOT OT 7 110
36 KM co cpenHUM 3HaYeHHeM 17 KM, TOpH30HTaIbHbIE (ha30BbIe CKOPOCTH KOTOPBIX U3MEHSIOTCS OT 9
1m0 98 m/c co cpennum 3HaueHueM 40 m/c. Onenennbie nepuoasl BI'B Gonbme nmepuona bpenra-
Bsiicsana (4,9 MuH), COTJIacHO YCIOBHIO PAcIpPOCTPaHEHHs] TPABUTAIIMOHHOW BOJHBI, U JOCTUTAIOT
3HaueHuss 16 muH. Hampasnenuwe pacnpoctpaneHuss BI'B mo asumyTy pa3iandHo, OAHAKO HMMEET
MPEUMYIIIECTBEHHOE HaNpaBlieHHE Ha CEBEPO-3amaj], CeBEPO-BOCTOK U BOCTOK. [1o m300pakeHUsIM C
KaMepbl BCero Heba Hu3peaKa MOXKHO 3aperUCTpUpOBATh SBJICHHE Me30ocepHOro Oopa, KOTOpoe
MpeICTaBiIsieT cOO0U PPOHT BOJIHBI, OTAENSAIOMINN YacTh MPOCTPAHCTBA, YK€ BOBICUCHHYIO B BOIHOBOM
mporecc, OoT o0JacTh, B KOTOPOM KoieOaHUs elle He BO3HHUKIM. MOXHO Kiaccu(pHUIHMpOBAThH
Me3ocdhepHbIii 00p Ha CBETJbIA, NTUOO TeMHBIA. Takyke, MPU MOMOIIM JAHHOM KaMepbl MOKHO
3adukcupoBath He MeHee penakoe sineHne STEVE (CunpHoe MOBBIMIEHHE CKOPOCTH TEMIOBOTO
U3NyueHus), OToOpaxkaroleecs B BUIE TMOJOCHI CBEUYEHHUS OJIEIHO-PO30BOTO IIBETA, SIBHO
BBIJICNIAIONIAsCS HA (DOHE CBEUEHUS MOJISIPHOTO CHSTHUSI.

Kniouesvie crosa: kamepa 6cezo Heba, BHympeHHuUe 2pasUMayUOHHbLe B0IHbL, Me30ChepHblll OOp,
STEVE, cpeonsis ammocgepa, sepxusas ammocghepa.

About registration of wave processes and STEVE by the all-sky camera above the
Maymaga station Tyshchuk O.V., Koltovskoy I.I., Nikolashkin S.V., Ammosov P.P., Parnikov S.G.

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

oleSmile@mail.ru, koltigor@mail.ru, nikolashkin@ikfia.ysn.ru, ammosov@ikfia.ysn.ru,
parnikov@ikfia.ysn.ru
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In this work, we study rare phenomena of the middle and upper atmosphere recorded in the night
sky glow using the all-sky camera installed at the Maimaga optical station. Using the all-sky camera
tuned to the emission of hydroxyl molecules (altitude ~87 km), it is possible to obtain images of internal
gravity waves (IGWs). Image processing and determination of wave disturbance parameters are
performed using a Python software package. The lengths of the recorded waves vary from 7 to 36 km
with an average value of 17 km, the horizontal phase velocities of which vary from 9 to 98 m/s with an
average value of 40 m/s. The estimated IGW periods are longer than the Brunt-Viiséla period (4.9 min),
according to the condition of gravity wave propagation, and reach a value of 16 min. The direction of
IGW propagation in azimuth is different, but has a predominant direction to the northwest, northeast
and east. The all-sky camera images occasionally show the phenomenon of a mesospheric bore, which
is a wave front separating a section of areas already involved in the wave process from a section in
which oscillations have not yet occurred. The mesospheric bore can be classified as light or dark. Also,
the camera can record the equally rare phenomenon of STEVE (Strong Thermal Emission Velocity
Enhancement), which appears as a pale pink glow stripe that stands out clearly against the background
of the aurora.

Keywords: all-sky camera, internal gravity waves, mesospheric bore, STEVE, middle atmosphere,
upper atmosphere.

MHoroseTHue Bapuanuu napamerpos F-ciios1 cy6aBpopaabHoil HOHOC(EPBI 10 JAHHBIM
uoHocgepHoii cranunu SAxyrck 3a nepuoa 19562016

Koo0skosa C.E., Cremanos A.E.

Hucmumym kocmogpuzuueckux uccneoosanuii u aspornomuu um. FO.I'. [llagpepa CO PAH,

Hrxymcex, Poccus

s.e.kobyakova@ikfia.ysn.ru, a e stepanov@ikfia.ysn.ru

[TpoBeneH cTaTUCTHUECKHI aHAIN3 HOHOC(EPHBIX TAaHHBIX BEPTUKATBFHOTO 30HUPOBAHUS HA CT.
Axytck (¢=62,01°c.11., A=129,43°B.1.) 3a nepuoa 1956-2016 rr. ¢ 11e1b0 BBISIBICHUS MHOTOJIETHUX,
KITMMaTH4ecKoro Maciiraba, usMenenuit B F-cinoe cybaBpopanbHOii HOHOC(EPHI, UX CBA3H C COTHEYHOMN
Y T€OMarHUTHOM aKTUBHOCTHIO. PacCMOTpeHbI Bapuallid OCHOBHBIX MapaMeTpoB ciosi F2 nonocdepsi:
KPUTUYECKONW YaCTOThl U MUHUMAIbHOM BBICOTHI cios. [loka3aHo, 4TO B Te€YEHUE IIECTU ITUKIIOB
CONTHEYHOUN akTUBHOCTH (19-24 1ukibl) 0OHAPYKUBAETCS TEHACHIIHS TTOHMKEHUS CPEHUX 3HAUYCHUI
BBICOTHI U KPUTHYECKUX YacTOT cios F. Takke oOHapyXMBaeTCs MOJOXKUTENbHAS KOPPENSIHs B
JUHEUHBIX TPEHAAX KPUTHUYECKOM YacTOThl OT YMCENl COJHEYHBIX MATEH, U B JIMHEWHBIX TpPEHAaX
MUHHUMAaJIbHON BBICOTHI CJI0S OT IUIAHETAPHOI'O MHJEKCA FT€OMarHUTHOW aKTUBHOCTH.

PesynbraT momyueH B paMKax rocyJapCTBEHHOTO 3aJaHusi MUHHCTEpPCTBA HAyKH M BBICIIETO
oOpazoBanusi  Poccuiickoit ®enepanun  (kox HayuHoil Temel FWRS-2021-0009, nHomep
rocyaapctBerHoro yyera B ECTUICY HUOKTP 122011700182-1).

Kniouesvie cnosa: [onecospemennvie mpenowi, F-ciou cybagpopanvHou  uonocgepbi,

KpumudecKue 4acmombsl U MUHUMANIbHblEe 6b1CONTbL F-cnos.
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Long-term variations in the parameters of F-layer of subauroral ionosphere according to
the Yakutsk ionospheric station dataset for the period 1956-2016.

Kobyakova S.E., Stepanov A.E.

s.e.kobyakova@ikfia.ysn.ru, a e stepanov@ikfia.ysn.ru

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

The statistical analysis ionospheric data of vertical sounding at the Yakutsk station (¢=62,01°N,
A=129,43°E) for the 1956-2016 period was carried out with the purpose of revealing long-term changes
of the climatic scale in subauroral ionosphere F-layers, their connections with solar and geomagnetic
activity. Variations of main parameters of ionosphere F-layers — the critical frequency and the minimum
altitude of layer are considered. It is shown that during six cycles of solar activity (19-24) it is found
out, basically, the tendency of decrease of average value of the F-layers altitude and critical frequencies,
positive correlation between the linear trends of critical frequency and sunspot number, and also linear
trends of the layer minimum altitude and planetary index of geomagnetical activity.

The work was financially supported by the Ministry of Science and Higher Education of the
Russian Federation, SHICRA SB RAS (Scientific Topic FWRS-2021-0009, State Registration Number
in INIS RDE 122011700182-1).

Keywords: Long-term trends, F-layer of subauroral ionosphere, critical frequencies and
minimum altitudes of F-layer.

P PexThl IKCTPEeMATBHO CUIbHONH MarHUTHOM Oypu 10 — 12 mas 2024 r B Bapuanusix
¢a3p1 HU curnana paguonepenaruuxka JJY40 npu perucrpanum B SIKyTcke

Kopcakos A.A., Koznos B.U., Kapumos P.P.

HUncmumym xocmoghuzuueckux uccaeoosanuti u azponomuu um. FO.I". [llagpepa CO PAH,
Axymck, Poccus

korsakovaa@ikfia.ysn.ru, vkozlov@ikfia.ysn.ru, karimov@ikfia.ysn.ru

Peructpanus napamerpos paauocurtanon auanazonoB OHY (3 — 30 kI'n) u HY (30 — 300 k')
ABJIIETCS yTIOOHBIM METOJIOM JUArHOCTHKHU HIbKHEN moHocdepsl. B r. Sxyrcke (62,02 N, 129,70 E)
PETUCTPUPYIOTCS BapHAIlMU aMIUTUTY bl U (a3bl curHana paguonepenatyuka JJY40 (Anonus, 37,4 N,
140,84 E, 40 xI'm). IIporskeHHOCTh panuoTpaccel cocTaBiger 2850 kM. OTHOCHUTENBHO
HEBO3MYILEHHBIX CYTOYHBIX 3HAYEHUH, B HOUHBIX YCIOBMSIX pacnpocTpaHeHus paauocurxana JJY40
3aperucTpUpoOBaHbl MOHMKEHUS ()a30BOIl 3aJepKKHU BO BpeMsl SKCTPEMalIbHO CHIIBHONM MarHUTHOM
Ooypu 10 — 12 mas 2024 r (uaaexc Dst nocturan -413 5T, Kp =9, AE > 2000 #Tn). 11 mas B 16 UT
noHwxkeHue (pa3oBol 3amepkku paauocurHana gocrurano 90 rpamycos. Ha done daykryanuii B
HEBO3MYILIEHHOM CYTOYHOM XOJ€ aMIUTUTY.bl, 3dexT MarHutHoi Oypu He mposiBuiicsa. JlHem Ha
tpacce JIY40 — Sxyrck Ha (oHE MOBBINICHHONW aKTHBHOCTH PEHTTEHOBCKHMX COJIHEUHBIX BCIIBITIEK
adext MarauTHOU Oypu He BbimeneH. [loHmwkeHue ¢Ga3oBON 3aJEpKKH PaTUOCHUTHATIA MOXKHO
TPaKTOBaTh MOHMKEHUEM 3(PPEKTUBHOI BBICOTHI BOJHOBOJA 3emisi-noHochepa. [Ipn reomMmarHuTHBIX
BO3MYILIEHUSAX HOUYBIO 3HAUYMMBIM JIOMOJHUTEIBHBIM UCTOYHHUKOM HOHU3ALUU SBISIOTCS BBICHIITAHUS

3apsHKEHHBIX YaCTHUI] U3 PaJUAlMOHHBIX MOsSCOB 3emiu. [ mosjockl cpemnaux mupot 62 — 37 N

33


mailto:s.e.kobyakova@ikfia.ysn.ru
mailto:a_e_stepanov@ikfia.ysn.ru
mailto:korsakovaa@ikfia.ysn.ru
mailto:vkozlov@ikfia.ysn.ru
mailto:karimov@ikfia.ysn.ru

OTMEYEHO TOBBIIMICHUE MOTOKA BBICHITIAIOIIMXCS AJIEKTPOHOB ¢ 3HeprusmMu 30 k3B (manaeie DMSP
cnytHUK F16). Crxopoctb cueta nossicuiack ¢ 10 (9 mas 2024) no 319 anekrpon/c (11 mas 15:36 UT).

