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To, yTo MarHuTHBIE OOJIaKa JEHCTBYIOT HA TaJaKTUUECKUE KOCMHYECKHE JIy4dH, U3BECTHO YKe
okoso 20 sier. OHu COCOOHBI U3MEHATh MIOTHOCTh KOCMHUYECKHX JIyueil, co3/1aBasi ABYXCTyIeHYa-
TYIO CTPYKTYpY (hopOym-3¢pexToB, u CyIIEeCTBEHHO YBEIMYMBATh BTOPYIO TAPMOHUKY aHH30TPO-
nuu KJI. B nannoil paboTe uccrnenyrorcs 0COOEHHOCTH MOBEICHUS TaaKTHYECKUX KOCMHYECKHX
Jy4ei B COOBITHSIX, CBA3AHHBIX C MPUCYTCTBUEM MAarHUTHBIX OOJIAKOB B MEKILJIAHETHBIX BO3MYIIIE-
HIsIX y 3emuin. PaccmoTpena Mozenb, criocoOHasi onucaTh pacinpeeseHue MIOTHOCTH KOCMUYECKIX
Jy4ed BHYTPH MarHUTHOTO 00J1aKa, ¥ IOKa3aHo, YTO B OOJIBIIMHCTBE CIy4aeB (HO HE BO BCEX) IIOBE-
JICHUE TJIOTHOCTH KOCMUYECKUX JTy4el B MarHUTHOM OOJiake y 3eMJIM MOKHO OIUCATh MPOCTOM Ma-
paloJIueCcKOi 3aBUCUMOCTBIO OT PacCTOSHUS J0 LIeHTpa 001aka, U3MEPEHHOT0 B THPOPaInycax.

It is known more than 20 years that magnetic clouds affect the galactic cosmic rays. They are
able to change the density of cosmic rays, creating a two-step structure of the Forbush-decreases, and
significantly increase the second harmonic anisotropy of cosmic rays. In this paper we investigate the
behavior of galactic cosmic rays in the events related to the presence of magnetic clouds in the inter-
planetary disturbances near the Earth. A model capable of describing the distribution of the cosmic-
ray density in the magnetic clouds, and it was shown that in most cases (but not all) the behavior of
the density of cosmic rays in the Earth magnetic cloud can be described by a simple parabolic
dependence on the distance to the center of the cloud measured in gyroradius.
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THE INITIAL PHASE OF FORBUSH EFFECTS
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N3yuaercs ¢a3oBoe pacrpeesieHue 1 aMIUTUTYAHO-(ha30Bas 3aBUCUMOCTb IIEPBOW rapMo-
HUKU aHU30TPONUU KOCMHYECKHX Jy4yell B HauainbHOU (aze popOym-3dpdexra. CtaTUCTHUECKUN
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aHanu3 Bcex GopOymi-3¢ghekToB ¢ BHE3amHbIM HadajaoM 3a 1957-2012 rr. moka3zaj, 4To TJIaBHbIC
0CcOOCHHOCTH (Ha30BBIX paclpeieNieHHid TIEPBOM TApMOHUKH aHH30TPOIMU KOCMHYECKUX JTy4el co-
XPpaHSIOTCS B TeUeHUe Beel rimaBHOM (asbl hopOymi-3¢ddexToB, HaunHasl ¢ yaca 70 YAapHOH BOJIHBI
Y BIUIOTH JIO YaCOB C MAKCUMAJIBHOW aMIUTUTYION aHU30TPOIUU. AMIUIUTY/Ia BEKTOPHOU aHH30TPO-
IIUH YK€ TIepe MPUXO00M yIapHOIM BOJIHBI BBIIIE, YeEM B CIIOKOMHBIE NEPUOIbI, M TIOCTENIEHHO BO3-
pacTaer npH yriryoJieHuH B MEXKIUIAHETHOE BO3MYIIIEHHE, co3/atomiee (popOy-noHmKeHue.

Phase distribution and amplitude-phase dependence of the first harmonic of the cosmic ray
anisotropy during the initial phase of Forbush effects are studied. Statistical analysis of all For-
bush effects with sudden onset during 1957-2012 showed that the main features of phase distri-
bution of the first harmonic of the cosmic ray anisotropy persist throughout the main phase of the
Forbush effects, starting from the hour before the shock wave until the hour with the maximal
amplitude of anisotropy. Amplitude of vector anisotropy is higher already before the arrival of
the shock wave than in quiet periods, and it gradually increases as Earth enters deeper the inter-
planetary disturbance which creates the Forbush decrease.

OIIEHKA BAPUAIIUNI XAPAKTEPUCTHK ITO3UIIMOHUPOBAHMUSI
IO CUTTHAJIAM I'HCC GPS HA CTEHJE CYPA

A.B. AnekceeBa, A.B. TepTbIlIHMKOB

WuctutyT npuknaanoii reopusuku um. E.K. denoposa, Mocksa, Poccus
alert@mail.ru

EVALUATION OF VARIATIONS OF POSITIONING CHARACTERISTICS
FROM GNSS/GPS SIGNALS AT SURA STAND

A.V. Alekseeva, A.V. Tertyshnikov
Fedorov Institute of Applied Geophysics, Moscow, Russia

C 19 no 29 mapta 2014 r. npon3BOAMINCE IKCIIEPUMEHTHI 110 npuemMy curHaioB KA GPS B
YCIIOBUSX BO3JICHCTBHUS HA HOHOC(HEPY MOIIHBIM KOPOTKOBOJTHOBBIM M3my4deHHeM creHna CYPA
(®I'BHY «HUP®W», H. HoBropon). B skcrniepuMeHTe MCIOIB30BANICS TEOAC3MYECKUN HABUTa-
HUOHHBIN mpueMHHK Trimble-5700 ¢ anTeHHO#, YCTaHOBJIECHHOM Ha KPBIIIe aIMUHUCTPATUBHOTO
3naHus nmonurona. PaccmarpuBanock cpennekBaapaTuanoe otkioHeHue (CKO) xapakTepucTuk
TICEBIONTO3UIIMOHUPOBAHNST (MTHOBEHHAsI OLIEHKA TMO3UIIMOHHPOBAHUS) 1O MEPBOM paboueit
yactore 'HCC GPS.

CpaBHEeHHE XapaKTEPUCTUK TICEBIOMO3UIIMOHUPOBAHUS IO IKCIIEPUMEHTOB M TOCTE IO
KpUTEpUSAM HENapaMeTPUUECKOW CTATHUCTHKU IOKa3aj0 HECIy4YallHOCTh YBEIMYEHUS OLIEHOK
CKO npu neprognuecKkux BKIIOUYEHUSX U BBIKIIOUEHHSIX ¢ BepositHOCThIO 94.1 %. IIpu mocro-
STHHOM HarpeBe paziu4uii He 0OHAPYKEHO.

The experiments were carried out on reception of GPS satellite signals under the effect of
powerful shortwave radiation from SURA facility on the ionosphere from 19.03.2014 till
29.03.2014 (“NIRFI”, N. Novgorod). A geodesic navigation receiver Trimble-5700 with an an-
tenna on the roof of administrative building was used in the experiment. The main focus was on
the standard deviation (SD) of characteristics of pseudo positioning (instantaneous evaluation of
positioning) by the first operating frequency of GNSS GPS.

Comparison of characteristics of pseudo positioning before and after the experiments ac-
cording to the criterion of nonparametric statistics showed non-randomness of increasing SD as-
sessments of periodic on and off states with a probability of 94.1 %. At constant heating differences
were not found.
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DAILY-SEASONAL VARIATIONS OF ELECTRONIC CONCENTRATION
IN THE EXTERNAL IONOSPHERE ON THE BASE
OF IRKUTSK INCOHERENT SCATTER RADAR DATA

S.S. Alsatkin, A.V. Medvedev, K.G. Ratovsky
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B cratbe mpuBOISTCS pe3yNbTaThl HCCICIOBAHUS CYTOYHO-CE30HHBIX BapHaluil dJeK-
TPOHHOMW KOHIIGHTPAIIMK BO BHEUIHEH MOHOC(Eepe Ha OCHOBE JaHHBIX VIpKyTCKOro paaapa HEKo-
repeHtHoro paccesiausi (MPHP) mist yeTbipex cCe30HOB U IByX YPOBHEH COJTHEYHOW aKTHBHOCTH
(HU3KOI U YMEPCHHOI).

We present the research results for daily-seasonal variations of electronic concentration in
the external ionosphere on the base of Irkutsk Incoherent Scatter Radar (1IRS) data, for four sea-
sons and two levels of solar activity (low and moderate).

AAATHOCTHUKA JIMTOC®EPHO-NOHOC®EPHBIX CBSA3EHN
11O HABJIIOAEHUAM BAPUALIUU AMIIJIMTY IbI I'PO30BBIX CUT'HAJIOB

B.B. ApryHos, B.A. MysuiasipoB

HucTutyT KOCMOdU3nUeckux uccienoBanuii u asponomun uM. FO.I'. [lladepa CO PAH, fAxytck, Poccust
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DIAGNOSTICS OF LITHOSPHERE-IONOSPHERE RELATIONS
FROM OBSERVATIONS OF THUNDERSTORM SIGNALS

V.V. Argunov, V.A. Mullayarov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

JIs TUCTaHIIMOHHOTO MOHUTOPUHIA BO3MYIIEHMM B HIDKHEW HMOHOc(epe, B 4aCTHOCTH,
JUTSL MICCIIEIOBAHUSl HOHOC(EPHBIX OTKIHUKOB, O0YCIOBICHHBIX CEHCMUYECKON aKTUBHOCTBIO,
YacTO MCIOJIB3YIOT CUTHAIBI HU3KOYACTOTHBIX PAJMOCTaHIN. B kadecTBe BapmaHTa JaHHOTO
MeToa Al OOHapyKEHUs CEHCMHYECKHUX BO3MYIIEHHH B HOHOC(HEpe MOXKHO HCIOJIb30BATH
€CTECTBEHHBIE PAHMOCUTHAIBI — AJIEKTPOMArHUTHOE U3ITyYeHHE TPO30BBIX pas3psaoB (aTMocde-
pukn). I[1o pe3ynbpTaraM mpenBapuTeNbHBIX HaOM0IeHu atMocheprukoB B SkyTcke (¢=62.1° N,
A=129.7° E) 3emneTpsceHus, MarHUTyAa KOTOPBIX OoJibIle 5, a TIIyOrHa He mpeBbimaeT 50 km,
MPOSIBIISIIOTCA B BUJIE YCUJICHHSI CPETHEYACOBOM aMIUTUTY/IbI aTMOC(EPUKOB B IEHb COOBITUS WU
B MHTEpBAJE TPeX THEH Iocie Hero. Bapuanuy aMImiTyabl B TIPEIIIECTBYONINE 3eMIIETPSICEHHIO
JTHU, BRIp2)KEHHBIE B BUJIE POCTa aMILIUTY/IbI, PACCMATPHBAIOTCS B KAYECTBE MPEIBECTHUKOB.

For distant monitoring of disturbances in the lower ionosphere signals of low-frequency
radio stations are often used. In particular, the method is used for investigation of ionospheric
responses caused by seismic activity. As a variant of this method for the detection of seismic dis-
turbances in the ionosphere one can use natural radio signals - an electromagnetic radiation of
thunderstorm discharges (atmospherics). By results of previous observations of atmospherics at
Yakutsk (¢=62.1° N, A=129.7° E) the earthquakes whose magnitude is more than 5 and the
depth does not exceed 50 km, are manifested in the form of amplification of hourly average am-
plitude of atmospherics on the day of event or in the range of 3 days after it. The amplitude vari-
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ations during days preceding an earthquake expressed in the form of amplitude growth are con-
sidered as precursor.

NOHO30HAOBBIE HABJIIOJAEHUA 2®PPEKTOB COJTHEYHOI'O 3ATMEHMUA
20 MAPTA 2015 r. HAJT EBPOIIOI
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IONOSONDE OBSERVATIONS OF EFFECTS OF MARCH 20, 2015
SOLAR ECLIPSE OVER EUROPE

v.V. Barabash, °L.F. Chernogor

YInstitute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[Ipoananu3upoBaHbl HOHOTPAMMBI  psila  €BPOMEHUCKUX HOHO30HAOB  («XapbKOBY,
«MockBay, «[Ipyxonuny», «Tpomce» u ap.), nomyderusie 20 mapra 2015 r. U B KOHTPOJIbHBIE
nar. OcOOEHHOCTBIO JTAHHOTO 3aTMEHHSI OBUIO TO, YTO OHO MPOTEKano Ha (GoHe (a3bl BOCCTAHOB-
JICHUsS OYEeHb CUJILHON MarHuTHou Oypu, HayaBiueics 17 mapra 2015 r. Dddextsr comHeyHoro
3aTMEHHSI B 3HAYUTEIBHOM CTETICHN MacCKHPOBAITUCH d((heKTaMu HOHOCHEPHOU OYpH.

The ionograms from a number of European ionosondes (“Kharkiv”’, “Moscow”,
“Pruhonice”, “Tromse” et al.) were analyzed. That ionograms were obtained during the eclipse
on March 20, 2015 and the reference days. This eclipse took place against the background of the
recovery phase of very strong magnetic storm, which was started on March 17, 2015. The effects
of the solar eclipse are largely masked by the effects of the ionospheric storm.

3®OEKTHI BO3AEACTBUA MOIIHBIM PAIMOW3JTYUYEHUEM
HA HOHOC®EPY HA ®OHE YMEPEHHBIX TEOKOCMHYECKHUX BYPb:
PE3YJIBTATBI MOHO30HAOBbIX HABJIOJAEHUU

'B.B. Bapa6am, 2J1.0. Yepuorop

"Mucruryr nonocdeps: HAH u MOH Ykpaunsr, XapbkoB, Ykpansa
iion@kpi.kharkov.ua
2XapLKOBCKI/n7I HallMOHANbHBIN yHUBepcuTeT uM. B.H. Kapa3una, Xapskos, Ykpanna
Leonid.F.Chernogor@univer.kharkov.ua

EFFECTS OF POWERFUL RADIO WAVE ACTION ON THE IONOSPHERE DURING
MODERATE GEOSPACE STORMS: IONOSOND OBSERVATION RESULTS

v.V. Barabash, °L.F. Chernogor

YInstitute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[IpuBeneHs! pe3ynbTaThl HAOTIOACHHI HAa TPEX PAa3HECEHHBIX IO MIMPOTE U JOJITOTE HOHO-
30H/1aX 3a BapHAIMSIMU KPUTHUECKOM 4acToThl foF2, cOmpoBOKIaBIINME BO3AEHCTBHE HA HOHO-
chepy MOHIHBIM paauousnydeHueM HarpeBHoro creHga CYPA. MoHO30HAB HAXOIWIHCHh HA
paccrogausx ot creraa 560, 960, u 2200 kM. [locne BKIIOYEHUH CTEHAA C BpPEMEHEM 3ama3]ibl-
Banus 1015 muH Bo3Hukam anepuoauueckue Beriecku foF2 ot 0.07 mo 0.41 MI'u. Mx npogomxu-
TEIBHOCTH paBHsJAch 10—15 MHH, OTHOCUTEIBHOE YBETMYEHHE KOHIICHTPAIIUU JIEKTPOHOB COCTaB-
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nsuto ot 2 1o 13 %. Habmromaemble BCIiecku, CKOpee BCEro, 00yCIOBIICHBI BBICHIITAHUEM BBICOKO-
SHEPTUYHBIX JIEKTPOHOB M3 MarHUTOC(hEphl B aTMOChepy U ee JOTMOTHUTEIbHON noHu3anuen. Be-
JIMYMHA ITOTOKA 3JICKTPOHOB MOTJIA OBITh TIOPsIKa 10°-10" m2c nipu ux sHepruu 1-10 xk3B.

The observation results of the variations of the critical frequency f,F2 for three spaced in
latitude and longitude ionosondes were presented. Variations were caused by action of powerful
radio waves from the SURA heater. Distance from ionosondes to heater was 560, 960, and
2.200 km. Aperiodic bursts in f,F2 having values from 0.07 to 0.41 MHz are occurred during
heater-on periods with time delay of 10-15 min. Their duration is 10-15 min, the relative in-
crease in the electron concentration ranged from 2 to 13 %. Observed bursts were most likely
caused by the precipitation of high energy electrons from the magnetosphere into the atmosphere
and by the additional ionization of atmosphere. The flux of electrons could be of 10°-10** m?%s™,
its energy was of 1-10 keV.

