OENEPANbHOE TOCYQAPCTBEHHOE BIOJXETHOE YUYPEXIAEHWE HAYKHU
NHCTUTYT KOCMUYECKMX UCCITEAOBAHNN POCCUNCKOWM AKAEMUN HAYK
(MKW PAH)

MexayHapoHoe coBellaHune

[NEPBbIE PE3YJIbTATDI
[NPOEKTA «4UBUC-M»

[peactaBuTenscro «Mntepkocmoc» UKI PAH
1315 ¢espana 2013 ., Tapyca, Poccua

NMPOrPAMMA

MockBa
2013



12 ¢peBpans 2013 r., BTOPHUK

IIpuesn 3apybexxHbIX crienuanncToB, mocemenue MKMW PAH,
yacun 8 UKW PAH

20:30 Otbesn 3apyoexxHbIX cnenuannctoB B Tapycy ot UKW PAH
Pa3mMmenieHue 3apyoexxHbIX crienuaiucToB B Tapyce

13 ¢peBpansa 2013 r., cpepa

09:00-09:45 3asmpak 3apyOeXXHBIX CIIEIIMATIMCTOB B TOCTUHUIIE «SKOpb»

10:00 Otbe3n yuacTHUKOB coBetianus B Tapycy or UKW PAH

10:30-12:30 O3HakoMJieHMe 3apybexxHbix crienanuctoB ¢ CKb KIT
NKHU PAH

12:30-13:00 Pasmenienue yuacTHUKOB coBelianus B [IpencraBureabcTse

«AnTtepkocmoc» UKW PAH

13:00-14:30 0be0 Bcex y9acTHUKOB coBelllaHus B [IpeacTaBuTeIbCTBE
«AnTepkocmoc» UK PAH

CEKLNA:  MukpocnyTHIKOBbIE CUCTEMDI
PykoBonurens: Jobpusu Muxaun bopucosuu

15:30-15:50 IlepBbIit ONBIT OpraHU3aLMKU OMIEPATUBHOTO YIIPABIEHUS U3
LYI1 UKW mukpocnyTHukoM «Yumbuc-M» B Tiepron (peBpaiib
2012 1. — suBapp 2013 1.
Koznoe U. B., Pabosa A. /1., Bradumuposa I A., Bamanos O. B.,
Kopomxkos . B., Mapkos 4. U.

15:50-16:10 OnbIT pa3pabOTKY 1 SKCIUTyaTalli CUCTEMbI OpPUEHTALINNA
MUKpocnyTHrKa «4ubuc-M». [lepcrieKTuBbl MOAe pHU3ALINI
Kapnenko C. O., Osuunnurxoe M. 0., Heanos JI. C., Tkaues C. C.,
Pondyeun JI. C., Henes H. A.

16:10-16:30 Ornanka HaBUTALIMY W YIIPaBJIEHMSI OpUEHTALIMEi B OTIepalusx
MUKpocnyTHrKa «4ubuc-M»: MUKpOCIyTHUK — MaKpOOnbIT
Jedkos A., Tomaub B. M., Kapedun B., Hazupos P. P,
Diicmonm H. A., Hazapoes B. H., Kopomkoe @., Mapkos 4.,
Henes H., Kapnenxo C.

16:30-16:50 INepenaya HayuHOI MHGbOPMALIMU OT MUKPOCITYTHUKA
«Yuobuc-M»
Tomau6 B. M., Kapedun B. H.

16:50-17:10 Cnennduka pa3padbOTKH, U3TOTOBJIEHUS I HA3e MHbBIX

ncnbiTannii «Ynouc-M»
benskosa JI. /., Aneapos B. H., Pooun B. I, Jlo6pusn M. b.,
Kaumoes C. U., Koznoe B. M., Kasroxcnoiii A. B.

19:00-19:30 Yarcun Bcex yuacTHUKOB coBelllaHus B [IpencraButenbcTBe
«HHTtepkocmoc» KU PAH

19:30-22:00 Berpeun pabouux rpymim
2



12 February 2013, Tuesday

20:30

Arrival to IKI RAN, supper in IKI RAN

Start of foreign specialists from IKI RAN to Tarusa
Accommodation of foreign specialists in Tarusa

13 February 2013, Wednesday

09:00-09:45
10:00
10:30-12:30
12:30-13:00

13:00-14:30

SECTION:

Chairman:

15:30-15:50

15:50-16:10

16:10-16:30

16:30-16:50

16:50-17:10

19:00-19:30

19:30-22:00

Breakfast in the hotel “Yakor”
Start of meeting participants to Tarusa from IKI RAN
Excursion to SKB KP IKI RAN

Accommodation of meeting participants in the hotel
“Intercosmos”

Dinner in the hotel “Intercosmos” IKI RAN for all participants

Microsatellite systems
Dobriyan Mikhail Borisovich

The first experience of “Chibis-M” operation by MCC of ISR
from 02.2012 to 01.2013

Kozlov 1. V., Ryabova A. D., Viadimirova G. A., Batanov O. V.,
Korotkov E V., Markov Y. I.

The experience of “Chibis-M” orientation system development
and exploitation. Prospects of modernization

Karpenko S. O., Ovchinnikov M. Y., Ivanov D. S., Tkachev S. S.,
Roldugin D. S., Ivlev N. A.

Debugging of navigation and attitude control of the microsatellite
“Chibis-M”: MicroSatellite — Macro Experience

Ledkov A., Gotlib V., Nazirov R., Eismont N., Nazarov V., Ivlev N.,
Karedin V., Karpenko S., Korotkov F., Markov Y.

Scientific data transmission by “Chibis M”
Gotlib V. M., Karedin V. N.

The specificity of “Chibis-M” elaboration, production and
terrestrial tests

Belyakova L. D., Angarov V. N., Rodin V. G., Dobriyan M. B.,
Klimov S. I., Kozlov V.M., Kalyuzhnyi A. V.

Supper in the hotel “Intercosmos” IKI RAN for all participants

Workshop



14 ¢peBpansa 2013 r., ueTBepr

09:00-09:45

CEKLNA:

PykoBonurens:

10:00-10:20

10:20-10:40

10:40-11:00

11:00-11:20

11:20-11:40

11:40-12:00

12:00-12:30

CEKLINA:

PykoBonurenb:

12:30-12:50

12:50-13:10

3asmpak Bcex yuaCTHUKOB coBelllaHus B [1pencraButenbcTBe
«HAntepkocmoc» UKW PAH

KomnneKkcbl Hay4yHoW annapatypbl
«po3a», «TatbAHay», TAPAHWUC, JEMETEP

Kaumos Cmanucnas Heanosuu

Hayuyno-meTonnyeckue ypoku «4ubuc-M»
Senénnviit JI. M., I'vpesuy A. B., Kaumos C. U.

HazemHbIil cermeHT npoekTa «Yuobuc-M»

Has3zapos B., Hazupoe P., 3eaénwiii JI., Aneapos B., bamanos O.,
YBodndr L., Diicmonm H., Tomaub B., Kapedun B., Kaumos C.,

Kopomkoe @., Koznoe U., Jledkos A., Meavruk A., Ilankos A.,

Pooun B., Pabosa A., Shmelauer Ya., Tpemoskog A.

Pesynbratel HabmoaeHuit TGRF ¢ momoiisio mpudopa PT/]
Ha MUKpocyTHUKe «Hubuc-M»
bocomonos A. B., boecomonos B. B., Ceepmunos C. U., dwun U. B.

Pe3ynbpTarhl HAOIIOAEHUI BCIBIILIEK aTMOC(EPHOTro
Y®-uznyueHust ¢ nomolbio npudopa JJY® Ha MUKpPOCITyTHUKE
«Yuobuc-M»

lapunoe I'K.

KoMruiekcHbIi aHaIU3 BOJIH OYeHb HU3KKMX YacTOT,
3aperuCTPUPOBAHHBIX MUKPOCTTYTHUKOM «Yubuc-M»
Ferencz Cs., TBodndr L., Steinbach P., Szegedi P., Ferencz O.E.,
Lichtenberger J., Hamar D.

IlepBbie pe3ysbTaThl 00paOOTKU JAHHBIX MATHUTHO-BOJHOBOTO
KOMIIEKCA
benses C.M., Jlyokin /1. D.

Ilepepois na uaii, xoghe

Komnnekcbl HayyHoM annapaTtypbl
«po3a», «TatbAHa», TAPAHNC, JEMETEP

Csepmunoe Cepeeii Heopesuu

PagmonsnydeHre MOJIHUEBOTO pa3psiia Mo JaHHBIM
PagroYacTOTHOTO aHAJIM3aTopa
Tomau6 B. M., Kapeoun B. H., Jloaeonocos M. C.

ToHKas CTPYKTypa panvou3IydeHUsI BBICOTHBIX TPO30BBIX
oOpazoBaHUit

Honeonocose M. C., lomaub B. M.



14 February 2013, Thursday

09:00-09:45

SECTION:

Chairman:

10:00-10:20

10:20-10:40

10:40-11:00

11:00-11:20

11:20-11:40

11:40-12:00

12:00-12:30

SECTION:

Chairman:

12:30-12:50

12:50-13:10

Breakfast in the hotel “Intercosmos” IKI RAN for all participants

Scientific equipment complexes
“Groza")'Tatiana”, TARANIS, DEMETER

Klimov Stanislav Ivanovich

“Chibis-M” scientific-methodical lesson
Zeleny L. M., Gurevich A. V., Klimov S. 1.

Ground segment for “Chibis-M” project

Nazarov V., Nazirov R., Zelenyi L., Angarov V., Batanov O.,
YBodndr L., Eismont N., Gotlib V., Karedin V., Klimov S.,
Korotkov E, Kozlov 1., Ledkov A., Melnik A., Papkov A., Rodin V.,
Ryabova A., Shmelauer Ya., Tretiakov A.

TGRF observation results provided by RGD of “Chibis-M”
Bogomolov A. V., Bogomolov V. V., Garipov G. K., Svertilov S. L.,
Tishin G. V., Yashin 1. V.

The results of observing atmospheric UV radiation with the use
of “Chibis-M” UV detector
Garipov G. K.

Complex analysis of VLF wave phenomena recorded

on “Chibis-M” LEO satellite

Ferencz Cs., T Bodndr L., Steinbach P., Szegedi P., Ferencz O.F.,
Lichtenberger J., Hamar D.

The initial results of magnetic-wave complex data processing
(Microsatellite “Chibis-M”)
Belyaev S. M., Dudkin D.F.

Coffee-break

Scientific equipment complexes
“Groza”,“Tatiana”, TARANIS, DEMETER

Svertilov Sergey Igorevich

Lightning discharge radio emission according to the data from
radiofrequency analyzer
Gotlib V.M., Karedin V.N., Dolgonosov M.S.

Fine radio emission structure of high-altitude thunderstorm
formations according to “Chibis-M”
Dolgonosov M.S., Gotlib V.M



13:10-13:30

13:30-13:50
13:50-14:10

14:10-15:10
CEKLNA:

PykoBonurens:
15:10-15:30

15:30-15:50

15:50—16:10

16:10-16:30

16:30-16:50

16:50-17:10

19.00-22:00

CospemeHnHnbiit aHanu3 TLE 1o naHHBIM neTeKTopa
YILTPadrOIECTOBOIO U3TyYeHUSI MUKpOocTyTHUKOB MI'Y tuma
«Tarpsina» u mukpocnytHuka MKMW PAH «Yubuc-M»
lapunoe I’ K., Knumos I1. A., I[lanacrox M. U., Ceepmuanos C. U.,
Xpenoe b. A., Jwun U. B.

JeTeKTOphl PeAITUBUCTCKUX JIEKTPOHOB IS MPOEKTa
TARANIS

Sauvaud J.-A., Devoto P., Orttner G., Fedorov A., Chasselat O. et al.

TARANIS and COBRAT, the French satellite and balloon
projects for TLEs and TGFs studies
Pingon J.-L.

06e0 Bcex yyacTHUKOB coBellianust B [IpencraBurebcTee
«AnTtepkocmoc» UKW PAH

KomnneKkcbl Hay4yHoW annapatypbl
«po3a», «TatbAHay, TAPAHWUC, JEMETEP

Depeny Yaba

HccnenoBanue Koppeasiunii TPAaH3UEHTHBIX ONTUYECKUX
SIBJIEHUH C TIpolieccaMu B aTMochepe U OKOJI036MHOM
KOCMHUYECKOM IPOCTPAHCTBE MO TaHHBIM IETEKTOpa
yIbTPa(UOJETOBOIO U3TYyYEeHUsI MUKpOCITyTHUKOB MI'Y Tumna
«TaTpsiHA»

Tapunos I’ K., Kaumos 1. A., Ilanaciok M. U., Ceéepmunoes C. U.,
Xpenos b. A., Awun U. B.

Bo30y:xxneHue anekTpoMarHuTHbIX Bo3aMyiieHuii YHY-KHY -
nIrara3oHa B BepxHeit noHocdepe rpo30BoOii aKTUBHOCTHIO
Ilununenxo B. A.

Hannbie, nonyyeHHbie KA DEMETER B nepuon cuiibHbBIX TPO3
Parrot M.

Cunbhble uznydyeuusi ELF/VLF, cBsizaHHbBIE ¢ TPO30BOIA
aKTUBHOCTbBIO HaJ toroM ®paniuu 8 okTsa6pst 2009 r.
Btecki J., Parrot M., Wronowski R.

WccnenoBanne pagron3ydeHUsI MOJTHUEBBIX pa3psiioB

Ha cteHae CYPA. Bo3M0OXHOCTH COBMECTHBIX HAOTIONEHUIA
¢ «Yubuc-M»

Kapawmun A. H., llnweaes FO. B., Kapawmuna O. C.,
Kompaxkoe I I1., Jlucoe A. A., [Tuuyxnckun E. B.

dpakranbHas 3J1eKTPOAMHAMIKA TPO30BOro obj1aka
Uyoun /I U., Emenvanos A.A., Knumawes B.IO., JImumpuenko PJI.

Yarcun Bcex yuacTHUKOB coBelllaHus B [IpencraBuTesibcTBe
«AnTepkocmoc» UKW PAH



13:10-13:30

13:30-13:50

13:50-14:10

14:10-15:10

SECTION:

Chairman:

15:10-15:30

15:30-15:50

15:50—16:10

16:10-16:30

16:30-16:50

16:50-17:10

19.00-22:00

The advanced analysis of TLE according to UV detector of MSU
“Tatiana” type micro-satellites and IKI RAN microsatellite
“Chibis-M”

Garipov G.K., Klimov PA., Panasyuk M.1I., Svertilov S.1I.,
Khrenov B.A., Yashin 1.V,

The relativistic electron detectors for the TARANIS project
Sauvaud J.-A., Devoto P., Orttner G., Fedorov A., Chasselat O. et al.

TARANIS and COBRAT, the French satellite and balloon
projects for TLEs and TGFs studies
Pingon J.-L.

Dinner in the hotel “Intercosmos” IKI RAN for all participants

Scientific equipment complexes:
“Groza’, “Tatiana”, TARANIS, DEMETER

Ferencz Csaba

The study of correlations of transient optical phenomena and
processes in the atmosphere and near-Earth space according
to the UV detector of MSU “Tatiana” type micro-satellites
Garipov G. K., Klimov P A., Panasyuk M. I., Svertilov S. I.,
Khrenov B. A., Yashin 1. V.

Electromagnetic ULF-ELF band disturbance excitation in the
upper ionosphere by the thunderstorm activity
Pilipenko V. A.

Data recorded by DEMETER during intense thunderstorms
Parrot M.

The Strong ELF/VLF Emissions Associated with the
Thunderstorm over Southern France on October 8, 2009
Btecki J., Parrot M., Wronowski R.

Study of radio emission lightening strikes digits on the stand of the
SURA. Opportunities for joint observations with the “Chibis-M”
Karashtin A. N., Shlugaev Yu. V., Karashtina O. S., Komrakov G. P,
Lisov A. A., Pichushkin E. V.

Fractal electrodynamics of a thunderstorm cloud
ludin D. 1., Emelyanov A. A., Klimashev V. Y., Dmitrenko R. D.

Supper in the hotel “Intercosmos” IKI RAN for all participants



15 ¢peBpansa 2013 r., nATHULA

09:00-09:45 3asmpak Bcex yuaCTHUKOB coBelllaHus B [1pencraButenbcTBe
«HAntepkocmoc» UKW PAH

CEKUWMA: HayuyHo-meToanueckune npo6aemMbl UCCneaoBaHUSA
NPNPOAbI BbICOTHbBIX FPO30BbIX Pa3pAL0B
1 CONYTCTBYIOLMX UM NPOLECCOB B aTMochepe
N noHocdepe

PykoBonurenn: [ypesuu Anexcandp Buxmoposuu

10:00-10:20 JlaGoparopHble rccienqoBaHus Mpodos Ha yOeraroumx
9JIEKTPOHAX
Typesuu A. B.

10:20-10:40 IMouck TGF B nanubix sxcniepumenta SPI/INTEGRAL
Ilozanenxo A., Munaes I1.

10:40-11:00 OmnbIT UCCeA0BaHUS TPOMUYECKMX IUKIOHOB Ha «Yubuc-M»
Kaumoe C. U., lllapxos E. A., Tomau6 B. M., Kapeoun B. H.,
Kosznoe U. B., Hosukos /l. U., Basunos Jl. U.

11:00-11:20 CoBpeMeHHBIE MEXIyHAapPOIHEIE UCCISI0BAHNS B3aMOCBSI3!U
TPONMUYECKMX IIUKIIOHOB 1 NOHOC(EPHI
Banuna-Jlapm JI. b., Illapkos FE. A.

11:20-11:40 Kocmuyeckuii akcriepumeHT «McciienoBaHne npupoabl
BBICOTHBIX MOJTHUIA U COMMYTCTBYIOIINX UM MPOIIECCOB
B atMoc(depe u noHocdepe 3emian Ha 6a3e MUKPOCITYTHHKA
“YUubuc-AMN” ¢ ucnosb3oBaHUEM TPY30BOro KOpaoJist
“ITporpecc”»
3enénwiit JI. M., Knumos C. U., Tomaud B. M., Pooun B. I,
Hoesuxoes /1. U., Jloneonocoe M. C.

11:40-12:00 Wcnonbs3oBaHnue MUKpocyTHUKA «Hubuc-M» mist
00pa3oBaTeIbHBIX TPOTPAMM
Saiiues A. H., Knumoe C. U., bamanoes O. B., Cadosckuii A. M.

12:00-12:20 Ilepepuis na uaii, koghe

12:20-12:40 CeTb MUKPOCITYTHUKOB JIJISI UCCJIEAOBAHUS CIIEKTPAJIbHBIX,
BPEMEHHBIX ¥ TIPOCTPAHCTBEHHBIX CBOMCTB aTMOC(HEPHBIX
BCIIBILLIEK TaMMa-U3JIy4eHUS
Yepnenxo A. M., Iapunos I K., Beoenvkur H. H., Ilozanenxo A. C.

12:40-13:00 [TpoGieMa MHULMKUPOBAHUS pa3psia B TOKAMaKe, WM ITouemMy
Irpo3bl — PEIKOE SIBJICHUE
Tyearnos B. ©.

13:00-13:20 DHepreTuyecKkre CreKTpbl 3JIEKTPOHOB Y TaMMa-4acTHIL
B IPO30BBIX pa3psnax
Tyeanos B. ®.

13:20-13:40 Pexomenpaiiiu 1o oopMIEHUIO CChIJIOK HA JTUTEPATYPY
B HaYYHBIX CTaThsIX
Komaposa H. IO.




15 February 2013, Friday

09:00-09:45

SECTION:

Chairman:

10:00-10:20

10:20-10:40

10:40-11:00

11:00-11:20

11:20-11:40

11:40-12:00

12:00-12:20
12:20-12:40

12:40-13:00

13:00-13:20

13:20-13:40

Breakfast in the hotel “Intercosmos” IKI RAN for all participants

Scientific-methodological problems of research
of the nature of high-altitude lightning and the
accompanying processes in the atmosphere and
ionosphere

Gurevich Alexander Viktorovich

Studies of the breakdown runaway electrons in Laboratory
Gurevich A. V.

Search for TGFs in SPI/INTEGRAL experiment data
Pozanenko A., Minaev P.

The experience of “Chibis-M” research on tropical cyclones
Klimov S. 1., Sharkov E. A., Gotlib V.M., Karedin V. N.,
Kozlov 1. V., Novikov D. 1., Vavilov D. I.

Advanced international investigations of the correlation between
tropical cyclones and the ionosphere
Vanina-Dart L. B., Sharkov E. A.