PabGora BbIMONHEHa B paMKax TOCYJAapCTBEHHOTrO 3ajgaHus (HoMmep Trocpeructpanuu No
122011700182-1).

Knrwouesvie cnosa: Huowcnsas uonocgepa, sapuayuu ¢pazet H4 paouocuenana, ceomachumuas
0yps, BbICINAHUSA 3APANHCEHHBIX YACMUY,.

Effects of an extremely strong magnetic storm on May 10 — 12, 2024 by LF signal phase
variations of the JJY40 transmitter registered in Yakutsk

Korsakov A.A., Kozlov V.I., Karimov R.R.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
korsakovaa@ikfia.ysn.ru, vkozlov@ikfia.ysn.ru, karimov@ikfia.ysn.ru

Registration of radio signals in the VLF (3 —30 kHz) and LF (30 — 300 kHz) ranges is a convenient
method for monitoring the lower ionosphere. Amplitude and phase signal variations from the JJY40
radio transmitter (Japan, 37.4 N, 140.84 E, 40 kHz) registered in Yakutsk (62.02 N, 129.70 E). The
length of the propagation path is 2850 km. Relative to undisturbed diurnal values, for a nighttime
propagation conditions of the JJY40 signal there is a phase delay decrease during an extremely strong
magnetic storm on May 10 - 12, 2024 (Dst index reached -413 nT, Kp =9, AE > 2000 nT). On May 11
at 16 UT the delay of the LF signal phase decreased by 90 degrees. Against the background of
fluctuations in the unperturbed daily amplitude variation, the effect of the magnetic storm did not
manifest itself. During the daytime on the JJY40 — Yakutsk path, against the background of increased
activity of X-ray solar flares, the effect of a magnetic storm is not detected. The phase delay of the LF
signal decreasing indicates to an effective height decreasing of the Earth-ionosphere waveguide. During
geomagnetic disturbances a nighttime significant additional source of ionization is the charged particles
precipitation from the Earth's radiation belts. For the mid-latitude band 62 — 37 N, the precipitating
electrons flux increased (energies of 30 keVV, DMSP satellite F16 data). The count rate increased from
10 (May 9, 2024) to 319 electrons/s (May 11, 15:36 UT).

Supported by the Ministry of Science and Higher Education of the Russian Federation and
Siberian Branch of the Russian Academy of Sciences (registration number 122011700182-1).

Key words: Lower ionosphere, variations of the phase of LF radio signals, geomagnetic storm,
precipitation of charged particles.

MHoOroJieTHsIs IMHAMMKA CX0/1a CHEesKHOIro nokposa B Cudupu no navusim /(33
Bapmnamona E.B., Conosses B.C.

Hncmumym xocmoghuzuueckux uccaeoosanuti u azponomuu um. FO.I'. [llagpepa CO PAH,
AHrymcxk, Poccus
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B pabore u3m0KeHbI MpeaBapuTelIbHbIE PE3yJIbTaThl UCCaeI0BaHusS MHorojeTHel (1982-2022)
JMHAMHKH JIaT CXO0Jla CHE)XHOTO MmokpoBa B CubupH 1Mo JaHHBIM riobanbHOro peananusa ERAS-Land
U cryTHUKOBBIM JaHHbIM MODIS/Terra. B ycioBusx apkruueckoro ycuienus (arctic amplification),
Ha Tepputopun Cubupu, B 11e710M, HAOIIOAAETCs TeHIEHIUs O0Jiee paHHEro CX0/1a CHEKHOTO IMTOKPOBa.
B cpennem mo Cubupu 3TOT nmokazaresns coctaBui 11 £3 nHeli Ha GOHE aHATIOTUYHOTO POCTa BECEHHEH
TeMIiepaTypsl Bo3ayxa Ha 3,3 £0,8°C. O6macth ¢ HauboJjee BBICOKMM CIIBUTOM (Ha 15 5 nHeit) cpokoB
CXOZla CHEXKHOTO IOKpoBa Ha Oojee paHHUE HaThl oOHapyxkeHa Ha ceBepe CuOupH, rie TaKxe
oTMedaeTcst Hanbosee BhICOKHi pocT (Ha 5,1 +1,2°C) BeceHHe# Temneparypsl Bo3ayxa.

Knrouesvle cnosa: cuedxcHulli nokpos, cxoo cueea, Apkmuueckoe ycunenue, Cuoups.

Long-term dynamics of snowmelt in Siberia on remote sensing data
Varlamova E.V., Solovyev V.S.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

varlamova@ikfia.ysn.ru, solovyev@ikfia.ysn.ru

The paper presents preliminary results of a study of the long-term (1982-2022) dynamics of
snowmelt timing in Siberia using ERA5-Land and MODIS radiometer data. In general, there is the
earlier snowmelt timing in Siberia under Arctic amplification. Snowmelt timing have advanced by 11
+3 days on average across Siberia against the background of a similar increase of spring temperatures
by 3.3 £0.8 °C. At the same time, in the north of Siberia were found the earlier snowmelt timing on 15
+5 days. This shift of snowmelt timing was closely linked to increased spring temperatures by 5.1

+1.2°C in this region.

Keywords: snow cover, snowmelt, Arctic amplification, Siberia.

Mexroaosbie BapHaluy CyTOYHOI0 YHCJIAa paJHOMMITY/IbCOB IPO30BbIX Pa3psii0B B
SIxyTnu Ha ¢oHe ABYX LUKJIOB COJTHEYHOH AKTHBHOCTH

TapaOyxuna JI./1., Koznos B.1.

Hucmumym kocmogpuzuueckux uccuieoosanuii u aspornomuu um. FO.I'. Illaghepa CO PAH,

Hrxymcex, Poccus

taddy-9@mail.ru, vkozlov@ikfia.ysn.ru

B paboTe ucnosib30BaHbl JaHHbBIE PETUCTPallui 04eHb HU3KoyacToTHhIX (OHY) paanonmityibcoB
IPO30BBIX Pa3psIoB € IMOMOIIBIO OJHOIMYHKTOBOTO Tpo3oleieHraropa-gaasHoMepa (10 1200 km
panuyc AeTeKTUpOBaHHs 1Mo mopory), paspadoranHoro UKOUA CO PAH u ycTaHoBieHHOro B
okpecTHOCTH T. SIkytcka (1999-2016 rr.), u mMupoBoii rpo3omneneHranuonHoi cetu World wide
lightning location network (WWLLN) (2009—2023 rr). [Toay4eHbl KOTMYECTBEHHBIC paCTIPEICTICHUS U
CHeKTphI Bapuaiuii cyrounoro yrcina OHY pagumonmnysiscoB. Bapuaiys cyMMapHOTo 1o TEppUTOPUN
kosimyectBa OHY paanonMiysibCoB 1Mo JalbHOMEpY MMelNa TeHASHIHIO K pocty 1o 2005 r., cmag
2008 r. u poct k 2014 r. KonnuecTtBo rpo3oBbIX paspsanoB no naHHeiM WWLLN cornacyercs c
nokasaHusiMu o gansHOMepy ¢ 2009 mo 2016 rr. ¢ koaddunmentom koppemsiauu okono 0,4. Ilo
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JAIIbHOMEPY B 3TOM MHTEpBajie HaOIt0jaach MoJIoKUTeIbHas TEHACHIINS B BapUalliax, KOTopas ciabo
npociexuBaigach mo JaHHBIM WWLLN, CKOppeKTHpOBaHHBIM Ha pPACUETHYIO OTHOCHTEIbHYIO
s dexTuBHOCTD neTekTUpoBaHus ceTd A0 2016 r. OgHako TeHAEHIUS K BO3PACTaHHIO CYyMMAapHOTO
KOJIMYECTBa I'PO30BHIX pa3psaaoB no nanHeiM WWLLN crana 6onee BeipaxkenHoit k 2022 r. [1pu atom
OTMEYaeTcsl MoA00re BapHalliy KOJWYECTBA Pa3psioB C dHepruei umirynbca 6osee 10 u 100 k/x
BapHallMi COJIHEYHOTO ILIHMKJIA, KOTOPHIA MOXKHO XapaKTepHU30BaThb MHTEHCUBHOCTHIO M3IY4YCHHS Ha
BosiHe 10,7 cM. IIpeAmonoXuTenbHO 3TO MOXET OBbITh CBSI3aHO C W3MEHSIOIIUMUCSA YCIOBUSIMHU
pacrnpoCcTpaHEeHHUs] UMITYJIbCOB M TaKUM OOpa3oM BIUSHUEM COJIHEYHOW aKTUBHOCTH HA aMILTUTYY
MPUHUMAEMBIX PaIMOCUTHAJIOB.

Knrouesvie cnosa: I'pozosoti paspso, eposoneneneayuonnas cucmema, World Wide Lightning
Location Network, paduoumnynsc, 0OHONYHKMOBbLIL 2PO30NENeH2AmOop.

Interannual variations in the daily number of radio pulses of lightning discharges in
Yakutia during two cycles of solar activity

Tarabukina L.D., Kozlov V.1.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
taddy-9@mail.ru, vkozlov@ikfia.ysn.ru

The data used in the paper were obtained by the registration of very low-frequency (VLF) radio
pulses of lightning discharges detected by a single-point lightning direction and range finder (up to 1200
km detection radius at the threshold), developed by ShICRA SB RAS and installed in the vicinity of
Yakutsk (1999-2016), and the World Wide Lightning Location Network (WWLLN) (2009-2023). The
quantitative distributions and spectra of variations in the daily number of VLF radio pulses were
obtained. The variation in the total number of VLF radio pulses over the Yakutia area detected by the
rangefinder tended to increase until 2005, decreased by 2008 and increased by 2014. The increment
variation in number of lightning pulses according to the WWLLN data was consistent with the variation
obtained by the rangefinder data from 2009 to 2016 with a correlation coefficient of about 0.4.
According to the rangefinder a positive trend in variations was observed, which was weakly traced
according to the WWLLN data, adjusted for the calculated relative efficiency of network detection until
2016. However, the poisitive trend in the total number of lightning discharges according to WWLLN
data became more obvious by 2022. It is noted that the similarity of the variation in the number of
discharges with a pulse energy of more than 10 and 100 kJ to the variation of the solar cycle, which can
be characterized by the intensity of radiation at a wave of 10.7 cm. Presumably this may be due to
changing conditions for the propagation of pulses and thus the influence of solar activity on the
amplitude of received radio signals.

