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Introduction

Cole suggested in 1965 that stable auroral red {S8AR) arc was a sink for ring
curtent energy [1], but progress has been slow in identifying the mechanism
for getting the ring current energy into the ionosphere. A major advance was
made recently [4] in directly observing from the DYNAMICS EXPLORER-2 sate-
Hite at 850 km the heated electron population responsible for the 6300 A emi-
ssion: 1t was characterized as having a temperature of 9900° K, and a bulk
velocity of 275 km/s. Authors of [8] confirmed that this population could ex-
cite the SAR arc observed from the ground at the same time. In [4] was also
found that the heated population was not recorded by the DE-l salellife, at
600C km. altitude on the same field line, which suggests lhat the heating is
more local than expected for a ring current scurce. Finally, it was nofed that
photoeleclrons preduced in the sunlit conjugate hemisphere were blocked from
reaching the dark hemisphere in the region of the SAR arc. This suggests that
the two hemispheres were electrically disconnected in'the SAR arc.

The present study is aimed at extending the ideas developed in previous
papers. The INTERCOSMOS-BULGARTIA-1300 satellite provides detailed mea-
surements of the atomic oxygen emissions’ at 5577 A and 6300 A. ‘as well as
the N,* 4278 A emission and the hydrogen Balmer beta 4861 A emission.
Both electrons and photons are observed, down to energies of 200 eV; this
does not permit cbservation of the suprathermal population but serves well
to define the auroral oval beundaries. Closely coincident DE-2 passes are used
to relate the suprathermal electron < popuiation to the BULGARIA-1300
data. The soft precipitation region equatorward of the oval can overlap into
the SAR arc region, thus making it difficult to dislinguish between the auroral
(factually subaurcral) energy source and the ring cufrent source. This is con-
sidered in detail using a number of examples.
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Atlentionis given io plasma drifts in the region of the SAR are, and the
SAR arc phenomenon is compared with conditions during penetration of the
convection electric field into the subauroral region, as discussed in [6]. The
author has established, for example, a close correlation between increasing
drift velocity and increasing temperature, which also occurs in association
with a trough in the ion density and the presence of suprathermal electrons.
This phenomenon occurs just beyond the equatorward boundary of the oval.
However, as it was already noted, these regions can| overlap, which could
make them indistinguishable. An important consequence is that the suprathermal
electrons observed during electric field penetration can occur in the absence
of aring current. The problem is whether there can be two different mechanisms
for generating suprathermal electrons at the plasmapause/plasmasheet boun-
dary, one involving the ring current and the other not. This in turn raises
serfous question as to whether the ring current energy is really directly trans-
ferred into the SAR arc, whether the process is indireet, or whether there is
not even a causal relationship. b

For this study, the geomagnetic storm of March !-4, 1982 was used. A
preliminary account of the characteristics of this storm has been given in [9],
using BULGARIA-1300 data. Further coincidences with DLE-2 during
other storms were sought for comparison; for the only case found, the two
satelliles were in conjugate hemispheres.

Observations

The Dy, level during the period of the storm is shown in Fig. |. The sudden
commencement occured at abeout 12.00 h on March 1, and D, reached a level
of -215 nT at 06.00 h on March 2. In the same figure, the times of the passes
of BULGARIA-1300 and DE-2 passes are shown, identified by their orbit
numbers. Relevant data from five BULGARIA-1300 passes were obtained du-
ring the storm. !

The first is shown in Fig. 2 as orbit 2920 on March 2,1982 at 03:12 UT,
three hours beforc Dg reached its maximum extent, and consists of the op-
tical data for the atomic oxygen emissions at 5577 A and 6300 A, and the N,*
(0,1) band at 4278 A. The nighttime auroral oval pattern is not very different
from that at low activity levels, apart from an increase in the emission rate
and an expansion both poleward and equatorward. The terminology for the strue-
ture of the auroral oval has been reviewed in. [3], and has been further inter-
preted in ferms-of spectral ratios. We follow that description and termino
logy here. Starting al the poleward limit at the beginning of the pass, there
exists until 03:11:45 UT a soft precipitation region, poleward of the oval,
dominaled by 6300 A emission called further on the “soft poleward border”
Then, the poleward boundary of the oval is crossed, and the discrete component
of the oval is entered, extending to 03:14:40 UT and characterized normally
by near equality between the 5577 A and 6300 A emissions, with amuch weaker
4278 A emission and structured peaks. In this orbit the 6300 A emission is
significantly stronger than 5577 A emission. Moving equatorwards from.03:
14:40, the diffuse component of the oval is entered; characterized by domi-
nant 55677 A emission, and near equality between the 6300 A and 4278 A emis-
sions. The equatorward boundary of the ovalis defined as the point where the
5577 A emission falls to the level of the 6300 A emission; it is well defined at
03:16:45 UT, beyond which there is a soft precipitation region equatorward
of the oval, called the “soft equatorward border”. This region is characterized

4
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by a falling 5577 A emission and a targe [ (6300)/(5577) ratio. Still further
equatorward the 6300 A emission drops to a minimum and then rises again
to _f_orm a double-peaked siructure extending form 537 invariant down to 46°,
while the 5577 A emission drops to airglow levels. This we consider a SAR
arc; it is the only feature described that is not normally part of the nightside
oval structure, and it has been the subject of the present paper. InFig.2 we re-
late the optical emission to some other measurments. The 6300 A emission is
shown again on a more expanded scale, along with the hydrogen Balmer beta
emission at 4861 A The latler is most intense in the diffuse component of
the oval. For comparison, the energy flux of protons integrated form 200 eV
to 15 keV is shown and it reaches a value of 0,3 erg ¢m~—*® s—1 sr—! near the
peak of the H-beta emission; this curve has been time-shifted to allow for
the time difference between observingthe particles at the spacecraft, and view-
ing the optical emissions at the foot of the field line passing through the
spacecrait. The proton cnergy flux is a significant fraction of the electron ener-
gy flux which is not shown here, but has a peak value of only 0,86 erg cm~*
sr-1s-1. Equatorward of the peak, the proton flux falls to a low value, while
the H-beta emission falls much more slowly to a background level of about
60 R. While the source of H-beta emission could be neutral H atoms that would
not be detected by the proton spectrometer, the mid-latitude level is too great
to be attributed to neutral atom precipitation from the ting current as obser-
ved by Rohrbaugh et al. [8], where the levels are of the order of IR.
We conclude that this signal is background from earth-reflected starlight and
perhaps arlificial sources. : -

The boundary for 1 keV electrons, defined as the point where the number
flux drops to 0,1 of its valuc in the oval, is also shown. It corresponds to the
point where the 5577 A emission, as shown in the previous-figure, has dropped
o a low value. The 200 eV boundary, defined in the same way, occurs at 51"
invariant. a little inside the feature identified asaSAR arc, but not including
all of it. The number flux of 208 eV electrons is also plotted and drops precipi-
tously al the 6300 A boundary of the soft equatorward border, without exten-
ding into the SAR arc. To incorporate lower electron energies, the DE-2 orbit
3131 is used, which occurred at 01:50 UT on March 2,|some 1,5 h earlier. The
electron spectrograms from the LAPI instrument [11] show equatorward of
the auroral precipitation a band of suprathermal electrons just above 5V in
erergy. The lalitude range of this band is shown in Fig. 2 and it corresponds
to most of the SAR arc. Also from the DE-2 measurements, there is an electron
temperature peak just al the poleward boundary of suprathermal electrons.
Although these measurements were made 1.5 h earlier; it is known that SAR
arcs have a time constant of several hours [2, 7] so that the comparison should
be valid. Further data to be presented here confirm| the stability of this
feature. ' '

The optical data for orbit 2923 at 08:17 UT are shown in Fig. 3 along
with the proton energy flux, the 1 keV boundary and the 200 eV number flux.
D, is at its maximum excursion. The nightside auroral oval has characte-
ristics similar to those of the previous orbit, except that the oval has moved
significantly poleward, with the diffuse component moving from 56,5° in the
previous orbit up to 61,5°. The SAR arc has not moved significantly so that
it is now well separated form the oval. The 200 eV electron flux falls to a low
value well outside the SAR arc. DE-2 data for a coincident pass (orbit 3136)
were not available. Drift data from the BULGARIA-1300 satellite show sig-
nificant westward drift in the SAR arc region.

The next pass, orbit 2927 at 15:04 UT, is shown in Fig. 4. The oval has
moved eguatorward again to a location similar to that of orbit 2920. The 200
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eV electons overlap the SAR arc like shoulder of 6300 A emission, but do not
underlie all of it. DE data from orbit 3140.obtained half an hour later show

an electron temperature pedk extending throughout the whole 6300 A featire,
but perhaps peaking in the equatorward: part that we identify with the SAR
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arc. Thesuprathermal electrons extéend over the whdle 6300 A feature; thus
it seems to be partly soft equatorward border and paftly SAR arc. [f cannot
be concluded that these regions overlap, as the DE-2 electron spectrogram shows
the suprathermal electrons extending to the auroral:precipitation boundary
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Fig. 6. The samc as in Rig. 5 for IC-BULGARIA-1300 EUI‘bit 2942

where they become overlaid or replaced: by auroral electrons: The strong byt
ward flow observed for:the'SAR arc region in the previous.orbit continues here.
Figure 5 shows 'the - data frem" orbit ;2930 -at 20:10 on March:2: The auroral
oval has migved poleward of 60° invariani and occurs before the-start of the pass.
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The SAR arc, still Jocated at 537, is well separated from the oval and is clearly
well equatorward of the 200.eV electrons, DE orbit 3155, just 20 min later,
displays both the electron temperaturc peak and the supratherma! electrons
that conlirm the identification as a SAR arc. The westward flow of the pre-

Hat 61,8 58,9 56,01 50,1 472

T | 1 T

123453 UT
2500
6300A
2000
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suprathermal electrons
—a~| |—=—2852DE
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Fig. 7. 6300 A and 4278 A intensilies en
BULGARIA-1300 orbil 2857, [February 11,
1982, The double pealc enhancemenl of 6300
A is comparcd with conjugate suprathermal
clectrons  on DE orbit 2852 measured in the
conjugated iunosphere

vious orbit has ccased, however. The separation of the SAR ‘arc form the oval
continues in orbit 2942, at 16:33 on March 3, as shown in Fig. 6. Dy has now
almost recovered its original level, at -60 nT. Nevertheless, the SAR arc
is still present, though stightly weaker than before, at 500 R .above background,
as compared with 700 R in the previous orbit and about 1 kR during the main
phase of the slorm.

Finally, we consider for comparison BULGARIA-1300 orbit 2657
for Feb. 11, 1982 at 12:34:53 UT, for whichk the plot of optical emission is
shown in Fig. 7. There appears to be a SAR .arc, well separated from the oval,
although it is curiously bifurcated. DE-2 orbit 2852 at 11:50 UT was in the
southern hemisphere, showing a weak flux of suprathermal electrons iocated
close o one of the two peaks. An electron temperature peak .coincides with
this, but it is only 2500° K, which would not produce an 800 R SAR arc;
this is consistent with the weak flux of suprathermal electrons. In cther wards,
the SAR arc emission'in the northern hemisphere is coincident in space but
compatible in intensity with the plasma characteristics in the southern .he-
misphiere. This {s consistent with the gbservation presented in [4] that low
energy photoelectrons from one hemisphere were blocked from reaching the
other hemisphere just in the location of the SAR arc, g o )



Discussion

During a geomagnetic storm, the location of the SAR arc remains remarkably
constant near the 63° invariant, while the equatorward auroral boundary may
move away from the SAR arc or move to overlap it more than once during the
event. This agrees with the DE-1 633 images obtained in [2], which show the
SAR arc sometimes separated from the aurora, and sometimes merged with
it. However, even when the SAR arc is separated from 'the aurora, they note
that “arc-like features aligned along magnelic meridians near local midnight
appear fo connect the SAR arc with the active auroral| zone several degrees
poleward”. ;

When the SAR arc and aurora are merged, the suprathermal electrons
extend right to the low-energy electron boundary (the soft. equatorward border)
and disappear into it. It is not cerfain whether the regions overlap or simply
contact. An associated observation is that of [10], who have observed supra-
thermal electrons coincident with an electron temperature peak and an elec-
tron trough, in. association with strong westward drift but without a main
phase ring current indicated by Dy. This raises the question as to whether
there are two mechanisms for generating suprathermal electrons: one from
the ring current and the other without. This, as well as the observation that
the heated population was absent at 6000 km above the SAR arc [4] suggests
%hat (tihe excitation mechanism for SAR may be less direct than currently be-
feved.
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Ontrucckue 3MHCCHM B HOUHON Cy6aBpopanbHOH
obnacTy BO Bpems MapToBckofl Gypu 1—4 mapra 1982 r.

. I Hlenapd, H. C. Kymues

{Pes I'OMe)‘

Bo Bpems reomarruruoii Gypn 1—4 mapra 1982 r. Ha necxkeabKHX OpGHTaxX
cnyTHuKka Jnrepxocmoc — bonrapug — 1300% nafopanach crabuibnas aBpo-
panbyan xpacuas (SARY ayra. ITo smmccun 6300 A Bugso, uTo 3Td AYTa HHOr+
J2 HAXOLKTCA B KOHTAKTE C ABPOPAJNbHBIM OBAJNOM, a4 B APYTHX. CAyuasX — OT-
mensHO oT Hero. Korga SAR-Ayru nepeKkpbiBaloTcs C OBaAOM, BBICHINAIOLIHECH
200 eV aseKTpOHBI, H3MepeHHble CNYTHHKOM, TNO3BOJAKT OTAGNHTh A00aBKY
AETKHX 3/NEKTPOHOB -B 3KBATOpPHaNbHON vactd opana. Yactb SAR-AyrH SkK-
B4TOPHANBIO OT OBaja CONPOBOXKNAETCs NPHCYTCTBHEM CBEDXTENAOBBIX 3I/EK-
TpOHOB, Habmofaemeix cnyrhukavmu DE — 2. B pabore nokasaHo, yTo cnepxren-
JOBEIE /IEKTPOHB 1 HANPABJCHHBI HA 3anaj Apeih) MOTYT TOABHTBEH KaK BO
BpeMs TEOMATHHTHBIX BO3MYUIEHUH, TAK M B CHOKOHHBIX YCJOBHAX. '
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The presence of artificial bodies in the outer space calls for a more accurate
and strict treatment of problems concerning the radiocommunications with
them. Irrespective of the numerous fragmentary studies (see for example our
studies [1, 2, 3], as well as of their generalizations in monographs [4, 5, 6, 7]),
the notions of the ionosphere used so far are inadequate and not precise
enough. The formation of the International Reference lonosphere (IRI) provi-
ded the background for global and precise specification of ionospheric para-
meters and of their impact on radiocommunications with satellites, rockets,
orbital stations, interplanetary stations and other space platforms. Irrespective
of a number of deviations from reality and the requirement for IRl perfection
[8,9], we have already got an analytical model for planetary calculations of
radio networks and radio ways with space objects. This makes it possible to
obtain more accurate analytical expressions and output data for the purposes
of telemetry, telecontrol, information transfer and other| communications with
space aircraft. On the other hand, the reception of natural space radio sig-
nals, both for the purposes of radioastronomy and for ionospheric studies
(e. g. for the absorption of space radio noise after A2 method), also requires
good knowledge of the dependences between radiowaves parameters and those
of the propagation medium. Finally, the reception of artificial radio signals
from space objects for ionospheric studies (e. g. for Doppler’s effect or for
Faraday’s fading) requires analytical expressions adequate to the real iono-
spheric effects.