The space experiment The research on the nature of the high
altitude lightings and the concomitant processes in the atmosphere
and the ionosphere of the Earth on the basis of micro-satellite
“Chibis-M” with the use of cargo spacecraft “Progress”

Zeleny L. M., Klimov S. 1., Gotlib V.M., Rodin V. G.,

Novikov D. 1., Dolgonosov M. S.

“Chibis-M” exploitation for educational programs
Zaytsev A. N., Klimov S. I., Batanov O. V., Sadovsky A. M.

Coffee-break

Network of Small Satellites for High Energy Observations of
Temporal, Spectral and Spatial Properties of Terrestrial Gamma-
Ray Flashes

Chernenko A. M., Garipov G. K., Pozanenko A. S., Vedenkin N. N.

Tokamak discharge initiaton problem or why thunderstorms are
SO rare
Tuganov V. F.

Energy spectra of electrons and gamma-ray particles in lightning
discharges
Tuganov V. E.

Recommendations on the execution of references to literature in
the scientific articlesx
Komarova N. Yu.



13:40-14:30 0be0 Bcex y9acTHUKOB coBellianust B [IpencraButebcTBe
«AnTepkocmoc» UKW PAH
CEKLWMA: HayuHo-meToamnueckune npobnembl NccnesoBaHNs
npurpoabl BbICOTHbIX FPO30BbIX pa3pA[0B
n conyTcreyrowinx nm npoueccos B aTMOcd>epe
N noHocohepe
PykoBonurens: Hyodun Imumpuii Heopesuu
14:30-16:30 Berpeuu pabouux rpynn
16:30-16:45 Ilepepuis na uaii, koghe
17:00 Otbesn aBToOyca ot [IpencraBurenscTBa «MHTEPpKOCMOC»
B UKHN PAH
16 ¢peBpansa 2013 r., cy660Ta
04:30 OTtbe3n 3apyOeXkHBIX CIIEUATUCTOB B aspornopt [llepemMeTheBO

KonTakTHast ungopmarus:
Anmonenxo Enena Anexcandposna: +7 916-612-51-24,
Kaumoe Cmanucnae Heanosuu: +7 916 705-68-50



13:40-14:30

Dinner in the hotel “Intercosmos” IKI RAN for all participants

SECTION: Scientific-methodological problems of research
of the nature of high-altitude lightning and
the accompanying processes in the atmosphere
and ionosphere
Chairman: ludin Dmitry Igorevich
14:30-16:30 Workshop
16:30-16:45 Coffee-break
17:00 Start from the hotel “Intercosmos” to IKI RAN
16 February 2013 Saturday
04:30 Start from the hotel “Intercosmos” to Sheremetievo airport
Information:

Antonenko Elena: +7 916-612-51-24,
Klimov Stanislav: +7 916 705-68-50






MexpayHapogHoe coBellaHue

[EPBbLIE PE3YJIbTATDI
[NPOEKTA «HBUC-M»

[pencrasutensctso «VHtepkocmoc» VKA PAH
13—15 ¢espana 2013 1., Tapyca, Poccus

TE3UNCbI



MEPBbIV OMbIT OPTAHU3AL MW ONMEPATUBHOTIO YNPABJIEHUA U3 LIYN UKU
MUKPOCMYTHUKOM «4YUBUC-M» B MEPUO ®EBPAJIb 2012 r. - AHBAPb 2013 1.

HU. B. Koznos, A. /. Pabosa, I. A. Baadumuposa,
0. B. bamanos, @. B. Kopomkos, 5. HU. Mapkoe

DenepanbHOE TOCYIAPCTBEHHOE GIOIKETHOE yupexaeHue Hayku MHCTUTYT
KOCMUYeCcKuX uccienoBanuii Poccuiickoii akanemuu Hayk (MKW PAH),
Mocksa, Poccus

B moxnane paccmarpuBaercs HapaboranHas B LIYII MKW PAH texHomorus
yMpaBJIeHUss MUKPOCHYTHUKOM «Yubuc-M» 3a mepBblii ron skcruiyatauuu MC
Ha opoOute. [IpuBonuTcs aHanu3 ynpasieHUs] 1 TM-KOHTpOJISI MUKPOCITYTHHKA,
a TakKe paccMaTpUBAIOTCS BOIMPOCH (HOPMUPOBAHUS KOMaHIHO-TTPOTPAMMHOIM
uHpopMalMKM U Iepeaayr e€ Ha OopT KocMuuecKkoro ammnapara. IlpuBenéH Tak-
K€ psi CTAaHIAPTHBIX IIUKJIOTpaMM, pa3pab0TaHHBIX 32 3TO BPeMsl, KOTOPBIE JAlOT
BO3MOKHOCTh OTIEPAaTUBHO YMPABJISATh HAyYHOM amnmaparypoil B 3aBUCUMOCTU OT
MOCTaBJICHHBIX 3a7a4 U MOXeJaHW HayYHOTO PYKOBOACTBA ITPOEKTOM.

OnbIT PASPABOTKW U SKCIMNTYATALIUN CUCTEMbI OPUEHTALIAA
MUKPOCMYTHUKA «<4UBUC-M». MEPCNEKTUBbI MOAEPHU3ALINA

M. IO. 06”tuHHLlK081,,ZZ. C. Hsaﬁoel, H A I/Ieﬂeez,
C.0. Kagnemcoz, . C. Poxzdyeuﬁl, C. C. Tkaues'

! HMHctutyT npukinagHoii Marematuku uM. M. B. Kennpiina, MockBa, Poccust

2 000 «CnytHukc», Mocksa, Poccust

CucreMa opreHTallnM MUKPOCITyTHHKA «Y1buc-M» Obula peanm3oBaHa CIie-
mamuctamu OO0 UTL «Ckandkce», pa3paboTka U MCCIEIOBAaHUE aJrOPUTMOB
OpUMeHTaLMM NpoBoAuIuch crieuuaauctamu MIIM um. M. B. Kengpina PAH.

CucreMa opreHTalMy B TIPOLIECCe CO3MaHMs Mpoliia HEeCKOIbKO aTarnoB. Ha
atane pa3paborku cucrembl B UIIM um. M. B. Kennpiiia PAH Obliu ipoBeneHbI
aHAJINTUYECKHME W YUCJIEHHbIE MCCIIEIOBAHMS aJITOPUTMOB OINpeaeIeHUs] OpUEH-
TalMy ¥ aJITOPUTMOB YIIPaBJIEHUSI OpUEHTALIUE. DTU MCCIeAOBaHUS TTO3BOJIUIN
OIpeNeNUTh OCHOBHbBIE TTapaMeTPbl U OOLIMI TEXHUYECKUI OOJIMK CUCTEMbl OpU-
eHraiuu. Ha ocHoBe BbipaGoTaHHbIX pekomeHaauuit B UTL «CkaHDkc» ObLIM
BBIOpAHbBI aKTIATOPbl U NATYMKU ONpeNesIeHUs] OpUEeHTAlMU, KaTuOPOBOYHBIE
UCTIBITaHUS KOTOpbIX OblIM 3aTeM mpoBeneHbl B UTL «CkandOke» u UMM um.
M. B. Kenapiia PAH. B UTL «Ckan3kc» ObLT co3maH J1abopaTOpHbBINA CTEH/,
Ha KOTOPOM TPOILJIM UCTIBITAHUS AJITOPUTMbI OTIpeeIeHUs] OPUEHTAIIMUA U aJITO-
PUTMBI YIIpaBJIEHUSI OpUeHTalMel MUKpocyTHUKA «Hubuc-M», Takxke CUCTeMbI
OPHMEHTALIMU B «lIeJIOM». DKCIUTyaTallusl CUCTeMbl MPOBOAUTCS CIELUATUCTAMU
000 «CIIyTHHUKC».

JIETHBIE UCTIBITAHUSI CUCTEMbl OPUEHTALIUU U CTAOMIM3aUU MUKPOCITYTHU-
Ka MPOXOJMJIM B HECKOJIBKO 3TamnoB. [lepBble 3Tanbl UCNIBITAHUI BKITIOYAIU B Ce0sT
rocjieioBaTe/ibHbIe MPOBEPKM Ha PabOTOCIIOCOOHOCTh NATYMKOB OMpPEIeIeHUS
OpUMEHTAlIM1, UCTIOJHUTENIbHBIX OpraHoB. [lanee mpou3BoamIach OLEHKA UX Ka-
JIMOPOBOYHBIX XapaKTePUCTUK, CPABHEHUE UX C HOMUHAIbHBIMU, TTOJYYEHHBIMU
MPpU HAa3eMHOM KaJIMOpOBKeE, U3 Yero ObUI cliejlaH BBIBOJ O KOPPEKTHOCTH pabOoThI
npubopoB. Ha cnenyroniyx stamax nmposepsiiach paboTOCIIOCOOHOCTh aJITOPUTMOB
orpe/ie/IeHUsI OPUEHTALIMKU U aJITOPUTMOB YIIPABJIEHUS OPUEHTALIMEH.
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THE FIRST EXPERIENCE OF “CHIBIS-M” OPERATION BY MCC
OF ISR FROM 02.2012TO 01.2013

L V. Kozlov, A. D. Ryabova, G. A. Viadimirova,
O. V. Batanov, E V. Korotkov, Y. I. Markov

Space Research Institute of Russian Academy of Science (IKI RAN), Moscow, Russia

The report examines the technology of “Chibis-M” operation developed by
MCC of ISR during the first year of exploitation. We also present the analysis of
micro-satellite handling and TM control and discuss the formation of command-
programmed information and its transfer onto the board of the spacecraft. Apart
from that, the report includes the set of standard cyclograms, elaborated during this
period, which make it possible to operate the scientific equipment in the accordance
with the established aims and the project scientific management wishes.

THE EXPERIENCE OF “CHIBIS-M” ORIENTATION SYSTEM DEVELOPMENT
AND EXPLOITATION. PROSPECTS OF MODERNIZATION

M.Y. 0vchinnik0vl, D.S. Ivanovl, N.A. Ivlevz,
S. 0. Kargenkoz, D.S. Rolduginl, S.S. Tkachev'

' KIAM RAS, Moscow, Russia
2 LLC ‘Sputniks’, Moscow, Russia

The system of “Chibis-M” orientation was brought about by Research and
Development Center “ScanEx”, and the orientation algorithms development and
examination were conducted by Keldysh Institute of Applied Mathematics of RAS.

In the process of creation the orientation system passed through several stages.
At the stage of the system development in KIAM RAS analytical and numerical in-
vestigations of orientation determination and orientation control algorithms were
carried out. These investigations made it possible to determine the basic parame-
ters and the overall technical appearance of the orientation system. On the basis of
recommendations provided by RDC “ScanEx” actuators and orientation determi-
nation sensors were chosen; their calibration testing was later performed in RDC
“ScanEx” and KIAM RAS. “Chibis-M” orientation determination and orientation
control algorithms as well as orientation system in general were tested with the use
of laboratory facility designed in “ScanEx”. The system exploitation was carried out
by LLC “Sputniks” specialists.

Summer tests on the micro-satellite orientation system and stabilization were
done in several stages. The first stages involved successive checks on the efficiency
of orientation determination detectors and effectors. Then the assessment of cali-
bration characteristics and their comparison to the nominal ones, which had been
received from the ground calibration, were performed; on this basis the conclu-
sion about the correct work of devices was made. Further stages included efficiency
check on the orientation determination and orientation control algorithms. The en-
tire cycle of summer tests resulted in the following characteristics of the orien-
tation system: orientation determination accuracy and micro-satellite stabilization
accuracy.

15



PesynbraTom Bcero uukiia JETHBIX UCMIBITAHUI CTAJIM TaKUe XapaKTEPUCTUKHU
CHCTEMBbI OPMEHTALIMU KaK TOYHOCTb OMpEeeIeHNs] OPUEHTAIIMA U TOYHOCTDb CTa-
OMIM3alUY MUKPOCTTYTHUKA.

B Hacrosiueil pabote npenctaBieHbl pe3ybTaThl BCEX ITANOB CO3IAHUS CU-
CTeMbl OPUMEHTALUMU MUKPOCIYyTHUKA «Hubuc-M»: OT TeopeTHYeCKUX UCCIeI0-
BaHWI1 AJITOPUTMOB 1O JIETHBIX UCTIBITAHUM BCEW CUCTeMBbl. AHATM3UPYETCS TOU-
HOCTb OTIPEIe/IEHUs] OPUEHTALIMU B PA3JIMYHBIX PEXUMaX, OLIEHUBAETCS TOYHOCTD
CTabMIM3allMM MUKPOCIYTHUKA OTHOCUTEIBHO OpOUTAJIbHON CUCTEMBI KOOPIU-
Hat. Kpome Toro, Ha mpuMepax MpoaHaJIM3MpOBaHA JIOTMKA aBTOMAaTUYECKOTO
MEePeKII0YeHUS PEXKUMOB OIpENeCHUS] U YIIPaBJIeHUS] OPUEHTALIME MUKPOCITYT-
HUKa.

Ha ocHoBe moyiyueHHOTO OIbITa Pa3pabOTKM M IKCIUTyaTallui paccMaTpyBa-
IOTCSI MYTU MOIEPHU3ALIMU CUCTEMbl OPMEHTAIlUM MMKPOCIYTHUKA «Yuouc-M»
IIJISI UICTIOJIb30BAaHMST HA MUKPOCITYTHUKOBOM Tu1aTdopme Thmna «Huoucs.

OTNAAKA HABUTALIUU N YNPABJIEHUA OPUEHTALMEN B ONEPALMAX
MUKPOCMYTHUKA «4YUBUC-M»: MUKPOCNYTHUK — MAKPOOIbIT

A. ]]ealcoel, B.M. It omau61, B. Kape@unl, PP Ha3upoel, H A. Qﬁcmonml,
B. H. Ha3ap031, D. Kopomxoel, A Mapxogl, H. H@/zeez, C. Kapnehnco2

®DenepasbHOE TOCYIAPCTBEHHOE OI0MKETHOE yupekaeHne Hayku MHctutyt
KocMuueckux ucciaenoanuit Poccuiickoii akanemuu Hayk (MKW PAH),
Mocksa, Poccus

000 «CnytHMKC», MockBa, Poccust

MukpocnytHuk «4ubuc-M» ObLT 3amylleH ¢ 60pTa TPAaHCIIOPTHOTO KOpabJist
«ITporpecc» 25 suBaps 2012 r. OCHOBHOI 3amavyeil CIIyTHUKA SIBJISIETCSI JeTallb-
HOe u3ydeHHe (PU3MUECKUX MEXaHW3MOB 3JIEKTPUIECKUX Pas3psiioB B aTMocdepe
B CAMOM HIIMPOKOM AMana3oHe SHEPTUil — OT paauvo- A0 TaMMa-usiaydyeHust. st
JNIOCTUXEHUSI TOCTATOYHO JAOJTOro OaJJIMCTUYECKOTO CYLIECTBOBAHUS KOCMUYE-
CKOTO armapaTa ero opomura 6buia mogHsTa ¢ BeICOTHI 380 kM mo 510 kM 3a cU€T
UCTOJIb30BAaHUSI KOCMUYECKOTO Tpy3oBoro kopabist «[Iporpecc» mocie Toro, kak
OH JTIOCTaBWJI HeoOXomuMble pacxomHble Matepuanbl Ha MKC. [Ins npoBeaeHust
3aIUIAHUPOBAHHEBIX 3KCIEPUMEHTOB CIYTHUK «Yumbuc-M» ocHaméHn mpudopamMm
yMpaBieHUs] OpUEHTalMell ¢ HeOOXOAMMBIM MPOTPAMMHBIM OOecTieueHHeM ISt
HaBeJeHUs B HAAUP U COXpaHEHUsI HEOOXOIUMOro 3araca MOLIHOCTH MYTEM OpH-
E€HTUPOBaHUs CONHEeUHBIX Oarapeil K ConHily. s onpeneieHUs OpUEHTAIUH,
TTOMUMO JaTYUKOB YTJIOBOM CKOPOCTH, UCITOJIB3YIOTCS COTHEUHbIE JATYMKHU B CO-
YyeTaHUU C MarHUTOMeTpaMu. st obecrieueHrsl yrpaBieHUs] CITyTHUKOM UCIIOJb-
3YIOTCS DJIEKTPOMAarHUTHBIE KaTYIIKA COBMECTHO ¢ MaXoBMKaMmu. bopToBoe mpo-
rpaMMHOe obecrieueHue MpeaHa3HauyeHo sl pacyéTa MOAEIM MarHUTHOTO TTOJISt
U TTapaMeTPOB TPAEKTOPHHU B LIEJISIX COOOIIEHMS UCTIOJTHUTEbHBIM OpraHaM Heo0-
XOIMMBIX KOMaH/. B mokiane onvcanbl Kak mpo0eMbl, KOTOPbIe BOSHUKIIU TTOCIIe
3arycKa CIyTHUKa, TaK U METOMbI, TTO3BOJIMBIIKE TIPpeonoieTh nx. OaHa U3 Takux
npo6JieM Oblia CBsI3aHa CO CMENIEHHBIMU MOKa3aHUSIMU MAarHUTOMETPOB.

OCHOBHBIM HayYHbIM WHCTPYMEHTOM JUISl U3YUYEHUSI MOJHUI sSIBISIETCS pa-
IMOYACTOTHBIM aHAIM3aTOp, KOTOPBIM perucTpupyeT curHail B YKB nuamazone.
Hdpyrve HayYHble MHCTPYMEHTbI — YIbTPahUOIETOBbII NETEKTOP, PEHTIeH-TaMMa
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This work provides the results of all the stages of “Chibis-M” orientation sys-
tem development: from theoretical analysis of algorithms to summer tests on the en-
tire system. The orientation determination accuracy in different modes is analysed,
and the accuracy of micro-satellite stabilization in relation to the orbital coordinate
system is estimated. Apart from that, the logic of automatic switching of micro-sat-
ellite orientation determination and control modes is investigated.

On the basis of design and exploitation experience the ways of “Chibis-M”
orientation system modernization for the use on a micro-satellite platform of “Chi-
bis” type are discussed.

DEBUGGING OF NAVIGATION AND ATTITUDE CONTROL OF THE MICROSATELLITE
“CHIBIS-M": MICROSATELLITE — MACROEXPERIENCE

A. Ledkovl, V. Gotlibl, R. Nazirovl, N. Eismontl, V. Nazarovl, N. Ivlevz, V. Karedinl,
S. Karpenkoz, F Korotkovl, Y. Markov'

' Space Research Institute of Russian Academy of Sciences (IKI RAN),
Moscow, Russia
2 LLC “Sputnix”, Moscow, Russia

“Chibis” microsatellite was launched from Progress ISS transport vehicle on
January 25 2012. Its principal goal is to explore the special type of lightning when
the discharge is connected with outer space and roentgen and gamma rays are emit-
ted. To reach long enough time of ballistic life of the spacecraft its orbit was raised
from initial 380 km to 510 km by the use of Progress transport vehicle after it deliv-
ered the required consumables to the ISS. To fulfill the planned experiments “Chi-
bis” systems include the attitude control instruments with required software which
allow to follow the direction to the Earth center and to keep necessary power supply
by targeting the solar arrays to the Sun when chemical batteries are to be recharged.
As attitude sensors the sun sensors are used in combination with magnetometers.
To produce the control torques electromagnetic coils are used together with mo-
mentum wheels. Onboard software was intended to calculate the model magnetic
field and trajectory parameters in order to generate the required command to actua-
tors. In the paper the problems which arose after the satellite launch are described
as the methods allowed to overcome them. One of these problems was connected
with magnetometers shifted measurements. The main scientific instrument to ex-
plore the lightning events is the special receiver which records the signal in VHF
band. Another science instruments are gamma and ultraviolet sensors. In the paper
the problems are described which are connected with programming of the scientific
instrument operations taking in account of diverse external factors. The solutions to
overcome the mentioned and other obstacles to fulfill the necessary operations are
presented.



NIeTeKTOp M KaMepa OITUYEeCKOro Auamna3oHa. B mokmame oGcyxmaroTcs Ipooiie-
MBI, KOTOpBIE CBSI3aHBI C TNIAHMPOBAaHMEM PabOTHl HAYYHOH armaparyphl C y4€ToM
Pa3IMYHBIX BHEHTHUX (haKTOpOoB. Takke MpeAcTaBieHbI pelleHUs 0 TPeoaose-
HMIO YXe YIIOMSIHYTHIX U MPOUYrX (haKTOPOB, MPEMSITCTBYIOIIUX BbITIOJHEHUIO He-
00XOIMMBIX OTIEpaLUiA.

