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We present the magnetic field measurements and data of semi-empirical modeling for the exclu-
sively powerful solar flare of 28 October 2003 of X17.2/4B class, which was in active region NOAA
0486. Observations were made with the Echelle spectrograph of the horizontal solar at telescope the
Astronomical Observatory of the Taras Shevchenko National University of Kyiv. Our data relate
to the peak phase of the flare and to a place of the photosphere outside sunspots.

Nine spectral lines were selected for analysis, including such well known lines as Fel 5247.052,
5250.212, 6301.515, 6302.507A, etc. Three “non-split” lines Fel 5123.723, 5434.527 and 5576.097 A
were studied too (their effective Lande factors are, in fact, —0.013, —0.014 and —0.012, respectively).

Magnetic field strengths in the flare were determined by three methods: (1) by splitting of the
“center of gravity” of I + V profiles; (2) by the amplitude of Stokes V' profiles using “weak field
approximation” and (3) using the PANDORA code, which allows to create the semi-empirical model
of the flare.

We found that in the brightes places of the flare the effective magnetic field Beg was 0-200 G in
the middle photosphere (Fel 6302.5 and 5250.2 lines), 600-1200 G in the upper photosphere and
temperature minimum zone (Fell 4923.9 and 5234.6 lines), and had S polarity.

In the Fel 5434.527 line, the weak splitting of emission peaks near its core was observed; its value
was 10-20 mA. If this splitting is interpreted as a manifestation of the Zeeman effect, then the
corresponding magnetic field is about 25-50 kG. The magnetic polarity of this “superstrong” field
should be N, i.e. opposite to the polarity of other Fel lines with greater Lande factors.

A semi-empirical model of the flare was build with the PANDORA code, which allows to deter-
mine the magnetic field and thermodynamical conditions on both photospheric and chromospheric
levels using non-LTE approximation. It was found that the magnetic field in the middle photosphere
was 1000-1200 G. The temperature in the flare increased up to 1000 K for lg 75 ~ —3. Turbulent
velocity vy is almost the same as in an undisturbed atmosphere, but in the range from lg7s = 1 to
lgrs = —1; from lg7s = —1 to lg7s = —3 a sharp increase v; was found where vy reaches about
3.5 km/s.

Key words: Sun, solar activity, solar flares, solar magnetic fields, super-flare of 28 October 2003
of X17.2/4B class, effective magnetic fields, extremely strong fields, semi-empirical model of the

flare.

PACS number(s): 96.60.Hv, 96.60.Q—, 96.60.qe

I. INTRODUCTION

Solar flares are the most powerful and violent processes
in the solar atmosphere caused by rapid transformation
of magnetic energy into other forms of energy. They cov-
er a wide range of altitudes in the atmosphere, from the
photosphere to the solar corona, although the bulk of the
flare energy is released in the chromosphere and corona
(see, e.g., [1]). That is why magnetic field measurements
at many levels of the atmosphere are highly important
for understanding the physical processes that take place
in the areas of the flares.

To study magnetic fields in the flares, the Echelle spec-
tra are especially valuable because they give simultane-
ous recording of thousands of spectral lines formed at
different heights in the solar atmosphere, with different
sensitivity to temperature and to the Zeeman splitting.
In principle, the Stokes measurements in a limited num-
ber of specially selected lines are valuable for this pur-

pose too; such are nine lines of Fel, Mgl, Nal and Til,
which are used at the space observatory Hinode [2]. How-
ever, it should be noted that the Hinode data allow to
study the spectral effects in a relatively narrow wave-
length range around selected magnetosensitive lines be-
cause the Fabry—Perot filter is used here as a spectral
monochromator. For spectral lines Fel 6301.5 and Fel
6302.5, this is the range about 2.4 A.

Let us formulate some scientific problems that have
arisen in connection with the study of magnetic fields in
flares by the Echelle spectra of the photosphere and the
chromosphere.

