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st oOrpyHTYBaHHST MOXIMBOCTI KEpYBaHHS PYXOM KOCMIYHHX amapariB B ioHocdepi 3a JOMOMOroro
[PHCTPOI0 THILYy «MArHiTHHHM MHapyc» MHpOaHAIi30BaHO pPE3YJbTaTH cepii eKCIEePHMEHTAIBHUX IOCIiKEHb
B3a€MOJIii MOZeNiell KOCMIYHUX amapaTiB 3 rilep3BYKOBHM MOTOKOM PO3PiKEHOI IU1a3Mu. 3alpornoHOBaHO iei0
eKCIEPHMEHTY Ha HAaBKOJO3eMHii opOiti 3 BHKOpuCTaHHsAM MikpocymytHuka CubeSat. SIkimo Ha 6GopTy
KOCMIYHOIO amapara pO3TallyBaTH [DKEPENO CHIBHOTO MArHiTHOrO IO, TO MNpd OOTIKaHHI TaKOro
«HAMaTHIYCHOro» arapara rilep3BYyKOBHM IIOTOKOM PO3PiDKEHOI IUIa3MH YTBOPIOETHCS HEOIHOPiJHA II1a3MOBa
CTPYKTypa, moAiOHa 10 MarHiTocdep IUIaHeT — IITy4HA MiHi-MarHitocdepa. Ilpu mpomy mkepeny mois Oyzne
[epeaBaTHCs YaCTHHA IMITYJIbCY IUIA3MOBOTO ITOTOKY; 3'SIBISATBCS MOMATKBI CHIIM, IO [TiFOTh Ha KOCMiYHHI
amapaT. Llell MpUHLMI MOJArac B OCHOBI «MAarHiTHOTO Mapycy» sSK HEPEaKTHBHOTO MAarHiTOTiJpOAWHAMIYHOIO
JIBUTYHOBOTO IIPHCTPOIO, IO BHKOPHUCTOBYE KIHETHYHY EHEpril0 «COHSYHOro BiTpy». Ha Iurazmoenexrpo-
JMUHAMIYHOMY CTEH[i MPOBEICHO EKCIEPUMEHTATbHI MOCIIKEHHs B3a€MOZil MOAeNell KOCMIUHHX amapartiB 3
IIOTOKOM IUTa3MH. BH3HaUeHO 3aJIeXKHOCTI CHIIM OIOPY Ta IMiJHOMHOI CHIIM, IO JIFOTh Ha MOJEII, BiJ MapaMeTpiB
MOTOKY 1 MarHiTHOro moist. IlokasaHo, 110 WTydHa MiHi-MarHiTocdepa Moke OyTH e(heKTHBHHM 3acO000M
KepyBaHHs PyXOM KOCMIYHOro amapary B ioHocdepi 3emui. st IpoBeJEeHHs EKCIIEPUMEHTY B HABKOJIO3EMHOMY
MPOCTOPi Ha MIKPOCYIMYTHHKY BCTAHOBIIOETHCS KOHCTPYKINSl 3 MOCTIHHMX MArHITIB B OOOJOHI, IO €KpaHye
MarHiTHe 1oje. Bu3HauaroThest 3MiHU OpOITH CYIYTHHKA, SIKi BiIOYyBAIOTHCS IMICISI 3HATTS €KpaHY, B 3aJIEKHOCTI
BiJ mMapamerpiB MarHiTHoro moisi. Lleit excrepumeHT OyB OM MEpIIOI0 MEPEBIPKOIO KOHLEMIN «MarHiTHOrO
mapycy» sIK pyms i KOCMIYHMX amapaTiB. KepyBaHHS pyXOM «HaMarHi4eHOTo» Tila 3a paxyHOK
JIOBrOTEPMIHOBOI B3a€MOJIi1 MArHITHOTO MOJIS 3 10HOCHEPHOIO IIA3MOI0 MOXKE CITY)KUTH KIIFOUYOBHM €IEMEHTOM
IIPUHIAIIOBO HOBOI TEXHOJIOTI] OYUCTKH i0HOCHEPH BiX 00'€KTIB «KOCMIYHOTO CMITTSI».

Jlnst 000CHOBaHMS BO3MOXKHOCTH YIPABIEHHS JBHKEHHEM KOCMHYECKHX allapaTtoB B HOHOchepe ¢
HOMOII[BIO YCTPOHCTBA THIIA «MArHUTHBIA Mapycy» MPOAHAIH3UPOBAHBI PE3yNbTAThl CEPUH IKCIIEPHUMEHTAIBHBIX
HCCIIEIOBAaHUH B3aMMOJECHCTBHS MOJeIeil KOCMUYECKUX alllapaToB C THIIEP3BYKOBBIM IOTOKOM pa3pexKeHHOM
wia3mel. [IpensoxkeHa wuues SKCHEpPHMEHTa Ha OKOJIO3EMHOH OpOHMTE € HCIONB30BAaHHEM MHUKPOCIYTHHKA
CubeSat. Eciin Ha 60pTy KOCMHYECKOTO ammapara HOMECTHTh MCTOYHHK CHIIBHOTO MarHHTHOTO IOJISI, TO NP
00TEKaHHU TAaKOTO «HAMATHWYCHHOTO» allapaTa TMIEepP3BYKOBBIM MOTOKOM Pa3pEeKEHHOW ILIa3Mbl 0Opasyercs
HEOJHOPOJHAs IUIa3MEHHAsl CTPYKTypa, MoxoOHas MarHurocdepaM IUIAHET — HCKYCCTBEHHAs MHHH-MarHHTO-
chepa. Ilpu 3ToM HCTOYHMKY Moyt OymeT mepeaBaThesi 4acTh HMITYNbCa IUIA3MEHHOTO IOTOKA; MOSBSTCS
JIOTIOJTHUTEINIBHBIE CHIIBI, IEHCTBYIONINE HA KOCMUUECKUH ammapar. DTOT IPUHINII JISKUT B OCHOBE «MarHUTHOTO
mapyca» Kak HEPeaKTHBHOTO MAarHHTOTHAPOAMHAMHYECKOrO JBHUIaTeJIbHOrO YCTPOMCTBA, MCIOJNB3YIONIETO
KHHETHYECKYI0 JHEpPrHI0 «COJNHEYHOro BeTpa». Ha INIa3MO2JIeKTPOJHMHAMHYECKOM CTEHIE HPOBEICHb
9KCHEPHMEHTAIbHBIC WCCIICIOBAHHs B3aUMOJCHCTBUS MOJENCH KOCMUYECKHMX allllapaToB C ITOTOKOM ILIa3MBbI.
OnpeneneHsl 3aBUCHMOCTH CHJIBI COITPOTHBIIEHHUS U ITOJbeMHON CHIIBI, EHCTBYIOIINX HA MOZEIH, OT HapaMeTpoB
MMOTOKAa M MarHUTHOro mouisi. [loka3zaHo, YTO MCKYCCTBEHHAs: MHHU-MarHUToc(epa MOXKeT ObITh 3()(EeKTUBHBIM
CPEICTBOM YIpaBICHHS JBIDKEHHEM KOCMHYECKOro ammapata B HoHocdepe 3emim. [lns mpoBeneHHs
9KCHEPHMEHTa B OKOJO3EMHOM IIPOCTPAHCTBE HAa MHKPOCIYTHHKE YCTAHABIMBACTCS KOHCTPYKIHMS W3
IIOCTOSIHHBIX MAarHUTOB, IIOMENIEHHAas B pPETYJIHPyeMyl0 OOOJNOYKY, JKpPaHUPYIONIyI0 MAarHHTHOE IIOJe.
OnpeensiioTest U3MEHEHUsT OPOUTHI CITyTHHKA MPH CHATHU 9KpaHa B 3aBHCHMOCTH OT HMapaMeTPOB MAarHUTHOTO
mosst. DTOT 3KCIEPUMEHT ObUT OBI IepBOI MPOBEPKOH KOHIIENINH «MAarHUTHOTO Mapyca» Kak ABVDKHTENS IS
KOCMHYECKHUX alapaToB. YIPaBICHHUE ABIKCHHEM «HAMarHMYCHHOr0» TeJa 3a CYET JOJITOBPEMEHHOTO CHIIOBOTO
B3aMMOJEHCTBUSI MarHUTHOTO IIOJSI C HOHOC(EPHOH INIa3MOH MOXKET CIIYKHTh KIIOUEBEIM 3JIEMEHTOM
HMPHHIUITHAIBHO HOBOH TEXHOJIOTUH OYUCTKH HOHOC(EPHI OT 00BEKTOB «KKOCMHYECKOTO MyCOpay.