NEPEAAYA HAYYHOW MHOOPMALIUN OT MUKPOCNYTHUKA «4YUBUC-M»
B. M. I'omau6, B. H. Kapedun

DenepanbHOE TOCYIaPCTBEHHOE GIOMIKETHOE YUPEXIECHUE HAYKU
HMHcTuTyT KOCMMYECKUX MccienoBannii Poccuiickoit akaneMnu HayK
(MKH PAH), Mocksa, Poccus

MukpocnytHuk «Yubruc—M» pa3paboTaH C LEIbI0 U3yYEeHUsI C OKOJI03eM-
HOI OpOUTBI AKTUBHOCTU MOJIHHMEBBIX Pa3psIOB 110 UX U3JIYYEHHUIO B PaMO, FaMMa
U yIbTpaHrOIETOBOM, a TAKKE BUAUMOM Auarna3oHe. O0beM HayYHBIX JaHHBIX Ha
OITHO PETUCTPUPYEMOe COOBITHE OT PamTloYacTOTHOTO, TaMMa, YJIbTpadroIeTOBO-
ro 1aTyuKa 1 (hoToKaMephl 10 OLIEHKaM cocTaBiisieT rnopsinka 10 Mb.

3a OAMH BUTOK KOJIMYECTBO PETUCTPUPYEMBIX COOBITHII MOXET COCTAaBIISITh
1-3, gro mact mopsnka 300 Mout nuagopmamun. [Ipu cpenHeit POIOIKUTETb-
HOCTH ceaHca CBSI3U Ha HU3KOi1 opouTe 5...10 MUH MoTpeOHass CKOPOCTh Mepenadyn
cocraput 1 Mowur/c.

TakuM 06pa3oM, MUCXOMHBIC TPeOOBAHMS TAaKOBBI — paJMOKaHAJ Tepenayn
Hay4YHBIX TaHHBIX TOJDKEH 00eCIIeUYnTh N10CTaBKy Ha 3eMitio g poBoii nHdopmMa-
LIUM CO CKOPOCThIO 10 1 M6uT/c Ha manbHocTaAX 1o 2500 kM. [Iyist aToro Ha 6OpTy
KocMmmdeckoro ammapata (KA) ycraHaBnmBaeTcst pamuoriepeIaTInk S-auarna3oHa
M aHTeHHa. AHTeHHa TepeJaTyrMka MMeeT IMPOKYI0 AuarpamMmy HampaBJieHHO-
cTH, 00Opalll€éHHYIO B CTOPOHY 3eMJIHM, TaK Kak ofaHa u3 oceii KA opueHTHpoBaHa
Ha 3emutto. OcHOBaHMEM ISl BBIOOpa S-muaria3oHa il pacCMaTpUBaeMoOro pa-
NIMOKaHaJIa SIBJISIETCS TO, YTO OH Ha TIePBUYHOM OCHOBE MpeaHa3HauyeH I 1eeit
rnepeaadyy AaHHBIX U3 KOCMOCA M TO3BOJISIET 00ECIEYUTh HEOOXOAUMYIO TMOJIOCY
YacTOT M CKOPOCTh Tepeaayn.

B nokinazne mompo6HO paccMaTpUBAIOTCS BOTIPOCHI MTOCTPOSHMsI KaHasa rnepe-
Jlayy HayYHbIX JaHHBIX.

CNELNOUKA PABPABOTKU, U3TOTOBJIEHNA
Y HA3EMHbIX UCMBITAHUW «4YUBUC-M»

JLJ. beaskosa, B. H. Aneapos, B. I. Pooun, M. b. Jlobpusn, C. H. Kiumos,
B. M. Koznos, A. B. Kanoxchuiii

DenepanbHOE TOCYIaPCTBEHHOE OIOMKETHOE YUpeKIeHNe HayK1
UncTtutyt KocMuueckux uccienoBanuii Poccuiickoit akanemMmuu HayK
(UKHU PAH), Mocksa, Poccus

ITpuémo-cnarounsie ucnbitanus (I[ICHU) muxpocrytHuka (MC) mpoBo-
IATCSA C LENbI0 TTPOBEPKU TEXHUYECKUX, KOHCTPYKTUBHBIX, KCIUTyaTallMOHHBIX
XapaKTepUCTUK MUKPOCIYTHHMKA U TPaHCIOPTHO-IIycKoBoro KoHTeiiHepa (TIIK)
U TIONTBEPXKIEHUST X COOTBETCTBUs TpeboBaHUsIM T3 1 TY, OCHOBBIBasICh Ha Te-
peYHe HOPMATUBHO-TEXHUUYECKUX TOKYMEHTOB, TpeAcTaBieHHBIX B «[Iporpamma
1 METOIMKA MPUEMO-CAATOUYHBIX McnbiTaHuii (MUAC.464100.003 TIM1)». TICU
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SCIENTIFIC DATA TRANSMISSION BY “CHIBIS-M”
V.M. Gotlib, V. N. Karedin
Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia

Micro-satellite “Chibis-M” is intended for investigating the activity of light-
ning discharges from circumterrestrial orbit on the evidence of their emission within
radio, gamma and UV band as well as in the optical band. According to estima-
tions, the set of scientific data for one recorded event from radiofrequency, gamma
and UV detector and a camera averages 10 Mbyte. The number of detected events
per a turn can vary from 1 to 3 that will give almost 300 Mbit of information. On
the average length of the communication session in low orbit the required speed of
transmission will be 1 Mbit/s. Thus, the basic requirements are as follows: the radio
channel of scientific data transmission must provide the delivery of digital informa-
tion to the Earth at a speed of up to 1 Mbit/s and at a distance of up to 2500 km. For
this reason a radio transmitter S and an antenna are set on board of the spacecraft.
The transmitter antenna has a wide radiation pattern directed to the Earth since one
of the spacecraft axes is oriented towards the Earth. The choice of S range of the ra-
dio channel rests on the fact that it is basically meant for data transmission from the
space and provides the necessary frequency band and transmission speed. The work
minutely examines the construction of the scientific data transmission channel.

THE SPECIFICITY OF “CHIBIS M” ELABORATION, PRODUCTION
AND TERRESTRIAL TESTS

L. D. Belyakova, V. N. Angarov, V. G. Rodin, M. B. Dobriyan,
S. 1. Klimov, V. M. Kozlov, A. V. Kalyuzhny

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia

The micro-satellite (MS) acceptance tests are performed for the purpose of
checking technical, structural and operational characteristics of the MS and the
transport-launching container and the confirmation of their compliance with the
requirements of construction law and technical conditions in accordance with the
list of documents presented in “Acceptance tests program and technique”. The ac-
ceptance tests were conducted on the basis of Space Research Institute of RAS and
Special Design Office of Space Instrument Making of Space Research Institute,
which are equipped with all the necessary measurement and test devices.
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npoBoawinck Ha 6a3e noapasneneuuit UKW PAH u CKBb KIT MKW PAH, ocHa-
IEHHBIX BCEM HEOOXOMMMbIM U3MEPUTEIBHBIM U UCITBITATEIBHBIM 000pYIOBaHU-
eM. YuactHukamu I1CHU sasnsrorcsa npencraButern CKb KIT UKW PAH, UKHN
PAH npencraButenu OTK, HUJIAKT POCTO.

B 06béM TICH Bxonwio 19 BUIOB UCIIBITAHUI C UCITOJIb30BaHUEM 16 BUIOB
obopymnoBanus 1 mpudopoB. OmbIT 3KciuryaTauny MC mokasa, 9To IIpOBeIEH-
HbBIX 7 onepaluii IpPOBEpPKU HEAOCTATOUHO ISl TAKOTO CJIOXKHOTO KOMILJIEKca, Kak
MMKPOCITYTHUK «H16rc-M» 1 4TO BaXKHO MOAYEPKHYTh OCOOEHHO — TMpeaHa3Ha-
YEHHOTO ISl TpoBeNeHUsT (hyHIaMEeHTAIbHBIX KOCMUUYECKUX UCCIIEIOBAaHUMA.

HA3EMHbIV CEKTOP U PAJ} SKCMEPUMEHTOB
Ana MUKPOCMYTHUKA «<4UBUC-M»

B. Hasagoel, P Ha3up061, J. 3e/ze"Hb1L71, B. AHeapoe2, 0. Bamaﬂoel,

TL. Bodnar4, H. Ditcmonm", B. T OMﬂU61, B. Kapeauﬁz, C. K/zuMoel,

D, KO[)OMICOG], U K03/106'1, A ./Tealcoel, A. M€ﬂbHLlKl, A. ﬂamcoe3,

B. PoauHI, A Pﬂ6oea1, Ya. Shmelauer’ LA T; pemb;moel

! CDez[epaanoe TOCyoJapCTBEHHOE OIO/IKETHOE YUYPECKACHUE HAYKHN

HHcTuTyT KOCMUYECKUX UcciaenoBanuii Poccuiickoit akaneMun HayK
(MKH PAH), Mocksa, Poccus

CKB KIT UKW PAH, Tapyca, Mocksa, Poccus

HWJIAKT POCTO, Kanyra, Poccus

Budapest University, Hungary

UFA CAZ, Prague, Czech Republic

[V NV )

B HacTosiee BpeMss MUKPOCHYTHUK «Yubuc-M» HaXoguTcs B CTaguu aB-
TOHOMHOTO ToJ1ETa. McTopus ero nmonéra Havanack 2 Hos10ps 2011 r., koraa npo-
M30IIIJIa COCTBIKOBKA I'py30Boro kKopabis «[Iporpecc M-13M» ¢ MexnyHapogHOMI
kocmuueckoit cranuueir (MKC). Kak mpaBuio, rpy3oBoii Kopabjb JOCTaBJIsIET
HEKOTOpble MPUOOPHI U TOBApbl, HEOOXOMUMBIC IJISI TIONACPXKAHUS CYIIECTBO-
Bauust MKC; B 3TOT pa3 OH JOCTaBUJI U MUKPOCITYTHUK «UYnouc-M». 24 sHBaps
2012 r. B 01:59 mo mockoBckoMmy BpeMeHu «IIporpecc M-13M» GblT OTCTBIKOBaH
ot MKC u nociie AByX BKJIIOYEHU OCHOBHOTO IBUTATEIsl ObLIT BHIBEIEH HA OpOU-
Ty BeicoTO 500 kM. 25 stHBaps B 03:14 10 MOCKOBCKOMY BpeMeHM «Yubuc-M» ot1-
JETUIICS OT KOCMUYECKOTO IPy30BMKAa 1 BCTYIWII B CTAANIO aBTOHOMHOTO TMOJIETA.

Macca MuKpocryTHMKa cocTaBisieT 34,4 Kr, Macca Hay4HO# anmnapaTypbl Ha
60opty — okoso 12 xr. OcobeHHOCTh MUKPOCTTyTHUKA «H1buc-M» cOCTOUT B TOM,
YTO OH MOXET MCIOJb30BaThCsl HE TOJLKO B 00pa30BaTENbHBIX LIEJSIX, HO U ISt
NpoBeAeHUS (DyHIAMEHTAIbHBIX UCCIICIOBAHUIA.

«Yubuc-M» nipegHa3zHa4YeH I AETAILHOTO U3y4eHUs (PM3NIECKUX IIPOIIEC-
COB NpHU aTMOC(EPHBIX TPO30BBIX pa3psigax B CAMOM IIMPOKOM IMarna3oHe dHep-
MU — OT pajuo- 10 TaMMa-M3JIy4eHUsl, a TakxkKe JUISl U3MEpPEeHUs] TapaMeTpOB,
KOTOphIE MOXHO O0O3HAYUTh TEPMMHOM «KOCMUYECKasi Ioroga». Pasymeercs,
«Yubuc-M» ocHaIIEH BHYIIUTEIbHBIM KOJUYECTBOM HayYHBIX IPUOOPOB MIJIsI BbI-
MMOJTHEHUSI BbILLIETIEPEYMCIEHHBIX 3a/1a4.

JnuTenbHble M3MEPEHUS TIPEAINoaraloT HCIOJb30BaHUE BBICOKOCKOPOCT-
HBIX TEJIEMETPUUECKUX KaHAJIOB, YTO TPeOYeT COOTBETCTBYIOIIETO SHEProcHa0Xe-
HMSI. DTO CBSI3AHO C HEKOTOPBIMU MPOOJeMaMu OTHOCUTENbHO HEOOJBIINX KOC-
MMYeCKMX armaparoB. [TosTomy Ha GOpTY MMKpPOCIYTHHMKA MCITONB3YIOTCS TPHU
HUCXOMSIIME W OTHA BOCXOASIIASA CUCTEMBI.
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The participants of the acceptance tests are the representatives of Special De-
sign Office of Space Instrument Making and those of QC (quality control) and the
Research Laboratory of avia-apace techniques. Acceptance tests involved 19 catego-
ries of tests performed with the use of 16 types of equipment and devices. The oper-
ating experience of the MS has indicated that 7 operations are insufficient for such a
compound complex as microsatellite “Chibis-M” that is meant, as it is important to
point out, for conducting fundamental space investigations.

GROUND SEGMENT AND OPERATIONS FOR MICROSATELLITE “CHIBIS-M”

B. Nazarovl, R. Nazirovl, L. Zelenyil, V.Angarovz, 0. Batanovl, TL. Bodnar4,
N. Eismont', V. Gotlib', V. Karedin®, S. Klimov', F. Korotkov', I. Kozlov', A. Ledkov',
A. Melnik', A. Papkov®, V. Rodin", A. Ryabova', Ya. Shmelauer’, A. Tretiakov'

! Space Research Institute of Russian Academy of Russian, IKI RAN, Moscow, Russia
SKB KP IKI RAN, Tarusa, Moscow, Russia

NILAKT ROSTO, Kaluga, Russia

Budapest University, Hungary

> UFACAZ, Prague, Czech Republic
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The microsatellite “Chibis-M” is in flight operations stage now. Its flight story
starts on November 2, 2011 when cargo ship “Progress M-13M” was docked with
International Space Station (ISS). As usually it brings some equipment and goods
needed for ISS survival but also it delivered microsatellite “Chibis-M”. At Janu-
ary 24, 2012 01:59 msk “Progress M-13M” was undocked and after two corrections
it will be positioned at 500 km orbit. At January 25, 03:14 msk “Chibis-M” was sep-
arated from it and starts its own flight.

The mass of the microsatellite, is 34.4 kg, the mass of scientific instruments on
board is about 12 kg. The one of distinctive features of the microsatellite “Chibis-
M?” is that it is assigned not for education proposes only but for investigation in the
field of fundamental researches as well.

The main purpose of “Chibis-M” is a comprehensive study of physical pro-
cesses in atmospheric lightning discharges in a wide range of energies — from radio
to gamma radiation as well as extended measurements of parameters which may be
described by term called “space weather”. And it contains an impressive list of the
scientific instruments for resolving these tasks of course.

Extended measurements means using of high-speed telemetry channels which
requires respective power supplying. And it corresponds to some problems for rel-
atively small spacecrafts. Therefore three downlink and one uplink systems where
used onboard the microsatellite.

High speed S-band channel which provides downlink for science data in for-
mat of CCSDS telemetry packets up to 1 Mbps. For technical mission operations
radio-amateur bands are used with frequencies of 145 and 435 MHz for uplink and
downlink respectively. For preventing of collisions with radio-amateurs and for
safety reasons this links use respective security coding. And at last the telegraph
channel with simplest coding by dot-and-dash (Morse code) method is used for
transferring information about the general status of the satellite.

Such architecture of the satellites links as well as using of modern technologies
(like Web 2.0, SOA, etc.) and implementation of a few new approaches allowed us
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BbICOKOCKOPOCTHOI KaHall S-auamna3oHa obecrieunBaeT CBs3b KOCMOC-3eM-
JIsSL JUTSL TIepefadyd HaydHBIX JaHHBIX B hopMmaTe TeieMeTpuueckux rakeroB CC-
SDS no 1 M6ut/c. Ing yrpaBlIeHUsT TEXHUUYECKUMU OTIepallisiMU UCTIOIb3YIOTCS
JIIOOUTENIbCKUE TUara3oHbl ¢ yactotamu 145 u 435 MI'u nist TMHUM CBSA3U 3eMJis-
KOCMOC M JIMHUU CBSI3W KOCMOC-3eMJIsi COOTBETCTBEHHO. ISl mpenoTBpalieHust
«CTOJIKHOBEHUI» C paIMOIIOOUTESIMU U TIO COOOpakeHUsIM Oe301TaCHOCTH Ha JIU-
HUSIX CBSI3U MCITIOJIb3yeTCsS COOTBETCTBYIOIIAsl KOAUMPOBKA. W, HakoHell, 115 nepe-
nayy uHGopMauu 06 obIIeM COCTOSTHUM CITyTHUKA UCTIOJIb3YeTCs TeerpadHblii
KaHaJ ¢ MPOCTEUIIIMM KOIUPOBaHUEM «TOUKa-TUpe» (a30yka Mopae).

Taxasi cTpykTypa JMHUUI CBSI3U CIYTHMKA, a TakXKe UCIOJIb30BAHUE COBpE-
MEHHBIX TexHojoruii (Harmpumep, Web 2.0, SOA u 1p.) U TIpUMeHEHUE HOBBIX
IMOAXOIOB TTO3BOJIJIM HaM, HECMOTPSI Ha HEOOJIbIION OIOIKET, CO3AaTh HA3eMHBIH
CeKTOp, 00JaNalolIuil BBICOKUM YPOBHEM HAJEXHOCTH, JUISl TIPOBEACHUS DKCIe-
puMeHTOB Ha «Hubuc-M».

Kak nokazaHo B paboTe, MUKPOCITYTHUKM 00J1aat0T OOJBITNMHU BO3MOXHO-
CTSIMM B 001acTH (PyHIAMEHTAJIBHBIX McclienoBanuii. HekoTopsie mmomxomsr (oco-
OGEHHO ISl Ha3eMHBIX OTepalil U MOAIEPXKKH), OMTPOOOBAHHBIE B XONI€ 3TUX OIe-
paluii, MOTYT OBITb YCITEIIIHO PeaIn30BaHbl B «OOJIBIINX» HAYYHBIX TPOEKTAX.

B noxnazne onuckiBaloTCs TEKylllee COCTOSIHUE HAa3eMHOTO CeKTopa ISl MU-
KpocnyTHHKA «Hubuc-M» 1 OnbIT, MOJy4YEHHBII TTOCIIE NTEPBOTO rofia ero 3KCIIy-
aTalMu, a Takke 00CYKIar0TCs TIePCIIeKTUBBI SBOJIIOLIMHY TIPEACTaBICHHON Ha3eM-
HOI "H(POPMALIMOHHOM CUCTEMBI.

PE3YJIbTATbl HABJIIOQEHWA TGRF C MOMOLLbIO PEHTTEH-TAMMA JETEKTOPA
HA MUKPOCNYTHUKE «<4HUBUC»

A. B. boeomonos, B. B. boeomonos, I K. ITapunos,
C. U. Ceepmunos, I B. Tuwmun, U. B. duwun

HayuHo-uccnenoBareabcKkuiit UHCTUTYT simepHoi ¢pusuky uM. [. B. CkobebiibiHa
MocCKOBCKOTO rocyiapcTBeHHOro yHuBepcutera uMeHu M. B. JlomoHocoBa,
Mocksa, Poccus

Pentren-ramma merexrop (PI'l) mpenHa3sHayeH IS perUCTpalluy CIIOpaIu-
yeckux Bo3pactaHuii (BcruieckoB TGRF) xkEcTKOro peHTreHOBCKOIo M raMMa-u3-
JiydeHust (nranas3oH sHepruii potoHoB 0,02...1,0 MaB) BeICOTHBIX aTMOC(hEPHBIX
pa3psioB B X0/l SKCIepUMEHTa Ha MUKpocnyTHHKe «Hnbuc-M». [1pubop cocro-
WUT U3 YETHIPEX NETEKTOPOB Ha OCHOBE CUMHTWLISUMOHHBIX KpucTamioB Nal(Tl),
KaXIblid TUaMeTpoM 4 CM, TPU JeTeKTopa TOJIIMHOMN 1 cM 1 oguH — 2 cM. B xone
SKCITEPUMEHTA OCYIIECTBISIThCS HEMPEephIBHAS 3alMCh (DOHOBBIX IMOKA3aHUM Jie-
TEKTOPOB MpHOOpa ¢ BpeMEHHBIM paspelieHueM 1,6 ¢. B mpubope Takxke mpen-
YCMOTpEHA 3aMuCh JaHHBIX IO TPUITEPY C 00Jiee BHICOKMM BPEMEHHBIM pa3peliie-
HueM (~6 MKc). TpUrrepHbliii CUTHAJI MOXET BbIPaOaTHIBATHCS CaMUM IPUOOPOM
10 OMpeAeNEHHOMY KPUTEPHUIO, COOTBETCTBYIOIIEMY (DMKCAIIMU TaMMa-BCIIbIIIKH,
JINOO MO BHELIHEMY TPUITEPY, KOTOPBIii MOXET MOCTyIaTh OT APYrMX MPUOOpPOB
KOMILJIEKCa HayyHOI anmapaTypbl. B 1iaHe u3ydeHus! BHICOTHBIX pa3psiioB Hau-
OOJIBIINI UHTEPEC TPENCTABISIOT UMEHHO BTOPOM pexXuM, KOraa TPUTTep MOCTY-
MaeT oT paauoyacToTHoro aHaiuzatopa (PYA), perucTpupyroniero MojaHueBble
paspsbl, B xone akcnepuMeHTa 3aperucTpupoBaHO HECKOJIBKO COTEH TTOIO00HBIX
COOBITUH, TSI KOTOPBIX TTOCTPOECHBI BpeMEHHbIE Y aMIUIMTYIHBIC pacTpeneIeHus.
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to create the ground segment for the “Chibis-M” operations with extended features
on the background of low budget and high reliability.

