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03 ¢eBpana 2014 r. (noHeAENbHUK)

HpI/IC?:Z[ Y4aCTHUKOB KOH(i)CpeHL[I/II/I 1 pasMCIICHNUE B TOCTUHUILIC

11:00—15:00 3Bxckypcus B «HaydHO-TIpOoM3BOACTBEHHOE O0bEIMHEHIE
umeHu C. A. JlaBouknHa»

15:00—18:00  3acedanue pabouux epynn
UKW PAH, xom. 200, 222

16:00—16:30 Ilepepois na xoghe, naii Coffee break
BricTaBOYHBII 3al1,
cekuus A-4, 1-it atax

04 ¢peBpana 2014 r. (BTOPHUK)
LlenTp oTobpaxkeHwust, cekimst A-4, 2-ii atax

10:30—11:00  Peeucmpayus yuacmuukog
Cexkiust A-4, X0JL1 2-T0 3Taxa

11:00—11:30 3enénnrii JI. M. (MKH PAH) Zelenyi L. M.
OTKpBITHE KOH(pEPEHIINH. Opening of the conference.
OcHOBHBIE pe3ybTaThl Ipoekta The main results of the Chibis-M
«Hubuc-M» project

11:30—12:00 TIlanacioxk M.N. (HUHUSAD MTY) Panasyuk M.I.
K Monenu rio6anbHoi reHepa-  To the model of global tran-
IUK TPAaH3UEHTHBIX SHEPTUYHEIX sient events generation in the
sIBJIEHUIT B aTMOChepe atmosphere

12:00—12:30 Ilepepuis na koghe, uaii Coffee break
BricTaBOouHBI 3471,
cekuust A-4, 1-ii aTax

12:30—13:00 Boromonos A. A., Boromo- Bogomolov A. A., Bogomo-
JoB B. B., I'npunos I'. K., Ceepru- lov V.V., Garipov G. K., Sverti-
JgoB C. U., Ammn N.B. (HUHAD lov S.1., Yashin L. V.
MTY) The main results of experiment
OcHoBHbIe pe3ynbraThl 3Kcne-  with RGD instrument on-board
pumeHTa ¢ npubopom PI'/] Ha Chibis-M microsatellite
MUKpOCITyTHHKe «Hurbmc-M»

13:00—13:30 Tapunos I. K. (HUHUAD MTY) Garipov G. K.
00630p kocMuueckux akcnepu-  Review of SINP MSU space
meHToB HUMAD MI'Y «Tarpsi- experiments Tatiana, Compass-2,
Ha», «Kommnac-2», «TatbsiHa-2», Tatiana-2, Chibis-M for study
«Hubuc-M» 1o usyyeHuIo of night atmosphere airglow and
CBEeUeHMsT HOYHOI aTMoc(epsl  transient optical phenomena
Y TPAH3UEHTHBIX ONITUYECKUX
SBJICHUI

13:30—14:00 TypeBuu A.B. (DHAH)

TBD



14:00—15:00 0Obeo Dinner
15:00—15:30 Ferencz Cs, Lichtenberger J.,
Steinbach P., Szegedi P.,
Désa M. V. (Space Research
Group, E6tvos University,
BL-Electronics Space Research,
Hungary)
First results on Chibis-M VLF
monitoring operation in Space
Weather application
15:30—16:00 Mapees E.A. (AI1D PAH) Mareev E. A.
Yto Moru Obl JaTh MUKPO- What could give microsatellites
CIYTHUKU JJIS1 UCCIIETOBAHUS for the study of the global electric
100a7IbHOM 2JIEKTPUYECKOMI circuit?
mernu?
16:00—16:30 Ilepepvie na xoghe, uaii Coffee break
BricTaBOYHBII 3al1,
cekuus A-4, 1-it aTax
16:30—17:00 Steinbach P., Ferencz Cs., Lich-
tenberger J., Ferencz O.E., Sze-
gedi P. (Space Research Group,
Eo6tvos University, BL-Electronics
Space Research, Hungary)
Results of waveform analysis
in Chibis-M SAS3 burst VLF
records
18:00—20:00 Kokmeiiab Cocktail
BricTaBouHBIN 311,
cekuust A-4, 1-ii atax
05 ¢peBpana 2014 r. (cpepa)
LeHtp oTtobpaxkeHus, cekuus A-4, 2-it aTax
09:30—10:00 Pecucmpayus yuacmuuxkos
Cekuumst A-4, X0 2-1o aTaxka
10:00—10:30 Kammos C. U., Kosnos I1.B, Klimov S., Kozlov 1., Ryabova A.,

Psaoosa A. 1. (MKU PAH), Kope- Korepanov V., Ferenc Cs.
nanoB B.E. (J1I] UKH HAH-TKA Ground support experiments,

Ykpaunor), ®epenn 4. (Space

coordinated with Chibis-M

Research Group, Eotvos Univer-
sity, Hungary)

IIporpamma Ha3eMHBIX IKCIIE-
PUMEHTOB, CKOODIMHUPOBAH-
HbIX ¢ «Hubuc-M»



10:30—11:00

11:00—11:30

11:30—12:00

12:00-12:30

12:30—13:00

13:00—13:30

Entymenko A. A., Kyrepun @. A.,
Mapees E. A., 1aBbinenko C. C.
(MIID PAH)

MonenupoBaHue BO3IECTBUIA
BBICOTHBIX Pa3psiI0B HA XUMU-
YeCKUU COCTaB U U3JTyYEeHUE
Me3ochepol

Epoxun H. C., Apréxa C. H.
(UKHU PAH)

CTpyKTypHBIE XapaKTePUCTUKH
3JIEKTPUYECKOTO ITOJIST B TPO30-
BOI1 00JIaYHOCTH

Kmamos C. U. (MKH PAH)
MeTtoanyeckue aclieKThl u3Me-
pEHUM 3JEKTPUIECKON KOMITO-
HeHtsl KHY-OHY-u3nyyeHnit
Ha MUKpocHyTHUKe «Yuoduc-M»

Ilepepuis na xoghe, uaii
BricTaBOYHBII 31,
cexuust A-4, 1-ii atax

Haszapos B. H., Hazupos P.P.,
3enénprii JI. M., Aarapos B. H.,
Baranos O. B., Diicmont H. A.,
Torom6 B. M., Kapenun B. H.,
Kmumos C. 1., Kopotkos @.B.,
Ko3zaos . B., Jlenkos A., MeJb-
nuk A.I1., Poaun B.T., Pa6oBa
A.]l., CyxaHos A. A., TpeTbsIKOB
A.E. (MKH PAH), I1ankos A.II.
(HHUJIAKT POCTO), Kapnen-
ko C.O. (CKAHEKC), tbon-
Hap JI. (BL-Electronics Space
Research, Hungary), lllmenay-
ap 5. (UFA CzAY)

HasemHBIlT cerMeHT TTpoeKTa
«Yubuc-M»: noaydeHHbBIE YPO-
KU TocJie ABYX JIET MoJIETa

Jlenkos A., Diicmont H., Ha-
supoB P., Hazapenko A., Ha3a-
poB B. (MKHU PAH)

AHaJIM3 OITbITa SKCIUTyaTalluu
cIyTHHMKA «Ynbuc» Kak atan
TTOATOTOBKM IMPOEKTa KOCMUYe-
CKOTO arrapara Jijisl uccjieioBa-
HMS TIPOLIECCOB TeHEPUPOBAHUS
U3Ty4eHU B aTMocdepe 3eMin

Evtushenko A. A., Kuterin F. A.,
Mareev E. A., Davydenko S.S.
On the modeling of high-altitude
discharges influence on the
chemical balance and emissions
of mesosphere

Erohin N. S. , Arteha S.N.
Structural characteristics of the
electric field in thunderstorm

Klimov S. 1.

Methodological aspects of
measuring electrical components
ELF-VLF emissions on micro-
satellite Chibis-M

Coffee break

Nazarov V., Nazirov R., Zele-

nyi L., Angarov V., Batanov O.,
Eismont N., V.Gotlib, Karedin V.,
Klimov S., Korotkov F., Kozlov I.,
Ledkov A., Melnik A., Rodin V.,
Ryabova A., Sukhanov A., Tretia-
kov A.., Papkov A., Karpenko S.,
F¥Bodnar 1., Shmelauer Ya.
Ground segment for microsatel-
lite Chibis-M: learned lessons
after two years of operations

Ledkov A., Eismont N., Na-
zirov R., Nazarenko A.,

Nazarov V.

Analysis of operating experience
satellite Chibis as a stage of the
processing of the spacecraft’s
project to explore the processes
of generating radiation in the
Earth’s atmosphere




13:30—14:00

JIuzynos A. A. (OAO «BIIK
«HIIO mawunocmpoenue»)
Cucrema 3J1eKTpOCHAOXEHUS
MC «Hubuc», OnbIT IKCILTY-
aTalMy U peKOMEHIAIINN Ha
oymymmne MC

Lizunov A. A.

Supply system MS Chibis, oper-
ating experience and recommen-
dations for future MS

14:00—15:00 Ob6eo Dinner

15:00—15:30 Bacionuk A. E. ([sopey nayu- Vasynik A. E.
HO-MeXHU4ecK020 meopyecmea Photorealistic 3D model of
Moa00éxucu, Mockea) microsattelite Chibis-M and
doropeanncTudHast Tpéxmep- visualization by computer graph-
HOI MOJeIb MUKPOCTTYTHUKA ics and animation orbiting it on
«Yubuc-M» 1 Busyaau3amus the orbit
CpeICTBAMU KOMIIbIOTEPHOM
rpacvK1 U aHMMAlIMY BbIBO/IA
€ro Ha OpoOuTy

15:30—16:00 Oynxkun 1. P., IIponenko B. A. Dudkin D., Pronenko V.
(JIL] UKH HAH T'KA Yxpaunst) ~ Power lines harmonic ra-
N3nyyeHue JTUHUA BBICOKO- diation observed by Chibis-M
BOJIBTHEIX TIepeaad, o0Hapy- microsatellite
JK€HHbIE MUKPOCITYyTHUKOM
«Hubuc-M»

16:00—16:30 Ilepepuie na koghe, uaii Coffee break
BricTaBOYHBII 3al1,
cekuus A-4, 1-it atax

16:30—17:00 Bbeaokonos U.B., Tumobaii 1.A. Belokonov I.V., Timbai I. A.
(Camapckuii 2ocyoapcmeeHHblil Research of the possibility of the
aspokocmuueckuil ynueepcumem  use the upper stages of rockets
umenu axademura C. I1. Kopo- Soyuz for carrying out of short-
Aéea (HayuoHaAbHLLL uccaedosa-  term experiments in space
meAbCKUll yHugepcumem))
O BO3MOXXHOCTH HUCTIOTb30BaHUS
BEPXHUX CTyMeHel pakeT-HOCU-
teneil «Coro3» It TIpOBENeHUS
KPaTKOCPOUHBIX 9KCTIEPUMEHTOB
B KOCMOCe

06 ¢peBpansa 2014 r. (yueTBepr)
LlenTp oTobpaxkeHwust, cekumst A-4, 2-ii atax

09:30—10:00 Peecucmpayus y1acmuuxkos
Cexiust A-4, X0JI1 2-T0 3Taxa

10:00—10:20 Tyraunos B. ®. (M1KHU PAH) Tuganov V. F.

BaxxHocTb HabmoneHuii Beico-  Importance of the observations
KOYaCTOTHOTO cIiekTpa raMMa-  high-frequency gamma spectrum
U3JIy4eHUs] B IPO30BLIX pa3psgax in lightning discharges



10:20—10:40

10:40—11:10

11:10—11:40

11:40—12:00

12:00-12:30

12:30—13:00

Anoxun M. B., I'ikun B. 1.,
Juraos B.A., llyoos A. E.,
Kopoaés A.T., Makapsiues C. B.
(CKb KIT HKH PAH)
CUHXpOHHOE UCClIeI0BaHue
mddepeHITIaIBHOTIO pacipe-
NIeJIEHUST 00bEMHOM TIJIOTHOCTH
MHIYIUPOBAHHOTO KOCMUYE-
CKHMU JIydaMHM DJIEKTPUIECKOTO
3apsiia B MaTepuajie MUKpPO-
9JIEKTPOHUKMU B MOJIETHBIX YCJIO-
Busix MKC 1 MUKpOCITyTHUKA
«Hubuc-AW» (pemmoxeHune
9KCIIEpUMEHTA)

Awnrapos B. H., Kamoxubiii A. B.,
Ko3znos B. M., Kpioukos A. A.,
JlerynoBckuii B. B., HoBu-

KoB A. A., Haranos C.A.,
Ilecrakos C.A. (CKb KIT UKH
PAH)
KOHCTpyKTOpCKO—TEXHOJI0-
TMYECKUE PE3YIbTAThI JIETHBIX
HCTIBITAHWI MUKPOCITYTHUKA
«Hubuc-M»

Torim6 B. M., Hoaronocos M. C.
(MKH PAH), Kapenun B. H.
(CKb KIT HKH PAH)

Kopotkue BHyTprobaauyHbIe
paspsijibl B Tporiocdepe 3emau

Bonnapenko A. B., Jlokyua-

es 1.B., Koruos B.A. (MKHU
PAH)

OnwIT paboThl HUGPOBOI (HOTO-
KaMepbl HA MUKPOCITYTHUKE
«Yubuc-M»

Ilepepois na koghe, uaii
BricTaBOUHBII 3411,
cekuust A-4, 1-ii atax

Anokhin M. V., Galkin V. 1.,
Ditlov V. A., Dubov A.E., Ko-
rolev A. G., Makarychev S.V.
Synchronous study of differential
volume density distribution of
cosmic ray induced electrical
charge in microelectronics mate-
rial in onboard environment of
the International Space Station
(ISS) and Chibis Al microsatel-
lite (experiment proposal)

Angarov V. N., Kalyuzhniy A. V.,
Kozlov V. M., Kryuchkov A. A.,
Letunovskiy V. V., Novikov A. A.,
Naganov S. A., Shestakov S. A.
Design-technological results

of flight tests microsatellite
Chibis-M

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

Compact intracloud discharges
in Earth’s troposphere

Bondarenko A.YV., Do-

kuchaeyv 1. V., Kottsov V. A.
Experience of a digital camera on
the Chibis-M microspacecraft

Coffee break

Nagy J., Szalai S., Balazs A.,
Balajthy K., Baksa A., Sédor B.,
Horvith 1., Palos Z. (Institute
for Particle and Nuclear Phys-
ics, Wigner Research Centre for
Physics, Hungarian Academy of
Sciences (Wigner RCP).
On-board Data Acquisition and
Control Computer System for
Space Applications



13:00—13:30

IMuaunenko B., Knumos C. (/KU Pilipenko V., Dudkin D., Korepa-

PAH), Dynkun /1., Kopenanos B.
(I UKU HAH-T'KA Yxpaunor)
YHY usnyyeHus B BepxHeit
HnoHocdepe Mo JaHHBIM 3JIeK-
TPUYECKOTO AaTyrKa MUKPO-
cnyTHuKa «4ubuc-M»

nov V., Klimov S.

ULF emissions in the upper ion-
osphere detected by the electric
sensor of Chibis microsatellite

13:30—14:00 TIlankoB A.II. (HUJIAKT
POCTO, Kanyea)
TBC

14:00—15:00 Ob6eo Dinner

15:00—15:20 TIlerpos B.JI. (HIIII <«/laypusi»)  Petrov V. L.
Manas kocmuueckas miatgop-  Small space platform for the
Ma IS peau3alui KoCMUYe- implementation of space experi-
ckux akcnepumeHToB. [Ipoekt  ments. IKI01 project
HMKHNO1

15:20—15:40 Posun I1. (HIIIT «/laypus») Rozin P.
Cucrtema yrpaBieHMs IBIXE- Traffic control system and navi-
HUeM U HaBurauuu. [1poekT gation. IKIOI project
MKHNO1

15:40—16:00 Cooones WU. (HIIII «/aypus») Sobolev A. 1.
CucreMa 31eKTpOCHa0XKEeHUS. Power supply system.
IMpoextr UKHNO1 IKIO1project

16:00—16:30 Amnrapos B. H., Hazapos B. H., Angarov V.N., Nazarov V.N.,
Pomun B.T., Torim6 B. M., Rodin V. G., Gotlib V.M., Dol-
Jloaronocos M. C., Koznos 1. B. gonosov M. S., Kozlov 1. V.
(MKH PAH) Model composition of the scien-
MonenbHBI cOCTaB Hayd- tific equipment of the Chibis Al
HO anmaparypsl TpoeKTa project
«Yubuc-AN»

16:30—16:50 Kmmmos C. ., Hoeukos /1. 1. Klimov S.1., Novikov D. 1.
(UKHU PAH) Organizational and methodologi-
OpraHu3aloHHO - METOIM - cal issues of realization of the
YeCcKMe BOIIPOCHI pean3aluu space experiment Trabant (proj-
KOCMUYECKOTO IKCIepH- ect Chibis-EMChM)
MeHTa «TpabaHT» (IIpOEKT
«Hubuc-O5MUM»)

16:50—18:00 TlomBeneHue UTOTOB KOH(DEPEHIINH

07 ¢eBpana 2014 r. (NnATHMLA)
10:00—12:00 PaGouue rpymIIsI IO IMPOEeKTaM
12:00—12:30 Ilepepois na xoghe, naii Coffee break

BricTaBOYHBII 31,
cexuust A-4, 1-ii atax

OTbe3n y4aCTHUKOB KOH(pEpeHIINN



IIpoepammHuutii Komumem
akagemuk PAH JI.M. 3enénblii — mpencenareib
npodeccop C.!. Knumos — 3aM. nipeacenatesnst
akagemuk PAH A.B. I'ypeBuu
C. . CsepTunon
B. H. Anrapos
B. H. Hazapos
A.II. ITankos
B.T. Pooun
M. C. JToaroHocos

Opeanu3ayuoHHbLIl Komumem
N.B. Ko3ioB — npencenareib
E. A. AHTOHEHKO — ceKpeTapb
O.B. baranos
H. A. YepHoroposa
H. 10. Komaposa

Konmaxmuas ungopmayus
AnToHeHKO EneHa AnekcannposHa: +7 916-612-51-24
Kmumos Cranucnas MBaHoBUY: +7 916 705-68-50
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FIRST RESULTS ON CHIBIS VLF MONITORING OPERATION
IN SPACE WEATHER APPLICATION

Csaba Ferencz', Jdnos Lichtenberger1 , Péter Steinbachl’z,
Péter Szegedi’, Melinda V. Désa’

! Space Research Group, E6tvos University, spacer@sas.elte.hu, tel: +36-1-3722906,

H-1117 Budapest, PAzzmany P.s. 1/a, Hungary

MTA-ELTE Research Group for Geophysics, Geology and Space Science, steinb@
sas.elte.hu, tel: +36 1 3722906, H-1117 Budapest, PAzmany P.s. 1/a, Hungary
BL-Electronics Space Research, pszegedi@bl-electronics.hu, tel.: +36-26-363620,
H-2083 Solymar, Sport u. 5, Hungary

2

3

SAS3 wave analyzer and VLF experiment on board of CHIBIS, operating
properly since scientific program start, provides real time monitoring operation
by calculated dynamic spectra, compressed FFT of wide-band VLF sensor (sam-
pled at 78 125 Hz) data. This mode has enabled effective investigation of VLF wave
intensities in the topside ionosphere, without the need of large satellite telemetry
resource. Quick-looks of monitoring data are available at: http://elteflash.elte.hu/
chibis/sas/monitor/.

A subset of monitoring data, acquired in sub-polar satellite passes (geomag-
netic latitudes >45°) were selected for a case study investigation. Qualitative re-
view of these records showed, as expected, clear ELF/VLF intensity enhancements
in the auroral regions. In order to have first order quantitative relation between the
occurrence of these intensifications and actual geomagnetic/Solar conditions, sim-
ple data processing was performed in monitoring data set, recorded during 1.5 year
of CHIBIS operation. Wave power data, obtained by the averaged spectra in the
DC-5kHz, 5...10 kHz, 10...20 kHz and 20...40 kHz bands were compared to global
kp and high latitude ae indices. Preliminary statistical results exhibit varying emis-
sions in different frequency bands, according to geomagnetic activity, and prove the
necessity of continuous e.m. monitoring of the terrestrial plasma environment.

Csaba Ferencz — Prof., sci. advisor
Janos Lichtenberger — Dr., senior research fellow
Péter Steinbach — PhD, research fellow



RESULTS OF WAVEFORM ANALYSIS IN CHIBIS SAS3 BURST VLF RECORDS

Péter Steinbachl’z, Csaba Ferenczl, Jdnos Lichtenbergerl, Orsolya E. Ferenczl,
Péter Szegedi

! Space Research Group, E6tvos University, spacer@sas.elte.hu, tel: +36-1-3722906,
H-1117 Budapest, PAzzmany P.s. 1/a, Hungary

2 MTA-ELTE Research Group for Geophysics, Geology and Space Science, steinb@
sas.elte.hu, tel: +36 1 3722906, H-1117 Budapest, PAzmany P.s. 1/a, Hungary

3 BL-Electronics Space Research, pszegedi@bl-electronics.hu, tel.: +36-26-363620,
H-2083 Solymar, Sport u. 5, Hungary

SAS3 ELF-VLF wave instrument on board of CHIBIS micro-satellite oper-
ates properly, and has recorded ~1300 time domain waveform data segments, overall
~160 minutes of VLF data of electric and magnetic sensors, in the period of Mar.
2012 — Oct. 2013. This data base was processed, applying specific event detection
software, optimized for identifying and analyzing lightning generated fractional-hop
whistlers in the satellite burst recordings. This mass data processing resulted in re-
liable statistics of whistler occurrences at different latitudes, daytimes. Dispersion
values of the detected whistler signals exhibits dependence in geomagnetic latitudes,
due to oblique propagation in the ionosphere. Detailed UWB oblique propagation
investigations were also completed in selected events to verify the mass processing
results. UWB impulse propagation modeling in the ionosphere was applied to de-
scribe the probable 3D propagation topology of low latitude whistler pairs, and still
unexplained; first time observed whistler triplets in CHIBIS records.

Unusual emissions accompanied to fractional hop whistlers, the STW whis-
tlers were first time observed in case of short path fractional-hop (0") whistlers in
CHIBIS records. Comparison study of STW event, recorded by SAS3-CHIBIS and
earlier observations of STWSs, recorded at higher altitude satellite missions was per-
formed, using a real full-wave UWB propagation code.

Péter Steinbach — PhD, research fellow

Csaba Ferencz — Prof., sci. advisor

Janos Lichtenberger — Dr., senior research fellow
Orsolya E. Ferencz — PhD, research fellow

ON-BOARD DATA ACQUISITION AND CONTROL
COMPUTER SYSTEM FOR SPACE APPLICATIONS

Janos Nagy, Sdandor Szalai, Andrds Baldzs, Kdlmdn Balajthy, Attila Baksa,
Bdlint Sodor, Istvan Horvdth, Zoltdn Pdlos

Institute for Particle and Nuclear Physics, Wigner Research Centre for Physics,
Hungarian Academy of Sciences (Wigner RCP)

We present the on-board data acquisition system developed by us through two
experiments, one around the Earth and the other one on interplanetary orbit, where
common tasks e.g. data acquisition, control of experiments and special tasks e.g.
control of Lander unit by autonomous fault tolerant system had to be solved. Such

11



applications can be adapted on nanosatellites, e.g. Chibis-2, for control and data
acquisition tasks.

