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INTRODUCTION

It is known that the historical Carrington Event occurred from August 26 to September 7, 1859, when the strongest
geomagnetic disturbances, low-latitude aurorae, and ignitions in long telegraph lines of Eurasia, America and Australia
were observed [Stewart, 1861, p. 424]. Extreme geomagnetic storms were recorded twice: on August 28/29 and
September 1/2, 1859.

To date, researchers believe that the Carrington Event was caused by solar flares and two interplanetary coronal mass
ejections (ICMEs) that hit Earth. The flare on September 1, 1859, observed by R. Carrington [Carrington, 1859] and
marked by a crochet trace (a characteristic 'hook' on the magnetogram), was identified as a solar white-light flare, i.c.,
with radiation in the continuum spectrum [Hudson, 2021].

However, during the same time in 1859, astronomers expected observations of the Andromedids meteor shower and two
secondary comets, which appeared together after the breakup of comet 3D/Biela. As is now believed, they were not
observed due to poor weather. At the same time, published evidence allows us to assert that the Carrington event was
associated with Andromedids and/or with fragments of Comet Biela.

The 3D/Biela Comet, with a short period of revolution around the Sun ~ 6.7 years, belonged to the Jupiter family of
comets and was discovered independently by astronomers Jacques Montaigne and Charles Monsieur on March 8, 1772.
This Comet was then observed by Jean-Louis Pons on 10 November 1805 and rediscovered again on 27 February 1826
by Wilhelm von Biela. A meteor shower was also discovered in the orbit of this Comet. Astronomer E. Herrick
concluded that the 1838 radiant these meteors should be located near the Cassiopeia constellation or, more likely, the
vicinity of the cluster in the Perseus' sword [Newton, 1886]. Then, as a result of passages near Jupiter, the radiant of the
meteor stream of the 3D/Biela Comet could shift to the Gamma (Alamak) star in the Andromeda constellation, where it
remains until nowadays as the source of the Andromedids meteor stream.

Fig. 1. Two secondary comets, 'A' and 'B', immediately after the disintegration of the parent
Comet 3D/Biela in February 1846 [Weil3, 1888; Flammarion, 1894, p. 499, Fig. 213, Harvard
College Library. http://books.google.com/] (the spiral structure may indicate the Birkenland
electric currents of the comet). The 'B' comet was located northwest of the large 'A' comet (north

is up, west is to the left).




On December 19, 1845, the nucleus of 3D/Biela was observed to be splitting, and by December 31, 1845, it was
complete. Astronomer M. Mori, in mid-January 1846, reported two disintegrated parts. Each of them was a separate
comet, with the nucleus, coma and tail (Fig. 1). Each of them was a separate comet, with the nucleus, coma and tail
(Fig. 1). However, the 3D/Biela Comet was probably divided into a larger number of fragments', since the connecting
arch was clearly traced between the two main parts. At one point, up to five fragments were observed [Jenniskens,
2007]. By the end of March, the distance between the two main components was ~ 2.6 million km. Since the 3D/Biela
Comet was always at a significant perihelion distance from the Sun (~ 0.86 of the radius of the Earth’s orbit [Fesenkov,
1978, p. 198)), the assumption about its disintegration due to internal energy is justified (see later).

In 1852, astronomer A. Secchi from Rome observed the secondary greatest 'A'-comet from August 26 until September
23, and the secondary smaller 'B'-comet from September 15 until September 29 [Secchi, 1872]. The distance between
them was already ~ 2.8 million km [Flammarion, 1894, p. 499].

Since the Mazapil iron meteorite fell and was immediately found in Mexico on the day of the Andromedids stream
maximum in 1885 [Hidden, 1887], the Comet Biela could have magnetic metallic fragments. Therefore, the movement
of magnetized particles of meteors along the force lines of the geomagnetic field could cause effects indistinguishable
from those created by particles of the solar wind. They included penetration into the magnetosphere/atmosphere from
both the North and South magnetic poles, as well as the induction of aurorae and telluric currents.

Already, astronomer E. Weif3 pointed out that a close move near Jupiter led to a gradual decrease in the longitude of the
ascending node of the 3D/Biela orbit [Weil3, 1888]. Moreover, now the radiant of Andromedids is 20° south relative to
the radiant in the 19th century [Kronk, 1999]. The main source of meteors is numerous filaments formed due to
significant changes in the comet's orbit. If, on November 27, in both 1872 and 1885, there were several thousand
meteors per hour, then now, in the region of November 14, the Andromedids are only a weak stream with a maximum
activity of fewer than 3 meteors per hour. Nowadays, the Andromedids meteor stream is observed from September to
December [Kronk, 1999].

A correct interpretation of the Carrington Event is important in light of the debate about the threats to terrestrial
civilization. However, the hypothesis of an exclusively solar origin of the 1859 Carrington Event faces serious
difficulties (this will be discussed).

PART 1.

FRAGMENTS OF COMET BIELA VERSUS ICMEs

1.1. THE 1859 CARRINGTON EVENT

A comparison of data from the great meteor showers of 1798, 1838, and 1872, when the Earth was near the Biela's orbit
or crossing it, showed that the Andromedids were distributed, 'preceding the comet to a distance of 300 millions of
miles and following it to a distance of 200 millions of miles' [Newton, 1875, p. 224, Fig. 104]. Although Comet Biela
was expected at the end of May 1859, it is not surprising that the secondary 'A/B' comets, together with the
Andromedids meteor shower, appeared at the end of August.

Based on scientific data, the first magnetic disturbances attributed to the historical Carrington Event were
simultaneously recorded at the Observatories in France (Paris), and in Guatemala on 26 August 1859, when the
geomagnetic declination (i.e., deviation from true north) changed between 9:30 a.m. and noon [Comptes Rendus, 1860,
p. 473; Smart, 2006]. Then, sudden disturbances of abnormally strong amplitude during magnetic storms were observed
twice: on the evening of 28 August and on the morning of 2 September 1859. The violations themselves showed an
oscillating character, which was reflected in a change in polarity of telegraph currents. The perturbations throughout the
planet continued until September 7 inclusive, when the magnetic field calmed down [Stewart, 1861, p. 424].

The publication of the scientific journal 'The Weekly Herald' for September 1859 stated that in the USA, all telegraph
lines were affected to the north so that during the presence of a 'meteor’, communication had to be interrupted [AUC, p.
335]. This mention of 'meteor' is not the only one. There were more examples, and in addition, related to Gamma
Andromeda.

1 Throughout the text presented, I include in the term 'fragments' of Comet Biela both the large secondary comets 'A' and 'B',
which appeared as a result of its disintegration in the 1840s, and the Andromedids meteor shower.
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Astronomer B. Stewart reported that in many places, the lights had a magnificent appearance, while in others where this
'meteor' was also seen, the phenomenon of lights was rare. In other words, aurorae were not observed everywhere, but
many observers reported a 'meteor’.

Descriptions of this 'meteor' given by observers far from each other were collected by Professor E. Loomis and
published [Stewart, 1861b, p. 423]. E. Loomis himself received a letter from the Secretary of the Smithsonian
Institution, D. Henry, stating that there is a large collection of materials regarding this interesting 'meteor’ [Loomis,
1860b, p. 339; Shea, 2006]. According to this collection, there was a report by Professor C. Hansteen from Christiania
(nowadays Oslo), Norway, that on August 29 at 12:18, a beam shot in the east into Gamma Andromeda [Loomis, 1860b;
Shea, 2006, p. 338]. In 1885, according to H. Newton [Newton, 1886, p. 419], the Andromedids radiant was also
located to the east of most observers. Interestingly, in the 17th century, the artist Hevelius left an image reproducing a
luminous beam that shot from the nucleus of Halley's comet into the tail [Chambers, 1909, p. 104].

The significant also was the evidence by E. Lowe, which reflects the sequential development of observations on the
evening of August 28 and the morning of August 29, 1859, in St. Nottingham, England, ending with the phrase: 'A¢ 3:15
a.m. an auroral dome formed near Gamma Andromeda' [Loomis, 1860b; Shea, 2006, p. 339].

It is now generally accepted that the disturbances during the Carrington Event were spreading from the north. It is
therefore symptomatic that in northern countries, namely Norway and England, reports the direction of both the auroral
beam and the dome towards Gamma Andromeda.

On August 28 at 9:30 p.m., according to Captain B. Stanard at Cleveland, Ohio, USA, there remained only a steady,
very bright white light in the north, forming a huge curve passing through Cepheus and Perseus [Shea, 2006, p. 349].
Between these constellations, closer to Perseus, as is known, is also Gamma Andromeda.

Professor A. Twining at West Point, New York, USA, pointed out that on August 28, the streamers moved high in the
north through the Cassiopeia constellation. Let me remind you that the astronomer E. Herrick concluded that the radiant
of the meteors of Comet Biela in 1838 should have been located near the Cassiopeia constellation [Newton, 1886],
which is the neighbour of Gamma Andromeda in the sky.

Quite remarkable is the report in 'The New York Times' [Green, 2006] that the multi-colored bands of the aurora crossed
each other in massive pillars between the constellations of Aries, Taurus, and the Head of Medusa (in the Perseus
constellation) — approximately 15° to the south of the zenith. Above the triangle of these constellations is the star
Gamma Andromeda. From Athens, it was also reported that the aurora was limited to the east by the Alpha Perseus star
[Loomis, 1860a, p. 83]. The astronomer W. Denning, who had been studying meteors for many years, claimed that the
1885 Andromedids shower also was wide, up to 7°, and he saw several meteors from a point south of Gamma
Andromeda [Denning, 1885, p. 69].

It was also stated [AUC, p. 331] that the luminous arch was under a dark segment in the Eridan constellation and first
stayed above the main aurora stretching beyond the zenith (that is, the length of the auroral radiance was > 90°). The
arch subsequently 'disappeared' to the north in Eridan. This does not exclude the 'Eridan — Gamma Andromeda’
direction.

The famous poet Walt Whitman recalled in his poem 'The Year of Meteors' that a comet flew in from the north, flashed
in the sky, and a string of meteors flew high overhead... 'It was the year of comets and meteors!" [Whitman, 1859—
18607]°.

Indeed, from a report, for example, by professor K. Lyman of Yale College, New Haven, Connecticut, follows that on
September 2, around dawn, the attention of professor F. Shepard was attracted by rapid flashes and pulsations overhead,
which, as it seemed to him, indicated a very low altitude of the phenomenon [Shea, 2006, p. 320]. Earlier, on the
evening of August 28, at 21:53 (New Haven mean time), a rapidly moving shooting star, i.e., meteor was spotted.
[Loomis, 1860b; Shea, 2006, p. 320, Table 1.3].

According to a report published in the 'Port Gibson Revale', observer Senex, Sr., of Jefferson County, Mississippi, noted
a meteor moving on September 1 at 11 p.m., and then on September 2 at 1 a.m. counted seven meteors [Loomis,
1860b; Shea, 2006, p. 325].

The crew of the ship 'Southern Cross' from Alta (Upper) California on the night of September 2 in the Southern
Hemisphere (50° S, 80° W) between squalls, in clear places in the sky, observed lights flashing with a meteoric
brilliance [Loomis, 1860b; Shea, 2006, p. 344].

Sailors during the aurora over Civitavecchia Bay, 80 kilometers northwest of Rome, associated the fiery pillar they saw

2 Although the Comet C/1860 M1 and meteor shower were observed in New York in July 1860, Whitman's poem dates back to
1859-1860. Therefore, the poem could describe the 1859 Carrington Event.
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directly with a comet [Secchi, 1859b; Blake, 2020, Appendix B.1.].

Finally, the 'Melbourne Argus' reported that on 28 August over Mount Gambier town, South Australia, a bright meteor,
approaching the horizon, exploded like a rocket, and a vivid aurora arose straightaway. This meteor's explosion and the
subsequent aurora were also visible in Adelaide, 390 km from Mount Gambier town [Green, 2006]. Consequently, the
aurorae of the 1859 Carrington Event, including low-latitude ones, can be a result of meteor explosions.

It is believed that at the end of August and at the beginning of September 1859, the weather conditions for observations
were poor. For example, on August 28 and September 2, over all four magnetic stations in Russia (in St. Petersburg,
Ekaterinburg, Barnaul, and Nerchinsk) were overcast and cloudy [Loomis, 1861a, p. 77]. In addition, according to
computer modeling, the Andromedids meteor shower in 1859 should have been weak; otherwise, it is difficult to
explain the lack of registrations [Jenniskens, 2007]. Despite this, astronomer A. Secchi reported that in Rome, beautiful
rockets and auroral pillars of intense white and pale yellow light in the direction of the north could be seen even through
the clouds [Secchi, 1859]. In Cleveland, Ohio, it was noticed that fire arrows flew from the north, like a terrible
bombing [Cardenas, 2016], etc.

Regarding the rockets often mentioned by eyewitnesses, it is known that 'the substance of the meteor passes from the
head to the tail, reaching several kilometers in length. Parts of the tail seem to flutter, the streams that make it up are
intertwined, lengthening, shortening and replacing each other, sometimes resembling the tails of rockets' [ Astapovich,
1958, p. 338]. This intertwining effect can also be attributed to the mechanism of compression of comet 'threads' due to
the 'pinch effect' of discrete eddy current beams, leading to thin filaments [Thornhill, 2006; Peratt, 2015], which will be
discussed follow.

1.2. GEOMAGNETIC DISTURBANCES

1.2.1. CONTRADICTIONS IN THE STANDARD PARADIGM

The start of the 1859 Carrington Event was associated, as already mentioned, with the magnetic disturbances in
Guatemala on August 26. At the same time, strong earthquakes occurred in neighbouring El Salvador [Canudas, 1860;
Ribeiro, 2011]. Although the issue is controversial, the occurrence of an intense geomagnetic storm of solar origin and a
nearby large earthquake at the same time is not recognized within the framework of nowadays scientific paradigm
[Love, 2013]. As for the connection between such earthquakes and meteor streams, there are no issues. It is known that
the brightest meteors with a (—15) stellar magnitude and a luminous intensity of I>10"" candela (cd) are recorded by
seismographs [Astapovich, 1958, p. 296, Fig. 142]. So, the registered meteor stream on January 20, 1977, consisting of
massive, slowly moving dense stones, caused serious seismic activity both on the Moon and on Earth [Oberst, 1987, p.
737]. Additionally, if in 1977 there were only stone fragments, then in the case of the 3D/Biela Comet components,
shock waves could be generated by the passage of large iron-stone fragments near the magnetosphere or meteors in the
atmosphere, thus initiating telluric induced currents and the earthquakes in El Salvador in August 1859.

It is assumed that after the magnetic disturbances of August 26, 1859, the first of two strong magnetic storms of the
Carrington Event began on August 28 at 23 UT, since the aurora in Havana arose around this time. In the Southern
Hemisphere, on the evening of August 28, all three elements of the magnetometer of the Melbourne Observatory
recorded large disturbances, which recovered on August 29 [Hamble, 2006; Hayakawa, 2018]. At the Colaba
Observatory in Bombay (India), the gradual change in the horizontal component of the geomagnetic field continued
until almost midnight on August 31. This indicates an uneven impact of the factor that caused the geomagnetic
disturbances on different regions of the Earth.

One of the main arguments for the solar nature of the 1859 Carrington Event is stated a solar white-light flare in the
region of two large sunspots, observed by astronomer R. Carrington at the Greenwich Observatory on September 1,
1859, at about 11:18 UT [Carrington, 1859]. According to R. Carrington, the white-light solar flare completely
disappeared at 11:23 UT. At the Paris Observatory, a geomagnetic disturbance was recorded on September 1 at 11:30
UT [Comptes Rendus, 1860, p. 473; Smart, 2006, p. 340]. Independent of R. Carrington, astronomer R. Hodgson at
Kew Observatory registered a geomagnetic disturbance of all three elements at 11:15 UT. Around the same time, at
11:22 UT, a sharp, small hook-shaped excursion in the geomagnetic trace (crochet), attributed to a solar flare, appeared
on the horizontal H-component of the magnetogram at Kew.

A crochet-flare of ultraviolet or X-rays, explosive type on the Sun, quickly, through ~ 8 minutes, affects the Earth by the
Moégel-Dollinger effect or SID — an increase in conductivity in the ionosphere dynamo region, manifested only on the
illuminated side of the Earth. However, during the 1859 Carrington Event, no one monitored X-rays and/or UV-rays
[Curto, 2016]. In the Rome Observatory, e.g., the time about 11:22 UT was considered not working, i.e., the records
were not made [Blake, 2020, Fig. 3].



It should be emphasized that a careful study of the records when deciphering magnetograms in the Observatories in
London revealed many problems [Beggan, 2024]. This concerns calibration gaps, complexities scaling millimeters into
nanoTesla, uncertainties depending on the thickness of the trace, in the image's resolution, distortions of records and so
on. The claims that registrations coincided on magnetograms at Greenwich and in Kew, 20 km away, are also unreliable
due to the lack of evidence of time synchronisation between these Observatories [Beggan, 2024].

Measurements of the magnetic characteristics in Rome on 2 September began a few hours after the sudden onset was
recorded at Kew. A deviation of HA~3000 nT occurred in Rome when the Kew magnetogram was off-scale, and the
amplitude of the data in Colaba was rapidly decreasing [Blake, 2020]. However, in Rome, the variations of the
declinometer, the vertical magnetometer, and the bifilar’, measuring three characteristics D, Z, and H, respectively, were
not simultaneous, were not simultaneous, since the maximum changes in each of them occurred at different times
[Secchi, 1859a]. At the same time, the great vibrations were cotemporaneous with the currents observed on the
telegraph lines.

Therefore, the claim that the trace on the London magnetograms on September 1, 1859, at 11:22 UT was directly related
to a solar flare, and not, say, to a magnetospheric disturbance by a shock wave from a large fragment of 3D/Biela Comet
or a meteor explosion, remains a strong hypothesis, but not a fact. The impact of a meteor explosion on the ionosphere
also leaves a hooked crochet-type trace on magnetograms [Astapovich, 1958, p. 274]. However, since solar white-light
flares are not always but often accompanied by plasma of interplanetary coronal mass ejections (ICMEs), a strong
geomagnetic storm after the registered of the crochet on September 1, 1859, on the next day September 2, 1859, that is,
after 17.6 hours, was associated by researchers with solar ICME [Cliver, 1990]. There is no evidence for this: an ICME
in this case was postulated.

Since the strongest geomagnetic storms are generated by rapid coronal ejections, the distribution of their velocities is
important. At the same time, translating what R. Carrington qualitatively described in 1859 into a stable peak stream
rate* is probably an unsolvable task [Riley, 2012]. Hence, the significant problems in the ICME initial velocity estimates
for the Carrington Event.

For example, having received an initial ICME speed of approximately 5000 km/s, but taking into account the maximum
speed known in the SOHO/LASCO database, which is around 3500 km/s, the researchers [Riley, 2012] were forced to
come up with a kind of 'knee' for stitching these results in the name of their plausibility.

It has been found that almost half of strong geomagnetic storms with a minimum of index Dst<(-300 nT) occurred in
association with sunspot groups <1000 psh [Cliver, 2022]. The estimate of the total radiated energy of the solar flare
during the 1859 Carrington Event, ~ 4x10% J, based on the sketch and description, does not exceed the energy of later
flares [Hudson, 2021]. The relatively recent flare in August 1972 was as or more high-energy than during the 1859
Carrington Event, and the rate of interplanetary release was higher [Tsurutani, 2003]. Therefore, neither the area of the
spots nor their activity is the decisive argument: such spots will always be found on the solar disk. Overall, there is a
small but significant anti-correlation between the region of the sunspot group from which the ICME originated and
auroral and geomagnetic responses [Lockwood, 2024]. In addition, in large sunspot clusters, eruptive flares are
suppressed [Cliver, 2022].

Geoefficiency involves the many effects that flares and/or ICMEs can have on Earth. The strength of a magnetic storm
depends on both the heliographic coordinates of the solar event and the orientation of the magnetic field in the ejection
(ICME) concerning the geomagnetic field. This is not only a geomagnetic storm but also other complex processes,
including a radiation storm of the solar energetic particles (SEPs). It is still believed that all these conditions during the
1859 Carrington Event 'coincided by chance' [Hudson, 2021]. For a scientific concept, such a conclusion is flimsy.

It is claimed that SEPs have a strong tendency to associate with solar white-light flares [Cliver, 2013]. This relationship
suggests X-ray emission of electrons, or emission of gamma-lines of protons (solar proton events, SPE, probably
represent a subset of SEPs). The SPE intensity is determined by levels of nitrate radicals and radioactive “C, **Cl, and
Be elements formed in the Earth’s atmosphere and deposited in 'tree rings, corals and ice cores' [Cliver, 2013].

Naturally, the Carrington geomagnetic storm was to produce known atmospheric effects during solar flares (SFEs),
relating to the largest ever recorded in the mid-latitudes [Bartels, 1937; Newton, 1943; Cliver, 2004]. Therefore, strange
that an Event of this magnitude did not leave a noticeable imprint of nitrates in the polar ice as well as a trace of
cosmogenic nuclides beryllium '“Be [Cliver, 2012; Wolff, 2012; Usoskin, 2012], chlorine **Cl [Miyake, 2023], or
carbon "“C [Usoskin, 2012; Uusitalo, 2024].

In this regard, it is speculative to assert [Cliver, 2013] that although there is no direct evidence of SEPs events due to the

3 Ina bifilar magnetometer, the needle is suspended by two threads so that its movement is constrained. This magnetometer can be
used for measuring (absolute) horizontal intensity and field variations [Smart, 2006, p. 345].
4 In X-rays (see follow).



low concentration in ice cores of nitrate radicals or cosmogenic isotopes (e.g., '°Be), which could associated with the
effects of ICME on the Earth’s atmosphere in August—September 1859, such impact 'almost certainly occurred'. Sorry,
if there is no evidence of a connection, then why did the impact of the ICME surely occur? Meanwhile, the relationship
between the records of the nitrogen radicals and cosmogenic isotopes with the entire set of SFE/SEP/SPE for 1859 is
rejected in principle [Wolff, 2012; Usoskin, 2012].

A single ICME is unlikely to cause successive magnetic storms with an interval of 3—4 days. Therefore, it has been
suggested that the storm on 2 September may have been one of many storms associated with several ICMEs emanating
from a common active sunspot cluster [Cliver, 2013; Hayakawa, 2018b]. It was stated [Smart, 2006] that the absence of
a statistically significant increase in the observed concentration of cosmogenic nuclides for 1859 indicates that solar
radiation, possibly of multiple proton ejections, had a soft spectrum with a predominance of shock waves.

Let’s consider the option of multiple ejections. If several ICMEs are 'launched' from a common active region on the
Sun, the first ICME may be slowed down in interplanetary space due to 'path drag'. Since the first ICME clears this path
('snowplough effect'), the last ICME, leaving the Sun a few days later, may advance almost without slowing down and
lead to an extreme geomagnetic storm [Hayakawa, 2019]. However, the presence of only a small group of sunspots on
the eastern side of the Sun's disk on August 25, 1859, was not sufficient to cause the magnetic storm on August 28/29,
as it was not geoeffective [Hayakawa, 2019]. At the same time, a single ICME can be responsible for a two-stage storm
if the southern IMF component is embedded in both the sheath and the magnetic cloud in the ICME [Tsurutani, 2003;
Hayakawa, 2018b]. Therefore, some attempts have been made to compare the Carrington Event with the complex
geomagnetic storm of 1989, which lasted ~24 hours. However, the Dst-profile for the 1859 storm showed that the
Carrington Event was 'due to simple plasma injection, and there is no evidence of a complex storm' [ Tsurutani, 2003].

The geomagnetic storm on August 28/29 was only a little weaker (—Dst=673 nT)’ [Love, 2025] than the historical
geomagnetic storm on September 2 (—Dst=866 nT) [Love, 2024]. In addition, the aurorae were being reported more
often on 28/29 August than on September 2 [Hayakawa, 2019]. The surface of the Sun before the Carrington Event was
observed by renowned astronomers — Secchi, Carrington, Schwab, and others. Neither sources of geomagnetic storms
on the Sun nor traces of crochet on magnetograms were detected before the white light flare on 1 September 1859
[Neidig, 1983; Hayakawa, 2018b]. This casts doubt on yet another postulation related to solar activity: the 'cleansing' of
interplanetary space by the supposed ICME of August 27/28, 1859, which is attributed to the prelude leading to the
rapid 'delivery' of the next ICME and the geomagnetic storm of September 2, 1859.

At Colaba on September 2, 1859, the geomagnetic H-component indicated an absolute rate of change of >2.436 nT/hr
[Love, 2024a]. The maximum average-hourly density profile was almost 14 times higher than similar values observed
since then [Cliver, 2013]. However, taking hourly [Siscoe, 2006] instead of spot average values on the Colaba
magnetogram yields a significant scatter for Ds¢, with the maximum H-deviation equal to (-850 nT) instead of (—-1600
nT). Therefore, the maximum (—Ds?) of the Carrington Event storm is uncertain. Moreover, it was derived from
observations made at a single observatory®, which makes the given estimates questionable [Akasofu, 2005; Love, 2006;
Hayakawa, 2022]. In addition, it was claimed [Siscoe, 2006] that this magnetogram shows two main H-depressions on
September 2: the first one from 09:00 to 11:00 hours, allegedly caused by the sheath of the geoeffective ICME, and then
the main phase from 17:00 to 19:00 hours, attributed by the authors to the space between the shock wave and the body
of the ICME. According to this interpretation, if the unusually large H=(—1600 nT) was caused by ionospheric currents,
it is not so exceptional, but if by magnetospheric currents, it is unprecedented.

Magnetic storms on Earth correlate with both solar ejections — magnetic clouds, and with ring currents, CIR (corotating
interaction region), flowing in the magnetosphere toroidally around the Earth with the centre in the equatorial plane at
altitudes of ~ 10-60 thousand km. Changes in the CIR weaken the geomagnetic field and lead to geomagnetic storms.
The ring current moves clockwise (if viewed from the North Pole), and is carried by electrons and ions drifting in
opposite directions with an energy of ~ 1-200 keV.

For a long time, the most probable hypothesis was considered to be the ICME magnetic cloud with a southern
component Bz~(—90 nT) of the field inside the interplanetary magnetic cloud, providing a peak (—1760 nT) during a
geomagnetic storm on 2 September [Lakhina, 2012; Turuani, 2003; 2023]. Due to the Bz~(—90 nT), a maximum
interplanetary electric field of ~160 mV/m resulted. From this, taking into account the aurorae at low latitudes and,
accordingly, the plasma pause at the L=1.3 level, a magnetospheric convection electric field of ~20 mV/m was obtained
[Tsurutani, 2003; 2018]. In this scenario, the extremely fast recovery of the magnetic storm is postulated as a
consequence of nonlinear losses of the ring current.

5  The maximum negative value of the Dst index is a generally accepted measure of magnetic storm intensity. The data given are
after removing the Sq variation from measurements on quiet days.

6  The value of the geomagnetic Dst-index, which is an indirect indicator of the energy in the ring current during a storm, is
calculated as the hourly average of four mid-latitude magnetic observatories.
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However, 'if the depression was caused by the ring current, then the interplanetary electric field would require > 200—
451 mV/m, which is considered implausible’ [Love, 2024a]. Moreover: 'The magnitude of the simultaneous disturbance
was much greater at auroral latitudes, therefore, the change arose at high latitudes and is not a ring current field'
[Akasofu, 1960, Fig. 3].
The depression in Colaba Observatory was also registered on the dayside and lasted for ~2 h after the storm onset, and
the westerly auroral electrojet (AEJ) simultaneously intensified [Ohtani, 2022]. This led to attempts to explain the value
(—1600 nT) by the magnetic field of the ICME sheath, which points to the distant dayside R1 wedge current system in
response to the strong southward component of magnetic field inside the ICME sheath, rather than the ring current
[Siscoe, 2006; Ohtani, 2022]. However, this approach is not consistent with the magnetohydrodynamic theory [Kennel,
1985; Tsurutani, 2023]. This theory predicts a compression of the sheath magnetic field by a factor of 4 by the fast
shock, yielding a sheath field strength of ~20 nT (maximum ~40 nT), clearly insufficient for the September 2, 1859
storm. The supposed subsequent 10-fold field enhancement [Siscoe, 2006; Ohtani, 2022] is not confirmed in the near-
Earth ICME sheaths ('no significant enhancement was noted at all' [Thuruani, 2023]). The short time between the
sudden impulse (SI+) and the onset of the main storm phase implies a shortened ICME sheath [Thuruani, 2003].
Thus, 'the magnetic fields of the ICME sheath are excluded as a source of the interplanetary electric field for the
Carrington magnetic storm' [ Tsurutani, 2003; 2023].
Therefore, additional potential causes have been proposed: amplification of the ring current by the auroral electrojet
and/or field-aligned currents, etc. These potentialities have also met with serious criticism [Othani, 2022]:

¢ the H-depression sequence was noticeably different from the auroral electrojet (AEJ) sequence in the same

sector, which excludes the possibility of the depression being initiated by a local ionospheric current due to the
electric field penetrating from the auroral zone to lower latitudes;

* the H-depression lasted only a few hours, followed by an unexplained, 'more prolonged geomagnetic and
auroral activity on September 2-3, 1859";
* at the peak of the H-depression, Colaba was on the dayside at LT=11 (UT+4.9); however, the AEJ is usually

located poleward in the midday sector and is not intense compared to other sectors; 'the observed dependence |
MLat| suggests that the ring current was not the primary source of the observed depression'.

As a result, the idea that the observed H-depression at Colaba was caused by the ring current/AEJ and hence the
magnetic cloud's field of the ICME is excluded [Othani, 2022].

A consensus has not yet been reached, and nothing more substantial has been proposed: it has even been argued that
'there may be something wrong with the Colaba data' [Love, 2024b].

In addition, on September 2, the horizontal H-component of the magnetic field recorded at Colaba showed too fast a
recovery. This effect surprised the researchers since it did not reflect the intensity of the ring current. Therefore,
researchers were forced to either assume an unusual loss process due to its unique nature [Hayakawa, 2018b] or simply
discard the most extreme value [Siscoe, 2006].

For some explanations of the rapid recovery phase of the Colaba magnetic storm, the key factor is the solar wind
density, which is usually dominant in the ICME sheath. However, the anomalous increase in density (‘plasma stopper"')
[Li, 2006] implies a suppression of the H-component even before the sheath arrives at Earth [Tsurutani, 2023]. Another
research [Keika, 2015] also suggests a sharp decrease in the solar wind density at the boundary between the ICME shell
and the subsequent magnetic cloud [Ohtani, 2022]. Contradictions are evident’.

At the same time, it may be recalled that in the 1885 Andromedids shower, there was an impetuous decrease in the
number of meteors by the end of their registration [Newton, 1886, p. 410]. In a similar case, the magnetosphere can
quickly return to its original state.

On the other hand, the ring current, although excluded as the initiator of the Colaba geomagnetic storm, could have
participated in its abrupt recovery. The continuous influx of ions with higher energy requires, correspondingly, a longer
time for the decay of the ring current. The source of such ions could be, for example, substorm injections. However, in
the deep inner magnetosphere (L<1.5), they are not observed [Hayakawa, 2018b; 2022].

