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MarnrarHll LI3M epBanvrs. c Bbpr,f,ul ce
KOCMr4rreCKn AflApAr

,[ uuumop,[ auoe, I'IPeu,[uuumPoea'

4enmpaJtHa ta6opamopun no crtbHqeso-3euuu aosdeilcmeun, BAH
.Ilucmumym 3a KocJvuqecKu usctredeauun' EAH

MarHI{ToMeTtplr LIMAII'3., nrrtoqeH B cbc'raBa Ha

arrapaTypaTa rro [poeKT IrlHrepSon - aBpgpanHa coHAa, I{3MepBa eAHoBpeMeHHo

rpr,r [epreHA]IKyJIflpHtI KoMIIoHeHTII Ha MarH]Irnoro none (MfI). flpra6ioprr ce

BbpTr4 3ae.qHo c l'IC3 oKoJIo oc, 11oqTr{ IIapaneJIHa Ha HaIIpaBJIeHI4eTo KbM

cJraHrleTo, KaTo ocTa Ox uanpu6opa cbBIIaAa c ocTa Ha BbpTeHe, Oy e pagvanna
oT ocTa, Oz - Aom.IIBa Ao !\s.cHa KoopAuHaTHa cLIcTeMa (KC). flepuoArr n'a

3aBbpraHe e ororo 120s.
Egxn npocr MoAeJI Ha.ll3MepBar^vrflTa MoxeM 4a nolyulrv tara:

F" - rro ocra
II a c:Iicre.Ma RcO, a c

o r B=W*,Brcos( ae
14 rrna I(C, B Kotro ce

Bbprr4, craBa IlocpeAcrBoM MarpI,IIIar

fto
A, =10 cos(rot

L0 - sin(co

KbAero a=2nlT, T:120s (qzrrnpano [o-AoJIy Karo "repl{o4"), t - BpeMero

oT HaqaJIoTo Ha II3MepBaHeTo, 6 - trrnrr Ha 3aBbpTaHe IIpu /:0 (rosu GIIJI ce

orrpeAerr.f, na 6op4a).
KOvnOHenrure B u B Sas14CsT IIO CJIOXSH HaqIIH OT BpeMeTO, CBbp3aH C

r{3MeHeH[e ,rorro*""ni"ro 
otu IIC3, r,rsN{eHeHlre $nsuuecnuri xapaKTepI'IcTI4KI'I

Ha oKoJrHara cpel\a, Ho He I{ c IleproAa 4a 3aBbpraHe (T:120s)' Aro
.B_ :conSt 3a BpeMe IIo-IoJItMo or T (B^ ce I{3MeHt 6anno), TO cpeAHoTo IIo
nfieue (sa unrepnanlil KpaTHI{ Ha eArIH nepuo4) rta Y u Z Fq!4lAEgHrnle ua MfI
n KcO e Hyna. Aro r,r,B,:const, ro MtAyrlbr Ha MII ftln'z, + n| I He 3aBLrcv\



or BpeMero. Aopu Mf,tr aa ce r{3MeH-rr crrJrHo, eEBa Irn Mo)KeM Aa oiraKBaMe
rreplroAnrrHocr B KoMrronenrara,B_ n MoAyJra, KparHa Ha nepr4oAa Ha 3aBbprane.

Rat<te e npofnenom? B ueo6pa6oreHr{re r,a;ntu ce na6nroganar
oco6eHocru, Korrro ca B [porr,rBopetu4e c fope Ka3aHoro. B [1] ca pa3rneAaHrr
qacr or rxx: a) nepproAurrHu (-120s u -60s) cbcraBKr4 nB_,6) cpeAHoro :uaB.. u
B" (za BpeMe KparHo Ha rreprroAa) ue e Hyra. Hue upd6anxvre orqe e4aa'n)
MoAynbr Ha r43MepeHoro MfI e MoAyrrr.rpaH c neplroA 120s (nx. Qur.Iau$ur.2a)'.

Hue cMsraMe, rre lpuqr,rHa za a) u 6) e orxnoneHr{e Ha r\arqr4Ka uo .B. or
ocra Ha B:bpreHe. Anropzre ua [1] rbpc.flr npnullnara 3a HeHyJreBoro cpe4Ho
ApyraAe u He o6crx4ar (xnno) MoAyraqu.f,ra B MoAyna.

