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Taomuna 4. OcHoBHbie xapakTepuctuku ETPEDP

ITapametp 3HavyeHune
ETP | EDP
Pasmepnt @120%1,6 MM, BbICOTA IITAHTY — 468 MM
Macca Hatumk: 151
Yrpasnstomuii Moaynb: 20 T
O6mias: 351
HMHurepdeiic RS-485, CANbus
Hanpstzxenne nuraHus 5BDC,-16 BAC, 16 BAC
DHeproroTpediieHre 1,7 Br
MHbopMallMOHHBINI MO~ 14 155

TOK [6aiiT Ha BEIOOPKY]

Pexxumbl dyHkumronu- | Tosibko oauH natyuk — npoucxoaut nepexiodyeHue ETP u EDP
poBaHUS OIIVH pa3 B CEKYHIY

JIBa paznenbHbIX JaTYMKa — Ha BBIOOPKY Ha KaXIOM aTUYMKE OT-
BoauTtcs 1o 0,5 ¢. OTnanoyHbIi pexxum

Huamnazon usmepenus/ | ETP: 1000...3000 K 5,5-10"2 3)'[/CM3 -sqrt (1000 K) ¢ TouHOCTBIO
paspelieHue C pa3pelamnieit crno- 1,7-10 3J1/CM3 -sqrt (1000 K);

cobHocThIo 50 K; YTO 3KBUBAJICHTHO

2,5:10'2 E)JI/CM3'SqI’t (5000 K) ¢ TouHOCTBIO
0,8-10% as/em>sqrt (5000 K)

1.3. TupoakcenepomeTtp G_G

I'upoakcenepomerp G_G (puc. 7) uamepsieT U3MEeHEeHUs TUIOTHOCTU B HEUTpasib-
HO1 aTMocdepe, YTO 1aéT BO3MOXHOCTb OLIEHUTh U3MEHEHUE YaCTOThl PEKOM-
OMHaALMI 1 XMMHUUYECKOT0 cocTaBa B moHochepe. biaarogapst aTum 1aHHBIM MOX-
HO OOHApYXXUTb TOPMOKEHHUE CIyTHUKA B aTMochepe, pacIIupsIoLeics: BCaea-
CTBUE €€ JJOKaJIbHOTO HarpeBa Hall paliloHaMU MOATOTOBKM 3eMJIETPSICEHUIA.

bynyun 3akperna€HHbIM BHYTpHU 0710Ka SWIP, naHHbIi pubop npeaHa3Ha-
YeH JIJI1 U3BMEPEHUST BEKTOpa YCKOPEHHUS MO KaXXI0l OcU B Auara3oHe —2g...+2g
¢ paspeureHueM 16 6ut (60 Mxg) Ha yactote 1 'l 1 BeKTOpa YIJI0BOil CKOPOCTH
B muanaszone —2000...+2000 rpazn/c ¢ paspemenuem 16 6ut (0,06 rpan/c) Ha ya-
crote 14 I'u1.

Puc. 7. T'upoakcenepomerp G_G
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OCHOBHBIE XapakKTEpUCTUKU

rupoakcenepomerpa G_G  TpuBeOeHBI

B Tao. 5.
Tadmuua 5. Tupoakcenepometp G_G. OCHOBHBIE XapaKTEePUCTUKU
ITapametp 3HauyeHue
Pasmepnt 80x80x1,5 Mmm
Macca 25r

Juamna3oH u3aMepeHus/pas-
pelaoiast ClocobHOCTh

—2000...2000 rpan/c ¢ 16-6ur- | +2g ¢ paspemieHueM 16 GuUt
HbIM paspenierHueM (0,06 rpan/c | (60 MKg BIOJIb KaxkI0i 13

Ha yactote 14 I'r)

Tpéx oceli) Ha yactote 1 I'g

WHbopMallMOHHBI TTOTOK

14 GaitT Ha BEIOOPKY

YacToTra BIOOpKU

Make. — 80 I'y

WHutepdeiic

RS-485, CANbus

Hal'[pH)KeHI/Ie NUTaHUuA

5BDC, —16B AC, 16B AC

DHepromnoTtpedieHre

1,54 Br

1.4. BcTtpoeHHbin marHutometp MRM

KoMITaKTHBIT MAarHUTOPE3UCTUBHBIN MarHuToMeTp MRM (puc. 8) usmepsiet Ba-
pUal MAarHUTHOTO TT0JISI, BEI3BAHHbBIE DJIEKTPUYECKUMMU TOKAMU Pa3IMIHOTO
npouricxoxneHust. OH MO3BOJISIET OTCIIEKMBATH KOHBEKIIMIO TIJIa3Mbl B MOJISIPHBIX
IIAMKax W, B YaCTHOCTH, MIPOIOJIbHBIE TOKA KaK OCHOBHEIE (haKTOPHI MATHUTO-
cepHO-NOHOC(HEPHBIX CBI3EI.

MRM wusmepsieT BEKTOp TUIOTHOCTH ITOTOKA MAarHUTHOTO ITOJIS BHYTpH 0J10-
ka SWIP B nuamaszoHe —25...+25 HTn mo kKaxmoi ocu ¢ paspelieHueM 16 6ut
(6,1 5Ti). YacroTa BeIGOpKHU cocTaBisieT 2 'l B ctangapTHoM pexume u 10; 100;
40 T' B pexxumax Burst1, Burst2 u Burst3 cooTBeTCTBEHHO.

Puc. 8. MRM (BcTpoeHHbBIIt MArHUTOMETD)
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OCHOBHBIE XapaKTEPUCTUKU BCTPOEHHOIO MArHUTOMETpa IIPUBEINEHBI
B TaOJI. 6.

Ta6mma. 6. MRM (BctpoeHHBIIT MarHUTOMETp). OCHOBHBIE XapaKTepUCTUKU

ITapametp 3HayeHue
Pasmepsr 80x80x12 MM
Macca 25r
WHurepdeiic RS-485, CANbus
Hanpsckenue muraHus 5BDC,5BAC,—-16 BAC, 16 BAC
DHeprormnoTtpediieHre 2 Br
YacroTta BEIOOPKU CranaapTHbiii pexum — 2 T'1g
HMurencusnslii pexxum — 10; 40; 100 ' (maxke. — 400 I'i)
Mudopmannonnsbiit motok | CtaHmapTHbI pexxuM (2 ') — 14 6aiiT Ha BEIOOPKY
HnTencusHbii pexum (10; 40;100 I'n) — 6 GaiiT Ha BHIOOPKY
Junana3oH uaMepeHusi/ pas- | Tp€xocHBbIi, —2:10°...2-10° uTn (%2 I'c) mo Kaxmaoii ocu ¢ pas-
pemaomas CrmocooHOCTh petiernem 16 our (6,1 uTi)

1.5. BbiHOCHOM marHutomeTp MRMx

Hannas Bepcust marHutoMeTpa MRMx (puc. 9) MoOHTHUpyeTcsT Ha IIITaHTe
ETPEDP 30H1a B ynajieHWU OT KOpITyca CIyTHMKA, YTO MTO3BOJISIET U3MEPSTh He-
BO3MYILIEHHOE MarHUTHOE T10JIe BOKPYT 30H1a JIJIs1 KPOCC-KaTMOPOBKU JaHHBIX.

MRMx u3MepsieT BEKTOp MarHMTHOTO TOJIsi HAa ThUJIbHOW CTOPOHE JaTyuKa
ETPEDP B nuamazone —25...+25 HTn no Kaxmoit ocu ¢ paspelnieHueM 24 outa
(0,024 uTn). YacToTa BbIOOpKM cocTaBisieT 2 'l B craHaapTHOM pexume U 10;
100; 40 I'o B pexxumax Burst1, Burst2 u Burst3 cooTBeTCTBEHHO.

OCHOBHBIE  XapaKTEePUCTUKN BBIHOCHOTO MAarHUTOMETpa IIPUBEICHBI
B Tao. 7.

Puc. 9. MRMx (BBIHOCHOiI1 MAarHUTOMETP)
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Taomuma 7. MRMX (BeIHOCHOI MarHUTOMETp). OCHOBHBIE XapaKTEPUCTUKU

ITapameTp 3HaueHue
Pazmepnl MRMx: 35%X45%15 Mmm
Yrpasnstomuii Moaysib: 80X80x12 MM
Macca MRMx: 40T

Ynpasasoimuit Moayib: 20 T
O6imast macca: 60 T

HHurepdeiic RS-485, CANbus

HanpstxeHue nutaHus 5BDC,6BAC,-16 BAC, 16 BAC
DHepronoTpedieHue 1,26 Bt

YacToTra BIOOpKU CraHpapTHbiit pexum — 2 '

HurencusHbii pexxum — 10; 40; 100 ' (make. — 2 k')

Nudopmanmonnsliii notok | CranmapTHbii pexxuM (2 ['n) — 20 6aiiT Ha BBIOOPKY
HMurencusHbii pexxum (10; 40; 100 ') — 9 GaitT Ha BHIGOPKY

Juana3oH nsmepenusi/ pas- | TpéxocHBbII, —210°...2'10° HTn (%2 I'c) mo Kaxmoii ocu ¢ pa3-
pelaoasi CmocoOHOCTh pewenuem 24 6uta (0,024 HTn)

1.6. Tomorpa¢ PMTomo

Tomorpadp PMTomo (puc. 10) Ha 6a3e (HOTO37IEKTPOHHBIX YMHOXUTENIEH 00e-
CIEYMBaET ONTUYECKY0 Tomorpaduo nonochepnsl. MHcTpyment PMTomo co-
ctouT m3 Tpéx map PDY ¢ mojeM 3peHus ~24° B HaNpaBICHUU BEePTUKAIBHO
BHU3, 45° Briepén u 45° Hazan. [apsl @DY 06ecieunBalOT OTHOBPEMEHHOE JUC-
TaHLIMOHHOE 30HAWPOBAHUE BJIEKTPOMArHUTHOTO U3Ty4eHUsI MIOHOChEPhI B 1Ua-
nasoHax 630,0 1 135,6 HM, KOTOpPBIE SIBISIOTCS XapaKTePHLIMUA SMUCCUSIMHU aTO-
MapHOTo KUCJI0poda — OCHOBHOU KOMMOHEHThI MoHOchepHoro F-cnos. Takum
00pa3oM, TPU ONTUUYECKHUE OCYU OMpeaeIEHHON OpreHTALIMU MO3BOJISIOT U3y4YaTh
BepTUKaAJIbHOE paclpeieieHue MOHU3AlUMU B TJaBHOM HoHochepHoM F-croe,
a TakxXe OIpeaessiTb MECTOIOJOXEHMSI aBpOpaIbHOTO OBajla U €ro Bapuallvu,
CBSI3aHHBIE C BBICHITAHUSIMU JIEKTPOHOB U MTPOTOHOB. CBETUMOCTh B aHOMAJIb-
Hoit muHMK 630,0 HM UTpaeT BaXKHYIO pOJib B ONpeaeeHUN 061acTeil MOArOTOB-
KU 3eMJieTpsiceHuil. Bapuaiuu KoHIIeHTpalMu MOHOB KUCIOPOJa U €ro YPOBHEN
BO30YXXIEHUS TTO3BOJISIIOT KOHTPOJUPOBATh TAKME BO3MYILIEHUSI, KAK COTHEYHbIE
3aTMEHUSI, TPONMUECKUE LIMKJIOHBI U TallpyHbI, TTepeMellieHUe 9KBaTOpUATbHOM
aHOMAaJIMM U aBpOpaJbHOTO OBaJia U T. 1.

Puc. 10. Tomorpad PMTomo
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OcHOBHBIE XapakTepucTUKu ToMorpaga PMTomo:

+ pasmepbl — 607x126%372 mm (A X11I%XB);

» wmacca— 7220 T;

» wuHrtepdeiicel — RS-485, CANbus;

» Hanpstkenue nuranusgs — 5 B DC, 5 B AC, —5 B AC, —16 B AC,
16 BAC;

» osHepronorpebiienne — 12 Br; {5 B DC, 5 B AC, +16 B AC, —16 B AC,
—5BAC};

» peructpanusa ¢oToHOB B KaHamax 135,6 u 630 HM;

* CU€THBIN Nepuoa — MOACTpauBaeMbIii, 10 yMOI4aHUIO — 1 C;

* BblIepxkKa — 25 He (3¢ppexkTuBHass — 10,5 HC), MaKCMMAaJIbHOE KOJIMYe-
cTBO OTCYETOB — 107 (24 OMTa HA OTCYET) 3a MEPUOJ MOCie MpeaBapu-
TeJIbHOTO AeneHust yacToThl Ha 10 (after a prescaling of 10);

» OnankupoBaHue HV mist mpenoTBpallieHUsI COTHEYHOTO BIMSIHUS

* yactoTa BeIOOpKkM — 1 I'1;

* 00BEM OIHOI BEIOOPKU — 36 GailT;

* CTaHAAPTHBIN peXuM (PYHKIIMOHUPOBAHUSI:

— TIpUOIM3UTESILHOE KOJMYECTBO (PUKCHPYEMbIX OTCUYETOB IO MpeaBapu-
TesibHOTO Maciutabuposanus: {630,0; 135,6} PMT dark {1800;160} orcu/c,
YyBCTBUTEIbHOCTD {Hamup{24; 6,0}, HaknoHeHue {5,8; 1,4}} orcu/c/Px;

— 3 4yBCTBUTENIBHBIX 3JIEMEHTA: {Hagup, 45° 1o HampasieHMI0, 45° Tpo-
TUB HaIlpaBJIeHUs ABMXKEHUsI} ¢ 00JacThio Buaumoctu {*1,17; +2,39;
+1,17}°, obecrieynBaeTcs 1Mojioca IMPUHON He 0ojiee 25 KM Ha BBICOTE
250 xM ¢ opobuToii cmyTHUKA 550 KM.

o X
L/:::H-hm

5184 km

.58

L’//' X
13.75 km

7 1533 km

Puc. 11. Kamepa /133 B ABYX UCIIOJTHEHUSX
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2. KAMEPA ANCTAHLUMOHHOIO 30HANPOBAHWA 3EMJIN

OCHOBHbIE XapaKTEPUCTUKU KaMepbl AUCTAHIIMOHHOTO 30HAUPOBaHUS 3eMJIU
(133) (puc. 11) npuseneHsl B a0 8.

Taomuna 8. Kamepa J133. OCHOBHBIE XapaKTEePUCTUKU

ITapamerp 3uavenue
Tum opouTHI Kpyrosasi, conmHeYHO-CUHXpOHHAast
BoicoTa opOuThI 500 km
TpeGoBaHUsI K TOYHOCTH 10,05° (3HaHUE OpUEHTALIN)

+0,1° (TOYHOCTh OPUEHTAIIVHN )
130° (BO3BMOXHOCTb OTBOPOTA)

XpaHeHMe JaHHbIX 1Th
HHrepdeiic B3auMoneiicTBUs ¢ yIpaBasiomuM Mukpo- | SPI @2 MI'n
KOHTPOJIJIEpOM

HHrepdeiic B3aumMoaeicTBUS € MaMSIThIO SPI (mo 54 MTI')

WHurepdeiic nporpammupoBanusi MUKpokoHTpoJiepa |JTAG (mo 2 MI')

ITnomanb oxBaTbIBAEMOI TEPPUTOPUU Bepcust 1 — 51,84%38,88 kmM;
Bepcus 2 — 18,33%x13,75 km

T'abaputsl 318,5%250%150 mm (Bx I x1II)

HanpstkeHue nuraHust 3,3BDC;2,8§ BDC; 1,8 BDC

DHepromnoTpedieHre 4 Bt

O61wuas Macca ~5Kkr

3. COJIHEYHbIN AATYMK

OcCHOBHBIE XapaKTEPUCTUKM COTHEYHOTO AaTynkKa (puc. 12):

rabaputel — 73X73%25,4 Mm (XL XB);

macca — 120 r (He cuuTas KabeJsieil ¥ mevyaTHOM IJIaThl):

— Kkopiyc — 88 T;

— oKHO — 32T;

sHepronorpebiaenne — +6,8-12B@0,067A(0,4556—0,804Bt) + sHepro-
notpednenne ALIIT;

rnoJjie 3peHust — +22,5°;

ToyHOCTh — 0,1°;

JMAaHHBIE Ha BBIXOJIE — aHAJIOTOBBIN BeIX0H, 4 MMM, 0...5 B;
xapaktepuctuku AlIIT: pa3pemienne — 10 O0uT, 0cOOBIX TpeOoOBaHUIA
K 4acTOTe BEIOOPKU HE UMEETCS;

YacToTa OOHOBIIEHUST MH(MDOPMALIMM — YacTOTa BBIOOPKM JaHHBIX OIIpe-
nenstercst ALLIT;

uHOpMaLIMOHHBII nHTepdeiic — onpenensiercsa ALTT;

nIMana3oH pabouux temriepatyp: —55...+135 °C;

HUCITOJIHEeHe — amoMuHuii 6061-T6; cocTOUT U3 ABYX YacTeii: KopIiryca
1 OKHa;
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Puc. 12. CoaHeuHbli 1aTYNK

* IIOKDHITHE — aHOAMPOBaHUE, LIBET — YEPHBIIA;

* OTCJICXMBAaeT OTKJIOHEHUSI 110 KPEHY U TAHTaxy;

* He YYBCTBUTEJIEH K OTKJIOHEHMIO OT Kypca;

* YyBCTBMTE/IbHBIC 3JIEMEHTBHI: 4 COJIHEYHBbIC ITaHEIU pa3MepoM 2X2 cM
Kaxnasi;

* KOJIMYECTBO JIMHUI MUTAHUS — 4 IIIT.

4. CAMYNATOPbl PMTOMO PHOTONIC PULSE SIMULATOR
W ETPEDP PLASMA SIMULATOR

751 mpoBeaeHNs] KOMIUIEKCHOTO TeCTUPOBAaHUSI MHXKEHEPHBIX 00pa3IioB MOIY-
Jieil OblIM paspaboTraHbl MmiasMeHHbIl cumynsitop ETPEDP Plasma Simulator
(puc. 13) u cumyngarop @doroHHbIX uMNyJabcoB PMTomo Photonic Pulse
Simulator. DTu ycTpoiicTBa He coaepXKaT pealbHbIX KOCMUYECKUX JaTYMKOB. MIX
(byHKIIMOHMpPOBAHKME MOIEIUPYETCSI. DTO HEOOXOOMMMO ISl TepBOHAYaIbHOM
HacTpoiiku uHTepgdeiica NCU-SWIP ¢ GopTOBBIM KOMMBIOTEPOM CITYyTHMKA.
BosneiicTBrs ¢ BBIXOZOB JaHHBIX YCTPOMCTB MOJAIOTCS HAa BXOIBI COOTBETCTBY-
IoIIUX IpUOOPOB KOMILIEKCa u3ydyeHus KocMmmuueckoil moromsl NCU-SWIP:
ETPEDP u PMTomo.

Puc. 13. Cumynsatopst PMTomo Photonic Pulse Simulator
u ETPEDP Plasma Simulator
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5. UHXXEHEPHbIV OBPA3EL|

AnrmapaTtypa WHXEHEpPHOro oOpaslia MpeAcTaBJIsieT cOO0OW Ha3eMHBbIE aHAJIOTH
OOPTOBBIX MPUOOPOB JETHOTO 00pa3na. JJomoTHMUTETbHO MHXXEHEPHBII 00pa3el]
COJEPXKUT:

* 00opymoBaHME, MO3BOJISIIOIICE MMUTHUPOBATH OCBELIEHHOCTb ITaHEIU
COJIHEUHBIX OaTapeii B Ha3eMHBIX YCJIOBUSIX B 3aBUCUMOCTU OT MOJE-
JI1 OCBELIEHHOCTM Ha opOuTe — MCTOYHMKA IUTAHUS U aIliapaTHO-
MPOrpaMMHOIO oOOecTleYeH!sI, UMUTHUPYIOLIETo paboTy doTomnpeodpa-
30BaTesIei;

* o0opynoBaHME, MMHUTHUpYIOICE PATUOJUHUM CBSI3M KOMAaHIHO-TeJIe-
METPUYECKON U LIEJIEBOM pagvOJIMHUM, CBS3bIBAIOIIME MEPCOHAIbHBIN
KOMIIBIOTEP U MHKEHEPHBIN 00pa3el;

* HazeMHOe 00OpyIoOBaHHE, OOecIieurBapllee padoTy Ha3eMHOIO IMepCco-
HaJla ¢ MTHXXKEHEPHBIM 00pa3lioM, €ro BKIIIOUEHNE, BHIKIIOUEHME, HE00X0-
IMBbIe MHTepdelchl, 00CITyXK1BaHNE;

* MMUTATOP IOJIETA CIYTHUKA HA OpOUTEe, BKIIOYAsi IMHAMUKY BpalliaTesb-
HOTO M IIOCTYIaTeJIbHOTO IBWKEHUS, BO3MylleHUs, Moaecab CoiHIIa,
MarHuTHOTO, IPaBUTALIMOHHOIO, a3POJIMHAMUYECKOTO OKPYXEHUSI CITyT-
HUKa C HEOOXOIUMbIMU (hOpMaMM, OTOOpaXKalOIIMMM 3TU IIPOLECChl Ha
3KpaHe NMepCOHATLHOIO KOMITbIOTEPA;

* MMUTATOpP HA3eMHOM CTaHLUM yIpaBJIeHUSs, BKIOUasl paclIM(pPOBIINKA
TeJIeMeTpUUeCKOl MH(POpMaLIMU, KOMaHIHBIX MAacCUBOB U IJIaHWPOBa-
HUS peajbHbIX PaIOCCaHCOB;

*  CUMYJISITOPBI TIPHUOOPOB.
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DESIGN OF THE INTERNATIONAL UNIVERSITY SATELLITE CONDOR
0. M. Brekhov, P. A. Zhdanov

Moscow Aviation Institute (National Research University) (MAI)

The article describes some features of the implementation of the international university micro-
satellite Condor. The international project proposed herein is aimed at providing the develop-
ment of new generation of spacecraft and devices for complex monitoring of atmosphere and
ionosphere that will allow to obtain new fundamental results in the field of geophysics and space
physics. This project has educational and scientific focus due to involvement of students and
young scientists from Russia, Taiwan and Mexico who will be able to receive necessary classical
preparation on profile disciplines during the creation of the satellite. This article contains main
features of the project, its purpose and key parameters of the satellite. The description of a sci-
entific complex, composition of scientific instruments, their functions and main characteristics
are described.
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UCCNEQOBAHNA ABPOPANIbHBIX XAPAKTEPUCTUK U BbICOTHO-
WWPOTHOWU CTPYKTYPbI SMUCCNIA BEPXHEW ATMOCOEPBI 1 WIOHOCOEPBI
3EMJIN C UCNONb30BAHUEM METOAA NPOCTPAHCTBEHHDIX
PEKOHCTPYKLIMW W30BPAMEHWW, MOJTYYEHHbIX C BbICOTbI OPBUTDI
MEPCMEKTUBHOIO MUKPOCNYTHNKA

10.C ﬂo6poneHc1(uu b.B. I{o3enoe JAK. Ky3bMUH 1. A. Macnos’, A. H. Jlaxos,
A.M. Mep3niii®, C. A. Mynuney ', C. A. ‘IepHoyc

! I/IHCTVlTyT KOCMUYECKUX nccnegoBaHnin Poccunckon akagemmmn Hayk (MK PAH)
2 MonApHbIi reodnsnyeckuii NHCTUTYT (M) Konbckoro HayyHoro LeHTpa
Poccmmcmm akagemuu Hayk (KHLL PAH)
|/]HCTI/ITyT avHamuku reocdep (UAN) Poccuinckorn akagemmmn Hayk (PAH)

HccrnenoBaHusi U OWAarHOCTMKA TPOLIECCOB, TMPOUCXOASIIMX B IMOJSPHON HMOHOChe-
pe 3eMJid, CTaHOBSTCSI BCE Oojiee aKTyaJIbHBIMU, TaK KaK BJIMSIHME 3THX MPOLIECCOB Ha
M3MEHEHUST TTapaMeTPOB KOCMMYECKOM TTOTOIbI B OKOJIO3€MHOM ITPOCTPAHCTBE OTpa-
JKaeTcsl Ha KadyecTBe M HAAEXHOCTU (DYHKIIMOHWPOBAHUS TEXHOJIOTMUYECKUX CUCTEM.
Wcnonb3oBanue miarhopM MUKPOCHTYTHUKOB, OCHAIIEHHBIX CIY>K€OHBIMU CUCTEMaMU
HOBOTO MOKOJICHUS, U1 YCTAHOBKM COOTBETCTBYIOIICH MMAarHOCTUYECKOM armapaTypbl
M TIPOBEIEHUS] U3MEPEHUI 3TUX IMapaMeTPOB SIBJISIETCS pealbHOM aTbTepHATUBON TOPO-
TOCTOSIIIIUM KOCMUYECKUM TTPOEKTaM Ha KPYITHBIX KOCMMUYECKUX arrapaTax.

Karouesvie cnosa: aBpopa, mojsipHas MoHocdepa, MeJKoMAacIITabHble CTPYKTYDHI,
nyabcupylolre hpopMbl, OpoUTaIbHas TMAarHOCTUKA, MUKPOCITYTHUK, UMaKep, PEKOH-
CTPYKIINS N300pakeH i, (HOHOBO-CITEKTpaTbHast 00CTaHOBKA.

Cnuncok coKpalyeHnn
BY® — BakyyMmHBIil yabTpaduoseT
KA — KOCMWYECKUIA aImapaT
DMSP — Defense Meteorological Satellite Program
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IMF — Interplanetary Magnetic Field
ISEE-3 — International Sun-Earth Explorer
MLT — Magnetic Local Time

MAC — Multispectral Auroral Camera
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MAIN — Multiscale Aurora Imaging Network
MART — Multiplicative Algebraic Reconstruction Technique
SIRT — Simultaneous Iterative Reconstruction Technique

DKCIIepUMEHTBI Ha opOuTax TUIa « MoJIHUSI», BKITIoUYast uzobpaxkatoiiue B BYD-
JIuara3oHe criekTpa (cMm., Hanpumep [Germany et al., 1998; Mende et al., 2000])
MTO3BOJISIIOT B PEaJIbHOM BPEMEHHU ITOJIyYaTh IJIOOaJbHbIC KAaPTUHBI COCTOSIHUM
3JIEKTPOHHOTO Y TIPOTOHHOTO aBPOPAJIbHBIX OBAJIOB B PA3IMIHBIX TEOMAarHUTHBIX
YCIOBUSIX, OTpaxkalolllie MTHOBEHHOE COCTOSIHME MarHuTochepHOo-uoHochep-
HOTO B3aMMOIEHCTBUSI, TPOSIBIISIONIETOCS B 9HEPTETUIECKMX PACIIPEACIICHUSIX
BBICHITIAIOIIMXCS 3apSIKEHHBIX YACTUIL ¥ TeHEpaIlMM KPYITHOMACIITaOHOTO 2JIeK-
TPUYECKOIO MOJSI U TOKOB B pa3anyHbix ceKTopax MLT. XoTs mpocTpaHCTBEH-
Hoe paspenienne BY®-umamxkepoB Ha opouTtax KA Polar [Germany et al., 1998]
u Image [Mende et al., 2000] mocTuraio B JIydllleM CiIy4yae OBYX HECSITKOB KH-
JIOMETPOB, M300paxkKeH!sI CBeYEHMsI CEBEpPHOM MOJSIPHOM BepxHel aTMocdephl
1 MoHOChephl, BKIIOYas OCBEIIEHHYIO CTOPOHY, SIBJISTIOTCSI HE3aMEHUMBIM HC-
TOYHMUKOM MH(POPMALIMM IJIsI KPYITHOMACIITaOHOIro KapTorpadupoBaHus ¢GOHO-
BO-CIIEKTpajibHO# 06cTaHOBKY B BY®-1unanaszoHe [AKcéHOB u Ap., 2015].

Ilenpio TmepcreKTUBHOIO 3KCIIEpUMEHTa C IPpUOOpoM «JIleTHMLMsI-MUKpPO»
Ha MOJISIPHOM OpOMTe MMKPOCHYTHMKA C BhICOTOI ~500 KM CTaHOBUTCS MCCIIE-
JIOBaHUE TIPOLIECCOB B MOHOC(HEPHON M1a3Me, NMPUBOAAILIMX K TeHepaluu MeJi-
KoMacITaOHbIX (~1...2 KM) aBpOpaIbHBIX CTPYKTYP B pa3aINMYHbIX cekTopax MLT
B Pa3IMYHBIX T€OMArHUTHBIX YCIOBUSX, MCCIECIOBAHUS W MOHUTOPUHT KOTO-
PBIX TTOKA HE AOCTYMHHBI IIPU M3MEPEHMSIX ¢ opOouT Tuiia «MonHus» [Ky3pMuH,
2011]. CTpykTypbl TaKMX MAacIITabOB pPEryJIsipHO HAOJIONAIOTCS Ha3eMHBIMU
npubopaMy Ha HEMHOTOYMCJIEHHBIX paOOTamIIMX CTAHLMSIX U 00CepBaTOpHU-
siX B moJisipHbIX obacTsax Poccun [Kozelov et al., 2012], a Takxe cetu cTaHUIMIA
IPYTUX CTpaH, M MCCIEAYIOTCS ¢ HU3KOOPOMTAIBHBIX TOJSIPHBIX 3apyOesKHBIX
KA [Obuchi et al., 2008; Yau et al., 2009]. MenkoMaciTabHble aBpoOpaJibHbIE
CTPYKTYPHI COIMPOBOXKIAIOTCS HEOMHOPOTHOCTIMU 3JIEKTPOHHOM KOHIICHTPAITUN
B TOJISIpHOI MoHOchepe M MelKoMaciuTabHbiMu ToKamu [Echim et al., 1997],
KOTOpBIE OTPUIIATEIHLHO BIUSIOT HAa CpPemy paclpocTpaHeHUs U (OHOBO-CITEK-
TpaJibHYI0 00cTaHOBKY. IlociegHMMM KPYIMHBIMA M YCIIEIIHBIMM HU3KOOPOM-
TanbHBIMU TTpoeKTaMu B CCCP, HanleleHHBIMM Ha 3TU 3aJa4i, ObUIM 3KCIIepH-
MEHTHI Ha ciryTHuKax «Opeoi-3» [Angarov et al., 1983] u «MK-Bboarapus-1300»
[Gogosheyv et al., 1983].

1. ABpopaibHblii UMamxep «JIeTULMSI-MUKpPO» MpeaHa3HAYeH IJis MoJiyye-
HUST WH(POPMAIIMK O TPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTePHCTUKAX MEJKO-
MacIITaGHBIX aBPOPATbHBIX CTPYKTYP M MEXaHU3MaX, IIPUBOISIINX K X TeHepa-
1IMU, C BBICOTbI OPOUTHI OPUEHTUPOBAHHOTO Ha 3emiilo MUKpocyTHuKa. K ta-
KWM CTPYKTypaM MOXXHO OTHECTH CJICTYIOIIIHE:
* muddysHBIe U TyTbCUpPYIONTe GOPMBI (MYJIBTUTUICTHBIE IYTH M HEPETY-
JISIpHBIE TISITHA),

* MeJKOMaclTaOHble OYTW, pas3lelEHHbIE <«TEMHBIMU» TPOMEXYTKaMU
(black aurora);

*  Y3KOJIOKaJIM30BaHHBIE 110 BeIcOTe ToHKHME ciou (100...120 kM) nHTEHCH-
(buMpoBaHHOI aBpOPHI;
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+ y3kue 1o mupuHe (1...2 KM) Iyru, BRITSHYTbIE BIOJb HaIlpaBIeHUs TTOJI-
JIEHb-TIOJTHOYb B MOJIIPHOM IIAIKe, BO3HUKAIOIINE MOCe MOIIHBIX Te0-
MAarHUTHBIX OYpb BO BpeMsl OJIM3KUX K HYJIIO WJIM OTPULIATEILHBIX 3HAYe-
HUI Z-KOMITOHEHTHI MEXIUTAHETHOTO MAarHUTHOTO TTOJIS;

* MeJIKOMacIITaOHble CTPYKTYphI, Habmomaembie B TpoMexyTke (Gap)
MEXIy KPYIMHOMACIITAOHBIMU BETBSIMU JIBOMHOIO aBPOPAJIbHOIO OBaja
B YCJIOBUSIX COOBITUI “Sawtooth” Bo BHellIHell MarHUToc(epe U COTHEeY-
HOM BeTpe.

PaccMOTpyM HECKOJBKO MPUMEPOB HAONIONEHUI MepeYMCIeHHBIX CTPYK-
Typ, TOJIy4EHHBIX C OPOUT HU3KOAIOreHBIX KA ¥ ¢ TOBEpXHOCTH 3eMITH.

A. Ha puc. 1 nokazaHa reoMeTpusl SKCIIEpUMEHTa MO HAOIIONCHUSIM TTyJIb-
cupylolnx (GopM MOMSIPHBIX CUSIHUM OTHOBpPEeMEHHO ¢ 3eMJu (CeTh CTaHLIUIA
IITU PAH B oKkpecTHOCTSIX ATIaTUT) U ¢ OpOUTHI MUKpOCTTyTHUKA. Ha 3TOM pu-
CYHKE YCJIOBHO TIOKa3aH HauOoJiee BEPOSITHBIN IMPOLECC pacCesiHUsl 3aXBayeH-
HBIX 3JICKTPOHOB B MATHUTHOM CUJIOBOM TPYOKe U UX B3aMMOJAECTBUE C HU3KO-
YaCTOTHBIMU BOJIHAMM (XOpaMM) BO BHYTpeHHell MarHuTocdepe, MpUBOISIITE
K BBICHITTAHUSIM 3HEPTUUHBIX 3JIEKTPOHOB U TeHEepaluu IyJbCUPYIOIIUX (hOpM
B nocienoysiyHoyHoM cekrope MLT [Nishimura et al., 2010].

Imager E Microsatellite
Lm.“til.i:l-ﬁ-i-l:m .,
L]
Pulsating
aurora 4. Electron
precipitation

5. Aurora
__Upper atmosphers

- 3. Scatterad
electrons

Magnetic equator

;

2. Interaction  y
with chaorus

e

Magnetic field line ~ 1. Trapped
electrons

Puc. 1. YcioBHasi reoMeTpusi ONHOBPEMEHHBIX HAOMIOACHUI MYIbCUPYIOIIUX (hopM TO-
JIIPHBIX CUSTHUI ¢ TIOBepXHOCTH 3emiin (KOMILIEKC aBpopaibHbiXx Kamep MAIN (ITTU
KHII PAH, Amatuthl) 1 ¢ opOUTBHI MUKPOCITYTHHKA (TIpHOOp «JIeTHIsI-MUKpO» )
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Puc. 2. Tpu mocnenoBaTelbHBIX M300pakeHUsI IYJIbCUPYIOIIETO ITOJISIPHOTO CUSHUS,

nojyyeHHble 18.10.2007 r. B UHTepBajie HECKOJIBKMX CEKYH[ C TIOMOIIbIO MYJBTUCIIEK-

TpasibHOTO aBpopasbHOoro uMamkepa MAC [Obuchi et al.,2008] ¢ opOUTHI SITTOHCKOTO

cnytiuka REIMEI (INDEX) u criekrporpamMmMa aBpOpaJbHBIX BBICHITAIOIIMXCS 3JIEK-
TPOHOB, MOJYYeHHAas1 OMHOBpeMeHHO Ipru6opom ESA

Ha puc. 2 (BHU3Y) ITOKa3aHbI TPpU IIOC/IENOBATEIbHBIX M300paXKeHUsI ITyIb-
cupyoiux ¢opM, moiaydeHHbie 18 okTaopst 2007 r. ¢ MHTepBaJIOM B HECKOJIBKO
cexyHn ¢ opoursl smmoHckoro Manoro KA REIMEI (INDEX) ¢ momoibio aB-
popanbpHoro umamkepa MAC [Obuchi et al., 2008]. DToT TpExKaHAIBHBIN IIPU-
00p, MOCTPOEHHBIN Ha OCHOBE MaTpull Sony, UMeJl moJjie 3peHus ~7,4°. s Toro
4yTOOKI B moJie 3peHus1 uMamxkepa MAC monagaia MpoeKUrss MaTHUTHOI CUIO-
BOIl TMHUM (Ha M300paxkeHUSIX OHa IT0Ka3aHa MaJeHbKUMMU OeJIbIMUA KBaapaTu-
KaMHM), Ha KOTopoit Haxomwicsd KA B MOMEHT 3KCHO3WIINU, KOCMMYECKUMA ar-
rmapaT CITeIIMaJIbHO TTOBOPAYMBAJICSI Ha KOHKPETHBIN yroil. CTpyKTypHpOBaHHBIC
BBICBHITTAHUS SHEPTUYHBIX 2JIEKTPOHOB 7...10 k3B 0oTU€T/IMBO BUAHBI HAa MaHENH,
TTOKa3aHHOW BBEpXYy 3TOTO Xe PUCYHKA, KOTOpas IMPEICTaBIsAeT CIIEKTPOTpam-
My IIOTOKa 3JIEKTPOHOB B nuara3zoHe 3Hepruii oT 10 3B mo 10 k3B, nonyyeHHy1o
B KoHyce oT 0 1o 30° (BBICHIIIAIOIIMECS ) HA 3TOM K€ CIIYTHUKE B MOMEHT 3KCIIO-
3UILANY aBpOPaJIbHBIX M300pakeHuid nMamkepa MAC ¢ MOMOIIBIO BJIEKTPOCTaTH-
YeCKOT0 aHaIM3aTopa 3JIeKTpoHOB ESA.

Bb. Ha puc. 3 BBepxy nokazaH npumep U3 12 mociienoBaTeabHbIX U300pa-
JKEHUIT MHOXKECTBA MEJIKOMACIITAOHBIX aBPOPAIBHBIX OYT, BBITSHYTBIX BIOJb
T€OMarHUTHOM ITUPOTHI ¥ Pa3eIEHHBIX CIA00MHTEHCUBHBIMM (TEMHBIMHU) TIPO-
MeXyTKamu, Ha3biBaeMbiMU black aurora. DTtu mzobOpaxkeHus MOJyuyeHbl B Ka-
Hazne A557,7 [Ol] aBpopanbHoro umamkepa MAC ¢ BBICOTHI OpOUTHI CIIyTHHKA
REIMEI 26 okta6ps 2006 r. (~652 KM), a CITIEKTPOrpaMMBbI ITOTOKA aBPOPaib-

80



WccnenoBaHua aBpopanbHbIX XapakTepuCTUK W BbICOTHO-LUMPOTHOI CTPYKTYPbI SMUCCUIl BepXHeli aTMocdepbl. ...

HBIX 2JIEKTPOHOB M3MEPEHBI OMHOBPEMEHHO ¢ TIOMOIIbIo npubopa ESA B yrmax
0...30° (Beichimaromuecst) u 150...180° (orpaxk€nHble). IIpoekuuyu MarHUTHOM
CUJIOBOM JIMHWH, TIepeceKaeMOoli CITYTHUKOM B MOMEHT 3KCITO3UIIVH, TIOKA3aHbI
Ha U300pakeHUSIX MaJICHPKUMM O€JIbIMM KBaJIpaTUKAMU.
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Puc. 3. [TocnenoBarenbHOCTb U3 12 aBpoOpalbHbIX U300paKEeHUI (BEPXHsIS MaHelb), T0-
JIY4eHHBIX ¢ TTIOMOIIBI0 aBpopanbHoro nMamkepa MAC co cnyrHuka REIMEI 26 neka-
6pst 2006 1. Ha HI>KHel aHe M TToKa3aHbl CIIEKTPOrpaMMBbI 3JIEKTPOHOB (BBICBITTAIOIIMX-
€S 1 OTPaXEHHBIX), U3MEPSIEMBIX Ha 3TOM Xe CITyTHUKE OTHOBPEMEHHO C aBpOPAJTbLHBIMU
M300paKeHUSIMU C MIOMOIIIbIO aHanu3aTopa 35iekTpoHoB ESA [Obuchi et al., 2011]
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Puc. 4. Tlpumep HaOMOACHUIT MEIKOMACIITAOHBIX OYr B IOJIIPHOM IIANKe B YCJIOBU-
sIX (a3bpl BOCCTAHOBJIGHUsI IOCJIE MOIIHOM TeOMarHUTHOW Oypyd M B YCJIOBUSIX, KOTIa
B-z-KoMITOHEeHTa MEXIIJIaHETHOTO TOJIsI OJIM3Ka K HYJI0 WJIM MEHSeT 3HaK C TOJIOXU-
TEJIbHOTO Ha OTpUIIATEIbHBIN (HIDKHSS MaHenb). Ha BepxHeil maHenu ciieBa U CIIpa-
Ba (BHM3Yy) MOKa3aHbl M300paxXeHUsl (OTOTEJIEBU3MOHHOM pa3BEPTKU CO CIYyTHUKA
DMSP F6, a Ha BepxHeil TTaHeJu ClpaBa MoOKa3aHbl (HOTOMETPUUECKUE MPOGUIN WH-
TEHCUBHOCTH aBPOPAJbHBIX SMUCCHIA, TTOTyYeHHBIE TIPpU (GoToMeTpUIecKHUX ((hoTOMETp
BOMO-5) HabmoneHusx B Hagup co cnyTHUKa «MK-Boarapus-1300» [Israelevich et al.,
1988]. Bce nzobpaxkeHnus rnoaydyeHsl B ieprof 10—11 suBapst 1983 r.
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B. Ha puc. 4 (Ha BepxHUX MaHEJsIX) MOKa3aHbl MpUMepbl (DOTOTEIEBU3U-
OHHBIX MHTErpajibHBIX (B AMana3oHe BUAMMOIO CIIEKTpa) M300paXkeHUi Meli-
KOMACIITaOHBIX AYT B MOJISIPHOM IIANKe BBITSIHYTHIX MPUMEPHO BAOJb HaIlpaB-
JIEHUsI TIOJIIEHb-MOJIHOYL (O-aurora), moaydeHHbIX 11 stHBapst 1983 . ¢ opOUTHI
cinytHuka DMSP F6 B ycinoBusix dassl BOCCTAaHOBJIEHMS IIOCJIE MOIIIHOM reoMar-
HUTHO# OypH, KOIJa Z-KOMIOHEHTa MEXIUIAHETHOTO MAarHUTHOTO TOJISI YMEHb-
muaach nodtu 1o Hynsa (m3mepeHust IMF co cniyrHuka ISEE-3 moka3zaHbl Ha
HWXHe# nmaHenu). Ha npaBoii BepxHell maHeM MOKa3aHbl IIUPOTHBIC TTPODUIN
WHTEHCUBHOCTU aBPOPAJbHBIX SMUCCHUI, MOJyYeHHbIC C MOMOIIbIO (oTOMe-
Tpa DMO-5 1IpM nepeceyeHU CeBEpHOI ITOJIPHON 1IanKu cryTHuKoM «MK-
Bbonrapus-1300» 11 guBaps 1983 r. mpuMepHO Ha 4 4 paHbllle U300pakKeHUIA,
MoJTy4eHHBIX co ciyTHuka DMSP F6 [Israelevich et al., 1988].

I. Ha puc. 5 mpencrtaBiaeHbl NpuMephbl HaOMIOASHUNA TOHKUX IO BBLICOTE
(He Oonee 1,5...2,5 KM) criopaau4ecKuX CJIOEB YCUICHHON aBpOpaIbHOM MHTEH-
cuBHOCcTU (enhanced aurora), reHepalusi KOTOPbIX, KaK Ipearnoaaraercs, ody-
CJIOBJICHA BEPXHETMOPUIHOMN U 3JIEKTPOHHO-LIMKIOTPOHHOI HEYCTOMYUBOCTSIMU
B MOHOC(EPHOI1 M1azMe. DTo BJICHUE, KaK MPaBUJIO, HaOIIOAAeTC B BeUepHEM
cektope MLT. Ha npaBoii BepxHeil naHeJu MoKa3aHbl BEICOTHBIE TPOGUIN WH-
TEHCUBHOCTU aBpOpPaIbHBIX 3MUCCHUIi, HaboagaBiiuecss B obnactu enhanced

e
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Puc. 5. XapakTeprCTUKM CIIOpagudecKuX CJIOEB MOHM3ALMU W cBeueHUS B E-obmactm
(enhanced aurora) 1 BO3MOXHOCTH 1X HaboneHuit ¢ opoutsl [Johnson et al., 2009]
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. NMeroTcst JOKyMeHTallbHbIe (haKThl, TTOATBEPXKIAOIINE HaIUYnue TOH-
KON CTPYKTYpbl CBeYeHUS (MeJIKOMacITabHble HWU3KOMHTEHCUBHBIE IYTH)
B 11 @PY3HBIX MPOMEXKYTKAX MEXY OTHOCUTEIHLHO MHTEHCUBHBIMU KPYITHOMAC-
IITaOHBIMU BETBSIMU aBpopaibHoro osaja (Double auroral oval), HaG1ogaeMble
OIHOBPEMEHHO C TOHKO# CTPYKTYpOI BBICHITAIOIIUXCS 3JICKTPOHOB B YCIOBUSIX
MOBTOPSIOIIMXCST 3y0000pa3HbIX (Sawtooth) coObITMII BO BHEIIHEHI MarHUTO-
cdepe u coaHeuHoM BeTpe. OIHO M3 TaKUX COOBITUI, HaOII0JaeMOe OJHOBpE-
MEHHO ¢ HecKonbKuX 3apyoexHbix KA 18 ampens 2002 r., 6bU10 onmmcaHo B pa-
6ote [Kuzmin et al., 2014].

2. TTocKoOJbKY 3KCIEepUMEHT ¢ TpubopoM «JIeTUlnsi-MUKpO» HalleJieH Ha
(oToMeTprUeCKre U3MEpPEeHUSI XapaKTepPUCTUK MEJKOMACIITAOHBIX aBpOpalib-
HBIX CTPYKTYP C IOMOIIbIO KOOPAMHUPOBAHHBIX HAOIIOAEHU C OpOUTHI MUKPO-
cnyTHMKa (CBEepXy) U ¢ ToBepXHOCTU 3emin (CHU3Y) Ha KonbckoM mosyocTpoBe
(I'M KHLI PAH, Anatutsl), TO AJ1s1 U3MEPEHUIA ¢ OpOUTHI HA OOPTY OPUEHTU-
POBaHHOTO Ha 3eMJII0 MUKPOCIYTHUKA TIpeAIioaraeTcsl Takxke MCIoJIb30BaHUe
MPpUOOPOB, U3MEPSIOIINX MapaMeTphl OKOJOCITYTHUKOBON IIa3Mbl (TpagueHTHI
MAarHUTHOTO U 3JIEKTPUYECKOTO IOJisl, SHEPreTUYeCKUe pacipenesieHus] BbIChI-
MAIOLIKUXCS 3apSIKEHHBIX YACTUL U HU3KOYACTOTHOTO u3iydyeHust). C moBepXHO-
ctu 3emun TToasipHBIM reoU3NYECKUM UHCTUTYTOM MPOBOISITCS PETYJISIpHBIE
OINTHYECKUE HAOJIONeHUSI OMHOBPEMEHHO M3 HECKOJbKMX ToueK Ha Kojabckom
MOJyOCTPOBE, B TOM UMCJIE C TIOMOILBIO CIIEKTPATbHO-TIOJOCOBBIX MAHOPAMHBIX
Kamep Bcero Heba (oOcepBaTopust JIoBo3epo) U C MOMOIIBIO CUCTEMBlI Kamep
MAIN (AnatuThl), BKJIIOYAIOLIEH TPUAHTYISIIUOHHYIO TTapy. ITonyyeHHbIE ¢ Op-
OMTHI TIOCIEAOBATEIbHOCTA aBpOPaTbHBIX U300paxkeHui, ¢ yactoToii ~0,5 ¢ aB-
pOpallbHBIM MMAIXEPOM, MMEIOLIUM Yroy Tojsl 3peHust 6onee ~40° u crek-
TpajbHylo moisiocy or 350 go 600 HM, TakKe IPEIIOJIaracTcsi peKOHCTPYUPO-
BaTh JIS ITOJyYeHUsI OOBEMHBIX M300pakeHU MeJKoMmacIiTaOHbIX (~1...2 Km)
aBpOpAJIbHBIX CTPYKTYp. K TakKMM CTpyKTypaM OTHOCSITCSI KaK OTHOCHUTEIbHO
CTallMOHApHBIE U JIOJITOXMBYILIME B pa3IMYHBIX cekTopax MLT aBpopalibHOTo
oBaJia 1 MoJisipHOM Mmanku (muddy3Hble (OPMBI U MOJOCHI, Apalpu U Y3KOJIO-
KaJIM30BaHHbIC TI0 BBICOTE CITIOpPAAUYECKUE CIOU YCUJIEHHOW MHTEHCUBHOCTU
(enhanced aurora) y3kue Ayru, pazaejI€HHbIe OTHOCUTEIbLHO TEMHBIMU ITPOME-
xKyTtkamu (black aurora), oTAeAbHBIE JIy9U U Op., TaK U MyJbCUPYIOLINE (HOPMbBI
C MEPUOIOM OT HECKOJBKUX IO NECATKOB ceKyHI. OMHOBpEeMEHHbIE U3MEPEHUS
pacnpeneaeHUii THTEHCUBHOCTU aBpOPhl B OrpaHMYEHHOM HMHTEpBaje CIeKTpa
Ha CYTOUHBIX OpOUTax, Mpoxonsiiux Haa KoJlbcKUM IOJyOCTPOBOM, C U3MeEpe-
HUSIMU CEThIO Ha3eMHbIX ITPUOOPOB, Pa3HECEHHBIX HA KOHKPETHBIE PACCTOSIHUS,
obecrnevyaT BO3MOXHOCTb B3aIMHOTO YTOUHEHHUSI PEKOHCTPYUPYEMbIX 00bEMHBIX
M300paKeHUIA TeX K€ CaMbIX aBpPOpPaJIbHBIX CTPYKTYp, KOTOpble OyayT HaOII0-
aThCsI C OPOUTHI U C MOBEPXHOCTU 3eMJIM OTHOBPEMEHHO.