We participated in the development of the RPC (Rosetta Plasma Consortium)
plasma physical device of the orbiter unit and the central computer of the landing
unit in the Rosetta program which was launched by the European Space Agency
(ESA) in 2004. It takes 10 years until the device can land on the surface of a comet.
The on-board computer of landing unit (CDMS) controls the whole landing opera-
tion, holds radio communication with the Earth, switches on and off instruments,
controls the anchoring system and power. Due to the basic task of CDMS the basic
core ensures fault tolerance by implementation of two DPUs.

The main goal of Plasma Wave Complex (PWC, Obstanovka in Russian) sys-
tem is to study dynamic processes in the magnetosphere and ionosphere accom-
panied by a variety of electromagnetic phenomena by means of a permanent long-
term observation site onboard the International Space Station (ISS). The computer
system of PWC which has been developed by our engineers is a distributed intel-
ligence system working in its own local network of three processors. This network
structure has the advantage of increased data acquisition capacity, reliability and
fulfills special requirements of electronic isolation between experiments and on-
board electronics. The PWC system contains eleven sensors to collect data.

The software solution of different tasks of the two experiments is briefly de-
scribed in the presentation.

Janos Nagy — nagy.janos@wigner.mta.hu group leader, +36-1-3922733

Séandor Szalai — szalai.sandor@wigner.mta.hu professor, +36-1-3922523

Andras Balazs — balazs.andras@wigner.mta.hu design engineer, +36-1-3922222
Kalman Balajthy — balajthy.kalman@wigner.mta.hu design engineer, +36-1-3922222
Attila Baksa — baksa.attila@wigner.mta.hu design engineer, +36-1-3922222

Balint Sédor — sodor.balint@wigner.mta.hu design engineer, +36-1-3922222

Istvan Horvath — horvath.istvan@wigner.mta.hu design engineer+36-1-3922222
Zoltan Palos — palos.zoltan@wigner.mta.hu design engineer +36-1-3922222

KOHCTPYKTOPCKO-TEXHONOTMYECKUE PE3YJIbTATDI
JIETHbIX NCMbITAHUA MUKPOCNYTHUKA «4YUNBUC-M>»

B. H. Aneapos, A. B. Kaaroxcnuiii, B. M. Koznoe, A. A. Kproukos,
Jlemynosckuii B. B., A. A. Hosukos, C. A. Haeanos, C. A. Illlecmakoe

CriemaibHOe KOHCTPYKTOPCKOE GI0PO KOCMUUYECKOTO MPUOOPOCTPOSHUS
HucTuTyTa KOcMruecKux ncciienoBannii Poccuiickoit akanemuu Hayk, Tapyca,
Poccus (CKB KIT MKW PAH)

PaccmoTpeHa MpaBMJIBHOCTh KOHCTPYKTOPCKOM IPOPabOTKU MUKPOCITYT-
Huka (MC) u TpaHcnopTHo-IiycKoBoro koHrteitHepa (TIIK). OrmedeHo, 4To
uneosiorusi nocrpoeHust MC «BOoKpyr» KoMILIekca HaydyHoii anmaparypsl (KHA)
omnpasnaHa. Takoit moaxon K TpoekTupoBaHuio MC sIBIisseTCS HOBBIM M OTJINYAeT-
Cs1 OT UICOJIOTUM MAJIbIX M OOJIBIITUX CITYTHUKOB.

[ToaTBepxaeHa MPaBUIBHOCTh TEXHUYECKUX PELIEHUH 1O KOHCTPYKIUM
1 ocHOBHBEIM OopToBBIM cuctemMaM MC. Koncrpykuus MC ¢ TIIK Beioepxana
BCce MeXaHWYeCKHMe Harpy3K1 Ha aKkTUBHOM YYacTKe BbIBEICHUS, B YCIOBUSIX TPEX-
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MECSIYHOI'O XpaHEHUsI Ha POCCUMCKOM cerMeHTe MexXnyHaponHOi KOCMUYECKOM
cranimu (PC MKC) u B npouiecce otnenenuss MC or TIIK, ycraHoBiIeHHOTO Ha
TpancniopTHoM rpy30BoM Kopabiie (TTK) «ITporpecc M-13M».

TToBTopHOo (Muccuss MC «KonuGpu») noaTsepxaeHa peaaiu3yeMOoCTb TEXHU-
YeCcKOU KOHIEMINKM 6e30ImacHoi 1 HangxHoit goctaBku MC Ha opOUTY 1o cxeme
TIK — MKC — TI'K, mpopaboTaHbl BapuaHThI OSUCTBUI IIpM pa3IAYHBIX HeE-
wTaTHeiX cutyauusix. Bece mexanmdeckue y3iabl TIIK um MexaHu3Mbl pa3BEpTHI-
BaHUSI aHTEHHO-(UAEPHBIX YCTPOMCTB, coMHeYHbIX Oatapeii MC orpabGoranu
IITaTHO.

PeannzoBaHbl BO3MOXHOCTH 3HAUYUTEJBHOTO YBEJUYEHUS TTOJETHOTO pecyp-
ca CUCTEM U, COOTBETCTBEHHO, MPOAOIKUTENbHOCTU TTosi€Ta MC 3a cuér crapTta
¢ OoJiee BBICOKOI OpOUTHI. DTO CO31aJI0 AOTIOJIHUTEIbHBIE BO3MOXHOCTHU TTPOU3-
BOIUTH U3MepeHus ¢ momoipio KHA.

BBenéHHblli BHOBb B MpoekTe «Hubuc-M» criocob 3apsina OydepHoii 6ata-
peu Ha 6opty TTK «[Iporpecc» nepen otnenennem MC nokaszan ahdekTnBHOCTD
U 1eaecoobpa3HocTh. IloTeHManbHO, IPOBEACHUE OrPAaHUYCHHOTO OOCTYyK1Ba-
Hus Ha 60opTy TT'K mosje3Ho 10MmoJHUTh HEKOTOPBIMM APYTUMU (PYHKUIMSIMU, KO-
TOpbIE MOTYT OBITh pea3yeMbl B CJEAYIOIIMX ITPOSKTaX.

IIpoBenén ananu3 pemenuii mocrpoeHust KHA. IlpennmoxenHass paspa-
0OTYMKaMU peaju3alusi padOThl MO «COOBITUSIM» C MCIOJb30BaHUEM TPUITEPOB
onpoOoBaHa U MoKa3ajia MoJIOXKUTETbHbIE PE3YJIbTATHI.

OnbIT nByxJeTHe# aKcrutyataiiuu MC mMeeT mpakTUUecKoe 3HauyeHue s
UCTIOJIb30BAaHUSI B CJENYIOIIMX MPOEKTaX. AHaJIU3 TMOJYYEHHBIX YIAYHbIX pe-
IIEHUI, a TaKKe OIIMOOK TTO3BOJIUT TMEePEUTH Ha HOBBI YPOBEHb TEXHUUYECKOM
peanuzanuu.

MICROSATELLITE CHIBIS-M FLIGHT TESTS RESULTS
V.N. Angarov, A. V. Kalyuzhny, V. M. Kozlov, A. A. Kryuchkov,
V. V. Letunovsky, A. A. Novikov, S.A. Naganov, S. A. Shestakov

Special Design Department of the Space Research Institute,
Tarusa, Russia (SKB KP IKI RAN)

Having examined the propriety of the microsatellite (MS) and the trans-
porter-launcher container’s (TLC) engineering study one can say that the idea of
MS construction on the basis of scientific instrument complex (SIC) proved to be
right. This MS design approach is a new one and differs from the common pattern
of small and big satellites construction.

Basic engineering solutions on MS design and primary onboard systems
proved to be correct. MS with TLC construction got through all mechanical tests
in the launching phase under the conditions of three-month storage on ISS Russian
Segment (ISS RS) and in the course of MS separation of TLC installed on Progress
M-13M transport cargo vehicle (TCV).

Again (mission MS Colibri) the feasibility study of MS safe and reliable inser-
tion into orbit according to the pattern: TCV-ISS-TCV proved to be successful; all
possible reactions in different emergency situations have been trashed out.

All TLC mechanical engineering assemblies and MS antenna feeder systems
and solar cell battery deployment mechanisms have been tested satisfactorily.

System on-orbit life has been increased and MS mission duration launched
from a higher orbit has been increased accordingly. It makes data receiving and
transmitting with the help of scientific instrument complex much easier.
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The method of bypass accumulator charging aboard TCV Progress before MS
separation used again in Chibis-M proved to be successful.

It is advisable to add some more functions to TCV limited service that can be
developed in future projects.

Scientific instrument complex construction feasibility study has been done.
Event triggers put forward by engineers have been tested with positive results.

Results yielded in the course of MS two-year operation experience can be used
in future projects. Analysis of success and errors will take engineering implementa-
tion to a new higher level.

CUHXPOHHOE NCCNNEAOBAHUE AUOOEPEHLIUAJTIBHOIO
PACMNPEOENEHNA OBBEMHOW MJIOTHOCTU MHAYLWPOBAHHOIO
KOCMUYECKUMUW NYYAMU SNEKTPUYECKOTO 3APAOA

B MATEPUANTE MUKPOSNEKTPOHUKIW B MONETHbIX YCNTOBUAX MKC
N MUKPOCNYTHUKA «4YUBUC-AUN» (MPEASTOXKEHWUE SKCMNEPUMEHTA)

M. B. AHoqul’z, B. . Taaxur®, B. A. ﬂumﬂ063, A. E. ﬂy603‘,A. I KopOﬂé'el,
C.B. Malcapbmee1

! CrienmaibHOe KOHCTPYKTOPCKOE GIOPO KOCMIYECKOTO TPHOOPOCTPOCHHUST

HucTuTyTa KOCMUYECKUX UcciaenoBanuii Poccuiickoit akanemuu Hayk, Tapyca,
Poccus (CKbB KIT UKW PAH)

HayuHo-uccnenoBareibCKMil UHCTUTYT SIIEPHON (PU3UKU UMEHU

. B. Ckob6enbiibiHa MOCKOBCKOTO TOCYIapCTBEHHOT'O YHUBEPCUTETA

nmenn M. B. Jlomonocosa (HUUAD MTI'Y)

HNHcTuTyT TEOpEeTUUYECKO U SKCIIEpUMEHTAIbHOMN u3nku uMeHu A. V. AnnxaHoBa,
Mocksa, Poccust (UTOD)

Kak rmoka3anm MpuKIagHble KOCMMUECKUE SKCITEPUMEHTHI TTOCICIHUX JIET,
HCTIOIb30BaHUE CYILIECTBYIOUINX METOMUK MpeacKa3aHusl CTOMKOCTY MUKPORJIEeK-
TPOHUKHU C MCIOJb30BaHUEM TPAAWIIMOHHBIX KPUTEPUATBHBIX MapaMeTpoB, Ta-
KUX KakK TTOJTHAs 103a, TMHEWHas Tepenavya SHepruu, TOTOK 1 (JII0eHC, TPUBOIST
B psifie CydaeB K THICSUEKPATHBIM OLIMOKAM B MpeACcKa3aHWM CPoKa aKTMBHOTO
(byHKIMOHMPOBAHUS aNMapaTyphl.

IpennaraeMbIii 3KCIIEPUMEHT TO3BOJIIET MPOBEPUTH d(PGHEKTUBHOCTL TIPH-
MEHEHHUSI MHOTO KPUTEPUAIBbHOTO TOIXOMa, OCHOBAHHOTO Ha OLIEHKE JaHHBIX
o nuddepeHIUaTbHBIX pacipeneIeHUsIX 00bEMHOM TJIOTHOCTH 3JIEKTPUUECKOTO
3apsia B TpeKax MEePBUYHBIX U BTOPUYHBIX YacTull. Takue pacrpeneicHUs OaloT
KapTUHY pamvaliMOHHON OOCTAaHOBKM B MECTe HAaXOXIEHWs JIeTeKTopa ¢ TOYKHU
3pEHMS JIOKAJTbHBIX MOCEICTBUIA BO3AENCTBUS MOHU3UPYIOIIMX YACTHI] HA CTPYK-
TYpY YyBCTBUTEILHOTO 3JIeMEHTA aInapaTyphl.

OcoObIil MHTEpEC TPEACTABISIET MPOBEeNeHNE CUHXPOHHBIX U3MEPEHUI C TT0-
MOIIbIO MIEHTUYHBIX MpUOOPOB, ycTaHOBIEHHbIX HA MKC M MMKpOCTyTHUKE.
B 3TOM ciydae TOSIBJISIIOTCSI JOTIOJTHUTENIbHBIE BO3MOXHOCTU JIJISI BBIIEJICHUS
B 3apsIIOBOM CITEKTpe KOMITOHEHTBI, OTHOCSIIIENCS K BTOPUYHOMY U3ITYyYEHUIO,
1 CcO3MaéTCsl XOpoluasi KCIEPUMEHTaIbHASI CUTYalus JJIs OLEHKU 3aBUCUMOCTH
CIEeKTpaJibHOI MHTEHCUBHOCTU BTOPUYHOTO U3JIyYEHUST OT MACChl KOCMUUYECKOTO
arrmapara.
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Ilonyyennass uHdopmalss MOXeT ObITh MCIIOJb30BaHa IIpU CO3MaHUU Ha-
36MHBIX MCIIBITATEJIbHBIX CTEHIOB HU3KOMHTEHCHMBHOTO DPAaaWallMOHHOTO BO3-
NEUCTBYSA, TIe BBIOOp MCTOYHUKA OCYIIECTBISIETCS MO KPUTEPUIO COOTBETCTBUS
YKa3aHHBIX 3apsIIOBBIX paclpenesieHuil Il Ha3eMHOM 1 OOpPTOBOM paauallMOH-
HOI1 06cTaHOBKU. B TO ke BpeMsl 3TH JaHHbIE MOTYT OKa3aThCsl MOJIE3HBIMU U JUTSI
pemeHnsT yHIAMEHTAJIbHBIX 3amad KOCMOMUM3MKM, 3akiaioudas B cebe mHDOp-
MAalIMIO O COOBITUSIX, HE MOMAAIONIMXCSI PETUCTPALIUM C TTOMOIIIbIO APYTUX TUIIOB
NETEKTOPOB.

B xaudectBe OCHOBHOro aerekTopa — 3apsmoBoro crekrpomerpa (L3C)
npenjaraercsa ucnonab3oBaTh MaTpuily KMOII (Active Pixels Sensors). OmHo-
BPEMEHHO C uccieaoBaHueM AUdbEpeHIMaTbHOTO pacnpeaeaeHus MIOTHOCTH
3apsiga, obpasyemoro kocmumdeckuMmu rydamu Ha MKC u MukpocryTHuke «Ym-
6uc», TIpenronaraeTcs MCCIea0BaTh pacipenesieHue YacTOThl COOBITHI, CBA3aH-
HBIX C U3MEHEHUEM apXMTEKTYphl KpHCTA/UIa B YYBCTBUTEJIBHON 00J1aCTH, a TaK-
K€ BPEMEHHYIO 3BOJIIOINI0 TaKUX cOObITUIl. [1omoOHbIE U3MEpEeHUsT 1O CUX TI0p
He TTPOBOAMIINC.

HazeMHblil HhuznyecKunii MakeT 3KCIepUMMEHTaTIbLHOTO Mprubopa ObUT co3maH
U WCMBITaH B TOJIe TUTYyTOHUI-OepriuiMeBoro uctounuka. O6paborka mpoBOIU-
JIaCh C TIOMOIIBIO CIEIMATBHOTO IMPOTPAMMHOTO MPONYKTA U MASHTUDUKAIIIN
U KJ1accu@uKauu TpeKOBBIX COOBITUI.

B cnyuae ycmemHoro npoBeneHMsl dKCIEpUMEHTa pa3padoTaHHbI 0Opa-
3e1l MpruOopa MOXET OBITh YCOBEPIIIEHCTBOBAH C 1IETbIO MPUMEHEHUS B KaueCTBE
HM3KOOIOIKETHOTO, MAJIOrabapUTHOTO Y SHEPrOdKOHOMUYHOTO CPENCTBA OLIEHKU
pagualMoOHHOW OOCTAHOBKM HAa MMKPOCITYTHUKAX M IPYTMX KOCMUYECKUX arlra-
paTax B cocTaBe cucteM yrpaieHus. C y4€TOM MUKPOIO3MMETPUIECCKUX BO3-
MOXHOCTE TaKOro Mpubopa MOXHO OXUAATb, YTO OH OyAeT MPencTaBIsITh WH-
Tepec W JUIsl TIPOBEACHUSI OMOJIOTMYECKM DPEJIEBAHTHON OLIEHKW pajavuallMOHHOMN
00CTaHOBKY B MIJIOTUPYEMBIX ITOJIETaX.

Aunoxun Muxaua Beesoaonosny — CKB KIT UKW PAH, HUUA® MT'Y, crapummii Hayd-
HBII COTPYIHMK, KaHAuAAT (U3UMKO-MaTeMaTUIeCKUX HayK, JOLEHT, anokhin@skbkp.taru-
sa.ru, 232161181

Tlaakun Braguvup Uropesny — HUUSD MI'Y, npodeccop, nokTop ¢hU3MKO-MaTeMaTuie-
CKMX HaykK, 232161181; v_i_galkin@mail.ru, 495-714-15-65

Jlutno Banepuii Anatoabesny — U TOD, Benyninii HAy9HBIM COTPYIHMK, TOKTOP (DU3UKO-
MaTeMaTU4eCKUX Hayk, valery.ditlov@itep.ru, 232161181

Jlyoos Aunpeii Esrenbesny — CKb KIT UKW PAH, minaaivii HaydHbli COTpyIHUK, anokh-
in@skbkp.tarusa.ru, 232161181

Kopoaés Anekcannp I'puropsesny — CKB KIT UKW PAH, nporpamMmuct, anokhin@skbkp.
tarusa.ru. 232161181

MakapsbrueB Cepreii Bramumuposuy — CKB KIT MKW PAH, nporpammuct, anokhin@sk-
bkp.tarusa.ru, 232161181




SYNCHRONOUS STUDY OF DIFFERENTIAL VOLUME DENSITY DISTRIBUTION

OF COSMIC RAY INDUCED ELECTRICAL CHARGE IN MICROELECTRONICS MATERIAL
IN ONBOARD ENVIRONMENT OF THE INTERNATIONAL SPACE STATION (ISS)

AND CHIBIS Al MICROSATELLITE (EXPERIMENT PROPOSAL)

M. V. Anokhin?, V. I. Galkin®, V. A. Ditlov®, A. E. Dubov',

A. G. Korolev', S. V. Makarychev1

! Special Design Department of the Space Research Institute, Tarusa, Russia
(SKB KP IKI RAN)
2 Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University
(MSU SINP)
Institute for Theoretical and Experimental Physics (ITEP) (Russian Federation State
Scientific Center), Moscow, Russia

As the applied space experiments of last years demonstrate, the existence
methods of microelectronics radiation hardness prediction based on traditional cri-
terial parameters such as full dose, linear energy transmission (LET), flux and flu-
ence in some cases get to three order mistakes in prediction of active operation pe-
riod of devices.

The proposed experiment allows verifying the effectiveness of the new crite-
rial approach based on data analysis of differential distributions of volume density
of cosmic ray induced electrical charge in tracks of primary and secondary parti-
cles. Such distributions give a picture of radiation environment at the detector place
in terms of ionizing particles local resulting influence to the structure of sensitive
elements of the equipment.

The particular interest is to fulfill synchronous measurements with the aid of
identical devices mounted on ISS and microsatellite. That provides the additional
possibilities for extracting in charge spectrum the component related to secondary
emission. Also, a good experimental situation arises for estimation of secondary
emission spectral intensity dependence on space vehicle mass.

The information obtained can be than used in making industrial low-intensity
radiation test equipment, for which the source is taken by the criteria of space and
earth radiation conditions correspondence in the above mentioned charge distribu-
tions. At the same time these data might be helpful in solving of the fundamental
cosmophysics problems as soon as bearing the information about events that cannot
be registrated by other detector types.

As the basic detector — charge spectrometer (DCS) we suggest to use an active
pixel sensor matrix device. Simultaneously with the study of the differential charge
density distribution formed by cosmic rays on the ISS and microsatellite CHIBIS
it is supposed to explore the frequency distribution of the events associated with
changes in the chip architecture in a sensitive volume, as well as the temporal evolu-
tion of such events. This kind of measurements has not yet been ever conducted.

Laboratory physical prototype of the experimental device is designed and test-
ed in the radiation field of a lead-beryllium source. Data processing was carried out
with special software for the identification and classification of track events.

If the experiment will be successful, the designed sample device might be than
improved to be used as low-cost, compact and energy efficient means of the ra-
diation situation assessment on microsattelites and other spacecrafts as an element
of control systems. Taking into account microdosymetry possibilities of such a de-
vice, one can expected for that to be of interest to apply for biologically relevant as-
sessment of radiation environment in manned missions.
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0 BO3MOXXHOCTU UCNOJIb3OBAHWA BEPXHUX CTYMNEHEN
PAKET-HOCUTEJIEMN «COIO03» ANA MPOBEAEHUA
KPATKOCPOYHbIX SKCMEPUMEHTOB B KOCMOCE

HU. B. benoxonos, . A. Tumbaii

Camapckuii rocyIapCTBEHHBIN a9POKOCMMUYECKHI YHUBEPCUTET UMEHU aKaJIeMHUKa
C. I1. KoposiéBa (HalimoHaabHbIi uccaenoBatebckuil yHusepcureT) (CT'AY)

Lenbio paboOTHI SIBSIETCS UCCIEAOBaHME BO3MOXHOCTH MCIOJIb30BAHUS
BEPXHUX CTyIeHel pakeT-HocuTesell «Coo3» mociie OTAesIeHUs TMOJIe3HON Ha-
TPY3KHU JUTSI TIPOBEACHUST KPATKOCPOUHBIX 3KCITEPUMEHTOB B KOCMOCE (10 TPEX Cy-
TOK) C Hay4HOH aImapaTypoii, pa3aMellEHHOMN B IIEPEXOTHOM OTCEKe.

[TpoBenéH aHanu3 HEeympaBsieMOro JABUXEHUSI OTHOCUTEIbHO IIEHTpa Macc
BepXHel CTyreHM pakeThl-HocuTesT «Coro3» M chOpMHUPOBAHBI BEPOSITHOCTHBIE
MOJIEIM HaYaJIbHBIX YCJIOBUI YTIJIOBOTO ABVKEHUS CTYIEHU ITOC/Ie OTIEIeHUS 1O-
Jie3HOi Harpy3ku. [TosydeHbl aHaTUTUUYEeCKUE BhIpaxXkeHUsl GyHKIMY pacnpenese-
HMS Y TUIOTHOCTHU BEPOSITHOCTH YIJIOB OPUEHTAIIMU, PAaBUILHOCTh KOTOPBIX IO~
TBEPXKIeHa YUCIEHHBIM MOIETUPOBAHUEM.

BbIsiBIeHBI OCOOEHHOCTM JBMXKEHUSI BEpXHEW CTYMEeHHU, MPOSIBISIONIne-
C B COXpaHEHUU YIJIOBOW OpPMEHTALIMU, JOCTATOYHOM IJIS YCIIEITHOTO PEIIeHMUSI
HaBUTAIMOHHOM 3amaum 1o curHaigam cucteM [JIOHACC /GPS u 3amaum cBsizu
C UCIIOJIb30BAaHUEM HU3KOBBICOTHOM cucTeMbl cBsizu GlobalStar. OTo obecrieuut
MPOCTPAHCTBEHHO-BPEMEHHYIO MIPUBSI3KY PE3YJIbTATOB HAyYHbIX U3MEPEHUN U Te-
penavy ux Ha 3eMJII0 HEMTOCPENCTBEHHO MTOCTAHOBIIMKAM SKCITEPUMEHTOB, MUHYSI
Ha3eMHbIE LIEHTPhI YITPABIEHMS MOJIETOM.

