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B.1O. Beramos

Kazancknii (IlpuBomkckuit) GpenepanbHbii yauBepeuteT, Kasans, Poccnst
vybelashov@yahoo.com

DYNAMICS OF MULTIDIMENSIONAL NONLINEAR WAVE STRUCTURES
IN MEDIA WITH VARIABLE DISPERSION
(INCLUDING IONOSPHERE, MAGNETOSPHERE AND HYDROSPHERE)

V.Yu. Belashov
Kazan (Volga region) Federal University, Kazan, Russia

Jlexuus nocesimeHa npodiaeme auHaMuku 2D- u 3D-coMUTOHOB M HETTMHEHHBIX BOJH B CpeliaxX ¢ MepPEeMEHHBIM BO
BPEMEHHU U MPOCTPAHCTBE MUCIEPCHOHHBIM mapameTpoM B=P(t, r). Takas cuTyamus, HAmpUMep, UMEET MECTO IPH
n3y4yeHun sBomonun 3D-BM3-BoiH B m1a3me, KoTopasi onuckiBaeTcs ypaBHeHueM KanomieBa—IleTBuamBumm:

8, h+ahd h+p(t, r)8°h :KJ.;ALhdx,

rne h=B_/|B|, xorma B=V,(c’ /2w )(ctg’0 —m,/m), v, =f[B(t r),n(tr)], 6=(k"B) (n — snexrponnas
KOHIIGHTpAIMs). AHaJIOTWYHAs CHUTyauusl HaOJIofaeTcss IJIsl BOJH Ha TOBEPXHOCTH «MEJIKOM» JKHIKOCTH, KOT/a
B=(c,/6)(H* =3c/pg), ¢, = \/g_l-% — (hazoBast CKOPOCTH JIMHEHHBIX BOJH Maloi aMmiutyasl, H(X, Y, t) — ray6umHa
JKHUIKOCTH (IIPUMEPOM MOXKET CIIY>KUTh 3a/ia4a 0 TpaHc(hOopMaluK BOJIH I[yHaMH NPH BBIXOJE MX Ha nmobepexbe). Eme
OJIMH XapaKTEPHBI MpUMEpP — paclpocTpaHeHue comToHonoao0Hex BI'B 1 Bo30ykaaembix nmu 1B Ha BhicOTax
F-cnost noHocdepsl B 00acTsx pe3knx rpaJjieHTOB OCHOBHBIX HOHOC(HEPHBIX ITapaMeTpoB (B TOM Yuciie Ha (PPOHTAX
COJIHEYHOT'O TEPMUHATOpA U IISITHA COJTHEYHOTO 3aTMEHus ). PaccmarpuBaroTes U Ipyrue mpuMmepsl. MaTepuan JeKnuu
€CTh M3JIO)KEHHE OCHOBHBIX aCIEKTOB KaK paHee W3BECTHBIX, TaK M OPUTHHAJIBHBIX PE3YJIbTATOB, a TaKXkKe 00001IeHHe
OIbITa PaboTHl aBTOpa B 00JACTH TEOPUH M YMCICHHOTO MOJECIUPOBAHUS JHUHAMUKHM HEJMHEHHBIX BOJH B CpPeAax C
NEPEMEHHOH UCTIEPCUEN.

This lecture is devoted to the problem of dynamics of 2D and 3D solitons and nonlinear waves in media with the
varying in time and space dispersion B=p(t, r). For example, that takes place on studying of the evolutionxof the 3D
FMS waves in magnetized plasma, which is described by the KP equation 0, h+ah d, h+B(t, r) oh = KI A hdx
where h=B_/|B| when B=v,(c’/ 2w} )(ctg’® —m, /m), v, =f[B(t, r),n(tr)], 6=("B) (n is the plasma
density). Similar situation has place for the waves on surface of the “shallow water” when
B=(c,/6)(H* =3c/pg), ¢, = \/g_H is a phase velocity of small amplitude linear waves, H(X, Y, t) is a depth (as an
example, the problem of transformation of tsunami waves at their output at coast). One more characteristic example is
the propagation of the solitons-like IGW and TID of the electron density excited by them at the heights of the iono-
sphere's F-layer in regions with sharp gradients of the ionospheric parameters (including the regions of the fronts of
solar terminator and spot of the solar eclipse). Other examples are also considered. This is consistent representation of
the both early known and original results, and also the generalization of the experience of the author in theory and nu-
merical simulation of the nonlinear waves in media with variable dispersion.

OU3NYECKHUE OCHOBBI B3AUMOJIENCTBHUS MOIIHBIX KB-PAJIMOBOJIH
C IIJIABMOM BEPXHE NOHOC®EPHI

C.M. I'pau

Humxeropoackuii rocynapctBeHHbiil yauBepceuteT uM. H.U. Jlo6adeBckoro (HalMoHaIBHBIN HCCIIEI0BATEIbCKUI YHUBEPCHUTET),
Hwuxuuit Hosropon, Poccust
sgrach@rf.unn.ru

PHYSICAL BACKGROUND OF THE INTERACTION OF HIGH-POWER HF RADIO WAVES WITH
THE PLASMA OF THE UPPER IONOSPHERE

S.M. Grach

Lobachevsky State University of Nizhni Novgorod (National Research University), Nizhni Novgorod, Russia
3