First of all, it is the problem of the upper limit of the
magnetic field strength in flares. There is no full clarity
in the question what exactly this upper limit is. Direct
measurements of the Zeeman splitting in metalic lines
with the effective Lande factors geg in the range of 1.0—
1.7 showed that the intense emission peaks form in the
volumes with magnetic field till 3-4 kG [3]|. However, if
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the actual magnetic field in flares did not exceed 3—4
kG, emission peaks in the lines like Fel 5434.5 with ex-
ceptionally low magnetic sensitivity (geg = 0.01) should
be observed as unsplit at the of noise level of 1 — 2%,
which is typical for photographical observations. In real-
ity, the reliable splitting was observed sometimes in these
“unsplit” lines; its value reaches 40 mA, that corresponds
to almost 100 kG [4-6].

Another interesting issue is the problem of high-rise
distribution of the magnetic field in a flare. In the quiet
atmosphere, magnetic field steadily decreases with height
due to decrease in gas pressure. In reality, it was shown
that the magnetic field distribution versus height may
be non-monotonous, with a narrow peak in the range
of the upper photosphere [3,7]. In other flares such non-
monotonous changes were not observed [8-10]. A possi-
ble reason for this disagreement is that the character of
the altitude distribution of the magnetic field in the area
of a flare can depend on the phase of the development
of the flare. In fact, Kurochka et al. [11] found a non-
monotonous distribution of the magnetic field at peak of
a flare, which gradually changed to the usual monotonous
distribution during 10 min of the flare evolution. Obvi-
ously, new observational data are needed here for greater
clarity.

The aim of this paper is magnetic field measurements
in the region of the especially powerful solar flare of
X17.2/4B class and building of a semi-empirical model
of this flare. Taking into account the power of the flare
and the above-mentioned advantages of Echelle observa-
tions, it is hoped that relevant data can clarify some of
the issues that are outlined above.

II. OBSERVATIONS

Observations were carried out with the Echelle spec-
trograph of the horizontal solar telescope at the Astro-
nomical Observatory of the Taras Shevchenko National
University of Kyiv [12]. This instrument can record the
solar spectrum simultaneously from 3800 to 6600 A with
a spectral resolution of 30mA in the green region and
space resolution 1-2 Mm. All spectra were made with
ORWO WP3 photoemulsion.

The flare under study occurred on October 28, 2003 in
active region NOAA 0486 and had X17.2/4B class. This
active region was not very far from the disc center, the
cosine of its heliocentric angle 1 was 0.91. The peak of
H,, flare emission was observed in the time interval be-
tween 11700™ and 11710™ UT [13]. The spectra of the
flare were photographed with the above-named Echelle
spectrograph from 10"07™ to 11722™ UT; total number
of obtained Zeeman spectrograms was 18. In the present
work, the spectrogram for 11"06™ UT is studied mainly;
this spectrogram corresponds to the peak phase of the
flare.

According to the measurements of the GOES detec-
tors, this flare occupies the third position in the ranking
of X-ray on A = 1 — 8 A for the entire time since 1976
[14]. It should also be noted that this active region NOAA
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0486 produced the greatest (for the named period) flare
of X28+ class, which originated on the western Sun’s
limb one week later, 4 November 2003. Less than a day
after the flare of 28 October 2003 (about 18 hrs), the 9
rank magnetic storm arose on the Earth.

A sharp increase in the flow of high-energy protons
began during the flare; the next day the flows of protons
exceeded the levels of 102, 10% and 10* particles cm ™2
s~! sr=! for protons with energies of 100 MeV, 50 MeV
and 10 MeV, respectively. It should be noted that for
the quiet Sun the typical flow of protons is about 107!
particles for all three energetic ranges; thus, the flow of
protons increased about 3-5 orders after this flare.

This flare has been studied in other studies [15,16],
but for other times and, basically, in other spectral lines.
In particular, Lozitsky [15] and Baranovsky et al. [16]
studied this flare at the time of 11713™ UT, i.e. after its
maximum phase.

III. SELECTED SPECTRAL LINES AND
PECULIARITIES OF THEIR PROFILES

Nine spectral lines were selected for analysis (Table).
In this Table, the wavelength A, the equivalent width of
the line in the spectra of the quiet Sun, W, and the ex-
citation potential of low term, EP, are given according
to Moore et al. [17]. The effective Lande factors geg of
Fel lines correspond to the laboratory-determined val-
ues [18] excluding line No. 8, for which this parameter
corresponds to the theoretical case for the LS coupling.
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Fig. 1. The observed I =V profiles of Fe I 5123.723 line in
the flare, for L = 10 (see Fig. 5 below).

