HAYYHbLIE NOAPA3AENEHUA
SCIENTIFIC DEPARTMENTS

B Ha3zBaHuM oTAeNna COeNMHEHBl KOCMOC
u 3emisl, TaK KaK pabOThl €ro COTPYIHUKOB
KacalpTcsl TPOLECCOB, OOIIMX I IPUPOIBI
B 1IEJIOM, — CaMOOpraHU3allMd CUCTEM, 3a-
POXIOEHUSI  KPYIMHOMACIITAOHBIX  CTPYKTYp
B CIUIOIIHBIX Cpelax, BOJHOBBIE IIPOLIECCHI,
reHepanus ObICTphIX yacTull. K TakuM cpenam
OTHOCATCS M aTMOCdepsl TIJIaHET, B TOM YUCTIe
Halllei, U COJTHEUHBIN BETEP — IOTOK IJIa3Mbl,
1 MarHutocdepsl TUIAHET U JAPYTUX OOBEKTOB
Bcenennoit.

3a CBOIO HCTOPHMIO OTAEA TMepexXua psim
TpaHchopmauuii. OH HauuHaicsd ¢ JabopaTo-
pyvH B cOCTaBe OTAeJa MPUKIATHON KOCMUYe-
CKOI1 (pM3MKM, KOTOPOI1 pyKOBOAMI ITpodeccop
Cemén CawmoiinoBuy Mowncees (23.11.1929—
05.06.2002), KpyImHEHIINIA CITELUAIUCT B 00J1a-
CTU (PU3UKHU TUIa3Mbl, TEOPUU TYPOYJIEHTHOCTU
U MPOLIECCOB CAaMOOPTraHU3alluy B HEpaBHOBEC-
HBIX Cpelax.

Tlo3xe, Korma yiabopatopusi INpeBpaTUIach
B OTHEN TIPUKJIATHBIX KOCMHUYECKUX UCClie-
IOBaHUU (a 3aTeM OTHEeNT KOCMOTCO(MU3UKH),
nepeq COTpYIHUMKaMU ObLIM TOCTaBJCHBI Clie-
nyoive 3anayu: 1) dbyHIaMeHTalbHble HC-
clenoBaHus B 00JacTU (U3MKKA aTMOCHEpHI;
2) (byHnamMeHTaIbHbIE UCCIIEAOBAHUS B 00JIaCTH
HeJMHEWHOU (U3uKKU, GUBUKKA TUIa3Mbl U TH-
IPOOWHAMUKHU; 3) CBsI3b (DYyHIaMEHTaJIbHBIX
W TPUKIAAHBIX UcciaenoBaHuii. LleHTpanbHOM
npobjieMoil, KoTtopass oObeAVMHMWIA 3TU Ha-
MpaBJIeHUsI, ObLIa CaMOOPTaHM3AIINS U, TIPEXIC
BCEro, MpobJieMa YCTOMUYMBOCTU U 3apPOKACHUS
KPYITHOMACIITAOHBIX CTPYKTYP B CIUIOITHBIX
cpenax.

Takum oOpa3om, TemaTMKa pabOT oTaesa
BKJTIOUaIa (DyHIaMEHTaJbHBIE W TIPUKITATHBIC
3a/1a4, 9KCTIEPUMEHTAIbHBIE U TEOPETUIECKIE
pa6otbl. Tak, B KoHue 1980-X IT. COTPYIHUKHA
OTIeNIa yJYaCTBOBAIM B DKCITCAMITUSIX TSI DKC-
MEePUMEHTAIBHON TPOBEPKU TEOPETHUECKUX
MEXaHMU3MOB 3apOXIEHMS] TPOMUYECKUX IIU-
kJ10HOB. B 1990-x rr. pa3pabaTblBaUCh TpU-
OOpHI 1T TUCTAaHIIMOHHOTO M3y4yeHHs1 Mapca
(6oproBoit nupap) v HaomwoaeHuit CojHUA
(PEHTIeHOBCKUI TIOJYITPOBOAHUKOBBIN CIEK-
tpomeTp PIIC-1), ammapaTypa mia rmia3meH-
HBIX 2KCMEPUMEHTOB Ha OOPTY OpPOMTAIbHBIX
CTaHLIMH.

IlapamnenpHO ¢ 3TUM B TEOPETUYECKUX
paboTax HMCCIENOBaJOCh  PacHpOCTpaHEHUE
3JIEKTPOMAarHUTHBIX BOJIH B TUIa3Me, YTO BaXk-
HO M JJIs1 OJIMKHETO KocMoca, M IS JalEKUX
acTpodusnyeckux oobekToB. PabGoThl B 00ja-
CTU TEOpUU TUHAMUYECKOTO Xaoca pa3BUBa-
JINCh B TIPUJIOKEHUS K TOBEpPXHOCTM Mapca,
IUHAMUKe Taii(yHOB, NBUXKEHUIO aCTEPOUJIOB,
KOMET M KOCMMYECKUX aIlapaToB.

The department name combines the space
and the Earth since its researchers study pro-
cesses common for the nature in general —
self-organization of systems, wave processes,
generation of high-energy particle fluxes, large-
scale structures formation in continuous media.
Among those are planetary atmospheres includ-
ing our planet and the solar wind — the stream
of plasma, as well as planetary and stellar mag-
netospheres.

Over the course of its history the department
experienced several transformations. It was es-
tablished as a laboratory within the Applied
Space Physics department headed by S. S. Moi-
seev, professor, and a distinguished scholar
in the field of plasma physics, turbulence theory
and self-organization processes in non-equilib-
rium media.

Later, when the laboratory became the De-
partment for Applied Space Research (and
then Space Geophysics Department), the staff
members were given the following tasks: 1) fun-
damental studies in atmosphere physics; 2) fun-
damental studies in nonlinear physics, plasma
physics, and hydrodynamics; 3) connection
of fundamental and applied research. Self-or-
ganization and, first of all, the problem of large-
scale structures’ stability and their genesis
in continuous media were the major problems,
which join these two branches together.

Therefore, the topics of the department
included fundamental and applied tasks, ex-
perimental and theoretical works. In the end
of the 1980’s the researchers participated in ex-
peditions, which aimed at experimental check-
ing of theoretical mechanisms for tropical
storms’ genesis. In the 1990°s the instruments
for the remote Mars study (an on-board lidar)
and Sun observations (an X-ray spectrom-
eter RPS-1), hardware for plasma experiments
aboard orbital stations were developed.

Concurrently, theoreticians were studying
electromagnetic waves propagation in plasma,
which is important for both the near space and
the remote astrophysical objects. The works
in the field of dynamic chaos theory were ap-
plied to the Martian surface, typhoon dynamics,
movement of asteroids, comets, and spacecraft.

OTAEJ/1 KOCMOIEO®U3NKA
(51)

SPACE GEOPHYSICS
DEPARTMENT

(51)

Pykoeodumenb —
npodeccop, 0-p pus.-mam. HayK
Hukonati EpoxuH

Head — Prof. Dr. Nikolay Erokhin

Mpodgheccop Cemén
Camolinosuy4 Moucees
(23.11.1929-05.06.2002)

Prof. Semen S. Moiseev
(November 23,1929 -
June 5,2002)
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AKTyaJIbHBIE 3aJayd OTHeJ]a CETOHSI II0-
MPEeXHEMY CBSI3aHbI C M3y4eHUEM M MOIE/I-
pOBaHUEM CJIOXHBIX HEPaBHOBECHBIX IpOLIEC-
COB, KOTOpbIE IIPOMCXOISAT Ha HAIIEH IIaHETe
M 3a e€ mpeaeaMu. DTO reHepalusl CTPYKTYp
B aTMocdepe U OKOJIO3eMHOM ITPOCTPAaHCTBE,
MeXaHU3Mbl (OPMUpPOBAaHUSI B HOHOChEpE
MPEIBECTHUKOB M HHIMKATOPOB KPU3MCHBIX
COOBITHIA, BIMSIHUE CIIMPAJIBHOCTA Ha IWHA-
MUKy TaiipyHOreHe3a, TIeHepalus II0TOKOB
VABTPAPEIATUBUCTCKUX 3apSDKEHHBIX YaCTHIL
B reqvocdepe M BIMSHUE Bapyalnii TOTOKOB
KOCMMYECKUX JIy9eil Ha KPYIHOMACIITAOHBINA
LIMKJIOTeHe3 B aTMocdepe 3eMJIM, aHaJIU3 Tpo-
LIECCOB BO BTOPMYHO-SMHUCCMOHHOM PaITlON30-
TOIIHOM MCTOYHMKE TOKA M MHOTHE IPYTHE.