mailto:vybelashov@yahoo.com
mailto:sgrach@rf.unn.ru

BHIDD 2013. Jlexyuu

OOcCyk1atoTcsi OCHOBHBIE CBOMCTBA M (PU3NUECKHE NPOLIECCHI, JIe)KaIllue B OCHOBE BO30YX/ICHHSI HCKYCCTBEHHOU
nonocdepuoit typoymnentHoctu (UUT) B 001acTi oTpaskeHHsI MOIIHOHN PagUOBOIHBI OOBIKHOBCHHOW MOJISIPU3AINU
(c wacroroii fy). UUT BrimoyaeT B cebsi BBICOKOYACTOTHBIC KBAa3HIIOTCHIHABHBIC MIA3MEHHBIC BOJIHBI C YACTOTAMH
f~fo ¥ pasmuuHbIe HHU3KOYACTOTHBIC BO3MYIICHHS: HOHHO-3BYKOBBIC U HIDKHETHOPHIHBIC BOJIHBI, BBIHYKICHHBIC
HMOHHO-3BYKOBbIE KOJIEOAHUsI, HEOJHOPOIHOCTH KOHIICHTPAIIMH TUIa3Mbl, BBITSIHYTBIE BJIOJIb T€OMAarHUTHOTO TIOJIS, C
MONIEPEYHBIMHI MacIITabaMu OT AECATKOB CAHTUMETPOB J0 KWIoMeTpoB. BU mia3zMeHHBIE BOJHBI YCKOPSIOT 3J€K-
TpoHs! 110 3Hepruit 10-50 5B, uT0, B pe3ynbraTe CTOIKHOBEHUH 3TUX 3JIEKTPOHOB C HEHTpaJbHBIMH YacCTHLAMU,
MIPUBOJIMT K JIOTIOJTHUTENLHON MOHHM3aIMKH HOHOC(HEPHOH TUIa3Mbl M K YCHICHHIO ONTHYECKOr0 CBEYEHHs HOHOChe-
pel. B TO ke Bpems HarpeB 3JEKTPOHOB IUIa3MEHHBIMM BOJHAMU JOJDKEH MPUBOIUTH K NOJABICHUIO CBEUCHHS 3a
cyYeT yMeHbIIeHHs! KoddduirenTa pekoMOMHALINK C POCTOM TEMIIEpaTyphl H, CJIEJO0BATEIHHO, YMEHBIICHUIO KOHLICH-
Tpanuu Bo30YXKICHHBIX HEHTpalbHBIX 4acTull. MHpopmaruBHeIM mposiBieHneM WUT sBisieTcss reHepanus MCKyc-
CTBEHHOTO PaJMOM3IyYeHUs] HOHOC(EpHl — IIYMOBOI COCTaBIIsIIOIIEH Majoil nHreHcuBHOCTH (0T —50 10 —80 1b) B
CIEKTpE OTPAKEHHOTO OT MOHOC(EpHl CHIHana MOLIHOW BOJHBL OO0CYykIaeTcsi 3aBHCHMOCTh OCHOBHBIX CBOMCTB
NUT ot cooTHoIeHusI fy 1 rapMOHHK 3JIEKTPOHHOM LUKJIOTPOHHOM YaCTOTHL.

Main properties of the artificial ionospheric turbulence (AIT) near the reflection region of powerful ordinary po-
larized HF radio waves (with a frequency f,) and process providing AIT excitation are discussed. AIT involves HF
quasi-potential plasma waves with frequencies f~f, and a variety of low-frequency disturbances: ion-acoustic and
lower-hybrid waves, heavily damped ion-acoustic oscillations, the geomagnetic field aligned plasma density irregu-
larities with transverse scales from tens of centimeters to kilometers. High-frequency plasma waves accelerate elec-
trons up to energies of 10-50 eV; these electrons, colliding with neutral particles, excite additional ionization of the
ionospheric plasma. and the strengthening of the optical emission of the ionosphere. In the same time, heating of the
electrons by plasma waves lead to the suppression of optical emission due to reduction of recombination coefficient
(and a number of excited neutral particles) with increasing temperature. An informative manifestation of the AIT is the
generation of the Stimulated Electromagnetic Emission — the low intensity noise component (from —50 to —80 dB) in
the spectrum of the powerful wave signal reflected from the ionosphere. The dependence of AIT properties of on the
ratio between fy and harmonics of the electron cyclotron frequency is also discussed.

BBIJIEJIEHUE KJIACCOB KJIMMATHYECKHUX MOJIEJIEA IO CTENNEHU UX JIETAJIbHOCTH

A.B. EinceeB

WuctutyT Pusuku armocdeprr um. O6yxoBa PAH, Mocksa, Poccust
eliseev@ifaran.ru

CLASSIFICATION OF CLIMATIC MODELS ACCORDING TO THE DEGREE OF DETAIL
A.V. Eliseyev

A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, Moscow, Russia

CoBpemennsle knumaTHyeckue Mozen (KM) xapakTepu3yroTcs pa3iIndHON CTENEHbIO AETAIBHOCTH ONHCHIBAe-
MBIX (PU3MYECKUX MPOIECCOB. B CBA3M ¢ 3TUM NPUHSITO BBIACIATH HECKONIBKO KiaccoB KM. HambGonee mpocteiMu
KIMMATHYECKUMH MOJEIISIMU SIBIISIFOTCST dHeprobGanancoBeie Moaenu (OBM). OHM ONUCHIBAIOT JIMIL OCHOBHBIE
KITMMaTO00pa3yIoIIie MPOIECChl W MCHOIB3YIOTCS, KaK MPaBHIIO, JHUIIG IS OICHOK OCPEIHEHHBIX 110 TI00ycy U
roJly XapaKTepUCTHK KIMMAaTa; UX JOCTOMHCTBOM SBJISIETCS (pu3ndeckas MpOCTOTa U BOSMOYKHOCTh B PSJIC CIIydacn
MONYYCHHS aHATUTHIECKOTo perreHus. Haubomee meransapiMu KM sBrsttoTest Moenn obmeit mupkysiun (MOLT).
[Ipu 3HAUUTETHHON BBEIYUCIUTENHLHON JTOPOTOBU3HE OHH MO3BOJSIOT MPOBOAUTH JETALHOE OMHCAHHME KJIMMATO00-
Pa3yIOLIMX MPOLECCOB C BEICOKMM MPOCTPAHCTBEHHBIM U BPEMEHHBIM paspelieHueM. [IpuMepHo B nocnenHee aecs-
TUJIETHE B MHUpPE BBLACTHIICS TaKKe KJIacC KIMMaTHUECKUX Mojeneil mpoMmexyTouHoi cioxkHocta (KMIIC), 3anu-
MalolUX NPOMEXYTOUHOE nosnoxeHue Mexay O9bM u MOL, 0THOCUTENBbHO ACLIEBBIX C BBHIUMCIUTEILHOW TOUKH
3peHHS U JOIMYCKAIOMIUX aHAIN3 HE TOJBKO TI00aNbHBIX, HO M PETHOHAIBHBIX IPOIECCOB. B JIEKITUH MTPOBOIUTCS
0030p pas3HbIx kiaccoB KM. IIpu 3ToM oTMeuaeTcs, 4To NIMPOKHH CHEKTP 3a7ay HaAyKH O KIIMMaTe TpeOyeT HCTIOIb-
30BaHMS HE TOJIBKO MOJIENEH KaKoro-ITHOO OJHOTO M3 KIACCOB, a BCCH MEpapXHH CYNICCTBYIOIINX KIMMAaTHIECKUX
Moenei.

