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Abstract. Studies of the inner regions of the Solar System remain limited, despite
their importance for understanding interplanetary matter and the near-Sun environment.
The region extending from the solar corona to Earth’s orbit, including the zodiacal
light and the inner Zodiacal Cloud, has been studied only fragmentarily, although it
hosts key processes transforming cometary—asteroidal material into dust and gas.
The aim of this work is to investigate near-Sun dust by determining its line-of-sight
velocities in the transition region between the solar corona and the zodiacal light at
heliocentric distances from 3R to 16R, with emphasis on dust dynamics and its relation
to the electron corona.The proposed method is spectroscopic observations using a small
space telescope equipped with a spectrograph operating in the wavelength range A =
5000—6000 A. This range enables analysis of key diagnostic lines: the Mg I triplet
(A5167—5184 A) for dust velocity measurements; the Fe XIV green emission line
(15303 A) from the electron corona, also serving as a wavelength reference; and the Na
I doublet (A5890—5896 A) for dust diagnostics and detection of atomic emissions from
disrupted small bodies. The expected results include improved determination of dust
particle sizes and the radial distribution of near-Sun dust concentration compared to
the Parker Solar Probe experiment (Szalay et al., 2024). The practical significance lies
in advancing remote spectral diagnostics of near-Sun dust and supporting future space
experiments focused on the inner Solar System.