Of all atmospheric parts, the topside ionosphere is the most difficult me-
dium as far as analyses are concerned at least. For at & > h,F (where #,,F
is the height of the maximum electron concentration N, F or N,F,), there are
no data available of the hundreds of ionospheric stations and other research
‘equipment covering the Earth. Therefore, when space radio ways and net-
works are designed, and when research problems are solved, it is more com-
mon fo use literature data for the topside ionosphere, |while for other iono-
spheric areas the direct results of vertical ionospheri¢ sounding can be ap-
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plied, This requires even greater development, improvement and use of IRI
references, which is also the subject of this work. :
As a considerable part of the multifarious effects of the topside iono-
sphere on the parameters of radiowaves for space purposes propagating in it
have been treated on IRI basis [19, 10, L1, 12, 13, 14, 15] and some other
works, we are going to restrict our attention here to posing and solving the
problems not treated so far with IRI data, and to giving . initial and summary
information about other published results. = _ Soke i
In this work, similacly to [10, 11, 12,13, 14, 15] and others, we have used
IRI formulae in their first variant (IRI-75) for the sake of convenience of the
analytical expressions, without committing: ourseives, however, to the concrete
IRI-75 data, which are to be improved. . : I :
The radiowaves passing through the outer iondsphere uadergo deviation
and retardation of the radio beam, absorption, refraction, frequency changes,
polarization variations, attenuations, scintillations and other effects, We are
going to present here in brief the effects untreated so far according to IRI-75,
and for the studied ones we are going to make the corresponding references,

L. Radiowaves retardation in the ionosphere
and virtual distance increase -

The ionospheric impact on retardation refraction and on radio signals retar:
dation is closcly related to the accuracy of the satellite trajectory measure-
ments and to other telecommunication problems which are discussed in (4, 5,
6, 7, 16], etc. The initial equation for the heightened distance increase Al
owing to the beam retardation in the topside ionospheric plasma is given by
the expression (compare for example 1T . : ;

Ly
o

(1) e O A

L
e

where: /i, is the satellite height or, the distance to the magnetospheric boun-
dary (if the space object is outside it or if we work with a radioastronomi-
cal source); N,(£) is the ionospheric profile of electron concentration; ihe
linear element from the radiowaves trajectory @l is determined by the ex-
pression ;

(2) dl = (a+ k) [(a + bR .n® — a?sind z,. n3]—P dh,

where 2 is the coefficient of radiowave refraction g = 6370km is the Earth
radius; Z, is the initlal zenith angle of radiation. At Zo << 859 we can pat in
(2} n~ iy 1 {7]. In this case: -

T Cdl= (@ + k) (o + k) — a®sin® Z,)-97 dn.

The group retardation detetmines (with reading of the transfer coeffi-
cienis: y = 40, 4, if- the electron density is m—%, and the frequency f in Hz)
in this case the following extension of the way

ey

] i
) Ale=0f2 | N e+ k) (@ + k)2 — a?sin® Zy 1R di
)
F;m > :
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For the vertical profile N.(%) we use in the case of the outer ionosphere,
according to IRI-75, the expression:

6y Nm = NMF[ i . ,;2,% ! Ay exp (— 4y "_;éﬁ)}.
3 0

where A,, A,, A; and A, are constant, Ay and A, are expressed by A, (so they

“are not independent), and constant A, has iwo values: Ay =2 (low solar
activity) and ‘A, = 3 (high solar activity), In accordénce with this we will
have the respective two cases in the following analysis:

1.1, Low solar activity (Ay = 2)

We have for retardation:
k

2

iz | Nda + K)dh e
(6 Al; = vf 2}.[ Vo i a2si§-2q'; = ¥fTINLF(Jy 4+ Jo)
T

ni

After replacing (5) in (6), and as a result of the corresponding proces-
sing and calculations, we obtain for J;:

a As 4 2 _ A2 4 T _ A% (1 Fr— F
@ i J—bz,o—l—.—{iﬂ?é— A2+ bx + (B xAJ{x + 20x + bt — A%
+be“"’+2bx+b2'—fl=’-‘ e i b2 — a2 4 bx 4 X  2bx + b2 — A2 |¥m =
PN oy [ X

rs=fis——?( i A

Using analytical replacements, we obtain for Jg'

— 4
(a+ yexpl— A ——5— | dk
8) Jo = A f ( - An ) 3
\/(_a + B — atsin? Z, &=

kﬂi

To solve this integral, we develop the fast_-failiﬁg exponential function
in the numerator in range, we restrict ourselves to the 5th member of the
range {which is quite sufficient), and for J'g we finally ohtain:

9 A‘\/ (m;{ | £ +2(e+ &)—gx3—g(2g?+%xl9)x

+(A*+g*>*+4A*gﬁ]—~‘gg—[$x3 (Sae -3 pag] 4 o hx— D%

& 3 2
2 4 e il g A 3 o) A1
+3A+g3] T & A4+[ 24,43(2/_1 gg) 642 Vg

_‘3_ 9._.i 245 . o8 ey 0" xg=E Ay
Xgh-ga—2) - L ] ln(x+'m}) ey

In (7} and (9) we use the designations: A =asinZy b=a+ ky— A
g=atkh, g=x"—A%

Obviously in {6) there is quite an adequate expresswn which can be used
for making calculations in different cases.
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1, 2. High solar activity (A, ='3)

The retardation is also given by the expression {6). The calculations of A
are complicated because of the higher power in the denominator of the inte-
gral. In this case, for J, we finally obtain:

Add; 1 b 652 Ll a i D WY

(10) Jl = "Eg%iﬁ [(_x +ﬁ--,—u—)\1x3+25x +.b§-—A2
85 A 3b2 )
=7 ey ~ 7 )2

b2 — A%+ by (X { Bbx + b2 4B {EP — Aﬂ_}]"'m =ath,
X

>< xs_=a+fxs '

For J;,, we have expression (9) in this case.

Therefore, at high solar activity we also have sufficiently accurate expres-
sions for the electromagnetic package retardation and the virtual radiowave
way extension. Conversely, from the expressions for Al; some ionospheric pa-
rameters can be found at known retardations and extensions. N, F is the
easiest to defermine. Possibilities exist for calculating A F and A4, and A,
coefficients as well, !

2. Refraction of radiowaves passing through the outer ionosphere

The refraction of radiowaves passing through the ionosphere is determined by
the expression (compare [7, 17, 18], ete.): '

h.?

(1) & = — yf3N,Fla + k) sin Z, f n=t A faa 4 b — a2 sint Z)-10an,
i
where %, is the initial ionospheric height, and dF{(%)/d% is the eleetron con-
centration gradient. For the topside ionosphere in the case of the normally
used operational frequencies f, which are considerably higher than the cri-
tical frequency foF{(foF,), we can assume that n~ 1 according to [6, 7, 17, 18]
and other works. For the medium considered in this case, expression (11) is
modified to:
A

{12) * &=—yf 3N, F(a + k,)sin Z, f ﬂ‘:{%[({1 + A — a?sin® 2,1k,
"‘m :

In (7} we emphasize precisely the nonpermanent nature of the refraction
part in the outer ionosphere, determined with (12). We should like to stress
the fact that dF(k)/dh <0 for the outer ionosphere, and for that reason g is
positive for this medium. Thus, certain compensation is reached for the nega-
tive refraction in the ionospheric regions with &< 4,. We are further going
to determine & using dFjdk distribution according to IRI-75 (see the; expres-
sion {)or N{%), shown here with formula (5)). Replacing dF/dk from (5) in (12),
we obtain:

(13) & =— YN Fla + hy)sin Z{J4 + 5,
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where

. k.\?

: it — A Aot "
(14) i= : Baud SO Lo ppecad
o 4 (I - = ) J(ﬂ + R — atsin? Z,
{]
: "
(15) j; g 5_3@__ 1 oexpi— Ak — Ay | dk
Ag R Wla+#)2 —.a®sin? 20

firs

According fo the two values of constarlt A, we have here two subcases
as well: at low and at-high solar activity. :

2.1 Refractwrz at low solar activity (4, = 2)

/ 2434, 1 3 N e T 36
(lb) = S {(.— 2x27'+ Q(b" 5-‘42)_)5) J(x + b)“* TR T
! B — A 4 x0T B F B A
_——p2 } ;
AP : 55 o=t =y ok,

To find J;, we develop the exponential subintegral function in the nume-
rator in range, and with sufficient accuracy we restrict ourselves to the first
five members On 'this basis we finally obiain:

(1?) Jo s — Ag__zh (.3'20+f21 +f22+f23+fz4+ ),

where:

UsEs ';fm

(18) Jio = {1024 NTAK ¥ fip + @ — A4 Agi o (o = AN} 7

(W9 Ui e A AT By WP — (hy + ) 24,

VA F T+ @ A0 A (i + AN

! A3 '
@0) Jo= 5o (5 — 52 EEW@X B+ P2+ [ G+ AP

o+ O Y ]A_m QAo[Vonﬂ— Fom + G 7 4 A + {tm + A)I}

. '- (L A4 | BT 5 }(hm + A)x - 5 {om % A)S 2 (n Mgy s a)z i Ad
(21) Jﬂ? o E{‘g( [—3— X ileadcs + 5 —_Aﬂ T £ AQ !
g it Sl Sl PRV ot A WISl - SR (e B W B
-_'-.-J_(Anx__ Thy fap— At g mgdle 2 1 a e

.r‘rs — hm

[VAgk+ @ — A2 o Ao ok G + AJIX " ]

L n QAQ
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. A Hhy, + A 2 5 (hy + A4
(22) Joy = 95/13 ()C3\/(on + ;Zm =+ a)z —( mﬂo—) {[ ‘%“ T (J—AD_)E
5 hy A 2 (hy + o — A 3 (ay +aP -~ 4
i “‘"‘As— il ""‘“‘;13‘ Bl 1R ‘Au J [x — 344, + A)

A5 iy + _A} S (e + a) A {hy, + 4)

X \/(on 1 km i a‘)g oy 23—13 2 ) AU

3 Caye o wal A ) v 24 g o IOl s
i B oy VAR T A

b ot (o AL

2.2. Refraction at high solar activity (A; = 3)
From (14} at A; =3, we obtain;,

23 4t 1 X8 1 ]x i h’ il A
(23) s = [-— ERN P T U )

2OYIL HNSRGINOI] DINEGUs [i26® — 3(!}“ — MAlx 4 :
(24) !I T T 1 X + bl e + ( A‘)‘ ‘.‘,"'2 +2bx+b2 Ve

LB o B b (R At + 254 82 AY }
J{;z% —Aa i ¥t
. 5 o 5b 7 1200 - 62B% — ABb 4 12(6° — A2)
= 4 EEaT SN T Fail=1 ¥ LWL tet e -
2B} h=pm ({ 2T e 457 ~ o

_ BI60 L2 — 52(8% — A%x } L 1 1583 - - 342 - A2)

(5% — Az oK+ b T B — A 20t — A%

1 PR bt (B AN BT Dt B AT T m
>< VI_'T_'_: L In 2 " e y x - — - LA o)

The second part Js is the same at low and high solar activity. Hence,

the ‘expressions (17, 18, 19, 20, 21, 22) will be used for .
' The diurnal, seasonal and' cyclic variations of refraction are determined
by the corresponding variations of N, F(N,F,), the'height 2, and the changes
of 4, and A4,. The additional irregular fluctuations of &, depend on the hetero-
geneities in the electron concentration. We shall consider the elfects of he-
terogeneities in more detail in another part of this work. We should stress,
however, the fact ihat refraction is ‘more strongly affected by these hetero-
geneities, because usually in their boundary regions there are strengly pro-
nounced local dF/dk gradients. For that reason, the effects of heterogeneities
-on-refraction should not be restricted merely to an analysis of differences in
electron concentration AN, = Nyym — Ve In the normal and heterogenous
structure, but should be concentrated on the boundary region of dispersion
or condensation of the plasma, where the gradient is very high.

The variations of dN,/dk gradient in different cases, inciluding, these from
IRl data, have been considered in [19]. It ‘follows frotm this work that the
height &, of which dF/dh has a maximum, is very close to 4,F. Hence, the

=il

o o
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Supramaximum region about 4,F has the most essential contribution to re-
Iraction. An area with rapid and nonoriented changes of dF/dk has been ob-
served in fhe region of about £ -~ 600km according to roeket data from the
VERTICAL scries. This region additionally increases refraction,

3. Radiowaves absorption in the topside ionosphere

The radiowaves absorption in the topside ionosphere with MN,(k) distribution
accerding to IRl has been considered in our work [20]. In this work, complete
and exact expressions are deduced for the nondeviating absorption at low
and high solar activity over middle geographical latitudes. The limiting con-
dition for middle latitudes is required because of the use of linear presen-
tation of the temperature profile 7 (k) with three straight lines in [20], which
coincides with the latest IRl variants [21], and is close to the results obtained
with the help of the heavy VERTICAL rockets [22,23]. For the cases of low
and high geographical latitudes, the data for Ve, according to IRl sheuld be

used published in (24, 25}, and the corresponding data for N, (%) from IRl

4. Radiowaves polarization in the topside ionosphere

The polarization losses of radiowaves in the topside jomosphere according to
IRI have hcen presented with the corresponding analytical expressions in [26].
They can be used to calculate the polarization of radiowaves and its equi-
valent absorption. In [27) a method is shown for IRl adaptation to the con-
crete data from measurements with a ionospheric satellite and for calculation
of polarization losses from the corrected N, (k) profile. The application of the
method to the data from the IC-BULGARIA-1300 satellite has also been de-
monstrated [27).

S. Topside ionosphere impact on the frequency |
of radiowaves passing through

The studies of these effects on the basis of the vertical profile' N (k) accor-
ding to IRI and present-day data of spatial changes of the Earth’s magnetic
field, of elcctron production, the effective mneutralization coefficient B, and
the motions in the ipnosphere, have been made in [29]. The standard varia-
tions of irequency deviations at temporary diurnal, secasonal and cyclic changes
of N%) and the other values determining the frequency have also been stu-
died in the same work, -

6., Fluctuations of the radio signals phase during
the transition through the topside ionosphere

So far:there are no .generajly accepted references of the heterogenous struc-
ture: of the fonosphere in IRl For that reason, in [29] :onithe basis of some
materials  presented at ‘the COSPAR PANEL and URSI about IRI, and pro-
ceeding from the information obtained from INTERCOSMOS-2, 8, 12, 14, 19
and: IC-BULGARIA-1300 - satellites, some averaged data have been obtained
about the fluctuations of different radio signals during their transition in the
fopside ionosphere, i .
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7. Coriclusions and infcrences

The expressions obtained here for refraction, retardation and virtual extensiosn
of radiowaves way fromn and to space objects directly solve the problem of
the respective cifects of the topside ionosphere on radiowaves propagation,
a problem not sufficiently tackled so far., Thus a basis is created for an ade-
quate use of IR! in preseni-day calculations of radio ways and networks.
There is a possibility to- use the formulae obtained so far for calculating the
reverse problemn of finding sowme jonospheric parameters with respectavelv eg-
sured refractions or radiowaves retardations.

We generalized the information about the topside ionosphere 1mpdct
according to IRl on the propagation of radiowaves' passing  through (absorp-
tion, polarlzahon frequency deviations, phase fluctuations, etc.) by pointing
oui the respective sources. Thus, a basis of background data is created for
complete use of IR[ in studies of radiowaves transition through the topside
jonosphere,
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Boanelicteus Breuneli uorocdeps! Ha pacnpocTpaHenye
PA4IHOBOMH M8 KOCMMYECKHX O0BEKTOB '

K. B. Cepagpumos, M. K. (_l‘epagﬁuh;osa-f
{Peswue)

[poananuaupoBans ocHOBHBE BOSAEHCTBHA BHeinKeft HOHOC(epH Ha npoxons-
IGHE HEPES Hee  paguoBosmbl. Ha ocHose Mexnysaponnoll pedepentHoil nouo-
Chepsl nONYYeHE! BEIDAWEHHA A/ a) 3alasAblBaHms PajHOBOAH ¥ BHPTYadb-
HOro yBEMUUEHHS DACCTOAHMA MX DaClIpoCTPaHerHs; ). pedpakuui papusBOJIH ;
B) NOTMIOWleHHs ; T} GMOKTYausH a3 DAAMOCHTHANOB npu fepexone yepes BHEW-
HiOK0 HoHocepy. (Clenan aHatu3 YCNOBME HMMHEH 1 BBHICOKOH CONHEYHOH aK-
THBHOCTH. JlaloTcA -PALMOHAMLHLIE PEKOMEHJAUUK H DOJBOMSITCH MCXOJHEIE 32-
BHCUMOCTH. Jlal0TCH payuoHaTeKee PEKOMEHAAUMH [JI1 ONpefleleHds OCHOBHBIX
IapameTpoR DAJHOCBA3H C KOCMHYECKHMH OGBeXTAMH,
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On self-similar solutions in disc
accretion problems

Lachezar G. Filipov

Space Research Institute, Bulgarian Academy of Sciences

The theory of dis¢ accretion has recently become an important factor for the
solution of many astrophysical problems. Accretion discs are considered to
play a major role in the modelling of quasars, nuclearactive galaxies and X-ray
sources in narrow binary - stars. We have 'encugh grounds to claim that the
structure of stationary thin accretion gas discs is relatively well studied [15].

