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Introduction

The in sl/a measurements of the magr
flux-gate magnetometer carried ouf
gion allow to nforr:
the field lines d ofsystems,ando cfiel
are also useful other problems - computation of the in-
duced electric fielcl VxB in reducing'electiic field-m'easurements i.pre-
senting a portion of complex experiments, in determining ther actual orien-
tation. etc.

. These problems are resolved with precise measuring magnetometric equ-ipment data processing should also 6'e coirect and shotildfacilitat in scientific aialvsis ancl estimates ol the technical
state of ts during performance and especially iluring con-
t inuous

.... Significant advantage of the magnetometric data analysis is the availa-
bility of a model of the main Earth hagnetic field, and oi the field genera-

i#'iff f '"','iiSTX;ll',1;-""'"iiJi?i?i:ic sources [2].
on is the methodics suggested for the
netometric data provide,rf by a near-

hat the magnetic disturbances by
related with an exr:entric dipole

which 'f dcilitates their analysis and
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We can mention, on the otlrer hand, the necessity of connecting the me-
thodics for the determination of the magnetic axe.s o{ierrtation of the sensor
u,ith a eonlnron soltu,are systcnr [4].

The individual asoects oi the met
in the proccss of testing ol the dcvel
r\/ere pur.suetl in obtaining the eucl soi
output operations at the expense oi i
of the magnetic tape number; simplif
ses for conrputer processing interrn
causes and options of proce.ssing contin
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sing of determined seance period.'If these parameters are not providecl, the
complete seance is processed and the beginningiend times ale ta-l<en from the
header block of the telemetric infoi" nation; fbrmat flags of the introduceil

step of input band u'ith geography
parrmcters -- l\\ODNEW.

;, :?l :? :: : 
"9, JH,l:l' ";ilfr "lrJ;if 

',1i:::

reren t geop h ys i c ar coor d i n ate . y,t...l ?;X'il:iJi t.J;:i;j[l f l''"r,i,$lli
points, .orientation telemetric data (angulai velocities and solal situation).
Line p-rinter informaiion of r;tep B s is plintecl simultaneously ivith the forma-
tion of the magnetic .tape.

The SEANCE software executes the following steps: stoles tables (cali-
bration data) into the main memory; reads the header block of the telemetric
information and prints it utrron selection; reads t,he parametric cards and i1ri,
tiates its functions in agreement with the data contained in them; trairs-
rnits control to MODNEW rncdule, rvhich e
the magnetic field model application; read
information. They ale tested against uncertai
the smooth change of the compensation step
modrtle. If intervals are reliable we Droceed
lormation in order to eliminate devizrtions
the purpose, IZGL and IZGLCRS rnodules
via the eal step changeinstanc :srvitching. As-sumlng e prqce.ss dura-
tion - ;traighi line ac-
ross th ules-are rloaded
if ofiqt.to process cases, where the resrvitching is macle within the limits of
the 190 intervals available in the main memorv.

^_._{f-t-"J 
completing the above mentioned steps, the control is transfeired to

SMETKI module, which converts the information into physical paremeters.

due to certain reason the time of the e
rison time within the limits ,of half a
transpcsing comparison time into the record obtained. A warning message is
issued. In this case it is assumed that the differerrce is the result oii'andom-dis-
turbance during the determination of the time of measurement. In,case we

interval, an en'or rnessage is plinted
mode.
the combination bet-
the stt:p given as in-

r h, m ag'et ic ri"l,r 
e.o1l;,1€,iiti3?,ot1t6*..