W CCJIETOBAHUE BAPUAIINI TAPAMETPOB ATMOC®EPBHI U UOHOC®EPHI
C IEPUOJAMU AKYCTUKO-TPABUTAIIMOHHBIX BOJIH B KAJIMHUHI'PAIE

'0.I1. BopueBkuna, - “1.B. Kapmos, AN Kapmos, 'p.3. Hanames, ’A.B. PagueBcknii

"Barruiickuii henepanbsi yauBepeuter um. W. Kanra, Kanununrpaz, Poccus
Zamagmoe oteneHre MHCTHTYTa 36MHOTO MArHETH3MA, HOHOCHEPHI 1 pacipocTpaHeHUs PaIHnOBOITH
uM. H.B. IlymkoBa PAH, Kanununrpan, Poccus
opsuslova@gmail.com

RESEARCH THE INTO VARIATIONS OF PARAMETERS OF THE ATMOSPHERE
AND IONOSPHERE WITH AN ACOUSTIC-GRAVITY WAVE PERIODS
IN KALININGRAD

'0.P. Borchevkina, »21.V. Karpov, 'A.l. Karpov, 'R.Z. Dadashev, ?A.V. Radievsky

'1. Kant Baltic Federal University, Kaliningrad, Russia
West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation, Kaliningrad, Russia

B paOote nmpuBeneHs! pe3ynbTaThl aHAIM3a HAOII0IEHUH Bapraluii mapaMeTpoB aTMochepbl
u nonochepsr Hag Kanununrpagom (52° N, 22° E). Habmronenus napameTpoB noHOC(hEpH! BbI-
MOJIHEHbl HAa OCHOBE NpHUEMa CHUTHAJIOB HABUTAI[MOHHBIX CIYTHUKOB, BapHallUi MapaMmeTpoB
HIDKHEH aTMocgepbl METOA0M JIMIapHOTO 30HAMpoBaHus. HalmroneHus mpoBOIMIINCE B IEpUO-
JIbl IPOXOKAeHUs conHeyHoro TepmuHaropa (CT) u B ycI0BHSIX JOKaJIbHBIX METEOBO3MYIICHH.
[Tpu ananuze HaOmMIOEHUN OBUIM BBIJCNIEHBI XapaKTEPUCTUKU BapHualuii mapametpoB AI'B u
BI'B ¢ nepuogamu 2—20 mMuH. B HmkHel atMocdepe OTUETIIMBO pa3IemsstoTcss HHPPA3BYKOBBIC
cocrapistomue Bapuanuid U BI'B, uTo mposiBiisieTcss B yMEHBIIEHUH aMIUIUTYZ Bapyualuil C Ie-
puonamu 3—5 muH. Takue 0COOEHHOCTH CIEKTPOB BapHaliil mapaMeTpoB aTMOC(EPhI CBSI3aHBI C
pasnn4yreM 4acToThl Bsiicsiis—bpeHTa M 4yacToThl akycTudeckoro odpesanus. B nonocdepHsix
HAOJII0JIEHUAX BapHallUi MONHOTO 31eKTpoHHOro coaepxanus (II3C) takke BBIABIAIOTCS Bapu-
aruu noHocdeps! ¢ nepuonamu AI'B u BI'B. Bapuanuu nonocdepnoro napamerpa [19C ¢ ne-
puogamu AI'B (4-10 MuH) oT4eTIMBO NPOSBISIIOTCS NpH npoxoxaeHnn CT u mpogoimxaroTcs B
TedyeHue 1-2 4 B OCBELIEHHOH 00sacTi HoHOC(hEphl. Y CuileHne Bapuaii HoHOC(hEephbl C TAKUMHU
nepuoiaMu MokeT ObITh 00ycnoBieHo Al'B, pacnpoctpanstommmucs u3z oonactu CT B HIbKHEH
arMocepe. Takke paccMaTpUBAIUCh BapuallMy MapaMeTpoB MOHOC(HEpPHI B MEPHOAbI CHIIBHBIX
JIOKAJIbHBIX METEOPOJIOTHYECKUX BO3MYIIEHUH B KalMHUHTpaICKOM PErHOHE U BBISBIEHBI MOp-
¢onornueckue 0cCOOEHHOCTH peakuu HOHOC(EPHI Ha TAKUE BO3MYIIIEHUS.

We present the results of the analysis of observations of ionosphere and atmosphere pa-
rameters variations in Kaliningrad (52° N, 22° E). Observations of ionospheric parameters are
based on the reception of signals from navigation satellites, variations in the parameters of the
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lower atmosphere — by lidar. The observations were made during the passage of the solar ter-
minator (ST) and in terms of local meteorological disturbances. In the analysis of observations
were identified characteristics of parameter variations AGWSs and IGWSs with periods 2—20 min.
In the lower atmosphere distinctly separated infrasonic components of variation and IGWs, that
is a decrease in the amplitude variations with periods of 3-5 min. These features of the variation
spectra of atmospheric parameters associated with the difference between Brunt-Vaisala fre-
quency and the frequency of the acoustic cutoff. In observations of ionospheric variations of the
total electron content (TEC) in the ionosphere also reveal variations with periods of AGWs and
IGWs. lonospheric parameter variations TEC with periods of AGWSs (4-10 min.) are clearly seen
during the passage of ST and continue for 1-2 hours in the illuminated region of the ionosphere.
Gain variations of the ionosphere with such periods may be due to AGWs propagating from ST
in the lower atmosphere. Also considered variations of ionospheric parameters during periods of
strong local meteorological disturbances in the Kaliningrad region and revealed morphological
features of ionospheric response to such disturbances.

MOJAYJBbHAS NIAT®OPMA NI PXI — HEHTPAJBHBIA 2JIEMEHT CUCTEMBI
CbOPA 1 OBPABOTKHA JTAHHBIX CUT'HAJIOB CITYTHUKOB
C HEJbIO U3YYEHUSA HEOJHOPOAHOCTEUN CTPYKTYPbI HOHOC®EPBI

byii Cyan Teen, A.I'. Yencknit

NpkyTckuii HalMOHANBHBIA UCCIEN0BATENBCKUNA TEXHUUECKUI YyHUBEpcUTeT, UpkyTck, Poccus
bxuantien@gmail.com

MODULE PLATFORM NI PXI AS A CENTRAL ELEMENT OF THE SYSTEM
OF PROCESSING SATELLITE SIGNAL DATA
TO RESEARCH INTO IONOSPHERE STRUCTURE INHOMOGENEITIES

Bui Xuan Tien, A.G. Chensky
Irkutsk National Research Technical University, Irkutsk, Russia

[Iporpamma npeaHasHadeHa 1J1s1 0OpaObOTKU CUTHAJIOB CITyTHUKOB JUISl U3YYEHUS] CTPYKTYpBI
MOHOC(EPBI H MOKET IPUMEHSTHCSI TIPU MCCIIEIOBAHUH BO3MYIIIEHHUI B HOHOC(EPE, a TAKKE IS
o0y4yeHus 1o aucuuiuinHe «MeTobl U CpeACTBa U3MEPEHHH B TEIEKOMMYHHUKAIIMOHHBIX CUCTe-
Max». C TOMOIIbIO MPOTrPaMMBI [10JIb30BATENb BeJleT 00pabOTKy OMHApHBIX (ailioB, B KOTOPBIX
COXPAHSIOTCS 3alMCU CUTHAJIOB CIIYTHUKOB. B pe3ynbrare olleHuBaeTcs U3MEHEHUE TapaMeTpoB
(aMIUTHTYTBI, YACTOTHI) CUTHAJIOB B 3aBUCHMOCTH OT BPEMEHH B TIEPHO/I TI0JIeTa CIryTHUKA. [Ipo-
IpaMMHBII MOJysIb 00paOOTKH CHTHAJIOB co3/1aH B cpee LabView u oGagaeT BICOKMM OBICT-
pozeiicTBueM, OOJBIION TOYHOCTHIO, BRICOKOH YyBCTBUTEIBHOCTHIO M YIOOCTBOM B JKCILTyaTa-
UM TIPH U3YYEHUU HEOJHOPOJHOCTEH CTPYKTYphl HOHOC]Ephl. Pe3ynbTaThl n3MepeHuil coxpa-
HEHBI B IU(POBOM BHJIE M YIOOHBI B CIIOJIb30BAaHUH.

The program is designed for processing satellite signals for observation of the ionospheric
structural irregularities and can be used in a study of perturbations in the ionosphere, as well as
for teaching programming on the subject “Methods and tools to measurement in telecommunica-
tion systems”. With this program, the user can process the binary files that are recording satellite
signals. The result is the signal parameters (amplitude, frequency) versus time during the flight
of the satellite. Software signal processing module is created in the LabVIEW environment and
has high speed, high accuracy, high sensitivity and ease of use, in the study of irregularities of
the ionospheric structure. The measurement results are stored in digital form, so it’s convenient
to use in the study of irregularities.
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OCOBEHHOCTHU KPYITHOMACIITABHBIX BO3MYIIEHUI B MOHOC®EPE
B IEPUO/J YMEPEHHBIX MAT'HUTHbBIX BYPb,
COIPOBOXJIABIINX BO3AEACTBUE MOIIHBIM PATMOU3JTYUYEHUEM
HA OKOJIO3BEMHYIO IIVIAZMY

A.H. BoBk, JI.®. YepHorop

XapbKOBCKUH HallMOHANbHBIN yHUBepcuTeT uM. B.H. Kapasuna, XapbkoB, YkpanHa
andreynvovk@mail.ru

FEATURES OF LARGE IONOSPHERE DISTURBANCES IN A PERIOD
OF MODERATE MAGNETIC STORMS ACCOMPANIED BY THE ACTION
OF HIGH POWER RADIATION AT THE NEAR-EARTH PLASMA

A.N. Vovk, L.F. Chernogor
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[TpuBeneHbl pe3yapTaThl IKCIEPUMEHTAIbHBIX HUCCIEJOBAHUI alepuoOJUUECKUX U KBa3u-
NEePUOANYECKUX BO3MYILEHUH B HMOHOc(hepe, MocaenoBaBIINX 32 BO3ACHCTBUEM MOIIHBIM pa-
muonsiydeHueM crenna CYPA Ha reokocMHYecKylo IUlasMy B CHOKOMHBIX U MarHUTOBO3MY-
HICHHBIX YCNOBUSX. 7l JAMAarHOCTUKHM HCIOJIB30BajCs IOIUIEPOBCKHUI pajap BEPTUKAIBHOTO
30HUPOBAHUS, PACIIOJIOKEHHBIN Ha pacCTOSHUU 0K0JI0 960 KM OT HarpeBHOro crenja. Anepuo-
TUYeCKHe BO3MYIIEHUS, UMEBIINE BpeMs 3amna3absiBanus 10-20 muH, ckopee BCEro, CBSA3aHbI C
B3aMMOJICHCTBHEM TOJICUCTEM B cUcTeMe 3emisi—aTMmochepa—noHochepa—marautochepa. Kpa-
3UMEPUOIUYECKIE BO3MYIICHUS C MepHoaoM 12—15 MHUH B OJTHUX CIIy4asX UMENU NEepUoj, paB-
HBIN Nepuoly LIMKJIAa HarpeBa, a B APYTUX CIIy4asX — HEpUoj COOCTBEHHBIX KOJI€OaHUI B aTMO-
cdepe. CkopocTh KBazunepuoaudeckux Bosmyinenuii cocrasisiaa 300-400 m/c. Obcyxnatorcs
3¢ (deKTh UICKYCCTBEHHOM reHepanuu cios Es, ciioeB nonnsamnmu, a Takxke 3pPeKTsl Mpu BO3ACH-
CTBUU Ha MOHOC(]EPYy PaJAMOBOJIHEI C YACTOTOM, PaBHOW YUETBEPEHHON TMPOYACTOTE IJIEKTPOHOB.
OTmeuaeTcst IOArOTOBUTENbHAS POJIb MATHUTHBIX BO3MYIICHUH B cHCTeMe 3emirsi—arMocdepa—
noHocdepa—Marautocdepa.

We present the results of the experimental investigations of aperiodic and quasiperiodic
disturbances in the ionosphere followed by the action of high power radiation from the SURA
heater on geospace plasma in the quiet and magnetic disturbed conditions. Vertical-sounding
Doppler radar was used for diagnosis. The distance from the heater to the Doppler radar is about
960 km. Aperiodic disturbances had delay time 10-20 minutes, most likely associated with sub-
systems in the Earth-atmosphere—ionosphere—magnetosphere system interaction. Quasiperiodic
disturbances with a period of 12—-15 minutes in some cases has a period equal to the period of the
heating cycle in other cases it was equal to their own oscillations period in the atmosphere. Qua-
siperiodic disturbances velocity was about 300—400 m/s. We are discussing the effects of artifi-
cial generation of Es layer, ionization layers, and the radio wave action on the ionosphere with a
frequency equal to f=4fg (fg is the electron gyrofrequency).We are showing the preparatory role of
the magnetic disturbances in the Earth—atmosphere—ionosphere-magnetosphere system.

INPUMEHEHHUE METOJOB CTATUCTHYECKOI'O AHAJIM3A
JJIA OTPEJAEJIEHUS ®AKTOB BO3JIEUCTBUSA IIOMEX
IIPU PABOTE PAJAPA HEKOI'EPEHTHOT' O PACCESAHUSA

A.B. JImutpueBckasi

Panuorexunueckuit uHCTUTYT UM. akan. A.JI. Munua, Mocksa, Poccus
admitrievskaya@rti-mints.ru
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APPLICATION OF OF STATISTICAL ANALYSIS METHODS FOR DETECTION
OF RADIO DISTURBANCE INFLUENCE FACTS DURING
INCOHERENT SCATTER RADAR WORK

A.V. Dmitrievskaya
Academician A.L. Mints Radiotechnical Institute, Moscow, Russia

B nanno#i paGore mpuBeneH pa3pabOTaHHBIA METOJ| CTATUCTHYECKOTO aHanu3a (akToB
BO3/ICHCTBUS IIOMEX JIFOOOT0 Po/ia Ha Pafgapbl HEKOTEPEHTHOTO PACCESHUS, C TOMOIIBIO KOTOPBIX
POU3BOAUTCS M3y4eHHE HOHOC(Ephl. MeTo] MO3BOIIMT OLEHHUTh MPABIAONOAO0OHOCTh AAHHBIX,
MOJTyYEHHBIX MIPU MOMOIIU PaZapoB HEKOT€PEHTHOTO paccesiHusl. B HacTOAIIMI MOMEHT JaHHBIN
METOJ arpoOMpPOBAaH W 3aIUTAHUPOBAH K BHEAPEHHUIO HA CYHIECTBYIOIIMX PaIHOIOKAIIMOHHBIX
CTaHIUSX.

In this article argued worked out method of statistical analysis of all radio disturbance influ-
ence facts on incoherent scatter radars. It help to research the ionosphere. This method will allow ap-
preciate the probability of data recieved with the help of incoherent scatter radars. In this moment
this method is being approved and planned to introduction at present radiolocation stations.

SKYLINE — IPOEKT BUAEOHABJIOAEHUS METEOPOB.
IHEPBBIE PE3YJIBTATDI

K.U. UBanos, E.C. KomapoBa

ActpoHoMudeckas oocepBaTopusi IpKyTCKOTO TOCYIapCTBEHHOTO YHUBEpCcUTeTa, MpkyTck, Poccus
eskomarik@gmail.com

SKYLINE AS A PROJECT FOR METEOR VIDEO MONITORING.
FIRST RESULTS

K.I. Ivanov, E.S. Komarova

Astronomical Observatory of Irkutsk State University, Irkutsk, Russia

Ha done Bo3pocieii 3a mociieTHue ToIbl aKTYAIbHOCTH METECOPHON acTPOHOMHH BO3HHKJIA
HEOOXOIUMOCTD TTPOBEICHHS Ka4eCTBEHHBIX HAOIIOICHUH, CIIOCOOHBIX JaTh MaKCUMAaJIbHOE KO-
JUYECTBO MH(POPMAIMK KaK 00 OTAEIbHBIX METCOPHBIX YaCTHIIAX, TaK U O MOTOKAaX, B KOTOPHIC
oHM BXo1iaT. B 2014 1. aBTOpamMu ObLT pa3paboTaH u 3amyiieH nmpoekT SkyLine, mo3Bonstomuii
BECTH HENPEPBIBHBIC OJTHOCTOPOHHWE M 0a3MCHBIC BUIACOHAOIIOJACHHUS W TOTyYaTh MCUYEPITHIBA-
FOITYI0 MH(GOPMAIIUIO O OBSACHUY METEOPHBIX YaCcTHII B aTMOocdepe u kocMoce. B Hacroseil pa-
00Te TIpe/ICTaBICHBI CBEJACHUS O TEXHUYECKOM YCTPOMCTBE HAOMIOAATEILHOTO KOMIUIEKCa, OIMca-
Hue HaOmoeHns MeTeopHoro nmotoka [lepcennsr 2014 r. v aHaIM3 NOTYyYEHHBIX TaHHBIX.

Therefore the relevance of meteoric astronomy which increased in recent years there was a
need of carrying out the high-quality supervision capable to give the maximum quantity of in-
formation, both about separate meteoric particles and about streams which they enter. In 2014
authors developed and started the project SkyLine, allowing a message continuous unilateral and
basic video surveillances and to receive exhaustive data on behavior of meteoric particles in the
atmosphere and space. In the real work data on the technical device of an observation complex
are submitted, supervision of a meteor shower of Perseids of 2014 are also described and the ob-
tained data are analyzed.

CPABHUTEJIbLHBIA AHAJIN3 BO3MYIIIEHU
OCHOBHBIX TAPAMETPOB HOHOC®EPbBI
BO BPEMSA I'EOMATI'HUTHBIX BYPb PA3JIMYHOU HHTEHCUBHOCTH

C.B. Kanko, JI.®. YepHorop

Wncturyt nonocpepst HAH 1 MOH VYkpaunsl, XapbkoB, YKkpanHa
sophiaharytonova@gmail.com
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COMPARISON OF DISTURBANCES OF THE IONOSPHERE MAIN
PARAMETERS DURING GEOMAGNETIC STORMS OF DIFFERENT INTENSITY

S.V. Katsko, L.F. Chernogor
Institute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine

3a MOJIHBIA LUK COJHEYHOUW akTUBHOCTH ¢ 1998 mo 2012 r. mpoBeneH CpaBHUTEIbHBIN
aHAJIU3 MIEPBUYHBIX MTApPaMETPOB MOHOCHEPHOH IIa3Mbl, BO BpeMs T€OMarHUTHBIX Oypb HaOIt0-
naBmuxcst B oodcepBatopun MHCTHTYTAa MOHOChephl (XappkoB, YKpauHa). M3mepenus ObuIn
MIPOBEJICHBI C MOMOIIBIO0 pajapa HEKOTePEHTHOTO paccesHusl U MoHOo30HIa «basuc». AHamu3u-
poBanuck Oypu pa3IuYHON MHTEHCHBHOCTH C HAJMYHUEM OJHOW (ha3bl HOHOC(HEPHOTo BO3MYIIIe-
HUS U CO 3HaKomepeMeHHbIMU (azamu. CpaBHEHHE MPOBOJWIOCH 10 M3MEHEHUIO CIICTYIOIINX
apaMeTpoB: KPUTHUUECKOM 4acTOThI, KOHIICHTPALIUU 3JIEKTPOHOB B MakcUMyMe cliosi F2, BBICOTBI
MakcumymMma ciiost F2, temreparyp 31€KTpOHOB U MOHOB. Pe3ynbTaThl aHamm3a moka3aid Hempo-
MOPLUUOHAIILHOE U3MEHEHHE MapaMeTpoB MOHOCHEPHOH IUIa3Mbl MPU U3MEHEHHH IapamMeTpOB
MarHUTHBIX OYpb, YTO 3aTPYyIHSAET MPOTHO3UPOBAHNE HOHOC(HEPHBIX BO3MYIIICHU.