Notwithstanding, known that cometary ions are heavier than solar wind ions and, therefore, the cometary plasma has an
energy density two orders of magnitude greater than the typical solar wind energy density [Espley, 2015; Stephenson,
2021]. Hence, with the Colaba data, it may be all right. In addition, a large cometary meteor shower was capable of
covering the entire Earth, including, in particular, the Bombay Observatory on September 2, 1859, first from the night
side and then from the day side.

7  Furthermore, an analogy is drawn with the super speed of the solar wind in 2012. However, this analogy is not relevant, as
nothing comparable to the characteristics of the Carrington event was observed in 2012.
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1.2.2. COMETS SUPPRESS PLANETARY MAGNETOSPHERES

As already indicated, according to recent estimates [Tsurutani, 2003; 2023], the required external magnetic field,
responsible for the geomagnetic storm on 2 September 1859, could have been ~90 nT. It is worthwhile to compare the
supposed participation of the stream of fragments of the 3D/Biela Comet in the 1859 Carrington Event with the known
data for other comets. For example, it is known that Comet 1P/Halley had an ion magnetic field of ~ 80 nT [Riedler,
1986], which almost reached the required value. More recently, on July 3, 2015, an unprecedented increase in the
magnetic field to ~ 300 nT was measured by the Rosetta spacecraft at Comet 67P/Churyumov—Gerasimenko (hereafter
- 67P) [Goetz, 2019]: 'the accumulation of magnetic energy was 6 times greater than that usually accumulated inside
the coma of the 67P". The magnetic field, taking into account the possible iron core of the 3D/Biela Comet, probably
could have been even greater. Still, the registered magnetic fields are quite sufficient to explain the H-changes on
September 2, 1859, at Colaba as well as at the geomagnetic latitude of Rome.

The behavior of the magnetic field on September 1/2, 1859, was similar to that on August 28/29, 1859 [Stewart, 1861,
p. 425]. Both times, three periods of oscillation on the magnetograms in London were noted [Stewart, 1861, p. 425]: (1)
from half a minute to ~4—5 minutes; (2) ~ 40-50 minutes; (3) ~ 6 hours.

1. The initial sudden disturbances lasted for ~ 3 min and then changed more smoothly for another ~ 7 minutes.
After this, i.e., after 10 minutes, their direction changed to the opposite. Such low-frequency oscillations are
usually attributed to Pc5 continuous pulsations with a period from several to 10 minutes in connection with
geomagnetic storms [Jacobs, 1964]. Notwithstanding, typical periods of dominant waves of the 1P/Halley
Comet in 1986 were ~ 2—6 min, and the 3-minute period of pulsations was caused by thermal ions due to their
charge change and photo-ionization. These oscillations were initiated by oxygen-hydrogen radicals, which
spiraled around the magnetic field lines and went far from the nucleus [Mukai, 1986].

2. The 40-50 minute period during the Carrington Event is confirmed by the description of the aurora on the
night of 28/29 August 1859, when the inspector of the telegraph service of the Northern Railway at Noyelles-
sur-Mer noticed a fairly bright white light in the sky, which then increased in intensity towards the horizon.
This whitish light, which marked the beginning of the aurora, lasted for about three-quarters of an hour, i.e.
about 45 minutes [AUC, 1864, p. 352].

The delay in the increase of ionospheric currents, of ~ 45 min, could be, for example, associated with the IMF
reversal to the south during the transfer of magnetic field lines from the dayside to the tail of the Earth’s
magnetosphere. Such a ~ 45-minute effect was observed during experiments with the 'Clusters' satellites in
2001.

3. 'However, the main feature of the disturbances during the geomagnetic storms of August 28/29 and September
1/2, 1859, was the period of 6 hrs, which is most clearly seen in the curves of the horizontal and vertical
components. The first 3 hrs, these two elements at Kew diminished, and for the next 3 hrs, increased, until
after about 6 hrs again reached their normal values' [Stewart, 1861, p. 429].

This behavior is in exact agreement with the passage of the Andromedids stream recorded on 27 November
1885 'when the first 3 hrs saw an increase in meteor s number and after the peak, their number decreased in
the next 3 hrs, so that within 6 hrs passed the main part of the stream' [Newton, 1886, p. 425].

Thus, the dependence of the geomagnetic components on the Andromedids, if this meteor stream was present
during the Carrington Event of 1859, should have had a similar inversion character twice, on August 28/29 and
September 1/2, 1859, which is consistent with both two, 'A" and 'B', secondary comets of the 3D/Biela and with
disrupted Andromedids shower. In other words, during the first 3 hours, the increase in the Andromedids
shower should have decreased the vertical and horizontal structures of the geomagnetic field, and during the
next 3 hours, when the shower of the comet fragments decreased, both geomagnetic components again
increased, i.e., returned to normal values.

Mechanisms of influence can be assumed in wide ranges: e.g., a compression of the magnetosphere by shock
waves/jets of 'A/B' comets, etc. However, if such a 3-hour schedule was typical for the Andromedids (see, e.g.,
on November 27, 1885), then for the ICMEs, in different flares from unequal solar spots, twice, on August

8 At the hypothesis level, the authors suggested that a corotating interaction region (CIR) was a trigger for this effect, which led to
the compression of the cometary plasma. However, more likely, in my opinion, is the accumulation of energy due to the
ambipolar field inside the comet [Stephenson, 2021].



28/29 and September 1/2, 1859, it could have occurred, again, only randomly.

Meteor showers arise due to comets, or rather due to their fragmentation, which, among other things, manifests
itself in jets. In 1986, three long-lived jets were observed around the 1P/Halley's Comet. Interestingly, the 6-
hour period on magnetograms 1859 allows us to compare it with the observation in 1986 during the "TUNDE-
M' experiment of quasi-periodic 4-hour electron jets associated with the nucleus of 1P/Halley’s Comet
[Somogyi, 1986]. It is clear that the periods of jets for the nuclei of different comets, the 3D/Biela and
1P/Halley, do not have to coincide. However, the very fact of such periodicity in different conditions is very
eloquent. Therefore, in 1859, the records on magnetograms were associated with disturbances of the Earth’s
magnetosphere/atmosphere by the Andromedids or two secondary comets 'A/B', each of which had several jets.

P. Jenniskens supposed that the comet 'A' (the large fragment of the 3D/Biela Comet) was the initiator of the
Andromedids shower in 1885 [Jenniskens, 2007]. It is possible that the comet 'A' did not 'sleep' in 1859 and
'participated’, independently or together with the comet 'B', in the geomagnetic storms during the 1859
Carrington Event.

In Rome, St. Petersburg, and Nerchinsk, bipolar oscillations of declination were especially strong. Within the standard
paradigm of the solar origin of the Carrington Event, bipolar variations of the D-component are inexplicable
[Hayakawa, 2019]. However, it is significant that in 1986 symmetrical oscillations of the magnetic field of Comet
1P/Halley were registered, associated with shock waves. In the plasma environment of the comet, there may be a region
of fixed high-density structure [Espley, 2015], which could move forth and back in the Earth's magnetosphere as it
crossed it.

A feature of the Carrington Event’s aurorae was the distinct convergence of all streamers into one point in the sky.
However, the center of an aurora on 2 September 1859 did not always coincide with the astronomical meridian. For
example, in Athens, it was in the north-northwest from the meridian [ Loomis, 1860a, p. 82]. In Rome, this center was
also in the northwest [Blake, 2020]. The Andromedids shower’s radiant on 25 November 1872, relative to the previous
day, was also displaced to the northwest, lower than the Gamma Andromeda. Although three-quarters of the meteors on
November 25, 1872, came from the vicinity of the Gamma Andromeda, the rest were displaced [Newton, 1872]. In
addition, on 27 November 1885, observers also claimed that some meteors originated from the northwest of Gamma
Andromeda [Newton, 1886, p. 420]. In 1859, the western declination increased by 13.2' at Kew Observatory [Stewart,
1861]. The declinometer deviation in Rome was 11' greater to the west than to the east, and the aurora was brighter in
the west than in the east [Secchi, 1859a]. Analogically, during the Andromedids shower in November 1885, the
observed common centre of meteors in the atmosphere was not stationary but drifted westward as well [Denning, 1885,
p. 72].

One possible explanation for the dominance of the western declination is the position of a secondary 'B'-comet
northwest of the greatest secondary 'A'-comet following the breakup of Comet 3D/Biela in the 1840s. If these secondary
comets are considered to be the sources of the Andromedids, their relative locations could have caused a shift of part of
the meteor shower to the northwest during the Carrington Event. Astronomer A. Secchi noted that in Rome on August
29, 1859, geomagnetic activity intensified at 01:30 in the morning, when his assistant observed two large lights on
either side, to the right (east) and left (west) of magnetic north [Secchi, 1859b; Blake, 2020, Appendix B.1]. The broad
radiant of the Andromedid meteor stream, with a slight westward tilt — that is, the alternating disturbance from
different sides of the magnetic north during the recurring passage of 'eastern' and 'western' meteors — matches these
observations.

The electrical theory of comets [Thornhill, 2006] states that highly energetic and focused jets erupt from comets due to
electrical arc discharges in the nucleus. Electrical energy accumulates inside [Steffenson, 2021], and the comet can
explode, like an overstressed capacitor, in the event of discharges. The observation of a comet over the Civitavecchia
gulf, and the lights on both sides of magnetic north in Rome, correlates with the fact of the maximum deviation of the
horizontal component H~3000 nT during the Carrington Event on the magnetogram recorded precisely at the Rome
Observatory. In the case of the maximum passage of the meteor shower over Rome, its 'echoes' of the explosions could
also explain the geomagnetic characteristics in Bombay.

In Rome, according to E. Loomis, the greatest deviation of the magnetic needle was recorded on 1 September at 7:20
a.m. Gottingen time [Loomis, 1861b, p. 334], that is, well before the crochet was registered in England on the same day.
Although this is considered a misprint, and it should have been, probably, 2 September [Shea, 2006, p. 385], data, e.g.,
from places like St. Petersburg also indicate that the range of variation of the characteristics of the unipolar
magnetometer, which measured declination, on 1 September (263'39") was almost 2.5 times higher than on 2 September
(107'44" [Loomis, 1860a, p. 80]°.

9 At other Russian magnetic stations, the situation looked similar [Loomis, 1860a, pp. 80—82].
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The connection between geomagnetic disturbances and comet activity was noted long ago [Maris, 1929]. It may be
recalled that the activity of Comet Halley from October 10, 1835, to April 1836 was also associated with geomagnetic
disturbances during the entire observation period. This fact is difficult to associate with solar activity. Rather, it is
consistent with the theory of electric comets [Thornhill, 2006]. In turn, on November 28, 1845, comet 3D/Biela was
observed as a faint nebula. The comet appeared during unusually calm magnetic weather, but on December 3, a strong
geomagnetic storm occurred, the only disturbance between the previous March and the following August [Maris, 1932].
On December 3, 1845, the 3D/Biela comet was 1.5 astronomical units from the Sun and made an angle of 30 degrees
with the Earth.

For example, when only the Comet 1P/Halley tail passed near the Earth in 1910, changes were recorded on the
magnetic declination curve that were comparable in shape to solar disturbances during geomagnetic storms (Fig. 2).
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Fig. 2. Change in magnetic declination during the passage of the 1P/Halley Comet tail near the Earth in May
1910 [Rudski, 1910, Meteorol. Z., 262].

When Comet C/2013 Al Siding Spring collided with Mars in October 2014, NASA's spacecraft MAVEN (Mars
Atmosphere and Volatile Evolution) detected chaos in the Martian magnetosphere at a distance of about 140x10° km as
the comet's magnetic field overwhelmed it. The collision was akin to a violent solar storm, as the comet's ions are more
massive than solar wind ions by a factor of 18, giving the cometary plasma an energy density two orders of magnitude
greater than the typical solar wind energy density [Espley, 2015]. Disturbances were recorded near the induced
magnetospheric boundary caused by the interaction of the plasma of the comet's outer coma with Mars. One of the
mechanisms is the Kelvin—Helmholtz instability, which occurs due to the difference in the velocities of the comet's
plasma and the planet'®.

It is known that the plasma coma of comets, not to mention the tail, can extend more than a million kilometers. In July
1992, for example, ions at ~ 440-10° km from the nucleus were detected near the 26P/Grigg—Skjellerup comet and
magnetic waves ~ 1000 km long were observed. These waves were generated by charged particles created from the
breakup of water molecules around the comet as they moved in the magnetic field created by the solar wind
[https://sci.esa.int/s/ ApjK4GW].

Even several hours after the comet 'departed' from Mars, disturbances in the Mars magnetosphere continued to be
measured. Similarly, disturbances during the Carrington Event and after the historic storm of 2 September 1859 were
observed up to and including September 7, when the magnetic field calmed down [Stewart, 1861, p. 424].

The non-synchronous rotation of Titan's atmosphere with its surface is not explained by either solar thermal tides or
Saturn's gravitational tides [Wright, 2025]. Therefore, it may be due to a comet/asteroid impact in the past. Similarly,
the non-synchronous rotation between the atmosphere and the solid surface is observed on Venus. Probably, in the
Universum of flying stones, collisions are more a regularity rather than vice versa.

Based on the evidence presented, the expected encounter with fragments of the 3D/Bicla Comet was more likely to
cause such a long series of geomagnetic perturbations from August 26 to September 7, 1859, than magnetic clouds
ICMEs, as suggested by a conventional paradigm today based on a set of random coincidences.

10 Instabilities of the geofield lines of force are also characteristic of the Earth's magnetopause. Energy is stored on Kelvin—
Helmholtz instabilities, and the plasma is heated and released on the night side during reconnection.
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1.3. AURORAE OF THE CARRINGTON EVENT

1.3.1. PROBLEMS AND THEIR SOLUTIONS

In addition to geomagnetic disturbances, another key aspect of the Carrington Event is the anomalous aurorae.
From the point of view of solar genesis, the following contradictory opinions and unresolved issues exist.

The low-latitude and color of the aurorae. It was noted that the appearance of rays with whitish, red, violet and
other colors (at all wavelengths) could be the result of the sheet-like structure of the aurorae; but sheet-like
aurorae at low latitudes with a predominance of red color is a problem [Hayakawa, 2018b—2023].

The cometary hypothesis copes with this problem: red and white, like other colors, are characteristic of
cometary dust tails and Andromedids meteors as well (see below).

Anomalous brightness corresponding to the International Class IV Benchmark (IBC) [Chamberlain, 1961], at
which the total illumination of the Earth is equal to that observed during the full moon [Loomis, 1860b, p.
346].

'‘Such bright aurorae have not been recorded by modern scientific instruments at low latitudes since then'
[Hayakawa, 2018b]; although I will add, ICMEs often 'visit' our Earth.

If the rays were caused by a localized enhancement of low-energy electron precipitation, which is unusual for
low latitudes, then the processes in the inner, L<1.5, magnetosphere would be problematic [Hayakawa, 2018b].
Additionally, let me remind you that if magnetospheric currents caused the H~(—1600 nT) at Colaba, it is
unprecedented [Siscoe, 2006] in the framework of the paradigm solar active. In case these aurorae, including
the whitish ones, were caused by the precipitation of electrons with an energy above ~ 1 keV, then their origin
is simply incomprehensible [Hayakawa, 2018b].

In contrast to the 'incomprehensible' origin of the Carrington Event auroras using classical approaches, results
from the Deep Impact mission to Comet Tempel revealed a strong increase in brightness due to scattered
sunlight on the ejected dust after the impact [Thornhill, 2006].

It has been established that while trapped ions in the magnetosphere cause the ring current, auroral electrojets
are caused by particle precipitation and ionospheric conductivity. The negative shift of the geomagnetic
horizontal H-component during the Carrington Event could have been caused by the westward-flowing Hall
current associated with the DP2 current system, i.e., ionospheric convection. Notwithstanding, the cause of the
electron fallout during the Carrington Event remains an open question for the solar origin paradigm
[Hayakawa, 2018b]. It is expected that 'an extremely dense ion plasma layer (or ring current) and/or an
extremely dense plasmaspheric electron population has emerged. This problem has not yet been solved'
[Hayakawa, 2018b; 2022].

In this aspect, it should be noted that particles with energies greater than 1 keV have been recorded in comets
[Ibadov, 2010], and the dense ion-electron population can be successfully attributed to the comets [Espley,
2015].

The model in 'latitude—longitude' coordinates showed that with the development of eddy currents in the
magnetosphere, ionospheric currents prevail in the 'north—south' direction [Belakhovsky, 2020]. Eddy currents
in comets, which, due to the pinch effect, lead to cometary filaments in tails [Thornhill, 2006; Peratt, 2015].
The magnitude of magnetospheric currents during the geomagnetic storm at Colaba on 2 September 1859 is
not explained by either magnetic clouds or shells of ICMEs (paragraph 1.2.1); however, heavy cometary ions
and jets overcome this problem.

It is known that the system of polar currents expands equatorward during strong geomagnetic events, which
has led to the following statements.

4.1. The equatorial expansion of the auroral oval is consistent with the timing of magnetic disturbances
[Hayakawa, 2018b; 2022].

4.2. Reports of aurorae, coinciding with the auroral oval overhead, indicate that telegraph systems were
exposed to geoelectric fields [Love, 2024a].

These statements contrast with the following.

A huge luminous arch was above the hills; however, the declination needle remained motionless [AUC2, p.
331].

In Paris on 2 September, from 4 to 8 a.m., the needles of the magnetic telegraph were in constant motion, as if
a direct current was passing through the wires; however, no aurorae were observed that day [Comptes Rendus,
1860, p. 365; Shea, 2006, p. 341]. Therefore, it is doubtful that telegraph systems were exposed to geoelectric
fields in connection with the auroral oval overhead.

Since the auroral oval corresponds to electric currents in the ionosphere, which have a latitudinal distribution,

the strongest objection to the initiation of auroras in connection with the equatorial spreading of the auroral
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oval is the effects in long telegraph lines, which were observed in a meridional direction, and not a latitudinal
one. In Europe, the most disturbing effects had been observed, for example, the lines from Zurich to Berne,
Fribourg and Lausanne, from Stuttgart to Tiibingen and Karlsruhe, from Paris to Marseilles and northward
[Comptes Rendus, 1860, p. 473; Smart, 2006, pp. 340-343].

Canadian geophysicist D. Boteler was surprised [Moro, 2024] by the ignition of telegraph lines during the
Carrington Event, not only in the latitudinal but also in the meridional direction from Boston to Portland at the
Elizabeth cape in the United States. They occurred orthogonally to the auroral electrojet. D. Boteler decided to
attribute this phenomenon to the coastal effect between Boston and Portland. But the telegraph lines noted in
Europe were not connected by sea coasts and, accordingly, the coastal effects.

The H~3000 nT deviation at the geomagnetic latitude of Rome is usually only seen at higher magnetic
latitudes [Hayakawa, 2019].

Indeed, 'the Mlat at Rome, 38.6° in 1859, is extremely low for an AEJ observation even by the extreme storm
standard' [Blake, 2020, Fig. 5]. Aurorae typically occur in the auroral oval centred at 67°(=6°) latitude in both
hemispheres.

'In any case, it is very unlikely that the auroral oval descended to low latitudes' [ Akasofu, 2005].

The last statements I can strengthen by that, as a result of large solar proton events, the ozone concentration in
the Earth's polar atmosphere is significantly reduced due to ionization by protons and, accordingly, the creation
of secondary electrons that dissociate atmospheric molecules. Specific documented events relate, for example,
to 1972, 1989, 1995 and 2000 [Smart, 2006]. However:

'Regular observations were made at Versailles on the amount of ozone in the atmosphere. During the aurorae
of Aug. 29 and Sept. 2, the quantity of ozone was decidedly greater than usual. Table 4.3 shows the sums of
ozone' [Shea, 20006, p. 341].

If a significant expansion of the auroral oval to low latitudes had occurred, then energetic particles along
magnetic field lines would have bombarded the atmosphere in the same way as at high latitudes, and hence the
aurorae would have caused the ozone depletion during the Carrington Event. The recorded ozone increase is
contrary to solar proton impacts on Earth, but confirms the penetration and discharge of meteors/particles of
cometary, dust or ion tails down to low latitudes.

Because of the isolation of the September 2-3 aurorae in La Union and San Salvador (El Salvador) from other
low-latitude aurora observations, an attempt was made to connect this phenomenon to a 20-degree rotation of
the whole Earth's magnetosphere [Hayakawa, 2018b-2023].

In my opinion, such a turn is unrealistic. Supporters of the Carrington Event due solely to solar activity found
themselves at a dead end when explaining isolated low-latitude aurorac and were forced to postulate, in
addition to the two ICMEs, a new type of polar aurorae: not diffuse, and not discrete, but so-called 'low-
latitude' [Hayakawa, 2020], i.e., ad hoc.

However, there are fragmented swarms of meteors spread and intersecting the entire Earth with gaps due to
their heterogeneity. In rarefied streams, the distance between meteors reaches a million kilometers, but their
commonality has been proven. This also applies to meteorites. For example, on January 30, 1868, the identical
composition of fell meteorites was established in Poland (near Pultusk), in Madagascar (Nosy Be) and Italy
(Lerici) [Astapovich, 1958, p. 359].

The 1885 Andromedids’ dense part width was ~ 100000 miles, and the entire shower was ~ 200000 miles
[Newton, 1886, p. 414]. The 1885 radiant was spread over a wide area. Therefore, the aurorae due to the 1859
Andromedids' meteors could also reach any points on our planet, including low-latitude ones. As it was then
argued, 'in the case of a clear sky, individual aurora tracks could be visible up to the equator' [Loomis, 1861b,
p. 320]. Such tracks are probably what was seen on September 2—-3 in La Union and San Salvador (El
Salvador). Moreover, the aurorae were diffuse, which corresponds to the observations of eyewitnesses of the
Carrington Event [Green, 2006, p. 10].

The exclusion of AEJ restricts the variants of potential causes of anomalous aurorae, including those at low latitudes,
and their observations simultaneous with disturbances in telegraph wires. Meanwhile, aurorae have been observed at
ionospheric altitudes (50-1000 km [Loomis, 1861b]'"), which, in my view, suggests their origin is either related to
magnetospheric processes driven by secondary fragments of Comet Biela or meteor explosions.

Aurorae occurring in connection with meteor showers have been known for a long time [Astapovich, 1958, p. 430]. For
example, as early as November 1799, A. Humboldt pointed out the effect of sky glow in connection with meteors. The
admiral F. Wrangel also claimed in the 19th century that he had repeatedly observed meteors initiating the auroral
pillars [Wrangel, 1827; 1841]. It was reported about the passage of meteors in November 1832 in Kursk province: it

11 According to modern estimates [Hayakawa, 2018b], during the Carrington event, the upper boundary of the aurorae was located
at an altitude of ~ 400 km. In the case of meteors penetrating to low altitudes, about 50 km, they could be seen from the earth's
surface only in a limited sector due to parallax.
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seemed as if dawn was beginning to break on all sides'; and the lower part, 'around the horizon was belted with a pale
whitish cloud' with separate bright crimson places [Svyatsky, 1922]. In England, a similar phenomenon was observed in
1933 and 1938 [Astapovich, 1958, p. 430]. It is therefore not surprising that in 1859 in Henry County, Indiana, the
redness disappeared, leaving a cloud with a bright white fringe on the northern horizon [Shea, 2006, p. 357].

There is a numerous set of reports on the white aurorae during the 1859 Carrington Event, included in an article by E.
Loomis. For example [Loomis, 1860b]: 'a bright, sparkling white light began to emanate...; diverging rays was
white...; on August 28, rays of clear white light rose from all ends of the horizon; on September 1, was an aurora with
beautiful red and white ribbons...; on September 3, there was another aurora, consisting mainly of white streamers...".

In this one article alone, the white color of the aurorae has been mentioned a total of 53 times!

Descriptions of the initial and final stages of aurora are symptomatic. They were associated with a white color, which,
like red, was the dominant auroral color during the Carrington Event [Hayakawa, 2018b].

¢ In St. Valeri, France, the red light became weaker and disappeared completely on August 29 at 2 a.m. but the
white light, which marked the phenomenon's beginning, continued for three-quarters of an hour longer
[Comptes Rendus, 1860, p. 367]. A similar report, as already stated, was received from Noyelles-sur-Mer,
where the whitish light, which marked the beginning of the aurora, lasted for about 45 minutes after the
disappearance of red [AUC, 1864, p. 352].

¢ From an observation in the state of Florida, it followed that on August 28 at 1 a.m. the crimson color

completely disappeared, and nothing remained except the fan-shaped appearance of numerous diverging rays
of white light [Loomis, 1860b, p. 358].

* At Cleveland, Ohio, at 9:30 p.m., everything disappeared except a constant, very bright white light in the north
[Shea, p. 249].

* At St. Louis, Missouri, observed that on August 28 at 9 p.m., the northern sky was filled with white light, but
closer to the northern horizon, it was blue sky [Loomis, 1860b, p. 346; Shea, 2006, p. 357].

Consequently, the white color did not result from combining the colors of aurorae at different wavelengths in
the atmosphere, but was introduced externally in a ready-made form (that is, it already belonged, like red, to a
comet).

On August 28-29, whitish aurorae were observed in Havana. In Guadeloupe, two beams of whitish light were seen
rising parallel. According to the 'Washington Daily National Intelligencer' of August 31, 1859, unusual aurorae were
reported, of a pure milky white color [Green, 2006; Cardenas, 2016].

'"An ordinary comet tail presents the appearance of a stream of milky-white light' [Chambers, 1909, p. 4]. For example,
for Comet Pons in 1884, the inner and brightest zone was notable for its milky appearance [Chambers, 1909, p. 97].

However, white aurorae are numerous (98% probability) during the increase of '*C in the Earth’s atmosphere, with
subsequent deposition and accumulation, due to solar energetic particles (SEPs) [Abbot, 2016]. Therefore, the paradox
in the context of the Carrington Event is that high levels of this isotope were not detected in the 1859 deposits [Usoskin,
2012; Miyake, 2023; Uusitalo, 2024]. This fact negates the postulated fluence of F>30 MeV [Cliver, 2013] solar
energetic particles in connection with the supposed multi-active flare accompanied by a shock wave. Then why, during
the Carrington Event, were there many white aurorae if no high level of *C was detected in 1859? Since SEPs were not
confirmed not only by "“C levels but also by other cosmogenic isotopes, could the 3D/Biela's secondary comets/meteors
have been responsible for the colors, including white, of the aurorae during the Carrington Event?

Today it is known that the gas tails of comets, containing ions of water, carbon monoxide/dioxide and cyan, have a
bluish color due to fluorescence (re-emission of absorbed sunlight), and dust tails that scatter sunlight are of different
colors, but as a rule, white-yellow. 'It has long been noted that such shades as 'vellowish' or 'ruddy' are not
unprecedented in both nuclei and tails of comets. However, in most comets, a white or silvery-grey tint predominates'
[Chambers, 1909, p. 8]. Examples in the past have included the comets of 1769, 1811, and 1843, Comet Donati of 1858,
Comet Koggia of 1874, Comet Fabry of 1886, etc. More recently, Comet Hale-Bopp showed a white dust tail, but also
had a yellow (sodium) tail. In turn, on the background of the cool blue stars, Comet 'Siding Spring', which emitted in
the infrared, appeared red, including its dust tail [Comets Cool Cosmos].

Since meteors originate mainly from comet tails, their color corresponds to the colors of these tails. It is known that the
Andromedids appear reddish when at (+3) brightness magnitude and white at (-3). In addition, the glow of thermally
excited atoms causes meteors’ various initial colors to turn white within seconds [Astapovich, 1958, p. 455]. The 1885
Andromedids meteors were reported as white and red [Tupman, 1885, p. 80] or large meteors ... there were white, with
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long yellow or reddish-yellow trails, and three to four times the size and brightness of Jupiter. The intermediate ones in
size were also white. The smaller ones often appeared of a bluish and some of a yellow or yellow-red tint [Capron,
1885, p. 82].

If in 1859 the meteors had a ferromagnetic conductive composition, then due to the perpendicular component, when
crossing geomagnetic field lines, Foucault induction-eddy currents arose in them. This led to the skin-effect, successive
detachment of the outer sheaths and, accordingly, to aurorae. The scenario could be similar to the 1994 collision of
fragments of the Shoemaker-Levy Comet with Jupiter [Churymov, 1994]: high-speed entry into the
magnetosphere/atmosphere — heating and explosions — transformation into plasma — aurorae. For the 1994 collision,
the intensity of the shock wave radiation from one fragment of Comet Shoemaker-Levy was ~ 10** erg/sec (~ 10" J/sec)
[Churymov, 1994, p. 12]. For the Earth’s atmosphere, the power of meteors was estimated at ~ 18x10' erg/sec
[Astapovich, 1958, p. 425]. Such a value explains the brightness of the aurorae in 1859, equal to the surface
illumination during the full moon.

The illumination of the surface during a full moon is ~ 0.2 lux, which corresponds to the luminosity of a fireball at a
distance of 450 km in ~ 40x10° c¢d [Astapovich, 1958, p. 274]. Fireballs were observed, both equal to the moon in
brightness and surpassing it. For example, regarding the apparent brightness of the 1718 large meteor, E. Halley
reported that the full moon became invisible and all the stars in the sky disappeared as if it were daytime.

The impressive size of meteors is associated with thermal ionization of both the air and the substance of the meteor
itself, and the subsequent recombination of ions, which leads to glow and aurorae. At a speed of ~ 40 km/sec, a meteoric
body of 1 g is capable of ionizing a 20-km cylinder with a diameter of 0.5 km in the atmosphere by short-wave radiation
in 0.5 sec [Astapovich, 1958, p. 435].

Finally, we have reached one of the decisive moments. In 1859, the maximum diameter of the auroral rays bundle was
~20 miles (~32.2 km) [Loomis, 1861b, p. 322]". The space corresponding to each visible meteor in the densest part of
the 1885 Andromedids shower was equal to a cube with an edge length of ~32.8 km [Newton, 1886, p. 425].
Empirically, depending on the brightness of a typical meteor, the length of its path was found to be ~33.0 km
[Astapovich, 1958, §151, p. 239]. However, according to modern data, the standard diameter of the auroral rays bundle
associated with ICME is only ~1 km or less [Baranoski, 2003, p. 47].

These arguments are sufficient grounds for relating the Carrington Event aurorae as caused by secondary comets and
Andromedids meteors of Comet Biela.

1.3.2. DIFFUSE AURORAE AND ELECTRIC FIELDS OF COMETS

When the Earth passed through the tail of Comet Tebbutt in 1861, an unusual phosphorescent glow was observed on the
evening of June 30, very similar to a diffuse aurora [Chambers, 1909, p. 145].

The great aurorae, a very diffuse, with little or no structure, were observed by many eyewitnesses on August 28/29 and
on September 2/3,1859 [Green, 2006, p. 10].

Diffuse auroras concerning, e.g., the USA are mentioned 24 times in the compendium data from Professor E. Loomis
[Shea, 2006]. Several examples can be given.

¢ From the report by E. Loomis himself, it follows that at Lewiston, Maine, 28 August 1859, the diffuse

illumination was very strong. At 22:10, the light had become very pale and diffuse, particularly in the north. At
22:19, the whole heavens brightened up again with diffuse brushes of straw-colored light, inclining towards
the magnetic zenith [Shea, 2006, p. 316].

*  Professor C. Lyman of Yale College reported that at New Haven on August 28", the whole northern quarter of
the heavens was covered with a diffused, hazy auroral light [Shea, 2006, p. 319].