Hcrionb3ysa 3aen, MOMy4eHHBI TpU pa3paboTKe aBpOPabHOIO ABYXKa-
HanbHOro nMamxkepa «Jletmunsi» mist KA «3oHn» (mporpamma TEO®U3UKA),
IJI1 YyCTAaHOBKM Ha MUKPOCIYTHMK IIpeljiaraetcsl pa3paboTaTh OIHOKAHAJb-
HBI OOJIErY€HHBIM BapMaHT aBpopaibHOro mMmamxkepa. Ilpubop «Jletunus-
MUKpO» IIpeamnojaraercs coslaBaTh Ha 0Oa3e 3ameja Mo pa3paboTke mpudopa
«Jletnums». Ha puc. 6 mokasaHa onTUYecKasl CXeMa OJHOI0 M3 KaHaJIOB C y3-
KononocHbIM  (OA = 2,5 HM) uHTephepeHLUUOHHBIM (GuiabTpoM (A427,8 HM)
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npudopa «Jletunus», nMmerolero yroja mnojis 3peHus 30°. Yron mois 3peHust
npubopa <«JIeTULMSI-MUKPO» TIpeAriojaraercsl paclIMpuTh MpuMepHo go 40°
OIHOBPEMEHHO ¢ paclIMpeHUeM TOJIOChl MPOMyCcKaHus (UIbTpa A0 AWanaso-
Ha A350...600 HM, GJIM3KOro K CIEKTpaJbHBIM MoJjiocaM npubopos cetu MAIN.
B kayecTBe AeTeKkTOopa M300pakeHUs MPEAToJIaraeTcsl UCIOAb30BaTh MATPUILY
e2V 47-20 ¢ obpaTHOI1 3acBeTKOM, MMeronlyo 1024x1024 yyBCTBUTEIBHBIX dJIe-
MeHTa (TTMKCeNsT) U ¢ oG pOBKOM MHTEHCUBHOCTH 16 6ut. KBaHToBas adpdex-
TUBHOCTh 3TOI MaTpUIIbI U CIIEKTpasIbHAasI TIoJIoca MPOITyCKaHUsT (DUIbTpa MoOKa-
3aHBbl Ha BepXHel MaHe U puc. 7, a Ha HIXKHEW IMaHeIu 3TOro PUCYHKa TIpUBEAEH
aBpOpaJIbHbBIN CIEKTP, MHTEeTpalbHasi MHTEHCUBHOCTD JTUHUI U TTOJIOC KOTOPOTO
OyIeT perucTpUpPOBaThCs B CIIEKTPaIbHOIM Mojioce prudopa.

st BoccTaHOBJIEHUSI OOBEMHBIX aBPOPAIBLHBIX M300paXkeHUI IO cepuu
TUIOCKMX YaCTUYHO TEPEKPBIBAIOIIMXCS M300pakeHUil ONHOW M TOH Ke aB-
popaibHOM objacTu cBedyeHUst (auameTpoMm ~400 KM), TIOJYyYEeHHBIX C OpOM-
Thl (puc. 8), mpeanoyiaraeTcs MCIONb30BaTh OMBIT U adallTUPOBATh aJTOPUTMbI
MYJbTUIIMKATUBHOI ajnredpandeckoil peKoHCTpyKiuu MART, ucrnosb3yembie
B paborax [Aso et al., 1998; Frey et al., 1998; Gustavsson, 1992] nna o6padboTku
Y PEKOHCTPYKIMUU Ha3eMHBIX U300pakeHU OJHOM 1 TO XKe 00J1acTU CBeUeHUs,
MOJIyYEHHBIX MOJ, Pa3HBIMU a3UMYTAJIbHBIMU YIJIAMU C HECKOJBKUX (DOTOMETpU-
YECKUX CTAaHIUUI OOHOBPEeMEHHO. JIJIsl 3TOro IMpearoaaraeTcss MoaudUIIMPpoOBaTh
WHTEPaKTUBHYI0 METOAMKY OIHOBpEeMEHHBIX pekoHcTpykuuii SIRT, mpemio-
KeHHylIo B cTaThe [Gilbert et al., 1972].

Onmiueckan cxesma u xoa aysel o kanane 427,8 npubopa Jlenmms

Yuooaponocuuil (5h~2 ws) 102451024
e B T e L

L . MuskporouuuTme
i wheiie Tleaknme

Onmuseckan cxema i xon ayueii o npuGope Jermms-Mukpo

== Ty mwporcRoaocril Erraana ML TIE
fes e T mﬂrﬁ_ ............ :

Puc. 6. Anantauusi ontuyeckoil cxembl KaHana A427,8 HM mpubopa «Jletunmsy» (KA
«30H[») B ONITUYECKYIO CxeMy Npubopa «JleTuusi-Mmukpo»
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Puc. 7. ABpopaibHbiii criekTp B quamna3ose 330...600 HM, TuToBast KBaHTOBast 3 GheKTUB-
HOCTbh MaTpulibl €2V 47-20 1 noJjioca MpOITyCKaHUS IIKPOKOIOJIOCHOTO (PUIbTpa B MpPU-
6ope «JleTnnusa-mMukpo»

Puc. 8. TTocnenoBaTebHOCTY aBpOpaJIbHBIX M300paxkeHuii (Matpuiia 1024x1024) ¢ no-
MOIIBIO aBPOPAILHOTO UMaxkepa «JIeTULIUSI-MUKPO» ¢ OPOUTHI MUKPOCITyTHUKA (aar-
TUpOBaHO U3 pabotsl [ Ky3emuH, 2011])
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3.

YcrpoiictBo npubopa «JIeTULus-MUKPO»: UMAIKep COCTOUT U3 CBETO3a-

IIUTHOW OJIeHIIbl, ONTUYECKON (PUIBTPOBOI CUCTEMBI, M300paxkaroiiero ¢poTo-
npuéMHUKa (MaTPULIbl), CXeM CUMTHIBAHUS U OLIM(POBKU U300paxkKeHUsI, YIIpaB-
JISIIOLLIETo Mpoleccopa U NaMsITh, MHTep(EeCHBIX CXeM MUTaHUsI, KOMaHI, coopa
U nepenayy nHbopMaluuu, MUTaHUs.

OcHOBHBbIE NpeABapUTeSIbHbIC XapaKTePUCTUKY ITpudopa:

4.

MOHOOJIOK, UMeIoIIMi TabapuTHbie padmepsl 370 (13 Hux 150 MM GeH-
na) x80x80 MM u Maccy <2,8 KT;

yroJ noist 3peHust B nuarnasoHe ot 30°(min) go 40°(max) (OyaeT yTouHEH
Mo3aHee);

crnekTpaiibHas nojioca A350...600 HM;

MaKCUMaJlbHasl 4acToTa CbéMKU — JIBa M300pakeHUsl B CEKyHAY (TOJIb-
KO Ha HEOCBEIIEHHOM y4acTKe OpOUTHI, UMEIOIeM MaKCUMAJIbHYIO [TV -
TEJIbHOCTb ~25 MUH);

BpeMs 3Kcrno3uuu n3oopaxenus ot 0,1 1o 0,5 c;

JIeTeKTop n3obpaxenus: Marpuia 1024% 1024, oundposka 16 owur;
HanpsoKeHue nuranus 14 B;

norpeb6asieMast MOIIHOCTD < 10 BT;

pexXruM paboThl MaTpULbl BBIOMpPAETCSI MPOTPaMMHBIMU KOMaHAAMU,
U3 KOTOPBIX CO3/[AIOTCSd HECKOJbKO [ECATKOB HaOOpOB ILIMKJIOTpaMM
(N,—Ny,), «3aunThIX» B IaMsTh Mprubopa.

an]IBapI/ITGI[BHBIe Tp€6OBaHI/IH K MUKPOCITYTHUKY CO CTOPOHBI 3KCIIC-

pyMeHTa «JIeTUINS-MHUKPO»:

BO3MOXHOCTh YCTAaHOBKM IpHOOpa C Maccoii <2,5Kr TakK, 4YTOObI
OoChb TOJISl 3peHMsl Obla HalpaBjleHa B Hauup, a yroa IoJsl 3peHus
(2w = 30...40°) He 3aTeHSIIU IUTAHTU U AaHTEHHBI;

opOuTa N0JKHA OBITh MOJSIPHON C YIJIOM HAKJIOHEHUS TIOCKOCTU B TIpe-
nenax 82...98°, anoreii-nepureit B npeaenax 500...800 KM, ¢ HEOCBELIEH-
HBIM YY4aCTKOM JUIUTEIbHOCTBIO ~25 MUH;

OpHUEHTALIUSI CTPOUTEJBbHBIX OCEl CITyTHUKA JOJKHA OBITh IO TPEM OCSIM
(omHa U3 oceil B HaAUp), KOHTPOJb MapaMeTPOB OTKJIOHEHUsSI OpPUEH-
Taiuu KA mo kaxmoil ocu Ha HOYHOM CTOpOHE OpOUTHI JOKEH OBITh
He xyXe 1 yIjI. MUH;

MOCalovyHOe MeCTO Tpudopa AOKHO HMETb TeMIlepaTypy He BBIIIIE
+40 °C, xenarejieH paauaTop C TEHEBOI CTOPOHBI CITyTHUKA ISl cOpoca
TerIa OT AeTeKTopa Mpuodopa;

JIOJKHA OBITH oOecrneyeHa noTpediisieMass MOIIHOCTh Ha HEOCBEILIEHHOM
yuyacTke opoutsl <10 BT;

VYUTBIBAsI BO3MOXHYIO MH(POPMATUBHOCTL IIpubopa B Ipeaenax
~2...6 MBb/c 1 MaKCUMAaJIbHYIO JJIUTEIbHOCTD ITOJSIPHOTO HEOCBEILEH-
HOTO yJyacTKa OpOUTHI ~25 MUH, TOJ2KHA OBITh 00ecIieueHa BO3MOXKHOCTD
nepenayu Ha 3eMinio 0obEMa nHpopmauuu ~2400...7200 Mb Ha kaxnaom
BUTKE, INO0 6opToBas namsaTh KA njs HakomieHus1 uHGopMaluu, Mo-
JIyUEHHOM Ha «IJIyXUX» BUTKAX;

IS yIpaBjieHUs1 TpUOOpoOM B TIOJIETE JOJKHA OBITh oOecrieyeHa BO3-
MOXHOCTb 3aKJIaIKM pabouyux LIMKJIOrpaMM Ipubopa (Ha ABE Heaeau
BIIEPEN).
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[ToxenaHus K COIyTCTBYIOIIEMY MPHOOPHOMY COCTaBY KOMILIEKCAa HAyYHOM
arnmapatypbl Ha MUKPOCITYTHHKE:
*  TOPOMIATbHBIN SJIEKTPOCTATUYECKUI aHAIM3aTOP B ABYX HAIpaBJICHUSIX
JUTSE U3BMEPEHUI TTUTY-pacIipee/IeHA 5JIEKTPOHOB U MOHOB B IMAIla30-
He 10 3B — 15 k3B;
*  U3MepUTesIb rpagueHTOB MarHuTHoro (10 5000 raMM) 1 3JAeKTPUIECKOTO
nosiei (mo 5 xI'1r) Ha OgHOJ IITaHTE.
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B pamkax aT0i1 paboThl BIIepBbIE pa3pabOTaHO YHMBEpPCAIbHOE TPAHCIIOPTHO-IIY-
cKoBoe ycTpoiicTBo as 3anmycka MC ¢ maccoit 40...50 kr; BrepBble OTpaboTaHa cxeMa
YBEJIMYEHUST BBICOTBI OPOUTHI Tpy30Boro kopabist «IIporpecc» mnst BeiBoma MC Ha op-
OUTYy MOCJIE BBHIITOJIHEHMSI UM OCHOBHOM 3amayum — JocTaBKu Ipy3oB Ha MKC, 4yTto o6Ge-
CMEYMJIO 3HAYUTEIbHBINA SKOHOMUYECKUM 3(pdeKT; pazpaboTaH NOTHOGYHKIIMOHAIbHBIN
M C-koMIuIeKC; OTpabOTaHbI LIMKJIBI €TI0 UCITBITAHUI U CXeMBI YIIPaBJICHUS MTOJETOM KOC-
MHYECKOTO amnmapara, KOTOpble MOTYT OBITh UCTIOJIb30BaHBI TS OYIYIIUX MTPOEKTOB; CO3-
JlaHa Ha3eMHasl 5KOHOMUYHAasI MH(MpacTpyKTypa cOopa U HAKOIUICHUST NAaHHBIX, UCITOJIb-
3y1o111asi OObIYHbIE MHTEPHET-KaHabl. [TosydyeHHbIe pe3yJbTaThl MO3BOJISIOT O0ECTIEUUTh
3HAUYUTETbHYIO 9KOHOMMUIO CPENCTB MPU pa3paboTKe HAPOTHOXO35IMCTBEHHBIX, BOEHHBIX
n HaydHbIXx MC, uX 3amycKe 1 yIIpaBJIeHUM.

B pamxkax mpoekTa Ha 6a3e MUKPOCITyTHUKOBOI'O KOMILIEKCa ObLT pa3paboTaH KOC-
MMYECKMI armapar, MoJlydyuBlieil HazBaHue «Yubuc-M», mis ucciaenoBaHus QU3MKU
BBICOTHBIX TPO30BBIX pPa3psiioB B IIMUPOKOM CIIEKTPE 3JIEKTPOMArHUTHBIX W3JITy4eHU.
MUKpPOCITYTHUK YCTEITHO TpopaboTal BeCh CPOK OATUCTUYECKOTO CYIIECTBOBAHUS
(2 roma 8 Mecs1eB) U Iall HeHHYI0 MHGOPMALIMIO O TOHKOM CTPYKType MOJTHMEBOIO pa3-
psna, o NepKOJSILIMOHHBIX MPOLIEecCcaX, MPOUCXOSIIMX TPU MOATOTOBKE U BO BPEMS ca-
MOTO pa3psifia, MO3BOJUJI OLEHUTh BBICOTY BO3HMKHOBEHMS DA3psiiOoB MU PACcCMOTPEThb
NMMCKPETHBIE MEXaHU3MBI, TIPOUCXOISIINE B TPO30BOM OOJIaKe.

Ilonyyennsle naHHble mocTynHbl Ha cepBepe MKW PAH Bcem poccuiickum u 3apy-
OCXKHBIM HCCIIeOBaTEIsIM, YUacTBOBaBIIMM B TpoekTe. OCHOBHBIE pe3yJIbTaThl pabOThI
ONnyOJMKOBAHBbI.

Knrouesvie crosa: TPO30BBIE pa3psilbl, BEpXHssT aTMocdepa, raMMa- paaro- yiabTpa-
¢HOJIETOBOE PEHTIEHOBCKOE M3JIydyeHMe, Mpo0oli Ha yOeralomux 3JIEKTpOHaX, MUKpPO-
CIYyTHUK, OOpTOBast Hay4YHas arrmaparypa.

[NocnenHee necaTuiaeTre IPUHECIIO CepbE3HbIe NU3MEHEHW B Hallle TTIOHUMaHWe
MIPUPOIBI aTMOC(HEPHBIX TPO30BBIX Pa3psimoB (MOJHUIA), XOTS pa3HOOOpa3HBIC
MIPOSIBIICHUST aTMOC(EPHOTO 3JIEKTPHIECTBA U3YIAIOTCS HE OMHY COTHIO JIET. DTO
OBIIIO CBSI3aHO, TIPEXIE BCETO, ¢ KOCMUIECKUMU HcciIenoBaHusIMu. HoBwlit u-
3UIEeCKHI TIPOIlecC, Ha3BaHHBIM — 3eMHBIC TaMMa-BCITIECKH, ObUT HEOXUIAHHO
oOHapyxeH B Havasie 1990-x Irr. KOCMUYECKUMU acTpo(U3MIYECKUMU o0cepBa-
TopusiMA. EMMANYHBIE KOCMUYECKME SKCIIEPUMEHTBI U TEOPETUISCKIE MOICITH
TTOKa3aJiid, YTO MOJIHMEBBIC Pa3psimbl COMPOBOXIAIOTCS MCKITIOYUTEIHHO MOIII-
HBIMM TaMMa-BCIIECKaMU (HEPTHSI UMITYTbCOB JOCTUTAET MECITKOB KIJIOMXKO-
yaeit) U pamroYacTOTHBIMU MMITYJIbCAMM, KOTOPBIE CO3HAIOT PaTuOM3ITydecHHE
B IITUPOKOM TTOJIOCE YACTOT.

HccnenoBannst KoMIUTIEKca 3TUX SIBJICHUM CTaJIO0 BO3MOXKHBIM TOJIBKO B pe-
3yJIbTaTe pa3pabOTKU 1 BHEAPEHWS] MHHOBAIIMOHHBIX PEIICHUIA.

1. PA3PABOTKA W BHEQPEHWUE MHHOBALIMOHHbIX PELLEHUN

1.1. Tak xak ramma-kBaHTBl, K- n Y®D-u3nyyeHuss CUILHO IOMIOLIAKOTCS
B aTMoc(depe, BO3MOXHOCTH HAa3eMHBIX MCCICHOBAHMUI ITOOOOHBIX ITPOIIECCOB
CUJIBHO orpaHnYeHbl. ONTUMAIbHBIM SIBJISIETCS UX U3YyYEeHME C IIOMOIIbI0 HU3-
KOOPOUTAILHBIX KOCMUYECKHUX aIlllapaToB.

YHuKanbpHas 1Mo MMPUHE CIEKTPa UCCIEAYEMbIX 3JIEKTPOMATHUTHBIX U3]Ty-
YyeHUl, TiepBas B MUpe 1ejeBasi 00cepBaTopyusi — MUKPOCITYTHUK «Unbuc-M»,
B pamkax IIporpammel [Ipe3umnyma Poccuiickoit akageMun HayK, Oblia cCO30aHa
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B UKW PAH B koonepaiinu ¢ IpyrumMu akaieMU4eCKUMU U YHUBEPCUTETCKUMU
opraHusauusiMu (1 He TOJIbKO), B TOM YMCJIE MEXIYHAPOIHBIMU.

s uccaenoBaHus HOBBIX (PM3MUYECKMX ITPOLIECCOB MPU BHICOTHBIX aTMOC-
(bepHBIX TPO30BBLIX pa3psaax U MeXaHM3MOB MX IMOATOTOBKM HEOOXOAMMBI KOM-
IUIEKCHBIE UCCIeAOBaHUsl, IJIsl MPOBEACHMSI KOTOPBIX ObUT CO3[aH KOMILIEKC
HayyHoii anmapatypsl (KHA «I'po3a»), BKIOYalomuii mpubopbl IS U3Mepe-
HUs: TamMa-u3nydeHuin — npudop PI'Jl; undpakpacHoro (UK) u (YD) yabrpa-
(uoneroBoro uznyyeHus: — npudop JAY®D; sneKTpoMarHUTHBIX BOJIH B paauo-
JUana3oHe 4acToT ¢ OecrpelieeHTHO BBICOKUM (JIydlle Hojeii MUKPOCEKYH])
BpeMeHHBIM paspelieHueM — mpudop PYA; KHY/OHY-uznyyeHuit — KoM-
wiekc MBK; Bunumoro guamazona — nputoop LIDK. B coctaB KHA «I'po3a»
ObLIa BKJIIOYeHa OoproBasi cucteMa coopa mHpopMauuu (bHI-Y) u nepenat-
yuK HayyHou mHpopMmamnuu (ITPH2.2). O6mas macca 10,8 KT 1 a/eKTponoTpe-
onenue ~25 Bt nmo3Bommmm pasmectuth KHA «I'po3a» Ha MUKPOCITyTHUKOBOIA
miaTgopme.

1.2. MHHOBALIMOHHBIM pEIICHUEM IPU Pa3paboTKe MUKPOCITYTHUKOBOM
ILUIATOPMEI CTAJIO CO3[IlaHKE OOIIEro 6a30BOro HECYIIEro KOHCTPYKTUBA-TPaHC-
(opmepa. OcHOBHOIT 0COOEHHOCTBIO 3TOTO PEIIeHUS CTAJI0 TO, YTO MUKPOCITYT-
HUK pacCMaTpUBAaJICsSI KaK eIUHbBIN «JIeTaOIII TPpUOOp», B KOTOPOM I1aTopma
cnocoOCTBYIOT peanusanuu eiaeit KHA «I'posa».

Hecmotps Ha Manblii pasmep (~40 KI) U1 HM3KYI0 CTOMMOCTh, HA MHUKPO-
cnytHuke «Yuouc-M» ynanock padmectutbh KHA «I'po3a» 1 KOMILIEKC CTy>Ke0-
Hoit anmapatypsl (KCA).

KOHCTpYKTUB MOXET OBITh MCHOJB30BaH U IJISI CO3AaHMsI HOBBIX, HEIOPO-
rux MukpocinyTHUKOB (MC) B MHTepecax HayKd U HApOAHOTIO XO3siCTBa.

1.3. BoiBog MC «Hubuc-M» Ha opouty B mHPpacTpykTtype Poccuiickoro
cermeHTa MKC (PC MKC) Ha TpaHcnopTHO-Ipy30BoM Kopabie (TTK) «IlIpo-
rpecc» cTajl BO3MOXHBIM Oyiaromapsi MHHOBAllMIOHHOMY PELICHUI0 O CO3MaHUU
TpaHcHopTHO-ITycKoBoro koHTeliHepa (TTIK), obecreunBaloliero:

* MexaHuyeckyio 3amuty MC «Hubuc-M» 1pu TpaHCIIOPTUPOBAHUU, T10-
IPY30YHO-Pa3rpy30YHBIX U MOHTAXHBIX paboTax, B TOM 4HUCJEe, SKUIMAa-
xeM PC MKC;

* MEXaHWYECKYIO 3a4EKOBKY PACKPBIBAIOIIMXCS 3JIEMEHTOB KOHCTPYKIIUH;

* YCTaHOBKY Ha cThikoBouHOM mmaHroyre TI'K «IIporpecc» u 3amyck
¢ ero 6opta B aBTOHOMHBIN noJjieT MC «Hubuc-M».

IIpu 3amycke HOBBIX MUKPOCIIYyTHUKOB ¢ MOAOOHBIM «Hubduc-M» cdopm-
¢axkropom TIIK paccmaTpuBaercsl Kak 3alalolinii MHAYCTPUAIbHBIM CTaHIAPT
dopm-dakTopa IS BEIBOJA UX HA OPOUTHI ¢ HU3KMM HAKJIOHEHVEM U BBICOTOM
300...600 km.

1.4. dna «Yubuc-M» BriepBble TPUMEHUTENBHO K Kiaaccy MC B COTpyIHU-
yecTtBe ¢ MHxXeHepHO-TexHoorndyeckuM 1eHTpoM «CKAHBKC» 6buta paspa-
0oTaHa cHCTeMa OpUEHTAlUM, 6a3upylollasics Ha UCIIOJb30BAHUM MaXOBUKOB
KaK MCITOJTHUTENIbHBIX 3JIEMEHTOB, B COUETAHUM C DJIEKTPOMATHUTHBIMU KaTYIII-
kamu. OrnpeneneHue MmapaMeTpOB OpUEHTALMU O0ECIeunBaJoCh U3MEPECHUSIMU
MAarHUTHOTO T0JIsT 3eMJIM, COTHEYHBIMHU JATYMKAMM U JATYNKAMU YIJIOBBIX CKO-
pocreii. IIpu 3ToM Ha 60pTy MC BBIUMCIISLUIMCH ITapaMeTpbl OPOUTATbHOIO ABU-
KEHUS U MOJIEJIbBHOTO MAarHUTHOTIO MOJISI, YTO TaKXKe SIBJISICTCS MHHOBAILMOHHBIM
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pewieHreM. CucteMa ympaBieHUsI OpUeHTalMell MO3BOJIsJIa B aBTOHOMHOM pe-
>KMMe peliaTh 3agaur HaBeneHus oceit MC B COOTBETCTBUM C 3a7aBaeMbIM 3aKO-
HOM JBMXEHUS OKOJIO ILIEHTpa Macc, BKJtovas ciaexeHue 3a CoJIHLEM, LIEHTPOM
3eMJI MM UHBIMU TpeOyeMbIMM HampaBJIEHUSIMUA B IpocTpaHCcTBe. Jlo HacTos-
LIEr0 BpeMEHU TaKMe 3aJauyl Ha KOCMUYECKUX amaparax ¢ Maccoit MeHee 90 Kr
He pellaiCh.

1.5. YuutbiBas Hanuuue Ha MC pacKpbIBalOLINUXCS BJIEMEHTOB (COJTHEUHbBIE
baTapeu, aHTCHHbI, JATYUKU (PU3UUECKUX MMPUOOPOB), HEOOXOAUMO 00ECTIEYUTD
B HEBECOMOCTU UX HaNEXKHOE pacKphITHE. DTU ONepalluv ObUIM OTpabOTaHBI Ha
coznanHoM B CKb KIT MKW PAH HazeMHOM CTeHIE C OpUTMHAJIBbHON CHUCTe-
MO 00e3BelINBaHUS, UMUTUPYIOIIEt HEBECOMOCTb.

1.6 OOBEM HayyHBIX JAHHBIX Ha OJHO pPerucTpupyemMoe CoObITHE (MOJIHU-
eBblii pa3psia) oT KHA «I'po3za» mo oueHkam cocrasisieT mopsinika 10 MbB. 3a
OIVUH BUTOK KOJMYECTBO PETUCTPUPYEMBIX COOBITUI MOXKET COCTaBISITH OT 1
1o 30, uro paér mopsiaka 300 Mout undopmauuu. Ilpu cpenHeil MpoOmOIIKU-
TeJIbHOCTU ceaHca cBsi3u ¢ MC Ha Huskoii opoute 10...12 MUH TTOTpeOHasI CKO-
pocTh mepenauud coctaBuUT 1 Mout/c Ha gaabHOcTH A0 2500 kM. [ perneHus
atux 3aga4y B coctaB KHA «I'po3a» BKIIOYEH pagvonepeaaTyvdk S-auaria3oHa
(ITPJ2.2) ¢ aHTeHHOI, UMEIoIIel UPOKYI0 AUarpaMMy HampaBJIeHHOCTH, 00-
pali€HHYIO B CTOPOHY 3eMJIM, TaK Kak onHa 13 oceii MC nojrkHa ObITh OpUEH-
TUpOBaHa Ha 3eMJTIO.

Hcnionwr3oBaHue paspeli€HHOro B PerinameHTe paauocBS3U paaydoKaHasia
MO3BOJISIET MPUBJIEYD K MPUEMY U OOMEHY JaHHBIMU Ha3eMHBIE CTAHLIMU IMPaK-
TUYECKU 0 BCEMY 36MHOMY IlIapy.

1.7. Buepssie npu 3anycke MC ¢ nomowpio TI'K «IIporpecc» Ha Liene-
BYIO OpOUTY, C YBEJIMYEHHBIM CPOKOM cyllecTBoBaHMS MC, pean3oBaHa cxema
¢ noabeéMoM BbICOTHI opouThl TI'K 3a CYET MCIOIb30BaHMS €T0 TapaHTUPOBaH-
HBIX 3aracoB TOIUIMBA, T.€. MPAKTUYECKU 03 MOIMOTHUTENbHBIX (PMHAHCOBBIX
3aTpar.

1.8. HasemHbiii cermeHT Iipoekta. HecmoTpss Ha HeOOJIbIIME pa3Mephl
u Maccy MC, ayig pellieHUs1 HaydyHbIX 3a7a4 MoTpedoBaioch co3aaTh UHGOpMa-
LIMOHHYIO CUCTEMY, HE YCTYIAIOIIYIO0 MO0 CBOUM (DYHKIIMOHAIBHBIM XapaKTepU-
CTUKAaM aHAJIOTUYHBIM CUCTeMaM 0oJjiee KPYITHBIX KOCMUYECKUX MPOEKTOB. DTy
3a/1a4y B YCJIOBUSIX XXECTKUX OrpaHUYEHUI (DMHAHCOBOIO XapaKTepa yaaaoch pe-
IIUTH B ITOJHOI Mepe NMPUMEHEHMEM WHHOBALIMOHHBIX TOAXOI0B U IOCIEIHUX
JIOCTVKEHUM B 00J1aCTH MHMOPMAIIMOHHBIX TEXHOJOTWI. ONBIT 3KCIUTyaTalluu
IMOKa3aJjl MPaBUJIBHOCTb UCITOJIb30BAHHbIX IMTOIXOM0B U PELICHUH.

TpaguoHHO, IJIsT PellleHUsT BCero Kpyra 3agayd 1o MpoBeAeHUI0 HAYYHOTO
KOCMMYECKOTO TMPOEKTa, CO3MAETCA NOCTATOYHO CJIOXHASI TeTepOreHHasi CUCTe-
Ma, COCTOSIILAsI U3 PA3HOPOIHBIX 3JIEMEHTOB, O0ECIIEUMBAIOIINX PEIIeHUS CITeI-
duuecknx 3amay. [Tpy 3TOM 3aTpaThl Ha UHTETPALIAIO COCTABIISIIOT CYIIECTBEH-
Hylo 4acTb. B mpoekte «Yubuc-M» ucnonb3oBaHa CepBUC-OpUEHTUPOBAHHAS
apxutektypa (SOA), obOecneuynBampliasi BO3MOXHOCTb MHTEJJIEKTYyaJIbHOM
MaplIpyTU3auuyd MH(POPMAIIMOHHBIX MOTOKOB U KOH(MUrypupoBaHUs (a He Ie-
perporpaMMHUPOBAHUSI CEPBUCOB) U T. 1I.

BriepBbie B 0TeUeCTBEHHOM HAYYHOM KOCMMYECKOM IIPOEKTE ObLI MUCHOJIb-
30BaH MOIXOM, IMPU KOTOPOM, HAUMHAsI C CAMBIX PaHHUX 3TAIlOB peaau3aluu
MMPOEKTa, BKIIOYasi Ha3eMHbIe UCITBITAHUS, UCITOIb30BaNaCh ¢AUHAS YHU(DUIINA-
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poBaHHAasi KOMMYHMKALIMOHHAs cpe/ia Ha 0a3e LeHTpaJn30BaHHOTO BeO-MopTaa
C HUCTOJIb30BaHUEM COBPEMEHHBIX MOAXOI0B OpraHU3alMKi COOOILECTB MOJIb30-
BaTelieil, MoayYuBIIUX oblee Ha3BaHue Web 2.0.

PazBuTrieM u3oxeHHOro Moaxoaa siBUIOCh co3aaHue BupTyaabHoro LIVTI
(LenTtpa ympabjieHUsI MOJETOM), TaKxkKe BIIEPBbIe B OTEUECTBEHHOM HAyYHOM
KOCMMYECKOM MPOEKTe, U HazeMHOro cermeHTa npoekta (HCII) B Bune enuHoii
WHGOPMALIMOHHON Cpelbl Ha OCHOBE MEXIYHApPOIHbBIX CTaHAAPTOB, MPUHSITHIX
B KocMuueckoit orpacim (takue kak CCSDS, Consultative Committee for Space
Data Systems — KoHCy1bTaTUBHBIII KOMUTET KOCMMUYECKUX MH(POPMALIMOHHBIX
cuctem). Takoe pellieHHe CYLIECTBEHHO CHU3UIIO CTOMMOCTh HE TOJIBKO CO3/1a-
Hus, Ho 1 conpoBoxaeHuss HCII Ha ¢oHe moBbIIeHUs HaOEXKHOCTU pabOThHI
MPUMEHEHUEM XOPOIIIO OTPAOOTAHHBIX PEIICHUIA.

1.9. BomoaHenue B ctpykrtype PAH, B ycioBUsIX orpaHUYeHHOIo (hvHaH-
CHUPOBAHMUS U TPYIAOBBIX PECYPCOB, MaJIOOIOIXKETHOTO IpoeKTa «Yubuc-M» cra-
JIO BO3MOXHBIM TOJIbKO Oyiaromapsi MPUHSITUIO BCEeMU YYaCTHUKAMM IPOEKTa
psiia OpraHM3alMOHHO-TEXHUYECKMUX MTHHOBAIIUIA.

B niepBy1o ouepennb 3To OUeHb TECHAsI OpraHnYecKas B3aMMOCBSI3b:

* TMOCTaHOBIIMKOB 3KCIEPUMEHTA U KOHCTPYKTOPOB, PacCMaTpUBAIOIIUX
MUKPOCITYTHUK KaK €IMHBINA «JIeTaloLINil MpUOOop», BKIIOYAIOIIMUIA, KaK
yHUKaIbHbIe HaydHble Tpuboopbl KHA «I'po3a», Tak U KOHCTPYKILIMIO CO
CJIYX€OHBIMU cHUcTeMaMU. BaxkHbIM (aKTOpOM B3aMMOCBSI3M SIBUJIOCH
BxmoyeHue B KHA «I'po3a» npuoopa BH/1-Y u nepenatyuka ITP2.2;

* U3TOTOBUTEJICH amnmapaTypbl U UCIIbITATENICH MO Crielu(pUIecKrM Tpedo-
BaHUSIM UHMpacTpykTyphl Poccuiickoro cermenta MKC;

* co3jaTelieil Ha3eMHOIrO CerMeHTa IIpoeKTa, OOEeCIeUMBIIEro YIIpaBlie-
Hue «4Yuobuc-M» B 1oJi€Te, TIPUEM M ONEepaTUBHBIN aHaAIW3 MPUHMUMAaE-
MOIf TeJeMeTpUuYecKoil MH@opMallMi COBMECTHO, M ITOCTaHOBIIUKOB
BKCIEPUMEHTA.

KoHuenuus «ieramliero mnmpudopa» IMo3BOJMIA CYIISCTBEHHO COKPaTUTh
00BEM, M COOTBETCTBEHHO, 3aTpaThl HA pa3pabOTKy W MPUMEHEHUE UHTETPUPO-
BaHHOI HOPMATMBHO-TEXHUYECKON ITOKYMEHTALIMU MPU BBICOKOM TpPeOOBaHUU
e€ MpUMEHEeHMUS.

CaMpIM 3(pPeKTUBHBIM SIBUJIOCH TO, UYTO SIIPOM BCEX BTUX B3aMMOCBSI3EH
ObLIY ITOCTAaHOBIIMKHU IKCIIEPUMEHTA.

2. PA3PABOTKA, CO3AAHUE N ABTOHOMHbIE UCIMbITAHUA
NMEPBOIO MUKPOCMYTHUKA POCCUNCKOWN AKABEMUU HAYK

2.1. O6ecneueHune pa3paboTku

bonee yeM mecATUICTHUI OIBIT padOTHI ITO0 M3TOTOBJIEHNE HayYHO-MCCIIEIOBA-
TEJIbCKUX M HaydHOo-oOpa3oBaTeabHbIX MC, HakomieHHblii B UKW PAH n ero
CrienyaalbHOM KOHCTPYKTOPCKOM OIOpPO  KOCMHMYECKOTO ITPHOOPOCTPOCHUS
(CKB KIT MKW PAH, Tapyca, Kamyxckast 00J1.), TIO3BOJIMI II0O-HOBOMY B3TJIsI-
HYTh Ha MPOOJIEMBI pa3padOTKN 0a30BbIX KOHCTPYKIMIA M KOMIIOHOBOYHBIX pe-
LIEHUI IPY co3aaHuu miaTd@opmbl «Yubduc-M».
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t:

Puc. 2. O6masg xkomrnoHoBka MC «4Yubuc-M» B TpaHCIIOPTHOM ITOJIOXEHUHU C 3a4€KO-
BaHHBIMU PACKPBLIBAIOIIUMUCS 3JIEMEHTAMMU Iepel, YCTAHOBKOW B TPAHCIIOPTHO-ITYCKO-
BOM KOHTEHHED
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[TepBoii 3amayeii crano co3gaHue OOLIEro 0a3oBOro HECYHIErO0 KOHCTPYK-
TUBa-TpaHcdopmepa (puc. 1), KOTOphIli OTBeuaeT TpeOOBAHUSIM pelllaeMoil Ha-
YYHOM 3aayy M OrpaHWYEHUSIM, omnpeaeiasieMbIM cxeMoil BoiBeAeHus MC Ha
OpOUTY C TIOMOILBIO PAKEThI-HOCUTEISI B KAYECTBE MOMYTHOTO Tpy3a K OCHOBHOM
MOJIE3HOM HarpyskKe.

KoMmnoHoBoUHBIE pabOThl MO ONTHMAJIbHOMY (C TOUKM 3pEHMSI HAyYHOU
3aJa4M) pa3MEIIeHUI0 HAayYHbIX MPUOOPOB Ha 0a30BOM KOHCTPYKTHUBE-TPaHC-
(hopmepe oCyIIeCTBISUIMCH B TTOCIEAOBATEIbHOCTH, OINPEAC/ISIEeMO BaXKHOCThIO
Y PUOPUTETHOCTBIO MOJIy4aeMoil OT ITpubopa HaydyHOU MH(MOPMALIVH.

B npoektre MUKPOCITYTHUK <«Unbuc-M» mipuopuTeT NpUHaIIEXKaI
TpéM ocHOBHBIM TipudopaM KHA «I'po3a»: peHtreH-ramma gerektop (PI'JI), pa-
J10YacTOTHBIN aHanmu3aTop (PYA), 1aTyuk ynbTpaduroneToBoro 1 MHMpaKpacHo-
ro uanydeHuit (AY®P). Pasmemenne KHA «I'po3a» B KOHCTPYKTHUBE OCYIIECTBIS-
JIOCh C UCITOJIb30BaHUEM CHELMATU3NPOBAHHOM KOMIIBIOTEPHOU IMTPOTpaMMBI.

ITocnemoBaTebHOCTb TTPOTPAMMHOIO pa3MellleHUsT PUOOPOB MO UX Hayd-
HOI BaxKHOCTU obecredunia HeoOXOoIUMBbIE TOJISI 3peHUS] W ONpeaeauyia OINTH-
MaJIbHOE UX pa3MellleHUe B KOHCTPYKTUBE (CM. puc. 1).

ITocne oxonuanuss komnoHoBku KHA «I'po3a» mpoBeaeHa KOMITOHOB-
Ka OJIOKOB M NpubOpOB KoMIuieKca ciyxXeOHoit ammapatypel (KCA) MC
«Hubuc-M», obecnieunBaroiiero GyHKIIMOHMPOBAHUE BCEX CUCTEM U MPHUOOPOB
MC B aBTOHOMHOM OpOUTAJILHOM ITOJIETE.

KomMmiekc ciay:keOHol annapaTypbl COCTOUT:

* 13 60opTOBOTO KOMILIEKca yrpapieHust bBKY, Bkirouas cucreMy 31eKTpo-
nutanusa COI1, KoMaHIHYIO U TeIeMETPUISCKYIO paaIlOJVHUM U HaBU-
raloHHylo annapatypy HAIT;

* CHCTeMBI TpEXOCHOI opueHTalMu 1 ctadbunuzanuu COC, BKioyas gaT-
YUKW OMNpeNeJeHUsT OpUeHTAallMM (COJHEYHbIE NAaTYMKKM, MarHUTOMETD,
JATYUKU YIIOBBIX CKOPOCTE) U MCITOJHUTENIbHBIE YCTPOIMCTBA, obecie-
yyBamplne TpedyeMbie pa3zBopoTbl MC (1o TpéM oCsiM) B OpOUTAILHOM
MoJETEe BOKPYT LIEHTpA Macc, a TakxKe TPEXOCHYIO CTaOMIM3alivIo B 3a-
JaHHOM TIOJIOKEHUU (TpaBUTALMOHHAS ILITAHTa, JBUTAaTEIM-MaXOBUKHU,
3JIEKTPOMarHuTHLIE ycTpoiicTBa (OMY));

* TIACCUBHON CHCTeMBI OOecIiedyeHHusT TpeOyeMOro TEIJIOBOIO peXuMa
(TeroBbIE pamMaTOPBl, CHCUMNOKPBITUSI, SKPAHHO-BaKyyMHasl TepMO-
M30JISILMS).

B pesynbpTare MpUHSITHIX KOMIIOHOBOYHBIX pellleHUi Oblia chopMUpoBaHa

KOHCTPYKIIUS TUIaTQOPMEI B 1ieJIoM (puc. 2).

2.2, Komnnekc HayuyHou annapatypbl — KHA «[po3a»

CocTaB Hay4yHOI1 amnmaparypsl SIBISIETCS KOMIUIEKCHBIM (puc. 3) U YHUKAJIbHbIM
MO LIMPOTE OXBaTa IHEPreTUYECKOrO Auana3zoHa. DTO OOYCJIOBJIEHO TEM, YTO
(hakTOM perucrpalii MOJHUEBOTO pa3psina («COOBITHUSI») SIBSIETCSI BbIpabOTKa
KHA «I'po3a» ennHoro tpurrepa coOBITUSI HA OCHOBE COBIIAIEHUSI TPUTTEPOB
dusznaecknx pudopos (PT, PUA, AYD). AnTopuT™MbI BEIpaOOTKHN 3TUX TPUT-
repoB pa3paboTaHbl Ha OCHOBE Mojeseill (PU3MYECKHUX MEXaHU3MOB Pa3BUTUSI
rpO30BOTO paspsiaa.
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| BKY (JIOKA-15B, COC, CBII) |

KHA"Tpoza” |
AQY22 (H TIPA22 BHIY [ TICA MM
1]
AQY PYA PYA VO KB31 || KB32
PIJT oK

Puc. 3. CrpykrypHas cxema «Hubuc-M»: ADY — aHTeHHO-(HUIEPHOE YCTPOWUCTBO;

IICA — mnpoueccop crnekrpaibHOro aHanusa; UM — WMHIYKIIMOHHBII MarHUTOMETD;

KB3 — xomM6uHMpOBaHHEIN BOJIHOBOI 30HI; BKY — GopTOBOIT KOMILIEKC yIIpaBIeHNUS;

JOKA-15b — anmnapatypa auctaHIMOHHOTo KoHTpojst; COC — cucrema opUeHTalUU

u crabumzauuu; COIT — cucrtema snektpornurtanusi; KHA «I'po3a» — KoMruiekc Hayd-
HOW anmapaTyphbl

OCHOBBIBasSICh Ha 3TUX MPUHIIUIIAX, TT0 eAMHOMY TeXHWIeCKOMY 3adaHMIo
(T3), paszpaboranHomy MKMW PAH, 6buta mpoBedaeHa pa3paboTKa M U3rOTOB-
JIeHWe TIPUOOPOB ¢ 3aJaHHBIMHA (DM3WYECKUMM ITapaMeTpaMu, OObeIUHEHHBIX
B KOMIUIeKC HaydyHoU ammapaTypbl — KHA «I'po3a», BKITIo9aromunii:

* peHTreH-ramma netekrop (puc.4) — PIl (HUUAD MIY) c¢ oua-

Ma30HOM peHTreHoBcKoro u ramMa-msnydenus 0,02...1,0 MaB;
Macca — 3,53 xT;

* YO®- u UK-metexrop (puc. 5) — AYD® (HUUAD MI'Y) cniekrpa usiy-

geHust ot YO (180...400 am) mo UK (650...800 aM); Macca — 0,6 KT

* paaMoyacToTHBIN aHamm3aTop (puc. 6) — PYA (MKUW PAH) B nuamazone

yacrtor 26...48 MI'u; macca — 1,0 kT;

* mudposyo Kamepy (puc. 7) — HDPK (MKW PAH) ¢ npocTpaHCTBEHHBIM

paspemenrem 300 M u akcno3unueit 15 kanp/c; macca — 0,45 Kr;

—

Puc. 4. PeHTreH-ramMma IeTeKTOp
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Puc. 5. YO- u UK-nerekrop

Puc. 6. PaguoyacToTHBII aHAIM3aTOP

Puc. 7. Hudponasg kamepa
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Puc. 10. ITepenatunk HEMO
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* MarHUTHO-BOJHOBOW KOMIUIEKC (puc.8) B [Auama3oHe 4YacToT
100...40 000 I'm, — MBK: MHAYKIIMOHHBIA MarHUTOMETPp U KOMOWHM-
poBaHHbIit BoHOBoM 30HA (JILL MKMW HAH u HKA Ykpaunsl), npo-
Ileccop CIeKTpaJbHOTO aHanm3a (YHuBepcuteT OTBEImA, BeHrpus)
(macca — 1,2 kr);

* 050k HakorieHust naHHbIx BHI-Y (MKHW PAH, puc. 9); macca — 0,9 kT;

* nepegatunk HEMO 2,2 I'Tu ¢ antenHoi (puc. 10) — ITP12.2 (MKU
PAH); macca — 0,3 k.

Pa3zpaboTka KOCMUYECKOTO SKCIEPHMEHTa, OCHAIIEHHOTO CHeUMalbHBIM
KOMIUIEKCOM Hay4yHoi1 anmaparypsl — KHA «I'po3a», 1 opueHTUpOBaHHOTO Ha
HCCIEeIOBaHUST PA3psIoB Ha OOJIBIIMX BHICOTAaX, SIBISIETCS YHUKAJIbHBIM IIPO-
€KTOM 10 KOJUYECTBY U CKOPOCTU M3MEPSIEMbIX OJHOBPEMEHHO IapaMeTpoOB.
TTomoGHBIN MPOEKT 10 HACTOSIIIIETO BpeMEHU HUTAEC B MUPE HE ITPOBOAWIICS, He-
CMOTpS Ha BO3pacTalolInii UHTEpeC K MpobdiieMe MPOUCXOXKICHUS U MeXaHU3Ma
Pa3psiIoB B BEPXHUX CIOSIX aTMOC(EPHI.

Kaxnawiit mpuoop KHA «I'po3a» umeet kounbieByio namsath (KIT) ¢pukcupo-
BaHHOTO pa3Mepa Ha HeCKOJIbKO coObITHi1. Takast cucteMa BIepBble B MUPOBOI
MPaKTUKE UCIIOJb3yeTcsl IJIs1 UCCIeI0BaHUSI aTMOC(EPHbBIX TPO30BBIX IMpOLIeC-
coB. OO1IMii pa3Mep MaMsTU Mpubdopa ornpeAeasieTcsl MaKCUMaIbHOMN TJINTEJb-
HOCTBIO COOBITMSI BTOrO MpHOOpa, KOTOPBIM 3a4al0T MOCTAHOBIIUKU 3KCIIepU-
MeHTa. JJIMTeIbHOCTh COOBITUSI MOXET PeryJIupoBaThes 1o komaHaam. [Tpumep:
PYA — 1 ¢, PTA — 20 mc, AY® —100 mc. Tenekomangamu ¢ 3eMJIM MOTYT 3a-
JaBaThCsI U IpyTue mapameTpbl OLIM(MPOBKU COOBITHUS: TIepUOa OLU(MPOBKU (IMC-
KpeTu3alusl 1o BpeMeHU), KpUTepuil «cobbiThe Tpousonuio» (CII, Tpurrep),
pa3Mmep «10» U «I1ociie» coobiTusl. B KII muiercss ToJbKO COOBITHE, COOTBET-
ctBytoee kputeputo CII1.

2.3. Pa3spaboTKa cucteMbl BbIBOAa MUKPOCMYTHMKaA «4nbuc-M»
Ha aBTOHOMHYI0 op6UTy

IMapannenbHO ¢ pa3pabOTKOM M M3rOTOBJIEHWEM KOHCTPYKTHBa-TpaHchopMmepa
OBUIM IIPOBEACHBI paOOTHI IO TPAHCIIOPTHO-IIYCKOBOMY KOHTeliHepy (puc. 11).