As shown in the article there are comprehensive facilities of microsatellites in
the field of fundamental researches and not directly for space investigations only.
Some approaches (especially for ground operations and support) witches are have
tryout during these missions may successfully implemented in the “big” science
space projects.

The article describes current status of the ground segment for microsatellite
“Chibis-M” as well as lessons learned after first year of operations with it and shows
prospective ways of evolutions of the described ground information system.

TGRF OBSERVATION RESULTS PROVIDED BY RGD OF “CHIBIS-M”

A. V. Bogomolov, V. V. Bogomolov, G. K. Garipov,
S. 1. Svertilov, G. V. Tishin, 1. V. Yashin

Skobel’tsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Russia

Roentgen-gamma detector (RGD) is meant for registering sporadic rises
(TGRF flashes) of X-rays and gamma-rays (the range of — 0.02...1.0) of high-al-
titude atmospheric discharges in the course of experiment performed with the use
of “Chibis-M”. The device consists of 4 Nal(TI) scintillation detectors of 5 cm in
diameter: three detectors are 1 cm thick and one is 2 cm thick. The solid recording
of device detectors with time resolution of 1.6 s is being done during the experiment.
The device provides data recording on trigger with higher time resolution (~6 mcs).
A trigger signal can be produced by the device itself in accordance with a definite
criterion or by the exterior trigger that can be derived from other devices of the on-
board complex of equipment. We are particularly interested in the second mode,
when trigger comes from radio frequency analyzer (RFA), registering lightning dis-
charges. A few hundreds of phenomena, which required special time and amplitude
distributions to be made, were registered in the course of experiment.
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PE3YJIbTATbl HABJIIOAEHWI BCMbILWEK ATMOC®OEPHOIO YO-U3NYYEHUA
Cnomolulbto NPNBOPA AY® HA MUKPOCMYTHUKE «4UBUNC-M»

I K. Iapunos

HayuHo-uccnenoBareabcKuiit MHCTUTYT simepHoi ¢pusuky uM. . B. CkobembiibiHa
MoCKOBCKOTO rocyiapcTBeHHOIro yHuBepcutera uMeHu M. B. JlomoHocoBa,
Mocksa, Poccus

HerekTop ynbrpaduoneroBoro muanyueHus (YD) momkeH B cocTaBe KOM-
miekca HayuyHolt anmapatypbl (KHA) «I'po3a», ycTaHOBIEHHON Ha MUKPOCHYT-
Huke «Yubuc-M», perucTpupoBaTh BCIIBIIIKUA YABTPA(UOIETOBOIO U KPAaCHOTO
M3JTyYeHUsI BBICOTHBIX aTMOC(hepHBIX pa3psanoB. [Tprbop BKioyaeT aBa hoTONpH-
éMHMKa ((OTORJEKTPOHHBIX YMHOXUTENS), PETUCTPUPYIOIINX YAbTpahUIeTOBOE
(180...400 um), u kpacHoe (650...800 HM) u3nyyeHHe. BBIXOMHOM CUTHAN JEeTEK-
TOPOB, OCYIIECTBIISIIONINX 3alUCh BPEMEHHOTO MPOodWIsS BCIIeCKa, OIUMPOBHI-
BaeTcs ¢ paspenieHueM He MeHee 100 MKC M 3aIMCHIBaThCSA B TeUEHHE MHTEpBaia
BPEMEHU, KOTOPBII 3a1a€Tcsl pecypcaMy BHYTPEHHEU «KOJIbLIEBOW» MaMsTH MPU-
6opa (He MeHee 20 McC), TIOC]Ie YeTO MPOMCXOIUT Tepe3aniChiBaHUe B «KOJIbIIE-
BYIO» MIaMsTh MOCIenylollero Habopa mokazaHuii. Iloporosrlii ypoBeHb cpaba-
ThIBAaHUSI BbIpabaThIBAETCSl AaBTOMATUYECKM (3a CUET 0OpaTHOI cBsI3n). Pukcanust
NIAHHBIX OCYIIECTBJISIETCS] 1O TPUITEPHOMY CUTHAJy, BbIpaOaThIBAEMOMY CaMUM
MpUOOPOM, JTMOO TI0 BHELTHEMY TPUTTEPY, KOTOPBI MOXKET TOCTYIAaTh OT APYTHX
MpUOOPOB KOMILIEKCA HayYHO! arnmapaTypbl. B xone akcneprMeHTa 3aperucTpu-
pPOBaHBI AECSATKN COOBITUI B pa3IMYHBIX pexkrMax. PaccmaTpuBaloTcst BpeMeHHbBIE
XapaKTEPUCTUKU ITUX COOBITUM, a TaKXKe pe3yJbTaThbl COTMOCTaBICHUST BCITBIIIEK
yiabTpaduonera, peructpupyemMbix npudopom YD u MoJHUEBBIX pa3psaoB, Oc-
TEKTUPYEMBIX paIMOYaCTOTHBIM aHau3aTopoM (PYA).

KOMMJIEKCHbIV AHAJIN3 BOJIH OYEHb HU3KUX YACTOT,
3APETMCTPUPOBAHHbBIX MUKPOCITYTHUKOM «4YNBUC-M»

Ferencz, Csaba ' sei. advisor, Prof., csaba@sas.elte.hu

+ Bodndr, Ldszlé?

Steinbach, Péter 3 _ research fellow, PhD, steinb@sas.elte.hu

Szegedi, Péter 2 engineer, peter.szegedi@gmail.com

Lichtenberger, Jdnos ' _ sen. research fellow, dr, lityi@sas.elte.hu

Ferencz, Orsolya E.' — research fellow, PhD, orsi@sas.elte.hu

Hamar, Ddniel ' — sen. research fellow, dr, dani@sas.elte.hu

: Space Research Group, E6tvos Univ., Dept. of Geopysics and Space Sci., Budapest,
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3 MTA-ELTE Research Group for Geology, Geophys. and Space Sci, Budapest,
Hungary

It vccnenoBaHusl pacpoCTpaHEeHUsT BOJH ObUT MCMOJb30BaH HAOOp MaH-
HBIX O IIMPOKOMOJIOCHEIX (popMmax BoJH odeHb HU3KmX 4dactor (OHY), 3aperu-
CTPUPOBAHHBIX MMKPOCIYTHUKOM <«YuOuC» B HMXKHEN 4YacTW BepxXHEl HMOHO-
cepsl. st neTanpHOro aHaau3a Cpeiu 3amuceil 2J1eKTpUuYecKoro 1 MarHuTHOToO

24



THE RESULTS OF OBSERVING ATMOSPHERIC UV RADIATION
WITH THE USE OF “CHIBIS-M” UV DETECTOR

G. K. Garipov

Skobel’tsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Russia

Ultraviolet radiation detector as part of scientific equipment complex “Groza”
of “Chibis-M” is meant for registering ultraviolet and red radiation flashes of high-
altitude atmospheric discharges. The device is made up of 2 photoelectric receptors
(photomultipliers), which detect ultraviolet (1800...400 nm) and red (650...800 nm)
radiation. An output signal from detectors, which record time profile of a burst, is
digitized with resolution no less than 100 mcs and being recorded during the time
interval that is set by the device inner ‘ring’ memory resources (no less than 20 ms),
after that the following indications are rerecorded on the ‘ring’ memory. The
threshold switch-on level is set automatically (by feedback). Data registration is ex-
ecuted through a trigger signal produced by the device itself, or through an external
trigger, which can derive from other devices of the on-board complex of scientif-
ic equipment. In the course of the experiment dozens of events in different modes
were detected. We examine time characteristics of these events as well as the results
of correlation between ultraviolet flashes and lightning discharges, registered by UV
radiation detector and radiofrequency analyzer-recorder respectively.

COMPLEX ANALYSIS OF VLF WAVE PHENOMENA
RECORDED ON “CHIBIS-M” LEO SATELLITE

Ferencz, Csaba ' sci. advisor, Prof., csaba@sas.elte.hu

+ Bodndr, Ldszld

Steinbach, Péter L3 _ research fellow, PhD, steinb@sas.elte.hu
Szegedi, Péter * — engineer, peter.szegedi@gmail.com
Lichtenberger, Jdnos ' _ sen. research fellow, dr, lityi@sas.elte.hu
Ferencz, Orsolya E.' — research fellow, PhD, orsi@sas.clte.hu
Hamar, Ddniel ' — sen. research fellow, dr, dani@sas.elte.hu

! Space Research Group, E6tvos Univ., Dept. of Geopysics and Space Sci., Budapest,
Hungary, spacerg@sas.elte.hu, +361 372 2906

2 BL ELECTRONICS, Solymar, Hungary

3 MTA-ELTE Research Group for Geology, Geophys. and Space Sci, Budapest,
Hungary

Wideband VLF waveform data series, recorded in the lower part of the top-
side ionosphere on board of circular orbitig Chibis microsatellite was used for wave
propagation investigations. Lightning generated fractional hop whistlers, and ac-
companied wave phenomena occurrences were selected in electric and magnetic
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MoJieil ObUIM BBIOpaHBI (PpaKTalbHbIE CKAUYKOOOpa3HbIe CBUCTSIINE aTMOChepu-
KW, BbI3BaHHBIE pa3psiiaMy MOJIHUU, W COITYTCTBYIOIIIME€ UM BOJIHOBBIC SIBJICHUS.
ITpuMeHeHNEe Koma CBePXITMPOKOIIOJIOCHOTO PAaCIpOCTPaHEHUsI BOJH U MCIIOJb-
30BaHUE BBICOKOUYBCTBUTEJbHBIX CEHCOPOB CIYTHUKA TMO3BOJWIM OINPENETUTH
XapakTep aMIUIUTYIAbl CBUCTOB. DTOT MeETOA HAET 0oJjiee TOYHYI WMHMOpMAIUIO
0 MeXaHM3Me TeHepaluu. Pe3yiabTaThl MOOEIMPOBAHUS PACIPOCTPAHEHUS WM-
nynbcoB OHY, Bo30YXAEHHBIX MOJHMEH B aHU3OTPOITHONW HMOHOchepe, IOomI-
TBEPKIAIOT BBIBOIBLI TPEABIAYIINX HCCAEIOBAHUI, KOTOPbIE IPOBOIMIKNCH IO
JAHHBIM 3amucel, BHITOJIHEHHBIX CITYTHUKOM Ha O0Jblleli BoicoTe. BO3HUKHOBE-
HUSI aTMOC(EPUKOB «XBOCT JJACTOYKH» MOKa3aHbl B 3aMUCSIX CIyTHUKA «YunOuc».
B otnuuue ot yxe M3y4eHHOTro Xapakrepa Mog00OHBIX aTMOC(hEpPUKOB, 3TU cliydau
ObUIM CBsI3aHBI ¢ THIIOM cBrcToB 0. Baromapsi aHanu3y 06HapyKeHHbIX aTMO-
c(hepruKOB «XBOCT JIACTOUKHU» MOSIBUTCSI BO3MOXKXHOCTh MOIPOOHO OMUCATh UCTOY-
HUK U MPOLIECC UX BOSHUKHOBEHMUSI.

NEPBbIE PE3YNIbTATbl OBPABOTKW AAHHbIX MATHUTHO-BOJIHOBOTIO
KOMMJIEKCA (MUKPOCNYTHUK «4HUBUC-M»)

C. M. Beases, /1. D. lyokin

JIbBOBCcKMit IeHTp MHCcTUTYTAa KOcMuueckux uccienoBaHuiit HAHY-HKAY,
JIbBOB, YKpauHa

B cocraB komriuiekca HayyHoW ammapatypel «['po3a» MHUKpOCTyTHUKA
«HYubuc—M» BXOmUT MarHUTHO-BOJHOBOI Komiuiekc (MBK), cocrosimumit u3
NIBYX KOMOMHMpPOBaHHBIX BOJHOBBIX 30HAOB (KB31, KB32), MHAYKIIMOHHOIO
MarHMTOMeTpa U mpolieccopa criekrpayibHoro aHanuza (ITCA).

MBK npenHazHaueH 11 UBMEPEHUS Y U3YUYEHUs 3JIeKTPOMAarHUTHBIX Tlapa-
METPOB KOCMUYECKOI MOroasl B 1uarna3oHe yactot oT 1 ' mo 20 xI'w.

Hatunku MBK pa3menieHbl Ha MUKPOCITYTHUKE TaKMM OOpa3oM, 4TO MH-
MYKIIMOHHBIM MAarHUTOMETP UM M3MEPUTEIM MArHUTHOTO TIOJS, BXOISINNME B CO-
CTaB BOJIHOBBIX 30HIIOB, 00pa3ylOT OPTOrOHAJIbHYIO CUCTEMY KOOPAMUHAT, a Mia-
CTHUHBI U3MEpUTEsIeit TOKa KOCMUYeCKOl Tia3Mbl Kaxnoro KB3 opueHTupoBaHbI
B3aMMHO TIepIeHIUKYJIsIpHO. [laHHass KoHUrypaius nmo3BojsieT U3MEpsITb TPU
KOMITOHEHTbl MHAYKIWM MArHUTHOTO TOJS, ABE€ KOMIIOHEHTHI MJIOTHOCTU MpPO-
CTPAHCTBEHHOI'O TOKA U HANIPSIKEHHOCTh DJIEKTPUYECKOTO T0JIsT (Pa3HOCTh IMOTEH-
nuanioM Mexay asymst KB3).

BrIixomHbie aHaIOroBbIe HANPSDKEHMST JATIMKOB IIPeo0pa30BhIBAIOTCS B LI -
poByI0 (hopMy U MpOXOIAT NepBUYHYI0 00padboTKy B [ICA. PesynbTupytoniuve mno-
TOKM TAHHBIX MIPEeNaloTCsl HA HA3eMHbIE TTYHKTHI CBSI3U.

IIpu 06paboTKe MOIyYeHHBIX JAaHHBIX ObUIH 3a()MKCHUPOBAHB MHTCHCUBHBIE
MOMEXU OT OOpPTOBOW amnmapaTtypbl MUKPOCIYTHHMKA, BbI3BaHHbIE OJM3KUM pac-
MOJIOXKEHUEM DJIEKTPOMArHUTHBIX JAaTYMKOB K ApyruM npudopam KA. I[Mocne uz-
yUeHUs MapaMeTpoB OOPTOBBIX ITOMEX ObLIU pa3paboTaHbl U ONTPOOOBAHBI METOMIBI
U adropuTMbl GUIbTpaliuy (04MCTKM) LMdpoBbIX NaHHBIX. Ha mpumepe peanb-
HBIX OOPTOBBIX 3aIKCell TOKa3aHa BbICOKast 3((eKTUBHOCTh 3TUX aJITOPUTMOB.

AHanmu3 TeJieMeTPUUYECKUX TMaKeTOB, MOJYYEeHHBIX OT MarHMTHO-BOJIHOBOTO
KOMILIEKCa B YCJIOBUSIX HELITaTHOM cuTyanuu Ha KA (meduuuTa 3jeKTpoIuTa-
HUSI), MOKa3aj JOCTaTOYHYI0 YCTOMYMBOCTD arlmapaTypbl M MPUMEHSIEMbBIX PEeXU-
MOB pa0OOTHI K TOJTOOHBIM COOSIM.
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field recordings for detailed analysis. Applying our real full wave (UWB) propaga-
tion code, and utilizing the high sensibility of the satellite sensors, proper interpre-
tation of amplitude modulated character of trans-ionospheric whistlers was possible
as closely spaced oblique propagated impulses. This technique provides more accu-
rate information about the generation (lightning flash) mechanism. Results of UWB
modeling of lightning excited impulse propagation in the anisotropic ionosphere
confirmed the conlusions of earlier studies, performed in higher altitude satellite re-
cordings. Swallow tailed whistler (STW) occurrences has been demostrated in Chi-
bis records. Unlike to already known, published character of STWs, these cases were
coupled to 07 whistler types. With the analysis of newly found STW occurrences
their source region, exciting process may be better described.

THE INITIAL RESULTS OF MAGNETIC-WAVE COMPLEX
DATA PROCESSING (MICROSATELLITE “CHIBIS-M")

S. M. Belyaev, D. F. Dudkin

Lviv Centre of Institute for Space Research (LC ISR) of the National Academy
of Sciences of Ukraine and National Space Agency of Ukraine, Lviv, Ukraine

Scientific equipment complex “Groza” of “Chibis-M” includes magnetic-
wave complex (MWC) consisting of 2 combined wave probes (CWP1, CWP2), an
induction magnetometer and a spectral analysis processor (SAP). MWC is meant
for measuring and examining space weather electromagnetic parameters within the
band of 1 Hz — 20 kHz.

MWC detectors are set on the micro-satellite in such a way that the induc-
tion magnetometer and magnetic field measurers, belonging to wave probes, form
orthogonal coordinate system, and the plates of space plasma current measurers
of both wave probes are mutually perpendicular. This configuration allows for mea-
suring 3 components of magnetic field induction, 2 components of space current
density and electric field intensity.

Analogue output voltages of detectors are transformed into a digital form
and undergo primary treatment in the spectral analysis processor. Resulting data
streams are transmitted to the ground contact points.

During data processing intense disturbance coming from the onboard equip-
ment of the micro-satellite were registered. This was caused by the proximity of
detectors to other devices of the scientific equipment complex. After the onboard
disturbance examination new methods and algorithms of digital data filtering were
elaborated and tested. The onboard recordings demonstrated great effectiveness
of these algorithms.

The analysis of telemetry packets received from MWC in contingency (power
shortage) has indicated the sufficient stability of equipment and modes adopted in
such situations.

In the process of filtered data analysis whistler waves illustrating ionosphere
electromagnetic processes were detected. The most qualitative results were obtained
on the examination of measurements of magnetic field induction and electric field
intensity. Least informative were the channels of current measuring.
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Ilpu aHanM3e «OUYUILEHHBIX» OT MOMEX JAHHBIX Y€TKO 3a(hUKCUPOBAHBI MO-
HocdepHbIe CBUCTHI (Whistler waves), WILTIOCTPUPYIOIINE SJIEKTPOMAarHUTHBIC IIPO-
Liecchl, Ipoxomsiiue B noHochepe. Hanbosee kauecTBeHHbIE pPe3yJbTaThl ObLIM
MOJIyYeHbI MPU PaCCMOTPEHUM PE3YJIbTaTOB M3MEPEHUI MHAYKIUU MArHUTHOTO
TIOJISI, a TaKXKe HaAIPSKEHHOCTU 3JIeKTpuueckoro mojist. HanmeHee nHGopMaTus-
HBIMU OKa3aJIMCh KaHAJIbl U3MEPEHMST TOKA.

[TpoBeneHbI TIEpBbIE OLIEHKU KayecTBa PabOThl KOMILUIEKTA 3JeKTPOMArHuT-
HBIX TIPUOOPOB, BHICKA3aHBI MPEATOIOXEHUSI O MPUIMHAX HEZOCTATOYHON WH-
(bopMaTMBHOCTH KaHAJIOB U3MepeHUs ToKa. JlaHbl TPUMEpPBI pErucTpaliui KOHO-
cepHBIX CBUCTOB TP MPOJIETE HaJl peTMOHAMU C TPO30BOI aKTUBHOCTHIO.