® According to observations at Camp Simeahmoo, Washington Territory, August 28 at 8 p.m., a diffused light,

without definite form, covered about one-fourth of the heavens. 'August 29", a faint diffused light was seen in
the north at 9 p.m., and was still visible at midnight. August 30™, a similar light was first seen at 8 p.m.' [Shea,

12 Probably, including a meteor track (Appendix A).
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20006, p. 346].
* FEtc.

In turn, the Rosetta probe revealed the auroral nature of the emissions from the coma of Comet 67P/Churyumov—
Gerasimenko. The aurora was similar to the diffuse aurora on Mars on open draped field lines. However, on Comet 67P,
the solar wind electrons were accelerated by the ambipolar field inside the comet, whereas on Mars, they are accelerated
by the Sun. Therefore, these aurorae persist on the comet, whereas on Mars, diffuse aurora are observed only during
strong solar events [Stephenson, 2021].

Recently, modeling of the electric field of comet 67P for one of the days showed a magnitude up to 4 mV/m, but
calculations were also made for a magnitude of 10 mV/m on the comet's surface [Lewis. 2024]. In this case, the change
in electron temperature with cometocentric distance, as well as the magnetic field, was not taken into account (it was
valid only inside the diamagnetic cavity). Such characteristics are close to the estimates of the possible electric fields
responsible for the aurorae of the Carrington Event. According to the electrical theory of comets [Tornhill, 2006],
diffuse electrical discharges occur in comets.

In principle, a particularly bright auroral beam is also capable of causing a rapid change in the geomagnetic field
[Astapovich, 1958, p. 463]. In turn, concerning the meteor, some authors assumed its maximum electric charge to be ~
10° coulombs [e.g., Astapovich, 1958, p. 463]. However, my calculations showed that such a value is insufficient to
explain the disturbances of the geomagnetic field of ~ 1500 and ~ 3000 nT, registered, respectively, in Colaba, India,
and in Rome, Italy, in 1859. It is possible to try to apply the mechanism of magnetic field amplification during magnetic
flux compression during natural explosions [Sakharov, 1965]. Theoretical calculations and laboratory experiments have
shown the achievement of magnetic fields of 5x10° oersted in a volume of 100 ¢m’® due to so-called magnetic
cumulation of up to 40x10° nT. At the same time, for meteor explosions, this theory has not yet received further
development. However, after the disintegration of Comet Biela, the Andromedids remained a compact group in its orbit,
and the secondary comets of the 3D/Biela Comet were quite capable of creating anomalously high magnetic fields.

It is known that four years after Comet Hale-Bopp left the inner Solar System, it was still active and exhibited a coma, a
fan-shaped dust tail, and an ion tail - although it was farther from the Sun than Jupiter or Saturn [Thornhill, 2006].
Comet's electric fields sufficient to cause an electrical discharge beyond the orbit of Saturn must be capable the
potential to deflect the horizontal component of the geofield by H~1500 nT at Bombay and H~3000 nT at the latitude of
Rome.

The spectroscope has often shown that the light of comets does not consist largely of simply reflected sunlight
[Chambers, 1909, p. 12]. For example, twenty-one spectrograms were made for Comet Morehouse between October 28
and December 2, 1908, and not one of them showed any trace of a continuous spectrum, i.e., the reflected sunlight was
small compared with the intrinsic light [Chambers, 1909, p. 188]. Self-luminosity was also characteristic of Comet Pons
of 1812, which was brighter in 1883—-1884 than would have been expected according to theory. Likewise, Comets
Holmes of 1892 and Morehouse of 1908 experienced brightness variations that were inexplicable within the framework
of classical ideas about comets [Chambers, 1909, p. 11].

The standard theory of comets undergoing only sublimation as a result of solar heating is inadequate: 'The average
brightness of Comet Encke under ordinary circumstances does not appear to have varied since its discovery; the comet
has returned to the Sun about 30 times in a century, but there is no evidence of a process its disappearance' [Chambers,
1909, p. 65].

The famous comet Holmes has repeatedly distinguished itself by sudden outbursts of brightness. They were observed
already in November 1892 during the comet discovery, and in October 2007, Comet 17P/Holmes unexpectedly became
a million times brighter. In less than a day, it grew from a small comet of the 17th stellar magnitude to a magnitude of
2.5. By mid-November 2007, the diameter of the coma increased from 28 thousand km to 7 million km, and it became
significantly larger than the Sun. At the same time, the nucleus of Comet Holmes has a diameter of 3.4 km. During the
anomalous outburst in 2007, Comet Holmes was moving away from the Sun and, therefore, cooling. Probably, sudden
plasma discharges occurred — a transition from the dark current mode to normal glow, which allowed the plasma coma
to become visible [Goodspeed, 2011]. The difference between the modes is a combination of electrical voltage and
current density within the plasma [Findlay, 2013].

Observers have repeatedly claimed that comets flicker like the Aurora Borealis. The tracks of some large comets
vibrated. This was true for the tails of the comets of 1618, 1769, and 1874. Significant signs of pulsations were also
present for Comet Morehouse of 1908. The vibrations began in the head and seemed to travel in a few seconds along
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the entire length of the comet [Chambers, 1909, p. 25; 125]. H. Newton wrote that in 1872, the Andromedids’ bright
luminous trails flickered for seconds after the meteors themselves had disappeared [Newton, 1872]. In this regard, for
example, the report of M. Matthews from Rochester (New York State) was characteristic, that on September 3, 1859,
the white streamers of the aurora constantly flickered and danced [Shea, 2006]. Interestingly, in October 1835,
astronomers compared the appearance of the nucleus of Halley's Comet to a stream of fire, and at times this flame
scintillated similarly to the flickering of the Aurora Borealis [Chambers, 1909, p. 115]. The observed scintillations and
flashes can be attributed to plasma discharges, which behave nonlinearly.

Let me remind you that the changes in magnetic characteristics during the Carrington Event were not simultaneous. It is
known that meteor streams can be heterogeneously distributed in space. For example, in different observatories, the
peaks of the sporadic meteor stream in 1975 did not coincide and fell on June 20-26 and June 22-29 [Kaufmann, 1989].
One of the heterogeneity solutions was the long-term synchronization of the orbits of the meteor stream and Jupiter
[Oberst, 1987]. Similarly, geomagnetic storms related to the 1859 Carrington Event could be caused by a stream of
distributed fragments of the 3D/Biela comet due to passing near Jupiter. As a result, the 1859 Carrington geomagnetic
storms lasted ~ 13 days from August 26 to September 7, 1859. For example, in the models [Jenniskens, 2007, p. 1043],
also ~ 13 days are allocated for passing the main stream of Andromedids near the Earth. Almost as much, i.e., ~ 14
days, from September 15 to 29, 1852, the secondary 'B' comet of the 3D/Biela Comet was observed [Kronk, 1999]. The
secondary 'A' comet was observed for approximately 28 days, and intriguingly, this observation began on August 26,
1852 — coinciding exactly with the day and month marking the start of geomagnetic storms during the Carrington
Event in 1859. The distances between the two secondary comets of the split Biela Comet, like their plumes, could vary,
especially due to perturbations when passing near Jupiter, among other influences. However, it is well understood that
meteor streams scarcely alter the timing of their peak activity over a relatively short period, such as approximately
seven years. Consequently, the consistent interval of 13—14 days, beginning on August 26, for both observations of the
3D/Biela fragments in 1852 and the magnetic storms in 1859, supports the idea that this comet was involved in the 1859
Carrington Event.

1.3.3. ADDITIONAL ARGUMENTS
1.3.3.1. DARK STRIP

It is known that individual comet tails are divided in the middle by a dark strip. Such a noticeable dark strip was
characteristic, for example, of Comet Morehouse on November 18, 1908 [Chambers, 1909, pp. 25, 32].

During the Carrington Event, a dark strip was also repeatedly mentioned.

* In Sag Harbor, New York, a dark band appeared on the horizon in the south, well defined, but occasionally
broken by small columns of light [Loomis, 1860b, p. 343].

¢ On September 1st, in Michigan, USA, a dark strip appeared under a white sky. Subsequently, the dark belt

remained on the southern horizon, and the light continued to spread across the entire sky [Loomis, 1860b, p.
352; Shea, 2006, p. 358].

¢ In New York, according to Professor O. Morris, from the evening of the 1st until dawn on the 2nd of

September, during the aurora, a dark strip was observed to the south, then another dark strip, crowned by a
white band, from which rays of bright light went along the upper edge [Loomis, 1860b, p. 353].

®  Similar reports came from the Southern Hemisphere: 'A broad dark band extended over the hills, above which

rose a huge luminous arch' [AUC2, p. 331].

¢ In the state of Illinois, USA, in the south, a bright band was observed from east to west, with a _dark band
similar to a cloud below it [Loomis E., 1860b, p. 342].

1.3.3.2. DUST CLOUDS

Interestingly, the 'Hobart Town Mercury' in Tasmania reported that the geomagnetic storm during the 1859 Carrington
Event produced the effect of streams of nebulous matter similar to stardust falling from the apex [Lasar, 2012].
However, the dust is poorly associated with coronal plasma ejections, but corresponds well to the fragmentation of
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comets and so-called fog meteors known in meteoritics [Astapovich, 1958, p. 357].

The passage of the meteor stream on June 22-26, 1975, e.g., coincided with peaks in the conductivity of the E-layer
ionosphere in Brazil, which had not occurred for 21 years [Duennebier, 1976]. The mass of the entire stream was ~ 10"
kg, and its fragments reached ~ 2x10° kg and were well modeled by dust balls. In 10 days, ~ 2.4x10* kg of meteoroid
matter fell, which affected ionization comparable to a solar flare.

There were several reports of dark clouds being observed during the Carrington Event.

¢ In Burlington, New Jersey, B. Marsh observed a significant number of black clouds moving south [Shea, 2006,
p. 334].

¢ In Henry, Indiana, a dark cloud, adorned with enormous bands of white, blinding light, was reported to have
appeared on the northern horizon [Loomis E., 1860b, p. 345].

* According to observations from La Union, San Salvador, published in the 'Gaceta del Estado', on the night of
September 2, a dense black cloud arose in the east and began to spread [Shea, 2006, p. 337].

* At Jacksonville, Florida, on August 28, about 9 p.m., a dark cloud was observed, and the aurora was beautiful
along the edge of this cloud [Loomis E., 1860b, p. 348].

¢ In New York, a dark cloud lay to the south and southwest, rising above the horizon [Loomis, 1860b, p. 354].

¢ At Union Hill, on the night of September 1-2, to the north, there was a dark cloud, above which was a whitish
aurora [Loomis E., 1860b, p. 359].

Could these clouds be associated directly with the cometary dust, or with clouds of dust lifted by impacts of the
3D/Biela fragments? In the latter case, it probably makes sense to search craters in the marked places, first of all, at the
bottom of the Civitavecchia Bay and also to investigate the ice cores from 1859 in Greenland and Antarctica for the
correspondence of the cosmic substance to the composition of the Mazapil meteorite.

However, there were the following interesting reports during the Carrington Event:

¢  The aurora had a light pink glow that rose and changed to a blood-red hue; through this light, all the stars could
be seen [AUC2, p. 340].

* At Ogdensburg, New York, on September 2, a large arch was formed, with one end located in the east and the

other in the northwest. The arch base was dark, but the stars shone along its entire length [Loomis E., 1860b, p.
350].

® On August 28, at Hamilton, the sky was covered with a dark, gloomy cloud-like substance, which was not an
ordinary cloud, since stars could be seen through it [Shea, p. 348].

Since the astronomer J. Herschel once observed Comet 3D/Biela passing in front of a cluster of stars, without causing
any obscuring effect [Chambers, 1909, p. 14], it is reasonable to attribute the above reports of dark clouds to the dust
fraction of fragments/meteors of Comet 3D/Biela.

PART 2.

SPACE WEATHER IN THE XIX CENTURY
2.1. THE YEAR 1872

2.1.1. THE GEOMAGNETIC STORM ON FEBRUARY 4

The beginning of 1872, February 4, was marked by the strongest geomagnetic storm, comparable to the storm of the
1859 Carrington Event. The intensity of aurorae over a wide range of longitudes and latitudes, from England to China
and Réunion, was reflected in magnetograms variations from Havana to Greenwich and Colaba [Hayakawa, 2018a;
2023].

T. Hall reported an aurora at Barnstaple with white rays on the south radiating from the Pleiades in the Taurus
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constellation (this direction leads to Gamma Andromeda). According to his article, there was a sudden burst of rays
from the central point, covering the entire sky from all sides. Then the sky remained completely cloudless until almost
20:16 UT when only the remains of a few white stripes were visible [Hall, 1872]. In turn, the aurorae on Mauritius also
had whitish structures.

These manifestations on February 4 are attributed to the activity of an eruption from the region of solar spots near the
center of the disk on the morning of February 3, 1872, observed by A. Secchi in Rome [Secchi, 1872]. However, this
region had an area equal to only ~ 461 millionths of the solar hemisphere (ush). For comparison: according to the
assumptions, the geomagnetic storm of the Carrington Event originated in association with solar spots of an area ~
2971 psh [Hayakawa, 2018; 2023], and during the 18th solar cycle, appeared a spots group of an area ~ 5000 psh
[Newton, 1955; Cliver, 2004]. According to different articles, the value of Dst from (-850 nT) to (—1760 nT) for the
1859 Carrington storm [Hayakawa, 2022] is comparable to the value of the horizontal component in Colaba in 1872,
scaled as (—1600 nT) [Tsurutani, 2003; Nevanlinna, 2008; Kumar, 2015].

It should be emphasized that the previous perihelion of the 3D/Biela Comet, according to calculations [Denning, 1905,
p. 852], fell on February 2, 1866, and the next on February 17, 1886. Therefore, on February 4, 1872, some of the
surviving fragments after the breakup of Comet 3D/Biela could, due to the motion along the comet's orbit, also be near
perihelion and others near the Earth, despite various deviations. Such fragments, ionized by the solar wind, could have
caused a geomagnetic storm on February 4, 1872.

The equatorial boundaries of the auroral oval during the 1859 Carrington superstorm (~ 25.1°+0.5° ILAT) and February
1872 (~ 24.2° ILAT) coincide with existing comparisons based on the intensity of hourly estimates Ds¢ [Silverman,
2008; Cliver, 2013; Hayakawa, 2019]. For example, on February 4, 1872, the aurora was observed in Bombay and
Athens. In both cases, the cause could have been secondary comets of the 3D/Biela or Andromedids crossing Earth's
orbit.

2.1.2. THE ANDROMEDIDS IN NOVEMBER

The Biela Comet was expected to appear in August—September 1872 [Chambers, 1909, p. 197]. These hopes were not
fulfilled, but on November 13, 1872, a solar white-light flare was recorded [Secchi, 1872; Hudson, 2021], and the first
meteors from the Gamma Andromeda region were observed from November 14 [Newton, 1872]. Of course, the
question arises of the causal connection between the white solar flare and the activation of the Andromedids shower the
day after it (this issue will be considered later). At the same time, A. Twining and H. Newton reported the radiant of
meteors along the 'Pleiades — Gamma Andromeda' line, 3° from this star and of an expansion of the stream at least 8°.
Finally, at the stream's peak, on November 27, ~ 38400 meteors were counted in the Earth’s atmosphere [Denza, 1872].

In turn, the French astronomer C. Flammarion wrote that on November 27, 1872, fiery lines slid almost vertically in
swarms and showers, flashing with blinding balls of light (Fig. 3). They all emanated from a point in the sky, near the
Gamma Andromeda star. If Comet 3D/Biela, or rather its remnants, were to cross the Earth's orbit in the second half of
August [Flammarion, 1894, pp. 499-501], then the appearance on November 27, 1872, 12 weeks later, of a meteor
shower corresponding to the position of the radiant point of 3D/Biela, confirmed that the meteors moving very close to
its orbit. It is known that the Andromedids in 1798, 1830, and 1838 were observed on the 3D/Biela's trajectory at
different distances [Chambers, 1909, p. 198].

I pay attention that some Andromedids’ meteors were noted in November 1859 as well. As in 1872, relative to the
meteors of November 1859, 12 weeks earlier, the Carrington Event began in the second half of August, namely on
August 26. Thus, in August 1859, there is another indirect sign of the Earth colliding with Comet 3D/Biela itself or with
what was left after its fragmentation.

Summing up the results for 1872, the following can be noted.

®  The shining rays on February 4 came from the vicinity near the Pleiades of the Taurus constellation, i.e., from

the direction of the Gamma Andromeda star. In November, A. Twining and H. Newton also reported the radiant
of the meteor shower along the 'Pleiades — Gamma Andromeda'’ line. In this resemblance between two events.

* A sudden burst of rays from the central point, and also whitish structures, and low-latitude aurorae on February
4, 1872, were analogues to the aurorae characteristics during the 1859 Carrington Event.

In 1798, 1838, and 1847, the longitude of the Sun was close to the longitude of the node of the orbit of the
3D/Biela Comet in 1772. However, the radiants of this Comet's meteors in 1867, 1872, and 1885 already
corresponded to the orbit of 1852, which was changed by the influence of Jupiter in 1841-1842 [Newton,
1886, p. 424]. The fact is that the old orbit of the 3D/Biela Comet was divided into two new orbits. This is not
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surprising. For example, the 1P/Halley Comet produced about 12 meteor showers, and the Taurid meteor
streams at one time were also divided into: Beta Taurids: from June 5 to July 18 (peak June 29); South Taurids:
September 10 to November 20 (peak October 10); Northern Taurids: October 20 to December 10 (peak
November 12).

Fig. 3. The falling meteors on 18 November 1872 (adapted from [Flammarion, p. 534, Fig. 231. Harvard College Library.
http://books.google.com/]).

It follows that a further divergence of two meteor showers of the 3D/Biela Comet, say, into two periods: November—
February associated with one of the secondary comets of 3D/Biela and June—September associated with the other
secondary comet of 3D/Biela, would look natural. Andromedids were expected in 1859, but observation conditions
were poor.

Therefore, similar to the 1859 Carrington Event, the Biela's fragments or Andromedids could be responsible for the
geomagnetic storm on February 4, 1872. The solar origin hypothesis cannot explain such a short time interval between
these two abnormally strong storms.

2.2. THE GREAT COMET OF 1882

It has been argued that the large comet of 1882 had split into four parts, each of which became an independent comet
orbiting the Sun [Chambers, 1909]. The Great Comet of 1882 approached the Sun very close: perihelion distance was
0.008 AU. During this event, on November 17, 1882, one of the strongest magnetic storms on Earth was recorded. The
deviation of the horizontal component of the geomagnetic field at the Colaba Observatory, Bombay, showed H~450 nT,
and at Greenwich it was H>1090 nT (the instrument was off-scale) [Tsurutani, 2003].

Since November is the month of Andromedid activity, was one of the large fragments of Comet 3D/Biela, due to an
ionization or other mechanisms, also responsible for the geomagnetic storm of November 17, 18827?

2.3. POWERFUL ANDROMEDIDS SHOWER IN 1885

From November 25 to 30, 1885, a meteor shower reappeared from the Andromeda constellation in the Earth’s sky. On
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November 27, magnificent stellar rain was observed throughout Europe just at the moment when the Earth crossed the
orbit of Comet Biela (Fig. 4)". Three hours after the peak of the Andromedids, the number of meteors decreased by an
order of magnitude, so 'six hours contained the bulk of their shower' [Newton, 1886, p. 425].

Fig. 4. The center and emitting points of meteors on November 27 in both 1872 and 1885 (adapted from
[Flammarion, 1994, pp. 532-533, Fig. 230. Harvard College Library. http://books.google.com/]).

On November 27, on the night of the maximum of this meteor shower, the fallen iron meteorite Mazapil, weighing
4.656 kg, was found in Mexico [Hidden, 1887]. It is well known that metal emission lines have been recorded in comet
spectra [Ibadov, 1991]. Back in 1966, E. Opik argued that bodies forming meteorites could occur at the same time as
comets. Therefore, metals must be in the nuclei of comets [Opik, 1966; Beech, 2002]. In addition, over the years of
wandering in the solar system, an iron nucleus could form at Comet Biela as a result of 'collection' and subsequent
settling to the center of magnetic dust particles from outer space. Other options for the formation of metal cometary
nuclei were also possible: impact melting during collisions in space, capture from the asteroid belt, and so on.

In this regard, it is interesting to note an iron-nickel meteorite during the peak of the Perseid meteor stream on August
11, 1859. The meteorite was found northwest of Massachusetts, 20 km from Albany and Troy, in the Bethlehem area
(New York, USA). Its glow during the fall was described as brilliant. Researchers linked the meteorite's bright white
color to the presence of nickel-iron in it [A.J.S.A., 1859]. A similar approach holds for brilliant white meteors from the
Andromedids stream as well.

Recently, on the night of the Perseids meteor stream maximum on August 12, 2024, a southern aurora was recorded
over the 'Academician Vernadsky' station in Antarctica. This phenomenon is rare there since the station is relatively far
from the South magnetic pole. At the same time, a strong geomagnetic storm with an index of K=8 on the Bartels scale
occurred. Is this evidence of magnetic fragments in the Perseid meteors?

Naturally, the question arises, why, after February 4, 1872, did not register strong geomagnetic storms during the
Andromedids stream in November 1872 and November 1885? To answer, one must take into account the following.

*  Perturbances on magnetograms can occur not only due to the plasma ejected by the Sun but also for other
reasons. Comets create a shock wave since charged particles swirl around magnetic field lines and form a torus

13 For details, see the Astronomical Review of 1886 [d'Astronomie, 1886, Revue, pp. 19-35; Flammarion, 1894].
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of velocities in space. Additionally, according to the Chapman—Ferraro theory (1931), a geomagnetic storm is
capable of occurring due to the interaction of ionized particles of a meteor stream with the Earth ’s magnetic
field. The Svalgaard—Mansurov effect showed that with a southern direction of the external magnetic field, the
reconnection of the lines of force is favorable, and access for a cosmic plasma of any origin to the Earth’s
magnetosphere is open. Instabilities of the geomagnetic field lines of force are also characteristic of the Earth’s
magnetopause. On the Kelvin—Helmholtz instabilities, energy is stored, and the plasma is heated, releasing
during reconnection. Therefore, the occurrence of magnetic storms is caused, among other things, by the state
of the Earth’s magnetic field and the orientation of the magnetic field of the meteor shower, since the
properties of magnetohydrodynamic (MHD) waves depend on the direction of the wave vector relative to the
magnetic field.

* In 1885, the Mazapil iron meteorite could refer to the remains of a once large fraction of magnetic fragments
after the disintegration of Comet Biela in the 1840s. That is, over time, after the geomagnetic storms of
August—September 1859 and on February 4, 1872, the magnetic fraction was already practically exhausted for
a serious disturbance of the Earth’s magnetosphere. So, in 1892, the maximum Andromedids was several
hundred meteors per hour, which was almost an order of magnitude inferior to the number of meteors on
November 27, 1885. Now, an account of Andromedids meteors is units per hour.

It is known that fragmentation of 80% of comets occurred far from the Sun [Tornhill, 2006]. The disintegration of
Comet 3D/Biela in aphelion [Jenniskens, 2007], away from the heating by the Sun, excludes the process of sublimation
and suggests it was due to internal sources, such as plasma dust discharges in or near the comet [ Thornhill, 2006; Popel,
2024], the Foucault surface induction currents when the comet crosses sectors of the interplanetary magnetic field, and
so on [Dehel, 2022]. Comet Wirtanen of 1957 broke up inside the orbit of Saturn. B. Marsden, an astronomer at the
Smithsonian Observatory, suggested that each of the comets, 1882 II and 1965 VIII, broke up outside the orbit of
Neptune and, in addition, well above the plane of the ecliptic; solar heating up could not have been the cause [Tornhill,
2006]. Not so long ago, similar behavior of high activity at significant distances from the Sun, at a distance of r=9.7-13
AU, was demonstrated, for example, by two comets, C/1995 O1 (Hale-Bopp) [Fulle, 1998] and C/2007 D1 (Linear)
[Epifani, 2010]. Moreover, Comet Linear never approached the Sun closer than its perihelion r=8.8 AU. Therefore, the
presence of hypervolatile gases capable of sublimation inside the Comet Linear nucleus [Epifani, 2010] is doubtful. In
addition, it is known that comets, contrary to expectations, demonstrated a deficit of water and the dominance of the
dust fraction, as, for example, Comet 9P/Tempel-1 in the 'Deep Impact' experiment.

In meteorites, only the surface layer is heated in the Earth’s atmosphere. However, due to large telluric induction
currents (GIC) caused by fragments containing magnetic metals, they could ignite long lines of telegraph wires and
wooden parts of buildings. In such a case, the intersection of the Earth’s orbit with fragments of the disintegrated Comet
Biela on October 8, 1871, could really cause famous fires in Chicago, Peshtigo and Port Huron [Wood, 2004]. Similar
phenomena were observed during the 1859 Carrington Event as well.

However, the role of the initiator of the famous fires of 1871 is more likely to be claimed by Comet 2P/Encke. The
Comet's spectrum at that time demonstrated bright bands corresponding to hydrocarbons, and the tail was cut off on one
side [Chambers, 1909, p. 65]. Therefore, it can be assumed that the fires of October 8, 1871, could be associated with a
detached hydrocarbon tail of the 2P/Encke.

Such a process is not unique, as confirmed by modern technology. For example, NASA's 'STEREO-A' probe recorded
the tail of the Pons-Brookes comet being torn off in 2024 during an impact by solar flare plasma.

Back in 1883, astronomer J. Bonilla observed up to 500 relatively large pieces of Comet the Pons-Brooks I
(alternatively, of Comet Broocks-Swift II) in the Earth's ionosphere for 3.5 hours'* during the comet's disintegration
[Manterola, 2011]. Likewise, cometary matter (possibly ionized by solar plasma) played a major role during the 1859
Carrington Event.

PART 3.

COMETS AND SOLAR WHITE-LIGHT FLARES

The connection between fragments of Comet Biela and the solar white-light flares is surprising and ambiguous

14 Probably, J. Bonilla missed more than three thousand fragments due to a work break.
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[German, 2024b]. The solar white-light flare was recorded on November 13, 1872 [Secchi, 1872; Hudson, 2021], and
after this flare, the first activity in the Gamma Andromeda region was noted from November 14, 1872, with a
subsequent maximum on November 27 [Newton, 1872]. However, the solar white-light flare was also present during
the 1859 Carrington Event. If the fragments of Comet Biela were in August—September 1859, then two episodes of their
appearing together with solar white-light flares in 1872 and 1859 already no longer seem like a random coincidence.

On 2 September 1859, the ICME, postulated but not confirmed by cosmogenic isotopes, could be successfully 'replaced'

by Comet Biela fragments ionized by the solar white-light flare of 1 September 1859. A similar effect of ionization of
magnetic fragments also explains the appearance of the meteor stream from the radiant of Gamma Andromeda on 14
November 1872, immediately after the solar white-light flare on 13 November 1872.

The intensity of the postulated solar white-light flare in 1859, according to the amplitude ~ 110 nT of the magnetic
crochet at Kew and Greenwich, was estimated as the class soft SXR-rays=X45(%5), the minimum geomagnetic storm
index as Dst~(—900 nT), and the SEPs fluence as F>30 MeV [Cliver, 2013]. The recurrence of such a strong
geomagnetic storm as 2 September 1859 should occur once every 60—200 years [Green, 2006; Curto, 2016; Hayakawa,
2018b]". Even without mentioning that the geomagnetic storm on August 28, 1859, was almost as strong as the storm
of September 2, and that there is no evidence of a multi-storm event [Tsurutani, 2003], already in the next solar cycle,
on February 4, 1872, another storm comparable to the September 2, 1859, event was recorded [Cleaver, 2013]. Science
has no satisfactory explanation for this fact from the point of view of exclusively solar genesis.

The energy of solar white-light flares is small compared to the spatial and spectrally total solar irradiation (7S/).
Therefore, until 2003, they could not be isolated in 77 records. In principle, solar white-light flares are explained by the
theory of magnetic reconnection and are usually detected in visible images of the Sun during larger X-ray flares
[Woods, 2006]. However, the X-ray emissions are the main properties of comets [Lisse, 1996]. As already mentioned,
diffuse electrical discharges occur in the shell and the nucleus of comets, emitting at various frequencies, including X-
rays [Tornhill, 2006]. The 'ROSAT" space telescope discovered, e.g., the soft X-rays of comet C/1996 B2 Hyakutake in
March 1996 [Ibadov, 2010]. During the white-light flare of 1 September 1859, analogous emissions could have been
enhanced by the powerful solar wind, ionizing the secondary 'A/B' comets of Biela Comet. Therefore, the crochet
recorded in London on 1 September 1859 could have been caused not directly by the solar white-light flare, but by X-
ray (re)emission from one of these secondary comets. Moreover, in the Earth's atmosphere, the radiation of meteors in
the region of both ultraviolet and soft X-rays, according to calculations [Maris, 1927], is also not excluded.

At the same time, the correlation between three of the five known 19th-century solar white-light flares and fragments of
the Biela Comet raises a question that goes beyond the paradigm of modern science: can not only solar flares ionize
comets and their meteor streams, but also vice versa, i.e., can comets or their fragments initiate solar white-light flares?

"It is unclear whether what R. Carrington observed was truly an unusual solar event' [Akasofu, 2005]. R. Carrington
himself, as is known, did not believe that the solar white-light flare he saw could cause geomagnetic effects: 'One
butterfly does not make a summer' [Carrington, 1859]. Moreover, R. Carrington was surprised that he did not find any
changes in the group of spots that he had sketched before discovering the solar white-light flare on September 1, 1859.
Both in form and position, the phenomenon of the solar white-light flare seemed to him completely independent of the
configuration of the large spot and its parts, whether it was the core or shadow of the sunspot. R. Carrington was left
with the impression that the phenomenon occurred at an altitude significantly exceeding the total surface of the Sun and,
therefore, completely above the large group of spots onto which it was projected [Stewart, 1861, p. 427]. Such a
description by R. Carrington allows me to put forward the hypothesis of a solar flare in white light, initiated by an
external source.

It is known that the SOHO probe recorded several cases of comets falling into the solar corona in 'accidental'
connection with CMEs [Thornhill, 2006]. During the solar white-light flare on September 1, 1859, the mass of ICME is
estimated to be ~ 10" kg [Hudson, 2021]. After the split of Comet Biela in the 1840s, its mass, equal to ~ 4x1077 of the
Earth’s mass, was calculated based on the movement of its two secondary nuclei. Considering the mass of the Earth ~
6x10* kg, the mass of Comet Biela was ~ 24x10" kg. According to another calculation [Jenniskens, 2007], the Comet
Biela's mass was ~ 1.4x10" kg, and the mass of debris remaining in the meteor stream was ~ 3.3x10'" kg. In this case,
the remaining mass can indicate that Comet Biela continued to exist, albeit in the 'lightweight' variant'S,

High-energy electrons accelerated above 40 keV were considered necessary for solar white-light flares [Watanabe,
2010]. However, such electrons from the depths of the Sun have difficulty reaching its photosphere, where the optical
continuum spectrum arises. For this reason, other variants have been proposed [Namekata, 2017]. However, the origin
of solar white-light flares is unsolved. Still, e.g., the spacecraft 'Vega-1' in 1986 registered fluxes of ions >40 keV at a

15 NOAA Scilinks wrote that these mega-storms happen approximately every 500 years.
16 Several attempts have been made in recent years to identify the orbits of newly discovered comets, e.g., by astronomers B.
Marsden and Z. Sekanina, with the orbit of Comet Biela [Jenniskens, 2007].
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distance of 107 km and quasi-periodic electron fluxes 160-300 keV associated with the nucleus of Comet 1P/Halley
[Somogyi, 1986]. These characteristics are sufficient to initiate solar white-light flares.