For 11"06™ UT, all the Fel lines listed in Table, ex-
cluding Fel 5434.5, line have pure Fraunhofer profiles
(see, for example, Fig. 1). Both Fell lines (Nos. 8 and
9 in the Table) have intensive emission peaks, which ex-
ceed the level of the nearest spectral continuum by about
30% (Fig. 2). A second obvious peculiarity of Fell pro-
files is the essential spectral shift of I 4+ V profiles versus
I — V, that can indicate the existence of a very strong
magnetic field in the flare volume.
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Fig. 2. I £V profiles of Fell 5234.630 line in the flare, for
L =10.
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Fig. 3. Comparison of I + V profiles of Fel 5434.5 line in
the flare, for 11"14™ UT (solid and dashed lines), with such
profiles of the same line outside the flare (crosses and circles).
One can see the well visible shift of emissive peaks in the line
core, which can indicate presence of the very strong magnetic
field of N polarity.
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Fig. 4. The observed I £ V profiles of Fel 5434.5 line in
the flare for other moment, 11"14™UT, the photometrical
section No—13, by the data of the thrice-repeated photome-
try of the same place on the spectrogram. The splitting of
emissive peaks corresponds to B = 30 + 10 kG here, and N
polarity, i.e. it is also opposite to the data by other lines (Fel
5250.2 etc.)

Fe I 5434.5 has well visible emission peaks in the flare,
in its core (Figs. 3, 4). Analogous peaks are absent in the
two other “non-split” lines, Fe I 5123.723 and 5576.097.
It is interesting to note that emissive peaks in core of Fe
1 5434.5 have two specific peculiarities: (i) weak splitting
of about 10-20 mA, and (ii) a “violet” Doppler shift ver-
sus the Fraunhofer profile on about 40 mA. The effect
(i) was checked using the thrice-repeated photometry of
the same place on the spectrogram, and using the aver-
aging of the data on a large area (5 Mm) on the Sun.
Both these checkings have confirmed the reality of the
above-named splitting of emissive peaks in Fel 5434.5.

Element and|Wavelength|Equivalent | Excitation| Effective
No.| number of AA) width | potential |Lande factor
multiplet W(mA) | EP (eV) Joff
1 Fel-16 5123.723 101 1.01 —0.013
2 Fel-1 5247.058 59 0.09 1.998
3 Fel-1 5250.216 62 0.12 2.999
4 Fel-15 5434.527 184 1.01 —0.014
5 Fel-686 5576.097 113 3.43 —0.012
6 Fel-816 6301.515 127 3.65 1.669
7 Fel-816 6302.507 83 3.69 2.487
8 Fell-42 4923.930 167 2.89 1.70
9 Fell-49 5234.630 81 3.22 0.869

Table. List of spectral lines under study
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IV. EFFECTIVE MAGNETIC FIELD B.g

The effective magnetic field strength B.g was deter-
mined by splitting of the “center of gravity” of I + V
profiles versus I — V. This method allows to determine
the magnetic field averaged by all the square of the en-
trance aperture of the instrument; this square depends,
mainly, on the image vibration during observations and
corresponds to about 3 Mm? in our case. For small Zee-
man splitting, when the observed splitting (AXg)obs is
much less than half-width A\, of the spectral line, such
measurements give the average longitudinal component
of the magnetic field strength, i.e. (B)). If, on the con-
trary, (AAg)obs > A2, then such method allows to
measure the average value of the magnetic field module
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Fig. 5. Intensity in spectral continuum /., peak intensity in
H, vs. intensity in the nearest spectral continuum, I, (Ha),
and effective magnetic fields Beg(6302.5) and Bes(5234.6) in
the flare along the direction of the entrance slit of the spec-
trograph. In this Figure, L represents the corresponding po-
sitions of the separate points of the entrance slit on the Sun,
in mega-meters (Mm).