Comparison analyze in primary parameters of ionosphere plasma during geomagnetic
storms of total cycle solar activity from 1998 to 2012, which were observed in the observatory of
Institute of lonosphere (Kharkiv, Ukraine), is presented. The observations are carried out by the
incoherent scatter radar and ionosonde “Bazi”». Storms of different intensity with single iono-
sphere disturbance phase and sign-variable phases are analyzed. The comparison was carried out
by variations of next parameters: the critical frequency, the electron density at an F2 layer max-
imum, height of the ionospheric F2 layer peak, electron and ion temperature. The analysis results
have shown a disproportionate change of ionosphere plasma parameters when magnetic storms
parameters are changing, that makes difficulties for ionospheric disturbances forecast.

CPABHUTEJIbHBIA AHAJIN3 TAPAMETPOB JMHAMHWYECKHUX ITPOIIECCOB,
CONNYTCTBOBABHIUX 'EOMAI'HUTHBIM BYPAM B 1998-2012 rr.

C.B. Kanko, JI.®.YepHorop

HucturyT nonochepst HAH u MOH Ykpaunsl, XapbkoB, YKkpanHa
sophiaharytonova@gmail.com

COMPARISON OF PARAMETERS OF DYNAMIC PROCESSES
ACCOMPANIED BY GEOMAGNETIC STORMS DURING 1998-2012

S.V. Katsko, L.F. Chernogor
Institute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine

[TpoBeneH cpaBHUTENBHBIN aHAIN3 BTOPUYHBIX NapaMEeTPOB HOHOC(EPHOI! MIa3Mbl, KOTO-
pble HEMOCPEJCTBEHHO HE U3MEPAIOTCS, BO BpeMs noHocdepHbx Oyps B 1998-2012 rr. C wuc-
M0JIb30BAHUEM YHCJIEHHOTO MOJIEIMPOBAHMS, SKCIEPUMEHTAIBHBIX JaHHBIX pajgapa HeKore-
PEHTHOT'O paccesHUs, pacloyiokeHHoro B obcepBaropuu MHctuTyta noHocheps! (Xapbkos,
VYkpauna), u smnupuueckoit Mmosiea NRLMSISE-00 u3yueHs! cyTouHble Bapualii napaMeTpoB
JUHAMHYECKHUX U TEIJIOBBIX IpoueccoB. K TakuMm mapameTpaM OTHOCATCS TeMIlepaTypa HelnTpa-
JIOB, DHEPIHUsl, MOCTYMaMas K 3JIEKTPOHAM, IUIOTHOCTh MOTOKA IUIa3Mbl, IJIOTHOCTh MOTOKA
Teruia. Pe3ynpTaTel aHanM3a Mokasaid, 4TO HE OTMEYAeTcs MPOCTOM MPONOPIMOHAIBHON 3aBU-
CUMOCTH MEXIy MU3MEHEHHUSMHU MEPBUYHBIX U BTOPUYHBIX MapaMeTpoOB MOHOC(EpHOH Miia3Mbl,
YTO 3aTPYAHSIET MOJICTIMPOBAaHUE HOHOC(EPHBIX Oypb.

Comparison analyze in secondary parameters of ionosphere plasma, which are not meas-
ured direct, during ionospheric storms in 1998-2012, is carried out. Daily variations in parame-
ters dynamic and heat processes are studied with using of numerical simulation, experimental
data of the incoherent scatter radar located in the observatory of Institute of lonosphere (Kharkiv,
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Ukraine), and empirical model NRLMSISE-00. Such parameters are the neutral gas temperature,
the energy input to electron gas, the plasma flow density and the heating flow density. The anal-
ysis results have shown that a simple proportionate dependence between variations in primary
and secondary parameters of ionospheric plasma is not shown. It makes difficulties for iono-
sphere storms simulation.

BTOPAS ITPOU3BOJHASA ®A3bI 1O BPEMEHU KAK UHIANKATOP
TOHKOM CTPYKTYPHI HOHOC®EPHI

T.B. Kamkuna, 'B.B. JleMbsIHOB, ’JO.B. SIcrokeBuY

lI/IpKyTCKI/H71 TOCYIapCTBEHHBIN YHUBEPCUTET myTel coobmienust, Upkyrck, Poccus,
WucTutyT comreuno-3emuoi pmsukun CO PAH, Upkyrck, Poccus
tanchik72007 @yandex.ru

THE SECOND TIME DERIVATIVE OF PHASE
AS AN INDICATOR OF THE IONOSPHERE FINE STRUCTURE

7.V. Kashkina, *V.V. Demyanov, 2Yu.V. Yasyukevich

YIrkutsk State Railway Transport Engineering University, Irkutsk, Russia
?Institute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia

[Toctpoenue BBICOKOI(PPEKTUBHON CHUCTEMBI MOHHTOPHHIA 3€MIICTPSICEHUN, IYHAMU H
TEXHOTCHHBIX SIBICHUH MO0 MOHOCHEPHOMY OTKIMKY TPEOyeT MOBBINICHUS YyBCTBHTEIHLHOCTH
METOJIOB MOHOC(HEpPHOro paaro30HaupoBaHuss. OJHUM U3 BO3MOXKHBIX MOJIXOJI0OB MOXKET CTaTh
aHAIN3 TOHKOM CTPYKTYPBI PACIpPOCTPAHSIONIMXCS uYepe3 HMOHOC(HEpy CHUTHAJIOB CIYTHUKOB
GNSS. ITo Haniemy MHEHHUIO, YyBCTBUTEIBHBIM MHAEKCOM COCTOSIHUS TOHKOM CTPYKTYpbl HOHO-
cdepbl MOKET OBITh BTOpasi IPOM3BOHAS (Da3bpl HECYIICH MO BPEeMEHH. B xo/ie KaMIaHu# 10
n3mepenuto curtanoB GNSS B 2013 r. B ycioBusix moisipHOM HOHOC(Epbl Mbl OOHAPYKHIIN
MHOTOYHUCJICHHBIE CIIy4aW PE3KOr0 KPAaTKOBPEMEHHOTO BO3pPACTaHUS BTOPOM MPOM3BOIHON MO
Bpemenu ¢azbl Hecymier curHanoB GPS u I'NIOHACC na Benmuuny ot 30—40 mo 100-150 %
OTHOCHUTENFHO (DOHOBOTO YpOBHS JaHHOTrO mapamerpa. OOCYKIArOTCS OCHOBHBIE PE3yIbTaThl
00pabOTKU JaHHBIX ITOW KaMIIaHUU.

In order to realize high effective alerts of earth quake hazards, tsunami and technogenic
events we need to improve sensitivity of the ionospheric response analysis methods. We suppose
that an exact analysis of the transionospheric SV signals can be one of the effective methods
hereafter. In our opinion the SV signal phase alteration can be considered as a sensitive index of
the fine structure of the ionosphere. In order to prove this idea we conduct the GNSS signal mon-
itoring campaign under the polar ionosphere condition (in Taimyr cape, Russia) in 2013. We ob-
served sufficiently numerous cases of the rapid and sharp phase acceleration variations. The ab-
solute value of these variations were as much as 30-40 up to 100-150 % times higher in compar-
ison the background level for both GPS and GLONASS signals. This report is devoted to discus-
sion of the main results of the campaign data treatment.

BJIMAHUE TEPMOC®EPHI U IINTASMOC®EPBI
HA ®OPMUPOBAHUE HOHOC®EPHBIX BO3SMYIIEHA
HA PA3JIMYHBIX ®AZAX TEOMATI'HUTHBIX BYPb

'M.B. Kinmenxko, 'B.B. Knumenko, ‘H.E. 3axapeHkoBa, ?K.T. PaToBcknii

3amagmoe otenenne MHCTATYTA 3eMHOrO MAarHETH3MA, HOHOCHEPHI
u pacupoctpanenus paaroBoid uM. H.B. [Tymkosa PAH, Kanuaunrpan, Poccus
maksim.klimenko@mail.ru
’UucTuTyT conHeuno-3emuol dusnku CO PAH, pkytck, Poccus
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THERMOSPHERE AND PLASMASPHERE INFLUENCE
ON THE FORMATION OF IONOSPHERIC DISTURBANCES
AT DIFFERENT GEOMAGNETIC STORM PHASES

'M.V. Klimenko, V.V. Klimenko, *1.E. Zaharenkova, ’K.G. Ratovsky

"West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation, Kaliningrad, Russia
?Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Honocdepnsie Oypu cBsi3aHbl ¢ mpolieccaMu, npoucxoasaumu Ha CoJHIIe U B OKOJIO3EM-
HOM KOCMHYECKOM MPOCTPAHCTBE OT MAarHUTOCQEPHI 0 HUKHEH TpaHUIIBl BEPXHEH aTMOCHEPEHI.
[To 3HaKy BO3MYIIEHHI 3JIEKTPOHHON KOHLEHTpauuu B F-obmactu moHocdepsl BBIACIAIOT IO-
JIOKUTENBHYIO ¥ OTPHUIATEIbHYI0 (Da3sl HOHOCGhEPHBIX Oyph. 3HAK MOHOCHEPHBIX BO3MYIICHUN
3aBHCHUT OT MHOTUX (paKTOPOB, TAKUX KaK IIUPOTA, JOJIT0Ta, BpeMsl Hayana u ¢aza reOMarHuT-
HOU Oypu. Tak, B BBICOKOIIMPOTHOW HOHOC(Epe MpakTHUECKU Bcerna (GopMHpPYyeTcs OTpHUIla-
TenbHast (aza moHochepHoit OypH, TOrAa Kak Ha CPeIHUX U HU3KUX IIUPOTaxX BO3PACTaET BEPO-
SATHOCTbH TOSIBIICHUS TIOJIOKUTENBHOH (ha3bl mOHOChEpHOH OypH. B nccrienoBanum nmpencTaBlieHb
pe3ybTaThl PACUETOB, BBITOJHEHHBIX C UCIHOJIb30BAaHUEM TJI00ATbHONW CaMOCOTIACOBAHHON MO-
nenn Tepmochepbl, noHochepsl ¥ nporoHocdepsl (I'CM TUII) u gaHHBIX CIYTHHUKOBBIX H
HA3eMHBIX HaOIIOJICHUI OCHOBHBIX MapaMeTpoB cHCTeMbl HMOHOchepa—tazmMochepa BO Bpems
reoMarHuTHBIX Oyph. Momens ['CM TUII mo3Bonmiia BBIABUTH, KaKOE€ BIHMSHHUE IPOIECCHI B
TepMmocdepe u miuazMocdhepe OKa3blBaIOT Ha JWHAMUKY IOJHOTO 3JEKTPOHHOTO COJIEp:KaHUs
(IT2C) 1 2aeKTPOHHON KOHIEHTpAlMd B MakcuMyme F2-ciiosi BO BpeMsi T€OMarHUTHBIX Oypb.
[IpoBeneHO cpaBHEHHWE MOJENIBbHON U HaOJMIOJaBIICHCS JWHAMUKH BO3MYIIEHUN MIUPOTHBIX
npodwieit f,F2 u [I9C Bo BpeMst reOMarHUTHBIX OYpb B JBYX JOJTOTHBIX CEKTOpax (aMepHKaH-
CKOM U BOCTOYHO-cHOUpCKOM). OOCYKIAlOTCSl pe3yNbTaThl JAETaIbHOTO HCCIEAOBAHUS MeXa-
HU3MOB (DOPMHPOBAHHS TUX BO3MYIICHHA Ha PA3JIMYHBIX JTAlaX Pa3BUTHS T€OMArHUTHBIX
O0ypb. Ocoboe BHUMaHKE oOpalaeTcsi Ha HOHOC(epHbIe BO3MYIIeHHs, (hopMupyromrecs Ha daze
BOCCTaHOBJICHHS TECOMarHUTHBIX Oyphb. PaboTa BhIMTOTHEHA TIpH (PMHAHCOBOH MOACPIKKE IPaH-
toB IIpesunenta PO Ne MK-4866.2014.5 u PODIU Ne 14-05-00578.

lonospheric storms are associated with the processes occurring on the Sun through solar-
terrestrial relationships that exist in near-Earth space from the magnetosphere to the lower
boundary of the upper atmosphere. The sign of the ionospheric F region electron density disturb-
ances determine the positive and negative phases of ionospheric storms. The sign of ionospheric
disturbances depends on many factors such as latitude, longitude, onset time and phase of geo-
magnetic storm. The negative phase of ionospheric storms is almost always formed in the high-
latitude ionosphere, whereas the probability of the positive ionospheric storm increases in the
middle and low latitudes. This study presents the results of simulation performed using the Global
Self-consistent Model of the Thermosphere, lonosphere and Protonosphere (GSM TIP), and the
satellite and ground-based observation data of the main parameters of the ionosphere-
plasmasphere system during geomagnetic storms. The GSM TIP model allowed to reveal the
main processes in the thermosphere and plasmasphere exert on the dynamics of the total electron
content and electron density in the F2 layer maximum during geomagnetic storms. We compared
the model and the observed dynamics of the f,F2 and TEC perturbation during geomagnetic
storms in two longitudinal sectors (American and East-Siberian). The detailed study results of
the formation mechanisms of these disturbances at different phases of geomagnetic storm are
discussed. The particular attention is given to the ionospheric disturbances during the recov-
ery storm phase. This work was financially supported by the Grants from the RF President
No. MK-4866.2014.5 and RFBR No. 14-05-00578.
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NCCIEJOBAHME BO3MOXHOCTH INOBBIIIIEHUSA PA3PEH_IUAIOI_[[EI‘/JI
CIIOCOBHOCTHU CPEJACTB IMAT'HOCTUKH HEOJHOPOJIHOMU I1JIAZMBbI
HA OCHOBE KBA3UOIITUMAJIbHON OBPABOTKH IOJIS

C.M. Knm:xxna, M.B. Tunun

Hpxyrckuii rocygapcTseHHbli yHuBepeurer, Upkyrek, Poccns
sergeiknizhin@mail.ru

POSSIBILITY FOR INCREASING THE RESOLUTION
OF DIAGNOSTICS FACILITIES INHOMOGENEOUS PLASMA BASED
ON THE QUASI-OPTIMAL FIELD PROCESSING

S.1. Knizhin, M.V. Tinin
Irkutsk State University, Irkutsk, Russia

Pa3pemaroniyto crnocoOHOCTh CPENICTB JUATHOCTHUKU HEOJHOPOIHOM IMIa3Mbl MOYKHO YBE-
JUYHUTH C TIOMOIIBIO JOMOJHUTEIBHON MPOCTPAHCTBEHHON 00paboTku mois. [Ipu 3TOM HyXHO
YUYUTBIBATh, YTO NPU PELICHUH OOPATHBIX 337124 BOSHUKAIOT MPOOJIEMBI, CBSI3aHHBIE C TU(paKIIHen
¥ MHOTOJIYYEBOCTBIO, 3aTPYAHSIONINE MOUCK (PHU3UICCKUX XapaKTEPUCTHK HEOJTHOPOIHBIX CPEI.
[IpennoxxeHHas paHee MpocTpaHCTBEHHasi 0OpabOTKa MOJiE Ha OCHOBE JBOWHOTO B3BEIICHHOTO
bypre-ipeodpazoBanus (JABDII) mo3BoiseT moydaTh (ha3oBbie TPOSKIMH C YCTPAHCHUEM BITH-
SHUS TUQPPAKIIMOHHBIX ¥ MHOTOJIy4eBbIX 3((EeKTOB Ha pe3ynbTaThl u3MepeHuil. OCHOBHBIM He-
JIOCTAaTKOM JIaHHOTO aJTOpPUTMa SIBJISIETCS HEOOXOIUMOCTh 0OpaOOTKHU MOJSl MO JBYM IUIOCKO-
CTSIM — TpUEMa U U3JIy4eHHUs. B cBA3M ¢ 3TUM ObLI MPesIokKeH Crocod MPOCTPaHCTBEHHOM 00-
PpabOTKH IOJISI TOJIBLKO IO INIOCKOCTH IIpHeMa Ha ocHOBe Moaudukanuu Meroaa JIB®II s yaa-
JeHHOU HeonHOpoAHOCTH. OOCYKIAIOTCS BO3MOKHOCTH Takod 0OpabOTKW MOJs MpHU JUATHO-
CTUKE HEOJHOPOIHOM ILJIa3MBbl.

The resolution of diagnostic tools inhomogeneous plasma can be increased by an addition-
al spatial processing field. Previously proposed spatial processing field based on double
weighted Fourier transform (DWFT) allows the projection of phase with the elimination of the
effect of diffraction and multipath effects on the measurement results. The main disadvantage of
this algorithm is the need for processing the field on two planes - the reception and emission. In
this regard, the spatial processing was proposed only on a plane field for reception by modifying
the DWFT method for remote inhomogeneity. In this paper, we discuss the possibility of such
processing field in the diagnosis of an inhomogeneous plasma.