PAOVNOU3NYYEHUE MOJIHUEBOTO PA3PALA MO AAHHbIM
PAOVOYACTOTHOIO AHAJIN3ATOPA

B. M. T'omau6, B. H. Kapeoun, M. C. /loneonocos

denepaibHOE FOCYIaPCTBEHHOE OIOMKETHOE YUPEKISHHE HAayK1
MHCTUTYT KOCMUYECKUX UCCIeN0BaHUi Poccriickoil akameMun HayK
(UKHU PAH), Mocksa, Poccus

B noxmame mpuBOAUTCS CTPYKTYpHAsI CXeMa PaarMoyacTOTHOTO aHaau3aropa,
JlaHbl OCHOBHBIE TIapaMeTpbl MpUbopa, OCOOEHHOCTU MpUEMa, CBA3aHHbIE C Ha-
JINYMEM TEXHOTEHHBIX IMOMeX, BHIOOP 30H M BpeMEHU HaOJII0JeHUsT TPO30BOi aK-
TUBHOCTU. [IpuBeneHBI MaHHBIE MO CTATUCTUKE PabOTHI MpUOOpa, XapaKTepHbIe
MpuMepbl HaOII0JaeMOl MOJIHUEBOM aKTUBHOCTU (BOJHOBBIE (PYHKIIMU U CIEK-
TporpaMMbl), Ha€TCs OLlCHKA MapaMeTPOB MOJHMEBBIX pa3psaoB. OOCyxXmaroTcs
BO3MOKHBIE ITyTH MOJCPHU3AIIMU PATOYaCTOTHBIX U3MEPEHUIA.

TOHKAA CTPYKTYPA PAANOU3TYYEHWA BbICOTHbBIX FTPO30BbIX
OBPA30OBAHW NO JAHHBIM MUKPOCIMYTHUKA «4UBUC-M»

M. C. Jloneonocos, B. M. Tomaub

DenepanbHOE TOCYIAPCTBEHHOE GIOMIKETHOE YUPEKIEHUE HAYKH
MHcTuTyT KOCMUYECKUX MccaenoBaHuil Poccuiickoii akaneMuu HayK
(MKH PAH), Mocksa, Poccus

B Hauane 2012 r. Obu1 BBIBeJIeH Ha OpOUTY MUKPOCITYyTHUK «Hubuc-M», oc-
HOBHasl 3aJaya KOTOPOTO 3aKJII0YaeTCs B KOMITIEKCHOM MCCIIeIOBAaHMU TTpOlLiec-
COB, TIPOTEKAIOIIMX B TPO30BOM OOsiake. B maHHOM nokianae OyayT mpeacTaBieHbl
pe3yabTaThl aHAIM3a MOJIHUEBOM aKTUBHOCTH IO JaHHBIM PaIVOU3TydeHUS B TH-
amasoHe 26...48 MTI'1, mojay4aeMbIX paguodyacTOTHBIM aHaIn3aTopoM. OCHOBHBIE
BOIPOCHI, KOTOPbIE MBI TJIAHUPYEM OCBETHUTb B JAHHOM COOOIIEHUM: Kiaccubu-
Kalysl peTUCTPUPYEMBIX COOBITHII Y X XapaKTePUCTUKH, OLIEHKA BBICOTHI DJIEK-
TPUYECKOTO pa3psiyia Haj MOBEPXHOCTBIO 3eMJIM, OOBSICHEHUE TUCKPETHOM TpH-
DPOIbI MOJTHUEBBIX PAIMOUMITYJILCOB, a TAKXKe OYyIEeT MprBeaeHa OLEHKA TBUKEHUSI
cTyreHyaroro Juaepa. Ha Hain B3rjisin npeiacTaBieHHbIE HAMM XapaKTepUCTUKU
MUKPOCEKYHIHBIX UMITYJIbCOB MOTYT OBITh ACCOLIMUPOBAHBI ¢ (hpaKTaIBHOM MO-
IeJIbIO pacIipeleseHus 3apsiia B TpO30BOi 00yiacTu, pa3BuToil B pabore Hayaka-
wa et al., JASTP, 2008. /Insa nmpoBepKy 3TOi TMIOTE3bl HAMU OyIEeT MpeacTaBieH
CPaBHUTEJIBHBIM aHAJIN3 TOMOJIOTMYECKUX Pa3MEepPHOCTeM MUKPOCEKYHIHBIX M-
IIyJIbCOB, ITOJIYYEHHBIX KaK Ha 60pTy «Yubuc-M», Tak 1 B TEOpEeTUIECKON MOIEIN
u3 pabotsl Hayakawa et al., JASTP, 2008.
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The initial assessment of the electromagnetic equipment quality is performed
and the reasons for insufficient information content of current measurement chan-
nels are discussed. We also present the examples of ionosphere whistlers detected
over the areas with thunder activity.

LIGHTNING DISCHARGE RADIO EMISSION ACCORDING
TO THE DATA FROM RADIOFREQUENCY ANALYZER

V.M. Gotlib, V. N. Karedin, M. S. Dolgonosov

Space Research Institute of Russian Academy of Russian, IKI RAN, Moscow, Russia

The report includes a block diagram of radiofrequency analyzer, basic device
parameters, the peculiarities of reception, relating to technogeneous disturbance,
and, besides, the description of chosen zones and time of lightning activity observa-
tions. We also present the data on the device functioning statistics and typical ex-
amples of lightning activity under observation (wave functions and spectrograms).
Apart from that, the parameters of lightning discharges are evaluated and possible
ways of radiofrequency measuring modernization are discussed.

FINE RADIO EMISSION STRUCTURE OF HIGH-ALTITUDE
THUNDERSTORM FORMATIONS ACCORDING TO “CHIBIS-M"

M. S. Dolgonosov, V. M. Gotlib

Space Research Institute of Russian Academy of Russian, IKI RAN, Moscow, Russia

Micro-satellite “Chibis-M” was sent into orbit in the beginning of 2012. The
satellite is intended for the complex investigation of processes taking place within a
thunderstorm cloud. This report comprises the results of lightning activity analysis
based on radio emission (in the range of 26...68 MHz) data, provided by the radio-
frequency analyzer. The main issues we are meaning to cover in the report are as
follows: the classification of detected events and their characteristics, the assessment
of the electric discharge altitude above the Earth’s surface, the explanation of light-
ning radio pulse discrete nature and, besides, the estimation of step leader motion.
As we see it, the presented microsecond impulse characteristics can be associated
with the fractal model of charge distribution within a thunderstorm area, described
in Hayakawa et al., JASTP, 2008. In order to check this hypothesis we will present
a comparative analysis of topological dimensions of microsecond impulses, taken
with the use of both “Chibis-M” and the theoretical model from Hayakawa et al.,
JASTP, 2008.
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COBPEMEHHbBI/ AHAJIN3 TLE MO JAHHbIM AETEKTOPA Y/IbTPAOUOJIETOBOIO
N3NYYEHNA MUKPOCNYTHUKOB MI'Y TUMA «TATbAHA» U MUKPOCMYTHUKA
NKWN PAH «<YUBUC-M»

L K Ilapunos, Il1. A. Knumos, M. U. Ilanaciok,
C. U. Ceepmunos, b. A. Xpenos, H. B. Juun

HayuHo-uccnenoBareabCKuit UHCTUTYT siiepHoit husuku uM. . B. CkobesblibiHa
MoCKOBCKOTO TocyIapcTBeHHOTO yHUBepcuTeTa uMeHu M. B. JlomoHocoBa,
Mocksa, Poccus

WccnenoBanust reorpaguueckoro pacmnpeneineHusi TLE Baonb TpaekTopuu
CITYTHUKOB TTOKA3bIBAIOT, YTO 3HAYMUTEJIbHAS 1OJIST BCIIBIIIEK PETUCTPUPYETCS BHE
00JIaUHBIX 00Pa30BaHMUIi U BHITSTUBAETCS BIOJIb MEPUAMAHA 32 TIPEAeIIbl IPO30BbhIX
o0pa3oBaHMil Hall KOHTUHEHTaMu. PacripeneneHue BCIbIIEK B MEPIEHAMKYISP-
HOM HarllpaBJIEeHUN Pe3KO OOpbhIBaeTCs Ha TpaHUIlle KOHTHHeHTa. OOCyXmarmoTcs
pa3IMYHbIC THUIOTE3Bl, TMPEIOKEHHBIE Ui OOBSICHEHUS pe3yJbTaTOB 3KCIe-
pPUMEHTa, B TOM YMCJie Y BIUSHUE MarHUTHoro nois 3emun. PaccmaTpuBaroTcst
JIaHHbIE MUKpOCTyTHUKA «TaTbsiHa-2» TpaekTopusi, Kotoporo Han KOxHoit Ame-
PUKOI COBITaZaeT ¢ MaKCMMAJIbHBIM TPAIUEHTOM HAIPSIKEHHOCTU TJIOOATBLHOTO
MarHuTHOTO TIOJISI ¥ MIpeABapUTEIbHBIE Pe3yJbTaThl MUKPOCTTYTHUKA «Hubuc-M»
BIOJIb TPACKTOPUU, KOTOPOTO MAarHUTHOE TOJIe MPAKTUYECKU OCTAETCSI TTOCTOSTH-
HBIM.

AETEKTOPbI PEJIATUBUCTCKUX JIEKTPOHOB /14 MPOEKTA TARANIS

J.-A. Sauvaud, P. Devoto, A. Fedorov,
G. Orttner, O. Chasselat

IRAP, Tyny3za, ®panius

OCHOBHOI 11e/IbI0 ABYX AeTeKTopoB 31eKTpoHoB IDEE Ha 60opTy KocMmuye-
ckoro ammapara TARANIS, Haxopmsiierocss Ha COJHEYHO-CHUHXPOHHOM OpOu-
Te, SIBJISIETCS] BbISIBJICHUE PENSITUBMCTCKUX YOETaloUIMX 3JIEKTPOHOB, CBSI3AHHBIX
C TaMMa-BCIIBIIIKAMU 36MHOTO TTPOUCXOXICHUS. DIIEKTPOHBI JOJKHBI TPUOBIBATh
MO0 HEMOCPEACTBEHHO C HU3KMX BBICOT aTMOC(epHI, 1100, 4TO 0oJiee BEPOSITHO,
MMOPOXIATLCS TaMMa-JydaMu Ha 0osbinnx Beicotax. CrektpoMerpbl IDEE mipen-
Ha3HaYeHBI IS U3MEPEHMS IMyJIbCUPYIOIIEro MOTOKA 3JIGKTPOHOB B JMaria3oHe
sHepruu ot 100 k3B mo 4 M»B. J/IBa npubopa oOHApPYKEHUSI COSAUHEHBI MEXIY
coboii, kpeMHUEBBII AeTekTop ciaenyeT 3a aektopoM CdTe. CoBnageHue Mexmy
IIByMSsI I€TEKTOpPaMU TTO3BOJISIET OMPEIEeIUTh HAIlpaBJeHUE MPUX0/Ia JIEKTPOHOB.
CdTe merekTop, NMpenHa3HAYeHHBIN U U3MEPEHMST SHEPTUHU, UMeeT JOCTAaTOU-
HyIO IIowanb, 64 CM2, IIJISI OLIEHKM OXHJaeMbIXx moToKoB. Bropas nenp IDEE —
U3y4eHWe WHIYLUMPOBAHHBIX MOJHMEBBIX ocankoB sjekTpoHoB (LEP). 3nech
9HEprus 2JIEKTPOHOB, Kak mpaBwio, Hike 300 k3B. Manas aHeprust 3J1eKTpOHOB
omnpeJesisieTcss ¢ MOMOIIbI0O BEPXHEr0 KPEMHMEBOTO NETeKTOpa, COeNUHEHHOIo
C KOJITUMATOPOM ISl TIOJTydeHUs MH(popMaluM o HampaBieHU nmpuobiThs. Ko-
HeuHad 1eiab IDEE — u3ydeHue pagmaliiOHHBIX IIOSICOB ¢ OCOOBIM aKIIEHTOM Ha
B3aMMOJIEHCTBME/YCKOPEHEe BOJHA-4acTulla. BpeMeHHoe pa3pelieHue u3Mepe-
Huii cocrapsieT 0,1 ¢ B pexxnume Cb€MKM U Topsiaka 10 MKC B pexkrMe CepuitHOM
chéMKH. B paboTe mpeacTaBieH CIIEKTPOMETD, a Takke 00CYKIAIOTCS er0 OCHOB-
HbIE CBOICTBA, B TOM uKciie 31eKTpoHrka ASIC.
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THE ADVANCED ANALYSIS OF TLE ACCORDING TO UV DETECTOR OF MSU
“TATIANA”TYPE MICROSATELLITES AND ISR RAS MICROSATELLITE “CHIBIS-M”

G. K. Garipov, P. A. Klimov, M. I. Panasyuk,
S. 1. Svertilov, B. A. Khrenov, 1. V. Yashin

Skobel’tsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Russia

The study of TLE geographical distribution along the trajectory of satellites
shows that a large proportion of flashes is detected outside cloud formations and
stretches along a meridian outside thundery formations over the continents. Dis-
tribution of flashes in the perpendicular direction ends abruptly at the continent
border. Various hypotheses, which have been proposed to explain the experimental
results, including the effect of the magnetic field of the Earth, are discussed in the
report. The data of microsatellite «Tatiana-2», whose trajectory over South America
coincides with the maximum gradient strength of the global magnetic field is ex-
amined and the preliminary results of microsatellite “Chibis-M”, along the path of
which the magnetic field remains almost constant, are considered.

THE RELATIVISTIC ELECTRON DETECTORS FOR THE TARANIS PROJECT

J.-A. Sauvaud, P. Devoto, A. Fedorov,
G. Orttner, O. Chasselat

IRAP, Toulouse, France

The main goal of the two electron detectors IDEE onboard the sun-syn-
chronous TARANIS spacecraft is the detection of Relativistic Runaway Electrons
(RRE) associated with Terrestrial Gamma Flashes/sprites. The electrons are ex-
pected to come either directly from the low altitude atmosphere or more probably
to be produced by gamma rays at higher altitudes. The IDEE spectrometers are de-
signed to measure bursty fluxes of electrons in the energy range from 100 keV up to 4
MeV. Two detection planes are associated, a silicon detector followed by a CdTe de-
tector. Coincidence between the two detectors allows to obtain an estimation of the
arrival direction of the electrons. The CdTe detector devoted to high energy mea-
surements has a sufficient area, 64 cmz, to measure the expected fuxes. A secondary
goal of IDEE is the study of lightning induced electron precipitation (LEP). Here
the energy of the electrons is generally lower than 300 keV. These low energy elec-
tronswill be detected by the upper silicon detector, associated with a collimator to
obtain information of the arrival direction. A final goal of IDEE is the study of the
radiation belts with particular emphasis on wave-particle interaction/acceleration.
The time resolution of the measurement is 0.1 second in survey mode and on the
order of 10 microseconds in burst mode. The spectrometer is presented and its main
properties discussed, including the ASIC electronics.
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TARANIS U COBRAT, ®PAHLIY3CKUE CNYTHUK U ASPOCTAT,
NPEAHA3HAYEHHbIE ANA U3YYEHUA MEPEXOAHbIX CBETOBbIX
ABNEHUN (TLES) U TAMMA-BCINIECKOB 3EMHOIO NMPOUCXOXAEHUA (TGFS)

Jean-Louis Pingon
LPC2E — University of Orléans/CNRS

Kak u poccuiickuit mukpocnyTHUK «Yubuc-M», TARANIS npenHazHa-
YeH M1 U3ydyeHUsT TepexoaHbix cBeToBbIX siBieHuil (TLEs) u ramMa-BcrieckoB
3emHoro npoucxoxaeHus (TGFs). K konmy 2015 r. TAPAHUC oOyner ¢yHKIm-
OHHMpPOBaTh Ha opouTe, HocTaBisasl uHpopManuio o HabmoaeHusx TLEs u TGFs,
a TakxXe 00ecIeYrBaTh PErMCTpPalMio 2JIEKTPOHOB OOJIBIION 3HEPrUU W TOYHBIE
MU3MepeHUsT BOJTHOBOTO ToJisl B auana3zoHe yactot ot DC go 35 MI'w.

COBRAT — crtparocrat, pa3paboTaHHBIH € 1IeJIbI0 MAKCUMAJILHO YBEJIUYUTH
HayuHy1o 3¢ddekTuBHOCTh TARANIS. I'aBHoii 3agaueit COBRAT siBisietrcs mpo-
BelicHUe CTpaTochepHBIX M3MEPEHUM HaJ aKTUBHBIMM TPO30BBIMHM OOJIACTSIMM.
Takue m3MepeHHsT HEOOXOOUMBI IJISI TOYHOW MACHTU(UKALIMUA T€HEPUPYIOIINX
MexaHu3MoB TLEs u TGFs u m1st olieHKM ux Bo3AeicTBusl Ha atMocdepy. B naH-
HOI paboTe MpeAcTaBjieHa CTpaTerus 1Mo yBeJUYeHU0 HaydyHOUl 3((heKTUBHOCTH
TARANIS 1 COBRAT.

WCCNEQOBAHUE KOPPENALUMM TPAH3UEHTHbBIX ONTUYECKUX ABJIEHWUIA
CNMPOLIECCAMU B ATMOCOEPE N OKOJTO3EMHOM KOCMUYECKOM
MPOCTPAHCTBE NO AAHHBIM AETEKTOPA YJIbTPAOUOJIETOBOIO
N3NYYEHUA MUKPOCNYTHUKOB MI'Y TUMA «TATbAHA»

I K. Tapunos, 1. A. Kaumos, M. U. Ilanacrok,
C. U. Ceepmunos, b. A. Xpenoe, U. B. Huun

HayuHo-uccnenoBareabCKuiit MHCTUTYT simepHoit ¢usukuy uM. [. B. CkobesbiibiHa
MoOCKOBCKOTO rocyiapcTBeHHOIro yHuBepcuTeta uMeHu M. B. JloMmoHocoBa,
Mocksa, Poccus

B nokiage mpuBOasATCS pe3ysibTaThl COBPEMEHHOTO aHalIM3a MCCIeT0BaHU
TPAH3UEHTHBIX OMTUYECKUX SIBJIEHUI B aTMOcdepe Mo JaHHBIM MUKPOCITYTHUKOB
MTI'Y tuna «TarbsiHa». O0CyXkIaTCs pe3yIbTaThl aHaIM3a 0OCOOEHHOCTE! reorpa-
(hnueckoro pacmpeneseHus] 3apeTUCTPUPOBAHHBIX COOBITUI M MOIIIHOCTH BCIIbI-
IIEeK B 3aBUCMMOCTM OT MarHUTHOTO TOJISI, BIaXXHOCTUA aTMocdhepbl U 00JauyHbIX
oOpa3zoBaHuUii. JlaHBI OLIEHKM BBICOTBI T€HEpaIMM M3Jy4eHUSI TT0 COOTHOIIEHUIO
U3Ty4YeHU B yibTpaduoneTroBoM U MHGpakpacHOM auana3oHax. PaccmarpuBa-
J0TCSI KOPPEJISILIMY BCIBILIEYHBIX SIBI€HU ¢ hazamu JIyHBI U ee BbICOTON Hall ro-
PU30HTOM.
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TARANIS AND COBRAT, THE FRENCH SATELLITE
AND BALLOON PROJECTS FORTLES AND TGFS STUDIES

Jean-Louis Pingon
LPC2E — University of Orléans/CNRS

Like the Russian satellite “Chibis-M”, TARANIS is a satellite dedicated to
the study of Transient Luminous Events (TLEs) and Terrestrial Gamma ray Flashes
(TGFs). By the end of 2015 TARANIS will be operating in space and will provide
the atmospheric electricity community with combined Nadir observations of TLEs
and TGFs, high resolution measurements of energetic electrons, and high resolu-
tion wave field measurements from DC up to 35 MHz.

COBRAT is a balloon project developed by CNES to maximize the scientific
return of TARANIS. The aim of COBRAT is to perform stratospheric measure-
ments above active thunderstorm areas. Such measurements are needed to identify
unambiguously the generation mechanisms of TGFs and TLEs and to quantify their
atmospheric effects.

The strategy adopted to maximize the scientific return of both TARANIS and
COBRAT is presented and discussed.