The measured values of Beg(6302.5) and Beg(5234.6)
in Fel 6302.5 and Fell 5234.6 lines are given in Fig. 5 in
comparison with the intensity in the spectral continuum
I. and the peak intensity in H, versus the intensity in
the nearest spectral continuum I,,(H,). Both Beg are
presented here in kilogauss (kG), whereas I. are given
in arbitrary units. One can see that the enter slit of the
spectrograph crossed a space of the photosphere outside
sunspots, where the intensity in the spectral continuum
was almost the same at different places. Despite this,
emission in H, was very strong here reaching the value
about two in comparison with the nearest spectral con-
tinuum. The magnetic field in the middle photosphere,
as one can see from Bg(6302.5), was relatively weak, in
the range of 0-200 G. However, much stronger fields were
measured in the upper photosphere, up to about 1.2 kG
by Fell 5234.6 line (see Beg(5234.6) in Fig.5). A similar
strong field, up to 1 kG, was measured by the second Fell
line, A = 4923.930 A. These results confirm the following
tendency observed in other flares: Beg in the upper pho-
tosphere and temperature minimum zone is, as a rule,
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stronger than in the middle photosphere [19]. Also, it is
necessary to note that the maximum of Beg by Fell line
(L = 14—16 Mm in Fig. 5) approximately coincides with
the peak of H, emission of the flare (L = 13 — 18 Mm).

V. STOKES V IN Fel 5434.5

Magnetic field measurements by the amplitude of
Stokes V' in a spectral magneto-sensitive line are “clas-
sical”, beginning from the Babcock magnetograph [20].
Let us remember the main perculiarities of the Stokes V'
profile for different ranges of the Zeeman splitting.

If the Zeeman splitting AX gy is weak versus half-width
ANy of a spectral line, i.e. A g << A)yj9, this is
the well-known regime of “weak field approximation”.
In this case, the Stokes V amplitude is proportional to
(OIJON)ANg cosy, where I is the Stokes I parameter,
A is wavelength, v is the angle between the magnetic
field line and the line of sight. Thus, in this case the
Stokes V' shape is the same as the shape of Stokes I gra-
dient 0I/0A. By varying the product (0I/0N)AMy, we
can choose the amplitude of the parameter (01/0\) to
be the same as for the Stokes parameter V', assuming, for
example, v = 0°. This allows us to calibrate the value of
Stokes V' in the field values (in gauss, G), i.e. to measure
the magnetic field.

0.04

1)
o ]
= [’\

. NV

4 Stokes V

{\/\/\/L

- (]
.

-0.04 T T
300 -200

J100 0 100 200 300
AL (mA)

Fig. 6. Comparison of Stokes V and 9I/9\ profiles of Fel
5434.5 line in the flare. The amplitude of 9I/OX is shown
for ANH = 10mA, which corresponds to the magnetic field
strength B = 51.8 kG.

The second important peculiarity of Stokes V in the
case of “weak field approximation” is that Stokes V' peak
separation Ay is almost unchanging with A\g, and its
value is approximately equal to A);/p, i.e ANy & A)y 5.
This criterion allows to estimate the true half-width
Ay of an emissive component in case of a compli-
cated profile which has superposition of Fraunhofer and
emissive components.

Such approach to the interpretation of the observa-
tions was applied to the data on Fel 5434.5 line (Fig. 6).
On the base of of I+V profiles, V and I /0 parameters
were determined, and by varying of A\y, the best agree-
ment of the amplitudes of both parameters was found.
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One can see from this Figure that the observed Stokes
V profile has a complicated shape but with two obvi-
ous peaks of opposite polarity placed in the range of
—100 < AX < +100mA. The nearest 9I/O\ parameter
(which is shown on the Figure by a dashed line) corre-
sponds to v = 0° and Ay = 10mA. For Fel 5434.527,
the relation between the magnetic field strength B and
the Zeeman splitting AXy is as follows: = 5.18 x 10°
AMg (where B is given in G, and Ay is in A), for
Al = 10mA we have B = 51.8kG.
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Fig. 7. Comparison of the observed (solid lines) and theo-
retical (dashed lines) Stokes I profiles for the flare, for L = 10
(see above Fig. 5).
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Fig. 8. Temperature T' vs. optical depth 75 in the photo-
spheric layers of the flare (solid line — the flare, circles —
undisturbed atmosphere [30]), for L = 10.