U3MEPEHMS BAPUAIIUI MTOJTHOT'O JIEKTPOHHOI'O COJIEP)KAHUA
B/10JIb TEOMATHUTHOM IMUPOTHI BO BPEMS PABOTBI HATPEBHOT'O
CTEHJA CYPA. OKIIEPUMEHTAJIBHBIE PE3YJIBTATHI 3A 2014 1.

'LA. Korornn, 'MLA. Hacsipos, 2C.M. I'pay, ?A.B. lunaun, ‘P.B. 3arperauHoB

"Kasanckwuii (IIpuBommkckuit) henepanbrbiii yansepenrer, Kazanb, Poccus
*HuskeropoicKuii TocynapcTBeHHbIH yanBepcuteT um. H.U. JloGauesckoro, Hixuuit Hosropox, Poccust
denis.kogogin@gmail.com

MEASUREMENTS OF TEC VARIATION ALONG THE GEOMAGNETIC LATITUDE
DURING SURA FACILITY RUNS. THE EXPERIMENTAL RESULTS FOR 2014
1

D.A. Kogogin, *I.A. Nasyrov, 2S.M. Grach, ?A.V. Shindin, 'R.V. Zagretdinov

'Kazan (Volga region) Federal University, Kazan, Russia
'Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia

IIpencraBiieHsl pe3ynbTaThl U3MEPEHMS IOJHOIO 3JeKTpoHHOro conepxkanus (I19C)
F2-cnost moHOChepsr 3eMiTH BAOIb TEOMarHUTHOHN IIUPOTHI C ITIOMOIIBIO CHTHAJIOB, U3Ty9aeMbIX
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¢ 60pTa HaBUTAIIMOHHBIX CITYTHUKOB cucteMbl GPS, mpu Bo3meiicTBUU Ha HEEe MOIIHOTO KOPOT-
KOBOJIHOBOTO panuousnyudenus crennga CYPA. Peructpanusi CUTHaIOB OCYIIECTBISIACh B TPEX
IIPOCTPAHCTBEHHO-Pa3HECEHHBIX IYHKTaX — 3eJIeHOA0JbCK, Kaszanp, Bacuibcypck, pacrosno-
JKEHHBIX Ha reoMarHUTHON mupoTe cTeHna CYPA. Oco0eHHOCThIO TIOCTAHOBKH JKCIIEPUMEHTA
ABIISIETCA TO, YTO paauoTpacca BacuiabCypck—CIyTHHK Mepecekaja BO3MYILEHHYIO 00J1acTh
noHOC(hEpPHI, a PATUOTPACCH 3EICHOA0IBCK—CITYTHUK U Ka3zanb—cnyTHUK — HeT. OJTHAKO B KC-
MEPUMEHTE BO BCEX TPEX MyHKTaX HAOIOAI0TCs BapHalliK, KOTOPhIE KOPPEIUPYIOT C BpEMEHEM
HarpeBa MOHOC(hEphl MOIIHON paauoBoHOM. OTHOCHTENBHBIN pa3smax Bapuanui [19C nocturaer
0.4 TECU. Pa6ora BemosnHeHa npu puHancoBoit noaaepxkke PODU (mpoektsr Ne 13-02-00957-a,
15-32-50539 mon_wnp, 14-02-31459 mon_a) u PH® (Ne 14-12-00706).

Results of measurement of total electron content (TEC) variations along the geomagnetic
latitude in the F2 region of the ionosphere caused by powerful radio emission of SURA facility
are presented in the report. Parameters of TEC variations were obtained by dual-frequency global
navigation satellite systems (GNSS) diagnostics. Registration of signal parameters from GNSS—
transmitters were performed at spatially separated sites along the geomagnetic latitude: Va-
silsursk, Zelenodolsk and Kazan. In the experiments radio path from GNSS satellite to Va-
silsursk passed over the disturbed region of ionosphere, but radio paths to Zelenodolsk and to
Kazan did not. However correlated with pumping of ionosphere by SURA facility TEC variations
were detected for all of three ground measurements sites. Magnitudes of TEC variations reached
0.4 TECU.

OIIEHKA U3MEHEHMS Y®PEKTUBHOMN BLICOTHI HUKHEN NOHOC®EPHI
ITO BAPUALIIUAM PA3bI OHY-PAITMOCHUT'HAJIOB, 3BAPET'MCTPUPOBAHHBIX
B AKYTCKE B IEPUO/J COJTHEYHOI'O 3ATMEHUA 20.03.2015

A.A. Kopcakos, B.!. Ko3Jios, P.P. Kapumos, B.B. Aprynos

HucTtutyT KOcModu3ndeckux rccnenoBanuii u asponomun uM. FO.I'. [lladepa CO PAH, Sxytck, Poccus
korsakov84@yandex.ru

LOW IONOSPHERE EFFECTIVE HEIGHT CHANGES ESTIMATED
BY PHASE VARIATIONS OF VLF RADIO SIGNALS REGISTRATED
IN YAKUTSK DURING SOLAR ECLIPSE 20.03.2015

A.A. Korsakov, V.I. Kozlov, R.R. Karimov, V.V. Argunov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B nepuon 19-25 mapra 2015 r. B SIkyrcke NpoBOAMIACH PETUCTPALMS PaJHOCUTHAIIOB
HABUTAIIMOHHBIX CTAHIMK AuanazoHa oueHb HU3kux yactoT (OHY, 3-30 k['m). Ddbdexr conneu-
Horo 3atMeHus 20.03.2015 r. nmposiBuics B Bapuanusax ¢asbl curHaia paauoctanin «KpacHo-
nap» (14.88 kI'm) B 9:36-11:15 UT. Makcumym oTkiioHeHuUs1 ¢a3bl (oTHOCHUTENnbHO 21 mapra
2015 r., 10:45 UT) cocraeun 0.39 paguan. DddextrBHas Beicota h BomHOBOAa 3eMisi—HoHOChepa
(YPOBEHB ITOCTOSTHHOM KOHIIEHTPAIMH 3JIEKTPOHOB HOHOC(HEPHI BIOJH TPACCHI pacIipOCTPAHEHHS)

Ah=HIn(1(®)/1(0)),
riae |(®) — moToK CONHEUHOTO U3NTYyUYCHUs, 3aBUCAIIMN OT JuHEeHHOM (a3el 3armenus @, 1(0) —
MOJIHBIN MOTOK B JIHEBHOE BpeMsi, H — HopmupoBouHbIil ko3¢ ¢umuent. [locrpoeHo pacnpene-
nenue nuHerHou ¢a3el © no paauorpacce Kpacnonap—Skyrck. Ilo Bapuanusm ¢assl paguocur-
Haja oneHeH kodddurment H=6.74+0.54. lI3meHeHne BBICOTHI BOJHOBO/IA TP MaKCUMAJIbHOM
3arenenun Tpacchl Kpacnomap—Skyrck (10:42 UT) cocraBnsier 4 km (62° N, 71° E, ®=59.4 %).

PaGora mogmepxana PODU, mpoexkr Ne 14-05-31056 mon_a, m rpantom Haydno-

oOpa3oBaTenbHOro (oHIa MOIACPKKH MONOBIX yueHbIX Pecniyonuku Caxa (SAkyrus) Ne 2014-
01-0015.

47


mailto:korsakov84@yandex.ru

BHIDD-2015. Cexyusn B. Qusuxa oxono3emMHo20 KOCMU4ecko20 npoCmpancmea

Very low frequency (VLF: 3-30 kHz) radio signals of navigation stations registrated in
Yakutsk during March 19-25, 2015. The effect of solar eclipse 20.03.2015 manifested in phase
variations of the radio signal Krasnodar (14.88 kHz) 9:36-11:15 UT. Maximum phase deviation
(relative to March 21, 2015, 10:45 UT) is 0.39 radians. The effective height of Earth—ionosphere
waveguide h (constant level of the ionosphere electron density along the path):

Ah=HIn(1(®)/1(0)),
where 1(®) — solar radiation flux, depending on the linear phase of the eclipse @, 1(0) — the
daytime solar flux, H — normalization factor. The distribution of the linear phase @ on the path
Krasnodar—Yakutsk (200 km intervals, 3 min. resolution) built. The factor H=6.74+0.54 estimat-
ed by phase deviations radio signal Krasnodar. The waveguide height changing at maximum
shading path is 4 km (62° N, 71° E, ®=0.594).

The study supported by RFBR No. 14-05-31056 mon_a, by “Scientific and Educational
Foundation for Young Scientists of Republic of Sakha (Yakutia)” No. 2014-01-0015.

MATEMATHUYECKOE MOJAEJIUPOBAHUE PACITPOCTPAHEHMUSA
KB-PAJUOBO.JIH B HEPHO/J] BHE3AITHOT'O CTPATOC®EPHOT'O IOTEINJIEHWA
B AHBAPE 2009 r. U TEOMATI'HUTHOU BYPH 26 CEHTABPA 2011 r.

L 22!.C. KoroBa, L2pm.B. Kaumenko, ’B.B. Kaumenko, 'B.E. 3axapos,
’}O.H. Kopenbkos, L2g.c. Beccapad

'Banruiicknii penepanbbii yauBepeuter um. W. Kanra, Kanuuuarpaz, Poccus
ZamaHoe oTaeneHne MHCTHTYTa 36MHOTO MArHETH3MA, HOHOC(EpH i pacnpocTpaHeHUs PaTHOBOITH
uMm. H.B. [lymkosa PAH, Kanuaunarpan, Poccus
darshu@yandex.ru

MATHEMATICAL MODELING OF HF RADIO WAVE PROPAGATION DURING
SUDDEN STRATOSPHERIC WARMING IN JANUARY 2009
AND GEOMAGNETIC STORM ON 26 SEPTEMBER 2011

12D s, Kotova, ¥ ?M.V. Klimenko, 2V.V. Klimenko, V.E. Zakharov,
2Yu.N. Koren’kov, 1 F.S. Bessarab

!1. Kant Baltic Federal University, Kaliningrad, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave
Propagation, Kaliningrad, Russia

Jns uccnenoBaHus ObUTM BBIOpaHBI CHUJIBHOE BHE3AMHOE CTpaTocepHOE NOTEIUICHUE
(BCII), nabmonasmeecst 23—27 suBapst 2009 r., u reomarautHas O0ypst 26—29 centsa6ps 2011 r.
OTH NepUOIbI XapaKTEPU30BATUCH HU3KOHM comHeuHoi akTuBHOCTRIO (F10.7~70-100). ITux BCII
npuxoauics Ha 23-24 sHBaps. PaccmarpuBaroTcs pe3yibTaThl HCCIEIOBaHUS TepMochepHO-
nonocdepHoro otknrka Ha BCII u reoMarautHyto Oypro, MOJy4eHHbIE C UCIOIb30BAHUEM TJ10-
0anpHOM camMoOCOrjJacoBaHHOM Mojaenu Tepmocdepsl, noHochepsl u mnpotoHocdepst (I'CM
THUII). Ota Mozenb UCTIONB3YEeTCS B Ka4eCTBE CPENbl JIIs U3yUYEHHUs PacHpOCTPaHEHHUs] KOPOT-
KHX PaJUOBOJH B MEPHOJBI dTHX COOBITHMA. J{JIs MOJENnupoOBaHUs paclpOCTPAHEHUsS Pajivo-
BOJIH HCIIOJIB3YETCSl MOJIENb, IOCTPOEHHAs! B NMPUOJIMKEHUN TeoMeTpuueckoi ontuku. Pac-
CMaTPHUBAETCSl TPEXMEPHOE PacIpOCTpaHEHNE B SKBATOPUATIBLHOW, CPETHEITMPOTHOW U BBICO-
KOLIMPOTHOM obnactsax noHocdepsl. MccaenyeTcss moBeaeHue UHTErpagbHOTrO U AuddepeH-
LMaJbHOTO 3aTyXaHWM BJOJIb JIy4eBBIX TpaekTopuil. PaboTa BbimonHEHa NMpu (PpUHAHCOBOU
noanepxkke Cosera mo rpantam I[pesuaenta PO (mpoekt MK-4866.2014.5), PODU (mpoekT
Ne 14-05-00578), a Takke B pamKkax npoekta «Du3nueckne MexaHu3Mbl (HOPMHPOBAHHSI peak-
IIUU BepxHel atMocdepbl 1 noHOchephl Ha MPOIIECcChl B HIKHEH aTMocdepe U Ha ITOBEPXHOCTH
3emun» (3aganue Ne 3.1127.2014/K).
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The cases of a strong sudden stratospheric warming (SSW), which took place on January
23-27, 2009 and geomagnetic storms on 26 September has been selected for study. These peri-
ods were characterized by low solar (F10.7~70-100) activity. Peak warming accounted for on
January 23-24. We present our investigation results of thermosphere-ionosphere response to the
SSW obtained using Global Self-Consistent Model of the Thermosphere, lonosphere and Pro-
tonosphere (GSM TIP). In this paper, this model is a medium for studying HF radio wave propa-
gation during SSW and storm events. We used the model of HF radio wave propagation, based
on geometric optics approximation. We consider the three-dimensional propagation in the equa-
torial, mid- and high-latitude regions of the ionosphere. We study integral and differential atten-
uation along the ray paths. Investigations were carried out with the financial support of Russian
President MK-4866.2014.5, RFBR Grant Ne 14-05-00578.This work was partially carried out
within the project “Physical mechanisms of the reaction of the upper atmosphere and ionosphere
on the processes in the lower atmosphere and on the Earth surface” (State task Education and Sci-
ence Ministry of the Russian Federation, the competitive part of the task No. 3.1127.2014/K).

HA3EMHOE BO3PACTAHUE UHTEHCUBHOCTH
KOCMMYECKHUX JIYYEHN 6 HOABPSA 1997 r.

M.B. Kpasunosa, B.E. Cnoonos

WuctutyT comneuno-zemuoit puzuku CO PAH, Poccust, UpkyTck
rina@iszf.irk.ru

GROUND-LEVEL ENHANCEMENTS OF COSMIC RAYS ON NOVEMBER 6, 1997
M.V. Kravtsova, V.E. Sdobnov

Institute of Solar-Terrestrial Physics, Russia, Irkutsk

[To naHHBIM HA3eMHBIX U CITyTHHUKOBBIX HAOJIIOAEHNI HHTEHCUBHOCTH KOCMHYECKHX JTydeit
(KJI) ma MuUpOBOM ceTH CTaHUUA METOAOM CHEKTpPOrpaduyeckoil Trio0ambHON CHEMKH
UCCIICIOBAaHbl BapHallii XECTKOCTHOTO CHekTpa W aHusorporus KJI B mepmon HazeMHOTo
Bo3pactanus uHTeHcuBHOCTH KJI (GLE) 6 HOs6pst 1997 .

[pencraBiieHbl )KECTKOCTHBIE CIIEKTPHI, CTIeKTphI Bapuarmii KJI 1 oTHOCHTENTbHBIE H3MEHEHUSI
uHTteHcuBHOCTH KJI ¢ sxectkocThio 4 I'B B COMHEUHO-3KIMIITHYECKON T'€OLEHTPUYECKOI cucreme
KOOpAIMHAT B OTIEIBHBIC TEPUOABI HCcIeayeMoro cooObitus. IlokasaHo, 49To BO Bpems
paccMaTpuBaeMoro coObITHS HaONIOAANOCh YCKOpeHue MmpoToHoB a0 R~7 I'B, onHako
muddepeHManbHble KecTKocTHbIE cnekTpbl KJI B quanasone kectkocreil ot ~0.3 o ~7 I'B He
OIUCBIBAIOTCSA HU CTENEHHOM, HU 3KCHOHEHIMAILHOM (PYHKLMSAMHU KECTKOCTH YacTull. B MoMeHT
GLE 3ems Haxoauiach B METIC00PA3HON CTPYKTYPE MEKIUIAHETHOTO MArHUTHOTO TIOJISI.

We have investigated the variations of rigidity spectrum and anisotropy of cosmic rays (CRS)
during GLE of November 6, 1997, using ground-based and satellite observations of the CR intensity
on the worldwide network of stations. The spectrographic global survey has been used.