Key words: Lightning discharge, lightning locating system, World Wide Lightning Location
Network, radio pulse, single-point lightning direction finder.

36


mailto:taddy-9@mail.ru
mailto:vkozlov@ikfia.ysn.ru

MoaenupoBaHue BJAMSHUSI MATHUTHOM OypH HA KPYIIHOMACIITAOHYIO CTPYKTYPY
BbICOKOIIMPOTHOM MOHOC(EPHI 1JIsl SHMHHUX YCJIOBUI

TI'onono6os A.1O., ITonos B.U., I'onukos U.A.

Hncmumym xocmoghuzuueckux uccanedosanuti u asponomuu um. FO.I". [llagpepa CO PAH,
AHrymcxk, Poccus

gololobov@ikfia.ysn.ru, volts@mail.ru, gia2008n@mail.ru

Ha ocHOBe 4YHCICHHBIX PacyeTOB Ha MOJEIH BBICOKOUIMPOTHOW HOHOC(EpPHI B SUIEPOBBIX
NIEPEMEHHBIX TPOBEICHO HWCCIICJOBAHKUE BIHMSHHA BO3MYIICHHOH MarHuToCc()epHOl KOHBEKIIMU Ha
KPYITHOMACIITAOHYIO CTPYKTYPY HOHOC(]EpHI BO BpeMsi yMEPEHHOM Ir€OMarHuTHON OypH JUIsl YCIIOBHIA
3MMHET0 COJHIIECTOsIHUS. [ToKka3aHo, 4YTO BO3MYIIEHHOE AIEKTPHUECKOE MOJIE KOHBEKIIMU MPUBOIUT K
U3MEHCHHI0O (OpPM M pPa3MEpOB OCHOBHBIX CTPYKTYPHBIX 0Opa3oBaHui HOHOC(ephl. BrisiBieHa
3aBHCUMOCTh 3¢ (eKTa BIMSIHUS F€OMArHUTHONH OypH OT BPEMEHHU Hadaia BO3MYILICHHS BCIICICTBHE
HEecoBMaJieHus1 reorpaduyeckoro U reomarHutHoro mnoitocoB (UT-koHTpons). Dddekt Hambomee
BbIpaxkeH B ciydae Oypu ¢ Hayanom B 16 UT, korma BO3MYIIEHHOE JJIEKTPUYECKOE II0JIe
MarHuTOC(EPHON KOHBEKIIMU 3aHOCHT IUIa3My JHEBHOM MOHOC(hEphl Ha HOYHYIO cTOpoHY. [loka3aHo,
YTO B MEPHOBI BO3MYILIEHHUIH HApsIy C TOPU3OHTAILHOW KOMIIOHEHTOM AJIEKTPOMArHUTHOTO Jperida
CYIICCTBEHHOE BJIMSHUE OKAa3bIBACT TAKXKE €ro BEPTUKAJIbHAs KOMIIOHEHTa, KOTOpas MPHBOIHUT K
NIOJTbEMY BBICOTBI MaKcMyMa F2 ciiost Ha THEBHOW CTOPOHE U €€ MMOHMKCHUIO Ha HOYHOM.

Knrouesvie cnosa: Maenumocghepnas kowekyus, MmazHumuas Oyps, Mooelb uoxocgepuwl,

8bICOKOUUPOMHAZ UOHOCepa, cyOaspopanvbhas uoHocgepa, necosnaoerue nocos.

Modelling the influence of magnetospheric storm on the large-scale structure of the high-
latitude ionosphere for winter solstice conditions

Gololobov A.Yu., Golikov I.A., Popov V.1.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
Gololobov@ikfia.ysn.ru, gia2008n@mail.ru, volts@mail.ru

Based on numerical calculations using a model of the high-latitude ionosphere in Eulerian
variables, a study of the influence of magnetospheric convection on the large-scale structure of the
ionosphere during a moderate geomagnetic storm for winter solstice conditions was carried out. It is
shown that the disturbed electric field of convection leads to changes in the shapes and sizes of the main
structural formations of the ionosphere. The dependence of the effect of the influence of a geomagnetic
storm on the time of the beginning of the disturbance due to the mismatch of the geographic and
geomagnetic poles (UT control) was revealed. The effect is most pronounced in the case of a storm with
onset at 16 UT, whereby the disturbed electric field of magnetospheric convection transfers the plasma
of the daytime ionosphere to the night side. It is shown that during periods of disturbances, along with
the horizontal component of the electromagnetic drift, its vertical component also has a significant
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influence, which leads to an increase in the height of the F2 layer maximum on the dayside and its
decrease on the night side.

Keywords: magnetospheric convection, magnetic storm, ionosphere model, high-latitude
ionosphere, subauroral ionosphere, mismatch of poles.

Oc00eHHOCTH Ce30HHBIX MPOSABJIECHUHA MOJSAPU3AMUOHHOTO J’KeTa B HOHOCpepe
cy0aBpOpAaJbHBIX IIUPOT

bonnmaps E.JI., CrenanoB A.E., I'onukos 1.A., ITonos B.1.

Hncmumym xocmoghuzuuecxkux uccaedosarnuti u azponomuu um. FO.I". [llagpepa CO PAH,
Hrxymcx, Poccus

bonja@ikfia.ysn.ru, a_e_stepanov@ikfia.ysn.ru, golikovIA@ikfia.ysn.ru, volts@mail.ru

Ha ocHoBe comocTaBieHusi Ha3eMHBIX YKCIIEPUMEHTATbHBIX IaHHBIX U PE3yJIbTATOB MOJIEIIbHBIX
pacueToB TPOBEACHO HCCIEIOBAHUE CE30HHBIX OCOOEHHOCTEW TMONISPU3ALMOHHOTO JKETa B
cy0aBpopasibHON MOHOC(hEpe BOCTOUHOTO monymapus. [Ipu 3ToM mMosBICHHE MNOIAPU3ALMOHHOTO
JOKETa OIPEIETISIOCH 10 CPBIBY KPUTHUECKUX YACTOT BEPTUKAIBLHOTO PAIMO30HINPOBAHUS IO JAHHBIM
nonochepunix craHimii Sxyrck, Xuranck u Tuxcu. C ydeToM COOTBETCTBYIOLUIMX TEIHO- U
reo(u3NUeCKUX yCIOBUI MPOBEACHBI PACYETHI HA MOJICIH BBICOKOIIMPOTHON HOHOC(EPHI IS Pa3HBIX
CE30HOB. Pe3ynbTaThl YHCIEHHOTO SKCIEPUMEHTAa XOPOIIO OMHCHIBaeT (U3UYECKHE YCIOBHS
dbopmupoBanus pxeta. Tak, Mmoka3aHo, YTO HAaMOOJIbIIas BEPOSITHOCTH MOSBICHUS JKeTa Haboqaetcs
B PaBHOJICHCTBEHHBIE MECSIIbI, HANMEHbIIIAsl — 3MMOMU U JIETOM, T.K. JIETOM cyOaBpopanbHasi HoHOChepa
KPYTJIOCYTOYHO TIOJBEPraeTcsi MOHU3AIUMU COJIHEYHBIM YIbTPAa(HOIETOBBIM H3IyUYE€HUEM, Y3KHE
npoBajbl B I[IMPOTHOM XOJE€ OJEKTPOHHOM KOHIEHTPAlMKU TMPOSBISIIOTCS chnabo. 3umoit
cybaBpopasibHas noHoc(hepa KpyriIoCyTOUHO HAXOJIUTCS Ha 3aTEHEHHOH CTOPOHE (SBICHUE «ITOJIHOM
TEHW»), IOATOMY NEPEHOC 3aPSKEHHBIX YaCTHUI] MPOUCXOIUT HAa HU3KOM YPOBHE IIPOCTPAHCTBEHHOI'O
pacrpezieieHus: KOHIICHTPAIH AJIEKTPOHOB U HOHOB B TEYEHHE CYTOK M 00pa30BaHKE y3KUX MPOBAJIOB
MPOSIBIISIETCS YETKO.

Kniouesvie cnosa: cybaspopanvhas uonocghepa, ysxue nposanvl UOHUZAYUU, NOTAPUSAYUOHHBLU OHCEM,

s6neHue NoJHOU MeHuU.

Features of seasonal manifestations of the polarization jet in the subauroral ionosphere
Bondar E.D., Stepanov A.E., Golikov I.A., Popov V.I.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
bonja@ikfia.ysn.ru, a_e_stepanov@ikfia.ysn.ru, golikoviA@ikfia.ysn.ru, volts@mail.ru

Based on comparison of ground-based experimental data and the results of model calculations, a
study of seasonal polarization jets in the subauroral ionosphere of the eastern hemisphere was carried
out. The appearance of a polarization jet occurs when the maximum frequencies of vertical radio
sounding are disrupted according to ionospheric studies of Yakutsk, Zhigansk and Tiksi. Taking into
account the corresponding helio- and geophysical conditions, calculations were carried out using models
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of the high-latitude ionosphere for different seasons. The results of the numerical experiment describe
the physical conditions of jet formation very well. It is shown that the highest probability of a jet
occurrence is observed in the equinoctial months, the lowest - in winter and summer, because the
subauroral ionosphere in summer is ionized by solar ultraviolet radiation; narrow troughs in the
latitudinal variation of the electron concentration are weakly manifested. In winter, the subauroral
ionosphere is on the shadowed side (the “total shadow” phenomenon), so the transfer of charged
particles occurs at a low level of the spatial distribution of electron and ion concentrations during the
day and the formation of narrow troughs is clearly manifested.

Keywords: subauroral ionosphere, narrow troughs of ionization, polarization jet, the total
shadow phenomenon.

Jlupapubie Ha0I0eHNS 32 AKTUBHOCTHIO TPABUTALIMOHHBIX BOJIH cpeiHeill aTMocdepbl Ha
BBICOKHMX IIMPOTAX B 3UMHM MepPHO

Turos C.B., Hukonamkun C.B., Cugopos H.O.