It is interesting to compare this estimation with the da-
ta of direct measurements of the bisector splitting AAp
of emissive peaks in I = V profiles (Fig. 3). Note, that
the method of bisector splitting was discussed in detail
in paper [21] for the study of other flares. As to the flare
of 28 October 2003, it was found, that AAg ~ 17mA,
which means A\ gy ~ 8.5mA (for v = 0°), or B ~ 44kG.
Thus, both estimations differ by about 12%. This dif-
ference, in the first approximation, can be taken as the
error level of our interpretation.

The observed Stokes V' peak separation Ay is about
60mA. This means, as it was mentioned above, that
true half-width A\, /5 of splitted emissive peaks is about

60 mA too. For comparison, it is useful to remember that
the half-width of the undisturbed Fraunhofer profile of
this line is about 200 mA. That is, the emission peaks are
more than 3 times narrower than the Fraunhofer profile
of the same line.
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Fig. 9. Turbulent velocity vy vs. optical depth 75 in the
photospheric layers of the flare for L = 10.

Earlier a similar effect of the half-width of the flare
emission in Fel 5434.5 was discussed by Lozitsky et al.
[22]. They obtained a correlation coefficient of about 0.7
between the observed emission width and the relative
intensity of this emission. It is important to note that
if the regression line (see Fig. 1 in [22]) is continued
to zero intensities, then we have a half-width of about
30mA. But 30 mAis the half-width of the instrumental
profile of the Echelle spectrograph. This means that the
actual emission widths, in fact, are very small. In this
connection, Lozitsky et al. [23] made a correction of the
data taking into account the instrumental broadening of
the spectrum. It turned out that the actual width of the
flare emissions in the Fel 5434.5 line can be about 10 mA.
Such narrow widths correspond to a very low kinetic tem-
perature, only a few hundred degrees. This means that
a very strong magnetic field can significantly lower the
temperature, figuratively speaking, “freeze” the plasma.
Let us remember the well known examples of the cooling
effect of the magnetic field, namely sunspots and promi-
nences. In the first case, the temperature drops about
1.7 times, whereas in the second case it decreases by 2
orders of magnitude. But it remains unclear how low the
temperature falls in sub-telescopic structures with espe-
cially strong magnetic fields. This is an important issue
for future studies.

VI. SEMI-EMPIRICAL MODEL

A semi-empirical model of the flare was build with the
PANDORA code, which allows to determine the magnet-
ic field and thermodynamical conditions on both photo-
spheric and chromospheric levels using non-LTE approx-
imation. This code was made by E. A. Baranovsky (with
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the help by E. Malanushenko) using the algorithm pub-
lished in the paper by Avrett and Loeser [24].

The main physical parameters for photospheric lay-
ers were obtained from Fel 5576.1 and Fel 5250.2 lines
(Fig. 7). The following parameters were varied for the
best fit of the theoretical and observed profiles: temper-
ature T', turbulent velocities vy and magnetic field B.
The values of T" and vy were determined by Fel 5576.1
line, and magnetic field B — by Fel 5250.2, from half-
width of Stokes I profile. Also, it was assumed that the
the longitudinal velocity v equals zero.

It was found with this approach that the magnetic
field in the photosphere is B = 1000 — 1200 G. The semi-
empirical model of the thermodynamic conditions has
almost the same temperature 7" as an undisturbed at-
mosphere, but for lg75 > —1 (Fig. 8). For lgm5 < —1,
temperature in the flare is higher than in an undisturbed
atmosphere, and the peak of this rise corresponds to
lgms = —3, where AT ~ 1000 K. These results confirm
the conclusions presented earlier in papers [3, 9, 11]. The

turbulent velocity vy in range from lg75 = 1 tolgm = —1
is almost the same as in an undisturbed atmosphere, but
it has a sharp increase in the range from lg7 = —1 to

lg 75 = —3, where v, reaches about 3.5 km/s (Fig. 9).