Cuope4 Hac, [pt4rrr{Hr{Te 3a rr3MeHeHr4flTa B MoAyna Moxe Aa ca rpu: A)
HeoproroHanHocr MexAy ocrrre Ha Aarrruqure, B) :,j.aru-c've Ha cMyrrlaBarqo MfI
or o6exra (14C3), B) 6anHu r.r3MeHeHrrr B ,,Hyrure" na npn6opa. He u:rlroqnave
I,I eAHoBpeMeHHoro gefrcrnue Ha Bcr4r{KI4 Tfix.

MareuaruqeH Mo,[er 3a o6fl,ctsBaHe Ha
Ha6nroAaB antrr e o co 6euo crz

,{arvzqure ca oprofoHaJrHr{, Ho ocra Ha BbpreHe He
cbBrraAa c Ox sa npu6opa.

Ilpexo4r,r ruu npu6opHara KoopArrHarHa crrcreMa (RcD Moxe Aa craHe c
ABe nocneAoBareJrHr{ 3aBbpraHu.s (orolo Oy ua eru oxono Oz sa g, ). Marpuuara
Ha rrpexo4a ognaqasaMe c l:

(l)
Bexroprr

cos(9, )sin(<p,)

cos(<p, )

- sin(q, ) sin(<p, )

=A.E.

sin(<p, )

0

cos(rp, )

B x-rounoHeHTara Ha l,BMepeHoro rtoJre:

.Bi = cos(0y )cos(<p, ).8, +.ao [cos(e, )sin(g, ) cos(rol) + sin(<pr; sin(rol)J

ce flof,BsBa rrep[oAr{qHa 3aBucr,rMocT_lr_Epe.Mero (lepuoA T), KoflTo e

nporopqLrgHaJrHa na B,. B r"rogyra *y I B', + 82, utu,araKaBa rreproAr,rqHocr.

Aro 4ouycueM, tre Mepeuoro MfI ce u3MeHr MHoro 6asHo rr ycpeAHr.rM,
t+r /. *r I

nonyrraBaMe: ! arat fr= -sin1<p,)8,*0 u 
! a"at fr= -rinlqr)cos(9,)8,+0

(rux no-rope o"foeHJct q. I

, np^ cbrrlr{Te ycnoBr,rr (nocrornno MII) .qa [pecMerHeM r,rHrerpana:

tn nA,at:rsin(gr)sin(<p ,)aos(g)(B] - Bh . Tofi e pa3rrprqeH or HyJra r{ He
0_
MOXe Aa ObAe r{3rroJr3BaH 3a olpeAersHe opToroHaJrHocTTa Me)KAy AaTqr{ULrTe
[](crp.1l0).
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.(a p aarn e g aM e Br3 MoxHrrre rrp uqil Hr,r 3 a M oAyJr ar\r4s. Ha M oAyJr a n HavrvHu r e
3a rrrxHoro KoJrr4qecrBeHo onpeAeJrxue. CnopeA Hac re ca rprr: A) 4aruuqrare
He ca oprofoHanHra; E) o6exr:br r{Ma co6crseuo MarHrrrHo none; r{nrr B) urraa
I{3MeHeHIde B ,,HyrI,ITe" Ha nplr6opa.

A) [aruuqure He ca oproroHaJrHu: ,{o6po npu6nrzxenue e, aKo rrptreMeM,
qe BceKr{ Aarqr{K r{3MepBa [poeKrlr,r-rrra Ha BeKTopa ua MfI B6pxy ocra c]r. Eies
ofpaHr{qeHr{e na o6ulnocrra, Mo)KeM Aa rrp[eMev, ue X-4arqr4Ka e no Ox n
KcII , Y -rarqr{Ka cKJrroqBa brbJr B, c ocra Oy(RcII), a HeroBara [poeKrl]r,r.s s xoz
- brT,Jr B, c Ox(KcII). 3a Z-lnqr{Ka cborBerHrrre brJrr,r Ha orKJroHeHr{e or
Oz(RcII) ogHaqasarre c Tt v Tr. B rosu ctryuair, rroKa3aHr{.f,ra na npu6opa Morar
Aa ce 3arrr{rrrar B cJreAHara BeKTopHa Qopua:

(2)
KbAero An e uarputlara

EP = AP.Bi ,

0

cos(B1 )

sin(y,)sin(y2)

Ovenra4no, aro pr = yl = 0, ule IiIMaMe Ep = Ei . B lpu6nuxeHlrero 3a

MaJrKr{brJrr{,MoxeMAarroxoxuru cos(p,)=cos(yr;=1, sin(pr)=gr, sin(y,)=1r.
Marpuqara lp uoxeu Aa 3anrr[reM TaKa:

Mogyrrr ya fin 3aBncur or BpeMero, Karo ce [orBsBa xapaKTepHa rrecrora
2a. flrr':uusr r.r3pa3 e rBBpAe KoMrrnfirlupaH u He e Bb3MoxHo Aa ce [peAcraBrl
ryr. 3a fln]ocrparrus, aKo rrpneMeM, qe H.sMa orxJroHeHrre or ocra Ha BbpreHe
(Qr:tP":o), 9z =90" u "12 = 90u nolyvanaue

^f - pf ;cos2 (ror) + 2(1, + p, ) sin(arr)cos(ror)]rj + C, cos(orr + €t) + Cr,
C,,C, u 0 ca KoHcraHTr,r He3aBr{cequ or BpeMero. flrpnz.rr,q.rreH rrMa
qecrora 2a.

Or ryr cJreABa, ue na6lroqaBaHl{Te I{3MeHeHI,Ir B MoAyna Ha iloJtyqeH[Te
AaHHrr He ce AbJrxar Ha HeoproroHaJrHocr Ha Aarqr{qtrre,3atuoro: l) uxnaa
r{3MeHeHLIfl C qeCTOTa 2ttl, 2) H.SMa [pUqI{Ha brbJrTjT MeXAy AaTrrr,rquTe .4a ce
r43MeHf, B cpaBHeHr,Ie c Ha3eMHr{re ranr,r6poB6rlHl,I AaHHr,r.

Konuqecme euo onped ennue : EteueH'rrrre Ha Marpr.rrlara Ap ca olp eAeneHrr
rrpr,r Ha3eMHpr lr3rtyrraHur.f,. Te ce cbrnacyBar c na6nro4exurra.
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I t o o llt o o]
Ao =lpt cos(pr) I Fr sin(Br) 

| 
= 

| 
or' I an 

I

ftr cos(vz) yt sin(y2) I I Lort atz I 
_]

z, = 
[sin1B,;rro,1p,;
lsin(y, )cos(y, )



E) O6errrr r,rua co6crBeHo MarHr,rrHo rrone; urz B) r{Ma r{3MeHeHkre B
,,HyJrure" ua npu6opa.3a c'sxaJreuue re3r{ ABe rrpv'4unpr He Morar Aa ce
pa3Aen.sr, 3auloro rr ABere BoAflT 4o npnSanxHe Ha Herl3BecreH BeKT.op x6M
rz3MepBaHoro MfI.

,{a osna.rtrv ro3rr BeKrop c d6 . Torara I4MA[I-3 rrle Mepr,r rtor'e fi' = Ei + du .

Mogyrrr My e paBeH Ha

(3) B,=r[F*4f=W.
flrpaure rpu rur.eHa rroA 3HaKa Hapa4ilKana ca\rHBapr4aHTHr{ - He 3aBI,Ic.rIT

or u:6opa Ha KC u or nefiHoro rroJrox(eHr{e BbB RpeMero. rlernrpruxr He e
uHBap I4IaHTeu (n rosu crrluctl) - 3aBvcvr II O cpeA cTBoM rrp oMeHn vrBvrfl.'r,rT Ir MexAy
BeKTopI{Te (Bi v eo ). Ouenu4uo, MaKcrrMyM n Mr,rHr{MyM r,rMa rro BeAHbx 3a
BpeMero Ha eAlrH [eprroA. Moxe Aa ce AoKaxe, qe qecrorara:aa r{3MeHeHrre Ha
MoAyna e o.