Hnemumym kocmogusuueckux uccaedosanuti u asporomuu um. FO.I'. [llaghepa CO PAH,

Hrxymcek, Poccus

stitov@ikfia.ysn.ru, nikolashkin@ikfia.ysn.ru, sidorovnikolay@ikfia.ysn.ru

PaneeBckuii nmunap padotan Ha nonurone «IAJ» UKOUA CO PAH (61,6° c. 1., 129,4° 3. 1.)
¢ 2004 rona o 2017 rox 1 Ha onTHYECKOM mojurone «Maiimara» (63,1° ¢. 1., 129,5° 3. 1.) ¢ 2018 mo
ceil nenb. HaOmroieHus: mpoBOAMIIMCH € KOHLA aBrycTa J0 cepeiuHbl Mas. B pabore ucrnosib30BaHbI
JUJIApHbIE U3MEPEHUs, CBSI3aHHbIE ¢ aTMOC(EPHBIMU TPaBUTALMOHHBIMU BoJHaMu (AI'B) B obnactu
BBICOT MeX1y 25 u 65 kM. Mcnonb3ys TeMinepaTypHble TpoQUIIN, CO3AaHbl KIMMATOJIOTUU YaCTOThI
BpenTta-Bsiicsns (muaBydectu). MUHMMabHbIE U MAKCUMAIbHbIE 3HAYEHHS BapbUPYIOTCS oT 2,210
(pan/c)? mo 5,9x10™ (pan/c)?. CoOTBETCTBYIOIME MEPUOIBI TLIABYUECTH BapbupyioTcs ot 7,0 10 4,5
MUHYT. )1 AIUTEIbHBIX CPEAHUX 3HAYCHUH aTMOCc(epa OKa3bIBaeTCss KOHBEKTUBHO CTAOUIILHOM, B TO
e BpeMsl HOUHBIE U YaCOBbIe MPOQHIIN TOKa3aJIM EPUO/Ibl KOHBEKTUBHOM HECTAOUIBHOCTH. 3HAUCHHUS
YacTO 3HAYMTEIbHO OTVIMYAJIKMCh OT 3HAYEHUH, MOJYYEHHBIX U3 MOJAEIH aTMocdepbl n3-3a 3¢ (HeKToB
MHBEPCUOHHBIX CJIOEB, UTO CBUJIETEIBCTBYET O HEAKTYaJIbHOCTH JIF000H MOJeNH sl BBICOKOITMPOTHON
atMocdepsl. [Tpodmin oTHocHTENbHON (BIyKTyalnuu TeMIeparypsl ¢ pa3pelieHUueM 1o BbICOTe 2 KM U
BpeMeHHbIM pasperieHueM 10-20 MUH. MOKa3adu HaJu4he MOHOXPOMATHMYECKMX TI'PaBUTAIIMOHHBIX
BOJIH MOYTH KaXKy0 HOYb 10 BCel BbIcOTe 30HAMpoBaHus. [Ipeobnanatonye 3HaueHus BEpTUKAIbHON
JUIMHBl BOJHBI M BEPTUKaJIbHOU (pa3oBoil ckopocTH coctaBistin 5-9 kM, 12-16 xm um 2-3 wm/c
COOTBETCTBEHHO. [loTeHIIManbHas YHEPTUs Ha euHUILY Macchl Ep mokasana GoJblnyro H3MEHUHBOCTh
oT HouM K HouM. CTynenvaroe ymenblienue ¢pynkuun Ep o3nauaer, uro AI'B mexxay HUMH OTaaBan
3HAYUTEIIBHYIO SHEPTUI0 POHOBON aTMochepe.

Pabora BbIMONHEHA B paMKax TOCYJApCTBEHHOTO 3alaHusl (HOMep rocpeructpamuu Ne
122011700172-2).

Kniouesuvie cnosa: Jluoap, enympennue epagumayuoHHble 601HbL, 6eliGen AHAIU3, 4acmomad
bpenma—Baticana.
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Lidar observations of middle-atmosphere gravity wave activity at high latitudes during
winter

Titov S.V., Nikolashkin S.V., Sidorov N.E.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

stitov@ikfia.ysn.ru, nikolashkin@ikfia.ysn.ru, sidorovnikolay@ikfia.ysn.ru

The Rayleigh lidar was operated at the EAS test site (61.6° N, 129.4° W) from 2004 to 2017 and
at the Maimaga optical test site (63.1° N, 129.5° W) from 2018 to the present day. Observations were
made from late August to mid-May. They were used in these studies related to atmospheric gravity
waves (AGWs) between 25 and 65 km. Using temperature profiles, we created a climatology of the
Brunt-Viisild (buoyancy) frequency. The minimum and maximum values range from 2.2x10-4 (rad/s)2
to 5.9x10-4 (rad/s)2. The corresponding buoyancy periods range from 7.0 to 4.5 minutes. While the
atmosphere is convectively stable over long-term averages, nighttime and hourly profiles showed
periods of convective instability. Values often differed significantly from those derived from the
atmospheric model due to the effects of inversion layers, indicating that either model is not relevant for
the high-latitude atmosphere. Relative temperature fluctuation profiles with a height resolution of 2 km
and a time resolution of 10-20 min showed the presence of monochromatic gravity waves almost every
night over the entire sounding altitude. The dominant values of the vertical wavelength and vertical
phase velocity were 5-9 km, 12-16 km and 2-3 m/s, respectively. The potential energy per unit mass Ep
showed large variability from night to night. The stepwise decrease in the Ep function means that the
AGWs between them gave up significant energy to the background atmosphere.

The work was carried out within the framework of a state assignment (state registration number
Ne 122011700172-2).

Keywords: Lidar, internal gravity waves, wavelet analysis, Brent—Viisdld frequency.

I'eomarnutHas Oypsi B mae 2024 rojga B Bapuauusx napaMmeTpoB atMocgepHoro
3JIEKTPUYECTBA U I'PO30BOIi aAKTMBHOCTH IO JAHHBIM PerucTpaluu HA ceBepe-BocTOKe Poccuu

Kapumos P.P., Kosznos B.U., ToponioB A.A., Tapabykuna JI.[.

HUncmumym xocmoghuzuueckux uccaeoosanuti u azponomuu um. FO.I'. [llagpepa CO PAH,
AHxymck, Poccus

karimov@ikfia.ysn.ru, vkozlov@ikfia.ysn.ru, anatol2010@mail.ru, tarabukina@ikfia.ysn.ru

B namHoO#i pabore paccMmaTpuBaeTCs peakius TapaMeTpoB aTMocepHOro (aMILTUTyAa
HANPSDKEHHOCTH aTMOC(EPHOTO AJIEKTPUYECKOro Mojs, MHTeHcuBHOCTH OHY-mrymoB rpo3oBoro
MIPOUCXOXKICHNUS W KOJHWYECTBO TPO3OBBIX Pa3psI0B BO BCEM MHUPE) JJIEKTPUUYECTBA Ha PE3KOE
MOHMKEHUE KOCMUYECKHX JIy4ei BO BpeMs CHIIbHOU reomarauTHas 0ypu 10-12 mas 2024 roga ¢ (Kp=9,
Dst mo —412 uTn, Bz no —40 wTn). [lormkeHne WHTEHCUBHOCTH KOCMHUYECKHUX JIyded BO BpeMs
Qopbym-apdexra umeno ammautyny 10-15% u BoccTaHOBIEHHE YPOBHS JUIMIIOCH OKOJIO 4 JTHEH.
Hcnonp3oBanuchk nanHble peructpaunn OHYU-npuemMHMKa U 3JIeKTpocTaTHUECKOro (iirokcmeTpa,
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KOTOpBIE YCTaHOBJIEHBI Ha paanodusnueckoM nosmrone «Onbenkensy NKOUA CO PAH u nannbie
J100aTbHOM CHCTEMBI OTIPEICTICHUS MECTOIIOI0KEeHHS T'P0o30BbIX pa3psaaoB (WWLLN). [Toxydeno, uto
MPOUCXOJUT TOBBIIICHHE YPOBHEH aTMOC(EPHOTO AJIEKTPUYECKOrO TOJS B YCIOBUAX «XOpOLIEH
noroas» 1 OHY-11yMoB rpo30BOro MpOMCXOXKACHHUS B OCHOBHOM OT A(PHKaHCKOrO HCTOYHUKA, a
TaK)K€ YBEIUYECHHE KOJIMYECTBA TPO30BBIX Pa3psAoB B MHUPOBBIX I'PO30BBIX oyarax. [oOanbHBbIM
XapakTep MOJIyYCHHBIX Pe3y/bTaTOB YKa3bIBAIOT HA BJIMSHHE YPOBHS MHTEHCHUBHOCTH KOCMUYECKHX
Jy4yeil Ha MPOBOJUMOCTH TJIO0AIBHOM AJIEKTPUYECKOW IIeMH, YTO B CBOIO OYepelb MPUBOJIUT K
M3MEHEHUIO IPO30BOM aKTUBHOCTHU M HAIIPSHKEHHOCTH aTMOC(HEPHOT0 3JIEKTPUUECKOTO MOJIS.

Pe3ynbTar mosydeH B paMKax roCyJapCTBEHHOTO 3aAaHuss MUHUCTEpCTBAa HAYKH U BBICILIETO
obpaszoBanusi Poccuiickoit ®enepanuu (Homep rocyaapctBeHHoro ydera B EITMICY HUOKTP
122011700182-1).

Knrouesvie cnosa: I[pososas axmusHocms, Ammocgheprnoe snekmpuuecmeo, Dopoyui-

nonudicerue I'KJI

The geomagnetic storm on May 2024 in variations of atmospheric electricity parameters
and thunderstorm activity according to registration data in the north-east of Russia.

Karimov R.R., Kozlov V.1., Toropov A.A., Tarabukina L.D.

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

karimov@ikfia.ysn.ru, vkozlov@ikfia.ysn.ru, anatol2010@mail.ru, tarabukina@ikfia.ysn.ru

In this paper investigates the reaction of atmospheric electricity parameters (the amplitude of the
atmospheric electric field intensity, the intensity of the VLF-noises of thunderstorm origin and the
worldwide number of lightning discharges) to a sharp decrease in cosmic rays during a strong
geomagnetic storm on May 10-12, 2024 with (Kp=9, Dst to -412 Nt, Bz to -40 Nt). The decrease in the
cosmic rays intensity during the Forbush effect had an amplitude of 10-15%, and the restoring of the
level lasted about 4 days. The data of the registration of the VLF receiver and the electrostatic fluxmeter,
which are installed at the radiophysical station "Oibenkyol™ of SHICRA SB RAS, as well as data from
the global system for determining the location of lightning discharges (WWLLN). It was found that
there is an increase in the levels of the atmospheric electric field in conditions of "good weather" and
the VLF-noises of thunderstorm origin mainly from an African source, as well as an increase in the
number of lightning discharges in global thunderstorm centers. The global nature of the results obtained
indicates the influence of the intensity level of cosmic rays on the conductivity of the global electrical
circuit, which, in turn, leads to a change in thunderstorm activity and the intensity of the electric field
of the atmosphere.