This paper presents the rigidity spectrum, CR variation spectra and relative variations of
the CR intensity with a rigidity of 4 GV in the solar-ecliptic geocentric coordinate system at
certain periods of the event. The acceleration of protons during this GLE is shown to happen
up to R~7 GV. The differential rigidity spectra of CRs in the range of rigidities from ~0.3 to ~7
GV during the event under consideration are not described by a power or exponential function of
particle rigidity. During GLE, the Earth was in the loop-like structure of the interplanetary magnetic
field.
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CPABHUTEJIbHBIN AHAJIN3 ITYMOB
B OHEHKAX ITOJIHOT'O 2JIEKTPOHHOI'O COAEP KAHUA NOHOCDEPHI
11O JAHHBIM ITIPUEMA CUT'HAJIOB I'EOCTAIIMOHAPHbIX
HABUT'AIIMOHHBIX CITYTHUKOB

L2 E. KyHuupbiH, rA. Kypo6aToB, L2A.M. IMapoxun, ’JO.B. SIciokeBuy

"MockoBckuii rocyaapcTennblit yausepeuter uM. M.B. JIomonocosa, MockBa, Poccus
yasukevich@iszf.irk.ru
*MuctaTyT comuedno-3emuoi ¢pusukn CO PAH, Vpkytck, Poccrs

COMPARISON OF NOISE PATTERNS
IN IONOSPHERIC TOTAL ELECTRON CONTENT ESTIMATIONS FROM
SIGNALS OF GEOSTATIONARY NAVIGATIONAL SATELLITES

L2y E. Kunitsyn, 'G.A. Kurbatov, ">A.M. Padokhin, >Yu.V. Yasyukevich

Lomonosov Moscow State University, Moscow, Russia
®Institute of Solar-Terrestrial Physics, Russia, Irkutsk

C pa3BuTHeM MPUEMHOH anmnapaTypsl U MOSBICHUEM B OPOUTAIBHBIX TPYNIUPOBKAX HABU-
TaIIMOHHBIX CHCTEM I€OCTAIMOHAPHBIX CITYTHUKOB, MEPEIAIONINX CUTHAIBI HAa JBYX KOTEPEHT-
HBIX YacToTax L-amMamna3oHa, MosiBUIaCh BO3MOXHOCTh HCIIONB30BaTh 3TH CIYTHUKH JUIS UCCIIe-
JOBaHMSI TOJTHOTO 3ekTpoHHOTro coaepxkanus (I19C) monocdeprr. IIpu 3TOM MHTEpec mpea-
CTaBJIIET KauyeCTBO IMOJY4YaeMbIX JIaHHBIX, B MEPBYI OYepelb, YPOBEHb IIyMa B OI[€HKaX
I125C. B paboTe mpuBOASITCS pe3yJIbTaThl CPABHUTEIHHOTO aHAIN3a YPOBHS IIyMa B OIIEHKAX
[15C no gaHHBIM pUEMa CUTHAJIOB T€OCTAlIMOHAPHBIX CIIYTHUKOB cucTeM AuddepeHnnaibHon
koppekmuu: uaauickoit GAGAN, espomneiickoit EGNOS, amepukanckoit WAAS, a takxke Ku-
taiickoit HaBuranmontnou cucteMbl COMPASS/Beidou. Hcmonbp30BaHbl TaHHBIE ABYX IPHEM-
HBIX TYHKTOB (B eBponeiickoil yactu Poccun u B CIIIA), ocHallleHHBIX T'€0A€3UNYECKUMU IIPUEM-
nukamu JAVAD Delta3. TTokasano, uro npu oreake [19C mo gaHHBIM Te0CTalMOHAPHBIX CITYT-
HUKOB HaBurannoHHou cuctrembl COMPASS/Beidou ypoBeHb miyma B pa3bl MEHbIIE, YEM MPU
ouenke TEC mo manHbIM cucteMm mud¢epeHIraaIbHOi KOPPEKIUU, U COOTBETCTBYET YPOBHIO
myma B ganabix GPS/TJIOHACC.

With the development of receiving equipment and GNSS constellation the dual fre-
quency L band transmissions are now available from a number of geostationary satellites.
These signals can be used for ionospheric total electron content (TEC) estimations. In this
connection, the quality of these data, first of all the level of noise in such TEC estimations is
of great interest and importance. In this work we present the results of the comparison of the
noise patterns in TEC estimations using signals of geostationary satellites of augumentation
systems such as indian GAGAN, european EGNOAS and american WAAS, as well as the
signals of chinees COMPASS/Beidou navigational system. We used data from two receiving
sites (in european part of Russia and in USA) equiped with JAVAD Delta3 receivers. We
show that noise level in TEC estimations based on geostationary satellites of COM-
PASS/Beidou system is times smaller than for SBAS and corresponds to those of
GPS/GLONASS.

O MPU3HAKAX NEPEMEIIAIOIIUXCS HOHOC®EPHBIX BO3MYIIEHUM
HA NOHOT'PAMMAX

O.A. JIapwonun, B.!. Kypkun

UnctutyT conneuno-zemuoit puzuku CO PAH, Upkyrck, Poccus
laroleg@inbox.ru
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ON THE TRAVELING IONOSPHERIC DISTURBANCES SIGNATURES
ON THE IONOGRAMS

O.A. Laryunin, V.I. Kurkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

MHorosny4eBoCTh Ha MOHOTpaMMax MOKET OBITh CBs3aHA C MEPEeMEUIAIONIMMUCSI HOHO-
cepHBIMU BO3MYIICHHSIMA M TPOSIBIATHCS B BHJIE TaK Ha3bIBaeMbIX CEpHOB. B cBs3u ¢ 3TUM
MPEJICTaBIIsIeT UHTEPEC CPAaBHEHUE MPHU3HAKOB MEPEeMELIAIONINXCd HOHOC(PEPHBIX BO3MYILECHUH,
XapaKTEPHBIX JUIsl BEPTUKAIBHOTO, CTA00HAKIIOHHOTO U HAKIIOHHOTO 30HAMPOBAHUSI.

B xauecTBe MoJien BO3MYILIEHUS MOXKET OBITh HCIOJb30BaH «HAKJIOHHBIN CIIOI» — MO-
Jielb, B KOTOpPOM cIaj 3JEKTPOHHOW KOHIEHTPALMM B HAIpPaBJICHUU, MEPIEHIUKYISIPHOM
dbponty, onuckiBaeTcsi 3akoHOM ['aycca. LlenecooOpa3HO Takke pacCMOTPEHHE BO3MYLICHUS
BOJIHOOOPA3HOTO THIA, OTPAHMYEHHOTO 110 BBICOTE TayCCHAHOM.

PacueTsl NOKa3bIBAIOT, YTO B 3aBUCUMOCTH OT TUIIA U MapaMETPOB BO3MYILECHHS HAa CHUHTE-
3UPOBAaHHOW HMOHOTPAMME BEPTUKAJIBHOIO 30HAMPOBAHMSI MHOIOJIYYEBOCTH OTCYTCTBYET WIIU
BbIpa)KeHa c1abo, TOrja Kak Ha MOHOTpaMMe HAKJIOHHOTO 30HJMPOBAHHUS OHA MOXXET UMETh
MECTO B IIMPOKOM JMAINA30HE YaCTOT.

Multipath propagation can be associated with traveling ionospheric disturbances (TIDs)
and appear as cusps. Therefore it is expedient to compare TID features typical for vertical, quasi-
vertical and oblique sounding.

To simulate a disturbances we can use a model of “tilted layer” which implies Gaussian
electron density decrease in a direction normal to the wavefront. A model of undulating disturb-
ance localized heightwise can be used as well.

The simulation demonstrates that cusps display multipath propagation for oblique sounding
whereas vertical and quasi-vertical ionogram cusps practically does not display multipath
propagation.

OCOBEHHOCTHU ®OPBYUWI-DDP®EKTOB, CO3IABAEMbIX
BBICOKOCKOPOCTHBIMH IIOTOKAMMU U3 KOPOHAJIBHBIX /IbIP,
B MUHUMYME 1 HA ®A3E POCTA 24 IIUKJA COJTHEUYHO AKTUBHOCTH

'A.M. Masium6aes, ‘O.H. KpsikyHosa, ?A.B. Benos, 2A.A. AOyHHUH, ’MLA. AOyHuHa,
°E.A. Epomenko, "N.J1. Henakuna, r. HlapunoBa

l)quepHee TOBAPUIIIECTBO C OTPAHMYCHHON OTBETCTBEHHOCThIO «IHCTUTYT HOHOCHEPHI,
Ammatsl, Ka3zaxcran
nanozavr@mail.ru
2I/IHCTI/ITyT 3eMHOI'0 MarHeTusma, noHocdeps! u pacnpocrpanenus paanoBoid uMm. H.B. ITymxkosa PAH,
Tpouuk, Mocksa, Poccus

FEATURES OF FORBUSH EFFECTS CREATED BY HIGH-SPEED STREAMS
FROM CORONAL HOLES IN THE MINIMUM AND GROWTH PHASE
OF THE SOLAR CYCLE 24

'A.M. Malimbayev, *O.N. Kryakunova, A.V. Belov, >’A.A. Abunin, °M.A. Abunina,
“E.A. Eroshenko, 'I.L. Tsepakina, 'G. Sharipova

Institute of lonosphere, Almaty, Kazakhstan
“Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia

UccnenoBanbl hopOym-3¢h(hekTsl B KOCMUYECKUX JTydax, BRI3BAHHBIC BIUSHHUEM BBICOKOCKO-
POCTHBIX MOTOKOB IIIa3MbI U3 KOPOHATBHBIX JIbIP, B MUHUMYME U Ha (haze pocra 24-To IMKIIa COl-
HEYHOW aKTUBHOCTH. PaccMoTpeHbl HanboJiee MHTEPECHBIE COOBITHS 32 YKa3aHHBIN MEPHOJ] BpeMe-
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HU. B uccnenoBannu OblTa MCMONb30BaHa 0a3a JaHHBIX 1Mo (opOym-3ddexram, coznannas B 13-
MUPAHe, coneprkariasi 3Ha4eHUS] MHTEHCUBHOCTH U BEKTOPOB aHU30TPOIMH KOCMHUYECKHX JIydei,
MOJIyYEHHBIE METOAOM IIOOAIbHONW CHEMKH I10 JIAHHBIM MHPOBON CETH HEWTPOHHBIX MOHHMTOPOB.
Ommcanbl ocobeHHOCTH (OpOYII-3(h(HEKTOB, CO3MaBAEMbIX BBICOKOCKOPOCTHBIMH TTOTOKAMH COJI-
HEYHOT'0 BETPa U3 HU3KOILMPOTHBIX KOPOHAJIBHBIX JBIP.

The Forbush effects in cosmic rays under the influence of high-speed stream from coronal
holes in the minimum and growth phase of the solar cycle 24 have been investigated. The most re-
markable events for this period have been reviewed. The database on Forbush effects created at 1Z-
MIRAN, with cosmic ray density and anisotropy calculated by the Global Survey Method (GSM) on
the basis of Neutron Monitor network data has been used. The features of the Forbush effects pro-
duced by high-speed solar wind streams from low-latitude coronal holes have been described.

OCOBEHHOCTHU ONNPEAEJIEHUA ABCOJIIOTHOT O IT2C
B PA3JIMYHBIX TOYKAX 3EMHOI'O IITAPA

AA. MbBLILHHKOBA, 1.250.B. SIciokeBuu

"Mucturyt conueuno-3emuoit husuxn CO PAH, UpkyTck, Poccust
manna@iszf.irk.ru
2I/IpKyTCKI/H71 rocyJapcTBeHHbIN yHUBEpcHTeT, UpKkyTck, Poccust

PECULIARITIES OF ESTIMATING ABSOLUTE TEC
IN DIFFERENT REGIONS

'A.A. Mylnikova, *?Yu.V. Yasyukevich

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
®Irkutsk State University, Irkutsk, Russia

IIpu BoccTaHOBJIEHNU a0COIIOTHOIO BEPTHKAIBHOIO MOJIHOIO 3JEKTPOHHOIO COJEpIKAHUS
(IT2C) ¢ ucnonpzoBannem GPS/GLONASS 0Oosnblioe BiIusHUE Ha TOYHOCTH OKasbIBaeT (pyHK-
st mpeobpasoBanus HakiioHHOTO [19C B BepTukanbHoe (Mapping function). [poananu3upoBaHbl
¢byHKIMU 1TpeoOpa3zoBaHus I pAla TOUYEK 3€MHOIO Ilapa, BKIOYas peruoH Mpkyrcka. AHamu3
npoBefieH ¢ ucnoip3oBanueM ctaHuuii GPS/GLONASS, Bxondmmx B MEXIyHAPOJIHYIO CETb
IGS, a Tax:xe Ha OCHOBE JaHHBIX, CMOJIEIMPOBAHHBIX C IIOMOILBIO MEKYHAPOIHOM CIIPaBOYHON
mozenu IRI-2012. [TonpaBka, KOTOpY¥0 HEOOXOAUMO BBOAUTD ISl IPe0Opa30BaHUS HAaKIIOHHOTO
II2C B BeprukanbHoe, cocrasisieT npumepHo 0.97 ans Mpkyrcka u 0.94 111 apKTHYECKUX ILUPOT.

When we evaluate absolute vertical total electron content (TEC), a mapping function influ-
ence a lot on the accuracy. We have analyzed the mapping functions for a number of points of
the globe, including Irkutsk region. The analysis was performed using the GPS/GLONASS sta-
tions, included in the international 1GS network, as well as based on simulating with internation-
al reference model IRI-2012. The correction a, which must be entered to convert slant TEC to
vertical TEC, is ~0.97 for the Irkutsk, 0.94 — for the Arctic region.

NMPUMEHEHHUE METO/JIA TIOATAJKABAHMUSA YIIPYT Ol HUTH
JIJISI PACUETA PAJJUOTPACC B HEOJHOPOIHBIX CPEJIAX

'n.A. Hocukos, TL.®. Beccapao, L3M.B. Kaumenko, °B.B. Kaumenko, L3p.C. Bbeccapad,
L3]1.C. Korogra, 'B.E. 3axapos

"banruiickuii Gpenepanbublii yauepcuter uM. . Kanta, Kanuuuurpan, Poccus
igor.nosikov@gmail.com
2KopOJIeBCI<I/II7I TEXHOJIOTHYECKH HHCTUTYT, CTOKTONBM, L1IBETTNS
*3amanHoe otaenenne MHCTHTYTA 36MHOTO MarHETH3MA, HOHOC(EPH! ¥ PACTIPOCTPAHCHHUS PAHOBOITH
nM. H.B. Ilymkosa PAH, Kanunaunrpan, Poccus
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APPLICATION OF THE NUDGED ELASTIC BAND METHOD FOR
THE IONOSHERIC RAY TRACING IN HETEROGENEOUS MEDIA

'1.A. Nosikov, 2P.F. Bessarab, »*M.V. Klimenko, 3V.V. Klimenkao,
13F S. Bessarab 1 ®D.S. Kotova V.E. Zakharov

'1. Kant Baltic Federal University, Kaliningrad, Russia
“Royal Institute of Technology, Stockholm, Sweden
West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Kaliningrad, Russia

[TpuBeneHbl OCHOBHBIC MOJIOKCHUSI METO/Ia MOATAIKUBAHUS YIPYTOH HUTH M €0 MpUMe-
HEHUe JJis pacueTta paauoTpacc BoiH KB-nuana3ona. B ocHoBe mpeniaraeMoro mojixo/ia jJexxuT
BapHAIMOHHBIA MPUHIUN 11 (YHKIIMOHATA ONTHYECKON UTMHBI paanonyda (mpuHun depma).
B nmpennaraeMom metozie ynopsaoueHHBIM Ha0Op TOYEK, SBJSIOLIUIICS JTUCKPETHBIM IMPEICTaB-
JICHUEM DPaJroJIyda, IMOCIIeI0BATeILHBIME MOMEPEYHBIMU TPaHCHOPMAIUSAMHU MIPeoOpa3yercss K
ONTUMANFHON KOH(UTryparuu. i HaX0XKAEHHUS ONTHUMATBHOTO MOJIOKEHHUS TOYEK HCIOIb3yeTCs
rpajveHT (pyHKIHOHATA OT TEKYIIETO MOJOKEHUS TOYeK. BaKHBIME OCOOCHHOCTSMHU METO/A SIB-
JISIOTCS TMKBUJIAIUST KOMIIOHEHTHI TpaiieHTa (PyHKIMOHAA, HAIIPAaBIEHHOW BAOJIb TPAEKTOPUH,
U BBEJICHHUC YIPYTOW CHIIBI MEXIY TOYKAMH, YTO MO3BOJISIET KOHTPOJIMPOBATH paclpeeiieHne
TOuYeK BIOJb Tpacchl. Koadduiuent ynpyroctu paccuuThiBaeTcs B 3aBUCUMOCTH OT KPUBHU3HBI
TpacKTOpUH. J[aHHBI METOJT TIO3BOJIICT HAXOAUTh MHOXKECTBO PEHICHUH M PACCUUTHIBATH MHO-
TOCKAuKOBBIE Tpacchl. MeTo/1 MOATANIKUBAaHUS YIPYroi HUTU ObUI IPUMEHEH JJIs pacuera paauo-
Tpacc B TPEXMEPHOM CIIydae B CPEZe ¢ MOKa3aTesieM MPEIOMIICHHS, PACCYMTAHHBIM TI0 TJI00aIBHOIM
caMocoriIacoBaHHON Mozenu Tepmochepsl, HoHochepsl u npotoHochepsl ('CM THUII). Pabota BbI-
NoJTHEHa TIpy (uHAHCOBOW momnepkke rpanta [Ipesunenta PO Ne MK-4866.2014.5 u rpanrta
PODU Ne 15-35-20364 mon_a Bea U MPOBOJIWIACH B paMKax MpoekTa «Du3nyeckue MeXaHU3Mbl
(hopMUPOBAHUS PEAKIMH BEPXHEH aTMOC(Epbl 1 HOHOCHEPHI Ha MPOIIECCHl B HIDKHEH aTMocde-
pe U Ha MOBEPXHOCTH 3eMiin» (rocyaapcTBEHHOE 3a1aHre MUHUCTEPCTBA 00pa30BaHMsI U HAYKH
P®, xonkypcHas dacts, 3aganue Ne 3.1127.2014/K).