Based on the results of a series of experimental studies of the interaction of spacecraft models with a
hypersonic rarefied plasma flow, this paper demonstrates the possibility of controlling spacecraft motion in the
ionosphere with the use of a device of the “magnetic sail” type and proposes an idea of an experiment onboard a
CubeSat microsatellite in a near-Earth orbit. If a spacecraft is equipped with a source of a strong magnetic field,
then in a hypersonic rarefied plasma flow a nonuniform plasma structure called an artificial mini-magnetosphere,
which is similar to a planetary magnetosphere, will form in the vicinity of the spacecraft. In this case, part of the
plasma flow momentum will be transferred to the magnetic field source, thus resulting in additional forces acting
on the spacecraft. This principle forms the basis for the “magnetic sail” — a jetless magnetohydrodynamic
propulsion unit that uses the kinetic energy of the solar wind. Experimental studies of the interaction of spacecraft
models with a plasma beam were conducted on a plasmaelectrodynamic setup. The drag and lift acting on the
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models were determined as a function of the flow parameters and the magnetic field. It was shown that an
artificial mini-magnetosphere may be an effective means of controlling spacecraft motion in the Earth ionosphere.
The experiment to be conducted in near-Earth space envisages equipping a microsatellite with permanent magnets
encased in a controllable enclosure that shields the magnetic field and determining the satellite orbit variations
after removing the shield as a function of the magnetic field parameters. The experiment might be a first
verification of the concept of the “magnetic sail” as a spacecraft propulsion unit. Controlling the motion of a
“magnetized” body by using the long-term interaction of the body’s magnetic field with the ionospheric plasma
may be the key component of a radically new technology for space debris removal from the ionosphere.

Kntouesvle cnoea: xocmuueckuii annapam, xyocam, YuzhSat, uonocgepa,
MUHU-MacHUMocC@epa, niasma, MascHUmHsll napyc, gusuveckoe mMooeruposanue,
NIA3MOINIEKMPOOUHAMUYECKULL CTNEHO.

BBenenne. ®axT, 9TO «CHIBHBIA BETEp BOAOPOAa HempepbiBHO xyeT B Coi-
HEYHO# cucteme» [1], HE MOr He MPHBECTH K HICSM HCIOJIb30BAHHS KHHETHYC-
CKOH PHEPTHH «COJHEYHOTO BETPa» — BHICOKOCKOPOCTHOTO ITOTOKA MCITYCKAEMBIX
ConHIEM 3apsSKEHHBIX YaCTHIl, B OCHOBHOM IIPOTOHOB! — /Il yCKOpEHHSI KOCMH-
yeckux ammaparoB (KA). B 1990-x — magame 2000-x romoB OBUIH TPEUIOKEHBI
KOHIICTIIIUH «MarHuTHoro mapyca» (P. 3yopuH [3]), «MarHuTo-1Ia3sMeHHOTO Mapy-
ca» (P. Yuurmu [4]) u «dnekrpuueckoro mapyca» (I1. Suxynen [5]). B astmx
ycrpoiictBax Ha 60pty KA pasmerieH (MEXaHWYECKH CBS3aH C HHUM) HMCTOYHHK
CHJIBHOTO MarHWTHOTO WIIM, COOTBETCTBEHHO, AJIEKTPUYECKOro Moy VMmymbce
3apsOHKEHHBIX YaCTHI] TNIA3MBI «COJIHEYHOTO BETPa», NBIKYIIUXCS B STOM IIOJIE,
U3MEHSETCs U3-3a AecTBUs cuibl JlopeHua. Ilo 3akoHy COXpaHEHHs] UMITYJbCa
MIPOTHUBOIIOJIOKHOE TI0 HANPABICHUIO M3MEHEHHE WMITYJIbCa IOy9aeT MCTOYHUK
monst. [lostomy Ha KA ¢ MCTOYHHMKOM OIS B MOTOKE TIIa3MBbl, KPOME a’pOAHHA-
MUYECKHUX CHII, IEUCTBYIOT CHIIBI JIEKTPOJMHAMUYECKON MTPUPOIBI.

Henemnuii ypoBeHb KOCMUYECKUX TEXHOJIOTMM HETOCTATOYEH AJISL CO3MaHUs
Y WCIONF30BAHUS TaKUX «IIPOTOHHBIX MapycoBy». Ho mMpHHIMIEI X (PyHKINOHH-
POBaHHSA MOTYT OBITH NMPOBEPEHBI B JIAOOPATOPHBIX YCIOBHSX H B OKOJIO3EMHOM
KOCMHYECKOM TIPOCTPAHCTBE, a HEKOTOpHIE yCTPOWCTBA JlaK€ HAWTH IIOJIC3HBIE
MIPUMEHEHUSI.

Uccnenoanns «comHeyHOT0 BeTpa» OepyT Hayano B onbitax K. bupkenanna ¢
MOJIETIbI0 MATHUTHOTO TIOJISI 3eMITH «TEePPEIUIoi» emé B Hauaje JBa/AIaToro BeKa;
OHH TIO3BOJIWIIA OOBSICHUTH HEKOTOpHIE reo(u3nueckre siBICHUS (CEBEPHOE CHSA-
HUE), TIOBJVSIIN Ha M3YYCHHE COJTHEYHO-36MHBIX CBSI3€M U pa3BUTHE KOCMHYECKOMH
ANIEKTPOTMHAMUKHN. AHAIIOTUYHBIE WCCIICJIOBAHUS MPOJOJKAIOTCS U B HAIM JTHH,
MIPUHOCS HOBBIE, YacTO HEOXHJaHHBIE, pe3ynabTarhl (cM. [6]). BzanmonericTBue
COITHEYHOTO BETpPa C MarHUTHBIM TIOJIEM IUIAHET MPOUCXOIUT B PEKUME MArHUTO-
ruapoauHamudeckoro (MI'/]) oOTexanus mia3Moil 0071acTH ¢ MarHUTHBIM TIOJIEM;
oOpa3yercss HEOJHOPOIHAs TPOCTPAHCTBEHHAS CTPYKTypa — MarHuTochepa. B ma-
OOpaTOPHBIX YCIOBUSAX MOJIEIMPOBATH COOTBETCTBYIOIINE acTPO(U3MUECKUE SIB-
JIEHHSI OYEHB CJIOXKHO HM3-32 OIPOMHOIO Pa3iMyMsl IPOCTPAHCTBEHHBIX MacIITaOoB
Y CKOPOCTEH MOTOKOB; ycoBus peanuzanuu MI'J[-TeueHns 11a3Mbl BBIOIHSIIOTCS
i yactuaHo. OO0pasyromrytocs KaueCTBEHHO MOJ00HYI0 IJIaHETHOW MarHuTO-
cdepe CTPYKTYpy, B KOTOPOH CYIIECTBEHHBIMU CTAHOBSITCSI KHHETHUECKUe 3P dek-