During the 1859 Carrington Event, the release of energy ~ 10% J of a solar flare [Hudson, 2021] could be provided by a
comet, with a mass of ~ 10" kg'”, 'scratching the Sun. Previously, a law for the change in the velocity of completely
fragmented comet nuclei with initial radii of ~ 100 m was obtained in the region close to the final point of the braking
trajectory in the solar atmosphere, i.c., at small distances from the surface of the Sun [Ivanov-Kholodny, 1969]. One of
the mechanisms for forming high-temperature plasma, which generates a photospheric flare, was also given in this case
[Ibadov, 2008]. Therefore, if the fragments of Comet Biela had a sufficiently large total mass of ~ 10'°-10"7 kg, then
their arrival and, accordingly, the introduction into the Sun’s photosphere of a necessary ionization potential, could

contribute to a white-light flare generation.

In this aspect, one can consider, for example, the following options for the 'delivery' of matter and the impact of comets,
including Comet Biela, on solar flares.

1. Cometary gas-dust tails of type II and dust tails of type III (according to Bredikhin’s classification), directed
‘towards the Sun' and consisting of heavier particles than narrow-beam gas tails of type I, which practically do
not deviate from the direction 'from the Sun'. For example, in 1986, dust from the 1P/Halley Comet was
detected at 280x10° km from the nucleus [Somogyi, 1986].

2. According to T. Bredichin, the 1877, 1885, and 1892 Andromedids showers were due to ejections from 1846
with high speeds of 292 m/s, 342 m/s, and 279 m/s, respectively [Bredichin, 1893]. However, even if particles
eject with a typical speed of 20 m/s and isotropically [Jenniskens, 2007], then at such speed, starting in 1703 '8
to 1859, the 'accumulated' length of the spreading is ~ 140x10° km, exceeding the distance perihelion of Comet
Biela, equal to ~ 131x10° km. Moreover, it has been argued [Jenniskens, 2007] that Comet Biela lost its main
bulk before 1703. Therefore, there was plenty of time for the lost bulk to get to the Sun.

3. The movement of small particles of fragments of Comet Biela in a spiral towards the Sun, due to the action of
the Poynting—Robertson effect.

4. The cometary own magnetic fields. For the 1P/Halley Comet, e.g., a peak field strength was equal to 70—80 nT
[Riedler, 1986]. At Comet 67P/Churyumov—Gerasimenko was 300 nT."” The magnetic field of comets should
be 'felt' many kilometers away, which is related to the density of the jets. In the experiment to measure the
magnetic fields of Comet 1P/Halley — MISHA (The magnetic field in Interplanetary Space during the Halley
comet Approach) — the magnetometer of 'Vega-1' at a distance of 1,1x10° km from the comet's nucleus showed
a significant increase in turbulence in the frequency range of 0.05-2 Hz. The speed of propagation of magnetic
field oscillations of Comet 1P/Halley, which was associated with a shock wave, had equalled ~ 200 km s
[Nature, 1986, 321, 259]. The variations of magnetic waves as they approached the nucleus of the 1P/Halley
Comet gradually increased in magnitude, differing from solar ones and indicating instability that excited long
MHD waves [Wu, 1972]. They were caused by elastic, compressible plasma (pinch effect) and the 'freezing'
into a magnetic field. Since such waves are dispersionless, this contributes to the emergence of a plasma MHD
waveguide [Nakariakov, 2020]. From here, 'come' wide distances of millions of kilometers, at which MHD
waves are perceptible. Their influence, like the X-ray radiation of comets, on solar processes has not been fully
investigated.

5. Where waveguides arise, resonators are also possible. For example, in the Taylor-type instability resonance
effect model, solar oscillations arise due to the periodic modulation of solar plasma by external tidal forces, for
which Jupiter, together with Venus and Earth, is responsible [Stefani, 2019; Klevs, 2023]. Despite this, the
variant 'Jupiter, together with comets and large meteor streams', can also not be ruled out.

6. The passage of large fragments of Comet Biela near Jupiter, with the subsequent change in Jupiter’s tidal
influence on the Sun [Stefani, 2019].

7. 'An electricity' of comets, when neighboring, so-called Langmuir plasma sheaths — double layers around the
objects — mutually influence each other, isolating charged matter from the surrounding plasma in a magnetic
field that compresses them, i.e., the pinch effect of discrete eddy current beams, leading to thin cometary
filaments.

'"The pinch effect produces densities in thin jets that are many orders of magnitude higher than those predicted
by simple radial sublimation' [Thornhill, 2006; Peratt, 2015].

17 This mass corresponds, for example, to the mass of the nucleus of Comet 1P/Halley in 1986 [Ibadov, 2008].
18 The year 1703 is taken for comparison with the computer simulation of the Biela's orbit in another research [Jenniskens, 2007].
19 The idea of the combined effect of ICME and CIR, according to its authors [Goetz, 2019], remains at the hypothesis level.
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Can be given following confirming examples.

* Comet Pons in January 1884 had a nucleus consisting of two parts of different brightness, united by a
pronounced twisted connection [Chambers, 1909, p. 97].

* Comet Morehouse on 19 November 1908 had a tail consisting of separate strands that intertwined like strands
of rope [Chambers, 1909, p. 32].

Already, K. Birkeland concluded that electric currents flow predominantly along filaments formed by magnetic
fields induced by these currents. The filamentary structure is typical for plasma in space and is a powerful
source of electromagnetic radiation [Thornhill, 2006; Peratt, 2015]. Such filamentary plasma is capable of
spreading over long distances, where it can be discharged. It has been shown that the speed between galactic
filaments reaches more than 1000 km/s [Peratt, 1983]. This structure was also observed on Earth: 'The auroral
light is sometimes composed of threads like the silken warp of a web; these sometimes become broken, and fall
to the earth' [Providence Daily Post, Rhode Island, September 3, 1859].

Comet Swift of 1899 showed signs of twisting, which suggested the idea of rotation or wobble about a line
drawn from the Sun to the comet [Chambers, 1909, p. 16]. Probably, the electrical discharges between comets
and the Sun/planets go in both directions through plasma (cometary) dust. It is possible that the Sun 'feeds' on
electric currents [Thornhill, 2006], including cometary ones.

Due to ionized material from Comet Biela's fragments falling onto the Sun, the compression of the magnetic field could
have caused an increase in electromagnetic induction, which in turn led to an increase in the electric field on the Sun
and a solar white-light flare. As a result, the 'A' comet could correlate, e.g., with the solar white-light flare of November
13, 1872 (SOL1872-11-13 [Secchi, 1872; Hudson, 2021]), and the 'B' comet ('catching up'; but brighter, according to
Struve’s photograph at Pulkovo in 1846) — with the one or more from following solar white-light flares: September 10,
1886 (SOL1886-09-10 [Valderrama,1886]); June 17, 1891 (SOL1891-06-17 [Trouvelot, 1891]); July 15, 1892
(SOL1892-07-15 [Rudaux, 1892; Hudson, 2021]).

If someone finds such a correlation doubtful, then between these two components, there existed 'a bridge' of five
fragments immediately after the breakup of Comet Biela in 1846. When and where they 'moved', we will probably not
know. The lack of activity of the Andromedids stream in 1878 was then estimated as the spread of the trail of Comet
Biela no more than 40% of the length of its orbit [Kronk, 1999]. However, later, there was a gap of 7 years between the
Andromedids streams of 1892 and 1899, and about 5 years between the Andromedids streams of 1899 and 1904
[Denning, 1905, p. 853]. This indicated a more essential differentiation with a time of the remnants of the split Comet
Biela along its orbit.

The astronomers E. Barnard and J. Encke were among the first to suggest the existence of a certain 'resisting'
environment in the Solar system, capable of destroying and distorting the tails of comets when they collided with it
[Chambers, 1909, p. 37]. The basis for this was the movements of Comets Encke and Winnicke, which were not fully
explained by the theory of gravitation alone [Chambers, 1909, p. 64]. Similarly, H. Newton [Newton, 1886], in
connection with the compactness of the Andromedids stream in the plane of the orbit of Comet Biela, despite
disturbances from Jupiter, confirmed this hypothesis. The validity of the existence of a resisting medium was long and
hotly debated at that time, but it did not receive the approval of the majority of astronomers. Nowadays, the resisting
medium can be considered, for example, solar wind plasma, cosmic strings, mirror matter (according to R. Foot), and so
on. Science has not yet figured out dark matter/energy. Therefore, it is premature to cross out the interconnection
between comets and solar white-light flares.

Comet tails show well-defined dense dust and gas filaments extending for tens of millions of kilometres without
dissipating in the vacuum of space [Tornhill, 2006]. According to some hypotheses, they could have formed under the
influence of the powerful magnetic fields of recently discovered supermassive black holes [Oei, 2024].

Over the past 250 years, as is known, disturbances have led to a gradual decrease in the perihelion of Comet Biela. It
should be noted that the longitude of the descending node of Comet Biela's orbit in 1859 and the longitude of the Sun in
1872 coincided exactly and were equal to 246-1° [Newton, 1886, pp. 423-424]. This implies the possibility of their
further synchronization. In any case, some fragments of this comet, after disintegration, moving along its trajectory,
could first pass near the Sun, and soon find themselves at the descending node of the intersection of Comet Biela's orbit
with the Earth's orbit (Fig. 5). It was in this descending node of the 3D/Biela orbit that the Andromedids meteor showers
of 1872 and 1885 appeared. And it is highly doubtful that 1859 was an exception, since the Andromedids intersect with
the Earth once every 13 years. The appearance of the 'A/B' comets on August 26 and September 15 in 1852 practically
coincided with similar dates of geomagnetic storms from August 26 to September 7 in 1859. In such a case, probably
both the secondary comets of the disintegrated Comet Biela acted in tandem as 'accomplices' of the Carrington Event in
August—September 1859, causing the strong geomagnetic storms and low-latitude aurorae.
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As a result, although a white light solar flare occurred on September 1, 1859, all known facts point to a high probability
of a connection between the 1859 Carrington Event and fragments/Andromedids of Biela's Comet (possibly ionized by
the solar wind).

3D/Biela

Jupiter ™.

Fig. 5. The orbit of the 3D/Biela Comet [https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=3D&view=VOPDA 'ASA/JPL—
Caltech'. Producer Marsden B.].

CONCLUSION

*  The paradigm, based on the observation of a solar white-light flare by R. Carrington on 1 September 1859, as
well as the hypothesis impact on the Earth's magnetosphere by the ICME's magnetic clouds, including their
shells, is not able to explain the characteristics of geomagnetic storms at the Observatories in Bombay and
Rome. Neither the impact of postulated ICMEs nor the expected high abundance of solar energetic particles
(SEPs) during the Carrington Event are supported by traces of nitrates and/or cosmogenic isotopes '°Be, **Cl,
and "C found in terrestrial deposits of 1859.

*  Since there were no geoeffective sunspots or solar flares recorded before 1 September 1859, and the fast solar
wind is not capable of initiating powerfull geomagnetic storms, claims of a 'cleansing' of the interplanetary
space associated with the solar activity and geomagnetic storm on 28 August 1859 as a prelude to the
geomagnetic storm of 2 September 1859, are not justified.

*  The features of the low-latitude auroras observed during the Carrington Event, including the isolated auroras in
El Salvador, pose a serious problem for proponents of the classical solar paradigm, prompting them to assume
hitherto unknown aurorae - neither diffuse nor discrete - but special ad hoc 'low-latitude' aurorae. In addition,
the spreading of the auroral electrojet to equatorial latitudes that they use, which propagates usually in the
latitudinal direction, is crossed out by disturbances in telegraph wires in the meridional 'north-south' direction.

*  However, all the phenomena associated with the Carrington Event are in good agreement with the intersection
of the Earth with the secondary comets and Andromedids meteors of the disintegrated Comet Biela, which
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were expected by astronomers at the same time in 1859. The eyewitness accounts published by the
Smithsonian Institution contain numerous observations confirming meteor explosions across different parts of
the planet, including a comet over Bay Civitavecchia near Rome.

*  Comets possess the necessary magnetic and electric fields to trigger powerful geomagnetic storms because
they accumulate electric charge through internal ambipolar fields, and the cometary plasma has an energy
density two orders of magnitude higher than that of the typical solar wind.

*  The Carrington Event aurorac were observed mainly at ionospheric altitudes. The excitation of eddy currents in
the magnetosphere could generate the dominant ionospheric currents with a north—south orientation, inducing
meridional disturbances in telegraph lines in August and September 1859. In comets, eddy currents arise due to
the pinch effect, generating filaments in cometary tails. Therefore, they might be responsible for introducing
the eddy currents into Earth's magnetosphere when they pass through it.

* Wide meteor showers covering the entire Earth do not require postulating a rotation of the entire
magnetosphere, since they reach any places, including low-latitude ones, causing auroras there with a
predominance of, in particular, red and white colors. Eyewitnesses of the Carrington Event reported these color
shades and diffuse auroras. Diffuse discharges inside comets and/or, given the diameter of the auroral beams,
meteor explosions could be responsible for the initiation of diffuse auroras.

Although Comet Biela has most likely ceased to exist, the analogous class of comets possessing enormous electrical
charges, a dangerous threat to our civilization.

If this new concept is correct, then the current paradigm of a solely solar origin of the Carrington Event should be
reconsidered.

APPENDIX A:

AURORAE RAYS IN 1859 AND ANDROMEDIDS METEORS

The speed of the 1885 Andromedids meteoroids relative to the Earth was calculated to be 57.300 km/h [Newton, 1886,
p. 425]. From here, taking into account the hourly number of meteoroids ~ 5°1, the space corresponding to each visible
meteor in the dense part of the group was a cube, the edge of which was equal to the cube root from (57,300xm)/5'1, that
is, ~ 32.8 km [Newton, 1886].

The maximum diameter of the 1859 aurora beam was ~ 32.2 km [Loomis, 1861b, p. 322] (including, probably, a meteor
track).

Since the diameter of the trace of a fireball is two orders of magnitude greater than its body [Solynuk, 1980] and the
body's radius of the fireball is ~ R=150 m, their combined diameter would be D~30 km. For example, the fireball of
March 24, 1933, over New Mexico, USA, had a track reaching ~ 4000 km’®, and several dozen small meteorites fell
during this event [Nininger, 1934; Astapovich, 1958].

Empirically, depending on the brightness of an ordinary meteor, the length of its path was established to be ~ 33 km
[Astapovich, 1958, p. 239].

However, according to modern data [Baranoski, 2003, p. 47], the standard diameter of the auroral beam due to the
impact of ICME is only ~ 1 km or less.
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KnioueBbie cioBa: cobsrtie Kappunrrona 1859 roma, 3D/busna xomera, AHIpoMenuapl, Maszanimis METEOpHT, Oelble CONHEYHBIC
BCIIBIIIKY, KOpOHaJbHBIE BBIOpOoCcHl Maccel ICMEs, conmneunsie wactuipl SEPs, TeOMarHuTHbIE OypH, HU3KOIIMPOTHBIE aBPOPEI,
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Keywords: the 1859 Carrington event, 3D/Biela comet, Andromedids, the Mazapil meteorite, white-light solar flares, ICMEs, SEPs,
geomagnetic storms, low-latitudes auroras, cosmogenic isotopes, MHD waves, the Taylor-type instability, the pinch effect.

BBEAEHUE

W3BectHO, 9TO HCTOpHUYecKoe coObITHe KappuHrTOHa mpom3onuio ¢ 26 aBrycra mo 7 ceHrsOps 1859 roma, xorma
HaOJIOaNNCh CHIIbHEHIIIE TeOMarHUTHBIE BO3MYIIEHHSI, HU3KOLITMPOTHBIE TTOJISIPHBIE CUSIHUS M BO3TOPaHUS B JTTMHHBIX
tenerpadHbix JuHUSAX EBpasum, Amepukn u  ABcrpamuu. OcoOeHHO CWIBHBIE TI'€OMarHUTHBIE Oypu ObLIM
3adukcupoBansl BB 28/29 aBrycra u 1/2 cenrsops 1859 roxa.

CeronmHsl WCCIIEAOBATENN TPEAINOIAraoT, 9To coobiTre KappuHrTOHa OBIIO BBI3BAHO MOMAJaHUEM 3E€MIIM IIOX YHAaphl
JIBYX KOpoHanmbHbIX Iu1asMeHHBIX Macc (ICMEs), BeiOpomennsix CoiHIleM BO BpeMs BCIBIIIEK. Bcrbika,
Habmonasmascs P. Kappuarronom B o6cepBaropun JIonnona 1 ceHTAOps 1 OTMEUEHHAs! CIEOM Kpolle (XapaKTepHbIM
«KpIOYKOM») Ha MarHurorpamme, Oblla HMAEHTH(UIMPOBAHA KaK COJIHEYHAs BCIIBIIIKA OEJOro CBETa, TO €CTh, C
U3ITY4EHUEM B HEIPEPHIBHOM ONTUYECKOM CIEKTpE.

OpHako, B ToM ke 1859 romy, acTpOHOMBI O)XHJAJId YBHIETHh IBE BTOPUYHBIE KOMETHI BMECTE C TIOTOKOM METEOPOB
AHpOMeIua, BO3HUKIIMX IMMOCIE pacmaga koMeThl 3D/Buajia; HO Kak CYMTACTCS CErOMHs, M3-3a IJIOXOH IMOTOABI HE
Habmoman ux. BmecTe ¢ TeMm, OMyOIMKOBAHHBIC CBUICTENIHCTBA, IMO3BOJIIONINEG YTBEPXKAATh, YTO COOBITHE
Ksppuarrona 6su10 cBSI3aHO ¢ (hparMEeHTaMH STOI KOMETHI, OyIyT pacCMOTPEHBI B TaHHOH paboTe.

Komera 3D/buana ¢ KOpOTKHM IepuogoM obpatieHust Bokpyr ConHua ~ 6,7 JeT IpHHaajIexana K CeMEHCTBY KOMET
IOnurepa u Obu1a OTKpBITA He3aBHCUMO acTpoHoMamu JKakom Montenem u Illapiem Mocke 8 mapra 1772 rona. 3arem
oHa Obputa oOHapyxkeHa JKanom-JIym ITorncom 10 HosOps 1805 roma m mepeorkpeita 27 depans 1826 roma
Bunerensmom ¢on buenoit. Ha op6ure xomers 3D/Bbusna Takke ObUI 3aMEUeH METEOPHBIM MOTOK. ACTpoHOM O.
XeppuK TpHIIeT K BBIBOAY, YTO pamdaHT STHX MeTeopoB 1838 roma momkeH pacmomaratbcsi BOJIHM3H CO3BE3IHS
Kaccuonest unm, 9o Gosee BEpOsITHO, B OKpecTHOCTAX ckoruieHus B Mede [lepces [Newton, 1886]. 3arem, B pesynbrare
npoxoxaeHust Bomm3u HOnurepa, paanaHT MOT CMECTHThCS K 3Be3ie raMma(Aslamak)-AHIPOME/BL, TIe OH M OCTaeTcs
JIO HAIIIEr0 BPEMEHN KaK HCTOYHHUK METEOPHOro MOTOKa AHIPOMEIHI.



Our. 1. /IBe BropudHbIe, KOMEThI «A» 1 «By» B deBpane 1846 rona, oOpa3zoBaBiimecs B pe3yibTare
pacniaia kometsl 3D/buana [Weill, 1888; Flammarion, 1894, p. 499, Fig. 213, Harvard College Library.
http://books.google.com/]. BBepxy — ceep, cieBa — 3anan (crnupaibHasi CTPYKTypa MOXET yKa3bIBaTh Ha
OUMPKETaHI0OBCKUE IICKTPHUYCCKHE TOKH KOMETHI).

19 nmexabpst 1845 roma Opmio 3ameueHo, uto sapo 3D/budna pacmamaercs, U kK 31 gexaOps AeneHHe 3aBEpPIIHIIOCE.
Actporom M. Mopu B cepenune ssHBapsi 1846 roga orMerwi, uro pacnap siipa kometsl 3D/brana npusen Kk 0T4ETIIMBO
HaOMFOTaeMBIM IBYM YacTsM. Kaxxmas U3 HAX cTaja OTHENbHOW KOMETOH, CO CBOMM SApoM, KoMoi 1 xBocToM (®wur. 1).
Tak kak MEXIy JIBYMS OCHOBHBIMH YacCTSIMHM OTUETIIMBO IPOCIIEKHBAJICS COEAMHHUTENBHBIM MOCT B BHAE IyTH, TO
BeposTHO, 3D/Busna paspenunack Ha Gonbliee YUCI0 PParMeHTOB' (B KaKO-TO MOMEHT MX HaONIONATIOCH OKOJIO TISTH
[Jenniskens, 2007]). K xoHIy MapTa pacCTOSIHHE MEKAY ABYMsI OCHOBHBIMH KOMIIOHCHTaMHU COCTABIISLIO ~ 2,6 MJIH. KM.
IMTockonbky komeTa 3D/Buasia Becerma HaXoauIach Ha 3HAYUTEILHOM Mepureauitnom paccrosauu ot Coria (oxoso 0,86
panmyca 3emHOl opoutsl) [DPecenkoB, 1978, c. 198], To mpennonokeHne o ee pacmae 3a cdeT BHYTPEHHEH >HEpruu
SIBIIIETCSI 000OCHOBAHHBIM (CM. Jajee).

B 1852 rony actponom A. Cekku B PrMe BHOBB 3aperucTpupoBall JiBe BTOpUYHBIE KOMEThl «A» 1 «B» [Secchi, 1872].
Komery «A» nabmonamu ¢ 26 aBrycra no 23 ceHTa0psi, a komery «B» — ¢ 15 mo 29 centsiOps. Paccrosnue mexny
HHMH COCTaBIIsUIO yxke ~ 2,8 MiH. kM [Flammarion, 1894, p. 499].

ITockonmpKy >kene3HbI MeTeopuT Maszamminb ymaa ¥ ObUl cpasy HaiiieH B Mekcuke B JGHb MaKCHMMyMa IIOTOKa
Anppomenun B 1885 romy, xomera 3D/budna Moria MMeTh METAIUIMYSCKHE MAarHUTHBIE (B OCHOBHOM, JKEJIE30-
HUKeneBble) (parmentsl. [losToMy, OBIKEHHE HAMAarHWYEHHBIX dacTUI] MeTeopoB 3D/budna BHONB CHIIOBBIX JTHHHA
TEOMAarHUTHOTO TOJS MODIO BBI3BIBATH A(PQPEKTHl, HCOTIMYMMEIC OT CO3aBacMBIX YACTHIIAMH COJIHEYHOI'O BETpa,
BKITIOUasi MPOHUKHOBEHHE B MarHurocdepy/arMmocdepy co cropoHbl kak CeBepHoro, Tak u HO»HOro, MarHUTHBIX
MIOJIFOCOB, a TAK)Ke UHAYIIUPOBAHUE aBPOP U TEILTYPHUUIECKUX TOKOB.

Eme actponom 3. Baiic ykassiBan, uto Onm3koe mnepemerieHue BOnMm3u HOnurepa mpuBENO K IOCTENEHHOMY
YMEHBIIIEHUIO JONTOTHI Bocxosmero y3na opoutst 3D/buama [Weil3, 1888]. bonee Toro, ceifuac pagnaHT AHIPOMEIN]
HaxoauTcs Ha 20° 10)KHee OTHOCHUTENFHO paamaHTa 3Toro motoka B XIX Beke. OCHOBHBIM HCTOYHHKOM METEOPOB
SIBJISTIOTCSI MHOTOUYHCIIEHHBIE BOJIOKHA, 00pa3yIoNIMecs: B Pe3ylibTare CyIIeCTBEHHBIX U3MEHEHNH OpONTHI KoMeThl. Ecin
27 Hos0ps, Kak B 1872 romy, Tak u B 1885 romy, HaOIIOIAIOCh HECKOIBKO THICSY METEOPOB B 4ac, TO B HACTOSIIEE
BpeMsi AHIpOMEIUIbl TMPEICTaBISIOT co00W JHMIb chHa0blii MOTOK C CEHTAOpS N0 JeKadph € MaKCUMaJbHOW
aKTUBHOCTBIO MEHee 3-X MeTeopoB B yac [Kronk, 1999].

[TpaBuiabHAs MHTEpHpeTayst coObITH K3ppHHITOHA rofa BakHa B CBETE CETOAHSIIHMX /1e0aToB 00 yrpo3ax 3eMHOM
muBwinzanuy. OJHAKo, JOMMHHPYIOINAs THUIOTe3a HMCKIIOYUTENIPHO COJHEYHOIO IPOMCXOXKICHHUS COOBITHSA
Kappunrrona 1859 roga crankuBaercst ¢ Cepbe3HBIMU TPYJHOCTSAMH, YTO M OyZIeT pacCMOTPEHO HOAPOOHO.

1 Ha mpoTsbKeHHWH BCEro MPECTABICHHOTO TEKCTa B TEPMHUH «(pparMeHThl» KoMeThl 3D/Buana BKIFOYAIOTCS KaK KpYITHBIC
BTOPUYHBIE KOMETHI «A» U «B», BO3HUKIINE B pe3yabrare ee pacnaaa B 1840-x rojgax, Tak U METEOPHBIH MOTOK AHIPOMETUI.
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YACTD 1.
OPAI'MEHTDBI KOMETBI 3D/BUJJIA IPOTUB ICMEs

1.1. COBBITHUE KOPPUHI TOHA 1859 I'OJA

CpaBHEHHE TaHHBIX METEOPHBIX MoTOoKoB 1798, 1838 1 1872 romos, korma 3eMirst OKa3biBaIach BOIH3U OPOUTHI KOMETHI
3D/buana win nepecekaia ee, mokasaio, YTo AHAPOMEIUIbI ObUTH pacipe/eiicHbl Ha OPOUTE KOMETHI, «npeduecmsys
el Ha yuacmrke 6 300 MuIIUOHO8 MU U ciedys 3a Heil Ha ywacmxe 8 200 munnuonos munvy [Newton, 1875, p. 224, Fig.
104]. CnenoBarenbHO, XOT4, IO pacderaM, komery 3D/busna oxunanu B xoHue mast 1859 roma, HEyAMBHUTENBHO, YTO
BTOPHUYHBIC KOMETHI «A/B» BMecTe ¢ MOTOKOM METEOPOB AHAPOMEIN/I MOSBUIKCH B KOHIIC aBI'YCTa.

Ha ocHoBaHmM HaydYHBIX JaHHBIX MEPBOE€ MAarHUTHOE BO3MYILIECHHE, IPUIHCHIBAEMOE HCTOPUYECKOMY COOBITHIO
Kappuarrona, 0b110 3ahUKCHPOBaHO OJHOBpEeMEHHO oOcepBaropusimu Bo Opaniuu (B [lapmke), u B I'Baremane, korna
T€OMarHUTHOE CKJIOHCHUE H3MEHMIOCH 26 aBrycta 1859 roma mexay 9:30 yrpa u monynaem [Comptes Rendus, 1860, p.
473; Smart, 2006]. 3aremM BHe3amHbIE BO3MYIIECHHS aHOMAJIBGHO CHJIBHOM aMIUIMTYIBl BO BpEMsI MarHUTHBIX Oypb
HaOoanich IBakabl: 28/29 aBrycra u yrpoM 2 ceHtsioOps. Camu HapylleHHs HOCWIIN KoJieOaTeNbHbIA XapakTep, 4To
OTpaXkaJoCh B CMEHE MOJSPHOCTHU TelierpadHbIX TOKOB. Bo3MyllieHus1 110 Bcel IuIaHeTe MPOAOJDKAINCH A0 7 CEHTIOps
BKITIOUMTENFHO, KOT/Ia MATHUTHOE TI0JIe YCITOKOMIIOCH [Stewart, 1861, p. 424].

B myOnukamum HayqHOTO €XEHeAelIbHUKa «Becmuux» 3a ceHTIOpp 1859 roma roeopmmock, uto B CIIA Bce
TenerpadHble JTMHUM OBUIM 3aTPOHYTHI Ha CEBEpEe TaK, YTO BO BpPeMsl HPHCYTCTBHS «METEOpa» CBsI3b INpephIBajiach
[AUC, p. 335]. OTo ynoMHHaHHE «METEOpa» JaIeKO HE eJUHCTBEHHOE. BpIjI0 MHOTO Ipyrux MpUMEpOB H, BIOOABOK,
CBSI3aHHBIX C TaMMa-AHIPOMEIOMN.

ActponoMm b. CtroapT coobman, 9To BO MHOTHX MECTaX OTHU MMEJIH BEIMKOJICTIHBIA BU, B TO BpeMs KakK B IPYTHUX, T
3TOT «METeop» TakXke ObII 3aMedeH, sBIeHHe orHeil Obuto pexkmM. Kak ykasemBan b. Crioapt, ommcaHust 3TOTO
«MeTeopa», NaHHBIC HAONONaTeNsIMH, HAaXOAWBIIMMHCS IalleKo APYT OT JApyra, Obum coOpaHBI mpodeccopom 3.
Jlymucom u omybnukoBansl [Stewart, 1861, p. 423]. Cam 3. Jlymuc nomy4us nucbMo ot cekperapsi CMUTCOHOBCKOTO
nacruryra JI. T'enpu o ToM, uTO mMMeercst OoJblIas KOJUICKIHS MaTepHajioB OTHOCHUTEIBHO 3TOT0 HMHTEPECHOTO
«meteopa» [Loomis, 1860b, p. 339; Shea, 2006]. CoriacHo 3TO#l KOJUIEKIIMH, OBUIO coobineHHe mpodeccopa K.
XancruHa u3 Xpuctuanuu (HeiHe, Ocio) o ToM, yTto 29 aBrycra B 12 yac. 18 MUH. aBpOpaJIbHBIN JTyd «BBICTPEIIUI
TOYHO B TaMMYy-AHIPOMENEI, PACIOIOKEHHYI0 B TOT MOMEHT Ha BocToke [Shea, 2006, p. 338]. B 1885 romy pamuant
AHIPOMETUIOB TaKKe HaXOAUJICS K BOCTOKY OT OonbIuHCTBa Habmronareneit [Newton, 1886, p. 419]. MaTepecHo, uToO
B 17-M Beke XymoXHUK [ eBenunii ocTaBmII H300paskeHne, BOCIIPOM3BOUBILECE CBETSAIINIICS JIyd, BEICTPENUBIINI U3 sapa
komeTsl ["amres B ee xBocT [Chambers, 1909, p. 104].

CeronHsi OOIICTTPU3HAHO, YTO BO3MYIICHUS BO BpeMs COOBITUS KAppPHHITOHA pacmpoCTpaHsIMCh ¢ ceBepa. [loatomy
CUMIITOMAaTUYHO, YTO MMEHHO M3 CEBEPHBIX CTpaH, a UMCHHO, u3 HopBernu u AHIIUM, MOCTYIHIM COOOINCHHS O
HalpaBJIeHUH JIydell U KyIoJia TOYHO Ha TaMMYy-AHAPOME/IBI.