The nudged elastic band method (NEB) for calculating the HF radio paths is proposed and
realized. The method is based on direct utilization of the variational principle for the optical path
(Fermat's principle). The idea is to transform an arbitrary trajectory to an optimal one, while the
endpoints of the trajectory are kept fixed according to the boundary conditions. We propose a
version of such a direct variational method, where only transverse displacements of the radio
wave ray are used in the optimization algorithm. In our method, a chain of points which gives a
discrete representation of the ray is adjusted iteratively to an optimal configuration. Early the
method has been applied to various test problems in 2D approach. Results show a good agree-
ment with known analytical solutions. Point's distribution along the path controlled by spring
forces between them. The elastic coefficient is depended on the curvature of the trajectory. This
method can find the set of solutions and obtain multi-hop ray paths. The method has been ap-
plied to study 3D point-to-point ionospheric ray tracing where the properties of the propagation
media have been derived using the Global Self-consistent Model of the Thermosphere, lono-
sphere and Protonosphere (GSM TIP). This study was financially supported by Grants from the
RF President MK-4866.2014.5 and RFBR No. 15-35-20364.
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IIYJbCAIIUU TEOMATHUTHOI'O ITIOJIA U ABPOPAJIBHOI'O CBEYEHUA
B IUAITIA3OHE 1-4 mI'u B ITIOJIAAPHOU IIIATIKE
U BBJIN3U MMOJIIPHON I'PAHUIIBI ABPOPAJIBHOI'O OBAJIA.
«BECTPUITEPHBIE» CYBBYPU U NIPEJABECTHUKHU CYBBYPb

H.c. Hocukosa, H.B. Srosa, 12 A. IInnaunenko, '0.B. Ko3bipesa,
3J1. JlopeHeH, 3T Bannenei

"Mucturyt gusuxu 3emaun um. O.10. Imuara PAH, Mocksa, Poccus
natanosik@yandex.ru
2I/IHCTI/ITyT kocMmuueckux uccienosannii PAH, Mocksa, Poccus
*Yuuepcurerckuii Lientp va Cans6apze, Jlowritup, [lmuubepres, Hopserus

1-4 mHz GEOMAGNETIC AND AURORAL LUMINOSITY PULSATIONS
IN POLAR CAP AND NEAR THE POLAR BOUNDARY
OF THE AURORAL OVAL. “TRIGGERLESS” SUBSTORS
AND SUBSTORM PREDICTORS

IN.S. Nosikova, *N.V. Yagova, > 2V.A. Pilipenko, '0.V. Kozyreva,
3D. Lorenen, L. Baddeley

'Schmidt Institute of Physics of the Earth RAS, Moscow, Russia
’Space Research Institute RAS, Moscow, Russia
University Centre in Svalbard, Longyearbyen, Svalbard, Norway

W3yuenbl mapaMeTpbl TEOMarHUTHBIX MYJIbCAIIMA U MYJIbCAIIUH aBPOPATLHOW CBETHMOCTH
B yactoTHOM auamnasone 1-4 mI'1 (Pc5/Pi3) B mepuoasl HU3KO# BO3MYIIICHHOCTH, PEAIIECTBY-
IOIUE W30JIMPOBAHHBIM CYOOYpsIM, U B MAarHUTOCIIOKOWHBIE JHU. COMOCTaBICHBI CIIEKTPAIbLHBIC
rapaMeTpsl MyJIbCAHA aBPOPATLHON CBETUMOCTH M TEOMAarHUTHOTO ITOJISI B MTOJIIPHOM IIANKe U
Ha TOJIIPHOW T'PAHHUIIE aBPOPAIBHOTO OBaya. JlJIsi CPaBHUTEILHOTO aHAIM3a JTaHHBIX CETH Mar-
automerpoB IMAGE u mepuamoHanbHoro ckanupyomero goromerpa (o. IInumndepren) ObLI
WCIIOJIb30BaH KPOCC-CIIEKTPAIBHBIN aHAU3, a Ui BBIICTCHUS CICHU()UISCKUX BapHAallHid, CBsI-
3aHHBIX C MOATOTOBKOW cy0Oypu (TpeaBecTHUKA cy0Oypu), — MeToA HanoxeHHbIX 310X (SPE,
SuperPosed Epoch).

We study parameters of the polar auroral and geomagnetic pulsations in the frequency
range 1-4 mHz (Pc5/Pi3) during quiet geomagnetic intervals preceding isolated auroral sub-
storms and non-substorm background variations. The spectral parameters of pulsations of auroral
luminosity in the polar cap and near the polar boundary of the auroral oval are studied and com-
pared with those for the geomagnetic pulsations in the same frequency range. Cross-spectral
analysis is used to analyze the time series of the geomagnetic data from IMAGE magnetometer
network, and the data on auroral luminosity measured by Meridian Scanning photometer (Sval-
bard) and superposed epoch (SPE) analysis is applied to reveal pre-substorm variations (sub-
storm precursors).

ITPOSIBJIEHUSI TEPEKPBITUS KOJIBIHEBOI'O TOKA C BHEIIIHEHA .
IINTIABSMOC®EPOU B IMHAMMKE SAR-AYI'U U ITYJbCHUPYIOIIUX CUAHUU

C.I'. IlapuukoB, I.b. UeBenko, B.H. AnekceeB

HucTutyT KOcModu3nveckux uccienoBanuii u asponomun uM. FO.I'. [lladepa CO PAH, Sxyrtck, Poccus
Parnikov@ikfia.sbras.ru

MANIFESTATIONS OF THE RING CURRENT OVERLAP WITH THE OUTER
PLASMASPHERE IN THE SAR ARC AND PULSING AURORAE DYNAMICS

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

doromeTpuueckue Habmoaenus Ha Mepuarane Axyrcka (CGMC: 55-60° N, 200° E) mo-
Ka3ajii, 4To BO BpeMs (pa3bl BOCCTaHOBIIEHUS cy00ypu Ha mupoTax SAR-1yru oObryHO HaOIMIO-
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IArOTCsl BCIUIECKH MYJIBCALIMN CBEYEHHS B dMHCCHH 427.8 HM. DTH NIylIbCallid OTOOPaKaroT
MyJIbCUPYIOIIKNE BBICHIIIAHKMS SHEPIrUYHBIX YACTHUI[ KOJILLEBOTO TOKA B 00JIACTH BHEIIHEH I1Ia3-
Mochepsl. B o100 padore MBI IIpemiaracM BO3MOKHBIH MEXaHU3M BO30YKIECHHS HaOJII0JaEMBIX
IIyJIbCcalliii CBeUEHHS. PaccMOTpEHBI HECKOILKO MIPHUMEPOB HAOIIIOACHUIN NyJIbCALIUI CBEUCHUS C
yactotamu 0.05-1 I'y Ha mmporax auddy3Horo cusaus u SAR-gyru. Bo Bcex ciydasx HaOr0-
JlaeMbI€ 9YaCTOThI MOIYJISIIIUH BBICHIIIAHUH MOTYT OBITh OOBSICHEHBI IUKJIOTPOHHBIM PE30HAHCOM
3JICKTPOMArHUTHBIX BOJH C TSOKENIbIMA MoHaMu O+, KOTOpBIE 4acTO JOMHUHUPYIOT B COCTaBe
KOJIBIIEBOT'O TOKAa, BO BpeMs CyOOypb.

Photometric observations at the Yakutsk meridian (CGMC: 55-60° N, 200° E) have shown
that dur-ing the substorm recovery phase at latitudes of SAR arc the luminosity pulsation splashes
in the 427.8 nm emission are usually observed. These pulsations map the pulsating precipitations
of the ring current energetic particles in the outer plasmasphere. In this report we consider possi-
ble mechanisms for the observed luminosity pulsations. Few events of the luminosity pulsation
observation with frequencies of 0.05-1 Hz at the latitudes of diffuse aurora and SAR arc are con-
sidered. In all cases the observed modulation frequencies of precipitations can be explained only
by the cyclotron resonance of electromagnetic wave with heavy O+ ions which can dominate in
the ring current during magnetic storms.

MOJAEJHNPOBAHMUE JOINVIEPOBCKOI'O CMEINEHUA YACTOTbI
B HECTAHUOHAPHOM OJHOPOJHOM PA/IMOKAHAJIE
HA OCHOBE METOJA HOPMAJIBHBIX BOJIH

M.C. Ilen3un, H.B. Liabun

HuctutyT comHeuHo-3emuoi pusuku CO PAH, Upkyrck, Poceunst
penzin.maksim@gmail.com, ilyin@iszf.irk.ru

MODELING OF DOPPLER FREQUENCY SHIFT IN NONSTATIONARY RADIO
CHANNEL BASED ON THE METHOD OF NORMAL WAVES

M.S. Penzin, N.V. llyin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore npencraBieHbl pe3yabTaThl MOIECTUPOBAHUS PACTIPOCTPAHEHHSI KOT€PEHTHOM MO-
CJIeZIOBAaTENIbHOCTH UMITYJIBCOB B paJioKaHalie 3eMiis—MoHOc(epa, BHITOIHEHHOTO B paMKax Me-
TOJIa HOPMaJIbHBIX BOJIH. Mcnosb30BaHNEe KOTEPEHTHOM MOCIEeI0BaTEIbHOCTH UMITYJIBCOB I103-
BOJIMJIO PA3/IeIUTh CUTHAI B TOUKE MpUeMa Ha OT/eNbHbIe JIydyd. Ha ocHOBe JaHHBIX MOJEIHUPO-
BaHUs ObUIA MOJyYy€Ha 3aBUCUMOCTD JIOIUIEPOBCKOTO CMEIIEHHS YaCTOThl OT BPEMEHHM I KaxK-
JIOTO JIy4a B OT/IEIBbHOCTH MPU HATMYHMH NTEPEMEIIAIONIErocs HOHOC(HEPHOT0 BOZMYILEHUS BIOJIb
TPACCHI.

The report presents the results of modeling of the propagation of the coherence pulse se-
quence through the Earth-ionosphere radio channel by the method of normal waves. Using the
coherence pulse sequence allow us to separate signal into rays. Dependencies of the Doppler fre-
quency shift of the time for each ray in the presence of the traveling ionospheric disturbance are
obtained basing on the result of modeling.

MOJEJIb PACIIPOCTPAHEHUSA PAJIMOBOJIH 1JIAA AUATIA30OHA YACTOT
2-10 MI'y HA OCHOBE METOJA HOPMAJIbBHBIX BOJIH

M.C. Ilen3un, C.H. ITonomapuyk, H.B. Unbun

HuctutyT comreuno-3emuoi pusnku CO PAH, Upkyrck, Pocenst
spon@iszf.irk.ru, ilyin@iszf.irk.ru, penzin.maksim@gmail.com
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MODEL OF RADIO WAVE PROPAGATION IN 2-10 MHz FREQUENCY BAND
ON THE BASE OF NORMAL WAVE METHOD

M.S. Penzin, S.N. Ponomarchuk, N.V. llyin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpencraBieH MeTO ONMUCAHMS PACTIPOCTPAHEHHUS PAJMOBOIH B HOHOC(HEPHOM BOJHOBOJIE
B paMKax METO]1a HOPMaJbHBIX BOJIH I quarnazona yactot 2—10 MI'n. Jlana moauduimpoBan-
Has CXeMa pelIeHUs paJualibHOM 3aJa4 U MOCTPOEHHUS CIIEKTpa PaJUalbHOTO OMepaTropa, mo3-
BOJISIIOIAS MPOBOJAUTH BBIYMCIICHUSI, KOT/Ia YaCTOTa CUTHAJIA MOXKET ObITh MEHBIIE MUHUMAJIb-
HOM KPUTUYECKON YaCTOTHI HOHOC(HEPHOTO CJIOSl BIOJIb TPACCHI PACIIPOCTPAHCHHUSI, TIPH YCIOBHH,
YTO CYIIECTBYET PETyJSpPHBIA BOJHOBOJ 3eMisi-MOHOC(Epa U YUCI0 HOPMAIBHBIX BOJIH JIOCTa-
TOYHO BEJIHKO.

In this report we propose the description technique for radio wave propagation in Earth-
ionosphere waveguide in framework of waveguide approach in band from 2 MHz to 10 MHz.
The presented numerical algorithm of solving the radial problem allows us to calculate field for
low-frequency part of decameter range where working frequencies can be lesser than minimal
critical frequency for given path under condition that there exists regular Earth—ionosphere
waveguide and the number of normal waves is sufficiently large.

HNCCIEJOBAHUE ITPOCTPAHCTBEHHOI'O PACHIPEAEJIEHUSA
INOJIHOI'O 3JEKTPOHHOI'O COAEPKAHUSA
B BBICOKOIIMPOTHOU NOHOC®EPE C IIOMOLIBIO CITYTHHUKOB GPS

'H.IL IlepeBanioBa, 'E.B. Pomanosa, - *JLJI. KarameBuesa, - 0.B. Tumogeena

lI/IHCTI/ITyT conHeuyHo-3emuon pusuku CO PAH, Upkytck, Poccust
ZI/IpKYTCKI/Iﬁ rocyAapcTBeHHbIN yHUBepeuteT, UpkyTtek, Poccns
dasyadk@gmail.com

STUDY OF SPATIAL DISTRIBUTION OF TOTAL ELECTRON CONTENT
IN THE HIGH-LATITUDE IONOSPHERE BY GPS SATELLITES

IN.P. Perevalova, 'E.B. Romanova, »?D.D. Katashevtseva, »?0.V. Timofeeva

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
%Irkutsk State University, Irkutsk, Russia

B pabote mpoBeneHo uccienoBaHUE MPOCTPAHCTBEHHOTO paclpeeNieHus] MOTHOTO JJIeK-
TpoHHOTO cofepxanus ([I9C) B BbICOKOIMMPOTHON HMOHOChEpe ¢ momolisio cnyTHUKoB GPS.
Jlist aHamM3a MCIOJIb30BAIMCH JaHHBIC JBYXYACTOTHBIX (Da30BBIX M3MEPEHHM, ITOTYIeHHBIE 4—6 Mast
2013 r. Ha Tpex BricoKkomMpOoTHBIX cTaHnusax GPS: NRIL (Hopunbsck), LOV] (Mypmanck), TIXI
(Tukcm). Ha HEKOTOpBIX TydaX MPHUEMHUK—CITYTHHK, ITPOXOAIINX K CEBEPY OT CTaHIUM (B 00-
nactu mupot 72-84° N), oOHapy»)eHO pe3koe yMeHbleHne win yBennuerne [19C. D10 o3Hauaer,
YTO Ha JIAaHHBIX IIUPOTaX B HOHOC(EPE CYIIECTBYET OrpaHMYCHHAs 00J1aCTh ¢ TIOHM)KCHHOU dJIeK-
TPOHHOM KOHIIEHTpaluer (mpoBaia noHu3anuu). IlomydeHHbIe pe3yabTaThl COTJIACYIOTCS C JIaH-
HBIMH YHCJICHHOTO MOjenupoBaHus. PaboTa BbIMOJIHEHA MpU MOAJEpKKe TpaHTa Poccuiickoro
HayuHoro ¢onza (nmpoekt Ne 14-37-00027).

In this work, we have studied spatial distribution of the total electron content (TEC) in the
high-latitude ionosphere by GPS satellites. For the analysis, we have used data of two-frequency
phase measurements obtained on May 4-6, 2013 at three high-latitudional GPS stations, namely,
NRIL (Norilsk), LOVJ (Murmansk), TIXI (Tiksi). We have detected a sharp decrease or increase
of TEC on some receiver—satellite lines of sight passing northward the stations (in the latitude
range 72-84° N). This means that a local region with low electron density («ionization trough»)
exists in the ionosphere at these latitudes. The obtained results are consistent with the data of
numerical simulation. This work was supported by the Grant of the Russian Scientific Founda-
tion (Project No. 14-37-00027).
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NCCIEJOBAHUME YPOBHSA BOSMYIIEHHOCTH ITOJIHOI'O
SJIEKTPOHHOI'O COAEP)KAHUSA B CPEJHEIIMPOTHOM
N APKTUYECKOM PETHTOHAX 11O JAHHBIM GPS

‘Ha. IlepeBaJjioBa, 'nK. Enemckuii, 120.B. Tumo eeBa,
L ZI[.I[. KarameBuena, 'A.C. Moaskosa

lI/IHCTI/ITYT conHeuno-3emuou ¢usnku CO PAH, Upkytck, Poccust
2I/Ip}(yTCKI/Iﬁ roCyJ1apCTBEHHBIN yHUBEpcUTET, UpKkyTCcK, Poccus
olga.timofeeva.1994@yandex.ru

STUDY OF THE LEVEL OF TOTAL ELECTRON CONTENT DISTURBANCE
IN MIDDLE-LATITUDE AND ARCTIC REGIONS FROM GPS DATA

IN.P. Perevalova, 'I.K. Edemsky, »'%0.V. Timofeeva,
12D D. Katashevtseva, A.S. Polyakova

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
®Irkutsk State University, Irkutsk, Russia

B pabore npoBeneHO cpaBHEHHE YPOBHS BO3MYIIEHHOCTH IIOJHOIO 3JIEKTPOHHOTO COACPIKa-
Hus (I19C) B cpeIHEMPOTHBIX ¥ BBICOKOIIMPOTHBIX 001acTsaX noHocdepsl B 2013 r. ¢ moBeAcHHEM
reoMarHuTHBIX HHACKCOB AE, Dy, K. s xapakTepuctuku ypoBHs BosMyteHHOCTH [19C ncmonb-
3oBajicst crienmanbHbli uHAEKC WTEC, paccumrtannbnii mo ganHbiM craHmmid ORDA (Ycombe-
Cubupckoe), MOND (c. Monggsr), NRIL (Hopuisck). BeisiBiieHO, 4TO B BRICOKHX IIMPOTAX IOBEJE-
nue WTEC xopomo koppenupyer ¢ Bapuanusmu AE u xyke — ¢ mnoBeaeHueM uHuekca Dg. B
cpennux mmpoTtax noseaenue WTEC xopomio cornacyercs ¢ BapuanusMu Dg. MHUHMMaTbHBIN
ypoBeHb Bo3MyIIeHHOCTH [ID9C He 3aBUCHT OT ce30Ha B ApKTHYECKOM peruoHe. B cpegnux mmpo-
Tax 3HaYCHHE MUHUMAJILHOTO YPOBHS BO3MYIIICHHOCTH JISTOM BBIIIE, YeM 3uMoid. PaboTa BeImoIHE-
Ha IpU NoJIepIKKe TpanTta Poccuiickoro Hay4Horo ¢oHma (mpoekt Ne 14-37-00027).

We have compared the level of disturbance of the total electron content (TEC) in the iono-
spheric middle-latitude and high-latitude regions in 2013 with the behavior of AE, D, K, geo-
magnetic indexes. The level of TEC disturbance has been characterized by a special index
WTEC calculated, using data of three GPS stations, namely, ORDA (Usolye-Sibirskoye),
MOND (Mondy), NRIL (Norilsk). We have revealed that at high latitudes the WTEC behavior
correlates well with the AE variations. Correlation between WTEC and D behavior is much
less. At the middle latitudes, the behavior of WTEC agrees well with the D variations. The min-
imum level of TEC disturbance doesn’t depend on the season in the Arctic region. At the middle
latitudes, the minimum level value is higher in summer than in winter. This work was supported
by the Grant of the Russian Scientific Foundation (Project No. 14-37-00027).