! XapaxTepHble apamMeTphl «CONHEYHOTO BETPa» [2]: MOJIHOCTHIO MOHU3UPOBAHHAS TUIA3Ma,
COCTOSIIAsl B OCHOBHOM M3 MPOTOHOB M HEOONBIIOro KonuuecTsa sizep renus (96 % u oko-
10 4 %), netsiasi co ckopocthio (300 — 1000) km/cek; B 0071aCTH 3eMHOM OpOHUTHI KOHLICH-
tpanus uoHoB (5 — 10)-10® M~3; mumamudeckoe napienue nmoroka (1 — 6)-10~° H/M?; unte-
IPaIBHBIN MOTOK «COJHEYHOTO BETPa» coCTaBiseT nopsaaka 108 Tonn mpotoHoE B cexynay.
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ThI, HA3bIBAIOT MUHHM-MarauTocdepoit [6, 7]. Pexxum oOTekaHus ¢ 0Opa3oBaHHEM
MUHHM-MarHuroc(epsl XapakTepeH U Ul B3aUMOJEHCTBUS IUIa3Mbl COJHEYHOTO
BETpa C MarHUTHBIM I1apyCOM, a TAK)Ke Il HEIaBHO OTKPBITHIX acTPO(U3NIECKUX
00BEKTOB — MAarHWTHBIX aHOMaluii Ha moBepxHocTH JIyHBI (cTpyKTypa «Peiinep
I'ammay) 1 MmarauTochep acTepOUIOB.

Wpnen HepeaKTHBHBIX MarHUTOTUAPOIUHAMUYECKUX YCTPOMCTB ISl JIeTaTelb-
HBIX alllapaToOB MHTEHCHBHO PAa3BHBAIOTCS B BELYILIMX a9POKOCMHUUYECKUX CTPAHAX
Mmupa. [IpennokeHpl NPOEKTHl SKCHEPUMEHTAIBHBIX KOCMHYECKHX allllapaToB C
MarHUTHBIMH U 3JIEKTPUUECKUMHU IapycaMHM JUIsS CO3JaHus TATH, YIPaBIIEHUs BU-
KEHHEM, KOPPEKLUUH ¥ M3MEHEHHsI IIapaMeTpoB OpOUT; OJHAKO IIOJICTHBIE HUCIIBI-
TaHWs TAKMX alapaToB €mé He MPOBOAMIKCHS. B OymymieM, BO3MOXKHO, UCTIOIb-
30BaHME SHEPIMU IJIa3MEHHBIX MOTOKOB B KOCMOCE CTaHEeT 3(PQeKTHBHBIM cpen-
CTBOM IIPH MEXIUIAHETHBIX M MEX3BE3IHBIX I0JIETaX, HO3BOJIAIOLUIMM Pa30THATh
KA 110 ckopocTH B IECSITKM—COTHH KM/CEK U 3aTOPMO3UTh, IPUOIM3UBIINCH K Lie-
1 noneTa. M3MeHss mapaMeTpbl MarHUTHOTO I0JIS,, MOKHO A0CTUTaTh 3()(HEeKToB
YCKOPEHUS1, TOPMOXKEHUSI, U3MECHEHHsI HAIIPaBJICHUS JIBM)KEHHS ammapara; T. €. Mo-
JyYUTh HOBBIHN (akTop ynpasierus KA, He TpeOyrommii 3HAaUNTENbHBIX YHEPTeTH-
YECKHUX 3aTpaT, a yTWIM3HPYIOUIUI 3HEPrur0 OKpyxarouieil cpenpl. Oxxupaercs,
YTO B IOJE€ «MarHUTHOrO napyca» OyayT MMeThb MecTO 3()(EeKThl, aHATOTUYHbIC
00pa30BaHMIO PAaJUALMOHHBIX TOSICOB OKOJIO IJIAHET, YTO IOMOXKET YMEHBIIHUTH
7103y KOPITYCKYJISIPHBIX KOCMHYECKHX HM3TYYECHHUI U 3aLIUTUTH SKUMAX U IPUOOPEI
MekIutaHeTHoro KA OT paauanuoHHBIX MOBpekaAeHHN [8]. AHanmoruuHoe «Mar-
HUTHOMY TIapyCy» YCTPOMCTBO Ha CITyCKaeMOM ammapare B aTMocdepe — «MarHuT-
HBII NapaloT) — B3aUMOACHCTBYET ¢ MOTOKOM IUIa3Mbl 33 YIAPHOW BOJIHOW OKOJIO
HOCOBOH yacTu ammapata. IIpu OBMKEHMM B IJIOTHBIX CIOAX aTMOcdepsl cylue-
CTBEHHO YBEJIMYHTCSI TOPMO3SLIasi CHJIa U CHU3UTCS KOHBEKTHUBHBIM TETIJIOBOH I10-
TOK K Kopiycy anmapata (cM. [9]).

CoBepI1IeHHO aHAJIOTHYHBIE MTPOLECCH B3aMMOIEHCTBHUS OTOKA IJIa3Mbl C HC-
TOYHMKOM CHJIBHOT'O MAarHuTHoOro mnoist Ha 6opry KA cnemyer oxxupaTe U npu
JABW)KEHUH B MOHOC(epe; OJHAKO MapaMeTpsl IiasMbl B HOHOc(hepe [2] cymre-
CTBEHHO OTJIMYAIOTCS OT IJIa3Mbl «COJHEYHOro BeTpa». MoHochepHas miazma Ha
Boicotax (400 — 1500) kM B OCHOBHOM COCTOMT M3 OJHOKPATHO HMOHHU3HPOBAHHBIX
KHcIopoaa W a3ora, Beime 1200 kM HauyMHAIOT NpeodsafaTh MOHBI BOJIOPOJA.
[InoTHOCTH MIa3MBl 3HAYUTEIBHO BBIIIE, YEM B COJIHEYHOM BETPE; HA 3THX BBICO-
Tax KOHIEHTPAIUK HOHOB 1 21ekTpoHOB N; = N, = (10%? — 10°) M3, melitpanbabix

aromoB N, = (10" — 10™) m%. CxopocTs nmotoka mnasmel oTHOocHTENBEHO KA Oy-

ACT OIPCACIIATHCA €ro Op6I/ITaJII>HOI>'I CKOpPOCTBIO, MCHBIIICH Ha ABa NOpAJKa, 4eM
CKOPOCTH COJIHEYHOI'O BETpA. Bo3M0XHO TONIBKO JABMIXCHUEC C TOPMOKCHHUEM (T. C.
PEXKUM «MArHUTHOI'O napalmoTa»), a TaKKC M3MCHCHUC HAIIPABJICHUS NBUKCHUSA
arrapara Oe3 YBCINYCHUSA €TO KHHETHYECKOH OHEPTHUH.

LIGJ'IBIO HaCTOS[H_Ief/i pa6OTI)I SIBJSIETCS 0OOCHOBAHHE BO3MOKHOCTH yipasnJie-
HUA ABUXKXCHUCM KOCMHUYCCKUX allllapaToB B I/IOHOC(l)epe C IOMOIIBIO CUCTEMBI TH-
Ima «MarHUTHBIN napycn».