Regardiess of the progress in these studies, the fundamental problem of
the disc accretion theory, 1. e of its viscosity nature, is still to be resclved.
Obviously, theoretical investigations are niot sufficient. Regular observation
data should be used on a broader scale accompanied by comparisons between
theoretical models and experimental resuits.

The noiu-stationary disc accretion is defined in many cases, where discs
are assumed to exist or are observed in the studied objects. Therefore, the
investigation of this type of solutions will present the basis of understanding
the natural physical phenomena and processes. The study of non-stationary
discs provides possibility to make scientifically justified conclusions about the
nature of the viscous mechanisms responsible for the transport of the motion
quantity momentum in the discs.

Many publications on non-stationary disc accretion are devoted io these
problems {8, 9, 10, 11, 12, 13].

 In another 'publication of ours we have found out thai the temporal
behaviour of thin accretion discs may be described with the non-linear diffe-
rential maintainance of “diffusion™;
oF . P oeF
(D T T

where 4 is the specific angular momentum and F is the friction momentum
betweetl two adjacent cylindrical layers in the disc [12]; the parameters m
and n are determined by the viscosity nature and the opacity law of the disc
[10]. A is a “diffusion” coefficient determining the velocity of the processes.

A non-linear diffusion equation of a simpler type has particular invariant
self-similar solutions. It is known that the idea of self-similarity is related to
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the transformation groups {1, 3, 4, 5, 7]. These trausiormations are represented
into the differential or the integrodifferential equations of the process. The
- group of transformations for the given equation is determined by the dimens-
ions of its input values: time reference unit, length, mass, etc,, which represent
a simple case. :

This type of self-similar solutions is featured with power indices, which
represent simple quotients, determined elementary by dimensional analysis ope-
rations and known as first order solutions. :

We shall define further the role of these self-similar solulions and shall
deimonstrate the pattern of their application inio viscosity problem sohutions,
Self-similarity is a phenoinenon whose features are obtained at different time
motents by the {ransformation of similarities in sequential order, The scales
of similarity, in turn, represent a function of the main physical parameters of
the equation describing the physical phenomenon, tptimiia-tl 44}

Let us examine the temperature diffusion equation for. stationary conduct-
ive medium: ] : i

or p
o= v

where @ is the constant diffusion, 7 is the femperature and ¢ is the time.
The problem is {o determine the temperature in the successive moments, if the
initial distribution is T—Br®, where r is the distance to the centre of the
coordinate system. If we define the scale of the temperature 0, the distance L
fmd the time v then'we can determine 'dimensions Q and B: [Q]=t'L% and.
Bl=1L-00. . - | - ' -

Q is the only constant independent of 0. The problen is precisely deter-.
mitied and there is noother constant of length or time dimetision to 'be obtained
from the elements given above. Therefore, such a constant should not be pre-
sent in the solution. Sometimes, alter the beginning of the process, the typical
length scale depending on the time may be defined as: i -

LA RE P bovir ad bl
The time-dependent temperature scaie may be defired ‘in a similar way :
Tty =BL(". '

The solution. of the prolﬁlem.. should yield 7' .as a function of t..and r. In
non-dimensional form this is: 35 breminy: '
S 7 =g

Z‘l'.c' = B!‘B

- ! . : A r £
[he nen-dimensional form shoudd be a. function of T and g The la-
Lt

tier is naturally a zero and does not enter the examined problem since £ is

measured in {t] alone and may be expressed by Q, B and £ Thus, we obtain
r

the solution in the form of T:BL}_?T,E;(),—M )., where L(f) is already defined
and 7, is a non-dimeasional funciion composed of its non-dimensional argu-
wments. “The oblained resuit is a seli-similar solution, since time-dependent scales
ate ‘ised. The! temperature  scale is always a function  of the scale featuring
length. 1t is the self-similarity of the problem which denotes that variable scal-
¢s of L, and 7, may be selected, which provides for the possibility to repre-
scnt the scale of the phenomenon characteristics by a single variable function.
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Therefors, ‘the presence of several dimensions of the independent -constants
including the boundary conditions of the problem, defines the necessity of
self-similar solution. ) : : {0 pro

Let -us examine now several problems where the self-similar solutions are
of first order {1,3]. The first problem — the timeé behaviour of a thin disc -=
is determined by equatioft (1} under the assumption that for the initial mo-
mentum £=0 the distribution is:

(2) F=Bh", ; £

The dimensions ‘of all values in equation (1) and the initial condition
(2) are: oA AiFistin
_ RS LAY T =T [Fl=MLW 2,
(3) [A] = M- —Un—mt2) gl =m—3 ;-

[ B] = M A=) (52 .
where T is the time dimension, M is the mass dimension and [ is the length
dimension. =t ;

Let us determine the typical scale of the total angular momenturm A.(f)

and the typical friction momentum scale F.(f) for each momént £>0. The first
value is yielded by the dimensional analysis of equation (1), namely: '

1
(4 J hdE)=(AF ") g0
and for F(f) we use the initial distribution:
(5) - F8y=Bhit).
Substituting expression (5) into (4), we obtain for 4,:
y s AL e l
(6) | Ry =(AB" )5

~_ The solution of the problem yields F as a function of # and { and may
be written down in a non-dimensional form as: S

F (EEg Bt i
& e =l ) =B

Therefore, the function F will take the shape of:

{7 F(&.t;:_gkg(c)@( g) |

If we substilute (8) into {7), we shall obtain the dependence in developed
form, and using equations {7) and (1) we may write ihe following equation
for F.: ' ' '

B I dF " F;'”_ d2r,
(;z_l'_g._a'ﬁi)ﬂ-s— (E_—Q—:ﬁ)ﬁ de = (£ -E;r TgEe”
h . . 9
St it Ai) ¢ id 1 _
This, function should equal a unit in order te provide a self simnilar selution

where &= The function ¢(f) is an expression containing only the time.
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for the above equation. And, indeed, for each distributi,ﬁn of the type (2) this
condition is satistied. Therefore, we may write down equation (8) in the final
form of:

_ o 1 dFy  F.|dF,
) (n—ﬁ:aa) Fy —(ﬁ:aa)ﬁag = e

Equation (8) provides the possibility for both qualitative and’ quantitative
description of some non-stationary phenomena in the laccretion disc, This fea-
ture of equation (8) has been the subject of our other works [10].

The second problem leading toi a self-similar solution of first order for
equation (1) is the following: the evolution of the acéretion disc is described
by equation (1) under the condition that the time development of the initial
configuration is satisfied throughout the process by the integral of the total
substance angular momentum [2], namely :

(9) K=2n f X hrdr,
where X Is the surface disc density [15], £ is the angular momentum and 7is
the distance to the disc center, Substituting = with F|similar to the procedure
in equation (1) [10], we obtain the following condition:
s A
(10) K=2n [ Pl bl dh = const,
};J
Another approach to find the necessary conditions for the availability of

seli-similar solution of equation (7) is {o determine the power indices o and f
in solutions of the type:.

(11} F=CEtFy(8),

where & L
8¢k :
which reduces the problem {o a routine differential equation of finite condi-
tions. ' - '
After substituting equation (11) inte (1) and (10), we obtain the following
necessary conditions for the availability of a self-similar solution:

L—m.
'...l
! Al_me n+2
126 Lok B:-[. ] .
( ) C— QﬂA {Qﬂ)m
The equation which defines the function F, is:
girs daFﬂ_‘- 1-m it 1@""*_ n e
R T e

We shall examine below some possible astrophysical phenomena, where
this solution can be applied.

If a stationary disc has existed in a binary system prior to a certain mo-
ment, and due to some reason the inflow of the normal component ceases,
this selution will describe the evolution of the reminder of the disc substance.
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The same approach on the applicability of equation (13) can be made in
the following manner: if we have a distribution of the type F=&(k) at the
initial moment, then it will contribute indirectly to integral {10). The function
F=®(1) should simply be determined with respect to 4.

We have to underline here that this method provides a possibility to
expand the number of the astrophysical problems, which may be resolved by
the first problem set up in this paper, since the substantial fact is that the
distribution should represent a power law of the specific angular momentum.
The unique condition te be met by the solution of equation (13)is to satisfy
the law of preserving the quantity of the total angular momentim threughout
the time development of the initial configuration, Of course, the best proof of
this affirmation will be to compare the solutions of equations (13} and (1) for
particular derivatives.

Another type of this-preblem relates to the modelling of the substance
behaviour in accretion discs, when the mass integral is satisfied during the
evolution process, :

Let us examine again equation (1). Applying by analogy the method used
by Sedov [7] for the oblfaining of the mass integral with reference to rotat-
ing fluid, we can obtain the corresponding algebraic integral for the solution
of our problem. T S (PR '

Following the same pattern, let us examine the demensions of the input
values:

i [Fl=AML322; [B]=L814; (L] M2,
() (Mi=M; [Bj=L7"% '

We arc looking for a solution of the type F= Bf—“F (&), where é;.b%-

Following Sedov’s approach {7], we iniroduce a suppiementary parameter
[a]l=ML#%, where @, k, s are unknown, if no particular consideration on the
nature of the phenontenon is invelved. _

Using in a sumnarized manner the above mentioned development, we can

determine some supplementary values, namely: ;

(18) &) v,=--V() radial velocity;

(163 D)2 = —rk-fja?-}?(é) "fsurfage density;

(17} ¢ M=k—‘;s-M(E_,) the mass between two fixed radii;:
b _ .
Performing almost the same compittations as in [7], we obtain the mass
integral in a f{inal form as: .
(18) {(s + 228)M(E) — 2mR(EX V{E)— 28)} = const E24,

Knowing functions R(E) and (&), we may determine the femporal mass be-
haviour between two. radii. Using the theory of the disc accretion, these relat-
ionts take the shape of (14): :

(19) R@):gnwkn F$(&.)“_m) :

o 4t ey o ity G
(20) V(= =gt pee-ms
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The equation satisfying function f{f) is similar to equation (13) but the
‘cocfﬁcxenis differ:
@F,

; [} ; R i nalq
2y - P O g sgna iy gERF, 0,

where o, 8 are defined by dimensional analysis.

' Let us examine the values v, and X in view of thg disc accretion tleory,
using- the dependences which are relevant to each and any moment. Qur pur-
pose-is‘to delermine the dependence between the dimension coefficients and
the power: indices. As a final result we obtain the foIIowmg equatmn aystem
defmmg the power indices:

2k6+5+1=0;

82kt 4 1)—o(l—m) + =03
k0 +8+1—g—-5=0;

2B+ 86ntoum- 1=

@)

“*"'The Solutions corresponding to the system (22) are:
3 1

O Hidem = nt2=m*

Keg (m—n—3);  $=mmomm

{23}

" Thus, with the power indices obtained and for the finite conditions of the
fun¢tion £, the equation (21) yields a solution which describes the temporal
behaviour of the aceretion disc under the condition that ‘the mass integral is
satislied. The selution of the equation (21) with the power indices (23) may
be used for describing the temporal evolution ‘of the substance tore formed
around a gravity centre. .

In the case where the right-side constant of equation (18) differs from -a
zero, we shall observe in dependence on the sign elther an increase or a
decrease of the total tore or disc mass.

We should note that usually in a real time situation both algebraic inte-
grals must be used, i e. the integral reflecting the situation prior to the mo-
ment of quantity motion and the mass integral. When we examine the. case of
a disc evolution involving contribution of a substance flux inflowing from a
secondary caomponent; hoth the-disc mass:and the moment; of quantity motion
change. This imposes the necessity of investigating more complicated problems
which will be the subiect of further studies.

Discussion -

The three methods proposed for the solution of the problems related to
equation (1) provide for the possibility of building up both quantitative and
© qualitative models of non-stationary sotrces with the assumed existence of
accretion discs. The obtaining of a large class of particular solutions and their
comparison with the observational data for transient and cataclismic stars pro-
vides for the closer understanding of the physical processes of the disc accret-
ion, Examining the methods given here and based on a general analysis
approach, as well as comparing them with similar physical methods [1, 4, 5, 7}
we can obtain the power index solutions depending on the parameters m and
#. In turn, they will provide the definition of the physical processes of the
thin accretion disc viscosity and of the plasma opacity.



On the basis of observations of cataclismic stars and transient X-ray sour-
ces it is determined that their luminosity after ‘altaining a' maxifnum decreases
almost after a power law in time, This provides grounds to belisve that
by comparing the model solutions and the existing physical hypotheses we

can obfain estimation of the scale and nature of the phy>1cal processes
in the disc.

On the othier hand, this paper examines only methods provzdmg for the
obtaining of selfsimilar solutions of first order.” Second order souhons 3re
also available {1, '4]. The second order solutions provide for t‘he possiility “of
estimating new models, thus y:eldmg solutions of this ordcr hu sed on Ero-
physical considerations,

In conclusion We shall underline another essential fact, quuatloﬁ (1) s
closely approximating the equations describing the combustion prouere‘ses and
some of the plasma processes [6]. Certain non-routine processes, typlcal for
non-linear plasma and combustion” properties are also to be onervéd within
these physical phenomena, i. e. self-organization, self-focusing, ‘etc.” Thzs prov-
ideés grounds 'to believe that 'such 'phenomena may also be éxpectéd in disc
accretion processes. These aspects deserve specific attention and ‘shoifld become
the subject of future investigation of the ‘nature and the propertleq of the
accretion dibCS
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O6. agromoenbHbIX 'p_e_u'ieﬂnﬂx 3afaul ‘ IUCKOBOW aKperuu’
J.T. Ousunos
(Peswn &) . , | .