VII. DISCUSSION

Of significant interest is the “violet” Doppler shift of
the emission peaks in the core of Fel 5434.5 (Figs. 3 and
4). Tts value is 35-40 mA, which corresponds to about
1.8-2.0 km/s of the Doppler velocity. A similar effect —
the lifting of plasma with the velocities from 1.7 to 3.1
km/s — was found also in the umbra of great sunspots,
in spatially unresolved magnetic elements with strength
about 8 kG [12, 25]. The methodical problems of mag-
netic field measurements in the sunspot umbra were dis-
cussed in detail in the paper by Lozitska et al. [26].

This lifting of plasma clarifies somewhat the question,
what is the source of the extremely strong magnetic field
in the flare. Indeed, it is highly unlikely that this field
formed somehow at the same height, where it was ob-
served. Indeed, as it was mentioned in [27], in the up-
per photosphere gas pressure can hold a magnetic field
strength of up to 500 G. But the gas pressure increas-
es rapidly under the photosphere, and in some range of
depths it should be sufficient for the magnetic field con-
centration on the level of ~ 10* G. This suggests that
the finally shaped magnetic structures are lifted on the
Sun surface [28].

A similar hypothesis concerning non-flare active re-
gions was expressed previously by Piddinghton [29]. He
assumed that at a certain depth of the Sun, magnet-
ic “trees” can arise of many hundreds or thousands of
twisted magnetic flux-ropes, the magnetic fields in each
rope containing about 4 kG. The rise of the magnetic
“tree” on the surface gives an observational manifesta-
tion of the active region with sunspots, pores, faculae,
etc. As we can see, the above-presented data are consis-
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tent with this hypothesis, except that the real magnetic
field strength in the twisted magnetic ropes may be an
order of magnitude higher than it was assumed by Pid-
dington [29].

VIII. CONCLUSIONS

Magnetic fields at the photospheric layers of the solar
proton flare of October 28, 2003 of X17.2/4B class, as it
follows from the observations made in nine spectral lines
of Fel and Fell, had the following peculiarities:

(a) the effective magnetic field Beg varied with height,
from 0-200 G in the middle photosphere to 1000
1200 G in the upper photosphere;

(b) in the same location in the picture plane, inside
the aperture area of about 3Mm?, spatially un-
resolved structures with a “superstrong” magnetic
field (SMF) of about 25-50 kG probably had exist-
ed, which is evident by the weak spectral splitting
(10-20 mA) of emission peaks in Fel 5434.527 line
with a very low Lande factor, gog = —0.014;

(c) the magnetic polarity in SMF places was N, i.e.
the opposite to the S polarity derived from oth-
er photospheric lines with larger Lande factors
(ger = 0.9 — 3.0);

(d) in the areas of SMF, a lifting of plasma was ob-
served with the velocity of about 2 km/s; a similar
effect was absent from areas with weaker fields.

These results are indirect evidence that the SMF struc-
tures form in sub-photospheric layers, and they lift on the
Sun’s surface in the ready stage, which is qualitatively
consistents with Piddinhton’s hypothesis [29].

A semi-empirical model of the flare was build with the
PANDORA code, which allows to determine the magnet-
ic field and thermodynamical conditions on both pho-
tospheric and chromospheric levels using non-LTE ap-
proximation. It was found that the magnetic field in the
middle photosphere was 1000-1200 G. The temperature
in the flare increased up to 1000 K for lg 75 ~ —3. This
result is similar to the conclusions presented earlier in
papers [3, 9, 11]. The turbulent velocity v; is almost
the same as in an undisturbed atmosphere, but in the
range from lgms = 1 to lgms = —1; from lg7s = —1 to
lgs = —3 a sharp increase in vy was found, where v

reaches about 3.5 km/s (Fig. 9).
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MATHITHI I1I0JId 1 TEPMOAMHAMIYHI YMOBHU ¥V ®OTOCO®EPHUX IITAPAX
COHAYHOTO CITAJIAXY 28 2KOBTHZ4 2003 POKY BAJIY X17.2/4B

B. T. Jlosunpkuii', E. O. Bapanoscskuii?, H. 1. Jlosuipkal, B. TI. Tapamgyk?
L Aemporomivna obcepsamopia Kuiscokozo nauionasvhozo yrisepcumemy
iment Tapaca Illeswenxa, Kuis, Ykpaina
2 Kpumcora acmpodizuwna obcepsamopis, Hayuwnud, Kpum
e-mail: lozitsky@observ.univ.kiev.ua