O06ocHOBaHME 6a31/1pyeTc51 Ha pe3yiibTaTax HCCHC,I[OBaHHﬁ, IMPOBCACHHBIX Ha
IJIa3MO3JICKTPOANHAMUYCCKOM CTCHAC I/IHCTI/ITYTa TEXHHYECCKON MEXaHUKH HaLII/IO-
HaJIbHOM aKaACMHH HAYK YKpaI/IHBI n Focyz[apCTBeHHoro KOCMHUYECKOI'o arcHTCTBa

2 B 2013 romy NpeANpUHUMAINCH TMOMBITKA HCTBITAHUH «IJIEKTPMYECKOTO Mapyca» Ha
cytHuke ESTCube-1; skcriepuMeHT ObLT HeYIauHBIM: MAPYC HE PACKPBUICS.
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Vipaunas (UTM HAHY u TKAY) [9 — 12], B KOTOPBIX BOCIIPOU3BOIWINCEH YCIOBUS
¢dynkrmonuposanus KA B moHocdepe. M3ydanmuce mporecchl 00TeKaHUs «HAMAarHu-
YEHHBIX» (T. €. UMEIOIINX COOCTBEHHBIN MCTOYHUK MAarHUTHOTO ITOJis ) Mozeneit KA
TUIEP3BYKOBBIM MTOTOKOM Pa3pesKeHHOM IIa3Mbl, IPH KOTOPBIX OKOJIO MOZAETH (op-
MHUPYETCs TeUeHHE C HEOJHOPOAHOU CTPYKTYpOi 1 MUHU-MarauTocdepa. beum cae-
JIaHBI OIIEHK! JOMOJHHUTENFHBIX CHJI, AeHCTBYromuX Ha KA ¢ G0PTOBBIMH MCTOYHU-
KaMH MarHATHOTO TTOJIT Ha BbIcoTax mo 1000 kM, 1 pa3paboTaHbl MPEIOKEHUS 110
MIPOBEICHHIO SKCIICPHIMEHTA Ha OKOJI03eMHOM opbuTe B moHOochepe [13, 14].

JlonroBpeMeHHOE CHIIOBOE BO3IIEHCTBHE, OOYCIOBICHHOE B3aWMOJCHCTBUEM
MarHATHOTO TIOJSI C MOHOC(EpPHOH IMIa3MO, MOKET OBITh MCIIOIB30BAHO IS W3-
MEHEHHsI OPOUT KOCMHUYECKHX TN KaK KIFOUEBOW 3JIeMEHT MPUHINITHAIBHO HOBO
TEXHOJIOTHH OYHCTKH OKOJIO3EMHOTO KOCMHUYECKOTO TPOCTPAHCTBA OT KPYIHBIX
00BEKTOB «KOCMHYECKOTO Mycopa» [15].

Pe3yabTaThl 3KCIEPUMEHTAJIBHBIX HccjeaoBaHuii. IloTok paspexeHHOU
IUIa3Mbl CO3JaBaJICs IPU MOMOIIH T'a30Pa3psiAHOTO MJIa3MEHHOro yckopurenst. M-
MOJIB30BAINCH PA3IMYHbIC IJIa3MO00pa3yIOIUe ra3bl: BOAOPOA, KUCIOPOH, a3oT;
Janee MpUBEACHBI AaHHbIE i a30Ta. OOecredrBaNIycCh CICAYIOLINE MapaMeTphl
IUTa3MEHHOTO MOTOKA: Ta30KHHETHIECKOE JaBJIeHUE B CTpye IwiasMbl 4+ 1073 H/m?;
CTENEHb AUCCOLMAIMU MOJICKYIIPHOro a3ora &, ~0,6; creneHb MOHU3ALUU aTO-

moB 0,01<¢; <0,1; xoHueHTpanys HOHOB (M paBHAsA €il KOHIEHTPALUS 3JIEKTPO-
HOB) 105 < N; <10 M3 HalpaBJieHHble CKOpocTd MoHOB 7 <U; <28 km/cex,
HEUTpanbHBIX KOMIIOHEHTOB U, = 0,6 kM/cek; TeMnepaTypbl SJIEKTPOHOB, HOHOB U

HeHTpanbHBIX aToMOB 2,6 3B, 0,525B u 0,18 3B, ux TemioBble CKOPOCTH
1,2-108 m/cex, 3,3-10° m/cex u 1,9-10° M/cex coOTBETCTBEHHO. MOJEIAMH KOCMU-
YeCKHX alIaparoB CIyKuin chepsl paauycoMm F, =(4 —5) cM u3 audnekrpuue-

CKOr'0 MaTepuaiia; BHyTpU cdep pasMelaluch HICTOYHUKH MarHUTHOT'O TOJISI — O~
CTOSIHHbIE MarHWUTBI WJIM COJICHOM[bI. VI3MEeHEeHHeM CHIIBI TOKa B COJICHOMZE Mar-

HUTHBIA MOMEHT I\/Id MEHAJICSA B IpeAenax oT 2 A-M% 1o 450 A M2 WNunyxkuus

MarHUTHOTO I110J1 BOJIM3U IOBEPXHOCTH C(epbl NPUOIHKEHHO COOTBETCTBYET I10-
JII0 MArHUTHOTO JIUIIOJNSA, PACHOJIOKEHHOMY B LIEHTpEe cephbl, ¢ MarHUTHBIM MO-
mentom M ={0;0; M}, HanpaBieHHEIM BOMH OCH coleHoMaa. B 3aBuCHMOCTH

OT pacCCTOAHUA OT JUITOJIA R u yria 6 or HalpaBJICHUSA MAarHuTHOrO MOMCHTA

BEKTOP MHAYKIMH B, = { B.; By; B, }zf—o%{%in @coso; O; 300529—1}, rae
7

Mo =4rn 107" I'n/M — MarHuTHAs HOCTOSHHAS, B GUI'YPHBIX CKOOKAX — JEKAPTOBEI

KOMIIOHEHTBI BEKTOpa. Y J0OHO XapaKTepu30BaTh MOJIe MAKCHMAIbHBIM (H3MEpeH-
HBIM) 3HAYCHUEM MHAYKIIMH MArHUTHOTO TOJISl HA TOBEPXHOCTH cepsl By, .

BespasmepHblil apamerp, xapakrepusyromuii Tedenne Pg, /Py — oTHOICHHE
MarHUTHOTO JaBJICHUs Ha MOBepXHOCTH cepsl, Py, = B&, / (214 , x MHAMMYECKOMY
naByennio otoka, Py = p,U? / 2, rae p = AM,N; — IIOTHOCTS BelecTBa B IOTOKE
TUIa3Mbl, JABWXKyIIerocss co ckopocteio U,;, A — aromHas Macca HOHa,
m, =1,66 -107?" kr — aTomHas eMHMIA Macchl. M3-3a GOJIBIIOr0 pas/Mums Mace HeK-

TPOHOB U aTOMAPHbIX KOMIIOHCHTOB IJIa3MbI U CKOpOCTGﬁ HWOHOB M aTOMOB JHHaAMH4C-
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CKOE JIaBJICHWE NIOTOKA B OCHOBHOM OIIpEJelisieTcsi HOHHOM KOMITOHEHTOH U COCTaB-
mer 1,2-107° < Py <11-107 HAZ
Ha puc. 1 npuBenensr gororpadum odTekaHus Ia3Moi MoaelHn 06e3 MarHuT-

moro moist (a)) ¥ ¢ MarHuTHEIM 1onieM (6), B), T')) IIPH PasIMYHBIX OPHEHTALHAX
BEKTOpa MarHUTHOTO MOMEHTa (0003HaUYEHHOTO OEII0i CTPEKOit).

el 43

U, =28,3km/c, N; =9,6-10°M°, £y =5,25cm, Py, /P =4,8-10°
PaccrosiHre Mexy cpe3oM IIa3MeHHOTo yekopuTens U Mojenbio KA 60 cm
Puc. 1

MarsuTtHoe 1moJie KayeCTBEHHO MEHseT KapThHY TedeHusi. Habmonaemoe cBe-
YeHHe B BUJIUMOM CIIEKTPE BBI3BAHO yIapHBIM BO30YKICHHEM aTOMOB ra3a HpHu
CTOJIKHOBEHHSIX C HOHAMH TJIA3MEHHOTO ITOTOKa, IOATOMY 110 MHTEHCUBHOCTH CBe-
YeHHUsT MOXKHO CyIUTh O TUIOTHOCTH MOHOB M TeMIe CToNKHOBeHHH. Ha ¢otorpa-
¢usx (puc. 1,6),-r)) BUAHA TOJIOBHAS yIapHas BOJIHA, TEMHbIE 00JacTH — MOJIOCTH,
KyJa He TIPOHHUKAET IUIa3Ma — U SIPKO CBETALINECS 00JacTH, IPUMBIKAIOIINE K I10-
JO0CaM MCTOYHHKA MAarHUTHOTO TOJIS — Kachbl. Pacnooxenne KacmoB U moyiocTei
MEHSIETCSl NPU MTOBOPOTE BEKTOpPAa MAarHUTHOrO MOMeHTa. Takas HEOZHOPOIHAs
CTPYKTypa, BOZHHMKAOIIAsl MPH BKIIOYCHUHM MArCHHTHOTO TIOJS U MEpecTpauBalo-
IIasCsI IPU €r0 M3MEHEHNH, Ha3bIBACTCSl MUHU-MarHUTOC(HEepoOi.