Keywords: F-corona, dust, Zodiacal Cloud, comets, radial velocities
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Annoranusi. KyH xyleciHiH iki allMaKTapblH 3epTTey OJap/IblH IIaHeTaapablK
3aT SBOJIOIMACHIH JKOHE OKOJIOCOJHEUYTIK OPTaHbl KaJIBINITACTHIPAThIH MPOLECTEP/i
TYCiHy/IET1 MaHBI3/Ibl POJIiHE KapaMacTaH a1l Jie xeTkiikci3. Kyn koponaceinan XKep
opOHTAChIHA JICHIHTI KeHICTIK, SFHU 30J{UaKTHIK JKaPBIK IMeH 30IMaKThIK OYJITTHIH iIIIKi
Oeutiri, OYriHri KYHTe IeHiH TeK QparMeHTapibl TypAae 3eprrenreH. [1on ocel aiimakra
KOMETaJIbIK-aCTEPOMITHIK TEKTi 3aTTHIH IIaH JKOHE Ta3 QaszajapblHa aybICYbl CHSKTHI
ipreyi mporecTep Kypeli, alaija oiap OakpUlayFa Hallap KOJDKETIMII JKOHE TEK
JKEKeJIeT'eH DKCTIIEPUMEHTTEP asiChbIH/a FaHa TipkenreH. byt skyMbIcThIH MakcaThl — KyH
KOpOHAachl MEH 30/IMaKTHIK JKapblK apachlHAarbl eTneni aiimakra, Kynnen 3R—16R
apasbIFBIHAAFBl TEIMOLEHTPIIK KAIIBIKTBHIKTAP/1a, OKOJIOCOIHEUTIK MIaHHBIH COYJEIiK
KBUIJAM/IBIKTAPbIH aHBIKTAY apKbLJIbl OHBIH (PU3UKAIIBIK KacueTTepiH 3eprTey. Epekie
Ha3ap I[IaH KOMIIOHEHTiHIH JAMHAMHKACBIHA YKOHE OHBIH DIIEKTPOHJBIK KOPOHAMEH
OaifmaHpIChIHA aymapbuiafel. Herisri omic perinme A = 5000—6000 A TonkpH
Y3BIHBIKTAPhI AUATTa30HbIH/1a )KYMBIC ICTEHTiH crieKTporpadieH »a0abIKTaaFaH IIaFbIH
FapBIIITHIK TEJECKONTH KOJNAHATHIH CIIEKTPOCKOMMSIIBIK 3€pPTTey YCBHIHBUIAABI. By
CHEKTPIIiK Anana3oH OipHeIle MaHbI3Abl IUATHOCTUKANIBIK ChI3BIKTApAb! Oip Mesrinae
Tanjayra MyMKingik Gepeni: Mg I tpunneri (A5167—5184 A) maH kopoHachIHBIH
COyJNelNiK JKbULAaMIBIKTapblH aHbIKTay YiIiH, Fe XIV sneKTpoHIBIK KOpOHACBIHBIH
KACBUT SMHCCHMSUIBIK ChI3bIFEI (A5303 A) TONKBIH Y3BIHIABIFHIHBIH TIPEK ChI3BIFBI
petinne, connaii-ak Na I nyoneri (A5890—5896 A) IIaH]TbI JIMATHOCTUKAJIAY JKOHE Killli
JICHENeP/IiH bIABIpaybl HOTIDKECIHIE Maiifa OoNaThlH aTOMABIK SMHUCCHSIIAPIBI 13Aey
ywin xonpanbutagsl. Kyrinerin Hotmxkenepre Parker Solar Probe skcnepumentimen
(Szalay et al., 2024) canpicTeipraHza IuaH OeJIIEKTEPiHIH OJIEMICPIH >KOHE
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OKOJIOCOJTHEUTIK IIaH KOHLEHTPALUMSICHIHBIH PaJHajiblK TapaldyblH aHAFypiIbIM oIl
aHbIKTay *KaTaabl. JKYMBICTBIH MPAKTHUKAJIBIK MaHbBI3ABUIBIFE OKOJIOCOIHEYTIK IaHIbI
KaLIBIKTaH CIEKTPIIIK IHarHOCTUKANIAY 9ICTEPiH NaMbITyaa koHe KyH xylecinin imki
aiiMarbIH 3epTTeyre apHajfaH OoJjallaK FapbIIITHIK SKCIEPUMEHTTEP YILIiH FBUIBIMU
HET13 KaJbINTacThIpyaa KepiHeIi.
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Annoranus. MccnenoBanus BHyTpeHHUX oOnacteld COTHEYHOM CHCTEMBI OCTAIOTCA
KpaifHe OrpaHMYCHHBIMH, HECMOTPSl Ha UX KJIIOYEBYIO POJIb B MOHMMAaHHU 3BOJIOLUH
MEXIUTAHETHOTO BEIIECTBA M MPOLECCOB, (POPMUPYIOIIUX OKOJIOCOJIHEUHYIO CpEny.
[IpocTpancTBeHHAss 00JacTh OT COJIHEYHON KOPOHBI 10 OPOUTHI 3eMJIH, BKIIOYAOLIAs
30[IMaKaJIbHBII CBET W BHYTPEHHIOIO 4YacTh 30[MaKaJbHOTO OONiaKa, A0 HACTOSILETO
BpeMeHH u3yueHa gpparmenTapHo. IMeHHO B 9TOH 30HE IPOUCXOAAT PyHAaMEHTaIbHbIE
mporecchl TpaHcOpMalMK BELIECTBA KOMETHO-aCTEPOMIHOTO TPOUCXOKACHUS B
MBIJIEBBIE M T'a30BbI€ KOMIIOHEHTBI, KOTOpbIE €1a00 IOCTYMHBI JAJsi HAOMIONEHHWH H
W3BECTHBI JIMILB 10 OTACIBHBIM dKCHepruMeHTaM. Llenbio TaHHOM paboThl SBIsSETCS
uccnenoBaHue GU3NIECKUX CBOHCTB OKOJIOCOTHEUHOM MBUIM HA OCHOBE ONpEeIICHHS
e€ Jy4eBBIX CKOPOCTEH B TEPEXOJHOW 00JacTH MEXKAY COJIHEYHOW KOPOHOW U
30[IMaKabHBIM CBETOM Ha TeJIHOLeHTpUuYeckux pacctosiHusix 3R—16R. Ocoboe
BHUMAaHUE y/IeJIEHO JUHAMUKE IbUIEBON KOMIIOHEHTBI 1 €€ CBSI3H C 2JICKTPOHHON KOPOHOHA.
OCHOBHBIM METOAOM HMCCIICAOBAHUS MPEATaracTcsi CIeKTPOCKOIUS C UCIIOIb30BaHHEM
HEeOOBIIOr0 KOCMUYECKOT0 TEJIECKOIa, OCHAIIEHHOTO CIIEKTporpadoM, paboTatomuM B
nuanasone A= 5000—6000 A. DToT auanazoH Mo3BoJAET OHOBPEMEHHO aHATH3HPOBATh
HECKOJIbKO IMaTHOCTHYECKH 3HAYUMBIX JUHMiA: Tpumier Mg I (A5167—5184 A) nna
OTIPEICNICHUS JTyUEeBBIX CKOPOCTEH MBbIJICBOH KOPOHBI, 3€JEHYI0 SMUCCHOHHYIO JTHHHIO
Fe XIV (15303 A), npumensieMyo Takxke Kak ONOPHYIO TMHHIO, 1 1y6ieT Na I (L5890
5896 A), 4yBCTBUTENBHBI K MPUCYTCTBHIO aTOMAPHBIX SMUCCHH, BO3HHKAIOIIMX
IpU pa3pylIeHuH Manbix Tel. OXugaeMble pe3yJabTaTbl BKIIOYAIOT OoJiee TOYHOE
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OIIpeieNIeHHe Pa3MEpOB YaCTHIl W PaIualbHOrO paclpelesieHHss KOHLEHTpaIUn
OKOJIOCOJTHEUHOM MbIIH, 4eM B akcriepumente Parker Solar Probe (Szalay et al., 2024).
[IpakTuueckast 3HaY4MMOCTH pabOTHI 3aKIIOUAETCS B PA3BUTHU METOJOB JUCTAHIIMOHHOM
CHEKTPaJbHON JUArHOCTHKH OKOJIOCOTHEYHOM MBUIHA M CO3JaHUU HAYYHOW OCHOBBI ISt
OyIyIMX KOCMHYECKHX MHCCHI, HAalpaBIEHHBIX Ha M3y4YeHHUE BHYTPEHHEH oOnmacTu
CostHeuHOM CUCTEMBI.

