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We analyze the spectral observations of a sunspot in six metal lines near Fe I 5434.5 �A, which have
e�ective Lande factors ge� from −0.014 to 2.14. The observations were made on August 25, 2015 on
the ATsU-5 telescope of GAO NAS of Ukraine, using a circular polarization analyzer and spectra
registration with the SBIG ST-8300 CCD camera. The following line parameters are compared:
the observed splitting of I ± V pro�les, the width and depth of the Stokes I pro�les. Signi�cant
di�erences of the measured magnetic �eld strengths Bobs were found in separate places of the spot
and by lines with di�erent ge� values. The Fe I 5434.5 �A line (ge� = −0.014) shows a measurable
splitting in some locations of the sunspot, which corresponds to the magnetic �eld Bobs ≈ 20 kG.
Comparison of the widths and depths of the line pro�les revealed two special places in the sunspot,
where the Fe I 5434.5 �A line was expanded additionally by ≈ 15 − 35%, whereas other lines with
larger Lande factors did not have such a feature. One of the reasons for this expansion could be
a sharp and local increase of turbulent velocities, but no active processes such as solar �ares or
signi�cant Doppler �ows were observed at this location. Another reason for this expansion may be
the presence of extremely strong and spatially unresolved magnetic �elds of mixed magnetic polarity.
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I. INTRODUTION

Magnetic �elds in sunspots have been measured for
more than 100 years (since 1915), and, as a rule,
using spectral lines with the largest Lande factors [1].
This provides the highest accuracy of measurements and
the ability to determine such an important characteristic
as the modulus of the magnetic �eld strength, and also,
regardless of instrumental polarization, the inclination
of the �eld vector to the line of sight and the scattering
light. Though, in this case, there are some methodologi-
cal problems that are encountered when comparing data
from di�erent observatories [2]. As for the most mass
magnetographic measurements to date, they usually gi-
ve a longitudinal component of the magnetic �eld and,
moreover, are not corrected for changing the pro�le of
the spectral line due to non-magnetic changes in the
transition from the photosphere to the sunspot. As a
result, the most reliable measurements of magnetic �elds
in sunspots today are traditional spectral measurements
or modern Stokes diagnostics using realistic models of
the solar atmosphere [3]. However, in the latter case, li-
nes with large Lande factors are also commonly used.
This automatically limits the range of the magnetic �eld
strengths available for measurements [4]. Regarding di-
rect data for cases corresponding to the �lling factor f
close to unity (i. e., f ≈ 1), the strongest magnetic �elds
in the spots were found to be within 5.5�6.1 kG [5�7].
However, sunspots with such superstrong �elds are rare;
for the most part, the typical magnetic �eld strength in
developed sunspots (with shadow and penumbra) is in
the range of 2�3 kG.

Subtle e�ects were found in line pro�les which indicate
that the magnetic �eld strength in spatially unresolved
elements of sunspots can be 7-8 kG [8, 9]. The �lling
factor for such elements can reach values f = 0.2 − 0.3,
and the Doppler shifts correspond to plasma lifting at
the speeds of 2�3 km/sec [10]. However, in article [8] the
conclusion is di�erent: the substance in the subtelescopic
elements goes down with the speed of about 20 km/sec. A
possible reason for the di�erence between these �ndings
is that in the papers [9, 10] the umbra of large spots
was studied, whereas in the article [8] � penumbra of
sunspots.
It should be noted that the particularly strong

magnetic �elds in the range of 7�8 kG are, in fact, close to
the upper limit of detectable (measurable) �elds, when
using the spectral lines like Fe I 5250.2 or Fe I 6302.5
with large Lande factors. The mentioned authors
analyzed the spectral lines of Fe I 6301.5 and 6302.5
with e�ective Lande factors 1.67 and 2.50, respecti-
vely, which in the case of high magnetic strengths are
split so strongly that their Zeeman σ components begin
to overlap mutually, complicating the diagnosis of thin
photometric e�ects in the adjacent spectral continuum.
This is especially true in the sunspot umbra where the
numerous and variable molecular blends can occur. That
is why it is better to use spectral lines with small Lande
factors (ge� ≤ 1) to measure even stronger magnetic �-
elds.
It is important to note that modern methods