Puc. 11. Koncrpyktus TTIK. CripaBa — MeXxaHU3M BBIIBUKCHUSI
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Hns BBITIOJHEHUS 3aJauMd BbIBOJA MUKPOCIYTHUKOBOM TIaTGoOpMbl U3
TIIK Obu1 pa3paboTtaH MexaHW3M BBIIBMXKEHMsI, oOecrieunBaiomunii Beixomq MC
«Yubuc-M» u3 TIIK u coobiieHue ckopoctu otaeneHust 0,5 m/c.

OcHOBHOI1 criennuYecKoil 0COOEHHOCTBIO BCEro MPOeKTa cTaja uaesl, 4To
MUKPOCTYTHUK «Yubuc-M» (KaK yKa3blBajoCh BBIIIE) pacCMaTpMBajcs Kak
eIUHBIN «JIeTaloLINil TPUOOpP», B KOTOPOM CIYKEOHBIE CUCTEMbl CIIOCOOCTBYIOT
peanusauuu ueneit KHA «I'po3a» 1o ¢pyHIaMeHTaaIbHBIM KOMILIEKCHBIM MCCJIe-
JIOBaHUSIM TMPOLIECCOB ITPU BBICOTHBIX aTMOC(EPHBIX TPO30BBIX pa3psiaax.

2.3. U3roToBneHne N Ha3emMHble NCMbITaHUA NIETHOrO o6pasua
MUKpOCNyTHUKa «4n6uc-M»

M3zrotoBieHue JETHOro obpasia MUKpocyTHHKA «Yubrc-M» ocylecTBIsI0Ch
B CKb KIT MKH PAH (Tapyca, Kanyxckas 06:1.).

TTonnas coopka MC «Hubuc-M» npenacrapiieHa Ha puc. 12.

IIpu mpoBeneHUM Ha3eMHBIX MCIbITAHWM KocMuyeckux arnmapaToB (KA)
B OpraHM3alvsIX KOCMMYECKOU TIPOMBILIJIEHHOCTH MCIIOIb3YeTCsl OO0bIION
MapK MCObITaTeJIbHOrO 000pYAOBaHUSI, KaK MPaBUI0, YHUKAJIbHOTO IJIs1 Kaxa0-
ro oopasua KA wim ux cepun. [1pu npoBeaeHuun ucnbiTanuit MC «Hubuc-M»
HCTIONb30BAIMCh KaK CTaHOApTHbIE CpeacTBa (BUOPOCTEHIbI, KIMMaTUYeCKue
KaMepbl U Jp.), TaK U BHOBb pa3paboTaHHbIe, oTBeyaroliune crenuduke MC.
Baxneiimmm crienn@uieckuM 000pyIOBaHUEM SIBUJCS CTE€H[ 00e3BEeIINMBAHUS,
obecrieyrBaloIIvii UMUTALIMIO HEBECOMOCTHU MPU pabOTe Ha OpoOuUTe.

WcnblTaHus MOMHOCTBIO COOpaHHOrO JIETHOro obpasua «Yumbuc-M» mpo-
BOJWJIMCH MPU pa3MeIIeHUU Ha CTEH[Ie, TIPeXae BCero, B LeJsIX MMUTAlUU pac-
KPBITUSI MEXaHUYECKUX BJIEMEHTOB KOHCTPYKLIMH, B MEPBYIO OUYepellb, rpaBUTa-
LIMOHHOI mTanru (puc. 13).

Ha crenne nmpoBoauiachk oTpaboTKa LMKIIOB 3apsiia-pa3psiaa aKKyMyJasiTo-
POB CHUCTEMbI 2JIEKTPOINUTAHUSI OT COJTHEUYHbIX OaTtapeit (puc. 14). McnbiTaHus
cuctembl opueHTauu (COC) Takxke MpOBOAMIMCH Ha CTEHJIE C BBEJEHUEM J10-
MOJHUTEILHO CUCTEMBI KaTyliek ['enbmrobia (puc. 15), MMUTHUpYIOLLei MarHUT-
Hoe 1osie 3eMiu, sBistonieecs penepoM mist Maruutomerpa COC. Ha crenae Ha-
CTpanBaIvCh TPUEMO-TIEPEAAIOLINE AaHTEHHBI CIYKeOHOM pagroauHuu (puc. 16).

Puc. 12. O6muit Bua MUKpocIyTHUKA «Hrbuc-M»: ciieBa — ¢ He pacKpbITOIl rpaBUTALIM-
OHHOW IITaHTOW; cipaBa — C PacKpPbITOU
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Puc. 13. Pasmelnenne MukpocnyTHuka «4ubuc-M» Ha creHme o0e3BelllMBaHUS IpU
MPOBENEHUU HA3eMHbBIX UCTIBITAHUI Ha PACKPBITUE CUCTEM, B TOM YMCJIe MEXaHU3Ma rpa-
BUTALIMOHHOM IITaHTU (CIIpaBa ¢ KpaCHBIM (hy1askkom)

Puc. 14. I1poBepka comHedHbIX OaTapeit «4Yubnuc-M»
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Puc. 16. Hactpoiika npuémo-nepeaalommx aHTeHH ciry>keoHoi paguoaaun JOKA
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Puc. 17. AHTeHHa M IyJIbT yripaBieHUsI aHTeHHO# ctaHuuu « TAPYCA»

2.4. UcnbiTaHnA cTaHUMN Npuéma Hay4yHOoW 1 TeieMeTprnyeckon
nHpopmauum «TAPYCA»

ITposepka rotoBHoctu craHunu «TAPYCA» (puc. 17) K npuéMy Hay4dyHOIl Te-
nemerpuueckoil uHpopMauuu (HTMM) ocyuiecTBasiiach B COOTBETCTBUU
¢ TpeboBaHusiMU T3 M pa3pabOTaHHON MPOrpaMMOi M METOIMKON MCHBITAHUNI
(ITMU). B cootBetrctBumM ¢ IIMU npoBeneHbl UCHIBITAHUS MPOrPaMMHOIO Ha-
BelICHUS aHTEHHBI, JAUArpaMMbl HAIlpaBIIECHHOCTM aHTEHHbI, 3(P(PeKTUBHOCTU
JIMHEMHOTO TpaKTa CTaHUUU. Pe3ynbTaTbl MCOBITAHUI MOATBEPAUIN 3alaHHbIC
XapaKTepUCTUKU CTAHIIUU:

* IIMpUHA IMarpaMMbl HanpasiaeHHocTH 1,5+0,2° o yposHio 3 1b;

* IIBM3KEHME aHTEHHBI 110 IIporpaMMe ¢ olnbKoii He 6oee 0,2°;

* 3(pdexkTuBHOE TIpeBbIlIeHNEe IyMOB CoOJIHIIA Hall BHYTPEHHUMU IIIyMaMU

cucteMsl 6onee 16 1B, uto coorBeTcTByeT oTHOIIEHMIO S/ T = 0,08...0,1.

IIpoBepka mpoBeneHa Ge3 3aMe4YaHUI U ABYX CKOPOCTEH Iepenavyu WH-
dopmauuu — 1 u 0,5 Mout/c.

2.5. KoHCTpYKTOPCKO-A0BOAOYHbIE UCMbITaHNA
MUKpPOCNYyTHUKa «Yn6uc-M»

KoHcTpykTopcko-noBogouHble ucnbitanus (KIAW) npoBoasitcst ajs1 Bcex Koc-
MUWYECKHX aIrmapaToB B LEJSIX MOATBEPKACHUS X TEXHUYECKUX XapaKTEPUCTUK.

Jnst MukpocnyTHUKa «Yumbuc-M» 00bEM, METOAMKA U TTOC/IEI0BATEIBHOCTh
OIpeAeIsSIIUCh €r0 TEXHUYECKMMU XapaKTepUCTUKAMU.
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OcHosHble mexHuYecKue XapaKmepucmuxu
muxpocnymuuxa «Hubuc- M»

Macca
£010) 11 1 (P 40 xr
KHA «Ipo3a» . ..ot e 10,8 xr
CITY>KEOHAST ATITTAPATYPA .+« o v e e ve e e e et e et e e e et et et et e e 12,6 xr
KOHCTPYKLIMSI M CUCTEMA TEPMOPETYIUPOBAHMS . . o v ov v e eeeeen 16,6 kr
OPOUTA. . . ... KpyroBast BeIcoToi ~500 KM
BpeMs rapaHTHIAHOTO CYMIECTBOBAHMS . . . . . ... o oooeereeeeennnn... He MeHee 1 roma

Cucrema opuentanuu u craduwmsanuu (COC)
OCHOBHasI — 3JIeKTpoMeXxaHUuecKasl (2JIEKTPOMaXOBUKM)
C MAarHUTOAMHAMMYECKUM (JI€KTPOMArHUThI) AeMII(DUPOBAHUEM;
Iyonupylolass — rpaBUTallMOHHAs (IIITaHTa)

TOYHOCTH OTIPEACTICHUSI OPUEHTALIMM . . o v o v o ve v e aeneeeannns 110 2 yrj1. Tpan
L EF:0:370 210176 PUNN no cucteMe GPS-TJIOHACC
CucTemMa nepenavd JaHHbIX
o6opTt-3emtst wisd nepeqayn nHpopmammun ot KHA ... ... ... ... ... .. 1 Méwur/c
paguouacroTa nepegayu uHgopmauuu ot KHA .. ... ... ... ... ... 2270 MTI'
00bEM HakonuTeabHOU MamMaTt KHA ... ... . ... ... ... ... ... ..... 256 Mb
MUWHUMAaJIbHBIN CYyTOUHBIN 00b¢M nHpopMmatun ot KHA . ................ 100 Mb
paaroYacToThl KOMAaHIHOM U CIYXKEOHOM IMHUM . .. .o oo vnen .. 1451 435 MI'
Cuctema 6optoBoro 3uepronuranus (CHII)
§Y (031105 (0% u NP ~50 BT cpenHecyTouyHast
S P21 03 02 CC) 21 (PP 123 B
EMKOCTb BXDB . ... e 9,5Au
CyMMapHas TIOIIAJb COTHEYHBIX OATAPEM. . . .o oo vt e e e e ee e 0,53 M?

Yacte KJIW npoBogunuck Ha obopynoBanun MKW PAH: TepMoBaKkyyMHbIe
HUCIIBITAHUS B KaMepe ¢ OXJIaXICHUEM XUIKUM a30TOM; BUOPOMCIIBITAHUS, UC-
MBITAHMS 110 TTapaMeTpaM 3JEKTPOMaTrHUTHOM COBMeCTUMOCTH (puc. 18).

2.6. NcnbitaHuA B PakeTHO-KOCMNYECKOW Koprnopauumn «<JHeprusa»

Ocoboe BHMMaHME Ha 3Talle Ha3eMHBIX UCMBITAHUI YACASIOCh 3KCIEPUMEH-
TaJIbHO# OTpabOTKe CPEeNCTB PACUYEKOBKU U OTAEICHUSI MUKPOCIYTHUKA B YCJIO-
BUSIX JEHCTBUSI (haKTOPOB OTKPHITOTO KOCMUYECKOTO MPOCTPAHCTBA, MTPOBEAEH-
HOI1 ¢ UCITOJIb30BaHUEM 00JIbIIONM BakyyMHOI KaMmepbl PKK «DHeprusi».

B Xome MoAroToBKM K IMPOBEACHUIO TEPMOBaKyYMHBIX uchblTaHuii TITK
¢ MukpociyTHuKoM crneupanuctaMu PKK «DHeprus» 6bU1 TpoBeAEH TEeII0BOM
pacyéT, MakKCMMaJbHO YYUThIBaBIIW ycaoBus akcityataiuu TTIK ¢ MC B co-
craBe MKC u TKI «IIporpecc-M» Ha opbute Beicotoit 500 kM. B pesynbrare
OBLT OIpenesI€H Tuana3oH TeMIepaTypbl Ha MOMeHT otaeiaeHus MC, cocTaBuB-
it ot —10 mo +32,6 °C, yTo HaXOOWJIOCh B Mpeaeaax J0nyCTUMBIX o T3 skc-
TUTyaTallMoOHHbIX 3HaYeHui (0T —40 no +50 °C).

Crenp o6esBemuBanusi CKb KII ¢ yctaHoBnenHsiM B HEM TIIK ¢ o6pasz-
oM KA «Yubuc-M» ObUT MOMEIEH B TEPMOBaKyyMHYIO KaMepy (puc. 19).

B pesynbrare nMpoBeneHUs] 3TUX UCMBITAHUI ObLTIO 00ECIeYeHO MOATBEepPK-
JieHue, TIpY 3aJaHHBIX TEIJIOBBIX YCIOBUSIX, HAIEXKHOTO BhiBeAeHUs «Hubuc-M»
u3 TIIK u aBTOMaTHYeCKOro pacKpbITUSI BJIEMEHTOB KOHCTPYKLIMU TIOCJIEe OTae-
JeHus (puc. 20).
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Puc. 18. UKMN PAH, Mocksa. Ucnbitanusa «4Yubuc-M» B 9KpaHMPOBAHHON Kamepe:
cjeBa — IO TMapaMeTpaM 3JIEKTPOMArHUTHON COBMECTMMOCTH; CIpaBa — Ha YCTOMYM-
BOCTb K BHEIITHUM M3TyICHUSM

Puc. 19. OAO «PKK «DHeprus», r. Koponés. CineBa — 3arpy3ka creHaa o6e3BelIBaHUS
B TepMOBaKyyMHYI0 Kamepy; cpaBa — pa3melneHue TIIK ¢ obpasunom KN «Yubuc-M»
B TEpPMOBaKyyMHOI1 Kamepe. By cBepxy

2.7. Mpuémo-caaTouHble NCMbITaHUA MUKPOCNyTHUKa «Ynbuc-M»

ITpnéMo-caaToyHbie MCIBITAHUS JJETHOTO 00pa3lia MUKPOCITyTHUKa «Ynouc-M»
nposoguiick B CKb KIT MKMPAH c¢ yyactueM pa3paboOTYMKOB, BKJIIOYasl 3a-
PYOEKHBIX, BCEX CUCTEM U YCTPOMCTB.

ITo okonyanun B CKb KIT MKMW PAH mnpu€mo-ciaToyHBIX MCIBITAaHUMA
JIETHOTO obpasua «Yubduc-M» ObLIa MpoU3BeaeHA, ITOA KOHTPOJIEM TEXHUYSCKUX
CITy>X0, OKOHYaTeJIbHas yIlaKoBKa MUKpOoCcHyTHUKA «Yubuc-M» B TpaHCIOPTHO-
MYCKOBOI KOHTeiHep (puc. 21).

ITocne mpoBeaeHUs MOJHOTO IIUKJIA HA3eMHBIX OTPA0OTOYHBIX UCITBITAHUI
M TEXHUYECKOM BKCIEePTU3bI, MOJYYEHUS TMOJOXUTENbHbIX 3aKitoueHuit, TITK
¢ MUKpOCITyTHUKOM «UYnbuc-M» 6b11 TtoctaBiieH B PKK «DHeprusi» niist mpoBe-
JeHUsI BXOIHOTO KOHTPOJISI.

ITocne ycnewmHoro npoxoxaeHus B PKK «DHeprusi» BXogHOro KOHTPOJIS
¥ aBTOHOMHBIX UCHIBITAHUH, B COOTBETCTBUHU C TPEOOBAHUSMU HOPMATUBHO-TEX-
Hu4yeckoi nokymeHTauuu, TIIK ¢ MukpocnyTHUKoM «Huouc-M» oTnipaBieH Ha
texHuueckuii komrieke (TK) kocmoapoma baitkoHyp 11 BbIIOJIHEHUS 3aBep-
LLIAFOIIETO 3Tara NPearnoJETHON NOATOTOBKMU.
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Wi

Puc. 20. OAO «PKK «DHeprus», r. Koponés. MomenT Boixoga MC «Hubuc-M» u3 TTIK
W PAaCKPBITHE COJTHEYHBIX OaTtapeil B X0/ IPOBENEeHUST TEPMOBAKYYMHBIX MCITHITAHUIA

Puc. 21. CKb KIT UKHM PAH. OkonuatenbHas yrmakoska MC «Hubuc-M»
B TPAHCITIOPTHO-ITYCKOBOM KOHTEHHED
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Puc. 22. Texuuueckuit komruieke baiikonyp. TIIK ¢ MC «4Yubuc-M», ycTaHOBIEHHBII
Ha TpaHCIOPTUPOBOUYHOI pame B rpy3oBoM otceke TI'K «IIporpecc M-13M»: 1 — TIIK
¢ MC «4ubuc-M»; 2 — TpaHCIIOPTUPOBOYHAS paMa

2.8. 3aBepLuaroLwmin 3Tan NnpeanonéTHON NOAroTOBKN
MUKpOCNyTHUKa «Ynbunc-M»

3akmouutenbHble ornepaiiuu Ha TK bBaiikoHyp mo 3apsimke akKyMmyJlasiTOpOB

MC u npoBepke paboTocnocodHocTr MexaHudeckux ysjnoB TIIK ¢ MC npo-

BOAWIUCh HEMOCPEACTBEHHO Iepel MX YCTAaHOBKOW B TpPYy30BOH KOpPaOIb.

ITocne mposepok TIIK ¢ «HYubuc-M» 6bu1 pazMeli€éH B Tpy3oBoM oTceke TTK

«ITporpecc M-13M» Ha TpaHCIOPTUPOBOYHYIO pamy (puc. 22), 3aKperuIEHHYIO

Ha CUJIOBOM Kapkace KopabJisi ¢ y4€ToM TpeOyeMOoro HarpapaeHUs IEPEerpy3okK.
30 okTs6pst 2011 1. kopadab «[Tporpecc M-13M» craptoBan Kk MKC.

3. TPEHWPOBKW KOCMOHABTOB

Hnst  BBITIOJTHEHWSI KOCMHUYECKOTO 3KCIEPUMEHTa ¢  MUKPOCITYTHUKOM
«Yubuc-M» HeoOXOIMMO OBIIO ITPOBECTU CJIEAYIOLIME OCHOBHEIE OIlepaluy Ha
PC MKC c yyacTueM KOCMOHABTOB, a Tak:Ke Ha aBTOHOMHOM YYacTKe IoJETa
«IIporpecc M-13M» noa koHtpojeM LIVIT-M (r. Koponés):

* (pororpacmpoBaHne OOOpyIOBaHUS TIOCJE  Ppa3Tpy3kKu  Kopadisd
«[Tporpecc-M»;

* (pororpacdpupoBanue TIIK ¢ MC mocie ero MoHTaxXXa Ha CTBIKOBOYHOM
arperate (CTA) kopabas «IIporpecc-M» u nepenaya mHbopMauuu Ha
3eMITI0; aHANIW3 OeHCTBHMII SKWIMaXa IO TTOATOTOBKE MMKPOCITYTHHMKA
«Yubuc-M» K 3aIycKy;
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pasrepMeTu3alus Tpy30Boro oTceka kopaodJs «IIporpecc-M», B KoTopoMm
YCTAHOBJIEH TPAHCIIOPTHO-TTYCKOBOI KOHTEHHEP C TOATOTOBJISHHBIM
K 3aIyCKy MUKPOCITYTHUKOM;

pacctbikoBka TI'K ¢ MKC, conpoBoxmaroiasicsl MpoBeAeHNEM ChEMKHI
BTOrO Ipoliecca SKUIAXKEM ¢ TTIOMOILLIBIO PYYHBIX BUIEOKAMEpP WU aBTO-
MaTUYEeCKH C TOMOIIBIO TejleKaMephbl, YCTAaHOBJICGHHOM Ha arperaTHOM
OTCEKe CTBIKOBOYHOTro MoayJst (CM);

dopmupoBanue crneumaibHoii opoutel TI'K BricoToii 480...500 kM s
OTIEeJIeHUs MOJIE3HOM HArpy3KU (MUKPOCITYTHUKA «Hubuc-M»);
MpoBeNeHNEe TPAeKTOPHBIX U3MEPEHUI IJIs1 pacuéTa BeKTOpa COCTOSIHUS
MUKpOCcHyTHUKA «Yubuc-M» B MOMEHT €T0 OTIEJICHMUS;

MOCTpOEHME CIelIMaabHO opreHTaluu Kopabust «[Iporpecc-M» mist oT-
JeJICHUSI MUKPOCITYTHUKA;

otaeneHue MukpocnytHuka «4uouc-M» ot TT'K; KoHTpoJb 3TOTO 1pO-
1ecca ¢ ucrnoab3oBaHueM TB-kaMepnl kopabist «IIporpecc-M»;

CXOJl ¢ OpOMTHI M 3aToIuieHue Kopabis «IIporpecc-M» B 3agaHHOM paii-
oHe MupoBOro okeaHa.

Puc. 23. «HayuHo-ucciienoBaTeIbCKUii UCTILITATEIbHBIN LIEHTP MOArOTOBKM KOCMOHAB-
toB uMeHu 1O.A. Tarapuna» (HWUW LIIK). Tpenuposka uneHoB skunaxa MKC-29/30
A. IlllkamtepoBa u A. MBanuimHa ¢ TpeHaxeépHbIM MakeToM TIIK ¢ MUKpocCIyTHHUKOM.
A. NBanummx (HUM LIIK), C. KupeeuueB (PKK «BHeprus»), A. Kamoxusbiii (CKb
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[TepeunciieHHBIE oIepallii ObUIY TIIATEJILHO MPOpadoTaHbl PU TPEHUPOB-
Kax KOCMOHABTOB (puc. 23) ¥ BKJIIOYEHbl B HOMUHAJIBHBIN TUIaH MOJETA POCCUIA-
ckoro cermeHta MKC.

4. PABOTbI HA BOPTY POCCUACKOIO CEFTMEHTA
MEXAYHAPOJHON KOCMUYECKOW CTAHLIUN

Ha 6opty poccuiickoro cermenta MKC pabdotsl 1o nmpoekty «4ubuc-M» ocy-
LIECTBJISUTUCH T10 3TaIaMm:

* TpancnoptupoBka coopku TIIK ¢ wMukpocnyTHUKoM «UYubuc-M»
(TIIK-MC) na PC MKC tpaHcriopTHO-Tpy30BbIM Kopabném (TTK)
«I[Iporpecc-M-13M».

» Xpanenue coopku TIIK-MC B ctpyktype PC MKC.

* BnyrpukopabenbHas aestenbHocTh (BHYKII). YcraHoBka B cTapToBOE
nonoxenue coopku TIIK-MC Ha mmaHTroyTe CTHIKOBOYHOIO arperara
«IIporpecc M-13M>».

» TpancnoprupoBka Ha TI'K «IIporpecc-M-13M» coopkun TIIK-MC
B TOUKY 3aITlycKa MUKPOCITyTHUKA «Yuouc-M».

*  Brixog MukpocnytHuka «4ubuc-M» Ha aBTOHOMHYIO OpOUTY.

* Peanu3zanus Hay4HO IpOTrpaMMBbI TTO MCCJIEIOBAHUIO TPO30OBBIX pa3psi-
JIOB B aTMOCepe 3eMIu.

3anyckoM TpaHCHOPTHO-TIPy30Boro kopaoiust «IIporpecc-M-13M» Hayascs
MEePBBIN 3TaM JIETHBIX UCITBITAHU.

«IIporpecc-M-13M» nocrasui 02.11.2011 r. Ha poccuiickuii cerMeHT MKC
coopky TITK-MC Ha xpaHeHUe B GyHKIMOHAJIBHO-TPY30BOi1 OJIOK.

Ilepen otnmenenuemM ot MKC BeimogHuBiero cBou ¢yHkuuu TI'K
«IIporpecc-M-13M» poccuiickue KocMoHaBThl O. KoHonenko n A. Ilkamie-
poB 19 sauBaps 2012 r., B paMKax BHYTPUMKOpaOeIbHOI JAesSITEeIbHOCTU, IIPOBEIN
noarorosutesbHble padoThl co coopkoil TITK-MC. Ilonxmounnau K TIIK ka-
0eJib MoA3apSIIKM aKKyMyJasaTopoB «4ubduc-M» 1 KoMaHIHOM JTMHUU Ha cpada-
ThIBaHME DJIEKTPOCITYyCKAa MexaHn3Ma BeiBoja «Yubuc-M» u3 TIIK.

3akIounTeIbHON onepaliveii obl1a ycraHoBKa coopku TITK-MC Ha mimaH-
royre cTeikoBouHoro arperata «IIporpecc M-13M» (puc. 24).

BakneimuMm 3TaroM JETHBIX MCOBITAHWMM cTajla OTCThIKOBKa «IIpor-
pecc M-13M» or MKC, npoBeaénnas 24.01.2012 r. u 3apukcupoBaHHast Koc-
MOHaBTaMU, ITOKa3aBIas 1TaTHoe pacrnonoxkeHue coopku TITK-MC, uyro obe-
CIEYMBAJIO IITaTHBIN MEepexo K CAeAyolIeMy 3Tany JETHbIX UCIIbITAHUIA — pa-
0oTe Ha opouTe.

B nporiecce BrimotHeHUs pa3padboTanHoi crienmanuctamu PKK «DHeprus»
CcrelMaJbHOM orepanuy 1o MoaHIThio opoutsl «IIporpecc M-13M» n1ocTur BbI-
coThl 513 kM. DTOT BaxHBbI MaHEBp obecrieumn padoty «Hubuc-M» Ha opOu-
Te B TeYEHME ABYX JIET U BOCbMU MECSIIEB, UTO IMOUTHU Ha TOPSIIOK OOJIbIIIE, YeM
OBIJTO OBI O€3 COBEPILIEHUS 3TOTO MaHEBPA.

Bo Bpems maHéBpa 1o nogHaTuio opoutskl TT'K «IIporpecc M-13M» mipo-
BOIMJIACH TOA3apsAKa aKKyMYJISITOPHOUM OaTraped, YTO IMOBBICMJIO HAAEXHOCTH
BKJIIOUEHUSI anmapaTtypbl «4uouc-M» 1mociie HaXOXISHUSI ero B YCIIOBUSIX Xpa-
HeHus B TeyeHue Tpex MecsueB Ha PC MKC.
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Puc. 25. Otnenenne MC «Hubuc-M» or MKC

25 sguBapsi 2012 1. MuKpocnyTHUK <«Yubuc-M» ¢ MOMOIIBIO IyCKOBO-
ro KOHTelHepa cTapToBaJl ¢ OOpTa TPAaHCIOPTHOTO TPy30BOro Kopabdnst «IIpo-
rpecc M-13M», Haxopasilerocsi B aBTOHOMHOM T10J1€Te. CTapT MUKPOCITyTHUKA
6611 ocymecTBliéH B 03:18:30 MmockoBckoro BpeMeHu 1o kKomaHae u3 LIYITI-M.
MoMeHT oTHefieHus1 ObLT pacCUUTaH TaK, YTOObI 3TO TMPOMCXOAMUJIO Ha OCBE-
IEHHOM y4YacTKe OpOUTHI MPU OMpeaeIEHHOM ITOJOXEHUU BEKTOpa CKOPOCTHU
TI'K u nanpasnenust Ha CojHIle. DTO 00eCeYNBaIO XOPOILIYIO SKCITO3UIINIO
(puc. 25).

Buneocnémka ¢ «IIporpecc M-13M», mponoskaBiasicsi ~9 MUH U Tepena-
BaBIIasIiCsI B pexxuMe peanbHoro Bpemenu B LIYII-M, 3adukcuponaia, 4ro Bce
cucteMbl «4Yubuc-M» (coHeUHbIe MaHeJIM, aHTeHHbI anmnapaTypbl IUCTaHLIMOH-
Horo ob6cayxkuBaHust kocmuueckoro ammapara JJOKA 15Bb, anteHHbl nmpubopa
PYA) packpbIThlI.

[To ucTeyeHUM BpeMeHHU, 1O U3MeHeHuto aBuxeHus: MC, Obu10 3ahUKCU-
POBaHO, YTO MTPOM30IILIO MPOrpaMMHOE BKIIIOUEHHE CUCTEMbI OpUEHTALIUU.

ITo maHHBIM OamnucTudeckoit ciayxonl LIYIT-M akagemMuyeckuii MHUKpO-
cnyTHUK «HYnbuc-M» ObUT BBIBEIEH Ha OpOUTY C MapaMeTpaMM:

* MUHHMaJbHas BbICOTa HaJl MOBEPXHOCThIO 3emiin — 497,535 km;

* MaKCHMaJIbHasI BEICOTA HaJl MOBEPXHOCTHIO 3eMiu — 513,607 ku;

* TIepuop obpameHus — 94,55 mun;

* HakjoHeHue — 51,62°.

5. PEAJIN3ALNA HAYYHOW NPOrPAMMDbI MPOEKTA
MUKPOCMYTHUK «4UBUNC-M»

OOGecreueHre peaanu3aliuiyd HAyYHOUM MTPOrpaMMbl ITPOEKTa OCYIIECTBIISIOCHh CO3-
nmanaeiM B MUK PAH Hazemubim cermentom npoekta (HCII, puc. 26).
LentpanbsHblii y3en cuctembl pacmnonaraetcas B MKMW PAH, roe pasme-
IIAIOTCS OCHOBHBIE CpeACTBAa 00paOOTKM U apxuBauuu MH@opManuu. Kak u B
oonblIMHCTBe KocMuueckux npoektoB, HCIT «HYubuc-M» obecrnieunn nHdop-
MAallMOHHYIO TOMAEPXKKY 3a7a4 yIIpaBJIeHUs ITOJETOM, a TaKXKe paclpenesieHusl,
00pabOTKM M apxuBalldsl HAy4yHOU TejemeTpuyeckoil mHpopmauuu. OIHaKo,
B OTJIMYME OT TPAAUIIMOHHBIX CUCTEM, PACCMATPUBAEMbIiA KOMITJIEKC UMEET PSIJI

112



Mpoekt MUKPOCMYTHUK «YNBUC-M». OnbIT co3paHna u peanusauim

CBOICTB MHHOBAllMOHHOTO XapakTepa, IO3BOJMBIIMX PACIIUPUTH (PYHKIIHUO-
HaJIbHBIE XapaKTEPUCTUKU HA36MHOTO CeTMEHTa MPU CHUXXEHUM 3aTpaT Ha pea-
JIN3ALMI0 MMPOEKTa B LIEJIOM.

Crnenmyer OTMETUTh, YTO MPUEM HAyYHOU TeleMeTpUYecKol MHGOpMaLUU
OCYIIECTBIISIETCSI Ha OCHOBe MexXayHaponHbix craHgaproB CCSDS, sto obGe-
CIIEUMBAeT BO3MOXHOCTb €€ MpuéMa Ha pPa3IUYHBIX MYHKTaX KOCMUYECKON
CBSI3W KaK y Hac B CTpaHe, TaK U 3a pyOexkoM 0e3 CyIlIeCTBEHHOMN Mepeaeiaku
nMmetommxcst cpeactB. Bee y3npl HCIT o0benrHeHB O OOLIEIOCTYITHONW CETH
WHTepHeT 63 UCMHOoJIb30BaHUSI JOPOTrOCTOSIIINX CIEIUAIM3UPOBAHHBIX KaHATIOB
CBSI3U.

IMoceTuTenu (He3aperMCTPUPOBAHHBIE MOJbH30BATENN) PETYJISIPHO 3aXOAST
Ha CaiiT, B OCHOBHOM B OMUCATEJbHYIO YacTh ITOpTajia, HECMOTPS Ha TO, YTO UM
JOCTYITHBI TaKKe: IIaBHAasl CTpaHUIla, ONMCAaHMUE MPOEKTa, HOBOCTU, HEKOTOPhIE
pasnmenbl opyma, CChUIKM. 3aperMCTPpUPOBAaHHBIC TOJb30BATEIM MCIIOJIb3YIOT
JaHHBIE MopTaja sl MpeaBapUTeIbHON U TTIEpBUYHONM 00pabOTKU UHGOPMALIUU
U e€ pU3NIeCKON MHTEepIpeTaLIuH.

3a 1Ba roga BoceMb MecdlieB paboTel «Yubuc-M» Ha opOHUTEe ¢ HUM OBLIO

MPOBENCHO:
* 987 ceaHcoOB ynpaBJieHUs Cy>KeOHbIMU CUCTEMAMU;
* 857 ceaHcoB cOpoca HayuHOI MH(MOpMALUK;
* TochuUIKa Ha 60pT 6osiee 10 ThIC. KOMaH/ MO YITPaBJIEHUIO PeXXUMaMU pa-
60ThI MpudopoB KHA «I'po3a» 1 clly>keOHBIX CUCTEM;
* TIpUEM TeJeMeTpruuyecKux gaHHbIX 24,8 I'B.

PRSI, Mocoss, Poaocen

WKW PAH, Mockna, Poccen

!
st g 1

Puc. 26. Hazemuslii cermeHnt npoektra MUKPOCITYTHUK «HUBUC-M»
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OCHOBHOI1 cOpoc HaydyHOW WMH(pOPMALIMKU OCYIIECTBISJICS HAa Ha3eMHBIA
komriekce ynpasiaeHus (HKY) CKb KIT UKW PAH.

B cooTBeTcTBMM ¢ pa3pabaThIBaeMbIMU MECSIYHBIMU IpadruKaMy MOATOTOB-
K1 non€THeIX HukiiorpaMM B HCIT (¢poopMupoBanuch HenelbHbIE IIUKIJIOTPAMMBI
npoBenaeHus ceaHcoB cBsI3u ¢ MC «Unouc-M». OTYETHI 00 00BbEMAX BhIJAHHBIX
KOMaH/ W TPUHSITONM TeJeMeTpUUeCKOM MH(MOPMALUKM PeryjsipHO JOKJIaabiBa-
JINCh Ha 3aceJaHMSIX IJIaBHOM onepaTuBHON rpynmoii ynpasieHus (IOT'Y) u BbI-
KJaabIBaIUCh Ha caiT «Ynbuc-M» (http://chibis.cosmos.ru/).

HayuHas TenemeTrpuyeckast nHGOpMAaLUsl, COTJIACHO 3aJI0XKEHHBIM Ha OOpT
MC nuknorpammaM, nmpuHuMaiach HKY Bo Bpemst ceaHCOB CBSI3U 110 paJloOKa-
Hainy 2,2 I'T moTokoM co ckopocThio 1 MouT/c.

IlepeuyeHb exxeHeneabHbIX paboT, MPOBOAUMBIX ¢ TToMolbio HKY:

* Ha 60pT «Yubuc-M» 3aknagpiBaauchk 200—300 komMaHa Ha yIpaBieHUE

pexxumamu padbotsl mprudopoB KHA «I'po3zax;

* 4—8 ceaHcoB cBg3u ¢ MC no npuéMmy HaydyHoi MH(OpMaluu, HaKO-

IUIEHHOM B 0opToBoit mamsaTu mpuoopos BHJ u ITCA.

Cmamucmura no HKY nazemnoeco ceemenma

HKY Tenemerpusi | Becero kanpos CO0iiHbIX KaJPOB Bcero ceccuii
Tapyca BHIY 8411632 892 562(10,61 %) 573
Kanyra BHIY 7255786 232 8145(32,09 %) 378
Kanyra DOKA 13574699 | 10569 146(77,86 %) 967
bynanemr BHAY 12 985 435 3801 343(29,27 %) 591
[Tancka Bec BHAY 7 496 697 954 176(12,73 %) 358
UKU PAH BHAY 84 285 84 228(99,93 %) 27
Tapyca 2 BHAY 5426 560 678 466(12,50 %) 374

CraTicTUKa TIONTyYeHHON TeleMeTpUIecKoi WH(pOpMAlMU 10 Ipubdopam
KHA «I'po3a» 3a nepuon 25.01.2012—25.08.2014 r.:

ITputop Pra | AYV® | PYA | O®K | MBK | BHOY
Ooném [I'B] | 0,28 | 0,44 | 8,11 | 1,21 | 14,30 | 1,05

3AKJTIOMEHUE

Ha caiite http://chibis.cosmos.ru oTpaxxeHbl BCce 3Talbl padOT U HAyYHO-TEX-
Huueckue aaHHble mo mnpoekty MUKPOCITYTHHUK «HUBUC-M», BKiIIO-
yasi COOpHMK CTaTeil ¢ onucaHMeM HaydHbIX 3ama4d u npubdopoB «KHA «I'posza»
U OITyOJMKOBAHHBIE K HACTOSIIIIEMY BPEMEHU TPYIbI.

Kaxk ormeuanock, Ha MC «Hubuc-M» npoBoaunuch (pyHIaMeHTaIbHbIE UC-
C/IeIOBaHUSI CBEPXMOIIHBIX 2JIEKTPOMArHUTHBIX M3JIyYeHMIA, BKJIIOYas ramMma-
JIHUATa30H, BO3HUKAIOIIUX MPU BLICOTHBIX aTMOC(MEPHBIX I'PO30BLIX pa3psiiax.
DTU U3NydeHUs BO3ACHCTBYIOT KaK Ha OKpyXamwllee KOCMUYECKOE IPOCTPaH-
CTBO, TaK U Ha TEXHUUYECKUE CPEICTBa, HaXoAsdlIuecs B aTMocdepe 1 KocMoce.
DT SBIEHUS ITOBOJBHO PEAKHU, MO3TOMY HEOOXOAMMO HAKOIUIEHUE M3MEpPEeH-
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HBIX (U3NYECKUX MapaMeTPOB, YTOOBI 3aTeM JaTh ONpeAcaEHHbIe TTPUKIIAIHbBIC
pPEeKOMEeH Al UMU.

ITonyyeHHble ¢ MUKpocnyTHUKA «Ynbuc-M» naHHBIE CYILIECTBEHHO YMEHb-
LIWJIN UMEIoIInecs] HEONPeAeIEHHOCTH CYILEeCTBYIOIIMX TUMOTEe3 O Tpolieccax,
MPOUCXOASIIUX MPU MOJHUEBBIX pa3psiiaX, U OJHOBPEMEHHO Jajud HOBbIC pe-
3yJIbTaThl, TPEOYIOIIMEe HOBOTO IMOAX0Aa K PEIIEHUIO TTOCTaBJIEHHBIX 3a1a4.

IIpoBoauMbie HayYHBIM cO00I1IeCcTBOM «Yu1buc-M» Ha ceMruHapax U KoHde-
PEHLUSIX HAyYHO-MEeTOAMYECKHUe OOCYKIEeHUs CBUAETEIbCTBYIOT O 3HAUMMOCTHU
MOJIyYeHHBIX PEe3yJbTaTOB IJIsl MOTpeOuTeel TeKyllel NH(pOPMALIUU O COCTOS-
HUM 3JEKTPUIECKOI CUCTeMbl MOHOC(hepa — aTMocdepa, a TaKxkKe IJIs UCClIeao0-
BaTelsieil aTMOC(EPHOro 3JeKTPUYECTBA. DTO MOXET CITOCOOCTBOBATh PAa3BUTHIO
OTHOCUTEJIbHO HOBOMY pazlielly HayKu — aTMoc(pepHO-uoHOChEepHOe JIeKTPH-
YeCTBO — YYUTHIBAIOIIEMY, YTO MOHOC(epa SIBIsIETCS] BaXXHBIM HMHTepdeiicoM
B TIpolieccax B3aMMOIEHCTBUSI CUCTEMBI COJTHEUYHbBIN BeTep — MarHutocdepa —
noHocdepa — armocdepa — urocdepa.

B «/loarocpouHyio MmporpaMMy HaydHO-MPUKJIAAHBIX UCCAEIOBAaHUN U DKC-
MEePUMEHTOB, TIJIAHUPYEMBIX Ha poccuiickoM cermMeHTe MKC» BKIIIOUSHBI
BKCIEPUMEHTHI:

* «MOHUTOPUHT OKpYXKalollleii KOCMUYECKON Cpelbl 3JeKTPOMArHUTHO-
YUCTBIMM MUKPOCIYTHUKAMU, UHTETPUPOBAHHBIMU B UHOPACTPYKTYpPY
MexnyHaponHoit KocMuueckoii craniu». Illugp «TpabaHT»;

* «Pa3paboTka MUKPOCIIyTHUKA IJII UCCAEAOBAHUS TPUPOAbI BHICOTHBIX
MOJIHUI M COIYTCTBYIOLLIMX MM IIPOLIECCOB B aTMoc(depe U moHocdepe
3emMJin Ha 0a3e MUKpOCITyTHUKA «YnUOMC» C MCIOJIb30BaHMEM TI'PY30BOTO
kopabnsa «IIporpecc». upp — «Yubuc-Al».

B ocHOBe 3THX 3KCIIEpUMEHTOB UCITOJIL3YETCSI OIBIT pa3pabOTKM IMPOEKTa
MUKPOCITYTHUK «<HUBUC-M».
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“MICROSATELLITE “CHIBIS-M” PROJECT. EXPERIENCE OF CREATING AND REALIZATION
L. M. Zelenyi ', S.1. Klimov', V.N. Angarov1, V.N. Nazarov1, V. G. Rodin 1, A A Sukhanov’, 0.V Batanov',
V.M. Gotlib®, A. V. Kalyuzhny, V. N. Karedin ", V.M. Kozlov*, I. V. Kozlov", N. A. Eismont ", A. A. Ledkov ",

D.l. Novikov1, V. E. Korepanov 2, L. Bodnars, P. Szegedi 3, Cs. Ferenz 4, A. P. Papkov 5, A. A, Lizunov®

1
2

Space Research Institute of Russian Academy of Sciences (IKI RAN), Moscow, Russia
Lviv Centre of Institute for Space Research of the National Academy of Sciences of
Ukraine and the State Space Agency of Ukraine (LC ISR NASU SSAU), Lviv, Ukraine
“BL Electronics’, Solymar, Hungary

E6tvos Lordnd University (ELTE), Budapest, Hungary

Limited Liability Company “Scientific Research Laboratory of aerospace equipment
DOSAAF” (“NILAKT DOSAAF”), Kaluga, Russia

Open joint stock company “Military and industrial corporation JSC“MIC
“Mashinostroyenia” (JSC MIC Mashinostroyenia), Reutov, Moscow region, Russia

Space Research Institute of Russian Academy of Sciences (IKI RAN), Rocket and space
Corporation “Energia”, co-developed was implemented a complex of works, which allowed

117



JLM. 3enéneiti, C . Knumos, B. H. Anaapos, B.H. Hasapos, B.T. Podun, A. A. Cyxaros, 0.B. bamaros, B. M. fomnu6 w gp.

to create an experimental space platform for delivery in orbit microsatellites (MS) using the
Infrastructure of the Russian segment of the International space station (ISS).

In this framework, first developed universal mobile-launching device for launching MS
with a mass of 40...50 kg; for the first time the scheme of increasing the height of the orbit of the
cargo ship Progress to launch the MS into orbit after running them the main problem of delivery
of cargo to the ISS, which has provided significant economic benefits; developed a fully func-
tional MS complex; worked out the cycles of testing and control circuitry flight of the space-
craft, which can be used for future projects; created ground economical infrastructure of data
acquisition using the usual Internet channels. The obtained results allow us to provide signifi-
cant savings in the development of the national economic, military and scientific MS start-up
and management.

In the framework of the project on the basis of microsatellite complex was developed
spacecraft, dubbed the Chibis-M for studies of the physics of high-altitude lightning discharg-
es in a wide range of electromagnetic radiation. Microsatellite successfully worked for the en-
tire term ballistic existence (2 years, 8 months) and gave valuable information about the fine
structure of the lightning discharge, percolation processes in the preparation and during the dis-
charge, allowed us to estimate the height of the occurrence of discharges and consider the dis-
crete mechanisms occurring in a thunderstorm cloud.

The obtained data are available on the server IKI RAN for all Russian and foreign re-
searchers involved in the project. The main results are published.

Keywords: lightning discharges, upper atmosphere, gamma- radio- ultraviolet- X-rays,
runaway breakdown, microsatellite, onboard scientific equipment.
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3KCMEPUMEHTANbHDbIA OBPA3EL| LIENEBOrO 06OPY0BAHMA
HAYYHO-TEXHOIOTMYECKOTO HAHOCNYTHMKA

A. C. Muyun, K. P. linaou, A. K0. Jloz6un, M. K0. Winadu, I1. A. WuyuH, I. M. As36aes,
P. X. buikaes, J1. . Maiinubaesa

[loyepHee TOBapULLECTBO C OrpaHUYeHHOW OTBETCTBEHHOCTLIO (ATOO) UHCTUTYT
KOCMUYeCKO TexHMKI 1 TexHonorum (MKTT), Pecnybnuka KaszaxctaH, Anmarbl

B craTthe mpuBOIMTCS OMMCaHUE SKCIIEPUMEHTAIBHOTO 00paslia 11eJIeBOro 000pyI0BaHUS
HayYHO-TEXHOJIOTMYECKOTO KOCMUYECKOTO arrapaTa (1ajiee — 3KCIepUMEeHTaIbHbIN 00-
pazelr). DKCIepMMEHTAJIbHBIN oOpa3sel] ObL1 co3aaH B IHCTUTYTe KOCMUYECKOM TEXHUKU
U TEXHOJIOTUU B paMKax NpoekTa «Pa3paboTaTh HAyYHO-METOIUYECKOE U TEXHOJIOTHYE-
cKoe obecriedeHre IJIsT CO3aHusT, UCTIBITAHUM M 3KCITyaTalliy 1IeJIeBOro 000pya0BaHUS
Hay4YHO-TeXHOJI0Tn4YecKoro kocmuieckoro ammnapara (HTKA)» pecnybnukaHckoi 01om-
JKETHOI mporpaMMmbl «IIpukiaaHble HaydyHble MCCAENOBaHMSI B 00JacTU KOCMUYECKOi
nesaTebHOCTU». [IpuBOIMTCS ONMMcaHWe HAyYHBIX U TEXHOJOTMYECKUX 3a1ay IKCIepu-
MEHTaJIbHOTO 00paslia, KpaTKoe OMMCAHNEe TEXHUIECKUX W MTPOTPAMMHBIX CPEACTB, BXO-
JSIIMAX B €T0 COCTaB U CIIYXKAIIUX JJIS1 IOJTHOIIEHHOTO MCIIOTHEHWS HAYYHBIX M TEXHOJIO-
TMYECKUX 3a/1a4, MOCTABJIEHHBIX Mepell STUM 000pYIOBaHUEM.

Karouegoie cro6a: HAHOCTIYTHUK, TOJIe3HAsI HArpy3ka, MarHUTHOE ToJie 3eMJIH, Moj-
HOE 3JIEKTPOHHOE cofiepKaHue B MOHOCHhepe.

BBEOEHUE

dopMupoBaHNe KOCMHYECKO oTpaciau B Pecmybmmke KaszaxcraH, coritacHo
TOCYyJAapCTBEHHOI IIporpaMme I10 (pOpCHMPOBAHHOMY WMHIYCTPUAJIbHO-MHHOBA-
muoHHoMy pas3Butuio Pecryommku Kazaxcran Ha 2010—2014 rr., HampsMylo
CBSI3aHO C COBEPIICHCTBOBAaHMEM €€ HAyYHOU W HAyYHO-TEXHOJOTMYECKOM
6a3nl. [IpogBikeHNe MHHOBAIWT M TEXHOJIOTMYECKOM MOJECPHU3AIUM B KOC-
MUYeCKOl ctepe OydeT CIocoOCTBOBATh CO3MAHUIO OTEYECTBEHHBIX 0OpasloB
Hay4YHOIro OOOpYyIOBaHMS KOCMUYECKUX allllapaTOB HAyYHOTO M HAyYHO-TEX-
HOJIOTMYECKOr0o Ha3HadyeHMs1. Ha 3To M opueHTHpOBaH MCIIOIHSIEMbBIN ITPOEKT:
«Pa3paboTaTh HayYHO-METOANYECKOE U TEXHOJIOTHYECKOe obecTrieueHUe ISl CO3-
JIaHUSI, UCTIBITAHWUI U 3KCIUIyaTalluU 1ieJIEBOTO 000pYyA0BaHUSI HAyYHO-TEXHOJIO-
ruyeckoro kocmmyeckoro ammapara (HTKA)» pecnydinkaHCKoON O101KeTHOM

Nuunn Anexcanap CepreeBUY — 3aBenymolIUii JabopaTopueil, 3aMecTUTeslb IUpeKTopa
10 HayKe, KaHAUAAT TeXHUYECKUX HayK, inchinas@mail.ru

IInamu FOpwuit PeitHronpnoBny — BeAyluii HAyUYHBIM COTPYIHUK, KaHIUAAT (PU3MKO-MaTe-
MaTUYeCKUX Hayk, yu-shpadi@yandex.ru

Jlo30un Anatonuii OpbeBUY — 3aMecTUTENb 3aBeMyIONIero JabopaTopreid, MarucTp Gu3uKu,
lozbin@mail.ru

IInaau Makcum FOpbeBuY — HayuHbIi cOTPYyIHUK, mshpadi@mail.ru

Muunn [TaBen AnekcaHApOBUY — CTaplIMil HAyYHBIN COTPYIHUK, powerover@mail.ru

Asa36aes [ampivzkaH MapaToBUy — BeIyIInii MHXEHEP-TIPOrpaMMUCT, galiman85@mail.ru
boikaeB Paxum XKeHncoBuy — BeayIuii MHXXeHep-TiporpamMmuct, rakhim.b@mail.ru
Maiimu6aesa Jlionmmia McManioBHa — BeAYIIMiA HayYHBIN COTPYIHUK, KaHAMIAT TeXHUYIE-
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nporpamMmbl «IIpuKiagHble HaydHbIE MCCIEIOBAHUSI B 00JACTU KOCMUYECKOM
JeSITeIbHOCTH».