KioueBsbie cioBa: F- xopona, mbute, 3oanakanbHoe 00JIAKO, KOMETHI, JTy4YeBbIE
CKOPOCTH

Introduction. The dust or Fraunhofer corona (F-corona) was discovered long ago,
during the total solar eclipse of December 12, 1871. Dark absorption lines, or Fraunhofer
lines, were visually detected by Pierre Janssen (Janssen, 1883) in the spectrum of the
solar corona. During the 1883 eclipse, he succeeded in photographing the spectrum of the
F-corona. Based on his observations, he concluded that dust particles reflecting sunlight
were present in the solar corona. Later, Grotrian (1934) proposed a common origin for
the F-corona and the zodiacal light. It is evident that as zodiacal dust approaches the
Sun, it must sublimate at some critical distance.

Observations of the radial velocities of dust in the F-corona remain scarce due
to the experimental challenges involved. Attempts to measure Doppler shifts of
absorption lines using spectrographs were largely unsuccessful because of insufficient
measurement precision.The short duration of eclipses and the absence of sensitivity-
enhancing equipment made it impossible to conduct such experiments in the first half
of the 20th century.

1) The first successful observations of dust radial velocities in the F-corona were
carried out during the solar eclipse of June 30, 1973, at an elongation of 7.5R ; west of
the Sun (Kozlov, 1974). A Fabry-Pérot spectrometer with pneumatic spectral scanning
was used in the observations near the strong absorption line of Mg I at A5184 A.After
accounting for the profile of the corresponding Fraunhofer line from the daylight sky,
the measured radial velocity west of the Sun was found to be +50 km/s. This result
implies that the interplanetary dust along the line of sight is orbiting the Sun in the same
direction as the planets.