of measuring magnetic �elds in sunspots are mai-
nly oriented towards observations of �elds of regular
polarity, which give characteristic manifestations in
the Stokes parameters Q, U and V . However, for
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spatially unresolved magnetic �elds of mixed polari-
ty, the corresponding observed manifestations in these
parameters may be close to zero, i. e. not detectable.
At the same time, strong mixed-polarity �elds can be
detected by the Stokes I pro�le, that is, by the integral
intensity, on the basis of the observations of signi�-
cant expansion of this pro�le. However, in practice, this
parameter is almost never analyzed when interpreting
observations.
In this study, we use both of the mentioned

methodological factors: spectral lines with very small
Lande factors and data on the line pro�les in the integral
intensity. The purpose of our work is to study the
problem of the upper limit of the magnetic �eld in the
sunspot using the spectral data obtained with a circular
polarization analyzer.

II. OBSERVATIONS AND SPECTRAL LINES

Observational material for our study was obtained wi-
th horizontal solar telescope ATsU-5 of Main Astronomi-
cal Observatory of the National Academy of Science of
Ukraine. The telescope is well tested and has a half-width
of the instrumental pro�le of 18�20 m�A [11]. During
the observations, the spectra of sunspots and surroundi-
ng areas were recorded using an SBIG ST-8300 CCD
camera. To obtain the spectra I + V and I − V , a
polarization mosaic was used by Skomorovsky [12] and a
quarter-wave plate. Both the polarization mosaic and the
quarter-wave plate were placed in front of the entrance
slit of the spectrograph at a distance of about 1 cm.
Some other features of such observations on ATsU-5 are
described in paper by Lozitsky and Osipov [13].
In this paper, we analyze the observations of the tail

sunspot in the active region of NOAA 2403, which was
located at a distance ρ/R = 0.415, µ = 0.91 from the
center of the disk . The diameter of the penumbra of
this spot was about 45 Mm; the spot was irregular in
shape, especially its umbra (Fig. 1). The exposure of
the spectrum of this spot was at the following time:
07h36m−07h46m UT. During the exposure, the entrance
slit of the spectrograph crossed the spot in the north-
south direction on the disk, as it is shown in Fig. 1.
When using the polarization mosaic and the λ/4 plate

before the entrance slit of the spectrograph, the posi-
tive thing is that the propagation of rays inside the
spectrograph is not disturbed and therefore the results
of careful studies of the instrument [11] remain valid.
Therefore, we used a standard procedure of observati-
on: a �at�eld pattern was calculated from the series of
records in quiet areas around the spot, the scattered li-
ght in the spectrograph was determined from the signal
determination above and under the recorded spectrum.
However, the disadvantage here is that the obtained
spectra of I + V and I − V refer to di�erent locations
in the Sun, which in this case have a discrete step of
3.3 Mm. That is, in order to measure the Zeeman spli-
tting, one has to compare the positions in the spectrum
of orthogonally polarized σ components not for the same

No. Element, multiplet λ, �A EP, eV ge�

1 Mn I � 1 5432.548 0.00 2.143

2 Fe I � 1143 5432.950 4.43 0.666

3 Fe I � 15 5434.527 1.01 -0.014

4 Ni I � 70 5435.871 1.98 0.500

5 Fe I � 1161 5436.299 4.37 1.440

6 Fe I � 113 5436.594 2.27 1.816

Table 1. Selected magnetosensitive lines which were used for
magnetic �eld measurements in the sunspot

location on the Sun, but for neighboring ones spaced 3.3
Mm apart. As di�erent locations in the Sun may have not
only di�erent Zeeman splittings ∆λÍ but also Doppler
shifts ∆λE due to the Evershed e�ect, the measured
magnetic splitting found in this way can have signi�-
cant errors, especially for spots near the solar limb. To
reduce these errors, the spectra of the same location on
the Sun were recorded twice, with di�erent orientations
of the quarter-wave plate, which di�ered by 90◦.