3aBep1neHm,1e NPOEKTbI U IKCNIEPUMECHTDI

* WccnenoBanus Mapca: Mars Surveyor’98
Program (anmapatel Mars Climate Orbiter
u Mars Polar Lander, NASA, 1998)

* AcTtpodusmndeckne skcrepuMmeHTel: PUD
u TAYPYC (cranuus «Mwp», Momyib
«Crnextp», 1995—1997 rr.), HETA (opbu-
TanbHbIA KoMIuieke «Camior-7» — «Koc-
Moc-1686», 1985—1988 rr.)

* Hccnenopanusa Connna: «KOPOHAC-®»
(romoBHas opranusanus — W3MHMPAH,
2001-2005 tr.)

IIpoeKTsl B cTaauu pa3padoTKu

HUccnenosanust Mapca: DK3OMAPC, EKA
u Pockocmoc (2016 1 2018 rr.)

JIaGopaTopus TeopeTHYeCKOi ruaAPOPU3NKH,
HEJIMHEIHHBIX M HEPABHOBECHBIX MPOLIECCOB

B Kocmuueckoii cpene (511) (pyxosodumenv —
0-p ¢uz.-mam. nayk Anexceii Bacuiveg)

JIaGopaTopus (pU3MKM MJIA3MBI
o TepmMoruapoauHamMukm (512) (pyxosodumens —
Kawo. ¢uz.-mam. nayk Cepeeii Apméxa)

O6e nabopatopuu ObLTM co3maHbl B 1983 1.,
U UX AESITeJIbHOCTb CBsI3aHa C PEIIeHUEM OC-
HOBHBIX TIPOOJIEM TeOpPeTUIeCKON THapohu3m-
KU MIPUMEHUTENIBHO K aTMocdepe, noHochepe
M KOCMUYECKOI cpelie, BKIIIOYasi OKOJI03eMHOe
MPOCTPAHCTBO, a TaKKe AMHAMUKHU HETMHEH-
HBIX U HEPAaBHOBECHBIX IPOLIECCOB B CUCTEME
«atMocepa-uoHocpepa». K oObekTam wuc-
CJIeIOBaHUST OTHOCSITCSI Take (PEHOMEHBI, Kak
TPOMMYECKHME LIMKJIOHBI M MEXaHM3MbI MX 3a-
POXIEHMS, YCKOPEHHEe KOCMHUYECKUX JIydeit
U MHOTHE TIpyTHe.

OcHoBHbIE HanpaBJICHUA HCCJIeI0BAHMIA

+ IlpuaoxeHue TEOPUU PE3OHAHCHBIX SIBJIE-
HUI K 3agayaM O OUHAMMKE 3apsKeHHBIX
YaCTUIL B 3JICKTPOMArHUTHBIX TOJSIX CJIOXK-
HOW KOH(MUIypaluu, aHaau3 XapakTepu-
CTUK CTAallMOHAPHBIX 3ePKAJIbHBIX CTPYKTYD

Today’s major objectives of the depart-
ment are still related to the study and mod-
eling of complex non-equilibrium processes
taking place on our planet and beyond. These
include structure generation in the atmo-
sphere and the near space, the mechanisms
of critical events premonitory symptoms and
the indicators in the ionosphere, influence
of helicity on the typhoon genesis, generation
of the charged ultrarelativistic particle fluxes
in the heliosphere and influence of the cosmic-
ray fluxes on the large-scale cyclon genesis
in the Earth’s atmosphere, analysis of the pro-
cesses in the secondary emission radioisotope
current source and many others.

Completed Projects and Experiments

» Mars exploration: Mars Surveyor’98 Program
(Mars Climate Orbiter and Mars Polar Land-
er, NASA, 1998)

» Astrophysical experiments: GRIF and
TAURUS (Mir Space Station, Spektr Mod-
ule, 1995—1997), NEGA (Salyut 7 — Kos-
mos 1686, 1985—1988)

* Sun research: Koronas-F (principal organiza-
tion — IZMIRAN, 2001—-2005)

Projects in Development

* Mars exploration: ExoMars (ESA/Roscos-
mos, 2016 and 2018)

Laboratory of Theoretical Fluid Physics,
Nonlinear and Non-Equilibrium Processes
in the Space Environment (511). Head —
Dr. Alexei Vasilyev

Laboratory of Plasma Physics and
Thermohydrodynamics (512). Head —
Dr. Sergey Artekha

Both laboratories were founded in 1983 and
their activity relates to the solution of the ma-
jor problems of the theoretical fluid physics as
applied to the atmosphere, ionosphere, and
space environment including the near space
as well as nonlinear and non-equilibrium pro-
cesses in the “atmosphere-ionosphere” system.
The subjects of research include such phenome-
na as tropic cyclones (TC) and their origin, cos-
mic ray acceleration, and many others.

Research Areas

* Application of the resonance phenomena
theory to the tasks relating to the charged par-
ticles dynamics in the electromagnetic fields
of irregular shape, analysis of the static mir-
ror structures in the space plasma, dynamics



B KOCMUYECKOM TuIa3Me, TMHaMHUKa cepdo-
TPOHHOT'O YCKOPEHMS 3apsSDKEHHBIX YaCTHIT
3JICKTPOMAarHUTHBIMA BOJTHAMU B KOCMH-
YeCKOil TuTa3Me M BapualMii TTOTOKOB KOC-
MMUECKHUX JIyyeil, pa3paboTka (pu3m4ecKux
MPUHIIMIIOB KOHCTPYUPOBAHUS W (YHKIIM-
OHMPOBAaHUSI KBAHTOBBIX HEHMPOHHBIX CeTeit
U COBPEMEHHBIX METOMIOB YIPaBJICHUS aBTO-
HOMHBIMU arrapaTaMy Ha UX OCHOBE;

* pa3BUTHE HOBOTO TIOAXONA JJI M3YyYEHMS
KPYIMHOMACIITAOHOTO TPOIMYECKOIo IIv-
KJIOTeHe3a Ha OCHOBE TypOYJEHTHOTO BMX-
peBOTO IWHAMO, aHAJIW3 XOlIa PErMOHallb-
HOTO KpPYIMHOMACIITAaOHOIO IIMKJIOTeHE3a,
B3aMMOCBS3b Te03(GEKTUBHBIX  SIBICHU
B smTocdepe, armocdepe M HOHOChepe
3eMr, pe3oHaHCHbIE MEXaHU3Mbl BO3IEl-
CTBUSI COJTHEYHOM aKTMBHOCTM Ha 3eMHOI
KJIMMAT, BIMSTHUE TIJIa3MOIIONOOHBIX TIOACH~
CTeM Ha IMHAMUKY TaiidyHoreHe3a;

* COJIHEYHBIC BCIBIIIKM MaJOi MOIIHOCTH
U BCIUIECKM PEHTTeHOBCKOTO W3JIy4eHUS,
PEHTICHOBCKAasl 3MUCCUSI HOYHOM HMOHO-
cepbl U €€ ce30HHasl 3aBUCUMOCTb, (op-
MMPOBaHUE KOTEPEHTHBIX CTPYKTYpP B BEpX-
Hell U HUXXKHEW MoHocdepe, UX BIUSHUE Ha
TPaHCTIOPTHBIE CBOWCTBA, 3JIEKTPOIMHAMM-
Ky, YCTOMUMBOCTh TMAPOMATHUTHBIX Tede-
HUI B 3eMHOM SI1Ip€E;