2) Later, during the solar eclipse on February 26, 1979, radial velocities were measured
at distances of 3.2R, and 4.3R_ west of the Sun using a radial velocity correlation
spectrometer (Beavers et al., 1980). The correlation spectrometer enables simultaneous
scanning of the profiles of multiple spectral lines within a selected wavelength interval.
In practice, this yields a composite velocity profile based on the sum of all lines, each
of which may be indistinguishable individually. The resulting data revealed a common
feature in both velocity profiles—a negative velocity of =50 km/s. At the 43R, distance,
the velocity profile also exhibited an additional peak of +230 km/s. To interpret the
findings, the authors proposed a simple two-component model of near-solar dust: one
component consisting of dust moving along straight orbits beyond the region starting
at 4R, and a second component of dust falling toward the Sun with velocities ranging
from —50 to —250 km/s.
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Methods, materials and results. The task of observing not merely isolated points in
the F-corona, but obtaining a two-dimensional map—i.e., a full field of radial velocities—
was first formulated and implemented during the total solar eclipse of July 31, 1981
(Shcheglov et al., 1987). Observations of the dust radial velocity field in the outer
solar corona at distances from 3 to 7.5R_ , based on the Doppler shift of absorption
lines, were carried out under the supervision of Professor P.V. Shcheglov (Moscow
State University (MSU)). The expedition team, which included scientists from both
MSU and FAI, was stationed in the village of Shortandy, Akmola region, in northern
Kazakhstan. The experimental setup included a coronagraph with an artificial Moon
blocking the inner corona up to 2.5R, an interference filter (IF) with a half-width of
14 A tuned to the Mg I 15184 A line, a Fabry—Pérot etalon placed in the exit pupil, a
fast (f/1.5) camera lens with an image intensifier (IIT), and 103aG photographic film for
registration.

At the time, such an experiment seemed nearly impossible. Given the short duration
of totality (only 75 seconds), achieving a spectral resolution of ~0.5 A for the dusty
corona was considered unrealistic. The task required the development of a specialized
spectral instrument—a spectrograph based on a Fabry—Pérot interferometer. The full field
of view of the instrument reached 3.5 degrees. The results were obtained an interferogram
as a concentric ring centered on the Sun, corresponding to Fraunhofer lines in the green
region of the solar spectrum (around Mg 1 A5184 A), which contained information on
the Doppler velocities of near-Sun dust. For the first time, a full velocity field was
obtained rather than a few point measurements in the F-corona at distances from 3 to 7
R,. Data analysis revealed that dust near the ecliptic plane was dominated by particles
on direct Keplerian orbits. Additionally, retrograde-moving dust was detected—its origin
was attributed to a retrograde comet that had fallen into the Sun about 10 days before
the eclipse (Shcheglov et al., 1987). However, some features of the observed radial
velocities remain unexplained, particularly the origin of the northern polar outflow with
a radial velocity of approximately +150 km/s.

A second successful attempt to observe the radial velocity field in the F-corona was
made during the total solar eclipse on July 11, 1991 (Aimanov et al., 1995), in Mexico.
For this campaign, FAI developed two identical coronagraphs for the green (around
Mg 1 15184 A) and blue (around Ca II A3933 A) spectral regions. The field of view
was expanded to 5 degrees. Unfortunately, the exposure time was insufficient to fully
implement the plan; data were obtained only in the inner region up to 6 R, using
the "blue" coronagraph. The new observations confirmed earlier results from the 1981
eclipse: the existence of a dust-free zone around the Sun at distances of 6-7 R and the
finding that dust particles near the Sun were approximately 0.5 um in size—nearly two
orders of magnitude smaller than the "average" zodiacal cloud particles (Leinert, 1975).

In addition to the FAI group, similar research was conducted by colleagues from the
United States, W.I. Beavers and J.J. Eitter, who happened to be at the same observing
site in Mexico as the FAI team. As in 1979, they employed Griffin’s mask correlation
technique. In 1979, they obtained radial velocity profiles at only two locations. In 1991,
they acquired a series of 12 radial velocity measurements of the solar corona in the 400—
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440 nm spectral range, both west and east of the Sun, from 2.5R_ to 5 R along the
celestial equator, and at three positions north of the Sun. Their findings were published
only in 2009 (Beavers and Eitter, 2009). They concluded that the near-Sun component
of the F-corona is relatively weak, contributing only 7-14% of the total volume. A
stronger diffraction component from the near-Earth F-corona, with zero Doppler shift,
dominated the line profiles. They also detected a high-velocity redshifted outflow at
330 kmy/s.