The work was financially supported by the Ministry of Science and Higher Education of the
Russian Federation, SHICRA SB RAS (State Registration Number in INIS RDE 122011700182-1)

Keywords: Thunderstorm activity, atmospheric electricity, Forbush-decrease in GCR.
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Response of O1630.0 and O1557.7 nm dayglow emissions measured by ICON/MIGHTI to a
moderate geomagnetic storm

Gao Hong
National Space Science Center, Chinese Academy of Sciences, Beijing, China

hgao@swl.ac.cn

Observations from the Michelson Interferometer for Global High-Resolution Thermospheric
Imaging onboard the lonospheric Connection Explorer spacecraft are used to study the response of
01630.0 and OI1557.7 dayglow to a moderate geomagnetic storm on 27 August 2021. The storm reaches
a minimum Dst index of 82 nT, significantly impacting the dayglow within the latitudinal range of
approximately 20°N—42°N, where the dayglow observations are of good quality. During the
geomagnetic storm, the O1630.0 dayglow intensity slightly increases, while the peak volume emission
rate (VER) decreases, and the peak height rises noticeably. The F-layer intensity, peak VER, and the
entire-layer intensity of OI1557.7 dayglow decrease significantly. The rise in peak height is not
noticeable for the OI557.7 dayglow. The VERs of the dayglow emissions at both these wavelengths
respond differently to the geomagnetic storm at different altitudes. The O1630.0 dayglow layer as a
whole extends upward and rises in altitude. For dayglow averaged above 35°N, the 01630.0 dayglow
VER increases above approximately 225 km but decreases below this altitude.

Key words: Green line, red line, dayglow, geomagnetic storm.

Koppeasinust BOJIHOBBIX BO3MYILIIeHHI B BepXHeil aTMoc(epe
[lepeBanona H.I1., PatoBckuii K.I'., SctokeBuu A.C., Mensenena 1.B.
Hucmumym conneuno-3emnoti usuku CO PAH, Hpxymck, Poccus
pereval@iszf.irk.ru, ratovsky@iszf.irk.ru, annpol@iszf.irk.ru, ivmed@iszf.irk.ru

IIpoBeneH aHanM3 KOPPENIALMM BOJIHOBBIX BO3MYIIEHUH MAKCUMAJIbHON 3JIEKTPOHHOU
koHIeHTpanuu B cioe F2 (NmF2) u nonnoro snexrponnoro coaepxkanus (I19C). AHanu3 BeINOIHEH
[0 JAaHHBIM H3MEPEHUN MOHO30HJA BEpPTUKAJIbHOrO 30HAMpoBaHMs u npuemHuka ['HCC,
nerctByromux B Mpkyrcke. Mcnons3oBanuch nanubie 3a nepuoa 2003-2020 rr., oXBaTUBIIMM MOYTH
JBA COJHEUYHBIX ILUKJIa. AHAIM3UPOBAINCH BO3MYLICHMsI [BYX NEPHUOAOB: UIMHHOIEPUOJIHBIE
(nepuonsl T > 24 9), COOTBETCTBYIOIINE MEKCYTOYHBIM BapHAIUsAM, U KOPOTKONEPHUOAHbIE (TIEPUOIBI
T < 24 d4), cOOTBETCTBYIOUIME BHYTPUCYTOUYHBIM BapHUalUsiM. YCTAHOBJIEHO, YTO KOpPpPENALUs
MexcyTouHbIX Bapuaiuit NmF2 u [19C Bbliie B nepuo/ibl BHICOKON COTHEYHOM aKTHBHOCTH; Hanbosee
BBICOKAsl KOppessilus HaOytofaercs 3UMOM, HauOoyiee HU3Kash — JIETOM; B JIHEBHBIX YCJIOBHUSX
KOppeJsilysl BbIlle, yeM B HOUHbIX. [[nst BHyTpucyTtounsix Bapuanuit NmF2 u [19C koaddunment
KOppeJsIiMM  MMEeeT IIUPOKUHA pa3dpoc, HpU 3ITOM BCTpeyaeTcs OTpULIATeNbHAs KOPPEsLus,
yKa3bIBAIOIIasl Ha 3aMETHYIO pa3Hully B moBeaeHnn Bo3myiennii NmF2 u [19C. Haubonee BeposiTHOM
CUTyaIUeN SIBIISIETCS BBICOKAs MOJIOKUTENbHAS KOPPEIALMSA KOPOTKONEPHUOAHBIX BO3MyIeHU NmF2
u [I9C. C pocToM CONHEYHOW U N€OMArHUTHOW aKTUBHOCTU PAaCTET KOJMYECTBO CIy4YaeB CHUIILHOM
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MOJIOKUTEIBHON KOPPEISIIUU U YMEHBIIIAETCS KOJTMYECTBO CIY4YaeB MOJIOKUTEILHON  OTPUIIATENbHOM
cnaboil koppensiuu. Bo BpeMsi CHIBHBIX T€OMAarHWTHBIX Oypb Haubosiee BBICOKAs KOPPESIIHS
KOpoTKonepuoaHbix BosMmylieHud NmF2 u [19C wnaGmrogaercs Ha rinaBHOUM ¢ase Oypu, Ha dasze
BOCCTAHOBJICHHSI KOPPEISIUS YMEHBIIACTCS BIUIOTh 10 OTPULIATEIbHBIX 3HAUCHUH.

Knrouesvie cnosa: uonocghepnuvie sosmywenus, NmkF2, [12C, uornozonowt, T HCC

Correlation of wave disturbances in the upper atmosphere
Perevalova N.P., Ratovsky K.G., Yasyukevich A.S., Medvedeva I.V.
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

pereval@iszf.irk.ru, ratovsky@iszf.irk.ru, annpol@iszf.irk.ru, ivmed@iszf.irk.ru

The correlation of wave disturbances in the peak electron density of the F2 layer (NmF2) and the
total electron content (TEC) has been analyzed. The analysis was based on measurement data from the
vertical sounding ionosonde and GNSS receiver operating in Irkutsk. We used data for the period 2003-
2020 covering almost two solar cycles. Disturbances of two periods were analyzed: long-period wave
disturbances (periods more than 24 hours) corresponding to day-to-day variations and short-period wave
disturbances (periods less than 24 hours) corresponding to intradiurnal variations. It was found that the
correlation between day-to-day variations in NmF2 and TEC is higher during periods of high solar
activity; the highest correlation is observed in winter and the lowest in summer; during daytime, the
correlation is higher than at night. For intradiurnal variations in NmF2 and TEC, the correlation
coefficient is characterized by a wide range, but sometimes a negative correlation occurs, indicating a
noticeable difference in the behavior of NmF2 and TEC disturbances. The most probable case is a high
positive correlation between short-period disturbances of NmF2 and TEC. With the growth of solar and
geomagnetic activity, the number of cases of strong positive correlation increases and the number of
cases of both positive and negative weak correlation decreases. During powerful geomagnetic storms,
the highest correlation between short-period disturbances of NmF2 and TEC is observed in the storm
main phase, during the recovery phase, this correlation decreases up to negative values.

Keywords: ionospheric disturbances, NmF2, TEC, ionosondes, GNSS

BiinsiHue COJIHEYHBIX PEHTIeHOBCKHMX BCNbIIIEK HAa aMIMTyay curnaios C/IB
paauonepeIaTYNKOB N0 JaHHBIM perucrpaunu OHY-uzayuyenns B nnanasone 10 20 kl'n

Viirypos M.U., Kapumos P.P., Kopcakos A.A.

HUncmumym xocmoghuzuuecxkux uccaeoosanuti u azponomuu um. FO.I". [llagpepa CO PAH,
AHrymcxk, Poccus

uigurov@ikfia.ysn.ru, korsakovaa@ikfia.ysn.ru, karimov@ikfia.ysn.ru

[TpoBeneHsb! McCneA0BaHUS PEAKIIMN HUKHHUX CII0EB MOHOC(HEPHI A7 TPACChl paCpOCTPAHEHUS
OHY-curnanos "SkyTck-ABcTpanus" Ha MOLTHbIE PEHTT€HOBCKHUE COJIHEUHBIE BenbIIKU M 1 X kitacca
B Havaie 2024 roma. CyTO4yHBIE BapHalM¥ aMIUIMTYJbl JJIEKTPOMAarHUTHOTO M3JIy4EHHsS OYEHb
HU3KOYAaCTOTHOIO  JMama3oHa, paclpoCTPaHSIOUIErocs B BOJHOBOAE  «3eMisi-MOHOC(hEpay,
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YyBCTBUTEIBHBI K U3MEHEHHSIM TIPOBOJIUMOCTH B HIDKHUX 00J1acTax noHochepsl Ha BeicoTax 60-90 km
D-cnost nHem u Ha BbicoTax 90-130 kM E-ciiost Houbt0. MOHUTOPUHT BapHUallMii CYTOYHOTO X014 HU3KO
YaCTOTHBIX CUTHAJIOB OT CBepX JUIMHHOBONHOBLIX (CLIB) paaronepe1aTiuKoB, U3IyHaIOIMIUX CUTHAIBI
B auamnasone 10 100 k[, mo3BosisioT uccaenoBaTh GU3NKY HUKHEH HOHOC(hEpHl, MpeCTaBIIAIOIIEro
co00lf THUraHTCKHil nerekTop, U pacnpoctpaHeHuss OHY-u3nyueHuss B NPU3EMHOM BOJHOBOJE.
OcHOBHBIE HCCIIEOBAHUS BHE3AIMHBIX MOHOC(EPHBIX BO3MYIICHHM HUXHEH HOHOC(hEphl CBA3AHBI C
BO3/ICIICTBHEM COJIHEYHBIX BCIIBIIIEK PEHTT€HOBCKOTO JMana3oHa Ha HUKHIO HoHochepy 3emn. B
MCCIICIOBAHUU HCIIOJIB30BAINCH AaHHbIe peructpanuu OHY-uznydenuss B auanazone o 20 kI,
MPUHUMAEMOT0 Ha BEPTUKAIbHYIO 3JIEKTPUUECKYIO aHTEHHY, Ha paanodusznueckom nomurone UKOUA
CO PAH "Oitbenkens". OHY-curnansl uznydarorcs paguonepenatdynkom NWC B ABcTpanuu Ha
yacrore 19,8 kl'nm. Tpacca pacnpocrpanenuss OHY-curnanoB "SAxyrck-ABcTpaius" HMeEET CBOU
MIPOCTPAHCTBEHHbIE U BPEMEHHbIE OCOOEHHOCTU. boublas 4yacTh Tpacchl HAXOJAUTCS HAa HIDKHUX U
CpPEeIHUX HIMPOTaX, U MPU ITOM IEPECeKaeT HIKBATOPUATHHYIO YacTh BOJIHOBOJA «3eMiIg-HOHOC]epar
no wMepuauany. JlaHHas Tpacca TpenCTaBiseT OCOObIi HMHTEepec M pa3BUTUS MOJEIH
pacrpocTpaHeHUs JIEKTPOMArHUTHOTO U3ITyUEHUSI.

Knrouesnwle cnosa: PEHNCEHOBCKUE COJIHEYHblE 6CNbIULKU, OH"]'MI)’JZylteHM}l, 3eMJZ}Z‘MOHOC¢€pa,
INIEKMPOMACHUNTHO2O0 U3JIYHEHUA.