AKTYAJIBHBIE BOITPOCBI TEOPUHN AKKPEIIMU HA MATHUTHBIE KOMITAKTHBIE 3BE3/IbI
H.P. UxcanoB

I'naBnas (ITynkoBckas) actponomudeckas oocepBaropust PAH, Cankr-IletepOypr, Poccust
nazar.r.ikhsanov@gmail.com

ACTUAL QUESTIONS IN THE THEORY OF ACCRETION BY MAGNETIC COMPACT STARS
N.R. Ikhsanov
Pulkovo Astronomical Observatory RAS, St. Petersburg, Russia
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B nexuuu npencraBieH KPUTHUSCKUH aHAU3 MOJIYBEKOBOW MCTOPUHU PAa3BUTHS TEOPHH aKKPEIIMM Ha KOMIAKT-
HbIE 3Be3/IHBbIC 00BEKTH. DOPMYIUPYIOTCSI OCHOBHBIE MPUHIMIBI U TIPEIONI0KEHHS, MTOJI0KEHHBIE B OCHOBY MOJIe-
Jel KBa3uc(epruecKoi akKpelMy U akKpeuuu 13 TypOyneHTHoro Kerueposa nucka. CripaBeiiMBOCTb 3TUX TIPEa-
TIOJIO’KEHHUH 00CYK/IAeTCsl B X0JIe CPAaBHEHUS TEOPETHYECKHUX BBIBOJIOB, OYYSHHBIX Ha UX OCHOBE, C PE3YJIbTaTaMU
HaOJIOEHUH PEHTIT€HOBCKUX JIBOWHBIX CUCTEM KPYNHEHIIMMH HA3€MHBIMH M KOCMHUYECKHMH Telieckonamu. [Ipen-
CTaBJICH CLIEHapHi aKKpEelIWHU BELIECTBAa, 00JIaJaroniero cCoOCTBEHHBIM MarHUTHBIM I10JIEM, Ha KOMIIAKTHBIIN 3Be31-
HbI 00bekT. [TokazaHo, 4TO JaHHBIE HAOMIOJCHUI PEHTTCHOBCKUX IYJIECAPOB CBHUICTEILCTBYIOT B IIOJIb3Y peaju-
3allMd UMEHHO TaKOI'0 «MarHUTHOTO» aKKPELMOHHOTO ClieHapus. B 3akirodueHue mpeacTaBiIeH CIIUCOK OCHOBHBIX
npo0JieM, peleHne KOTOPBIX SIBISIETCS CIEAYIOLIMM 3TAlloM Pa3BUTHS TEOPUH aKKPELHH.

The lecture presents a critical analysis of the semi-centennial history of the theory of accretion onto compact
stellar objects. | formulate basic principles and assumptions of the models of both the quasi-spherical accretion and
accretion from the turbulent Keplerian disk. The validity of these assumptions is discussed while comparing their
theoretical predictions with observational results on x-ray binary systems obtained with the largest ground-based and
space telescopes. | introduce an accretion scenario in which a compact object is assumed to accrete magnetized mat-
ter. It will be shown that observational data on x-ray pulsars provide evidence in favor of this “magnetic accretion”
scenario. When summarizing, | will list key problems, the solution of which will determine the next step in devel-
opment of the accretion theory.

COBPEMEHHBIE ACIEKTHI I'VIOBAJIBHOM BU-JTUATHOCTUKU HOHOC®EPBI
C.b. Kauiees, F0.M. SImnoJibckuii

Paguoactponomudeckuil nuacrutyr HAH Vkpaunsl, Xappkos, Ykpansa
kascheev@rian.kharkov.ua

TODAY’S ASPECTS OF THE GLOBAL HF DIAGNOSTICS OF THE IONOSPHERE
S.B. Kashcheyev, Yu.M. Yampolski

Institute of Radioastronomy NAS of Ukraine, Kharkov, Ukraine

PaccMoTpeHbl BO3MOKHOCTH TJI00aNBbHOW AMAarHOCTHKH MOHOC(EpHI C UCMOIb30BAaHHEM IUPOKOBEIIATEIbHBIX
nepelaTYuKoB U MHOTOIO3MIMOHHBIX MPUEMHBIX cucTeM BY-nuanasona. BnusiHue kpynmHOMacIITaOHBIX HOHO-
cdepHbIX 00pa3oBaHuil Ha pacnpocTpaHeHne BU-cHrHaaoB NPUBOAUT K BapualUsAM TPAeKTOPHBIX MapaMeTpOB Ha
IPSAMBIX pafuoTpaccax U MOSIBICHUIO JOMOJHUTENBHBIX MPOCTPAHCTBEHHBIX MOJI CO 3HAYUTEIbHBIMU OTKJIOHCHHU -
MU OT Ayru 607bmoro Kpyra. OCHOBHBIMH MH(OPMAIIMOHHBIME ITapaMeTpaMHy MPH PEIICHUH 3a1a4d PaJAno30HANPO-
BaHUs HOHOC(EPBI SBIISIFOTCS YIJIbI MPUXO0/1A, AOTUIEPOBCKUE CMEIEHHS YaCTOThl M BPEMEHA IPYIIIOBOrO 3ara3/(bIBaHNs
CHTHAJIOB (IUIs1 IMITYJIbCHBIX TlepenaTdyukoB). Ha ceroius coznana u pyHkumonupyer VHTepHeT-ynpapiseMast ceTb nud-
POBBIX IPHEMHUKOB, PAaCcIOIOKEHHBIX B YKpaune, AnTapkTuke, CeBepHoit CkanaunHaBuy, Ha apx. [lInmudepren, B
Jlaroce (Hurepus), xuxamapke (Ilepy) u B Upxyrcke (Poccus). B nexmuu npuBeeHs! MpUMepH! YCIIEIIHON Ana-
THOCTHKHM psAa TII00aIbHBIX HOHOC(EPHBIX Ipoueccos, BeimoiaHeHHOW B PUHAH VYkpanHs! B compykecTBe ¢ KO-
neramu n3 NC3® CO PAH, yuusepcuteron ropogos Tpomcé (Hopserus) u Jlaroc (Hurepust).