After a long break, successful observations of the dust radial velocity field in the
F-corona were once again carried out in Kazakhstan under excellent weather conditions
near the village of Mugalzhar, Aktobe region, during the total solar eclipse of March
29, 2006. These observations were repeated shortly thereafter due to the eclipse
path on August 1, 2008, also passing close to the region. The second campaign was
conducted near Barnaul, Russia, using nearly identical instrumentation. In both cases,
interferometric observations of the radial velocity field of dust in the F-corona were
conducted at distances from 3 to 11 R using a coronagraph with a Fabry—Pérot etalon
and an interference filter placed in the exit pupil. The region within 2.5R ; was blocked
by a mask placed on the field lens, whose flat surface was aligned with the primary
image of the corona. The difference in the optical layout between the 2008 setup and the
2006 setup consisted solely of replacing the interference filter. In 2006, an interference
filter with a half-width of 10 A tuned to the Mg 1 1 5172 A line was used, while in
2008, an interference filter with a half-width of 20 A and maximum transmission at
A 5202 A was employed. An Apogee Alta-10 CCD camera with 14 um pixel size was
used for image capture. The Fabry—Pérot etalon produced concentric spectral rings, with
the wavelength of each ring decreasing as its radius increased. By measuring the ring
radius at each point in the field of view, one can determine the wavelength, and thus
the integrated Doppler velocity of dust along the line of sight. A summary of the results
from these two eclipses is presented in Shestakova and Demchenko (2016).

As an example, Figure 1 shows the original image of a working frame obtained
during the 2006 eclipse, along with its transformations at two processing stages.

A comparison of the radial velocity observations of near-Sun dust up to 11R ; during
the total eclipses of March 29, 2006, and August 1, 2008, revealed that the dust varies
in composition and is dynamically inhomogeneous from year to year. During the 2006
eclipse, it was found that there was virtually no dynamical connection with the ZC
(Figure 2). The dust motion on March 29, 2006, was directed opposite to planetary
motion and had a significant inclination to the ecliptic plane. These results suggest
a genetic link between the observed dust orbital motion and Kreutz-group comets
observed near the Sun around the eclipse date. In contrast, the 2008 eclipse revealed
classical zodiacal dust concentrated near the ecliptic plane (Figure 3).
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Figure 1. 130-second interferogram of the near-Sun region from March 29,
2006, shown at different processing stages: the raw frame, the frame corrected
for the field function, and the fully corrected frame after mathematical processing.
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Figure 2. Radial velocities of dust in the F-corona on March 29, 2006. N corresponds to 0°,
E to 90°, S to 180°, and W to 270°. The range from 360° to 450° represents a repetition of the initial
0°—90° segment. Open squares and filled diamonds indicate two different processing methods using
images of the daytime sky taken before and after the eclipse.
The solid line represents the average between the two methods.
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Zodiacal dust moving along classical orbits in the direction of planetary rotation
is expected to exhibit positive radial velocities west of the Sun (270°) and negative
velocities to the east (90°), as shown in the eclipse observations from August 1, 2008,
in Figure 3. In contrast, Figure 2 presents the results from the March 29, 2006, eclipse,
where cometary dust dominates the near-Sun region, moving across the ecliptic plane.
The influence of zodiacal dust appears only as a slight negative deviation on the eastern
side (around 120°) and a more pronounced rise on the western side between 270° and
300°. Bsol
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Figure 3. Radial velocities of dust in the F-corona on August 1, 2008. 0° corresponds
to the north ecliptic pole; E =90°, S = 180°, W = 270°. The bold curve represents a fourth-order
polynomial fit to the data.

To date, due to the exceptional difficulty of such experiments, no new observational
data on dust dynamics in the near-Sun region have been obtained. The most recent
results worth mentioning come from the Parker Solar Probe space mission (Szalay
et al., 2024), which traversed the innermost regions of the ZC. Contrary to previous
expectations, the mission revealed that most of the dust mass is concentrated in very fine
particles with radii of approximately 0.6—1.4 um, rather than 10-100 pm as previously
assumed (Leinert, 1975).In our own eclipse experiments following the 1981 campaign,
we determined particle radii of approximately 0.4-0.5 pm and a power-law exponent
of the dust concentration variation with distance of o= 1.1 (Shcheglov et al., 1987).
Based on the 2008 eclipse data, we derived an average particle radius of 1.15 pm and
an exponent of o = 1.08 (Shestakova and Demchenko, 2016), which closely agrees with
the Parker Solar Probe findings (Szalay et al., 2024). Only in 2006, when the near-Sun
region was filled with cometary dust, did the power-law exponent o appear significantly
steeper at o = 2.2, while the particle radii remained in a similar range of about 0.9 um.