Fig. 1. The sunspot under study in white light according to
the SOHO data (left) and the spectrum obtained with the

ATsU-5, which is analyzed in this paper (right)

Then, if at the �rst position of a quarter-wave plate
(which, for example, corresponds to the angle +45◦

relative to the optical axes of the mosaic), the di�erence
of the spectral line positions in the two adjacent mosaic
strips was 2∆λÍ+∆λÅ, then at the angle of −45◦ it will
already be 2∆λÍ−∆λÅ. Taking the average of these two
values, we get only 2∆λÍ, and according to it the correct
value of the magnetic �eld B.
I ± V spectra were recorded in the wavelength range

about ±4 �A around Fe I 5434.5 �A line. The list of the
suitable spectral lines, which are placed in this range, is
presented in Table 1. In this Table, Lande factors for li-
nes Nos. 3 and 5�6 correspond to empirically determined
values according to [14]; for other lines, these factors are
theoretical for the case of LS coupling. Other parameters
of the spectral lines are taken from the multiplet tables
by Ìoore [15].
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III. MAGNETIC FIELDS

Magnetic �eld measurements were carried out by the
method of �centers of gravity� of I+V and I−V pro�les.
The di�erence between the positions of these pro�les in a
spectrum was considered to be 2∆λÍ, i. e. double Zeeman
splitting. It is necessary to note that it is correct for a
pure longitudinal �eld only when angle γ between the �-
eld line and the line of sight is 0◦ or 180◦. In other cases,

measured splitting should be smaller than the true one,
and the determined magnetic �eld strength is expected to
be reduced in comparison with the actual magnetic �eld
value. In order to reduce the in�uence of noise �uctuati-
ons in far wings of the lines, only central parts of the
pro�les were taken into account where distances from the
line center did not exceed the half-width of the spectral
line.

Fig. 2. Distribution of splitting for line No. 1 (Mn I 5432.548, ge� = 2.143) along the direction of the entrance slit of the
spectrograph. The borders of the bands of the polarization mosaic are shown by vertical stroke lines. For each band of the
polarization mosaic, the value of the �center of gravity� of the line is shown for two orientations of quarter-wave plate, +45◦

and −45◦

Fig. 3. The same as in Fig. 2 but for line No. 2 (Fe I 5432.950, ge� = 0.666)

Fig. 4. The same as in Figs. 2 and 3 but for line No. 3 (Fe I 5434.527, ge� = −0.014)

Figures 2 and 3 show, for illustration, the distributi-
on of spectral positions of lines Nos. 1 and 2 (from the
list of Table 1) along the direction of the entrance slit
of the spectrograph for two orientations of the quarter-
wave plate. These spectral positions are calibrated in

gauss (G) on the ordinate axis and presented by two
curves which correspond to angles +45◦ and −45◦ relati-
ve to the optical axis of the polarization mosaic. Along
the horizontal axis in the Figures, the horizontal coordi-
nates of the corresponding places on the Sun are given
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in the numbers of pixels (slit, pxl). We will denote this
parameter in the short form, as S below.
One can see the following main well-visible e�ects: (a)

periodical deviations of the line position when transiting
from a given band of mosaic to the next, and (b) discrete
change of the sign of deviation to the opposite one for
di�erent orientations of the quarter-wave plate. In parti-
cular, such e�ects demonstrate the magnetic nature of
these manifestations.
In order to determine the magnitude of the measured

magnetic �eld according to these graphs, it is necessary
to take half the di�erence of the position of the line with
a di�erent orientation of the quarter-wave plate for each
speci�c strip of the mosaic. For example, in Fig. 2 in
the abscissa interval S = 800 − 870 the line positions
correspond to values of +1800 G and −2000G. Subtract-
ing the second value from the �rst and taking half, we
have an average �eld in this strip equal to 1900 G. In
the physical sense, this value is intermediate between the
longitudinal component B‖ = B cos γ and the modulus
of the magnetic �eld B, since the observed splitting of
the Zeeman π and σ components is not complete (this is
clearly seen in Fig. 1). That is, it can be expected that
in some places in the spot, the modulus of the magnetic
�eld was greater than ≈ 2 kG.
In addition, as can be seen from Figs. 2 and 3, the

characteristic magnitude of the sharp oscillations of the
magnetic �eld in the spot is clearly smaller than the
equivalent width of the mosaic strip, i. e. 3.3 Mm. In
Fig. 3, this follows from the observed e�ects in the absci-
ssa interval S = 1080 − 1160, where the characteristic
�two-tops� picture of the observed splitting in this strip
is repeated at both positions of λ/4 plate.
Another interesting e�ect is obvious from the consi-

deration of these drawings, namely that the magni-
tude of the magnetic �eld may di�er signi�cantly in
di�erent spectral lines. For example, in the interval of
S = 1220 − 1290, the magnitude of the magnetic �eld
with line No. 1 equals 1200 G, whereas with line No. 2