Baxxnoe 1o 3HaunMOCTH U coodieHne . JIoy, B KOTOpOM OTpakaeTcsl MOCIeJ0BaTelIbHOE pa3BepPThIBaHIE HAOMIONCHUH
BedepoMm 28 aBrycta u yrpoM 29 aprycta 1859 roma B Hortunreme (AHMms), 3aBepmaromeecs: ppaszoit: « B 3 uaca 15
MUH. Kynon obpasosaics éonusu camma-Aundpomedsty [Shea, 2006, p. 339].

B Knusnenne (mrar Oraito, CIIIA) 28 aBrycra B 21 yac. 30 MuH., no yrBepkaeHuto kanutana b. Cranapzaa, ocrancs
TOJIBKO YCTOWYMBBIN O4YEHb SIPKUil Oenblil CBET Ha ceBepe, 00pa30BHIBABIIMN OTPOMHYIO KPHBYIO, IPOXOAMBIIYIO Yepes3
Hedeit u Ilepceit [Shea, 2006, p. 349]. Mexay sTMH co3Be3ausaMu, Ommke K Ilepcero, kKak M3BECTHO, HAXOMUTCS H

ramMmma- AHJIpOMeEIbI.

Ipodeccop A. Teunnunr B Bect-Tloitnte (Hbto-Mopk, CILIA) ykassiBan, 4o 28 aBrycTa CTPHMEPHI BHICOKO Ha CEBEPE
IBUTAIHCH Yepe3 co3e3nne Kaccuomen. HamoMH0, 4T0 acTpoHOM 3. XeppHK MPUXOIUI B CBOE BpPEeMs K BHIBOLY, YTO
panuaHt MmeteopoB komeTsl 3D/busna B 1838 roay momxken ObuT pacnonarathest BOMu3u co3pesnus Kaccuonen [Newton,
1886], KOTOpOE pacmoIokKEeHO Ha HeOe HEeTaIeKo OT raMMa-AHIPOME]IbI.

B «Hwro-Hopk Taiime» [Green, 2006] coobmmanock, 9To pa3HOIBETHBIE MOJOCH MOJSPHOTO CHSHUS NepeceKand APYT
Ipyra OTPOMHBIMHA KOJIOHHAMH MeXIy co3BesmusamMu Osma, Tenbua u [omoesl Memyssr® — mpumepHo B 15° K rory oT

2 Tonosa Meny3sl (Iopronsl) paHee BbIIESIACH Kak OTAeNbHOe co3Besnne. Celiyac BkiroueHa B co3Besane [lepcest kak 3Be3na
Adnrons.



3eHuTa. Jlerko ompenenuTh, YTO HAJ YHOMSHYTBIM TPEYTOJBHHUKOM STHX CO3BE3IMI HAXOMUTCS 3Be3/la raMMma-
Annpowmenst (Pur. 2).

QnuTep
3 Anu;_jéﬁa'pan

®ur. 2. Buy neba Heio-Mopka 2 centsops.

lNamma-AHapomebl HAXOOUTCS BbILLE TpeyroyibHUKa co3e3auit Tenbia, OBHa u Ilepcest (AnantuposaHo U3
http://meteoweb.ru/astro/skaymaps1.php).

B A¢unax tarke HoisIpHOE CHsSHHE OBUIO OrpaHMYEHO Ha BOCTOKE 3Be3moi anmbga-Ilepces [Loomis, 1860a, p. 83].
ActpoHom B. JleHHMHI, MHOTrO JleT 3aHMMaBluuWiics Mereopamu, yrBepxkuan [Denning, 1885, p. 69], uro morox
Anppomvenun B 1885 romy ObUT mMpOKHM, A0 7°, U OH BUAET HECKOJIBKO METEOPOB M3 TOYKH K IOTYy OT TaMMa-
Angpomensl. AHanorndso, B 1859 romy 6bu10 3asBneHo [AUC, p. 331], 9to cBeTsmascs apka HaXOAuJIach M0 TEMHBIM
CeTMEHTOM B CO3BE3IMM OpHJaHA W CHadaja OcTaBajach HaJ OCHOBHBIM IOJSPHBIM CHSHHEM, MPOCTHUPAIOIIUMCS 32
3€HHT (TO €CTh, JUTMHA MOJIIPHOTO cUsiHUA Obla >90°). BiocnencTBum oHa «ucuesna» Ha ceBepe B DpHiaHe. JDTO HeE
WCKITIOYaeT HampaBJieHus! «DpUiaH — raMmma- AHJIPOME b

W3BecTHBIN MO3T YonT YUTMEH BCIOMHHANI B cBoel mosMe «l'of MeTeopoB», UTO «cC cesepa npuiemend Komemd,

CBepKHYIa 8 Hebe, U BbICOKO HAO 201080l NPOHECIACh BEPEHUYAd MEmeopos... Imo Ovll 200 Komem U _memeopos!»
[Yurmen, 1859-1860]°.

U B camoM Jierie, u3 coobeHus, Hanpumep, podeccopa K. Jlaitmana u3 Membckoro komnemka o HabmoneHusx B Hpro-
XeiiBene (Konnekrtukyr, CIIIA) ciemyer, uro okono paccera 2 ceHTsOpst 1859 roma BHuManume mpodeccopa @.
[lenapaa OBIIO MPUBIIEUEHO OBICTPHIMU BCHBIIIKAMH M IYJIbCAllMSIMH HaJl TOJIOBOW, KOTOpBIE, KaK €My ITOKa3ajoCh,
yKa3bIBaJIM Ha OYEHb HU3KYIO BBICOTY SIBJIIEHMSI HaJ roBepxHOCTHIO [Shea, 2006, p. 320]. Panee, Beuepom 28 aBrycra B
21 gac. 53 muH. (10 cpeaHeMy BpemeHu Hpro-XeiiBeHa), TaMm ke MOSBUIAch OBICTPO ABHUTABINASCS MaJarolias 3Be3qa
(t.e., Mmeteop) [Shea, 2006, p. 320, Table 1.3].

CornacHo TpHCIaHHOMY 2 CEHTSAOpsl COOOIIEHHMIO, OImyOnuKoBaHHOMY B «llopm [ubcon Pesetiny or 9 ceHTSOps,
HaOmronarens Cenexc Crapmmii u3 okpyra [Ixeddepcorn (Muccucumu, CIIIA) 1 centsOps B 23 waca 3aMeTwin
JIBIDKEHUE METeopa, a 3ateM 2 ceHTI0ps B 1 yac Houm HacuuTan emie 7 mereopos [Shea, 2006, p. 325].

Komanna xopabdins «FOoicuwiti Kpecmy u3 Anbra Kannpopaun B HOUb Ha 2 ceHTI0ps B FOKHOM mOyIiapuu, BOCTOUHEES
Aprentunsr (50° ro. mr., 80° 3. 1.), MKy IIKBaJlaMH, B SCHBIX MecTax B HeOe, HaOIromaga OTHU, BCIBIXUBAIOIINE C

3 Xors xomera C/1860 M1 u MeTeopHEIii MoToK Habmonamuch B Hpio-Mopke B mrone 1860 roza, mosma Y. YuTMeHa JaTHpyeTcs
1859-1860 ronamu. [To3ToMy OHa Takke MOTIIa OTHOCHUTBCS K OmucaHuio coobiTis Kappunrrona 1859 rona.
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MeTeopHBIM OnieckoM [Shea, 2006, p. 344].

B 80 xmmomerpax k ceBepo-zamany oT Puma Bo Bpems aBpopsl 29 aprycra Hajg 3anuBoM UMBHTAaBEKKbS MOPSKH
CBSI3BIBAJIM YBUJICHHBIH MMM OTHEHHBII CTOJIO HerocpencTBeHHO ¢ Kometoi [Secchi, 1859b; Blake, 2020, Appendix
B.1].

Haxonen, razera «Menvbypu Apeye» 3 FOx. ABcrpanun coolImana, yTo BeuepoM 28 aBrycra B paiioHe ropoga MayHT
l'amObu (Mount Gambier) «iapkuii memeop, npolemeswuti ¢ 1020-3anadd HA Ce@epo-80CMOK, B630PBANC NpPU
NPUOTUICEHUU K 20PU3OHIMY, KAK paKema, u cpasy dHce Ha cegepo-8ocmore 8o3nuxau ayuu aspopet» [Green, 2006]. 31oT
B3pBIB METEOpa M MOCIEIOBABIIAs 32 HIM aBpopa ObUIH Takke BUAHBI B Anenanne, B 390 kM ot ropoga Maynt ['am6w.

CJICI[OBaTeJ'IBHO, aBPOPbI COOBITHS KS[)[!I/IHFTOHEI 1859 IoJia MOIIN OBITH PE3YJILTATOM B3PBLIBOB METCOPOB.

Cunraercs, YTO B KOHIIE aBr'ycTa, Kak M B Hadaie ceHTs0pst 1859 roma, moromuele ycrnoBus A1 HaOMIOACHUH ObLIN
utoxumu. Hampumep, kak 28 aBrycra, Tak u 2 ceHTSAO0pS, HaJ BCEMH YETHIPhMSI MArHUTHBIMU CTaHIMsIMU B Poccun (B
Cankr-IlerepOypre, Exarepun0Oypre, bapnayne u HepumHcke) Obuto macmypHo u obnayno [Loomis, 1861a, p. 77].
Kpome Tor0, COTiiacHO KOMITBIOTEPHOMY MOJCINPOBAHUIO, METEOPHBIN MOTOK AHApoMmeaun B 1859 rony momkeH Obul
OBbITH ci1abbIM, HHAYE TPYIHO OOBSICHUTH OTCYTCTBHE perucrpauuii [Jenniskens, 2007]. HecMoTpst Ha 3T yTBEpKIeHHUS,
actporoMm A. Cekku coodmran, uro B Pume 29 aBrycra gaxe CKBO3b 00J1aka MOXKHO OBIJIO YBHIETh KPACHBBIC PAKETHI M
CTONOBI WHTEHCHBHOTO Oenoro u OmeaHo-kentoro cBera [Secchi, 1859], a B Kmunenme (mrar Oraito, CIIIA),
pacnonoxxeHHoM Ha 41° c. m1., 6bUT0 3aMEYEHO, YTO OTHEHHBIC CTPEIEI JIETENN C CEBepa, Kak CTpaniHas 6oMOapIMpoBKa
[Cardenas, 2016].

OTHOCHTENHHO YaCTO YIOMHHAEMbIX OYEBUALIAMU PAKET U3BECTHO, UTO «BeWecmseo Memeopa Nnepexooum u3 20106bl 8
X60cm, 00CMU2AIOWULl HECKOTLKUX KULOMempos Onunvl. dacmu xeocma kax Obl pazeesaiomcs, coCmagiaiowue e2o
CMpYUKU nepeniemaromcs, YOIUHAACL U cMeHAs Opye Opyed, HanomuHas xeocmol pakemy [Actranosud, 1958, c. 338].
OtoT 3¢(dexT mepemneTeHnus] MOKHO OTHECTH K MEXaHH3MY CXKATHS «HHUTEH» KoMeT (MHHYI-3PQEKTy ITUCKPETHBIX
BUXPEBBIX TOKOBBIX ITYYKOB, IPUBOASIIEMY K TOHKAM ¢rmamenTaMm) [ Thornhill, 2006; Peratt, 2015], o uem moiineT peds
naiee.

1.2. TEOMAT'HUTHBIE BOSMYIUIEHUA

1.2.1. HEVJIAUM CTAHJIAPTHOW MAPAJUTMBI

Hauano coOwrtist Koppunrrona 1859 roma, kak ye TOBOPHIIOCH, CBSI3BIBAIOT C MAarHUTHBIMH BO3MYIICHUSIMH B
I'Baremaire 26 aBrycra. B 310 ke Bpems B coceqem CanbBamope MPOU30NLTH CHIbHBIE 3emierpsicerns [Canudas, 1860;
Ribeiro, 2011]. XoTs Bonpoc CriopHbIH, BOSHUKHOBEHNE OJTHOBPEMEHHO MHTEHCUBHOM reOMarHUTHON OypH COJHEYHOTO
reHe3uca U ONM3KOTO KPYITHOTO 3eMIICTPSICEHUS] HE NMPU3HAETCSl B paMKaxX CErofHsIIHeH HayyHOH mapaanrmsl [Love,
2013]. Yro xe kacaeTcs CBA3U TAKUX 3EMIIETPSCEHUI C METEOPHBIMHU IIOTOKaMH, TO 37iech npobiieM Het. M3BecTHO, 4To
waubornee sipkue Mereopbl, (—15) 3Be3mHON BenumuuHbl, W C cunoil ceera [>10'"' kammen, peructpupyroTcs
ceiicmorpadamu [ ActamoBud, 1958, c. 296, ®@wur. 142]. Hanpumep, MmeteopHsIid motok 20 ssaBapst 1977 roaa, coctosmmii
W3 MaCCHBHBIX MEIJICHHO IBIDKYIIMXCS IUIOTHBIX KaMHEH, BBI3BAJI CEPhE3HYI0 CeHCMUKY Kak Ha JIyHe, Tak u Ha 3emie
[Oberst, 1987, p. 737]. Ecnmu B 1977 rony peds muIa TOMBKO O KaMEHHBIX ()parMeHTax, TO B CIy4ae C Kene30-
KaMeHHBIMH (pparMeHTaMu KoMmeTsl 3D/buanma MOmM BO3HMKHYTH yIapHBIE BOJHBI NPH TPOXOKACHHH KPYITHBIX
(bparmMeHTOB BONM3M MarHUTOC(HEPHI, MIIM BBICOKOCKOPOCTHBIX METEOPOB AHIIpOMenn B arMocdepe Mpu NPEeBBIICHUN
CKOPOCTH 3ByKa, a TaKXe HWHAYKIMOHHBIC TEIUTYpPHUYECKHE TOKHM H3-32 MOHHW3WPOBAHHBIX (PParMEeHTOB METEOPHOTO
MOTOKA, YTO W BBI3BAJIO 3eMyeTpscenre B CanbBazope B KOHIle aBrycta 1859 roxa.

IIpenmonaraercsi, 4To MOCiIEe MAarHUTHBIX BO3MyIIeHUH 26 aBrycta 1859 roma mepBas U3 ABYX CHJIBHBIX MarHUTHBIX
Oype coObiTHst Koppunrrona nawamack 28 aerycra B 22:30 UT, Tak Kak TONspHOE CHAHHE B [ aBaHe BO3HHKIIO
npuMepHO Toraa xe. B HOxHOM momymapun BedepoMm 28 aBrycra Bce TPH DIEMEHTAa MarHUTOMeTpa MemnbOypHCKOH
obcepBaropuy 3aUKCHPOBAIM KPYIHBIE BO3MYILICHHS, KOTOpbIE BOCCTaHOBWIMCH 29 aBrycra [Hamble, 2006;
Hayakawa, 2018b]. B o0cepatopun Konmaba B bombee (MHmus) mocTtereHHOE HW3MEHEHHE TOPHU30HTAIBHOMN
COCTABIISIOIIEH T€OMAarHUTHOTO MOJIS MPOJOJKAN0Ch IOYTH JI0 MOAYHOUH 31 aBrycra. 9T0o rOBOPUT O HEPAaBHOMEPHOM
BO3JEHCTBHU (aKTOPA, BHI3BABLIETO FeOMarHUTHBIC HApyLICHUS, Ha Pa3IMYHbIE PETMOHBI 3EMJIH.

I'maBHBIMH apryMeHTaMH B TIOJIb3Y COJIHEYHOW MPUPOAB! cOOBITHA K3ppHUHITOHA CUMTAIOTCSA: HAMYME ABYX KPYITHBIX
nsateH Ha ConHie, U HabmoaeHne actpoHoMoM P. KoppuHrronom B [pHHBHUYCKON 0OcepBaTOpHM COJIHEYHOH Oenoit
BerbIky 1 centsiops 1859 roma B 11:18 UT [Carrington, 1859]. Cornacao P. Kappunrrony, conHeuHas BCHBIIIKa B
Oemom cBere moiHOCTBIO mcuesna B 11:23 UT. B O6ceparopun Ilapmka reomMarHUTHOE BO3MYyIIeHHE | ceHTAOPs
3apukcupoBamu B 11:30 UT [Comptes Rendus, 1860, p. 473; Smart, 2006, p. 340]. He3zaBucumo ot P. Kappunrrona
acrpoHoMm P. Xomxcon B obcepBaropun Kpio B JIOHIOHE 3aperHCTpUpOBal T€OMAarHUTHOE BO3MYIIEHHE BCEX TpeEX



sinemenToB B 11:15 UT.

Kpormre (kprouxoo6pa3Hoe) OTKIIOHEHHE B TEOMarHUTHOM CJIE/I€ M3-3a BCIIBIIKH OEI0ro CBETa B IIMPOKOW BU3yaTbHOM
mojoce mpomyckaHus | ceHTsOps 1859 roma MOSBMIIOCE Ha MarHUTOTPaMME TOPU3OHTAIBHON H-KOMITOHEHTHI
reomarauTHoro nonsg B Keto B 11:22 UT. Kpomre-Benbimka, yasrpaduoieToBas WM PEHTTCHOBCKAs, B3PHIBHOTO THIIA
Ha ConHue ObICTpO, Yepe3 ~ 8 MUHYT, MOXKET BbI3bIBaTh Ha 3emiie adpdext Mérens—/enmunrepa (SID) — noeienue
MPOBOJMMOCTH B MOHOC()EPHOM AWHAMO-PETHMOHE, MPOSBISIONIEMCS TOJIBKO Ha OCBEIIEHHOW cropoHe. OIHaKo BO
Bpemsi coObitust Kappunrrona 1859 rona HUKTO He OTCIIKHBAJl YPOBEHb PEHTICHOBCKHX W/HJIHM YAbTPa(dHOIETOBBIX
nyueit [Curto, 2016]. Hanpumep, B Pumckoii obcepBaropun Bpemst okoio 11:22 UT cumranioch He pabouum, T. €.,
3armcH rmpocto He Benmck [Blake, 2020, Fig. 3.].

Cremyer mOmYEpKHYTh, YTO TIIATEIbHAS pPAcCIIM(pPOBKA MarHATOIpaMM B YIOMSAHYTBHIX obOcepBaropusx JloHmoHa
BBISIBMJIA MHOXecTBO mnpoOnem [Beggan, 2024]. Onm kacainuch NpoOENIoB B KadMOpOBKE, MacIITaOMpOBAHMS
MWIIMMETPOB B YIIIbl U HAHOTECIA, HEONPEAEIIEHHOCTH B 3aBUCIMOCTH OT TOJIIIMHBI ClIe/a, UCKAXKEHH 3alKiced U TaKk
nanee. YTBEpXJACHUS, YTO 3allUCH COBMAJAIM HAa MarHUTorpamMmax B ['punBuue u, B 20 kM 0T Hero, B Kbio, Takke He
SIBJISIIOTCSI HaJICKHBIMU M3-32 OTCYTCTBHSI JIOKA3aTEIbCTB CHHXPOHHW3AIMU BPEMEHH MEXKIY ITUMH 00CEpBaTOPHIMU
[Beggan, 2024].

2 cents0Ops 1859 roma m3MepeHHsI MAaTHUTHBIX XapaKTEPHUCTHK B PrMe Havamnch depe3 HECKOJIBKO YacoB IMOCIE TOTO,
Kak BHE3alHoe Havaio O0buto 3adukcupoBaHo B Keto. [Ipn stom otknonenne H~3000 aTn nponsonuro B Pume, xorna
MmarHuTorpamMma B Kblo BbINUIA 32 Mpemensl IIKANbl, a aMIUIMTyna AaHHbBIX B KomabGe OwicTpo ymeHsmnanach [Blake,
2020]. Opmnako, B Pume Bapmanmu Tpex MarHMTHBIX NPHOOPOB, ACKIMHOMETPA, BEPTUKAIBLHOTO MarHUTOMETpa M
OMpUISAPHOro’, M3MEPAIONIMX, COOTBETCTBEHHO, BEJIWUYMHBI D, Z u H, He ObUIM OJHOBPEMEHHBIMH, MOCKOJBKY
MaKCHMAaJIbHbIC KOJIeOaHHs KaKI0T0 U3 HUX MMPOU30LLIH B pa3Hoe Bpems [Secchi, 1859a].

BrimsiHue B3pbIBa MeTeopa Ha MOHOc(Epy TaKKe OCTaBIAET KPIOYKOBATBHIA CIel, THWIIA KpOIle, Ha MarHUTOrpaMMax
[ActanoBuu, 1958, c. 274]. CnenoBaTenbHO, 1aXe YTBEPXKJIEHUE O TOM, YTO clie] Ha MarHuTorpammax B Jlonmone 1
ceHts0ps B 11:22 UT ObuT HanpsAMyIO CBSI3aH C COJTHEYHOW BCITBIIIIKOH, a HE, CKa)XXeM, C BO3MYIIICHUEM MarHUTOCQHEpHI
yAapHOW BOJHOW KPYIHOTrO (hparMeHTa KOMeThl buana, WM B3pHIBOM METEOopa, OCTAeTCs CHIIBHOI THIIOTE30H, HO He
(baxToM. Ho mockoibKy coiHeuHble Oelible BCHBIIIKK YacTO CONPOBOXIAIOTCS BHIOPOCAMH KOPOHAIBHOH IIa3MEHHOW
Macchl, CHJIbHAs T€OMarHuTHas Oypsl Ha ClieyIoUMid JieHb, 2 ceHTsi0ps 1859 ropa, yepe3 17,6 yacos, ObuIa npuIMcaHa
uccaenosarensimu kK ICME [Cliver, 1990]. Hukakux noka3zarenscts atomy HeT: ICME npocto nocrynmuposany.

CuipHBIC TEOMAarHUTHBIE OypH TEHEPHPYIOTCS OBICTPHIMH KOPOHANBHBIMH BBIOpOCAMH, IOITOMY BaKHO 3HATh
pactipenenieHe ux ckopocteil. B To ke Bpems, mepeBoy Toro, uro P. KappuarTon kadectBenHo ommcan B 1859 romy, B
CTabMILHYI0O MHMKOBYK) CKOPOCTh IIOTOKA®, «eeposammno, Hepaspewumas 3adaua» [Riley, 2012]. Orcroma u
CYIIECTBEHHBIE NMPOOJIEMBI B HadyaJIbHBIX oneHKax ckopocTH ICME mst cobbertust Kappunrrona. Hanpumep, momy4ns
HavajpHyto ckopocTh ICME ~ 5000 km/c, HO PUHSIB BO BHUMaHHWE MaKCHMAJIbHYIO CKOpocTh ~ 3500 KM/c, U3BECTHYIO
Ha ceromus B 0a3e manHbix SOHO/LASCO, uccnenorarenu [Riley, 2012] 6bUIM BRIHYKICHBI MPUIYMaTh CBOCTO pPoja
«KOJICHO» UTS CIIUBAHMS ATHX PE3YIIBTATOB BO UMS HX IIPABIOMOI00OHOCTH.

YCTaHOBNIEHO, YTO IOYTH IIOJIOBHHA CHJIBHBIX T€OMAarHUTHBIX Oypbh ¢ MHUHHMAaJIbHBIM HHIEKCOM Dst<(—300 uTm)
acconMMpoBaNach ¢ rpymnamu msareH miomansio <1000 m.a.m. [Cliver, 2022]. OueHka MoJHOW W3ITy4YCeHHOW 3HEPTHU
COJIHEYHOH BCHBIIIKKM BO BpeMs coObtusa Kappunrrona 1859 roma, ~ 4x10% J, OCHOBaHHAs Ha JCKU3€ U OIHCAHUH
[Hudson, 2021], He mpeBbIIacT 3HSprun 0oiee Mo3THUX Bemblmek. OTHOCUTEIBHO HEaBHsIsI BCIIBIIIKA B aBrycre 1972
rona ObLIa CTONB K€, WM OOJiee BBICOKOPHEPIeTHYHOW, 4YeM BO Bpems coObITHS Kd3ppHHITOHa, a CKOPOCTh
MeXIuIaHeTHOro BhiOpoca Beimie [Tsurutani, 2003]. Tem caMbIM, HU TUIOIIATh TISITEH, HU WX aKTUBHOCTh HE MMEIOT
pelaroIiero 3Ha4YeHMs: TaKWe ISITHA YacTO IMPHUCYTCTBYIOT Ha COJMHEYHOM JAWCKE M HE SBIAIOTCS PEIIAOINM
aprymenToM. bBomee Toro, ycraHoBieHa HeOoJbIIas, HO 3HAUYMMas AHTHKOPPEISNHS MEXIY OONACTBbI0 TPYIIIIEI
COJIHEYHBIX IIATEH, W3 KOTopoil mpomcxomutr BbIOpoc CME, c aBpopambHBIMH W TE€OMAarHUTHBIMH pPEaKIUSIMHU
[Lockwood, 2024]. Bmo6aBok, B OONBIINX KJIACTEpax CONHEYHBIX MATCH 3PYNTHBHEIC BCHBIIKH ToxaBisitores [Cliver,
2022].

IeoaddexTnBHOCTD NOPa3yMeBaeT MHOXKECTBO 3 dekToB, kortopbie Benbimky u/umn ICMEs moryt uMers Ha 3emure.
Cuna MarHuTHO# OypH 3aBHCHT KaK OT relMorpadMuecKux KOOPIMHAT COJIHEYHOTO COOBITHS, TaK M OT OpUEHTAIMU
MarHuTHOTO 1onsg B BeIOpoce ICME OTHOCHTENTFHO T€OMAarHUTHOTO TOJISl. JTO HE TOJIBKO T€OMarHWTHas Oyps, HO H
JPYTHE CIIOXKHBIE MPOIECCHI, BKIIOYas PaqHalliOHHy0 OypIo COTHEYHBIX dHeprerndeckux dactui (SEPs). o cux mop
CUUTACTCA, UTO «8ce 3Mmu ycious 80 gpems coovimus Koppunemouna 1859 2o0a cosnanu cnyuauno» [Hudson, 2021].
Jln1st HayqHO! KOHIETIIINY TaKOH BBIBOJ SIBJISIETCS CIAOBIM.

4 B OGHOWISPHOM MarHUTOMETPE CTpENKa TOJABEIICHA HA IBYX HHUTIX Tak, YTO ee IBIKeHHe orpaHuueHo. OH u3MepsieT
(abCcoMIOTHYI0) TOPU30HTAIBHYIO HHTEHCHBHOCTD M BapHanuy mois [Smart, 2006, ctp. 345].
5 B peHTreHOBCKHX JIydax (CM. Jajiee o BCIBIIIKE Kiacca ~X45).
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YTBepxnaercs, uTo SEPs UMEIOT CHIBHYIO TE€HACHIIMIO acCOIMUPOBATHCSA CO BCIIBIIIKAMH COJHEYHOrO OEJIoro cBeTa
[Cliver, 2013]. Drta cBsA3p mpeAmoiaracT PEHTTCHOBCKOE H3JIYUYCHHE JJICKTPOHOB WM HW3JIy4YCHHE TraMMa-JIMHUHA
MPOTOHOB (CONMHEYHBIE TPOTOHHBIE COOBITHA, SPEs, BEpOSTHO, TPEACTABISAIOT COOOW TOAMHOXKECTBO SEPs).
UntencuBHOCTE SPES OIpeensIeTcs YPOBHAMH HATPATHBIX PaIHMKAIOB M PaJlHOaKTHBHBIX d1eMenToB *C, *Cl u '"Be,
«obpasyiowuxcs 6 ammocepe 3emau u NPOAGIAIOWUXCA 8 KOIbYAX 0epebes, Kopanax u nedanvix keprax» [Cliver,
2013].

EcrectBenHo, reomaranTHasi Oypsi KappuHrrona noypkHa Oblla BbI3BaTh M3BECTHBIE aTMOC(epHbIe 3(PEeKThl BO BpeMs
COJIHEYHBIX Bemblmek (SFES), OTHOCSAIIUXCS K KPYIMTHEHIINM U3 KOTHA-TH00 3apEerHCTPUPOBAHHBIX B CPEIHHUX IUPOTAX
[Bartels, 1937; Newton, 1943; Cliver, 2004]. Ograko, coOBITHE TaKOTO MaciTaba He OCTaBHJIO 3aMETHOTO OTIedYarKa
HUTPAaToB B IIOJSIPHOM JIBIY, & TaKXkKe Clea KOCMOTEHHBIX Hykmunos Oepmmums ''Be [Cliver, 2012; Wolff, 2012;
Usoskin, 2012], xopa **Cl [Miyake, 2023] wm yrmepona "“C [Usoskin, 2012; Uusitalo, 2024]. B 5Toii cBA3H ABHO
CHEKYIATHBHO BRIIAUT yTBepxkaeHue [Cliver, 2013], aro «xoms Hem npameix doxkazamenvcme coovimuti SEPs u3-3a
HUSKOTI KOHYEHMPayuu 6 NeOAHbIX KepHAX HUMPAMHbIX PAOUKAI08 Wl KOCMOEHHbIX u3omonoé (nanpumep, '’Be),
Komopbie moanu 6wl bvims cesizanvl ¢ ozdeticmsuem ICME na ammocgepy 3emnu 6 aseycme—cenmsope 1859 2., maxoe
8030eticmaue noYmu HA8epHAKA umeio mecmoy. VI3BUHHUTE, €ClM HET JI0Ka3aTelbCTB CBS3M, TO IOYEMY BO3/CHCTBHUE
ICME o0s3arensHo uMeno Mecto? B To ke Bpemsi, CBSI3b a30THBIX PAJMKAIOB U KOCMOI'€HHBIX M30TOIOB CO BCEM
Habopom SFE/SEP/SPE B 1859 romy otrBepraercs B npunnuie [Wolff, 2012; Usoskin, 2012].

Onun enuHcTBeHHBIN ICME Bpsin i1 BRI3OBET MOCTIEIOBAaTENIFHBIE MATHUTHBIE OypH ¢ nHTepBasioM B 3—4 nHA. [losTomy
MPEATONIOKIIIN, 9TO ITopM K3ppuHrTOHA MOT OBITH OJHMM W3 MHOTHX INTOPMOB B CBs3U ¢ Heckonbkumu ICME,
UCXOAANIMX U3 OOIIero akTHBHOTO KiacTepa coiHewHbIX msaTeH [Cliver, 2013; Hayakawa, 2018b]. beuio 3asBieHO
[Smart, 2006], 4T0 OTCYTCTBHE CTATUCTHYCCKH 3HAYMMOIO YBEIMYCHHUS HAOIIONACMOIl KOHIICHTPAIIMH KOCMOTCHHBIX
HYKTUA0B JUist 1859 roma CBUAETENBCTBYET O MHOKECTBECHHBIX IPOTOHHBIX BBIOPOCAX M MSTKOM CIEKTpE C
npeoOnagaHnieM yoapHbIX BOJH.