l9B0) is finally included. The field is repreiented in series'bv spheriial har,
rnonic coefficients. The diffelenceis between the measured mod6l fielcl bv com.
ponents and module are etlso cornputed. The 190 intervals. r:ombined u'ith
navigalion data and processed duridg the former steps, are read as input data.
The model of the main magnetic field is computed ior the respective geogra-
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phic coordinates, located at the reference points. A step ol B s is selected, con-
taining precise number of intervals. The differences between measured and
model field for the intermediate points are obtained with linear interpolation
of the model values at the reference points. The CALCO module computes the
coordinates of the excentric dinble ir-r earth radii units. i.he coordinates of the
north pole of the excentric dipole. the polar angle and the long. in gracles.
The same module transforms the geographic lat. ancl height into p;eocentric
sLrpplement to the lat. and a geocentric radius. The ntodel field is computed
into topocentric coordinates atrd is translormed into geocletic (geographic)
coordinates. Cooldinate transformations of the observ4l.ion point are nrade,
i. e. from'Cartesian geodetic into Cartesian geomagnetic, spherical geomagne-
tic, Cartesian excentric geomagnetic, spherical excentric geomagnetic, excen-
tric radius and rnoclified excentric lat, As a result of temporal transforma-
tions, we obtain the geomagnetic local time and the excentric geomagnetic
time. Afterwards, an interpolation between the referenge points is made. For
each observation ooint a transfot'mation is made. i. e. the measurecl field is
converted from orbiting into topocentric coordinate sysiem aiid furthet into
topocentric geomagnetic, topocentric geomagnetic witfr one axis alottg the
magnetic field, excentric geom'agnetic and excentric gr:omagnetic with orre
axis along the magnetic field.

Finally the SEANCE module forms the output relorcls of the magnetic
tape from the 190 processerl intervals. The described cycle of performancc'
is repeated until the'inpr-rt iniormzrtion for the cleterrninfd-period of processing
time is exhausted.

The information on the output magnetic tape can be used for the general
case of the geophysical analysis. In case no unifold int$rpretation is possible,
an orientation correction is introcluced, The determination of the orienta-
tion becomes possible rvith auxilliary software, explo|ing information fornr
ORINP file. This far, only determination of the senso{ axes deviations from
nominal position is made using data
examination of these results is also us
of the magtretic axes respectively, with
ject. Further options are foreseen to u
determination, as well as to provide s

orientation. The orientation correction will be introducbd solelv for the cases

when the processing data cannot be interpreted unifolcj. ORINP file can be
used also ior the diierminatior-r of the orthogonality oi the sensor axes. For
thepurpose, aFourier series are used for the data'of the alifferences betrveen the
theoretical and measured module of the field. This p{ocessing is also macle
after auxilliarv software. I

The software system is realizecl in op'erational qtedir-rm DOS-ES, exc-
luding the navigation prograrnme, elaborat6a by Prohop,:nko into operational
medium OS [51.

The requirements to the machine configuration arq as follows: main me-
mory 300 k6; disc dtives - 2 pc 2314; magnetic tape ch'ijves - 3 p.; punched
card input; line printer output.

The system exploration has shor,vn it reliable and gimple in perfot'mance.

Acknowle(gements

The authors ale grateful to Dr, I. Arshinkov for his help cluring the algorithmic
developments of-the problem and to Dr. P. Rendov ldr the valuable consul-
tation duling the organization of the software technological rattge,

32



References
l.Seraf imov, I(.-8., I. S. Ars,hinkov, A. Z. Boch/ev., M. H. pet-

runo-va, G..A. Stanev, S. .Il Ct-rap'kunov. A'measuringequip_
ment for .electlic and magneiic fields in the iange oi the ionospherelma.gni-
tosphere plasm'a, mou'ted-aboard thq INTERcosMos-BULGARtA-Lgoo- -' Acta Astr., 9, 1982, 897.

2,La ng 9-\^B..A., _R. H. Es t a s. The near-earth magneiicfield determined from
lllAGSAT dala. -.I. Geophys. Res., O0, t98b,'.249b.

3. B o c h e v, A. Z. Coordinate tr"ansfolrnalions of ma{neiometer clala irom ncar-
earth satellite, - PreDrint No CLSR.-85.-01.

4.Boc-hev, A. 2., L S. Arshinkov, A. p. Venedikor,. Deviations oi
measured magnetic field with respect to the theoretical one as an orieniation

_ of magnetometer axes. - Compt. Qend. I'Acad. Bulg. Sci., 89, 1986.
5.flpoxopeH..xo,_B. 14. Onncanne yHuBepcaJrbgofi nporpa:urvrbr t,accqera HaBrlra-

qtronuofi_u40qpMagIl o [oJIo)KeH!ILI ]rcKyccrBeHHofo lCnyrl.rlrxd 3eMJrfi. - flpe-
npunr I4l(I{ AH CCCP Ne 263, 1976, 80.