(which has a much smaller Lande factor) � up to 2200 G.
However, in other places of the sunspot, these di�erences
are smaller, generally within the range of 300�500 G.
A similar examination of the observational data for li-

ne No. 3 with the very small Lande factor (−0.014) shows
that in some places of the sunspot it also has similar evi-
dence of the Zeeman splitting (Fig. 4).
For example, this is seen in the abscissa intervals 670�

720 and 820�830, where, at di�erent positions of the plate
λ/4, the �center of gravity� of the line deviates in opposi-
te directions relative to the direction of the spectral di-
spersion. If this is interpreted as a manifestation of the
Zeeman e�ect, then the corresponding magnetic �eld
should be at the level of ≈ 20 kG. Another conclusi-
on follows from Fig. 4: the corresponding places in the
sunspot with particularly strong �elds are quite local, wi-
th a typical scale, probably 1�3 Mm. This is consistent
with the characteristics of the extremely strong magnetic
�elds of ∼ 104 G found previously for solar �ares [16].

IV. PECULIARITIES OF STOKES I

As was pointed out above, Stokes I pro�le (integral
intensity) is an important parameter for the case when
the magnetic �eld is very tangled, e.g. in the form
of spatially unresolved discrete structures of opposi-
te magnetic polarity. If these magnetic polarities have
approximately equal magnetic �ux, observed Stokes Q,
U and V parameters should be close to zero in the whole
wavelength range of the spectral magneto-sensitive line.
That means that such mixed-polarity magnetic �elds will
not give speci�c spectral manifestations, which is typical
of the Zeeman e�ect. On the other hand, the presence of
such magnetic �elds can be discovered using the Hanle
e�ect [17]. However, this e�ect has essential limitation,
namely, it is suitable for the measurements of magnetic
�elds with strength no more than ∼ 102 G. That is,
this e�ect is useless in the magnetic �eld diagnostics for
strength range ≥ 103 G.

Fig. 5. Comparison for Mn I 5432.548 (ge� = 2.143) of the half-width of the Stokes pro�le I (upper graph) with the central
residual intensity (lower graph) for the same places of the studied spot for line No. 1
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However, such strong �tangled� magnetic �elds can be
detected using the Zeeman e�ect on the basis of Stokes
I analysis. A strong magnetic �eld should expand Stokes
I pro�le in both cases, namely, if this �eld has the same
(regular) polarity and if this �eld has mixed polarities.
Theoretically, close contact of opposite magnetic polari-
ties is expected to be in many-lamellar structures li-
ke magnetic vortexes, which may have a very strong
magnetic �eld of ∼ 104 G range [18]. In this case, it is
important to study, in particular, Stokes I pro�les from
our observations.
Figures 5 and 6 represent the observed half-widths of

the Stokes I pro�les and the central residual intensity
for spectral lines Nos. 1 and 3, which have very di�erent
Lande factors. One can see that Mn I 5432.548 line with
a large Lande factor (ge� = 2.143) has strong expandi-
ng for the transition from photosphere to the sunspot
umbra, its half-width grows from ≈ 90 m�A outside the
sunspot to ≈ 170 m�A in the sunspot umbra. Notice, on
a large interval of the umbra section where intensities in
the spectral continuum are minimal (S ≈ 900 ÷ 1300),
the change of the half-width of the line is relatively negli-
gible. At the border of the umbra and penumbra of the
sunspot (S ≈ 500), this line is slightly expanded. As for
the central residual intensity, it is minimal in the spot
core.