Ilomano pesysbraT BUMIpIOBaHbL MarHITHOIO IOJIsi # JaHi HAIBEMIIPUYIHOTO MOIETIOBAHHS JIJI BUHATKOBO
HOTY>KHOIO COHSTYHOrO crasaxy 28 xosrHsa 2003 p. 6amy X17.2/4B, axuil BuHuUK B akTubHi# obsacti NOAA
0486. Criocrepiraiu cnajiax Ha €eJbHOMY CIHeKTPorpadi ropu30HTaILHOTO COHAIHOTO TEJIECKOna ACTPOHOMITHOT
obcepBaropil KuiBcbkoro HarionabHoro yaisepcurery imeni Tapaca [Ilesuenka. [IpoanasizoBani gani cTocyoTbest
dazu MakCHUMyMy cHajiaxy Ta JUIsTHKA oTrocdepu 3a MeKaMu COHSIHUX ILJISIM.

JleB’siTh CHeKTpaJbHEX JIHIN BigibpaHo 1jist aHATI3y, BKIIOYa0Un Taki m1o6pe Bimowmi jinil, sk Fel 5247.052,
5250.212, 6301.515, 6302.507 A Tomo. Tpu “memarmirTmi” mimii Fel 5123.723, 5434.527 i 5576.097 A 6ymu Taxox
susueHi (ix edexrupni dakropu Jlange, daxkruano, —0.013, —0.014 i —0.012 BiguosinHO).

HanpyzkeHicTh MATHITHOTO TOJIS BUMIpIOBaan TphoMma Mmetomamu: (1) 3a posmernienHsM “menTpis Barn” mpo-
dinis I £V , (2) 3a ammwiitynoo napamerpa Crokca V' B Habmmkensi “ciabkoro mons’, i (3) BUKOPUCTOBYIOYH
nporpamuwnit ko, PANDORA, sixwmit fjae 3Mory nobyayBarn HalliBeMIIIpUYHY MOJEJb CIAJIAXY.

BusiBneno, mo B Haitsckpasimomy Micii cmasaxy edektwBHe MmarHiTHe 1moje Beg Oymo 0-200 G ma pisui
cepenubol dorocdepu (minii Fel 6302.5 ta 5250.2) 600-1200 G y Bepxuiit dborTocdepi i 30HI TemIepaTypHOro
miniMymy (ainil Fell 4923.9 ta 5234.6), 1 masio nousipicTs S.

V saupi sinii Fel 5434.527 BusiBiieno ciabke posimernien s 11 emiciitnux mikis, ioro seimanaa 10-20 mA. ko
e PO3IIEIIEHHSI TPAKTyBaTU sIK HposB edeKTy 3eeMaHa, TO Bianosigxe marairae nosie — 6iusbko 25-50 kG.
MaruiTHa MOSIPHICTD BOTO “HAAIOTYXKHOTO” 1MOJIst Mae 6yTu [N, TOOTO MPOTUIIEXKHA JI0 MTOJISTPHOCTEN, 3HANIEHNX
o iummx Jinigx Fel 3 6iapmmvu dakropamu Jlammge.

Hamnisemnipuuna moznens cnastaxy mobypoBana 3a jgonomoroio kogy PANDORA, saxwuii 103BoJIsie BUBHAYUTH
MartiTHi mojisg i TepmogmHamivHi ymMoBH Ha doTocdepHOMy i xpoMmocdepHomy piBHax y He-JITP nabnmxensi.
3Haiizeno, mo MarsiTHe mosie B cepeHiit orocdepi 6ymo 1000-1200 G. TemmepaTypa y crajaxy 3pocrajia IPH-
omuzuo Ha 1000 K npu lg7s ~ —3. TypOysmenTHa mBHAKICTD vy € Maiizke TAKOIO XK, K B He30ypeHiit armocdepi,
ajie Jjimmre B giamadoni Bix lg7s = 1 mo lgms = —1; B imTepnaui Big lg7s = —1 mo lg7s = —3 Bimmiueno piske
3pOCTaHHS TIapaMeTpa U, Jie HOro BeJIMUNHA J0CATaa TpubansHo 3.5 KM/c.
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