THE STUDY OF CORRELATIONS OF TRANSIENT OPTICAL PHENOMENA
AND PROCESSES IN THE ATMOSPHERE AND NEAR-EARTH SPACE ACCORDING
TO THE UV DETECTOR OF MSU “TATIANA” TYPE MICRO-SATELLITES

G. K. Garipov, P A. Klimov, M. I. Panasyuk, S. I. Svertilov, B. A. Khrenov, 1. V. Yashin

Skobel’tsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Russia

The report presents the results of modern analysis of transient optical phenom-
ena in the atmosphere according to MSU TATIANA type micro-satellites. The re-
sults of the analysis of the geographical distribution peculiarities of recorded events
and flash power in relation to the magnetic field, atmospheric humidity and cloud
formations are discussed. The estimations of radiation generation altitude by the
ratio of radiation in the ultraviolet and infrared ranges are given. The correlations
of flash events with the phases of the moon and its height above the horizon are
examined.
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BO3BYAEHME SJIEKTPOMATHUTHbIX BO3MYLLEHUA YHY-KHY-OUAMA30OHA
B BEPXHE/ MOHOC®EPE FPO30BO AKTUBHOCTbIO

B. A. ITuaunenxo

DenepanbHOE TOCYIAPCTBEHHOE GIOMIKETHOE YUPEXKIEHUE HAYKH
HMHcTUTYT KOCMUYECKUX MccaenoBaHnii Poccuiickoil akageMun HayK
(MKH PAH), Mocksa, Poccust

PaccMmoTpeHBI pa3MYHbIe acMeKThl BO3NCHCTBUS TPO3OBBIX DJIEKTPUICCKHUX
pPa3psIoB Ha OKOJIO3EMHOE MTPOCTPAHCTBO. TeopeTHnyecKu OlLIeHEHO BO30YXIeHUe
IpO30BOIl aKTUBHOCTbI0O MIJI-CTpYKTYp B TeplieBOM AMvaria3oHe B adb(BEHOB-
CKOM pe30HaTope M MarHMTO3BYKOBOM BOJIHOBOZE B BepxHeil moHochepe. [1pu-
BeZICHbI PE3yAbTaThl YMCIEHHOTO MOMAEIMPOBAHUS MPOCAYUBAHUS IITyMAaHOBCKHMX
PE30HAHCOB Ha MOHOCGhEPHbIE BHICOTHI. PacCMOTpeHbl BO3MOXHOCTU TSI UCCTe-
JIOBaHUsI MEXaHU3MOB MMITYJILCHOM CBSI3W MeXAy aTMocdepoii 1 MarHuTocdepoi
B YHY-KHY-gnama3zone Ha MUKpPOCIYTHMKAaX, HU3KOOPOMTAJIbHBIX amiaparax
1 Ha3eMHBIX CETSIX PETUCTPALIMU TPO30BbIX Pa3psiOB.

OAHHDIE, NOJTYYEHHbIE KA DEMETER B MEPO CUJIbHbIX FPO3
M. Parrot
LPC2E/CNRS, Orléans, France

29 uions 2004 r. TpéxoceBoil CTaOUIM3MPOBAHHBIA KOCMUYECKUI armapar
DEMETER 06bu1 BbIBEIEH Ha MOJISIPHYIO KPYTOBYIO OPOMTY Ha HEOOJIBIIYIO BbI-
coty (~710 kM), KoTopasi BIOCIEACTBUM Oblla TOHUXKeHa n1o 650 kM. ITo cBoum
rmapamMeTpaM opOuTa ObLIa MOYTU COTHEYHO-CMHXPOHHOM (C BOCXOISIIUM Y3JIOM
~22,30 LT B HOuHOE BpeMsI CyTOK U ¢ Hucxoasmum y3jioM ~10,30 LT B gHeBHOE
BpeMs cytok). DEMETER u3mepsin ayieKTpoMarHuTHbIE BOJIHBI BOKPYT MOBEPX-
HOCTHU 3eMJIU; UCKIIOYeHUE COCTABWIM 30HBI MOJSPHBIX CUSHUN (MHBapyUaHTHAsI
mupoTa >65°), TakuMm 06pa3oM HaOGOP JaHHBIX YIOPSIOYEH 10 IoTyopouTam. du-
arasoH 4acToT I aJiekTpudeckoro mnosst coctapisut DC — 3,5 MI'u, a ns mar-
HUTHOTO TOJIs1 — OT HecKoJibkux repil 1o 20 xI'u. B gaBneHun, koropoe Habt0-
JAJIOCh Ha TIOJYYeHHBIX B HOYHOE BpeMsl CYyTOK crieKTporpammax E- u B-moneit,
npeobyiaganu cBucTAlme arMocepuku. Ho Hainumne cBUCTOB BO3MOXKHO TakKxKe
1 B THEBHOE BPeMs CYTOK, KOTJa CITyTHUK HaXOAMUTCA MpsiMo Han rpo3aMu. C ofi-
HOI CTOPOHBI, Mbl 3aHUMAJIUCh TTOMCKOM 00Jiee MHTEHCUBHBIX CBUCTOB, KOTOPbIE
JIOJDKHBI COOTBETCTBOBATh 00Jiee MOIIHBIM paspsiiaM MOJHMU, MPOUCXOASIIIUM
Hmxke DEMETER. Bt mHTeHCHBHEIC yoapbl MOJHHMHU, KaK IIPABUJIO, CBSI3aHBI
¢ nepexoqHbIMU cBeToBbIMU siBIeHUsIMU (TLESs). C npyroit cTopoHbI, MCCaen0Ba-
HUE TPOBOAWIIOCH UISI TOTO, YTOOBI MIPOBEPUTh MOXKET JIM TaKasi MOJHMEBasl aK-
TUBHOCTb BO3MYTHUTh IJIOTHOCTH 3JICKTPOHOB 1 MOHOB Ha BHICOTE CITyTHHUKA.
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ELECTROMAGNETIC ULF-ELF BAND DISTURBANCE EXCITATION
IN THE UPPER IONOSPHERE BY THE THUNDERSTORM ACTIVITY

V. A. Pilipenko
Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia

Various aspects of thunderstorm electric discharge effect on the near-Earth
space are examined. Theoretical estimation of thunderstorm excitement of MHD
structures in Hz band in Alfven resonator and magnetosonic waveguide in the upper
ionosphere are provided. The numerical simulation results of Schumann resonance
‘leakage’ onto the ionosphere altitudes. The study of the mechanisms of impulse
connection between the atmosphere and the magnetosphere in ULF-ELF band by
micro-satellites, low-altitude spacecraft and surface registration systems of lightning
discharges is discussed.

DATA RECORDED BY DEMETER DURING INTENSE THUNDERSTORMS
M. Parrot
LPC2E/CNRS, Orléans, France

DEMETER was a 3-axis stabilized Earth-pointing spacecraft launched on
June 29, 2004 into a low altitude (~710 km) polar and circular orbit that was sub-
sequently lowered to 650 km till the end of the mission in December 2010. The or-
bit was nearly sun-synchronous with an ascending node at ~22.30 LT in the night
sector and a descending node at ~10.30 LT during day-time. DEMETER measured
electromagnetic waves all around the Earth except in the auroral zones (invariant
latitude >65°), then the data files are organized by half-orbit. The frequency range
for the electric field was from DC up to 3.5 MHz, and for the magnetic field from
a few Hz up to 20 kHz. At its altitude, the phenomena observed on the E-field and
B-field spectrograms recorded during night time by the satellite are mainly domi-
nated by whistlers. But whistlers are also observed during day time when the satel-
lite is right above the thunderstorms. On one hand, we have searched for the more
intense whistlers which must correspond to the more powerful lightning strokes
occurring below DEMETER. These intense lightning strokes are generally associ-
ated with TLEs (Transient Luminous Events). Maps are shown. On the other hand,
a search has been done to check if this intense lightning activity is able to perturb
the electron and ion densities at the satellite altitude.
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CUNbHBIE N3TYYEHWUA ELF/VLF, CBA3AHHBIE C TPO30BOU
AKTUBHOCTbIO HAJ IOTOM OPAHLIUN 8 OKTABPA 2009 r.

J. Blgckii, M. Parrof , R. Wronowski'

! Space Research Centre PAS, Warsaw, Poland
2 LPCE/CNRS, Orleans, France

B noxnane npencrasnensl HabmoneHust ELF u VLF uznyyenuii, 3apeructpu-
poBaHHbIX cnyTHUKOoM DEMETER Bo Bpemsi cuibHOH Tpo30BOil aKTHUBHOCTH.
Ha BricoTe ~650 KM BoJIHBI, HabmogaeMble Ha E-To/ie crieKTporpaMMbl Ha Cpefi-
He-HU3KUX IIMPOTaX B HOUHOE BPEMSI, B OCHOBHOM M300MJIYIOT BOCXOASIUIUMU
cBuctamu 0+, HO CBSI3aHBI OHU CO CBUCTaMHU 3JIEKTPOHOB. B HOub Ha 8 OKTSAOpS
2009 r. cunbHas TPO30Basi aKTUBHOCTh Habmonanachk B paitoHe Castres. CriyTHUK
3apeructpupoBas ELF u VLF nmannbie npsiMmo Ham oGjactbio Castres Bo Bpems
CWJIBHOU rpo30Boil akTuBHOCTU. B 310 Bpemst mpubopsr DEMETER 6butn nepe-
BEIEHBI B PEXUM CEPUMHON ChEMKHU, YTO MO3BOJIMIO 3apETMCTPUPOBATH BOJHO-
Bble (popmbl. Kak okazanoch, CUJIbHbIE U3TYYeHUS ObLJIM UHULIMMPOBAHBI ABYMSI
uHTeHcUBHBIMU —CG ynmapamu MojHuu (—118 u —155 kA), NpoMeXyTOK MeXIy
KOTOpbIMU cocTaBysin 2 c¢. [TokazaHo, YTO CBUCTBI paclpOCTPAHSIOTCS OT IPO30-
BBIX 00J1acTeil B HalpaBiIeHUU «3eMJIsi — HOHOC(hepa» 1 BXOAIT B MOHOCHEPY IO
CIYTHUKOM. VX TTPOIOJIKUTEILHOCTD COCTaBIISIET HECKOJIBKO AECSTKOB MUJLITHACE-
KYyHI, 1 "HTeHcuBHOCTh curHana ELF 6nuska k 3 MmB/M. C aTumMu usnydyeHusiMu
TakXe CBSI3aH OCOOEHHO MHTEHCHBHBIN MPOTOHHBIN cBUCT. Bo BpeMs aToro co-
OBITHS OBLIM 3aMEUEHBI U3MEHEHUS TEMIIEPATypPhl 3JIEKTPOHOB.

OPAKTANIbHAA SNTEKTPOOAMHAMUKA TPO30BOIO OBJIAKA
A U. I/l)gauﬂl’z, A A. EMEﬂb}ZHO(iz, B. IO. Kﬂwwameez, P . ,Zlft/mmpuemco2

! ®enepanbHOe rocyIapcTBEHHOE GIOIKETHOE yupekIeHne HayKu MHCTHTYT
npukiagHoit ¢pusuku Poccuiickoit akanemun Hayk, Hukauit HoBropon, Poccus
®DenepanbHOE TOCYIapCTBEHHOE GIOKETHOE yupekaeHue Hayku HayuHo-
uccienoBarebckuii pagrodusnueckuii unctutyT, Huxxuauit Hosropon, Poccust

HecMoTtpst Ha GoJbilIol 00beM BBITIOJHEHHBIX UCCIIEAOBAHMI, KACAIOIIMXCS
MHOTOUYMCJIEHHBIX aCIeKTOB (DM3UKU TPO3, ITyOOKOIro IIOHMMAaHUS (PU3NYECKUX
npoiieccoB (hOPMUPOBAHUS ANEKTPUUECKON CTPYKTYPhI TPO30BBIX 00JIaKOB, UHU-
LIMMPOBaHUSI TIPo0OSI M PaCIpOCTPAaHEHUSI MOJIHUU, POJIA TPO30OBBIX TeHEpaToO-
POB B TJIO0AJIBHOM 3JIEKTPUUYECKOMN 1IN HEe JOCTUTHYTO A0 cuX Imop. CIOXHOCTDb
MpoOJIeMbl OOBSICHSIETCSI, TIPeXAe BCEro, MacIITaOHOCTHIO CaMOIO SIBJIEHUS: Be-
JIMYUHBI (PU3UYECKUX TTapaMeTPOB, XapaKTepU3YIOIIUX MOJHUIO U TPo3y, U3Me-
HSIIOTCS Ha 15 TMOPSIIKOB BETMYMHBI OT aTOMHBIX PACCTOSTHUM, XapaKTEePU3YIOIIHNX
Mpo1lecChl JIEKTPU3AIMK TPO30BOr0 00Jlaka 0 MacliTaboB B IECATKM M COTHU
KWUJIOMETPOB, OXBaTBHIBAIOLIMX IBWKEHUs BO3IyXa BO BCEil T'PO30BOIl CUCTEME.
YKazaHHast MacIITaOHOCTD SIBJIEHMSI, OTpaXkarolasi, C OIHOI CTOPOHEHI, €ro 6e3yc-
JIOBHYIO CJIOKHOCTb, IA€T, C IPYToif CTOPOHBI, KITI0Y K TOHUMAaHHUIO €r0 OCHOBHBIX
3aKOHOMepHocTei. JleJlo B TOM, UTO MIMPOKUIl TUana3oH MaciiTaboB rpo30BO-
TO 2JIEKTPUUYECTBA OYSHB YaCcTO 00JieKaeTCs B YHUBEPCAbHYIO (hOpMY CKEMIMHTA,
KOTZIa B TOCTaTOYHO IIMPOKOM JMana3oHe MPOCTPaHCTBEHHO-BPEMEHHBIX UHTEP-
BaJIOB SIBJIEHME XapaKTepU3yeTCsl CBOMCTBOM CaMOITOI00MSI.
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THE STRONG ELF/VLF EMISSIONS ASSOCIATED WITH THE THUNDERSTORM
OVER SOUTHERN FRANCE ON OCTOBER 8, 2009

J. Blgckil, M. Parrotz, R. Wronowski'

! Space Research Centre PAS, Warsaw, Poland
2 LPCE/CNRS, Orleans, France

We will report the observation of ELF and VLF emissions recorded on the low
altitude satellite DEMETER during strong thunderstorm activity. At an altitude of
~650 km, waves observed on the E-field spectrograms at mid-to-low latitudes dur-
ing night time are mainly dominated by up-going 0+ whistlers but associated with
electron whistlers. During the night of October 8, 2009 the strong thunderstorm
activity occurred in the vicinity of Castres. ELF and VLF data have been recorded
by the satellite just over the Castres region during this strong thunderstorm activity.
In this time the DEMETER instruments were switched in the burst mode and it
was possible to register the wave forms. It is shown that the strongest emissions have
been triggered by two intense —CG lightning strokes (—118 and —155 kA) separated
by 2 seconds. It is shown that the whistler wave propagates from the thunderstorm
regions in the Earth-ionosphere guide and enters in the ionosphere below the satel-
lite. They last several tens of milliseconds and the intensity of the ELF waveform is
close to 3 mV/m. A particularly intense proton whistler is also associated with these
emissions. The variations of the electron temperature was seen during this event.

FRACTAL ELECTRODYNAMICS OF ATHUNDERSTORM CLOUD
D. L Iudinl’z, AA. Emelyanovz, VY Klimashevz, R. D. Dmitrenko®

!Institute of Applied Physics of RAS, Nizhnii Novgorod, Russia
Scientific Research Institute of Radio Physics, Nizhnii Novgorod, Russia

Despite the huge volume of investigations concerning physics of thunders,
there are still many gaps in our understanding of the physical processes of gas
clouds electric structure formation, the initiation of lightning breakdown and light-
ning propagation, the generation of new chemical compounds and the role of thun-
der generators in the global electric circuit. The complexity of the problem is ac-
counted for by the scale of the very phenomenon: the value of physical parameters,
relating to lightning and thunderstorm, evolve by 15 magnitude orders of atomic
distances, which characterize the process of thunder cloud electrification of tens
and hundreds of kilometers, covering the air motion within the whole thunderstorm
system.

On the one hand, the indicated scale of the phenomenon reflects its complex-
ity, and on the other hand it serves as a key to their basic regularity understanding.
The point is that the wide scale range of thunderstorm electricity frequently takes
the form of scaling, when in the wide range of space and time intervals the phenom-
enon is characterized by self-similarity.

In terms of the quality the thunder cloud dynamics appears to be a self-or-
ganized and self-adjusting critical mode. Phenomena of this kind were by brought
together by the general term “systems with self-organized criticality”. In the mode
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KavecTBeHHO TMHaMKMKa IPO30BOT0 00JIaka MPOU3BOAUT BrieyaTJeHUe CaMO-
OPTraHU3YIOIIETOCsS U CaMOHACTPAuBaIOIIETOCSI KpUTUUECKOTO pexuma. SIBieHust
TaKoro poja ObLIM OOBbeAMHEHBI HEMABHO OOIIMM HaWMMEHOBAaHUEM CHCTEM C ca-
MOOPTraHM30BaHHON KpUTUYHOCThIO (self-organizedcriticality). B pexume camo-
OpPraHU30BaHHOW KPUTUYHOCTU CUCTEMA OKAa3bIBAETCSI CJIOXHOW B TOM CMBICIE,
YTO I He€ He CYIIECTBYeT €IMHCTBEHHOTO XapaKTEpHOTO pa3Mepa COOBITHIA:
HET HU BPEMEHHOTO, HU JIMHEMHOro MacuiTaba, KOTopble Obl YIPABISIN 3BOJIO-
et cuctembl. M XoTsl AMHAMUYECKUI OTKJIMK CUCTEMBI CJIOXKEH, YITPOIIAIOIIUM
acCITeKTOM TOBENIEHUSI SIBJISIETCS TO, YTO €r0 CTAaTMCTMYECKUE CBOMCTBA ONMKMCHIBA-
IOTCSI B HEKOTOPOM JHMaria3oHe MapaMeTpoB MPOCTHIMU CTENIEHHBIMU 3aKOHAMM.
[TocnenHee 0O6CTOSITENILCTBO JeJIaeT aKTyaIbHbIM IPUMEHEHUE B 3a1a4aX MOJIEIH-
pPOBaHUS TPO30BOTO JIEKTPUUYECTBA COBPEMEHHBIX METOIOB (hpaKTaIbHOM TeoMe-
Tpuu. [IpenmyiecTBo ppakTagbHbBIX METOAOB COCTOUT B BO3MOXKHOCTH OCYIIECT-
BJIATh OMEPATUBHBINA aHAJIU3 T€X WJIM MHBIX HAOJIOJATEIbHBIX TaHHBIX, BBISIBIISIS
MpubIMKeHMe MOMEHTa Tiepexofa HCCleqyeMOoil HepaBHOBECHOH (hU3nuYecKoi
CHCTEMBI K TOYKe Omdypkaumu (Hampumep, IMpUOTIKEHHE TPO30BOIO obOaka
K MOMEHTY pa3psiia Wiu o0pa3oBaHUe 30HbI MHTEHCUBHBIX OCAJKOB B 00JIAUHOM
cucteme). PazBuBaercs dpakTanbHbIii MOAXOA K MOIEIMPOBAHUIO MOJHUEBOTO
paspsiga. DBOMIONUSA BHYTPUOOJIAYHOTO SJIEKTPUUYECKOTO TTOJISI SIBJISIETCST PE3Yiib-
TaTOM B3aMMONENCTBUS Tpolecca pa3NeeHus] 3apsaoB, KOTOPbIA YBeJIUUMBaeT
(ykTyaliuu moJisi, U pa3psIHOrO Ipollecca, KOTOPbIA OCYLIECTBIISIET JUCCUIIA-
Mo Hepruu mojia. OO6CyXmaeTcss MOIeIUupoBaHMe Tpoliecca (GopMUPOBaAHUS
BHYTPMOOJAYHOTO 3JIEKTPUUYECKOro MOTeHIMalla KaK OO0OOIEHHOIO OpPOYHOB-
CKOTO TOTeHLMAJIBHOTO pejibeda ¢ BepTUKaJIbHOW MOAYJSINEH, YTO MO3BOJISIET
obecreunTh HabIogaeMble B 9KCTICPUMEHTE CTEIIEHHbIE aCMMIITOTUKY Bapyalinii
TOJISI M TPUILIETHYIO BEPTUKATBHYIO CTPYKTYPY BHYTpUOOIauyHOro 3apsiga. IyaB-
HOI OCOOEHHOCTBIO MpEeIIaraeMoro Moaxona K MOIEIUPOBAHUID MOJHUEBOTO
paspsiga SIBISETCS MepapXUIHOCTb 0Opa3yIoIIMXCs MPOBOIIIINX KIACTEPOB, YTO
MO3BOJISIET pacCCMaTPUBATh MX KaK CBOE0Opa3Hble PEHaKHbIE CUCTEMBI ISl cOopa
U HeMTpanu3alry BHYTPHUOOIaYHOTO 3apsiia.