Line No. 3 behaves di�erently. It has two �jumps� in
half-width, one of them at S ≈ 500 being at the �umbra-
penumbra� border of the sunspot, and the other at S ≈
1260, at the sunspot umbra. In the �rst mentioned place,
the central residual intensity of this line is not extreme,
while in the other place this parameter is close to the
minimum over the entire cross section of the spot.
Obviously, the main factor of expansion of the �rst

spectral line is the magnetic �eld, i. e. the Zeeman spli-
tting, which should be maximal in the umbra of the
sunspot. Let us estimate the in�uence of this e�ect taki-
ng into account that for this line the relation between
the Zeeman splitting ∆λH and the magnetic �eld B is as
follows:

∆λH = 2.95 × 10−5B, (1)

where ∆λH is expressed in angstroms (�A), and the
magnetic �eld B in gauss (G).
For the magnetic �eld of B = 2000 G we have ∆λH =

59 m�A, 2∆λH = 118 m�A. Since the width of this line
outside the spot is about 90 m�A, the expected full width
of this line in the spot is ∆λ1/2,exp ≈ (902 + 1182)1/2 ≈
148 (m�A). Note that such an estimate is valid if the
unperturbed line pro�les and the line pro�le extended by
the Zeeman splitting can be approximated by Gaussians.

Fig. 6. Comparison of Fe I 5434.527 (ge� = −0.014) of the half-width of the Stokes pro�le I (upper graph) with the central
residual intensity (lower graph) for the same places of the studied spot for line No. 3

As we can see, in this case, the pro�le expands by 64%
rather than ≈ 89%, as the observations show. However,
the magnitude of the magnetic �eld B = 2000 G is
somewhat conditional. From our direct observations (see
Fig. 2 above), we determine the value close to the
longitudinal component of the �eld B‖, since we do
not observe here a complete spectral separation of the
Zeeman π- and σ-components. Therefore, assuming that
B = 2500 G, we already have 2∆λH = 147.5 m�A, and
the expected half-width ∆λ1/2,exp ≈ (902 + 147.52)1/2 ≈
173 m�A, in good agreement with the observations.

That is, in this case, we have fully explained if not all
the observed extension of this line, then at least a large

part of it. It is obvious that some part of the extension of
the line is also due to non-magnetic factors, in particular
due to a signi�cant increase in the absorption coe�cient
in the spot, which is evident from the fact that the equi-
valent width of the line is very noticeable here. Recall
that the well-known magnetic ampli�cation of magneti-
cally sensitive lines [19] should reach theoretically 30%
and be observed only for non-longitudinal magnetic �-
elds (theoretical maximum of this e�ect is at γ ≈ 55◦).
That is, in general, the e�ect observed in line No. 1 may
well be explained by a certain combination of magnetic
and non-magnetic expansion factors.
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Fig. 7. Comparison of the half-width of the Stokes pro�le I on upper graph with the continuum intensity on lower graph for
lines No. 1 (solid line) and No. 3 (dashed)

Line No. 3 (Fe I 5434.527 �A, ge� = −0.014), behaves
di�erently in comparison with line No. 1 (Figs. 6 and
7). One can see from these Figures that at S ≈ 500
and 1260 a sharp increase in the line width by 30�50
m�A was observed. This seems strange because at this
place the intensity in the continuum (and therefore the
temperature) is about the same as at other places of
the sunspot (Fig. 7). The elementary estimate according
to the scheme as above for line No. 1 shows that the
magnetic �eld of the 2500 G could increase the line width
by only a few thousandth m�A, which is not enough.

As for the central residual intensity, it changes in line
No. 3 less signi�cantly (Fig. 6). In particular, we do not
see any special e�ects at S ≈ 500 and 1260, as in the
case of the width of this line.

Therefore, there are two possible alternatives for the
Fe I 5434.527 �A line: either (a) it is a purely non-magnetic
line extension, probably by turbulent velocities with high
gradients of model parameters, or (b) an expansion by
much stronger magnetic �elds. In principle, some combi-
nation of these e�ects (a) + (b) is possible.

With respect to turbulent velocities, this assumption
seems doubtful, since no active processes were observed
at these places (S ≈ 500 and 1260), such as a solar �are
or high beam velocities. Therefore, let us try to estimate
what magnetic �eld is necessary for this line to increase
its width to the observed value.