PaccmoTpuM BapmaHT MHOXKeCTBEHHBIX BBIOpocoB. Ecim Heckompko ICMEs «Gamyckarores» nu3 oOmerd akTHBHOM
obmact Ha ConHIlE, TO NMEPBBI MOXET OBITH 3aMEIJICH B MEKIUIAHETHOM IPOCTPAHCTBE M3-3a «COIPOTHUBIICHMS
Tpacchl». Tak Kak MepBEIA OYUIIaeT 3Ty Tpaccy («3(h(eKT CHeroydopodHoi MamuHE), To mocnexaauii ICME, mokunas
ConHile 4epe3 HECKOJBbKO JHEH, MOXET MNpPOIBHUIaTbCs IOYTH 0e3 3aMe/UIeHHs M TNPHBECTH K OKCTPEMAILHOMY
reomarautHoMy mropmy [Hayakawa, 2019]. OmHako, Hamuuue JHIIb> HEOOJBIION TPYIIBI COMHEYHBIX MATCH Ha
BOCTO4HOM cTopoHe aucka ConHia 25 aBrycra 1859 rozga, He cmocoOHO OTBEYaTh 33 MArHUTHBIH mTOpM 28/29 aBrycra,
Tak oHa He Obuia reodddextuBHoi [Hayakawa, 2019]. Bmecre c¢ tem, omun ICME cnocoben orBeuyarh 3a
JIBYXCTYIIEHUATyI0 Oypro, ecinu 10kHbIH komnoHeHT MMII BeTpoeH Kak B 000JI04KY, Tak ¥ B MarHuTHOE 061ako B ICME
[Tsurutani, 2003; Hayakawa, 2018b]. IlosToMy mBITanHCh CpaBHHBAaTH COOBITHE KOppPHHITOHa CO CIIOKHOH
reoMarHuTHOH Oypeit 1989 roma, nnmuBmeiics npubmmsurensHo 24 vaca. Ho mpodmns Dst mnst mropma 1859 roma
MOKa3aJl, 4To coObiTne KappuHrToHa OBIIO BBI3BAHO NPOCTON MHBEKLMUEH IUIA3MBI, U «Hem HUKAKUX OOKA3AMenbCms
cnooicnoeo wmopmay [Tsurutani, 2003]. TIpu atom, reomaruutHas Oyps 28/29 asrycra 1859 roga mpaktuuecku He
yerynana (-Dst=673 uTn)° [Love, 2025] napamerpam 3Hamenutol Oypu 2 centsOps (—Dst=866 uTn) [Love, 2024].
BnobaBok, o nonsipHbIx cusiHuax B CeBepHOM noyiapuu coodmanu vare 28/29 aprycra, uem 2 centsiops [ Hayakawa,
2019]. 3a mosepxHocThio ComHia mepen codbiTeM KoppHHIrTOHa HAOMIOmANM H3BECTHBIC acTPOHOMBI — CEKKH,
Kappunrron, 11IBa6 — u apyrne. Hu MCTOYHMKOB T€OMAarHUTHBIX Oypb, HH CJIEAOB KpOIIE HAa MarHUTOrpaMMax 0
BCOBIIKH B OenoMm cere 1 centsops 1859 roma, BersiBieHo He Oputo [Neidig, 1983; Hayakawa, 2019]. Tem cambim,
MOKHO YCOMHHTBCSI B QUEPETHOM ITOCTYIMPOBAHHH, CBSI3aHHOM C COJTHEYHOM aKTHBHOCTBIO: «YHCTKE» MEKIUIAHETHOTO
npocrpancTsa npexanonaraemeiM ICME 27/28 asrycra 1859 roma, 4ro mpHOHCHIBAIOT K MPENIONUH, HPUBEAIIEH K
OBICTpOIT «ocTaBke» cienyroniero ICME u reomarautHOMY mtopmy 2 ceHT0ps 1859 roxa.

B o6cepBaropun KonaGwl 2 centsOpst 1859 roma reomarHuTHass H-KOMIIOHEHTa MOKa3ajia aOCOJIOTHYIO CKOPOCTb
m3MeHeHus1 >2436 uTn/a [Love, 2024]. MakcumansHBIH poriIb CPeqHEIACOBOM IIOTHOCTH OBLI mouTH B 14 pa3
BBIIIIE, YeM aHAJIOTUYHBIC 3HAUCHMA, HaOmonasmmecs ¢ Tex mop [Hayakawa, 2019]. OgHaxko, B3sTHE TTO9aCOBBIX BMECTO
TOYCYHBIX CPEIHHX 3HAYCHWH Ha MarHuTorpamme B Komabe maer cepbe3Hblit pazdpoc mns Dst, ¢ MakcuMaibHBEIM H-
otkioHeHneM, paBHBIM (—850 HTm) BMecto (—1600 HTn) [Siscoe, 2006]. CnenoBarenpHO, MakcuMyM (—Dst) mTopMa
cobwitust Koppunrrona HeomnpepenceHHbid. K TOMy ke, OH BBIBOAWJICS W3 HAOJIOJCHUM, CICIAHHBIX B OJHOM
00cepBaTopuHr’, 4To IOMyCaKkaeT COMHUTENLHOCTD oLeHoK [Akasofu, 2005; Love, 2006; Hayakawa, 2022].

MarnuTtHble ITOpMa Ha 3eMie KOPPEIUPYIOT KaK C COJHEYHBIMH »KEKIMSAMU — MarHUTHBIMH OOJIaKaMH, TaK U C
konbieBbiMu Tokamu (CIR — corotating interaction region), TeKymuMu B MarHutocepe, TOpouIanbHO BOKPYT 3eMIIH €
LEHTPOM B SKBATOPHAIBHOM IUIOCKOCTH Ha BbIcoTax ~ 10—60 Thic. kM. Ero M3MeHeHus 0ciablsfoT TeOMarHUTHOE OIS

6  MakcuManabHOE OTPHIATENBHOE 3HAYEHUE MHIEKca Dst ABNAETCA OOLIENPUHATON MEpOW MHTEHCHBHOCTH MArHHTHOW Oypu.
VYKka3aHHbIE JaHHBIC IPUBEACHBI OCIIC yIAICHNS BapHalUK Sq U3 H3MEPEHHH B CIIOKOWHEIE THH.

7  3HaueHHe IeOMarHUTHOrO MHAEKca Dst, KOTOpBIN SIBISETCS KOCBEHHBIM II0Ka3aTelleM SHEPruH B KOJIBLEBOM TOKE BO BpeMs
IITOpMa, PaCCUUTHIBACTCS KaK CPeIHEYIacoBOE 3HAYCHNE YETHIPEX MArHUTHBIX 00CEepBaTOPUH CPETHNX IIHPOT.
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Y TMPUBOJAT K TEOMArHUTHBIM OypsiM. KosblieBOM TOK IBMXKETCs MO 9acoBOH cTpenke (ecnu cMoTpeTh ¢ CeBepHOro
MOJIFOCA), M MEPEHOCUTCS IPei(YIONIMMH B IPOTHUBOIOIOKHBIX HAIIPABICHUAX SJICKTPOHAMU M MOHAMH C DHEPruei ~
1-200 x3B.

Jonroe Bpems Hamboliee BEPOSITHOW CUMTANach TUmoTe3a MarHUTHOro obnaka ICME ¢ 10)KHBIM KOMITOHCHTOM ITOJIS
Bz~(—90 uTn) BHYTpM MEXIUIAHETHOTO MAarHUTHOrO obOnaka, oOecreuuBatomM nuk (—1760 HTa) Bo Bpems
reomarautHou Oypu [Lakhina, 2012; Tsurutani, 2003; 2023]. CoracHo 3ToMy monxony, noie ~ 90 HTn MarHuTHOTO
o0Jaka MpUBElo K MaKCUMAJIbHOMY MEXKIUIAHETHOMY dJIeKTpudeckoMy nomo ~ 160 MmB/m. Orciona, ¢ yueToMm aBpop Ha
HU3KMX [IMPOTaX M, COOTBETCTBEHHO, IUIa3Mamay3bl Ha ypoBHe L=1.3, Obulo mnomydyeHo MarHuTOC(hepHOE
KOHBEKIIMOHHOE 31eKTprdeckoe moje ~ 20 MB/m. [Ipu 3TOM 4pe3BpIdaitHO OBICTpOE BOCCTAHOBJICHHE MarHUTHOM OypH
MOCTYNHPYETCs KaK CJIEACTBHE HETMHEHHBIX MOTEPh KONbIeBOro Toka [ Tsurutani, 2018].

OmHaKo, €CITM TeOMarHUTHAS JIeTpeccrst OblIa BRI3BaHA KOJBIIEBHIM TOKOM [ Tsurutani, 2003], To «0:1 medcnaanemuoco
anexmpuueckoeo noas mpeodyemcsa >200—451 mB/m, umo cuumaemcs Henpagdonooobnvim» [Love, 2024]. Bonee Toro:
«BeMUYUHA OOHOBPEMEHHO20 GO3MYWEHUs Oblld HAMHO2O 0OOMbUE HA ABPOPATLHBIX WUPOMAX, Cle008AMENbHO,
UBMEHeHUe BO3HUKIIO 6 GbICOKUX WUPOMAX U He e1saemcs nojiem Kouvyesozo moxka» [Akasofu, 1960, Fig. 3].

ITockoneky nempeccust B bomOee Taxoke MMmena MECTO Ha JHEBHOW CTOPOHE M JUIJIACh ~ 2 YacoB IOCJe Hadaja
IITOPMA, U OJTHOBPEMEHHO, BEPOSITHO, YCUIIMIICS 3araIHbIi aBpopajibHbIi a1ekTpomket (AEJT), mpeanonoxunu [Ohtani,
2022], yro mpuuuHOi Oypu MOTr OBITH OTHANEHHBIH 3()()EKT B OTBET Ha CHJIBHOE IOKHOE MArHUTHOE IIOJie BHYTPHU
ob6onoukn ICME cuctembl BRIPOBHEHHOTO IO TIONIO JHEBHOTO KIMHOBOTO Toka R-1 (FAC), a He kombiieBoro Toka. Ho
TakoW MOAXOM He coracyercs ¢ mMarHuTtoruapomumHamudeckor (MI]) Teopueit [Kennel, 1985; Tsurutani, 2023]. Dra
TEOPHSI MPEICKa3bIBACT CKATHE MATHUTHOTO TIOJIT 000JI0YKH OBICTPHIM yIapoM B 4 pasa, 9To JaeT HalPsDKCHHOCTH ITOJIS
o6omnoukn ~20 HTn (MakcumyMm ~ 40 HTi), siBHO HeocTarouHOU 1u1s Oypu 2 ceHTsi0ps 1859 rona, a nocienyromee 10-
KparHoe ycuieHue nosis [Siscoe, 2006; Ohtani, 2022] He moaTBepkIeHO B 0K0J03eMHBIX 00onoukax ICME («uuxaxoeo
BHAUUMENbHO20 YCUlleHUss He Obl1o ommeuero 6oodbuye» [Tsurutani, 2023]). KopoTkoe Bpems MeXIy BHE3AIHBIM
umnyiascoM (SI+) u HavamoM rIaBHO# (a3sl Oypu moapasymeBaeT ykopoueHHY0 ob6onmouky ICME [Tsurutani, 2023].
[ostomy «macnummusle nonsa obonouku ICME uckirouaromes KaK UCMOYHUK MeHCHIAHEeMHO20 eKIMPUIecko20 nois
014 maenumuou 6ypu Ksppunemonay [Tsurutani, 2003; 2023].

[Ipemmaranice JONONTHUTENBHBIC MOTEHIIMATIBHBIC TIPUYUHBL: YCHJICHHAE KOJIBIIEBOTO TOKA aBPOPAIBHOM AIIEKTPOCTpyeH
u 1T.0. Ho mpoTHB W KONBIICBOTO TOKA, W/WIHM aBPOPAIBHOTO AJIEKTPOIKETa OBUTH BBIABHHYTHI JOTONHUTCIHHBIC
aprymenTsl [Othani, 2022]:

«(a) nocredosamenvrnocmsy H-Oenpeccuu omauuanace om nocnedosamenvhocmu AEJ 6 mom oice cekmope, 4mo
UCKIIOYAem UHUYUUPOBAHUE 0enpecCuil TOKATbHBIM UOHOCHEPHBIM MOKOM U3-3a INEKMPULECKO20 NOJsl, NPOHUKAIOWE20
U3 A8pPOPAILHOU 30Hbl 8 bOIee HUZKUE WUPOMbL.

(b) Oenpeccusa onunacey 6ceco HeCKOIbKO YACO8, 3a KOMOPOU NOCIe008aid HeOObACHUMAA bonee NPOoOONNCUMENbHAS
2e0MACHUMHAA U ABPOPATbHASL aKMUsHOCMb 2—3 cenmsadps 1859 2o0a,

(c) Ha nuxe H-Oenpeccuu Konaba uaxoounace na Onesnoui cmopone npu LT=11 (UT+4,9); no AEJ obwvuno
pacnonazaemcsi 6audce K NOMOCY 8 NOAYOEHHOM CEKmope U He UHMEHCUBEH NO CPABHEHUIO C OpYeUMU CEKMopamu,
Habmooaemas 3asucumocmv |MLat| npednonazaem, umo Konvyeou MoK He Obll NEPEUYHBIM UCTOYHUKOM
Habo0aemou 0enpeccuuy.

B pesymerare, «udea moeo, umo H-denpeccuss 6 Konabe 6vina evizeana xonvyesvim moxom/AEJ u, credosamenvho,
nonem macnumnozo odnaxa, uckmowaemes» [Othani, 2022].

KoHceHcyc 10 cux Nop He IOCTHTHYT, 1 HUYero 0ojiee CyLIECTBEHHOTO MPEIOKEHO He ObUI0: «iaubo dannvie Konaba
ObLIU 3aMPOHYMbL CUCMEMAMU MACHUMOCHEPHO-UOHOCHEPHBIX MOKO8 8 OONONHEHUEe K KOIbYeBOMY MOKY, Aubo ¢
Odannvimu Konaba moscem ovims umo-mo ne max» [Love, 2024].

2 cents0ps 1859 roma ropuzoHTaIbHAS H-KOMIIOHEHTa MarHUTHOTO IOJISl B oOcepBaTtopru bombest mokaszaia CIumKkoM
OBICTpOE BOCCTAHOBJICHHE. DTO YIUBHJIO HCCICHIOBATENCH, Tak Kak 3p(EeKT He OTpaxkal WHTCHCHBHOCTH KOJBIIEBOTO
ToKa. OHU OBLIM BBIHY)K/ICHBI JOIIYCTHUTh HEOOBIYHBINA MPOLECcC IOTeph H3-32 YHUKAIBHOCTH ero npupoasl [Hayakawa,
2018b], a To 1 mpocTo 0TOpOCKB HanboJIEee IKCTpeMaIbHOE 3HadeHue [Siscoe, 2006].

JIiss HEeKOTOpPBhIX OOBACHEHHMU OBICTpOW (ha3bl BOCCTAHOBJIICHHS MarHuTHOW Oypu B Komabe kitoueBbiM (HaKTOPOM
SBISIETCA IUIOTHOCTH COJIHEYHOTO BeTpa, KoTopas oOBYHO mpeBaimpyeT B obOonouke ICME. Ho amomamsHOE
YBENIMYEHUE IUIOTHOCTU («niaasmenuas npooxa») [Li, 2006] mompa3ymeBaeT momaBieHHE [H-KOMIIOHEHTa emie a0
npuObITHS camoit obomouku [Tsurutani, 2018]. Eme omHo oObscuHenme [Keika, 2015] Tarke mpedrmonaraer peskoe
CHIKEHHE TUIOTHOCTH COJTHEYHOTO BETpa Ha rpaHuie Mexay obonoukoit ICME u mocnenyomnmM MarHiTHIM 00JIaKOM
[Ohtani, 2022]. IlpoTuBOpeUrs HATUIO®.

8  IlpuBrekanach Tak)Ke aHAIOTHS CO CBEPXCKOPOCTHBIM CONHEYHBIM BeTpoM 2012 rona. OHa sSIBHO HEyMECTHA, TIOCKOIBKY HAYETO
TIOXOJKETO Ha XapaKTepUCTHKH coObITrsl KapprHrrona ne Habmronanocs B 2012 roxy.
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BMmecre ¢ Tem, B moroke AHApoMenua, Hampumep, B 1885 romy, HaGmIOMaNnoOCh CTPEMHUTEIHHOE YMEHBIICHHE YUCIIA
METEOpPOB K KOHIY ux peructparmu [Newton, 1886, p. 410]. B momo6HOM ciydae marHUTOC(Epa criocoOHa OBICTPO
BEPHYTHCS B MCXOMHOE cocTosiHue. C IpYyroi CTOPOHBI, KOJBIIEBOM TOK, XOTS M UCKIIFOYACTCS B Ka4eCTBE HMHUITMATOPA
reomarHuTHoit Oypu B Konabe, Mor mpuHUMarh y4acTue B €€ Pe3KOM BOCCTaHOBJIEHUH. HerpepbIBHbINA NPUTOK HOHOB C
Oosiee BBICOKOH 3Heprueil TpeOGOBall, COOTBETCTBEHHO, 00JIee UIMTENFHOTO BPEMEHH JUIS pachajia KoJIbIIEBOrO TOKa.
HcTouHUKOM TakMX HWOHOB MOINIM OBITh, HApUMep, CyOOypeBBIE WHKCKINH, HO B TIYOOKOW BHYTpEHHEU
Marautocgepe, rae L<1.5, onn ue uzBectHrl [Hayakawa, 2018b]. [Hayakawa, 2022].

OnHako, U3BECTHO, YTO MOHBI KOMET TsDKEJIEe NOHOB COJHEYHOIO BETPa BO MHOTO pa3 U, MO3TOMY, IFIOTHOCTh SHEPrHU
KOMETapHOW IUTa3Mbl Ha JBa TOPSIKAa IPEBOCXOAUT TAKOBYHO B THUIIMYHOM cojHeuHoM Berpe [Espley, 2015].
CrnemoBarensHO, ¢ JaHHBIMHA Komaba «MOKeT OBITh BCE Tak»; a MIMPOKHE KOMETapHBIC MIOTOKH CITOCOOHBI OXBAaTHIBATh
BCIO 3emutro, BKJIo4as, oOcepBaropuio B bombee 2 centsops 1859 roma, cHadama ¢ HOYHOW CTOPOHBI, a 3aTeM U C
JTHEBHOM.

1.2.2. KOMETBI IOJABJIAIOT IINTAHETAPHBIE MATHUTOC®EPbBI

Kak yxe yka3pBajoch, cOrmacHO mociemHuM oreHkaM [Tsurutani, 2023], TpeOyeMblii HCTOYHHK MEKIIAHETHOTO
AIIEKTPUIECKOTO TOJSI, OTBETCTBEHHBIN 3a MarHUTHYIO Oypio 2 ceHTs0ps 1859 roma, Mor Ol 00NMamaTh MarHUTHBIM
nomeM ~ 90 HTn. B cBA3u ¢ mpenmonaraeMbeIM ydacTHeM TNOTOKa (parmMeHToB komerhl 3D/buana B coObtnm
KsppuHrTOHa €cTh CMBICT IPOBECTH aHAJIIOTHU C W3BECTHBIMH JaHHBIMU ISl APYTUX KoMmeT. Hanpumep, u3BecTHO, 4TO
y kometbl 1P/Tannest 3apeructpupoBann maruutHoe noie noHoB ~ 80 HTn [Riedler, 1986], uro mourn mocruraer
Tpedyemoro. CoBceM HenmaBHO, 3 uroist 2015 rona, OecnperieieHTHOE yBenndeHre MarHuTHOTo moiist 1o 300 HTa Obuio
HU3MEPEHO KOCMHUYECKUM ammnaparoM «Poserta» y kometsl 67P/UypromoBa—I epacumenko (manee — 67P) [Goetz, 2019].
HaxoruieHHas MATHUTHAS SHEPTHA B 6 Pa3 MPEBOCXOMMIA OOBIYHYIO BHYTPH KOMBI KOMETEI 67P°. C yueToM BEpOSTHOTO
JKeNe30-HUKeNeBoro sipa kometsl 3D/brana, ee MarHuTHOE 1OJIe MOTTIO OBITH eme Oonbmie. Ho W OTMEUCHHBIX TTOJIEH
JIOCTAaTOYHO, YTOOBI OOBICHUTH U3MeHeHUs 2 ceHTI0ps 1859 romga ropusoHTansHOI H-cocTaBistoniei u B bombee, i Ha
reOMarHuTHOM mupore Puma.

[ToBenenne reomarauTHOro nons 1-2 centsiopst 1859 roxa 6pu10 MOXOXKE Ha n3MeHeHus 28—29 aprycra [Stewart, 1861,
p- 425]. Bo Bpewmst niepBOi CHIIbHOI reoMarHUTHOM Oypu 28/29 aBrycra, Kak W BO BpeMs Clienyromiel 2 ceHTsops, Ha
MarHuTorpammax B JIoHI0HE OBLTO OTMEUEHO TPH Meprona kosebanuii [Stewart, 1861, p. 425]:

(1) oT momymuHyTHI 10 ~ 4—5 MUHYT; (2) ~ 40-50 MunyT; (3) ~ 6 Yacos.

(1) IlepBoHauanbHBIC BHE3AITHBIC BO3MYIICHUS UIMIHNCH ~ 3 MHHYT, a 3aTeM Oolice ITUIABHO MEHSUIHCH emie ~ 7
muHyT. [locne artoro, T.e., uepe3 10 MUHYT, MX HampaBleHHE HW3MEHMJIOCh Ha IMPOTHUBOMNONOXKHOE. Takue
HHU3KOYaCTOTHBIE KojieOaHUsi OObIYHO OTHOCAT K PcS5 mynbcanusiMv ¢ nepuonoM 10 10 MHUHYT B CBS3U C
reoMarHuTHBIMU Oypsimu [Jacobs, 1964]. Ho u Tunn4HbIe nepHoIbl JOMUHUPYIOIINX BOJIH KoMeThl 1P/Tames
B 1986 roay cocraBisuid ~ 2—6 MHUHYT, a 3-MHHYTHbII NEPUOJ TyJAbcalii ObUT BBI3BAH TEIUIOBHIMU MOHAMH
W3-32 M3MCHEHHWS HUX 3apsga W (QOTOMOHHW3AIMH. OTH KoneOaHWs OBUIM WHHUIMHAPOBAHBI KHCIOPOIHO-
BOAOPOIHBIMH paJvKaaMy, KOTOPbIE 3aKPyYHBAINCH 110 CIIMPAIH BOKPYT JTMHUH MarHATHOTO TOJS M YXOIUIN
Janeko ot sapa [Mukai, 1986].

(2) Iepuon, pasusiit 40—50 MuHYyTaMm, BO BpeMsi cOOBITHS KIppHHITOHA MOATBEP)KIAETCSI ONMUCAHNEM ITOSIPHOTO
cusiHHS B HOYb Ha 29 aBrycra 1859 roma, Korma HHCIICKTOP TesierpadHoil ciayx0s1 CeBEepHOI Keae3Ho! 10poru
B Hyaenbs-ciop-Mep cooOwmini, 4TO 3aMeTWsl JIOBOJIBHO SIPKMH Oenblii cBeT B HeOe, KOTOPBIA 3areM
YBEIMYHMBAJICS 110 HHTEHCHBHOCTH K TOPH30HTY. DTOT OE€JIOBAThIA CBET, 03HAMEHOBABIINK HAYaJIO MOISIPHOTO
CHUSTHHS, TIPOJIOIDKAJICA OKOJIO TpeX YeTBepTeil Jaca, T.e., okoio 45 munyt [AUC, 1864, p. 352]. 3ana3apBanue
~ 45-MuH MOmIO OBITH CBA3aHO M C 33/EPXKKOW BO3pAacTaHUS HMOHOC(EPHBIX TOKOB H3-32 pPa3BOpOTa
MEKITAHETHOTO MarHUTHOTO TOJIA K IOTY IPH MepeOpOCKe MarHUTHBIX CHIIOBBIX JIMHUI ¢ JHEBHOI CTOPOHBI B
XBOCT 3eMHOW MarHutocdepbl. Takol 45-MuHYTHBIH 3(QQeKkT Obul yCTAaHOBIICH, HalpHMep, BO BpeMs
JKkcrepuMeHToB co cnyTtHukamu «Kiacteper» B 2001 romgy. Ho, kak yxe ynmoMHHamoch O HpPOXOXKIEHUU
METEOPOB: «KAK OVOMO HAYUHANO CEEmAmb; W HIDKHSAS YaCTh «KPY2OM HO 20pU30HMY Oblid NOONOSCaHd
onednvim benosamuvim obaaxom» [Cearckuid, 1922].

(3) «Oomuaxo 21a6HOl 0cOOEHHOCbIO BO3MYUEHUI 80 8PEMA 2eoMacHummubIX OYypb 28/29 asevema u 2 cenmabps

9 Ha ypoBHe THIIOTE3BI aBTOPBI MPEIMOIOKUIN TPUITEPOM 3hdekTa KOpOTHpYIoNyo obiaacte CIR, YTO TPHBEIO K CHKATUIO
KoMeTHOH miasMel. Ho Gosiee BeposITHO, Ha MO#i B3[VIs, HAKOIUICHHE SHEPTUH 32 CYET aMOUIIOJISPHOTO IMOJIS BHYTPH KOMETHI
[Stephenson, 2021].



1859 200a Ovin _nepuod 8 6 uacog, umo Hauboiee OMYEMIUBO BUOHO HA KPUBLIX 2OPUBOHMATLHOU U
8epmMuKaAIbHOU cocmasnaowux. B meuenue nepsvix 3 _uacos smu 0ea snemenma 6 Kvio ymenvwanuce, a 6
meuenue cnedylowux 3 4acos onu YEerududaIuch, NOKA NPUMEPHO Yepe3 6 4acoe OHU CHO8A He OOCMUIU
ceoux HopmanvbHelx 3nadeHuly [Stewart, 1861, p. 429].

Takoe MOBeNEHHE TOYHO COINIACYETCS C TMPOXOXKACHUEM I0TOKa AHIPOMEIU, 3aperUCTPUPOBAHHOTO 27
HOs10ps1 1885 roma, Korma «8 meuenue nepsvix 3 uacos HAOGNOOANOCH YeNUUEeHUE YUCIA Memeopos, d NOcie
NUKA UX YUCTO YMEHbULATIOChL 8 MeYeHUe Cledylouux 3 4acos, maxk 4mo 6 meuenue 0 4acog npouiia OCHOBHAs
yacms nomokay [Newton, 1886, p. 425].

Tem cambIM, 3aBUCHMOCTh T€OMAarHUTHBIX KOMIIOHEHT OT AHIPOMEIN[, B Cllydae X IPHCYTCTBHSA BO BpeMs
coowrtust Koppunrrona 1859 roma, nomxHa OpIIa MMETh aHAJOTHYHBIN MHBEPCHOHHBIM XapakTep ABaXIIbl,
28/29 aBrycra u 2 centsopst 1859 roma, 4To KOppenMpyeT WM C AByMsS BTOPUYHBIMH KOMETaMHU «A» H «B»
3D/budna, uianM ¢ pa3opBaHHBIM ITOTOKOM AHApoMmenuna. Jpyrumu ciioBamMH, B TeYGHHE IIEPBHIX 3 9acoB
YBEJIMYCHUE MOTOKAa KOMETapHBIX (ParMeHTOB/METEOPOB JIOJDKHO OBLIO YMEHBIIWTh BEPTUKAIBHYIO W
TOPU3OHTAJBHYI0 CTPYKTYpPHl TE€OMAarHUTHOIO TOJA, a B TEUYEHHE CIEAYIMmUX 3 9acoB, Korma IOTOK
YMEHBIIHJICS, 00€ T€OMarHUTHBIE KOMIIOHEHTHI BO3BPAINAINCH K HOPMAJIbHBIM 3HAYCHUSIM.

Mo:kHO TIpeaIonaraTe MEXaHU3MBI BIUSHUS B ITUPOKOM JHANIa30HE: HAIIPHMEP, CKaTHEe MarHUTOC(hephl 3eMiTn
YAapHBIMHU BOJHAME/KETAMH KOMETapHBIX (pparMeHTOB H T. 1. OJHAKO, SCITM Takoi 3-4acoBOH Tpaduk OBLT
xapakTepeH st AHgpomennn 27 HosOps 1885 roma, To mns ICMESs, B pa3HBIX BCOBIIKAX OT HEOAWHAKOBBIX
MATCH, ABaXIbL, 28/29 aBrycra u 2 ceHTssOps 1859 roga, oH MOT IPOU3OUTH, OMSTH )K€, TOIBKO CIyYalHO.

MeTeoprIe IIOTOKH BO3HHMKAKOT MU3-3a KOMCT, 4 TOYHCC, U3-3a UX q)paFMeHTaLII/II/I, KOTOpast, B TOM YHCJIC, IPOSABJIACTCA B
mkerax. B 1986 romy Bokpyr komersl |P/T"ammes Habmromannch TpHU JONTOXHUBYIIUX JKeTa. HTEpecHO, 4To 6-dac.
nepuoj Ha MarHuTorpamMmMax 1859 roma mo3BosseT cpaBHHTH ero ¢ HaOmoneHueM B 1986 romy B Xozme 3KclieprMeHTa
«TUNDE-M» KBa3nneproauuecKnx 4-dac. MOTOKOB 3JIEKTPOHOB, CBs3aHHBIX C sapoM 1P/Tamnes [Somogyi, 1986].
[ToHATHO, YTO MEPHOIBI JKETOB 1A siaep pasHbix komeT, 3D/buana u 1P/Tannes, He obs3aHbl coBnagars. OmgHAKO caM
(axT TakoW NEpPUOIMYHOCTH B Pa3HBIX YCIOBHSX BechbMa KpacHopeuuB. llostomy, B 1859 romy 3anmcu Ha
MarHMTOrpaMMax MOIJIM OBITh CBS3aHBI C BO3MYIIECHHUSIMH 36MHON MarHuToc(epsl/arMocepsl Kak AByMsI BTOPHYHBIMA
KOMeTaMH «A» U «B», Kak/1as 13 KOTOPbIX UMella HECKOJIBKO JDKETOB, TaK U MeTeopaMu AHapomean]. BrickassiBasioch
MPEAMOJIOKCHNE, YTO KOMETa «A» MOIIa WHHIMUPOBaTh MOTOK AHapomenus B 1885 romy [Jenniskens, 2007].
BeposiTHO, KOMeTa «A» MorIa OBITH OTBETCTBEHHOW W 3a T€OMAarHUTHYIO Oypio 2 ceHTs0ps 1859 roma, T.e., oHa He
«cnana» Bo BpeMs coObitust Kappunrrona, kak npeamnonaran I1. JkeHHHCKEHC, a «y4acTBOBaJIa», CAMOCTOSITENBHO, HITH
COBMECTHO C KOMeTOH «B» B reoMarHUTHBIX Oypsix coObITH KappuHrToHa.

Bunonsprsie konedanus D-KOMIOHEHTa CKJIOHEHUS (T.€., OTKJIIOHEHHS OT HCTHHHOTO ceBepa) B Pume, C. IlerepOypre n
Hepuuncke B 1859 rony takxke oka3zaiuch 0COOCHHO CHIIBHBIMH M HE OOBSICHUMBI B paMKaxX CTaHIAPTHOW MapajaurMbl
COJIHEYHOTO TeHe3mnca coObitus Kappunrrona [Hayakawa, 2019]. Ho B 3ToM OTHOIIEHHM TOKa3aTeabHO, 4To B 1986
roZly KOCMHUECKHH 30H] 3apErHCTPUPOBAT CUMMETPUIHBIE KOJIeOaHUsI MArHUTHOTO 1oist komeTs! 1 P/T'annes, kotopele
ObUTM CBsI3aHBI C YIapHBIMH BOJHAMH. AHanorudHo, B 1859 romy OunonspHble (GIyKTyallMd CKIOHEHHS MOIJIH
IPEJICTABIATE KONEOATENBHBIN MTPOLECC «BXOAA—BBIXO/I@» ONPE/ENEHHBIX TEOMArHUTHBIX JIMHUN'® M3 yTapHBIX BOIH,
CO3JIaHHBIX WJIM B MarHUTOC(epe BTOPUIHBEIMA KomeTaMu «A/By» 3D/buana, mmn AnapoMennnamu yxe B atmocgepe. B
IUIA3MEHHOH cpejie KOMETHI Tpe/IoaraeTcesi 00JacTb (MKCHPOBAHHOM CTPYKTYpHI BBICOKOH 1oTHOCTH [Espley, 2015],
KOTOpasi MoIvIa OBl IepeMeIaThesl BIIEpe T ¥ Ha3a | B MarHuTocgepe 3eMin IpH ee MepeceyeHUH.