HccrnenoBaHbl BEPOSITHOCTH PELlIEHUSI HABUTALIMOHHOMN 331a4u MIPU «XOJIO[I -
HOM», «TETUIOM» U «TOpSTYeM» PEKMMeE BKITIOUEHMSI HaBUTAlLIMOHHOTO TIPUEMHU-
ka. Takke uccienoBaHbl BEPOSITHOCTU CYILIECTBOBAHUSI HEMPEPLIBHBIX CEaHCOB
nepenayuv AaHHbIX Pa3IMYHON UIUTeIbHOCTU. Hampumep, BEpoOsSITHOCThL pellie-
HMSI HAaBUTAIIMOHHOM 3aMauy M HAJIMYUS CeaHca CBSI3M IJIUTELHOCTBIO He MeHee
5 MUHYT Ha WMHTepBaJie BPeMEHU, PAaBHOMY OpPOMTAIbLHOMY TEPUOAY ABUKEHUS
BEepXHel CTyrneHM, cocTaBiisieT He MeHee (,85.

TakuM o6pa3oM, TMMOKa3aHa MPUHIUITMAIbHAS BO3MOXHOCTb TOTOJTHUTEb-
HOTO MCTOJIb30BaHMS BEpXHEN CTYMEeHU pakeT-HocuTenei «Coro3» Kak rmiaTdop-
MBI JUISI TIPOBEAECHUSI KPaTKOCPOUHBIX IKCIEPUMEHTOB B KocMoce. st NETHOM
MPOBEPKU 0OCYXKIaeMOi KOHIETIIUK TTPOBEACHHUSI MOMYTHBIX SKCITEPUMEHTOB Ha
BEPXHUX CTYMEHSX pakeT-HocuTeseil «Coio3» pa3paboTaH aBTOHOMHBINM MOMYJIb
KOHTPOJISI TapaMeTPOB JBUKEHUSI.

Benokonos Mropp ButaibeBmy — IOKTOp TEXHMYECKHMX Hayk, Mpodeccop, 3aBeryrolluit
MEXBY30BCKOU Kadeapoit KOCMUIECKUX MCCIIeNoBaHui, acad@ssau.ru

Tumbait Ban AnekcanapoBuy — JOKTOP TEXHUYECKUX HayK, Iipodeccop, npodeccop Mex-
BY30BCKOIi Kaheapoit KocMMUYECKUX UCCIeTOBaHUH, timbai@ssau.ru



RESEARCH OF THE POSSIBILITY OF THE USE THE UPPER STAGES OF ROCKETS SOYUZ
FOR CARRYING OUT OF SHORT-TERM EXPERIMENTS IN SPACE
1. V. Belokonov, 1. A. Timbai

Samara State Aerospace University named after academician S. P. Korolev
(National Research University)

The aim of paper is research the possibility of use the upper stages of the carri-
er rockets Soyuz after payload separation for short-term experiments in space (up to
three days) with scientific equipment placed in the transfer compartment.

The uncontrolled motion of the Soyuz carrier rocket upper stage around
its mass center is analyzed. The stochastic models of initial conditions of attitude
motion for upper stage are formulated. Obtained the analytical expressions for the
probability density function and cumulative distribution function of the orientation
angles which confirmed by numerical simulation.

Revealed the movement features of the upper stage which shown in preserva-
tion of certain angular orientation during the time, sufficient for the successful so-
lutions of navigation and communication problems using the navigation systems
GLONASS /GPS and low-altitude satellite communication network GlobalStar.
This ensures the time-position binding the results of scientific measurements and
transmits them directly to the customer bypassing ground control centers.

The probabilities of the navigation solution in the “cold”, “warm” and “hot”
navigation receiver modes are investigated. Also are investigated the probabilities
of the availability of the data sessions of different durations. For example, the prob-
ability of navigation solution and communication session availability at least 5 min-
utes at the upper stage orbit is not less than 0.85.

Thus, the principal possibility of utilization the upper stage rocket Soyuz
as a platform for short-term experiments in space is shown. For flight verification
of discussed the experiments concept on the upper stage rocket Soyuz designed au-
tonomous motion control module.

OCHOBHbDIE PE3YJ1IbTATbl 9KCMMEPUMEHTA C MPUBOPOM Prj
HA MUKPOCMYTHUKE «<4YNBUC-M>»

A. A EonMOﬂoel, B.B. Eoeomwzoe"z, 'K Fapunoe', C. U Ceepmuﬂoel’z,
Y. B. Swun'

! HayuHo-nccienoBaTe IbCKIit HHCTHTYT SIIEPHO (DU3NKN MMEHH
M. B. Ckob6enbiibiHa MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA
nmenn M. B. Jlomonocosa (HUUAD MTI'Y)

2 MIY, dusnyeckuit hakyapTeT

[Mpu6op PIJl (peHTreH-raMma-aeTeKTop) SBISIETCS YacThlo KOMIUIEKca Ha-
y4HOU ammapatypsl «['po3a», ycraHaBIMBaeMOl Ha MUKPOCITyTHHKe «Yumouc-M»
IUISI U3YYEHUs BBICOTHBIX aTMOC(HEpPHBIX pa3psiioB. PeHTreH-raMMa-aeTekTop
NpeaHa3HayeH [JIsi pPerucTpalyy CIopaauuyecKuX BO3pacTaHUil (BCILJIECKOB)
KECTKOTO PEHTIeHOBCKOTO W TramMMa-u3JIydeHMsl (Iuaria3oH 3Hepruil (oToHOB
0,02...1,0 M3B) BbIcOTHBIX aTMOC(EpHBIX pa3psiaoB. eTeKTopHBII y3ea mpudopa
PI'JI cocTouT 13 TPEX NETEKTOPOB XKECTKOTO PEHTTEHOBCKOTO U raMMa-U3Ty4eHUs
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(50...500 k3B) u ogHoro gerekropa — ramma-crnekrpomerpa (0,05...1,0 MaB),
BBITIOJTHEHHBIX Ha ocHoBe cuuHTWLIsATopa Nal(Tl) ¢ pasmepamu — &5,0%x1,0
u 5,0x2,0 cM cooTBeTCTBEHHO. KaXaplil CHMHTWILIATOP MpocMaTpuBaeTcs: Go-
toymHoxurenaem (PBY) Hamamatsu R1306 ¢ guametpom dotokatoma 5,0 cwm.
Ocu Bcex IETEKTOPOB COHAIpaBJeHbl M OPUEHTUPOBAHBI B MECTHBIN Haaup.
MonutopuHroBele maHHbeie mpuoopa PI'Jl mpencrtaBissior co0o0it HEpepbIBHO
HaKarjMBaeMbIii BpEMEHHOM PsI YMClia OTCUETOB B KaKAOM M3 YETHIPEX CIIMH-
TUJUISILIMOHHBIX JETEKTOPOB Mpubopa 3a MHTepBast BpeMeHu 1,6 ¢c. Kpome MoHM-
TOPUHTOBOIO BpeMeHHOro psima mpubop PI'JI moxer ¢opMupoBath Gosiee mom-
POOHBIE BCIIJIECKOBbIE MAaCCUBBI JAHHBIX. DTO MPOUCXOAUT MO TPUTTEPY, KOTOPHIi
MOXET OBITb BHYTPEHHMM, T.€. BhIpaObaThIBAThCS HA OCHOBE aHaJIM3a MOKa3aHWi
B caMoM Tipubope PI'Jl, wiu BHEIIHUM: B 3TOM ciiyvae rnoapoOHble naHHbie PT]]
(GUKCUPYIOTCA Ha OCHOBE aHajIM3a MoKa3aHUM Opyrux mpuoopos. [ToxydyeHo yka-
3aHUe Ha To, YTO Tociie Tpurrepa npuoopa PUYA HabGiomnaeTcst yBeJIMYeHUE Cpe-
Hero Temria cyeTa TaMMa-KBaHTOB, YTO MOXET CBHICTEILCTBOBATh O BO3ZMOXKHOI
reHepaluy raMMa-u3JydeHusT BO BpeMsI TPO30BBIX Pa3psiioB.

BoromosioB Anpeii BiraaumMupoBuy — CTapiiuii HaydHBIA COTPYIHUK, KaHIWAAT (HU3MKO-
MaTeMaTU4YeCKMUX HaykK, aabboogg@rambler.ru, 939-51-60

BoromosoB Burammii BiaqumMupoBuy — JONEHT, KaHAUAAT HU3MKO-MAaTeMaTHYECKUX HayK,
vit_bogom@nm.ru, 939-51-60

Tapunos Fasm KapeiMoBray — cTapiiinii HaydHbI COTPYIHUK ggkmsu@yandex.ru, 939-44-96
CgepruiioB Cepreii UropeBuy — npodeccop, 10KTOp GpU3NKO-MaTeMaTUUECKUX HayK, Sis@
coronas.ru, 939-51-60

Ammn UBan BacuabeBuy — 3aBenyoluil 1abopartopueil, KaHauaaT GpU3MKO-MaTeMaTuye-
CKUX HayK, ivn@eas.sinp.msu.ru, 939-18-10

THE MAIN RESULTS OF EXPERIMENT WITH RGD INSTRUMENT
ON-BOARD CHIBIS-M MICRO-SATELLITE
A A. Bogomolovl, V.V Bogomolovl’z, G. K. Garipovl, S. L Svertilovl’2, L V. Yashin'

! Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University
(MSU SINP)
2 MSU, Physical Department

The RGD instrument (Rentgen-Gamma detector) is the part of Groza num-
ber of instruments on-board Chibis-M micro-satellite for studying high-altitude
atmospheric discharges. The RGD instrument is intended for detection of spo-
radic hard X-ray and gamma ray bursts (flashes) from high-altitude atmospheric
discharges in the energy range 0.02...1.0 MeV. The RGD instrument detector unit
consists from three X-ray and gamma ray detectors (50...500 keV) and one gamma-
ray detector-spectrometer (0.05...1.0 MeV). All detectors made from Nal(Tl) scin-
tillator with Z£5.0°1.0 and 4A5.0°2.0 cm respectively. Each scintillator is viewed by
photomultiplier tube (PMT) Hamamatsu R1306 with 5.0 cm photocatode diameter.
The all detector axe are collinear and directed to the Nadir. The RGD instrument
monitor data are the time sets of counts accumulated continuously in the each of
four scintillator detector for time intervals 1.6 s. Besides the monitor time set the
RGD instrument is capable to obtain the more detailed burst data arrays. They are
formed by trigger, which can be as internal, i.e. produced as the result pf RGD in-
strument own data analysis, as external produced as the result of analysis of other
Groza instrument data. In both cases the detailed data are stored in the instrument
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memory. To the present it was obtained that some indication on gamma-quantum
mean count rate increasing after the RChA instrument trigger is observed. It may
indicate on possible gamma quanta generation during the thunderstorms which are
detected by RChA instrument.

Bogomolov Andrey — senior scientist aabboogg@rambler.ru, 939-51-60
Bogomolov Vitaly — associate professor vit_bogom@nm.ru, 939-51-60
Garipov Gali — senior scientist ggkmsu@yandex.ru, 939-44-96
Svartilov Sergey — professor sis@coronas.ru, 939-51-60

Yashin Ivan — head of laboratory ivn@eas.sinp.msu.ru, 939-18-10

OMbIT PABOTbI LLUOPOBON ®OTOKAMEPDI
HA MUKPOCMYTHUKE «<4YNBUC-M>»

A. B. bondapenko, H. B. Jlokyuaes, B. A. Komyos

HMHctutyT KocMuueckux uccienosanuit Poccuiickoii akanemun Hayk (MKW PAH)

Bxonsiast B coctaB KOMILUIEKCa HaydYHOH anmapatyphbl «['(po3a» MUKpPOCITYT-
Huka «Yubuc-M» mmbposas dorokamepa (LIPK) RT-1020DC-G npennasHa-
YyeHa IJIsl U3YYeHUs] HOBBIX (PU3MUECKUX MEXaHU3MOB B IPO30BBIX aTMOC(HEPHBIX
paspsinax. Mcnonb3oBanue LMK misa ¢ukcaimy BCMBIIKY MOJTHUN IJIS1 Najib-
Heleir ux UaeHTUMUKAIMKU C ONHOBPEMEHHO HaOIogaeMbIMU (U3NYECKUMU
siBiieHUsIMU. ChEMKa BBITIOJHSETCS B KOJIBIIEBOM LIMKJIE HAOTIONEHMS C 3alIOMM-
HaHUEM TPO30BbIX BCIBIIIEK MO CUHXPOHU3AIMU OT MPUOOPOB PETUCTPALIUM Ofl-
HOBPEMEHHBIX COOBITHIA.

OnumcaHa KOHCTPYKLMS MGPOBOM KaMephl U e€ pa3MellleHre Ha arrmapaTe
B COCTaBe HayyHOro KoMiuiekca. PaccMoTpeHbl 0COOEHHOCTU €€ (hyHKIIMOHUPO-
BaHMWsI, aJITOPUTMBI PaOOTHI B MOJIETE, 00pabOTKM TEJIEMETPUM, JaHA OLIEHKA MPU-
MEHEHUS M peKOMEHIAIIUH TT0 YIYJIIEHUIO SKCIIEPUMEHTAa.

Bonnapenko Amuapeii BukTopoBMd — rJaBHBIM crieuManuct, rastermsk@gmail.com,
(495) 789-93-67

Jlokyyaes Urops BaguMoBuy — Beayluii CrielIUANUCT, olga_igor@mail.ru, (495) 789-93-67
Kotnos Bnaaumup AjekcaHapoBud —  HaydHbId  coTpymHuk, vladkott@mail.ru,
(495) 333-64-33

EXPERIENCE OF A DIGITAL CAMERA ON THE «CHIBIS-M» MICRO SPACECRAFT
A. V. Bondarenko, 1. V. Dokuchaev, V. A. Kottov

Space Research Institute of Russian Academy of Sciences (IKI RAN)

Being a part of a complex of the scientific equipment Groza of the Chibis-M
micro spacecraft the digital camera RT-1020DC-G is intended for studying of new
physical mechanisms in lightning atmospheric discharges. Digital camera use for
fixing of flash of lightnings for their further identification with at the same time ob-
served physical phenomena. Shooting is carried out in a loop cycle of supervision
with storing of storm flashes on synchronization from devices of registration of si-
multaneous events.
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The design of the digital camera and its placement on the spacecraft as a part
of the scientific complex is described. Features of its functioning, algorithms
of work in flight, telemetry processing are considered, the assessment of application
and the recommendation about experiment improvement is given.

®OTOPEAJINCTUYHAA TPEXMEPHOW MOLENIb MUKPOCMYTHUKA
«YUBUC-M» N BU3YANTU3ALINA BbIBOOA EFO HA OPBUTY
CPEACTBAMW KOMIMbIOTEPHOU TrPAOUKN U AHUMALIAWN

A. E. Bacroruk

MockoBckuii ropoackoii JIsoperr aerckoro (roHo1eckoro) Teopuyectsa (M (FO)T)
npu noaaepxkke MocKOBCKOro aBualimoHHoro nicruryra (HamyoHanbHOro
uccienoBareabckoro yuusepcuteta) (MAWN), HayuHsiil pykoBonurens [epmmnHa H. A.

CosznaHue HamISIAHOTO MYJBTUMEIMAHOTO TOCOOMSI IO YCTPOMCTBY M Ha-
3HAYEHUIO MUKPOCITYTHUKA HAUEAEHO HA NONYAAPU3AUUIO KOCMUMECKOU MeMAMmUKU.
MukpocnyTHUK «Hubuc-M» BeIOpaH 00bEKTOM MOIEIUPOBAHMS, KaK 3HAYUMBbIiA
C UHXEHEPHOM CTOPOHbI, YHUKAJIBHBIN 110 TEXHUUYECKOMY UCTIOJIHEHUIO KOCMUYEe-
CKUI1 anmnapar.

J1s1 peanu3aliiy MOCTAaBJIEHHOM 1€/ 0003HaUeHBI CIenyIole 3ada4u:

+ cosnanue 3D Moaenu MUKpoCITyTHUKA «Hrbuc»

* 0030p TEXHUYECKMX XapaKTEPUCTUK CITyTHUKA

* BU3yaju3alMs BbIBOJA MUKPOCITYTHUKA HA OPOUTY

* JIEMOHCTpALIMs pacCKphITHUS paboyeil armapaTypbl

s pelieHus: OCTaBJAEHHbBIX 3aa4 MPUMEHEH MOJIHbBINA LIUKJT COBPEMEHHBIX
MYJIbTUMEIUITHBIX CPENCTB U LU POBBIX TexHOJOTHil. PaboTa B TpEXxMEepHOM TTpoO-
CTpaHCTBe ocyllecTBiIeHa cpenctsamMu 3D-penakropa biaennep.

JHaavnetimee npuxaaonoe nasnavenue. TpEXMepHYIO MOIEIb MUKPOCITyTHUKA
U aHUMAUUOHHBIN POJIUMK MOXHO pacCMaTPpUBAaTh KaK CAMOCTOSITEIbHBIE MPOAYK-
TBI, 00beIMHEHHBIE OMHOM TeMaTuKoil. CtyneHTaM 3D-Mopensb mpeniaraeTcst uc-
MOJIb30BaTh [IJIs1 pa3pabOTKU BUPTYaJIbHbBIX CLIEHAPUEB MOBEIEHUSI MUKPOCITYTHU-
Ka Ha op6uTte. O0IIIee MyJIbTUMEANITHOE MPUIOKEHNE MOXKET UCTIONb30BAThCS KaK
HarJIsigHOE MocoOure B IIKOJIaX U By3ax.

Hayunas nosusna pabomet. I1o iporotuny MukpocrnyTHuka «4ubuc-M» co3-
naHa ¢ ororpaduyeckoil TOCTOBEPHOCThIO BUPTYalibHasi MOJEIb, aHUMUPOBAHA
U TIOMellleHa B KOCMUYecKoe OKpyXeHue. HaydHo-TomnyisipHoe U310XKeHe TBOP-
YECKU U 9MOIMOHAJIBHO MEePEOCMBICIIEHO, YTO U JiejIaeT paboTy MpUBIeKaTeTbHON
IIJIs1 TI0OOM aynuTOpUU.

Ilpakmuueckas noaesnocms AHUMAMOHHBIN GunbM «KocMmuueckue uccie-
IOBaHUsI 3eMJIn» HEOAHOKPATHO JAEMOHCTPUPOBAICS Ha Pa3JIUYHBIX MEPOIIPUS-
TUSIX HAYyYHO-TEXHUYECKOW HampaBieHHOCTU. PaboTa sKcnoHMpoBanach Ha aBU-
akocmumyeckoM cajoHe «MAKC-2013» u Ha IlepBom Bcepoccuitckom dopyme
«Bynyme nHTemIeKTyanbHbIe unepbl Poccums.

Komnug ¢unbma nepenana nupekropy MemMopuaabHOTo My3esi KOCMOHABTH -
KM KOCMOHABTY JIa3yTkuHy A. M. B KauecTBe BUPTYaJIbHOIO SKCIIOHATA.

Bacionuk Aprém EBrenbeBny — artem30801@gmail.com, 8(916) 682-86-04
21



PHOTOREALISTIC 3D MODEL OF MICROSATELLITE CHIBIS-M AND VISUALIZATION
ORBITING IT ON THE ORBIT BY COMPUTER GRAPHICS AND ANIMATION

A. E. Vasynik

DNTTM, supported by Moscow Aviation Institute
(National Research University) (MAI)

The creation of graphical multimedia manual of ¢ configuration application of
microsattelite aimed at popularization of space subjects. Microsatellite Chibis-M is
selected as the object for modeling as significant from the engineering side, unique
in its technical execution spacecraft.

To achieve this goal the following objectives: co3zmanue 3D-momenu
MMKpOCTyTHHKA «Yubuc»

» Overview the technical characteristics of satellite.

* visualization output microsatellite into orbit.

* Demonstration opening working equipment.

To solve the problems applied full cycle of modern multimedia and digital
technologies. Work performed in three-dimensional space by means of 3D editor
Blender.

Further application. Three-dimensional model of the microsatellite and ani-
mation can be regarded as independent products, united by one theme. 3D model
students can use to develop virtual life scenarios microsatellite in orbit. Total multi-
media application mogzhet used as a teaching aid in schools and universities

Scientific novelty. Prototype microsatellite Chibis-M was created with photo-
graphic authenticity virtual model, animated and placed in the space environment.
Scientific presentation artistic and emotional, it makes an attractive information for
all audiences.

The practical utility. Animated film “Space research of the Earth” many times
demonstrated at various scientific events The project was exhibited at the Air Show
MAKS-2013 and on the First All-Russian Forum “Future intellectual leaders of
Russia”.

Copy of the film is given to the Director of the Memorial Museum of Cosmo-
nautics cosmonaut Alexander Lazutkin as a virtual exhibit.

Vasynik Artem — artem30801@gmail.com, 8 (916) 682-86-04
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OB30P KOCMUYECKUX SKCMEPUMEHTOB HUNA® MTY «TATbAHA»,
«KOMMAC-2», <TATbAHA-2», «<4UBNC-M>» MO U3YHEHUIO CBEHEHUA
HOYHOW ATMOC®EPbI U TPAH3UEHTHbIX ONTUYECKUX ABJIEHUN

OT nMeHM nccnepoBaTeNnbckux rpynn «TaTbsHa», «kKomnac-2», «TaTbsiHa-2», «Ynbuc-M»
I’ K. Iapunos

HayuyHo-uccnenoBarelbCKuii MHCTUTYT siiepHoit pusuku umenu . B. CkoOenblibiHA
MOCKOBCKOTO TOCyIapCTBEHHOTO YHUBepcuTeTa mMeHu M. B. JlomoHocoBa
(HUHUAD MT'Y), MTI'Y, dusnueckuii pakynpreT

B aTtoM noknazne mpeactaBieHbl OCHOBHBIE Pe3yibTaThl U3YYEHUS] CBEUEHUS
atMoc(epbl M TPAH3UEHTHBIX ONTUYECKUX SIBJCHUi1, BbinmojHseMbix HUUAD
MTIY B KocMMYeCKMX SKCIIepUMEHTaxX Ha cnyTHUKax. O6cyxmaeTcs miodajibHOe
pacrnpefeneHre 3aperucTpUPOBAHHBIX COOBITUIA, BBICOTA MX 3aPOXACHUS, MOIII-
HOCTb U3JIyYeHMSsI, CBI3b C Teo(U3nIeCKUMU (aKTOpaMu, BIAXKHOCThIO, 00JIa4HO-
CTBhIO, PaIOU3IyYeHUEM U MapaMeTpaMu opOuThl. PaccMoTpeHbl 0ocoOble, B3au-
MOCBSI3aHHBIE COOBITHSI, TaK Ha3blBaeMbIe, MPOCTPAHCTBEHHO pacrpeeieéHHbIe
CepHUHU BCIIbIILIEK, KOTOPbIe HAOIIONAI0TCS HE3aBUCUMO OT OOJIAYHOCTU Ha OTPOM-
HBIX TEPPUTOPUSIX, COUBMEPUMBIX C ILJIOIIA/IbI0 KOHTUHEHTOB 1, TaK Ha3bIBacMbIE,
JIOKaJIbHbIE CEpUU BCIIBIIIEK, KOTOPbIE HAOM0Ma0TCd Haa objlakaMM, Ha TUIONIA-
JISIX CPABHUMBIX C TIJIOIIAIbI0 TPO30BbIX 0Opa3oBaHuil. [IpuBoasITCS MpUMeEphI CO-
BMECTHBIX UCCIIEIOBAHUI TPAH3UEHTHBIX ONTUYECKHUX SIBJIEHUI U PaJUOCUTHAJIOB
Ha OOpTY CITyTHUKA U MIPUMEPbl COBMECTHOTO M3YyUeHUs TTPOCTPAHCTBEHHO pac-
MpeAesIEHHbIX CepUil BCIBIIIEK 3aperMCTPUPOBAHHBIX B 0€300JaYHbIX paiioHax
MpU HAOJIOJEHUSIX U3 KOCMOCA C MOJIHUSIMU, 3aPETUCTPUPOBAHHBIMHU TNIO0ATIBHOMN
CEThIO CTAHIIMI PErMCTPALIM MOJHUI C MOMOIIBIO HU3KOYACTOTHBIX PaavoOIpU-
€MHHMKOB Ha3eMHOT0 0a3ipOBaHMSI.