THApo/luHaMutieckie YDaBHEUHS HCMOAB3YIOTCA KAK OJHH M3 METOLOB MOAE/H-
POBAUHS HECTALMOHAPHBIX JMCKOB BOKPYT OfHON 13 KOMNAKTHHX KOMIOHEHTOR
B, IBOHHBEIX CHCTeMax, . _ i .
[Tonyuennsie Moseassbie ypasHenus — mesuneiinsie n MOPYT OBITh peILSHBl
TPH OOMOIUH YHCJEHHBIX WJH TEOPeTHKO-TPYIINOBLIX METOAOE, i
B nacroameft paGote amtop HCOONB3YeT MONENBHOE| YpaBHEHHE, KCXOAS H3
NPEANOACKEHHR, UTO 32KOHK BAIKOCTH M HENPO3PAUHOCTH SBJAIOTCH CTENEHHBIMH
QYHKUMAMA TOKANLHEIX NADAMETPOB AKDEUHOHKOTO AMCKA. ale a5 ilinon
. Rannele nadmonenns HECTAIHOHADHWX XOMIAKTHLIX 00BEKTOB, T1e MO}KH_Q_
OXHAATH CYIMECTROBAWAN AKPEUMOHHBIX AUCKOB, CDABHMHBANA C PELISHHSIMHU YPAB-
HeHHH, coMlepaituX GoALIIKHECTRO 0BIIHK NpeAnoAcKeHnH o (pHauyeckux npo-
HECCax B AHCKAX. ABTOD CUMTAET, 4TG 3TO RAHZET NPHMEHEHHE B OTPENe/ieHHH,
Nprpobl i MacinTaba ssackuil. TaxuM o6pasou cpopMyNHPOSARHE] TpH peasbHbIE
aCTPOMHIHUECKHE NPOGAEMB, CHMTAf, HTO OHM BEAYT K ABTOMOACIBHEIM pelile-
HHAM MEPBOTO POAR, UCMOAB3YS YpaBHEHUA, NOJydeHHBIE B HacTosulel.paGote,
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Introduction

The in sifu measurements of the magnetic field vector with three-component
flux-gate magnetomeler carried out in the iontospheric-magnetospheric re-
gion allow to obtain important information on the electric currents along
the field lines of the magnetic field of the Earth, on the ionospheric current
systems, and on the main magnetic field and its secular changes. These data
are also wseful for the solution of other problems — computation of the in-
duced electric field VXB in reducing eleciric field measurements repre-
senting a portion of complex experiments, in determining the actual orien-
tation. ete, i

These problems are resolved with precise measuring magnetometric equ-
ipment [1]. Besides, the data processing should also be correct and should
facilitate data application in scientific analysis and cstimates of the technical
state of the measurements during performance and especially during con-
tinuous experiments.

Significant advantage of the magnetometric data analysis is the availa-
bility of a model of the main Earth magnetic field, and of the field genera-
ted in the Earth’s interior respectively as, for example, IGRF-1980, GSFC/12/83,
etc. This is an important premise for the study of the outer magnetic field,
generated by ionospheric-magnetospheric sources [2].

Another premise for this elaboration is the methodics suggested for the
coordinate transformations of the magnetometric data provided by a near-
earth orbiting satellite [3]. It is assumed that the magnetic disturbances by
field-aligned currents in coordinate systems related with an excentric dipole
are transformed into two-dimensional, which facilitates their analysis and
interpretation. ' e

29



We can mention, on the other hand, the necessily of connecting the me-
thedics for the determination of the magnetic axes orientatinn of the sensor
with a common software sysiem [4].

The individual aspects of the methodics were specified and supplemented
in the process of testing of the developed programmes. The following goals
were pursued in obtaining the end software product: reduction of the input-
output operations al the expense of increasing the processing rate; decrease
of {the magnetic tape number; simplilication of the usage; analysis of the cau-
ses for computer processing interruption, detailed message output on the
causes and options of processing continuation from the interruption site.

Description

The general flow" chart isshown in Fig. 1. The SE'ANCE programme is a
control module:; It drives . the modules «implementing the individual steps
of the technological process. Input data and operation control parameters are
supplied to the SEANCE programme. The input data are: magnetic tape with
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Fig. 1

nav lgatlonal parameters - LGEQGR mdgnetlc tape with telemetric data —
SINP; disc file with correcting co. fiicients — IYSYSO 5.

The following data serve to contiol the software mode of operation with
the aid of parametric cards: beginning/end of measurement to ensure proces-
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sing of delermined seance period. If these parameters are not previded, the
complete seance is processed and ihe beginning/end times are taken from the
header block of the telemelric information; format flags of the iniroduced
steps (interval steps of the input seance, step of input band with geography
and step of output band); module input parameters —- MODNEW.

The software output is a tape lile, containing the following informalion.
interval number, time, geographic coordinates, mcasured components, theo-
retical components, differences between measured and modelled field in dif-
ferent geophysical coordinate syslems, geophysical coordinates of observed
points, orientation telemeiric dala (angular velocities and solar situation).
Line printer information of step 8 s is printed simultaneously with the forma-
tion of the magnetic tape, .

The SEANCE software executes the following steps: slores tables (cali-
bration data) into the main memory; reads the header block of the telemelric
information and prints it upon selection; reads the paramciric cards and ini-
tiates its {unctions ifn agreement with the data contained in them; trans-
mits control to MODNEW module, which executes the preparatory steps for
the magnctic field model application; rcads 190 intervals from the telemetric
information. They are tested against uncertainties. i.e, against deyiations from
the smooth change of the compensation step numbers. This is.done by VERIF
module, If intervals arc reliable we proceed to “smoothing” the telemetric in-
formation in order o eliminate deviations at the reswitching of steps. For
the purpose, 1ZGL and IZGLCRS modules are used, which in turn function
via the auxilliary modules IZGLAJ 1 and 1ZGLAJ 2. They reveal step change
mmstances and determine reliable intervals before and aiter reswitching, As-
suming both smoothly changing process and short intermediate process dura-
tion — up to | sec, the “smoothing” is made with the aid of a straight line ac-
ross the already determined reliable intervals. The four modules are loaded
in order lo process cases, where the reswitching is made within the limits of
the 190 intervals available in the main memory,

After completing the above mentioned steps, the conirol is transierred to
SMETKI module, which converts the information into physical paremeters.
The SEANCE module combines the 190 intervals read into the main memory
with the navigation data. The records are ccmpared after measurement time.
A special subroutine maintains comparison time of the measurements. This
is formed on the basis of the assumption that the time of each sequential in-
terval is obtained form the time of measurement adding a constant step. If
due to certain reason the time of the entering interval differs from the compa-
rison time within the limits of half a step, a correction of time is introduced
transposing comparison {ime into the record obtained. A warning message is
issued. In this case it is assumed that the difference is the result of random dis-
turbance during the determination of the time of measurement. In case we
obtain a greater difference for a given interval, an etror message is prinled
and SEANCE procedure ceases operation in emergency mode.

The so-called “reference points” are formed during the combination bet-
ween navigation data and output records depending on the step given as in-
put parameter, These are the output records containing navigation data.

The CALCO module for main earih-magnetic field computations (IGRF-
1980} is finally included. The field is represented in series by spherical har-
monic coefficients. The differences belween the measured mode! field by ‘com-
ponents and module are also computed. The 190 intervals, combined with
navigalion data and processed during the' former steps, are read as input data.
The model of the main'magnetic field is computed for the respective geogra-
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phic coordinates, located ot the reference points. A step of 8 s is selected, con-
taining precise number of intervals. The differences belween 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 dipole in earth radii unils, the coordinates of the
north pole of the excentric dipole, the polar angle and the long. in grades.
The same module transforms the geographic lal. and height into geocentric
supplement to the lat. and a geocentric radius. The model field is computed
into topocentiric coordinates and is transformed inlo geodetic (geographic)
coordinates. Coordinate transforimations of the observation point are made,
i, e. from Cartesian geodetic inlo Carlesian geomagactic, spherical geomagne-
li¢, Cartesian exceniric geomagnetic, spherical cxcentric geomagnetic, excen-
iric radius and modified exceniric lat. As a resull of temporal transiorma-
tions, we obtain the geomagnetic Tocal time and the cxcentric geomagnetic
time. Afterwards, an interpolation between the reference points is made. For
each observation point a transformation is made, i. e, the measured field is
converted from orbiting inlo topocentric coordinate system and further into
topocentirie geomagnetic, topocentric geomagnetic with one axis along the
magnetic field, exceniric geomagnetic and excentric geomagnelic with ore
axis along the magnetic field.

Finally the SEANCE module {orms the output records of the magnetic
tape from ihe 190 processed intervals. The described cycle of performance
is repeated until the input - information ior the determined period of processing
time'is exhausted. /

The 'information on the outpul magnetic tape can be used for the general
¢ase of the geophysical analysis. In case no unifold inferpretalion is possible,
arl orientation correction is introduced. The determination of the orienta-
tion becomes possible with auxilliary seltware, exploring information form
ORINP file, This far, only determination of the sensor axes deviations from
nominal position is made using data from the magnetometer. The statistical
examination of these results is also used to control the sensor' location, that
of the magnetic axes respectively, with regard to the physical axes of the ob-
ject. Further options are foreseen to use the sensors for the angular velocities
determination, as well as to provide solar sensor determination of the actual
orientation. The orientation correction will be introduced solely for the cases
when' the processing data cannot be interpreted unifold. ORINP file can be
used also for the determinalion of the orthogonality of the sensor axes. For
the purpose, a Fourier series arc used for the data of the differences between the
theoretical and measured module of the field. This processing is also made
after auxilliary software. i :

The software system is realized in operalional medinm DOS-TS, exc-
luding the navigation programme, claboraled by Prohorenko into operational
medium 0OS [5].

The reguirements to the machine configuration are as follows: main me-
mory 300 kb; disc drives -- 2 pc 2314; magnetic tape drives — 3 pe; punched
card input; line prinler output.

The system ‘exploration has shown it reliable and simple in performance.
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[lporpamma 3BM 0 KoOpAHHATHBIX TpaHCOPMARHAX
NPU 3aMepax BeKTOPa MardHTHOTO NOJAS

A. 3. Boues, C. 1. Xadwcucmonwnos, H. B. Hemamsce, X. M. Teopaues

{Pezwauc X

HMcenepopanne HEPOROAMBLHBIX TOKOB B HOHOC(EPHO-MarBHTOChepHoR 06aacTH
OCYIHRCTBAACTCS HA OCHOBE TPAHCHOPMANUK NAHIILIX, HONYUEHHBIX OT HENOCPEeA-
CTREHHBIX 3aMEPOB BEKTOPA MATHHTHORO TMOMA B reo(H3HYecKOH KOOPAHHATHOH
cucreme. (O TIOMOLIBIO 3TOH NIPOTPaMME OGDAOATHIBAIOTCA AAHHLE TPEXKOMIQ:
HEHTHOTO MArHHTOMETpa ¢ ABTOMATHYECKHM pacTs)eHHeM jnanasona. B xa-
YeCTBE BXOAHBIX JANHBIX HCHOJB3YIOTCS TeoTpAdMYECKHC KOOPAMHATHL TOYeK
1a0AI0fleHs U TeJemeTPHUECKHE AaHHbE XOMNOHEHTOB, KOTOPHIE 3afaioTCA B
OpOHTalbHOH KoopAHHaTHON cucreme. OCHOBHBIE ONCPALNMH NPOCPAMMEL CJIe-
Aylomne: orfpacsiBanHe JOMHBIX KAafpOB, NPeoOPasOBalHe TeJEMETPHUECKHX
AGHHBIX B (HIHYECKHE BeSHUHIib!, TPaHcPOPMaLUs HIMEDEHHOro BEKTOPA B
rec(hH3UYECKVI0 KOODNUHATHYIC CHCTEMY, BRJIQUYAIOH{YIO KOOPNHHATLI OTHOCH-
TEABHO IKCUEHTPHYECKOTIO AMIIQTA ;] BLIYHCACHUE paSHOCTCﬁ MEATY I“I&6JHO,II&EMI:IM
i MOEEAbBHBIM IOJHMH,

[Ipy nanucanum NporpaMMLL OCYHIECTRACHA ONTHMUAANHA ONEDALHA BXON —.
RLIXOA. DOABIMHHCTBO nporpamm, lanHcadssix Ha PL—1, crpykrypHposano.
Hadnnie unralores GOABWHMHE NOPUKAMH, 9TO fesaerT APOrpammy Susce yaoduoh
J1fi TIOJAb30OBAHHNS,
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A complex satellite experiment of investigating
~aerosolic optical properties in the atmosphere

Vera S. Petrova

Space Research Institute, Bulgarian Academy of Scicnces, Sofia

Aerosols substantlally affect the thermal regnne of the Earth -atmosphere sys-
tem by scatfering and absorbing large portion of the sun irradiation in all spec-
tral ranges. Therefore, the investigation of the optical properties of the aero-
sols in the earth atmosphere via satellite systems is of significant importance
for the solution of many problems of climatology, meteorology, geospace re-
search, environmental pollution, etc.

This paper considers the possibilities of a sateliite radiational expenment
providing for determination of the spectral and spatial dependence of the main
opiical characteristics of the aerosols: coefficient of 'scattering, indicatrix of

: Fid

scatiering vi (%) and optical thickness T (k)= | o {f} di

& !
Figure 1 illustrates the block-diagram for the measurements. Let us sup-
pose that the observer is situated at a height /7 above the Earth surface. [t

Nyt
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is assumed that the atmosphere represents a sphere of radius R,>R; (R —
Earth radius) and is subdivided into # layers of radii Ry, ..., R, (Ri==R+Ak).
We have incident parallel flux of solar irradiation at the outer atmospheric
side. In the area of the terminator {N,—N,) the experiment includes sequen-
tial measurements on the intensity of the scattered irradiation sunward and in
nadir, and within the time intervai A ., =N, when the space vehicle is in the
earth shadow — scanning by horizon altitude was made. When the sun is
spectrometered through the atmosphere, the intenmsity is determined by the
unifold scattered and weakened by atmosphere irradiation /i, and the intensity
of the multifold scattered irradiation fn : -

5 (s )= G lns, 9)+ o (5, )

where Py is a hateh transmission function (in observations from an orbiting
station). M(y) defines the weakening of the irradiation in the result of ref-
raction divergence [1] at perigee height on the line of sight y, /. is the in-
tensity of the solar irradiation outside the atmosphere for the spectral range
of regisiration AX. Based on the transmission theory, :
H
-—‘2mﬁ fo;‘(f)di
[1}.,=!3}\,e 5! P?..(ys S),

il

Lals, )= j g~ AT, o‘l%. [ mis, st RS, ' RPs, h)domedh,
:t!rr }

M - H ¥
where t,:jca(Z) di, = fck(i)di, s, "5 k) is a scattering function, s(§, 4)
¥ ;]

determines the direction of sight, £ and A are zenith and azimuthal solar ang-
les, 7 {s, &'; k) is the intensity of a light flux, propagating at height % for
direction s, Pi(s, ¥) is an absorption function of atmospheric gases into the
investigated spectral range, ou(k) is a scatier cross-section, oci{h)=0cu(k)
+or(h), oa(h), ori(k), are coeificients of aerosolic and Rayleigh scatter, mxs
is an air mass. In a random point M of the terminator area, the solar irradia-
tion intensity is determined with the expression:

—mtrﬁfc;_(!‘)df
) Ls k)=lne " Pk

In an elementary volume dV, including point M, there occurs irradiation
scatter in all directions, as well as towards the cbserver. Along the path
from the scattering point to the observer, ihe intensity of the light flux va-
ries in the result of the scatter processes due to molecules and aerosolic par-
ticles and to absorption from atmospheric gases into the MA layer. For the
intensity in point V, within the terminator area we obtain:

H
3) h{H)= f L™ py(iyoay, k)dh,
[F )
where ouMEp, £) Is a volumefric angular coefiicieni -of scattering at height }z
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At the moment N, the intensity registered in nadir is determined by the
intensity of the solar irradiation, weakened in the layer (y,, ) as the lower
atmospheric layers are not illuminated by the sun and do not contribute to
the scattering of the direct solar itradiation. Similar to (3), we obtain for the
intensity in point N,: .

£

H —}{fﬁmw
o h{ 3= f L (ke Pik)or (o, b) dh,

where y, is determined by the crossing point of the line of sight with a so-

lar beam with perigee y=0 km, yz,=RSiinaw—R, w is the angle of scatter;
w=90—2v,' v — angle of refraction.