Ha nenoaBmxHOe chepruiyeckn CHMMETPUYHOE TEJIO B OCECUMMETPHUYHOM I10-
TOKE ra3a WM 1Ia3Mbl (puc. 1,a)) AedcTBYeT a’spoarHaMUYecKasi CUiia JI0OOBOrO
comnpoTHuBieHust F, .; Ipy HapylIEHUH CHMMETPHU BKIIOYEHUEM MAarHUTHOTO TOJIS

(puc. 1,0)-T)) mosiBAsIeTCS] HOABEMHAs CHIIA Fy . Ot cuibl, IeicTByOIHE HA MO-

nenb KA, n3Mepsuinch ¢ MOMOIIbIO adpOJMHAMHYECKHX BECOB; 3aTE€M OIPEAeIs-
JHCh adpoauHamMudeckue ko3 unuentsl, C, =F, / (Png) (3mech wHACKC a TpH-

HUMAacCT 3HAUYCHUA X WIH Y, Sg — Iomaab MmonepeYHoOro CCUYCHUA Tena), B 3aBHU-

CHUMOCTH OT HapaMeTpoOB IUIA3MEHHOTo MOToKa (ckopoctu U; M KOHIEHTpaunuu
noHoB N; ), MHIYKIIMK MarHUTHOTO TOJIS HA TIOBEPXHOCTH Monenu By, , yrma 6
MeX/1y BEKTOpaMHi MarHUTHOTo MoMeHTa M u ckopoctu U; .

Ha puc. 2 u puc. 3 npencTaBieHbl OTy4YeHHBIE SKCIIEPUMEHTAIBHbIE JaHHBIE.
Ha puc. 2 nokazana 3aBUCMMOCTh KO3 PHUIMEHTA JT000BOTO CONPOTUBJICHUS Cy OT
napamerpa Pg,/P; — OTHOLICHHS MaKCHMAaIbHOTO MarHUTHOTO [aBJEHHs Ha I10-

BEPXHOCTH MOJIEH K JIWHAMHUYECKOMY HaBJICHHIO IJIa3MeHHOro moroka. Ock op-
JIMHAT — OTHOUICHHE 3HaueHHd Kod(dduireHTa 1000BOTO COMPOTHUBICHUS TPH
HIMYMHA MarHUTHOTO MOJsl M 0e3 Hero (paBHOTO 2 Npu OECCTONKHOBUTEIHHOM
oO0Tekannu cdepbl rUNep3ByKOBBIM NOTOKOM). Koaddunuments ans monmenu 6e3
MarHuTHOTO MoJisi 00603HaueHsl nHAeKcoM «0». Ha puc. 3 moka3zaHbl 3aBUCUMOCTH

K03} pHIEEHTOB T000BOr0 CONPOTUBJICHUS U IOABEMHOM cuitbl Cy, Cy it Moze-

JIM ¢ MarHWTHBIM TIOJIEM OT yriila & MekIy BEKTOpaMH MAarHUTHOTO MOMEHTA W
ckopoctu. [TonmydeHHbIe 3HaUeHUS KO3(h(UIEHTa COMPOTUBIICHHUS XOPOIIIO COTJia-
CYIOTCSl C pe3yJibTaTaMHu pacdeToB M3 paboTsl [16], rae moiydyeHbl 3HAUYCHHS B

64



npenenax 3,4 — 3,7 nans ycioBWi, COOTBETCTBYIONIUX MPOBEACHHBIM SKCIIEPHMEH-
TaMm.

CI(O :::.0) / COI

10 107 10° 104 10°
Pa.., /| Py

1- 1, =435cm, U; =115 kv/c, Nj =4-1015u 3

2— 1, =525cm, U; =156 km/c, Nj =2-1015u 2

3— 1, =525 cm, Uj =283 km/c, N; =9,6-101°y 73
Puc. 2

o
[+
1

o
(=]
L

o
P
i

o
N
L

c,(0) /c,(180°) , ¢, (0)/c(90°)

o
o

T T ]

160 140 120 100 80
0,°
Puc. 3

8

[Ipu oOTekanuu chepruecKoil HeHaMarHUYEHHOW MOJICNIM CHjla HalpaBjicHa
M0 OCH TIOTOKA BJIOJb BEKTOpa cKopocTH. C yBeTMYEHHEM MAarHHTHOTO TOJS, CO-
OTBETCTBEHHO W MAarHMTHOTO JaBjieHUs, KO3 UIIMEHT J0OOBOrO COMPOTHBIICHUS
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HaMarHW9eHHOW MOJIEIHN OBICTPO pacTeT, T. €. MPOUCXOAUT 3P (HEKTUBHOE TOPMO-
JKEHHE MOJEIM B HaOeraromieM Iia3MeHHOM moToke. O003HauuB Oe3pa3MepHbIC
3aBUCHMOCTH a9POAMHAMUICCKUX KOO(PPHUIMEHTOB Cy, Cy , IIOKA3aHHBIC HA PHC. 2

¥ pHC. 3, OT COOTBETCTBYIOIMUX apryMeHToB Kak fup(Pgy/Py), fyp(6) u f yg(b’),

CHIIBI, JeficTByoIMe Ha Moneidb KA 1pu JBIKEHHH B HOHOCHEpE, COCTABSAT:
F, = S4Py Coy Fup(Pow/Py)f9(0) — cumna comporusnenns, F,=S,P,c,,(0)

nmoxsEMHAs CHiia. B 3aBHCHMOCTH OT OpHEHTAIH IUTIONS TOSIBIITIOTCS KOMITOHEH-
THl CHJI B MEPHEHIUKYISIPHOM HANPaBICHHUU; 3TO JAaeT BO3MOXHOCTH YIPABISATh
IBIDKeHHEM Tena. Takum o0pa3oMm, SKCIIepIMEHTaIbHO 000CHOBaHA BO3MOXKXHOCTh
ynpaeneHus nBmkeHrneM KA ¢ HCKyCCTBEHHON MHHH-MarHuToc(epoll B MOTOKE
HOHOC(EPHOH TITa3MBI.