B pamkax maHHoit mporpammbl B 2014 1. ObLT1 pa3paboTaH 3KCHEPUMEH-
TaJIbHBIM OOpasel KoMIuiekTa uejaeBoi ammapatypbl HTKA, BxiItouarommi
KOMITOHEHTbl Hay4yHOro obopyaoBaHUs KocMuuyeckoro ammapara (KA), cucre-
My yIpaBjieHus LieseBoi anmnapatypoii KA u mporpamMmHbIe CpeAcTBa IS UX
(byHKIIMOHMPOBaHUSL.

HayuHo-TexHonornueckuii KA oTHOCUTCS K KJiIacCy HaHOCITyTHUKOB. B To
K€ BpeMsl OH 00J1amaeT MOJHOLEHHBIMU QYHKIIMOHAIBHBIMU BO3MOXXHOCTSIMU.
Hayungiit 6710k anmapaTypsbl (MoJie3Hasl Harpy3Kka) siBJISIETCSI COCTaBHOM YacThlO
HTKA. YuursiBas, yto cozmanue HTKA u cooTBeTcTByIOIIE Ha3eMHOU WH-
(pacTpyKTypbl — CJIOXHBINA, MHOTORTAITHBIA MPOLECC, CO3MaHNUI0O OTEUYECTBEH-
Horo kazaxctaHckoro KA momkHa mpeniecTBOBaTh MOATOTOBUTENbHAs pado-
Ta — OT HAay4YHO-M3bICKATEJIbCKUX Pa3pabOTOK W MMUTALIMOHHOTO MOJEIUPO-
BaHUs OOPTOBOIO HAyYHOIrO OOOPYINOBAHUS A0 CO3NAHUS DKCIIEPUMEHTAIBHBIX
00pa3110B HayYHBIX MPUOOPOB U HEOOXOMUMBIX T UX QYHKIIMOHUPOBAHUS TEX-
HWYECKMX U TTPOTPAMMHBIX CPEICTB. B CBA3M C 3TUM MPOEKT paccMaTpuBaeTCs
KakK TOJATrOTOBUTENIbHBINA 3Tal K CO3JIaHUI0 HAYYHOTO O0OpYNOBaHUS OymyllIux
KazaxcTaHckux KA HayyHOro 1 Hay4YHO-TEXHOJOTMYECKOro Ha3HAYEHUSI.

1. HAYYHbIE N TEXHONOTMYECKUE 3AJAYN, PELLAEMbBIE
C noOMOLblO SKCNEPUMEHTAJIbHOIO OBPA3LIA

TpeboBanock pa3paboTaTh 3KCIIEPUMEHTAIBHBIN oOpa3sell 11eJIeBOro 00pTOBOTO
obopynoBanus HTKA, comepkaniuiit KOMIUIEKTHI aninapaTyphl:

* 711 U3MEPEHUS BEKTOpa MAaTHUTHOTO I0JIsI 3eMIIN;
* TIPOBEACHMS PAAMO3aTMEHHBIX HAOJIOJEHUI M COOTBETCTBYIOIIEE MPO-
rpaMMHO€ oOecIieyeHUE.

Bce anexTpoHHBIE TIIaThI 3KCIIEPMMEHTAIBLHOIO 0o0paslia JOJKHBI OBITh
npeacTaBlieHbl B popM-dakrope 96X90 MM 1Jist IPUMEHEHUS €ro Ha HAHOCITYT-
HuKax Kiacca CubeSat (¢popMaT MajbIX UCKYCCTBEHHBIX CITyTHUKOB 3eMJIU IS
HCCIeA0BaHMSI KOCMOCa, UMEIoIINX 00bEM 1 1 1 Maccy He 6osiee 1,33 Kr).

B HayuHbIe 331241 BXOOUT UCCIIETOBaHUE:

* MAaTHMTHOTO IOJIsT 3eMJIM Ha CITYTHUKOBOM BBICOTE;
* BBICOTHOTO paclpeiesieHus] ITOJIHOTO DJEKTPOHHOTO ComepXXaHUs
B MOHOC(EPE METOJOM PaTNONPOCBEYNBAHNUS.

TexHonornyeckue 3agayy BKJIIOYAIOT OTPaOOTKY TEXHOJIOTUIA:

* MPOEKTUPOBAHUS DJIEKTPOHHBIX CITyTHUKOBBIX KOMITOHEHT;

* mporpammupoBanusi IIJIMC (mporpammupyemasi Jiorndeckas HWHTeE-
rpajbHasl CXeMa);

* cbopa u 00paboTKM MH(MOpPMAIUU C HayYHbIX NTpUOOPOB, (popMupoBa-
HUS €IMHOTO BBIXOTHOTO (haiijia ISl OTIIPaBKU.
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2. COCTAB 3KCMEPUMEHTAJIbHOIO OBPA3LIA

OKcIepUMeHTaIbHbIN 00pasel] 1eneBoro oOoproBoro obdopynoBaHusi HTKA
u O6oproBoro BbluMciautesbHoro komruiekca (bBK) ¢ cucremoit cbopa u Ha-
KOIUICHUS 1IeJieBoit mHMOpMany MpeaHa3HadeH I TIPOBEPKM Iperiosara-
€MBIX pellleHWI M YTOYHEHMS OTHETBbHBIX XapaKTePUCTUK IUIST MCITOTh30BaHUS
npu pa3paboTke JIETHOro obpaslia liejaeBoro 6oproBoro odbopynosaHuss HTKA
u BBK.

DKcrepuMeHTaNIbHBIN 00pa3ell 1ieJieBoro 6optoBoro obopynoBanus HTKA
COCTOWT M3 TPEX M3MEPUTEITbHBIX TTPUOOPOB, MpeIHA3HAYCHHBIX IS U3YUYCHUS
MarHUTHOTO MOJsT 3eMJIM B Pas3IMYHBIX Auana3oHax 4actor (mo 20 kI'ir), mo-
HochepHOI IUTa3Mbl Ha CITYTHUKOBBIX BhIcOTax 0Kojio 650 kM 1 BBK mist c6opa
1 00pabOTKM HAYYHBIX JaHHBIX.

DKcrepuMeHTaNIbHBIN 00pa3ell 1iejieBoro 6opToBoro obopynoBanus HTKA
ucrnoyiHeH B popm-dakrope CubeSat, T.e. OCHOBHBEIE TpeOOBaHUS KO BCEM TEX-
HUYECKUM PELIEHUSM — 3TO COOJIOJEHUE TEOMETPUUYECKUX Pa3MepPOB, KOTO-
pble He JOJKHBI MpeBbIlIaTh rabapUTHBIX pa3MepOB KOCMUUYECKOIO arrapara
trra CubeSat-3U. Bce 3ineKTpOHHBIE IIATHI M3TOTABIMBAIOTCS II0 «COHIBUY» -
TexHosioruu Ha 6a3e muHbl PC/104.

DKcrepuMeHTaNIbHBIN 00pa3ell liejieBoro 6opToBoro odbopynoBanus HTKA
1 BBK cocTouT u3 neyatHbix miat (KOMIIOHEHTOB):

* (epposoHaoBoro MmaruuroMerpa (OM) ¢ JaTYMKOM;

* UHAYKLIMOHHOTo MarHutomeTpa (MM) ¢ naTumkowm;

* anmnaparypbl paIuo3aTMEeHHbIX U3MepeHuil ¢ GPS-aHTeHHOIA;

+ BBK.

Bce 3Tu KOMIIOHEHTHI, COeAMHEHHDBIE BMECTe, MPEACTaBSIOT CO0O0I Toie3-
HYIO Harpy3Ky, IpeaHa3HadYeHHYIO 1Is1 ycTaHOoBKU Ha 60pT HTKA (pucyHOK).

HCFEFHMENTAI LR Ol
KOMILTEKTA IEANROR ANTIAPATYFLL ITTHA

DKCcIepUMEHTAJIBHBIN 00pa3el] 1IeJIEBOro 60pTOBOro
obopynosanuss HTKA B coope
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2.1. ®eppO30HAOBbI MarHUTOMETP

IMpu6op ®M mpenHasHaueH T M3MEPEHMsI 3HAYSHWIA ¥ 3HAKOB MTPOEKIINIA BEK-
TOpa UHAYKUIMU MarHUTHOTO TOJISI HA TPU pa3MEIIEHHBIX OPTOTOHAJIBHO MarHu-
TOYYBCTBUTENBHBIX JIeMeHTa (heppo30Haa), KOTOphbie MPOU3BOASIT U3MEPEHUS
TPEX KOMITOHEHT TJIaBHOTO T€OMAarHUTHOTO mojisg ¢ yactoroi 250 ', JlaHHbIA
mpu6op pazpaboTaH Bo JIbBOBCKOM IIEHTPE MHCTUTYTa KOCMUYECKUX UCCIeI0Ba-
Huii HaunoHanbHO# akageMun HayK YKpauHbl HallmoHaJIbHOTO KOCMUYECKOTO
arentcTBa Ykpaunbl (JILL MKW HAHY HKAY) [Forslund et al., 2008].

OcHOGHbIE MeXHUYeCKUe XapaKmepucmuKu
deppo3ond06020 macHumomempa

HamnpstkeHne MATAHUST TIOCTOSTHHOTO TOKA .« o\ oot et e e e e eeee e enenn 5,0+£0,2 B
Jnarma3oH uaMepeHusT Kakaoi MPoeKIINY BeKTOpa MHAYKIIUA MarHUTHOTO

TIOJIST, HE MEHEE . . o o vttt et e e e e e e e e e e e e e e e +60 000 T
CMenieHs HyIs1, He 0oJiee (ISt KaXKIOM KOMITOHEHTBI) .. ..o ovove e ennn. .. 2000 T
IlorpelrHocTh onpenaeaeHus CMELEeHYs HyJIs IpY KaauOpoBKe, He bojee. . . . . .. 50 HuTn
Vposenb mryma Ha gactote 10 [, He Gomee . . .................... 30 nTu cp.kB./ VI
HeopToronanbHOCTh OCeil MArHUTHOM YYBCTBUTEJILHOCTH, HE OOJIEE . . .. ... ..... +0,5°
Jnarma3oH uaMepsieMbIX 4aCTOT BEKTOpa MHAYKIIMA MAarHUTHOTO TIOJIS

(MOypoBHIO 3 IB) . ... e 0...100 T'x
YacTtoTra U3MEPEHUI (OLMMPPOBKI) . . . o ot ettt et et e et et et e i e eee e 250 I'n
KonnuecTBo pa3psioB HUMPOBOTO KOMA . . . o e v e ve e e ee e et eeeeeens 20
OOBEM BHYTpEHHE! SHEPTOHE3ABUCUMOMN TTAMSITH . . .\ oot e oo e eee e eae e 512 Mb
MakcumaibHasi HoTpebisieMast MOILIHOCTh, HE OOJICC . . . oo oo v v v e e eaen . 0,4 Br
I'abapuTsl, He Gotee:

* MEYATHOM MJIATHI Y3712 DMEKTPOHUKH « . o e o v oe e e eeeneneaennn 96%x90x13 MM

R 1705 20%20%21 mm
Macca, He Oosee:

* TIEYATHOM IIJIATHI Y371a DJIEKTPOHMKI . . . o v o eee e ee e e et e et eeeaeann 0,04 xr

C IATUMKA o v et ettt e et e e et e e et e e e e 0,025 xr

2.2. IHAYKUMNOHHbIN MarHUTOMeETpP

[Mpu6op UM mipemHasHadeH I U3MEPEHUS 3HAUYCHUIN BEKTOpa MHAYKIIUA TIe-
pPEMEHHOTO MarHUTHOTO TOJII Ha TPU pa3MelIEHHBIE OPTOTOHAIBHO WHIYKIIV-
OHHBIE KaTYIIIKK, KOTOPEIE MPOBOAAT N3MEPEHUS TPEX KOMITOHEHT TTePEMEHHOTO
MarHuTHoro 1o ¢ yactotoit 20 KI' (40 960 M3MepeHMit B CEKYHIY IO KaXKIOM
KOMIIOHEHTE).

Ha naHHoM aTamne paboT He CTaBUJIOCH 3a/1a4l O TOUHOCTU U3MEPEHUI 1 Ka-
nnoposke UM. dakTuuecku, TpeboBaaoch 0TpadboTaTh NpUEM U 00pabOTKY UH-
(hopMalLIMOHHBIX TTOTOKOB C JaHHOTO Mpubopa. Bompockl, cBsI3aHHbBIE C TOYHO-
CThIO U3MEpPEHUIi, OyAyT paccMaTpUBaTbCs Ha CTAAUU CO3JaHUs JIETHOTO o0pas-
1a 0060pyIOBaHUs.

Hna nérHoro obpasua MM maHupyercs Ucrojib3oBaTh gatduk SMILE,
pa3paboTaHHBI B JIbBOBCKOM LIEHTpE MHCTUTYTa KOCMUYECKUX MCCIIEIOBaHMIA
HanumonanapHOM akameMuu HayK YKpawHbl HallmoHaabHOro KOCMHMYECKOTO
areHTCTBa YKpauHbl [ Belyayev et al., 2009].
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Bomnpocs! anekrpoMarautHoi coMectumoct @M 1 UM Takke OynyT pac-
CMaTpUBAThCS Ha CTaAUM CO3JaHUsI JIETHOTO oOpa3la.

OcHogHble 3AnAaHUpoOB6aHHble MEeXHU4ecKue xapakmepucmuxku

damuuxa UM

YacTOTHBIN AMATIA30H. . . o oo oo e e ee .. 40...20 000 I'g
KoadduiumeHnt npeobpazoBaHus . .......... 20 MB/uTn
YpoBeHb 1iryma:

cJ00TI. oo 10 nTn/NTo

C UK. oo 0,5 nTn/NT

CJOKII. oo 0,12 nTn/NTu
[ToTpebiasieMast MOITHOCTD . . .. . oo v eeeen .. <600 MmBT
Pasmepbl ............ .. 19%x19%19 mm
Macca ... 12r

2.3. AnnapaTypa Ana npoBeAeHNA pagno3aTMEHHbIX U3MePEeHNIA

Takas ammapartypa TIpegHa3HavYeHa TS OTpeneIcHUs] BBICOTHOTO pacIipenelie-
HUSI MOJIHOTO 3JIEKTPOHHOTO colepXaHusl B MOHOC(Epe METOIOM pPaauonpoc-
BeunBaHus. OHa MpeacTaBisieT coboli MevaTHylo 1iaty uHTepdeiica craHmapra
CubeSat PC/104 pazmepom 96%x90 MM ¢ pa3MeIIEHHOM Ha Heil TaToil AByxJa-
crotHoro GPS-npuémumka Novatel cepun OEM615 n BeiHecenHoit GPS-aH-
teHHoI Antcom G5Ant-1ATI.

OcHosHble mexHu4ecKue XapaKmepucmuxu
HABU2AYUOHHO20 NPUEMHUKA

TouHOCTB:
* mo3uMoHupoBaHus o L1 ... ... ... . .. L I,5m
* mosuuuoHupoBanusi o L1/L2. ... ... ... .. ... .. .. .. .. .. ... 1,2m
* TIOCTOOPAOOTAHHOTO CUTHATA . « .+ v o v e veee e eee et eeeae e 5 MM
* OIPEHCTHCHUSI BPEMEHM . . . oo v oeet e eee et ee e e 20 HC
* OIPEHCTEHMST CKOPOCTHI . . . o\ v et et eee et et e e e 0,03 m/c
swm3mepeHurimokony C/ALL. ... ... ... .. ... .. .. .. ... ... 6 cM
s mwamepeHui mokony P(Y) L2. . ... .. ... . L 25cm
e pazoBbeIxm3MepeHuit L1 .. ... ... ... ... 0,75 Mmm
e pazoBBIXMBMepeHUIA L2 .. ... ... .. 2 MM
Jnarma3oH pabOYnX TEMITEPATYD . o v e v v e e e eeeeenns —40...+85°C
[aGapuTtsl aThl uHTEpdeiica (¢ GPS-npuéMHUKOM) . . . . .. 96x96%11 MM
T'aGapuThI MIATHI IPUEMHMKA . . o oo ooe e e e eeeeeeaen 46X71X6 MM
Macca naTsl MHTepdeiica ¢ TuiaToi MpuéMHUKA B COOpe ... .. .. ... 106 ¢
HanpskeHue MUTaHus HOCTOSTHHOTO TOKA. . . o v v v v v eeean s 3,3%0,15B
OHEPTOMOTPEOTCHIE . o v o o v vt e et et et e et et e e e 1,8 Br
OcHoBHble MEeXHUUeCKUe XapaKmepucmuKu
HABUSAUUOHHOU AHMEHHbL
PaGoume 4aCTOTBI . . . oo oo e e L1:1575,42112 MI'n

L2: 1227,60+12 MTu1
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ToMAPUBALINS . . .« oot e IIpaBast kpyroBas
KoadduimeHT cTossueii BOJIHBI IT0 HATIPSKEHUIO . . . ..o oo e o v ... <1,5:1
BXOIHOE COMPOTUBIEHME . .« . o e vevee et e ee e 50 Om
FabapuThL. .. ... 50,8%50,8x13,5 MM
A T 68T
HanpsckeHre MMTaHUsI TTOCTOSTHHOTO TOKA. v v v v oo e v e e e eeean . 3,3B
DHEPTOMOTPEOSEHME . . . o ettt e et et e ettt e e eeenns 1Bt
JInamazoH pabOYMX TEMIICPATYD . o v v e v v eee e eeeeae s —55...485°C

2.4. bopTOBOI BbIYNCANTESNIbHBIN KOMMAEKC

Kommuiekc BBK sBnsieTcsi cocTaBHOI 4acTbhl0 HAyYHOU IIOJIE3HOM HArpy3KM
Y BBITIOJTHSIET ClIeAyIoIe (OyHKIIUN:
*  WHUIIMAJIM3AIMS BCEX COMPSKEHHBIX HAYIHBIX IIPHUOOPOB;
* TIpuéM U 00pabOTKa KOMaH/I YIIpaBaeHUs IIpUOOpaMu;
* ympaBlieHUe pabOTOil HAyYHBIX TMPUOOPOB (BKIIOUEHME/BLIKIIOUEHNUE,
YCTAaHOBKA PEKMMOB padOThI);
* cOop 1 00paboTKa JaHHBIX C HAYYHBIX IIPUOOPOB;
* ¢opMHUpOBaHUE ITAKETOB TAHHBIX TS TIepenayn Ha Ha3eMHBIM KOMILJIEKC
yrpasiaeHus (HKY);
* 3aIMTa U nepegava rmakera naHHbeix Ha HKY.

B sanpe BBK peanusyercsi nporpaMMHBI KOMILIEKC, MpenHa3HauYeHHBbIN
JIJIS1 BBITIOJIHEHMST BCEX BBILIETTPMBENEHHBIX (DYHKIINMA.

IIporpammHas crtpyktypa bBBK comepxut cieayrouniye KOMITOHEHTHI
yIpaBJeHUs:

*  KOHTPOJIJIEP UHAYKIIMOHHOTO MarHUTOMETPA;

* KOHTpoJuiep GeppOo30HI0BOTO MATHUTOMETPA;

» nByx4dacToTHbI GPS-KoHTpoIEep;

* MEHeXep MOTOKa C HayYHBIX MPUOOPOB;

» koHtpoJsuep nmamsatu SDRAM nHa 32 MB;

* LEHTpaJbHbII OJIOK yIpaBIeHUS;

* (opMUpoBaTEb NAKETOB;

» ook BI1®;

*  KOHTpOJIIep (paiyIOBOI CUCTEMBI;

* CJIy>KeOHOI CUCTEeMBbl;

* KOHTPOJIJIEP KapThl BHEIIHETO XPAHEHUS;

* CHUCTEMbI 3allIUThl U KOPPEKLIUI TTaKETOB.

3. IPOrPAMMHO-MATEMATUYECKUE CPEACTBA
SKCMEPUMEHTAJIbHOIO OBPA3LIA

Pazpaborano MareMaTndeckoe obecIiedeHre TTOJIe3HOM HaTPY3KH B BUIE CIIEHY-
IOIINX aJITOPUTMOB:
* QITOpUTM  YY€Ta OpPUEHTAUMU TIPU  BEKTOPHBIX  CIHYTHUKOBBIX
W3MEpEHMSIX;
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¢ aJIrOpUT™M BII® nyist BeIYMcIIeHUS MOAYJIA CIIEKTpa JaHHBbIX MHAYKIIMOH-
HOT'O MaroHuTomMeTpa.

PaspaGoraHbl IporpaMMHBIE CPEACTBA SKCIIEPUMEHTAIBLHOIO 00pa3a KOM-
TJIeKca MOJIe3HOM Harpy3KH, COCTOSIIINE:

* M3 KOMILTEKCa IIPOrpaMMHOM JIOTHKY JUTS MHTeTpaibHbIX cxeM (ITJIC);

* TporpaMMBbI IUTAHUPOBAHKS BEIOOPOYHBIX PAIN03aTMEHHBIX N3MEPEHMUI;

* IporpaMMBbI pacyéTa IMOJHOIO JIEKTPOHHOTO COepKaHUS NOHOC(HEPHI.

OcrtaHoBUMCSI TOApPOOHEEe Ha MPOrpaMMHOM OOeCHeYeHUM paaruo3aTMEH-
HOro 3KCIepuMeHTa Ha HaHocmyTHUKe. Mcrojb3oBaHUE CHUTHAIOB TJ100alib-
HbIX HABUTALIMOHHBIX CITyTHUKOBBIX cucteM ('HCC) mo3BonsieT pelath 3agayun
HE TOJIbKO TreoMH(MOPMAIMOHHOIO XapakKTepa, HO U MHOTHE 3alayd reole3uu,
METECOpOJIOTUM, TeONMHAMUKU, KiIuMmaTojioruu, reopusuku. Illupokoe pac-
MpOCTpaHEHUE TOJYYMUS METOH paguo3aTMEHHOTO 30HAMPOBAHUS aTMochepbl
1 noHochephl, MO3BOJSIOINEI MO xapakTepucTukaM curHajgoB 'HCC omnpene-
JISITh TaKWe TMapaMeTphbl KakK TeMIlepaTypa, BJIaXKHOCTb, JABJICHUE U IUIOTHOCTh
aTMocGephl, a TAKXKe TTOJHOE JEKTPOHHOE colep:kKaHue B MoHochepe.

3a nocaenHue 15 JeT MHTEpeC K METOAY BbIpOC MHOTOKPATHO, CETOMHSI UC-
clJieoBaTeid MMEIOT CBOOOIHBIN JOCTYN K OOIIMPHON 0a3e MaHHBIX paauo3at-
MeHHbIX u3Mepenuii (COSMIC project. URL: http://cdaac-www.cosmic.ucar.
edu/cdaac). Pa3pabaTbiBaloTCs ¥ HOBbIE TPYNITUPOBKU CITYTHUKOB JJISI OTUX 1Ie-
neit (http://www.cosmic.ucar.edu/cosmic2/; http://www.planetiq.com/planetiq-
hires-timothy-puckorius-as-senior-vice-president-of-business-development/;
http://geooptics.com/?page_id=58). bypHoe pa3BuUTHE KOCMUYECKON TEXHUKU
MO3BOJISIET MPOBOAUTh MOAOOHBbIE M3MEpPEHUs] Ha HAHOCIYTHMKAX, YTO CyIle-
CTBEHHO COKpAIllaeT 3aTpaThl HA M3TOTOBJIIEHUWE U pa3BEPThIBAHUE TAKUX TPYII-
NUPOBOK CcNyTHUKOB. YcmemHocTh Muccuii CANX-2 [Kahr, 2011], PSSCT-2
[Bishop et al., 2012], Sense SV 1,2 [Kalamaroff et al., 2013] moaTBepKaaeT TaKyio
BO3MOXKHOCTb.

PagnosarMeHHBIN 3KCIIEpUMEHT MOHOCGhEPHI TJIAHUPYETCs TIPOBECTU U Ha
pa3pabaThiBa€MOM Ka3aXCTAHCKOM HAHOCITYTHUKE HAyYHO-TEXHOJIOTUYECKOTO
HazHaueHMs1. OIHAKO OrpaHUYEeHHBbIE BO3MOXHOCTH HAHOCIHYTHUKOB IO IT0-
TpeOJiIeMoil 3HepreTuke U odbEMaM MepegaBaeMoil MHGopMauu Ha 3eMIIio
HE TO03BOJISIOT MOJHOLIEHHO ITPOBOAUTH MOAOOHBIC SKCIIepUMEHThI. Bo3HUKaeT
HEOOXOOMMOCTh ITIJIAHMPOBAHUS TPOrpaMMbl M3MEPEHMI, HampuMep, TOJBKO
HaJ OIpeleEHHBIMU PErMOHAaMM 3eMJIU U B OIpeeEHHBIX AUana30HaxX BhICOT.
CoBpeMeHHbIe HaBUTalMOHHbIe mpuéMHUKU (HIT) rmo3BossiioT HacTpauBaTh Ka-
HaJIbl Ha TIPUEM TOJIBKO HEOOXOIUMBIX CIIYyTHUKOB, YIOBIETBOPSIIOIINX YCIOBU-
SIM PaJro3aTMEHHOTO MOHMTOPHMHIA. DTO TMO3BOJISIET CYLIECTBEHHO COKPATUTh
HEeproroTpedeHre anmnapaTypbl 1 00bEMBI IepeaaBaeMoil MHMOpPMaIIN.

s peanuzanuy MeTona M30MpaTeIbHBIX paluo3aTMEHHBIX HaOII0AeHUIA
pa3paboTaHO MPOrpaMMHO-MaTeMaTUUECKOe obecriedeHre, BKITIOUalollee Mpo-
rpaMmy IJIAHUPOBAHUS SKCIEPUMEHTOB M IMPOrpaMMy pacuéra IMOJHOTO 3JIeK-
TPOHHOTO COIepXKaHUs C IPOCTPAHCTBEHHO-BpeMeHHO! NTPUBI3KOIA.

IIporpaMma IIaHUPOBAHUSI PAagUO3aTMEHHBIX SKCIIEPUMEHTOB IT03BOJISIET
Ha OCHOBE JAHHBIX O MOJIOKEHUU HU3KOOPOUTAIBLHOTO MCKYCCTBEHHOTO CITyT-
Huka 3emin (MC3) u cnyrHukoB THCC paccumrtaTh BpeMeHHbIE MHTEPBAJIbI
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JIJIS1 TIPOBEACHUST PaIM03aTMEHHBIX SKCIIEPUMEHTOB ¢ YYETOM MPU3HAKA HAXOX-
JieHUsI TOUKM Tiepures jgyda mexny crnytHukamu MC3 u THCC oTHOCUTETBbHO
LieHTpa 3eMJIM, B 3aJaHHOM BBICOTHOM Y MPOCTPaHCTBEHHOM MHTepBaJje, a Tak-
e Toj1oxKeHust anTeHHbI Tpuéma curHanoB THCC Ha MUC3 u e€ xapakTepuCTHUK.
HccnenoBaTenb MoJydyaeT BO3MOXHOCTb PAcCUMTaTh BPEMEHHYIO OUArpaMmy
MPOBeISHUS pPaAu03aTMEHHBIX U3MepeHuit 1 kaxaoro cinytHuka THCC, oto-
Opa3uThb Tpacchl MPOJETOB CIIYTHUKOB Ha reorpaguyeckoi KapTe 1 B MOJSIPHOR
cucteMe KoopauHat. Ilocie BeIOOpa MHTEpPECYIOLIUX BPEeMEHHBIX MHTEPBAJIOB,
MporpamMmMma ro3BoJisieT c(popMUpoBaTh KOMaHAHBIN (aiia yrpasieHus HIT.

Hpyrast mporpaMma Imo3BoJISIET 110 JaHHBIM O (pazax U MCeBAOJATBHOCTIX Ha
yacrotax L1/L2 cnytHukoB GPS paccuuTaTh 3HaYueHUs TTOJHOTO 3JEKTPOHHOTO
colepXaHUs B JIy4eBOl TpyOKe MeXIy HU3KOOPOUTAIbHBIM CIIYyTHUKOM M CITyT-
HukoM 'HCC, oTo6pa3uth nonydeHHbIe JaHHBIE B TpapruecKoM BUIE, a TAKXKe
COXpaHUTh pe3yabTaThl pacuyéToB B popmare NetCDF mis nmocienyloliero aHa-
JIN3a U paclpoCTPaHEHUSI.

Hns orpaboTtku MeToauku uctoiab3oBaaruch HIT NovAtel FlexPak6 1 anTeH-
Ha GPS-702-GG. B kayecTBe 6y10Ka ynmpaBJIeHUsI 9KCIIEPUMEHTOM MCIOIb30Ba-
Jach oTiagouyHast ruiata Ha 6ase ITJIMC Altera Cyclone IV, mist KoTopoii GbLIO
pa3paboTaHo mporpamMmMmHoe obecrieueHue ynpapiaeHust HIT u anteHHo# Ha oc-
HOBE KOMaHIHBIX (paiijioB, chOPMUPOBAHHBIX B TPOTpaMMe MUIAHUPOBAHMSI.

3AKNIOYEHUE

ABTOpaMM CTaTbU CO3[aHbl SKCIIEPUMEHTAJIbHBINA oOpa3el] HayYHOro CIyTHU-
KOBOTO 00OOpYIOBaHMS M COOTBETCTBYIOIEE MpPOrpaMMHOE oOecIieueHMe IS
MPOBEPKU MPEANoNaraeMbIX PEIICHUI U YTOUHEHUS OTAEIbHBIX XapaKTepPUCTUK
npu pa3paboTKe JETHOrO oOpaslia 1ieJIeBOro OOPTOBOro 00OPYAOBaHMSI HAyYHO-
TEXHOJIOTUYECKOTO KOCMUYECKOIo armapaTta ¥ OOPTOBOTO BBIUMCIMTEILHOIO
KOMILIEKCa.
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0 BO3MOXHOCTU UCMOb30BAHUA HABMIOAEHUI C MANBIX
CNYTHWUKOB N YUCNEHHBIX MOAENEW ANA MOHUTOPUHTA
OTKJIUKA ATMOCOEPbI HA BHELUHEE BO3JIENCTBUE

A.A. Kpusonyukuii', A. A. Kykonesa®", T. 10. Botowskosa ', /1. A. Yepenarosa ', I. K. [apunos

' LleHTpanbHas asponoruyeckas o6cepaatopua (LLAO) Pocrugpomet
MocKoBCKMIA rocyapCTBEHHDIN YHUBEPCUTET rpaxaaHckon asuaumm (MITY TA)

3 HayuHo-nccnefoBaTtenbCcKuii MHCTUTYT agepHoi Grsuku umenu . B. CkobenbLbiHa
MockoBCcKOro rocynapcTBeHHOro yHusepcuteta nmeHn M. B. JlomoHocoBa
(HUMNAD MTY)

IMpennaraeTcsi KOHUEMUUSI MCCIEAOBaHUS U MOHMTOPUHIA COJHEYHO-aTMOCHEPHBIX
CBsI3el, OCHOBaHHAs Ha HEMPEPBIBHBIX M3MEPEHUSIX TTOTOKOB COJTHEYHOM 3JIEKTpOMAr-
HUTHOM paauaiuy U KOPITYCKYISPHBIX TIOTOKOB Pa3IMIHON IPHUPOIBI, COCTaBa aTMOC-
(epbl, KOTOpBIE MOTYT OMEPaTUBHO BBOAMTHCS B MMeEIOIIMECs TI00aTbHbIE YMCIEHHbBIS
Monenu atMocdepsl 3emMin. DTO MO3BOJMUT OCYLIECTBISTh TakkKe MPOTrHO3 M3MEHEHUI
pexxumMa atmocdepsl, e€ IMHaMuKu B qrana3zoHe BbicoT 10...130 KM, co3aacT HOBbIE BO3-
MOXHOCTHU UISI M3YYEeHMS] MEXaHM3MOB COJIHEUHO-aTMOC(HEpHBIX cBs3eil. B HacTosiee
BpeMsI TIOKa HEeT OTeUECTBEHHBIX CITyTHUKOBBIX U3MEPEHUM COTHEUHOM 3J1eKTPOMArHuT-
HOW pagualnu, KOTOpble HEOOXOIUMBI [UTS pellieHus 3Toi 3amaun. B pabote mpuBoauTCS
KpaTKuii 0630p COCTOSIHUSI BOTIpOca IO pa3leiaM: BBeIeHUE, CITyTHUKOBbIE U3MEPEHUS
COJIHEUHOM pagviallii U KOPIYCKYJSIPHBIX TIOTOKOB, WCITOb30BaHWE YMCIEHHBIX MOIE-
Jielt IS MCcClIeOBaHMsT OTKJIMKA aTMocdepbl Ha BHeEIIHee BO3AEHCTBUE, 3aKJIIOUEHUE,
oubnuorpadus.

Kurouesvie crosa: conHedyHo-aTMOCGhEpPHBIE CBSI3M, LIMKJI CONHEYHOUW aKTUBHOCTH,
CITyTHMKOBBIE HAOMIONeHUSI, aTMOC(HEPHBI 030H.

BBEQEHUE

Bo3MOXXHOCTH, KOTOpBIE MPEAOCTABISIOT Majble CIIYTHUKH IJIST MCCIeIOBAHMS
COJTHEUHO-aTMOC(EPHBIX CBsI3ei, B YaCTHOCTH, W B IIEJIOM JUIT MOHUTOPHWHTA
aTMocdepbl, HECOMHEHHO, TIepCITIeKTUBHBEL. B TO XXe BpeMsl cliemyeT OTMETUTh
Pa300IIEHHOCTD YCHIIHIA, TIpEATIPUHUMAEMBIX B HACTOSIIIEe BpeMs: UCCIIenoBa-
HUE B BUIIE OTHCIBHBIX IPOSKTOB IT0 MCITOIb30BaHNIO0 MUKPOCITYTHIUKOB Pa3HOTO
Kjacca, OTcyTcTBMe obuiel 3amauu. [Ipencrasisiercsi akTyaJlbHbIM U TIepCIeK-
TUBHBIM B paMKax CeKIIMM COJTHEYHO-3eMHBIX CBSI3eil pa3paboTaTh KOMIUIEKC-
HyIO IIporpaMMy, HalleJICHHYI0 Ha MOHUTOPHWHT (M TIPOTHO3) U3MEHEHMIA, BBI-
3BaHHBIX BapUALSIMU KOCMUUYECKON Y COTHEYHON paguallni.
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M3BecTHO, 4TO IJ1I MOHOCKhEPHI BaXXHBI MMOTOKM PEHTIEHOBCKOM M XKECT-
Kol yabTpaduoneToBoit paguanuu, a st atMocdepnl Huxke 100 KM U 030HO-
cdepbl — MoToKu GoJiee NTMHHOBOJHOBOM yibTpaduoneToBoil (Y®) panunauuun
(100...400 am). U3BectHo Takxke [KpusBoayukuii, Pertes, 2009], uro KopnycKy-
JISIpHBlEe TIOTOKM, MOMaJalollre Ha BBICOTHI cpeaHeit atMocdepnl (10...100 kM)
B MOJISIPHBIX paiioHax 3eMJIM U BhI3bIBAIOIIME MOHU3ALUIO B 3TOM 00JIaCTH, UHU-
LUMPYIOT JOIOJHUTEIbHOE 00pa30BaHKE OKKCIIOB a30Ta M BOIOpOAa, pa3pylla-
o1ux 030H. ITociaeqHee 0OCTOATENBLCTBO MIPUBOAUT K M3MEHEHUSIM MapaMeTPOB
HelTpaabHOU aTMocdepsl (TeMIeparypbl U BeTpa). CuabHbIe BO3MYILIEHUS TTPU
5TOM MPOMCXOMST TakKKe B HMXKHEH MOHOcdepe, COCTOSTHUE KOTOPOM HeoOXo-
JUMO KOHTPOJMPOBATh (M MPOTHO3UPOBATh) JJIsI pEIIeHUSI MHOTUX TTPUKJIaTHBIX
3a1ad4.

Takum ob6pa3oM, Ha TIEPBOM 3Talle HEOOXOMMMO CTaBUTh 3adadyy CO3daHUS
OTEYECTBEHHBIX MPUOOPOB, M3MEPSIONINX COJHEYHYIO pagvalliio B ITUPOKOM
Juana3oHe IJWH BOJIH, BKIo4Yas Y P-0061acTh, IIS1 OCYIIECTBICHUS HETIPEPhIB-
HOT'O MOHMTOPHMHTA C TIOMOIIBIO 3aITyCKa MUKPOCITYTHUKOB.

Penrenne pyHmaMeHTaNbHBIX 3a7ad M3YYEHUS MEXaHU3MOB COJHEYHO-aT-
MOC(EPHBIX CBsI3€i BO3MOXHO IIyTEM MOHUTOPMHIA COCTOSIHUSI aTMOcCdephl
M BO3MYIIIEHUM €€ mapaMeTpoB Ha OCHOBE IaHHBIX HEIPEPBIBHBIX U3MEPEHUIA
COJIHEYHOU pagvalvMyd M KOPITYCKYJISIPHBIX ITOTOKOB, XMMHUYECKOIO COCTaBa
U TeMnepaTypbl aTMocdepbl (B HACTOSIILIEe BpeMsl COOTBETCTBYIOLIME MPUOO-
pPBl OTCYTCTBYIOT). Ipyroi myTh pelleHMs] YKazaHHBIX 3aJa4 — YUCJIEHHOE MO-
JIeMpoBaHUe aTMOC(hEPHBIX MPOLECCOB, UCMHOIbL3YIOIIee U3MEPEHUS 3JIEKTPO-
MarHMTHOU M KOPHYCKYJISIPHOW pamvalMyd B KayeCTBE BXOMOHBIX MapaMeTpOB.
CrenyeT OTMETUTD, YTO 3apyOexKHbIEC UCCAEA0BaHMS UCIIOIb3YIOT 00a Moaxoaa.

B naGoparopun xuMumM U IMHAMUKKA aTMocdepnl LleHTpalbHOI a3poJioru-
yeckoil obcepBaTopuu (Pocrugpomer) pa3paboTaHbl TpEXMEPHbBIE IJ100aIbHbIE
MOZEJU, TIO3BOJISIIOIINE peain30BaTh BTOPOM IMyTh yxXKe ceiyac [KpuBoayukui
u ap. 2012, 2015a, 6].

B Hacroguieii pabore ma€tcsd KpaTKuii 0030p McCaeqoBaHUN MO MOHUTO-
PUHTY COJHEUYHOM 3JIEKTPOMAarHUTHOM M KOPIYCKYJISIPHOW pagualvyd CO CITyT-
HUKOB, a TaKXXe pe3yJbTaThl YUCICHHOTO MOACIMPOBAHUS, WILIIOCTPUPYIOIIUE
BO3IEHCTBUE MPOLECCOB COJHEYHOM aKTUBHOCTU HA XMMUYECKUI COCTAB, TEM-
nepaTypy ¥ HUPKYISILAI0 aTMOCHEPHI.

1. BAPUALUUN CONTHEYHOW PAOUALINA
1.1. DneKTpomarHuTHaA paguauma

Ha puc. 1 oTpaxkeHBI NCTOPUS W COBPEMEHHOE COCTOSTHUE MOHUTOPHWHTA COJI-
HEYHOM paavialli¥ CO CITYyTHUKOB (CJEIyeT OTMETUTHh OTCYTCTBHE POCCUMCKUX
cIyTHUKOB). Ha pwmc. 2 m300paXeHBbl pe3yabTaThl CITYTHHUKOBBIX M3MEPEHUA
«COJTHEUHOM TIOCTOSTHHOM» B TeUeHHME TPEX ILIMKIIOB COJTHEYHON aKTUBHOCTH
(LICA), npencraBieHHbIe pa3HbIMU aBTopaMu: a) Physikalisch-Meteorologisches
Observatorium Davos (PMOD) [Frohlich, 2006]; b) Active Cavity Radiometer
Irradiance Monitor (ACRIM) [Willson, Mordvinov, 2003]; c) Institut Royal
Meteorologique Belgique (IRMB) [Dewitte et al., 2004].

129



A. A. Kpusonyykut, A. A. Kykonesa, T. K0. Botowrosa, J1. A. Yepenaroea, I K. fapunos

CIyTHUKOBbBIE HAOIIOAEHUST MU3MEHYMBOCTH COJIHEYHOro crekTpa ¢ 11-ier-
HUM IUKJIOM cojHeyHoi akTuBHOCTH (LICA) Mo maHHBIM 3a TPU COJTHEYHBIX
nvkia (20-i, 21-if u 22-11) mokasanu Bapuanuu npumepHo 100 % u Gosee B 06-
nmacti <140...155 um, 70 % — st imvH BoJtH okoJo 160 HM, 50 % — mrs 170 Hm
n 20 % — nna 180 uMm [Rottman et al., 2001]. Takum o6pa3om, Bapralliy CITEK-
Tpa B LICA yMeHbIIAIOTCS C YBEJIMYEHMEM IJIMHBLI BOJHBL. B obnactu minH
BoJiH Oojiee 100 HM BaXHBIM HMCTOYHMKOM HMOHMU3ALMK U IMCCOLMALMU B aT-
Mocdepe SBIeTCS SMUCCMOHHAs JTMHUS Bogopoaa Lya (121,6 HM), MHTEHCHB-
HocTh KoTopoit B LICA MoxXeT MeHSITbesl B ABa pa3a (uau 6osee) oT 2,5...3,0-1011
10 4,0...6,0-10"" poron-cm ¢!

N3mepenus aktuBHocTH COJIHIIA CO CIIYTHUKOB, NMPOBEAEHHBIE B IEPU-
ol 23-ro 1MKJIa, IMOKa3ajau, 4TO 3aTSIHYBIIUICS MUHUMYM aKTMBHOCTH B 3TOM
IICA conpoBoxxaaics 0ecrpelieIcHTHBIM MOHMKXeHUeM TToToka Y ®-pagnauun:
WHTEHCUBHOCTb B MUHUMYMe aKTUBHOCTHU B auamnazoHe 200...400 HM OTKJIOHe-
HUsI OT CpPeIHEro YpOBHsI OblIa B 2—4 pa3a cUJIbHee, YeM 110 U3MEPEHUSIM U MO-
JEeJbHBIM pacuyéTaM IJis COOTBETCTBYIOIIMX MUHUMYMOB 0oJiee paHHMX LIUKJIOB
[Ball et al., 2011; DeLand, Cebula, 2012; Lean, DeLand, 2012; Matthew et al.,
2012; Pagaran et al., 2011; Unruh et al., 2012]. DTo yMeHbllIeHUEe MHTEHCHUB-
HocTu Y®-pampallii COIMPOBOXIANOCHh POCTOM WHTEHCUBHOCTU B BUIUMOM
u ommxHeM MK-muamasone (puc. 3). CrnegyeT oTMETUTh, YTO MPU 3TOM Bapu-
alliM WHTETPAJbHOIO IMMOTOKA COJHEYHON pamuanuu B mukie Maiel (~0,1 %).
3acdukcupoBaTh Takue ciadbble KojiebaHus Ha ¢poHe OIIMOOK M3MEPEHUI CTajio
BO3MOXHO JIMIIIb B pe3yJbTaTe JOJTOBPEMEHHOTO MOHUTOPUHTIA CO CIIYTHUKOB
Ha NIPOTSLKEHWM HECKOJILKMX LIMKIIOB akThuBHOocTH [Gray et al., 2010; Haigh,
2003].

[ R B N e R R R R R AR ke R Rl B RR RN
AN Nimbus-7 SBUV
EENRSSENEETN  SME
SR NOAA-9 SBUV/2
ISR NOAA-11 SBUV/2
sseUv R 11t g}
UARS [SUSIM, SOLSTICE) I
COME  [RERERTTnnasy
NOAA-16 SBUV/2 S
TIMED [SEE] RS-
Envisat [SCIAMACHY] R
NOAA=-17 SBUV/2 -
SORCE [SOLSTICE, SiM] R
Aura [ON]] IR
NOAA-18 SBUV/2 SRR
NOAA-19 SBUV/2 NN

" ans il ala ' Y PETE e ey . e i roabt
1980 1984 1988 1992 1986 2000 2004 2008 2012

Puc. 1. Ucropust cnyTHUKOBBIX HabmoaeHnit Y P-uznyuenus: CosHia
[Matthew et al., 2012]. I1To ropu3oHTan — Bpems (TOIbI)
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Puc. 2. i3meHeHusl comHeuyHoi nmocTtosiHHOM 1978—2007 IT. MO AaHHBIM pa3HbIX MOIe-

neit: a) PMOD (TSIPMOD); b) ACRIM (TSIACRIM); ¢) IRMB (TSITIRMB). Tonkue

y€pHbIe IMHUU — 81-THEBHBIE CKOJB3SIINE CPEAHNE, TOPU3OHTAIbHBIC YEPHBIC TUHUMN

MpOBeJeHbl Yepe3 MUHUMYM okoJio 1985 . (Mexny 21-m u 22-m LCA). Ins kaxnoro
rpaduKa 1o ropu3oHTanbHOI ocu — roabl. [To [Gray et al., 2010]
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Puc. 3. PazHuiia criektpanbHOM MIOTHOCTU M3ydyeHus: CoHLa [MBT‘M_z‘HM_l] B IIepU-
on 23-ro LHCA mexay 2004 r. (makcumyMm LICA) u 2007 r. (Munumym LICA) B nuamasoHe
180...700 um o nanHbiM HabmoaeHuit SORCE/SIM (cunuii uset), SORCE/SOLSTICE

(kpacHsIit uBeT) 1 Mmomenn Lean (u€purbrii BeToM). 1o [Haigh, 2010]

1.2. KopnyckynapHaa pagnauus

KopnyckynsipHble TTOTOKH SHEPTHMYHBIX YACTHUI (3JIEKTPOHOB, ITPOTOHOB) IPU-
BOIAT K BO3MYILIEHUSIM MOHOC(HEPHI, MATHUTHOTO TIOJISI 3eMJIM, a TaKXKe U3Me-
HEHUSIM cocTaBa aTMocdephl B TMONSPHBIX pernoHax. Ha puc. 4 m3o6paxeHbI
CpeIHEeCYTOYHBIE TTOTOKHW SHEPTUU COJTHEYHBIX IIPOTOHOB B AMAIIa30HE DHEPTUiA
1...100 M»B (1o manHbIM u3MepeHuii co cnytHukoB GOES). ITuku Ha npuse-
JIEHHOM PUCYHKE COOTBETCTBYIOT CUJILHBIM ITPOTOHHBIM BCIIBIIIIKAM.
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Puc. 4. CpenHecyTOYHbIC TOTOKM SHEPIMU COJHEYHBIX TPOTOHOB B THUAIa30HE
sHepruii 1...100 MaB (1o naHHbIM U3MepeHuii co cnyTHuKoB GOES)

BriepBbie paspyllieHMe 030HAa B BBICOKMX IIMPOTaX, BbI3BAHHOE COJIHEY-
HBIMU SHEPTMYHBIMU MPOTOHAMU, ObUIM 3aPUKCUPOBAHBI MO U3MEPEHUSIM CO-
Jlep>KaHMsI 030Ha co ciyTHHKa Nimbus 4 mocne Benbiiky Ha CosHile 4 aBrycra
1972 r. [Fabian et al., 1979]. AHanu3 DaHHBIX U3MEPEHUI MOKAa3ajl, YTO O30H
B cTpaTocdepe BHICOKUX IIMPOT CEBEPHOTO MOJIyIIapusi ObLT CUJILHO pa3pylleH,
MpY 3TOM BeJuunHa 3(P¢deKTa yMeHbIIaNach M0 Mepe YMEHbIIEHUS! LIUPOTHIL.
TakoBbl U pe3ybTaThl PAKETHOTO 3KCIIEPUMEHTA B BHICOKUX LIMPOTAX I0XKHOTO
noJiymapusi B okTsope 1989 r. B mepuoa CUIbHBIX TEOMarHUTHBIX BO3MYILIEHUI
U BbICHINIaHMi yacTull [Zadorozhny et al., 1994]. TeopeTudeckue rucciaenoBaHUs
aroro a¢dekra [Porter et al., 1976; Solomon, Crutzen, 1981] nokasanu, 410 1o-
HuU3alMsl atMocdepbl, BEI3BAHHAS TOPMOXKEHUEM SHEPTUYHBIX YACTUI, TTPUBO-
JIUT K TOMOJIHUTEILHOMY 00pa30BaH1IO aTOMOB a30Ta (KOTOpPhle KOHBEPTUPYIOT-
ca B panbHeimeM B NO), panukana OH u aromHoro kuciopona. IlepBeie nBe
KOMIIOHEHTBI KaTaTUTUUECKH pa3pyllaloT 030H.