The potential of the global diagnostics of the ionosphere using signals from broadcast radios and special-purpose
transmitters and multiposition HF receiving systems. The effect of large-scale ionospheric formations on HF radio
wave propagation leads to variations of the signal trajectory parameters at direct radio paths and appearance of addi-
tional spatial modes characterized by significant deviations from the great-circle arc. The main informative parame-
ters for solving the problem of radio sounding of the ionosphere are angles of arrival, Doppler frequency shift and
group time delay (in the case of pulsed transmission) of the probe signals. At present, an Internet-controllable net-
work of digital receivers located in Ukraine, Antarctica, Northern Scandinavia, at Spitsbergen Archipelago, in Lagos
(Nigeria), Jacamars (Peru) and Irkutsk (Russia). In the lecture, examples are presented of successful diagnostics of a
number of global ionospheric processes which have been carried out by the IRA NASU (Kharkov, Ukraine) in co-
operation with colleagues from the ISTP SB RAS and Universities of Tromso (Norway) and Lagos (Nigeria).

JOJII'OBPEMEHHBIE BAPUAIIMU NTHTEHCUBHOCTHU IT'AJJAKTHYECKUX KOCMHUYECKHUX
JYYEN B TEJJMOC®EPE (OCHOBHBIE HABJIIOJJAEMBIE 3AKOHOMEPHOCTH,
MOJEJIUPOBAHUE U CTEIIEHb IOHUMAHUWSA)

M.B. Kpaiines

Omnuecknit uacTHTYT M. [1.H. Jle6enesa PAH, Mocksa
mkrainev46@mail.ru
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LONG-TERM VARIATIONS IN INTENSITY OF GALACTIC COSMIC RAYS IN THE HELIOSPHERE
(MAIN REGULARITIES, SIMULATION, AND DEGREE OF UNDERSTANDING)

M.B. Kraynev
P.N. Lebedev Physical Institute RAS, Moscow, Russia

OOcyxnaroTcsi HadJfo1aeMble POSIBJICHUS M CTEIICHb MOHMMaHHS B HACTOsIIEe BpeMs JJOJITOBPEMEHHBIX Bapua-
LM MHTEHCUBHOCTH TajlakThieckux kocmuueckux nydedd (I'KJI) — xak oOycioBieHHBIX MSTHOOOpa30BaTebHON
COJIHEYHOU aKTHBHOCTBIO (IISITEHHBIA LIUKI), TaK U OOYCIOBJICHHBIX M3MEHEHHWEM HANPSHDKEHHOCTH W HOJISPHOCTH
BBICOKOIIMPOTHBIX MarHUTHBIX nojied CoHIa (MarHUTHBINA [UKI).

IMocnenoBaTensHO MPOCIEKUBACTCS Pa3BUTHE 000X IUKIOB Ha CoMHIE, B TeNNOChEPHBIX XapaKTEPUCTHKAX H
B uHTeHcUBHOCTH I'KJL

Beinensrores OCHOBHBIE HaOMIOgaTeNIbHBIE 3aKOHOMEPHOCTH M METOABI M PE3yIbTaThl MX MHTEPIPETAlNH KaK B
HOpPMAaJIFHOM JIJIsl BTOPO# MoJoBHHBI 20-T0 Beka mepuoje comHedHor akTuBHOCTH (~1980-2000 rr.), Tak u B aHO-
MAaJBHYIO 30Xy MoHmKeHHOH akTHBHOCTH Comarma (2000-2013 rr.). B nexnun OyayT MIMpOKO HCIIOIB30BaHEI Me-
TOJBI M PE3YJIbTaThl, Pa3padOTaHHbIC U MOIYyYEHHBIE aBTOPOM B T€UeHHE NociieHUX ~30 JeT 1 0COOEHHO B MOCIE-
HHE TOJIBI.

BEPOSATHOCTHO-CTATUCTUYECKHUE MOJEJIM HOHOC®EPHI VIS PEHIEHUSA 3ATAY
PACITIPOCTPAHEHMUSA PAJMOBOJIH

C.U. Ko3aos, A.H. JIsixos

Wucruryr nunamuku reochep PAH, Mocksa, Poccust
s_kozlov@inbox.ru

PROBABILISTIC IONOSPHERE MODELS FOR RADIOWAVES PROPAGATION
S.1. Kozlov, A.N. Lyakhov

Institute for Dynamics of Geospheres RAS, Moscow, Russia

Bce noHocdepHble MOIEIN Ha CEro/Hs JISNATCS Ha HCCIIeI0BATENbCKHE, C TOMOIIBIO KOTOPBIX HBITAIOTCS MOTY-
YUTH HOBBIC 3HAHUS O MMOBEJCHUH CPEIBl, O (PU3MUSCKUX MEXaHW3MaX, OTBEUAIOIINX 32 MPOIECCH Pa3BUTHSI BO3M Y-
IICHUH, WA YTOYHSIOT CYIIECTBYIOIINE TPEACTaBICHNUS, U IPUKJIaIHbIC, IPeTHA3HAUYCHHEIC [T PELICHUS B TICPBYIO
ouepens 3a/1a4 PaclpoCTpaHEeHUs paJHOBOIH MIMPOKOTO TUAITa30Ha YacToT.

[puknagHEIe MOAETH KIACCH(PHUIHUPYIOTCS MO IBYM IPU3HAKAM: M0 METOaM MX IMOCTPOSHHS — TEOPETHUCCKUE,
MOIYSMIHPUYECKUE, IMITUPHUCCKIE; 0 CBOCH (pH3MUYECKON CYIIHOCTH — NETEPMHHHAPOBAHHBIC WM CTOXacTHYe-
ckure. K mocnenaemMy Kiraccy OTHOCHTCS | TpeiiaraeMasi CXeMa BEpOsTHOCTHO-CTATUCTHYECKOTO MOJICITUP OBaHHS.