For this purpose, suppose that the true non-magnetic
half-width of the Fe I 5434.527 �A line at the point S ≈
500 is approximately 200 m�A, as can be seen from a
comparison of this point with neighboring places S ≈ 400
and 700 (Figs. 6 and 7). However, at the point S ≈ 500

we observe a sharp jump in the half-width of the line,
where in fact this parameter is equal to 270 m�A. We
pose the question this way: what magnetic �eld value is
needed to increase the line half-width from 200 m�A to
270 m�A?
For the Fe I 5434.527 �A line, the calibration formula

for linking the parameters ∆λH and B is as follows:

∆λH = 1.93 × 10−7B. (2)

Given this formula, it is easy to get an expression to
estimate the required magnetic �eld:

B = 0.5
[
(∆λ1/2,jump)2 − (∆λ1/2,spot)

2
]1/2

/ 1.93×10−7,
(3)

where ∆λ1/2,jump ≈ 0.27 �A is the observed half-width

line for S ≈ 500, and ∆λ1/2,spot ≈ 0.20 �A is the
same parameter for neighboring places of the sunspot.
Substituting these values, we obtain B ≈ 4.7 × 105

G. Observational evidences for magnetic �elds of the
same order was obtained previously for solar �ares [20].
However, for solar �ares, not Stokes I pro�les but I ± V
pro�les were analyzed.

V. CONCLUSIONS AND DISCUSSION

The main conclusion of our study is that in the tail
sunspot of the active region of NOAA 2403 there were
probably extremely strong magnetic �elds of ∼ 104 G,
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at a time when there were no solar �ares in this regi-
on. This is indicated by the characteristic e�ects in the
I ±V pro�les of the Fe I 5434.5 �A line, which has a very
small Lande factor (ge� = −0.014), determined empiri-
cally under laboratory conditions. A comparison of the
half widths of the Stokes I pro�les of the six spectral li-
nes with di�erent Lande factors (−0.014 to 2.14) revealed
two special places in the sunspot where the Fe I 5434.5
line was expanded further by ≈ 15− 35%, whereas other
lines with larger Lande factors did not have a similar
feature. One of the reasons for this expansion could be
a sharp and local increase of turbulent velocities, but no
active processes such as solar �ares or signi�cant Doppler
velocities were observed at this location. Another reason
for this expansion could be the presence of superstrong
(∼ 105 G) and spatially unresolved magnetic �elds of
mixed magnetic polarity.
It should be recalled that for the �rst time, magnetic

�elds with the intensity of ∼ 104 G in sunspots were
assumed by A. B. Severny [21]. He wrote: �Thus, it is
quite possible that the magnetic �eld inside the spots has
a �ne structure, the averaging of which during observati-
ons leads to �elds of ∼ 103 gauss, while the actual �eld
of individual elements of the spot (possibly of di�erent
polarity and slope) is tens of thousands of gauss; i. e.,
the situation can be the same as in the case of granulati-
on, where averaging of individual �elds (∼ 100 gauss) of
granules in the instrument leads to �elds of the order
of several gauss. If this assumption is justi�ed (as a
result of further studies) and the �elds in the spots reach
∼ 50000 gauss, being concentrated in small tubes, then
the problem of the particle acceleration can �nd its more
or less simple solution. In this case, the plasma in the
region between the tubes will be extremely diamagnetic
and its ejections with high velocities are possible.�
In fact, it was a heuristic conjecture since any

concrete arguments were not presented. True, Severny
[21] mentioned as an argument for this topic the e�ect

of strengthening of the spectral line wings in sunspots.
However, the authors of the present work do not know
any publications where this e�ect was considered in
detail. Moreover, wings of magneto-sensitive lines in
sunspots can be strengthened due to such non-magnetic
e�ects as the growth of the damp�ng constant and the
absorption coe�cient and not a magnetic �eld.

In our study, we present more direct arguments in
favor of the reality of such superstrong magnetic �elds,
which are based on the consideration of several spectral
lines with di�erent Lande factors including Fe I 5434.5 �A
with very low magnetic sensitivity. We show for the �rst
time that this line can increase its half-width by 15�
35% in the sunspots, and this increase cannot be caused
by temperature. Two alternatives are possible regardi-
ng this phenomenon: a su�cient increasing of turbulent
velocities or the presence of super-strong magnetic �elds
(∼ 105 G). If we reject the second alternative, then it is
necessary to explain why in a �quiet� sunspot (without
solar �ares), the sharp increase in turbulent velocities
can occur when the temperature there is the same as in
the nearest places of the sunspot umbra.
In the future, we plan to assess more speci�cally the