CHHEKTPO®OTOMETPHUSA CPEJHEHINPOTHBIX CUSTHUM, HABJIIOJABIIIUXCA
B PETMOHE BOCTOYHOU CUBUPU BO BPEMS MAT'HUTHbBIX BYPb
27 ®EBPAJIA 2014 . U 17 MAPTA 2015 1.

C.B. IloayecHblii, A.B. MuxajieB

HuctutyT conHeuHo-3eMHOl ¢usuku CO PAH, Upkyrck, Poceuns
step8907@mail.ru

SPECTROPHOTOMETRIC OBSERVATIONS OF MID-LATITUDE AURORAS
IN EASTERN SIBERIA DURING THE FEBRUARY 27, 2014
AND MARCH 17, 2015 MAGNETIC STORMS

S.V. Podlesny, A.V. Mikhalev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore uccnenyrorcst oToMeTpudecKre U CrIeKTpaIbHbIE XapaKTePUCTHUKH CPETHEIINpPOT-
HBIX CHSIHUM, HaOmoaaBmmxcs B pernone Bocrounoit CuGupu Bo BpeMsi MarHUTHBIX Oypb 27 des-
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panst 2014 r. u 17 mapta 2015 1. Mcnonb3yroTcs ONTUYECKUE U CIEKTPaJIbHBIE JaHHbIE, MOJY-
yeHHele B [eodusmnueckoit obcepBaropun MC3®0 CO PAH npu momomm HmMpOKOYrodbHON
useTHoi ¢porokamepsl PUJIMH-111 u nmarpynsnoro crnekrpomerpa CATHU-1M. Bo Bpems yka-
3aHHBIX CPEIHEUIMPOTHBIX CUSIHUN 10 1aHHBIM 1BETHOM Kamepsl @UJIMH-11] B ceBepHO#l yactu
HeOOCBO/Ia 3apEeruCTPUPOBAHO YBEIUYEHHE IPKOCTH HOYHOHM atMocdepsl. s Oypu 27 despans
2014 r. ycwmncs curnai B R-kanane kamepsl B 3.5 pasa, a i Oypu 17 mapra 20151. —B 101
B 3.5 paza B R- u G-kanamax kamepsl COOTBETCTBEHHO IO CPABHEHHUIO C HEBO3MYIIEHHBIMHU
YCIIOBUSIMU. AHalIM3 JaHHbBIX, MOJIYYEHHbIX ¢ IoMolubto cnekrpomerpa CATU-1M, no3pomiser
MPEIOI0KHUTh, YTO yCHIIeHHe curHainoB B R- n G-kananax nsetHoit kamepst ®UJIMH-11] B oc-
HOBHOM 00YCJIOBJIEHO POCTOM MHTEHCHBHOCTEN aBpOpaJIbHBIX YMHCCUI aTOMapHOr0 KUCIOPOAA
[O1] 557.7 u [Ol] 630 um. O6Ccy)Kaar0TCs MPOCTPAHCTBEHHO-BPEMEHHAS JHHAMUKA aHAIN3HUPYe-
MBIX CPEAHEUIMPOTHBIX CUSIHUH U HEKOTOpPbIE BOIIPOCHI, KACAIOIIMECs MEXaHU3MOB MX (HopMu-
poBaHMsL.

Pabora BrimonHena B pamkax rpanta Ne HII1-2942.2014.5 [Ipe3unenta P® rocynapcreen-
HOU MOJJEPKKH BEAYIIUX HAYYHBIX K0T PO.

The paper addresses photometric and spectral characteristics of the mid-latitude auroras
observed in Eastern Siberia during the February 27, 2014 and March 17, 2015 magnetic storms.
We have used optic and spectral data received in the ISTP SB RAS Geophysical Observatory by
the FILIN-1C wide-angle color camera and SATI-1M patrol spectrometer. Increased brightness
of nocturnal atmosphere was recorded in the northern part of the sky during the mentioned mid-
latitude auroras by the FILIN-1C wide-angle color camera data. A signal in the R channel of the
camera increased threefold for the February 27, 2014 storm; in the R and G channels of the cam-
era, tenfold for the March 17, 2015 storm, respectively, as compared to undisturbed conditions.
An analysis of spectral observations received by the SATI-1M spectrometer allows us to assume
that the increased signals in the R and G channels of the color camera are mainly conditioned by
increased [OI] 557.7 nm and [Ol] 630 nm atomic oxygen auroral emission intensities. We dis-
cuss spatio-temporal dynamics of the mid-latitude auroras analyzed and some issues of mecha-
nisms of their formation.

The study was supported by the RF President Grant of Public Support for RF Leading Sci-
entific Schools (No. 2942.2014.5).

BO3MYHIEHUSA TOJIHOI'O 9JIEKTPOHHOI'O COAEPKAHUA
B 30HE JEHCTBUS TAH®YHOB B HOUHOE BPEMSI

A.C. IloasixoBa, }0.B. SlciokeBnu

WnctuTyT conneuno-3emuoit puzuku CO PAH, Upkyrck, Poccus
annpol@iszf.irk.ru

TOTAL ELECTRON CONTENT DISTURBANCES
IN TYPHOON REGIONS AT NIGHTTIME

A.S. Polyakova, Yu.V. Yasukevich
The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

C ucnosb30BaHUEM JAHHBIX MOJHOTO 3JeKTpoHHOTo conepxkanus (I19C) no n3mepenusm
GPS/TJIOHACC 6butn mpoaHaau3upoBaHbl HOHOC(HEPHBIE BO3MYIIICHUS B 30HE JIEHCTBUS MOIII-
HbIX TakpyHoB Neuguri (2—13 urons 2014 r.) u Halong (28 uronss — 9 aBrycra 2014 1.) B peruone
SAnonun. [Tokazano, 4T0 MHTEHCUBHOCTH Bo3MyIeHnH [19C ¢ nepronom 2—20 MHH, reHEpUPYEMBIX
IIPY NTPOXOKACHUM BEUYEPHETO COJIHEYHOIO TEPMUHATOPA, 3HAUUTENBHO YBEJIMUUBAETCS B THA MaK-
CHMAJIbHOTO Pa3BUTHSI LIMKIOHOB, a TAKKe B MEPUOJbI UX HAXOXKAEHUS HaJ cylied. AMILTUTYyIa
Bapuanuii [I9C cocrasnser 0.5-1.5 TECU, uto B 3—10 pa3 npeBbliaeT aHATOTHYHBIC 3HAYCHUS B
criokoitHoe Bpems. [Ipu 3ToM Xapaktep BO3MyLIEHHH (IIEpUOJl, HApaBJI€HUE PACIPOCTPAHEHHUS,
BpeMsl IMOSIBJICHUS1) HE M3MEHSETCS M COOTBETCTBYET XapaKTepy Bapualuii, HaOII0JaeMbIX 10 U
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nociyie TaiiynoB. Pabora BeimosiHeHa B pamkax rpanTa Ne HIII-2942.2014.5 Ilpesunenra P®
rOCyJapCTBEHHOM MOAACPKKU BEAYIIUX HAyUHBIX MIKOJI PO.

Using GPS/GLONASS total electron content (TEC) measurements, ionospheric disturb-
ances in the regions of powerful typhoons Neuguri (03—12 August 2014) and Halong (2014) in
Japan were analyzed. It is shown that the intensity of TEC variations with a period of 2—20 min,
generated by passing the evening solar terminator, increases significantly during the cyclone de-
velopment stage and in the periods of their being over land. The amplitude of TEC variations
is from 0.5 to 1.5 TECU, which is up to 3-10 times higher than the same values at a quiet time.
The pattern of the disturbances (period, propagation direction, time of occurrence) is not
changed and corresponds to the character of the variations observed before and after typhoons.
The study was done under RF President Grant of Public Support for RF Leading Scientific
Schools No. NSh-2942.2014.5.

NCCIEJOBAHUE JUHAMUKHU NOHOC®PEPHI
B IIEPHUO/IbI BHE3AITHBIX CTPATOC®EPHBIX ITOTEILIEHUM
B APKTHYECKOM PEI'MOHE POCCHUUA

A.C. IloasikoBa, A.A. MbIIILHHUKOBA

Wuctutyt conmneuno-3emuoi ¢pusnku CO PAH, Mpkytck, Poccust
annpol@iszf.irk.ru

STUDYING THE IONOSPHERIC DYNAMICS DURING SUDDEN
STRATOSPHERIC WARMINGS IN ARCTIC REGION OF RUSSIA

A.S. Polyakova, A.A. Mylnikova
The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[TpoBeneHo uccnenoBanue moBeneHust HOHOChepsl B APKTHUECKOM pernone Poccunm B me-
puozbl BHe3anHbIX cTparocdepHbix noremienuid (BCII) ¢ nucnonap3oBaHneM AaHHBIX BEPTUKAJb-
HOT'O 30H/IMPOBAHMSI U MOJIHOTO 3JeKTpOHHOro coaepkanus (I19C), nonyuyeHHbIX 0 U3MEPEHUIM
GPS/TJIOHACC. Jlns BbIsIBIEHUS BO3MOXKHON peakiuu noHochepsl Ha cobbitus BCII Bhimo-
HEH aHaJN3 OTKJIOHEHUH 2JIEKTPOHHOM KoHIIeHTpauu F2-cimost monocdeps u [13C ot ponoBoro
ypoBHs. MccaenoBaHa NpocTpaHCTBEHHAs! CTPYKTYpa U3MEHEHUN aMILIUTYAbI CYTOUHBIX BapHa-
uuii [19C B peruone. I[lokazaHo, 4TO B CIIOKOWHBIX T€OMAarHUTHBIX YCIOBUAX JUHAMHUKA BBICO-
KOIIUPOTHOM HoHOcheps! B mepuoipl BCII cymecTBeHHO oTiMYaeTcs OT peryysipHoil. BrisBieHo,
YTO MOTEIUIEHUS, IPOU3OLIEIINE B CEPEIMHE 3UMbI, COMPOBOKIAIOTCS YMEHBIIEHUEM aMILIH-
Tyzbl cyTouHbIX Bapuanuil 119C B neproabl MX MHTEHCUBHOIO PAa3BUTHS U POCTOM aMIUIMTYAbI
nocne MakcumyMa BCII. Otu nusmenenust Habmogarorcs 10 ~/5° N. PaboTa BbIoJHEHA B paM-
kax rpanTa Ne HIII-2942.2014.5 IIpesunenra P® rocynapcTBEHHON NOAAECPKKU BELYIIUX HAYY-
HBIX mKoJ P® u rpanta PODOU Ne 15-05-05227_a.

The ionospheric behavior during sudden stratospheric warmings was investigated in the Rus-
sia’s Arctic region using vertical sounding and GPS/GLONASS total electron content (TEC) data.
For identifying a possible response of the high-latitude ionosphere on SSW events the analysis of
deviations of F2-layer electron density and TEC from background levels was done. Spatial pattern of
the amplitude of diurnal variations of TEC were also studied. It is shown that in quite geomagnetic
conditions the dynamics of the high-latitude ionosphere differs significantly from regular during
SSWs. It is also identified that SSW events, occurring in middle winter, are usually accompanied by
a decrease of the amplitude of diurnal variations of TEC during its development stage and by an in-
crease of the amplitude after the SSW peak. These changes are observed up to ~75° N latitude. The
work is performed under support of the RF President Grant of Public Support for RF Leading Scien-
tific Schools (No. NSh-2942.2014.5) and the RFBR grant No. 15-05-05227_a.
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MOJIEJINPOBAHME BJIMSIHUA MOTJIOIMEHUA MOJIIPHOM IIAITIKA
HA PACITPOCTPAHEHHME KB-PA/INOBOJIH
B APKTHYECKOM PEI'HOHE POCCHUHA

L 22!.2!. Poros, ’H.1O. 3aajios, ’E.B. MockaJeBa, 'B.A. Yanes

'ApKTHUECKHiT 1 AHTAPKTHYECKHUIT HayqHO-HCCe[oBaTeIbcKuil nucTuTyT, Cankt-Iletep6ypr, Poccus
rogovdenis@mail.ru
2CaHKT-HeTep6yp1"CK1/1171 rocyaapcTBeHHbIH yHuBepcuteT, CankT-IleTepOypr, Poccust

MODELING OF THE POLAR CAP ABSORPTION INFLUENCE ON
HF RADIO WAVE PROPAGATION IN ARCTIC REGION OF RUSSIA

12D .D. Rogov, *N.Y. Zaalov, °E.V. Moskaleva, V.A. Uljev

'Arctic and Antarctic Research Institute, Saint-Petersburg, Russia
2Saint-Petersburg State University, Saint-Petersburg, Russia

3HaYUTEIbHOE YBEIMUEHHUE 3JIEKTPOHHON KOHLIEHTPALMU B HUKHENH HOHOC(epe MOJSPHOM
anky 3emiid, 00yCIOBIEHHOE COTHEYHBIMU MPOTOHHBIMU BCIBIILIKAMHU, IPUBOJUT K CUIBHOMY
0C1a0JIEHUIO CUTHAJIOB pajunoTexHuueckux cucreM KB-nuamasona, paboraromux B 3THX pe-
ruonax. IIpemnoxen MeTox ydera IOTJIOMICHUS HA TPAcCax pacHpOCTPAHEHUSA PaIUOBOIH
KB-auana3ona, OCHOBaHHBIM Ha IPUMEHEHUU U3BECTHBIX dYMIUPUYECKUX MOJEIIEH OTIIOII e-
Hus. [IpoBeneH nmpumep pacdyera MOHOTPAMM BEPTHUKAIBHOIO M HAKJIOHHOTO 30HIMPOBAHUS
noHocdeps! ¢ yueroM 3((HEeKTOB MOIJIOUICHUs ¢ MOMOUIbI0 MOAU(DULIMPOBAHHON JTy4eBOH Ipo-
rpaMMbl MOJIEIMPOBAHUS PAaCIPOCTPAHEHUS PAJUOBOJIH B TPEXMEPHO-HEOHOPOIHOM HOHOChEpE.
[loka3aHO yAOBIETBOPUTEIBHOE COOTBETCTBUE PE3YJIBTATOB MOJAEIUPOBAHUS DKCIIEPUMEHTAIIb-
HBIM JIaHHBIM, TOJYYCHHBIM Ha POCCHMCKON apKTHUYECKOW CETH HMOHOC(EpPHBIX HAOIIOACHUI
(puOMeTpBl, MOHO30H/1bl BEPTUKAIBHOTO M HAKJIOHHOTO 30HIMPOBAHMS) B MEPHO HPOSBICHUS
3¢ (HEKTOB MOTIOMICHUS TTOIAPHOH IIATIKH.

Significant increase of the electron density in D-layer of polar cap ionosphere occurs due
to the powerful proton solar fluxes, producing a strong attenuation of HF radio systems signal,
which operate in these regions. The method of absorption calculation based on the well-known
empirical models at the HF radio wave propagation paths was proposed. The absorption effects
induced by the proton precipitations were calculated in according to the well-known empirical
polar cap absorption models. Vertical and oblique sounding ionograms with absorption effects
were calculated using a modified ray-tracing method of radio wave propagation in the Earth ion-
osphere with three-dimensional irregularities. A good agreement of the simulation results with
the experimental data provided by the Arctic network of ionospheric observation (riometers, ver-
tical and oblique sounding ionosondes) during the polar cap absorption events was observed.

HCCJEIOBAHHUE BO3MOXKHOCTEA AHTEHHONU CUCTEMbBI HOBOI'O PAJTAPA
HP-MCT ITPU PA3JIMYHbBIX PEXKUMAX PABOTDBI

A.I'. CetoB, A.B. MeaBenes, /I.C. Kymnapes, P.B. Bacuibes, B.I1. Jle6enen

WuctutyT comneuno-zemuoit puzuku CO PAH, Upkyrck, Poccus
setov@iszf.irk.ru

INVESTIGATION OF NEW IS-MST RADAR ANTENNA SYSTEM CAPABILITIES
FOR DIFFERENT OPERATION MODES

A.G. Setov, A.V. Medvedev, D.S. Kushnarev, R.V. Vasilyev, V.P. Lebedev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
B Oommxkatimme ronsl B UpkyrckoM peruone 0yaet nocrpoer pagap HP-MCT, coueraroriuii

B cebe BO3MOXHOCTH pajapa HekorepeHtHoro paccesHus (HP) m meszocdepno-crpatochepno-
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tporrocheproro (MCT) pagapa. B maHHOM cTaThe ONMMCHIBAETCI KOH(MUIYpaLHs, XapaKTEPUCTUKU
1 PSKUMBI pabOThI aHTEHHOM CHCTEMBI OYIYIIEro paaapa, IpUBOIATCS JUarpaMma HalpaBiIeHHO-
CTU U JIOCTYIIHBINA CEKTOp 0030pa npocTpaHcTBa. OLIEHUBAIOTCS BO3MOXKHOCTH aHTCHHON CUCTEMBI
pamapa B 3ajJ1a4ax HCCIICOBaHUS MOHOC(EpHl U HEUTPaIbHON aTMOC(ephl, a TaKKe TPU Pauo-
ACTPOHOMMYECKUX HAOJIFOCHUSAX.

Over the next years IS-MST radar fitted for operation in incoherent scatter (IS) and meso-
sphere-stratosphere-troposphere (MST) modes will be built in Irkutsk region. In this paper future
radar antenna system configuration, characteristics and operation modes are described; radiation
pattern and available field of view are given. Radar antenna system capabilities are estimated for
research problems of studying ionosphere and neutral atmosphere as well as for radio astronomy
observations.