* BIWSHUE 3aXBaYCHHBIX 3apsKeHHBIX 4Ya-
CTUII Ha IUIa3MEHHBIC SBJICHUS, 3apsiaKa
TeJ M 4YacTUIl MbUIM B KOCMOCE M Jiabopa-
TOPHBIX YCJIOBUSIX, NWAarHOCTUKA TUTa3MBbI
BJIEKTPUYECKUMM 30HIaMU, TUHAMUKa ObI-
CTPBIX 3JIEKTPOHOB B IJIa3Me IPO30BBIX pa3-
PSIIOB TIPU BHEIITHUX BO3IEUCTBUSX, aHATN3
CTPYKTYPHBIX  (YHKIUHA  3JIEKTPUIECKOM
TypOYJEHTHOCTU B TIPO30BOIl 00JAYHOCTH,
SKCTIEpUMEHTATbHBIE WCCICIOBAHUS TIPU-
CTEHOYHBIX ITyJIbCALIMii TIOTOKA U (POPMUPO-
BaHUE TypOYJEHTHOTO IlIlyMa OKOJIO BMXKY-
ITUXCST OOBEKTOB B MODSIX;

* pE30HAaHCHOE TYHHEJIMPOBAHUE BJIEKTPO-
MarHUTHBIX W JIPYTUMX BOJH B Ipaaive€HTHBIX
cpenax, yOIBOGHHE YacTOT 3JeKTPOMAarHuT-
HBIX BOJJH B HEOIHOPOIHOMW MOHOC(HEpHOIt
MJja3Me, ONTUMAaJIbHbIE YCJIOBHUS MTPOXOXKIe-
HUSI BHYTPEHHUX T'PAaBUTAILMOHHBIX BOJH U3
Tpornochepbl B MOHOChEpy ¢ TeHepauueit
WHAMKATOPOB KPU3UCHBIX MPOLIECCOB.

Pe3yabTaTsi

Uccnenosano cepdoTpoHHOE yCKOPEHHUE 3a-
PSKEHHBIX ~ YacTHIl  DJIEKTPOMArHUTHBIMU
U DJIEKTPOCTATUYECKMMHU TIIa3MEHHBIMU BOJI-
HaMu, U3y4YeHBI YCJIOBUS €TO peain3alluu, Hall-
IeHbl ero xapakrepuctuku. [lokazaHo, 4TO
B TUIa3Me MEX3BE3IHBIX O0JIAKOB YaCTULIBI MO-
TYT YCKODPSITbCSI IO SHEPTUil Mopsiaka 10" 5B.
PaccmotpeHn nuddy3moHHbINT MeEXaHU3M pocTa
SHEPIUM 3apsiKeHHBIX YaCTUI[ B TOJISX 2JIeK-
TPOMArHUTHBIX BOJIH.

of the charged particles surfatron acceleration
by the electromagnetic waves in the space
plasma and variation of the cosmic rays flux-
es, development of the physical principles
of designing and functioning of the quan-
tum neural networks and modern control
methods of the self-contained vehicles based
on these networks;

* development of a new approach to study
the large-scale tropical cyclogenesis based
on the turbulent vortex dynamo, analy-
sis of the regional large-scale cyclogen-
esis course, interrelations of the geoeffective
phenomena in the lithosphere, atmosphere
and ionosphere of the Earth, resonance
mechanisms of the solar activity influence
on the Earth’s climate, influence of the plas-
ma-like subsystems on the typhoon genesis
dynamics;

* low-intensity solar flares and X-ray bursts,
X-ray emission of night-time ionosphere and
its seasonal dependence, formation of co-
herent structures in the upper and lower
ionosphere, their influence on the transport
properties, electrodynamics, stability of hy-
dromagnetic fluxes in the Earth’s core;

» influence of the captured charged par-
ticles on the plasma phenomena, charg-
ing of the bodies and dust particles in space
and laboratory conditions, plasma diag-
nostics with electrical probes, dynamics
of the fast electrons in the plasma of storm
discharges under external influences, analysis
of the structural functions of electrical tur-
bulence in the thunderstorm, experimental
studies of the flow pulsations in the near-wall
layers and formation of the turbulent noise
near the moving objects in the seas;

» resonance tunneling of electromagnetic and
other waves in the gradient media, dou-
bling of electromagnetic waves frequencies
in the heterogeneous ionospheric plasma,
optimum conditions of internal gravity waves
passage from the troposphere into the iono-
sphere with generation of the crisis process
indicators.

Results

Surfatron acceleration of the charged par-
ticles using the electromagnetic and electro-
static plasma waves was investigated, conditions
of acceleration occurrence were studied, ac-
celeration properties were found. It was shown
that the particles in the plasma of the interstellar
clouds can accelerate to the energies of around
105 eV. A diffusive mechanism of the charged
particles energy growth in electromagnetic wave
fields was described.
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DTH 3amaud aKTyaJbHBI UISI MCCIIEIOBAHUS
XapaKTEePUCTUK U OMUCAHUS TUHAMUKU TOTO-
KOB 3apsDKeHHBIX YacTUII B XBOCTE MarHUTO-
cdepsl 3eMiu. Pe3ynbraThl BaXXHBI B KOHTEKCTE
COBPEMEHHBIX TPEACTABIEHUN O BO3MOXKHBIX
MeXaHW3MaX TeHepallMy BapHalWil ITOTOKOB
VJIBTPApEISITUBUCTCKUX YACTUL] B KOCMUYECKOM
Tia3me.

Ha ocHoBe TypOyJE€HTHOrO BMXPEBOIO M-
HaMo B aTMocdepe pa3BUT HOBBIM MOIXOM IS
HUCCIIEIOBAaHUSI TPONMMYECKOro IIMKJIIOTeHesa,
MPEIIOKEeHBl KPUTEPUM ITHUArHOCTUKU MO-
MEHTa, KOTHa 3apoXHaloIIuiics KpYyITHOMAcC-
IITAOHBIE BUXPb CTAHOBUTCSI 3HEPreTHMYECKHU
camomnonepxxuBatommMcst.  I[lokazaHo, 4TO
GopMUPYIOIINIACS ME30MAaCIITa0HBII  BHXPh
CTAHOBUTCSl CaMOIIOIIEPXKUBAIOIIMMCST  U3-3a
TOTO, YTO 3alETUISIOTCS ABa PEXUMa ITUPKYJIs-
LIMU: TaHTeHLMAIbHASI M TPaHCBepcaabHas (Tie
€CTb U TOPU3OHTAaJIbHAS, U BepTUKaAIbHAsI CKO-
pPOCTH) — M TIPOMCXOANT 3TO C TTOMOIIBIO Bpa-
IIAIOIINXCST CTPYKTYP 0OJaYHBIX MACIITabOB —
BUXPEBBIX TOPSTUMX OallleH.