Tlapunos ' KapeiMoBHY — crapiimii HAyIHBIN COTPYTHUK, ggkmsu@yandex.ru

REVIEW OF SINP MSU SPACE EXPERIMENTS TATIANA, COMPASS-2, TATIANA-2, CHIBIS-M
FOR STUDY OF NIGHT ATMOSPHERE AIRGLOW AND TRANSIENT OPTICAL PHENOMENA»
ON BEHALF OF THE TATIANA, COMPASS-2, TATIANA-2, CHIBIS -M SCIENCE TEAMS

G. K. Garipov

Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University
(MSU SINP), MSU, Physical Department

In this report presented the main results of the study airglow and transient
optical phenomena performed by SINP MSU in space experiments on satellites.
Global distribution of recorded events, the height of their origin, power of radiation
and their relation with geophysical factors, clouds, radio waves and orbit parame-
ters are discussed. Interrelated events so-called, spatially distributed series and so-
called, local series are considered. Spatially distributed series of events are observed
above huge territory independent to clouds cover, comparable to the area of the
continents, whereas local series are observed above areas of thunderstorm clouds
and in measurements, spatially distributed series are registered for several thousand
kilometers along the orbit of the satellite, while local series are registered along the
satellite orbit whose length does not exceed dimensions of thunderstorm formations
are shown. Several examples are given of joint research of transient optical phe-
nomena and radio signals on board the satellite and examples of joint study of geo-
graphical coordinates of spatially distributed series of flashes occurring in cloudless
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regions registered from space with lightings registered by global network of lightning
registration stations with help of low-frequency ground-based radio receivers.

Garipov G. K. — staff researcher, ggkmsu@yandex.ru

KOPOTKWE BHYTPUOBJIAYHbIE PA3PALbI B TPOMOCHEPE 3EM/TU
B. M. I'omau6, M. C. Jloneonocos, B. H. Kapedun

HMHcrutyT KocMuueckux uccienoanuit Poccuiickoii akanemun Hayk (MKW PAH)

B nokiane mpuBeaeHbl KpaTKUe XapaKTepUCTUKU pubopoB KomMruiekca Ha-
VYHOI amnmaparypbl MUKpOCTTyTHUKA «HYnOMc-M», ¢ ITOMOIIBIO KOTOPBIX OBLIO 3a-
(bukcupoBaHO pamro M ONTUYECKOE M3IydeHUEe KOPOTKUX MOJHUEBBIX Pa3psiioB
B BBICOTHBIX I'PO30BBIX 00JIaKaX.

JlaHBI cTaTUCTUUYECKKE TaHHBbIe IBYXJIETHEW paboThl MUKPOCIYTHUKA TTO pe-
TUCTpallMd TaKWX Pas3psiioB, TUCTOTPpAMMBbI pacripelesieHus] pas3psiaoB IO JiO-
KaJIbHOMY BpeMEHU W reorpaduyeckoMy paioHy, XapaKTepUCTUKU WU3JTyYeHUe
B YKB-nuamaszone, mHdpakpacHoil W yibTpaduosieToBoii 00JacTu CIeKTpa.
PaccmarpuBaloTcsi HeKOTOpble (DU3NYECKHe MEXaHM3Mbl BO3ZHUKHOBEHMST TaKMX
pa3psiaoB.

COMPACT INTRACLOUD DISCHARGES IN EARTH’S TROPOSPHERE
V.M. Gotlib, M.S. Dolgonosov, V.N. Karedin

Space Research Institute of Russian Academy of Sciences (IKI RAN)

The report provides a brief description of scientific equipment devices micro-
satellite CHIBIS-M, with which it was recorded by radio and optical radiation com-
pact lightning discharges in high thunderclouds .

Given statistics 2 years operation of the microsatellite, discharges histogram
on local time and geographic area, radiation characteristics in the VHF band, the
infrared and ultraviolet region of the spectrum. Some physical mechanisms leading
to the generation of such discharges will be discussed.

CNOPAANYECKUE MUKPOPA3PAIbl U BLICOKOYACTOTHbIN
PAANOLLYM B BEPXHEU ATMOCOEPE 3EMJTN

B. M. T'omau6, M. C. Jloaeonocos, B. H. Kapedun

HMHctutyT KocMuueckux uccienoanuit Poccuiickoii akanemun Hayk (MKW PAH)

B noxnane mpuBemeHbl KpaTKue XapakKTepUCTUKU PaamodactoTHoOro aHa-
JIN3aTopa, BXOSILEro B COCTaB MUKpocnyTHHUKA «Hubuc-M». B TponochepHoM
Irpo30BOM (pPOHTE € TOMOIIBIO 3TOTO Mpubopa 3adUKCUPOBaHBI CIIOpaAUYe-
CKME MUKPOpa3psIbl, KOTOpPhIe TeHepUpPYIOT paguousirydeHue B Y KB-nuama3zone
(26...48 MI'n). XapakTep 3TUX pa3psaoB JUCKPETEH BO BpEMEHM U MIPOCTPAHCTBY.
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OTo sIBJIeHWE HE HAIUIO OTPaXKeHWsl B CIELIMAIbHOW JIUTEpaType U TpeOyeT OT-
neabHoro oocyxneHus. [IpuBeneHbl MpUMeEpPHI 3alCH, BpeMEHHBIE U TTPOCTPaH-
CTBEHHBIE TTapaMeTpbl M3IydeHUs. PaccMaTpuBaioTCsd HEKOTOpbIe (U3MUecKue
MeXaHM3MbI Ha0II0aeMOTO SIBJICHMSI.

MICRODISCHARGES AND SPORADIC HIGH FREQUENCY RADIO NOISE
IN THE EARTH’S UPPER ATMOSPHERE

V.M. Gotlib, M.S. Dolgonosov, V.N. Karedin, D.I. ludin
Space Research Institute of Russian Academy of Sciences (IKI RAN)

The report provides a brief description of radio frequency analyzer and data
collected by this instrument as a part of the microsatellite CHIBIS-M during
17 months of successful operation. In tropospheric thunderstorms with this in-
strument sporadic microdischarges in the VHF band (26-48 MHz) were recorded.
Probably, that the nature of these discharges is discrete in time and space. This phe-
nomenon was not mentioned in the literature and requires a separate discussion.
We are going to provide examples of records, the temporal and spatial parameters of
radiation. Finally we will discuss some of the physical mechanisms of the observed
phenomena.

WM3NYYEHUE JINHU BbICOKOBOJIbTHbIX MEPEAY,
OBHAPYXEHHbIE MUKPOCIMYTHUKOM «4UBUNC-M»

. D. Jlyokun, B. A. IIponerko

JIbBoBCcKMit LIeHTp MHCTUTYTAa KOCMUYECKUX UccaenoBaHuii HannmoHanbHo
aKkaIeMuu HayK YKpauHbl 1 HalimoHalbHOro KOCMUYECKOTO areHTCTBA YKpPauHbI
(I UKW HAHY HKAY)

WccnenoBanue BIMSIHUS Ha OKOJO3€MHOE KOCMMWYECKOE ITPOCTPAHCTBO
Hu3kodacToTHBIX (HY) anexrpomarHuTHbIX (DM) moseit TeXHOT€HHOIO IIPOVC-
XOXIEHUs TIpeACTaBlisieT 3HauuTelbHbIM uHTepec. K mcrounukam takux HY-
OM-11071€it OTHOCSITCS, B YACTHOCTH, 3JIEKTPOCTAHIIMU, JTUHWUM BJIEKTporepenay,
MPOMBIIIIEHHBIE OOBEKTHI U T.J., KOTOPbIE BBI3BIBAIOT pa3IMUHbie MOHOCGhEPHbIE
SIBJICHUS, U3MeHeHUs1 DM 10Js1 1 TapaMeTpoB Iia3Mbl B noHochepe. Ilocnen-
CTBMSI BO3JEWCTBUSI 3TUX MCTOYHMKOB Ha COCTOSTHUE MOHOCGhEphl B HACTOSIIEe
BpeMs HEU3BECTHHBI.

CIyTHUKOBBII MOHUTOPHUHT C PaclIMPEHHON Ha3eMHON IOIIEePXXKOM SIBJISI-
eTCd JIYJIIIMM WHCTPYMEHTOM il HabmioneHus BosneiictBuss HUY-DM-sHeprun
Kak B IJIOOAJIbHOM, TaK M B JIOKAIbHOM Maciutabax. DM-addeKkTsl, BbI3BaHHbBIE
Ha3eMHbIMU UCTOYHUKAMU, HAOJIIOIAI0TCS YXKe C MOMEHTA 3aIycKa MepBbIX Hayd-
HbIX CIYTHUKOB. B yacTHOCTH, ObLIO 3a(DUKCUPOBAHO CYIIECTBEHHOE YBEJIMUYEHUE
WHTEHCUBHOCTU BBICOKOYACTOTHBIX DM -111yM0B Haj EBpo-a3naTckuM KOHTUHEH-
ToM. Takke OBLIO MOATBEPKIACHO, YTO €CTeCTBEHHOe DM-mojie B OKOJI036MHOM
MPOCTPAHCTBE CUJILHO «3arpsi3HEHO» YEJIOBEUYECKOM AeSITEIbHOCTBIO.

OnHMM U3 TaKuX OOHApYXEeHHBIX B MOHOchepe U MmarHuTochepe 3 dekron
SIBJISIETCSI TapMOHUYECKOe M3TydyeHue auHuil snekrponepenad — PLHR (Power
Line Harmonic Radiation). JIuHuu snektponepenay MOryT UMETh MPOTSKEHHOCTh
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JIO HECKOJIBKUX ThICSY KMJIOMETPOB U MPEACTaBISIOT CO00I aHTEHHBI — MCTOYHM-
k1 OM mnonsa. Tokr B HUX MOTYT JOCTUTaTh HECKOJIBKMX THICSY aMIiep W Comep-
JKaTh, KpPOME OCHOBHOM YacTOTHI, €II¢ W BBICIIME TapMOHUKU, 3 (HEKTUBHOCTD
U3JTyYeHHsI KOTOPBIX MOBBIIIAETCS ¢ POCTOM MX MOPsIAKA (YaCTOTHI).

B noxnane rpeacTtaBieHbl pe3yJbTaThl U3MEPEHUIN U3TyYeHUS JIMHUI BbICO-
KOBOJIBTHBIX TIepenad, IOJyYeHHBIX ¢ 60pTa MUKpOoCITyTHUKA «Yubuc-M». Ilpen-
CTaBJIeHHbIE NaHHbIE TMONTBEPXKAAIOT, YTO CUTHAJBI OT JIMHUI dJeKTporepenay
HETOCPEICTBEHHO TPOHMKAIOT Ha BBICOTHI MOHOCKEpHI, YTO, B CBOIO OuYepeib,
He HaXOIUT YOEAMTEJIbHOTO TEOPETUUECKOro OOOCHOBaHUS. PaccMoTpeHHBIE
SKCIMEepUMEHTAbHBIE (DAKThl MOJKHBI CTUMYJIMPOBATh Pa3BUTHE MCCAETOBAHMIA
B3auMoelicTBUsI MOIIHBIX HU-OM-nosieii, CBA3aHHBIX C TTOCTOSTHHBIM POCTOM
BBIPAOOTKHU BJIEKTPOIHEPTUM U IPYTMMU TEXHOTC€HHBIMM (haKTOpamu, ¢ IIa3Moi
OKOJIO36MHOTO KOCMUYECKOTO MPOCTPAHCTBA M UX COOTBETCTBYIOLIUM BIUSTHUEM
Ha KOCMUYECKYIO MOTojy.

HOynkun Jlenuc DénopoBmy — MIaAIIMid  HaydyHbId  cOoTpynHuUK, dd@isr.lviv.ua,
+380987477719

IIponenko Bepa AnekcaHapoBHa — KaHIMAAT TEXHUYECKMX HAYK, 3aBEIYIOIIMiI JaGopaTo-
pueii 3JIeKTPOMarHUTHBIX UCCeI0BaHu, pron@isr.lviv.ua, +38096783689

POWER LINES HARMONIC RADIATION OBSERVED BY CHIBIS-M MICROSATELLITE
D. Dudkin, V. Pronenko

Lviv Centre of Institute for Space Research National Academy of Sciences and National
Space Agency of Ukraine (LCISR NASU-SSAU)

Investigation of influence on near-Earth space environment of anthropogenic
very low frequency (VLF) electromagnetic (EM) fields is of great interest. In partic-
ular, the sources of such fields are the power plants, power lines, industrial facilities
etc., which produce different ionospheric phenomena, EM field and ionospheric
plasma parameters variation. The effects of these sources on the ionospheric state
are not currently known.

Satellite monitoring with extended ground-based support is the best opportu-
nity for observation of VLF EM energy impact, both in global and local scales. EM
effects of the ground-based sources are observed since the first scientific satellites
launch. Particularly, the significant increase of high-frequency EM noise intensity
was recorded over the Euro-Asian continent. It was also confirmed that the natural
EM field in the near-Earth space are strongly «contaminated» by human activity.

One such observed ionospheric and magnetospheric effect is the power line
harmonic radiation (PLHR). Power lines may have length up to several thousand
kilometers and are similar to a long antenna — the source of EM field. Currents
in them can reach several thousand amperes and, besides the basic frequency, con-
tain higher harmonics, which radiation efficiency increases with their order (or
frequency).

In talk the measurement results of PLHR, detected by Chibis-M, have been
presented. These data show the direct penetration of PLHR to ionospheric alti-
tudes, which at present has not convincing theoretical explanation. In connection
with sustained growth of electric energy production and impact of other man-made
factors the obtained experimental facts should stimulate the research progress on
the powerful VLF EM field interaction with the near-Earth space plasma and its
respective influence on space weather.
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CTPYKTYPHbIE XAPAKTEPUCTUKN SNEKTPUHECKOIO NONA
B TPO30BOWV OBJTIAYHOCTU

H.C. Epoxun, C. H. Apméxa

HMHctutyT KOcMuueckux uccienoBanunii Poccuiickoii akagemun Hayk (MKW PAH)

PaccMmoTpeHBl MMeEIOIIecs B JIMTEepaType 3KCIepUMEHTaIbHbIC JTaHHBIC
110 30HAOBBHIM HM3MEPEHUSIM BBICOTHOIO IPOGMIIS 3JIeKTpudyeckoro moiast £(z)
B rpO30BOI 00J1aYHOCTH It 061acTu BhICOT Z < 14 kM. Ha ocHOBe maHHBIX U3-
MepeHUli pa3paboTaHbl aHAJTMTUYECKUE aImpoKcuMmanuu E(z) B Kilacce JIOKaJv-
30BaHHBIX 10 BBICOTE (DYHKIIMI1, KOTOPbIE MCTIOb30BaHbl B YMCAEHHBIX pacuérax
CTPYKTYpHbIX GyHKUMiI S(m, L) nnsa nonsa E(z), rme L — pa3HOCTb BBICOT IBYX
cnoéB npodunst E(z); m — mopsinok cTpykTypHoit ¢yHkuun (C®D). Anamuz CO
Imoxasaji, 4YTO IIJII PacCMOTPEeHHBIX mpodwieit E(z) MMEIOTCs ABa MHEPIUOHHBIX
WHTEpBaJIa 3JEKTPUYECKON TypOYJIEHTHOCTH B AMAIa30HaX COOTBETCTBEHHO Ma-
nbIx z < 100 M u cpenamx 100 M < z < 1,5 kM Macira6oB L. Ha 6oabpmmx Maciira-
6ax L Habmopaercsa HachiieHue pocta C®. [MoayyeHbI CTeleHHbIE CKEIMHIU
CO® B MHEPLIMOHHBIX MHTEPBaJIaX, BHIUUCIEHBI CKEHJIMHTOBBIE SKCITOHEHTHI g(m)
U JIpyrue mapameTpbl 2JIeKTpU4ecKoi TypOyneHTHocTu. [IpoBeneHo cpaBHeHUe
CO s pa3snuyHbIX BEIOOPOK mojst E(z). s psima BLIOOPOK MTOKA3aHO HAJIUYKME
00001IEHHON MaclITaOHOW MHBApPUAHTHOCTU 3JIEKTPUYECKON TypOYJIEHTHOCTH
(OMMU). BoisiBneHBl Takke OTKIOHeHMS mpodwieii CP OT YUCTO CTEMEeHHBIX
ckeinuHroB. PaccmoTrpenbl CO st ocoboro ciaydass — BbicOTHOro rpoduiist E(z)
C CHJIbHBIM BCILIECKOM ITOJISI Ha BhICOTe Z = 6 KM. Iloka3aHo, 4TO B TaHHOI BbI-
0OpKe B MHEPIIMOHHBIX MHTEpPBajlaX UMEIOTCSI 3aMETHbIE OTKJIOHEHMS Mpoduieit
C® 0T YUCTO CTENEHHBIX CKeMIMHTOB. AHAIU3 0000IIeHHON MacIITabHOW MHBA-
PMaAHTHOCTH JIJISI 9TOTO cliydyas mokasain e€ orcyrctBue. OrcyrctBue OMMU Moxker
OBITh CBSI3aHO C HAJIMYKMEM B BBICOTHOM pacCIpeAc/ieHUU 3JIEKTPUUECKOro OISt
E(2) KOTepeHTHBIX CTPYKTYp JOCTAaTOYHOM aMITIMTYIbI, a TaKXe IMepeMeskacMo-
CTBIO DJIEKTPUUECKOU TypOyIeHTHOCTU. [JaHHBI! BOIIpoc OyAeT pacCMOTPEH B I1O-
cienyonieil paboTe Ha OCHOBE aHAIM3a aHATUTUYECKON MOJENU DIEKTPUUECKOt
TYpOYJIEHTHOCTH C IBYMSI MHEPIIMOHHBIMI MHTEPBaJaMM C YIETOM B pacrpenese-
HMM TIOJIS1 KOTEPEHTHBIX CTPYKTYP TOCTATOUYHOI aMIUIMTYIbI U IIepeMeXKaeMOCTH.

UccrenoBaHre CTPYKTYPHBIX (YHKIWI 3JEKTPUYECKONW TypOyJeHTHOCTH
MpEeACTaBISIET MHTEPEC, B YACTHOCTH, JUISI OTIpe/ie]ICHUS] XapaKTepHbIX CTaTUCTU-
YeCcKMX TapaMeTpoOB BBICOTHOro pacrpeneneHus E(z), a Takke mist pa3paObOTKu
B MOCJEAYIOIIUX paboTax CXeM MapaMeTpU3alvy yPaBHEHUN TMAPONMHAMUKHU
atMocdepsl, TTO3BOJISIIOIIUX TPOBOIUTh MOIEIMPOBAHUE POJU 3JIEKTPUYECKUX
B3aMMONEUCTBUII Ha OCHOBE YMCIEHHBIX PACUETOB IMPOCTPAaHCTBEHHO-BPEMEH-
HOW, HEJIMHEHO TMHAMUKKY MHTEHCUBHBIX aTMOC(epHbIX Buxpeil. B HacTosiee
BpeMsI UMEIOTCSI OLIEHKU BJIMSIHUSI 2JIEKTPOMArHUTHBIX B3aUMOJEMCTBUIT Ha Be-
TPOBBIE IMMOTOKU B TPOITMUYECKHUX IIMKIJIOHAX, MOKA3bIBAIOIINE BO3MOXKXHOCTD CYIIE-
CTBeHHOI poiu mnoiasi E(z) B popMUpPOBaHMHU CaMOCOIJIACOBAHHOM HEOIHOPO/I -
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HOW CTPYKTYpPbI BETPOB B MOIIHBIX aTMOC(HEPHBIX BUXPSIX U UX reorpaduyeckom
pacrpenesieHuH.

Epoxun Hukonaii CepreeBud — 3aBeIyIOLINI OTACIOM, TOKTOP (DU3MKO-MaTeMaTHYSCKUX
Hayk, rpocdeccop, nerokhin@iki.rssi.ru, Ten.8-495-333-41-00

Apréxa Cepreii HukonaeBnd — Bemymnit MaTeMaTHK, KaHIUIAT (GU3NKO-MAaTEMAaTUIECKUAX
HayK, sergey.arteha@gmail.com, Ten.8-963-639-45-87

STRUCTURAL CHARACTERISTICS OF THE ELECTRIC FIELD IN THUNDERSTORM
N.S. Erohin, S. N. Arteha

Space Research Institute of Russian Academy of Sciences (IKI RAN)

The literature experimental data on the probe measurements of the electric
field E(z) vertical profile in thunderstorms are considered for the altitude z < 14 km.
On the basis of the measurement data the analytical approximations E(z) are devel-
oped in the class of localized adjustment functions are used in the numerical cal-
culations of structure functions S(m, L) for the field E(z), where L is the difference
in elevation between two layers of profile £(z), m is the order of structure function
(SF). SF analysis have shown that for the considered profiles E(z) are two inertial
interval of electric turbulence in ranges respectively small scales L < 100 m and mid-
dle ones 100 m < L < 1.5 km.

At large scales L the growth of SF saturates. It was obtained a SF degree scal-
ings in the inertial ranges, scaling exponents g(m) and other parameters of the elec-
trical turbulence are calculated. A comparison of SF for different samples of the
field E(z) vertical profile. For a number of samples it was shown the presence of
generalized scale invariance of the electrical turbulence (GSI). Profiles identified
as having deviations from a purely SF power scaling. SF properties are considered
also for a special case when the vertical profile of E(z) has a strong peak at a height
z = 6 km. It is shown that in this sample in the inertial range are significant devia-
tions from pure SF profiles power scaling. Analysis of generalized scale invariance
for this case showed her absence. Lack GSI may be due to the presence in altitude
distribution of the electric field E(z) of sufficient amplitude coherent structures and
the intermittency of electrical turbulence. This issue will be addressed in subsequent
work on the basis of the analytical model of electric turbulence with two inertial in-
tervals taking into account in the distribution field of sufficient amplitude coherent
structures and electrical turbulence intermittency.