PET'PECCHOHHBII METO/I OIPEJEJIEHASA TEMIIEPATYP
1O JAHHBIM UPKYTCKOI'O PAJAPA HEKOT'EPEHTHOT'O PACCESIHUSA

L2g 11, TanuLIKoB, p.B. Bacuianbes, 'A.B. Mengenes, TAA. lep6akoB

lI/IHCTI/ITYT conmneuHo-3eMHou ¢usuku CO PAH, Upkytck, Poccust
tashlycov.victor@gmail.com
2I/Ip1<yTCI<I/H71 HallMOHANbHBINA UCCIEI0BATEIbCKUNA TEXHUUECKU yHUBepcuTeT, UpkyTck, Poccust

REGRESSION METHOD FOR DETERMINING
TEMPERATURES FROM IRKUTSK ISR DATA

L2y p. Tashlykov, 'R.V. Vasilyev, *A.V. Medvedev, *A.A. Shcherbakov

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk National Research Technical University, Irkutsk, Russia

3agada KOPPEKTHOI'O OMPEACICHHS SICKTPOHHBIX M MOHHBIX TEMIIEpaTyp Mo JaHHbIM Hp-
KYTCKOro pajapa HekorepeHTHoro paccesuus (MPHP) ocrtaercs akTyaabHOM Ha MPOTSIKCHHH
JIBYX IECATKOB JIeT pa00Thl pagapa. MHorooopasue (GpuU3HYCCKUX MPOLIECCOB, IPOUCXOIAIINX B
noHochepe m mckaxaromux curaaia HP, o0ycrmoBmmuBaeT ciioKHOCTb 3TOH 3aauyd. AJITOPUTMBI
00paboTku curaanoB HP moapasymeBaroT OlEHKY WX aBTOKOPPEISIIHOHHBIX (GyHKIHN (AKD),
KOTOpPBIE UMEIOT IPOCTOM KPUTSPUM BBHIOOpPA XapaKTEPHBIX TOYSK Oe€3 MOTEepH pa3pelicHus (I10
CPaBHEHHUIO CO CIIEKTpaIbHBIMU JaHHBIMK). CoriiacHo TeopeMe Bunepa—Xununna, AKD cBszana
CO CIIEKTPOM MOIIHOCTH CHUTHaja depe3 mpeoOpasoBanue dypre. B mepBom mnpuOImkeHUn
criekTp curHania HP MoOXHO mpeacTaBuTh B BHUJI€ CBEPTKH CIEKTpa 30HIAUPYIOIIETO CUTHala U
CIIEKTpa pacCessHUs M3ITYICHUS Ha IJIa3Me, I KOTOPOTo CYMIECTBYIOT aHAJTUTHUECKHE BhIpaKe-
Husl. Takum 00pa3oM, MOKHO COCTaBUTh OJJHO3HAYHOE COOTBETCTBHE Tap 3HAYCHUM TEMITEpaTyp
Y Tap 3HAYCHHMI XapaKTEPHBIX TOYEK (BPEMEHH IEPBOIO HYIS M IIEPBOTO MUHHMMYyMa). [[is
OTpeIeJICHUS TEMIIEPATYP IO MOJyUYEHHBIM TaOJUYHBIM 3HAYCHHSIM ITOCTPOCHA HEMHEHHAs pe-
rpeccusi, MakCUMaJlbHasi TeOpeTHYecKas omuOka KoTopod He mpeBbimaer 7 %. IlpuBoautcs
CpaBHEHUE TEMIIEpPATyp, MOJYUYEHHBIX C MOMOIIBIO perpeccuu, ¢ nanasimu MPHP, panapa Mun-
croyH-Xwmut u mojenu [IR1-2012.

A problem of correct determination of electron and ion temperatures according to the Ir-
kutsk ISR data has been been vital during two decades of the radar operation. Variety of physics,
taking place in the ionosphere and distorting the ISR signal, makes the problem rather hard. Sig-
nal processing algorithm for the ISR data demands the estimation of autocorrelation functions
(ACFs) which have a simple selection criterion for its characteristic points with better resolution
than for that of spectral data. According to the Weiner—Khinchin theorem, ACF of the signal re-
lates to its spectrum by the Fourier transformation. As a first approximation, the ISR spectrum
may be presented as the convolution of the probing signal spectrum and the spectrum of plasma
scattering that has analytical relations. Hence, the unique correspondence between the pairs of
temperatures and the ACF characteristic points (the first null and the first minimum time) was
made. To estimate temperatures, nonlinear regression was carried out using the table values.
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Maximum regression error was ~7 %. We compared the temperatures obtained by the regression
and data of Irkutsk ISR, Millstone Hill Radar and the IR1-2012 model.

HCCJIEIOBAHHME U OHEHKA HEKOTOPBIX K/JIIOYEBBIX IIAPAMETPOB
POTOMETPA JJI1 COBMECTHOHU PABOTbBI C UPHP

HN.J1. Tkaues, P.B. Bacuibes, B.E. 3apynnes

HnctutyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
tkachev_ivan_67@mail.ru

RESEARCH AND ASSESSMENT OF SOME KEY PARAMETERS
OF THE PHOTOMETER TO WORK WITH IRIS

I.D. Tkachev, R.V. Vasilyev, V.E. Zarudnev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Ha HMpkyrckoMm pamape HEKOI€pEeHTHOIO pacCesHUs IIPOBOMWICA Psii IKCIEPUMEHTOB 110
IBYXYacCTOTHOM Monudpukanuu noHocdepsl. Pe3ynbTraTel 3KCIEPUMEHTOB HEOJHO3HAYHBI, TO-
ATOMY MPEINPUHUMAETCS TOMBITKA CO3JaHUS (GOTOMETpa I ACTEKTUPOBAHHS H3ITyYCHHUS
HarpeToil noHoc(epHoi MIa3Mbl B ONTHYECKOM Auama3oHe. C MmoMmomipio Takoro (oromerpa
MO>KHO OyJIeT HE TOJIbKO Ha0JII01aTh HeTMHEHHbIE Y PEKThI, HO ¥ IETEKTHPOBATH KOCMUYECKHUE
O0O0BEKTHI, HCKYCCTBEHHBIE CITyTHUKU, METEOPUTHI U T. M. cuaxponHo ¢ UPHP. B pabote mpoBo-
JUTCS OLIEHKAa HEKOTOPBIX KIIKOYEBBIX HapaMeTpoB (oTOMEeTpa: JTMHAMHYECKOIO JHama3zoHa
W3MEPUTEIbHON CHCTEMbI, UYYBCTBUTEIBHOCTH, BpPEMEHU BbIXOJAa (POTOYMHOXKHUTENS Ha
YCTONYMBBIA peXUM pabOThI MOCIIE BKIOYEHMs, IOpora KommapaTtopa U (opmbl OJHOAIIEK-
TPOHHOT'O UMITYJIbCA.

A series of experiments on 2-frequency ionospheric modification was carried out on the Ir-
kutsk Radar of Incoherent Scatter. Recent results of experiments are ambiguous, therefore an at-
tempt to create a photometer for detecting radiation of heated ionospheric plasma in the optical
range. Also with the help of the photometer we can observe not only nonlinear effects, but also
to detect space objects, artificial satellites, meteorites and others synchronously with IRIS. In this
paper we evaluated some key parameters of photometer: the dynamic range of the measurement
system, time of stabilization of the photomultiplier after its inclusion, sensitivity, threshold of the
comparator and the shape of the single-electron pulse.

CPABHUMTEJIBHOE TECTUPOBAHHME MOJIEJIA ITOJITHOT'O 3JIEKTPOHHOI'O
COJAEPKAHUSA GEMTEC

A.A. Xoamoropos

Wpkyrckuii rocynapcTseHHbli yHUBepeuteT, UpkyTtek, Poccns
varagon007 @yandex.ru

COMPARATIVE TESTING OF THE MODEL GEMTEC
OF TOTAL ELECTRON CONTENT

A.A. Kholmogorov
Irkutsk State University, Irkutsk, Russia

[IpoBeneH cpaBHUTENBHBIA aHAIM3 MOJEIEH MOJHOTO 3JIEKTPOHHOTO COJAEPKAHMS MOHO-
cdepsl, a umenno, mojaeneit NTCM-GL, GEMTEC u KnoGyuapa. Jlana ux kparkasi XapakTepH-
cruka. CpaBHUBAETCS KaueCTBO BOCIIPOM3BEICHHS SKCIIEPUMEHTAIIBHBIX JAHHBIX ITYTEM TECTHPO-
BaHMs MOJIENe 10 OCTATOYHOM OIIMOKE MO3UIIMOHUPOBaHUS Ha JaHHbBIX ceTu ctaHuuit 1GS. Ilo-
kazaHo, uyTo Moxenu GEMTEC u NTCM-GL nmaror Gosee BBICOKYIO TOYHOCTH ITO3UIIMOHHUPOBA-
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HUs, yeM Mmojnens KnoOydapa. Haummydmme pe3ynbTaTbl KOppeKIMH HOHOC(EpHON OIMUOKH
obecneunBaet monens GEMTEC.

The article is devoted to the comparative analysis models of the total electron content of the
ionosphere. Three models such as Klobuchar, GEMTEC and NTCM-GL are compared. Testing
shows that the models GEMTEC and NTCM-GL are of a higher positioning accuracy than the
model Klobuchar. Model GEMTEC provides the best results ionosphere error correction.

CE30HHBIE BAPHAIIUY CKOPOCTH HEUTPAJILHOI'O
MEPUINOHAJIBHOI'O BETPA HA HOHOC®EPHBIX BBICOTAX
B CPEJHUX HIUPOTAX CUBUPCKOI'O PETUOHA

A.A. lllep6akoB, A.B. Mensenes, /I.C. Kymnapesn

Wucturyt conneuno-3emuon dhusuku CO PAH, Upkytck, Poccust
scherbakov@iszf.irk.ru

SEASON VARIATIONS IN THE MERIDIONAL NEUTRAL WIND AT IONOSPHERIC
HEIGHTS IN MIDDLE LATITUDES OF THE SIBERIAN REGION

A.A. Shcherbakov, A.V. Medvedev, D.S. Kushnarev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabGote mpeacTaBlIieHO UCCICAOBAHHE BETPOBOM AMHAMHMKU Ha BbICOTax F2-ciios moHo-
cdeprl ¢ nmomolso Mpkyrckoro pamapa HekorepentHoro paccesuus (MPHP) B mepunon pocta
cosrHeyHO# axkTuBHOCTH 2011-2014 rr. KpaTtko paccMoTpeHa METOAWKA ITOJYYCHUS CKOPOCTEH
tepmochepHbix BerpoB Ha MIPHP, a taxke mpeacraBicHa SKCIIepUMEHTaIbHas IIPOBEpKa pado-
TOCIIOCOOHOCTH ONMHCAHHOW METOJHMKH Ha OCHOBE ONPEACICHUS CKOPOCTH HH3KOOPOHTATbHBIX
CIIyTHUKOB. [IpoaHanu3upoBaHbl JJIWHHEBIC PSAAbI JAHHBIX M ITOKa3aHbl OCHOBHBIC XapaKTCPUCTUKH
CPEIHEIIMPOTHOrO0 MEPHUINOHAILHOTO HEHTpalIbHOro Berpa Haa BocTtounoit CHOMpPBIO IS pa3ind-
HBIX CE30HOB roja. Kpome Toro, ObUTO MPOBEICHO CPAaBHEHUE MOTYYCHHBIX TTapaMETPOB BETpa C pe-
3yJbTaTaMi MOJAEIIMPOBAHUSA U IIapaMETPaMHt, ITOJTYY€HHBIMU Ha Jpyrux ycraHoBkax HP.

This work describes the study of the meridional neutral wind dynamics at the ionosphere
F2 layer heights with Irkutsk Incoherent Scatter Radar (IRNR) during the growth of solar activi-
ty period in 2011-2014. It briefly discusses the technique of obtaining thermospheric wind ve-
locity with IRNR. Also it shown the experimental verification of the described technique based
on the determination of the low-orbit satellites” velocities. We analyzed the long rows of data
and show the main characteristics of midlatitude meridional neutral winds over Eastern Siberia
for different seasons of the year. In addition, we compared our results with model predictions
and winds obtained on other IS facilities.

OCHOBHBIE I'A30BBbIE COCTABJIAIOINUE TEPMOC®EPBI [OV/[Nz] M [O,]/[O]
BT1OoJAbl MUHUMYMA COJIHEYHOU AKTUBHOCTH (2007-2009 rr.)
HA CTAHIUU «<HOPUJIBbCK»

O.E. SIxoBJesa, I'.Il. Kymnapenko, I'.M. Ky3neunosa

WucTutyT cotHeuHo-3eMHOM ¢usuku, Upkyrck, Poccus
yakovleva@iszf.irk.ru

THE MAIN GAS COMPONENTS OF THE THERMOSPHERE [O]/[N2] AND [O,)/[O]
IN THE YEARS OF MINIMUM SOLAR ACTIVITY (2007-2009)
AT THE STATION NORILSK

O.E. Yakovleva, G.P. Kushnarenko, G.M. Kuznetsova
Institute of Solar-Terrestrial Physics, Irkutsk, Russia

[TomyueHb! OTHOIIEHHWS OCHOBHBIX Ta30BBIX cocTaBistomux Ttepmochepsl [O]/[N2] u
[0,]/[O] na BeicoTax Hinke 200 kM Ha HOHOC(EpHBIX cTanImsax «Hopumbek» (69° N, 88° E) u «p-
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kyTck» (52° N, 104° E) Bo Bpemsi mocieTHeT0 MUHUMYMa COTHEYHOU akTuBHOCTH (2007-2009 1T.).
OI_ICHKI/I BBIIIOJIHCHBI 110 MECTOAUMKE aBTOPOB C HUCIOJIL30BAaHUEM JIAHHBIX I10 BHGKTpOHHOﬁ KOH-
[EHTpAIMH, TTOJYYCHHBIX U3 M3MEPEHHI METOJIOM BEPTHKAIBLHOI'O 30HAMPOBAHUS MOHOCHEPHI.
HccenenoBaich CE30HHBIE U3MEHEHUs YKa3aHHBIX OTHOLICHWM B CIIOKOMHBIX M BO3MYIICHHBIX
TC€OMAarHUTHBIX YCIOBUSX.

The main gas components ratios [O]/[N2] and [O,]/[O] of the thermosphere in the heights
lower 200 km at two ionospheric stations Norilsk (69° N, 88° E) and Irkutsk (52° N, 104° E)
during the last solar activity minimum years (2007—2009) were received. The estimates per-
formed by means of method of the authors with using of the electron density data derived from
the vertical soundings measurements of the ionosphere. The seasons variations of the main ratios
were studied in the quiet and disturbed geomagnetic conditions.

NCIOJIb30OBAHUE TEXHOJIOI'NHA T'PA®OB
JJIsA HTOHOC®EPHBIX HCCJIIEAJOBAHUU

'10.B. SIcrokeBHY, ’I.B. JKuBernes

lI/IHCTI/ITyT conneuno-3emuon pusuku CO PAH, Upkytck, Poccus
2I/IHCTI/ITyT KOCMO(HM3MIECKHUX MCCIISIOBAHMIA U pacnipocTpaneHus paauosoiH [IBO PAH, ITapatynka, Poccust
i.zhivetiev@gmail.com

USING NETWORK TECHNOLOGY FOR STUDYING THE IONOSPHERE
'Yu.V. Yasyukevich, ?LV. Zhivetiev

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?|nstitute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Opnna u3 mpobaeM Gu3NKU HoHOC(HEPH — B3aUMOCBS3b PA3IMYHBIX PETHOHOB HOHOCHEPHI
apyr ¢ apyroM. B pabote paccMOTpeHO MCHOIB30BaHKE TEXHOJIOTHH rpadoB A U3yYEHHS] HOHO-
cepHOl TMHAMUKU. B KadecTBE 3KCHEPUMEHTAIBHBIX HCIIONb30BATHCH JaHHBIC TII00ATBHBIX
nonochepusix kapt GIM maGopatopuu CODE 2005-2010 rr. Pacnpenenenue MakCUMyMOB
GYyHKIMM KOPpEeTsIuA U3MEHEHHUs MOJHOTO 3eKTpoHHoro cojaepxkanus (I1DC) B monochepe
UMEeT CI0XKHBIM XapakTep U MO3BOJISET BBIJCIUTH JABa YPOBHS B3aUMOCBSA3H MEXAY PErMOHAMM:
cunbHas cBs3b (r>0.91), cinabas cBsa3p (r>0.76). CuibHasi CBSI3b XapakTepHa sl HOHOCHEpHI
Apktuueckoro permona Beime 50° MLat. [Ing IOxxHoro momymapust 3T0 00JacTh ropasio
6onbie. Crnabas cBs3b XapakTepHa i Beero Oxxnoro nomymapus. Ha rore CeBeproit Amepu-
KU UMeeTcst 00acTh, B KoTopoil tuHaMuka [19C koppenupoBaHa B pa3aMyHBIX y37ax U MPAKTHU-
YECKHU HE KOPPEIUpOBaHa C TMHAMHUKON OCTaIbHOM HOHOC(hEpHI.

One of the key problems of the ionosphere physics is a problem of coupling the ionosphere
of different regions. We suggest networks technology for studying the coupling of changing ion-
osphere dynamics in different regions. We used data of global ionosphere maps GIM produced
by CODE for 2005-2010. Distribution of total electron content (TEC) changing cross-correlation
function maximum value is not simple. This distribution allow two level of ionosphere coupling
to be reveal: «strong» (r>0.91) and «weak» (r>0.76). lonsphere of Arctic region upper 50° MLat
characterizes by «strong» coupling. For Southern hemisphere similar region is bigger. “Weak”
coupling is typical for all southern hemisphere. In the North America region there is an area
where TEC dynamics is «strong» correlated inside and is not correlated with other regions of
ionosphere.
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