2. YMNCJNIEHHOE MOJENNPOBAHUE OTKJIMKA ATMOC®EPDI

2.1. MogenupoBaHue peakuun aTmocoepbl
Ha Bapuauuy ynbTpadroneToBoil pagnaumnm

OtnenbHEIE Y4aCTKM CIIEKTpa HU3JITYUYCHUA CoHIIa CUJIBHO OTJIMYAIOTCSI 110 BO3-
JNEVCTBUIO Ha aTMOC(bpr, 10 BBICOTEC IMOIJIOLICHMA. I/IH(I)OpMaIII/IH 00 u3MeHe-
HUAX CHCKTpaIIBHOﬁ IINIOTHOCTH M3JTY4YCHUA ComnHia ‘IpC3BI>I‘-IaI7IHO BaXHa IJ1d
IIOHMMaHHW MEXaHN3MOB aTMOC(I)epHI)IX ITPpOLECCOB U UX ITPOrHO3a. YucneHHoe
MOACINUPOBAHUE COOTBETCTBYIOIINX U3MEHEHUI B aTMocq)epe — MOIIHBIA UH-
CTPYMEHT B 3TUX UCCIICJOBAHUAX.
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Puc. 5. IsmeHeHus B comepXXaHUU 030Ha [%] MexXay MaKCUMyMOM U MHUHUMYMOM aK-

TuBHOCTA COJIHIIA: @ — pacCUYMTAaHHbBIE IO TpEXMepHOU doToxuMmmieckoir mogen ARM

JUTS STHBApsI, CpeHee MJIs TPUHBUYCKOTO MepUauaHa; 6 — TMOoJydeHHbIe Ha OCHOBE CITyT-
HUKOBBIX HaOmoaeHuit [Soukharev, Hood, 2006]

Hanee OymyT IpeacTaBiIeHbI Pe3yIbTaThl pacu€ToOB 3TUX 3((HEKTOB 10 MOJE-
M obmel uupKyasiuun atMocgepsl ARM (Atmospheric Research Model) (cM.
[KpuBonyuxkuii u ap., 2015a, 6]), coznanHoii B LIAO Pocrumpomer.

Ha puc. 5a nipeacraBieHO 30HAJIbHO-OCPETHEHHOE I10JIe U3MEHEHUM 030-
Ha B LICA [%], nis stHBapst cornacHo pacuétamMm ARM. Bbeuin mcrnosib3oBaHbl
MAHHBIE O BapMAIUSAX CIIEKTpa I YCIOBHOTO «CPENHETO IMKJIa» aKTUBHOCTHU
ConHlla, ocHOBaHHBIe Ha HaHHBIX [bpacke, Conmomon, 1987; Matthew et al.,
2012; Rottman et al., 2001]. CornacHo pac4yéTaM, OTKJIMK B COAEpPXaHUU O30HA
B cTpartocdepe He mpeBbimaet 2...3 %, yBeanunBasch B Me3ochepe U JocTUrast
7...8 %. Ione usmeHennit O, CMEIEHO OTHOCUTELHO 9KBATOPA B CTOPOHY 10XK-
HOTO TIOTyIIapusl BCIEACTBIE CE30HHBIX Pa3INIUii MHCOJISIIIUY B TIOJTYILIApHUSIX.

Ha puc. 56 n300pax€H OTKIMK CpeIHEeromoBbIX 3HaueHUil o3oHa B L[CA
no HabmomeHusiM co cnytHuka UARS (Upper Atmosphere Research Satellite)
npubopom HALOE (Halogen Occultation Experiment), ImoJiydeHHBIN C I10-
MOIIBIO perpeccmoHHoro aHanmsa [Soukharev, Hood, 2006]. MHTepecHbIM Ha
puc. 56 CTaHOBUTCS HalWYMe MHMHUMYyMa SKBaTOPMAJIBHOTO OTKJIMKAa O30HA
B cTparocdepe. Bo3amMoxXHO, B majabHEMIIEM 3TOT 3KCIIEPUMEHTAIbHBINA (aKT
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MmotpedyeT crneluaJbHOro HccienoBaHus. BuaHO, 4TO Tojie OTKJIMKAa O30Ha
o pacyéraM 1 HaOmoAaeHUSIM 10 50 KM KaueCTBEHHO COOTBETCTBYIOT, HO M pa3-
JM4us cymecTBeHHbl. OHU CBSI3aHBI M C pa3jIM4MeM IIEPUOJIOB OCPEIHEHUS,
HayaJbHBIX JAHHBIX, a TaKXKe ¢ HepocTaTKaMu Monenu. I1ogoOHble HECOOTBET-
CTBUS XapaKTepHBI M I OOJIBIIMHCTBA 3apyOexHbIX Moneneil [Ermolli et al.,
2013]. Anst X KOPPEeKTUPOBKU U YAY4IIEeHUS HEOOXOAVWMBI JJIUTENIbHBIC PsIIbl
HaOoneHWi 3a aTMocdepoit u uznydyeHueMm ConHIia.

H3MmeHeHuUs B TJ100aIbHOM paclpeleeHUU 030Ha (M MOJICKYJISIPHOTO KHC-
Jiopona), BeI3BaHHbIe Bapuauusimu Y @-paguanuu CojHia, ITPUBOISIT K COOT-
BETCTBYIOIIUM BapualvsM paaudalliOHHOro OajlaHca M JUHAMUKU aTMOCQEpHI.
Ha puc. 6 ipencraBieHbl pe3yJIbTaThl PACUETOB U3MEHEHUI TIOGATbHBIX MOJIei
TeMmIepaTyphl (@) M 30HaIbHOrO BeTpa (6) MeXaAy MaKCMMyMOM Y MUHUMYMOM
aktuBHocTH ConHua st siHBaps. [Ipu peanuzauuy YUCIEHHbBIX CLIEHApUEB U3-
MEHEHMSI pagualiiid BBOOWIMCH B paaiMallMOHHBIN OJIOK HarpeBa Momaean ARM.
DTu pe3yabTaThl, KaKk U MHOTHE 3apy0OexkHbIe aHaJIOTH, KaYeCTBEHHO OTpaXKaloT
HaoOmonaembiit a¢pdext [bpacbe, ConomoH, 1987], HO TpeOyOT AanbHEHIIEH
MPOpabOTKU C YUETOM HOBEHILIMX TaHHBIX U3MEPEHUI cocTaBa aTMOC(EPhI U U3-
snydyenus CoJiHLA.

BuicoTa, kM

Beicota, kM

I3} Wupora

Puc. 6. M3menenus temmnepatypsl [K] (@) u ckopoct 30HajibHOTO BeTpa [M/c| (6) mist
sTHBaps B 1IMKJIe akTUBHOCTU CoJHLIa (pacyéT 1o Mojenu obieit nupkyasiiuu ARM)
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2.2. MogenupoBaHue BO3AeNCTBIA NPOTOHHbIX BCMbILWEK
Ha nonsipHyto atmochepy

PazauuyHbIMU TrpymnnamMyu ObLT BBIMOJHEH LMK PadoT Mo (OTOXUMUYECKOMY
MOJIEJIMPOBAHNIO OTKJIMKA O30HAa Ha cojJiHeuyHoe TpoToHHoe cobObiTue (CIIC)
pasnuuHoii MomHocth [Funke et al., 2011; Jackman et al., 2001; Krivolutsky
et al., 2006]. Huxe mpencraBiieHbl pe3yJbTaThl PACUETOB BO3AECHCTBUS COJTHEY-
HBIX MPOTOHOB B IMEPMOJ OJHOI M3 HauboJiee CUIbHBIX Bembilek 23-ro [ICA
14 wrona 2000 r. (puc. 7).

Hnsa pacuéra cKopocTell MOHM3ALMU YacTULIAMU UCIOJb30BaIUCh JaHHbIE
cnytHuka GOES-10 B pasnuuHbix (MHTeTpajbHbIX) KaHalax sHepruit (>5, >10,
>30, >50, >100, >370, >480, >640 M»B) n merommka [Vitt, Jackman, 1996].
CyuTajaoch, YTO BHYTPM TMOJSIPHOW IIANMKU 3TO TI0Je MOMAaAalolIMX YacTHIL
(1, cnenoBaTeNbHO, MOHU3ALIMU) U30TpoITHO. Ha puc. 7 nipeacTaBiaeHbl paccyu-
TaHHBIE B Mojeiu M3MeHeHUsT (B [%]) comepXaHusi o3oHa, BeI3BaHHBIe CIIC
14 momns 2000 1. 119 ceBepHOI ToJIIpHO# 061acTh Ha 70° ¢. 111., a TaKKe pe3yib-
TaThl 00paboTku HabmomeHuit cnytHuka UARS (mpu6op HALOE) [Kykonesa
u ap., 2010]. 3 pucyHKa BUIHO, YTO O30H B BepxHel cTpaTocdepe u Mezochepe
MPaKTUYECKU TMOJHOCTbIO pa3pyllieH (puc. 7a), 4YTO MOATBEPXKAACTCS aHATU30M
HaOsoneHuit (puc. 76).

m L
80+ 20
— 10
70 MODEL —o
i 100
60 — 20
—1-30
504 - a0
a) — -5
404 L -0
('\/M w -ro
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L &8 & 8 3 & §
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6 wacti or 00-00 140700 no Mpwiessry

Puc. 7. Ymenbmenue [O,] [%] B pesyaprate CIIC 14.07.2000 ., 70° c.11.: @ — 1m0 cryT-
HukoBbIM 1aHHBIM UARS [Kykonesa u ap., 2010]; 6 — no MmozaeabHbIM pacyétam ARM
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3. BO3MOXHOCTU MOHUTOPUHIA ONTUYECKOIO U3NTYYEHUA
ATMOCOEPbI 3EMJTI U COJTHLUA C MUKPOCIMYTHUKOB
cnomoulbto COBPEMEHHbIX AETEKTOPOB

15T MaJTbIX CITYTHUKOB XapaKTepHBI Majlas Macca arrapara, HU3Kasi CTOMMOCTD,
ObICTpast peajau3alys MPoeKTa. BaxkHBIM MIPeUMYIIEeCTBOM, CHUKAIOIIUM CTOU-
MOCTh ITPOEKTa, IBJISIETCSI BO3MOXHOCTh MOMYTHOrO 3aIyckKa, KaK OJHOIO0, TaK
W CEpPUU M3 HECKOJBKMX CITYTHUKOB B Ka4eCTBe ITOITyTHOTO Tpy3a. Cepust CIyT-
HUKOB MOBHIIIAET HANEXXHOCTD BBITIOJHEHNS IIPOEKTA 32 CUET BO3SMOXKHOCTH TIe-
pepacnpeeecHUs 3a1a9y BhIIIEAIIET0 U3 CTPOST CIIYTHUKA HA OCTABIIMECS CITYT-
HUKHU HEMOCPEICTBEHHO B XOJ¢ 9KCIIepUMeHTa. JIpyroii BaxKHOI 0COOEHHOCThIO
CepUM CITyTHUKOB SIBJISIETCS BO3MOXKHOCTh BECTU CUHXPOHHbBIE UBMEPEHMUS B HE-
CKOJIBKHX TOYKaX 3eMJIM U OTCJIEKMBATh IIPOCTPAHCTBEHHYIO TMHAMUKY TTPOIIEC-
cOB B aTMocdepe.

OcHoOBHOe TpeOOBaHUE K alliapaType, IpeIHa3HauYeHHOM IS TaKUX CITYT-
HUKOB, SIBJISIETCA ¢€ YHUBEPCAIbHOCTh, HAMEXKHOCTD, MaJlasi Macca M MOIIIHOCTh
rotpebiaeHus. [Ipu KpyriocyTOYHOM HETpephIBHOM HAONIOIEHNN BapHaruii
CBEUEHUS W BCIBIIIEUHONH aKTUBHOCTU aTMocGepbl TpeOyeTcs u3MepuTeabHas
anmnaparypa ¢ IIMPpOKHUM JIMara3oHOM U3MEPEHU M, MPEBbIIIAIOIIMM MSTh MOPSII-
KOB, YTO HEOOXOAUMO MPU UBMEHEHUU OCBEIIEHHOCTU aTMOC(ephbl Ha THEBHOM
M HOYHOM CTOpPOHE OpOUTHI, a BpeMeHHOe pa3pellieHne — OT HEeCKOJbKUX Ha-
HOCEKYH/J 10 HECKOJbKUX MUHYT B 3aBUCUMOCTU OT BPEMEHHBIX XapaKTepUCTUK
Benbilek. [Tpu IMTebHBIX M3MEPEHMSIX J0JIKHA O0eCreurBaThCsl 10JrOBpe-
MEHHasl CTaOMJIbHOCTh afrapaTtyphl B Ipeejax TOUHOCTU UBMEPEHUIA.

OnoHMM U3 TaKuX MPUOOPOB, KOTOPBIM COOTBETCTBYET OTMEUEHHBIM BhIIIE
TpeOOBaHUSIM, SIBJISIETCSI JETEKTOP YJAbTPa(roIeTOBOrO U MH(MPAKPACHOTO U3y~
yeHusl, pa3padbotanHbii B HUMAD MI'Y [Garipov et al., 2005]. B 6a30Boii Bep-
cun netekTop mmeetr Maccy MeHee 500 r, moTpebiseTr mMeHee 2,5 BT, comepxur
yeThIpe KaHaja ISl PeTUCTpalliM M3JydyeHUui B auana3zoHe oT 115 go 850 HM.
B kauecTtBe (OTOCEHCOPOB HCHOJB3YIOTCSI (POTONEKTPOHHBIE YMHOXUTEIU
(PDY), oxBaueHHBIE CUCTEMOI aBTOMATUIECKOI PETYTMPOBKY YCWICHUS, KOTO-
pasi yIep>XuBaeT NeTeKTOp B JMHEHHOM peXXuMe BO BCEM AMana3oHe OCBEIEH-
HOCTe#, KaK Ha HOYHOM, TaK M Ha JIHEBHOI CTOpoHe opOuThl. [Tpu MakcumMab-
HOM YCUJIEHUU YYBCTBUTEJIBbHOCTb JE€TEKTOpPa HAYMHAETCS C HECKOIbKUX (POTO-
a5ekTpoHOoB. [lonoca mpomyckaHuss (pOTOCEHCOPOB OMpeAeJIsiIeTCs CBOCTBaMU
DY u cBeropmbTpamMu. [1pr MOHUTOPHHTE TIpsIMOTO M3TydeHUsT CoTHIIA IS
ocjabJieHUsI U paccesiHUSI CBeTa UCIOJb3YIOTCS cepbl YAbOpUXTa ISl Kaxa0-
ro ®IY.

C nomouplo ABYX TaKMX IETEKTOPOB, OJMH U3 KOTOPBHIX OPUEHTUPOBAH
Ha 3emio, a apyroii — Ha CoJiHlle, BO3MOXHBLI OTHOBpPEMEHHBIEC HAOIIOAeHUS
CO CIYTHUKOB C COJIHEUHO-CMHXPOHHOU OpOUTOM OMNTUYECKUX SIBAEHUN W Ha
ConHue u B atMochepe 3eMu.

Hpyroii MHTEpPECHO OCOOEHHOCTBIO MpeNjaraeMoro JeTeKTopa, SIBJseT-
csl TO, YTO B YHUBEPCAJIbHON KOMILJIEKTALIMU, KPOME M3JIydeHUsl aTMOochephl,
MOXHO PEerucTpUpoOBaTh M3JIydeHUE CHUHTUJUISILIMOHHOTO KpUCTajjia WUin Tia-
CTHUKA MIPU MOHUTOPUHIE TaMMa-U3JIydeHUI WIN 3apsiKEHHBIX YaCTULL KOCMUYE-
CKUX UBJIyUCHUI TaK, KaK 3TO ObLIO CAeJaHO Ha MUKPOCIYTHUKE «TaTbhsiHA-2»
[Vedenkin et al., 2011].
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Crnenyer orMeTuTh pabothl, Beayumuecs B HUMAD® MI'Y, no co3maHuio
npuOOpPOB IS PETUCTpPAllMM KOPIYCKYJISIDHON WOHU3MPYIOUIEH paguaiuiu.
Jatunku, naMepsionye KOpnycKyasipHble TOTOKM, ObUIM YCTaHOBJIEHBI Ha He-
CKOJIBKMX KOCMUYECKMX amraparax (BKJIwo4as Majible CIYTHUKHU) U XOPOILLIO
cebg 3apekomeHaoBann. O030p 3Tux padbor Obul caenaH Ha 40-ii AccambGiee
KOCIIAP B Mockse B 2014 r. [Myagkova, Krivolutsky, 2014].

3AKJTIOYEHUE

ABTOpBI HaIEIOTCs, YTO TPENCTaBICHHBIM MaTepHal B JOCTATOYHOM CTEIIEHM
WITIOCTPUPYET YK€ UMEIOIIUIICSI OTeYeCTBeHHBIN TTOTEHIINAI IS PEeIleHUs 3a-
Ja4d B 00JIaCTU COTHEUYHO-aTMOC(MepHbIX cBsA3eil. OMHOM M3 TaKMX 3a4ayd SIBJISICT-
cs, TTI0 MHEHHUIO aBTOPOB, MOHUTOPUHT MU3MEHEHUI aTMOC(EpHBIX ITapaMeTPOB
(B TOM 4uCsie 030HA U APYTUX MAJIBIX FA30BbIX COCTABJISIIOLIUX aTMOCGhEPBI), OC-
HOBaHHBIM Ha HETIPEPBHIBHBIX N3MEPEHUSIX TTOTOKOB COJTHEUHOM JIEKTPOMAarHuT-
HOM pagvalliy ¥ KOPIYCKYJISIPHBIX TIOTOKOB Pa3JIMYHOM IMPHUPOIBI, KOTOPHIE MO-
TYT OTIEPAaTUBHO BBOIUTHCS B MUMEIOIINECS TTI00aTbHBIE YMCICHHBIE MOMIETN aT-
mocdepsl 3emnn. Co3gaHne KOMIIAKTHBIX OT€YECTBEHHBIX IIPUOOPOB MO3BOJIUIO
OBI ITOMOMTH BIIOTHYIO K OCYIIECTBICHUIO MOIEIMPOBAHNS OTKJIMKA HAa MU3MeE-
HEHUs 9TOW pamuaiuiy ¢ TTOMOIIBIO YMCICHHBIX Momeseii. BaxxHyio poiab MOTYT
WUTPaTh CO3MaHHbBIC YNCIICHHBIC MOIEITH.

ABTOpBI CO3HATEIBHO COMPOBOIMIIA TEKCT TOCTATOYHO OOIMPHOI OMOIMO-
rpadueii, 1aBas BO3MOXHOCTb YUTATEIO IIHUPe TTO3HAKOMUTLCS C 3TOM COBpe-
MEHHOM 1 OBICTPO pa3BUBAIONIEICS 00JIACTHIO COTHEUHO-3eMHOM (DU3UKU.
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The concept of research and monitoring of solar-atmospheric relationships based on continu-
ous measurements of the fluxes of solar electromagnetic radiation and corpuscular streams of
different nature and composition of the atmosphere is proposed. These data can be entered in
the global numerical models of the Earth’s atmosphere, and the results will allow the prediction
mode changes of the atmosphere, its dynamics in the altitude range 10...130 km, will create new
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BBEOEHUE

VBenmumueHre cpoka (QYHKIMOHMpOBaHMS KocMuyeckmx ammapatoB (KA) Ha
OKOJIO3EMHBIX OpPOMTaX M MCITOJIb30BaHME B MX COCTAaBe 2JIEMEHTOB, YyYBCTBH-
TeJTbHBIX K BO3MEUCTBUIO MOHU3MPYIONINX W3TYIeHUM, CTABUT B TTOBECTKY ITHS
HEeOOXOIUMOCTD TIPOBEACHUS HEIIPEPHIBHOIO MOHUTOPUHTA COCTOSTHUSI KOCMM-
YeCKOM cpembl, TaK KaK CYIIECTBYIOIINX MOIETbHBIX IIPEeACTaBICHU He BCeTaa
JMOCTaTOYHO IJIST TIPOTHO3a paaNalliOHHOTO BO3AEHCTBIS Ha GOPTOBBIE CUCTEMEI
KA. M3MmepeHnss KOCMUYECKON paguallii Ha CITYTHUKAX 3a TPEIbIIYIINAE TOIBI
ITOKa3aJid, YTO BCE BUIBI KOCMUYECKIX M3IyYeHUI UCTIBLITHIBAIOT 3HAYNTEIBHBIC
(Ha MOpSIAKU BEJIWYMHBI) Bapualluy, O0yCIOBJIEHHbIE COJIHEYHOW aKTUBHOCTHIO
W TEOMAaTrHUTHBIMUA BO3MyIIeHUsSIMA. OCHOBHBIMU 3aJadyaMM IPOCKTHPYEeMOM
CITYTHUKOBO TPYIITUPOBKY M HA36MHOTO IIEHTPa JaHHBIX SIBJISTIOTCS:

* orepaTuBHas OlleHKa YpOBHS pajuallii, B OCHOBHOM ITOTOKOB 3aXBa-
YEHHBIX 3JIEKTPOHOB C 3HEPTUSIMM OT OECATKOB KUJIO3JEKTPOHBOJBT
10 ~10 M3B 1 poTOHOB ¢ 2HEPIUSIMU OT COTEH KMWJIORJEKTPOHBOJIBT
JI0 COTEH MErasjieKTPOHBOJIT PaJAUallMOHHBIX MOSICOB 3eMJIM, a TakXke
SHEPTUYHBIX YACTHUII OT COJTHEUHBIX BCHBIIIEK JIJIsI IITMPOKOTO AUaIa3oHa
HCIIOJIb3yEeMBIX OPOUT;

* ampobalysl 1 YTOUHEHUE CYILIECTBYIOLIMX U pa3padoTKa HOBBIX, B TOM
yycjie JUHAMUYECKUX, MOJeJell IMPOCTPaHCTBEHHO-3HEPreTUYeCKOTo
pacnpeeaeHus TOTOKOB SHEPTUYHBIX 3apsiKEHHBIX YaCTHULl B OKPECTHO-
CcTH 3eMJIH;

* MOJIyueHHEe 3KCIepUMEHTAIbHBIX JaHHBIX ISl pelleHusl poosieM (pusu-
KM MarHuTocgepsl 3emMiu.

1. AKTYAJIbHbIE MHOTOCMYTHUKOBbBIE TPYNMNUPOBKA
C BINBKUMU 3BA0AYAMUA

B CCCP emgé B 1960-x rr. monm pykoBoacTBoM mupektopa HUMUAD MIY aka-
memuka C.H. BepHoBa Havanachk paboTa Haj CO3JaHUEM CETU CIIYTHUKOB IJISI
MOHUTOPMHIAa KOCMUYECKOW paaualliv; B OCHOBY JIETJIM M3MEpPEHUsI Ha CIie-
LIMAJTM3UPOBAHHBIX MCKYCCTBEHHBIX ciyTHUKax 3emiau (MC3) Ha smiuntuue-
CKUX opOUTax cepuii «DIeKTpoH» U «[1porHO3», M CEpUITHBIX CITYTHUKAX CBSI3H
«Momausa» u «KocMoc». B HacTosiee BpeMs amnmapatypa HUMAD mra nzme-
pPEHUIi MOTOKOB 3apsIKEHHBIX YaCTUIL YCTaHABIMBAETCS Ha CreLMaIU3MpOBaH-
Hble HayyHo-ucchenoBatenabckue MC3 cepuit «Meteop», «KKOPOHAC» (Hu3-
KOOpOUTANIbHBIE), «DJIEKTpo» (reocTallMOHApHbIE), a TakKXKe CIYTHUKW HaBU-
raupoHHoil cucteMbl [JIOHACC (rnobGanbHasi HaBUTallMOHHASI CITyTHUKOBast
cucTema).

N3 cylecTBYOIMNX MHOTOCHYTHUKOBBIX CHCTEM MOHUTOPHMHTAa KOCMMYE-
CKOW paadalliu HEOOXOAWMO OTMETUTb CUCTEMY HaOJIOACHUI aMepUKaHCKOTO
areHTctBa NOAA (National Oceanic and Atmospheric Administration), aeri-
cTBytoly0 ¢ 1970-X IT., B KOTOpPO# AJIsI Teo(U3NIECKUX 1ieJeil UCTTOIb3YIOTCS
KA cepuu POES (Polar-orbiting Operational Environmental Satellite) Ha HM3-
KMX MoJISIpHBIX opouTtax u reoctaumoHapHbie MC3 cepunt GOES (Geostationary
Operational Environmental Satellite). B naHHBII1 MOMEHT OTHOBpPEMEHHO (DYHK-
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uuoHupytot tpu-dyetbipe KA POES u 2 KA GOES. B 2012 r. Ha BBICOKO3J]I-
JIUTITUYECKYIO OKOJIODKBATOPUATIbHYIO OpOUTY ObUIM BhiBedeHbI ABa KA NASA
(National Aeronautics and Space Administration) Van Allen Probes, npenHa3Ha-
YEHHBIX JJII U3YYeHMSI CTPYKTYPHl U XapaKTePUCTUK paIvallMOHHBIX ITOSICOB.
KA cTabunuzupoBaHbl BpallleHUEM BOKPYT OCHU, HanpasieHHo Ha CoJiHLE, YTO
JaET BO3BMOXHOCTb U3MEPEHUI MUTY-YTIJIOBOTO pacipeaeeHus MOTOKOB YacTHII.
Taxke MOXHO OTMETUTh KuTaiicko-eBponeiickuii mpoekt DOUBLE STAR. [IBa
KA TC-1 u TC-2 ob1u BeiBeeHbl B 2004 r. Ha BBICOKOJUTUIITUYECKHUE OKOJIO-
5KBaTOPUAIBHYIO U TIOJISIPHYIO OPOUTHI JJ1S1 UCCIENOBAaHUI AUHAMUYECKUX MPO-
1IeCCOB B MarHurtocdepe.

Ha xaxnoit u3 cepuit yKka3zaHHbBIX CITYTHUKOB YCTaHOBJICHA UIEHTUYHAS arl-
naparypa JUisi U3MepeHUil TTIOTOKOB T1J1a3Mbl U SHEPTUUHBIX 3JIEKTPOHOB I HOHOB
C BHEPrusIMU BILJIOTh A0 €AWHUII U COTEH MErasjeKTPOHBOJILT COOTBETCTBEHHO,
MAaTrHUTHOTO U BJIEKTPUYECKOTO T0JIei 1 BOJTH.

TexHuueckue TOCTUKEHUS B 00J1aCTU YMEHBILIEHUSI pa3MepPOB 1 SHEPTOITO-
TpeOJIeHUST YIPABJISIIONIUX U DJIEKTPOHHBIX CUCTEM ITO3BOJISIIOT CO3JaBaTh BCE
0oJiee coOBepILICHHbIC CITYTHUKU MaJIOro pa3Mepa.

B MTI'VY peanusyeTrcst mporpamMa co3gaHusi MaJblX KOCMUYECKUX alllliapaToB
(MKA). B 2005 1 2009 rr. cocTostiuch ycnemHble 3anycku KA «YHusepcurer-
ckuii-TaTesiHa» M «YHuUBepcuteTckuii-TaTbsiHa-2» Maccoit 31,6 u 90 xr co-
OTBETCTBEHHO Ha HM3KUE OKOJIOMOJSPHBIE OPOUTHI C LIEJIbIO U3YYEHMST BIIMSI-
HUS COJIHEYHON M TeOMarHUTHOM aKTMBHOCTU Ha paaUallMOHHYIO OOCTaHOBKY,
a TakKe yabTpaduoJIeTOBBIX CBeyeHMil B atMocdepe 3emin [CagoBHUYMIA U 1Ip.,
2007, 2011]. B yactHoctu, KA <«YHuBepcurerckuii-TaTbsiHa», mpopaboTaB-
I Ha opOuTe OoJiee 2 JeT, UMeJI Ha OOPTY JETEKTOP JIEKTPOHOB C SHEPTUSIMU
ot 0,04 1o >18 M»3B u npotoHoB ¢ 3Heprusimu ot 0,8 1o >100 M3B.

MOXHO OTMETUTb TPYINIUPOBKY M3 MATA Majblx CHYTHUKOB NASA
THEMIS (Time History of Events and Macroscale Interactions during Sub-
storms) Maccoii 77 Kr, 3amyiieHHbIX B 2007 I. Ha 0KOJ03KBaTOpHUAIbHbIE BHICO-
KOBJUTUIITUYECKUE OPOUTHI IJIsI U3YYEHUSI TEOMATrHUTHBIX OYypbh M MMEBIIMX Ha
0opTy, B TOM YHCJie, IBa pa3HOHAMPABJICHHBIX IETEKTOpPa SHEPTUUHBIX 3JIEKTPO-
HOB ¥ TTPOTOHOB C SHEPTUSMU BIUIOTh 10 HECKOJBKUX META3JIEKTPOHBOJIBT.

B Gmukaiiiive ronpl MIAHUPYIOTCS 3aIlyCKU HOBBIX CEPUI CITyTHUKOB [IJIST
U3YyYEeHUS] KOCMUYECKOM Cpelbl.

HyXHO OTMETUTh, UTO HU OJHA U3 CYIIECTBYIOIINUX CIYTHUKOBBIX TPYMIIH-
POBOK He YIOBJIETBOPSET B TMOJHOW Mepe 3agade OINepaTHUBHOIO MOHUTOPWHTA
paavaliMOHHBIX YCIOBUI B OKOJI03¢MHOM TPOCTPAHCTBE.

2. MOJENN PAOUALMOHHDBIX MOACOB

CeronHs I OLIEHKM paaudallMOHHBIX ycaoBUiA Ha opoutax MC3 ncrnosb3yoT-
Cs CO3MaHHBIE HA OCHOBE CIYTHUKOBBIX M3MEPEHUI YCpeTHEHHBIE DMIMpUYE-
CKME€ MOIEeIU TIPOCTPAHCTBEHHO-IHEPreTUUECKOTO pacIpeneeHUs TMOTOKOB
MIPOTOHOB U 2JEKTPOHOB paIMallMOHHBIX MOsicoB 3emian. Haubosee mM3BECTHBI
amepukaHckue moaenu AP8 u AES8 [Sawyer, Vette, 1979; Vette, 1991] (puc. 1);
B HacToslIIee BpeMs paspadarbiBaloTcss HoBble Monean AP9 u AE9 [Ginet et al.,
2013]. B HUUSA® MI'Y Takxke pa3paboTaHbl MOICIM pagdallMOHHBIX ITOSCOB
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3emun [eueneB u ap., 1991; [Tanaciok u ap., 1983a, 6], KOTopkIe JIETJIM B OCHO-
By oredecTBeHHBIX cTaHmapToB [[TOCT 25645.138-86; TOCT 25645.139-86; OCT
134-1034-2003].

OfHako peajibHblE IMOTOKM 3apsKEHHBIX YacTHI[ B OKPECTHOCTU 3eMiu
Jaxe B CITOKOWHBIX YCJIOBUSIX MCIBITHIBAIOT BeCchbMa 3HAYMTEJbHBIE Bapua-
LINM, CBSI3aHHBIE C COJHEYHON aKTMBHOCTBHIO, M3MEHEHWEM MATHUTHOTO IOJIS
3eMIM M TJIOTHOCTU BepxHeil atMocdepsl. Ha puc. 2 moka3aHbl Bapyalliy 1M0-
TOKOB PENSITUBUCTCKUX 3JIeKTpOHOB 1o m3MepeHmssM Ha KA cepuit GOES
u «<KOPOHAC» ¢ 1994 mo 2011 r. [Msarkosa, 2011]. Kak BugHo u3 rpacduka,
BapUaluy 3HAYEHU TTOTOKOB 3JIEKTPOHOB 10 U3MEPEHUSIM 3THX CITYyTHUKOB CO-
CTaBJISTIOT 60JIee ABYX MOPSIIKOB BEJIMUUHBI.

Emgé Gomnee 3HAUMTENIBHOE M3MEHEHME ITOTOKOB MOXET MPOUCXOINTh Kpa-
TKOCPOYHO BO BpeMsI MAarHUTOC(HEPHBIX BO3MYILIEHUIA.

MpoToHsl InekTpoHbl
3Heprua >10 MaB aHeprua >0.5 MaB

,

BuyTtpexHui nosac [ueﬁb Buewnuia nosac

Puc. 1. IToroku nporoHoB ¢ 3Heprueid >10 MaB u snexrpoHoB ¢ 3Heprueit >0,5 M>B
o moneissMm AP8 n AES B miocKoCcT MArHUTHOTO MepUIaHa
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Puc. 2. CpenHeMmecsidHbIe TOTOKM 3JIEKTPOHOB ¢ 3Heprusmu >2 MaB Ha KA cepuii

GOES u >1...1,5 MaB na KA cepuit «<KKOPOHAC» ¢ 1994 no 2011 r. ITyHKTMpOoM moka-

3aHBI CpeIHKE 3HAYSHUs IMMOTOKOB Ha opouTax 3tTnx MC3 mo momemu AES nmjia akTuBHOM
(a3bl COIHEYHOTO IIUKJIa
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Kpome Toro, mocie CHIbHBIX T€OMarHUTHBIX Oyph HEOZHOKPATHO HaOJIIO-
JAJIOCh 00pa30BaHME HOBBIX MOIIHBIX paJvallMOHHBIX ITOSICOB, KOTOPBIE 3aTEM
MOTYT CYILECTBOBATh B TEYEHUE BPEMEHU IO HECKOJIBKUX HENENb WU MECHLEB
[Mullen et al., 1991].

TakuM 00pa3oM, peajbHas KapTHHA IIOTOKOB SHEPTMYHBIX 3JIEKTPOHOB
1 MIPOTOHOB MOXET CYIIECTBEHHO OTJIMYATLCS OT TOM, KOTOPYIO JAIOT MMEIOIIM-
€cst MOJIENIV PagUallMOHHBIX ITOSICOB 3eMJIN. DTO 00yC/IaBIMBaET HEOOXOAUMOCTh
OIIEPAaTUBHOIO CITyTHUKOBOIO MOHMUTOPUHTA YCI0BMiA Ha opouTax MC3.

3. BAPUAHTbI KOHOUTYPALIU OPBUT N AETEKTOPOB

Hns omucaHus TPOCTPAHCTBEHHOIO pacIipeiesieHUs] MOTOKOB 4YacTWIl B pa-
IVALIMOHHBIX TOsIcaX WCIoNb3yloTcsd L, B-xoopmuHaTtel [Mcllwain, 1966].
IMTapameTp L s AMIOABHOTO MarHUTHOTO MOJISI TIPEICTABIISIET COOOM paccTos -
HUe B paauycax 3eMJId OT LUeHTpa AUIOJSI 10 BEPIIMHBI CUIOBOM JIMHUU B TUIO-
CKOCTM MarHuUTHoro skBaTopa. OH 3amaéT npeiioByl0 O0OJOUKY ABMXKEHUS
yacTull. B — MHAYKIUS MarHUTHOrO ToJs1. Mnest co3naBaeMoii TpynImupoOBKU —
MPeAOCTaBISATh ONepaTUBHbIE U3MEPEHUsI, TTPU MOMOIIU KOTOPBIX MOXHO pac-
CUMTBIBATh 3HAYEHUSI TIOTOKOB B JIIOOOI TOYKE JAaHHOI L-000J0YKM B 3aBUCH-
MOCTU OT B (BBICOTHBII XOJI TIOTOKOB), MeM CAMbIM PACCHUMbIEAMb NOMOKU 045
NpOU3B0AbHOU OPOUMDL.

3.1. IlepBas paccMOTpeHHast HAaMU UJies] — U3MEPEHUS 3aBUCUMOCTH TTOTO-
KOB OT yIla K CWJIOBOM JIMHUM (IIUTY-YIJIOBOE paclipeaesieHre) Y3KOHAIIpaBIeH-
HBIM JIeTeKTOpoM 3a cY€T BpaieHus: KA. Mcnonb3ys ux, mo reopeme JInyBusuis
MOXHO paccuMTaTh MOTOKU BAOJb CUJIOBOI JIMHUU B 00JacTU OOJIBIINX 3HAYe-
HUIA B, a IJIT MEHBIIUX B 3KCTparioJiMpoBaTh BHICOTHBIM XOJ ¢ HEKOTOPOM IT0-
TPEIIHOCThIO, MCIIOJIb3YSl CTEIIEHHYIO 3aBUCHMMOCTh. HampaBieHre MarHUTHOM
CWJIOBOM JIMHUU B JAHHOI TOUYKE JOJLKHO MPOXOAUTH OJIM3KO K IJTOCKOCTHU Bpa-
IIeHUs JeTeKTopa IS OXBaTa B TOM YMCJIEe MaJIbIX MUTY-YIJIOB, YTO HYXXHO IS
nepecyéra MOTOKOB Ha HU3KUE OPOUTHI.

MoxHO BBIOpaTh BBITSIHYTYIO 3KBaTOPHAIBLHYIO OPOMTY C BHICOTOM arorest
4...6 pagnycoB 3emun mist oxBara opout tTuna [JTIOHACC/GPS u reocrauno-
HapHoii. IIpu 3ToM HyxHas opueHTtalusd KA nocturaercs ero BpallleHUEM BO-
Kpyr ocu, HampasiaeHHoi Ha ComHue. Takyio opouty mMenu, Hampumep, KA
Explorer-45 u Van Allen Probes. MuHycoMm sIBisieTCSI OONBIION MeprUoa OpOUT
M BBICOKAsl CTOMMOCTD 3aITycKa.

Jlns1 Hes’KBaTOpUAJbHBIX OPOUT BBICOTA MOXET OBITH CHIKEHa BIUIOTh
no ~8000 km. OmHako mpud BTOM HeoOxoauMma akTHBHas opueHTauus KA
10 MarHUTHOMY IIOJII0, OTHOBPEMEHHO C €ro BpallleHHeM M OpMEHTalMel COoJl-
HEYHBIX 0aTapeit. DTo 0UeHb CJIOXKHAs TeXHUUeCcKas 3aJaya.

Kpome ykazaHHBIX Ipo0JieM, Hal0 OTMETUTh CIOXKHOCTh A€TaJbHBIX MUTY-
VIJIOBBIX M3MEPEHUI MOTOKOB KaK TakKoBblx. HeoO0Xoaumo BBINNOJHATb W3-
MEpEHHUs Y3KOHAIIpaBJIECHHBIM IETEKTOPOM B TE€UEHHE HHTEPBAJIOB BpEeMEHU
<100...200 mc. IIpu 3ToM CKOpOCTH CYE€Ta OyAyT MaJibl, OCOOEHHO IS MaJIbIX
MNUTY-YIJIOB M MEral3jeKTPOHBOJBTHBIX SHEPIUiA. DTO BHECET 3HAYMTEIbHBIN
«CTaTUCTUYECKUU LIIyM» B PE3YJIbTaThl U3MEPECHUM.
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3.2. Tlonpxom, KOTOPBIN B3SIT HAMM 3a OCHOBY, — M3MepPEeHMsI BCeHaIpaBJIeH -
HBIX [IOTOKOB B HECKOJIbKMX TOYKAX KaxX10i L-0060104Kku. JIJ1s1 OCTaIbHBIX TOYEK
JaHHOM L-000JI0YKM BLICOTHBIM X0 ITOTOKOB OyIeT PACCYUTHIBATHCS MYTEM MH-
TEPIOJIALUUN U DKCTPANOIILMNU C UCIIONIb30BAaHUEM M3BECTHBIX SMITUPUYECKUX
3aKOHOMEPHOCTEIA.

IlepeceyeHue L-000J0YKM B HECKOJBKUX Pa3HBIX TOYKAX MOXHO oOecIie-
YUTh BBIBOJOM HecKONIbKUX KA Ha pa3Hble opOuTHI. Takoii BApUaHT CITyTHUKO-
BOIl TpyNIUpoBKU, BKIrovaomnii Tpu MC3 Ha KpyroBbIX opOUTaX: COJTHEYHO-
CUHXPOHHBIX Ha BbicoTax ~650 u 1700 kM u Ha op6ute BbicoToi 8000 KM 1 Ha-
KJIoHeHueM 60°, mokasaH Ha puc. 3a.

Ha puc. 4 nokazaHbl 00J1aCTH, B KOTOPBIX 3TU OpOUTHI TepeceKaloT paaua-
LIMOHHBIE MOsIca BJIEKTPOHOB U MPOTOHOB Ha pa3HbIX L-o0ojoukax. Ha rpadu-
Kax BUJIHA XapakKTepHasl (popMa BBICOTHOTO X0[a: 00JIacTh MEJICHHOTO CTEeTeH-
HOTO YMEHBIIIEHUS TIOTOKOB ISl MaJIbIX B, «3aBajl» MOTOKOB Ha HU3KKMX BHICOTAX
M TIpoMexkyToyHas oomacth Ha BbicoTax 1500...2000 km. Opoutsr O3, O1 u 02
BBIOpaHbI TAKMM 00pa3oM, YTOOBI NepecekaTh L-000JI0UKM B COOTBETCTBYIOIINX
TpEX 00MaCTSIX. DTO BaXXHO JJISI TOUHOCTU MHTEPIOMSILIMYA BHICOTHOTO XO/Aa 10~
TOKOB Ha L-000JI0UKax.

K MuHycamM JaHHOM CXeMbl TPYIIIMPOBKM MOXKHO OTHECTH €€ HU3KYIO
YCTOMYUBOCTD K MOTEPE OJHOTO M3 CIYTHUKOB.

AJNBTEpHATUBHBIM BapuUaHT — MCIIOJAb30BAaHUE OSJUIMIITUYECKUX OpOUT.
Ha puc. 36 moka3aHa Takas opOMTa, UMeolIast BLICOTHI nepures u amores 700
u 8000 kM, aprymeHT nepures 310°, HakioHeHue 63,435° u nmepuon ~3 4. Ha
pUC. 4 TyHKTUPOM T10Ka3aHbl 00JIACTH, B KOTOPBIX 3Ta OpOUTA TIepeceKaeT paau-
allIMOHHBIE MOsIca BJIEKTPOHOB U IMPOTOHOB Ha pa3HbIX L-000J104KaXx.

Ha puc. 4 BugHo, 4TO maHHas opOUTa 1151 pa3HbIX L-000JI04YeK TepeceKka-
eT BCe TPU yKa3zaHHbIC BbIILIe 00JIACTH, TAe HAOIIOMAACTCS Pa3HbI XapaKTep BbI-
cotHoro xogaa. IIpu sToM Ha Kaxnom Butke KA Oymer nepecekatrsb L-00071049KHU
B 2—4 pa3HbIX TouKax. TeopeTuyecku IjIs paccMaTprMBaeMOM 3am1ayld MOHMWTO-
PUHTa paguallMOHHBIX YCIOBUI1 TOCTATOYHO OJHOTO CITYTHMUKA HA TAKOW OpOuTe.
s yBenuueHUs] HAAEXXHOCTU TPYIIIIUPOBKH 1 YaCTOTHI U3MEPEHUIT MOXHO T10-
MecTuTh ABa-Tpu MC3 Ha summMnTudecKue opouThl ¢ YKa3aHHBIMU TTapaMeTpa-
MU, HO C pa3HOi1 JOJITOTOM BOCXOMISIIIETO y3/1a U B pa3HbIX (da3ax opOUTAIIBLHOTO
JIBUKCHUS.

Ho g smimnTuyeckux OpOMT CYIIECTBYeT IIpoOjieMa M3MEHEHMUS apry-
MeHTa Tepuresi. Ero ckopocTb B OCHOBHOM oOmpeessieTcsl 2-i 30HaJIbHOM rap-
MOHUKOM FpaBI/ITaLlI/IOHHOFO HOTCHLII/IaJla 3eMJIM U OMHUChIBaeTCA (popmynoit
do/dr=4,982(R, /a) (1 —e)” (5 cos’ — 1) rpan/cyr. Kak cremyer u3 dop-
MYJIbI, UMEEeTCSI <<CT2161/U'[BH06>> HakJIOHeHUE [ = 63,435°, mpu KOTOPOM YXOJI ap-
ryMeHTa TMEepULEHTPA M3-3a BIUSHUS 2-i 30HAJBbHOM rapMOHMKU OTCYTCTBYET.
DTO HaKJIOHEHUE W BBHIOpaHO JIsl Hallleil opouThl. Ho mpu olnbdke B BeIUYMHE
HakJIoHeHUs1 Ha 0,5° yxon apryMmeHTa nepuieHTpa coctaBut 0,035 rpaa/cyt uiun
~40° 3a 3 roga. I1lpu 3TOM CIIyTHUKHM ITepeCcTaHyT «BUAETb» BHEIIHUI nosic L = 4
u 6 Ha BeIcoTax <1500 kM 1 >6500 1 4600 KM COOTBETCTBEHHO, T.€. PYHKIINO-
HaJIbHOCTb TPYMNIIMPOBKU CUJIBHO HerpaaupyeT. I1pu 1ieaeBoM 3aIycke oObIYHO
obecrieunBaeTcsa TOYHOCTD Jyyiie 0,05°, Ho MpH MOMYTHOM 3alyCKe HECKOJIBKUX
M C3 oHa MoxkeT ObITh Xyke. Jlaxke Mpu YCIOBUM JOCTATOUHON TOUHOCTHU BBIBOAA
HeoO0XoauMBbI 00j1ee AeTadbHbIe OALIMCTUYECKIE PACUYETHI.

146



Co3paHue rpynnuposkn MKA ans ocywwiectBneHns paguaLnoHHOr0 MOHUTOPHHTA. . .

Puc. 3. BapuaHThl TpyIInupoBKY, BKJIIOYAIOIICH: @ — TPpU KPYroBble OPOUTHI: COTHEYHO-

CHHXPOHHBIE ¢ BhIcOTOI 650 1 1700 KM 1 opouUTy ¢ BbicoToit 8000 KM 1 HaKJIOHeHUEM 60°

(o603HayeHbl Kak O1, O2 u O3); 6 — 2AIUNTUYECKYIO OPOUTY C BBICOTOM Mepurest U arno-
rest 700 u 8000 kM 1 HakIOHEHUEM 63,435°
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Puc. 4. BoricoTHBIE X0l TOTOKOB MPOTOHOB ¢ 3Heprusimu >0,4; 1; 4; 10; 30; 50 MaB Ha
L=1,6 u 2,4 o momenu AP8 (BepxHue rpaduku) u 3JeKTPOHOB ¢ dHeprusimu >0,25;
0,5;1,2,3,4 M5B na L=4wu6no monenu AE8 (HmxHue). CIUTOLIHBIMU BEPTUKATbHBI-
MU TI0JI0CaMU TI0Ka3aHbI 00J1acTH, IepecekaeMble TpynnupoBkoi u3 Tpéx MC3 Ha kpy-
TOBBIX OPOMTAX: COTHEYHO-CUHXPOHHBIX ¢ BhIicoTamMu 650 1 1700 KM 1 opOUTE C BBICOTOM
8000 kM n HakioHeHUeM 60° (0603HaueHbl Kak O1, O2 u O3). [TyHKTUPHBIMU MOJIOCA-
MM TI0OKa3aHbl 00JIaCTH, TIepeceKaeMble SJUIMIITHYECKOM OpOUTON ¢ BBICOTAMU TEpUTesT
n amnorest 700 1 8000 kM, HakToHeHWEM 63,435° u aprymenTom riepurest 310°
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a 8

Puc. 5. BapuaHTbl OpUEHTallMU IETEKTOPOB: @ — OCU TPEX NETEKTOPOB OPUEHTUPOBAHBI
IO OCSIM MPSIMOYTOJILHOM CHCTeMbI KOOPJIMHAT, OCh YETBEPTOIO — BIOJIb IJIABHOMW JMa-
TOHAJIU; YTOJ alepTyphl IeTeKTOPOB paBeH 60°; 6 — T1aBHas OCh (BepTUKAJIbHAsI CTUIOII-
Hasg auHus) MC3 umwimHopudeckoir opMbl ¢ COTHEUYHBIMM OaTapessMuM Ha OOKOBBIX
IpaHsIX MepreHINKYIsIpHa TUIOCKOCTU 3KBaTOpa; OCU «100aBOYHbBIX» NETEKTOPOB Jiexkar
B TUIOCKOCTH, Yepe3 KOTOPYIO MTPOXOIUT BEKTOP MAarHUTHOW CUJIOBOW JIMHWUM; OCh Tep-
BOTO JIETEKTOpa — TIOM MPSIMBIM YIJIOM K 3TOH TUIOCKOCTH M K TJIABHOM OCHU CITyTHUKa;
YIOJI anepTyphl 1eTEeKTOPOB paBeH 35°; ¢ — TpU JETeKTopa MepeKpPhIBAIOT MOJIe 3PEHMUS,
COOTBETCTBYIOIIEE «IMOJYC(HEPUIECKOMY CEKTOPY»; BpallleHWEM CITyTHHKA BOKPYT OCH
(criTonIHast TMHUS ) OCTUTAETCST 0030D 1ieJ10i Toychepbl

ITomumo BbIOOpa OpOUT, Is1 JAHHOM UACOJIOTUN U3MEPEHU UMEeTCs TIPo-
0s1eMa M3MepeHus BCEHaIIPaBIEHHbBIX IMTOTOKOB. I1py MOMOIIM IIMPOKOYTOJIbHO-
ro AeTeKTOopa ¢ IoJjieM 3peHUs, OJIM3KUM K = 271, MpaKTUYECKN HEBO3MOXKHO
pa3feanuTh U3MEPEHNS IIOTOKOB 2JIEKTPOHOB U IIPOTOHOB.