Study of the structural features of electrical turbulence is of great interest, in
particular, for determining the characteristic statistical parameters of E(z) altitude
distribution as well as for the development in subsequent works the parameteriza-
tion schemes for atmosphere hydrodynamic equations that will allow for the model-
ing of the electrical interactions role on the basis of numerical calculations of the
space-time nonlinear dynamics of intense atmospheric vortices. There are currently
estimates of the electromagnetic interactions influence on the wind flows in tropical
cyclones, showing the possibility of a significant role of the field E(z) in the forma-
tion of inhomogeneous structure and self-consistent winds inside powerful atmo-
spheric vortices and their specific geographical distribution.

Erokhin Nikolay Sergeevich — head of department, doctor of physico-mathematical sciences,
professor, nerokhin@iki.rssi.ru, 8-495-333-41-00

Arteha Sergei Nikolaevich — candidate of physico-mathematical sciences, leading mathema-
tician, sergey.arteha@gmail.com, 8-963-639-45-87
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MOAENVUPOBAHWUE BO3AENCTBUI BbICOTHbBIX PA3PAOB
HA XUMUYECKUWN COCTAB U U3NTYYEHUE ME3OCOEPDI

A. A. Esmywenko, . A. Kymepun, E. A. Mapees, C. C. Jlasbidenio

Hnctutyt npuknanHoii dusuku Poccuiickoit akagemun Hayk (MITD PAH)

Kak u3BeCTHO, Ipo30oBasi aKTUBHOCTh B Tpomnocdepe CO3Ma€T YCIOBMS st
Pa3BUTHS 1IEJIOTO CeMeICTBA BBICOTHBIX Pa3psiioB: IKETOB, CIIPANTOB, 3Jb(OB,
rajio. OgHoI U3 HanboJiee UHTEPECHBIX MPO0JIeM, CBSI3aHHBIX C BBICOTHBIMM pa3-
psimaMu, SIBJISIETCSI U3yYeHMEe BO3MOXKHBIX BO3MYILEHUI COCTaBa CpelHeil aTMOC-
(epbl, Bech aMAIa3oH BBICOT KOTOPOM TMOIBEPXKEH MX BO3NeiCTBUIO. [eiicTBU-
TeJIbHO, CIIPaiThl 3aHMMAIOT OIMara3oH BLICOT OoT 50 mo 90 KM, rajo 3aXKuralorcs
Ha 75...80 KM, 31b¢b Ha BeIcOTe 0K0JI0 100 KM, T.e. HabmIOmaoTCsI B Me3ocdepe
" HIDKHel noHocdepe. JIXeThl (B HAMOOJbIIEH CTEITEHN 3aTparuBaloIie 030HO-
BBII1 CJIOI) CTApTYIOT C BepXHEW KpOMKHU 00JlaKa U JOCTUTalOT BHICOTHI 45...50 KM.
HauGonee MoOIIHBIE IKEThl JOCTUTAIOT 85 KM M HA3bIBAIOTCS TMTAHTCKUMM JIKe-
TaMW; TMOCJIeTHNE HaOMIOMAIOTCS PEIKO, HO MPENCTABISIOT OCOOBI MHTEpeC ISt
KOMIUIEKCHBIX (BKJTIOYasi CITyTHUKOBBIE) KCITEPUMEHTOB.

ABTOpamMu pa3paboTaHa IMJIa3MOXMMUUYECKAs] CaMOCOIIacOBaHHAsl paauaib-
HO-CHMMETPUYHAsI MOJIeJIb, CBSI3bIBAIOIAs MPOTEKAaHWE TOKA B MOJTHMEBOM Ka-
Hajie B Tporocdepe, TeHepaluio KBa3UCTaTUIECKOTo IEKTPUUECKOTO OIS U3-3a
(opMupoBaHUs CTOEB HECKOMIIEHCUPOBAHHOTO 3apsiia U BO3MYILEHUE XMMUYe-
CKOro cocraBa Me3ochephbl, BKIItouasi 00pa3oBaHUE aTOMOB M MOJIEKYJI B BO30YX-
NEHHOM COCTOSTHUM M U3JTydeHre (POTOHOB B Pa3IMIHBIX TMAra30HaX JUTMH BOJTH.

JaHHas Molenb MpUMEHeHa IJIsl U3YYeHUs BO3MYIIeHUs] Me3ochepbl Mpu
pPa3BUTHUM Tajio M CIpaiiToB. PaccunTaHbl SMUCCUM HanbOOJee MHTEHCUBHBIX JIM-
HMI W3JTydeHMSI, COTIPOBOXIAIONIMX 3TH paspsiabl. [TokazaHO, YTO MaKCUMallb-
Hasi UHTEHCUBHOCTb M3JIy4Y€HMS IS CIIpaiiTa B MEPBOM IMOJOXUTEIbHON I10JIOCE
MOJIEKYJIIDHOTO a30Ta B 4 pa3a MpeBbIllIaeT MHTEHCUBHOCTb U3JyYEHUS] BO BTO-
poii nmonoce. MHTEeHCUBHOCTh M3Iy4eHUST Ha Apyrux 4yactorax (557 um, 630 HM,
0,Atm, O,IRAtm) Ha HECKOJILKO MOPSAKOB MEHbILE. XUMUYECKUHA COCTAB HUX-
Heil moHoCchephl TIPM PAa3BUTHUU TaJIO MPAKTUYECKU He U3MEHSIETCS, a TIpU pas-
BUTHUM CIIPANTOB CYIIECTBEHHO BO3MYIIAIOTCS KOHILIEHTPALUM 3JIEKTPOHOB, IO-
JIOXKUTENbHBIX W OTPUIATENBHBIX MOHOB, HEWTpanoB (BKJIHOYAsh OKMUCIbI a30Ta
Y aTOMapHBIil KUCJIOPO/), B TOM YKMCIIE U B BO3OYXKIEHHOM COCTOSTHUM.

IIpu panpHeiieM pa3BUTUU TaHHOW MOJENU TUIAHUPYETCS AeTAIbHO MCClie-
JIOBaTh KOJWYECTBEHHBIC XapaKTEPUCTUKU CIIEKTPa U3JIy4eHUsT BHICOTHBIX pa3psi-
JIOB B 3aBUCHMOCTH OT TTapaMeTPOB BCITBIIIIKK MOJIHMM B Tporiocdepe. YUnUThIBast
pPE3yabTaThl MOAETMPOBAHUS, TMPU TUIAHMPOBAHUM CITYTHUKOBBIX HAOIIONEHMIA
BBICOTHBIX Pa3psiioB, KPOME CHEKTPAIbHBIX U3MEPEHMI, XKeJlaTeIbHO MPeIyCMO-
TPeThb BO3MOXHOCTh M3MEPEHHUsI BO3MYIICHUST TTPOBOAMMOCTA M KOHIICHTPAIIMiA
OTIEJIbHBIX XUMUYECKHUX KOMITOHEHT.

EBTymenko Amnjapeii AjeKcaHAPOBHY — MJIAIIIWI HAYYHBI COTPYIHUK, a_evtushenko@
inbox.ru

Kyrepun @énop AlekceeBud — BeylIMi 2JIEKTPOHUK, xredor@gmail.com

Mapees EBrennii AHaToIbeBMY — 3aMECTUTENb AUPEKTOpa, mareev@appl.sci-nnov.ru
JlaBbizenko Cranuciaas CTaHHCIABOBUY — CTapIIMiA HayYHBIA cOTpyaHMK, davyd@appl.sci-
nnov.ru
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ON THE MODELING OF HIGH-ALTITUDE DISCHARGES INFLUENCE
ON THE CHEMICAL BALANCE AND EMISSIONS OF MESOSPHERE
A. A. Evtushenko, F.A. Kuterin, E. A. Mareev, S. S. Davydenko

Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS)

It’s known, that lightning activity in the troposphere creates conditions for
development of several types of high-altitude discharges: jets, sprites, elves and ha-
los. One of the most interesting questions related to high-altitude discharges is the
study of chemical balance perturbation of middle atmosphere in all range of heights.
Indeed, sprites appear at the heights from 50 to 90 km, halos at 75...80 km, elves
at the heights of about 100 km. The heights correspond to the mesosphere and low-
er ionosphere. Jets start from the top of the cloud, reach 45...50 km and propagate
through the ozone layer. Extremely powerful jets are called gigantic jets and reach
85 km. It is a rare event, but very interesting for complex experiments, including
satellite observations.

We develop plasmo-chemical self-consistent radial-symmetry model that re-
lates current flow in the lightning channel in the troposphere, generation of qua-
sistatic electric field caused by the cloud charge and perturbation of mesosphere
chemical balance, including generation of excited atoms and molecules and emis-
sions in the different wavelength ranges.

We use this model to study the perturbation of mesosphere during the halo and
sprite events. We calculate the most intensive emissions caused by halo and sprite
discharges. It is shown that maximum emission rate forms in the first positive band
of nitrogen exceeds by 4 times emission rate in the second positive band. Emission
rates on the other frequency bands (557 nm, 630 nm, O,Atm, O,IRAtm) are several
orders smaller than for first positive band of nitrogen. During the halo discharge the
chemical balance of lower ionosphere is practically not perturbed. Concentrations
of electrons, positive and negative ions, neutrals (including nitric oxides and oxygen
atoms) and excited neutrals undergo a great perturbation.

Using our model we are planning to study in detail the sprite and halo spectra
depending on the parameters of lightning discharge on the troposphere. It would be
useful to take into account the results of modeling during the planning of satellite
experiments and consider the possibility to measure not only spectra of discharges
but also perturbation of conductivity and concentration of chemical components
of mesosphere caused by high-altitude discharges.

METOANYECKWUE ACMEKTbl U3MEPEHUW SNEKTPUYECKON
KOMMOHEHTbI KHY-OHY-U3NYYEHN HA MUKPOCMYTHUKE «4UBUNC-M»

C. U. Kaumos

HMHctutyT KOocMuueckux uccienoBanunii Poccuiickoii akagemun Hayk (MKW PAH)

W3MepeHne 31eKTpUIeCcKOM KOMITOHEHTHI IUIA3MEHHBIX M3TYIYCHUN SIBIISICT-
CS CJIIOXKHOU METONMYECKOM 3amadeit, 4YTo MOATBEPXKAAETCI MaJbIM KOJIMWYECTBOM
YCIEILIHBIX 3KCIEPUMEHTOB Ha KOCMMYECKHUX armapatax. Mcrojib3yslt MoaoxXu-
TEJIbHEIN OIThIT, HAKOIUIEHHBIN B pe3yJIbTaTe IPOBEIEHHBIX HA KOCMUYSCKHX all-
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maparax «Kocmoc-484», «MuTepkocmoc-10», «IIporHos-8, -10», «MHTep6o-1»
SKCMEPUMEHTOB 10 METOTy KOMOMHUPOBAHHOM BOJIHOBOY MUarHoCTvkH [1, 2], Ha
mukpociyTHuke (MC) «Yubuc-M» OBUIM yCTaHOBIICHEI 1Ba KOMOMHMPOBAHHBIX
BOJIHOBBIX 30HJIa WM UHAYKIMOHHBIA MarHutomeTp (KB31, KB32, UM, puc. 1),
cosznanHblie B JIL MK (HayuHslit pykoBonutenb Kopenanos B. E.) u Bxonsiue
B COCTaB MarHUTHO-BOJIHOBOro KoMmiuiekca (MBK) [3].

[ nuaMmepenust anekrpudeckoit komnoHeHTsl KHY-OHY-u3nydyenuii pas-
HocTh noTeHuManioB Mexny KB31 u KB32 (nBoitHoii 30HI) najee momaBajiach Ha
npoueccop crekrpainbHoro aHanu3a (IICA, Yausepcurer umenu Jlopanma DTBE-
ma, Komnanust BL Electronics, Benrpusi, HayuHblii pykoBoauTesib ®epenu Y.),
rJe B pexkuMe «BOJIHOBast (popMa» olM(ppOBHIBaJach, 3alIOMUHANIACh U 3aTE€M TIe-
penaBanachk 1o Tesemerprueckum (TM) kaHanaMm, OO B pexkuMe «<MOHUTOPUHT»
ouudpoBbIBanachk, nmoaseprajgack FFT, criekTphl 3amoMuHanachk 1 3aTeM Iepena-
Basiach 1o TM. [l uaMepeHuii ayKTyalnii raBarolero rmoTeHIma€a mia3Mbl
pazHoctb noTeHMana Mmexay KB31 u kopnycom MC nonasanacek Ha [1CA u mog-
Beprajach Mpolenype, M3JIoXeHHOW BbIiie. JIJia u3MepeHusT TpEX MarHUTHBIX
koMmroHeHT KHY-OHY-uznyyenumii curnansl ¢ KB31, KB32 u UM nonaBanach
Ha [1CA 1 mogBepraavch M3JI0KEHHOM BBIIIIE TIPOLIEaypeE.

B nanHO#T paGoTe BOIPOCH METOMUKU M3MEPEHUST IJEKTPUIECKONW KOMITO-
HEHTBbI paCCMaTPUBAIOTCS HUXE MyTEM, B MIEPBYIO OU€pelb, COMOCTaBICHUS C JaH-
HBIMU 10 MATHUTHON KOMIIOHEHTE.

IMonydyeHHBbIE B peXUMe «MOHMTOPWHT» TUIIMYHBIE U PETYISPHO HabIIOma-
eMble B TeueHUue ~12 MmecsiueB naHHble 1o aaekTpuieckoil (KB31-KB32) u mar-
HutHoii (MM) KoMmmoHeHTaM mpeacTaBieHbl Ha puc. 2. JlaHHbIEe MpeacTaBIeHbI
B TE€OMAarHUTHO CITOKOWHBIE TIEPUOIBI M CBUIETEILCTBYIOT O JOCTATOYHO HU3KOM
ypoBHE (pOHa MO0 0O0EUM KOMIIOHEHTaM.

OCOOEHHOCTBIO 3TUX TAHHBIX SIBJISIETCS BBIACICHUE TOJBKO MO KOMITOHEH-
Te E «30H» ¢ MUHUMAaJIbHOM WHTEHCHUBHOCTHIO (hOHA BO BCEil TOJIOCE YaCTOT.
CurHaJbl Ha pUC. 2a BHE «30H» 110 00€MM KOMIOHEHTaM PErucTpUpyIOTCs, B OC-
HOBHOM, Ha yactoTtax Hke 1 K[, CurHaisl Ha puc. 26 BHE «30H» 10 KOMIIOHEH-
te E peructpupytorcst B muarmasode Hke 20 K1 IpenMYIIEeCTBEHHO B BBICOKMX
IIMPOTaXx.

[MpenBapuTeNbHBIN aHAU3 CBUACTEICTBYET, UYTO «30HbI» Ha PUC. 2:

* UMEIOT MePUOINIHOCTD, OJIM3KYIO K MepHUoIy OOpalleHus BIOJb OpOUTHI,

~98 MUHYT;

* HaOJIIOIAIOTCS TTPEUMYILIECTBEHHO B TPUAKBATOPUAIbHBIX 00J1aCTSIX;

* HaOTIOMAlOTCST KaK Ha OCBEHIEHHBIX, TAK M HE OCBEIIEHHBIX yJacTKaX Op-

OUTHI; 9TO MOXET CBUIIETETLCTBOBATH O CJ1A00OM BIMSTHUM HA 30HIbI (poTO-
TOKa IO CPAaBHEHMIO C TOKOM TETUIOBOI MOHOC(EPHOI T1a3Mbl.

Wcxons 3 MeToguuecKux Mpeamnochuiok [4], ¢oH (IIyMbl TEIUIOBOM ILia3-
MbI) BO3HUKAET OT (hJIIOKTYyallMil U TeMIlepaTypbl YACTUIL TJIa3Mbl U, CJIEI0BaTEb-
HO, JIOJDKeH M3MEHSITbCSl BIoJib opOouThl. LLIyMOBO#1 TOK MBOMHOTO 30HAA TakxkKe
3aBUCUT OT €r0 OPMEHTAIIMM OTHOCUTEJILHO MarHUTHOM cuioBoit nHuu. Cieno-
BaTeJIbHO, JJIs1 HU3NYECKOTO aHaIM3a MPUPOJIbI MOSIBIEHMS «30H» KpaiiHe XkeJa-
TEJbHO UMETh TAaHHBIE O pacIpele/IeHUU KOHLIEHTPAIlMM U TEMIIepaTyphl T1a3Mbl
BIOJIb OPOUTBHI.

AHaIN3 JTaHHBIX B TEOMAarHUTHO BO3MYIIEHHBIX YCIOBMSIX, TTPEACTaBIEHHBIX
Ha puc. 3, CBUIETEILCTBYET O MPOCTPAHCTBEHHO-BPEMEHHON KOPPEISILIMU KOM-
noHeHT E n Bz.
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Puc. 1. Pasmenienue Ha «Yubuc-M» natunkoB MBK. KB31, KB32 — kKoMOGMHUPOBaHHbIE
BOJIHOBbIE 30HIBI (JUIMHA aaTyvka 245 mm), UM — MHIYKUMOHHBI MarHUTOMETP (IIMHA
natuuka 205 mm). Kondurypaiwms: A = 597 mm, B = 376 mm, C = 250 mm, D = 299 Mmm

Puc. 2. Tanasie MBK mmurenbHocThIO 6 yacoB. 1o ocu X — Bpemst UT+3: a — 2012.04.01,

Hayaino 00:00:08 — xoner; 06:00:08; 6 — 2013.04.27, navano 18:00:07 — koner; 24:00:07.

JanHble Ha puc. 2a v 26 uaeHtnuHbl. Pacnonoxenue naneneit csepxy BHu3: CHO E —

anekTpuyeckas KomrnoHeHTta; CHS5 Bz — MarHuTHasi KOMIIOHEHTA; MTPOEKIINUSI OPOUTHI Ha

3eMHy10 1oBepxHOCTb. st E u Bz ock ¥ — mikana yactor 0,001...40 xI'11, 11BeT — MHTEH-
cuBHoCTb 120 b

Puc. 3. Janusie MBK miurtenbHOCTbIO 6 yacoB. [To ocu X — Bpemst UT+3: a — 2012.04.01,
Havayno 06:00:11 — xonen 12:00:11; 6 — 2012.10.13, Havano 12:00:02 — xonew 18:00:02.
JlaHHbIe UIGHTUYHBI pUC. 2
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Hauano u passutue cy66ypu (Kp = 3), npeacraBieHHoe Ha puc. 3a, Mpo-
sBIsieTcsl CMHXpoHHO 1o E m Bz mosBiieHreM M3TydeHWid Ha FOXHBIX BBICOKUX
IIMPOTaX PACTYIIMX OT OpOUTHI K opObuTe IO 4acTtoTe. Hammume obenx Komro-
HEHT CBUIETEJLCTBYET 00 3JIEKTPOMarHUTHON mpupone usnydyeHuit. I[Ipu pa3su-
Toit cyooype (Kp = 8-9), npeacrasieHHoii Ha puc. 36, U3MTyYeHUS TTPOSIBIISTIOTCS
B 000MX IMMOJTYIIAPUAX Ha BBICOKUX IIMPOTAX, HO Ha pa3HBIX YaCTOTAaX.

Hanuune «30H» mo KomrioHeHTe E B cHOKOWHBIX (CM. pucC. 2) U BO3MYILIEH-
HBIX (CM. pUC. 3) YCIIOBUSX SIBHO CBUAETENLCTBYET 00 UX METOANYECKON, a He (hH-
3M4ecKoii mpupoae. M3ydeHue Kak MPUPOIBI «30H», TaK U U3TyYEeHUI OyAyT IIpo-
TOJIKEHBI C MPUBJIEYEHUEM, B MEPBYIO OYepelb, JAHHBIX CUHXPOHHBIX Ha3eMHBIX
HaOIIONCHU .

PaGora BbImoOJIHEHA TIpM vacTU4YHOU Tomaepxkke PODOU, mnpoekr
Ne 13-05-12102-ocbu_M.
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METHODOLOGICAL ASPECTS OF MEASURING ELECTRICAL COMPONENTS
ELF-VLF EMISSIONS ON MICROSATELLITE CHIBIS-M
S. 1. Klimov

Space Research Institute of Russian Academy of Sciences (IKI RAN)

Measurement of the electrical components of the plasma radiation is a com-
plex methodological problem, as evidenced by a small number of successful ex-
periments on the spacecraft. Using the positive experience gained as a result of on
the Kosmos-484, Interkosmos-10, Prognoz-8, -10, Interball-1 experiment using
the combined wave diagnostics [1, 2] on the microsatellite (MS) Chibis-M was
equipped with two wave combined probe and induction magnetometer (Figure 1)
created in LC ISR (supervisor Korepanov V. E.) and are part of the magnetic wave
complex (MWC) [3].

To measure the electrical component of ELF-VLF emissions, potential differ-
ence between KB31 and KB32 (dual probe) was applied to further processing of the
spectral analysis (PSA University Etvesha, Company BL Electronics, Hungary,
supervisor Ferencz Cs.) where either “waveform” digitized, storage and then trans-
ferred to the telemetry (TM) channels, or in the “monitoring” digitized, subjected
to FFT, spectra storage and then transferred to TM. For measurements of the float-
ing potential fluctuations in the plasma potential difference between the MS and
the housing KB31 submitted PSA and subjected to the procedure outlined above.
To measure the 3-component magnetic ELF-VLF emissions signals KB31, KB32,
MM submitted to PSA and subjected to the above procedure.
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Figure 1. Accommodation for Chibis-M MWC sensors: KB31, KB32 — combined wave
probes (probe length 245 mm); UM — induction magnetometer (sensor length 205 mm).
Configuration: A =597 mm, B = 376 mm, C = 250 mm, D = 299 mm

Figure 2. MWC data during 6 hours. X-axis — time UT+3: a — 2012.04.01, 00:00:08 start —

end 6:00:08; b — 2013.04.27, 18:00:07 start — end 24:00:07. The data in Figure 2a and 2b are

identical. Location panels from top to bottom: CHO E — electrical component; CH5 Bz —

magnetic component; projection of the orbit on the Earth’s surface. For E and Bz Y-axis —
frequency range 0.001...40 kHz, color — 120 dB intensity

Figure 3. MWC data during 6 hours. X-axis — time UT+3: a — 2012.04.01, start 6:00:11 —
end 12:00:11; b — 2012.10.13, 12:00:02 start — end 18:00:02. These are identical to Figure 2
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In this paper, methods for measuring the electrical component are discussed
below by, primarily for comparison with the data of the magnetic component.
Obtained in the “monitoring” typical and regularly observed for ~12 months
on the electrical data (KB31-KB32) and magnetic (MM) components are present-
ed in Figure 2. Data are presented in geomagnetic quiet periods and demonstrate a
low level background on both components. Feature of these data is to allocate only
component E “zones” with a minimum intensity of the background in the whole
band. Signals in Figure 2a is “zones” recorded on both components, mainly in fre-
quencies below 1 kHz. Signals in Figure 2b is “zones” on the component E record-
ed in the range below 20 kHz mainly in high latitudes.
Preliminary analysis shows that the “zone” in Figure 2:
* have a frequency close to the period of revolution along the orbit, ~
98 minutes;
+ observed mainly in the equatorial regions;
* observed both illuminated and non-illuminated portions of the orbit. This
may indicate a weak influence on the probes photocurrent compared with
current thermal ionospheric plasma.

Based on the methodological prerequisites [4], the background (thermal plas-
ma noise) arises from fluctuations in temperature and plasma particles and hence
should vary along the orbit. Noise current dual probe also depends on its orienta-
tion relative to the magnetic force line. Consequently, for the analysis of the nature
of the physical appearance of the “zones” highly desirable to have data on the dis-
tribution of plasma density and temperature along the orbit.