I'panumia marauTocdepsl — MarHATONAay3a — 3TO (OTHOCHUTENFHO) TOHKHH Tie-
PEXOAHBIN CIIOH, B KOTOPOM yCTaHABIMBAETCA OalaHC TUHAMHYECKOTO JaBIICHUS B

HOTOKE IIasMbl, Py = piUi2 /2 , M JaBIECHUS MarHUTHOro nonus, Py = B,%,lp/ 24 ,

rae Byp — MHAYKUMS MarHuTHOTO MOJIS Ha MarHuronayse. ToJIuHa 3TOro CJIOs

MOSKET OBITh OlleHeHa Kak Oyp = C/ @y, [17] (tne @, =+ N.q2/m.&, — 1eKTpoH-

Hasd TUIa3MEHHAas 4acTtoTa, C — CKOpPOCTh CBETA, (,, M, — 3apsAn U Macca 3JICKTPOHa,

e

12

£, =885-107" d/m — ANEKTpUYECKas TIOCTOSIHHASI) U COCTaBJseT 5,4 cM uid ma-
pPaMETpOB IJ1a3Mbl, YKa3aHHBIX Ha puc. 1. MarHuTHOE 1OJIe MOYKHO MPUOJIMKCHHO
CUMTATh HOJIEM JUIIOJS C MATHUTHBIM MOMEHTOM M = {0; 0; M }, WHAYKIAS TTOJIS

GBICTPO YOBIBAaET ¢ paccTosHMeM Kak R °. Ha MarHuTOmayse MHAyKIUS MarHHT-
Horo nousist ynsauBaercs [17, 18], B,,, =2a B, (LMP); 9TOT 3 (EeKT UMEeT MECTOo
JUISL TIOJISL OKOJIO HEOTPAHMYCHHOM IJIOCKOW HJICAJIbHO TIPOBOJSIICH MOBEPXHOCTH;
YTOOBI Y4€CTh OTJIMYMS OT WICAIBLHOTO Cliydas, BBOAMTCA KodpduuueHt a (1mo-
psanka enuHuIel). JlaBieHHe MOTOKA YACTHI[ HAa MarHuTomnay3e OyJeT paBHO

yé) piUiz; kodpduuuent £ BBeaeH AN yu€Ta OTIMUMN YCIIOBHH Iepenavyu UM-
MyJbCca OT CIIy4Yasi CTOJIKHOBEHHMS C MJICaIbHO OTPaKaroNIel YaCTHIBI TNIOCKOH MO-
BEPXHOCTHIO, mpu KotopoM S =1, mpu neynpyrom cronkHoBennu £=05. U3

OanaHca IaBICHUN ONMpEessIeTCs XapakTepHblid pasmep marautocdeps! [17, 18]

Y6
a’ ﬂonZ

B 2z*(AmN, Ju?

JJis TUMWYHBIX YCJIOBUI SKCIEPUMEHTA, COOTBETCTBYIOLIMX YKa3aHHBIM Ha
puc. 1 (MarauTHBI MoMeHT 50 A-M2, cKOpocTh MOTOKa 28,3 KM/CEK M KOHIEHTpa-
mus  uoHoB aszora 9,6:10¥ m3), okono wmomenm KA oOpasyercs MuHH-
Marautocdepa ¢ paguycoMm 0,38 M. DT0 CpaBHUMO C pa3MepOM TEMHOH 30HBI Ha
puc. 1. MarauTHOE 1oJjie Ha MarHUTOIAy3€ B OKBaTOpHAIbHOM ceyenuu (0 =7/2)

(pamuyc Yenmena — @eppapo) Ly, =

Bump = ZaZI—;iTM = 2\/ Uy PPy = \/ 24y B p; U; . llose B npesienax MarHuTonay3sbl
MP

ObIcTpO yObIBaeT oT By, 10 3HadeHuil nopsiaka GoHOBOro Moyt Ha GECKOHEYHOM
yJaJIeHUH OT UCTOYHHKA.

O B0O3MOKHOCTH NMPOBECACHUA IKCIIEPUMEHTA B KOCMOCE. HpOBCI[eHHBIC
HucciIca0BaHUA CBUACTCILCTBYIOT O BO3MOXHOCTU IMOCTAHOBKU COOTBCTCTBYIOIIUX
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9KCIIEPUMEHTOB B KOCMOCe Ha 06a3e cryTHHKOB Kiacca CubeSat, Hanpumep MUKpO-
cryTHHKOBOM miatdopmser YuzhSat [19]. ITo pe3yiapraTam MpoBEIEHHBIX HCCIENO-
BaHMI ObLIM pa3pabOTaHbl NPEJIOKEHNAS, pecTaBlIeHHbIe B noknane [13]; pac-
CMOTPHUM 3TH BOTIPOCHI O0Jee IeTaBHO.

[enpb skcrieprMeHTa: IPOBEPUTH UJICIO CO3JAHUS B HOHOC(EpPE BOKPYT CITYT-
HUKa MAarHATOTHJIPOJNHAMHYECKON CTPYKTYpbl — MUHH-MarHutocdepsl, omnpeje-
JUTh TIApaMETPhl CHJI, BO3HHKAIOIIUX BCJIEJCTBUE OTKIOHCHUS MWHH-MArHUTO-
chepoil 3apshKEHHBIX YaCTHIl B MOTOKE HMOHOC(EPHOU Ia3Mmbl, U TMOKa3aTh BO3-
MOKHOCTb IIEJICHANPABICHHOTO M3MEHEHHS OPOUTHI CIIyTHUKA OJarojiaps TakoMy
B3aUMOJIeiicTBUIO. MIMeeTcs ipsiMasi aHAJIOTHSI ¢ «MAarHUTHBIM ITapyCOM», OTIHYHSI
COCTOSAIT B TIapaMeTpax IUIa3MEHHOTO MOTOKA B HOHOC(Epe U «COTHEYHOTO BETPa
B MEXILJIAHETHOM MPOCTPAHCTBE, B pa3Mepax YCTPOUCTB U pa3Mepax Co3laBacMoil
MHHH-MarHATOC(EpHI.

Coyrauk B nonocdepe Ha Boricotax g0 (1000 — 1200) kM B3aMMOJCHCTBYET C
MOTOKOM CJIA00MOHM3MPOBAHHOM TIA3MBbI, COCTOSIIEH B OCHOBHOM M3 HOHOB a30Ta
¥ KHMCIOpo/a; KOHIeHTpauus nonos cocrasiser (10° — 10M) m3; ckopocts Habe-
TAOIIETO0 MIa3MEHHOTO TIOTOKA ONPEIENAETCS OPOUTATEHONW CKOPOCTHIO CITyTHHKA.

B 0a30Boii KOHCTPYKIIMU CIyTHUKA YK€ MPEIYCMOTPEHBI ammapatypa s
OTIpEJICIICHUsI TApaMeTPOB OPOUTHI U OPHEHTAIIMU OCEH CITyTHUKA U CHCTEMa Iie-
penaun TeneMerpudeckod HH(opMarmu. J[OMONHUTETHHO JKENATeNIbHO YCTaHO-
BUTH aKCEJICPOMETPHI JJIs1 H3MEPEHHST YCKOPEHHUH B OPTOTOHAIBHBIX HAMTPABICHUAX
U KOMIUICKTBI 30HJIOB JIJISl U3MEPEHUS MapaMeTpOB TUIA3Mbl OKOJIO OBEPXHOCTH
CIyTHUKA (BHYTPH MHHH-MarHutoc(epsr) U Ha HEKOTOPOM (PUKCHPOBAHHOM pac-
CTOSHHMH (B HE BO3MYIICHHOM MAarHUTHBIM IOJIEM HAOETaromeM MOTOKE MIa3Mbl),
YTO MO3BOJHUT CYIIECTBEHHO PACIIMPUTH MPOrPaMMy UCCIICTOBAHUH.

Ha O6opty chyTHHKa pa3MelnaeTcs YHpaBisSeMblid HCTOYHHK JIOCTATOYHO
CUJILHOT'O MAarHUTHOTO TOJIS B BUJIC KOHCTPYKIMH C TTOCTOSHHBIMH MarHUTaMH W3
COBPEMEHHBIX MAarHUTHBIX MaTepHaNIOB (B MUHHUMATIBHOM BapuUaHTE C OJHUM Mar-
HuToM). CHCTeMa yIpaBJICHUS TIOJIEM COCTOMT W3 MArHUTHOTO DKpaHa, MO3BOJIs-
IONIEr0 BKJIFOYNTh U BBIKJIIOYMTH MArHUTHOE TOJIE, U MOBOPOTHOW CHCTEMBI JUIS
W3MEHEHUS HAMIPABJICHUS BEKTOPa MAarHUTHOT'O MOMEHTA.