flporpaurvra 3BM o' KoopAr.rHarHbrx rpaHcQopMa: :wflx
npr.r saMepax BeKTopa MarHr.rTHofo noilq

4.3. Boqes, C.4.XalmucmonHos, H. E. Hcmamteoe, X. M. feopeuee

(Pesone) . l

I4ccneAoeaHr.re npoAoJrbHbrx ror(oB B 14 oHoc+eBHo-Maf Hr.rrocselpHofr o6,rracri
ocyxlecrBJrflercfl Ha ocHoBe rpaucQoplrarrHr.r AaHHbrx, ro,'ryqeHHbrx or HerrocpeA-
ctBeHI{bIx saMepoB BeI(Topa MarFlarHofo ro,rrfl B reoSuezuecr(or? KoopArrr{arHo4
cHcreMe. C noiuoquo erorl nporpaMMlr o6pa6arrrnalorcq AaHHhre rpexr(oMrro,
HEHTHOIO MATHI,ITOMETPA C ABTOMATI{I{CCKHM PACTfl)KCHVCM AHzNASOHA, B I(A-
qecrBe BXoAHbrx Aar{Hbrx tzcnoJrbsyrorcrr reorpaQuvecK[e Koop;Ar.rr{arhl, Igyg4
Ha6rIoAeHHfl LI TeJIeMerpI{qecI(I4e AaHHbIe KorvrloneHToB, Koropbte gaAarorcfl B
op6urarbHoft xoopAuuarHorl c[creMe. OcuosHue onepa[u]l lporpaMMbl cJre-
Aytoque: or6pacunauHe ro)Klibrx KaApoB, npeo6pasoaauue reireuerpriqecKr.rx
AaHHbrx n Qzsuuecxr4e BerlzqizHbr;, rparic$opMarlr4fl H3MepeHHoNo eexropa n
reoor{3r.rqecKyro KoopAr4HarHyro clrcreMy, BK/'rrcqamqyro KoopAr,tHarbr orHocH-
TeJIbHo 3KcUeHrpHr{ecKoro ALIIIoJTf ; Bblql1lcJleuue pasnocrefi Me)KA'y Ha6rro,U,aeMr,rM
I,I MOAC,IIbHbIM IIO/IflMI,I,

llpu uanucaHr{u flpofpaMMbr ocytqecrBJleHa orrTr.rMH3arlr{a onepaqnrl BXOA -\BbrxoA. EorlnruucrBo rrporpaMM, HarrucaHHbrx sa PL-1, crpyKrypHpoBano.
,{aHnue quTarorcfl 6o,'rlur[N,ru ilopqr.rflMH, rrro Aed'raer nporparu,vy 6on'e-e yao6Hori
I[.[f nodrlb3oBaHufl,
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Aerosol affect the thermal regime of tfie Earth-atmosphere sys-
tem by ,absorbing large portion of . the dun irradiation in all spec-
tral ran the investigation of ties of the aero-
sols in sphere via satellite s icant importance
for the solution of many problems of clim gy, geospace re-
search, environmeRtal pollution, etc.

This paper considers the possibilities of a satelljte radiational experiment
providing for determination of the spectral and spatiall'dependence of the main
optical characteristics of the aerosols : coefficient of l"scattering, indicatrix of

scattering yx(h) and optical thickness ,^t.h): I""^(l)(t.
h"
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i! assutned that the atmosphere represents a sphere of radius &>R; (R-_
Earth radius) and is subdivided into-z layers of iadii Rr,..., R" (R:d1.Aftr);
We have incident paiallel flux of solar irradiation at ^the oulei itmbspher:ic

he terminator (N,-N,) the exp equen-
the intensity of the scattered irr and in
time interval At*r:N,, when th in the
ning by horizon altitude was sun isspectro atrnosphere, the intensity is determined by theunifold ned by atmosphere irradiafion In and the int6nsity

of the radiation ./a1 :

(1) t^(r, !):P#{/ra,(s, y)-ltax(s, y) },
-t

where p,,l is a hatch transm rom .an orbiting
station). I4(y) defines the re result of ref--
raction divergence [] at per y, ./"r,, is the in-
te-nsity. 9f lhe solar_irradiatio : spectral range
of registration Al,. Based on thb trans