NMOUCK TGF B AAHHbIX SKCMEPUMEHTA SPI/INTEGRAL
A. C. Ilozanenxo, I1. 1O. Munaes

DenepanbHOE TOCYIAPCTBEHHOE GIOMIKETHOE YUPEXKIEHUE HAYKH
HMHCTUTYT KOCMUYECKUX HccaenoBaHnit Poccuiickoil akageMun HayK
(MKH PAH), Mocksa, Poccus

Hus nccnenoBanus nudy3HOTO PEeHTITEHOBCKOIO 1M ramMMa-¢oHa obcepBa-
topueit INTEGRAL B 2006 1 2012 rr. ObUT IPOM3BENEH s HAOMIOAEHUIA, KOraa
B aneptypy TeneckornoB IBIS/ISGRI u SPI nonagana 3emisa. Oty naHHbIe 001ICH
JUTUTEbHOCTBhIO 480 KC WMCClIe0oBaHbI IS TTOMCKAa TaMMa-BCIJIECKOB 3€MHOTO
npoucxoxaeHus (TGF). Hecmotps Ha To, yto ob6cepBaTopuss INTEGRAL ume-
€T BBICOKOQJUTUITUYECKYIO OPOUTY, B OTJIMYME OT IPYTMX OKOJO3eMHBIX 0OcepBa-
Topuii, peructpupywoimmx TGF (Bbicota ux opout ~600 Km), Hanboyiee MOILTHBIE
TGF morau 6bl ObITH 3apeructpupoBaHbl U obcepBaTtopueii INTEGRAL. Mul
npuBoauM kaHauaatel B TGF, oneHKM 4acTOThl BO3HMKHOBEHMSI U MOILIHOCTH
raMMa-BCITIECKOB 36MHOTO TTPOUCXOXKICHUS.
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of self-organized criticality the system proves to be complex since it does not have
the typical size of events: neither time scale, no linear one, which would operate the
evolution system.

Although the dynamic appearance of the system is rather complicated, the
simplifying aspect is that its static features are described within a certain range by
simple power rules. The latter fact makes the application of modern methods of
fractal geometry in thunderstorm electricity modeling to become relevant. The ad-
vantage of fractal techniques consists in the ability to make a rapid analysis of vari-
ous observation data, detecting the moment of transition approximation of the in-
vestigated nonequilibrium physical system to a bifurcation point (for example, the
approach of a storm cloud at the time of discharge or the formation of a zone of in-
tense precipitation in the cloud system). The fractal approach to lightning discharge
modeling is being developed. Intracloud evolution of the electric field is the result of
the interaction of charge separation process, which increases the fluctuation of the
field, and the discharge process, which provides the energy dissipation of the field.

We discuss modeling of the intracloud electric potential formation process as
the generalized Brownian potential relief with vertical modulation, which provides
power asymptotics of the field variation and triplet vertical structure of the intra-
cloud charge. The major feature of suggested approach to the lightning discharge
modeling is the hierarchy of conductive clusters, which makes it possible to con-
sider them as peculiar drain systems for the intracloud charge acquisition and neu-
tralization.

SEARCH FOR TGFS IN SPI/INTEGRAL EXPERIMENT DATA
A. Pozanenko, P. Minaev
Space Research Institute of Russian Academy of Science (IKI RAN), Moscow, Russia

In order to investigate diffusion X-ray and gamma background, observatory
INTEGRAL performed a few observations in 2006 and 2012 when the Earth was
in the area of IBIS/ISGRI telescopes aperture. These recordings, with the over-
all duration of 480 cs, were examined for the search of Terrestrial Gamma Flashes
(TGFs). Although INTEGRAL has high-elliptic orbit, contrary to other near-Earth
observatories registering TGFs (the altitude of their orbits ~600 km), the most in-
tense TGFs could be registered by INTEGRAL as well. We present the candidates
for TGFs, the estimations of their occurrence frequency and the power of TGFs.
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OonbIT UCCNEAOBAHUA TPOMUYECKUX LLUKNTOHOB HA «4UABUC-M»

C. U. Kaumos, E. A. lllapkos, B. M. Tomau6, B. H. Kapedun,
HU. B. Koznoe, JI. . Hosuxos, /1. U. Basunros
DenepanbHOE TOCYIAPCTBEHHOE GIOMIKETHOE YUPEXKIEHNE HAYKH

HMHCcTUTYT KOCMUYECKUX MccaenoBaHnii Poccuiickoil akageMun HayK
(MKH PAH), Mocksa, Poccust

Tpommueckue unkinonsl (T1l) sBAsIOTCA CMIBHEHIIMMMY UCTOYHUKAMU T'PO-
30BOM (M, COOTBETCTBEHHO, 3JEKTPOMAarHUTHON AKTMBHOCTM B IIMPOKOM 4Ya-
CTOTHOM Jyarna3oHe) aKTUBHOCTM B 3eMHOI aTMocdepe ¢ MpOCTPaHCTBEHHBIMU
pa3MepaMu BO3MYILIEHHOU objacty 10 1000 KM M BepTUKAJIBHOIO Pa3BUTHUS IO
16...20 KM CO CKOpPOCTSIMU TIEpEMEILEHNS 3apsKEHHBIX Kamelb Boabl 10 30 M/c.
B pa6ote orieHMBalOTCs (PU3MYECKUE BO3MOXHOCTH TeHepalluid TAKUMU CUCTeMa-
MU ramMMa U3JTy9eHUsT, KOTOPOe MOXKET ObITh (PUKCUPOBAHO ¢ HU3KOOPOUTATBHBIX
KOCMHMYECKMX allllapaToB TUIIA MUKpocnyTHUKa «Yubuc-M». BBumy kBasmuxao-
TU3UPOBAHHOCTU B TPAEKTOPHBIX XapaKTepUCTHUKAX TPOMUYECKOro IIMKJIOreHesa,
paccMaTpuMBaeTCsl HaBUTALIMOHHAs MpobjieMa «4acTOThl BCTPeY» Ha3eMHOM Tpo-
€K OPOMTHI MUKPOCITYTHUKA Y TPAEKTOPUU TPOITMYECKUX IIUKJIOHOB B aKTUB-
HBIX IMKJIOHOTEHEPUPYIOUIUX aKBaTOpusix MuUpoBoro okeaHa. DTa HaBMUralu-
OHHasl MpobJieMa JOJKHA PacCMaTPUBAThCS B IBYX aCleKTax — CTaTUCTUYECKOM
U TETePMUHUPOBAHHOM. B TiepBOM cilyyae yIMTBIBaeTCSl YCpEeAHEHHOE TOJIe Tpa-
€KTOPUM B KaXIOW M3 LIMKJIOHOTEHEPUPYIOLIMX aKBATOPHUl; BO BTOPOM IIPOBO-
IATCS IeTaibHas (pUKcalus IeMCTBYIONIEro TPOIMMMYECKOTO IUKIOHA U JEIaloTCs
TTPOTHOCTUYECKUE TPEANOTIOKEHNSI Ha TTOTEHIIMAIBHYIO TPACKTOPUIO TBUKEHUSI
M0 JaHHBIM ONTUYECKHMX M MUKPOBOJHOBBIX CIYTHUKOBBIX HaHHBIX (MUCCHU
Aqua, GOES).

Braronapst aktuBHOU padoTte OmnepaTMBHON TPYIILI YIIPABICHUS KOMIUICK-
coMm HayuyHo# armnapatypbl (KHA) «I'po3a» MmukpocnytHuka «Hubuc-M», ynanoch
MPOBECTH PaaMoOYacTOTHBIM aHanu3atopoM (PYA) (26...48 MI'n) m KomIuiek-
com MBK (0,1...40 xI'r) snu3onmyeckue Haomonenus T1I 27W Wukong, pa3Bu-
BaBierocs ¢ 25.12.2012 r. mo 30.12.2012 r., u T1I 08S Narelle, pa3BuBaBIlIerocs
¢ 10.01.2013 r. mo 15.01.2013 r. y ceBepHOTo MobepeKbsi ABCTPaIUU.

COBPEMEHHbBIE MEXXAYHAPOHbIE NCCNNIEAOBAHNA BSAMMOCBA3N
TPOMUYECKUX LUKNTOHOB N MOHOCOEPDI

JL b. Banuna-Jlapm, E. A. lllapkoe

DenepalibHOE TOCYTAPCTBEHHOE OIOMKETHOE YUPEXKIEHNE HAYKHU
HMHcTuTyT KOCMUYECKUX UccaenoBaHnit Poccuiickoil akageMun HayK
(MKH PAH), Mocksa, Poccus

CoBpeMeHHbIe MEXIyHapOIHbIe MCCIECIOBAHUS B3aMMOCBSI3M TPOMMYECKHUX
uukiaoHoB (TL) 1 noHochephbl conpsikeHbl ¢ OOJBIIMMU CIOXHOCTSIMU J0Ka3a-
TEJIbLCTBA JACHCTBUS BO3MOXHBIX MexaHM3MOB Bo3xaeiicTBuss TIl Ha moHocdhepy.
Tpornmyeckrie UKIOHBI SIBJSIOTCS CAMBIMKA MOIIIHBIMHM TPOTNOC(HEepHBIMM KaTa-
crpoamMu. MolHbIe BBIOPOCHI 3apsiKEHHBIX YacTUIl M HEUTpasoB, U3JIydeHUE
BHYTPEHHUX I'paBUTAllMOHHBIX BOJH (BI'B) 1 HU3KOYACTOTHBIX 3JIEKTPOMArHUT-
HBIX BOJIH M3 LIeHTpadbHbIX 30H T1l Ha 3HaUMUTETbHBIC BHICOTHI U PACCTOSIHUS OT
T1I saBASIIOTCS IPOSIBIIEHUEM MeXaHU3Ma NeCTBUS TPONTMIECKUX IUKIOHOB.
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THE EXPERIENCE OF “CHIBIS-M” RESEARCH ON TROPICAL CYCLONES

S. 1. Klimov, E. A. Sharkov, V. M. Gotlib, V. N. Karedin,
1. V. Kozlov, D. I. Novikov, D. 1. Vavilov

Space Research Institute of Russian Academy of Science (IKI RAN), Moscow, Russia

Tropical cyclones (TC) are the most powerful sources of thunderstorm activ-
ity (and, correspondingly, of the electromagnetic activity within the wide frequen-
cy range) in the terrestrial atmosphere with spatial sizes of a perturbed area up to
1000 km and vertical development up to 16...20 km with charged water drops move-
ment speeds up to 30 m/s. The study assesses physical potentialities of the genera-
tion by the systems of gamma-ray emission that can be monitored by low-orbiting
spacecraft like “Chibis-M”. In view of quasichaotic nature of trajectory charac-
teristics of tropical cyclogenesis we examine the navigation problem of “meetings
frequency” of the surface projection of the microsatellite orbit and the trajectory
of tropical cyclones in the active cyclogenerative water areas of the World Ocean.
The navigation problem should be dealt with in two aspects: statistical and deter-
ministic. In the first case the averaged field of trajectories in each of cyclogenerative
water areas is taken into consideration; in the second one detailed fixing of the ac-
tive tropical cyclone is carried out and prognostic suppositions concerning the po-
tential motion trajectory in accordance with the optic and microwave satellite data
are made.

Owing to the intense work done by the Operative group controlling the com-
plex of scientific equipment (CSE) “Groza” of microsatellite “Chibis-M”, it be-
came possible to make periodic observations on TC 27W Wukong, evolving from
25.12.2012 to 30.12.2012, and on TC 08S Narelle, developing from 10.01.2013 to
15.01.2013 by the northern coast of Australia, with the use of RFA (26) and MCC
(multifunctional computational complex) (0.1...40 kHz).

ADVANCED INTERNATIONAL INVESTIGATIONS OF THE CORRELATION
BETWEEN TROPICAL CYCLONES AND THE IONOSPHERE

L. B. Vanina-Dart, E. A. Sharkov
Space Research Institute of Russian Academy of Science (IKI RAN), Moscow, Russia

Advanced international investigations of the correlation between tropical cy-
clones (TCs) and the ionosphere are connected with extreme difficulties of prov-
ing the action of possible mechanisms of TC effect on the ionosphere. TCs are the
greatest troposphere disasters. Powerful surges of charged particles and neutrals,
internal gravity wave radiation and low-frequency electromagnetic wave radiation
from central points of TCs to considerable altitudes and distances are a manifesta-
tion of TC action mechanisms. The authors of this presentation analyze the iono-
sphere parameters, received in the process of both ground and satellite probing
above TC and at a certain distance from it. Cyclones, being examined in the paper,
functioned in waters of the Indian Ocean and the Pacific Ocean in different years.
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B nmaHHOI Mpe3eHTalMu aBTOPbl aHAIM3UPYIOT MOHOCHEpHbIE TTapaMeTphl,
TMOJTydYeHHbIe KaK TPU Ha3eMHOM, TaK M CITyTHUKOBOM 3oHAupoBaHuu Ham TII,
TaK M Ha OIpeNeJIEHHOM pacCTOSHUM OT Hero. LIMKJIOHBI, paccMmaTpuBacMble
B pabote, aeiicTBoBaiu B akBaTopusx MHmuiickoro u Tuxoro okeaHoB B pa3Hbie
roabl. bbulo mosyuyeHo, 4To ¢ MomeHTa 3apoxaeHust T u g0 Havana ero camoit
aKTWBHON (ha3bl HAJl 30HOM €TO ACUCTBHS M OKOJIO B MOHOC(hEepe HabIIoaaeTCs 1mo-
BhIILIEHME 3HaYeHui e€ mapamerpos (1o 100 %). Jdasee, Ham 30HOM JTOKAIU3ALIUK
T1I v okoJj10, 3HaYEHUSI MOHOC(HEPHBIX TTapaMeTPOB HaYMHAIOT MMafath (10 50 %).
[MpyHIUTIMATEHOE OTINYNE OTHOCUTELHO BO3IEHCTBUS Ha MOHOC(hEPY CO CTOPO-
HbI TPOTIMYECKOTO LIMKIIOHA C TOUKHU 3peHUsl ypoBHS MoiiHocTH T1I He BBISIBIIEHO.

KOCMUWYECKUIA SKCMEPUMEHT «MCCNEQOBAHUE NPUPOAbI BbICOTHbIX
MOJTHUW 1 CONYTCTBYIOLLNX MM MPOLIECCOB B ATMOC®EPE I MIOHOCOEPE
3EMJIN HA BA3E MUKPOCNYTHUKA «YUBUC-AN» C UCMOJIb3OBAHUEM
FPY30BOIO KOPABJIA «MPOIPECC»

JI. M. 3enénuiit, C. U. Knumos, B. M. lomaub,
B. T Pooun, JI. U. Hosukos, M. C. Jloneorocoé

DenepallbHOE TOCYTapCTBEHHOE OIOMKETHOE YUPEKICHNE HAYKHN
WMHcTtutyT KocMuueckux ruccienoBanuii Poccuiickoil akageMun Hayk
(UKHU PAH), Mocksa, Poccus

HecMmotpst Ha GoJbiIoi 00beM BBITIOJHEHHBIX MCCIEI0OBAHUM, KacalOIIMXCsI
MHOTOYMCJICHHBIX acTMeKTOB (DPM3UKHU TPO3, TIYOOKOTO TMOHMMAHUS (U3NISCKUX
npo1eccoB (HOPMUPOBAHUS NEKTPUUECKOM CTPYKTYPHI I'PO30BLIX 001aKOB, MHU-
LMUPOBaHUSI TTPO0OOSI U PaCIpOCTPAaHEHUSI MOJIHUM, TeHEpPAllUU HOBBIX XUMUYE-
CKUX COENMHEHUI, POJIM TPO3OBBIX T€HEPATOPOB B TJI0GAIBHOM 3JIEKTPUIECKOM
LIETIM He JOCTUTHYTO A0 CUX Mop. B yacTHOCTH, MOJIHMEBBIE Pa3psbl SIBJASIOTCS
OCHOBHBIM HCTOYHUKOM T€Hepaluu OKHUCEell a30Ta, 0COOEHHO B Tporocdepe.
OmHaKo CBOMCTBA 3TOTO UCTOYHUKA SBIISIIOTCS HaMMeHee U3y4eHHbIMU. Kak mo-
Ka3ajqu M3MepeHUsl, MPOoBeN¢HHbIE Ha MUKpPOCIyTHUKe «Yubuc-M», xapakrtep-
Hble YCJIOBUSI, BOBHUKAIOIIINE B HA3JEKTPU30BAHHOM T'PO30BOM 00JIaKe M3-3a UX
MHOTOMAacCINTaGHOCTHU, HE BOCITPOU3BOIUMEBI B JIAOOPATOPHBIX YCIOBUSAX. JlaHHbBIE
npubopoB MUKpOCIyTHUKA «Yubuc-M» mokasaiu, 4To (ppakTajabHbIe CBOMCTBA
pacrpezesieHus 3apsiioB B 00Jlake, HE yYWUThIBaeMble paHee NMpU M3yYEeHUU aT-
MochepHOro 3JIeKTPUYECTBa, MOTYT CYIIECTBEHHBIM 00pa3oM CKOPPEeKTHPOBAThH
OIIEHKU CKOPOCTM TeHepallMy OKMCel a30Ta B IpO30BOI 00JaCTM M BKJIAI MOJI-
HMi1 B aTMOCGEPHYIO XUMUIO U KauMaT. 3MepeHUs1 2eKTpUIYecKoil aKTUBHOCTH
pagmodacToTHbBIM aHaim3atopoM (PYA) mokasanu, 4To Ha caMoOM JieJie TIpOCTpaH-
CTBEHHas CTPYKTypa Ipo30BOT0 (hpOHTA MMeET HECKOJIBKO XapaKTepHBIX MacIlTa-
00B, a, eciiu ObITh O0Jiee TOUHBIM, pacIpeeeHue 3apsDKEeHHBIX MUKPOSTYEeeK CITy-
YalilHO U MOXET OBbITh ONMUCAHO B paMKax (hpakTaJIbHOI TOMOJOTUU, B KAKOM-TO
CMBICJIE TIPOMCXOIUT CAMOOPTaHU3AIIHST AJIEKTPU30BAHHOTO CJIOSI.

IToMMMO Pa3HOCTOPOHHETO M3YYEHMS CyTy0O MOJTHUEBON aKTUBHOCTU KOM-
TUIeKC HAy4YHOU armmapatypbl MUKpocTyTHMKa «Hnbuc-AW» nacT BO3MOXHOCTb
HCCIIe0BaTh TOBOJIBHO IIMPOKUI KPYT SIBJICHUI, CBSI3BIBAIOIINX aTMOCHepy 1 MO-
Hochepy 3eman. 31ech CTOUT OTMETUTb Kak M3ydYeHHe COOCTBEHHBIX BapuallMii
rnapameTpoB UOHOC(HEPHOI M1a3Mbl, TaK U, HAPUMED, OMNpejeeHue noHochep-
HOTO KPUTEPHS, OTPAKAIOIIETO IMPOIIECChI TPOTTMIECKOTO IIMKIIOTeHE3a.
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It was discovered that from TC formation till the beginning of its most active phase
over the area of its activity and near the ionosphere the growth of parameter values
took place (up to 100 %). Then, over TC location area, parameter values started to
decrease (up to 50 %). Basic difference in relation to TC effect on the ionosphere in
terms of power level was not detected.