B xavecTBe UCTOYHUKA MArHUTHOTO TMOJSI — B MUHUMAJIbHOM BapUaHTE — MO-
JKEeT OBITh BBHIOpAH JUCKOBBIA TMOCTOSHHBIA MArHUT W3 MaTepualia «HEOIUM-
xene30-60p» (NdFeB); kiacc oceBoit HamarHn4eHHOCTH U THIT HcnonHeHns 38EN
— 42EN. Taxkoii MarHUT pabOTOCIOCOOEH B JKECTKHUX YCIOBHSAX JIKCIUTyaTalliu —
NpY TOBBIIMIEHHBIX TEMIEpaTypax M CWIbHBIX BHOpanusx. M3genve muamMeTpom
70 MM 1 TommuHOM 60 MM mMeeT Maccy okouio 1,7 kr. MHIyKIus MarHuTHOTO T10-
st Ha mosrocHoM noBepxHocTr Marauta (0,4 — 0,5) Ta. JIMnonbHBIA MarHUTHBINA
MomeHT cocrtapisieT okoso 200 A-m2 Kak BapMaHT KOHCTPYKTHMBHOTO PELICHUS
MOJET PAacCMaTPUBATHCS COOpPKA M3 KOJBIEBBIX MOCTOSHHBIX MAarHUTOB, 00paM-
JICHHBIX MTOJIFOCHBIMH HAKOHEYHUKAMU.

MarauTtbl TOMEMIAITCS BHYTPH MarHUTHOTO 3KPaHa U3 MHOTOCIIOHHOTO Ma-
Tepuajia C HM3KOW OCTaTOYHON HAMarHWYEHHOCTHIO (MarHUTO-MSTKHE METaJUIbI:
NEepMaJUION, MIO-METaJlI), B KOTOPOM YKECTKO KPEISTCS TUIIEKTPUYECKHM KOM-
nayHaoM. TopleBble YacTU 3KpaHa pa3beMHBIC, COCTOSIINME M3 HECKOJIBKHX Jie-
MIECTKOB; JUIsl BKJIFOUEHUS W BHIKITIFOYEHUSI NCTOYHUKA MAarHUTHOTO TOJIS JISECTKU

3 TIpennoxeHus Mo 3KCIEPUMEHTY 3aHSJIM TPETHE MECTO B KOHKYPCE NMPOEKTOB TONE3HOM
Harpysku miardopmsl YuzhSat.
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TPYNIION 3JIEKTPOMAarHUTOB CHHXPOHHO INEPEeMEIIAloTcs U (PUKCUPYIOTCS B KOHEU-
HOM TIOJIOKEHHUM WJIM BO3BpAIIAlOTCs B UCXOJIHOE MOJIokeHue. Macca JIByclIoHHON
SKPaHHUPYIOMIEH 000IOYKH TaKOW KOHCTPYKIIMU COCTaBISET Mopsiaka S5 kr. MHoro-
CJIOMHBIM MarHUTHBIA 3KpaH HEOOXOAMM AJISl YIPABICHUS MAarHUTHBIM IIOJIEM U
IUIs. YMEHBILICHUS ACHCTBUA HOJIS HA Ipyrue CUCTeMbl U npuOops! ciyTHHKA. OT-
METHM, 4TO JIt0OOH BBIOPAHHBIA MCTOYHHUK IIOJISI UMEET MarHUTHBIM MOMEHT, CY-
LIECTBEHHO MPEBBIIAIONINN IPEAEIbHbIE BEIUYMHBI IJI1 YyBCTBUTEIBHOM H3Me-
PUTENBHON anmapaTypsl U IPYTHX YCTPOMCTB: UII UX KOPPEKTHOW PabOTHI 0OBIU-
HO HPOBOZSAT HPOLEAYPbl CHIPKEHUS MarHUTHBIX II0JICH U pa3sMarHUYMBAaHUS KOH-
CTPYKUUH CIIyTHHKOB 10 3HAa4€HUIl CyMMapHOIO MarHMTHOTO MOMEHTAa B €AMHU-
1Bl — IECATKU €IMHUIL MA-M? IPOTHB TPEOYEMBIX JUIS IPOBEIEHHUS SKCIIEPUMEHTA
MuHUMATBHBIX 3HadeHui (100 — 200) A-m2. ITo3TOMy ISl IPOBEIEHHS SKCIIEPH-
MEHTa JKeJaTelIbHO HCIOJIb30BaTh CIEIHAIN3UPOBAHHBII MUKPOCIyTHUK C MHUHU-
MaJIbHBIM KOMIIIEKTOM JOIIOJHUTEIBHOTO 000PYIOBaHMSL.

HezaBucuMbIMH II€pEMEHHBIMU YIPABICHUS SIBISIOTCS YITIbl OPHUEHTALUH
BEKTOpa MarHUTHOTO MOMEHTa OTHOCHTEIBHO MPOJOIBHOIN OCH CIIyTHUKA U, COOT-
BETCTBEHHO, OTHOCHUTEIBHO BEKTOpPA CKOPOCTU TE€UEHUS IJIa3Mbl. YTJbI MOTYT U3-
MEHSTBHCS TACCUBHO — M3-32 COOCTBEHHOI'O BPAILEHHS CITyTHUKA — WJIH 3a/1aBaThCs
CHELUAIBHBIM JONOJHUTEIBHBIM MEXaHU3MOM MOBOPOTa IIaT(OPMBI C yCTAHOB-
JICHHBIMHM MarHWTaMM Ha 3aJaHHbII yroj (HarmpuMmep, HECKOJIbKO AUCKPETHBIX IO-
nokeHuil). CHUMaroTCs JaHHBIE 00 Yrilax OpPHEHTAIlMM OCEeil CITyTHHWKA W yTiIax
OPUEHTALMU OCH MarHUTHOW CHUCTEMBI (JAUIIOJIS) OTHOCHTEIBHO CITyTHUKA B 3aBH-
CHUMOCTH OT BPEMEHH.

Anmnapartypa TpeOyeT IOMOJHUTEIBHOIO 3JIEKTPUUECKOro MUTAHUS TOJBKO B
HUMITYJIbCHOM PEXHME Ul BKJIIOUEHHS 3JICKTPOMArHUTOB, YHPABJISIFOIIMX KPbILI-
KaMHU MAarHUTHOTO 3KpaHa, W A YCTPOWCTBA, MEHSIOLIETO YIJbl OPUEHTALNH
(HampuMep, MAroBOTO IEKTPOABUTATEINS).

Hazemnas gacTe 3KcriepuMeHTa COCTOUT B HMCHBITAHWM HATYpHOTO oOpasia
criyTHHKa YUzhSat ¢ KOMIUIEKTOM anmaparypbl Ha M1a3MO3JIEKTPOAMHAMHYECKOM
CTeHZE. YCJOBUSl CTE€HJAA MO3BOJISIIOT MOJAEIMPOBAThH MPAKTUYECKH BCE (HAKTOPHI
KOCMHMYECKOT'0 IIPOCTPAHCTBA, CYILIECTBEHHBIE JJIsI IPOBEACHUS SKCIIEPUMEHTA.

Kocmuyeckas gacTe 3KcriepuMeHTa COCTOUT M3 ABYX (ha3: mepsas ¢asza mpo-
BOJAUTCS Ha CTallMOHApHOW OpOMTE, BTOpasi — P CIIYCKE U CTOPAHUH CIIyTHHKA B
IUTOTHBIX CIIOAX aTMOC(epBbI.