Discussion. Existing knowledge of the dust corona brightness is largely based on
observational syntheses and eclipse measurements. The study by Kimura and Mann
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(1998) presents a composite graph of the brightness of the solar corona and the zodiacal
light, compiled from observations by various authors (Figure 4), providing a unified
view of brightness variations across the near-Sun region. Complementary results were
obtained from observations of sky brightness conducted by specialists of the Fesenkov
Astrophysical Institute during total solar eclipses, as well as in the periods immediately
before and after the eclipses (Shestakova and Demchenko, 2010). These measurements
offer valuable constraints on the spatial distribution and brightness of the dust corona
and its contribution relative to other coronal components.

Table 1. Sky brightness during the total solar eclipse on March 29, 2006, and of the daytime sky before
and after the eclipse.

File/elongation 4.0R, 4.4R 10R 10R

Eclipse 4.92 x 10° B, 470x10°B, [2.85x10°B, [2.86x 10° B,
Day sky 1 (before) 4.58 x 107 B, 3.62x105B, [3.41x10°B, [2.61 x 107 B
Day sky 2 (after) 1.82 x 10° B 2.16 x 10° B, 1.47 x 10° B, 1.43 x 10° B
Day sky 1/eclipse 0.93 x10* 0.77 x 10* 1.20 x 10* 0.91 x 10
Day sky 2/eclipse 0.37 x10* 0.46 x 10* 0.52 x10* 0.50 x 10*

The observations of the March 29, 2006, eclipse were conducted under excellent
weather conditions. The brightness measurement errors at the edge of the field of view
(I0Ry) for the eclipse image reached up to 30%, while the errors for the remaining
measurements remained within 5-10%.

As seen from Table 1, at a distance of approximately 4R, the coronal brightness
exceeds the background sky brightness far from the Sun (at 10 R ) by a factor of about
1.7. Moreover, at the field edges (10 R ), the background sky in both the western and
eastern parts remains constant during the eclipse: B(eclipse) = 2.9 x 10 B . This value
closely matches the eclipse sky line in Figure 4, where B(eclipse) = 1 x 10 B. The last
two rows of Table 1 allow us to estimate the difference between daytime and eclipse sky
brightness. The brightness ratios B (day sky / eclipse) are within the range 0.37 x 10*
to 1.20 x 10* These estimates may be valuable for ground-based testing of instruments
intended for space-based observations. Also of interest are the data in Tables 2 and 3,
which present the results of sky brightness measurements during the total solar eclipse
of August 1, 2008 (Table 2), and comparative results from both eclipses on March 29,
2006, and August 1, 2008 (Table 3).
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Figure 4. The visible brightness of the solar corona in the equatorial plane of the Sun as a function of
elongation, expressed in units of the solar disk brightness.

Table 2. Sky brightness during the total solar eclipse on August 1, 2008, and of the daytime sky after the

eclipse.

File/elongation 49R, 41Ry 10Ry 10R,
Eclipse 1.32- 10% B 1.26 - 10% B 0.90-10%B, | 1.24- 10®* B
Day sky 6.54 - 105 B, 570-10°B, | 4.60- 10°B, | 5.21-10% B
Day sky /eclipse 0.50 - 10* 0.45-10* 0.51-10* 0.42 - 10*

Table 3. Ratio of sky brightness values for the solar eclipses: B, (2008) /B, (2006)
File/elongation 4.9 R/4.0R(E) 41R, 10R, 10R
Eclipse2008/eclipse2006 2.68 2.68 3.16 4.33
Sky(2008)/ Sky2 (2006) 3.59 2.64 3.13 3.64
(Day sky /eclipse)2008/ 1.34 0.99 0.99 0.84
(Day sky /eclipse)2006

The observation of the August 1, 2008, eclipse was carried out about an hour after
cloud cover had passed. The sky was noticeably brighter than during the 2006 eclipse. As
seen in Table 3, the sky brightness during the 2008 eclipse was approximately B(eclipse)
~ 10* B_, which is about five times higher than during the 2006 eclipse and an order of
magnitude greater than the eclipse sky brightness shown in Figure 4. Particular attention
should be given to the Day sky / Eclipse ratio in the last row of Table 3. Despite the
differences in weather conditions between the two eclipse events, the ratio B (Day sky /
eclipse)2008/ B (Day sky /eclipse)2006 ~ 1. This result is important, for example, when
planning and preparing future total solar eclipse observations. Auxiliary Tasks:

61




ISSN 2224-5227 4.2025

1) Observation of the Green Coronal Line Fe XIV at 25303 A.