[Ipu mocTpoeHUN TakuX MoJeNeH MCXOAST U3 MOCTyJaTa, YTO HOHOChepa MpeacTaBisieT co00i HeperyIsapHyIo,
HECOPEPLIBHO U3MCHAIOMIYIOCA CpEAYy, MNPHUYEM H3MCHCHUA IMPOUCXOAAT Ha CaMbIX Pas3HbBIX MPOCTPaHCTBEHHO-
BPEMEHHBIX MaclITadax — KaK pa3periaeMbIX MPSMBIM CPEJCTBAMU M3MEPEHUH, TaK U HEJAOCTYIHBIX I Haboe-
HHUIA IN SitU, HO BO3EMCTBYIOIIMX HA PACTIPOCTPAHEHHE PATAOBOJIH.

B pamkax BepOsSTHOCTHO-CTATHCTHYECKOrO IOJXO0Ja MOJENb HOHOC(hEphl OOBEIUHSET MOJECIUPOBAaHHE IPO-
CTPAaHCTBEHHBIX CIYYaMHBIX MOJICH PaanOMU3NIECKUX MAapaMeTpOB Cpejibl (C OTPEEICHHBIMH U3 SKCIIEPUMEHTAIb-
HBIX JIAHHBIX KOPPENSHOHHBIMU [TApAMETPAMH) U MOJICIIUPOBAHKE PACIIPOCTPAHEHUS PAJMOBOJIH BEIOPAHHOTO Ya-
CTOTHOTO JTMara3oHa. BEIXOIHBIME apaMeTpaMy MOJCITH SBISIOTCS IDIOTHOCTH BEPOSTHOCTH 3aJaHHBIX paguodu-
3MYECKHUX XapaKTePHUCTUK.

B nekunu o0cyxaaroTcs pa3HbIe OAXOIBI K MOJICITHPOBAHUIO CIYYalHBIX MOJIEH MOHOC(EPHBIX MapaMeTpoB —
CTPOTO CTOXaCTHYECKHH W JETCPMUHHPOBAHHO-CTOXACTHUCCKUH, BKIFOYAIOMIMN PACUYCTHO-TCOPETHUECKOE SIIPO
Mozenu. OOCyXKIaI0TCs MOAXOIBI K OI[EHKE CXOAMMOCTH PEIICHUS.

B xauecTBe mpuMepa CTOXaCTHUECKOTO MOAX0Ja PACCMATPHUBACTCS YCIEIIHOE TOCTPOSHHE MOAETH 3arOPU30HT-
HOM paguonokanuy. JleTepMUHIPOBAaHHO-CTOXaCTUYECKHUIT MOX0 MILTIOCTPUPYETCS] MOJIENIbIO HU)KHEH HOHOC(EPHI
3emu uist pacuera pacnpocrpanenust CJIB-/JIB-painoBojiH Ha JJIMHHBIX Tpaccax.

B 3akmrouenne Cq)OpMyHI/IpOBaHBI OCHOBHBIC HCPCHICHHBIC 3a/1a4X U HAIIPABJICHUSA PA3BUTUA pacCMaTpUBacMOIo
I0JIX0/1a K MOJICTUPOBAHUIO HOHOC(DEPHI.

Up to date the ionospheric models can be divided into research codes, implemented for the investigation of the
physical processes in the ionosphere and applied models, which are mainly developed for the forecast of radiowaves
propagation in various frequency range.

The applied models can be separated into various classes under the following features: principles of implementa-
tion (theoretical, semi-empirical, empirical); physical background (deterministic or stochastic). The proposed
scheme of the probabilistic ionosphere simulation belongs to the last class.

The implementation starts from the postulate that the ionosphere is an irregular, non-stationary media with wide
spatial and temporal spectra of processes. Only some spatio-temporal scales can be resolved by the up-to-date in-
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struments, more are unobservable in direct measurements but are responsible for various effects in radiowaves prop-
agation.

Under the probabilistic approach the ionospheric model includes the simulation of spatial random fields of cer-
tain parameters using existing evidence for the setup of correlation parameters and the calculation of radiowaves
propagation in the given frequency range. On output we receive the probability density functions for the required
radio-physics values.

We discuss various attempts to the simulation of random fields of ionospheric parameters, namely pure stochas-
tic and with deterministic numerical core, as well as the convergence detection criteria.

As an example we consider the successful implementation of the probabilistic ionosphere model in the stochastic
framework for the over-the-horizon radar. Deterministic-stochastic approach is illustrated by the lower ionosphere
model for VLF-LF propagation on the long paths.

In conclusion the main unsolved problems are formulated and further prospects of the probabilistic ionosphere simu-
lation are discussed.

KIIMMATHYECKASI UBSMEHYUBOCTb JUHAMUKHU CTPATOC®EPBI, HABJIIOJJAEMAS
B NOCJIEAJHUE JECSATHJIETUA

A.W. lloropeJibues

Poccuiickuii rocynapcTBeHHBII ruApoMeTeopoiornieckuii yausepeuret, Cankr-IlerepOypr, Poccus
apogor@rshu.ru

CLIMATIC VARIABILITY OF THE STRATOSPHERIC DYNAMICS OBSERVED DURING
THE LAST DECADES

A.l. Pogoreltsev
Russian State Hydrometeorological University, Saint-Petersburg, Russia