Lith 7o
6 L b= A;Eh;)e—”’efsﬂ’”ﬂ(e, B)+1a(8 Vo) him=h—y, w= j ou(l)dl:

Ay

The light scattered into the atmosphere becomes the main source of light
after sunset, when the atmosphere is illuminated by the beams of the sunset.
In addition, the lower atmospheric layers situated in the earth shadow are not
illuminated by the sun and are not incorporated into the scatter from the direct
solar irradiation. During the scanning at the horizon height (N,41, N,), the
observer is to be found into the planet shadow and the line of sight is loca-
ted at the altitude y, above the Earth surface and in point K at altitude H,
enters the sun-illuminated area. Based on the theory of transmission, following
the propagation and scatter of irradiation along the beam path up to a randem
point U and into the direction of the line of sight KN, we obtain for the
registred intensity at scanning by the horizon height :

q (} ,)
; WL 7 —(tgp—T e bt CALE
(6) I}Y (Sr yx)zpu?. IIV (31 .vx)e =76 PL(S;' k)'l_ ft? i m} Z_}Z‘E—_ 1
k1 "

X

ks fﬁ(&‘, 8"y RV (8, 8 s B do seczdh!,
an o

H
where Ts:x:fm(i)di, Toy = Jcm(t) dl, I){s, k) is the intensity in the perigee of
F h '
the line of sight y..

i '
{' = T, —T': g h )
) (s, y)=15(s, Hye ™ py(s, .Vx)‘f*fe Pyt ~T5) ?;(n) j!)(s‘ §'yh)
oo - 4

Yy

S s, 8, B)desecydh,

i

r

H b
o = f oD dl, v, = f or(fydl, (s, H,) is the intensity in point K, de-
Ny # -
termined as a sum of all the elements into direction KA.
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®) B )= [ 35 me™ R (y, By on(n, B b,
H - i

7t

Tgp = f o(l)dt, Iy (s, k) — irradiation intensity at random point U.
#H

M(n}an
4w

7 J:4 g s y i
O s =gy P ) e E o) A [0, 1)
i

Ay (s, 8, Ry dwsec & diy,

A i’
Top = fcr;_(i)dl, Ty = fcl(i)a’t, n — angle of scatter, cosn=cose.cosy+sing
¥ ¥
.sinycos 4.

Equations (1), (3), (4), () are basic equations of transmission into the
complex radiational experiment including spectrometry of direct solar irradiation,
nadire measurements into the terminator area and scanning of the horizon.
They represent sophisticated functional dependences of the measured intensi-
ties of the scattered solar irradiation due to the atmosphere optical properties,
namely to layers where it propagates. Initially, the spectral, vertical and spa-
tial dependence of ou (k) is determined in unifold scatter approximation. It is
assumed that in each sublayer of the atmosphere the aerosolic scatter coeffi-
cient is presented by exponential approximation oum(¥;)=0m{ ¥, 4)e—", which
is effective at high resolution of the experiment by altitude. We cobtain for
the ‘optical thickness in the i th sublayer:

b : TR S Ry
(10) - tean (9y= 222 5 —

~But for the case of single scattering with regard to the registred direct
solarirradiation \in two subsequent moments N, and N;_,;, we obtain for Av, (1)

AVl s
gt oy I ]3\.{81" y{'}M{y,') Pi\,(y,'_-i} _
(LY S 2my i3 I8 3 IM(y,_ 3P ) ; f SR Yi=i)e " dh.
—1

Hence, for the aerosolic scatter coefficient in i layer we define:
Ata-‘\'j ﬁ’
(12) Gal(y:—lﬁ-‘:m; :
e iTiT1__ e Ti
The relationship between oa (y,1) and oam{y, ) is given with:

(13) : Oanl Y1) = Oan{ Yroghe Mim17int,

For the last layer (where we may assume lack of powerful agrosetic lay-
€15) B,=1/H,, "H, is the height of the isothermal atmosphere. For the other
layers 8, is' determined by (1), The method provides for high-accuracy defini-
tion of oam (k) into the upper atmospheric layers, where the contribution of
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the miultifold scatter is insignificant also for spectral range, distinguished by
lack of absorption from molecules of gas with variable density (O, ,0).
The altitudinal adjustment of the spectrometric record when scanning the hori-
zon is made by comparing the ratio between the atmospheric transmission

yfm) | Jy f(km)
70t
60l
501 1
40+
3ok
20+ 201
2
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1 1 ] 1 | B 1
Q20 93,6 946 UA6 966 70 UEG

<

Fig. 2. Variatfon at Lhe height of sight and 1ihe resolution
o altitude in dependence on  the fasl  performance, equipitent
sensibifity and solar zenith angle. I — y,; 2 — $p

function in the i th layer and that at y, =y, it the spectral range 0.76 um and the
ratio of the registred iniensities within the same spectral range {2), The method
allows for precise aliitudinal adjustment, since the transmission function of the
oxygen is computed with high accuracy. It Is necessary to make complex mea-
surements in the opiical and near IR ranges, as well as of the natural irra-
diation in the radio range for the spectral ranges specified with water vapour
absorption. This allows to determine the integral water content required for
the computations of the transmission function in the studied atmospheric layer.

The altitudinal resolution at nadir measurements in the terminator area
depends on the fast performance and the sensitivity |of the measuring equip-
ment. Figure 2 shows the variation at the height of sight y, and the resolu-
tion in aititude s, =y, —y, , in dependence on the fast performance, the
measurement equipment sensifivity and the zenith angle £ of the sun. From
the rafio of the registered intensity in two sequential moments for the optical
thickness in the layer y,, v, we obtain:

J’;i.l
fmj RAEYIEINTS 40
1 iy
{14) Atﬂ;.,i__.:-m&_l In o B GR?_(:I) dl.
*'f+1,1f Phat i
i

The coefficient of the aerosolic scattering oa (k) and f; are computed on the
basis of dependencies similar to (10)-(13).

The values obtained for the spatial and wertical dependencies of o (k)
are used as. input values for the solution of the transmission equations (1),
(3), (4), (6) by the Monte Carlo simulating modelling 'method. The determined
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values of the spectral and vertical dependencres of o (k) are obtained by
mittimization of the functional: \

(15) 2 (Ta— fa (0%, (W)=

where [ is the measured value in point i(s, ¥ Ih the value obtained for
the intensity in the numerical modelling of the respective equation of fransmi-
ssion after the Monte Carlo method, where of, (%) varies according a deter-

-mined law, o% (h)=c? 1 (#)—f(3), & — number of iteration.

The propesed rad:atlon experiment is partially realized ahoard the SA-
LYUT-6 [4] orbiting station, while the complex version between visible, near
IR and radio ranges was made aboard METEOR-PRIRODA wlthm the BUL-
GARIA-1300-I1 project [3].' 0
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The problems, methods and technical means for remote sensing of the Earth
represent a sophisticated multinode system, where suborbital (and mainly
ground-based) systems and complexes for data acquisition and processing
occupy ‘a major place. Data and information obtained from ground-based mea-
surements not only complement and make possible the efficient data proces-
sing of information obtained by satellites, manned space vehicles and or-
biting research laboratories. Simultaneously, they represent exclusively va-
luable material necessary for the solution of completely independent scien-
tific fundamental and applied problems, as well as economic tasks in the field
of geophysics, geology, geography, meteorology, hydrology, natural resource
studies, ecology, agriculture, ete, Due to the broad scale of these studies and
the large terrifories over which they must be implemented, as well as to the
requirements for their synchronous realization for the majority of cases, it
is useful and even imperative to apply radiotelemetric systems for data ac-
guisition. ,

Within the framework of the BULGARIA-1300 space project [1], a data
acquisition system for complex and synchronous geonomic and space inves-
tigations — DAS was developed at the Central Laboratory for Space Research
of the Bulgarian Academy of Sciences. This system is the main device within
the equipment facility of the Universal Mobile Laboratory for Conplex Geo-
nomic [nvestigations (UMLCGI} and the Mobile Ground Station for Syn-
chronious Satellite Investigations (MGSSSI) [2].

The data acquisition system — DAS is developed for automatic tele-
metric’ acquisition (transmission, receiving and registration) of digital infor-
mation at synchronous and complex geonomic and space investigations. Ge-
neratly, this -information includes data on: spectral reflectance and natural
eririssivily of natural objects; temperature of the surface soil and contact air
layers; humidity and eleciroconductivity of the surface soil layer; earth
magnetic field parameters; atmospheric pressure; wind direction and wvelo-
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city in the contact atmospheric layérs; wave motion, current' direction and
velocity of rivers and other water basins; aerosolic pdrtlcle density - mto the
atmosphere; microseismic background and seismic fluctuations, etc: ;
The most general principle of DAS performance is based oh the automatzc
switching of the respective peripheral points at determined time-intervals
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Fig. 2.

and information transmission for receiving and registration into a central
pomt The telemetric switching of the individual peripheral points is- made
via radiosignal emissions from the central point, modulated by differentitone
frequencies. The performance management of the entire system is-made in the
icllowing manner: a) by hand, b) by mstrumental program device, ¢} byn rm{:ro-
processor control.

Initially, it was reasonable to develop a DAS system lmorporatmg onRe
central and four peripheral points — DAS-5, i.e. with a poemblhty for mfor-
mation acquisition from 5 points: :

The central point (CP} is mounted as in UMLCGI iand MGSSSI or as ‘in
a stationary observatory. From there, the operation of the: peripheral points
(PP} is controlled and the receiving, registration, visualization; as. well ~as
primary and partial data processing are-effected. Figure 1 illustrates:the sym-
metric situation of the peripheral points PP-A, PP-B, PP:C, PP:D. with Te-
gard to the central point CP of DAS-5. In dependenceon the: research goals and
the conditions f{or their "implementation this situation may vary widely.
The different measurement insiruments and sensors are connected with the
central and peripheral points via cable links and may be located in \rarlous
configurations at distances to several tens of the meter.

The receiving- trcm%mzttmg DAS part is realized on the basis of . USW
radiostations.

Figure 2 shows the principal block-diagram of the CP-in a program de-
vice controlled version. The operation of ihe radiostations [ and the registra-
tion block 6 are controlled by a control block; the main subblecks of which
are: 2 +— tone generator block containing 5 tone generators; 3 — program biogk:
4 — hand operated block, '§ — inhdication. The program. block 3 represents
a device of the Universal Progrant Device for Geophysical Observatories {UP.
DGO) type 13} is joined to an electronic clock 7 with quarz generator for:zyn-
chronization,  with a possibility for automatic verification. by reference:ra:
diosignals for exact lime, for example the Exact Time System (ETS) [4]. :
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The main node of the peripheral points (Fig. 3} is the selective block con-
taining: amplitude reducer — 3; active narrow band filters, the first (4) being
adjusted to the respective tone frequencyfa, fa, fe or fo, and the second (5) at
the starting frequency fy keys — 6; time releys — 7; comparator — 8 and

Fig. 3

forming device — 9. The signals received by radiostation 1 are supplied to the
seleciive block, which operates the radiostation and the data source, when
she frequency corresponding to the peripheral peints is received : the radio-
station 1s reswitched from ‘‘service receive” mode into ‘‘transmission’” mode
and the data source 2 is switched to the radiostation input. The data source
includes a coding device and different meters, transforming the investigated
parameters into electric signals. These electric signals are  supplied
via multiplexor to an analog-to-digital converter from where a 10-bits signal
is obtained. One bit is added to this signal for “start” and one for “stop.” A
third bit is-also added for verification by evenness.

Service telephone calls are also made with the radiostation in addition to
the 'data receiving and transmission.

The data transmission rate for DAS-5 is 1200 bit/sec. The selected radio-
stations provide the required reliabilily under this relatively low rate. One
of the conditions for the normal functioning of the DAS system is the optimum
situation of the peripheral points with consideration of all effects in such USW
connection.

The radiosiation of the peripheral point operates routinely into “service
receive” mode. The sensors and instruments measuring the respective parame-
ters within the block of data source are switched and transmit information
only by call from the respective peripheral point. Hence, the high-level re-
guirements to the performance of the selective block which is located between
the radiosiation and the data source. If can be seen from the mentioned above
that mainly parameters of retatively slow variation are measured but many
digital data are taken. The continuous observation of the peripheral station
would result into large surplus in the registration. The periodical taking of
information may be accompanied with errors from radiochannel gaps to the
respective peoint or measurement device. Then, with the rigid instrumental
program device realization, a data repetition should be requested, i. e. there
is a danger of violating the registration cycle.
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‘The microprocessor control of the DAS system provides for the imple-
mentation of the following control modes for the central and the peripheral
points: :

1. Cyelic switch of all peripheral points, taking of data from all the mea-
suring devices and logical processing of the results. If the latter do not corre-

Fig. 4. A geveral view of the peripheral points.and of ihe cenlral point

late with the previous ones, the error. its occurence and location may be iden-
tified.

9. Priority switching of measuring devices with large dynamtics into
the registration process or with frequently occuring errors, and control of one
or several parameters. The registration is made only il the resulfs are consi-
dered adequate,

3. Cyclic switch-in of all the points and taking of data on the most rapidly
varying parameters only. '

4, Digital fittering and elimination of errors by averaging the resulls.

The system does not restrict the number of included points and meast-
ring devices, if they guarantee the provision of normal measurement. Na-
turally, on the basis of the described system for data acquisition for complex
and synchronous geonomic and space investigations it is possible to develop
a more specialized version, for example for synchronous satellite studies, for
magnetic investigations, for seismological research, for the needs of hyd-
rology, etc., which is simpler and of a greater operational capacity.
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Cucrema cOopa JAaHHBIX B KOMIJEKCHBIX H CHHXPOHHBIX
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H. H. Muwes, 4. M. Aneeaos, I'. X. Mapdupocsn,
5. X. lienos, M. b, Ppames, A. K. Madwupos

(Peawue)

_ OnuceiBaeman cucrema cGopa fannmx (CCJI) npenHasuauena A5l aBTOMa-
THYECKOTO TeJIeMeTpHUeCKOro cbopa (mepesauw, npuema wu perucrpaunu) mud-
POBOI HHPOPMALIHH B KOMIVIEKCHBIX H CHHXPOHHBIX TEOHOMUUECKHX H KOCMH-
HECKUX HCCnefoBaHnsiX. OHa AB/IAETCH OCHOBHLIM Y3J0M anmaparypHoli yactu
MoGHIBHON HA3eMHOM CTAHUMH WIS CHHXPOHHBIX CIYTHUKOBBIX H3MepeHHi
(TTHCCCH). >t )

CCH—5 cocTONT H3 OAHOTO LEHTPANLHOIO ¥ IISTH nepyudepHEHEX YHKIOB.
Tenemerprueckas CBA3b MeMAY HUMH OCYUIECTBASETCSA nocpencTsoM YKB
panuocsAsi. BKuiouenne coorBeTCTBYIONMX NePHDEPHIBEIX MYHKTOB NPOH3-
BORMTCH ABTOMATHYECKH 7O KOMaHje ¢ UEHTPaibHOro mnyHkra. Mukpornpolec-
copHoe ynpasaende CCIl ofecneuuBaeT NOCTHXKEHME BLICOKOH ONEpaTHBHOCTH,
OCYIIECTBNICHHE DABJHUYHBIX PEMHMOB paboThl, a TAKKe NEPBHUHYI0 06paboTKy
LAHHBIX H3 CaMOM. MECTE NPOBEACHHS HCC/JCNOBAHHII.

~ Koporko onucanl ocrosnbie Gnoxu CCII, nawbl HEKOTOPLIE TeXHUKO-9KC-
NIYaTALHOHKBIE XAPAKTEPHCTHKH, PACCMOTPEHHl Pasiuuible THiLL OPraHH3a-
1Y padoTe. : ' : :
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Interference light filter shifting device
tor the EMO-5 satellite photometric system

Nencho P.' Pethou

Space Research [nstitule, Bulgarian Academy of Sciences, Sofia

In satellite phelometric equipment for studies of weak optical emissions in-
terference light filiers and common photoconverter and measurement track
are used to separate the speciral lines measured by illumination intensity
[1, 2, 3, 4]. This combination substantially decreases size, weight and power
<consumption, but requires mechanical shifting of the different light filters
in iront of the photoconverter. To meet the requirements of a specified law of
motion of the light fiiters, a discrete drive by step drivers is most frequently
used.