Brixon — McCIosp3oBaTh HECKOJIBKO IETEKTOPOB, HAIlpaBJICHHBIX ITOJ pa3-
HBIMM yIJIaMM, MO JaHHBIM WX MU3MEPEHUI amnmpoKCHMHUPOBATh MUTY-YIJIOBOE
pacmpezeeHue MOTOKOB IIpY MOMOIIM (PYHKIMK BUOA j = sina 1 3atem pac-
CUMTHIBaTh BCEHAIIPaBJACHHBINA ITOTOK. JIaHHBIE O INMUTY-YIJIOBBIX paclipenesie-
HUSIX, XOTSI 1 MEHEe TOYHbIE, YeM IIpU CKaHMPOBAHUM MPOCTPAHCTBA Y3KOHa-
MpaBJeHHBIM AETEKTOPOM 3a cuéT BpaiueHust MC3, Takke MO3BOJIT YIYUYIIUTh
amnIpoKCUMalIMIO BBICOTHOIO X0[1a MOTOKOB. BaxkHO, 4YTOOBI OAMH U3 IETEKTOPOB
0XBaTbIBaJI MUTY-YTJIbl B OKPECTHOCTH 90°, 11 KOTOPBIX TOTOKU MaKCUMAaJIbHBI,
a Ipyrue IeTeKTOPHI JOIMOJHUTEIbHO U3MEPSAIUN ITOTOKU JUIA IPYTUX IIUTY-YIJIOB.
Taxke Ha 60pTy HEOOXOIUM TPEXKOMITOHEHTHBIM MarHUTOMETp, YTOObI MMETh
JIaHHBIE 00 OpHMeHTaLMU AeTeKTopoB. Ha puc. 5 moka3zaHbl pa3Hble BO3MOXKHbBIE
BapuaHThl KOH(UTYpaALIMU 1€TeKTOPOB.

MOXHO ONTUMU3NUPOBATH KOH(PUTYpALIUIO JETEKTOPOB C YUYETOM BO3MOXK-
HOCTU aKTUBHOIT TpéxoceBoil opueHTauuu KA, B TOM 4uciie MCHOIb3Ys IIPU CO-
CTaBJIEHMU ITporpaMMbl Tojieta Moaenab marHutHoro nojisg IGRF, kak npenaro-
JlaraeTcsl Ha puc. 56.

Hdpyroii BapuaHT: MpU MOMOILIU JIBYX WU TPEX AETEKTOPOB C(hOPMUPOBATH
10JIe 3peHUsI, COOTBETCTBYIOIEE HEKOTOPOMY CEKTOpY IOJIycephl, U IOCpe-
CTBOM BpallleHMsI CITyTHHMKA oOecIieuuTb 0030p liejoil moaychepsl, T.€. Ipo-
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cTpaHCTBeHHOTO yria Q = 27 (puc. 5¢). IIpu aTom obecrieueHre aKTUBHOM a1~
HaMMYeCKOIl OpUeHTaLIuY CITyTHUKA He TpedyeTcs.

Bonee TmaTenbHbll BBIOOP KOHMUTYpauu opout MC3 u pasMelieHus ne-
TEKTOPOB OYAET OCYIIECTBIIEH MPU NaibHEe1Iell paboTe Ha/l MTPOEKTOM.

4. CNEKTPOMETP SHEPTUYHbIX MPOTOHOB U 3JIEKTPOHOB

CriekTpoMeTp MPOTOHOB U 3jiekTpoHOoB (CIID) mpegHaszHaueH ISl U3MEpeHUt
MOTOKOB M B3HEPreTUYECKMX CIEKTPOB SHEPTUYHBIX MPOTOHOB U BJEKTPOHOB
B KocMmoce [[emenes u mp., 2006]. JJaHHBII HHCTPYMEHT SIBJISIETCS pa3BUTHEM Ce-
puu iprubopoB, pazpadbaTeiBaecMbiXx B HUMA® MI'Y u ycraHoBineHHbIXx Ha MKA
«YHusepcurerckuii-TaTbsaHa», MC3 cepuii «Meteop», «Dnekrpo». KpaitHuit us
3TOM cepuu IIpUOOPOB OyneT 3anyleH B coctaBe KA «DiekTpo-JI No 2».

OCHOBHBIM 3JIEMEHTOM SIBJISIETCSI IETEKTOpPHAsl cOOpKa TUIA <«TEJIeCKOI»,
COCTOSIIIAsl U3 HECKOJBKUX TOJYIMPOBOAHUKOBBIX nerekrtopoB (ITIT/) pasznuu-
HOM TOJIIMHBI U CUMHTWIISLIMOHHOTO AETeKTOpa, PACIIOJOXEHHBIX COOCHO
onuH mon apyruMm. Ha puc. 6 mokasa cxema npeaBapuUTeIbHOIO BapyaHTa Tejle-
ckoma CII3.

B npubope Taxkke HaxoAsTCs 3JEKTPOHHBIE JOTMYECKMEe CUCTEMBI 0TOOpa,
paboTaloliye Ha TIPUHLIMIIE COBMAACHUN W AHTUCOBMHAACHUI 3JEKTPUYECKUX
umIynbcoB. Ilpu pa3spadboTke nmpubopa MpUMEHSIETCSI YMCIEHHOEe MOACIUPOBa-
HUE TPOLECCOB PETUCTPALMM TOTOKA 3apsSLKEHHBIX YacTULl MeTomoM MOHTe-
KapJio ripu nomoiiu mporpammuoro komiiekca GEANT4.

\ £=35°

Puc. 6. Cxema teneckomna (a): 1 — kopmnyc Tejeckomna; 2 — ¢ojbra TOJIIIMHON, S9KBUBA-

JIeHTHOI 10 MKM KpeMHUS; 3 — OPICTEKIIO WK IPYyroit n3oisarop; 4 — ¢orommon; D1 —

TII1 Tommmuoi 40 Mmxm 1 nuamerpoM 8 mm; D2 — IIII Tommuuo#i 500 MKM 1 quame-

TpoM 8 MM; D3 — CHMHTWIISAILIMOHHBIN OeTeKTOp BbicOTO 10 MM 1 nuameTrpoM 15 mm;

D4 — TII1M tommuaoi 1 MM 1 nuametpoM 18...20 MM, TpéxmepHast MOIeNb ISl IIPOBE-
nenus pacu€ToB B GEANT4 (6)
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Huamna3oH sHepruii peructpupyembix aaektpoHosn: 0,15...10 MaB, pa3out
Ha mectb mHTepsaios: 0,15...0,35; 0,35...0,6; 0,6...1; 1...2; 2...4; 4...10 MaB.
duana3oH SHepruil perucTpUpPyeMbIX MPOTOHOB: oT 2 mo >160 MaB, pa3out
Ha BoceMb MHTepBaioB: 2...4; 4...9; 9...15; 15...30; 30...53; 53...100; 100...160
u >160 M3B. I'paHULIBI MHTEPBAJIOB YTOUYHSIIOTCS B IpoOliecce KaTMOGPOBKU.

5. BAHHbIE O KOHCTPYKLIM MAJIbIX KOCMUYECKUX AMMNAPATOB

Ha puc. 7 npuBeaéH Bo3MoxXHBIN oo1mii Bung MKA 111 MOHUTOpUHTA pagualii-
OHHOI1 0OCTAaHOBKHU B OKOJIO3€MHOM MPOCTPAHCTBE, B BApMaHTE UCIOJIb30BAHUS
aKTUBHOM MPOCTPAHCTBEHHON OpUEHTALIUMN.

Hexkotoprie npeaBaputesibHble MapamMeTpbl MKA 1j1s1 MOHUTOpPUHTA pagva-
LIMOHHOI 00CTAHOBKM B COCTaBe MHOTOSIPYCHOI TPYIIIIPOBKM:

* CPOK aKTMBHOTO CYIIIECTBOBAaHUS HE MeHee 5 JIeT;

» Macca MKA go 100 kr;

* Macca arnmnapaTypbl pagualiMOHHOTO KOHTpoJist <20 KT;

* moTpebJieHue amnmapaTypbl paaiMallMOHHOTO KOHTpoJsa <20 Br;

* 3amlycK B KayecTBe MOMYTHOM HArpy3Ku pakKeToil JIErKoro Kiacca; st

opoutsl ¢ BbicoToi amoress 8000 KM — ¢ MCIOJb30BaHUEM pPa3rOH-
HOro 0JIOKa WM COOCTBEHHOTO KOMITAKTHOTO 3JIEKTPOPEaKTHUBHOIO
JIBUTATENTS;

* TpeOOoBaHMUS MO MOAAEPXKAHUIO ITapaMeTpoB opOUTHI U (pasupoBku MKA:
B BapuaHTe OAVMHOYHBIX KPYTOBBIX OPOUT HE TPEABSBISIIOTCS; B Cayvae
BJUTUIITUYECKOI OpOUTHI BOBMOXHO TpeOOBaHUE TTOAAepKaHUS Iapame-
TPOB OpOUTHI, (pa3MpoOBKa OCYIIECTBIsIeTCS BO BpeMs BbiBoga MKA Ha

opouTy;
APY ACH [erexropsbii Gnok Ay THC
B Darm
Crywafuan Consua
nnanpopma ADY ACH
HeTesTopHuif
Aarimk “Bnok
Cors
e Barapea
CONHENHAR
ADY THC
LeTexTopHsm
GnoK
PaguaTop
ACOTP
Kanbuo
r OnNopHDE
..r"'|l"'--u-.

Puc. 7. OnvH 13 BapraHTOB BO3MOXXHOTO Buga MKA m1st MOHUTOpUHTA paauallMOHHOM
obcranoBku OKII B ycinoBusix opoutanbHoro nojera (COTP — cucrema obecnieueHus
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* TOYHOCTh OpWEHTAlMM W CTAa0MIM3alMd 10 YOIy Ha BbICOTaX
300...1000 xm He xyxe 5°, Ha BeicoTax 1000...8000 km He xyxe 15°;

* TOYHOCTb OPMEHTALIUU MO YyIIoBOI ckopocTu He xyxe 0,01 rpan/c;

* nHMOpPMALIMOHHAs TIPOM3BOIUTEILHOCTL BCEH ammapaTypbl OIXHOTO
MKA <10 MB/cyT;

* cpeiacTBa puéma U repenayv nHGOpPMalUu COBMECTUMBI CO CPEICTBAMU
Ha3eMHBIX KOMILUIEKCOB CBSI3M U TOJDKHBI IMETh BO3MOXKHOCTD Tepeaayn
JTAHHBIX Yepe3 CIYTHUKU-PETPAHCISITOPEl — TeOCTallMOHApHBIE CEpUHU
«Jlyu», MO0 HUBKOOPOWMTATBHBIE CIYTHUKOBBIE CUCTEMBI CBSI3M THIIA
«I'mobGancrap» v T. 4. 1UIsl oNiepaTUBHOM Tepeaayn JaHHbIX U3MEPEeHUIA.

BbiBOAbI

M3MepeHnsT KOCMUYECKOM paauanyy B MpeablAylIe Toabl MOKa3aau, 4YTO MOTO-
KU MOHU3UPYIOIINX U3TYYSHUI NUCIBITHIBAIOT 3HAYUTEIbHbIC (Ha MOPSIAKY BEJI-
YUHBI) BapUalliu, OOYCIOBICHHBIE COTHEUHOI aKTUBHOCThIO U TEOMarHUTHBIMU
BO3MYILIeHUsIMU. [103TOMY HCIIOJIb30BaHME MMEIOIINUXCS CTAallMOHAPHBIX MOJE-
Jiel paguallMOHHBIX MOSICOB 3eMJIM HEIOCTATOYHO MJIsl OLICHKM paguallMOHHBIX
YCJIOBUI Ha OPOUTAX UCKYCCTBEHHBIX CITyTHUKOB 3€MJIN.

ITo sToit npuunne B HUMAD® MI'Y Benércs pa3paboTka IrpyHIIMpoOBKY Ma-
JIBIX CITyTHUKOB, 3aJadeil KOTOPOil SIBJISICTCSI ONEPaTUBHBIN MOHUTOPUHT TIPO-
CTPAHCTBEHHO-3HEPIreTUYECKOTO PACIPENCIICHUS TIOJNEN 3apsiKeHHBIX 4YacTULL
B OKOJIO3EMHOM TpOCTpaHcTBe. ISl 3TUX 1ieJiel HECKOJIBKO MaJIbIX KOCMUYeE-
CKMX almapaToB OYyIyT BbIBEIECHBI Ha HECKOJBKO KPYTOBBIX OPOUT WJIM DJLIUII-
THUYECKYIO0 OpPOUTY, T OYAYT U3MEPSTh IIOTOKU SHEPTUYHBIX IIPOTOHOB U 3JIEK-
TPOHOB IPU MOMOIIU HECKOJBKMX NETEKTOPOB C Pa3HOM MPOCTPAHCTBEHHOM
OpUeHTalMeil U onepaTUBHO TepeaaBaTh JaHHbIC U3MEPEHUI Ha 3eMilio yepe3
CITYTHUKOBBIE CUCTEMBI PETPAHCSILIUM JAHHBIX.

IIpoaHanu3upoBaHbl pa3MyHble BapUaHThl OPOUT CITYTHUKOB M KOH(pU-
rypauuu aetekTopoB. [IpuBoaaTcst mpeaBapuTeIbHble CBeIeHUs O mapamMeTrpax
MPUMEHSIEMBIX CIIEKTPOMETPOB SHEPTUYHBIX TPOTOHOB U 3JICKTPOHOB U XapaK-
TEPUCTUKAX TTPOEKTUPYEMbBIX KOCMMYECKUX aIllapaToB.
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The fluxes of ionizing radiation in near-Earth’s cosmic space vary by orders of magnitude;
therefore existing average empirical models of Earth’s radiation belts are not always suf-
ficient for estimation of the radiation conditions in spacecraft orbits. Skobeltsyn Institute
of Nuclear Physics of Moscow State University jointly with Scientific Research Institute of
Electromechanics are developing the constellation of small satellites for operational monitor-
ing of the radiation conditions in near-Earth’s space. Several small spacecraft will be launched
into different circular or elliptical orbits, measure spatial and energetic distribution of energetic
proton and electron fluxes in near-Earth’s space and promptly send the data to the ground using
the satellite data retranslation systems. On the current stage computations and selection of the
optimal satellite orbits and the content and layout of measuring equipment are performed.
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YK 629.785 : 523.62-726

MPUMEHEHUE MUKPO- U HAHOCTYTHUKOB ANA UCCEAOBAHUN
BHELWHEW MATHUTOCOEPBI U CONHEYHOTO BETPA

A. A. llempykosuy, K0. H. A2achoros, H. A. Jiicmorm

NHCTUTYT KOCMUYecKkux nccnenoBaHnin Poccunckon akagemmun Hayk (MK PAH)

3a nocneqnue 30 ner B Poccun, CIIA, EBporie, Kutae u SImoHnu Obuin 3amyiieHbl He-
CKOJIbKO JICCSITKOB CITyTHUKOB JIJISI UCCIEMOBAaHUM BHEITHENH MarHUTOCHEphl U COTHEY-
HoOro BeTpa. B 2Toil cBsI3u, mpexne Bcero, He0OXOAMMO OIPENeIUTh 1IeIeCO00pa3Ho JIU
HCTOJIb30BaHUE CIYTHUKOB MUKPO- U HAHOKJIacca ISl MPOJOIXKEHUST TAKUX UCCIen0Ba-
HMI, TaK KaK OHU MOTYT UMETh Ha 60PTY TOJIBKO CYIIIECTBEHHO MEHBIINIT HabOp ammapa-
Typbl. Hanbosee mepcreKTBHBIM MPENCTaBISIeTCS MCITOJIb30BaHUE TAKOTO MAaJIOTO CITyT-
HMKa KaK «JIeTarollero npubopa», COMpoBOXKIAIONIET0 OCHOBHOM KOCMUYECKMIA anmapar
U MPOBOSILEro TOJBKO YacTh U3BMEPEHUI, ompeneisieMblX KOHKPETHOM HaydHOU 3ama-
yeit. TIpemnaraiorcs 1Be BO3MOXHBIE HayYHbIe 3aJayy IO M3YYeHWIO0 KMHETUKW MOHOB
U 2JICKTPOHOB BO BHEIIHEI THEBHOM MarHutocdepe U COJHEYHOM BeTpe. Takke chop-
MYJIMPOBaHbI TPEOOBAHMSI K CIIy>KEOHBIM CUCTEMaM TaKOTO KOCMUYECKOTO arlrnapara.

JaHHOe ucciiefioBaHue ObLJIO BBIIOJHEHO B paMKaxX HAyYHO-UCCIIEI0BaTeIbCKOM pa-
00THI «Marucrpaiib».

Katouesvie cr06a: MUKPOCTIYTHUK, HAHOCITYTHMK, BHEITHSISI MarHUTOC(epa, CoHeu-
HbIi BETep, KWHETUKA T1a3Mbl.

BBELAEHUE

3amauyy MccliefOBaHWM TIJIa3Mbl BHEIITHEW MarHuTocdephbl 3eMJIN M COJITHEUHOTO
BeTpa MPUBJIEKAIOT BHUMaHUE KOCMUYECKUX areHTCTB Pa3HbIX CTPaH B TeUEHUE
BCEl KOCMMYECKOM 3phl. DTO CBSI3aHO KaK C BaXKHOCTBIO 3TOI 30HBI KaK 4acTu
CHUCTEMBI COJIHEUHO-3EMHBIX CBSI3€H, TaK U C BO3MOXHOCTBIO M3y4eHUsl (pyHIa-
MEHTaJIbHBIX 3aKOHOB CaMOOpraHM3aluy OecCTOJKHOBUTEIbHOMN IIa3Mbl, Xa-
paKTEpHOM MJI IIMPOKOro Kpyra acTPOHOMMYECKUX OOBEKTOB. 3a IMOCJEAHUE
30 et B Poccuu, CIIIA, Epone, Kutae u JnoHuu ObUIM 3amyllieHbl HECKOIb-
Ko necsaTtkoB criyTHUKOB (mpoekThl ISEE (International Sun-Earth Explorer),
AMPTE (Active Magnetospheric Particle Tracer Explorers), MHTEPBOJI,
GEOTAIL (Geomagnetic Tail Lab), WIND, POLAR, CLUSTER, DOUBLE
STAR, THEMIS (Time History of Events and Macroscale Interactions during
Substorms), B 2015 r. — MMS (Magnetospheric Multiscale)). JlaHHbIe KOCMUYE-
ckue anmnapathbl (KA) uMenu Ha 00OpPTY OT HECKOJIBKUX JECSITKOB 0 HECKOJIBKUX
COTEH KUJIOTpaMMOB Hay4YyHOW amnmnapaTypbl, U3MepsBIlIell BeCb HAOOp napame-
TPOB IJIa3Mbl U 3JIEKTPOMArHUTHBIX MOJIEM.

C y4€TOM COBPEMEHHOM TEHJAEHIIMM Ha MCMOJIb30BAaHUE CIYTHUKOB MaJlbIX
pa3MepoB, Mpex/e BCero, HEOOXOAMMO OIPEAEIUTh HAyUHbIE 3aa4u, 11 pellle-
HUSI KOTOPBIX MCIIOIb30BaHME CITyTHUKOB MUKPO- 1 HaHOKJIacca (manee MHKA)
SIBJIIETCS 11€71eCO00pa3HbIM C TOYKM 3PEHUS TTOTYYEHUS] HOBBIX PE3YJIbTATOB U C
YY4E€TOM CYIIECTBEHHO MEHBIIIETO Habopa HaydHO! anmnapaTtypsl Ha 6opty. Kpome

IlerpykoBrmy AHaTONMMI AJleKceeBUY — 3aBEeNyIONIUI OTAEIOM, TOKTOp (DU3MKO-MaTeMaTuyie-
CKMX Hayk, apetruko@iki.rssi.ru

AradonoB IOpuit HukonaeBruy — miaBHbII ClIELMATUCT

Diicmont Hatan AHnpeeBrY — BemylInit HAYIHBIN COTPYIHUK, KaHAUIAT (PU3NKO-MaTeMaTh-
YeCcKMX HayK, natan-eismont@yandex.ru
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MpumeHeH1e MUKPO- 1 HAHOCNYTHUKOB A CCTIENO0BAHMIA BHELUHel MarHUTOC)Epbl U CONHEYHOrO BETpa

TOTO, C BBICOKOAIMOTeHON OpOUTHI U3-3a CJA00CTU OOPTOBOI 3JEKTPOCUCTEMbI
(Majoii TIoIIaAM MaHeJiel COJMHEeUHBIX Oarapeii) MpsiMasi mepenada Ha 3eMiTio
OONBIINX MOTOKOB MH(MOPMAaIM, XapaKTePHBIX IJIsI COBPEMEHHBIX IPOEKTOB,
TakxKe HeBO3MOXHa. B 3Toil cBsI3m Hambosiee TepCIIEKTUBHBIM ITPEACTaBIISIET-
csl UCTMOJIb30BaHUEe BO BHelllHel marHutochepe MHKA kak «jietaroliero nmpu-
Oopa», COIPOBOXIAIOIIETO OCHOBHOM KOCMMYECKMIA ammapaT W HpOBOISIIE-
IO TOJIbKO YaCTb U3MEPEHUI, OIpEHesieMblX KOHKPETHOM HAyYHOW 3amadecid.
MHKA B gaHHOI1 cXeMe BBIINOJHSIET 0CO0YI0 (PYHKIIMIO IO M3MEPEHUIO HE00-
XOJIMMBIX IMapaMeTPOB B NOMOJHUTEIbHOM TOYKE MPOCTPAHCTBA, YTO O0ecHeyn-
BaeT MoJy4YeHre MHGpOpMAllMU O MPOCTPAHCTBEHHBIX CTPYKTypaX, HEIOCTUXKHU-
MO MIPY UCMOJIb30BaHUM TOJIBKO OOHOTO ciyTHUKA. ITpy 3TOM TakKe periaercs
3HAYUTEJIbHAS YacThb TEXHUYECKUX TpyAHocTel nmpuMmeHeHnss MHKA Ha Bbico-
KoanoreiHou opouTe: OH MOXET ObITh BBIBEJEH HA OPOUTY BMECTE C OCHOBHBIM
CIYTHUKOM, KOTOPBIIi MOXET ObITh MCIOJb30BaH IJIS Iepeaadyr MHMopMaun
KakK peTpaHcigTop. bonee Toro, mocie 3amycka 4eTBEPOK U ISITEPOK CIYTHU-
koB (Cluster, MMS, THEMIS) paccmarpuBaloTcsl MEpCNeKTUBHBIE MTPOESKThI
¢ 12—36 cnyraukamu. Ilpumenenne MHKA B Takux cucreMax CTaHOBUTCS He-
U30€XXHBIM, UMesI B BUAY OTPaHUYEHMST KaK TEXHUYECKOIo, TaK U (prHAHCOBOIO
xXapakTepa.

Takum obpa3zom, nmpeAcTaBIsIeTCs 1LeJIeCOo00pa3HbIM PacCMOTPETh BO3MOXK-
Hble noaxoabl K 00auky MHKA nis uccienoBaHus BHELIHENH MarHutocgepbl
M COJTHEYHOIO BeTpa, C YYETOM MX MCIIOJb30BaHUSI MMEHHO KaK CyOCITyTHMKOB
npu ocHoBHOM KA. Heo6xonnmMo oTMETUTD, YTO MUKPOCHTYTHUKU (0K0JIO 50 KT)
C HAay4YHOW annapaTypou JJIsl UCCIeIOBAaHUI TJ1a3Mbl paHee yXe 3alyCKaJIMCh Ha
BeicokoamnoreiiHbie opoutsl (mpoekT MHTEPBOJI, cybcnyTHUK «MarnoH-4»).
OnBIT Xe UCMHOJIb30BaHUSI HAHOCITYTHUKOB (Macca 10...20 KT) oTCyTCTBYeT.

1. BbIbOP HAYYHbIX 3A0AY

IIpu moctaHoBKe Hay4yHbIX 3ama4 119 MHKA HeoOGxoauMo yBSI3bIBaTh UX C TeX-
HUYECKON BO3MOXHOCTBIO pealM3alluM B YCIOBUSX XECTKMX OrpaHUYCHUI
o pecypcaM Ha OopTy. 3amaya MHOTOTOYEYHBIX M3MEPEHUI B IIJIa3Me OOBIYHO
dopmynupyeTcs yepe3 TpeOoBaHUE pa3pellieHUs] CTPYKTYp ¢ KaKMM-JIMOO Tpo-
CTPAaHCTBEHHBIM WJIM BpeMEHHBIM MaclitaboMm. Ilpy 3TOM HaHHBINA MPOCTpaH-
CTBEHHBIN MAacIUTab JOKEH COOTBETCTBOBATH PACCTOSIHUIO MEXAY CITyTHUKA-
mu. Bo BHellIHelt MarHuTocdepe U COTHEUYHOM BeTpE BBIASISIIOT TPU TUIIA Mac-
IITA0OB: «3JIEKTPOHHbIE KMHETUYECKME», Ha KOTOPBIX IPOSIBILIETCS KMHETUKA
a71eKTpoHOB (10 10 kM 1 MeHee 100 Mc), «<MOHHBbIE KHUHETUYECKIE», HA KOTOPBIX
BJIEKTPOHBI BeIyT ce0sl KaK >KMAKOCTb, a MOHbI pazMarHudeHsl (100...10 000 km
u 0,1...10c), 1 «KMAKOCTHBIE», HA KOTOPBIX IIa3Ma BEAET cebsl KakK eauHas
xunkoctb (6osee 10 000 km u 100 ¢). MccnenoBaHue mia3MeHHBIX MPOLIECCOB
Ha KaXIOM M3 3TUX MAacIITabOB HaKJIaIblBaeT CBOM OrpaHMYEHUS] U TpedoBa-
HUS Ha XapaKTePUCTUKU MaJIoro CIIyTHUKA M HAay4dyHOI ammaparypsl. [1pu aToM
MHOTUE BUIBI UBMEPEHUI (HAIIpUMED, TTOJTHBIX (DYHKIIMI pacpeneeHIus HOHOB
U 2JIEKTPOHOB) 3aBeIOMO HeBO3MOXHO IlpoBect Ha MHKA ¢ mocrarouHoi
10 COBPEMEHHBIM TPEOOBAHMSAM TOUYHOCTBIO, TAK KaK TaKue MPUOOPHl MUMEIOT
JIOCTATOYHO OOJIbIIME TabapUTHI.
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Haunbosee nHTepecHbl UCCIEAOBAHUS HA MOHHBIX U 3JIEKTPOHHBIX KUHETH-
YecKMX MacilTabax, Tak KaK MMEHHO 37ech Haubojee 3(GEeKTUBHO UAYT IPO-
LIecChl TiepepacnpeeeHUsI SHepruM B 1iasmMe. KpoMe Toro, npu U3MepeHuUsx
Ha MaciuTabax 6osee 10 000 KM CITyTHUKHM 4acTo OYAYT HaXOAUThCS B CTOJIb pa3-
JIMYHBIX YCJIOBUSIX, YTO IJISI MHTEPIIPETallui COCTOSIHUS IUIa3Mbl B TAHHBIX TOY-
Kax ToTpedyeTcs MOJHBIM Habop udMepeHui, Kotopblii Ha MHKA BbinosHeH
3aBEOMO OBITh HE MOXKET.

s pellieHUs 3aga4 MO ONpeneeHUI0 MAcIITaboB U, B YACTHOCTH, BEKTO-
pa rpagueHTa TpeOyloTCsl U3MEPEHUS B YEThIPEX TOUYKAX (TO €CTh, HA OCHOBHOM
CIYTHUKE U TPEX cyOcIyTHUKAX). IIpu paboTe Ha HECKOJIBKUX MacIiTabax OqHO-
BPEMEHHO JOJIKHBI UCIOJIb30BAaThCSl HECKOJIBKO TPOEK CYOCIYTHUKOB, MOAAEP-
JKUBAIOIINX Pa3IMYHbIE pacCTOSIHUS OT 0CHOBHOTO KA 1 fpyr OT npyra.

s ucciaenoBaHUit HA MOHHOM MacIlTabe CIYyTHUKU AOJIKHBI HAXOAUTHCS
(ManeBpupoBaTh) Ha paccrossHusax 100...10 000 km apyr ot apyra (v/uUiav oT oc-
HoBHOro KA). C yuéTroM XapaKTepHBIX CKOPOCTEil Iia3Mbl 3TO COOTBETCTBYET
HEOOXOAMMOCTU U3MEPEHUI ¢ XapaKTepHBbIM IIIarOM MO BpeMEeHU B AUara3oHe
ot 10 ¢ 10 JecaTKoB MMIITMUCEKYHA. JlJIst Tako#t 3amauyn HeoOXomuMa yCTaHOBKA
CTaHIAapTHOTO HaboOpa JaTYUKOB BJEKTPUUYECKOrO U MAarHUTHOTO TOJIsl, JaTYMKa
MOTOKA MOHOB. CIIEKTPOMETPHI HOHOB, 3JIEKTPOHOB U 9HEPIrUYHBIX YACTUL] UME-
10T BTOPOI MPUOPUTET.

HecmoTpsi Ha HeomHOKpaTHO MpoBeAgHHbIe u3aMepeHus («MHTepbos»,
«Cniektp-P»/«I1nazma-d»), aKTyalbHOCTb MCCICAOBAHUI HA MOHHOM MacIlTa-
0¢ Mo-TpexXHEeMYy BBICOKA, B YACTHOCTU, U3-3a OTCYTCTBYSl B MPOIIJIBIX MPOEK-
Tax ONTUMAJbLHOIO COCTaBa HAy4YyHO ammapartypbl. PaccMaTpuBaeMblii B HACTO-
gmiee BpeMst nmpoekT CTPAHHUMK, nins koroporo mpemioxeH MOJHBIM Habop
Hay4YHOU armapaTypbl, MO3BOJISIET CYLIECTBEHHO MPOIBUHYTHCSA BIEPEN B 3TOM
CMBICIIe, OHAKO OH MpeaycMaTpUBaeT 3alycK ToJbko onHoro KA. JlaabHeiilee
pa3BuTue TpoekTa «CTpaHHUK» C MCIIOJb30BaHUEM paccMaTpUBaeMbIX 31eCh
MHKA 3a/10:XUT OCHOBHI [Ijis1 epcieKTUBHOro (mo3aHee 2020 r.) MHOTOCITYyTHM -
KoBoro Tipoekta POM.

Hns uccnemoBaHUWil Ha BJEKTPOHHOM MacIlUTabe CIYTHUKM JOJDKHBI Ha-
XOIUThCS (MaHEBPMpPOBaTh) Ha PACCTOSIHUSX OT COTeH MeTpoB no 10 km mpyr
oT npyra (u/unm ot ocHoBHoro KA). B takoM ciiyuae HeoOXOOIMMO TIPOBOIUTH
M3MEepeHUs ¢ IIaroM 1o BpeMeHu He 6osiee 1 mc. Heobxonnuma yctaHOBKa TaT4n -
KOB BJIEKTPUUYECKOTO U MAarHUTHOTO TIOJISI COOTBETCTBYIOILIETO YACTOTHOTO JUa-
Ma3oHa, a TakxXe OBICTPOACHCTBYIOIIETO CIIEKTPOMETpa 3JEKTPOHOB. YCTaHOBKA
JaTYNKOB MOHOB HEe TpeOyeTCs, TaK KaK Ha TaKUX MaJIbIX YIAJICHUSIX MapaMeTphl
MOHOB OyIyT MASHTUYHBI U3MepsieMbiM Ha OoCHOBHOM KA. OmbIT mpoBeaeHUs
MHOTOTOYEUHBIX U3MEPEHUI ¢ TAKUM PACCTOSIHUEM CITyTHUK-CYOCHYTHUK B Ha-
crosiiiee BpeMsl OTCYTCTBYeT.

2. HAYYHAA ATMAPATYPA

Maenumomemp nocmosiHHO20 n045 B COCTaBe ABYX TPEXKOMITOHEHTHBIX JaTUMKOB,
HEeoOXOAMMBIX IJis1 u3MepeHus1 nesuauuu KA u pezepBupoBaHUsl, 1OKEH OBITH
YCTaHOBJIEH Ha mmTaHre. [IpuMepaMu 1OCTaTOUHO MUHUATIOPHOTO TEXHUYECKOTO
peieHus sBisgoTcsd MmarHuToMeTpsl mpoekToB ROSETTA u VENUS EXPRESS.
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Yacrora onpoca MarHUTOMeTpa oJKHa ObITh He MeHee 64 I'1. Jluana3zoH usme-
penuii — 0...1000 HT ¢ YyBCTBUTENBHOCTBIO U pa3pelicHueM He MeHee 0,1 HT.

Maenumomemp nepemennoeo noas TpebyeTCs B Cllydae MPOBEICHUS U3Mepe-
HUI1 Ha 3JIeKTPOHHOM MaciuTabe. Habop u3 TpéX 0OMHOKOMITOHEHTHBIX JaTYNKOB
JOJKEeH OBITh YCTAHOBJIEH Ha IuTaHre. YacTora ornpoca IokKHa ObITh HE MEHee
1000 I';. YyBCTBUTEIBHOCTD ONIPEAEISIETCST JOMOJIHUTEILHO ITPU YTOYHEHUY Ha-
YYHOM 3a1a4u.

Jlamuuk anexmpuyeckoeo noas TIPEACTaBISIET COOOM JOBOWHONM 30HI
JlenrMmiopa Ij1s1 Kaxkaoil M3 U3MEpPSIEeMbIX KOMITOHEHT, pa3MellEHHBI Ha KOH-
nax mraHr. KonudecTBo nmap JaTYMKOB OMpeaessieTcsl, Mpexae BCero, BO3MOX-
HOCTSIMU pa3MelleHus mTaHr. CKOpocTh orpoca B ciaydyae paboThl HA MOHHOM
macmradbe — go 100 I'm, Ha siekTpoHHOM Maciutabe — He MeHee 1000 I'm.
Huana3oH nusMepeHuii — He MmeHee =10 MB/M.

Jlamuux nomoka uonos (unmuHap Papanes ) ycTaHaBIMBaeTCsl Ha MOBEPXHO-
CTU CITyTHMKa, oOpaméHHoi K ConHiy. HaGop nmoTeH1IManoB Ha ceTKax JaTdyuKa
JOJKEeH ObITh ONTUMM3UPOBAH JJISI UBMEPEHUI COJIHEUHOTO BETpa U MarHUTOC-
Jiosgt. Ckopoctb orpoca — a0 100 I'm.

Jlamuuku cnekmpoé UOH08 U 21eKMPOHOE TIPEICTABISIIOT OO0 31eKTpocTa-
TUYECKHME CIIEKTPOMETPHI MJIs Auamna3oHa 3Hepruii (mpumMepHo) 20...20 000 3B.
HanpapneHus1 mprxoaa 4yacTHUIL OIpallMBalOTCsl MOCAEA0BaTeIbHO 3a CUET Bpa-
LIEeHUS CITyTHUKA WM MapajieJibHO 33 CYET YCTAHOBKU HECKOJIBKUX JATYMKOB.
st paboThl Ha MOHHOM MaclluTabe B JHEBHOM MarHurocdepe oITumalibHa
yctaHoBka natyuka tuna ROMAP (Rosetta Lander Magnetometer and Plasma
Monitor) (mpoekt PO3ETTA) [Auster et al., 2007], BKJIIO4alOIIEro MHpPOCThIE
KOMOMHUPOBAHHBIE TaTYMKKU MOHOB U 3JIEKTPOHOB. YacToTa ormpoca — He Me-
Hee | I'u. /Ins 3amaum McciaeqoBaHU Ha 3JIEKTPOHHOM MacluTtabe HeoOXxomaruma
YCTAaHOBKA HECKOJIBKUX 3JICKTPOHHBIX JATYMKOB C JOBOJHHO LIMPOKHM YIJIOM
3axBaTa W JTOCTATOYHO TpyOOI celleKUMel 10 SHEPTUU, YTO MO3BOJUT KOMIIEH-
CHpPOBaTh MaJIyl0 YYBCTBUTEIBLHOCTb JAaTYMKa, CBSI3aHHYIO C MajibIM pa3MEpOM.
Yacrora ornpoca B TakoM ciydae — He MeHee 100 I'm.

Jlamyuuxu sHepeuyHvix UOHO8 U 21eKmpoHo6 (OOVH JUISI MOHOB U ONMH IS
3JIEKTPOHOB) IOJLKHBI OBITh YCTAaHOBJIEHBI Ha TeHEBOM IoBepxHOcTHM KA mis
HUCKJTIOYEHUS TIOMEX OT COJIHEYHOTo cBeTa. M3MepeHus CIIeKTPOB IO DHEPTUU
B nuarma3zoHe He MeHee 20...400 k3B moJKHBI TIPOBOAUTHLCS HE pexke OJHOTro pasa
B CEKYHIY.

Cxoxuii Habop NMpUOOPOB ObLI peaar30BaH, B YACTHOCTM Ha CYOCITYyTHU-
ke «MarnoH-4» [Agafonov et al., 1996; Triska et al., 1999; Zelenyi et al., 1997].
CyllecTBYIOT U Apyrve MpUMEpbl MajlorabapuTHBIX KOMILIEKCOB TaKOro poja,
HampuMep IIJIa3MEHHBIM KOMILJIEKC IJIsI mocamouyHoro ammapara Philae mpoek-
ta PO3ETTA [Auster et al., 2007]. CoBpeMeHHbIE BapUaHThl IPUOOPOB ObLIU
npopabotanbl U Wi npoekta CTPAHHUK (Hayunas annapatypa «CTpaHHUK»
(KHA-C). INosicHuTenbHas 3amucka K 3cku3HoMy Ipoekty HPAK.411918.057

157



A. A. llempykosuy, 0. H. Aeacporos, H. A. Jiicmonm

I13. KM PAH, 2013). B Bapuante mist MHKA nipubopbl 10JKHBI CO31aBaTh-
Csl C YYETOM XKECTKMX TpeOOBaHWI MO Macce W IHEPronoTpedseHuIo. Pexxumbl
paboThHl W yIpaBieHUWE NpUOOpaMU TOKHBI OBITh CYIIECTBEHHO YIIPOILIEHBI.
DIIeKTpOHHBIE OJIOKU TPUOOPOB JOKHBI OBITH IO BO3MOXHOCTU OObEANHEHBI.

OCHOBHBIE OLICHOYHbIE TEXHUYECKHE XapaKTePUCTUKU KOMIUIeKCa HaydHOM
arnmnaparypbl IpuBeACHbI B Ta0JI. 1 U 2 ¢ Y4ETOM MPUOPUTETOB PA3TUYHBIX Hayy-
HBIX 33/1a4 ¥ HAUTUYUS IPOTOTUIIOB MPUOOPOB.

Ta6muma 1. OCHOBHBIE OLIECHOYHBIE TEXHUIECKHE XapaKTepUCTUKU
Hay4YHOM anmapaTtypsl IUIsl UCCIIeIOBaHMI HA MIOHHOM MacIiTade

IIpudop IIpuoputer | Macca | Mommuoctb | IndopmMaTuBHOCTD
[xr] [BT] [kOuT/c]

MarHuroMeTp IMTOCTOSTHHOTO TTOJIST 1 1 2 4
JlaTyuK >eKTprY. oSt 2 0,5 1 4
JlaTyuK IMOTOKa NOHOB 1 0,5 2 2
CrieKTpOMeTp UOHOB U DJIEKTPOHOB 2 1,0 3 4
JlaT4uK 9HEPrUYHbIX YACTHUIL 2 0,8 2 1

Hmoeo: 3,8 10 15

Ta6uma 2. OCHOBHBIE OLIECHOYHBIE TEXHUIECKHE XapaKTepUCTUKU
Hay4yHOW amnmaparyphbl IJIs1 UICCJIEIOBAHUI Ha 3JIEKTPOHHOM MacinTabe

IIpudop IIpuoputer | Macca | Momuoctb | InopMaTHBHOCTH
[xr] [BT] [kOuT/c]
MarHutoMeTp MOCTOSIHHOTO MOJIsI 1 1 2 4
MarHutomMeTp epeMeHHOTO MOoJIs 1 1 2 32
JlaTyuK 2JIeKTPUUYECKOTO MOJIst 2 0,5 1 32
JlaTyuK IMOTOKa MOHOB 2 0,5 2 2
CeKTpoMeTp 3JIeKTPOHOB 1 1,0 3 20
Hmoeo: 4,0 10 90

3. TPEBOBAHUA K OPBUTE
N KOCMUYECKOMY AMNMAPATY

CyOCIyTHUK AOJKEH BBIBOIMUTHCSI COBMECTHO C OCHOBHbIM KA u oTaensiTh-
Csl OT HEero cpasy Mmocjie Bbixona Ha padbouyio opouty. JlaHHas cxema Obuia OT-
paborana B mpoekTe «MHTEpOOI». BhICOTa amorest opOUTHL JJI1 UCCAEAOBaHUI
BHellIHel MarHuTocdepnl 3emiau u cojaHeuHoro Berpa — 150 000...200 000 km.
TouHOCTh 3HAHUSI OpPOUTHI (YOAJeHWs OT OCHOBHOTO CITyTHUKA) He Xyxe 1 %
OT PacCTOSIHUSI CITYTHUK-CYOCTYTHUK. TOYHOCTh MOJiep>KaHusl 3aJaHHOTO yaa-
JIEHUST OT OCHOBHOTO CITYyTHMKA MOXET COCTaBIIATh 10 50 % OT HOMUHAJIBHOTO.
s MaHeBpUPOBaHMUSI OTHOCUTEbHO ocHOBHOro KA mpencraBaseTcs: no-
CTaTOYHBIM MCITOJIb30BaHME AUCTAHLIMOHHOTO yrpaBieHus (JIY) co cxarbiMm ra-
30M. JlanHoe pemieHue (B oTimuyue ot J1Y Ha XUMMYECKUX KOMIIOHEHTAaX) IT03BO-
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JIUT CYLIECTBEHHO YMPOCTUTh HA3eMHYI0 OTPabOTKY U KOHCTpYyKLUo KA. OnbiT
npoekta MHTEPBOJI nmoka3an Bo3MOXHOCTh MaHEBpPMpPOBaHMUS CyOCITyTHHKa
Ha yJgajleHuu oT ocHoBHOro KA mopsizka ThICS4 KUJIOMETPOB IIPU HE3aBHUCHU-
MoM yrpasiieHun oboumu KA ¢ 3emuu [Agafonov et al., 1996; Triska et al., 1999;
Zelenyi et al., 1997]. B cnyyae HeoOXOAMMOCTU MOAEPKAHUS PACCTOSTHUS TO-
psiiKa eAWHULL KMJIOMETPOB TpeOOBaHUSI K TOUHOCTU MaHEBpa U KOHTPOJS Op-
OUTHI CYLIECTBEHHO YBEJIMYMBAIOTCS M 3Ta 3amaya TpeOyeT OeTajJbHOM Ipopa-
OOTKHU. AJTBTEPHATUBHBIM PELICHUEM MOXKET CTaTh UCIIOJb30BaHUE MIa3MEHHBIX
MUKpPOJIBUTATeJIei, aKTUBHO pa3pabaThIBalOIIUXCs B HacTosiiee BpeMsi. OqHaKo
MoKa TaKye JBUTraTeJ Iy He MPOIIIA JOCTaTOYHOM JIETHOM KBaaIuMUKaIIUN.

Jns pellleHUsT Hay4YHBIX 3aJa4 BO BHelIHel MarHutocgepe HeooxoauMm KA
€O cTabuiM3alyeit BpalleHUeM C OChl0, HampaBieHHOM 6o Ha ConHlie, 110
B TIOJIIOC SKJIMITUKM, MEPUOI BpallEHUSI TOKEH COCTABJISATb OT HECKOJIbKMX
0 NEeCSATKOB ceKyHI. BpaieHue HeoOXomuMo isl OOJErYeHWsl perucTpaluu
TPEXMEPHBIX (DYHKIIUI pacrpencicHUs MOHOB M 3JEKTPOHOB IO CKOPOCTSIM
M UIs1 KaauOpOBKM AATYMKOB 3JIEKTPOMAarHUTHBIX Tojieid. JlaHHbIE BapHUaHThI
OpPUEHTAIlUU CYIIECTBEHHO OTAMYAIOTCS OT Mchoyb3dyeMblx MHKA Ha HM3KO
OKOJIO3eMHOM opouTeE.

IIpu M3MepeHUSIX Ha 3JEKTPOHHBIX MacllTabaX ¢ TpeOyeMbIM BpEMEHHBIM
pa3pelleHueEM 10 MUWIIMCEKYH, MCHoib30BaHue BpalleHus KA s ckaHupo-
BaHUS YIJIOB IpUXOJa 4YacTHUll (3JEKTPOHOB) HEBO3MOXHO U 3adaya pellaeTcs
YCTAaHOBKOM HECKOJbKMX pa3HOHAMNpaBJIEHHBIX JaTYMKOB Ha MEIJICHHO Bpallla-
romemcs KA (Hanpumep, mpoekt MMS).

J11s1 U3MepeHuii Ha MOHHBIX MaclliTabax B JHEBHOI BHeEIIHel MarHuTocde-
pe U COJIHEUHOM BeTpe HeoOXOAMMO IMOCTOSSHHOE HabJIroaeHue moJrycgepsl, 00-
pamiéHHoi K ConHiy. D10 TpeboBaHUe 00ycIaBIMBaeT BbIOOP BapHaHTa C OChIO
BpalieHus1, HanpaBiaeHHoi Ha ComHue. BapuaHT ¢ ochblo BpallleHUsI, HalpaB-
JIECHHOH B MOJIOC SKJIIMITUKU, OCTAETCS aKTyaJbHBIM JJISI U3BMEPEHUI B HOYHOM
U (bJIaHroBO# YacTh MarHuTocepsl, Iae MOTOKM ILIa3Mbl PABHOBEPOSITHEHI C JII0-
0O0I1 CTOPOHHBI.

B HacTosi1ee BpeMsI OIBIT MCIOJIb30BaHUS pexXMa OpUEHTAllMY ¢ Bpallle-
HUEM BOKPYI OCH, HallpaBJIeHHOU B moJjtoc, B Poccum orcyrctByeT. IloaTomy
MpeaiaraeTcsi CoOCpeIoTOYUThCI Ha BapMaHTE OTHOCHUTEIbLHO MEMIJIEHHOIO Bpa-
IeHusI ¢ ochlo, HampaBieHHoON Ha CoiHlie. Takasi opMeHTalMsI MCIOJIb30Ba-
JIaCh Ha 3HAYUTEJIbHOM YMCJie COBETCKMX U poccuiickux KA, HampuMmep Tuiia
«[IporHos», a Takxe Ha cybcrmyTHUKax «Maruon» [Agafonov et al., 1996; Triska
et al., 1999].