Harasie UK Met Office ObumM MCTIONB30BaHBI IS HCCIICAOBAHMS W3MEHCHHH, HAaOIIOJaeMbBIX B KpYHTHOMAC-
mrabHOM JMHAMKKe 3UMHeH crparocdepsl CeBepHOro mosymapusi. beiin paccyuTaHbl yCpeAHEHHBIE 3a IEPBbIC
(1992-2001 rr.) u mocnenyromrie (2002—2011 rr.) AecsTh JET pacipe/eieHus METEOPOIOTHUSCKUX Toel. 3aTemM
OBLITN pacCUMTaHbl U3MEHEHHS, HA0II0JaeMbIe B CPETHEM TIOTOKE U B aMIUIUTY/IE CTAllMOHAPHOHN MIaHEeTapHOU BOJI-
HBI C 30HAJBHBIM BOJHOBBIM 4uciioM ofauH (CIIB1), ycpeaHeHHBIX 3a BCe 3UMHHUE MecCsIbl (1ekadpb—¢eBpaib).
[Tonmy4eHHbIe pe3yNbTaThl MOKA3bIBAIOT, YTO HAONIOJAETCSl OCIa0JIeHHe CPEJHEro MOTOKa OT IEPBOro JEeCATHIIe-
THS KO BTOPOMY, OJTHAKO CTaTUCTHYECKAsi 3HAUUMOCTh ITUX M3MEHEHMH HHU3Kasg. B To ke BpeMs mmeeTcs cymie-
CTBEHHOEC yCWICHHE BHYTPHUCE30HHON M3MEHUYMBOCTH CPETHETO MOTOKA M CTATHCTHYECKas 3HAYMMOCTh HaOIoae-
MOT0 M3MEHEHHS Ha CPeIHUX IMIMPOTaX JOCTATOYHO BBICOKas (95 %). Usmenenns B ammmnrynax CIIB1, ycpennen-
HBIX 32 3UMHHE MECSIIBI, UMCIOT ITPOTHBOIOJIOKHEIIM 3HAK B HIKHEH (HA0III0qaeTcsl yMEHBIIICHHE aMIUTUTY BOJIHBI)
W BepxHei# (HaOJrojaeTcsl yCHICHHE BOJHOBOW aKTHBHOCTH) CTpaTocdepe, H YCHICHHEe BHYTPUCE30HHOW M3MEHUYH-
BoctH amruinTynel CIIB1 B BepxHeit crparocdepe cratuctrdecku 3HaunMo (oxosto 90 %). [omyuennsie pesynbra-
THI TO3BOJISIOT TPEATONOXKUTh, YTO M3MEHEHHUS CPEIHEro IMOTOKa, HAaOMIoZaeMble B IOCICAHUE NECATHIICTHSA, B
Hayayie U B KOHIIE 3UMbI UIMEIOT ITPOTUBOIOJIOKHBIA 3HaK. UTOOBI MPOBEPHUTH HAIlle PEATIONIOKEHHE, OB paccau-
TaHBI paclpeiesIeHNs] METEOPOIOTHUECKUX TI0NIeH, yCPEeIHEHHbIE 3a JIECSATh MEPBBIX M JECATh MOCIEAYIOMUX JIET
JUIA KaXJIOTO Mecsiia B OTAEIBHOCTH, M CAETAaHbl OICHKH HaOromaeMbIX m3MeHeHMH. [losyueHHbIE pe3yibTaThl
MOKa3aJu, 4YTo HanboJiee CyleCTBEHHbIE M3MEHEHUsT HaOJII0Ial0TCsl Ha CPe/IHUX IIMPOTaxX B BEpXHEH cTparocdepe B
nekabpe. Tak, nanpumep, ammmutyaa CIIB1 B gexkabpe ycunuiack ¢ pakropom npumepHo 1.5. B sHBape Habmoqa-
etcst ocnabnerne CIIB ¢ MakcMManpHBIME H3MEHEHHSIMU Ha CpeIHUX MupoTax BOMm3u 40 kM, U B eBpaiie HaOIIro-
JlaeMble M3MCHEHUS HEe3HAYUTENbHBI. UTOOBI MOHATH BO3MOXHBIC npuanHbl yemieHus CIIB1 B mekaOpe, HIDKHUE
TpaHUYHBIC YCIOBUS U YCIoBUs pacrnpocTtpanenus CIIB1 Opumn mpoaHanmn3upoBaHbl. Pe3ynbTaThl YUCICHHOTO MO-
JENUPOBaHUA TIOKA3aJH, YTO BKJIAJ 3THX IOBYX ()aKTOPOB COIMOCTaBHM, W OBLIO BBICKA3aHO MPEAIIOJIOKEHHE, YTO
W3MEHCHUS HIKHUX TPAHWYIHBIX YCIIOBHA MOTYT OBITH CBSI3aHBI C PA3MUYHBIMU (Da3aMU JeKaIHBIX KOJeOaHUH TeM-
nepaTypbl Tuxoro okeaHa. AHANIH3 BHYTPHUCE30HHOW M3MEHUYMBOCTH TEMIICPATYPHl U CPETHETO IMOTOKA ITO3BOJIILI
MIPEION0XKNTh, YTO MpHUUMHON pocTa ammuutyasl CIIB1 B mexabpe siBiseTcs oxJakIeHHE HWKHEH cTpaTochepsl
BBICOKHX IIMPOT, KOTOPOE HAOJIIOAAeTCs B MOCIEAHNE ACCATIICTHS. DTO OXJIaKICHNE IPUBOIUT K YCHUIICHUIO CpeI-
HEro MOTOKa B HIWXKHEW cTpaTtocdepe. B pe3ynpraTe BOIHOBOJ MeXay Tpomochepoil u crpatocdepoil CTAHOBHTCS
6onee mupokum u CIIB1 pacmpocTpansieTcss B BepxHIOI0 cTparocdepy Oonee adextuBHO. Paccunrannas m3meH-
YUBOCTH IIOTOKA BOJTHOBOW aKTMBHOCTH B T€UCHHE 3MMHUX MECAIEB MOJAECPKUBACT BBICKa3aHHOE MPEIIOI0KEHNE.
B camowm nene, B cepenne 1ekadpst UMeeTCs CYIIECTBEHHOE YBEINYEHHE BEPTHKAIbHOW KOMIOHEHTHI 3TOTO TIOTOKA
U3 HIWKHEH crpaTocdepsl B BepxHIO. OTMEUEHO, YTO M3MEHEHHs], HabIrolaeMble B CTpaToC(epHOil TMHAMHKE B
MOCJIECTYIONTNE MECSIIBI, BRI3BAHBI N3MEHCHHSIMU B Jieka0pe. Poct ammutyner CIIB1 B Hauane 3uMbl BeieT K Harpe-
BaHUIO TOJSPHOW cTparocepsl W OCIAOICHHUIO TOJSPHOTO BUXpS B siHBape. YcioBus pacmpoctpanenus CIIB
YXYIIIAITCS, © MBI HAOIFOIaeM CIIOKOWHYI0, 0€3 CYIIECTBEHHOW aKTUBHOCTH IUIAHETAPHBIX BOIH, cTparocdepy B
sTHBape | Jaxe B peBpane. O0CykKIaeTcs BOIPOC, KaKHe MPOLECCH MOTYT OBITh OTBETCTBEHHBI 32 OXJIAXK]ICHHE I10-
nspHOHM cTpaTtocdepsl, HabmogaeMoe B jaekabpe. Bricka3piBaeTcs MPEIIONOKEHNE, YTO OCIA0JICHUE aMIUTATYIbI
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CIIB2 (cramuoHapHOW TUTaHETAPHON BOJHBI C 30HAIBHBIM BOJHOBBIM YHCIIOM JBa), HAOIIOJaeMOe B TOCIEIHHE
JIECSTHICTHS, MOXKET OBITh MPUYMHON HU3KUX TEMIIEPATyp MOJSIPHOIN HUKHEH cTpaTochepsi.