The effect of solar X-ray flashes on the amplitude of the signals of the shift of radio
transmitters according to the data of registration of UHF radiation in the range up to 20 kHz

Uygurov M.1., Karimov R.R., Korsakov A.A.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

uigurov@ikfia.ysn.ru, korsakovaa@ikfia.ysn.ru, karimov@ikfia.ysn.ru

The response of the ionosphere D-layer for the VLF-signals propagation path "Yakutsk-Australia™
to powerful X-ray solar flares at the beginning 2024 has been studied. The diurnal variations of the
amplitude of electromagnetic radiation of very low frequency range propagating in the "Earth-
ionosphere™ waveguide are sensitive to changes in conductivity in the lower regions of the ionosphere
at heights of 60-90 km of the D-layer during the day and at heights of 90-130 km of the E-layer at night.
Monitoring of variations in the diurnal course of low-frequency signals from very low wave VLF radio
transmitters emitting signals in the range up to 100 kHz allow us to investigate the physics of the lower
ionosphere, which is a giant detector, and the propagation of VLF radiation in the surface waveguide.
The main studies of sudden ionospheric perturbations of the lower ionosphere are related to the impact
of solar flares of the X-ray range on the Earth's lower ionosphere. The data of registration of VLF
radiation in the range up to 20 kHz received on a vertical electric antenna at the radio-physical station
of IKFIA SB RAS "Oybenkel" were used in the study. VLF signals are radiated by the NWC radio
transmitter in Australia at the frequency of 19.8 kHz. The propagation route of VLF signals "Yakutsk-
Australia” has its spatial and temporal peculiarities. Most of the route is located at lower and middle
latitudes, and at the same time it crosses the equatorial part of the Earth-lonosphere waveguide along
the meridian. This trace is of particular interest for the development of the electromagnetic radiation
propagation model.

Key words: X-ray solar flares, VLF radiation, Earth-ionosphere, electromagnetic radiation.
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EctecTBeHHBbIEe MOTEHUUAJIBI B KpUoJMTO30He 2017-2024 Ha muomaake ¢ TaJIUKOM
Ilasnos E.A., Koznoe B.H.

HUncmumym xocmoghuzuuecxkux uccaedosarnuti u azponomuu um. FO.I". [llagpepa CO PAH,
Hrxymck, Poccus

pochta baki@mail.ru, vkozlov@ikfia.ysn.ru

OKCIepUMEHTAIIbHBIE UCCIEAOBAHUS MMPOBOAUINCH HA TaekHOM nojaurone MUKO®HMA CO PAH B
25 kM ot T. SIkyTcka u Ha ygainenuu 7 km ot JIDIL. Ilnomanka pacnosnokeHa Ha «CyXOM» Yy4acTKe,
coaepxaiiem Tanuk. JIBe mapel 100 M u3mMepuTenbHbIX JUHUN UMeElOT HampaiaeHue C-IO u B-3 u
BBICTaBJICHBI 110 Komrmacy. Becnoit ¢ 17.04 mo 11.05 naGnrogaeTcst pe3koe M3MEHEHHUE MOTCHIIMAJIOB,
BbI3BaHHOE TasiHueM cHera. [lanee HaOmroJaeTcsi M3MEHEHHE B OOpPaTHYKO CTOPOHY, BBI3BAaHHOE
CTeKaHuEeM BOJbI (BemHue BoAbl). Jlo cepeauHbl Mo HAOMIOAAeTCs IUIaTO U 3aTeM H3MEHEHHUE B
CTOPOHY OTPHUIATENIbHBIX MMOTEHIIMANIOB, CBI3aHHOE C OTTAalKOM BepXHEro cios rpyHTa. B cepemune
HOSIOpS MPOUCXOIUT MOABEM JI0 3UMHUX 3HaUCHUH (MAET IpoMep3aHIe BEPXHETo CII0s PyHTa). 3UMOii
HaOmoaeTcss c1abo u3MeHstoneecs Iuiato. JlesTenbHBIM CIOH TpyHTa MPH 3TOM IOJHOCTBHIO
npomep3imii. Pazmax Bapuanuu cocrasiser 63 MB/100M u cTaOunbHBINM 3MMHUNA YPOBEHb COCTABIISIET
ot -0,9 no 2 MB/100M. HabmtomaroTcst pe3kue BHIOPOCHI BETUYMH €CTECTBEHHBIX TOTCHITUATIOB BO BPEMS
JOKIUTUBBIX JHEH. Bapualuu noTeH1nanoB Ha JMHUSIX Ha CYXOM Y4acTKe KOPPEIUPYIOT C BapUallusIMu
Ha y4acTKe, CoeprKalleM Mapb, HO 10 BeIMYMHE MeHbIIe TpuMepHo B 10 pa3. MexronoBbie BapHaliu
Jy4Ille BCETO MPOCIEKUBAIOTCS B MEPHUOJ MOTHOTO MPOMEP3aHUsl BEPXHETAIOr0 IpyHTa. DTOT NEPUOJ
OKOJIO T. SIKyTCK AMUTCS ¢ KOHIA HOsIOps 1o KoHel anpend. [lo 3umMHuM HaOmI0AeHUSAM HAOII0JaeTCs
IUTaBHAs BapUaIs AJIUTENbHOCTBIO OoJiee 8 JieT, B TeUeHUH KOTOPBIX Benuch Habmoaenus ¢ 2017 r 1o
2024 r. B 2020 nmpousounuio HM3MEHEHHME 3HAaKa HAKJIOHA Bapualuu. Bapuanus ecTeCTBEHHBIX
MOTEHIIMAJIOB 3UMOW BO3MOXKHO OIPEIENSIETCS MEKI0J0BOM BapualMel MarHuTtHoro mnois. Ha
reomarHuTHON nabopatopus Kakioka (KAK) u3meHeHue HakiaoHa BapHallid MarHUTHOTO IOJIS
(Jukepku) HaOIOAATUCh, Kak U B SIkyTcke, B 2016 u 2020, 94TO COOTBETCTBYET U3MEHEHHUIO HAKJIOHA
Bapuallii €CTECTBEHHBIX MOTEHIIMAJIOB, 3apErUCTPUPOBaHHbIX HamMu. Ha Maramganckoil MarHUTHOU
CTaHLIUU JUKEpK Takke oTMedaics B 2020 r.

Knrouesnvie cnosa: Ecmecmeennble nomeHyuajlbl, Kpuoiumo3oHda, 3ﬂeKmp0m0M02paqbuﬂ, maJluk.

Natural potentials in the cryolithozone 2017-2024 on a site with a talik
Pavlov E.A., Kozlov V.1.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

pochta baki@mail.ru, vkozlov@ikfia.ysn.ru

Experimental studies were conducted at the taiga testing ground of the Institute of Crystallography
and Atmospheric Physics SB RAS, 25 km from Yakutsk and 7 km from the power transmission line.
The site is located on a "dry" area containing a talik. Two pairs of 100 m measuring lines have a N-S
and E-W direction and are aligned with a compass. In the spring, from 17.04 to 11.05, a sharp change
in potentials is observed due to snow melting. Then a change in the opposite direction is observed due
to water runoff (spring waters). Until mid-July, a plateau is observed and then a change towards negative
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potentials associated with the thawing of the upper soil layer. In mid-November, an increase to winter
values occurs (the upper soil layer freezes). In winter, a slightly changing plateau is observed. The active
soil layer is completely frozen. The variation range is 63 mV/100 m and the stable winter level is from
-0.9 to 2 mV/100 m. There are sharp spikes in the values of natural potentials during rainy days.
Potential variations on the lines in the dry area correlate with variations in the area containing marsh,
but are approximately 10 times smaller in magnitude. Interannual variations are best seen during the
period of complete freezing of the upper thawed soil. This period near Yakutsk lasts from late November
to late April. According to winter observations, a smooth variation is observed lasting more than 8 years,
during which observations were carried out from 2017 to 2024. In 2020, the sign of the variation slope
changed. The variation of natural potentials in winter is possibly determined by the interannual variation
of the magnetic field. At the Kakioka Geomagnetic Laboratory (KAK), changes in the slope of the
magnetic field variation (jerks) were observed, as in Yakutsk, in 2016 and 2020, which corresponds to
the change in the slope of the natural potential variations recorded by us. At the Magadan Magnetic
Station, jerks were also noted in 2020.

Key words: Natural potentials, cryolithozone, electrical resistivity tomography, talik.

Pa3pabGorka nporpamMmmsbl npeaBapuTeIbHONH 00pad0TKH JaHHBIX HHTepdepoMeTpa
®aopu-Ilepo

EBceeB Y.H., Hukonamkun C.B.

Hnemumym kocmogusuueckux uccaedosanuti u asporomuu um. FO.I'. [llaghepa CO PAH,

Arxymck, Poccus

striem830289@amail.com, nikolashkin@ikfia.ysn.ru

Nntepdepomerpsr Padpu-Ilepo mmpoko UCIONB3YIOTCS BO MHOTUX 00JIAaCTsIX MCCIeI0OBaHUN — B
CHEKTPOCKONUM, acTpopusuke, B Teopu3uke, riue TpeOyercs Oojbllas TOYHOCTh H3MEPEHUH
Temreparypbl U cMenieHui. Cl10)KHOCTh UCNONIb30BaHUs UHTEpdepomeTpa B 0071aCTH MCCIEIOBAHUS
CBEUEHHUS HOYHOro Heba M TMOJISPHBIX CUSHUM 3aKirodaeTcs B OYeHb cJIa00il MHTEHCHMBHOCTH
UCTOYHUKOB M3iydeHHs. [loaToMy, maHHBIE, KOTOpBIE MOIYy4YaroTCs, OBIBAIOT 3aIIyMIICHHBIMH H
CJIO)KHBIMU /ISl aHAJIM3a U OCHOBHOW IENIBIO JIaHHOW pPabOThl SBJISIETCS YBEIMYEHHE OTHOLICHMS
curHai/myM. J[nst pemeHust 3Toi mpoOiemsl Obula pa3paboTaHa HporpamMma IMpeaBapUTEeNIbHON
00pabOTKH TaHHBIX, KOTOPast POU3BOIUT HHTEIPUPOBAHUE ITOJTyU€HHON KAPTUHBI BOKPYT HAHIEHHOTO
[EHTpa WHTep(PEepeHIIMOHHON KapTHUHBL. B pe3ynbraTe moiyyaercs JByMEpHOE paclpeieiieHHe
MHTEHCUBHOCTH MHTEP(EPEHIIMOHHBIX KOHTYPOB, II0 KOTOPBIM B JajibHEHIIEM OyAeT NPOU3BOIUTHCS
OIpeieNIEHNE TEMIIEPATYPhl U3JIy4AIOIIEro ra3a o JOIIEPOBCKOMY YIIUPEHHUIO €T0 KOHTYPA, a TaKXKe
CKOpOCTM BeTpa IO CIOBUTY KOHTypa. IlporpamMma mpenBapuTesnbHOM 00pabOTKM JTaHHBIX
unreppepomerpa Padpu-Ilepo paspadborana Ha s3b1ke IporpamMmupoBanus Python u cokpaiaer Bpems
U yCUJIHSL, HEOOXOAUMBIE [T pyYyHOU 00paOOTKH TaHHBIX, U TPEIOCTABIISAET UCCIIEA0BATENAM Y I00HBIN
dopmart nHopMaIK A7 HOTYUESHUS HAJISKHBIX PEe3yIbTaToB. DTa MporpaMmma Obula MPOTECTUPOBAaHA
C HCHOJBb30BAHMEM pa3lWYHBIX JAaHHBIX HHTepdepoMeTpa, UTO MPOJAEMOHCTPUPOBAIO €€
YHHUBEPCAIBHOCT U 3PPEKTUBHOCTD.
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Knrwouesvie cnosa: Obpabomka Oaunvix, unmepgepomemp PDabpu-Ilepo, smuccus 630.0um,
memnepamypa 6epxteti ammocgepbol, uHmep@epeHyUoHHble Koabyd.