e�ects of turbulence in the spot by constructing a semi-
empirical model using the Tikhonov stabilizers [22] to
ensure the stability of the solution. At the same time,
the height of the layer, which has high turbulence, can
also be determined. It would be interesting to compare
this consideration with the results for the areas of solar
�ares, which was previously done in the work by Lozitsky
and Stodilka [23].
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Ìè àíàëiçó¹ìî ñïåêòðàëüíî-ïîëÿðèçàöiéíi ñïîñòåðåæåííÿ ñîíÿ÷íî¨ ïëÿìè â øåñòè ëiíiÿõ ìåòàëiâ
ïîáëèçó Fe I 5434.5 �A, ùî ìàþòü åôåêòèâíi ôàêòîðè Ëàíäå ge� âiä −0.014 äî 2.14. Ñïîñòåðåæåííÿ
âèêîíàëè 25 ñåðïíÿ 2015 ð. íà òåëåñêîïi ÀÖÓ-5 ÃÀÎ ÍÀÍ Óêðà¨íè, âèêîðèñòîâóþ÷è àíàëiçàòîð
êðóãîâî¨ ïîëÿðèçàöi¨, à òàêîæ ðå¹ñòðàöiþ ñïåêòðiâ çà äîïîìîãîþ ÏÇÇ-êàìåðè SBIG ST-8300. Çiñòàâ-
ëåíî òàêi ïàðàìåòðè ëiíié: âèäèìå ðîçùåïëåííÿ ïðîôiëiâ I±V , à òàêîæ øèðèíà i ãëèáèíà ïðîôiëiâ
Ñòîêñà I. Âèÿâëåíî ñóòò¹âi âiäìiííîñòi âèìiðÿíèõ íàïðóæåíîñòåé Bobs â îêðåìèõ ìiñöÿõ ïëÿìè é
ïî ëiíiÿõ iç ðiçíèìè âåëè÷èíàìè ge�. Ëiíiÿ Fe I 5434.5 �A (ge� = −0.014) ó äåÿêèõ ìiñöÿõ ñîíÿ÷íî¨
ïëÿìè âèÿâëÿ¹ äîñòîâiðíå ðîçùåïëåííÿ, ÿêå âiäïîâiäà¹ ìàãíiòíèì ïîëÿì Bobs ≈ 20 êÃñ. Çiñòàâëå-
ííÿ ïiâøèðèí i ãëèáèí ïðîôiëiâ ëiíié ïîêàçàëî îñîáëèâå ìiñöå â òiíi ñîíÿ÷íî¨ ïëÿìè, äå ëiíiÿ Fe I
5434.5 �A ðîçøèðåíà äîäàòêîâî íà ≈ 15%, òîäi ÿê iíøi ëiíi¨ ç áiëüøèìè ôàêòîðàìè Ëàíäå ïîäiáíî¨
îñîáëèâîñòi íå âèÿâëÿþòü. Îäíi¹þ ç ïðè÷èí òàêîãî ðîçøèðåííÿ ìîãëî áóòè ðiçêå é ëîêàëüíå çáiëü-
øåííÿ òóðáóëåíòíèõ øâèäêîñòåé, îäíàê ó öüîìó ìiñöi íå ñïîñòåðiãàëîñü ÿêèõîñü àêòèâíèõ ïðîöåñiâ
òèïó ñîíÿ÷íèõ ñïàëàõiâ àáî çíà÷íèõ ïðîìåíåâèõ øâèäêîñòåé. Ùå îäíi¹þ ïðè÷èíîþ òàêîãî ðîçøè-
ðåííÿ ìîãëà áóòè íàÿâíiñòü îñîáëèâî ñèëüíèõ i ïðîñòîðîâî íåðîçäiëüíèõ ìàãíiòíèõ ïîëiâ çìiøàíî¨
ìàãíiòíî¨ ïîëÿðíîñòi.

Êëþ÷îâi ñëîâà: Ñîíöå, ñîíÿ÷íà àêòèâíiñòü, ñîíÿ÷íi ïëÿìè, ñïåêòðàëüíèé àíàëiç, åôåêò Çå¹-
ìàíà, ìàãíiòíi ïîëÿ, øèðèíè ïðîôiëiâ ëiíié, íàäñèëüíi ìàãíiòíi ïîëÿ.
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