Two kinematic chains with discrete drive are used in the EMO-5 :photo-
melric system, working as part of the complex of scientific equipment aboard
the INTERCOSMOS-BULGARIA-1300 satellite. They provide for measu-
rement the illumination intensity in 6 spectral lines, periodical calibration
at flight time, and obtaining of images of illuminated areas in one spectral
line. We shall consider here the specifics and shall describe the principle of
control of the interference light filter shifting in the EMO-5 photometric
system., J

The block diagram of the device for shifting the interference light filters
in the EMO-5 system is shown in Fig. 1. The following conditions have been
observed  in this design: provision of 8 measuremeni positions (6 spectral
lines, reference source for calibration and pesition for drift measurement of
the photoconverter); exact setting of each cyclically repeated position in front
ol the photoconverter for a specified time period; reliable operation of the
mobile parts in vacuum and within the temperature range of -20 to +50° C,
small size, low weight and power consumption; objective control over the
measured positions. ' T i

The six interference light filters,. the reference source and the position
for drift measurements are situated evenly along a rotating disc (F VV). The
rotation of FVV is effected by a discrete drive with a step driver and is synch-
ronized by 1 s pulses (SP) from the board system for universal time. In order
to provide the exact determination of each position of FVV, the step driver
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with a reductor (SMR} is controlled by the position of the driven shaft via
position keys {PS} of optoeleciron type. Pulses are produced for each mea-
surement pesition (FP) and for the beginning of each new cycle (CD} of the
FVV rotation, with respective duration of tzp and ¢,

FP'[SP
9

E'i:)}
- (I

el
.

Fig. !

The necessary time period Afy for the measurement of each position is
determined by the requirements of the photoconverier, For a time Ay, FVV
should be reliably fixed in one of the eight measurement positions, and then
shifted ‘to the next one. Due to the motion of FVV in lone direction, the con-
trel block (MD) of SMR is of the irreversible type. The block for logical con-
trol of the motion (LC) provides the time period Afy, as well as the period
Aty, allowing the FVV motion in dependence on the PS state. The step driver
makes N steps in order to shift FVV at an angle 0pp to the next position:

= 5D
(1) Ne=aic
where K; is the cocefficient of reduction; P — parameter of the step driver,
depending on the type and commutation of its wiring. :

The precision of fixing FVV in a given position is 0pp<<K;~-. An addi-

tional signal is introduced into the system so as to forbid the FVV motion
from the comparator for optical protection (COP) of the entire photometric
track of the EMO-5 system. When no signal is supplied by COP, the pulses
from the output of a pulse generator (PG) enter LC. The information (DFP)
on the position of FVV enters the telémetric system as a 4-order parallel code
from the output of a counter for interference light filter positions (PC).
The logics of motion control may be illustrated with Fig. 2. The synch-
ropulses SP with period Tsp are supplied to a frequency divider (FD) and a
drive timer (7T,). Along with this they set up the monovibrator T; into star-
ting position allowing the pulses from PG to enter via coincidence circuit
(G,) to MD so as to drive the step driver (SM). After 7, the petiod is divided
into time periods Aty and A#,, while Af,is computed with supplementary va-
lue with regard to the time necessary for the FVV motion between two adja-
cent positions. When FVV reaches a given position via the coinciderice circuit
(Gy), a pulse of duration vsp enters 'y and drives it out of the starting position.
A time ‘period AZp is produced to forbid motion, where Afp>>Afy. Simultane-
ously, a pulse of duration tzp enters PC to indicate the given position of FVV,
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and the annuling of PC is effected by a CD pulse for the beginning of the ro-
tation cycle. The sequential synchropulse with a period 27gp—= Aiy+-Afp re-
turns Ty to starting position. (T,) monovibrator is incorperated also in LC,
producing a pulse of duration 100 ns.

e 0 o BN e T N

Tt it S =1

| sM
P w\_;-'a‘———-
]

(BT
|

el | S o ST R S

Cop ! e

0L

Fig. 2

The conirol block (MD) of the driver contains pulse distributor {PDj),
power amplifier (PA) and control circuit (F) for the current via SM wirings.
PD transforms a unitary code into a m-phase system of rectangular pulses,
where m is the number of wire commutation cycles, and F provides low con-
sumption for time Afy.

The block electrical circuil of metion control of the inferference filters
into the photometric EMO-5 system isshown in Fig. 3. At Tsp--1s, T, (51:555)
provides time periods Af,—0,5 sand Afy--1,6 s with 2% precisiont The
monovibrators 7, and T, are implemented on integral circuils SN54LS123N.
No firm requirements with regard to the pulse generator (SN540CN) exist,
The generator operates on frequency of 100 Hz. The pulse distributor {SN8474N)
is of the irreversible type and transiorms a unitary code into a 4-phase system
of rectangular pulses. The power amplifier is unipolar, irreversible with trans-
istor-diode keys (4 XKFY18, 8 x2D510A, 2XSN76450). The current through
the step driver wiring is regulated via transistor {BD 436), contrelled by an
inverting amplifier.

A step driver of the CDA-I5 type with two phases, active rotor and a sin-
gle step of 15° is used into the motion device for the interference light [ilters,
In order to safeguard its performance in space vacuum its bearings are repla-
ced by the vacuum type TU370060 58-73, while the carriers of the different
wires are produced from caprolon plastic. The reductor has a coefficient of
reduction £==1:10, the driving wheel is made of steel brand 45. The driven wheel
made of caprolon carries the light filters. The overall weight of the device is.
290 g and the power consumption<Z2 Wi. .

The device for shiiting the interference light filters has successfully passed
all the tests and operated within the EMO-5 photomefric system aboard the
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-IN.TERCdSMOS-BULGARI-A;iEOO satellite. _For-'o_ﬁe- yeér. more than 300
hours;.of . active operation can' be reported for the EMO-5 system.
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YerpoicTro gn1a nepemerenus HETED(pEPEHIHOHHBIX CBETOGUABTPOB
B CIYTHHROBOH (oTomeTpHueckoi ‘cucreme IMO-—5

H. I. Hemxos : : Wet . pijed

{(Peawme)

PaccmoTpeHsl XapakTepHple OCOBEHHOCTH HHTEDHEPEHUMONHEIX CBETODHIBTPOB,
H OITHCAH GPDHHUHN YUPABJEHHS HX (lepeMeIleHneM B (OTOMETPHUECKOH cHeTeMe
OMO—35, yuacTeywoleil B KOMIeKce HayuHOR anmaparyphi cnyTHEKa Mutep-
Kocmoc — Boiirapust — 1300, [lakel GA0K-cXemMa M KOPOTKHe OHUCAHHA TeX-
HHKO-SKCINTY AT2UHOHHBIX XADAKTEPUCTHK OCHOBHHWX . GuoKoR. [Toxasana u npo-
KOMMEHTHDOBAHA JOTHKA YUDABCHHS ABHMEHHA, .

gnifes! violsrodal 10t zinsteyd
svitiensz-sisnibioon lsroiznamib-owt o
zuloiitsg boamistdy 1ot zioistsh
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Systems for laboratory testing
of two-dimensional coordinate-sensitive
detectors for charged particles

Peter T. Baynov, Yordanka V. Semkova

Space Research Institute, Bulgarian Academy of Sciences, Sofia
’ /
Introduction

Ground-based festing is the primary and important step towards the develop-
ment of space research instruments. Some specific aspects of the testing are:
capacity verification and element characteristics investigation of the detec-
ting devices; — coordination between sensor and electronic block performance,
calibration and tuning; development of control-and-measuring equipment;
reliability testing, etc. ; ;

In order to perform this {esting, we need sysiems of sufficient comple-
xity and methodics, quite often with capacity and requirements exceeding
those of the on-board systems. Thus, we provide the possibility of an ade-
quate research of the circuitry potential and its optimisation.-In order to cbtain
and - investigate the correlative links and dependencies between the physical
model and the experimental resuits, as well as to find out the virtual crite-
ria of estimating the tests and the extent to which they approximate the ac-
tual conditions, we use relatively complicated and powerful soft- and hard-
ware facilities, ;

The problem

A general purpose testing facility for' charged particle detectors is shown in
Fig. 1. The tested detecting element is placed into a vacuum chamber togeth-
er with the charged particle source. The required conditions are transmitted
via microcomputer to the controiling block which, in turn, supplies the de-
. tector operational parameters and the impact source.

 The information. obtained from the detector is addressed to the electro-
nic block, where it is subjected to primary processing and read by the

50,



microcomputer. Simultaneously, the information from the vacuum chamber and
the elect}"onic block is supplied to the control-and-measuring instruments:
analog-to-digital analysers, oscilloscopes, ete. . s
Recently, many laboratory and space research investigations, related fo
charged particle registration use coordinate-sensitive detectors CSD, since

i“”"""’"__“._‘_“l
: ol .
Hource
L En | 1 .
x ! L}
i .Mensurc
Electronic ‘ment
Detector device *_—:> h[ea‘dc;;‘) ¥ =1 instru
ments
- l
Control = MC l

Fig. 1

they provide relatively easy and fast patiern of obtaining information on the
particle location. The coordinate-sensitive detectors contain an input charge
multiplying element (cascade-connected microchannel plates), and —a trap-
ped particle coding anode. Some CSD [1] are known to provide analog coding
of the particle locations. There, the anode device divides the output charge
from the microchannel plates between the terminals of the individual elec-
trodes with relative amplitudes, depending on the particle location on the
CSD. The distribution centroid of this charge and the trapped particle location
is measured by the method of analog ratio. Three-electrode anodes are used
in the CSD devices, as suggested in [1], for the determination of the trapped
particle coordinates, i. e. it is necessary lo measure the signals form these
electrodes, ot : '

The electronic circuit

The block diagram of the electronic system, required for the laboratory tes-
ting of coordinate-sensitive detectors (CSD) of the type mentioned above,
is shown in Fig, 2. The system is developed as a three-channel version -in order
to measure the respective CSD outputs. : i

The amplitude analysis circuit (AAC) is the unit connected directly with
the particle detector, which defines the accuracy and velocity of registration
and the consequent identification, processing and control procedures. On the
other hand, it should ensure all the necessary conditions of adjusting an asyn-
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chironous system to a synchronous, fast-performance system for processing and
control. The amplitude analysis circuit determines to a great extent the ade-
quate transformation of the particle spectrum into a signal spectrumi, i.e.
there is a possibility for the réverse ' process: reconstruction of the initial
spectrum with sufficienl accuracy. The analog signal 'shape of the detecting
system and the specific requirements quite often defermine a mixed type
of structural-informative organization of the amplitude analysis systems under
maximum requirements for real time performance. s

The development and the operational capacity of the amplitude analyser
is based on the technical capacity and characteristics of the detector. The two
cascade-connected microchafinel plates, which are the main- element of the
position-sensitive detectors, have amplification of 10%-107 eleclrons per event
and are specified with large spatial resolution, fast performance and low back-
ground signal. These major characteristics, together with the characteris-
ties of the charge-sensitive amplifiers connected to the anode, define the cycle
and the dynamics of the amplitude analysis, the main characteristics of which
are: : : : :
— high resolution including processing of pulses of a width larger than
200 ns; .

— fast performance, defined exclusively by :the transformation lime in
the analog-to-digital converter ADC. For ADC of parallel conversion of = time
100 ns (for 256 discretion levels), the time for the amplitude analysis is 400-
500 ns per pulse, implementing TTL digital IC of 54. . . . . series; "

.= high precision and, reliability of measurement. defined by ‘the prin-
ciple of net pulse measurement (guaranteed measurcmenl. from “zero” level
of the input signal), by the lack of Irequency correcting and tuning circnits
etc. j
_ The main operational modes, in testing CSD are set up by the microcom-
puter, MC, and measurement, analysis and processing are time-separated ope-
rations, This is required by the necessity of a detailed investigation of the
CSD's capacity and characteristics under the effect of a controllable physical
system, where much time and profound analysis are requested. The measure-
ment cycle starts with the definition of the CSD parameters and the setting-
up of the system into initial state. The pulses from the outputs of the respec-
tive CSA are fed to the inputs of the respective amplitude analysers AA. AA,
in turn, memorize the maximum amplitude pulse values and shape signals
for driving ADC. The first “start” signal enhances the counter (COUNT) con-
tent by a unit. The counter content determines the sequential cells of the RAM
memories for the two channels, which registrate the digital code of the maximum
amplitude value of each pulse. The measurement cycle is rejecied when  the
memory is filled by the counter signal and the microcomputer shifts to a pro-
cessing mode. For the purpose. it transfers the content from the fwo memories
of the testing system into its own operational memory. The processing of lhese
data is-based on criteria and algorithms defined by the physical set-up of the
measurements. Such a processing, for example, is the yield of the ratic 2a,

(a+b--c¢) and -—{%{;— from the maximum amplitude values of the pulses

from the three CSD outputs, obtained for the same time interval. The program
realization comprises two parts. The first represents an assembling programme
and refers to the experiment control, while the second relates to the compu-
tation of the upper ratios, the visualization and the graph display of the re-
sults, and to the amplitude and time distribution of the registrated signals, 1. e.
it is obviously developed on 4 higher level.
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The entire system is specified with:large dynamics and flexibility. It
is both hard- and software opened and assumes expansion of instrumental
and program functions and potential. The use of personal computer provi-
des a possibility for long-term reliable testing and complex mvestlgatlon of
similar instruments and systems. .
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CrcTema n1a60paTOPHLIX HCHBITAHMA ABYXMEPHBIX KOOPAHHATHO-
YYBCTBUTENBHEIX AETEKTOPOB : sapmxe}mbrk JACTHIL

I1. T. Batinos, H. B. Cemroéa

(Peswme)

Onpcana cucrema JJisi JaGopartopHbIX MCTBITaniil # KanHGPOBKH JBYXMEPHBLIX
KOOPANHATHO-UYBCTBHTENbHBIX AETEKTOPOB 3apSKEHHBIX HaCTHIL. JerexTop coc-
TOHT U3 MHKPOKAHAMBHBIX MJIACTHH, CBA34HHLIX IIEBPOHHO, H aHOA4, OCYNIECT-
BJIAIOMIEr0 aHANOrOBOE KOJMPOBAHHE MECTONONajaHHs YACTHLL. XapakTepHCTHKH
JIETEKTOPa HAMEPSIOTCsS B BaKYYMHOH Kamepe NMpH NOMOLIH 3/eKTPOHHOro nyuka.
Sﬂempomlaﬂ CHCTEMA Ompeaenser uempouﬂy pacnpenenenns sapsiia Ha je-
TEKTOPE, BUSYANUZHPYET MHONyueHHbIE AaHHbiE H YNPaBAser NPOLeccoM H3me-
penus. CHcTeMa BK/IIOUAET MEPCOHANbHBIH Kbmnbmrep: '
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and voltage differences

i

Mariana N. Gous}zeva i
Space Research [nstitule, Bulgarian Acddemy' of Scier"z'cesf,l'"éaﬁa

Besides measurements of absolute values of physical parameters, cther prob-
lems related to the determination of relatively dimensionless values also exist.
In them, the ralio between two eleciric valdes is a measure determining the
meastred valite. _ i

Such a problem occurs in the measurement of the perpendicular componernt
of the fon drift velocity in the ionosphere, where a. multigrid flat trap with
separated fout-section collecior RPASC is used as a preliminary transformer
of the non electne value mto an electric one and, hence, we look for the ratio

between currents 1_1 and =% 7, from the four sections of {he collector The iom

arrival angle on the four sections of the collector is ‘determined via measure-
ment of the differential difference of currents from two couples of opposite
sections, for which it is necessary to oriént the perpendicular irap axis along
the container vector [I].