Data analysis in geomagnetic disturbance conditions shown in Figure 3 indi-
cates a spatio-temporal correlation the E and the Bz components.

Substorm onset and progression (Kp = 3), shown in Figure 3a, is shown syn-
chronously E and Bz advent of radiation in the southern high latitudes growing
from orbit to orbit frequency. The presence of both components of the electromag-
netic nature of radiation shows. When substorm development (Kp = 8-9), shown in
Figure 3b, radiation appear in both hemispheres at high latitudes, but at different
frequencies.

The presence of “zones” on the component E in quiet (see Figure 2) and per-
turbed (see Figure 3) clearly shows the conditions of their methodical, rather than
physical nature. The study of nature as «zones» and radiation will be continued with
the involvement, primarily, data synchronous ground-based observations.

This work was partially supported by RFBR (project No. 13-05-12102-ofi_m).
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MPOrPAMMA HA3EMHbIX SKCMEPUMEHTOB,
CKOOPANHUPOBAHHbIX C MC «YUBUC-M»

C.U. ](/lMMOGl, HU. B. Koavzoel, A Pﬂéoeal, B.E. Kopenanoez, Yaba @epew3

HMHctutyt KocMuueckux uccienosanuii Poccuiickoi akanemuu Hayk (MKW PAH)
2 JIsBoBcKwit 1ieHTp MHCTUTYTa KOCMUUECKIX MCCIenoBaHmii HarmoHapHoI
akaJeMuu HayK YKpauHbl 1 HallMoHaIbHOTr0 KOCMUYECKOIO areHTCTBa Y KpauHbI
(JILL KN HAHY HKAY)
3 Hayunsriit yauepcureT umeHu Jlopanna Oteéma, bynanemr, Benrpus

Mukpocnyrauk (MC) «Uubuc-M» 011 3amyiueH 25 saBaps 2012 r. u, ipu
3aMJIaHUPOBAHHOM Pecypce OJMH o, YCIIEUIHO paboTaeT yxe Tpetuii roa. B co-
craB KoMmIuiekca HayyHoit anmapaTtypsl (KHA) MC «HYubuc-M» (KHA «I'po3a»)
BXOIMT MarHUTHO-BOJIHOBOM KoMmIuieKc (MBK), cocrosimmit n3 1ByX KOMOWHM-
POBaHHBIX BOJIHOBBIX 30H/IOB, OAHOTO MHAYKUIMOHHOTO MarHMTOMETpPA, CO3/IaH-
Heix B JIL UKH, JIsBOB, 1 mpubopa crieKTpajbHOro aHanu3a (YHUBEpCUTET UMe-
Hu Jlopannga Oteémra, Kommanus BL Electronics, Bearpust). MBK nipennaznauen
IIJII U3Y4eHMST DJIEKTPOMATHUTHBIX IapaMeTpoB B nuariazoHe vactor 0,1 I'm —
40 k' ¢ uenaplo MCCleAOBAaHMSI BapHMalldii TUIAa3MEHHO-BOJIHOBBIX ITPOILIECCOB
B MOHOCdepe, MPOUCXOISAIINX MO BAUSHUEM TPO30BOM aKTUBHOCTH, U TPOLIeC-
CcoB KocMuuecKoit mmoroapl B cucteMme JIAUM [1]. PeannzoBannas Ha 6opty MC
KOHbUTYypalusl JaTYMKOB MO3BOJISIET MPOBECTU BEKTOPHbIE U3MEPEHUsT MarHUT-
HOU 1 omHoi snekTpuyeckoir KomnmoHeHT KHY-OHY amuccuii. B kpyr 3anauy,
pemraeMbix Ha «Yubuc-M» [2], Bxoouiio mpoBeaeHNEe aKTUBHBIX 9KCIIEPUMEHTOB:

* 10 BO3IEUCTBUIO Ha MoHOcpepy HarpeBHoro creHma «CYPA» (Bacuib-
cypck, Hmkeropopckoit 0071.); aKcrnepuMeHT opraHuzoBaH MHcCTUTYTOM
muHamuku reocdep (MO PAH, Mocksa, koopmuHatop I'aBpuiioB B.T.),
HayuyHo-uccnenoBaTtenbckuM  pagropusndeckuM  uHCTUTYTOM  PAH
(HUP®W, Hwxuuit HoBropon, koopauuHatop Kapamrun A.) u UKH
PAH (xoopmunaTtop Kimmmos C.);

* 10 aKyCTUYECKOMY BO3AEHCTBUIO Ha aTMocdepy U uoHochepy BO BpeMst
nponéra «Yubuc-M» Han HazemHbIM cteHnom JILI MKU. DkcriepumeHT
oprannizoBad MKMW PAH npu mommepxke ['ocymapcTBeHHOro KocMude-
CKOro areHTcTBa YKpauHbl, MHCTUTYTa KocMuYeckux ucciaenoBanuit HAH
u I'KA Ykpaunsl, Kues, u JILL UKH (koopauHaTop YepemHsbix O. K.).

B 2012—2013 rr. HakormjIieHa 6a3a JaHHBIX 00 2JIEKTPOMarHUTHOM OOCTaHOB-
ke (BMO) B paitoHe creHnoB. 5 1 9 aBrycra 2013 r. OGbUI TPOBENEH BKCIIEPUMEHT
co creHnoM «CYPA», 28 Hos6pst 2013 1. — ¢ akycTuueckKuM creHnoM. B xome skc-
IEPUMEHTOB MOJIy4eHbI NaHHbIe 00 DMO Kak B pailoHe CTeHIOB, TaK 1 Ha OpOUTe
«Yubuc-M». DTi TaHHBIE B HACTOSIIIINIT MOMEHT KOMITJIEKCHO MCCIIEIYIOTCSI.

CBoe0o0Opa3HBIM aKTUBHBIM KCIIEPUMEHTOM SIBUJIOCH MccienoBaHue DMO
B paitoHax MumokuTtast u lOro-BocrouHoit A3sumn B mepuon nekadbpp 2012 r. —
despane 2013 r. Bo Bpems pa3Butus Tponudeckux nukioHoB (TL) Narelle, 08C,
Haruna, Rusty, 18S. 3nech Takske mmorydeHsl gJaHHble 00 ODMO kak B 3oHe TLI, Tak
u Ha opbure «4Yubuc-M», 4To HEOOXOOUMO IJIsSI M3yYeHUs] COOCTBEHHBIX BapHa-
LMl mapaMeTpoB MOHOCHEPHON IIa3Mbl U onpeaeseHrs MOHOChEpPHOro KpuTe-
pYIs, OTpaskaroIIero MpoILeCcChl IIMKIOTeHe3a.

BaxHoli cocTaBHOM 4YacTblO MCCAECOOBaHUI (PU3MIECKUX IIPOLIECCOB, IIPO-
TeKaloIIuX B HOHOChepe Mo NeHCTBUEM TIPUPOAHBIX U TEXHOTEHHBIX (haKTOPOB,
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SIBJISIETCSI OMHOBPEMEHHBII MOHUTOPUHT DMO Ha Ha3eMHBIX reopU3NIECKUX 00-
cepBaTopusix U B MoHochepe Ha opoute «Yubuc-M». Takue uccienoBaHus TIPoO-
BOIWJINCH, B 4YacTHOCTH, ¢ ['eodpmsmyeckoii obcepBaTopueini «MwuxHeBo» WMIAT
PAH (T'®0O MAT) B 2012—2013 rr. u B siHBape 2014 r. CoriacoBbIBaeTcs Mpo-
rpaMMa Ha3eMHO-KOCMUYECKOTO 3KCMEepUMEHTa IO UCCIeJOBAHUIO IIYMaHOB-
CKOTO M MOHOC(HEPHOTO aTbBEHOBCKOTO PE30HATOPOB ¢ ydacTtueM Pammoactpo-
Homuueckoro nHcruryra HAH Ykpaunst (PU HAHY, XapbkoB, KoopauHaTop
Amnonbekuii F0. M.), JILL UKW u UKW PAH.

ManHasg paGoTa BBINOJIHEHA IPU 4YacTHYHOI moamepxkke PODU (mpoekt
Ne 13-05-12102- opu_m (MKW PAH) u kontpakra Ne ... ¢ TKAY (JIL UKW).

1. Hosukos /. U., Knumos C. U., Kopenanos B. E., Qepeny 4., /luxmenbepeep 4., Ma-
pycenkog A., boonap JI. MarHUTHO-BOJTHOBOI KOMITJIEKC MUKPOCHYyTHUKA «Yubuc-M» mist
U3YYEeHUS JIEKTPOMArHUTHBIX TTapaMeTPOB KOCMUYecKolt roroasl // Muccust «Hubuc-M»:
Co. Tp. BbIe3nHOTO ceMuHapa / Ilox pen. P. P. Hasuposa. M.: UKUN PAH, 2009. C. 78—89.
Cep. «MexaHuKa, yripaBjieHUe U MH(pOpMaTHKa».

2. Iypesuu A. B., 3enénuiii JI. M., Knumoe C. U. Hayunbie 3anauu muccuu «4ubuc-M»
// Muccusa «4ubuc-M»: C6. Tp. BeIe3gHOro cemMuHapa / [lom pen. P.P. HasupoBa. M.:
MKW PAH, 2009. C. 7-25. Cep. «MexaHnKa, yrpaBlieHue 1 THHOPMATHKA».

GROUND SUPPORT EXPERIMENTS, COORDINATED WITH MS CHIBIS-M
S. Klimov', I. Kozlov', A. Ryabova', V. Korepanov*, Csaba Ferencz’

! Space Research Institute of Russian Academy of Sciences (IKI RAN)

2 Lviv Centre of Institute for Space Research National Academy of Sciences
and National Space Agency of Ukraine (LCISR NASU-SSAU)

3 Eotvos Lorand Tudomadnyegyetem (ELTE), Budapest, Hungary

The Chibis-M microsatellite (MS) was launched January, 25, 2012, and, hav-
ing planned operation time 1 year, is already active third year. In the scientific pay-
load Groza of this MS the magneto-wave complex (MWC) is included, consisting
of two combined wave probes and one induction magnetometer (LCISR, Ukraine)
and Spectral analyzer and sampler (Eotvos University, BL Electronics, Hungary).
MWTC allows the measurements of electromagnetic parameters in the frequency
range from 0.1 Hz till 40 kHz. Its goal is the study of plasma-wave processes in the
ionosphere triggered by thunderstorm activity, as well as space weather signatures in
the LAIM system [1]. The «Chibis-M» sensors arrangement allows measurements
of vector magnetic component and of one electric component of ELF-ULF emis-
sions. The scientific tasks of «Chibis-M» include, besides other [2], following active
experiments:

* heating stand SURA (Vasilsursk, Nizhny Novgorod) influence on the iono-
sphere. Experiment organized by the Institute of Dynamics of Geospheres,
Moscow, coordinator Gavrilov B.), Radiophysical Scientific Research Insti-
tute of RAN (Nizhny Novgorod, coordinator Karashtin A.) and IKI RAN
(coordinator Klimov S.);

* acoustic emission influence on the atmosphere and ionosphere during the
operation of powerful acoustic radiator (LCISR, Ukraine). Experiment
organized by IKI RAN with the support of State Space agency of Ukraine
(SSAU), Space research institute of NASU-SSAU, Kiev, and LCISR (coor-
dinator Cheremnykh O.).
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During the years 2012-2013 the data base about electromagnetic environment
(EME) in the region of these facilities was assembled. August, 5 and 9, 2013, the ex-
periment with SURA stand was carried out and November, 28 — with the acoustic
stand. The data about EME both in stands region and at the Chibis-M orbit were
collected. These data are now under complex investigation.

A peculiar “active” experiment was the EME study in Indo-China and South-
East Asia regions in the period of December, 2012 — February, 2013 during the
tropic cyclones (TC) Narelle, 08C, Haruna, Rusty, 18S development. The data
about EME in TC area and at the Chibis-M orbit were also collected, which allow
the study of own ionospheric plasma variations and the determination of ionospher-
ic criterion reflecting cyclogenesis processes.

Important part of the study of physical processes, running in the ionosphere
under the influence of terrestrial natural and technogenic factors is simultaneous
EME monitoring at ground geophysical observatories and at the Chibis-M orbit.
Such study was carried out in 2012—2013 and in January, 2014 with Mikhnevo Geo-
physical observatory of Institute of Dynamics of Geospheres. Also the program of
ground-orbital experiment aiming the study of Schumann and ionospheric Alfven
resonators is coordinated with Radioastronomical institute of NASU (Kharkov,
Ukraine, coordinator Yampolski Yu.), LCISR and IKI RAN.

This work is fulfilled with partial support of 13-05-12102-ocu_wm grant RFBR
(IKI RAN) and contract # ... with SSAU (LCISR).
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AHAJIN3 ONbITA SKCNNYATALUN CNYTHUKA «<HUBUC»

KAK 3TAN NMOArOTOBKU MPOEKTA KOCMUYECKOTIO AIMMAPATA
AnAa NCCNIEQOBAHMA NPOLIECCOB TEHEPUPOBAHUA U3TYYEHUN
B ATMOCQOEPE 3EMJIN

A. Jledkos, H. Diicmonm, P Hasupos, A. Hazapenko, B. Hazapos

HMHctutyT KocMuueckux uccienoanuit Poccuiickoii akanemun Hayk (MKW PAH)

Iocite nByX JieT AKCIUTyaTallid B OKOJIO36MHOM KOCMUYECKOM ITPOCTPAHCTBE
cryTHUKA «YUOKUC» MOSIBUIOCH JOCTATOYHO JAHHBIX JJISI TOTO, YTOOBI CIEIaTh He-
KOTOpBIE BBIBOIBI, KOTOPBIC ObUIM ObI TOJI€3HBI IIPX pa3pabOTKe HOBOIO aIlapa-
Ta TOro e HayyHOro HasHaueHusl. B mpemraraemoii paGoTe paccMaTpuBaeTCs,
[JIaBHBIM 00Pa30M, 4acTh IIPOEKTA, OTHOCAINASICS K OOJIACTH IMHAMUKH KOCMH-
YECKOTO IMOJIETA, B YACTHOCTH, K BOIIPOCAM OIIPEIE/ICHNUsI IIapaMeTPOB IBUKEHMS
LIEHTPa Macc almapara, a Takxe K mpobjeMaM ero opreHrauuu. I1pu 3ToM aHa-
JIN3UPYIOTCS] BO3MOXHOCTH PELCHUS 3a1a4 yIIPABICHUS B IIPeNesiax TEXHUUECKUX
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BO3MOXKHOCTEM CIIy>KEOHBIX CUCTEM CITyTHUKA C LIETbI0 ONTUMATIBHOTO TIAHUPO-
BaHUs (GU3NUECKUX IKCIIEPUMEHTOB Ha OOPTY.

UYto KacaeTcsl OpOUTANBHBIX TaHHBIX, TO MTPOBEAEHHBIN aHAIU3 TTOKA3bIBACT,
YTO TOYHOCTb, COCTAaB U 4YacToTa Iyoaukauuii ciayx6oii NORAD gBisiorcst no-
CTaTOYHBIMM VIS 3a[1a4 9KCIIEPUMEHTOB, 3alUIaHMPOBaHHbIX Ha «Hubuce», a pas-
paboTaHHBIN METOI aBTOMAaTMUYECKOTO OOHOBJICHUS 3TUX JaHHBIX YIOBJIETBOPSIET
TpeOOoBaHMSIM IJIAHUPOBAHMS onepaluii. JaloTcss olleHKM 3BOJIOLIUU OpOUTAIb-
HBIX TTapaMeTPOB TOJ BO3AEMCTBUEM TOPMOXKEHMSI aTMochepoii, orpeaeasercs
cpenHuli baUTMCTUIeCKUii KOaUIIMEHT anapara.

Cucrtema OpMeHTAllMU CIIyTHUKa, 0a3upyolasicsl Ha MCIOJb30BaHUU COJI-
HEUYHBIX JaTYNKOB U MAarHUTOMETPOB KaK M3MEPUTEIIBHBIX 3JIEMEHTOB U MarHUT-
HBIX KaTyIIeK 1 MaXOBUKOB KaK MCITOTHUTEJIbHBIX OPTaHOB, ITOKa3aja CBOIO pabo-
TOCTIOCOOHOCTD, HO C HEKOTOPHIMU OTOBOPKAMHM.

B pabote naroTcsi peKoMeHAAIMY MO0 MPeoNoJIeHUI0 3Toro nedekra B nmocie-
NYIOIIMX TIPOEKTaX, a TAaKXKe MCCIEAYIOTCS allbTepHATUBHbBIE BapMAHThI MTOCTPOe-
HMSI CUCTEMBI OPUEHTAIIUH.

JlenkoB A. —aledkov@rssi.ru, +7495 333-12-66

ANALYSIS OF OPERATING EXPERIENCE SATELLITE CHIBIS AS A STAGE

OF THE PROCESSING OF THE SPACECRAFT'S PROJECT TO EXPLORE

THE PROCESSES OF GENERATING RADIATION IN THE EARTH’S ATMOSPHERE
A. Ledkov, N. Eismont, R. Nazirov, A. Nazarenko, V. Nazarov

Space Research Institute of the Russian Academy of Space (IKI RAN)

After two years of operation of the spacecraft Chibis-M in space there are
many scientific data for design a new spacecraft. The paper considers mainly part of
the project related to the space flight dynamics including in particular the problems
of satellite orbital parameters determination and attitude control. At the same time
the paper analyzes the possibilities of solving control tasks within the functionality
of the satellite service systems in order to optimize the planning of physical experi-
ments on board.

As for the orbital data, the analysis shows that the accuracy of the NORAD
service is sufficient for the tasks of experiments planned for Chibis. Evolution of the
orbital parameters affected by aerobraking was estimated. Average ballistic coeffi-
cient is determined.

Attitude control system which includes solar sensors, three dimensional mag-
netometer used as sensors and also reaction wheels and magnetic coils used as actu-
ators have shown their efficiency, but with some remarks. In particular, it was found
that the magnetometers functioned with errors exceeding expected limits. It was ex-
plained by nonstatinary character of the own satellite magnetic field.

The paper gives recommendations to overcome this defect in the next projects
and it is explores alternatives to building an attitude control system.

Ledkov A. — aledkov@rssi.ru, +7495 333-12-66
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CUCTEMA SHEPTOCHABXEHUA MUKPOCNYTHUKA «4YUBUC», OMNbIT
SKCNNYATALUN N PEKOMEHOALIW HA BYAYLWUAE MUKPOCNYTHUKA

A. A. Jluzynos
OAO «BIIK «HITO MamuHocTpoeHue»

B Hacrosiiiee BpeMsl YBEJIWYUIICS MHTEPEC 3aKa3YMKOB K MUKPOCITYTHUKAM
(MC). Takoii uHTEpEeC OOBSICHSICTCSI YMEHBIICHHUEM CTOMMOCTh pa3pabOTKU, U3-
TOTOBJICHMSI, YCIAYT IO BBIBEAEHUIO Ha OpOUTY M OOCIyXuBaHMS (YIIpaBICHMS)
MC. OcyliiecTBiasieTcsl 3T0 MOCPEACTBOM YIPOILEHUS] KOHCTPYKLIMU U CHUXKEHUSI
MaccorabapuTHBIX TToKa3aTesieil. Tem He MeHee, BBIIBUTAIOTCST TPeOOBaHUS K BbI-
COKOMY YPOBHIO HaIE€XHOCTHU, 3(G(GEKTUBHOCTU, CPOKY CIyXKObl 3HEProBOOpPY-
>KEHHOCTH, paTUallMOHHON CTOMKOCTH U OIPYTMM BaKHBIM ITapaMeTpaM OOpTOBOM
arrrmapaTyphl.

Lleap manHO#I pa®OTBHl — HaXOXIEHHE CIoco0a YIeIIeBICHUS CTOMMOCTU
pPa3pabOTKU, CO3IaHUST U DKCILTyaTalluu cucTeMbl aHeprocHabxeHus: (COC) MC.
IToctaHoBKa 3ama4yn JaHHON paGOTHI — MTOUCK KOMITPOMHKCCA MEXIY YMEHBIIICHHN -
€M MaccorabapuTHBIX TToKa3areseil 60pTOBOM CUCTEMBI M COXPAaHEHUEM BBICOKO-
rO YPOBHSI TpeOOBaHUI K MapaMeTpaM KocMuueckoil TexHuku. CyTb MeTona pe-
IIeHUS 3aJa9u — JeTalbHBIM aHaln3 TpeboBaHMi K oTKazoycToiunBoctu COC,
TaK Kak, B IEPBYIO ouyepedb, OT €€ HamEXHOCTH 3aBUCUT (DYHKIIMOHHUPOBAHUE
Bcero MC. OTKa30yCTOMYMBOCTb CUCTEMbI, B OCHOBHOM, JOCTUraeTcsi ¢ MOMO-
IIBI0 Pa3JIMYHBIX CIOCO00B pe3epBupoBaHus e€ asneMeHToB. COC MC «Yubuc»
ITOCTPOEHA TI0 TIapaJUIeTbHOM CTPYKTYPHOM cXeMe ¢ MUHUMAaJIbHO HEOOXOIUMbBIM
pPE3EePBUPOBAHUEM.

HoBu3Ha paboThl 3aKiTioyaeTcsl B MpeaIoXeHHOU cxeme ImoctpoeHus COC
MC. TlpakTuyecKasi TOJe3HOCTb TAHHOM pabOThI 3aKITI0YAETCST B PEKOMEHAAIN -
sx pazpadborunkamM MC. Pe3ynbraTthl pabOThl MPUMEHUMBI B 00JIACTU CO3JaHUS
MMKPO- U HAHOCITyTHUKOB.

.Hl/lC’oyHOB A.A. — HavyaJIbHUK oraeaa, KaHauaaT TCXHMYCCKUX HayK, TOUEHT

POWER SUPPLY SYSTEM MS CHIBIS OPERATING EXPERIENCE
AND RECOMMENDATIONS FOR MS'SIN A FUTURE
A.A. Lizunov

MIC NPO Mashinostroyeniya

Currently customers increased interest to the MS’s. Such interest is attribut-
able to reduced development costs, manufacturing, services for orbit insertion and
maintenance (management) MS. This is done by simplifying the design and reduc-
ing the weight and dimensions.

Nevertheless put forward demands a high level of reliability, efficiency, dura-
bility available power, radiation resistance and other important parameters of the
on-board equipment. The aim of this work — finding a way to reduce the cost
of developing, building and operating PSS MS. Statement of the problem of this
work — the search for compromise between the reduction of weight and dimensions
of the board system and the persistence of high requirements to parameters of space
technology. The essence of the method of solving the problem — a detailed analysis
of the requirements for fault tolerance PSS, because, first of all, its reliability de-
pends on the functioning of the whole MS.
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Fault tolerance, mainly achieved through various ways redundancy of its ele-
ments. PSS MS Chibis built in parallel structural scheme with minimum necessary
redundancy. The novelty of this work is proposing scheme of build PSS MS. The
practical usefulness of this work lies in the recommendations for developers MS’s.
The results of the applicable in the field of micro-and nano-satellites.

YTO MO Bbl AATb MUKPOCMNYTHUKN .
AnAa NCCNEQOBAHUA MNMOBAJIbHOW SJIEKTPUYECKOW LIENIA?