OTIMYUTEIbHOM YepTOM BapyMaHTa OpUMEHTAllMU C HaIlpaBJIeHHWEeM OCU Bpa-
meHus Ha CoJiHLE SIBISIETCSI HEOOXOAMMOCTh IePUOANYECKOTO JOBEICHMST Ha-
npasiieHus1 ocu BpaiieHuss KA Ha CouHile, CBSI3aHHOI'O C TOJOBBIM O0OpallleHUEM
3emiu Bokpyr CoJiHIIa (IPpMMEPHO Ha OAMH rpaayc B neHb). [TpoBeneHue Tako-
ro pona koppekiuii Ha MHKA HexenaTeabHO, TaK KaK 3TO CYIIECTBEHHO YA0-
poKaeT ero 3KCIUTyaTaluio U YCIOXHSIET KOHCTPYKIIMIO. [Jisi aBTOMaTUYeCKOIo
yaepxaHusi ocu BpaieHuss KA B Hy>KHOI OpHEHTAllMM MOXHO HCIIOJb30BaTh
MOMEHT, CO3[daBaeMblil MaHEISIMM COJIHEYHBIX OaTapeil KaK COJHEYHBIM Iapy-
coM. Taxkoit meTon O6bu1 oripo6oBaH Ha KA «MaruoH-4» 1 BO3MOXEH Mpu oIlpe-
JIeJEHHOM COOTHOIIEHMM MEXAY IUIOIIAAbl0 MaHesel, CKOPOCThbIO BpallleHUS
KA u pacnonoxenueM nanesneii [Eismont et al., 1996].
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N3MepeHns1 opueHTAallM¥ MOTYT OBITh BBITIOJIHEHBI ABYMSI-TpeMsI pa3HOHa-
npaBjieHHbBIMU JatdynkaMu ComHia. OgHako IS orpeaeieHUs TTOJTHOM OpueH-
TalluM HeOOXOAMM 3BE3AHBIN AaT4uK. TpeOyemass TOUHOCTh 3HAHUSI OpHUEHTA-
uuu — He xyxe 0,1°. TouHocTh HaBeneHust Ha CojHile — B Tipeaenax 10°.

IIpennaraemast cxema noaaepKaHus OpUeHTALMU TpeOyeT pacKpbITUs MaHe-
JIEH COJIHEYHBIX OaTapeil «Ha KpbLIbsX», oOpalléHHbIX K COJIHILYy, a HE Ha KOp-
nmyce KA (kKak 3To 00bIYHO JejlaeTcsl Ha COBpeMeHHBIX Majibix KA). JlaHHBI BUIT
pa3MelleHusl, ¢ OJHOM CTOPOHBI, TpeOyeT MexaHU3Ma PacKPhITUS, HO, C APYrou
CTOPOHBI, TTO3BOJISIET PEaTn30BaTh CYIIECTBEHHO OOJIBIIYIO TJIOMIAAb COTHEUHBIX
nmaHesel (oJHOBpeMeHHO ocBellaecMblx COTHIIEM) U, TAKUM 00pa3oM, YIy4IIUTh
SHEProBoopyk€HHOCTh KA, a Takxke 00JerduTh MpodeMbl pealu3aluu TeTio-
BOro pexxuMa (3a cu€T BO3MOXKHOCTHU cOpoca Teljla yepe3 CTeHKU, He 3aHSIThie
MaHEeIsIMU).

Hcxons u3 tpeboBaHU HamEXHOCTU Majbiii KA HoJDKeH MMETh KOMaH/I-
HYIO U TEJIEMETPUYECKYIO PAIUOJIUHUIO IS CBSI3U C HA3EMHOW CTaHLIMEH, He3a-
BUCHUMO OT HaJIM4Ms KaHajia CBSI3U ¢ OCHOBHBIM CITyTHUKOM. OHaKo uH(hopMa-
TUBHOCTb KaHaJsa CBSI3M ¢ 3eMJIEN OyaeT TOCTaTOYHO HU3KOM Ha OOJIbIIeH YacTh
OpOUTHI B CHUJIY MaJIOl MOLIIHOCTU OOPTOBOM aHTEHHBI M OOJBIION YIAJIEHHOCTH
U HEOOXOIMM KaHas CBSI3U C OCHOBHBIM CITYTHUKOM [IJIsI TIepeIaun u3MepsieMbIX
IaHHbIX. OnTuMasibHas KOHGUIypauus pamuokoMiuiekca s cBssn KA-KA
JIOJIXKHA OBITH ITpopadoTaHa JOMOJIHUTEIBHO.

BbIBOAbI

AHan3 BO3MOXHBIX HAYYHBIX 3214 111 MUKPO- U HAHOCITYTHUKOB BO BHEIIIHEH
MarHurtocgepe 3eMJIM U COJIHEUHOM BETpe MOATBEPKIaeT 1eJIeCOO00Pa3HOCTh UX
MMPUMEHEHUSI B MHOTOCITYTHUKOBBIX IPOEKTaX, KaK CYyOCITyTHUKOB OCHOBHOTO
KOCMMYECKOTO amrapara. BappaHT ¢ mpuopuUTETOM MCCAeIOBAHUS UOHHBIX KH-
HeTHMYECKMUX MaclITaboB B JHEBHOI MarHutocdepe 3eMJIM U COJITHEUHOM BETpe
Ha ynaneHussx MHKA nopsinka 1000 KM OT OCHOBHOTO KOCMHUYECKOTO araparta
SIBJISIETCSI CaMBbIM TIPEATIOYTUTEIbHBIM, KaK C TOUKM 3PEeHUS] MPOpabOTaHHOCTU
HaY4YHBIX 3a7a4, TaK U B CBSI3U C TEM, UTO BCE OCHOBHBIC TEXHUYCCKUE PEIICHUS
MMEIOT JIETHYIO KBaTM(UKALIMIO, B TOM uuncie B Poccun. /st nanbHeei mpo-
pabOTKM, B YACTHOCTU, HEOOXOAMMO MPOBECTU PACUYETHI PATUOJIUHUM CYOCITyT-
HUK-3eMJITI U CyOCITyTHUK-CITYyTHUK, OLICHUTH MapaMeTphbl IBUTATEeJIbHON ycTa-
HOBKH, a TaKXe BO3MOXHOCTb KOHTPOJISI OpUEHTALIMM KOCMMYECKOTO arrapara
C MOMOIIIBIO COJTHEUYHOIO mapyca (COJHEYHBIX IaHeleit). g BapuaHTa ¢ mpu-
OpPUTETOM HKCCJIEIOBAHUSI DJIEKTPOHHBIX MAcCIITA00B (Ha ymajJeHUsSX IOpsIKa
10 xM) TpeOyeTcsl pellieHUe TONOJHUTEIbHO BO3HMKAIOIIUX MpPOOJeM, CBI3aH-
HBIX, B YACTHOCTU, C KOHTPOJIEM MOJIOKEHUST KOCMUYECKOTO arrnapaTa Ha MajibIX
yIaJeHUsX.
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MUKPOCMYTHWUKOBAA NJIATOOPMA TABJIECAT N MUKPOCIYTHUK
«TABJIECAT-ABPOPA» HA EE OCHOBE A1 MPOBEAEHUA HAYYHbIX,
TEXHOJTIOTMYECKUX U OBPA30BATEJIbHbIX IKCMEPUMEHTOB B KOCMOCE

A. B. [lomanos, C. 0. Kapnetiko, A. B. lTonos, H. A. Nenes, A. C. Cuekos, A.J1. BnackuH,
3. C. Xymaes, J]. B. AHOpeeHkog

000 «CnyTHMKOBbIE MHHOBALIMOHHbIE KocMuyecKkume cuctembl» («CIYTHUKC»)

CraTbsl TOCBSIIEHAa MUKPOCIYTHUKOBOM ruiaTdopme TabiaerCar, a Takke IepBOMY
YaCTHOMY POCCHUICKOMY MMKpoCIyTHUKY «TabnerCar-ABpopa» Ha €€ OCHOBE pa3pa-
o6orku Komnauuu «CITYTHUKC». [IpuBoasTcs obiiee onucaHue MUKPOCITYTHUKOBOM
maThOpMbl, €€ OCHOBHBIX XapaKTePUCTUK M BO3MOXKHOCTEW, a TaKKe OCHOBHBIE Xa-
pakrepuctuku «TabmerCar-ABpophsl». Jla€Tcs npencraBieHHe 00 OpraHM3aluu padboT
HaJIl arrmapaTtoM, CTOMMOCTU TipoekTa. [IpenctaBieHbl OCHOBHBIE IOJYYEHHBIE YPOKU
IO pe3yJIbTaTaM MPOeKTUPOBAHUS W IKCIUTyaTalliy JaHHOTO ammapata. PacckaswiBaeTcst
o manpHenmux miaHax «CITYTHHUKC» mo co3maHuio HOBBIX MUKPOCITYTHUKOB II0 TeX-
Hosoruu Ta6nerCar.

Karouegwie crosa: Masble amnmapaTbl, MUKPOCITYTHUKOBas atdopmMa, cTaHIapThl Ha
3JIeKTpOMEeXaHUYecKue M MHDOPMAIIMOHHBIE MHTepGhENCHI, TTOMyTHAs T0JIe3Hasl Harpy3-
Ka, MEepBBIM YaCTHBI POCCUMCKUI MUKpocmyTHUK, TabiaerCar-ABpopa, MOIydeHHBIE
YPOKHU.

BBEAEHUE

19 utons 2014 r. B 23:11:11 nmo MOCKOBCKOMY BpEMEHHU U3 MO3ULIMOHHOIO paii-
oHa JlombOapoBckuii B OpeHOYprckoi 0o0JacTd ObLI OCYIIECTBIEH YCIIEIITHBIN
3almyck KoHBepcuoHHON pakeTsl PC-20 (pakeroii-HocuteneMm (PH) «/Ixemp»)
C TPYINOM KOCMUYECKHUX amIlapaToB, Cpear KOTOPBIX ObLI M IEPBBIA POCCHIA-
CKMI YaCTHBIII MUKPOCHYTHUK-TEXHOJOrmYecKuii nemoHcTpaTop «TabiaerCar-
Aspopa» [[Ipecc-penus..., 2014] (puc. 1). Anmapar maccoit 26 KT ObLT BBIBEIEH
Ha COJIHEYHO-CHHXPOHHYIO OpOUTY BBICOTOM 600 KM.

Anmapar cnpoektupoBaH kKommnaHuein «CITYTHHMKC» na 6aze MuKpo-
cnyTHUKoBoM Iutatdopmbl TabiaerCar. OCHOBHOI ITOJIE3HOI HArpy3KOM CIyT-
HUKa SBJsIeTCS KaMepa JUCTAaHLIMOHHOTO 30HAMPOBaHUS 3eMJIU CPEIHETO pa3-
pemieHuss pa3pabotku HayuHo-mpousBomcTBeHHOro oobeauHeHus (HITO)
«JIEITTOH» (3enenorpan).

IToranos AHzpeit BranuMupoBud — reHepabHbBIN IUPEKTOP

Kapnenko Cranucias OJieroBud — KOMMepUYECKuUii TMpeKTop, karpenko@sputnix.ru
ITonoB Anexcanap BUKTOpoBUY — TeXHUYECKUI TUPEKTOP

WBneB Hukura AHaTOJIbeBUY — BEAYLINIA MHXEHED

CuskoB AHTOH CepreeBu4 — BeAYILIUI MHXEHEP

Baackun AHTOH JICOHMIOBUY — BeOYyLIMI MHXEHEP

2Kymaes 3aitnyura CepyKoBUY — BEAYIIUI MHXEHED

Annpeenkos JImutpuii BranumMupoBud — BeAayIIuii MHXEHED
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Puc. 1. Mukpocnytuuk «TabnerCar-ABpopa»

MIATOOPMA TABJIETCAT

MuxkpocnyrHukoBas 1wiardopma TadbnerCar — 3TO COBOKYIHOCTb OOPTOBBIX
CITy>KE€OHBIX CUCTEM M 3JIEMEHTOB KOHCTPYKIIMHU, JOCTaTOYHAas sl pa3paboT-
KM MUKpPOCIlyTHHMKOB Maccoil ot 10 mo 100 kr, obGecrneumBaloias HHTerpa-
M0 U (YHKIIMOHUPOBAHUE TOJE3HBIX HArpy30K CTOPOHHUX pPa3paboTYMKOB
[[ToramoB u ap., 2015].

IInardopma obecneurBaeT BO3MOXHOCTh CO3IaHMsI Ha €€ 0a3e MUKPOCIIYT-
HUKOB Maccoit ot 10 mo 100 xr, mpegHa3HaYeHHBIX WIS (PYHKLIIMOHMPOBAHUS Ha
KPYTOBBIX O0pOUTax ¢ BeicoTaMu He Oosiee 800 KM cO CpOKOM aKTMBHOIO CYIIIE-
CTBOBaHUS He MeHee Tpex JieT. OHa Ma€T BO3MOXHOCTh MHTErpalluy IOJIe3HO
Harpy3ky pa3jMyHOrOo Ha3HaueHWs: HayyHOW, oOpa3oBaTefbHOMW, KOMMeEpue-
CKOW ¥ JIp.

ChoyTHUK, co3maBaeMblii Ha 0a3e MHMKPOCHYTHUKOBOW ILIaT(OPMBI
Tao6aerCar, obecrieunr:

* [puBeleHUE OOPTOBBIX CUCTEM B pabouee COCTOSIHUE TMOCJie OTAEIeHUS

arrapara OT HOCUTES;
* 3HepronuTaHue cClayXeOHbIX CUCTEM, TTOJIE3HON HArpy3KH;
* ofecredyeHue 3aJaHHOTO peXuMa OpUEeHTallMu B Tpebyemoll cucrteme
KOODPIMHAT;

* TeIUIOBOW peXuM (YHKIIMOHUPOBAHUS CIYXEOHBbIX CUCTEM, TOJIE3HOMN
Harpysku;

» cbop, HakoIJIeHUe, Mepenadyy Ha 3eMyio TejleMeTpuuyeckoi MHgpopMma-
1M II0 paguoKaHany auarazoHa 435..437 MI'n (yabTpaKopOTKOBOJIHO-
Boiii (YKB) nnamnazon);

* aBTOHOMHOE U KOMaHIHOe ¢ 3eMJIM yIpaBjeHue paboToil OOPTOBBIX CH-
CTeM U TOJIE3HOI Harpy3KHu;

* cOpoc Ha 3eMiTi0 MH(POPMAIIUK C TTOJIE3HOI HATPY3KH;

* cOop, XpaHeHHEe U UCTIOIb30BaHME Ha OOPTY HAaBUTAlIMOHHOW MH(pOpMa-
LIMM O MECTOTIONIOKEHMH anrapara Ha opoute (GPS-npuéMHuK).
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Puc. 2. BapuanTbl KOHGUIYpalMy MUKPOCITYTHMKOB Ha ocHOBe 1uiatdopmbl TabneTCar:
a— 1U (10 kr); 6 — 2U (25 xr); 6 — 7U (90 kr); ¢ — 4U (50 KT)

WcxonnHblil hopM-(hakTop KOHCTPYKIIUU — IIECTUYTOJbHAs IIpKU3Ma C Iva-
METPOM OIIMCAHHOM BO3j1e OCHOBaHMS OKpyxXHOCcTH 400 MM. BpicoTa mpu3mbl
3aBUCUT OT KOHG(UIypaluuyd KOHKpeTHOro ammapata. IIpyu Heo0XoaumMocTu MH-
Terpalyu ITTOJIE3HOM Harpy3KM ¢ TaOapMTHBIMHU pa3MepaMM, IPEBBIIIAIOITUMM
400 MM, OCHOBaHH1E IMPU3MbI MOXET OBITh YBEINYEHO.

bazoBas koHcTpykius 1uiatrdopmbl TadmerCar — MOAyIb Maccoil OKOJo
10 xr, monyuuBiuuii HazBaHue 1U (ot anen. UNIT — monyns). JIpyrue TUIIOBEIE
pasmepsl (2U, 3U, 4U) ¢ GonblinM pe3epBOM MO MACCe U DJIEKTPUIECKOM MOIII-
HOCTH IO TTOJIE3HYIO HAarpy3Ky MOTYT BBITIOTHSATHCS TOCPEIACTBOM YBEIMUYEHMS
KOJIMYeCTBAa OMHOTUITHBIX MoayJieit popmara 1U (puc. 2).

BriOpannkbiii popMm-pakTop 00yCIOBICH UCKIIOYUTEIHFHO BO3MOXHOCTIMU
3amycka 1iaT@opMbl B Ka4ecTBe IOITyTHOM Harpy3ku. OH He SIBISETCS SIUH-
CTBEHHBIM M MOXKET OBITh U3MEHEH B CIydyae HEOOXOAMMOCTHU Ha JII000M APYTOii.

CucreMa sHepromnuTaHus IUIATPOPMBI OOeCIIeYrMBaeT IMTAaHUE IT0JIE3HOM
Harpy3Ky MOCTOSIHHBIM CTaOMIM3UPOBAHHBIM HampsbkeHueM 5 B w/uwnmm 12 B.
Bo3MoXHBI BapruaHTHl HECTAOMIN3MPOBAHHOM IIMHBI HOMUHaIoM 12 unu 27 B.
boproBast mHdopMmanmoHHass ceTh oOecrieunBaeT MH(OPMAILMOHHBIM OOMEH
¢ TIoJIe3HOoM Harpy3koii o unrepgeiicam CAN, SpaceWire, LVDS.

CocTaB cUCTeMBbI OPMEHTAIINHN TIATMOPMBI MOXET BapbHpPOBATHCS B 3aBU-
CHMOCTH OT 3a/1a4. B ToJIHOM KOMIUIEKTAallMK CHCTeMa OpUEeHTAIINA U CTaOMITH -
3y TIpeTHa3HavYeHa TSI pEIIeHUST CIISAYIOITNX 3a1ad:
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* neMn@upoBaHUS YIJIOBBIX CKOPOCTEW CIIYTHMKA IIOCJIE OTAEJICHUS
OT paKeTbl-HOCUTEJIS

* OpHMEHTALlMM U YIVIOBOM CTAaOMJIM3ALIMU CITYTHMKA B T€UYEHUE JJIMTEIBHO-
ro BpEMEHM B 3aJaHHOM CUCTEME KOOPAMHAT IPU BBIMOJHEHUM LIEJIEBBIX
paboT ¢ TOIPEelIHOCThIO TMOJAepKaHUSI TpeOyeMoil YIJI0BOM CKOPOCTHU
1o 0,001 rpam/c, MOrpelrHOCTbIO NOAACPXKAHUS 3aJaHHOKW OpUEHTALUU
1o 10 yri. c;

* obecrnedyeHus MOBOPOTA CIYTHUKA BOKPYT LIEHTpa Macc ISl OpUeHTaLMU
naHeJiel coaHeuHbIX baTapeit Ha CoHIe;

* obecrieyeHUs] BOBMOXHOCTHM 3aKPYTKH amrapata BOKPYT MPOU3BOJBbHOM
OCH B CBSI3aHHOI CHCTeMe KOOPIMHAT.

* aBTOHOMHOTO, a TaKXXe MO KOMaHIaM Ha3eMHOTro KOMILIEKCca YIpaBiie-
HUSI, BOCCTAHOBJICHUSI OPOUTAIBLHOM OPUEHTAIIMM B Cllydyae HEIITaTHOM
PpaboThI CUCTEMBI WM €€ IJIAHOBOTO HAPYIICHMS,

* BbIIaYM MHPOPMALUU 00 YIJIOBOM MOJOXEHUU CITyTHUKA OTHOCUTEIBHO
OpOUTAIBLHOM CUCTEMbI KOOPAMHAT C 4YacTOTOM He MeHee S5 Il s mepe-
Jlaur e€ OOPTOBBLIM ITOTPEOUTENSIM, a TAKXKe HAa HA3eMHBIN ITYHKT MpHUéMa
1 00pabOTKM 3TOM MHGMOPMALIUU.

Cucrema obecrieyeHMsI TEIUIOBOTO peXuMa TIaT@OpMBbI SIBISIETCS TTaCCUB-
HOIt 1 00eCeYrBaeT:
* TeMIlepaTypy MOCagOYHBIX MECT CIYXXEOHBIX CUCTEM M HAayYHbBIX MPUOO-
POB B HerepMeTUYHOM ITpubopHOoM 0j10ke oT —30 1o +50 °C;
* TeMmIlepaTypy MOCAIOYHbIX MECT aKKyMYISITOpHBIX Oartapeir ot 0 1o
+40 °C.

MUKPOCMNYTHUK «TABJIETCAT-ABPOPA»

BriBeneHHblii Ha opouty B 2014 r. mukpocnyTHuk «TabnerCar-ABpopa»
(puc. 3) cran, mo cytu, Momudukauuein riardopmbl TadraerCar dopmara
3U. KOHCTpyKLIMOHHO HaHHbI (popMaT oOecneyrMBaeT BO3MOXKHOCTb YyCTa-
HOBKM II0JIE3HOM HArpy3KM CO CPEeIHEBUTKOBOI MOTPEOJIsIEeMOli MOIIHOCTHIO
1o 20 BT, nukoBoii — no 75 BT nipu miuTeabHOCTU paboThl 10 10 MUH Ha BUTKE.
I'eHepupyemasi MOIIHOCTb C LIECTH PACKPBIBAIOIIMXCS MaHeJe COTHEeUHbIX Oa-
Tapeit coctanisieT 10 120 BT B KOHIIe aKTMBHOI'O CpOKa CYIIECTBOBAHMSI.

B npoekte ABPOPA miatgopMma 1o3Boyinia MHTETpUPOBaTh B KOMIIOHOBKY
nanxpoMarudeckyio kamepy JIEIITOH-MOHO nuctaHLMOHHOTO 30HIMPOBa-
Hus 3emiu npousBoactsa HITO JIEIITOH ¢ xapakrepucTukaMu, IpyUBeAEHHbBI-
MU HUXE.

OcHoenbie xapakmepucmuku kamepwt JTEIITOH-MOHO

YUCITO CIIEKTPATBHBIX KAHATIOB .+« + v v ev e e e vtee e e e eieeeeeannnns 1

CHEKTPATBHAT TIOMOCA « « « o v e v e e et e e e e et eeeeen 430...950 um
PaspetieHre B Haaup (MPOEKUIMS TTIUKCEIIS) .« o v oo e e eveee e 15,6 m
IIrprHA TOMOCH 3aXBATA &+ .\ oo e e e e eenn.s 51 km (51%38-kanp)
| 57 (o) (o33 521 (=) o 1SR 1 mr.
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Paboume YIITBI COMHIIA . . . o\ oottt et e et e e e e et 5...90°
PaGounii AMana30H TEMIIEPATYD &« . o v v v v e ee e e eeeeeee e 0...+40°C
MHTEPMEMC YIIPABIICHUST . . . o o v e e et e ee e et et e e e e CAN
MacCCa ..o e 1,5kr
FaBapUTBL. . . . oottt et 92,5%92,5%292 MM
DHepromoTpedIeHHE:

* PAOOUMI PEKMM . . v vt ve e et e e et e e e He 6osee 8 Br

301 (59 8) 030 0153 (¢ 1Y (U He Oonee 1 Br

CIyTHUK OCHAaIlI€H TakXe OOPTOBBIM KOMILIEKCOM IIepenauyu AaHHbIX

X-nuana3oHa, oOecleuMBalIIUM Iiepenadyy HHGOPMALMKU CO CKOPOCThIO
70 Mout/c Ha Hecymieit yactore 8192 MI'T Ha Ha3eMHBII KOMILIEKC TpPU-
éMa 1 00paboTKU MHGpOPMALIMU C IOJIE3HOK Harpy3ku «YHUCKaH» pa3paboTKu
MuxenepHo-TexHoorndeckoro neHrpa (UTI) «CkaHDKC» ¢ aHTEHHOM CUCTe-
MOM JMaMETPOM 3epKaJia oT 2,5 M.

I[ToMuMoO TIO/IE3HOM HATrPY3KH, CITYTHUK coiepXuT 10 90 % 3aHOBO paspa-

0OTaHHBIX OOPTOBBIX CIYKeOHBIX cucTeM. IloaTOMYy ero riaBHOe Ha3HAYEHUE —
OBITH TEXHOJIOTMYECKUM JEMOHCTPATOPOM, IpemHAa3HAUYEHHBIM IS OTPaOOTKHU
HOBBIX IPUOOPOB U CIIYKEOHBIX CUCTEM B KOocMoce. Cpenu HUX:
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MajiorabapuTHBIM  3BE3AHBINM JaTuuk (pa3padbotka <«CITYTHUKC»
u UK PAH);

1udposblie cosiHeuHble naTYuku («CITYTHUKCy);

IMMPOBOI TaTUYUK YIIIOBOM CKOPOCTU C COBMEIIEHHBIM MAarHUTOMETPOM
(«CITYTHHUKC»);

nuratean-mMaxoBuku («CITYTHHUKC»);

rupoaunbl («CITYTHHUKC»);

BJIEKTPOMAarHuTHBIE KaTylKu ¢ 0j1okoM yrpapieHus («CITYTHUKC»);
o6optoBoii GPS-npuémuuxk («CITYTHUKC» u OO0 «AuM XonmuHr»,
MockBa);

6ok opueHTtauuu u crabunuzaunu («CITYTHUKC» u UHcTuTyT nipu-
kinagHoit marematuku (MUIIM) um. M. B. Kennpimma PAH, ocHoBaH Ha
ONBITe Pa3pabOTKM aHAJOTWYHOW CHUCTEMBI IS MaJOTO KOCMUYECKO-
ro armapara (MKA) «Yubuc-M» [MBanoB u np., 2014; Ivanov et al.,
2014a, b; Ovchinnikov et al., 2014]);

6oproBoii koMrutekc yrnpasieHust («CITYTHUKC» u Cubupckuii rocy-
JapCTBEHHBII a’poKocMmuieckuii yHuBepcuteT, KpacHosapck [Hukutun
u 1ap., 2012; XanoB u ap., 2013; Yekmapes u ap., 2011; lHlaxmaToB u ap.,
2012]);

o6oproBas aHTeHHas cucteMa X-nuamnazoHa («CITYTHUKC» u HITO uwm.
C.A. JlaBoukuHa [[IIaxanoB u ap., 2013]);

cucrema sHepronutaHust («CIIYTHHUKC» u OO0 <«B¢pPe», Kpac-
HOSIPCK);

LiFePO4-akkymynsatopHas 6arapes («CITYTHUKC»);

naHenu coiaHedyHbIx Oatapeil (Innovative Solution in Space B.V. (ISIS.),
Hendr, N'omnanmus);

OoprToBOil paguomonynb auanaszoHa 435..437 MI'm (Berlin TU,
I'epmanust).
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Anmerna YEB-granaoqa

Puc. 4. Komnonoska MKA «Ta6nerCar-ABpopa»
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Ha puc. 4 nmokazaHa BHYTpeHHsISI KOMIIOHOBKa «ABpOpbI», 00ecreynBalo-
11ass CBOOOIHBIN JOCTYIT K OOPTOBOMY 000PYIOBAaHUIO TIPU €ro COOpPKE 1 Ha3eM-
HOIt OTpabOTKe.

OPTAHU3ALNA PABOT NO CNYTHUKY

KoHTpakT Ha 3amyck anrmapara ObL1 MoAnucaH B Hauasie Hosiops 2013 r., 3amyck
ObLT M3HAYAJIbHO 3aIIaHMpPOBaH Ha KoHell MapTta 2014 r. dakTtuueckuii rpaduk

paboT 1o MPOEKTy MpeacTaBjieH B Tao. 1.

Taomua 1. @axtyeckuii rpaduk paboT 1Mo co3aaHUIO

MKA «TabnerCart-ABpopa»

Dran

CpoK BBINOJTHEHUS

IMoscHenus

[TonckoBble 1 TPenNTPOEKTHBIE
paboThI

2011-2013 rr.

B pamkax puHaHcupoBaHus dhoHaa
«CKOJIKOBO»; cO3IaH psii QYHKIINO-
HaJIbHbIX MAaKETOB MPUOOPOB

[Noanmucanue KOHTpakTa Ha 3a-
nyck anmapara Ha PH «/Inenp»

5 Hosa0ps 2013 1.

Onepatop PH xommnanus «Kocmo-
Tpac»

DCKU3HOE TPOEKTUPOBAHUE
arapara

Hos6pb-nexadbpb
2013 .

Hcnonb3oBan 3aaen «CKOJIKOBO»,
IJIaBHOE — corjlacoBaHue uHTepdeii-
coB ¢ PH «/lHenp»

M3rorosneHue rabapuTHO-Be-
COBOTO 9KBUBAJIEHTA

Jlekabpb-siHBApb
2014 .

[Mporotun crnyTHUKA AJIs1 TIPUMEPOY-
HBIX 1 MEXaHUYECKUX UCTIBITAHUM

KOMHaTthbI

2014 r.

IMpumepounsie ncnbiTanus Ha | 20—30 sHBaps JIHeTpoTIeTpOBCK
PH «[dnenp» 2014 r.
CTpOUTETBCTBO «IUCTOM» Hexaopb-deBpanb | Obuc « CITYTHUKC»

H3zrorosiaeHue npubopos

Hosiopb-anpenb
2014 .

Yactb npubopos u3 3anena «CITYT-
HUKC» no rpanTy «CKOJIKOBO»

ABTOHOMHBIE UCTIBITAHUST TIPU-
6opoB

Mapt-maii 2014 r.

«CITYTHUKC», OAO «HayuyHo-uc-
CJIeIOBATEIbCKUIA MHCTUTYT JIEKTPO-
mexaHukm» (HUMOM, Hctpa)

[NonyuyeHue maHeei COMHEY -
HBIX OaTapeit

Maii 2014 r.

IMonyuens! u3 lomnanouu

Cbopka, KOMIUIEKCHBIE UC-
MbITAaHUS

Arnpenb-Mait
2014 .

«Yucrasg» komHara «CITYTHUKC»

INoaroroBKa CIyTHUKA K OT-
paBKe Ha IyCKOBYIO 6a3y

1 utoHs1 —7 UIOHS
2014 r.

OOBIYHBIM peiicoM KoMIaHuu «OpeH-
Oyprckue aBUaJIMHUN»

ITonroroBka anmapara K 3a- 7—12 vitoHs duHanbHas MpoBepKa BCEX CUCTEM,

MyCKy Ha ITyCKOBOI 6a3e 2014 r. CTBIKOBKA C HOCUTEJIeM, HaKaTKa
TOJIOBHOTO OOTeKaTeJst

3aryck 19 utonst 2014 1. | B TOT Xe neHb moTydeHa epBast Teje-

METpHs CO CITyTHUKA
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C camoro Hauaja paboTsl B Hosiope 2013 r. ObLIO SICHO, YTO pa3paboTYMKaM
MNPUAETCS CTOJIKHYTHCSI C OCTPHIM Ie(bUIIUTOM BPEMEHM, CBSI3aHHBIM C HEOOXO-
JUMOCTBIO YCIIeTh K 3aMycKy arrapara Ha pakeTe-HocuTelsie «JIHemp» B KOHIIE
maprta (ImocJjie epeHoca JaThl 3arnycka — B KoHIle UtoHs1) 2014 r. Belio MoHATHO,
YTO B MTOAOOHON paboTe MPUHIUILI TPOEKTHON pabOThl HaJl KOCMUYECKUMU arl-
napaTamMu, IPUHSTHIE B OTEYECTBEHHOMN TPAAULIMOHHON KOCMUYECKOM MPOMBIIII-
JICHHOCTU, He noaxoasaT. [1osToMy 3a OCHOBY ObLT MPUHAT MOAXOHA, KOTOPBIN
IIMPOKO MCIOJB3YETCSl MPU CO3JAaHUU MalOOIIKETHBIX MasbIX allapaToB 3a
py6exkoM. OH moapa3yMeBaeT, YTO B MPOEKTE KaXKIbIN CIEIUATUCT MOJHOCTHIO
OTBEYaeT 3a CBOIO CHCTeMY, HAUMHasl OT €€ MPOEKTUPOBAaHUSI, Yepe3 U3roTOB-
JIeHUe W UCIMBITaHUS, K cOOpKe, MHTeTpaluy U TOCIeAYIOlIe SKCITyaTaluu,
TECHO B3aMMOMEMCTBYSI C IPYTMMU YYaCTHUKAMU MPOEKTa Ha ypOBHE UHTepdeit-
coB. CrienuaarcTbl MOTYT MOMOTaTh APYT APYTY IO OTAENbHBIM BOIIPOCAM IPO-
ekTupoBaHus. Kak BUIHO, KaXIblii CMELMATUCT, KPOME YETKOTO TMOHUMAHUS
MPUHIIAIOB pabOThI CBOEH CUCTEMBI, B TOM WJIM MHOM CTETIeHU JOJIKEH 00J1aaaTh
HaBbIKaMU KOHCTPYKTOPA, 2JIEKTPOHIIMKA, TPOrPaMMUCTa U CUCTEMHOTO MHXKe-
Hepa. PyKoBOACTBO MpoeKTa BUAMUT BCIO KAPTUHY «B LIEJIOM», OTBEYAET 3a Opra-
HU3ALMIO B3AUMOIEUCTBUS MEXAY YYaCTHUKAMU KOMAHJIbl, PEIIEHNE CIIOXHBIX
CUTYyallUil, MPUBJEYEHUE SKCIIEPTOB U3BHE, a TAKXKe OIepaTUBHO OlLICHMBAET Ka-
YEeCTBO MPUHSITUS T€X UM MHBIX OPTaHU3ALMOHHO-TEXHUYSCKUX PEIICHUI, MO-
Morasl UX KOppeKTUPOBaTh B Cllydae HEOOXOAMMOCTH.

ITopoOHBIN MOAXO, MTO3BOJIUA BHITTOJHUTL padOTy B CPOK M ¢ MUHMMAJIbHBI-
MM 3aTpaTaMu. 3aTpaThl HA TIPOEKT MO CTAThSIM TMpPeACTaBIEHbI B Ta0JI. 2.

Tao6mmua 2. 3atpatsl Ha ipoekT TABJIETCAT-ABPOPA

Komnonenrta 3arparsl [mMiH pyo.] (%)
Ammaparypa CiIy>KeOHBIX CUCTEM W KOHCTPYKILIVST 30,0 (49)
[Mone3nast Harpy3ka™ 10,0 (16)
COopka, UCITBITAHUSI, TPAHCTIOPTUPOBKA 1,2 (2)
HMHTterpanus ¢ HOCUTENIEM U 3aIyCcK 14,0 (23)
YnpasneHue noja€Tom (rom) 1,0 (1,5)
HazemHast undpactpykrypa 2,0 (3,5)
MeHemKMeHT 3,0 ()
HUmoeo: 61,2

* dakTnuecku 6puta ipegoctasieHa HITO JIETITOH GecrutatHo.

MOJIYYEHHbIE YPOKW

B mporecce pa3paboTKM M 3KCIUTyaTallMd MUKpOCIyTHHKa «Ta6merCart-
ABpopa» OBIT TIOJTY4eH 3HAYMTEIBHBIM OIBIT CO3MAaHMS MaJbIX allllapaToB.
TToMrMO KOHCTPYKTOPCKOM JOKYMEHTAIIUN, Pe3yJbTaTOB Ha3eMHBIX UCITBITAHMH,
OTYETOB 110 O6PAOOTKE MOTYICHHOM B XO/Ie TTOJIETA TEIEMETPUHU CIIeIINATUCTaMU
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«CITYTHUKC» chopmyanpoBaH OTAEIbHBIIA TOKYMEHT, KOTOPBIA MPUHSITO Ha-
3bIBaTh «IlepeuHeM IMoJIydeHHBIX YPOKOB». DTU YPOKM CBSI3aHbI KaK C PEKOMEH-
JalUsIMU 1o opraHu3anyy padothl cnenuanuctoB «CITYTHUKC» Ha oynymiee,
TaK U C PSIAOM TEXHUYECKUX acIeKTOB: pa3pabOTKOil OOPTOBOro MpOrpaMMHOTO
ob6ecrieueHus (ITO) cucteMbl yrpaBieHuUsl, MPOEKTUPOBAHUEM alIapaTHO-IIPO-
TPaMMHOTO COCTaBa CUCTEMBbI yIIpaBJICHUsI SHEProlMTaHueM, paboToi Ham 6op-
TOBBIM NpUEMOIEpPeNaTYMKOM auana3oHa 435...437 MI'u, mpoBeneHueM Ha-
36MHBIX ABTOHOMHBIX M KOMIUIEKCHBIX HCIIBITAHUI, IMOATOTOBKOW Ha3eMHON
CTaHLIMM YIIpaBJICHUS, 00OPYIOBaHMIO «YMUCTOM» KOMHATHI, pabOTOI Ha Ipel-
CTapTOBOM MO3MLIMHU U TaK Aajiee. Jlanee mpuBeaeHb HEKOTOPHIC U3 HUX.

OPFAHU3ALMOHHbIE ACMNEKTbI

* B nporecce paboThI ciienyeT IPOBOIUTD €XXKeHEASTbHbIE COBEIlaHus (Ha-
yuHO-TexHuueckne coBeTbl — HTC) ¢ yuacTueM Bcex BedyIUX UHXEHe-
poB mpoekTa. Hecmotpst Ha To, yro koMaHaa «CITYTHHMKC» pabora-
€T B OJHOM ITIOMEIIEHUN U BCSI MH(OpPMaLIMs O XO/e MpoeKTa JOCTyIHa
BCEM M BCeraa, BO3HMKAET HEOOXOAUMOCTh OPraHM30BaHHO MOABECTHU
WTOTU TIPOJAETaHHON 3a Heledo padoThl, «CBEPUTh Yachl» U YOEOUTh-
Csl, YTO BCE IPaBWJIbHO IOHMMAIOT LIEAX TeKylleid padoThl. B mpoTus-
HOM cJIyyae JIOAU MOTYT JeJaThb YTO-TO HE TO, M 3TO CJAMIIKOM ITO3IHO
BCKpPBIBaeTCS.

* HeobOxoguMo BBecTM B KoMIlaHUM cepBepHoe ITO LieHTpaln30BaHHOTO
yrpaBiieHusl TpoekTtamMu. IlogoOHasi cuctemMa Mo3BOJISIET BBECTH (Dop-
MaJIbHYIO CUCTEMY IUIaHMPOBaHUs, JOKYMEHTOO00pOTa, a TaKKe MocTa-
HOBKM, pellleHUs 3a1ay C IPeaoCTaBICHUEM OTYETHOCTU. [leJIo B TOM,
YyTO pabdoTa Mo «ABpope» BeJach B peKMMe KpU3UC-MEHEIKMEHTA; T0JI-
TOBpeMEHHOE IUIAHUPOBAaHME ObLIO HEBO3MOXHO M3-3a IIOCTOSIHHO M3-
MEHSIIOLIMXCS TPEOOBaHUI 11 BHEIITHUX YCJIOBUM (CIBUT CPOKOB ITOCTaB-
KM, HEeCOOJIIONeHUE TeXHUYECKUX TpeOoBaHUMA U T.1.). ITomoOHBIN cIio-
c00 yIpaBJIeHUs MTO3BOJIMII YJIOXUTHCSI B CPOK, XOTS U TpeboBajl OT Bcex
YYaCTHUKOB MpoeKTa mpeaesibHOoi camootnaun. MHOM ke moaxod Bpsim
JIM TIO3BOJIMJI OBl YJIOXKUTHCS B MOCTaBJIEHHbIE CpoKU. B Oymymux mpo-
€KTaxX, KOTOPBIE MOApa3syMeBalOT aJeKBaTHBIE CPOKU INPOEKTUPOBAHUS,
paboTa JoKHA CTPOUTHCH IO IUIaHY KaK paBHOMEPHO pacmnpeneaéHHas
BO BPEMEHHU.

* JIOKyMEHTUPOBaTh BCE aCIIEKThl MPOEKTUPOBAHUS, UCIIBITAHUN U KaJlu-
OpOBKM IPUOOPOB B pa3yMHOM OOBEME, UTOOBI MOCJIE OKOHYAHMS IIPO-
€KTa UMETh BO3MOXXHOCTh MX TOYHO BoCcIpou3BecTu. B «ABpope» mpocTo
He ObLIO BpEMEHM JTOKYMEHTUPOBATh KAXIbIN 11ar, HO 3TO UICTOYHUK Ce-
PbE3HBIX MpPO0OJIEM, OCOOEHHO TPU BOZHUMKHOBEHUM HEIUTATHBIX CUTYya-
LI HA OOPTY.

* Mbnl yoeauinch, YTO Ha OOJIBIIMX MHTEpPBajax BPEMEHU CTUJIb «HEHOP-
MUPOBAHHOM paboOThI TI0 HOYaM» ITPOUTPHIBACT IO KAYECTBY U CpPOKaM
BBIMIOJIHEHUS CTUJIIO padoThl «¢ 9 no 20». PemieHo, yTo B OyayieM Ha-
rpy3Ka JoJiKHa ObITh 00Jiee pABHOMEPHOM, YTO, KOHEYHO Xe, obJieryaer-
Cs1 TIpU aIeKBaTHOM ITAHMPOBaHUU PadoT.
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TEXHUYECKUE ACMNEKTDI

* IlepeocMbICIUTL YCTPOWCTBO BHYTpPEHHEH KOMIIOHOBKM arlnapara,
a TakKxXe CTPYKTYpbl OOpTOBOU KabesiabHOU ceTw. Mnes npuHIMIA yHU-
BepCaJIbHbIX MEXaHUUYECKUX UHTepdelcoB ceds onmpaBaaia, OMHAKO KOM-
MOHOBKA OKa3ajach CJIMIIKOM IUIOTHOU (puc. 5), U 3TO BbI3BAJIO OIpe-
neN€HHble MpoOjeMbl Mpu cOOpKe U (PYHKIMOHAIbHBIX MCITBITAHUSIX
armnapara.

* 3aHOBO CIIPOCKTHPOBATH OOPTOBEIE MPHEMOTIEpEaAIONIe aHTCHHBI THa-
na3oHa 435...437 MI'11, 4ToObl 00eCIeYuTh UX PABHOMEPHYIO IharpaMMmy
HaIpaBJICHHOCTH; B UMelolleics KOH(bUTYpalluy U3-3a HEpaBHOMEPHOM
IarpaMMbl Mbl PETYJISIPHO CTajJKMBaeMcsl ¢ TIpobjieMaMu B YCTaHOBJIE-
HUU PaANOCBSI3U CO CITYTHUKOM.

* OO0ecreuyuTh CUCTEMAaTUUECKUI TTOIXOA K MApPKHUPOBKE OOPTOBBLIX MPUOO-
POB COOCTBEHHOI pa3pabOTKM, YTOOBI HE MyTaTh MpU COOpPKE caMu Tpu-
00pbI, pa3bEMBI, TOJSIPHOCTL MTPOBOIOB, OCU CUCTEM KOOPIMUHAT.

* BbIMoOAHATE OTPa®OTKY ajiropuTMOB OpPUEHTAlMM U CTaOUIv3aluu
Ha CIeluaJu3UpOBaHHOM CTEHNIe MOA3TAIlHO, M0 Mepe UX pean3aluu
B OOPTOBOM KOMIIbIOTEPE, a HE BCEX aJlTOPUTMOB Cpasy, KOrga OCHOB-
Hasl paboTa Mo pa3paboTKe OOPTOBOTO MPOrPAMMHOIO OOeCreuyeHUs
YK€ 3aKOHYEeHa, a BPEMEHM Ha TMOMCK M yCTpaHEHUE OILIMOOK IOYTH
HE OCTaJIOCh.

* CucreMa sHepromnuTaHus IOJKHA oOecleuyrBaTh BO3MOXHOCTb 3apsiaa
AKKYMYJISITOPHOI OaTapeu OT COJTHEYHBIX MaHesell HanpsiMylo, 6e3 yda-
CTHUS 2JIEKTPOHHOI CUCTEMbl KOHTPOJIS 3apsiia U paspsina. Jleao B Tom,
YTO 2JIEKTPOHHAsI CUCTEMA B UCIIOJTHEHUU «ABpPOpPbI» cama TpeOyeT akKy-
MYJISITOPHOTO MMUTAHUSI, Y TIOHSITHO, YTO MEePBOI BBIKJIIOUYAETCS TIPU MPO-
caJKe HaIpsDKeHUSI Ha aKKyMYJITOpe HUXe KPpUTUUECKOTro MUHUMYMa,
U TIOCJIE 3TOr0 BKJIIOUUTHCS YK€ He MoxeT. Eciu ke ecTb BO3MOXHOCTh
MoA3apsAKU aKKyMYyJIsITOpa HaIlpsSIMYIO OT COJIHEUHBIX MaHesel, paboTo-
CIOCOOHOCTh YCTPOICTBA 3apsiia-pa3psiaa eiié MOXHO BOCCTAHOBUTD.

Puc. 5. bopToBasi kabeyibHas1 CeTh co3Aajia OINpeaeJaEHHbIE
npo0OJIeMBbI IIPU COOpPKeE arIapara
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Mogym
cryHeBH X
CHCTEA

550D gnn

45 CubsSat

Puc. 6. Konnernmus anmmapata «Ta6merCar-Kapemms»

OANbHENLLWE NNAHDI

Hcronp3yss HaKOIUIEHHBI HAyIHO-TEXHMUYECKWM 3amell, KOMITaHUsS paboTaer
10 KOHTpAKTaM HaJl psSIIoM TTPOEKTOB IT0 CO3MaHNI0 Ha3eMHOM MHMPACTPYKTYPHI
TECTUPOBAHUS M YIIPABICHUS MUKPOCITYTHUKAMU (CTeHIBI, Ha3eMHBIE CTAHIIUH
VIIpaBJICHUS 1 TIpUEMa TeJIEMETPHH), a TAKKe Hal IBYMSI HOBBIMU COOCTBEHHBI-
MU CITyTHUKaMU cyMMapHoi Maccoii 1o 100 xr.

OcHOBHBIE 33Ja4¥ OJHOTIO M3 HUX, MOJy4YuBIIero Ha3BaHue «TabmerCart-

Kapenusi»:

* JEMOHCTpAIUs pabOTOCIIOCOOHOCTH  CIYKEOHBIX MMKPOCITYTHUKO-
BBEIX CHCTEM, IOpPabOTaHHBIX IO pe3yJibTaTaM JIETHOW SKCIUIyaTalluu
«TabnerCar-ABpopa»;

* JETHBIC UCITBITAHUS ONTUKO-3JICKTPOHHOM aIlmapaTypbl IUCTAHITMOHHO-
T'O 30HAUPOBaHUs 3eMIIN;

* TONMYTHBIA 3amycK 4eTwhlpéx ammaparoB CubeSat kiacca ¢opmara 3U
(https://directory.eoportal.org/web/eoportal/satellite-missions/c-mis-
sions/cubesat-concept#standards) B «aKTUBHOM» KOHTEliHEpPE COOCTBEH-
Holt pa3zpaboTku Sx-POD;

* 0TpabOTKa MOOYJNBHON TEXHOJOTUM TIOCTPOCHUS MAJIbIX CITYTHUKOB
C pa3fgen€éHHBIMU OJIOKAMU TIOJIE3HOM HArpy3Ku U CIYyXeOHBbIX CH-
CTEM W YHHBEPCAJIBHBIM COCAVMHUTEIBLHBIM 3JIEKTPOMEXaHNUECKIM
uHTepdericom.

OTo OymeT ammapaT IIPSIMOYTOJBHOIO cedeHMsi, pazmepamu 420%420 mm,
CKOMITOHOBAaHHEIN TIO «3TaXHOU» cxeme (puc. 6). MoOynn COeIMHSIOTCS Ye-
pe3 YHUBepCaJabHBINA 3JIEKTPOMEXaHNUYECKM 1 MH(POPMAIIMOHHBIN MHTepdeiic.
Taxkoii moaxon MO3BOJISIET UCIIOIL30BaTh OIWH U TOT XK€ MOAYJIb CJIYXKEOHBIX CH-
CTeM T10J] pa3HbIe TOJIE3HbIE HAIPY3KU, YTO COKpalllaeT CTOMMOCTb U LIMKJI pa3-
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pabOTKM OTIAEIBLHOIO MUKPOCITYTHHMKA. B Moayie ciyXeOHBIX CUCTEM OTAENb-
Hble TPUOOPHI TAKXKE MMEIOT CTAaHIAPTU3UPOBAHHBIE pa3Mephl U KOMIIOHYIOTCS
B «IIKa(bl», YTO MO3BOJIET TOOUTHCS IPEAETbHO IIJIOTHOM KOMIIOHOBKU U pa-
JUKAJIBHO YIIPOCTUTh TPACCUMPOBKY KabOeJibHOM ceT. BHYTpu mMomyiis ciyxkeo-
HBIX CUCTEM BCE UCIOJHUTEIbHBIC OPTaHbl CUCTEMbI OPUEHTALIUU, TIPEXKAE BCErO
BJIEKTPOMArHUTHbIE KaTYLIKW, MaXOBUKU U TUPOAMHBI, CKOMIIOHOBAaHbI B 3aM-
KHYTOM Kyomdyeckom o0béMe ¢ paszmepamu 200x200%200 Mm.