HccnemoBaHbl  BO3MyIleHUsI  MOHOChe-
PHl IIpU BO3OEWCTBUU <«CHU3Y», B TOM YHCJIE
npu LyHaMu u MoiHusX. OOHapyxkeHa 3a-
BUCUMOCTb aMIUIMTYIBl OTKJIMKAa HMOHOCGHEPHI
B TOJTHOM 3JIEKTPOHHOM COIEP>KaHUU Ha TIOMI-
BOIHOE LIyHAMUTEHHOE 3eMJIETPSICEHUE OT Bep-
TUKAJIBHOTO cMellleHus1 B HEM. MoHocdepHbIit
OTKJIMK, HA OCHOBE KOTOPOTO MOXKHO CleJaTh
BBIBOJI O 3aPOXACHUM LIyHAMU, PETUCTPUPYETCS
paHblile TTPUXO0/a BOJHBI K Oepery. YcTaHoBIe-
HO, YTO BO3HMKHOBEHME aHOMAJbHBIX aMILIH-
tyn YHY/KHY-curHaioB B BepxHell HOHO-
cdepe Haa TpPO30BBIMU pa3psiiaMu MOXET ObITh
O00YCIIOBJIEHO CYIIECTBOBAHMEM B HWXKHEH
noHocdepe obnacTeil BBICOKOMOHU30BAHHOM
IJIa3MbI OT MOJTHMEBBIX paspsinoB. [lokasaHo,
YTO MOJHMM — JIOKaJbHBIE MOIIHBIE MCTOY-
HUKM MOHM3allMM HOHOchepbl, a B 00JacTu
oT Me3ocdephl K TepMocdepe B pe3yIbTaTe He-
YCTOMYMBOCTH KMAHOBCKOTO THUIIA CO3MAIOTCS
YCJIOBUS ISl TEHEepallMy KBa3UIEPUOIUYECKUX
BBITIHYTBIX ~ KPYIMTHOMACIITAOHBIX  CTPYKTYD
B HEUTpPaJbHOW M TIJIA3MEHHOU KOMIIOHEHTAaX
¢ HaOJIIOAaeMOli B 9KCIIEpUMEHTE OpUEHTAIIUE.

lpennoxeH  pe30HAHCHBIH  MEXaHU3M
BJIUSIHUSL COJTHEYHON aKTUBHOCTH Ha 3eM-
HOIl KJMMat: Habjogaemass KiMMaThuyeckas
Bapualys ecThb DPe3yJbTaT BO3NEUCTBUS COJI-
HEYHOM KBa3WUIMEepUOAMYECKOM Bapuallud Ha
COOCTBEHHYIO KJIMMATUYECKYIO OCLWLISIIMIO.
DTO OOBSCHSET, MOYEMY COJIHEUHBIM U KIU-
MaTUYECKUM LUK HEe CTPOTO CHHXPOHM3UPO-
BaHbl — MEXIY HMMH CYILECTBYEeT Pa3HOCTh
¢a3. YuurtsiBasi 3TOT MeXaHU3M, yIajaoCh B pac-
yéTaX BOCIIPOM3BECTU KBA3UIECPUOINICCKUIE
(okosio 11 m 22 yer) KOMIOHEHTHI BapuaLuii
ocankoB B paiione mopta @opranesnl (bpasu-
M) Ha BpeMEHHOM OTpe3ke Gojee 160 er.
IlokazaHo HaauMuue KOppessluii Bapualuu
YPOBHSI OCAJIKOB MEXIY pacuéTaMy U JTaHHBIMU
HaOJIONCHUIA.

These issues are crucial for research
of the properties and description of dynam-
ics of the charged particles fluxes in the Earth’s
magnetosphere tail. The results are important
for the purposes of present-day ideas of possible
mechanisms of the generation of ultrarelativistic
particles flux variations in the space plasma.

Based on the turbulent vortex dynamo
in the atmosphere, a new approach to ana-
lyze the tropical cyclogenesis was developed,
diagnostic criteria of the momentum when
a nascent large-scale vortex becomes a self-
maintaining one were proposed. It was shown
that a forming mesoscale vortex becomes a self-
maintaining one when two circulation modes
are coupled: the tangential and the transversal
ones (where there are both vertical and hori-
zontal velocities) and the reason is the rotating
structures of cloud scales — vertical hot towers.

Ionosphere disturbance as it is influenced
from below, including during tsunami and light-
ning, was studied. The dependence of the iono-
sphere response amplitude in the total elec-
tron content to the tsunamigenic seaquake
on the vertical displacement during the quake
was found. The ionosphere response, which
is the basis for a conclusion on tsunami gen-
eration, is recorded before the wave reaches
the shore. It was found that the generation
of the abnormal amplitudes of LF/ELF-signals
in the upper ionosphere above the storm dis-
charges could be associated with highly ion-
ized plasma domains from the lightning dis-
charges in the lower ionosphere. It was shown
that the lightning are local powerful sources
of ionosphere ionization, and, in the zone from
the mesosphere to the thermosphere, the gener-
ation of the quasi-periodic stretched-out large-
scale structures in the neutral and plasma com-
ponents with the orientation observed during
the experiment is made possible due to Ekman
instability.

The resonance mechanism of the solar ac-
tivity influence on the global climate was pro-
posed: the observed climate variation is a result
of the solar quasi-periodic variation influence
on its own climate oscillation. That explains
why the solar cycle and the climatic one are
not completely synchronized, there is a phase
difference between them. Taking this mecha-
nism into account, we succeeded in calculations
of the quasi-periodic (approx. 11 and 22 years)
variation components near Fortaleza (Brazil)
over the time line of more than 160 years. It was
shown that the correlation of the precipitation
variations exists between the calculated and
the observed data.



UccnemoBaHbl CHeKTp BCIBIINIEK MaJloit
MOILIIHOCTU M CTPYKTypa M3JIy4eHUs TEIIOBO-
ro ¢oHa KOpoHbl B stHBape-¢eBpayie 2003 r.
no paHHbIM armapata RHESSI (NASA) B msr-
KOIf KOMITOHEHTE PEHTI€HOBCKOIO M3Ty4EeHUS
ConHua. OOHapyXeHO, 4YTO MHTEHCUBHOCTh
PEHTTEHOBCKOTO M3Jy4eHUs BCIBIIIEK W Te-
TUI0BOTO (hoHa KOPOHHI [IJist SHepruii 2...15 ko B
namaeT. IIpoBen€H cpaBHUTEIbHBIM aHaIU3
manHeix RHESSI u  «MHTEp601-XBOCTOBOI
30HA». [IpemnoxkeH HOBBIM MeXaHU3M Harpe-
Ba COJIHEYHOW KOPOHBI, CBSI3aHHBIA C MUKPO-
BCIIBIIIIKAMM.

Ha ocHoBe mnocnenoBarenbHOro TMOIXOAA
MOAPOOHO UCCIIeIoBaHa CaTeJUTUTHAsT HEYCTOM -
YMBOCTh KBa3MMOHOXPOMATHUYECKMX BOJH Ha
BETBU CBUCTAILIMX aTMOC(hEpUKOB B aTMoche-
pe 3eminu. [lonyyeHbl aHaIUTUYECKKUE BbIpa-
KEHUS i1 WHKPEMEHTOB HEYCTOMYMBOCTH,
e€ aHOMaJIbHOE TOBEACHWE MPU HAJIUYUU 3a-
XBaYCHHBIX BOJIHOM YacTHIl, TP PaBEHCTBE
YaCTOTHI CBUCTOBOI BOJIHBI MOJIOBUHE THPOYa-
CTOTBI 3JIEKTPOHOB B 00JACTU WMHTEHCUBHOTO
PE30HAHCHOTO B3aMMOIEHCTBUSI BOJIHA-YaCTH-
na. [TokazaHo, 4TO HaGMOTaeMble HETMHEWHBIE
BOJIHOBBIE SIBJICHUSI B palUallMOHHBIX IOsIcax
3eMJII TECHO CBSI3aHBI C HEYCTOMYMBOCTHIO,
OOYCJIOBJIEHHO# 3aXBaTOM SHEPTUYHBIX SJIEK-
TPOHOB. 3apsLKEHHBIE YaCTHUIIbI, 3aXBauyC€HHBIC
B DJIEKTPOCTATUYECKUE TMOTCHIIMAIbHBIE SIMBI,
YYacTBYIOT B 3KpPaHUPOBAHUU 3apSLKEHHBIX
00BEKTOB B IJIa3ME€ U MOTYT MIpaTh OIpele-
JISIONIYI0 pojib. Pacuérsl BBISIBUIM HaJlMuUe
BHEITHEM TpaHUIIBI 00JIACTH 3axBaTa 3apsiKeH-
HBIX YaCTHUIl U TO3BOJIMIU YCTAaHOBUTDH LEIbIM
psII 3aKOHOMEPHOCTEH, CBSI3aHHBIX C e€ CylIe-
cTBoBaHUEM. [IpoBeneHO YMCIeHHOe MOJIEH-
pOBaHME 3apsiIKW IOrjolaroniero chepuye-
CKOTO TeJla B OECCTOJIKHOBUTENIBHOW TUTa3Me.
YucneHHBIN «3KCIIEPUMEHT» TO3BOJISIET OIpe-
IeIUTh Bce (pu3MyecKue XapaKTEepUCTUKHU CH-
CTeMbl, BKJIIOYas HabmoaeHue GopMUpOBa-
HUA (QYHKUIMM pacripenejcHUs] 3aXBauyeHHBIX
YacTUII.