Kottuqecmeeno onpedennue: Axo d e npousnoJreH BeKTop u [pecMerHeM
cKaJrapHrare rrpor.r3BeAenux B" .(8" +d)=(Bt +d).(Bt +do!d)u or rrxHara
pa3Jrrrra rr3BaArrM fie fie r,.o:l_yqaBaMe

(4) ni2 + ef, -2aoa +zEipo -e1 .

Irpnure rpr,r qneHa He 3aBr{crr or BpeMero. Axo us6epeM d raxa,q.e ra
Mr{H}rMrr3HpaMe Bapr,raqvfrTa B (4), ro rle cMe oupegenruu dg .

flpegnaraulr.f,T [o-rope MeroA 3a KoruqecrBeHo olpeAeJrflHe e ycrofiuzn
caMo 3a rrepI,roA, flo-rorsM or eAuH nep?roA Ha porarlux. flpn anarrvrc Ha
o6pa6oreuIETe AaHHr{ ga6ersgaxNre, rre KoMrroHeHTr{Te Ha BeKTopa Ha rpeilrxara
do He ce Il3MeHsr 3HaqureJrHo B paMKr,rre Ha flep]roA or H.sKoJrKo uaca (napuagw,
He roBelre or 2-3 nT). I4ua 3HalrHTeJrHr{ u3MeHeHr4r 3a pa3nurrHrrre AHr4 (Ta6r.l).

Ta6rrua I
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3aqo flpeAnaraMe Apyr Haq]rH 3a
[pecMrTaHe Ha MaTpvt\aTa 3a poTarlur?

B [1] raro rp]rMep e rocoqeHa Marpr,rrla 3a KopeKrlus Ha
brbJla MexAy ocra Ha BbpreHe u X-AarquKa, Ko.f,To He 3arra3Ba Abnxr,rHara Ha
BeKropa na MfI ( crp.l11 (3)).

Hue rpecvrrraMe brurlrre Ha porarru.s eufr g", rto cJreAHlrfl, r^aLrvr:r.:

flpu raH:rerplrpaHe rro KoMloHenrr,r (l)-ea eAuH flepud4 T, uonyuaBaMe
cJreAHI{Te ypaBHeHnfl 3a (Qvkr 9zl

15i

fo.q./.qeu ae" e Le A,e



(s)

Aro sHaeNr
perIIeHr{s:

(6)

t+T lr+T

- rg(ey )= I n;at f J 
t:0,= o.

't,*lr'1,*,
-ts(q,)/cosler; = [ n;at f J 

n;at=b,
rlt

(zanreprarra) [apaMerpr,rre a 14 b, ra3u cr{creMa r,rMa cJreAHr{Te

Or Koero ocrrre o",*.o, rt Or(*"n)
cKrroqB 

, )) .

An KoMrroHeHTr{Te Ha IdII xrla

q t,=arctan(a)

,lr.t +,{t*s ayl6 1

xru SusuvHlr BeJrlrqr{Hrr.
Marprrqa At, tt4vtro eJreMeHTr,r ca

HepoTarIHoHHa KOOp.qUHaTHa CVCTeMa:
l flpeo6pa3yBaHe or reJreMerpktrrHr.r
2. Koperqvs, 3a oproroHanHocr c

olpe.qeJreHlr na 3eurra.
3. Oupe4en.sHe Ha co6crseHoro MfI ua o6erra.
4. llsnaxgane Ha MfI na o6erra or rroJryqeHoro'npll l).
5. [IpecvxraHe Ha e,vg, (sa npeuorpr,rBarrlu ce nHrepnanu).
6. TpancQopMarlr,rfl no A-I - ocra Ha porarllrf, cbBrraAa c ocra Ox.
7. OrcrpantrBa:r,e Ha porarlurra.