Bwmecte ¢ koHTeliHepoM Sx-POD Ha criyTHUKe OyaeT yCTaHOBJIEHA IIMpPO-
KoyroJibHast kKaMepa Tura GoPro njis rmoay4eHus: TOMOJHUTEIbHOM BU3YyaIbHOM
nHGOpMAaLIMU O TIpoliecce OTAeAeHUsI HaHOCITYTHUKOB. KpoMe He€, Ha amnmapare
OyleT mpeaycMOTpeHa cucTeMa coopa TeJleMeTpUU C OTAessieMbIX KyOcaToB Ha
paccrostHusX 10 500 M ot «Kapenumn».
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TABLETSAT SMALL SATELLITE PLATFORM AND TABLETSAT-AURORA SMALL SATELLITE
FOR A SCIENTIFIC, TECHNOLOGICAL AND EDUCATIONAL EXPERIMENTS IN SPACE
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Atrticle is devoted to a microsatellite platform named Tabletsat, and also to the first private
Russian microsatellite named TabletSat-Aurora, developed by SPUTNIX company. The general
description of a microsatellite platform, its main characteristics and opportunities is given. The
main characteristics of TabletSat-Aurora are provided. An idea is given to project cost of the or-
ganization of works on the satellite. The main “lessons learned” of results of design and opera-
tion of this device are presented. Further plans of SPUTNIX for creation of new microsatellites
are described.
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MHOTOTOYEYHbIE U3MEPEHWA NAPAMETPOB MNJIA3Mbl
W SNEKTPOMATHUTHbIX MONEW B UOHOCOEPE 3EMIT

A. A. Yepreiwos, J. B. Yyayrun, M. M. Mozunesckuti, U. J1. Mouceerko, A. A. Unbscos,
B. B. Bogueniko, C. A. lynuney

WHCTUTYT KOCMMYeCKMX nccnefoBaHuin Poccmiickon akagemnn Hayk (MK PAH)

[Tpouecchl, MPOUCXOASIIUE B aBpOPATIbHON MOHOCKhEPE, HOCIAT CIOXHBIA HEeJTMHEHHBIN
xapaktep. [locTosiHHOE M3MEHEeHUe MapaMeTpOB, BIMSIONIMX Ha KIIIOUEBbIE XapaKTepH-
CTUKM aBpPOpaJIbHON MOHOCKhEPHI, 3aTPYAHSET CO3MaHUE TOCTATOYHO TOYHOM MOJEIU IS
MPaKTUYECKOTO MPUMEHEHUSI B paMKaX KJIaCCUYECKMX IMOAXOI0B, OMKCHIBAIOLIEH (KBa-
31)cTallMoHapHble sBieHus. Mcronab3oBaHue ¢pakTaJIbHOTO TOAXOAa ISl OIMMCAHUS
CBOWCTB TJTa3Mbl aBPOPAJIbHOUN 00JIAaCTU MMEET Psiji TPEUMYILEeCTB — YHUBEPCAJTbHOCTh
MOJYYEeHHBIX Pe3yIbTaTOB U HE3aBUCUMOCTb OT MPUPOIbl BOSHUKHOBEHUSI CaMOIOn00-
HBIX CTpYKTyp. Biarogapsi camomnogobuio M (hpakTaJbHOCTH MOHOCHEPHI TOCTATOYHO
VMETh HECKOJIbKO U3MEPEHUI BHYTPX OMHOTO XapaKTEPHOTO MacliuTada, mo3ToMy Heob-
XOIUMO TOJIYYUTh PSIi OMHOBPEMEHHBIX U3MEPEHUI HAa UHTEPBAJIAX OT MECSITKOB METPOB
N0 NEeCSITKOB KUJIOMETPOB IS ONMKUCAHUSI MPOCTPAHCTBEHHO-BPEMEHHOTO pacripeesie-
HUSI HEOAHOPOIHOCTe! B MoHOChepHO Mmia3Me. Hebosbliiie U OTHOCUTENBHO NEIIEBbIE
CIIyTHUKHU, TaK Ha3bIBaeMble KyOcaTbl, OyIyT MCMOJb30BaHbI Uil MPOBEPKU (paKTaib-
HOTO TIOIXO/a U JIJIsI UCCJIeNOBAaHUT HEOJHOPOIHOCTU MOHOC(HEPHI, B TOM YUCIIE TIPU UC-
KyccTBeHHOM HarpeBe. CyTHUKU OyIoyT pa3HEeCeHbl Ha pa3HOE pacCTOSIHUE APYT OT OpYy-
ra, 4yToObl OXBaTUTh MAaclITaObl OT UHEPLIMOHHOM JUIMHBI 3JIEKTPOHOB 10 WUHEPLIMOHHOM
mwtHbl noHoB O, TIpemaraeTcst Ha KaxIOM CIyTHHUKE MPOBOIMTH M3MEPEHUsI Bapua-
11 TUIOTHOCTH TUIa3MBbl, 3JIEKTPUIECKAX U MATHUTHBIX TTOJIENA.

Pabota BeinonHeHa nipu nonaepxkku Poccuiickoro doHna dbyHnaMeHTaAIbHBIX UCCIIEN0-
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YUTb YCTOMYMBYIO CBSI3b U HABUTALIMIO B 3TUX 00JIACTSX, YTO TpeOyeT MOHUMaHUSI
MPOLIECCOB U CBOMCTB MOHOC(EpHO-MarHuTocepHoi maa3Mbl. OCOOEHHOCTHIO
BBICOKOIIIMPOTHOM MOHOCHEPHI SIBIISIETCS €€ CUIbHAsI 3aBUCHMOCTb OT MPOLIECCOB
B MarHuTocdepe. B MarHuTochepe mpoucxonsiT pa3HOOOpa3HbIE MepeXOaHbIe
MPOILIECCHI, B XOJIe KOTOPBIX OHA CTPEMUTCS «aJallTUPOBATLCS» K U3MEHSIOIIMM-
Csl BHEILLIHMM YCJIOBUSIM, U BaXKHYIO pOJib B 3TUX Ipolieccax UrpaeT moHocdepa.
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Oco00 cuibHas CBSI3b MEXy IJIa3MEHHbIMU 000JI0YKaMU HaOII0AaeTCsl B aB-
popaibHOM 00J1aCTH, TaK KaK pa3jJIWYHOro poaa HEOAHOPOJHOCTU U HECTalIuO-
HapHOCTH, MMeloILIMecs B MarHuTochepHoi Iia3mMe 1 B TeOMarHUTHOM XBOCTE,
MPOELIMPYIOTCS B aBPOPaAlIbHYIO 30HY MOHOC(EPH MOCPEACTBOM MPOAOJbHBIX
BTEKAIOIIUX W BBITEKAIOIIUX TOKOB, BBICHIIIAHUI BBICOKOIHEPreTMUYECKUX Ya-
CTHUII U, TAKUM 00pa3oM, HECYT CBOMCTBA T€OMATHUTHOTO XBOCTa U MarHuTocde-
pbl B noHocdepy [Paschmann et al., 2002]. MHorue 1mpoiecchl, IPOUCXOASIIE
B aBpOpajbHOI o0jacTy 3eMJIM, OTpaxKaloTcsl B pPa3HOOOPa3HBIX JUHAMMYHBIX
opmax nonsIipHBIX cUSIHUM. [TprY€M CIOKOMHBIE W JOJTOXUBYIIUE OIYTU U M0-
Jochl, auddy3Hoe cBeueHHe OOJBIIMX YYaCTKOB MOHOCKHEphl MOXHO CUMTATh
OTpaXXeHUEM CTAllMOHAPHOI'O HEPaBHOBECHOTO COCTOSIHUSI MOHOC(EPHON T1a3-
Mbl, a TYJbCUPYIOLINE CUSIHUS TIPEACTABIISIIOT COO0M SIpKUii TpUMEpP HeCTalllO-
HapHoOro pexuMma. [1py oTCyTCTBUM IPYTUX UCTOYHUKOB 3HEPTUU (HAIIPUMED, BO
BpeMsI TIOJISIPHON HOYM) MMEHHO MOTOKM MarHUTOC(HEPHBIX YAaCTULL SIBISIIOTCS
OCHOBHBIM UCTOUHUKOM 00pa30BaHUsI MIOHOC(HEPHO T1a3Mbl.

B pesynbrare ymapHOro Bo3aeiCTBHUS BHICHINAIOIINXCS YaCTULL HA HEUTpaib-
HyI0 aTMocdepy TPOUCXOIUT MOHU3ALUS U (popMUpoBaHue E-ciios noHochepHl,
a xiaccuueckuii F-cioil, HanboJiee MHTEHCUBHBIN B CpeIHUX IIUPOTAX, — OT-
cyrcTtByeT [MusyH, 1980]. I1pu TakoM MexaHuzme (GopMupoBaHUsS MOHOChEPHI
BCE HEOJHOPOAHOCTU TOTOKOB YACTUIL MEPEHOCITCS B MoHochepy. Takast no-
Hoc(epa co3MaéT TPYAHOCTU JISI PaIMOCBSI3U, NPUUYUMHON KOTOPBIX SIBJISIETCS
WHTephEepeHIIUsT paaMoBOJIH Ha €€ HeogHopomHocTsx. Ilpu pacnpocTpaHeHUU
PaavoBOJIH B HEOAHOPOIHOM cpelie (ha3a BOMHBI U YIoJl €€ MpUXoaa U3MEHSIIOTCS
B IIMPOKUX Mpeaesiax, YTo MPUBOAUT K (DOPMUPOBAHUIO (DEAUHTOB — TEePUOIU-
YecKUX 3aTyxaHuii curHaina [Anerept, 1960]. s «mapupoBaHUs» BIUSHUS UO-
HOC(EepHBIX HEOTHOPOIHOCTE! pa3paboTaHbl pa3IuyHbIC MOAXOMbI, KAK CXEM-
Hble (KOpPpPEeIILMOHHBIN IIPUEM, corlacoBaHHas (pMIbTpaLUs U 1p.), TaK U KOH-
CTPYKTUBHBIE (pa3HEeCEHHbIEe aHTEHHbI W Ap.). Ho mis ucrojb3oBaHUs 3TUX
MOAXOO0B HeOoOXoAMa aieKBaTHasI MOJIeJIb MOHOC(EpHI.

JpyrumM nmpuMepoM OCOOCHHOCTEN TIOJISIpHON MOHOcKEphl SBISIETCS KOp-
PEKTHOE MCIIOJIb30BaHUE CITyTHUKOBBIX HABUTALIMOHHBIX CHCTEM B BBICOKMX
muporax. Kak M3BeCTHO, OCHOBHBIE OIIMOKMU OMNpeAesIeHUs] MECTOIOIOXEHUS
u BpeMeHu npu nomouu cucteM GPS/TJIOHACC (Global Positioning System /
I'moGanbHasi HaBUTallMOHHASI CITYTHUMKOBAsi CHUCT€Ma) CBSI3aHO C IPOXOXKICHM-
€M CHUTHAJIOB uepe3 MOHOc(epy — TaK Ha3blBaeMble MOHOC(EPHBIC ITOMPABKU
[TJIOHACKC..., 2005; Ilebmaeuy u ap., 1993]. B cpenHux mmpoTax, rae MOXHO
HCIOJIb30BaTh TOCTATOYHO HANEXKHBIE MOAEIU MOHOCHEPhl U Pe3ybTaThl U3Me-
peHMit Ha 6a30BbIX CTAHLIMAX, MOHOC(EPHBIE MOMPABKM aBTOMATUYECKN BHOCSIT-
csl B 00pabOTKYy HABUTAlIMOHHBIX CUTHAJIOB B IIpUE€MHMKaX. B BBICOKMX IIMpOTaX
IJIOTHOCTh MOHOC(EPHOI IJIa3Mbl OTHOCUTEILHO Majia M HEOOXOAUMO YUUTHIBATh
BJIMSIHME Ha paclpoCTpaHEeHNE HaBUTALIMOHHBIX CUTHAJIOB, KaK MOHOCGhEpPHI, TaK
1 mMarauTocdepbl. HeomTHOPOIHOCTH pa3IMYHOrO MaciuTada B BEICOKOIIMPOTHOM
noHocdepe 00yCIOBIUBAIOT (PIYKTyallMd aMIUIMTYAbl U (a3bl TpaHCHOHOCHEp-
Hbix TJTOHACC/GPS curnanoB, 4To MpUBOIUT K MOHMKEHUIO TOYHOCTU OIIpe-
JIeJICHUsI MECTOIIOJNIOXKeHUsI U BpeMeHU. B pabdore [Smith et al., 2008] memaercsa
BBIBOJI O TOM, YTO B BelMKoOpUTaHMU OLIMOKM MO3UIMOHUPOBAHUS JOCTUTAIOT
nopsinka 10 M. B ApKTuke Takue OTKJIIOHEHMSI MOIYT ObITb 3HAYMTEILHO BBHIIIIE.
B cratbe [Kelly et al., 2014] rmokazaHo BIMsIHAE KOHOC(HEPHBIX HEOAHOPOIHOCTEM

176



MHoroToueuHble U3MepeHInA NapamMeTPOB Ma3Mbl 1 NEKTPOMArHUTHBIX Nofei B oHochepe 3emnu

Ha MOPOJOJLKUTENbHYIO MOTEepl0 (PYHKIMOHUPOBAHUSI HA3eMHON CBS3M MEXIY
BOEHHBIMU NOAPa3IeIeHUSIMU BOMCK BO BpeMsl BOGHHOM onepanuy «AHaKOHIa»
(4 mapta 2002 r.), KoTopasi puBeja K MoTepssM TeXHUKU U JIIOICKUM XepTBaM.

HecMoTpst Ha TO, 4TO OCHOBHBIE MOP(OJOTUUECKUE OCOOCHHOCTH U MeXa-
HU3MBI (POPMUPOBAHUST CTALIMOHAPHBIX KPYITHOMACIITAOHBIX HEOTHOPOIHOCTEM
JOCTATOYHO XOPOIIO U3YyYeHbI, K HACTOSAIIEMY MOMEHTY HE CYIIECTBYET JeTaslb-
HOTO OMUCaHUS Bapualvii MPOCTPAHCTBEHHOIO paclipeAc/ieHUs] MapaMeTpoB
MJ1a3Mbl B aBpPOpajibHOM M BBICOKOIIMPOTHOM uoHOochepe. Jaxe craHmapTu-
3MpOBaHHAsI U YacTO MPUMEHSIONIASICS B TOCAEAHNE TOAbl SMIIMpUUECcKass MO-
nenb IRI (International Reference Ionosphere, www.irimodel.org) He onuchIBa-
€T He TOJbKO Bapuallui BHICOKOIIIMPOTHOM MOHOCKhEPHI, HO JaXe €€ IIHUPOTHYIO
CTPYKTYpY (Www.irimodel.org). DTo cBI3aHO C orpaHMYeHHOI 0a30i1 noHOChep-
HBIX JaHHBIX B BBICOKMX IIMPOTaX, TaK KakK B 3TOK 00JIACTU TIa3MeHHasl cpena
SIBJISIETCSI HECTAllMOHAPHOM 1 HEOIHOPOAHOM, TI03TOMY HEOOXOAUMO UMETh O-
HOBpeMeHHbIe U3MepeHusT Ha MaciuTadax 10 M — 10 km.

Takum 00pa3oM, B paMKaxX KIaCCUUECKUX MTOAXOA0B, ISl TOCTPOSHUS aaeK-
BaTHOM 3MITMPUYECKON MOJEIN MOHOC(HEPHI aBpOpaJbHOU 00J1aCTU HEOOXOIUM
0OJIBIION 00BEM M3MEPEHMI Ha pa3IMUHBIX MaclITabax — JAECSATKUA U COTHU Me-
TpoB. MbI MpeaiaraeM UCIOAb30BaTh HETPAAULIMOHHBINA MMOAXOM ISl ONTUCAHMSI
COCTOSIHUS TJIa3MblI B aBpOpaIbHOM o0sacTu. Takoi 1oaxoa MOXET ObITh peaiy-
30BaH B paMKax (ppaKkTalbHOM F€OMETPUU.

HMHTepec NpeAcCTaBIsSIOT TaKXKe aKTUBHBIE DKCIEPUMEHTHI, B KOTOPBIX HC-
MOJIb3yeTCsl YIpaBisieMoe Bo3AcicTBMEe Ha MoHochepy 3emun. Hauboisee pe-
3YJIbTATUBHBIMU METOJAMU aKTUBHOTO BO3IACUCTBUS SBJISIIOTCS pagurodu3nye-
CKHE CpelICTBa: KOPOTKOBOJHOBBLIE HATPEBHBIC CTEHIBI M MOILIHBIE Ha3eMHBIE
HU3KOYACTOTHBIE MepeaaTyuku. BzanmopeiictBue MoliHoi uckyccrseHHot KB
(KOpPOTKOBOJIHOBOM) paaMOBOJIHbLI ¢ MOHOCGEPHOI IIa3MOI COIIPOBOXIAETCS
BO30Y:KIEHUEM Pa3IMYHOTO THUIA MCKYCCTBEHHBIX MOHOC(HEpPHBIX HEOTHOPOI-
HOCTEll B IIIMPOKOM JHAara30He BPEMEHHBIX U MPOCTPAHCTBEHHBIX MACIITa0OB
[['ypeBuu, 2007]. B maHHOM IIpoeKTe IpearojaraeTcs uccjienoBaTb HoHOchep-
Hble HEOOHOPOIHOCTU HE TOJIbKO €CTECTBEHHOIO ITPOUCXOXIACHMSI, HO U UCKYC-
CTBEHHYIO MOHOC(hEPHYIO TYpOYyJIEHTHOCTh BO BpeMsI ITPOJIETOB HaJl HArpeBHLIMU
crengamMu EISCAT (Hopserus), CYPA (Poccus), BoamoxxHo HAARP (CIIA),
€CJIM OH BO30OHOBUT CBOIO paboTy, u Haa MouiHbIM OHY (oueHb HU3KOYACTOT-
HBII) nepegaTYNKaMH.

2. ®PAKTAJIbHbIN NOAXOA K ONMUCAHUIO ABPOPAJIbHOW OBJTACTHU

BoNbIIMHCTBO TPATUIIMOHHBIX METOMAOB KJIACCUYECKON (DU3UKU TPUMEHUMBI,
B OCHOBHOM, IUISI ONMCAHUS CTAlIMOHAPHBIX WJIM KBa3UCTAIlMOHAPHBIX SIBJIE-
HUI, B TO BpeMsl KaK OBICTpOIIEpeMEHHbBIC M IEePEXOMHBIC MPOIIECCHI, a TaKXKe
baykryauuu, camomnogodue (CKEeMIMHI) B OTKPBITHIX AUCCUIIATUBHBIX CHUCTE-
Max, K KOTOPbIM OTHOCUTCSI MOHOChepa 3eMur, MPeArnouTUTETbHO paccMaTpu-
BaTh C UCITOJIB30BAHUEM METOIOB HEJIMHEHHOM TUHAMUKU, a UMEHHO, B paMKax
(¢pakTanbHoro mnonaxona. bosblloe IpeuMyllecTBO (pakTaJbHOIO MeToma —
YHUBEPCATHLHOCTD MOJYYEHHBIX PE3yIbTaTOB U HE3aBUCUMOCTh OT TIPUPOIBI BO3-
HUKHOBEHUS (ppakTaabHbIX CTPYKTYp B paccMaTtpuBaemoit oonactu [Feder, 1988].
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B ¢usnueckux 3amayax OLEHKM (paKTaIbHBIX XapaKTEPUCTUK peajbHBIX
OOBEKTOB IMOHMMAIOTCS KaK XapaKTEpUCTUKM CKEWJIMHIOBBIX CBOMCTB 3THX
00BEKTOB, CIpaBelJMBbie Ha HEKOTOPOM Auana3oHe MmaciutaboB. B paborax
[UepnbimioB u ap., 2013; Chernyshov et al., 2013] nmokazaHa npaBOMEpPHOCTb
MPUMEHEHMST HEJIMHEHHBIX METOAOB ISl ONMCAHUS TPOLIECCOB B aBPOpaJIbHOM
00JIaCTU U aHAJIUTUYECKU TOJIy4YeHbI TOMOJOIMYeCKUEe BEIUUYUHBI — (PpaKTalib-
HbIE PA3MEPHOCTU U MHAEKCHI CBSI3HOCTU, XapaKTepU3YIOIIue CTPYKTYpy Heaep-
CEHOBCKOI U XOJUIOBCKOI MPOBOAMMOCTE B aBpopasibHOl 30He. B aTx paborax
noHocdepa paccMaTpuBajach Kak «ryouatast» ¢pakTajibHas cpeda, IpUu4eM eé
CTPYKTypa, B YCJIOBUSIX OTCYTCTBUSI IPYIMX MCTOYHUMKOB UOHU3ALMHU, 3aNaETCS
CTPYKTYPOI BBICHIITAHMSI aBPOPATIbHBIX YACTULL (CXeMAaTUYHO 3TO IPEACTaBICHO
Ha puc. 1).

+ BHEWHWA marHuToChepHbIA HCTOMHHK
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Puc. 1. CxematuuHoe ¢pakTajibHOE TpeACcTaBIeHue MOHOChEPHI
aBpopabHOM 30HBI 3emuin (13 paboThl [YepHbIoB u ap., 2013])
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Puc. 2. CKelJIMHI MeJIKOMaCIITaOHBIX 3JIEKTPUYECKUX MOJIe B BEpXHEei noHocdepe st
caenyoumx Macitabos: a — 0,03...7 kM 1o gaHHbIM cryTHUKa FAST; 6 — 1...128 km
o naHHBIM crtyTHUKa Dynamics Explorer-2 (13 pa6otsl [I'ooBuaHckas u ap., 2012])
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B cratbe [['onoBuaHckast u ap., 2012] mo maHHBIM CIyTHUKOB Dynamics
Explorer-2 (DE-2) u FAST O6bulo mokazaHO, YTO B MHTEpBajie MaciuTaboB
0,1 <5< 32KM MOUIHOCTh TYpPOYJIEHTHBIX (DIYKTYalUUid 3JICKTPUYECKOTO OIS
00HapyXHUBaeT CTEMEeHHYIO 3aBUCUMOCTb OT MaciuTaba (puc. 2). [To gaHHBIM Tex
K€ CITyTHUKOB, OJIM3KMe 3HAaUYeHUsI CKeMIMHTa, MpaBaa, Ha MEeHbIIeil CTaTUCTU-
Ke, OBbLIM MOJTyYeHbI 4151 (YKTYalMii MAarHUTHOTO MOJIsSl, HEIIOCPEICTBEHHO CBSI-
3aHHBIX CO CTPYKTYpOU IpoaoabHbIX TOKOB [Golovchanskaya, 2007]. DTu 3Ha-
YEeHUsI XOPOIO COTIJIACYIOTCSI C TMOJYYEHHBIMM aHAIMTUYECKU (paKTaJbHBIMU
XapaKTepUCTUKAMU CTPYKTYpbl TEACPCEHOBCKON MPOBOAUMOCTU [YepHBIIIOB
u ap., 2013; Chernyshov et al., 2013]. Ha puc. 2 BUIHO, 4TO CKEHUJUHT (aHAJIOT
CIIEKTpa) MEJIKOMACIITAOHOTO 3JIEKTPUUYECKOTO MOJIsl HAa pa3IMYHbIX MHTEpBajax
BBITVISIAUT CXOAHBIM 00pa3oM, T.€. CTaTUCTUYECKUEe CBOMCTBA MacIITaOHO MHBA-
PUAHTHI B IIMPOKOM AMara3oHe MacllITaboB (MM MTPOCTPAHCTBEHHBIX YACTOT).

ITockonbKy MaciuTabHasi MHBApMAHTHOCTb — 3TO HE3aBUCUMOCTb OCHOB-
HBIX XapaKTepUCTUK Mpoliecca, SIBICHUs, CBOMCTBA OT MaclluTaba sBJICHUS, TO,
YTOOBI TOJYYUTh CKEUJMHT (aHAJOT CIIEKTpa) MHTepecylolleil HAaCc BEJIWYUHBI,
He 00513aTeIbHO MMETh MHOTO TOYEK, JOCTATOYHO MOJYUYUTh JUILIb HECKOJBKO
3HaYeHuii. B oko03eMHOI T1a3Me U3MeHeHUe HaKJIOHA creKTpa (T.e. U3MeHe-
HUe UHIeKca CKeIMHTA), KaK MPaBUJIo, MPOUCXOIUT OKOJIO XapaKTePHBIX TLIa3-
MEHHBbIX BeJINUMH (MHEPLUMOHHAS JAJIMHA YaCTULIbl, TJIa3MEeHHAasl 4acToTa, paau-
yc Jle6ast v 1. 1.). CiaenoBaTesibHO, IJi U3y4eHUs U OoJiee TTOJTHOTO MOHMMAaHMUS
MpolieccoB B MOHOC(hepe 3eMIn HEOOXOAUMO TMOJYUYUTh PSii OMHOBPEMEHHBIX
M3MEpEeHWI Ha WHTEpBalle XapaKTepHBIX MAaciiTaboB MOHOCGEPHON IJIa3MBbI.
bnarogapst camonogo6uio U (ppakTaabHbBIM CBOMCTBIIM MOHOCKHEPHI JOCTATOYHO
MMETH IBa-TPU U3MEPEHHUSI BHYTPU OJHOIO XapaKTePHOro MacuITaoa.

3. BO3MOXXHbI CMOCOB PELWWEHNA 3AAM

Hns pellleHUsT TOCTAaBJIEHHBIX 3a4ay TPELJIaraeTcs MCIOJb30BaThb HECKOJIbKO
(«00aK0») MUKO- WM HAHOCIIYTHMKOB («KyOcaTbl»), KOTOPbIE IMO3BOJIST W3-
MEpPUTh BJIEKTPUYECKOe Tojie (KaK TMOCTOSIHHOE, TaK M IEPEMEHHOE), IJIOT-
HOCTb IJ1Ia3Mbl, IEPEMEHHOE MAarHUTHOE T10JIE OTHOBPEMEHHO B Pa3HbIX TOUKAX.
OCHOBHBIM NTPEMMYIIIECTBOM MUKO-HAHOCITYTHUKOB SIBJISIETCS TO, YTO X MOXHO
3HAYUTEJIbHO OBICTpee pa3padoTaTh U U3TOTOBUTH. A pyruM BaxKHBIM IIPEUMYIIIC-
CTBOM TaKHWX CITyTHUKOB SIBJISIETCS UX Majiasi CTOMMOCTb 1O CPaBHEHUIO C 0OOJIb-
IIMMHU U CJIOXHBIMU KocMuyeckuMu ammapatamu (KA). Hcronb3oBaHue He-
CKOJIbKMX KyOcaTOB 1a€T BO3MOXHOCTb NMPOBOJUTbh OJJHOBPEMEHHBIE U3MEPEHUS
B Pa3HbIX TOYKAX KOCMUYECKOIO MPOCTPAHCTBA U MOJIy4YaTh OObEMHYIO KAPTUHY
MPOTEKAIOIUX MTPOLIECCOB.

Hcnonb3oBaHue KyOcaTOB — 3TO HOBasl M aKTMBHO pa3BUBAOIIAsICS 0O0-
JIaCTb B COBPEMEHHBIX HayYHBIX 1 00pa3oBaTesibHbIX MporpammMax (Annual report
“National science foundation (NSF) cubesat-based science missions for geospace
and atmospheric research”. Oct. 2013). B kauecTBe npuMepa yCHEIUIHOIO IIpUMe-
HeHUs1 KyOcaToB [JI1 U3YYE€HUSI CBOMCTB MOHOC(EPH MOXHO MPUBECTU MPOEKT
DICE (Dynamic Ionosphere Cubesat Experiment). OToT aMepuKaHCKUI TPOEKT
MPEeICTaBISIET COOOU, MO CYyTH, TIEPBYIO CEPHE3HYIO HAYYHYIO MUCCHIO C UCTIONb-
30BaHMEM KyOcatoB. OH HamnpaBjieH, B MEPBYIO OUepelb, HA MCCleJOBaHUE TaK
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Ha3bIBa€MOTI0 OajKa B CpeIHEIMPOTHOM noHocdepe Han tepputopueit CIIIA.
B aToM npoekTe ucrnonn3dyercs aBa kyocara cepuu 1,5U. [TogpobHyro nHdpopMma-
LIMI0 00 3TOM MUCCUM, pa3IdYHble TeXHUYECKUE, TEXHOJIOTMYECKNE U HaydyHbIe
acrneKThl MOXHO Halitu B cTaThe [Fish et al., 2014].

4. APXUTEKTYPA BOPTOBOW AMMAPATYPbI

[nsa pelieHus 3agad MpoeKkTa HeoOXOAUMO OJHOBPEMEHHO U3MEpSATh Mmapame-
Tpbl MOHOC(EPHOI TIa3Mbl Ha Pa3HBIX MPOCTPAHCTBEHHBIX MaclTabax C BbI-
COKHMM BPEMEHHBIM pa3pellieHUeM: TIJIOTHOCTD IJ1a3Mbl, TeMIlepaTypa 3JeKTPO-
HOB U MOHOB, HaIlpaBJIieHHAasl CKOPOCTb MOHOB, MOHHBI COCTaB, SJIEKTPUUECKOE
nojie u ap. Jus ynpouieHust (yaeleBlieHUs) KyOcaToB XeJaTeJIbHO OTKa3aTh-
csl OT TIOAIepKaHUsl ONpeaeaEHHON OPUEHTAIMM CITYTHUKOB B MPOCTPAHCTBE.
B aTOM ciiydae MBI BBIHYXKIE€HBI OTKa3aThCsl OT U3MEPEHUI Ha OOPTY «BEKTOP-
HBIX» TAPaMETPOB B TOJIb3Y «CKAJSPHBIX», HE 3aBUCIIIUX OT opueHTauuu KA
B mpocTpaHcTBe. TakuM orpaHWYeHUsIM yAOBJeTBOpsieT 30HA JleHrMmiopa (Ha-
npumep, [Barjatya et al., 2009]), No3BOJSIIOIINI U3MEPSITh JTEKTPOHHYIO KOH-
LIEHTPALIMIO, a TAKXKe KOHLIEHTPALMIO MOHOB, TeMIIEPaTypy 2JIEKTPOHOB U MOTEH-
LIMaJl anmnapara OTHOCUTEIbHO OKpYyXalolleil Mja3mMbl. byayT ucrnoiab30BaHbl 1Ba
30HIa. DTO CBS3aHO ¢ TeM, UTO 3a CITyTHMKOM TSIHETCSl TaK Ha3bIBaeMasl MOHHast
TeHb — WCKAXEHUS! TIJIOTHOCTU TJIa3Mbl, BBI3BAHHbBIC €r0 ObICTPHIM JIBHXKEHUEM.
ITonaganue naTyMka 30HAa B 3Ty 00J1aCTh MPUBEIET K UCKAXKEHHBIM U3MEPEHUSIM.
JIBa HECUMMETPUYHO PACIIOJOXKEHHBIX 30H/1a TTO3BOJISIT PEIIUTh 3TY TPOdJIeMy.

ApyruM 3KCIIEpUMEHTOM SIBJISIIOTCS] M3MEPEHUS SJIEKTPUUECKOTO MOJIsl Me-
TomoM ABoiiHOro 3oHaa [Fahleson, 1967]. DTu uaMepeHUs BaskKHBI JJIsI PELLIEHUS
3a/a4 MPOEKTa U UX TAKXKe MOXHO MPOBOAUTH 0e3 yuéTa OpMeHTALlUM aIlapara.
B sTOM 3KCrIiepMMeHTe MPOBOISTCS U3MEPEHUSI PA3HOCTU MOTEHLIMATIOB MEXIY
JIBYMsI TIPOBOISIIIUMU C(pepaMM, KOTOPbIe SIEKTPUUECKU U30JMPOBAHBI OT all-
napara. Ilapa cdep cocrasiseT omHy aHTeHHY. I1OCKOJIbKY OpUEeHTalUsI CITyT-
HUKa U CUCTeMa KOOpAWHAT HEOIpeneJEHHbI, TO TPEX aHTEHH OYAEeT J0CTaTou-
HBI JJIS1 OTIpene/ieHUs] mapaMeTpoB (PIyKTyaluuit MOAYJISI 3J€KTPUIECKOTO TIOJIS.
AHaJIOTMYHBIM 00pa3oM OyIeT U3MEPSAThCS MOAYJIb IIEPEMEHHOT0 MarHUTHOIO
ToJIs.

Kpome 3toro, OymyT MpOBOAUTHCS U3MEPEHUS TPEX KOMIIOHEHT KBa3UIIO-
CTOSTHHOTO MAarHUTHOTO TIOJISI IJISl ONpeaeeHUsT TIPOAOJbHBIX TOKOB, KOTOpHIE
XapaKTepU3yIOT MaTHUTHYIO aKTUBHOCTb. JIJISI OTNpeneneHusT TOMOXEHUS CITyT-
HUKOB U TIPUBSI3KU pe3yIbTaTOB U3MEPEHUI KO BpeMeHU OYyIeT UCIOJIb30BaThCs
GPS/TJTIOHACC npuéMmHuk Ha 60pty. JlaHHBIe TPUEMHUKA OYAYT UCIIOIb30Ba-
HbI, B TOM YHCIIe, IJIsl OTpeaesIeHUsI TIOJTHOTO 3JIEKTPOHHOIO COAepKaHUsI BAOJb
Jryuya pacripoctpaHerust curHajga or GPS/TJIOHACC-ciyTHUKOB 10 KyOcara.

IIpuBeneHbl XapakTepHbIe ITapaMeTpbl IUIa3Mbl Ha BBICOTE CITyTHUKOB
H =800 xm. Y3 3TX 3HaYeHU OBIJIN OIIpeeIeHbI IIPOCTPAaHCTBEHHbBIE MACIIITA-
ObI, Ha KOTOpbIE HEOOXOAUMO Pa3BeCTH KyOcaThl AJIs1 OLIEHKY MapaMeTpPOB CIeK-
Tpa HEOJHOPOMAHOCTEM TUIOTHOCTU U BJIEKTPOMATHUTHHIX Tojieil. Kpome aToro,
MpUBeAEHHBIE MMapaMeTPhl TTO3BOJISIIOT OLIEHUTh HEOOXOAUMOE BpeMEeHHOE pas-
pellieHre MPUOOpPOB — € YIETOM CKOPOCTHU IBUKEHUS CITYTHUKOB OHO HOJIKHO
6bITh He xyxe 30...60 MKc.
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Yenosus nposedenus uzmepenuii 6 uonocgepe
H=800km, N,=10*..10>cM >, B= 0,35 Tc, 7,= 3000 K, 7,, = 2000 K

Tvpopammyc 3JEKTPOHA . .. .o v v e e 5cMm
Tupopamuyc O+ . ........................ 600 cm
J1e0aeBCKASI IIIAHA . . ..o ovvt e e eeeee e 2cm
MHuepunroHHas JUIMHA 9J€KTPOHA. . . . .\ o v . .. 53Mm
HuepumonHasgs mwmHa O+. ... ... .......... 570 m
I'mpoyacToTa /MeKTpOHA. . . ..o v v v v et 0,9 MI'u
Impouactota O+ . ......................... 3211
[Ina3mMeHHass 4acToTa .. ... oo vvven.n. 0,9...2,9 MI'y
HMonHasg miazMeHHas yactoTa .. ......... 5. 15kl

M3mepeHust OyayT MPOBOAUTLCS B JABYX pexXuMax: 1) ObICTPbIi, BBICOKO-
VHGOPMATUBHBIN 1711 MOAPOOHBIX M3MEpPEeHUI Ha OTOOpaHHBIX HMHTEpBajax
U 2) AeXypHBIN, HUBKOMH(hOPMATUBHbINI, MpeaHa3HAYeHHBIN AJIsI MOHUTOPUH-
ra OKpyXarolleil cpenbl Ha IUIMTEIbHBIX WHTEpBaJiaX. BBICTPBIN pexkxum Oyner
BKJTIOUAThCSI BO BpeMsI HanboJiee BaXKHBIX Y4aCTKOB IIPOJIETA: HaJ paboTaoMMMuU
HarpeBHbBIMU CTE€HIAMU U B aBpOpajbHOM 0obylacTh. B 3TOM pexxume cyMMapHBIiA
MoToK MHGopMaluu OyaeT coctapisiTh ~2 Mb/c 1 Ha OMHOM BUTKE B JaHHOM
pexxume OyaeT HakoruieHo ~1,2 I'b nuHdopManuu. Ha ocranbHbIX yyacTKax Oy-
JIeT BKIIIOYEH 0030pHBINA, MEJICHHBIIA peXXUM padOThI, C TOTOKOM MH(pOpMalun
~2kb/c (12 MBb/Butok). Copoc TeaeMeTpuu OYyAeT OCYIIECTBIATLCSI Ha paciipe-
JEeJAEHHYIO CeTh MPUEMHBIX CTAHUIMHI (YHUBEPCUTETOB, MHCTUTYTOB U TIP.).

BHYTpeHHSISI apXUTeKTypa CIyTHMKa OyneT MaKCUMajbHO YIIPOIIeHA IS
MOHMXEeHUsSI cTouMocTU. CiyXXeOHble M Hay4dHbIe MapaMeTpbl 00pabaThIBalOT-
csl emMHOOOpa3Ho. HayuHble mapameTphl, ajeKTpudeckoe mnoJje (£), MarHuTHoe
noJjie (B), Temriepatypa U IJIOTHOCTbD T1a3Mbl (7, #) MOCTYIAOT Ha LIEHTPaJbHBII
MpoLIeCCOp BMECTe CO CIIy:KeOHO# MH(popMaliueli — BBIXOAHBIM CUTHAJIOM Ha-
puraimoHHoro npuéMuuka (GPS), naHHeIMU KOHTpOJsT TemnepaTyphl (7 [°C]),
a Tak>Ke KOHTPOJISI HampsDKeHUs MMMTaHUS U moTpeodisiemoro Toka. bosee Toro,
nH(popMaLUsI HaBUTALIMOHHOTO NMPUEMHMKA OyIeT MCIOJIb30BaHa U AJIsl CIIyKeO-
HbBIX, U JJIs1 HAYYHBIX LeJIe.

5. CTPATEIMAl NPOBEAEHNA U3MEPEHUN

I'pynmupoBka KyOcaToB OymeT pacrojlaraTbCsl TaKMM 00pa3oM, 4ToObI 00e-
CIIEUNTh ONHOBPEMEHHbICE M3MEPEHUSI Ha pa3HbIX MaciuTabax: 4yacTh CITyT-
HUKOB JOJDKHA HAXOAUThCS BHYTPU 30HBI MHEPLIMOHHON [JIUMHBI 3JIEKTPO-
HOB, Ipyrasgs — BHYTPU 30HbI MHEPLIMOHHOW IJIMHBI MOHOB, & OJWH WU He-
CKOJIbKO JTOJDKHBI OTCTOSITb Ha PACCTOSIHUSIX, MPEBBIIAIONINX 3TU BEJIUYUHBI.
ITpuMepHas cxema pacnoIoXeHUs CITYTHUKOB TIpeACTaBeHa Ha pUc. 3.

BoABIIMHCTBO CIYTHUKOB pa3BeAcHbl BAOJIb OPOUTHI, YTO TEXHUYECKHU TTPO-
me. PaccTrostHue mexxay aBymst riepBbIMU ciyTHUKamMu 1 1 2 (L1) momkHO OBITh
MEHbIIIe MHEPIUMOHHOM JIMHBI 31eKTPOHOB, T.¢. L1 < 50 M. PaccTrossHune Mexmy
cryTHUKOM 1 1 3 (L2) 10KHO OBITh MEHbIIIEe MHEPILIMOHHON AJTUHBI HOHOB o,
T.e. L2 < 500 M. CryTHUK 5 TOJKEH OTCTOSITh OT CITyTHUKA 1 Ha paccrosiHue L3,
cyuiecTBeHHO OosbieM 500 M.
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Puc. 3. CxeMa pacronoxXeHHsI CITyTHUKOB

Ha Bwicote 800 kM, mjisi KOTOpOit
cleiaHbl OLIEHKU, TIa3Ma TOJHOCTbIO
3aMarHM4eHa, MarHUTHoOe TIojie TIpu-
OJIM3UTENBLHO BEPTUKAJILHO M I103TO-
My Ha IIpUMBEIEHHOM CXeMe CBOICTBa
IUIa3Mbl BIOJb W TIOMEPEK OpPOUTHI
JIOJKHBI ObITh OAMHAKOBBIMM. OaHAKO
MPpU U3MEPEHUSIX B 00JaCTsIX aKTUBHO-
ro Harpera IOJIE3HO HMETb BO3MOX-
HOCTb MTPOBOAUTH OMHOBPEMEHHBbIE U3-
MEpeHHUsI Ha pPa3JIMYHbIX PACCTOSTHUSIX
OT LIEHTpa 00JIaCTU B pa3HbIX HaIlpaBJie-
Hustx. [1loaTomy nBa crryTHUKa (6 ¥ 7) CMEIIEHBI TI0 OTHOIIEHHIO K IIEHTPATbHOM
opOuTe, UTO TTO3BOJISIET MOJIYYUTh OOBEMHYIO KAPTUHY UBMEPEHUI.

Bo3moxHBbI 1Ba Toaxona K cOOpy M Mepegadye pe3ysbTaTOB M3MEPEHUIA.
B nepBoM monxoje Bce CIyTHUKM paBHO3HAYHbBI U CHAOXEHBI TeJIeMETPUYECKU -
mu (TM) cucremamu sl nepenadyd uHbopMalMy Ha 3emito. Bo BTopom mnos-
XOJIe OAWH W3 CHYTHUKOB («MaTKa») MpeaHa3HauyeH sl puéma uHbopMaluu
OT JIPYrux CIyTHUKOB, €€ HaKOIUIEHWs, OpraHu3aliMyd U Mepenadyd Ha 3eMITIO.
ITpu aToM TM-cuctembl Ipyrux CHyTHUKOB MOTYT ObITh 00Jiee TPOCTHIMU U Ma-
JIOMOILIHBIMHU (fei€BbIMK). Takas cxema MpeAnovYTUTebHa, B TOM YKCIIe C TOY-
KU 3PEHUS JIEKTPOMArHUTHON COBMECTUMOCTU — MajioMollHble TM-cucteMbl
He OyayT co3aaBaTh IOMeX IPH JIOKAJbHbIX U3MEPEHUsIX, HO FOpa3io MeHee Ha-
JEXHasi, TTOCKOJIbKY BBIXOJ M3 CTpPOsI «<MaTKW» yOMBaeT BClO cucteMy. Bompoc
00 opraHu3aluy CUCTeMbl CITyTHUKOB OyIeT pacCMOTpPEH ¢ YYETOM U HalIEXKHO-
CTU, U CTOUMOCTH.

3AKJTIOYMEHUE

B mpoekTe mpemraracTcs MCIONB30BaTh OMHOBPEMEHHO HECKOJIBKO YHH(HIIN-
POBaHHBIX TMKOHAHOCIYTHUKOB (KyOCaToB), KOTOPEIE TIPOCTHI B M3TOTOBJICHUH,
YTO TO3BOJISIET OBICTPO M OTHOCUTENIBHO NEMIEBO M3TOTOBUTHL HEOOXOOUMOE HMX
KommdecTBO. [IpenronaraeTcst, 9YTo MOgOOHBIe KyOcaThl He OYyIyT OOJTO HaXo-
IUTCS Ha OpOMTe, CIIeIOBaTeIbHO, OTITagaeT HEOOXOMMMOCTh B TOTIOTHUTEILHBIX
3aTpaTax Ha pagdallMOHHYIO 3alllUTy CITyTHUKA M MOXHO WCIIOJb30BaTh OoJjee
JEeNIEBbIe KOMIUIEKTYIOIIME TIPU WX TMPOU3BOACTBE. YHM(HKAIUS IO3BOJISIET
HEe TOJIbKO YIEIIEBUTh M YCKOPUTH TTPOSKTUPOBAHNE W U3TOTOBJICHNE, HO U TIPH
HEeOOXOIWMOCTH TIPOU3BECTH 3aIyCK HOTIOJHUTEIBHBIX aHAJIOTMYHBIX CITyTHH-
KOB JIJIST TIOJTY9eHUsI BCITOMOTaTe IbHON MH(MOPMAILIMKU Ha APYTUX MacIITabax VIIH
JUTST YTOYHEHUST YK€ UMEIOIINXCS JaHHBIX.

Hnst orvicaHus MOHOCGEPHI aBPOPaTbHON 00JIACTA TUTAHUPYETCS TIpUMe-
HUTh HEJIMHEIHBIe METONBI: (hpaKTATbHBINA ITOIXOMd, TEOPHIO MEePKOJISIIIUN, KO-
TOpBIE pa3paboTaHbl U YCIIEITHO allpOOHPOBAaHbI aBTOPaMU IPEAJIaraeMoro mpo-
ekTa. O1eHKN PpaKTaIbHBIX XapaKTePUCTUK PeaTbHBIX 0OBEKTOB B (DM3MUECKIX
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3ama4ax MOHUMAIOTCS KaK XapaKTePUCTUKU CKEMJIMHTOBBIX CBOMCTB 3TUX O0B-
€KTOB, CITpaBeIMBbie HA HEKOTOPOM JAuana3oHe MaciTaboB. [TockonbKy caMo-
MnoaoOHbIe (CKEMIMHTOBbIE), (hpaKTalbHbIe CBOMCTBA, KaK MOKA3aHO B pa3jiny-
HbIX paboTtax (Hampumep, [['onoBuaHckas u ap., 2012; YepHsliiioB u ap., 2013;
Chernyshov et al., 2013]), npucyiuu noHocpepe, TO 10CTATOYHO UMETh JABa-TPU
M3MEPEHMSI BHYTPU OTHOTO XapaKTEPHOTo MaciiTada, YToObl MOJYyYUTh BEJIUYK -
HbI, ONUCHIBAIOIINE CIOXKHBIE HEJIMHEHbIE MPOLIECCHI.

Takum o6pa3oM, TaHHBIN MPOEKT IMpenjaraeT UCHoab30BaTh OTHOCUTEIBHO
MPOCThIEe U NEIEBbIE B MPOU3BOACTBE CITyTHUKM, KyOcaThl, KOTOpble obecredyaT
MOJy4eHue OTHOBPEMEHHBIX U3MEPEHUI B pa3HECEHHBIX TOUKAX, YTO MO3BOJIUT
MOATBEPIUThL/ONMPOBEPTHYTH (hPaKTAIbHbBINM XapaKTep aBpOpabHOM MOHOCGhEPHI.
DTo BaxHO U ISl GyHIAMEHTAIbHBIX UCCIENOBAHUMI, U IS pellieHUs] TPpaKTuye-
CKUX 3a7ay.
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MULTIPOINT MEASUREMENTS OF PLASMA PARAMETERS
AND ELECTROMAGNETIC FIELDS IN THE EARTH’S IONOSPHERE

A. A. Chernyshov, D. V. Chugunin, M. M. Mogilevsky, I. L. Moiseenko, A. A. llyasov, V. V. Vovchenko, S. A. Pulinets

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

The processes occurring in the auroral ionosphere are complex and nonlinear. The distribution
of charged particles, their velocity and path of motion are the result of a large number of exter-
nal factors, such as solar activity, the motion of the neutral atmosphere and geomagnetic situa-
tion. Permanent variation of parameters that affect the key characteristics of the auroral iono-
sphere does not allow to create a reasonably accurate model for practical application within the
framework of the classical approach. Fractal approach to the description of the plasma prop-
erties in the auroral region is devoid of these shortcomings. At a certain loss of “physicality”
in the description of the processes, this approach allows to obtain characteristics of the medium,
including for practical use. However, validity of applying the fractal methods to the description
of auroral processes requires verification. It is the aim of the proposed project. Small and rela-
tively cheap satellites so-called CubSats will be used to verify the fractal approach to the descrip-
tion of the auroral region and the studies ionospheric irregularities, including artificial heating.

Keywords: auroral region, ionosphere, magnetosphere, fractals, Cubsat, nonlinear dynam-
ics, ionospheric irregularities.
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