HccnemoBan psim  clieHapueB ITWHAMUKHI
MOIIIHOTO aTMoc(epHOro BHMXpSI Ha OCHOBE
HEJMHEMHOW MajionapaMeTpuuecKon MOoaelIun
(MIIM) peruoHaJlbHOrO KpyMHOMACIITAOHOTO
nukioreHeza (PKII). IlokazaHo, 4ro BBHIOO-
poM mnapameTpoB MIIM BO3MOXHO MOJYYUTh
ce3oHHbIN xon PKIL ¢ ¢popmupoBaHuem B ak-
TUBHOM CE30HE 3aJaHHOTO 4YHCJa YyparaHoB,
MMEIOIIMX pa3IMuyHble XapaKTepUCTUKU (Mak-
cuMajbHasi ckopocth Betpa B TLI, mmutens-
HOCTh XXM3HEHHOTO IIMKJIa, BpeMeHa (hopMu-
poBaHUs TaiipyHa M ero 3aryxaHus). Mopeib
OTNUCHIBAET W BO3MOXHOCTH Bapualldii CKO-
poctu Betpa B TLl. Takum oOpa3zoM, B paMKax
MIIM MOXHO M3y4aTb OCOOEHHOCTU BPEMEH-
HOW JMHAMUKHU TPOIUYECKOTO IMKIIOTeHE3a
B 3aJaHHOM pErvOHE.

In January-February 2003, the low-ener-
gy flare spectra and the structure of the co-
rona thermal background were studied based
on the data received from RHESSI (NASA)
in the soft component of the solar X-ray radia-
tion. It was found that the intensity of the flare
X-ray radiation and corona thermal background
for 2...15keV energies is declining. The com-
parative study of the RHESSI and Interball Tail
Probe data was conducted. A new mechanism
of the corona heating via microflares was pro-
posed.

Based on the incremental approach the sat-
ellite instability of the quasi-monochromatic
waves on the band of whistling atmospherics
in the Earth’s atmosphere was studied in de-
tails. We obtained the analytic expressions for
the instability increments, its anomalous be-
havior with particles trapped by the wave when
the whistler wave frequency is equal to the half
of the electron gyrofrequency in the zone of in-
tensive “wave-particle” resonance interac-
tion. It was shown that the observed nonlin-
ear wave phenomena in the radiation belt are
closely related to the instability associated with
the energetic electrons capture. The charged
particles trapped in an electrostatic potential
wells participate in the shielding of the charged
objects in the plasma and may play a defin-
ing role. Our calculations have shown presence
of the external boundary of trapped particles
and enabled finding a wide range of regularities
associated with its existence. A numerical simu-
lation of the charging of the absorbing globe
in the collissionless plasma was conducted.
The numerical experiment enables to determine
all physical parameters of the system including
observation of the generation of the trapped par-
ticles distribution function.

A number of scenarios of the powerful at-
mospheric vortex dynamics based on the small
parametric nonlinear model (SPM) of a large-
scale regional cyclogenesis (LSRC) were stud-
ied. It was shown that the selection of SPM
parameters enables obtaining a LSRC seasonal
variation with formation of a given number
of hurricanes during the active season having
various parameters (maximum wind velocity
in the tropic cyclone, cyclone life cycle, times
of the typhoon formation and its fading). This
model also describes possibilities of wind veloc-
ity variations in a tropic cyclone. Thus, the SPM
can be used to study the peculiar features
of the tropical cyclogenesis dynamics in a given
region.

MnomHocme uoHoe 8 ha-
3080M npocmpaHcmee

8 pasnuyHbie MOMeHMbl
epemeHU. BO0/1b 20pU30H-

i ocu — p 0 Hoe
paccmosHue 8 Ky6e. Boose
8epmukasnbHoli ocu — padu-
aneHas ckopocme yacmuy.
Ha maneix paccmoaHuax
¢opmupyemcs
€2yCMOoK 3axeayeHHbIX
uoHos. 06/1aKo 3axeayeH-
HbIX Yacmuy 8HOCUM 3HAYU-
mesbHbIl 8KN1a0 8 3Kpa-
HUpoeaHue 3apsAxeHHoU
noanowaroweli cgpepol

The ionic density

in the phase space in the dif-
ferent moments of time.
The horizontal axis: radial
distance cubed. The verti-
cal axis: particle radial
velocity. A dense bunch

of trapped ions is formed
at small distances. A cloud
of the trapped patrticles
makes a considerable con-
tribution into the shielding
of the charged absorbing
sphere
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Formation of ionospheric
irregularities over

the Atlantic Ocean as
asand storm is passing,
1-2 May 2012. The red
color shows high complete
concentration of electrons
in the ionosphere
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OCHOBHOIl WCTOYHUK WOHU3AIMU B TIpU-
3eMHOI aTMocdepe — ecTeCTBeHHasl paguoak-
TUBHOCTb 3eMJIM U B TEPBYIO OYepelb PaloH,
BBIIEJISIEMBIIA 13 3eMHOU KOpbl. C yu€ToM 3TO-
ro paspaboTaHa KOMIUIEKCHas1 (HeHOMEHOJIO-
ruyeckasi MOIesib BO3ICCTBMS MOHM3AIMY Ha
mapameTpsl atMocdepsl 1 MoHocheprl. B Heit
YIQJIOCh BBISICHUTD POJIb IJIOOATIBHON 3JIEKTPU-
YeCKOM IIENM B 3JIEKTPOMAarHUTHOM B3aMMO-
IecTBUU aTMocdepbl U MOHOCHEphl. 3a CUET
U3MEHEHUsI TMPOBOAUMOCTH  IOTPAHUYHOTO
CJI0S1 BO3/lyXa MEHSIETCsl MOTeHIMal noHoche-
pBI HaJT OOJIACTBIO C MOTUMDUITMPOBAHHOM TTPO-
BOIMMOCTbIO, YTO MPUBOAUT K (GOPMUPOBAHUIO
KPYITHOMACIITaOHBIX HMOHOC(HEPHBIX HEOIHO-
pomHocTeli. BeIBombI M3 MOIenn KacaloTcs 3eM-
JIETPSICEHU N, U3BEPKEHUI BYJIKAHOB, MbUIEBBIX
U TecyaHblx Oypb, aBapuii Ha ADC, sAepHBIX
B3PHIBOB.