E.A. Mapees

HNucruryr npukinanHoit ousuku Poccuiickoit akanemun Hayk (UITD PAH)

WHAT COULD GIVE MICROSATELLITES FORTHE STUDY
OF THE GLOBAL ELECTRIC CIRCUIT?»
E.A. Mareev

Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS)

HA3EMHbI CETMEHT NPOEKTA «4UBUC-M»:
NOJZIYYEHHbIE YPOKU MOCHE ABYX JIET NOJIETA

B.H. Hasapoel, PP Ha3upoel, JI.M. Seﬂeubzﬁl, B.H. AHeapoez, 0. B. Eamanoel,
JI. Bodnap®, H. A. Diicmonm', B. M. Tomau6', B. H. Kapedun®, C. H. Kiumos',

. B. Kopomlcoel, HU. B. Koa/zoel, A A ]]ealcoel, A1l M€/leLlKl, A. I1. ITankos® ,
B. T Poaunl, A Pﬂ603a1, A llIMeﬂayap4, A A. nyaﬂoel, A.E. T pemb}ncos’1

! HMHctutyT KocMuueckux ucciaemoBanmnii Poccuiickoit akagemuu Hayk (MKW PAH),

Mocksa, Poccust

CrenmmaybHOE KOHCTPYKTOPCKOE OI0p0 KOCMIYECKOTO IPUOOPOCTPOCHMS
HHcTuTyTa KOCMUYECKUX rccienoBanuit Poccuiickoit akageMun Hayk

(CKB KIT UKH PAH), Mocksa, Poccus

HayuHo-uccnenoBaresnnckas 1adboparopust aspokocMuueckoit rexuuku (HUITAKT)
npu PoccuiickoM 060pOHHO-CITOPTUBHOM TeXHMUYeckoM obiiectBe (POCTO)
(JOCAA®D), Kanyra, Poccust

Hayunsiit ynusepcurer umeHnu JIépanna dteéma, bynaneur, Benrpus

HHcturyt pusukm atMmocdepbl AkageMun Hayk Yenickoii Pecriyonmku,

Ipara, Yemckas Pecny6iuka (MDA YAH)

2

MukpocnytHuk «4Yubuc-M» comepXUT MpUOOPHBIM KOMILIEKC, O0eCIedn-
BalOUIWI MPOBEIEHNE NTOCTATOYHOrO OOJIBIIOT0 Habopa pasMYHBIX U3MEPEHUN.
B nepBylo ouepenb OHU MpeaHa3HAuYEHbl WSl U3yueHus: GU3UUeCcKUX MPOIeCcCOB
BBI3BAHHBIX BBICOTHBIMU TPO30OBBIMU Pa3psiiaMM, HO HapaBHE C 3THM 00ecreun-
BaeTCsl MPOBENCHUE HCCIeNOBaHUI, KOTOPbIE MOTYT ObITh OOBEAMHEHBI MOJ 00-
LIUM TEPMUHOM «KOCMUYECKasi TOrosia».
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Takoil MUPOKUI KPYT M3MePsIeMbIX MapaMeTpOB MPUBOJIUT K HEOOXOAUMO-
CTHM OpraHu3alliM BbICOKOCKOPOCTHOTO KaHaja Tepenayu pe3yjbTaToB M3Mepe-
HMI1, 4TO, B CBOIO OYepeNb, MPUBOAUT K HEOOXOMMMOCTH OPraHU3allMi BBICOKO-
3¢ heKTUBHOI MH(POPMAIIMOHHON Cpelbl IIPOeKTa.

BricokockopocTHOI S-band KaHanm obecriednBaeT cOPOC HAyIHBIX TeaeMe-
Tprueckux naHHbIX B popmare CCSDS Ha ckopoctu 1o 1 Mout/c. dns unxeHep-
HBIX JaHHBIX W YIPaBJIE€HUS MUKPOCITYTHUKOM HCIOJb3YeTCsl PaavuoNio0nTeb-
CKMIi [ramna3oH ¢ yactoramu 145 n 435 MI'n mig niepenayn TeJieKoOMaHI U copoca
WHXEHEPHBIX TeJIeMeTPUIEeCKUX JaHHBIX COOTBETCTBEHHO. U B MOMOTHEHNE K JIN-
HMSIM CBSI3U, OTIMCAHHBIM BHIIIIE, TeerpadHbIil KaHall ¢ Tiepenayeii JaHHBIX C MO-
MoOIIbIO a30ykK Mop3e, TakKe UCIOJIb3YeTCsl B TIPOEKTE ISl TIepeIaun KITIoUeBbIX
TEXHUUYECKUX ITApaMETPOB O COCTOSTHUM MUKPOCITYTHHUKA.

Takasa cxema uHdoOpMalMOHHOro obOMeHa OoOpT — 3eMiisi B COYEeTaHUU
C TPUMEHSIEMBIMU COBPEMEHHBIMU WH(MOPMALIMOHHBIMU TEXHOJOTUSIMM (Ha-
npumep, Web 2.0, SOA, u T.1.) mo3Boauiao co3narb HaszeMHbI cerMeHT Tpo-
ekta «Yumbuc-M» oOnamamoiiuii pa3BUTHIMM (DYHKIIMOHAJIBHBIMUA BO3MOXHO-
CTSIMU Ha (hoHEe MUHUMU3AIMU PECYPCOB 3alECTBOBAHHBIX HAa €ro MOATOTOBKY
M 3KCILUTyaTaluio.

B moknane mokazaHo, YTO UCITOJIb30BAHHBIE METOIBI 1 TIOAXOIbI MOXKHO TTPH-
MEHSITh 1 ISl TOCTPOEHMSI HAa3eMHBIX CETMEHTOB «OOJIbIIUX» HAYYHBIX MUCCHUIA.

B pabore paccmaTtpuBaeTcs Tekylee coctossHue HaszemMHoro cermeHra rpo-
ekTa «HYubuc-M», aHATM3UPYETCS OMBIT ero IKCIUTyaTallid B TeUEHHME IBYX JIET
MOJIETHBIX omnepauuii. Pe3ynbraTel aHajiM3a IO3BOJISIET CHOPMYJIMPOBATh IOTY-
YeHHbIC YPOKU, B BUJEe 0a30BBIX TE€3UCOB, KOTOPBIC TJIAHUPYETCS MCIOJIb30BaTh
MpY pa3paboTKe Ha3eMHBIX CETMEHTOB IMEPCIEKTMBHBIX HAYUYHBIX KOCMUYECKHMX
MPOEKTOB.

GROUND SEGMENT FOR MICROSATELLITE CHIBIS-M:

LEARNED LESSONS AFTERTWO YEARS OF OPERATIONS

V. Nazarovl, R. Nazz'rovl, L. Zelenyil, V.Angarovz, 0. Batanovl, I. Bodnar® , N. Eismont',
V. Gotlib', V. Karedinz, S. Klimov', F. Korotkov', I. Kozlov', A. Ledkov', A. Melnik',

A. Papkov3 , V. Rodinl, A. Ryaboval, Ya. Shmelauer4, A. Sukhanovl, A. Tretiakov'

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

Russia

SKB KP IKI RAN, Tarusa, Russia

NILAKT ROSTO, Kaluga, Russia

Eo6tvos Lordand Tudoményegyetem (ELTE), Budapest, Hungary
UFA CAZ, Prague, Czech Republic

ENIRVCRN VR )

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 In-
ternational Space Station (ISS). As usually it brings some equipment and goods
needed for ISS survival but also it delivered microsatellite Chibis-M. At January 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 separated 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.
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The main purpose of Chibis-M is a comprehensive study of physical process-
es 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 de-
scribed by term called “space weather”. And it contains an impressive list of the sci-
entific 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
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 two years of operations with it and
shows prospective ways of evolutions of the described ground information system.

K MOAENW IMOBAJIbHOW FTEHEPALIUU TPAH3UEHTHbIX
SHEPIM4YHbIX ABJIEHNN B ATMOC®EPE

M. U. Iaunaciox

HayuHo-uccnenoBatebCKiit MHCTUTYT simepHoii puzuku umenn J1. B. CkoGenblibiHA
MOCKOBCKOT0O ToCy1apcTBeHHOTo yHUBepcuteTa uMeHu M. B. JlomoHocoBa
(HAUAD MI'Y), dusndeckuii pakynprer MI'Y

Ilon TpaH3MEHTHBIMU SHEPTUYHBIMU SIBJICHUSIMU B KOHTEKCTE IMpeAjiaraeMo-
ro HabpocKa MOJEIM MX TeHepallud pacCMaTpPUBAIOTCSI 3eMHbIE TaMMa-BCIIJIECKU
(Terrestrial Gamma Flashes), HekoTopbIe TUIIBI TPAH3MEHTHBIX CBETOBBIX SIBJICHUIA
(Transient Luminous Events), a Takxxe rpo3oBbie 3eMHbIe Bo3pactaHus (Thunder-
storm Ground Enhancements),conpoBoxnaiomnecs MOSIBICHUEM KaK B HIDKHUX
ciosix atMocdepbl, TaK U BEpXHei e€ 001acTi, KpaTKOBPEMEHHBIX TOTOKOB 3J1eK-
TPOHOB, TaMMa — KBAHTOB, HEUTPOHOB M PAJMOU3IIyYEHMS, a TAKXKE BCIIECKOB
yIbTPaUOIETOBOTO U3IydeHNsI, T10 KpaliHel Mepe, B BepXHel 9acTh 3eMHOI aT-
Mocdepsl. B mpenjaraemoil Monenau KiItoUYeBbIM 3JIEMEHTOM, OOBSICHSIIOIIUM CYy-
LIECTBOBAHME BCEX ITUX SIBJICHUI B paMKax eIUHOM IMTOOATIbHOU LIEeNU, SBISIOTCS
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MyYKU PENSITUBUCTCKUX DJEKTPOHOB, MPUPONA KOTOPBIX CBSI3aHA KakK IMPSIMbIM,
TaK 1 OMOCPEIOBaHHBIM 00pa3oM, € YCUJIEHUEM aTMOC(HEPHOTO JIEKTPUIECTBa BO
BpeMsI MPOSIBJICHUI TPO30BO aKTMBHOCTH. X TeHepalldsi CTAHOBUTCS BO3MOX-
HOI He TOJIbKO B HIDKHMX CJI0SIX aTMOCGhEPBI € MOCIEAYIONIUM BbLIETOM B BEpXHUE
U MPU3EMHBIE CJIon aTMOchepbl, HO U TIPOHUKHOBEHKME UX B aTMOC(depy B pe3yJib-
TaTe 3(PGhEKTOB BBICHITIAHWS U3 PamIMallMOHHBIX TOsIcoB 3eMi. UMeHHO TTyYKku
PENSITUBUCTCKUX JIEKTPOHOB, « BBICTPEIMBAIOIIME» KaK CHU3Y, TaK U CBEPXY (CO-
OTBETCTBEHHO BapHUaHTBhl MOJNIEJU «CHU3Y BBEPX» U «CBEPXY BHU3»), MOTYT OBITb
OTBETCTBEHHBI 32 BECh KOMIUIEKC SIBIEHUI CO 3HAYUTEJILHBIM BBIICJICHUEM dHEP-
ruy, HaOJIonarolMecs Kak B HUXKHel, Tak ¥ B BepxHeil atMocdepe. He nckimoue-
HO, YTO BCE 3TU TPAH3UECHTHbBIC SHEPTUYHBIC SIBJICHUS pa3BUBAIOTCS Ha OJMU3KOM
BpeMeHHOI IKaje. B mokiame MpUBOOATCA UMEIOIINECS SKCIepUMeHTaTbHbBIE
apTyMEHTHI, TOATBEepXKIAIoNIe MPEUIOXKEHHYI0O MOJENb, a TakKKe OOCYXKIAroTCs
HamnpaBJIeHUS JaJTbHEUIINX 1IeJIEBbIX 9KCITEPUMEHTAIbHBIX UCCIIEAOBAHUI B 3TOM
HampaBJICHUMU.

IManaciok Muxaun Uropesny — nupektop HUUAD® MTI'Y, noktop dhusmKo-mMatemaruye-
CKMX HayK, Tpodeccop, panasyuk@sinp.msu.ru, +7495 939-18-18

TO THE MODEL OF GLOBAL TRANSIENT EVENTS GENERATION IN THE ATMOSPHERE
M. Panasyuk

Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University
(MSU SINP), Physics Department MSU

Within the frames of the suggested draft model of transient events generation
the following their types are considered: Terrestrial Gamma Flashes, some types
of Transient Luminous Events and Thunderstorm Ground Enhancements, which
are accompanied by short occurrence of the fluxes of electrons, gammas, neutrons
and radio-emission both in the lower and upper regions of the atmosphere as well
as UV-flashes at least in the upper atmospheric layer. The basic element of the sug-
gested model explaining all these events within the frames of the single global chain
are the beams of relativistic electrons. Their nature is associated with intensification
of atmospheric electricity during thunderstorm activity consequences both directly
and indirectly. Along with their generation in the lower atmosphere and subsequent
escape to the upper and near-Earth layers of the atmosphere, their penetration
into the atmosphere as a result of precipitation from the Earth’s radiation belts be-
comes also possible. Just relativistic electrons beams “fired” both from below and
from above (correspondingly, variants “bottom upwards” and “top down”) can be
responsible for the whole complex of the events with significant energy release ob-
served in the lower and in the upper atmosphere. Quite possibly that all these tran-
sient events happen at the same time scale. The report includes the experimental ar-
guments proving the suggested model and the discussion of the further experimental
research directions in this field.

Panasyuk Mikhail — director of SINP MSU, professor, panasyuk@sinp.msu.ru,
+7495 939-18-18
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MAJIAA KOCMUYECKAA MIATOOPMA ONnA PEANU3ALINA
KOCMUYECKUX SKCMEPUMEHTOB. NMPOEKT NKNO1

B.JI. Ilempos
Hayuno-npoussoncteenHoe npeanpusitue «Jdaypus» (OO0 «HIIIT Jaypusi»)

B noxnane nmpencraBiieHa KOHUEMLIMSI CO3IaHUsI MaJlor0 KOCMUYECKOTO ar-
rapaTa IijIsl HayJ9HBIX MCCIIeIOBaHUI. AMTapar 3amycKaeTcs U3 TPaHCIIOPTHO-ITY-
ckoBoro koHTeitHepa pa3pabotku UKW PAH u PKK «BHeprusi». Kocmuueckas
miatopma umeet padouee HazBaHue MKHMO1. ITone3Hast Harpy3ka KOCMUYECKO-
TO afrapaTa MpUBeAeHa I HaydHOU 3aJauyd MO MCCASTOBAaHUIO TPAaH3UEHTHBIX
SIBJICHUII B MOHOC(hepe u OmkHeil MarHuTochepe 3emau. [IpoBenéHHbIe 2HEp-
reTMYecKue, TeIUIoBble, 0AJUTMCTUYECKUE PACUETHI MTOKA3bIBAIOT, YTO XapaKTepu-
CTUKU TIaT(GOPMBI ¢ 3aTTaCOM YIOBJIETBOPSIIOT TPEOOBAHMSAM, MPEABSIBISIEMBIM CO
CTOPOHBI HaydHBIX pubopoB npousBoactBa MKW PAH, u nmoaxonsar mis pere-
HUSI HE TOJIbKO OMMCAHHOM HayYHOU 3aau, HO M OOJIBIIIOTO CrieKTpa yHaaMeH-
TaJbHBIX M MPUKIIAAHBIX HAYYHBIX UCCJIEAOBAHUI OKOJIO36MHOTO KOCMUYECKOTO
npoctpaHcTBa. TeM He MeHee, MaTdopMa co3laHa Mo MOIYJIbHOMY TPUHIIUITY
Y TIpY HEOOXOAMMOCTU MOXKET ObITh JopaboTaHa Mo PsAY KJIIOUEBBIX MapaMeTpoB
B IMPOKOM JAuara3oHe 6e3 usmeHeHus oo1ieit KoHueniun KA.

SMALL BUS FOR THE SPACE EXPERIMENTS. IKI0O1 PROJECT
V. L. Petrov

NPP Dauriia

The concept of a small spacecraft for scientific research is being presented.
The spacecraft should be launched from the IKI and RSC Energia’s contain-
er. Space platform has a draft name IKIO1. The payload of the spacecraft is de-
scribed for the transient phenomena in the ionosphere and nearest magnetosphere
research. The general parameters of the bus satisfy the IKI scientific complex re-
quirements as the power, thermal, ballistic etc. calculations show. The bus is also
suitable for the wide spectra of fundamental and applied research of near-Earth
space. However, the bus is designed modular, and if necessary, it may be modi-
fied in certain key parameters in a wide range without changing the general concept
of the SC.
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YHY-U3NYYEHUA B BEPXHE MIOHOCOEPE NO A AHHbIM
SJIEKTPUYECKOIO AATYUKA MUKPOCIYTHUKA «<4HUBUC-M»

B. Huﬂunemcol, p/A ﬂydlcuﬂz, B. Kopenaﬂoez, C. Kawumos'

: HMHctutyt KocMuueckux uccienoanuii Poccuiickoii akanemuu Hayk (MKW PAH),
Poccus

2 JIbBOBCKMit neHTp MHcTrTyTa KOCMUYECKUX uccaenoBaHuit HaltmonanbHoi
aKajeMuu HayK YKpauHbl 1 HallMoHaIbHOTO KOCMUYECKOTO areHTCTBA Y KpaUuHbI
(JILL UK HAHY HKAY)

Wcnone3yst naHHble omHOKOMMOHeHTHOro natyuka YHY/KHY-Bapuainuii
3JIEKTPUYECKOTO MOJISI MUKpOCIyTHUKA «Yubuc-M», Mbl IONBITAIMCH OOHApY-
KUTh MPU3HAKKU TaKUX 3JIEKTPOMAarHUTHBIX CTPYKTYP B BepXHeil moHocdepe Kak
HAP (moHochepHBIl aabBeHOBCKUIT pe3oHaTop) m 1P (mmymanoBckuii pes3o-
HaHC). B To BpeMs Kak 3TH MHOTOIIOJIOCHBIE CIIEKTPAIbHBIE CTPYKTYPhl YBEPEHHO
HaOJI01aI0TCA Ha3eMHBIMU MarHUTOMETpaMU, UX MPSIMbIX HaOIIOACHU B MIOHOC-
depe IpakTHIecK He ObLI0. AHaNMM3 JaHHBIX «Ynbuc-M» mokasair, 4YTo MHOTO-
TTOJIOCHBIE CIIEKTPAIbHBIE CTPYKTYPHI, COOTBETCTBYIOIINE XapaKTEePHBIM YacTOTaM
AP, neiicTBuTeIbHO HAOIIOAAIOTCS, HO HE B BUAE IJIMTEIbHOTO M3JTYyYeHHUS, KaK
Ha 36MHO# IMOBEPXHOCTH, a KaK KOPOTKHUE IIIMPOKOIIOJIOCHBIE BCILJIECKU, TPUTTE-
paM KOTOPBIX TO-BUIVMOMY SIBIISIIOTCSI MOIIIHBIE T'PO30BbIe pa3psiabl. Borpeku
MPUHSTHIM MPEACTaBICHUSM, TOHKAsI CIIEKTpabHasl CTPYKTYpa 2JIEKTPOMATrHUT-
HBIX BCILJIECKOB, oOycioBineHHass MAP, Habmonanach Takke U Ha JHEBHOM CTO-
poHe. Takum 00pa3oM, OTCYTCTBUE Ha3eMHBIX mposiBieHnii AP B nHeBHBIE Yachl
CBSI3aHO HE C HU3KON MOOPOTHOCTBHIO PE30HATOpa, a C XYIIIUM MPOXOXKIEHUEM
K 3eMHOI moBepxHOCcTH. [Ipubopamu MukpocryTHuka «Yubuc-M» Takxke ObLIN
OOHapyXeHBI c1adble TI0JIOCOBBIE M3YYEHUST Ha YacTOTaxX MePBhIX TPEX TAPMOHUK
IIP. MHTEHCUBHOCTM 3apervCTpUMPOBAHHBIX M3JIYYCHUI HaXOMSTCS B COIJIacUU
C MOJZIeJIbHBIMU OlIeHKaMU TpocaunBaHus a3Hepruu [IIP B BepxHIot0 noHOChEDY.
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ULF EMISSIONS IN THE UPPER IONOSPHERE DETECTED BY THE ELECTRIC SENSOR
OF CHIBIS MICROSATELLITE

V. Pi/ipenkol, D. Dudkinz, V. Korepanovz, S. Klimov'

! Space Research Institute of Russian Academy of Sciences (IKI RAN), Russia
2 Lviv Centre of Institute for Space Research National Academy of Sciences
and National Space Agency of Ukraine (LCISR NASU-SSAU)

We tried to find with the ULF/ELF electric field sensor onboard Chibis-M
microsatellite signatures of the IAR (Ionospherc Alfven Resonator) and Schumann
resonance (SR) in the upper ionosphere. Whereas observations of the IAR and SR
multi-band emissions with ground magnetometers are ubiquitous, in-situ satellite
observations of their signatures are very rare. ULF events detected by the Chibis-M
show a possibility of triggered excitation of IAR. In contrast to dominating view,
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IAR has been found to be effectively excited on the dayside, too. The absence of the
daytime IAR features on the ground is probably caused by the elevated absorption
of ULF waves in the lower ionosphere during daytime hours. Chibis-M observa-
tions also supported the possibility of the SR leakage into the upper ionosphere.

CUCTEMA YNPABJIEH/A OBUMEHUEM N HABUTALU M. NPOEKT MKUNO1
11. Po3un

HayuHo-nipousBoncteeHHoe npeanpusitue «Jdaypus» (OO0 «HIIIT Jaypusi»)

B nokiane paccmarpuBaeTcsi BO3MOXHOCTb CO3[IaHUSI HU3KOOPOUTATbHOTO
KOCMMYECKOIO armapaTta Ha 6a3e texHudeckux pemenuit OO0 «HIIIT Haypus»
B YaCTU CUCTeMBbI yrpaBieHMs nBrzkeHreMm u HaBurauuu (CYIH), paspadoran-
HBIX IS almnapaTtoB MUKpo- M HaHokiaccoB (DX-1 u MKA-H). IIpeacraBieHsl
ocHoBHbIe KoMrnoHeHThl CYJIH — ornpenenéH HabOp MCTIOJHUTEIbHBIX OPraHOB
U WU3MEPUTETbHBIX MPUOOPOB, CPENCTBAMU KOTOPBIX IpejiaraeTcs OCYIIeCT-
BJISITh pellieHre 3afauu yrpaieHus: KA Ha Bcex aTanax ero (pyHKIMOHUPOBAHUSI.
IIpencraBiaeHbl OCHOBHBIE XapakKTepucTuKu Tpemiaraecmoit CY/IH, nonyuyeHHbIe
0 pe3yJbTaTaM MaTeMaTHYecKOro MoaenaupoBaHus. OnpeneeHbl OCHOBHBIE Xa-
DPAKTEPUCTUKU B YacCTU AOCTUXKMMOM TOYHOCTM OPUEHTAMU W CTaOMIM3alUKU
KA, a Tak ke rmapaMeTpoB IBMXEHUS CITyTHUKA I10 opouTte. JlaHo onrcaHue BO3-
MOXHOCTE! pa3pabOTaHHOTO IPOTPAMMHO-AJITOPUTMUUYECKOTO OOecIeueHUst
BII IIVII.