To investigate the changes observed during two latest decades in the large-scale dynamics of the winter strato-
sphere in the Northern Hemisphere, the UK Met Office data were used. The composites of the meteorological fields
averaged over the first (1992-2001) and second (2002-2011) ten years were calculated. The observed changes of
the mean flow and amplitude of stationary planetary wave with zonal wave number one (SPW1) averaged over all
winter months (December-February) have been calculated. The results obtained show a decrease of the mean flow
from the first decade to the second one is observed, however, these changes are statistically insignificant. On the
other hand there is a substantial increase in the intraseasonal variability of the mean flow and the statistical signifi-
cance of observed change at the middle latitudes is high (95 %). The changes in amplitudes of SPW1 averaged over
winter months have an opposite sign in the lower (where a weakening of wave amplitude is observed) and in the
upper (where a strengthening of wave activity is observed) stratosphere and an increase in intraseasonal variability
of SPW1 amplitude in the upper stratosphere is statistically significant (of about 90 %). Results obtained allow us to
suppose that changes of the mean flow have an opposite sign at the beginning and at the end of winter during the last
decades. To prove this assumption the composites for each winter month were calculated separately and the estima-
tions of observed changes have been performed. The results obtained show that the most significant changes are
observed at the middle latitudes in the upper stratosphere in December. For instance, the SPW1 amplitude increases
in December with the factor of about 1.5. In January the weakening of the SPW1 is observed with the maximum of
changes at the middle latitudes near 40 km and in February the observed changes are insignificant. To understand
possible reasons of the observed increase of the SPW1 amplitude in December, the lower boundary and propagation
conditions of this wave have been analyzed. The results of numerical simulation show that the contributions of these
two factors are comparable and it was suggested that changes of the lower boundary conditions can be connected
with the different phases of the Pacific Decadal Oscillation. Analysis of intraseasonal variability of the temperature
and mean flow allows us to suggest that the reason of an increase of the SPW1 amplitude in the upper stratosphere
in December is the cooling of the lower stratosphere at high latitudes that is observed during the last decades. This
cooling leads to an increase in the intensity of the mean flow in the lower stratosphere. In result the wave-guide be-
tween the troposphere and stratosphere becomes wider and SPW1 propagates into the upper stratosphere more effec-
tively. Calculated variability of wave-activity flux during winter months supports this suggestion. Indeed, in the
middle of December there is a substantial increase of the vertical component of this flux from the lower into the
upper stratosphere. It is noted that the changes observed in the stratospheric dynamics during the following months
are caused by the changes observed in December. An increase in the SPW1 amplitude at the beginning of winter
leads to the heating of the polar stratosphere and weakening of the polar vortex in January. Propagation conditions
for SPW become unfavorable and we observe quite stratosphere without a substantial activity of planetary waves
during January and even in February. The question what processes can be responsible for the observed decrease of
high latitude temperature of the polar lower stratosphere in December is discussed. The suggestion that decrease of
the amplitude of the SPW2 (planetary wave with zonal wave number two) observed during the last decades can lead
to the observed low temperature of the polar lower stratosphere is made.

METO/IbI OITUCAHMS ITOJISI HOHOC®EPHOM BOJIHBI U MIPOCTPAHCTBEHHASI OBPABOTKA
CUTHAJIA ITPH TMATHOCTHUKE HEOJHOPOJHOM HOHOC®EPHI

M.B. Tunun

WpkyTtckuii rocynapctBeHHbIN yHUBepeuTeT, UpkyTck, Poccus
mtinin@api.isu.ru

IONOSPHERIC WAVE FIELD DESCRIPTION METHODS AND SPATIAL PROCESSING OF SIGNALS
IN DIAGNOSTICS OF INHOMOGENEOUS IONOSPHERE

M.V. Tinin
Irkutsk State University, Irkutsk, Rassia

C moMoIp0 MeToIa JBOWHOTO B3BEMICHHOTO TipeoOpazoBanus Dypee (IBI1D) MokHO omucaTh pacmpocTpaHe-
HHUE CHTHajla B HEOTHOPOJHOH MoHOCchepe ¢ yueToM AN(PaKIMOHHBIX 3G eKToB pa3nuaHoro tuma. Kpome toro, Ha
6aze JIBII® MOXHO cO37aTh aTOPUTMBI MPOCTPAHCTBEHHONW OOpaOOTKH CHTHAA, ONTHUMANIbHBIE C TOYKH 3PECHHUS
MTOMEXO0YCTOWYMBOCTH W TIOBBIIICHUS Pa3peIICHUs] CPEICTB JHArHOCTUKM HEOTHOPOAHBIX cpel. MBI mcciemyem
BO3MOHOCTH JalIbHEHIIEro pa3BUTHS MeTOA0B Ha ocHoBe JIBII® mus pemienus nByx 3amad MOHOC(HEPHOTO pac-
IIPOCTPAHEHUS PaAHOBOIIH:

1) o6001eHne npubIIKEeHHs (a30BOro 3KpaHa TSl MPOTHKEHHON HEOTHOPOIHON CpeIbl;

2) OTpa)keHHE BOJIH OT HOHOC(HEPHBIX CIOEB CO CITy4yallHBIMU HEOTHOPOJHOCTIMH.