THE SPACE EXPERIMENT “THE RESEARCH ON THE NATURE OF THE HIGH ALTITUDE
LIGHTINGS AND THE CONCOMITANT PROCESSES IN THE ATMOSPHERE

AND THE IONOSPHERE OF THE EARTH ON THE BASIS OF MICRO-SATELLITE
“CHIBIS-M”WITH THE USE OF CARGO SPACECRAFT “PROGRESS”

L. M. Zeleny, S. I. Klimov, V.M. Gotlib, V. G. Rodin, D. I. Novikov, M. S. Dolgonosov

Space Research Institute of Russian Academy of Science, Moscow, Russia

Despite the huge volume of investigations concerning physics of thunders,
there are still many gaps in our understanding of the physical processes of gas
clouds electric structure formation, the initiation of lightning breakdown and light-
ning propagation, the generation of new chemical compounds and the role of thun-
der generators in the global electric circuit. In particular, lightning discharges are
the basic source of nitrogen oxides generation, especially in the troposphere. How-
ever, the properties of this source are far from being thoroughly examined. As the
estimates made by “Chibis-M” have indicated, typical conditions, which arise in
an electrified thunder cloud due to their large scale cannot be reproduced under
laboratory conditions. According to the data available from “Chibis-M”, the frac-
tal characteristics of discharges distribution within the cloud, which were previously
ignored on investigating the atmosphere electricity, can correct both the estimations
of the pace of nitrogen oxides generation in the thunder area and the contribution
of lightnings into the atmospheric chemistry and climate. Measurements made by
radio frequency analyzer (RFA) have shown that, in fact, the structure of thundery
front has a number of characteristic scales, and, to be more exact, the distribution
of charged microcells is random and can be described within the scope of fractal
typology; in some way it is the self-organization of the electrified layer that takes
place. Apart from the multifaceted analysis of exclusively lightning activity, the
complex of scientific equipment of micro-satellite “Chibis-M” will make it pos-
sible to investigate fairly wide circle of phenomena connecting the atmosphere and
the ionosphere of the Earth. The study of the proper variations of the ionosphere
plasma parameters as well as the definition of the ionosphere criteria, which reflects
tropical cyclogenesis processes, should be noted in this relation.
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MCNOJZIb30BAHUE MUKPOCIYTHUKA «4HUBUC»
ONA OBPA3OBATEJIbHbIX MPOrPAMM

A. H. 3aiiyes, C. U. Knumos, O. B. bamanos, A. M. Cadoéckuii

®DenepanbHOE TOCYIaPCTBEHHOE OIOMKETHOE YUPEKICHUE HAyKHU
HMHCTUTYT KOCMUYECKUX UCCIenoBaHui Poccuiickoit akaneMu HayK
(MKW PAH), Mocksa, Poccus

IIpencrasieH 0630p 00pa30BaTENbHBIX MPOEKTOB MO KOCMUYECKON (hr3mke
IIJISI IIKOJIbHUKOB 110 HAOJIIOIEHUIO PaJIMOBOJIH €CTECTBEHHOTO M MCKYCCTBEHHOTO
MPOUCXOXAEHUS B KOocMoce. B ocHoBe mpejiaraeMbix y4eOHbIX TTPOTpaMM O CO-
CTOSIHUU KOCMMYECKOW Cpe/ibl JIEXKUT UCIOJIb30BaHUE MPOCTHIX MPUOOPOB (MpU-
€MHUKOB) JUISl HAOJIOJEHUI 3JIEKTPOMAarHUTHBIX BOJIH, BO3HUKAIOIIMX B BEepXHEH
arMocdepe, B TOM yrciie BO BpeMsl IPO30BOIl aKTUBHOCTH, MAarHUTHBIX OYpb U MO~
JISIPHBIX CUSIHUMA. JIaHBI CCBUIKM Ha MPOEKThl C MCIOJAb30BAHUEM MPOCTEHIINX
MpuOOPOB [JIs1 HaOMOAeHUI 3a paguousnydyeHrem ConHua u raHet. [Ipu pac-
CMOTPEHMM KOCMMYECKOTO CErMeHTa OIMCaHbl O0pa3oBaTejbHbIE ITPOTPaAaMMBbI
¢ ucnoyib3oBaHMeM HaHocnyTHUKOB cepumn KyoCart, kotopsie ¢ 2003 r. ne-dakTo
CTaJIM OCHOBOI COBPEMEHHBIX KYPCOB a9POKOCMUUYECKOro oOpa3oBaHus 3a pyde-
>KOM U mosiBWIMCh B Poccuu.

B CCCP omnbIT 3amycka MMKPOCITYTHUKOB M WX HMCIOJb30BaHUS IS 00-
pa3oBaHUsSI UMEET JUIUTENIbHYI0 UCTOpUIo. B Poccuu 3TOT OMBIT OBLT MPOIOJIKEH
¢ 3amyckoM MuKpociyTHHKa «Kommopu-2000», a 3aTeM MUKpPOCHYTHUKOB ITOZ,
o0ueliHble AaThl Beaylux yHuBepcutetoB — MI'Y «TaTbsiHa», «HOOUIeHbIM»,
«baymanen», «Moxaen» u ap. B kadecTBe craHgapTa paauoTeIeMeTpUM TSI BCEX
9TUX CITyTHUKOB MCIIOJB3YIOTCS MPUEMOIIepEIaTYnKU, padoTalolne Ha paano-
JIIOOMTENIbCKUX YacToTax, paspaboraHHble B Jabopatopun HUJTAKT JOCCA®
B Kasnryre MockoBcKoii o61acTu.

IIpu mogroroBke k 3amycKy cnyrHuka YMBUC (PC-39) Oblmo 3ammraHu-
pOBaHO MCIIOJb30BaHUE CHYTHUKA Uil 0O0pa3oBaTesbHbIX Tporpamm. IlepBbiii
1Iar — MCIOJIb30BaHNE CUTHAJIOB CITY>KEOHOM TeJIeMETPUU JJISI KOHTPOJISI COCTOSI-
HUS CIYTHUKA T10 COOOIIEHUSIM JIto0uTes el co Bcero mupa. B kauecTse cranmapra
pamuoTesieMeTpUM ISl BCeX YU4EeOHBIX CITYTHUKOB UCIIONIb3YIOTCS PAIUOIIO0UTE -
CKH€ YaCTOThl, MO3TOMY BCE CITyTHUKH UMEIOT MEXIYHAPOAHYIO PETUCTPALINI0 —
PC — cniyrHuku «Pagno». YueOHas mporpaMma BKJIIoYaeT oOMeH MHGopmanuei
MEXIYy BCEMM KOPPECIIOHJAEHTAMM, MPUCIABIIMMU CBOM COOOILEHUS O MpUéme
CUT'HAJIOB MUKpocHyTHUKA «Yubuc». BTopoil 1mar — Mcnoab30BaHue JaHHBIX W3-
MepeHuii MpruOOPOB MUKPOCITYTHUKA, UMEIOIIIMXCSI B OTKPHITOM JOCTYIIE Ha caiiTe
UUBUCA B UKHM PAH. DTa nporpamma tpebOyeT BOBICUSHUS YIEHBIX, BEIYIIINX
HEMOCPEICTBEHHO Hay4YHblE 3KCIEPUMEHTHI. IS peaqu3auuu 3TOro Hampasie-
Husg B UKW PAH 13 okta6ps 2012 1. ObI1 IpOBeA€H CeMUHAp IIJIsl YYUTEIICH, TIe
ObLTM 00CYXI€HBl BO3MOXHOCTY UCTIOJIb30BAaHUS JAHHBIX CITyTHUKA «HYubucs» mist
LIKOJIbHOI Y4eOHOM MpOorpaMMBbl.

[To obpasny yyeoHoit mporpaMmmbl HACA nmi1s1 aMeprKaHCKHUX IIKOJ MO pe-
ructpaiun OHY-curnanos INSPIRE http://theinspireproject.org, B Llentpe net-
ckoro TBopuecTBa Ha yia. IllaGonoBke paspaboran nmpueMHuk OHY-muamazona
B Bue nipoctoro HY-ycunurenst 1 paMOYHOIM aHTEHHBI, TTONKIIOYEHHBIN K KOM-
MbIOTEPY Yepe3 3ByKOBYIO KapTy. C MOMOIIBIO TAKOTO YCTPONUCTBA MOXXHO BECTH He-
MPEPLIBHYIO PETUCTpaLMIo U 00paboTKy maHHBIX. Comep:kaHue y4eOHOM Mporpam-
MBI TPECTENYeT LieJib Pa3BUTh MCCIENOBATENIbCKUE HAKJIOHHOCTU IIKOJIBbHUKOB,

44



“CHIBIS-M” EXPLOITATION FOR EDUCATIONAL PROGRAMS
A.N. Zaytsev, S. 1. Klimov, O. V. Batanov, A. M. Sadovsky

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia

The report presents the survey of space physics educational programs concern-
ing the examination of radio-waves of natural and artificial origin in space. Educa-
tional programs under discussion are based on the use of simple devices (receivers)
meant for the observation of electromagnetic waves generated in the upper atmo-
sphere, including the periods of lightning activity, magnetic storms and aurora
polaris.

USSR had a great experience of microsatellite launching and exploitation for
educational purposes. This experience was broadened in Russia by the launch of
micro-satellite “Colibri-2000”, and then — university anniversary satellites such as
MSU “Tatiana”, “Jubilee”, “Baumanets”, “Mojaets” etc.

When “Chibis” was being prepared for launching, it was planned to be used for
educational programs. The first step was the use of subordinate telemetry signals for
the micro-satellite state control through amateur messages from all over the world.
Radio-amateur frequencies are used as a radio telemetry standard for all education-
al satellites, for this reason all the satellites has the international registration — “Ra-
dio” satellites. An educational program includes information exchange between the
correspondents having sent their messages about “Chibis-M” signal reception. The
second step is the use of micro-satellite measuring equipment data, which is acces-
sible on ‘Chibis-M” web site. This program requires the involvement of specialists
conducting scientific experiments.
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a B ciydae coBnageHusi peructpaimu OHY-curHanoB Ha 3emiie M Ha CIIyTHUKE
YUNBUC, nmeTb OCHOBY IS TTOUCKOBOTO McclienqoBaHus. TakuMm obpa3oM, pea-
JIN3yeTCsl OCHOBHAS LIEJIb IIKOJIbHBIX IIPOEKTOB — BBISIBJIEHUE CIIOCOOHBIX peosT,
KOTOpHIE B OyayllieM NPUIYT B HAYKY 1 KOCMOHABTHUKY.

CETb MUKPOCNYTHWUKOB AJ1A UCCNIEAOBAHUA CMEKTPAJIbHbIX,
BPEMEHHbIX M MPOCTPAHCTBEHHbIX CBOMCTB ATMOC®EPHbIX
BCMbIWEK TAMMA-U3JTYYEHUA

A. M. Yepnenxo, I’ I Iapunos, A. C. Ilozanenxo, H. H. Bedenxun

DenepabHOE TOCYTApCTBEHHOE OI0MKETHOE YUpeXkaeHre HayKu THCTUTYT
KocMUYecKux uccienoBaHuii Poccuiickoii akanemuun Hayk (MKW PAH), Mockaa,
Poccuga

PaccmarpuBaeTcsi BOSMOXHOCTb CO3MaHMSI TPYTITIBI U3 HECKOJBKUX ECATKOB
(mo 50) ManbIX CIyTHUKOB, IIpeaHa3HAYEHHBIX IS MCCIIeI0OBaHMUSI aTMOC(HEPHBIX
BCIIBIIIIEK TaMMa-U3Jy4eHusl, TeHEPUPYEMBIX B paMKax OTAEIbHBIX 30H I'PO30BOit
akTuBHOCTU. [Ipeanosnaraercsi, YTO KaxIblii CIIyTHUK OyAeT HECTU NETEKTOp Ha
ocHoBe kpuctayuioB BGO. CriyTHUKM Maccoii 0Koo 14 KI KaXIObIii TUIaHUPYET-
csl 3alyCTUTh Ha KPYTroBYIO OpOUTY BbICOTOM 550 KM, TaKMM 00Opa3oM, UTO B pe-
3yJIbTaTe pa3dpoca HadalbHBIX CKOPOCTE U OATMCTUYECKUX KO3(DGDUIIMEHTOB,
OHU PaBHOMEPHO PACTIPEAEIIATCS BIOIb OPOUTHI CO CPETHUM PACCTOSTHUEM MEXITY
OVKAMIIMMU CIyTHUKaMU 0K0J10 800 K.

B naHHOl KoHbUrypauuu ¢ y4éTOM OXHUIAEMOTO «TOPU30HTa BUIUMOCTU»
Bembliek 10 800KM, oTaenbHast Tpo30Basl siYeifka Ha MPOTSKEHUHW BCETO BpeMEHU
CBOETO CYIIECTBOBAHUS OYy/lIEeT HAXOAUTCS B 30HE BUAMMOCTU TPYMIIbI CITyTHUKOB.
[Ipy 3TOM OOJBIIMHCTBO TEHEPUPYEMbBIX €10 BCIBIIIEK OyneT HaOIomaThes T0
KpaiftHelt Mepe C IBYX CIIYTHUKOB. DTO MO3BOJIUT: 1) OCYIIECTBIISATh He 3aBUCUMYIO
OT pPaavoOHAOIONEHUI JOKAIM3AlMIO BCIBIIEK ¢ TOYHOCTBIO A0 30 KM, 2) McC-
cJienoBaTh TUHAMUKY TeHepaluy BCIIBIIIEK B paMKaxX OTIEIbHBIX I'DO30OBBIX siY€-
€K B TeUeHHNE BCETO BPEMEHM CYIIIECTBOBAHMS 3THUX SYeEeK M 3) M3YIUTh CBOCTBA
ramMma-u3Jy4eHus BCTIBIIEK ¢ PA3IMYHbBIX YIJIOB HAOMIONEHUSI, YTO HEOOXOIUMO
IIJISI TIOHUMAaHUS YCJIOBUM YCKOPEHUSI TEHEPUPYIOIINX X 3JIEKTPOHOB.

MPOBJIEMA MHULUMNPOBAHUA PA3PAAA B TOKAMAKE,
WIN NOYEMY rPO3bl — PEAIKOE ABJIEHUE?

B. @. Tyeanos

DenepalibHOE TOCYTapCTBEHHOE OIOMKETHOE YUPEXKIEHNE HAYKHU

HMHCcTUTYT KOCMUYECKUX HccaenoBaHnit Poccuiickoil akageMun HayK

(MKH PAH), Mocksa, Poccus

TI'ocymapcTBeHHBIN HaydHBIH 1IeHTp P® TpouiKuii MHCTUTYT MHHOBALIMOHHBIX
u TepmosinepHbix uccnenosanuii (CHL P® TPMHUTH), LlenTp mia3MeHHBIX
KcclenoBaHUi U TipeoOpa3oBaHUs d3Hepruu, Mocksa, Poccust

Wcnonb3yss ypaBHeHUe OajlaHca ISl KOHLIEHTpALMU 3apsDKeHHbBIX YacTUIL
1 VX TUIOTHOCTH DHEPTUH, HaXOIATCS HEOOXOTMMBIC YCIIOBHS TS CYIIECTBOBAHUSI
MOPOrOBOTO HaMpskeHUsl. ECTh 3aBUCMMOCTD MOPOTOBBIX MapaMeTPOB TIa3Mbl OT
COOTHOIIIEHUSI 00bEMA TUTA3Mbl U «KaMepbl» (ITPOCTPAHCTBO, TIE 3JEKTPUYECKOe
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NETWORK OF SMALL SATELLITE FOR HIGH ENERGY
OBSERVATIONS OF TEMPORAL, SPECTRAL AND SPATIAL
PROPERTIES OF TERRESTRIAL GAMMA-RAY FLASHES

A. Chernenko, G. Garipov, A. Pozanenko. N. Vedenkin

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia

We propose a group of up to 50 small satellites, based on proprietary M&T
platform, that would carry large BGO gamma-ray detectors, to investigate, for the
first time, production of TGFs by individual thunderstorms. The satellites, about
14 kg each, are to be injected into a 550 km circular orbit, where, due to initial ve-
locity dispersion and aerodynamic braking, they would distribute, along the orbit
with an average distance between two nearest satellites of about 800 km.

With this configuration, taking into account the expected even horizon of up
to 800 km, every thunderstorm would be observed by the group of satellite for its
entire life time. Moreover, most of TGFs would be observed simultaneously by two
or more satellites. This would make it possible to 1) locate TGF producing regions
by means of triangulation, independently from observations in VLF radio band with
the accuracy from 30 km, 2) investigate dynamics of TGF production as a thunder-
storm evolves and atmospheric conditions change, and 3) simultaneously investi-
gate spectral and temporal properties of gamma-ray emission of individual TGFs
from different viewing angles, which is important for understanding acceleration
physics behind TGF production.

TOKAMAK DISCHARGE INITIATON PROBLEM
ORWHY THUNDERSTORMS ARE SO RARE?

V. E Tuganov

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia
Troitsk Institute for Innovation and Fusion Research, Troitsk, Moskovskaya obl., Russia

Using the balance equation for the concentration of charged particles and their
energy density, are found the necessary conditions for the existence of the thresh-
old voltage. There are the dependence of the threshold of plasma parameters on the
ratio of plasma volume and the camera (space where the electric field £ # 0), the
initial concentration of neutral atoms and lifetime of plasmas. It was also shown that
there are two forms of current-voltage characteristics of the discharge (depended on
the power of the microwave-heating).
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noyie £ # 0), UCXOOHOI KOHIIEHTpALlM HEUTpaJbHBIX aTOMOB 1 BPEMEHU KU3-
HM 11a3Mbl. BblTo Takke Mmokas3aHo, YTo cyllecTBYIOT aBe (opmbl BAX-paspsina
(B 3aBcUMOCTHU OT MortHocT CBY-Harpesa).

SHEPTETUYECKUE CMEKTPbl SNEKTPOHOB
N TAMMA-YACTUL, B TPO30BbIX PA3PAOAX

B. @. Tyeanos

DenepalibHOE TOCYTAPCTBEHHOE OIOMKETHOE YUpPEXKIeHNE HAYKU

HMHcTutyT KOocMuuyeckux ucciaenoBanuit Poccuiickoil akageMun Hayk

(MKH PAH), Mocksa, Poccus

TI'ocymapcTBeHHBIN HayYHBIN HeHTp P® TpouiKuiit MTHCTUTYT MHHOBAIIMOHHBIX
u TepMmosinepHbix uccnenosanuii (CHL P® TPUHUTH), LlenTp mia3MeHHBIX
HCcclenoBaHUi U TIpeoOpa3oBaHUs 3Hepruu, Mocksa, Poccust

HabGmogaemblie pa3januusi CTENEHHBIX CIIEKTPOB raMMa-BCIBIIIEK B I'PO30-
BbIX paspsinax (J(v) u v P e 2 < B=2,6..4,1) mpuv > 10 MaB, — o6yclOBIeHBI
MpY TOPMO3HOM MX MeXaHU3ME «CTYCTKaMM» YJIbTPApeIITUBUCTCKUX DJIEKTPOHOB
¢ pacnpeneneHusiMu 1o aHepruu (f(e) wexp (—(B— 2)/€))€P) ¢ coorBercTBYIOMIN-
mu nokazatensamu Ilapeto 3. DTo pasznmuume BHI3BaHO 3aBUCHUMOCTEIO B = [3(d) oT
Koaghuyuenma eapuayuu 3nepeuu 31ekmporos d. I10CKOIbKY He UCKIIOYEHO, UTO
BHEIIIHUE BO3NENUCTBUSI CO CKOPOCMbIO «8600a» IHEpeUU W, IPUBOIST K U3MEHEHUIO
KakK cpeodreil snepeuu D M3ITydaroInX «CTyCTKOB», TaK U ducnepcuu d, TO He NCKITIO-
YeHo, YTO HaOJII0aeMble TaMMa-BCIIBIIIKY BbI3BAHbBI 3JIEKTPOHAMM C pa3HOil CTe-
MEeHbIO UX DBOMIOIMU. [efCTBUTENBHO, KHHETUYECKOE PACCMOTPEHUE IBOJIOLIMU
JNHelHon no6asku F(e, d) k dyHKUMM pacipeneneHus f(€) Moka3bIBaeT, YTO, Ha-
npuMep, Ipu w > 0 s3Heprust «Ccryctka» D — JIMHEHHO pacTET 1Mo w, a AUCHepCcusl d,
Haobopot, — cHuxaercst. Yto npu df(d)/dd < 0 1OJKHO PUBOAUTH K POCTY KO-
abdunmentoB B = B(d) 1, KaK clieacTBUE, — K COOTBETCTBYIOIIEH 3BOTIOLINY Ha-
OJIoMaeMbIX TaMMa-CIIeKTPOB. BOT movyemy, Tak BaKHBI MCCIEIOBAHUS 1T YaCTOT
v > 10 M»aB, a He npu v <« 10 M3B, rae ux crnektp yHuBepcaieH (J(v) u vh, —
0OHapyX1Bas MPU 3TOM JIUIITb CBOMCTBO TOPMO3HOTO U3TYYeHUSI.
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ENERGY SPECTRA OF ELECTRONS AND GAMMA-RAY
PARTICLES IN LIGHTNING DISCHARGES

V. E Tuganov

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia
Troitsk Institute for Innovation and Fusion Research, Troitsk, Moskovskaya obl., Russia

Observed distinctions between power spectra of gamma-flashes in light-
ning discharges (J(V)}J.V_ﬁ, where 2<f(=2.6...4.1) when v>10MeV are con-
ditioned by ultrarelativistic electron “bunches” with energy distribution
(f(e)pexp (—(B— 2)/8))8_[5) with corresponding Pareto exponents (3. This difference
is caused by 3= (d) dependence on electron energy variation coefficient d. Inasmuch
as it is possible that external actions with energy “input” w lead to a change of both
radiating “bunches” medium energy D and dispersion d, it is also possible that ob-
served gamma-ray flashes are brought about by electrons with different evolution
degree. Indeed, kinetic examination of the evolution of linear addition F(e, d) to
distribution function f(€) demonstrates that when w > 0, “bunch” energy D increas-
es linearly at w, and dispersion d, on the contrary, reduces. With d3(d)/od < 0 this
should result in coefficient § = (d) growth, and, as a consequence, in correspond-
ing gamma-ray spectra evolution. That accounts for the importance of their inves-
tigation for frequencies v> 10 MeV, but not v <« 10 MeV, when their spectrum is
universal, revealing therewith only a slow-down radiation characteristic.
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