‘The measurement would hardly be justified, if the registration of the
misumum differenceés. in the currents:from the two opposite collectors under
changes in the most sensitive scale and the registration of the minimum di-
fferences of the same currents in the coarsést scale is not ‘'made with the same
sensitivity. This is also valid for the maximum differences {itom order -to
order of current) in' the’ entire range of the measured:wvalue: Therefore, the
device was developed on the;basis of logarithmié amplifiers. 1t .contains two
identical measurément tracks (Fig. 1)1 and 2, i. e one for each couple of eppo-
site collector sections. Theréfore 1t| is: sufficient to examme only ,one of the
measurmg tracks. ; e o A E = Y :

i Twa: casesiare: posmble .
~vo 1 The currert varlatloﬂs of the four section separated «collector: occur
within the range of /=={1.10-1'+1.10-%) A. Then /, and /, enter the inputs
of the two current-voltage converters (CCV; and CCV,), at the outputs of which
we obtain respectively U/; and U,. At the outputs of thenext voltage logarith-
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rric amplifiers (LA, and TA,) we obtain voltages which enter the two inputs
of the differential’ amplifier -.ﬁDAl‘- and thus we obtain at its output: -

M Up=hig7-

Fig.1

Jsl

We can illustrate two concrete examples for the registrationieh theszurnent
differences (Fig.' 2): '_

ayrl g’ for ) Al =110 Ay =15

b) Ugs for Al = (an order). . !

Besides, ‘the:minimum differences inside the scales f{for allsttre -sclalessbna
from scale to scale) are equal. The minimum differences vihiph casbe: measived
attain 1,107*" A and the maximum -4 current orders(from 1.1072 = 1.10-%A.

2. The current variations form the four-section collector are within the
range of /=(1.10""+1.10-%) A.' Then, CCV,., are not necessary (Fig. 1) and
voltage LA,., are replaced by current ones. The minimum differences’ which
‘can be measured then are 1.10~% A and the maximum are 6 orders of the cur-
aent (from 1.10=%~1.10-3) A. | =0l ]

o The measurement of voltage differencesisalso madelwithirsheubloskt et
from Fig. 1, without CCV,..4: Hoviiogest nisldo ow
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. The switching on of a reference source of .voltage to the inverting. input
of the differential amplifier DA, provides a possibility of shifting the. zero
of the service telemetric system. Thus, the increase of one of t_he currents and

Ui, V
E- Ey
4 Urer=4 ¥
Py
1,500
s e—— =2 1

Fig. 4.

the respective decrease of the other (voltage respectively) and the reverse pro-
cess are easily registrated as

(2) Uu-—-kfgj,—;—-U;ef.
Let Uwy=4V (Fig. 3). When the currents are equal, I/;;=4V inécreases

up to 8 V and decreases down to 0 V, in dependence on which one of the two
currents increases, i
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FUUTIA chlicrbte version of the devide is shown'in Fig,-4. Burr-Brown's preampli-
fiets BB 3528 are used ‘as CCV. The logarithmic amplifiers in voltage measu-
rement mode BB 4127 are made by the ‘same company. The in-built opera-
tional amplifiers into BB 4127 are used for the summing-up of the differential
amplifiers: DA; and DA, This device is functioning |in the instrument for
drift measurements aboard the INTERCOSMOS-BULGARIA-1300 satellite.
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for microchannel plates in space applications
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The great interest in microchannel plates (MCP), particularly aitributed to
their space applications, is based on the successiul combination of several
substantial parameters determining their large funclional capacity. However,
the latter strongly depend on many factors, such as selection and production
of the glass material and its further processing, on the technology of mic-
rochannel structure, on the operation mode, and the manner of' storing
MCP, etc. i1 . iy

The purposé of this paper is to disciss some peculiarities of {he glass mate-
rial which may affect the operational parameters of the MCP, especially du-
ring their continuous exposure in space. : ; ]

Laboratory tests affirmy that, regardless of the preliminary treatment
of the plates in vacuum medium in order to: degas them, they contiriue to
release gases [1]. The curves revealing the kinebics of residual gas release in
some spectral lines for plates performing in high vacuum also confirm this
[2]. It should: be expected that gas release would take place in space too and
would affect the operational parameters. This assumptiof is corroborated by
‘the established effect of gas admixture in glass on the coefficient of ampli-
fication of secondary channel multipliers, together with the contribution of
glass-dissolved water [3]. , (

Glass is widely applied material in electrovacuum production. There-
fore, the attention to gas composition and diffusion in glass might be easily
understood.It is known that already in the process of glass synthesis there are
residual amounts of H,O, COs, O,, Hi, N(CO), ete. [4]. Besides; the final
product absorbs gases on its surface, which may diffuse. Duning the glass hea-
ting up to 300° C in vacuum, the absorbed gases and water are released drom
its surface and subsurface layers, while those dissolved in the bulk material
evolve at higher temperatures [4-6]. The glass structure and the initial con-
tent of OH-groups in it aifect water diffusion |7, 8]. The glass state -~ quenched

59



or tempered — is also of particular importance [6]. Water incorporation and
release in glass can be described with the following reaction:
H;0-(=8i—0—Si=)=2(=Si—OH)
Predominant is the opinion that at low content of glass-dissolved water
{below 0,1%) it is completely manifested by OH-groups {9-11].

'y f 4 5 i
20 2.5 30 407150 A=

Fig 1. Dependence of the transmission
cocfficient. on the wave lenglh for two .
glass compositions

1 The transmission (absorption) spectra of light /in the near infrared re-
giow allow to determine the presence of ‘OH-groups and the extent of their
retationship with the other structural units in glass. The absorption peak at
2,8 pm (3550 cm—~"} could be assigned o the fundamental stretching vibrations
of OH [12]. Consequently, thesespectra could be used for testing water com-
position in glass and for selecting glass composition for MCD designed {for
long'exposure: in:high vacuum, i. €. for space applications. ods. ]
© “As'an exariple we shall examine the transmission spectrum of two diffe-
rent lead-silicate glass compositions used in MCP technology. The first mate-
rial (1) contains 8i0,, PbO, B,0,, and Bi,0, and AL O;. Its spectrum is shown in
Fig. 1 and s specified with lan intense absorption peak at 2,7-2,9 wm, typical for
OH-groups: The latter do not contribute to the formation of hydrogen bonds.
Thesecond ‘material (2) contains, besides the: mentioned components,: Na,©
and K,0. Its spectrum is much more complex-in terms of the examined regioft.
Due to the weaker absorption within the range of 2,7-4 pm, we'may assume that
the water content is smaller. The complex nature of the spectrum may be as-
signed to the existence of modifying cations generating mon-bridge 'oxygen
bonds within the glass network. This leads to the formation: of stable hydrogen
bonds between §i-OH' and the non-bridge oxygen ions. As a result, the ab-
sorption maximum (the maximum +n the transmission spectrum) s displaced
towards longer wave lengths. . { 105 ol qu'y

It-may be concluded, therefore, that with the introduction of additional
modifying oxides in the glass material, it is possible to control the total am-
ount of water and the extent of its bondage in the glass. This is of prime im-
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portance for its [urther behaviour along the MCP exploration. The proper
selection of the glass material should ensure the stable amplification of micro-

channel plates during their continuous performance in space vacuum,
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O nekoTopsix 0coBenHOCTAX NpU BRIOODE CTeKJa
AT MMKDOK&HAJbHBIX [1J1aCTHH, DAGOTRICHIAX 'B KOCMOCE

A B. Humumpues, F0. M. Cumeonosa

-‘

{Poziwuel

Heroroptimi' asropamu’ 6bu10 YeTaHOBACHO BAHSHHE PaccTROpeHHOH B | CTeK I
BOAbI Ha KOSPQUIHEHT YCHIEHHS KAHAMOBHIX SJEKTPOHHBIX yMHOMHTeNel. B
CBASH C 3THM NIPOBENEHO HCCNHeAOBAHKE CMIEKTPa NPONYCKaHUs 'CBeTa 4epes CBHH-
IOBO-CHAHKATHOE CTRKIO W3 ABYX COCTABOB ‘B 00s12CTH 2—5 um, Aosposiollee
HOJNyauTs HHGOPMAaIHIo '0 npucyTeTsun OH-Tpynm 4 ¢ HX cBHsH ¢ OCTATBHBIMY
SNEMEHTaMH CTPYKTYpPLL. B crexkrpe crekaa, copepkamero SiQ,, PpO, B.O4l
Al,Oy u Bi,0,, o6HapyKeH HHTEHCHBHSE ancopOUHOHHBIA 11K {2,7—2,0 pm),
KOTOpbIH Xapakreped ans OH-rpynm, ne' 06pasyioniHx  BONOPOAHLIX CBA3EN.
CHeKTp Ipyrore ¢rekiaa, cofiepxanero eiue Na,O it K.O, crnoxiee uz-3a npucyr:
CTBHSI MOAHQUIHPYIOUIHX KATHOHOB H €ro TONOUIEHHE ‘bonee cnadoe. Cnegosa-
TEABIO BHECEHHEM AOTIONHHTENBHEIX MOAHGUIUDYIOINHMX OKHCAOB B CTEKNI0 MOHCHO
PEryNHpOBaTh OOHiee KONHIECTEO BOAH H CTENElb €€ CBASAHHOCTH, UTO CYyIieCTHeH:
HO IpH ehifope cTeXaa ANs MHKDOKAHAABHBIX  TUIACTHE cO CTAOHABHEIM. YCHJE-
HHEM TIDH NDOROJIKHTCABLHON paoTe B YCNOBHAX  KOCMUYECKOTO BaKyyMa.
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Functional generator capacity increase via
new building elements
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Sofia

Elecirostatic particle analyzers range among the widest spread components
of space equipment. There exists a great variety both in construction develop-
ments: flat, cylindric or semispheric deflectors, quadripole analyzers, linear
focussing and amplifying systems, spherical and eylindric probes, and in
the problems to be resolved with them. In any case, the operational principle
is based on the fact that a voltage is applied betwen the electrodes of an elec-
trostatic system which generates an electric field of selected parameters (direc-
tion and voltage) in a specified area. The charged. particles trapped into this
area-are subject te the. field effcct, their response is an indication for their
examined parameter: charge, energy,.and mass. _

Under different measurements and configuration, the voltage applied
between the electrodes of ihe system is most diverse in form: linearly varying,
sawtooth, exponential, step-like; etc '

Some specific. requirements, for the electronic space equipment. should
be met by the voltage generators: small size, light weight, low power consump,
tion, high reliability. Sometimes, however, the maximum values of the vol-
tage are significant, of the order of KW, hence, the above mentioned require-
ments become a :serious problem. &

A frequently wused approach in the design of such generators employs in-
termediate convergence into voltage of significantly higher frequency, modu-
lated by a driving signal and amplified via transformer to the necessary level,
after which the signal in the secondary side of the transformer is detected to
reconstruct the shape of the driving signal. The stabilization of the output
amplitude is achieved via a comparing amplifier and a negative feedback.

The criticism with regard to this implementation refers mainly to the trans-
formier, due to its relatively large size and weight, and complicated technolo-
gical production, especially that of the secondary wiring: large number of
wires, high-voltage insulation, etc. The optimum efficiency of the used trans-

62



formers is.obtained below 30 KHz which, in turn, is accompanied by higher
values of the filter condenser. The energy losses are thus unjustifiably great,
especially keeping in mind that the serviced device is electrostatic, i. e. with
almost zero consumption.

DAP
4 =
RC
g Y SG,
i c = Uoll
Pl CA |—ammlorp r !

SG,

L-DAP,

Fig. 1

In the search of new solutions, great prospects are opened by piesocera-
mics, the material of our century. The use of piesoelectric transiormers of vol-
tage with low-charge capacity is quite suitable in electrostatic devices: the
components are simple and highly technological, the weight is abruptly re-
duced, as well as the size and power consumption. The generator described in
[1] is of much better qualities than the generators with feromagnetic frans-
formers. The resonance frequencies; being at the same time operational fre-
quencies of the piesotransformers and producing .the optimum efficiency to-
gether with the maximum coefficient of transmission by voliage, are samples
of 30 to 70 mm length and | mm thickness within the limits of 30 toc 200 kHz.

The converting part of the above two types of generators plays the role
of a voltage amplifier. Unfortunately, in both cases the high-voltage ampli-
fiers thus developed do not have all the advantages of the low-voltage elec-
tronic amplifiers: they are of single polar output, and the steepness of the
descending slopes is significantly worse than that of the ascending ones for
the pulse signal reproduction, since it is determined by a time censtant of
the output circuits throughout the discharge process.

On the basis of piesoelectric voltage transformers a high-voltage ampli-
fire with bipolar output and improved steepness of the descending slopes may
be developed [2]. Its block diagram is shown in Fig.-1 and theoperation prin-
ciple is the following: let a bipolar voltage of stepwise form (shown in Fig.
2a) be produced into the low voltage part of the generator (not shown in the
Figure). This voltage enters one of the inputs of the comparing amplifier CA,
* at the other input of which a voltage for negative lecdback is supplied from
the output of the high-voltage part through the reversive converter RC. In
dependence on its polarity, the signal from the CA amplifier output is directed
by adividing circuit to polarity SRP or to the driving input  of the first
driven amplifier of power DAP; (for example, under positive polarity) or to the
driving input of the second driven amplifier of power DAP, (under negative
polarity respectively). This signal modulates the signals. from the two osci-
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ator circuits G, and SG, which, being amplified in power by DAP, and
DDAP,, enfer respectively the exciting sectors of the niesotransformers PT,
and PT,. The frequency of the oscillaters SG, and $G, is maintained even
at the respective resonance frequencies of the piesotransformers PT; and PT,

a U_'m_p A bl .
|‘TJ_‘LJ_1—L_“[ - =gl
= )

a.
s
L
1
1

Fig. 2

via the sectors for feedback. For a positive signal with acsending slopes, the
driving DAPy voltage is zero and PTy is not functioning. PT; amplifies in re-
sonance mode the sigual form DAP; which is detected after the output sector
of 'the one-way rectifier for positive polarity R;. The reconstructed form' of
the input sigriat is multiply amplified by wvoltage, which is defined with the
coefficient ol transmission of the reversive: converter [RC
= Thus far, this process does not differ from the ' performance of known
generators. Under descending slopes ‘of the input signal a slow discharge of
the output circuits does oceus. This delay of the output signal with respect
to the input one results in a reverse ‘dishalance ‘at the input of the comparing
amplifier CA. The polarity of its output signal changes respectively, namely
at the first instant by a value close to that of the:supply voltage (Fig. 2c).
DAP; receives zero'at its driving input and PT, stops functioning. Then PT,
starts operating at the output of which a one-way rectifier for hegative pola-
rity R, is introduced. Thus, active recharge of the output circuits is obtained
until the setting of a balance at the input of CA| after which PT, is switched
off'and PT; continues its normal performance. 1 ot
£ Similar :procedures are repeated for the signal of| negative polarity at
the input, then PTy performs normally and the recharging of the output cir-
. cuits at descending slopes:is made via the instantaneous swiching on of PTy.
The piesotransformers PF; and PT,are not mutually shortened, since their
simultaneous: operation iis 1ot possible and in passive state their output re-
sistance:is huge. Supplementary rectifiers Ry and Ry are introduced for symmet-.
ry. Fig: 2 ¢, d, e shows the signal shape at the driving inputs of DAP; and
DAP, and -at the generator output.
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The generator of bigolar output allows {o inerease the capacity of the
equipment and to expand the scope of:scientific research, as.by: one and the
same electrostatic device particles of different mass, sign of charge and energy
are analysed. ' R

R
H—f=
-tl-——l—)

-
:
=

L

Fig. 3

Using the same block diagram, a paraphase generator [3] may be deve-
loped with slight changes. For the purpose, as it is shown in Fig. 3, at cach
piesotransformer one more output electrode is added, equipotential to the
first one, which-is simple for technological realization. For the illustrated mode
of coupling, two symmetrical paraphase ontputs are obtained, as cach of them
is in addition bipolar and of enhanced fast performance of the descending
slopes.

This generator may find applications, for example, in electrostatic de-
flectors for particle analysis of posilive charges as well as of negative. Many
applications in other physical instrumentation are possibie too.