Ientp nonsipHOro custHUA 2 ceHTA0ps 1859 roma He Bcerna coBmagal ¢ acTPOHOMHYECKUM MepuananoMm. Hampumep, B
Pume oH Haxomwics K ceBepo-3amany or mepuauana [Secchi, 1859a, b], a B Adunax — Ha ceBepo—ceBepo-3armaje
[Loomis, 1860a, p. 82]. CorracHo mybmukaru X. HeloTOHa, BO BpeMst METEOPHOTO TTIOTOKa AHIPOMETHI, KOTOPHI OH
HaOmroman yrpoM 25 HosOps 1872 roma, pagwmaHT OTHOCHTENBHO MPEABIAYIIETO0 AHS CTaj HIDKE TaMMBI-AHAPOMEIBI
Takke Ha ceBepo-3amaje [Newton, 1872]. XoTs Tpu 4eTBEpPTH METEOPOB MPUIIIH, IO €r0 OLEHKAM, U3 OKPECTHOCTEH
raMMBbI-AHAPOMEIBI, OCTalbHasl YacTh IMOTOKa Obla cMmenieHa. Kpome Toro, B 1885 roxy Habmromarenu yTBep:Kai,
YTO YacTh METEOPOB IPOMCXO/MIIA U3 CPABHUTEIBHO OOJIBIIOTO MPOCTPAHCTBA HAa CEBEpO-3arajie TaMMa-AHAPOMEIbI,
XOTsI OXBaTbIBaja 3Ty 3Be31y B ee npenenax [Newton, 1886, p. 420]. B 1859 rony orkioHeHue AexknuHoMeTpa B Pume
Obiio cuibHee Ha 11' Ha 3amaa, 4em Ha BOCTOK. [lonsipHOE CHsTHHE Takke OBLIO spue Ha 3amaje 1Mo CPaBHEHHUIO C
BoctokoM [Secchi, 1859a]. B obGcepBaropun Kblo 3amamHoe ckiioHeHue yBenumumioch Ha 13,2 [Stewart, 1861].
AHaIOTUYHO, BO BpeMs IOTOKa AHIpomenu B HostOpe 1885 roma HabmonaeMbIii 00l IEHTp METEOpOB B aTMochepe
He OB cTAaImOHApHBIM, a MeIUIeHHO ApeiidoBan Ha 3aman [Denning, 1885, p. 72].

OZ[HI/IM U3 BAapHUaHTOB 00BICHEHUS OpeBAJIMPOBAHUSA 3alladHOI'O CKJIIOHCHHSA MOXHO HPEAINOJJOKNUTh HAXOXKICHUE
BTOpPI‘IHOfI «B»-KOMeTBI K CCBCpO-3aragy oOT HOMI/IHI/Ipy}Omeﬁ BTOpH‘IHOﬁ «A»-KOMETBI IIOCIIE paciiaia KOMETbI

10 To €CTh, «IIPUBA3AHHBIX» K MArHUTOMETPY 06CGpBaTOpI/II/I MECTa UBSMEPECHUS.
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3D/buana B 1840-x romax. Eciu cunTarh JaHHBIC BTOPUYHBIC KOMETHI MCTOYHHKAMH AHIPOMEAHI, TO WX B3aHMHOE
pacnonoKeH!ue MOIIO MPUBOJMTH K CMEIEHHIO YaCTH OOIIEr0 METEOPHOIo MOTOKA K CEBEPO-3amialy BO BpeMs COOBITHSI
Koppunrrona. Actporom A. Cekku coobmain, yto B Pume 29 aprycra 1859 roma reoMarHuTHBIE XapaKTEPHUCTHKH
yeummuch B 01:30 yTpa, korga ero mOMOIIHAK HAOIIOal ABa OTPOMHEIX OTHS 10 00€ CTOPOHSBI, cripaBa (Ha BOCTOKE) U
cieBa (Ha 3amaze) or MarHutHoro cesepa [Secchi, 1859b; Blake, 2020, Appendix B.1]. Ilupoknii pagnant moroka
MeTeopoB AHIpOMEnu] ¢ HeOOJBIIMM YKIOHOM K 3amaiy, T.€., ITONEPEeMEHHOE BO3JEHCTBHE C Pa3HBIX CTOPOH HA
TEOMarHUTHBIE CHJIOBBIE JIMHUU PEKYPPEHTHOTO MPOXOKACHHUS «BOCTOYHBIX» M «3alaJHBIX)» METEOPOB, COINACYETCs C
9THMH HAOMIONCHUSMH.

CornacHo snekTpuueckoit Teopun koMeT [Thornhill, 2006], BbicokoPHepreTmueckne W CGHOKYCHPOBAHHBIE CTPYH
BBIPBIBAIOTCSI U3 KOMET M MPEACTABISIIOT COOOMN 3JIEKTPUUECKHE AYTOBBIE pa3psabl B sApe. DNEKTpUUEcKas 3HEPrHs
HakorumBaercst BHyTpH [Steffenson, 2021], n xomera MOXKET B30pBAaThCs, KakK IEepEHAINPSHKEHHBIH KOHJEHCATOp B
cirydae paspsnos. Habmronenne koMeTsl HaJl 3aMBOM UMBUTABEKKbS! M OTHEH 110 00€ CTOPOHBI OT MarHUTHOTO CEBEPa B
Pume xoppenupyer ¢ (pakToM MaKCHMaJIbHOTO OTKJIOHEHHS TOPH30HTANBHOM KoMmoHeHThl H=~3000 uTx Bo Bpems
coObITust Kappuarrona Ha mMarHuTorpamMme, 3a)MKCHpOBaHHON MMEHHO B oOcepBaropuu Puma. Ecim mMakcumanbHBINA
METEOPHBIA TOTOK, BKJIFOYas B3pPBIB KOMETHI, NPOM30ILIEN Han PUMOM, TO «OTTOJOCKH» 3TOTO MOTYT OOBACHITH U
reOMarHUTHBIE XapaKTepUCTUKU B bombee.

CornacHo crarbe O. Jlymuca [Loomis, 1861b, p. 334], B Pume HamOonbpmiee OTKIOHCHWE MArHUTHOH CTPEIKH
3aduxcupoBanyu 1 ceHTsOps B 7:20 yTpa 1Mo réTTHHTeHCKOMY BPEMEHH, T.€., 33JJ0JIT0 O PETUCTPAINH KpoIle B AHTINI
B TOT K€ JCHb. XOTS CUUTACTCS, YTO 3TO ONeYaTKa, H peub 1nia o 2 ceHtsaops [Shea, 2006, p. 385], nanHble, HanpuMmep,
B C. IlerepOypre Taxxke CBHICTENBCTBYIOT O IHMAalla30HE M3MEHEHHS XapaKTEPUCTHK YHUITOJISPHOTO MarHUTOMETpa

(usmepsiBuiero ckionenue) 1 centsaOps (263'39") moutu B 2,5 pasa Bbime'' OTHOCHTENBHO TAKOBOTO 2 CEHTAOPS
(107'44") [Loomis, 1860a, p. 81].
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®ur. 3. MI3MeHeHne MarHUTHON IEKIMHALMY BO BpeMsl IPOXOXKICHHUS XBOCTA KOMETHI
1P/Tannes BOnmu3u 3emiu B mae 1910 roga [Rudski, 1910, Meteorol. Z., 262].

CBsi3b MEX/1y T€OMAarHUTHBIMH BO3MYILEHUSIMH U aKTUBHOCTBIO KOMET OblIa 3aMeueHa aaBHO [Maris, 1929]. MoxHo
BCIIOMHUTB, 4T0 ¢ 10 okTs0pst 1835 roga no anpens 1836 roma GecnpenieHaeHTHAs aKTHBHOCTH KOMeEThI [ayutest Obuia
TaK)Ke CBA3aHA C TEOMarHUTHBIMH BO3MYIICHHSMH B TEUCHHE BCETO INepuofa HaOmomeHus. J{aHHBIA (DaKT CII0KHO
OTHECTH K CONHEYHOW akTWBHOCTH. CKopee, OH coracyercsi ¢ Teopueil anmekrpudeckunx xkomeT [Thornhill, 2006]. B
CBOIO ouepenb, 28 Hos0ps 1845 roma xomera 3D/busna Habmromanack Kak cimabas TyMaHHOCTh. OHa IMOSBHIACH BO
BpeMs HEOOBIYHO CHOKOWHOW MArHHTHOM TOrofmel, HO 3 pgekaOps MpOW30IUIa CHJIBHAas TeOMarHUTHas Oyps,
€IMHCTBEHHOE BO3MYILEHUE MEXAY HPEIbIAYIIIM MapToM U clienyromuM asryctoMm [Maris, 1932]. 3 nexaOps 1845
rona 3D/busna Haxoqunack B 1,5 actpoHomuueckux eauHuIax ot ConHma u cocraisiia yroi B 30 rpamxycoB ¢ 3emiceii.

11 Ha gpyrux poccMHCKUX MarHUTHBIX CTAHIMAX CUTYalus BBINIsAAeNa anajgoruano [Loomis, 1860a, pp. 80-82].
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Korma B 1910 roxy BONM3u 3eMitd MPOXOAMI TOIBKO XBOCT KOMEThI 1P/Tanest, Ha KpUBO# T€OMarHUTHOTO CKJIOHCHHS
ObUTH 3ahUKCHPOBAHBI U3MEHEHUS, 110 (HOPME COTIOCTABUMBIC C COJTHEYHBIMU BO3MYIICHUSIMH BO BPEMsI T€OMAarHUTHBIX

Oyps (Dwur. 3).

IIpu cromkunoBenuss komeTsl C/2013 Al «Catimmar Copuar» (Siding Spring) ¢ Mapcom B oktsi6pe 2014 roma
kocmudeckuii 3051 MAVEN (Mars Atmosphere and Volatile Evolution) 3apeructpupoBail Ha pacCTOSHHH OKOJIO
140%10° kM xaoc B Mmarautocepe Mapca, Kora MarHUTHOE TI0JIE KOMETBI nofaBuiio ee. «Cmonknosenue 6oi10 cpooHu
CUTLHOU CONHEuHOU Oype, NOCKONbKY UOHbI KOMembl MACCUHee UOHO8 COMHeyHoz2o eempa 6 18 pas, umo daem
RIAOMHOCIY dHEepeUuU O NAA3MbL KOMembl Ha 08a NopaoKa bonbuie 00bIYHOU NAOMHOCIU SHEP2UU COTHEUHO20 eMPay
[Espley, 2015]. Ilpu stom Bo3ne Mapca xomera «Carinuar CropuHr» OblJIa OTHOCHUTEIHHO HEAKTUBHOW, CPAaBHIUMOMH C
komeroi I'purra-Ckeemrepyma (Grigg—Skjellerup). BosmymieHust perucTpupoBannch BOMM3M WHIYIHPOBAHHOMN
TPaHMIBI MarHUTOCQEpPHl, BHI3BAHHON B3aWMOJCHCTBHEM IUIa3Mbl BHEIIHEH KOMBI KoMmeTsl ¢ MapcoMm. OmHuM u3
MEXaHU3MOB SIBIISIETCSI HEYCTOMUMBOCTh KenmbBHHA—I ebMrosnbia, BO3HUKAIOIMIAS M3-3a PA3HHUIBI CKOPOCTEH ILIa3MBI
KOMETHI M TUIAHETHI ',

W3BecTHO, YTO TIa3Ma KOMBI KOMET, He roBops yXE o XBocTe, MOXKeT HpocTHparbcs Oosee, 4eM Ha MHJUIMOH
kmtomeTpos. Harrpumep, B mrone 1992 rona BOmu3u kometsl 26P/I'purra-Cxbemepyna Ha pacctosaun ~ 440x10° kM ot
siipa ObUTH 0OHApYKEHbI MAarHUTHBIE BOJMHBI JUIMHO# ~ 1000 kM [https://sci.esa.int/s/ApiKAGW]].

Jlaxxe crycTsi HECKOJIBKO 9acoB Iocie yxona koMeThl «Cainuur CrpuHry oT Mapca HapylIeHHsl ero MarHUToc(epbl
MPOMOIDKATH M3MEPATHCSA. AHAIOTHYHO, BO3MYIICHHS BO BpeMs coObitms Koppunrrona 1859 roma u mocie
HCTOPHYECKOTO ITOpMa 2 CEHTSOPs HAaOMIOAUCh 10 7 CEHTSIOPS BKIFOYHTEIBHO, KOIJIa MArHUTHOE T0JIe YCIIOKOMIIOCh
[Stewart, 1861, p. 424].

HecunxponHoe BpameHue armocdepsl TuTaHa M ero MOBEPXHOCTH HE OOBSCHSETCS HH COJHEYHBIMH TETIIIOBBIMH
NpWINBaMH, HH TpaBUTAIMOHHBIMH mnpmiauBamu Carypra [Wright, 2025]. CnemoBatensHO, OHO MOXET OBITH
CJIC/ICTBHEM CTOJIKHOBEHUSI C KOMETOH/aCTepONOM B ITPOIUIOM. AHAJIOTHYHO, HECHHXPOHHOE BpallleHne arMoc(epsl 1
TBEpIOU TOBEpXHOCTH HabOmomaeTcs Ha Benepe. BepostHo, Bo BceneHHOM ierarommx KaMHEW CTONKHOBEHUS —
CKOpee 3aKOHOMEPHOCTh, YeM Hao0O0pOT.

B urore, oxunmaemas BcTpeua ¢ ¢pparmeHTamu komethl 3D/busna ¢ Gomnbliell BEpOATHOCTHIO MOTJIA BBI3BATh JITHHHYIO
CepHI0 TEOMAarHUTHBIX BO3MYIIEHHUIl ¢ 26 aBrycra mo 7 ceHtsa0psa 1859 roma, yem mMarHuTHBIE 00Naka KOPOHAIBHBIX
BBIOPOCOB MacChl, KaK MpeAIoiaraeT COBpeMeHHas apaaurma, 0azupyrorascst Ha Habope Cly4aifHbIX COBIAICHUH.

1.3. IIOJIAPHBIE CUSAHUSA COBBITUA KOPPUHI TOHA

1.3.1. IPOBJIEMBI 1 UX PEHLITEHUA

KpOMe I'€OMarHuTHBIX BOSMyHIeHPIﬁ, C€lIC OJHHUM U3 KIKYCBBIX aCIICKTOB COOBITHS KBppI/IHI‘TOHa SBJIAKOTCA
AHOMAJIBHBIC aBPOPHI. C Touku 3PpCHUA COJIHCYHOT'O I'CHE3KUCa CYIIECCTBYOT HUKCCICAYIOIUC TPOTUBOPCUNBBIC MHCHU A
1 HCPCUICHHBIC BOMIPOCHI.

1. Hu3KOmMPOTHOCTH, W LBET aBpOp. bBbUIO OTMEYEHO, YTO MOSBJICHHE Jydeld C OENOBaThIM, KpPACHBIM,
(hrONETOBBIM M IPYTUMH I[BETaMH (Ha BCEX JUTHMHAX BOIIH) MOTIIO OBITH Pe3ylbTaToOM JIIMCTOBUAHOM (sheet-like)
CTPYKTYpBHI aBpop; HO ee 0oOpa3oBaHWE B HHU3KHX IIMPOTaX C NpeoOiagaHHeM KpacHOTro IBeTa SBIIIETCS
npobnemoii [Hayakawa, 2018b—2023].

KomerapHasi rumoresa crpaBisieTCsi ¢ HEH: KpacHBIA W O€JbIf, KaK M OCTAJbHBIC I[BETA, XapaKTCPHBI IS
MBUIEBBIX XBOCTOB M METEOPOB (CM. Jaiee).

2. AHomanpHasg SPKOCTH COOTBEeTCTBOBaia MexayHapomaomy koddduumenty IV kmacca (IBC) [Chamberlain,
1961], mpu koTopoM 00IIast OCBEIIEHHOCTh 3eMJIH paBHa OCBeleHHOcTH nonHoi JIyrsr [Loomis, 1860b, p.
346]. «Cmonb sapxue agpopvl ¢ mex Nop He pecUCMmpupo8aluCh COBPEMEHHbIMU HAYYHbLIMU NpUdOpamMu 6
nuskux wupomax [Hayakawa, 2018b]; xots1, 106aBir0, /CME TOBOJBEHO YacTO «ITOCEIIAIOTY 3EMITIO.

Ecnu nyun BBI3BaBAINCH JIOKAIM30BAHHBIM YCHJICHHEM BBIMAJICHUS] JJIEKTPOHOB C HHU3KOW JHEpruei, urto
HEOOBIYHO Ui HU3KHX IIMPOT, TO TMPOOJEeMHBIMH SBIJINCH OBl MpoOIecChl BO BHyTpeHHed (L<1,5)
maruutochepe. «Ecau aspopvi, 6 mom uucie u 6erecvle, ObLIU 6bI36AHLL GbICHINAHUSIMU ILEKMPOHOE C
anepeueti gviuie ~ 1 k3B, mo ux npoucxoocoenue npocmo nenonamnoy [Hayakawa, 2018b]. .

12 HecTaOGWIBHOCTH CHJIOBBIX JIMHHMI T€OMOJsS TaKKe XapakTepHbl W JUIs MarHurtonaysbl Ha 3emiie. Ha HeycTOHYMBOCTAX
KenbBuna—I enbMrosbiia 3amnacaeTcst SHEPTHUsl U MIPOUCXOAUT Pa30rpeB IUIa3Mbl, KOTOpas NP MEePECOCTMHEHNU BBIJENSETCS Ha
HOYHOH CTOpOHE.
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B npoTnBoBEC HEMOHATHOMY IPH UCIIOJIB30BAHUN KIIACCHYECKUX TOAXOIOB MPOMCXOKICHUIO aBpOp COOBITHSA
Ksppunrrona, muccust «Deep Impacty k xomere Temmens mocie ynapa IO Heil oOHapyxuia CHIBHOE
YBEIIMYEHHE SPKOCTH H3-3a PACCESTHHOTO COJIHEYHOTo cBeTa Ha BheIOpomeHHON itk [Thornhill, 2006].
AHaOTUYHO, 32 aHOMAJIBHO BBICOKYIO SPKOCTH aBpop B 1859 romy cmocoOHO oTBedaTh paccesHHE Ha
KOMETapHOH IBIIH, OKa3aBIIelcs B atMocdepe 3emi.

yCTaHOBJ'ICHO, 4YTO B TO BPEMs KaK KOHLHGBOﬁ TOK BBI3BIBACCA 3aXBa4CHHBIMHM HMOHaMH B MaI‘HI/ITOC(l)epe, TO
aBPOPAIBbHBIC JJICKTPOKETHI — BBICBIITAHUAMUA YaCTUILL U I/IOHOC(I)epHOI‘/‘I IIPOBOAUMOCTEBIO.

OTpunarenbHbli CABUT H-KOMIOHEHTHI BO BpeMsi cOObITHsT KappHHITOHA MOT OBITh BBI3BAaH TEKYIIIUM Ha 3aral
TOKOM XOJUIa, CBSI3aHHBIM C TOKOBOW cucteMoid DP2, To ecth, mOHOC(EpHOH KOHBEKIHEH, HO ITPUYHHA
BBINTAJICHUS DJIEKTPOHOB BO BpeMs cOObITHs KappHHTTOHA OCTaeTCsl OTKPHITHIM BOIIPOCOM JUIS TTapaJiuTrMBI €r0
conHeynoro npoucxoxkaeHus [Hayakawa, 2018b]:  «Oorcudaemcs, umo 603nux upe3epiuaiino niommbli Ciou
UOHHOU NAA3MYL (UL KOIbYEBOU MOK) UW/UIU YPe38bIYaAlIHO NIIOMHAS NIAZMOCEHEPHAS NIeKMPOHHAS NORYIISIYUSL.
Oma npobnema ewe ne pewenay [Hayakawa, 2018b; 2022].

B nmaHHOM acmexTe cienyeT OTMETHTh, YTO y KOMET PETUCTPHUPOBAIN YaCTHIBI C 3Hepruei Oomee 1 k3B
[lbadov, 2010], a TUIOTHYIO HOHHO-3JIEKTPOHHYIO IOMYJSAIHIO MOXXHO C YCIIEXOM OTHOCHUTH K KOMETHOH
[Espley, 2015].

Mogenb B KOOpAMHATaX «IIMPOTA-I0JI'OTa» I0Ka3aja, YTO C Pa3BUTHEM B MAarHUTOC(epe BUXPEBHIX TOKOB
noHoc(epHble TeuYeHHs IpeodsafaloT B HampaBieHUHM «ceBep-tor» [bemaxosckuii, 2020]. Hamomuio o
BUXPEBBIX TOKaX B KOMETaX, KOTOpble W3-3a NHHY-3((deKTa NPUBOIAT K KOMETHBIM HHTSIM B XBOCTax
[Thornhill, 2006; Ilepart, 2015]. BennunHa MarHuTOChEPHBIX TEYCHUH BO BpeMsi T€OMAarHUTHOTO IITOpMa B
Komabe 2 centsops 1859 roma He oOBsSICHsAETCS HM MarHUTHBIMH obOiakamu, HU obOonoukamu ICME (myHKT
1.2.1); omgHaKo, TsDKEJIbIe KOMETHBIE HOHBI U JDKETHI IPEOI0IEBAIOT 3Ty Ipoliemy.

N3BecTHO, 4TO cHcTeMa MOJSPHBIX TOKOB PACIIUPSETCS K JKBATOPY BO BpPEMsSI CHIIBHBIX T€OMAarHUTHBIX
COOBITHH, YTO TIOBJICKJIO 32 COOOH CIIETYIOIINE YTBEPKICHHUS.

4.1. «Dksamopuanvroe pacwupenue AaspoOPAIbHO20 08ANd  CO2NACYEMC CO  G6PEeMEHEM  MASHUMHbIX
sosmywenuil» [Hayakawa, 2018b; 2022].

4.2. «Coobugenus 0 NOIAPHBIX CUSHUSX, COBNABUILE C ABPOPATILHBIM 08ATIOM HAO 207I080U, CBUOEMENbCMBYION,
umo menespagpuvle cucmemvl ROOBEP2ANUCH BO30CUCMEUIO UHMEPPEPUPYIOUSUX 2COINEKMPUYECKUX NOJLelL»
[Love, 2024a].

OnpoBepKEHHUS.

«Hao xonmamu 6036bLUANACL OZPOMHASL CEEMAWAACS APKA, NPU IMOM U2LA CKIOHEHUs. OCMABANACh
nenoosudicnou» [AUC2, p. 331].

Hampumep, B Ilapmxe 2 ceHTsiOps ¢ 4 n10 8 4acoB yTrpa CTpEJKHM MarHUTHOTO Tejerpada HaxOAWIHUCh B
MOCTOSIHHOM JIBI)KEHHH, Kak Oy/ITO MO MPOBOJIaM IPOXOJIHII MOCTOSIHHBIN TOK, HO HUKAKUX IOJISPHBIX CHSHUH
B TOT JieHb He Habmronanock [Comptes Rendus, 1860, ¢. 365; Shea, 2006, c. 341]. [To3TOMy COMHUTEIBHO, YTO
TenerpaHble CHCTEMBI IOJBEPraJUCh BO3/ICHCTBUIO TEOMIEKTPHUYECKHX TIOJIEH B CBSI3H C aBPOPaIbHBIM
OBAJIOM HaJl TOJI0BOM.

ABpopanbHBII OBaJl HMMEET IIUPOTHOE PACHpPOCTPAHEHUE H CONIACYeTCsl C DJNEeKTPUYECKUMHM TOKaMU B
noHocgepe. IlodToMy camMpIM CHIBHBIM BO3p@KCHHEM NPOTHB WHHUIMPOBAHHWA aBpPOp B CBSA3H C
9KBaTrOpPHaIbHBIM PACHPOCTPAHEHUEM aBpPOPAJIBHOIO OBajla SBISIOTCS S(QGEKTH B UIMHHBIX TeJlerpadHbIX
JUHUAX, IMEIOIIUX MEPHIUOHANIBHOE HAMPaBIECHUE, CEBEPHOE WM I0)KHOE, & HE MHMPOTHOE, BOCTOYHOE HIIU
3ananHoe. Hanpumep, B EBpornie Bo3amylieHus Obutn HanOojiee CHIBHBIMH U JITMJIMCH JIOJbLIC Ha JIMHUAX U3
Llropuxa B bepn, ®pudypr u Jlozanny, n3 Llryrrrapra B Tioounren u Kapncpye, u3 Ilapmxka B Bopno,
Mapcens u cesepaee [Comptes Rendus, 1860, p. 473; Smart, 2006, pp. 340-343]. Kananckuii reopuzux JI.
borenep nepBbIM ynuBUIICS BO3ropaHuio TenerpadHbix JuHuii o boctona no [Toprienna Ha Mbice Dnu3ader B
CIA He TONBKO B IIMPOTHOM, HO M B MEPHAMOHATBHOM HampaBieHWH [Moro, 2024], MOCKONBEKY OHHU
MPOMCXOIUIN OPTOTOHAJIBHO aBPOPAIBHOMY JIIEKTpomkeTy. [I. borenep pemmn OTHECTH 3TO SABIEHHE K
6eperosomy adpdexry mexxny bocronom u Iopriennom. Ho ormedennsie B EBporie auHNM He ObUIN CBSA3aHBI
MOPCKHMH OOEPEXbIMH 1, COOTBETCTBEHHO, O€peroBEIMHU (P PEeKTaMH.

Pacmmpenue oBana aBpop 10 3eHUTa B PruMe MOXKeT OOBSACHATH CHIIPHOE MAarHUTHOE BO3MYIIIEHHUE U OBICTphIE
U3MEHEHUS €ro HWHTCHCUBHOCTH, HO OTKJIOHEHHE TOpPU30HTaIbHOM HampspkeHHOcTH H~3000 HTn Ha
TEOMAarHUTHOW IMpoTe PriMa He MMeeT aHaJIOrOB B COBPEMEHHOCTH, TaK Kak HaOIIfomaeTcst TONBKO Ha Ooiee

13



BBICOKHMX MarHuTHbIX muporax [Hayakawa, 2019].

JeitctBuTensHO, Mlat (MarHuTHaS mupoTta) B PrMe, paBHas 38,6° B 1859 rony, sBnsnack 4pe3BbYaitHO HI3KOM
quis Habmonenus AEJ naxe mpu cranmaprax skcTpeMmaibHbIX mropmoB [Blake, 2020, @ur. 5]. IlonspHsle
CHSTHUS OOBIHO MIPOHUCXOMAT B aBPOPAILHOM OBaJIe C LIEHTPOM Ha 67°(+6°) MIHPOTHI B 000MX TMONYIIAPHSIX.

Boobasok: «Manoseposimno, umo 08a NOJAPHLIX CUAHUL OnyCcmuacs 00 Huskux wupomy [Akasofu, 2005].

JlaHHble 3aMe4aHusl s MOTY YCHJIMTh T€M, YTO B pe3ylibTare KpPYMHBIX COJHEYHBIX HPOTOHHBIX COOBITHH
KOHIIEHTpanusl 030Ha B MOJSIPHOI armMocdepe 3emMin 3HAYMTENFHO CHIDKAeTCs (B CBSA3M C MOHM3AIMEH ee
MPOTOHAMU ¥, COOTBETCTBEHHO, CO3[aHHEM BTOPHYHBIX OJIEKTPOHOB, AHMCCOLMUPYIOMIMX MOJEKYIbI
armocepsr). KoHKkpeTHBIE 3aJ0KyMEHTHPOBAaHHbBIE COOBITHS OTHOCSTCS, Hanpumep, K 1972, 1989, 1995 n
2000 romam [Smart, 2006]. Onnako: «B Bepcane npogoounucs pezyisipHvle HaOMOO0EHUs 3d KOAUYECEOM
o30Ha 8 ammocghepe, u 6o epema aspop 29 aszycma u 2 ceHmadps KOIUYECTNEO 030HA OblI0 3HAYUMENLHO
sbiuie 0bbiuno20. B mabnuye 4.3 noxasanst cymmor ozona» [Shea, 20006, p. 341].

Ecnu 0561 CTydninocs CToNb cepbhe3HOe PACHIMPEHHE aBPOPAITHLHOTO OBaja K HU3KUM IIHPOTaM, TO YHEPTUYHBIC
YaCTUIBl BIOJb CHJIOBBIX MAarHMUTHBIX JIMHUHM OomOapmaupoBanmm Obl atMocdepy Takke, KaK B BBICOKHX
IIMPOTaX M, CIEIOBATEIIFHO, aBPOPAIEHOE CBEUCHHE BBI3HIBAIO OBl YMEHBIIIEHHE 030HA BO BpEMs COOBITHS
Koppunrrona. @akTel ynpsiMas BeUIb: 3apeTHCTPHPOBAHHOE MOBEHIIMICHIE 030HA TOBOPHUT MPOTHB CONHEYHBIX
MPOTOHHBIX CJIEAO0B Ha 3emie, HO MOATBEP)KAAET IPOHUKHOBEHNE U Pa3psibl METEOPOB/4aCTHI] KOMETAPHOTO
IIBUIEBOTO/MOHHOTO XBOCTA BIUIOTh IO HU3KHX MIUPOT.

6. W3ommpoBanHOCTE aBpop 2—3 centsi0ps B Jla-tOupoH u Can-CanbBagope (CanpBafop) OT ApYruX HONSIPHBIX
CHUSHMH Ha HM3KHX IIMPOTaxX MOMBITAIHCh CBSA3aTh C MOBOPOTOM BCEH (TO €CTh, B IEJIOM) MarHUTOCHEpHI
3emim Ha 20 rpagycos [Hayakawa, 2018Db].

Ha moif B3z, Takoil MoBOpOT SIBISIETCS. HE peaaucTHYHbIM. CTOPOHHHMKH CONHEYHOH MapajnurMbl COOBITHS
KoppuHrrona okazanuch B TyHNHKE NpPH OOBSCHEHHHM HW30JMPOBAHHBIX HHU3KOLIMPOTHBIX aBpOp M OBUIM
BBIHY)KJICHBI ITOCTYJIUPOBaTh, B10o0aBok kK 1ByM ICME, elie n HOBBIN THIT NONSPHBIX CUSHUN: He TU(QY3HBIH,
1 HE JMCKPETHBIM, a TaK Ha3bIBaCMbIi, «HU3KOIIUPOTHBIN» [Hayakawa, 2020], T.e., ad hoc.