In addition to the above-discussed observations of radial velocities during solar
eclipses using the Mg 1 absorption triplet (A5167-5184 A), it is worth noting an
emission line that appeared in the final frame taken 20 seconds before the end of totality.
In both 2006 and 2008, a bright emission line was observed in the form of three rings
corresponding to three interference orders. This bright line, seen in the scattered light
of the eclipse sky, is likely associated with the strongest emission line of thirteen-times-
ionized iron, Fe XIV, from the electron corona at A 5303 A. This emission was used as a
reference line for radial velocity measurements. Thus, the green coronal line, in addition
to being an indicator of coronal activity, can serve as a wavelength reference line.

2) Observation of the Sodium Doublet Na I, 25890 — 5896 A.

As for the Na I doublet at L5890—5896 A, FAI specialists have experience observing
its emission during the NASA experiment known as the DART mission (Shestakova et
al., 2023). At the moment of impact between the spacecraft and the asteroid Dimorphos,
spectral observations of the Didymos—Dimorphos asteroid pair were conducted using
the AZT-20 telescope at the Assy-Turgen Observatory. During and immediately after
the collision, emission lines of alkali metals—Na, K, and Li—were detected in the
spectra. Thus, observations of the sodium doublet can be used both for determining dust
radial velocities and for detecting atomic emissions resulting from the disruption of
small bodies.

3) Search for Oxygen Emission at 15577A in Earth's Atmosphere as Earthquake
Precursors.

Solving the problem of earthquake forecasting is of paramount importance and
requires no justification of its significance. Observing the Earth's nighttime hemisphere
from space in the oxygen O I emission line at a wavelength of A5577 A offers a way
to test the hypothesis that fluctuations in the nightglow of Earth's atmosphere at this
wavelength may serve as precursors to earthquakes.To carry out such observations, a
small-aperture telescope equipped with a spectrograph capable of recording the A5000—
6000 A range in a single frame can be used to scan the nighttime hemisphere of Earth.
A spectrograph slit length of 20—30 arcminutes would be sufficient to cover the entire
visible disk of the Earth. Capabilities of Space-Based Observations and Instrument
Selection. Based on the observational experience described above in the A5000—6000 A
spectral region, we propose a program of comprehensive spectral studies at the interface
between the electron and dust components of the corona (the K- and F-corona).