Uccnenyercst atmocdepHast SMUCCUs B IUa-
na3zoHe wmsrkoro (3...10 kaB) peHTreHoBCKOro
WU3TydeHUsI, BIIEPBbIE 3apeTUCTPUPOBAHHAS
cnektpomerpom PIIC-1 B akcnepumeHTe Ha
NC3 «KOPOHAC-®» Ha HOYHOW CTOpOHE
arMocdepbl. CooTBeTCTBYOIIAs aTMOCc(epHas
CBETUMOCTb M3MeHsieTcsl B mpeneiax ot 10 Bt
1o 40 kBT B 3aBUCUMOCTU OT BPEMEHU U reo-
rpaduuecKoro TMOJIOXeHUsT (WISl CpaBHEHUS:
CBETUMOCTb TIOJISIPHBIX CHUSIHMI COCTaBIIsIeT
10...30 MBT). Pa3pabartbiBaeTcsi 4MCIIeHHasI
MONIeJIb TeHepallud W PACTIPOCTPAHEHUs W3-
JIy4eHUsI B TIPEATIOJOXEHUU, YTO OHO SIBJISI-
eTCS TOPMO3HBIM W3JIyYEeHUEM 3JIeKTPOHOB,
BBICBITTAIONINXCS W3 MarHutochepsl B Xone
T€OMarHUTHBIX BO3MylleHU. C 3TOH TOYKU
3peHUs PACCMOTPEHbl Haubojiee 3HAYUTENb-
HblE TEOMATrHUTHBIE BO3MYIIEHUSI B XOIE MUC-
cun KOPOHAC-® (6 u 24 nHosiops 2001 1.,
OKTSA0pb-HOs10pb 2003 1., 20 HoOs0ps 2004 r.
u 15 mag 2005 T.) ¥ TTOKa3aHO JIOKAJIbHOE T10-
BBIIIIEHUE PEHTIeHOBCKOI aTMOC(hEpHOIT IMUC-
cii B 00NacTM 3a30pa MeXIy BHYTPEHHUM
U BHEITHUM PaIVAIIMOHHBIMU TTOSICAMU.

Ha ocHoBe aHanu3za J1y4eBBIX TPaeKTOPUI
WU3Y4EHO TIPOXOXIEHWE BHYTPEHHUX TIpaBUTa-
mroHHBIX BojgH (BI'B) m3 Tpomocdepsl depes
BEPTUKATbHO HEOIHOPOAHBIE BETPOBBIE MOTO-
KU 10 MOHOCGhEPHBIX BBICOT. [1pu pasmuuHBIX
BapuaHTaX BbIOOpA MapaMeTpoOB YMCIEHHO W3-
yYeHbI crielu@uueckre 0COOEHHOCTU JIYYEBbIX
TPaeKTOpUii, CBA3aHHbBIE C HATMYMEM Ha Tpacce
pacrpoCTpaHEeHUsT BOJH CJIOEB TOPU3OHTAIb-
HOTO M BEPTUKAIbHOTO OTPaXEHWI, a TaKxke
KpuTHyecKoro ciost. [lokazaHo, 4To it KpyTi-
HoMaciuTabHbeix BI'B Bo3MOXHO ux mpoxoxnie-
HME U3 Tpornocdepbl 10 MOHOCHEPHBIX BBICOT.
YcTaHOBJIEHO XapaKTepHOE BPeMsl TOCTUKEHUST
noHochepHbIX BbicoT BI'B u3 Tpomocdepsr,
BBISIBJIEHBI OOJIbIIME Bapyalliy 3HaYeHUN 3TO-
TO BpEMEHU MPU U3MEHEHUM MCXOIHBIX Tapa-
METPOB, TUIUYHBIE 3HAYEHUS] TOPU3OHTAIb-
HOTO CMeIleHMs] (OTHOCUTEIbHO MCTOYHMKA
TeHepallii) BOJHOBBIX TMAKETOB IO JIOCTYIKE-
HUU UMU UOHOCHEPHI.

Natural radioactivity, and, first of all, ra-
don released from the Earth’s crust, is the pri-
mary source of ionization in the atmosphere
near the Earth’s surface. Taking into account
this fact, a complex phenomenological mod-
el of ionization influence on the atmosphere
and ionosphere parameters was developed.
This model facilitated discovering the role
of the global electric circuit in the electromag-
netic interaction of the atmosphere and the ion-
osphere. Due to variation of the atmospheric
boundary layer conductivity, the ionosphere
potential above the area with the altered con-
ductivity is changing that results in the forma-
tion of large-scale ionospheric irregularities.
The conclusions based on this model are relat-
ing to the earthquakes, volcano eruptions, dust
and sand storms, meltdowns, and nuclear explo-
sions.

The atmospheric emission within the soft
X-ray emission (3...10 keV), first recorded by
the RPS-1 spectrometer during the Koronas-F
satellite experiment on the nightside of the at-
mosphere is being studied. The respective
atmospheric luminance is changing within
10 W — 40 kW range depending on the time and
a geographic position (in comparison: a po-
lar glow is 10...30 MW). A numerical model
of the emission generation and distribution is
developing on the assumption that it is a de-
celeration radiation of electrons precipitating
from the magnetosphere during geomagnetic
disturbances. From this point of view, the most
significant geomagnetic disturbances were con-
sidered during the Koronas-F mission (6 and
24 November 2001, October-November 2003,
20 November 2004 and 15 May 2005) and a lo-
cal X-ray atmospheric emission increase was
shown in the region of the gap between the inner
and outer radiation belts.

Based on the analysis of ray trajectories,
the passage of internal gravitational waves
(IGW) from the troposphere through the ver-
tically non-uniform wind flows to the iono-
spheric altitudes was studied. Under various
conditions of the parameter selection, the char-
acteristic features of ray trajectories related to
the presence of layers of vertical and horizontal
reflection as well as critical layers on the wave
propagation paths were studied. It was shown
that large-scale IGW can pass from the tro-
posphere to the ionosphere altitudes. Charac-
teristic times of IGW reaching the ionosphere
altitudes from the troposphere were found,
large variations of these times when the initial
parameters changed were identified, typical val-
ues of the horizontal displacement (relative to
the generation source) of the wave trains when
they reach the ionosphere were found.



JIaGopaTopus m1a3MeHHO-NIbLIEBBIX
MpoIEecCoB B KOCMUYECKNX 00beKTax (513)
(pykosodumenv — 0-p pus.-mam. Hayx
Cepeeii Ilonenv)

JlaGoparopust cozmana B 2014 1. Ha OCHO-
Be J1a0OpaTOpUM MUKPOCTPYKTYPHBIX OOBEK-
TOB B reodusuke MHCTUTYTa TUHAMUKU TeO-
cdhep PAH. Bromy mpenirecTBoBasl pacTylInii
B MEXIYHAapoAHOM HayyHOM COOOILIEeCTBe
WHTepec K (U3WKe IMBUIEBOM ITUIa3Mbl, KOTO-
PYIO COCTaBIISIIOT HE TOJBKO JIEKTPOHBI, NOHBI
U HEUTPaJIbl, HO TAKXKe U 3apsiKeHHbIE YaCTULLbI
MbUIK. DTO YacThlil (heHOMEH B KOCMOCE, 1 U3y~
YeHUe ero — KJII0Y K TOHUMAHUIO MHOTUX TIPO-
1IeCCOB, KaK, HampuMep, obpa3oBaHUE IJIaHET
OKOJIO 3BE3]] WM TOBEIeHWE TBIIU y TIOBEePX-
HocTH JIyHBI.

Cpeny BaXHEUIIMX pe3yJabTaToB Jaboparto-
puu, nojrydyeHHsbIx 10 nepexona B UKU, — teo-
petuyeckoe mnpenckazanue B 1996 r. cyiiectBo-
BaHUSI HOBOTO BUIA YAAPHBIX BOJH B MbUIEBON
miasMe, AWCCUNAIUs B KOTOPHIX CBsi3aHA
C TIPOLIECCOM 3apsIIKU TIBUIEBBIX YACTHUII, DKC-
MEepUMEHTAIbHO TMOATBEpPXKAEHHOEe B 1999 T.
IBYMsI HE3aBUCUMBIMU KOJIIEKTUBaMU 3 fmo-
Huu u CIIA. CoTpynHUKM TakXe HOOWUINCH
MHTEPECHEUIINX PEe3yIbTAaTOB B 00JACTH I€0JI0-
ruv U GU3NKKU aTMOCHEPHI.