Obobwenue npubaudiceHus Pazoe020 IKPaHa

[TycTp HeoqHOpPOIHAS Cpefa HAXOJUTCS MEXy IFIOCKOCTSMHU C MICTOYHUKOM M NPUEMHHUKOM. B oTcyTcTBHE OT-
paKeHUs! B KpYITHOMACIITaOHOM HEOMHOPOIHON Cpesie paccessHie MPOUCXOIUT B OCHOBHOM Briepea. B aTtom ciydae
IIPU pEIIeHUH BOJIHOBOTO YPaBHEHMS MBI MOKEM HCIOJIB30BaTh MANOYIJIOBOE (MapaKkCHAIbHOE) MPUOIMKEHHE |
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CBECTH 3TO YpaBHEHHE K NapaboINuecKoMy ypaBHEHHIO. Permas mapaOoiandeckoe ypaBHEHHE C HCIOIb30BaHHEM
Mertona JIBII®, nomydaem BeIpakKeHHE TS TIOJISI, PACCESTHHOTO yJAJICHHON HEOJHOPOTHOCTHIO, B BUIE 00OOIICHHO-
ro mMetoza (a3oBoro 3kpana. Tenepb, €CIM HEOAHOPOAHOCTh HAXOANTCS BJAIM OT HCTOYHHUKA M HAOIIO JATEIsl, MBI
MOJKEM HCIOJIh30BaTh OTHOKPATHOE MHTETPUPOBAHKE, a He NIBOMHOE, pucymiee Meroxy JIBII®. CooTBeTcTBYIOMAS
MPOCTPAaHCTBEHHAs] 00pab0TKa IMO3BOJISIET MOBBICUTH Pa3peIIeHHE H3MEPEHUH BHE3EMHBIX NCTOUYHUKOB. B oTmmune
0T 0ObrYHON MHBepcun PpeHens, MpeaIaraeéMblil OAX0 ], KOHTPOIUPYS H3MEHEHUs BapHuanuil aMIUIUTYABL, TO3BO-
JSIeT HaM JUIsl AUArHOCTHKU MOHOC(EPHBIX HEOJIHOPOAHOCTEH BHIOpATh MTapaMeTphbl KBa3HONTHMAaIEHOTO BUPTYallb-
HOTO JKpaHa.

Ompadsicenue 601HbL O UOHOCPEPHO20 CLOSL CO CYUAUHBIMU HEOOHOPOOHOCHIAMU

YT00BI penuTh NpodIeMy OTPaXKCHUSI BOJH OT MOHOC(EPHOTO CIIOSl CO CIy4YaiHBIMUA HEOJHOPOJHOCTSMH, MBI
MPUMEHSIEM METOJ] COOCTBEHHOTO BpeMeHH doka, B KOTOPOM BOJIHOBOE YpPaBHEHHE CBOJMTCS K MapadOIN4YecKOMy
ypaBHeHHIO. [[s1 pemenns mocienHero ¢ yueroMm nudpaxunu OpeHens Ha clydailHbIX HEOAHOPOIHOCTSX, PacIo-
JIO’)KEHHBIX B HENOCPEACTBEHHON OKPECTHOCTH TOUKH IOBOPOTa, Mbl Ucmosib3yeM JBIID. Jlns HeonHopoaHOH cpe-
JbI C TMHEWHBIM HPO(IIEM AUIEKTPUICCKON MPOHUIIAEMOCTH PE3YNBTAThl 3TOT0 ACHMITOTHYECKOTO METOJa COB-
MaJaroT CO CTPOTUMHM pe3yiabTaTaMu. [l CHTHAJIOB, OTPA)KEHHBIX OT CIy4aifHO-HEOAHOPOIHBIX CIIOEB, MBI BBIBO-
IrM (opMmyity, KOTOpast MO3BOJISIET MCCIIEN0BATh PA3IMYHbIE CTATHCTHIECKHE MOMEHTHI. KpoMe Toro, momy4ueHHbIE
Pe3yIBTAaTEI MOTYT OBITH MCITOJB30BAHEI VIS pa3pabOTKH allTOPUTMOB IPOCTPAHCTBEHHON 00pabOTKH CHTHAJIOB CO
CBEPX(PEHENEBCKUM Pa3pEIICHUEM B YCIOBHAX MHOTOIYIEBOTO PACIIPOCTPAHEHHUS U CHIIBHBIX MEPLAHUH.

®U3UYECKHUE IPOLECCHI BJIUSIHUSA 11-JTETHETO IUKJIA COJTHEYHOM AKUBHOCTH
HA KJIUMAT BOCTOYHO-A3UATCKOI'O PETUOHA B 3UMHMI NEPUO/T

Ysnub Baub, Hons Yoy

UnceruryT dusukn atmoctepsl, Kuraiickas akanemus Hayk, [Texnn, Kurait
cw@post.iap.ac.cn

PHYSICAL PROCESSES OF THE INFLUENCE OF 11-YEAR SOLAR CYCLE
ON THE EAST ASIAN WINTER CLIMATE

Chen Wen, Qun Zhou
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

In this talk, the influence of 11-year solar cycle on the East Asian (EA) winter climate is presented. Previous
studies indicated that the El Nifo-Southern Oscillation (ENSO) and the Arctic Oscillation (AO) are important fac-
tors for the EA climate anomalies. Our recent works reveal that both the relations of EA climate to the ENSO and
AO are modulated by the 11-year solar cycle.

The results indicate that the ENSO and East Asian climate relationship is robust and significant during winters
with low solar (LS) activity, with evident warming in the lower troposphere over East Asia, which can be closely
linked to the decreased pressure gradient between the cold Eurasian continent and the warm Pacific. Moreover, dur-
ing the LS and El Nifio winters there is a typical rainfall response in Southeast Asia, with wet conditions over South
China and dry conditions over the Philippines, Borneo, Celebes, and Sulawesi, which can be explained by the anti-
cyclone over the western North Pacific. However, during high solar (HS) activity winters, both the surface tempera-
ture and rainfall anomalies are much less closely associated with ENSO.

On the other hand, during winters with high solar activity (HS), robust warming appeared in northern Asia in re-
sponse to a positive AO phase. This result corresponded to an enhanced anticyclonic flow at 850 hPa over north-
eastern Asia and a weakened East Asian trough at 500 hPa, which implies that the cold waves affecting East Asia
were relatively inactive. However, during winters with low solar activity (LS), both the surface warming and the
intensities of the anticyclonic flow and the East Asian trough were much less in the presence of a positive AO phase.

The related physical processes will be presented, too.
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