The background zodiacal light brightness in the ecliptic plane at a distance of 50 R
(12.5° elongation) from the Sun is about 10" B (see Figure 1), which is two orders
of magnitude fainter than the sky brightness during a solar eclipse. Ideally, spectral
observations in the 25000—6000 A range should be conducted starting from 4R and
extending as far as the instrument sensitivity allows. The regionup to 16 R, corresponds
to the sublimation zone for dust of various chemical compositions. Using slit-based
observations with a spectrograph, the entire radial range from 4 R, to 16 R, can be
covered with a field of view of approximately 30 arcminutes when the slit is oriented
radially with respect to the Sun. Since zodiacal dust extends to much greater distances,
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observations could also be extended along the ecliptic plane and toward the ecliptic
poles, up to S0R, (12.5°). According to Makarova et al. (1994 ), the brightness of
the Sun in the selected spectral region is about By = 2.8 x 107 J/(s'm*-pm-sr). The
zodiacal dust brightness at 50 R (from Figure 4) is estimated as: 10" B, =~ 2.8 x
10* J/(s'm?-pum-sr). The minimum ZL brightness may reach two orders of magnitude
lower: 10 B, = 2.8 x 10 J/(s'm*>-pm-sr) (per Figure 1). In a study by Kuznechik et
al. (2007), the radiance of major night-sky components was measured near the galactic
pole and zenith at wavelengths 0.53 and 0.69 pm in Minsk and surrounding areas.
Estimates were given for lunar scattered light, the Milky Way, zodiacal light, airglow,
and artificial light pollution. The zodiacal light brightness in the direction of the galactic
pole (in the absence of the Moon) was: B, =1.533 x 10 J/(s'm* pm-sr). The estimated
sky brightness under full Moon conditions at 0.5 um wavelength was: B_ = 5,25
x 10* W-m?2-sr'-um™, though the authors suggest this value is likely overestimated
and should be about one order of magnitude lower. Interestingly, our estimate of the
zodiacal light brightness at S0R ; is only about 2 times lower than the full Moon sky
brightness, indicating that testing the spectrograph’s sensitivity for such tasks can be
performed even during full Moon nights. Required Equipment: A small telescope with
an aperture of 30—40 cm, equipped with a spectrograph capable of recording spectra
in the A 5000—6000 A range in a single frame with a dispersion of 0.175 A/pixel. In
this spectral region, the Doppler velocity scale is approximately 60 km/s per A, which
allows for a radial velocity measurement accuracy of 4—6 km/s. The 30-arcminute-long
slit of the spectrograph should be oriented radially with respect to the Sun, covering the
range from 4 to 16 R is about 1/10,000 of the daytime sky brightness, whereas at an
elongation of 50R, , the difference between the zodiacal light and the daytime sky
brightness reaches a factor of 10°. The main challenge lies in pointing the telescope at
the near-Sun region from multiple positional angles around the Sun, ideally with a 30°
step. If close solar pointing is not feasible, observations may be limited to scanning
more distant regions using the spectrograph slit—either along the ecliptic plane or toward
its poles.

Conclusion. Scanning the inner region of the Solar System using a telescope equipped
with a long-slit spectrograph for measuring dust radial velocities, detecting emission
clouds, and identifying atomic emissions provides a unique opportunity to study the
dynamics of these phenomena and investigate their origins. Space-based astronomical
observations are typically oriented toward the anti-solar direction to study galactic and
extragalactic objects, leaving nearby regions of space significantly underexplored. For
instance, SOHO mission data indicate that approximately 200 comets fall into the Sun
each year. It is evident that as they approach the Sun, they release significant amounts
of dust and gas. The lack of observational data in the near-Sun region is largely due to
the challenges posed by the Sun’s intense brightness. Even with solar shielding, slight
pointing errors can damage highly sensitive instruments. Due to the exceptional
complexity of such experiments, no new observational data on dust dynamics in the near-
Sun region have been obtained to date. The most noteworthy recent results come from
the Parker Solar Probe mission (Szalay et al., 2024), which flew through the innermost
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regions of the zodiacal cloud. According to the cited study, most of the dust mass is
concentrated in extremely fine particles with radii of approximately 0.6—1.4 pm, rather
than in larger particles with radii around 30 pm, as previously believed (Leinert, 1975).
In addition, they estimated the power-law exponent describing how dust concentration
changes with distance to be a = 1.1 + 0.3, over the range 0.1 to 0.25 AU. Based on
observations from the 2008 solar eclipse conducted by FAI researchers, the average
particle radius was found to be 1.15 pm (Shestakova and Demchenko, 2016). The same
study also determined the power-law exponent for dust concentration with distance
to be o = 1.08, closely matching the Parker Solar Probe results.t is also worth noting
the results from the March 29, 2006 eclipse, which turned out to be unexpected. The
exponent was significantly steeper: a = 2.2, while the average particle radius remained
within a similar range of about 0.9 pm (Shestakova and Demchenko, 2016). The reason
for this discrepancy was that the near-Sun region had been filled with cometary dust
released by Kreutz group comets that passed near the Sun one day before the eclipse.
The accuracy of our experiments, even though they were carried out from the ground,
demonstrates the high efficiency of the method for measuring the radial velocities of
near-Sun dust. Given that many active processes take place in the inner Solar System -
including the destruction of small bodies, comets, and meteoroid streams - it is necessary
to intensify research efforts in this region. The processes occurring there may have a
significant influence, including on conditions affecting life on Earth.
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