Ceituac pmesTebHOCTh JabopaTopuu Ha-
MpaBJieHa Ha pelleHWe WM TpUOIIKEeHNe
K pEeIIeHUI0 OCHOBHBIX TPOOJIEM HCClenoBa-
HUl U ocBoeHUst CONHEYHOI CUCTEMBI U KOC-
MMYECKOTO MPOCTPAHCTBA, CBSI3aHHBIX C TUIa3-
MEHHO-TIBIJIEBBIMU O0BEKTaMU.

B 1ieHTpe paboT, KOTopble MPOBOAITCS B Ja-
G6oparopuu ceromHsi, — JlyHa, a UMEHHO —
TJTa3MEeHHO-TIBIJIeBAsT CUCTeMa Hall JIyHHOH To-
BepXHOCTHIO. ¥ JIyHBI HET aTMOocdephl, HO eCTh
3K30chepa — oueHb pa3pexkeHHasi 000JI0uKa U3
HeUTpaIbHBIX aTOMOB, (DOTOSJIEKTPOHOB, «BBI-
OUTBIX» COJIHEYHBIM CBETOM,B YaCTHOCTU, U3
moBepXHOCTU JIYHBI, W 3apsKeHHBIX MbLICBBIX
yactuil. [loHMMaHWE TOTO, YTO TPOUCXOTUT
B 9TOM cpele, Ype3BbIYaliHO Ba>XKHO, B TOM YHUC-
Jie JUTA OYyOyIIMX JYHHBIX 3KCHETUIMA W BO3-
MOXHOW 00MTaeMOi TYHHOM 6as3bl.

OcHoBHbIE HanpaBJICHUA HCCleI0BAHUI

» [lpouecchl MPOUCXOXAEHUS] YACTUI] TbUIA
B CoJHEYHON CUCTeMe M KOCMOCE; aHaJIN3
CBOWCTB YaCTHI[ YKa3aHHOU IbUIHA, pacripe-
NIeJIEHUI MbUTY 10 pa3MepaM, XUMUYECKOTO
U MUHEPAJOTrMYecKoro CcocCTaBa IbIIEBbIX
YaCTHII;

* MpOIECChl 3apsIKU 4YacTULl MbUIM U MeXa-
HU3MBI  (hOpMUPOBAHUS  TUIA3MEHHO-TbI-
JIeBbIX 00bekTOB B CONHEYHOU cucteme
1 KOCMOCE;

* aHanu3  JJabOpaTOpHBIX  MCCIENOBaHUM
M0 SIBICHUSIM B TIBUIEBOU TUIa3Me C TOYKU
3peHUs] UX MPUMEHEHUS K pealibHbIM I1a3-
MEeHHBIM TpolieccaM B ColIHEYHOI cucteme
1 KOCMOCE;

Laboratory of Dusty Plasma Processes in Space
Objects (513). Head — Prof. Dr. Sergey Popel

The laboratory was established in 2014
on the basis of the laboratory of microstructural
objects in geophysics within the RAS Institute
of Geosphere Dynamics. This was preceded by
the growing interest in the international scien-
tific community to dusty plasma physics, which
consists not only of electrons, ions, and neu-
trals, but also of the charged particles of dust.
This is a frequent phenomenon in space, and its
study is the key to understanding of many pro-
cesses, such as, for instance, planet formation
near the stars or dust behavior near the lunar
surface.

Among most significant results of the labora-
tory obtained before it moved to IKI is a theo-
retical prediction in 1996 of existence of a new
type of shock waves in the dusty plasma, dissipa-
tion of which is related to the process of the dust
particles charging, in 1999 this prediction was
experimentally confirmed by two independent
groups from Japan and the USA. The labora-
tory’s staff members have also obtained fascinat-
ing results in the sphere of physics, geology, and
atmospheric physics.

Today, the laboratory’s activity is aimed at
the solution or approach to solution of primary
problems of the Solar system and outer space
study and exploration, those that are connected
with the dusty plasma objects.

The primary focus of the activities in the lab-
oratory today is the Moon, namely the dusty
plasma system above the Ilunar surface.
The Moon does not have an atmosphere but it
has an exosphere, a very rarefied envelope con-
sisting of neutral atoms, photoelectrons expelled
by the solar light, in particular, out of the lunar
surface, and charged dust particles. Understand-
ing of what is going on in this environment is
of crucial importance, including its application
in the future lunar missions and a possible in-
habited lunar base.

Research Areas

» The process of dust particles origin in the So-
lar system and outer space; analysis of par-
ticle properties of this dust, dust distribution
by sizes, chemical and mineralogical compo-
sition of the dust particles;

» the process of dust particles charging and
the mechanisms of dust plasma object forma-
tion in the Solar system and the outer space;

* analysis of the laboratory research of the phe-
nomena in the dusty plasma from the point
of view of their application to actual plasma
processes in the Solar system and the outer
space;

Cepeeli lMonense
Sergey Popel
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PacnpedeneHue noine-
8bIx yacmuy (a-e) Hao
noeepxHocmoio JlyHbl Ons

PpasnuYHeIX 3HAYeHul yena ©

Mmex0y mecmHoli HoOpmansio
u p Ha C 4

a mak»xe MakcumasbHo 803-
MOXXHbIe 8bICOMbI N00BEMA
noineabix yacmuy (2) onsa
ycnoauti, coomeemcmay-
IoWuX y4acmkam siyHHO20
pezonuma

Dust particles

distribution (a-c) above
the lunar surface for various
values of ©-angle between
the local normal line

and the direction to the Sun
as well as maximum
possible altitudes

of the dust particles (d)

for the conditions
corresponding to the lunar
regolith regions
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Momoku conHe4Ho20 u3- Solar radiation fluxes
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6e) aclass X28 Sun flare (a),

mac ), € mey-

rowjue coHeYyHol 8cnbllKe
Knacca X28 (a), conHe4Homy
makcumymy (b) u conHeuHo-
my muHumymy (c)
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solar maximum (b) and solar
minimum (c)

* CBOICTBA, XapaKTEPUCTUKU M OCOOEHHOCTHU
IJIa3MEHHO-TIbLIEBBIX cucTeM B COJIHEUHOM
CHCTEMe M KOCMOCe 1 TTPOIIeCCOB caMoopra-
HU3aLUNUK, MPUBOMSIINX K (hOPMUPOBAHUIO
M DBOJIIOLIMY IIJIa3MEHHO-IIbLIEBBIX CUCTEM;

* TeopeTHYeCcKOoe MCCIenoBaHUEe U YUCICHHOE
MOJIEIMPOBAHUE IIPOLECCOB B IUIA3MEHHO-
nbUIeBoi cucreme 3emMis-JIyHa B mpuMeHe-
HUU K OYIYIIMM JTJYHHBIM MUCCHSIM;

* TEOPETHYECKOE MCCIEI0BAHUE U YMCIEHHOE
MOIEeIMPOBaHKE IIPOLIECCOB C yIaCTUEM ITbI-
JIEBBIX YACTUI[ B MPUMEHECHWH K OYIyIIUM
MapCUAHCKUM MMCCHSIM;

* pa3paboTKa pPEeKOMEHAALMii IO Pa3BUTHUIO
SKCMEPUMEHTATbHBIX METONOB cOOpa M MC-
caenoBaHust yacTull b1 B COHEYHOM CH-
cTeMe U KOCMOCE.