Pesynraru

Ha Qur. la ca uorasaHu AaHHLT or MarHr{THr{ fi3Me,pBaHut
rrpeAr.r, a Ha Qrlr. 16 - ctel [pr{JrafaHe Ha oIIrcaHH.s anroprrr,rvr. flo
XopH3oHTaJIHaTa oc e HaHeceHo BpeMeTO B ceKyHAI{' a IIO BepTIIKaJIIIaTa --
MarHr{Tuoro none s nT

Out'ypa 2ulwcrpupa u3MeHeHlrrra B MoAyJra Ha r,r3MepeHoro rroJre ('$ur.2a)
u n B,- KoMrroHeHrara (fiur.26), rpeAr,r a cne1 npeo6pasysa*e. (Dur.2a
AeMoHcrpr,rpa [peAuMcrBara Ha rrpeAJraranvs or.Hac MeroA. rDur.26 rroKa3Ba,
rre MeroAsT Htr He e cbBbprrreH - rrepuoAr.IqHlrre rlyncauuu n B, naMlal/,c.nar
noBeqe or ABa rrtirl{, Ho He u3qe3Bar. flpu.rnuara 3a roBa Moxe Aa e r{3MeHeHr{e
B KoMrroHeHTr.rre Ha r,r3MepeHara Ha 3eMrra Marpr,rqa trn. (3a6etrr3Ba ce
MoAynaqu.s Ha cr.rrHana c leplroA orono 60s.)

Ha t[ur.3 e rroKa3aHo r,r3MeHeHr{ero c BpeMero Ha brbJra MexAy upn6opHara
o9 Ox u ocra Ha BlpreHe. BnxAave KaK brbJrrjr ce I,rgMeH.s leplroAl,rrrHo B rpaHlrqu
40 1,5o, cneABa yc[oKorBaHe npu 0,5o u orr{oBo pa3nrcr.sBaHe. Tona uoxe ga ce
Asnxr.r Ha JrroJreeHe Ha rrlaHrara. flpz ApyrN 4aHrru cMe za6etxzastu, qe aMrur[ryAara
Ha braJla Mox(e Aa ,qocTI'IrHe go 2o, rato yclloKoffBaHeTo oTHoBo e oKoJIo 0,5-0,7".

He e srgrnroxHo Aa noKa)KeM BcI{qKr{ noJryrreHr,I pe3ynraru, Ho rroKa3aHuTe
Surypn ca Aocrartqno rrpeAcraBr{TeJrHr{.
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He cueeu "qa rBbp.q[M, qe roBa r{3cneABaHe r{3qeprrBa
upo6nevure. Irlgnrn Hefo ocraBa perxeHr,rero Ha cJreAHHTe 3a1alrvi

l.Koperqur Ha ocraXno nanpaBJreHuero na Carnqero.
2.[orrctnureJrHo r{3cJreABaHe 3a [poMeHure B oproroHaJrHocrra MexAy

AaTrIUUr,ITe.
3. O6scnerue Ha r,r3MeHeHr.rf,ra n MfI na o6erra.

Jlnreparypa
l.Crcx(ltn, B. A., E.f. flerpon, H.A. Eficvonr, A. Eoqes. MarH[:rHnen3MepeHrrrBnpoeKre

I4HTEPBOJI-ABPOPAJIbHbI3OHA.-Kocrnr.nscre4ouanur,36,1998, l&1,108-112.
2.Arshinkov, I.S., L.N.Zhyzgov, A.Z.Bochev et al. MagneticfieldexperimentintheINTERBALL

project (experimen t IMAP). Inrerball, 1 99 5, 222-227 .

Ilocmanuta na I6.IV. 1999e,

Magnetic measurements on board a rotating satellite

Dimitar Danov, Iren Dimitrova

(Summary)

Jhe magnetometer IMAP-3 is part of the equipment in
the frame of the INTERBALL Project - Aurora Probe measures simultaneously
three, perpendicular components of the magnetic field (MF). The device rotates
together with the Artificial Earth Satellite (.AES), around an axis which is almost
parallel to the direction toward the Sun, whereas the Ox axis coincides with the
rotation axis. Periodical changes in the module of the magnetic field were iden-
tified in the series of measured values. These changes can-not be referred to the
magnetospheric ME

The authors believe that this phenomenon is induced by the AES magnetic
field. Other possible options are also discussed.

_ An algorithm for transformation to a non-rotational coordinate systern with
Ox qls parallel to the rotation axis is proposed. This algorithm diffeis from all
published algorytms up to now.
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