-zm, I oxUtat

In:Irxe ! Px(y,s),

g: [ ,-(r1.-r17)m1 o^9. I p^G,
J ""!t!4n

HH
,t'f

where rr: I os(l) dl, r17,- I or(l\ dl,JJ"
th

Iar(s, s' h) /i(s, s' ;'h)Pt(s, h)dam6dh,

pr(s, sl ; h) is a scattering function, s(€, .4)

(3)

where ox(Er, h) is a volumetric angular coefficient of scattering at height z.
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determines the direction of sight, I and A arc zenith and azimruthal solar ang-
les, /i(s, s'; ft) is the intensity of a light flux, propagating at'height D fdr

unction of atmospheric gases into the
a scatter cross-section,, cl1\(h):ceq(h)

s of aerosolic and Rayleigh scatter, rz€
f the tenninator area,-thJsolar irradia-
pression :

(2)
-m" I ottt'tdtETJ

I'r(s, h):t"rs ' P^1tr, h\.

ng point M, there occurs irradiation
ards the observer. Along the path

ver, the intensity of the light flux va-
es due to molecules anc[ aerosolic par.
eric gases into the MN layer. For the
ator area we obtain:

Ix(H): I l^1h1s-"x@ prlhyo*1Er, h1dt,,J^"
o
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.H

h"(y,)= I \(h)e
-["ru,o'

(4)
Px(h)ax(a, h) dh,

the l

tltn t(5) t^@, Q1ffi r-m"t5tr(ht Px@, h)

the propagation and scatter of irradiat
point U and into the direction of t
registred intensity at scanning by the

where y, is determined by the crossing point of the iine of sight witir a so-
lor han* *,:+L -^-1^^^ -. n r - Rsinv

V:90-2v,'
lar beam with perigee -/:0 km, .v,:$ff-R, o is the ungi. of scatter;
V:90-2v, v - angle of refraction.

(9) I{@, y):p,,x Iw

I.Jp(
4n

H
f

where rcr.: I ox(l\dl. r' :
J -"t't*"t "u' -
yi

the line of sight y".

H,

(7) II{(s, y,):Ilt(f, H)e-^v'ur,Pr,(.r, I)+ ['e-*11t-r
yx

. 1rt,t(s, st , h) da secy dh,
H, H;

u^: Icru)dl, 1^: I oxQ)dt, IIt(s, H,) is the
J '. oto 

J "''-tv\
Jtx h

termined as a sum of all the elements into direction
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ty in point K, de-

Px(s; h) )^"".Ifn)'

(s,s,;h, - 
'"' 

'

(s, 2) is in the perigee of

iJtensl
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(8) l;;, 1r, n ;: i ,f, ,r, h)e-nr "sL pt (T,

H,

, D+ l'e
v

(e)

hh,

I or(l) dl, yr: I o^U) dL,,"I'UJ
Yy.

h) o^(n, h) dt'r,

llt(s, h) - irradiation intensity at random point

f{t!, h):ffi e-mEn2?\ P^(E'

L^..tal,: I 6\[) dt,
t

. H,

72?" :

. 1; (b, s,, h,) da sec l', dh, ,

q - angle oI scatter, cosq:cos€.cosy+sins

o,( 9, ) G-B i 
Y i-r - "-9; 

ti,At,^(y):fu

. sin y cos A.
Equations (1), (3), (4), (6) are basic equations 6f transmi

complex radiational experiment including spec'trometry of direct s<
nadire rneasurements into the terminator area anh scanning ,

They represent sophisticated functional dependences of the me
atmosphere optical properties,
the spectral, vertical and spa-
ld scatter approximation. It is
e the aerosolic scatter coeffi-

xintation o o1"( y ): a ox( ! rt)e-pft, which
experiment by altitude. We obtain for
r:

(10)

But for the case of single scattering with regard to the registred direct
solar irradiation ,in two subse{uent moment"s N,. and llr_r, *" oUt;in"i;; A"iy;i;

(1r) Ar-..: ^!--- r,.r 
IxGi' vi)M(vi) Px(v,-r') 

- 
ni 

*-., ,,,^e-tn rdffiluo;frvi - J "* (v'-')e-"h dh'
r t_r

Hence, for the aerosolic scatter coefficient in I layer we define:

(12) o,^(y,-J:;#5,n.
The relationship between oor(.V;*r) and coy(y,_r) is given r,vith:

(la) oar(y,-1)a oox(!r) s-Pt-r!i.-t.