Development of the program of preliminary data processing of the Fabry-Perot
interferometer data

Evseev U.N., Nikolashkin S.V.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
striem830289@gmail.com, nikolashkin@ikfia.ysn.ru

Fabry-Perot interferometers are widely used in many fields of research - in spectroscopy,
astrophysics, geophysics, where great accuracy of temperature and displacement measurements is
required. The difficulty of using an interferometer in the field of night sky glow and aurora borealis
research lies in the very weak intensity of the radiation sources. Therefore, the data that are obtained
are noisy and difficult to analyze and the main objective of this work is to increase the signal to noise
ratio. To solve this problem, a data preprocessing program has been developed that performs an
integration of the obtained pattern around the found center of the interference pattern. As a result, a two-
dimensional intensity distribution of interference contours is obtained, which will be used to determine
the temperature of the radiating gas by the Doppler broadening of its contour, as well as the wind speed
by the contour shift. The Fabry-Perot interferometer data preprocessing program is developed in the
Python programming language and reduces the time and effort required for manual data processing and
provides researchers with a convenient format of information to obtain reliable results. This program
has been tested using a variety of interferometer data, demonstrating its versatility and effectiveness.

Key words: Data processing, Fabry-Perot interferometer, 630.0 nm emission, upper atmosphere
temperature, interference fringes.

Hccaenopanue Bapuauuii TeMnepaTypHoro npopuiisi armocgepsl o JaHHbLIM J1H1apa
Cunopos H.O., Turos C.B.

Hucmumym kocmogpuzuueckux uccueoosanuii u aspornomuu um. FO.I'. [llagpepa CO PAH,

Hrxymcex, Poccus

treiv2010@bk.ru, stitov@ikfia.ysn.ru

HccnenoBanue BapualMii TeMIepaTypHOro Mpoduis arMocdepsl CIOCOOCTBYET JIydlIeMy
MOHUMAaHMIO PACIPOCTPAHEHUSI BHYTPEHHUX I'paBUTALMOHHBIX BoyH (BI'B) uepes cimou armocdeps! u
OLICHKE IIepelayd KOJIMYECTBA UMITyJIbca. YTO B CBOIO OUYEpEb, IOMOXKET MOACIUPOBAHUIO KIIMMATA,
u3yueHus: atMocdepbl U pa3paboTku 0ojee TOYHBIX MPOTHOCTHYECKUX MOJENIeH JUIsl OLICHKU
U3MEHEeHHs KJIMMaTa W aTrMoc(epHbIX IpoleccoB. B naHHON paboTe wHcciaenyroTcs Bapualiu
TEMIIEpaTypHOro Mpo¢uis, BbI3BaHHbIE BHYTPEHHMMH T'PABUTALMOHHBIMH BOJHAMU IO JaHHBIM
munapa. [lyis aroro O6bUT0 MpoBeIeHbl HAOMIOAEHUS Ha CTpaToCepHOM JIIape, a Takke 00paboTaHbl
NoJy4YeHHbIe JaHHble ¢ nomoulbio mporpamm PHC-Viewer, Eclipse. Pa3paboran kon B mporpamme
Pycharm Ha s13p1ke iporpamMupoBanust Python st BeruuciieHus: Bapuanuii TeMnepaTypHOro npoguiis
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¥ BH3yaJIM3alluy ATUX Bapuanuii Ha mporpamme OriginPro. B pabore nmpoananmu3upoBaHbl BapUaluu
Temreparypbl armoc(epsl, BbI3BaHHBIC T'PAaBUTAIMOHHBIMH BOJIHAMH Ha BbIcoTax OT 20 g0 60 kM.
OCHOBHOIi aKIIeHT pabOoTHI ClleiaH Ha cpaBHEHUH napameTrpoB BI'B 10, BoBpemst 1 mociie BHE3aITHbIX
CTpaTOCHEPHBIX MOTCIICHUN.

Knrwouesvle cnosa: Bapuayus memnepamyproco npoghuns, oopabomka 0anHuIX, CO30anue Kooa
Ha s13biKe npocpammuposanus Ilumon, agmomamuszayus 1udapa, 1uoapHvle UCc1e008anusl.

Study of atmospheric temperature profile variations using lidar data
Sidorov N.E., Titov S.V.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
treiv2010@bk.ru, stitov@ikfia.ysn.ru

The study of variations in the atmospheric temperature profile contributes to a better
understanding of the propagation of internal gravity waves (IGW) through the atmospheric layers and
the assessment of the transfer of momentum. Which in turn will help in climate modeling, atmospheric
studies and the development of more accurate predictive models for assessing climate change and
atmospheric processes. In this paper, we study variations in the temperature profile caused by internal
gravity waves according to lidar data. For this purpose, observations were carried out on a stratospheric
lidar, and the obtained data were processed using PHC-Viewer, Eclipse programs. A code was
developed in the Pycharm program in the Python programming language to calculate variations in the
temperature profile and visualization of their variations on the OriginPro program. In this paper, we
analyze variations in the lidar temperature caused by gravity waves at altitudes from 20 to 60 km. The
main focus of the work is on comparing the parameters of the IGW before, during and after sudden
stratospheric warmings.

Keywords: Temperature profile variation, data processing, Python coding, lidar automation,
lidar research.

MopennpoBanue KpYNHOMACIITAOHBIX BOJIH 1M (PPY3HOro CBe4eHUsI B BEYCPHEM CEKTOpe
28 nexadps 2010

Bapnamos .1, I'onono6os A.YO., baumes JI.I'.

Hnuemumym xocmogusuueckux uccaedosanuti u asporomuu um. FO.I'. llaghepa CO PAH,
Hxymck, Poccus

varlamovi@mail.ru, gololobov@ikfia.ysn.ru, baishev@ikfia.ysn.ru

Kpynnomacmtabusie BonHbl auddys3noro cseueHuss (KBC) moxHO paccmarpuBaTh Kak
JIOCTAaTOYHO PEJKOE SIBIEHUE. DTO BBITEKAET XOTs Obl U3 TOro (pakTa, YTO CHUMKH CIIyTHUKOB DMSP
uMeroTcs B Hanuuuu ¢ 1972 r., a mepBast myOnukanus 06 3TOM sIBJICHUH MOsIBUIIACh JIUib B 1982 1. [Lui
et al., 1982]. B sToM uccnenoBaHuu 3a NECATUICTHUN Nepuo]i HaOI0JeHUiH 0O0HapyXeHO TOJIBKO 4
coositusi KBC. Bce mnocnenyroommue mnyOJMKauy akKIEHTHPOBaHbI, TJAaBHBIM 00pa3oM, Ha
UCCIICIOBAaHUM €IMHUYHBIX COOBITMH WIIM, B HCKJIIOUUTENIBHBIX CIydasx, HECKOJIbKUX. B maHHOM
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HCCIIeIOBaHUM MBI paccMmaTpuBaeM mpossieHrne KBC naOmomaembix kamepamMu Bcero Heba Ha
Koasckom mosmyoctpoBe 28 nexadbpst 2010 r., 1 UCIonb3yeM B HAIlled MOJAEIH MPOaHATU3HPOBAHHbIE
ycinoBusi B [BopoObeB u np., 2015] B MeXIUIaHETHOH cpele M XapaKTePUCTUKH T€OMArHUTHOMU
aktuBHOCTH 110 Hayasia KBC u B nepuon ux perucrpamuu.

Knroueswvie cnosa: Bonnvl 6010t amnaumyosl, MoOeauposanue, NOJIsApHoe CUsHUE, MACHUMHOe
noze, uonocgepa.

Modeling of large-scale undulations of diffuse aurorae in the evening sector on December
28, 2010

Varlamov 1.1., Gololobov A.Yu., Baishev D.G.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

varlamovi@mail.ru, gololobov@ikfia.ysn.ru, baishev@ikfia.ysn.ru

Large amplitude undulations (LAU) can be considered a rather rare phenomenon. This follows at
least from the fact that DMSP satellite images are available since 1972, and the first publication on this
phenomenon appeared only in 1982 [Lui et al., 1982]. In this study, only 4 LAU events were detected
over a ten-year observation period. All subsequent publications focus mainly on the study of single
events or several. In this study, we consider the manifestation of LAUs observed by all-sky cameras on
the Kola Peninsula on December 28, 2010, and use in our model the conditions in the interplanetary
medium and the characteristics of geomagnetic activity before the onset of LAUs and during their
registration, analyzed in [Vorobjev et al., 2015].

Key words: Large amplitude undulations, modeling, aurora, magnetic field, ionosphere.

IIpu3HaKku MOJsIpU3aNMOHHOIO JKeTa 110 H3MEePeHUsIM HABUTAMOHHOM cucTeMbl GPS
Hanunos C.U., CrenanoB A.E., T'omono6os A.1O.

Hucmumym kocmogpuzuueckux uccneoosanuii u aspornomuu um. FO.I'. [llagpepa CO PAH,

Hrxymcex, Poccus

danilov@ikfia.ysn.ru, a e stepanov@ikfia.ysn.ru, Gololobov@ikfia.ysn.ru

B nanno#t paGore mpeicTaBieHbl MaTepHUaibl MO ONpPENETEHHIO MOIIPU3AUOHHOIO JUKETa MO
JaHHBIM M3MEpPEHUM CIyTHUKOBOM cuctembl HaBuranuu GPS. Jlanaele usmepenuit GPS nosBosstor
BBIYUCIIATH MOJIHOE 3eKTpoHHOe cozaepxkanus (II19C) Baonb TpaekTopuu jy4a. YCTaHOBIEHO, YTO
peskue nanenus [19C coBmanaT ¢ BpeMeHeM HaOII0eHUs MOISPU3ALMOHHOIO JPKeTa 10 JaHHBIM
Ha3eMHOM ctaHu SKyTck u ciytHuka DMSP F-17.

Knrouesvie cnosa: GPS, nonapuzayuonusiii 0dicem, uoHocgepa, niama.