TRAFFIC CONTROL SYSTEM AND NAVIGATION. PROJECT IKIO1
P. Rozin

NPP Dauria

The report considered the possibility of creating attitude control and determi-
nation system (LEO) spacecraft based on Dauria Aerospace solutions from space-
craft DX-1 and MKA-N. Showed main measurement devices and actuators LEO
scientific spacecraft with medium class accuracy ADCS system. Presented main pa-
rameters of ADCS system (accuracy of orientation and stabilization and orbit deter-
mination accuracy) for spacecraft on LEO orbit. Considered questions about ballis-
tic software for ground control center.

CNCTEMA DHEPTOCHABXEHWA. MPOEKT NKWNO1
H. Cobones

HayuHo-nipousBoncteeHHoe npeanpusitue «daypus» (OO0 «HIIIT daypusi»)

B nactogmee Bpems B HIIIT «/laypusi» IpoxoasT 3aBeplIaoluii 3Tamn pabo-
Thl 10 co3nanuio KA DX1, npenHazHayeHHOTO IJISl pellleHus 3aJa4 JUCTaHIIMOH-
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Horo 3oHmupoBaHus 3emun (JI33), a TakKe pa3pabaTblBalOTCS IPYrue MMUCCUH,
3aITyCK KOTOPBIX oxuaaeTcs B 2014 .

B nipeaytaraeMoM noxJiiane aHaJTM3UPYIOTCS YCIOBUS (DYHKIIMOHMPOBAHUS Ha-
y4Horo anmapata 1o npoekty «MKHM-01», 1 Ha OCHOBE COITOCTaBIEHMS MOTYIEH-
HBIX Pe3yJbTaTOB C TPeOOBaHUSIMU TI0JIE3HON HArpy3ku (OPMUPYIOTCSI BBIBOIBI
0 BO3MOXHOCTHU peaju3aluy MIaHUPYyeMO MUCCUU C TTOMOIIBI0O KOCMUYECKOTO
amrapara, CO3JaHHOIO Ha OCHOBe ayeMeHTHoI 0a3pl KA DX-1 u apyrux muccuii
HIIIT «daypusi». Ilpu aTOM mepBooYepenHOE BHMMAaHUWE YAENSIETCS BOIpOcam
sHeprocHaGXeHnsT KA 1 BbIpaGOTKe KOHCTPYKTUBHBIX pElIeHUI, 0OecIednBaio-
X TpeOyeMblii 11 HeMPEePBHIBHOTO (DYHKIIMOHUPOBAHWS HAYYHOM armapaTypbl
YPOBEHBb MOIIIHOCTU cUCTeMbl 3HeprocHabxeHust (CAC).

POWER SUPPLY SYSTEM. PROJECT IKIO1
1. Sobolev

NPP Dauria

Currently the NPP Dauria proceed the final stage of the creation of spacecraft
DX1, designed to meet the challenges of remote sensing, as well as other missions
are developed, which is expected to launch in 2014.

In this report the conditions for the functioning of scientific apparatus I1KI-01
are analyzed. By comparing the results obtained with the requirements of the pay-
load formed conclusions about the feasibility of the planned missions using element
base of DX-1 and other missions, designed by NPP Dauria. Priority was given to
power budget and developing of constructive solutions to ensure required for the
continued operation of scientific equipment power level.

BAXXHOCTb HABJIIOAEHWIA BbICOKOYACTOTHOIO CMEKTPA
FTAMMA-U3JTYYEHUA B TPO30BbIX PASPAAAX

B. @. Tyeanos

HMHctutyT KocMuueckux uccienoanuit Poccuiickoii akanemun Hayk (MKW PAH)

CTeneHHble CHeKTpbl aTMOCGHEPHBIX raMMa-BCIUIECKOB Ha 4acToTax 0oJib-
mre 10 MaB (J(v) < 1/v'3, rae B = 2,6...4,1) UMEIOT IPU TOPMO3HOM U3TYYEHUU TY
Ke (hopMy SHEPreTUYECKUX paclpeAesieHuid, 4YTO U U3JTy4yarollhue UX 3JEKTPOHBI
¢ sHeprusiMu E > v >> 1 (f(E)e< 1/EP, E u v — B mosix cpenHero 3HaueHust SHEp-
ruu 31ekTpoHa D = 10 MaB). A moToMy 3TH CIEKTPhI, HECOMHEHHO, 3aCIy>K/Ba-
0T BHUMAaHUS TIPU NPOEKTUPOBAHUU IKCIEPHMMEHTOB MO MPOeKTy «Yuoduc-M».
HanpoTtuB, yHUBepcaibHBIii, OT pa3HbIX MCTOYHUKOB crekTp J(v)e<1/v mpu
v << 1 (gactorel HIke 10 M3B), — oTpaxast IUIIL CBOHCTBO TOPMO3HOTO M3-
JIy4€HUSI U TIOATBEPXKIasi ero Kak MeXaHU3M, — HUKaK He CBs3aH HU ¢ hopMoi
(BuzoM) YHKLMHM pacrpeneeHns smektpoHoB f(E)e< 1/EPexp(—(B — 2)/E), Hn
¢ e€ mapameTpamMu. XoTs MHMOPMALIUS O HUX MOXET COINEePKaThCs 3eCh — B Ha-
OmomaeMbIX crieKTpax. Hampumep, — maHHbIE O 3HAYEHMSIX [3 32 BpeMsl BCIbIII-
ku. Torma 3aBucumocts § = B(d) = 3 + 1/d >3 (cayuaii B < 3 ToxXe pacCMOTpEH)
oT ko3 duLMeHTa Bapualui 3HEprur 3JEKTPOHOB d MOXET IMOoKa3aTh, KaK OH
MEHSIETCS 3a 3TO BpeMsl.
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Yto, B CcBOI0O ouepenb, ClelyeT M3 XapakTepa B3aMMONEWCTBUS IMyykKa CO
cpenoit (Tyeanoe B.®D. DHepreTUUecKre CIEKTPHI 3JIEKTPOHOB M raMMa-4acTHII
B IPO30BBIX pa3psinax // MexnyHapomHoe coBellanue «[lepBbie pe3yabTaThl Ipo-
ekTa «Yubuc-M». [IpencraBurenbctBo «MHTepkocmoc» MKW PAH, 13—15 ¢es-
panst 2013, Tapyca, Poccus: te3. 2013. C. 48—49). Eciu 2/1eKTpOHHBIN My40K
TepsieT CBOIO PHEPIHIO, TO Ko3(ppumumeHT d pacTe€T (d — °°), U SHEepreTUIECKUe
CTIEKTPbI 3JIEKTPOHOB M TaMMa-4acTUIl CTpeMSITCSl K pacnpeaeieHuto Ilapero
¢ B — 3. Ecau my4ok, Ha000pOT, YBEIUYUT SHEPTUIO, TO KOG MULIMEHT d, CTpe-
MsICh K Hymo (d — 0), mpuBenéT K 3HadeHuio 3 >> 1.

IToatomy, eciii ecTh TOJILKO ONMH MeXaHU3M (popMUPOBAHUS MMyYKOB, TO Ha-
OyromaeMblii mrana3oH mapameTpa 3 = 3...4,1 MOXeT COOTBETCTBOBATh 3HAUCHUSIM
KoabduiMeHTa d B pa3HOe BpeMsI ero 3BoMoIU. YTo, HECOMHEHHO, TTO3BOJIUT
BBISICHUTB TIPUPOJY 3TOTO MeXaHW3Ma M IMOHUMAaHUeE IBOJIOLNM SHEPreTUIeCKUX
CITEKTPOB 3JIEKTPOHOB M TAMMa-YaCTHII B TPO30BHIX pa3psiaax.

Tyranos Banepnii ®éxopoBuy — rJ1aBHBIN crieMaNKCT, princet@rambler.ru, 8-916 0988247

IMPORTANCE OF THE OBSERVATIONS HIGH-FREQUENCY
GAMMA SPECTRUM IN LIGHTNING DISCHARGES

V. E Tuganov
Space Research Institute of Russian Academy of Sciences (IKI RAN)

Spectra of gamma-ray bursts at frequencies greater than 10 MeV (J(v)e< 1 /VB,
where 3 = 2.6...4.1) have the same shape as the distribution of emitting electrons
with energies € > v >> 1 (f(E)e<1/ Eﬁ, € and v — in fractions of the mean electron
energy D = 10 MeV). Therefore these spectra are undoubtedly are noteworthy when
designing of experiments for the project Chibis-M. In contrast, universal, from
various sources spectrum J(v)eo< 1/v at v << 1 (at frequencies below 10 MeV) — re-
flecting a property of bremsstrahlung and affirming it as a mechanism — not affili-
ated nor with view function of electron distribution f(E)e< 1/& Bexp(—(B —2)/E), nor
with its the parameters. Although the information about them may be contained
here — in observed spectra For example, — the data about values 3 during out-
breaks. Then the dependence of the parameter § = B(d) = 3+1/d> 3 on the coef-
ficient of variation d can show how he is changing during this time (variant, when
B < 3 also investigated).

Which in turn, follows from the nature of the beam interaction with a medi-
um (7uganov V. F. The energy spectra of electrons and gamma particles in lightning
discharges // International Meeting “The First Results of the Project Chibis-M”.
Representation “Intercosmos” IKI RAN, 13—15 Feb. 2013, Tarusa, Russia: Abstr.
2013. P. 48—49 (in Russian)). If the beam loses the energy (power w < 0), then the
coefficient d increases (d — o°), and the energy spectra of electrons and gamma
particles shall endeavor to the Pareto distribution with 3 — 3. If the electron beam,
on the contrary, will increase its energy, then the coefficient d, tending toward zero
(d — 0) will lead to the parameter 3 >> 1.

Therefore, if there is only one formation mechanism of electron beams, then
the observed range of parameter § = 3...4.1 may correspond to values of the coeffi-
cient d at different times of its evolution. This undoubtedly will clarify the nature of
this mechanism and the understanding of evolution the energy spectra of electrons
and gamma particles in lightning discharges.

49



COEPXKAHWE

First results on CHIBIS VLF monitoring operation in Space Weather application
Csaba Ferencz, Jdanos Lichtenberger, Péter Steinbach, Péter Szegedi,
Melinda Dosa V. . ... .. ... ... . . e e 10

Results of waveform analysis in CHIBIS SAS3 burst VLF records
Péter Steinbach, Csaba Ferencz, Jdanos Lichtenberger, Orsolya Ferencz E.,
Péter Szegedi . . ... ... e 11

On-board Data Acquisition and Control Computer System for Space Applications
Jdnos Nagy, Sdndor Szalai, Andrds Baldzs, Kdlmdn Balajthy, Attila Baksa,
Bdlint Sodor, Istvan Horvdth, Zoltdn Pdlos. . . ...................c.c.cc.... 11

KOHCTPYKTOPCKO-TEXHOIOTMYECKHE PE3YIbTAThl IETHBIX UCITBITAHWIA
MUKpoOCIyTHUKA «Yunbuc-M»
Aneapos B. H., Kanoxcnuiit A. B., Koznoe B. M., Kproukoes A. A.,
Jlemynoeckuii B. B., Hosukoe A. A., Haeanos C. A., lllecmakoe C. A.. . ........ 12

CHHXpOHHOE ucclienoBanue quddepeHIMaTbHOTO pacipeaeieHust 00bEMHOM
IJIOTHOCTHM MHIAYIIMPOBAHHOTO KOCMUYECKUMM JIydaMH JICKTPUYECKOTO 3apsina
B MaTepuajie MUKPO3JIEKTPOHUKHU B MOJETHBIX ycaoBussx MKC 1 MUKpOCTTyTHHKA
«Hubuc-AN» (mpenyioxeHue sKCnepruMeHTa)

Anoxun M. B., laakun B. U., Jlumaoe B. A., /lybos A. E., Kopoaés A. I,

Makapoiues C. B.. . ... e 14

O BO3MOKHOCTH MCIIOJIb30BaHMsI BEPXHUX CTYIIeHEel pakeT-HocuTeneit «Coro3»
TSI TIPOBENEHUSI KPATKOCPOYHBIX SKCIIEPUMEHTOB B KOCMOCE
benokonos U. B., Tumbaii M. A. . ........ . ... . .. . . @i, 17

OCHOBHBIE pe3yJIbTaThl 9KCIepuMeHTa ¢ mpudopoM PI'[] Ha MUKpPOCTTyTHUKE
«Yubuc-M»
boeomonoe A. A., boeomonos B. B., lapunos I K., Ceepmusnoe C. H.,

Suwun U B. . ... 18
OnbIT paboThl HUMPOBOI PoToKamepsl HAa MUKpocTyTHUKE «Huouc-M»
bondapenxo A. B., Jloxyuaes U. B., Komuyoe B.A. . ........................ 20

dDoTopeanucTUyHas TPEXMEPHON MOIEIh MUKPOCITyTHUKA «Yurouc-M»
U BU3yaju3alys BbIBOJA €ro Ha OpOUTY CpeiCTBAMU KOMIIbIOTEPHOU rpacduku
U aHUMaLUKu
Bactonuk A E. . .. ... 21

0630p kocMuueckux skcrepuMeHToB HUMAD MTI'Y «TarbsgHa», «Komrmac-2»,
«TaTbsiHA-2», «YnbMC-M>» 1O U3YUEHHUIO CBEUCHUSI HOYHOI aTMOC(hephl

U TPAH3UEHTHBIX ONTUYECKUX SIBJICHUI. OT MIMEHH MCCIIETOBATEIBCKUX TPYIIIT
«TatbsiHar», «Kommac-2», «TatesiHa-2», «Hubuc-M»

Tapunos LK. . . .. ... o e 23
KopoTkue BHyTpruobJayHble pa3psiabl B Tpornochepe 3eMan
Tomaub B. M., Jloaeconocoe M. C., Kapeoun B. H.. ......................... 24

CrniopagnyecKkie MUKpOpaspsabl U BEICOKOYACTOTHBIM paTuoOLIyM B BEpXHEH
atMmocdepe 3emin

WznydeHue TMHKIL BHICOKOBOJIBTHBIX Tepeay, 0OHapyKeHHbIE MUKPOCITYTHUKOM
«Yuobuc-M»
Jyokun JI. D., llponenko B.A. . ... ... ... ... . i 25



CTpyKTypHBIE XapaKTEPUCTUKHU JIEKTPUIECKOTO TIOJIST B TPO30BOI 00JaUHOCTH
Epoxun H.C.,Apméxa C.H. .. ... ... . . . . . . . i 27

MopaenapoBaHue BO3I€HCTBUIA BLICOTHBIX pa3psiioB HA XMMUYECKUIA COCTAB
U u3nyyeHue Me3ochepbl
Esmywenko A. A., Kymepun ®@. A., Mapees E. A., agvidenko C.C. ........... 29

MeToanueckuie aclieKThl U3MEPEHUI AMEKTPUIECKON KOMITOHEHTHI
KHY-OHY-u3nydyeHuit Ha MUKpocnyTHUke «Hubuc-M»

Kaumos C. U.. . ... .. 30
[IporpamMma Ha3eMHBIX SKCIIEPUMEHTOB, CKOOPAUMHUPOBaHHBIX ¢ MC «Yubuc-M»
Knumos C. U., Koznos U. B., Pabosa A. /., Kopenanoe B. E., Yaba Depeny. . . . . 36

AHaIM3 OIbITAa SKCIUTyaTallMU CIIyTHUKA «YMOKMC» KaK 3Tall IIOArOTOBKM ITPOEKTA
KOCMMYECKOTO aIrapara IjIsl UCCJIeIOBaHUsI ITPOLIECCOB FeHEPUPOBAHMS
U3yYeHuii B atMochepe 3eMau

Jleokoe A., Diicmonm H., Hazupoe P., Hazapenko A., Hazapoé B. . ........... 38

CucrtemMa 3HEeprocHab0KeHUSI MUKPOCITYTHUKA «YMOUC», ONBIT SKCITTyaTallui
1 peKOMEHIALK Ha OyIyIue MUKPOCITyTHUKHU
JUBYHOB A. A.. . . . . e 40

Yrto Morsiu Ol JaTh MUKPOCITYTHUKY JIJIsI UCCIIEIOBAaHUSI IJI00aIbHOMN
3JIEKTPpUYECKO 1enn?
Mapees E. A. . . ... ... ... . 41

Ha3§MHLH?I cerMeHT npoekTa «Unbuc-M»: moaydyeHHbIE YPOKHM MOCIIe ABYX JEeT

rmosiéta
Hazapos B. H., Hazupos P. P., 3eaenwiii JI. M., Aneapos B. H., bamanos O. B.,
boouap JI., Diicmonm H. A., Tomaub B. M., Kapedun B. H., Knumos C. U.,
Kopomkoe @. B., Koznoe U. B., Jledkoe A. A., Meavhux A. I1., I[lanxos A. I1.,
Pooun B. I, Pabosa A. /., llImenaysp 4., Cyxanos A. A., Tpemosxos A. E.. . . . .. 41

K Momenu rmo6anbHOM reHepaluy TpaH3UeHTHBIX S9HEPTUYHBIX SBJICHUI
B aTMocdepe
Hanaciok M. H. . . ... ... .. . 43

Manas kocMudecKas ratdopma i pealn3alii KOCMIUYECKUX 9KCITEPUMEHTOB.
IIpoext UKMO1

YHY-u3nyyeHust B BepxHeit noHochepe 1o TaHHBIM 2JIEKTPUUECKOro JaTYnKa
MUKpoOCIyTHUKA «HYnbuc-M»

[lununenxo B., Jlyoxun /l., Kopenanog B., Knumos C.. . .................... 46
CucTtema yripaBieHust nBukeHueM 1 Hapurauu. [1poektr MKMO01

Posun I1. . . . .. e e 47
Cucrema sHeprocHabxeHus. [Ipoekt MKHMO01

Co000e6 H. . . ... ... e e 47

BaxkHOCTb HaBIIOMEHII BBICOKOYACTOTHOTO CITEKTPa TaMMa-U3TyIeHUST
B TPO30BBIX pa3psiaax
Tyeano6 B.D. . ... . ... . .. 48



AnAa 3ameToK




Ona 3ameToK




AnAa 3ameToK




Ona 3ameToK




055(02)2 Poranmpunt UKW PAH
117997, Mocksa, [1podcoroznas, 84/32

IMoanucano k neyatu 29.01.2014
3aka3 3328 ®opmar 70x108/32 Tupax 50 2,33 yu.-u3a. 1.




	First results on CHIBIS VLF monitoring operation 
in Space Weather application
	Csaba Ferencz1, János Lichtenberger1, Péter Steinbach1,2, 
Péter Szegedi3, Melinda V. Dósa1

	Results of waveform analysis in CHIBIS SAS3 burst VLF records
	Péter Steinbach1,2, Csaba Ferencz1, János Lichtenberger1, Orsolya E. Ferencz1, Péter Szegedi3

	On-board Data Acquisition and Control 
Computer System for Space Applications
	János Nagy, Sándor Szalai, András Balázs, Kálmán Balajthy, Attila Baksa, Bálint Sódor, István Horváth, Zoltán Pálos

	Конструкторско-технологические результаты 
лётных испытаний микроспутника «Чибис-М»
	В. Н. Ангаров, А. В. Калюжный, В. М. Козлов, А. А. Крючков, 
Летуновский В. В., А. А. Новиков, С. А. Наганов, С. А. Шестаков

	Синхронное исследование дифференциального распределения объёмной плотности индуцированного космическими лучами электрического заряда в материале микроэлектроники в полётных условиях МКС и микроспутника «Чибис-АИ» (предложение эксперимента)
	М. В. Анохин1,2, В. И. Галкин2, В. А. Дитлов3, А. Е. Дубов1, А. Г. Королёв1, С. В. Макарычев1

	О возможности использования верхних ступеней 
ракет-носителей «Союз» для проведения 
краткосрочных экспериментов в космосе
	И. В. Белоконов, И. А. Тимбай

	Основные результаты эксперимента с прибором РГД на микроспутнике «Чибис-М»
	А. А. Богомолов1, В. В. Богомолов1,2, Г. К. Гарипов1, С. И. Свертилов1,2, И. В. Яшин1

	Опыт работы цифровой фотокамеры 
на микроспутнике «Чибис-М»
	А. В. Бондаренко, И. В. Докучаев, В. А. Котцов

	Фотореалистичная трёхмерной модель микроспутника «Чибис‑М» и визуализация вывода его на орбиту 
средствами компьютерной графики и анимации
	А. Е. Васюник

	Обзор космических экспериментов НИИЯФ МГУ «Татьяна», «Компас-2», «Татьяна-2», «Чибис-М» по изучению свечения ночной атмосферы и транзиентных оптических явлений
От имени исследовательских групп «Татьяна», «Компас-2», «Татьяна-2», «Чибис-М»
	Г. К. Гарипов

	Короткие внутриоблачные разряды в тропосфере Земли
	В. М. Готлиб, М. С. Долгоносов, В. Н. Каредин

	Спорадические микроразряды и высокочастотный 
радиошум в верхней атмосфере Земли
	В. М. Готлиб, М. С. Долгоносов, В. Н. Каредин

	Излучение линий высоковольтных передач, 
обнаруженные микроспутником «Чибис-М»
	Д. Ф. Дудкин, В. А. Проненко

	Структурные характеристики электрического поля 
в грозовой облачности
	Н. С. Ерохин, С. Н. Артёха

	Моделирование воздействий высотных разрядов на химический состав и излучение мезосферы
	А. А. Евтушенко, Ф. А. Кутерин, Е. А. Мареев, С. С. Давыденко

	Методические аспекты измерений электрической компоненты КНЧ-ОНЧ-излучений на микроспутнике «Чибис-М»
	С. И. Климов

	Программа наземных экспериментов, 
скоординированных с МС «Чибис-М»
	С. И. Климов1, И. В. Козлов1, А. Д. Рябова1, В. Е. Корепанов2, Чаба Ференц3

	Анализ опыта эксплуатации спутника «Чибис» как этап подготовки проекта космического аппарата для исследования процессов генерирования излучений в атмосфере Земли
	А. Ледков, Н. Эйсмонт, Р. Назиров, А. Назаренко, В. Назаров

	Система энергоснабжения микроспутника «Чибис», опыт эксплуатации и рекомендации на будущие микроспутники
	А. А. Лизунов

	Что могли бы дать микроспутники 
для исследования глобальной электрической цепи?
	Е. А. Мареев

	Наземный сегмент проекта «Чибис-М»: 
полученные уроки после двух лет полёта
	В. Н. Назаров1, Р. Р. Назиров1, Л. М. Зеленый1, В. Н. Ангаров2, O. В. Батанов1, Л. Боднар3, Н. А. Эйсмонт1, В. М. Готлиб1, В. Н. Каредин2, С. И. Климов1, Ф. В. Коротков1, И. В. Козлов1, А. А. Ледков1, А. П. Мельник1, А. П. Папков3, В. Г. Родин1, А. Д. Ряб

	К модели глобальной генерации транзиентных 
энергичных явлений в атмосфере
	М. И. Панасюк

	Малая космическая платформа для реализации 
космических экспериментов. Проект ИКИ01
	В. Л. Петров

	УНЧ-излучения в верхней ионосфере по данным 
электрического датчика микроспутника «Чибис-М»
	В. Пилипенко1, Д. Дудкин2, В. Корепанов2, С. Климов1

	Система управления движением и навигации. Проект ИКИ01
	П. Розин

	Система энергоснабжения. Проект ИКИ01
	И. Соболев

	Важность наблюдений высокочастотного спектра 
гамма-излучения в грозовых разрядах
	В. Ф. Туганов