IlepBas ¢aza skcnepuMeHTa HMPOBOAMUTCS Ha MOCTOSIHHOW OpOHMTE BBICOTOM
(600 — 1000) kM B moHOC(hepe 3emiu; AeTalbHbIC MapaMeTpbl OPOUTHI TOTKHBI
OBITh M3BECTHBI, HO HECYILECTBEHHBl. MHUHM-MarHuTocepa BKIIOUACTCS U BbI-
KIIIOYAeTCsl IyTeM CIIBUTa KPBIIIEK MAarHUTHOTO 3kpaHa. KoHTpoimpoBaTh m3me-
HEHHE OpOMTHI MpeIaraercsi o HAKOIUIEHUIO OTKJIOHEHHS KOOpIMHAT CIyTHHKA
3a OOJIBLION MMPOMEKYTOK BPEMEHHU B CPaBHEHHH C PACUETHBIMHM JaHHBIMHU U JIaH-
HBIMH 32 MPEIbIAYIINE TAaKUE K€ MPOMEKYTKHA BPEMEHH, HO C BBIKJIIOUEHHOH MU-
HU-MarHuTocdepoil. J[aHHBIE aKcenepOMETPOB MO3BOJIIOT YUMTHIBATH MTHOBEH-
HbIC 3HAYEHUs BapualMid YCKOPEHHS, BBI3BAaHHBIX paccesHHEM HOHOB MHHU-
Marautocdepoil. B Hacrosiee Bpems 0OCy)AalOTCS HIIEH CO3AaHUS KJIaCTEpOB
MHUKpPOCIYTHUKOB Ha Oa3e rutatdopmsl YUuzhSat. PasmecTuB B Kitactepe crienuaiim-
3UPOBAHHBIA CIIYyTHUK C HCTOYHUKOM MarHUTHOTO TMOJIs, MOKHO OBLIIO OBl KOHTPO-
JUPOBATh BapHally OPOUTHI 110 BBIXOY CIIyTHHKA U3 TPYHIIUPOBKH.

Bropas ¢aza skcniepuMeHTa (PAKTUUECKH COCTOMT B YHHYTOXKEHHH OTpado-
TaBIIETO CITyTHUKA; OHA MIPOBOJIUTCS MOCIIE 3aBEPLICHUS BCEX JIPYTUX 3aIsIaHUPO-
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BaHHBIX YKCTICPUMEHTOB Ha CTa/IMU CITyCKa U CrOpaHHs B aTMocdepe: HCCIIeayeTcs
YBOJ CITyTHHKA Ha Oojiee HU3KYI0 opouty (mopsaka 300 kM) U onpeaensercs 10-
MOJTHUTEIFHOE TOPMOXKeHHE B aTMocdepe. Ompenensercs BpeMs epexoia MexIy
OpONTaMHU; OKUAAETCSA €r0 YMEHbBIIEHHE TP BKIFOYEHHOM MAaTrHUTHOM IOJe. DTa
(haza sKCIIEpUMEHTa MOACTUPYET MPOIEyPy YBOAa C OPOUTHI OOBEKTOB KOCMHYE-
ckoro mycopa [15].

[Ipu TOopMOX€HHH B IIIOTHBIX CIIOSIX aTMoc(epsl HaOerarmuil TMOTOK Tas3a
ropasao 0oJiee IUTOTHBIN, YeM B HOHOC(EpPE, €T0 CTENeHb HOHM3aIy Maja. QKoo
cryTHUKa GOpMHUpYyeTCs yAapHas BOJHA, B KOTOPOH MPOUCXOANUT HOHU3AIHS Ta3a.
MaranutHoe ToJe CITyTHHKA B3aMMOJEHCTBYET C JO3BYKOBBHIM TIOTOKOM HOHH30-
BaHHOI'O I'a3a 3a yIapHOU BOJHOM, U3MEHSS CTPYKTYpy TeueHHs. B arom ciyuae
TaKk)K€ BO3HHKAET JIOTIOJTHUTEIbHAS CHJIA COTPOTHBIICHHS, a TAK)KE€ YMEHBIIIAETCS
TEIUIOBOM MOTOK K MOBEPXHOCTH ammapara. IIpoBecTy npsmbie U3BMEPEHUS Ha 3TOU
CTa/INY TIOJIETA CIOXKHO, T. K. AEMCTBYIOT MHOTHE HEKOHTPOJIUpPYEeMbIe (haKTOPHI.

3akiarouenue. VckyccTBeHHass MUHHU-MarHUTOCepa MOKET OBITH 3PPEeKTHB-
HBIM CPEACTBOM YIIpaBiieHHs ABWxKeHHeM KA B moHocdepe 3a cueT MarHUTOrHI-
POIMHAMHYECKOTO B3aUMOJEHCTBUS B CUCTEME «ILIa3Ma — MAarHUTHOE T10JIe». DTOT
BBIBOJ OCHOBAaH Ha PE3yJbTaTax MPOBEIEHHBIX 3KCIIEPUMEHTAIBHBIX HCCIIEIOBa-
HUM, B KOTOPBIX OBLIM ONpEeesIeHbl 3aBUCUMOCTH JICHCTBYIOIMX Ha MOJENH KOC-
MHYECKUX amlapaToB CHUJIbl COMPOTHUBIECHUS M HMOABEMHON CHIIBI OT MapaMeTpOB
MCTOYHMKA MarHUTHOTO ITOJI M HAOETaroIero MOTOKa pa3pexXeHHON I1a3MBl.

Jus cozmanus MuHU-MarauTocdepsl Ha 6opTy KA momkeH OBITH YCTaHOBJICH
MCTOYHHUK CHJIBHOTO MOCTOSIHHOIO MarHUTHOTO IOJISl, HAllpUMEpP KOHCTPYKLUS W3
MOCTOSIHHBIX MAarHUTOB, NOMELICHHAs B O0OJIOUKY, SKPaHHUPYIOIIYI0 MarHUTHOE
nose. Pabota Takoil cucTeMbl HE NMPEANOIaracT CyIECTBEHHBIX JOTOIHUTEIbHBIX
sHeprosarpar. IIpoGneMHbIM SBIISIETCS BONPOC 3JIEKTPOMArHUTHONW COBMECTHUMO-
CTH HCTOYHUKA MarHUTHOTO TOJISL ¥ IPYToil OOPTOBOM AIIEKTPOHHOM aImaparyphl.

[IpenyioskeHa naes 3KCepuMEHTa Ha OKOJIO3€MHON OpOMTE C MCIIOJIb30BaHM-
€M OTHOCHUTEJBHO JCLIEBOI0 M AOCTYMHOTO MHKPOCIYTHHKA «KyOcaT». AHanu3
Pe3yIbTAaTOB HCCIICAOBAaHUN, NPOBEACHHBIX Ha CTEHAE, JA€T OCHOBAHUE OXHIATh
MOJIOKHUTENBHBIX PE3yIbTaTOB KOCMUYECKOTO SKCIIEPUMEHTA.

[Ipenyaraemplii SKCIEpUMEHT OB ObI MEPBOM MPOBEPKON KOHLENIMU «Mar-
HUTHOTO Napycay KakK ABMKUTENS U1 KOCMUYECKUX alapaTos.

Ha cymectBytomem 000py0oBaHUM — IIa3MO3JIEKTPOJUHAMHUYECKOM CTEHJIE
UTM HAHY u I'KAY — B0O3MO0XHO MPOBEIECHUE KOMIUIEKCHBIX MUCIBITAHUNA MUK-
POCIIyTHUKOB.

VYnpasnenue nsmwxeHrneM KA 3a cueT JOATOBPEMEHHOTO CHJIOBOTO B3aHMO-
JEeHCTBUSI MarHUTHOTO HOJsI ¢ MOHOC(EpHOH MIasMOi MOXKET paccMaTpHUBATHCS
KaK KJIFOYEBOM 3JIEMEHT NPUHLIUIHNAIBLHO HOBOW TE€XHOJOTMHM OYUCTKH OKOJO3EM-
HOI'0 KOCMUY€ECKOT'0 IIPOCTPAHCTBA OT OOBEKTOB «KOCMHYECKOTO MyCOPa».
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