Polarization jet from GPS satellite navigation system measurements

Danilov S.1., Stepanov A.E., Gololobov A.Yu.
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Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia

danilov@ikfia.ysn.ru, a e stepanov@ikfia.ysn.ru, Gololobov@ikfia.ysn.ru

This paper presents materials on the determination of the polarization jet from measurements of
the GPS satellite navigation system. The GPS measurement data allows us to calculate the total electron
content (TEC) along the beam trajectory. It was found that the sharp drops of TEC coincide with the
time of observation of the polarization jet according to the data of the Yakutsk ground-based station and
the DMSP F-17 satellite.

Keywords: GPS, polarization jet, ionosphere, plasma.

HccaenoBanue npocTpaHCTBEHHO-BPeMEHHbBIX Bapualuii pacnpeiesieHusi MeTaHA MO
nanabiM TROPOMI u Ha3zeMHBbIX H3MepeHnH B a3uaTckoi yactu Poccun

Bacunbsesa C.A., Crapony6ues B.C.

Hnemumym kocmogusuueckux uccuedosanuti u asporomuu um. FO.I'. [llaghepa CO PAH,

Axymcek, Poccus

tomskaya@ikfia.ysn.ru, starodubjr@ikfia.ysn.ru

B pabote mpemocraBieH mnpeABapUTEIbHBIA aHaIU3 OCOOEHHOCTEH MPOCTPAHCTBEHHO-
BPEMEHHBIX Bapualuii pacrpeaencHus atMochepHoro MeTaHa B a3uarckor yactu Poccuu o JaHHBIM
cnexktpomerpa TROPOMI/Sentinel-5 (maii-centsioppr 2018-2023 rr.) u Ha3eMHBIX HaOIIOJICHUM.
[TocTpoensb! kapThbl IOTHOCTH NOKPBITHS AaHHBIX TROPOMI u 3HaueHuii MmeTaHa, BOCCTaHOBJIEHHBIX
no amroputMaM RemoTeC u WFMD. IIpoBeneHo coONOCTaBlI€HHE CIIyTHUKOBBIX JaHHBIX C
U3MEpPEHUSIMHU MeTaHa Ha TpeX CTaHIUIX B 3anaaHoi Cubupu u ogHON Ha modepekbe Mops JlanTeBbIx
(2018-2021 rr.). AHaNMM3 CIyTHUKOBBIX U HA3E€MHBIX JAHHBIX MMOKA3bIBACT, YTO HAOIIOAAETCs 00Imas
TEHJCHIIUS POCTa METaHa HaJl UCCIelyeMOol Tepputopuei. BoccTaHOBNEeHHBIE 3HAYEHHUS METaHA IO
anroputMam RemoTeC u WFMD unmeroT 3amMeTHbIE pa3iudus.

Knrouesvie cnosa: meman, TROPOMI, RemoTeC, WFMD, JR-STATION, Apxmuxka.

Spatiotemporal variations in methane distribution from to TROPOM I data and ground
measurements in the asian part of Russia

Vasilieva S.A. Starodubtsev V.S.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
tomskaya@ikfia.ysn.ru, starodubjr@ikfia.ysn.ru

A preliminary analysis spatiotemporal of methane variations in the Asian part of Russia based on
TROPOMI/Sentinel-5 spectrometer data (May-September 2018-2023) and ground-based observations
was carried out. Methane coverage density maps obtained by RemoTeC and WFMD algorithms from
TROPOMI data were constructed. Satellite data were compared with methane measurements at four
stations located in Western Siberia and on the coast of the Laptev Sea (2018-2021). Satellite and ground
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data show that there is a general trend of increasing methane in the study area. The retrieval methane
values by RemoTeC and WFMD algorithms have noticeable differences.

Keywords: methane, TROPOMI, RemoTeC, WFMD, JR-STATION, Arctic.

Pa3paboTka perncrparopa ecTeCTBEHHBIX YJIEKTPUYECKUX MOTEHIHAJIOB
Bacwmises A.A.

Hnemumym xocmogusuueckux uccaedosanuti u azporomuu um. FO.I'. lllaghepa CO PAH,
AHrymck, Poccus

vasilalex87@mail.ru

[IpencraBiaeHo ycTpoicTBO, pa3paboTaHHOE Uil PETHCTPAMU €CTECTBEHHBIX 3JIEKTPHUECKUX
HNOTEHLUAIOB. DTO YCTPOMCTBO MOKET HCIOJIb30BAaThCS JUIsi MOHUTOPUHIA Bapualuil €CTECTBEHHBIX
AJIEKTPUYECKUX IIOTEHUMANIOB TpPyHTa U JepeBbeB. l3MepeHue eCTECTBEHHBIX 3JIEKTPUUECKUX
NOTEHLIMAJIOB SBJISETCS BAXKHBIM MHCTPYMEHTOM JIJIsl IOHMMaHUsl MHOTUX MPUPOAHBIX Ipoueccos. B
HACTOALIEE BpEMs U3MEPEHHUs IOTEHLUAJIOB, IPOBOJUMBIE B JIa0OpAaTOPUU PaJUOM3IYUYCHHM
nonocgeps! 1 Marautochepsl UKOUA CO PAH, ocymiecTBISIOTCS «pYyYHBIM» CIOCOO0M. JlaHHBII
perucTparop NO3BOJIUT aBTOMATU3UMPOBATH MpOLECC HM3MEpPEeHHH M cOopa JaHHBIX. B crarbhe
IpeJCTaBlIeH NpUOOp JUIsl PETUCTPALMU €CTECTBEHHBIX JJIEKTPUYECKUX IOTEHLHUAIOB IOYBBl U
KOPDHEBBIX CHCTEM JiepeBbeB. Pa3paboTaHHOE YCTpPOWCTBO OTKPBIBAET BO3MOXKHOCTU  JUIf
aBTOMAaTH3alMK IPOLECCOB MOHUTOPUHTIA U cOOpa JaHHBIX, UTO SBJISETCS 3HAYUTEIIbHBIM yIIy4IICHUEM
10 CPAaBHEHHUIO C TEKYIIMMHU "pyUHBIMH" METO/IaMHU, UCII0JIb3yEMbBIMH B JIA0OPATOPUH PalMOU3ITyYCHHM
nonocdeps! 1 MarHutochepsl UKOUA CO PAH. U3mepenust, KOTOpbIe MOXKET TPOU3BOAUTH JTAHHBIN
peructparop, OOECHeurMBaOT JaHHbIE JUISI METEOpOJOroB, HSKOJOTOB U  HCCIEI0BaTeNeH,

3aHUMAOUXCA U3YUCHUEM FpOBOBOﬁ AKTUBHOCTH M €€ BIIMSHUEM Ha MIPpHUPOAHBIC CUCTEMBIL.

Knrouesvie cnosa: ecmecmeernmble nomeryuaiibl, CcpyHm, pecucmpanmop, usmepeHusl.

Development of a Natural Electric Potential Recorder
Vasiliev A A.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

vasilalex87@mail.ru

A device developed for recording natural electric potentials is presented. This device can be used
to monitor variations in the natural electric potentials of soil and trees. Measuring natural electric
potentials is an important tool for understanding many natural processes. Currently, potential
measurements carried out in the laboratory of ionospheric and magnetospheric radio emissions of the
IKFIA SB RAS are carried out "manually”. This recorder will automate the process of measurements
and data collection. The article presents a device for recording natural electric potentials of soil and tree
root systems. The developed device opens up possibilities for automation of monitoring and data
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collection processes, which is a significant improvement over the current "manual™ methods used in the
laboratory of ionospheric and magnetosphere radio emissions of the IKFIA SB RAS. The measurements
that this recorder can make provide data for meteorologists, ecologists and researchers studying
thunderstorm activity and its impact on natural systems.

Keywords: natural potentials, soil, recorder, measurements.

ConocraBJ/ieHHsI HA3eMHbIX HA0JII0/IeHUI U CIYTHUKOBBIX JJAHHBIX,
MOJIy4YeHHBIX BO BpeMsl CUSIHUI U BO3HUKHOBeHHd SAR-nyr

CokonsaukoB A.B., UeBenko U.b.

Hncmumym xocmoghuzuuecxkux uccaedosarnuti u azponomuu um. FO.I". [llagpepa CO PAH,
AHrymcex, Poccus

sokolnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

SAR nyru sBISIOTCS CIIECTBHEM B3aMMOCHCTBHS BHEIIHEH miazmMocdeps! (I1a3Momnaysbl) ¢
SHEPTUYHBIMU MOHAMU KOJIBLIEBOT'O TOKA BO BPEMSI MATHUTHBIX OYph. DTO SIBICHHUE MOSBISETCS HE TaK
yacto. Hamwm uccnenoBanus mokaspiBaoT, 4To SAR-Iyru MOryT BO3HHKAaTh B OKPECTHOCTU TPaHHIIBI
JAC Bo Bpems ycuieHuss marHutocepHoil koHBeKIMU. UYTo OBl y3HaTh OOJBIIE O MpoIEccax
MPOUCXOSAIINX BO BpeMs CUSHUN U BOBHUKHOBEHUI SAR-IyT Mbl HCIONIb3yeM CITyTHUKOBBIE JIaHHBIE
30H10B Van Allen u ERG (Arase) u comocraBiisieM MX C JJaHHBIMHA Ha3e€MHBIX HAOJIOJIEHUNH. DTO
MO3BOJISICT YBUIETh OOJiee TOJHYI0 KapTHHY HMPOMCXOJSINEro. B jokiane mpeacTaBIeHo HECKOIbKO
COOBITHIA U Pe3yIbTaThl 00PAOOTKHU JAHHBIX.

Knrouesvie cnosa: SAR arc, Van Allen, ERG(Arase), nnazmocghepa, nrasmonaysa, Keo Centry,

Keo Horizon, agpopanvhule cuanus, macHumocgepa.

Current results of the work. Comparison of ground-based observations and satellite data
obtained during auroras and SAR arcs.

Sokolnikov A.V., levenko 1.B.
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

sokolnikov@ikfia.ysn.ru, ievenko@ikfia.ysn.ru

SAR arcs are a consequence of the interaction of the outer plasmasphere (plasmopause) with
energetic ions of the ring current during magnetic storms. This phenomenon does not occur very often.
Our studies show that SAR arcs can occur in the vicinity of the DS boundary during increased
magnetospheric convection. To learn more about the processes occurring during auroras and the
occurrence of SAR arcs, we use satellite data from the Van Allen and ERG (Arase) probes and compare
them with ground-based observations. This allows us to see a more complete picture of what is
happening. The report presents several events and the results of data processing.

Key words: SAR arc, Van Allen, ERG(Arase), plasmasphere, plasmapause, Keo Centry, Keo
Horizon, auroral auroras, magnetosphere.
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Hayunoe uzoanue

JAMHaMuyecKue nmpoueccol

B CpeHel U BepxHeil aTMocgepe

Bcepoccuiickas koHpepeHIHs (C MEeXKITyHAPOIHBIM YIaCTHEM),
nocsmernas 300-neruto Poccuiickoii akageMuu HayK
u 75-neruto fAxyrckoro HayyHoro nentpa CO PAH
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