, fot tn9.-la9t--layer.(wherg _ye gay assume lack of porverful aerosolic lay.
9rs) B,:llHo, Ho is the height of the isothermal atmosphere. For the othir
layers -B, is determined by (1). 'rhe method provides for irigh-accuracy dcfini-
tion of' oat (h) into the upper atmospheric 

-layers, 
where iire contribution otr

o.l



the niultifold scatter is insignificant also for uished by
lack of absorption from molecules of gas w Oo HrO).
The altitudinal adjustment of the spectrometric the hori-
zon is made by compEring the ratio between the qtmospheric transmission

9:.6 9:1,6 94,6 95,6 96,6 97,6 9d,6 .l

Fig. 2. Varr'ation at the'height of sight and ttie resolution
' in altitude in dependence on the fast periormange, equipment

: sensibility and solar zenith angle. 1 - lti 2 - sy

function in the I th layer and that at !,:!^r,in the spectfal range 0J6-pm and the
ratio of the registred intensities ,within the same spectrf l range [2]. The method
allows for pr'ecise altitudinal adjustment, since the tranlsmission function of the
oxygen is computed with high accuracy. It ls necessarf to make complex mea-
surements in the optical and near IR tanges, as well as of the natural irra-
diation in the radio
absorption. This all
the computations of

The altitudinal
depends on the fast performance and
ment. Figure 2 shows the variation at
tion in altitude stt:)toi-!o,_, in dep

measurenent equipment sensitivity a

the ratio of the registered intensity in
thickness in the layer yr, ),o,.r, we obtain:

! i+t

(l 4) Lrrrr:#n,

!i+.t
t,^ [' nr{r, ty at

I

.!;

f ar(t) dL!i+t
tit.x I P?\(l)dr

I
!2

The coefiicient of the aerosolic scatteri
basis of dependencies similar to (10)-(1

The values obtained for the spati
are used as, input values for the sol
(3), (4), (6) by the Monte Carlo simula



values of the spectral and vertical dependencies of cot (h) arre obtaiqed by
minimization of the functional:

(15) ) 17o- ry,(of, (&)))z : D,

i=l

where fi1 is the measured value in point i(s1, !i), Ih, the value obtained for
the intensity in the numerical modelling of the respective equation of transmi-
ssion after the Monte Carlo method, where a\r(h) varies according a deter-

. mined law, of^ (h):ch;r(h)-f(6), ft - number of iteration.

_ _ _Th. proposed radiation experiment is partially realized aboard the SA-
LYUT-6 [4] orbiting station, while the complex version betwer:n visible, near
IR and radio rangei was made aboard METEOR-PRIRODA within the BUL-
GARIA-I300-ll project [3].
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KounnercHbrfi crryrHt4KoBbrrt gKcnepHMeHT rro HccJreAoBaHuro
o[THrrecKHx cBorlcrB a3po3oJrff B aTMoc+epe

B. I. flenpoea

(Pesrortre)

Paccuorpeubl BoBMo)r{HocrH cnyrHHKoBofo paAltautloHHoro 3KcnepuMeHTa, troB-
BoJIrIolqero onpeAeJrr,rrb cnerrpallHuft H npocrpaHctgeunrrfi )roA ocHoBHblx
orlrHqecKHx xapaKrepucrr.rK aapooonfl: roat[SNqHeHr pacceflHus, HHAHKarpHca
pacceflHHfl H OrrTIrrIeCKafl TonrqaHa.

Ilpe4noxennsrfi arcneprrMeHT qacTuqHo peaJrlr3oBarr Ha craHrrr{H ,Ca.rrtor - 6u,
npHqeM KoMnJreKcHpoBaHr{e BHAHMofo, 6anxsero I4K u palnoAl{anadona cAeJIaHo
na I,'lC3 ,Mereop - flpupoaau no npoerry ,borrapus - 1300'
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