.
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Racunpense BoaMOMKHEQCTER QY HKIRQHAALHELX TEHEDATOPOB
npn HCHOJ]bBOBElH.HH HOBBIX! rpa,unsﬁmx AEMEHTOB

H. B Taﬁoe H Ax. Kypmes

(Peawme)

JIs MUTaBAs Pa3AYHBIX 3JAEKTPOCTATHYECKHX CHCTEM B KOCMHYECKOU HayuHOM .
annapatrype NpHEMEHsIOTCA (QYHKUHOHAJIbHBE TEHEPATOPL, KOTOpLe npH Ha-
OPAMEHUAX MOPAAKA HECKOAbKHX KHAOBOMLT HENONLIYIOT IIPOMENKYTOUIOE Npe-
06pasopaHye, NOBLILEHHE NPH NOMOUH TpaHchOpMAaTOpa H ISTEKTHPOBAHHKE BhI-
XOAHOTO CHTHafa. B paccmoTpeHubX peaiusauuax (yHKUKOHANbHbLIX TeHepa-
TOPOB — ¢ CAHUM BBIXOROM M napadasHOro -— BKJIOYEHR! [bEe303JNEKTPHUCCKHE
TpaHedopMaTopnl Hanpaenns. CxemHble PeIIeHHA OTAHYA0TCH 0T H3BeCTHEIX
CBOMM NBYXHOAsDHEIM BHIXOEOM H yMEIIhHIEHHbIM BpeMeHeM cliafa (pOHTCB TUPH
BOCNPOH3BEAEHHN HMNYJbCHBIX CHIHANOB.
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Space applications of small-current supply often require improvement of the
routine electric circuitry in order to ensure higher reliability, This paper exa-
mines the improvement of the energy parameters of the classical converter cell.

The theory and practice of small-current sources broadly imply self-oscil-
lating converters -with satwrated converting .transformers {i]. They are used
as driving generators or power transformers of Iow energy The hIock diagram
is shown in Fig, 1.

The operating frequency is determmed with the following expressxon.

Fig. '1, Standard pus@-pui! S&lf—osci’iléting converter
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(1) 4B _ (E—Ugpqyy- 108
A dt W, de

or where

1 (E-U 104

CE SAE)

f:T: 4Bmax Ws. AE 0

Fig. 2. Histéretic curve for soft magnetic ferrites:
‘Tow frequencies {solld line}; at high frequem:ms
(dashed Iine)

This converter is specified with poor efficiency, low load and great losses
in the feromagnetic core. Magnetically soft ferites with non-rectangular histe-
tetic curve are used as feromagnetic cores in contemporary converters, i. e.
they represent high- frequency magnelic' materials (Fig. 2).

©- As it can be seen in Fig.. 1, the base currents of transistors T, and T,
are defined with the ezpression:

Uy — Ug
Ip, = Igy =% %
é‘: 8 T
while the collector current /. is yielded as a total current of the secondary
wiring,
The magnetized current is given tiy the expression:
| H.le
2 = Ws o
( ) jrC ITI +3 [ru ol W,

where /,, is the load current of the respectwe output,
In order to provide reliable reswitching of the transistors, the following
condition has to be fulfilled:

Hi

- ' ley
(‘3) "C._Z‘ "':x :>[mcrlb

x=1



where /., is the minimum magnetized curtent of intensity /7 at the point
of change in the histeretic curve slope. Since /,, . is high for such type of
converters and a strain of //==80 Afm has to be achieved for the most fre-
quently used types [2], then the maximum collector current at weak loading

].!.‘

t

Fig. 3. Collector current shape for saturated
transformer converter

of the converter is determined exclusively by the second ferm of equation (2).
The shape of the collector current isishown in Fig. 3. % Dosi

The maximum value of the collector current is defined with the base
current  and the amplification index #A,;, for bipolar transistors, and by the
gate-source voltage and the preliminary characteristics for . the power FET
transistor. In addition, in order to obtain great power, the switching-off posi-
tion is selected rightwards from the histeretic curve (point B and point C),
in Fig. 2 which results in a greater increase of losses in the magnetic core,
tield keys, etc. :

The Josses in the ferrite .core are given with

{4 P, = Py + Peoe + Poypens

where Py, = f.ooH ﬁi{W{-kg} are the histeretic losses; v is the density of
the material; Py~ 0 are the losses of the ‘eddy currents, This component
for frequencies up to the critical one is negligibly small in ferrites. G
Pyom, 8re the supplementary losses effective only for weak fields /< 10 A/m.
Usually the “angle of losses” parameter is used for the quantitative de-
fermination of the losses | 3

R, A
(5) tgs = oL, F bhist' h+ §sec- f + 8suPPIs
which in agreement with {3} is: :
(6) ‘tg S = Ng-He Bmax/;z'

where % — histeretic coeificient of the material; nz— material histeresis con-
stant :
The total loss of power in the core may be expressed with

() Pe= 1wz -Rs = I* Lz 0L - tg 8,
We substitute tg8 into (7) with its value from (6) and obtain
() : - ;=2 o - e B &0y oy

y2.p®
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The core histeresis .constant is used to introduce /its parameters as re-
lated fo ifs geometric size

() My Rl AR
&

From expressions (6) + (9) we obtain for the core loss power

£ lmax o f Byax« Mo \’ llt{;ﬂe

4 ¢
(10) pﬂ‘ o J‘z_.

In summary we can make the following conclusions:

— The converter is specified with poor efficiency at low loading since
the usefully trausmitted power becomes commensurable with the circuitry
losses ;

~ The selection-of a operatlonal point rightwards the point A of the
histeretic curve allows to itransmit higher power, but simultaneously abruptly
increases the losses of the transformer core;

-— The field keys are used in a capacity less than complete by current
and are subject to overload at the point of switch-off,

The .efficiency/output .power characteristics may be improved and linea-
rized significantiy with proportional current control of the field keys in depen-
dence ‘on the output power of the converter. A method of increasing the real
efficiency of such converiers is suggested in [5]. The:r general block dlagram
is gwen in Fig. 4.

The: proportional control is made in agreement thh the ‘expression

T Y o ' ly=kd,+ K, e
§ and kl = im as Hcl'll'ls :

Hare min Rate min Wi B21e min'

1M =~ W for OL type core.

where & =

o

ae ¢, U
I'r 1 Ot
i .‘] 1

1

9 '

Iy, T C2 o,
; T 0

Fig, 4. Géneralized block diagram of improved push-pull

self-oscillating converter
-

The proportional " feeding of the base is prov:de'd' with & coefficient,
while K, determines the minimum strain of field f4, in: order to safeguard the
regenerative operational cycle.
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When using advanced MOS {ransistors, the circuitry is transformed by
replacing current transformers with current-to-voltage converters. Expression
{11) takes the form of

(12) Ecs = Th/8m + Egs mwr

0% &

30

70+

60+

sof

qok

30t A praporiivng] conlnl

o~ standard converter

b . s | P 4 o i bt = [ ke W B+h < e S
l 0z 0.2 hd 08 06 a7 g 0y 1.4 [ R

Fig. 5. Ezperimenially obtained curve, reflecting the efficlency  of both
-contverter types in dependence on the normalized output power

where g, — transistor transadmitiance, Egg . — prevoltage applied to the gate
in order to ensure the required drain current, corresponding to field Hpmia.

We have to apply a thermal compensation of the gate voltage Egg too,
since it has a negative temperature coefficient (usually 20-25 mV/C®).

Additionally, for both modifications we have to ensure signal integration
proportional to the collector (drain) current at the end of its switched-on po-
sition, so as to avoid introduction of a supplementary coefficient in equa-
tions (11) and (12) and an avalanche-like current amplification via the tran-
sistor. '

The advantage of the method described was experimentally verified with
the use of a small 15 W inverter. For power transistors, the bipolar 2N5038
and MOS FET VN64GA ‘types were used. In order to provide a correct
set-up and to take four reliable imeasurements, one and the same converting
transformer was used : the ferrite core type 30X 19,T 26, Al 6200, V, 6100 mm®

The results from these measurements are shown din Fig. 5 for 'a bipolar
power transistor. '

On the basis of theoretical and experimental evidence, we can make the
following more important conclusions:

1. The method suggested for the loss decrease in converter with satu-
rated transformer allows to imptove by simple means the efficiency coeffi-
cient at an average 2009/, when operating with normalized power Pt/ Paorm < 0,5.

2. At low output power, a converter implemented on powerful MOS tran-

sistors has an efficiency 2 — 49/, higher than the similar converter on bipo-
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lar transistors. This is due to ihe drop of the base power, necessary for the
control of the bipolar, transistors. .

3. Vice versa, at high power the efficiency of the powerful' MQOS tran-'
sistors modification is lower, due to the effect of the higher voltage of satu-
rationt in these instruments at high drain ¢urrents.

4, The suggested method can be used successfully in other circuit confi-
gurations for. different output power. _

An improved converting device of this ty pe was applied in a secondary
current supply source of the RM-1 radiometric instrument [6]. Its satisfactory
operational indices were proved by its reliable performance of more than 36
month aboard the METEOR-PRIRODA satellite launched into orbit in 1981
within the BULGARIA-1300 1I programme.
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B pafore paccMarpuBaioTcs MeTOA u ycrpoRcTBO Aas NoBbHHeHAs  KovhbhH-.
UHEeHTd NONCSHATO. ACHCTBUS CT2HAADTHOTO CAMOBOIOYKIAIOMMErQCs - ABYXTAKT-
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A controllable device for the two-dimensional
scanner in the three-channel specirometer
for the VEGA mission =~ 7

Stoyan 1. Sargoichev _ \

Centre of A pplied Physics, P?évd:’v

Scanning optical systems are often used in satellite spectrophotpmetric in-
struments for the study of natural optical emissions. Such a system of Kas-
segrent’s type with two-dimensional scanning of the ‘secondary mirror is des-
cribed in [1]. The angular scanning motion of the secondary mirrer is achieved
for this system with the aid of lan exacl small-size scanner, instailed behind
the mirror {20 When scanning, the mirror ©an occupy 105 Tixed positions.
This corresponds to a sweep! céntéining 7 lines of 15 elements (positions)
per‘ Iine_ “ oo arpnm - — 4 . . 5

The controlling device of the scanming system should interact with a
microprocessor: system of the instrument and should independently resolve
the following problems: 1) performiance of the scanner in the linearly-progres-
sive sweep mode — mode A; 2) scanner operation in the linearly-reversive
scanning of the middle line — meode B; 3) rapid setting into the-initial refe-
rence position by a given command; 4) receiving of .a command on the modes
and signal shaping of completed step; 5) processing — transmission of the
sensor system signals for four reference positions of the sweep: beginning of
line, end of line, beginning of ‘middle line, sweep centre. ™ = 7

The functional block scheme of the controlling device:developed for the
purpose is shown in Fig, 1. The following denominations are used: SM — step
motor, ST1-8T3 — sensor signals for positioning; STML — sensor.signal for
middie sweep line; DMI, DM2 — modulating discs, ST — Smith frigger block;
M1 +M8 — monovibrators; FF1 —— {ast/slow rotation trigger of the step driver;
FF2 — doreward/backward ‘{rigger, PG — pulse.generator of the fixed initial
phase, SD.— servocontrol; ES — eleciric switch; D1 — retarding “I”, D2 —
retarding “2”, b i3t lizs ol o Rk o

The circuitry is incorporated as a peripheral device into the micropro-
cessor system of the optical spectrometer. From this system “com step” and
“mode A/B” signals are received, and respectively “ready” and the four: refe-
rence signals of positioning with respect to the sweep are transmitted. When

i
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defining the B mode, the controlling device positions automatically the scanner
at the beginning of the middle sweep iine by fasl rotation of the step motor.
In A mode, the fast-drive rotation is achieved automatically during the reverse
sweep course. The fast-drive rotation pulses are generated by the PG block.

Beginning

No(Maode )

Yes (Mode A)

Quickly
turning

Position &

ginning No
of middle
line

s

Damping
time

Ready
Quickly :
turning S -
Pusition Line
X4l y+1
=
Primping
time
!.‘_. Position
Ready Damping el
] time T
T ——]— I
Ready

Fig. 2

With thé aid of the'non-contact key ES the supply voltage is reswitched,
and hence the total current via the driver during rotation and in a fixed posi-
tion, thus reducing the average power consumption. The output signals for
the scanner position with regard to the sweep are shaped by its sensor system
signal decoding. The DMI modulator disc contains three tracks, optically
connected with three optocouples — light-diode. phototransistor with diaph-
ragms. The DM2 disc contains an aperture for angular reference. When the
information from the outer and middie DMI tracks is decoded,we obtain the output
signals “beginning of line” and “end of line”, as well as the inner signals for the
direct and reverse sweep course via the STi and ST2 sensors. The signals are =
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transmitted to the M1, FFI and FF2 blocks. The “ready” signal is obtained from
the inner track through appropriate electron processing in blocks M6, M7, FF3 and
M8. In addition, the combination with STML signal provides the ,centire of image
signal. The “beginning of middle line” signal is oblained by the combina-
tion of “beginning of line” and STML signals,

~The operational aigorithin of the controlling «device is shown in Fig. 2.
The beginning of lhe sweep middle line is selected as an initial scanner posi-
tion, The contrelling block achieves this position automatically with the com-
mand for B mode.

The electrical circuitry of the controlling device is shown in Figs 3 and
4, Figure 3 represents the logical part, switching triggers FF1, FF2, FF3, the
D reference signal decoder, and the PG pulse generator. The latter operates
in the start/stop mode with determined initial phase of generations. It is imple-
mented by the half of the dual timer SEbH56, and the other hali of the
timer circuit is used as a monovibrator to ensure the time delay of 90 ms. The gene-
rator pulse frequency cycle is 35 ms. Figure 4 illustrates the driving part of
the controlling device impiemcented on 55450 circuits, T1-+T4 transistors
and D1=D8 diodes performing key operations., The commutation of the step
motor phases is made by the reverse counter of Johnsen implemented on 54LSO4
and 5451 circuits, When the supply is switched on, the counter is always set
up into a specified initial position by a group of initial nulling (T6 transistor
and other components}. The menovibrators of the block scheme M6 and M7
are implemented on a 5415123 circuit and serve to shape the “step completed”
signal with the aid of the sensor system signals. With the help of this signal,
the “ready” output signal is obtained.

The confrolling device is implemented on two printed circuits 135X
75 mm in size, operating in space vacuum environment. The power consump-
tion of the electronic block without the step motor is 1,65 W. The device was
incorporated into the three-channel spectrometric space instrument aboard
the VEGA interplanetary station. Ii operated successfully in the' course of
15 months and during comet encounters,

References

t.Gogoshev, M., S Sargoichev el al. Scanning Optical System for
the UV, VIS and IR Section of the Spectrum of the! VEGA Project for Investi-
gation of the Halley Comet. XXV COSPAR Meeting] Rep. No 2. 1. 4., 1984,

2 Caprofiues, U, JpysepeH cKadep 2a CIDTHHKOBA CKAHHPALLA ONTHYMHA CHCTEMA, —
Hoxnage BAII, 38, 1985, Ma 12, 1649—16562.

Ynpasiadpollee YCTPOHCTBO ABYXMEDHOro CkKaHepa B anmaparype
~TPUKAHaAbHBIA cnekTpomeTp” wHa cranimax ,BETA®

C. H. Capezotives
fPesmwue)

B ammaparype ,Tpukanasbhniéi cnektpomerp” no npoekre BETA ans xapru-
POBAHHA H306an{eHHH KoMmeThl [aned B8 OTHENBHBIX JIHHAX BOJAH HCIIOJB3YETCs
TeJNECKONHMYECKas CHCTEMA ¢ MEXaHHUYECKHM JIBYXMEDHBIM —CKaHMpOBAHHEM H300pa-
xKenus. OGBEKTOM paccMoTpeHnst B Hacroslled pabore #ABASETCs ynpasisioinee
yorpolicTBe NS MeXankueckoro ckamépa. [lpejcraBiensl yHKIHOHANLHAS OJOK-
CXeMa, aNroPHTM YOPaBReHUS ¥ 1PHHIMNHAJBHBIE CXeMbl 3TOro yCTPoHCTBA.
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