IIpoexTsI ¥ pe3yJIbTAThI

Pa3zpaboraHa TeopeThuyeckass Monesb s
CaMOCOTJIACOBAHHOTO OIMCAHWST KOHIIEHTpA-
LMl HOTO3TEKTPOHOB U TBUIEBBIX YACTUIL] HAl
MOBEPXHOCThIO OCBELIEHHOM YacTu JIyHbl. OHa
VUUTBIBAET TIOJIOKEHUE MecTa HaOIIONeHUs,
a¢pdekTsl 00pa3zoBaHUs (HOTORJEKTPOHOB Ha
MOBEepXHOCTU JIYHBI U TTOBEPXHOCTSIX MbUIEBBIX
YaCTWI], TMHAMUKY TBUIEBBIX YACTUI[ B DJIEK-
TPUYECKOM U TPABUTALIMOHHOM TIOJISIX, 3aPSIIKY
MbIJIEBbIX YACTUIL 32 CYET UX B3aMMOIEUCTBUS
¢ (hoToHAMM COTHEUHOTO U3ITYYEHUs, DITEKTPO-
HaMW 1 MIOHaMU COJIHEYHOTO BeTpa, (GOTOIeK-
TPOHAMU U T. II.

Pa3paboraHbl METONBI U CO3MaH YUCTICHHBIIN
KOJ ISl BBIYMCIIEHUSI TAapaMeTpoB U (PyHKUMIA
pacrnpesesieHUsT (POTO3JEKTPOHOB Yy TOBEPX-
Hoctu JlyHbl. IlokazaHo, 4yTO Tipu pacuérax
rapamMeTpoB IUIa3MEHHO-TIbUIEBOIl CUCTEMBI U,
B YaCTHOCTH, (POTOSJEKTPOHOB BeChbMa CyIIe-
CTBEHHOE 3HAYeHHE MMeeT KBAHTOBBIN BBIXOI
JIYHHOTO PEroyiuta, T.€. KOJIUYECTBO 3JIEKTPO-
HOB, BBIOMBaeMbIX OTHUM (DOTOHOM C TMOBEPX-
HOCTH PEeToJIuTa

[lo-BunuMoOMy, NIOCTaTOYHO CJIOXHO IO-
CTaBUTb JIyHHBIN TPYHT Ha 3eMJIIO TaK, YTOOBI
n30exaThb ero B3aMMOIECTBUSI C 3eMHOU ar-
Mocdepoii. B kayecTBe BapuaHTa NpemioxXe-
HO MPOBOJUTH KCIEPUMEHTHI 1O U3MEPEHUIO
KBaHTOBOTO BBIXO/Ia U PAOOTHI BEIXONA JIYHHOTO
peroyiuta HEMOCPEACTBEHHO Ha TOBEPXHOCTU
JIyHBI, YTO MOXET OBbITh CHEJAHO B OYAyIIMX
JIyHHBIX MUCCHSIX.

+ properties, characteristics and peculiar fea-
tures of the dusty plasma systems in the Solar
system and the outer space and the processes
of self-organization resulting in formation
and evolution of the dusty plasma systems;

* theoretical study and numerical modeling
of the processes in the Earth-Moon dust
plasma system as applied to the future lunar
missions;

* theoretical study and numerical modeling
of the processes with dust particles as applied
to the future Mars missions;

+ formulation of recommendations on devel-
opment of the experimental methods of col-
lection and analysis of the dust particles
in the Solar system and the outer space.

Projects and Results

A theoretical model for a self-consistent
description of photoelectrons and dust par-
ticles concentrations above the surface of the lit
portion of the Moon was proposed. This
model takes into account the observer’s posi-
tion, the effects of photoelectrons formation
on the lunar surface and the dust particles sur-
faces, dust particles dynamics in the electric
and gravitational fields, charging of the dust
particles due to their interaction with the pho-
tons of the solar radiation, electrons and ions
of the solar wind, photoelectrons and so on.

The methods were developed and the numer-
ical code was created to calculate the parameters
and functions of the photoelectron distribution
near the lunar surface. It was shown that dur-
ing the parameter calculation of the dust plas-
ma system and, particularly, of photoelectrons,
the quantum yield of the lunar regolith is of cru-
cial importance, that is the amount of the elec-
trons expelled by one photon from the regolith
surface.

Apparently, it is difficult to deliver the lunar
soil to the Earth without its interaction with
the Earth’s atmosphere. Alternatively, it was
proposed to conduct experiments for measure-
ment of the quantum yield and lunar regolith
work function directly on the lunar surface that
can be implemented during the future lunar
missions.
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E, eV
Qy pacnped Functions of energy
¢omosnekmpoHo8 no 3Hep- distribution

of the photoelectrons
(solid curves) near the lit
portion of the lunar surface
corresponding to the class
X28 Sun flare (a), solar
maximum (b), and solar
minimum (c). The dotted
line indicates the Maxwell
distributions calculated for
the average energy values
of photoelectrons marking

2uAm (cnowHele Kpuesble)
y oceewj€HHOU yacmu
noeepxHocmu JlyHel, coom-
semcmayioujue cosiHe4yHoU
acnelwiKe Knacca X28 (a),
conHeyHomy makcumymy (b)
u conneyHomy munumymy (c).
IMyHkmupom nokasaHsi
MakceesnoecKue pacnpede-
JleHusA, 8blYUC/IeHHble ONA

. pedHel]

3Ha P P

¢ p , Xap the respective distributions
pU3YIOWUX C shown in solid curves

cmeyroujue pacnped. 5

Uu306paxKéHHble CNIOWHBIMU

Kpusbimu

JIBU>XKEeHMEe YacTHI] COJTHEUHOTO BeTpa I10 OT-
HOIIIEHUI0 K (POTORJEKTpOHAM Hall JYHHOI
MOBEPXHOCThIO MPUBOAUT K Pa3BUTUIO He-
YCTOMYMBOCTH, B PE3yJIbTaTe YEro MPOUCXOAUT
reHepaunrsi BbICOKOYACTOTHBIX BJIEKTPOCTATH-
YeCcKMX KoJieOaHUI ¢ YyacTOTaMM, HaXOISIIU-
MHUCSI B JMaria3oHe 4YacTOT JIEHTMIOPOBCKHUX
M DJEKTPOMarHWTHBIX BOJH. He cymiectByer
(bakTOpOB, 3ampeliaroniuX BO30yXIeH1e Mblie-
BbIX 3BYKOBBIX BOJIH HaJl OCBEIIEHHOUN 4acTbiO
JIyHbI, TeHepalusl KOTOPbIX BO3MOXHA, B 4acT-
HOCTH, B 00JIaCTU JJYHHOTO TepMUHaTopa. [IBu-
XKEeHUe TepMUHATOpa MOXET ObITh acCOLMUPO-
BaHO C PacnpoCTpaHEHUEM YAapHO-BOJIHOBOU
MBIJIEBOI 3BYKOBOM CTPYKTYPHI.

1o lander
equipment

Cxema 3KkcnepumeHma onsa The experiment layout

p 1] to measure the quantum

0a u pa6: 0 yield and lunar regolith
JIyHHO20 pezosiuma: workfunction: 1 — light flux

1 — ceéemoeolii nomok
OM UCMOYHUKA U3/TyYeHus;
2— 3—c 7]

P
> o

peoop
3epkanom; 4 — NyHHAA
noeepxHocms; 5 — 30HO

pa;
Ha Komopoli ykpensnieHo

from the radiation source;

2 — mirror; 3 — light flux
refracted by the mirror; 4 —
lunar surface; 5 — Langmuir
probe; 6 — arm where

the measurement hardware
is attached. The arrow
indicates the direction

obopydoeaHue onsa
usmepeHut. Cmpenka

to the scientific equipment
of the descending module

4 Ld
Ha Hay4HyI0 annapamypy
nocado4Hoz0 annapama

Solar wind particles motion with respect to
photoelectrons above the lunar surface causes
instability which results in generation of high-
frequency electrostatic oscillations with fre-
quencies in the range of Langmuir and electro-
magnetic waves. There are no factors preventing
dust acoustic waves excitation above the lit por-
tion of the Moon, these waves can be generated
specifically in the region of the Iunar terminator.
The terminator motion can be associated with
the propagation of the shock wave dust acoustic
structure.