OpHako, CyImecTBYIOT (hparMEHTUPOBAHHBIE POM METEOPHBIX 00JIaKOB, pa3HECEHHBIE Ha pa3Mephl Bcel 3eMil,
W OHA IPOXOAUT MX C 3a30paMM H3-3a UX HEOJHOPOAHOCTH. B pa3peXeHHBIX IOTOKaX PacCTOSHHE MEXIy
METEOpaMH JOCTUTAeT MHJUIMOHA KWJIOMETPOB, HO MX OOIIHOCTH JOKa3aHAa. JTO KacaeTcs W METEOPHUTOB.
Harpumep, 30 siuBaps 1868 ronma ycTaHOBWIIM OJIMHAKOBBIA COCTaB METEOpPHTOB ynaBiiux B [lombie (Bo3zne
[Tyntycka), Manarackape (B Hocu-be) u Uranuu (B Jlepnun) [Acramosuy, 1958, c. 359].

W3BectHO, uTo TommuHa nureiida Armpomenun B 1885 romy cocrasmsma 643737 kM [Kronk, 1999)), ero
IUTOTHAs 4acTh uMena mupuHy 10 ~ 100 teic. Muitb (160934 kM), a Bech mOTOK OBl paBeH ~ 200 TBIC. MHIIB
[Newton, 1886, p. 414]. Pagumant Argpomenun B 1885 romy 3aHMMall OIMPOKYIO OOJIACTh, 8 OTKJIOHEHHE OT
3eHnTa cocTaBswio a0 10°. Anamormdao, u B 1859 romy MeTeopsl MOTIHM IOCTHYH JIOOYIO TOUKY 3eMIIH,
BKJIFOYasi HU3KOMIMPOTHBIE. Kak Toraa yTBEpIKAAlOCh: «68 cayuae sACHO20 Heba, omoenbHblie MpeKu daspopbl
OvLIU OBl BUOHBL 6NIOMB 00 IKkeamopay [Loomis, 1861b, p. 320]. BoT ux, BeposTHO, U BUAETH 2—3 CEHTAOPS B
Jla-Onpon u Can-CanbBanope (CanbBanop). Ilpu sToM, aBpopsl Obut AM((PY3HBIMH, YTO COOTBETCTBYET
HAONFOZICHUAM oueBUIEeB coObITHSI Kappunrrona [Green, 2006, p. 10].

I/ICKJ'I}O‘[CHI/IC AEJ OFpaHI/I‘H/IBaeT HN3BCCTHBIC l'lpI/IqI/IHBI AHOMAJIBHBIX l'IOJ'IHpHBIX CHﬂHHﬁ, B TOM YHUCJIIC B HU3KHUX
[IMPOTaX, HECMOTPSI HA OJHOBPEMEHHBIC BO3MYIICHHUS B TelerpadHbIX MPOBoAax. Mexay TeM, MOJSPHbIC CHUSHUS
HaOIIOnaIMch Ha HoHOChEepHBIX BEIcoTax (50—-1000 kM [Loomis, 1861b]"), uro, Ha MO} B3I, IPENONATAET, YTO HX
MIPOUCXOXKACHUE CBSI3aHO JIMOO C MarHUTOC(EPHBIME MPOIECCAMH, BBI3BAHHBIMU BTOPUYHBIMH (DpAarMEHTaMU KOMETHI
Buensl, mi00 co B3phIBAMH METEOPOB.

ABpOpBI B CBSI3M C MECTCOPHBIMH MOTOKAMHU H3BECTHBI NaBHO [ActamoBmu, 1958, c. 428, 430]. Ha takoii 3¢ddexr
cBeueHus HeOa ykaspiBai, Hampumep, A. ['ymbonpa B HOsO6pe 1799 roma. B XIX Beke agmupan ®. Bpanrens Taxxke
YTBEPXKJIAJ, YTO HEOJAHOKPATHO HAOJIOAa] KaKk METeOpbl MHHLIMHPYIOT CTONOBI mosspHoro cusiHus [Wrangel, 1827;
Bpanrens, 1841]. O npoxoxaernn Meteopos B Hostope 1832 roma B Kypckoii rybepHIn co00mIanoch, 9To Kak OyATo co
BCEX CTOPOH HA4YMHAJIO CBETaTh, M HIDKHASA YacThb KPYroM IO TOPH30HTY OBbLIA ITOAIIOSCaHA ONEJHBIM OEIOBATBIM
00JIaKOM C OTIEIBHBIMH SIPKO-OarpsiHpIMUA Mectamu [Cesitckuii, 1922]. AHanornyHoe siBjieHHe HaOJIOaIoCh 3aTeM B
Anrmuu xak B 1933 rony, Tak u B 1938 rony [Acranosuy, 1958, c. 430]. Iloaromy HeyauBHuTeNnbHO, uTO B 1859 rony B

13 Comtacuo coBpemenusiM onerkam [Hayakawa, 2018b], BepxHsis TpaHuHIa aBpop BO Bpems coObITHs KoppHHrTOHA
pacmonaranack Ha BeicoTe ~ 400 kM. B ciiydae NpOHUKHOBEHHS METEOPOB Ha HU3KHE BBICOTHI, OKOJIO 50 KM, UX MOIVIM YBUJETH C
3eMHOH OBEPXHOCTH TOJNBKO B OTPaHUYEHHOM CEKTOpe M3-3a Mapajulakca.
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okpyre I'erpu, mrar Muauana (40° c. ., 85°15' 3. 1.), KpacHOTa McYe3Jia, OCTABUB 00JIAKO C SPKOi Oenmoit Gaxpomoi y
cesepHoro ropusonta [Shea, p. 357].

CymecTByeT MHOKECTBO COOOIICHHU 0 OEI0M IBETE MOISIPHBIX CHAHUH BO BpeMs cOOBITH KappHHTTOHA, BKITIOUCHHEBIE
B ctareio J. Jlymuca [Loomis, 1860b]:

®  «28 aseycma nyuu uucmozo 6eno2o céema NOOHSIUCL CO BCEX KOHYO8 20PU3OHMA U GCMPEMUNUCH 8 00ujem
@okyce...; * U3 yewmpa CUAHUA HAYAL U3IYYAMbCA APKUUl Oenvlil ceem...;, * 6eepooOpA3HbIL  GUO
MHO20UUCTIEHHBIX JIyuell Ovin benvim...; * 1 cenmsbps 6vlia aspopa ¢ KpachviMu u OenviMu JeHmAamu,
HOKPBISAIOWUMU CEBEPHYIO NOTOBURY Hebd...; * 3 cenmadps bvlna ewje 00HA a8poOpa, COCMOSWASL 8 OCHOBHOM
U3 GenbIX CMpUMEPOBY.

TonbpKO B OTHOM 3TOM CTaThe OCIBIN I[BET aBPOP YIIOMUHANCS B 00IIeH cinokHOCTH 53 pa3al

CuMITOMaTHYHbI ONMCAHNs HaYaJIbHOHM M 3aBepIlaromel cTaauid aBpop. VX cBs3bpIBaiM ¢ O€JIBIM IIBETOM, KOTOPBIH, KaK
W KpacHBIH, BO BpeMsi coObITH KappuHITOHA OBIIT OJTHUM M3 OCHOBHBIX.

¢ (a) B Cr. Banepu, @panmus, coracHo myonukanuu X. Jlaprura [Comptes Rendus, 1860, p. 367], 29 aBrycra
B 2 yaca HOYM KpPacHBIA CBET CTaHOBMJICS cladee M MOJHOCTBIO Mcue3, a Oelbli CBET, OTMEYABIINY HAYANIO
SBJICHUS, IPOIOIDKAJICSA HA 45 MUH. ToNbIe. AHAJIOTHYHOE COOOIIEHNE, KaK YK€ TOBOPHIIOCH, TOCTYITUIIO U U3
Hyaens-crop-Mep, rae OemoBarsiii CBET, 03HAMEHOBABIIHHA HAYAJIO ITOJIIPHOTO CHUSTHHSL, IPOIOIDKAIICS OKOIIO 45
muH. [AUC, 1864, p. 352].

* (b) B mrare ®mopuaa 28 aBrycra B 1 yac HOYM MaTUHOBBIN IIBET MONHOCTBIO MCYE3, U HUYETO HE OCTANOCH,
KpOMe BeepooOpa3HOro BHJIa MHOTOYHMCIIEHHBIX pacXosiuxcs iydei Oenoro ceera [Loomis, 1860b, p. 358].

¢ (c) CormacHo coobmennto kanntaHa b. Cranapma, B Kmmienne, mrar Oraifo, B 21:30 Bcé mcuesmno, 3a
WCKITFOYCHHEM TTOCTOSTHHOTO OYEHB SIPKOTO Oer1oro cBeta Ha ceepe [Shea, p. 249].

* (d) B Cenr-Jlyuce, mrrar Muccypu, 28 aprycra B 21 4. ceBepHOe HEOO OBLIO 3aMOJIHEHO OEIBIM CBETOM; HO
Ommke K CEeBEpHOMY TOPH3OHTY OHO Obuio roiyOeiM [Loomis, 1860b, p. 346; Shea, 2006, p. 357].
CrenoBarenbHO, Oelblil IIBET HE BO3HMK Oilaroyapsi CyMMHUPOBAaHHIO IIBETOB aBpOp B arMocdepe Ha pasHbIX
JUIMHAX BOJIH, HO ObUI IIPUBHECEH B TOTOBOM BHUI€ M3BHE (T. €., OTHOCHJICS, KaK M KPAacCHbIH, K KOMETHOMY).

CornacHo «Bawwunemon [eiinu Hownn Humennuoxcencep» ot 31 aBrycra 1859 roma, HabOmromamich HEOOBIYHEBIE
TIOJISIPHBIE CHUSTHUS YMCTOW MOodHO# OenusHbl [Green, 2006; Cardenas, 2016]. Y xomets! [loHca, Hanmpumep, B THBape
1884 roma camas sipkasi BHYTPEHHSS 30HAa Tarke ObUla MPUMEYATENbHOW ONarofaps CBOEMY MOJOYHOMY BHIY
[Chambers, 1909, p. 97].

OpHako Gernble MOJSIPHBIE CUSHHUS MHOTOYHCIICHHBI (BEpOSTHOCTh 98%) B IepHOABI BBICOKOTO YPOBHS PagHOaKTHBHOTO
usorona yriepopa '‘C, oOpasosaBmierocs B armocepe [Abbot, 2016], ¢ ero HOCIEAyIOIMM OCAKICHUEM H
HaxkorienneM. CumTaercs, 9Tto ypoBeHb *C SBISETCS Takke MHIMKATOPOM MOCTYIUICHHS CONHEYHBIX SHEPTETHUECKUX
gactunl (SEP) Ha 3emmo. [ToaToMy mapagokcaabHOCTh B KOHTEKCTe COOBITHsI KoppHHTTOHA 3aKII0YaeTCsl B TOM, YTO B
omnokeHusax 1859 roma He ObLTO O0OHApPYXKEHO BBICOKOTO ypoBHS 3Toro m3ortoma [Usoskin, 2012; Miyake, 2023;
Uusitalo, 2024]. {anHblii ¢daxT 3adepkuBaeT MoCTyImHpoBaHHOE Bo3neiicteue (¢mroenc) 6omee 30 MaB (F30) [Cliver,
2013] coHEUHBIX HEPreTUYECKUX YaCTHUI] B CBSI3U C MPEIoiaraeMoi MyJIbTUAKTUBHOM BCIIBIILIKOM, COIPOBOXKAAEMON
yaapHO# BonHOW. Torma, modemy OBUIM MHOTOYHCIICHHBIC TPOSBICHUS (JTY4H, TTONOCHI W T. J.) MOJSAPHBIX CUSHHHA C
npeobnananuem Gemoro 1sera? Ilockonbky SEP He GbUIM MOATBEPKACHBI HE TOJIBLKO ypoBHeM “C, HO M ApyrHMHU
KOCMOTEHHBIMH HM30TOIIaMH, MOIIM JIM BTOpWuYHble KoMeTbl 3D/buana w/wim  mereopsl AHapoMmenns OBITH
OTBETCTBEHHBI 32 IIBETA, BKJIFOYAst OCIbIi, MOMSPHBIX CHAHUI BO BpeMs coObITus Kappunrrona?

CeronHsi H3BECTHO, YTO Ta30BbIE XBOCTHI KOMET, COIEpIKaIllie HOHBI BOJIBI, MOHO/THOKCHA yIIepoaa U IMaHa, 3a CUeT
tiryopectieHIIMA (TIpU TIEPEU3ITYICHUH TTOMIOMICHHOTO COTHEYHOTO CBETa) HMEIOT TOTYOOBATHIN IBET, @ PACCCHBAIOIITIEC
COJIHEYHBIH CBET IBLIEBBIC — PA3HOTO IBETA, HO KAK IPABHIIO, Oeno-kenTeie'. « Yace dasno ommeuanocs, ymo maxue
OMMENKU, KAK «HCENMOBAMBIILY, UNU «PYMSHBINLY, He AGNAI0MCcs DecnpeyedeHmHbIMU KaK 6 OMHOweHUU sioep, max u
xeocmos komem. Oonaxo, y 6onvuuncmea Komem npeobiadaem beavil unu cepedbpucmo-cepwiii ommenok» [Chambers,
1909, p. 8]. [Ipumepamu B TiponuioM sABIsUTMCH KoMeThl 1769, 1811 u 1843 romos, kometa Jlonatu 1858 roma, komera
Komxkua, xomera 1874 roma u komera ®adpu 1886 roma. CoBcem HemaBHO komera Xeiina-bomma (Hale-Bopp)
JIEMOHCTPUpPOBAJia IHUIEBOM XBOCT O€Noro IBeTa, HO oONajganma eme M JKeNTHIM (HAaTpHEeBBIM) XBOCTOM. B CBOIO
odepenpb, Ha (POHE XOMOOHBIX CHHHX 3Be3N Komera «Caiawmar CopuHT», W3TydaBmias B MH(PaKpacHOM AHama3oHe,
BEITVIsIZICNIa KPacHOM, BKITFouas ee mbuieBoi XxBocT [Comets Cool Cosmos].

14 CornacHo, HanpuMmep, https://www.britannica.com/science/comet-astronomy/The-modern-era
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[TockombKy METEOpBI OTACHSIOTCS B OCHOBHOM OT KOMETHBIX XBOCTOB, TO WX I[BET C OONBIION BEPOSTHOCTHIO,
COOTBETCTBYET IIBETAM XBOCTOB POAUTENHCKUX KOMET. Tak, AHIpOMEIHIbl KpacHble MPH MAarHUTYAE HUX SPKOCTH,
paBHO#l (+3), n Oenple PU MarHUTYNE SPKOCTH, paBHOW (—3). Kpome Toro, cBedeHHe TEpMHUYECKH BO30YKICHHBIX
aTOMOB TPUBOAWUT K TOMY, YTO pa3IM4YHBIC MCXOIHBIC IIBETA METEOPOB CTAHOBATCS OCIBIMH B TE€UEHHE HECKOIBKHX
cexkyHn [AcranmoBuy, 1958, c. 455]. Vka3sBas mBeta MeTeopoB NOTOKa AHapoMenuy B HosOpe 1885 roma, oTaenpHBIC
HAONFOIaTeNNd OTMeYanu ux OenmbiMH win KpacHeiMH [Tupman, 1885, p. 80], a apyrme — dro OoNbIIHE METEOPHI
Anpapomenuy B HosiOpe 1885 roma ObLTH OeNble ¢ IJIMHHBIMA KPACHO-XKEITHIMH HITH KelIThiMu Tpekamu [ Capron, 1885;
Denning, 1905, p. 853; Kronk, 1999], pasmepamu u SIpKOCTBIO, IpeBOCxons B 3—4 pa3a BHAMMEIN Ha HEOOCBOIE
IOnuTep; MeTeophl CpemHUX Pa3MepoOB Takke ObUTM OeTbIMU, HO OoJiee METKHE YacTO MPOSBISLIUCH KaK TOJdyOble H
JKeINThIe, WK xkenTo-kpacHbie [Capron, 1885, p. 82].

Ecnu B 1859 romy mereopsl obnmasanu (eppOMArHUTHBIM MPOBOASIIMM COCTABOM, TO 3a CYET HEPIECHAUKYISIPHOU
COCTABISIIOIICH MPH MEPECEUCHHHM T€OMATHUTHBIX CHJIOBBIX JIMHHHM B HUX BO3HHMKAIH MHAYKIIMOHHO-BHXPEBBIC TOKU
®yko. DTO NPHUBONWIO K HArpeBy BHENIHUX O00OJOYEK OOJNbINe, YeM BHYTPEHHOCTCH, T.e., K CKHH-3QQEKTY,
MOCIICIOBATEIFHOMY OTPBIBY 3THUX O0OJIOYEK M, COOTBETCTBEHHO, K aBpopaM. CIieHapwii, BEpOSITHO, ObUI aHAJIOTHYCH
cTonkHOBeHHIO (pparmentoB komerwl Illymeiikepos—JleBu ¢ IOmurepom B 1994 romy [Churymov, 1994]:
BBICOKOCKOPOCTHOE BXOXKIICHHE B MarHutocepy/armochepy — Harpes/B3pbIBbI — MPEBPAIICHUE BEIICCTBA B IUIA3MY
— M3Jy4eHHE HOHU3UPOBAHHBIX aTOMOB —> aBPOPBI.

Hns cromkHOBeHHsT 1994 TOoma WHTEHCHBHOCTH YIAapHO-BOJHOBOTO W3IYYCHHS OIHOTO ()parMeHTa KOMETHI
[ymeiikepos—Jleu cocrasnsna ~ 10* apr/cex (~ 10" Jlx/cex) [Churymov, 1994, p. 12]. B cBoto ouepenp, B 3eMHOI
arMoc(epe MOIIHOCTE METEOPOB oleHuBanach ~ 18x10'7 spr/cex [Acranosuu, 1958, c. 425]. JlaHHbBIE BETMYMHBI
JIOCTATOYHBI JUIs 00BSICHEHHS SIPKOCTH aBpop B 1859 romy, paBHO#t ~ 0,2 JFOKC, TO €CTh, OCBEIICHHOCTH IIOBEPXHOCTH B
nonHosynue. Takask OCBEIEHHOCTL COOTBETCTBYET CBETHMOCTH OOMNBINOTO MeTeopa ~ 40x10° kaHzen Ha paccTOAHAU
450 xm [ActamoBu4, 1958, c. 274]. Bo Bpems coOwsitusi KappuHrrona, kak yxe OBIIO CKa3aHO, B3pBIB METEOpa B
ABcTpanuu Bunenu u B Maynt 'ambu, u B Anenanzne, pasneneHHsIME qucTaHimeld B 390 kM. XopoIro U3BECTHO, YTO
Gonpipe MeTeophl 4YacTo HaOMIONaNMCh Kak paBHble JIyHe 1Mo sipkocTH, Tak M mpeBocxomsmue ee. Hampumep,
OTHOCHTEIBHO BHIUMON sIpKOCTH Oompmoro Mereopa 1718 roma 3. Tlammeit coobmam, 9ro momHas JlyHa crama
HEBHUIMMOH, 1 Bce 3BE3/1bI Ha HeOe NCcUe3IH, KaK eciId Obl 3TO OBUIO JHEBHOE BPEMSI.

BHymmTenbHble pa3Mepbl METEOPOB CBSI3aHBI C TEPMHUYECKONM MOHHW3alMed Kak BO3JyXa, TaK U BEIIECTBA CaMOTO
MeTeopa, U MOCIEAYIoned peKoMOWHAIe MOHOB, YTO MPUBOAMT K CBEUCHHUIO M aBpopaM. Tak, OBLIO MOACYUTAHO
[AcramoBuu, 1958, c. 435], uro npu ckopoctu ~ 40 km/cek MereopHoe Teno B 1 r 3a 0,5 cek cnocobHO B armocdepe
MOHHM3UPOBATh KOPOTKOBOJIHOBBIM M3ITydeHHeM 20-KM uIHHAp auaMeTpoM 0,5 kM.

Haxkowner, Mbl 100paiuch 10 OJHOTO W3 PEIIAIOIIUX MOMEHTOB. MaKkCHUMalIbHBIA JHaMeTp Jyda («IIy4dKa») aBpopbl BO
Bpems cobbiTus Koppunrrona B 1859 rony pasusics ~ 20 muib (~ 32,2 kM) [Loomis, 1861b, p. 322]". B 1885 rony
KaXIbId METCOPOH AHAPOMEIUA B CaMOW IDIOTHOM YaCTH IMOTOKA, TAEC W KOTJAa 3eMII €ro OXBaThIBajia, 3aHHMAJ
00J1aCTh, COOTBETCTBYIOIIYIO KyOy ¢ peOpoM, Takke paBHbIM ~ 20 MuJb (~ 32,8 km) [Newton, 1886, p. 425]. [To3aHee,
B 3aBHCUMOCTH OT SPKOCTH OOBIYHOTO METEeOpa, IMIMPUUECKH ObUIa YCTaHOBJICHA IJWHA €ro MyTH, paBHas ~ 33 KM
[ActamoBmu, 1958, § 151, c. 239]. OxHako, cortacHO COBpeMeHHBIM MaHHBIM [Baranoski, 2003, p. 47], ctanmapTHbIi
quaMeTp ayda («aryukay) aBpop npu nonagannu ICME 1o 3emiie MOXeT T0CTUTaTh MAaKCUMAJIBHO JIUIIG ~ 1 KM.

OTH apryMeHTHI SBJISIOTCS JOCTaTOYHBIM OCHOBAaHHMEM JUISi OTHECEHHUs aBpop BO BpeMst coObitusi KoppuHrrona x
AHppomenuaam.

1.3.2. JUPDPY3HBIE ABPOPBI U SJIEKTPUYECKHUE I1OJIAA KOMET

Korma B 1861 romy 3emist mpoxoimiia depe3 BEIIEeCTBO/XBOCT KoMeThl TeOOyTTa, BedepoMm 30 UIoHS HaOIIONATOCH
HeoOBIYHOE (pochopecimpyronoe CHIHNE, OUeHb MmoxoXkee Ha auddy3ayro aBpopy [Chambers, 1909, p. 145].

28-29 aBrycra u 2-3 centsiOps 1859 roga mMHormmm odeBuaunamu HaOmonanuch auddysHble, npakTUueckd 0e3
CTPYKTYpHI, aBpopsl [Green, 2006, p. 10].

Huddysusie aBpopsl B obobmaromeii ganuasie mpodeccopa E. Jlromuca crarbe [Shea, 2006], xacarommecs TOIBKO
CIIA, ynomunarotcs 24 pasa.

MoskHOo IMPUBCCTU HCCKOJILKO NPUMEPOB.

* U3 oruera camoro E. Jltomuca crexyert, uto 28 aBrycra Ha Iore TEMHBIH CETMEHT OBUT TIOJNHBIM, a TuQQy3HOE
OCBCII[CHHUE HAJl HUM OucHb CiIbHBIM; B 20:10 cBeT cTai oueHb OiienHbIM U AU GY3HBIM, 0COOCHHO Ha CeBepe.

15 BepositHo, BKIIOUYas ero Tpek; M. [Iprioxkerue A.
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B 20:14 mouytu Bc€ HeOO MpHOOPENO TYCKIbIA CIIAHIEBBIN LBET, KOTOPBIH OOBIYHO XapaKTepHU3yeT TEMHBIN
cerMeHT y ropusonra; Ho B 20:19 Bc€ HeO0o cHOBa O0CBeTHJIOCH MU((y3HBIMU Ma3KaMH COJIOMEHHOTO I[BETa,
CKJIOHSSICh K MAaTHUTHOMY 3eHHTY [Shea, 2006, p. 316].

*  TIpodeccop K. Jlaiiman u3 Menbckoro komtemka coodurai, uto 28 asrycra B Heio-Xeiisene, CILIA (41°18' c.
11I.) BCSI ceBepHast 4YeTBEPTh HeOa Oblia MOKpbhITa An(y3HBIM, TYMAaHHBIM cBeToM [Shea, 2006, p. 319].

¢ ComiacHo HabmrofeHusM B arepe Cumeamy, Bammnrron (49° c. 1), 28 aBrycra B 20:00 auddy3Hblii cBet 03
omnpeneieHHoN (OPMBI TOKPBIBA TAK)Ke MPUMEPHO YeTBEPTh Heba. 29 aBrycra ciiadbliit 1uddy3HbIi cBET ObLT

3amedeH Ha ceepe B 21:00 u coxpansica 1o nomyHouu. 30 aBrycra monoOHBIN CBET BIEpBbIe ObLI 3aMeueH B
20:00 [Shea, 2006, p. 346].

CornacHo smnekrpudeckoit reopuu komeT [ Thornhill, 2006], B Hux npoucxonart nuddy3HbIE HIEKTPUICCKIE Pa3psIbL.

B cBoto ouepenp, 3081 «Po3eTTa BBISBII aBpOpAIbHYIO IPHUPOAY BHIOPOCOB 13 koMbl komeThl 67P. [lossipHoe cusiHue,
Ha0IIofaeMoe B €€ IOKHOM IIOIyIIapuu, ObUIO moxoke Ha Auddy3Hoe MOIIpHOE cUsSHUE Ha Mapce Ha OTKPBITBIX
JpalnypoBaHHBIX CWJIOBBIX JHHUAX Tons. OnxHako Ha koMere 67P 3MeKTPOHBI CONHEYHOTO BETPA YCKOPSUIHCH
aMOUTIOISIPHBIM TIOJIEM BHYTPH KOMETHI, Torja kKak Ha Mapce oHm yckopstorcs Ha Comnue. CremoBaTenbHO, 3TH
MOJIIPHBIC CUSTHHS COXPAHSIOTCS Ha KOMETe, Torna kak Ha Mapce nuddysHoe momsipHOe cusiHHEe HaONIONAeTCs! TOIBKO
BO BpEeMsI CHIIBHBIX CONTHEUHBIX coOBITHII [ Stephenson, 2021].

HenaBHo MonenupoBaHue 3JICKTPUUECKOTO MOJIsT KOMETHI 67P i omHOTrO M3 MHEH mokaszamo no 4 MB/M, HO pacdeTs
Benuch 1 s 10 MB/M Ha moBepxHoctn kometsl [Lewis. 2024]. IIpx 3TOM He yYUTBHIBaIOCh U3MEHEHHE AIIEKTPOHHOM
TEeMIIepaTypsl ¢ KOMETOIIGHTPUYECKIM PacCTOSHHEM M MarHWTHOE Tose (pe3ydabTaThl CIPaBeUIMBBI TOJIBKO BHYTPH
JMaMarHuTHoil mosoctu). OTMEYEHHBIE pacueTHbIE XapaKkTePUCTHKH ObUIM OJNM3KM K OLIEHKaM BO3MOXKHBIX
JIEKTPOIIONEH, OTBETCTBEHHBIX 32 aBPOPBI COObITHS KappHuHTTOHA.

B mpuHIMmne, ocodo sipkuii Iy4 MOISPHOTO CUSHHS TaKXKe CIIOCOOSH BBI3BATh OBICTPOE M3MEHEHNE TEOMATrHIUTHOTO TIOJIS
[ActanoBuu, 1958, p. 463]. B cBowo ouepenp, B OTHOILIEHUM METEOpa OTHENIbHbIE aBTOPbl JOMYCKadd €ro
MaKCUMAalbHBIM 3JIeKTpuueckuii 3apsan ~ 10° kymon. OnHako, MOM pacyeThl IIOKA3ajid, YTO TAKOW BEJIMYMHBI
HEIOCTATOYHO I OOBSICHCHHS HAPYIICHUUI TeOMarHUTHOTO IOt BO BpeMst coObITHs1 KappuHrToHa.

MOXXHO TBITaThCA IMPUBIEYh MEXAHW3M YCHUJICHHS MAarHUTHOTO IOl TMPH CXKAaTWM MAarHUTHOTO IOTOKAa BO BpeMs
npUpoIHBIX B3pbIBOB [CaxapoB, 1965]. Teopermdeckue pacueTbl M JaOOPATOPHBIC OMBITHI ITOKAa3alH IOCTHKEHHE
MarHUTHBIX TONel, paBHBIX 5% 10° spcren B 06beMe 100 cM, 3a cUeT STOH, Tak Ha3BIBAEMOM, MATHUTHOM KyMYJISLIUH, 10
40x10° uTn. Ho 1y B3pBIBOB METEOPOB 3Ta TEOPHUs TIOKA HeE TONydMiIa JanbHeliero passutus. OIHAKO, HE TOJNBKO
AHnpoMennabl, HO U BTOPHYHBIE KOMETHI, Iocie pacrnana komeTs! 3D/buana ocraBannch KOMIAKTHOM I'pymIoi Ha ee
opOuTe M, Kak OBbUIO YK€ NOKa3aHO, MOINIM CO3/aTh HaOogaeMble BO BpeMs coObITHs KoppHHITOHa aHOMalbHO
BBICOKHE MarHUTHBIE TTOJIS.

W3BecTHO, 4TO Yepe3 "YeThIpe rofa Mocie TOoro, Kak Komera Xeina-bonma mokuHyna BHyTpeHHIOI0 YacTh CoHeuHON
CHCTEMBI, OHa BCE elie OblIa akTHBHA M AEMOHCTPHPOBaa KOMY, BeepOOOpa3HbIil MBUIEBOH XBOCT M MOHHBIM XBOCT —
xotst Oputa naneire ot Connna, yeM FOmmrep mim CarypH [Thornhill, 2006]. Dnexrpudeckoe 1mosne, J0CTaTOYHOE IS
TOTrO, 4YTOOBI BBI3BATH IJIEKTPUUECKUH pa3psa Ha Komere 3a opOuroi CaTypHa, JOJDKHO HMMETh IOTEHIHAN IS
OTKJIOHEHHsI TOPU30HTAIBHON cocTasistomei reonons H~1500 aTn B bom6ee u H~3000 HT Ha mmpore Puma.

CHeKkTpOoCKON 4YacTo IMOKa3bIBall, YTO CBET KOMET HE COCTOMT B 3HAYMTENBHOHW CTENEHH W3 MPOCTO OTPaKEHHOTO
comaeqnoro csera [Chambers, 1909, p. 12]. Hampumep, mins xomeTrsl Mopxayza Oblla caeraHa JBajarh OIHA
cnekTporpamMmma Mexay 28 okTsaops u 2 mexabps 1908 roma, m HM Ha OOHOM M3 HHUX HE OBUIO CIIEIOB HEMPEPHIBHOTO
cnekrpa. OTpakeHHBIH COJHEYHBIH CBET OBLI Mal MO CpaBHEHHIO ¢ cobcTBeHHBIM cBeToM [Chambers, 1909, p. 188].
CobcTBeHHBIH cBeT ObLT XapakTepeH u komere [loHca 1812 roma, koTopas oxaszanack Oomnee sipkoit B 1883—1884 romax,
4eM MOKHO OBUIO OXKUJIaTh COIVIACHO TEOPHU. AHAJIOTMYHO, KoMeThl XonmMmca 1892 roma m Mopxayza 1908 roma
IpeTepIieNu KojeOaHus sIpKOCTH, HEOOBSICHUMBIE B paMKaxX KJIaCCHUECKHX IpeacTaBieHnii o komerax [Chambers, 1909,

p. 11].

CTaH]lapTHaH TeOpI/If{ KOMCT, HO}lBepFa}OH_H/IXCﬂ TOJIBKO Cy6J'II/IMaI_[I/II/I B pe3yanaTe COJIHCYHOT'O HarpeBa, SIBHO HC
nocrarounast: «He 6uono, umobel cpeousis apkocmv Komemvl DHKe Rpu 0ObIYHbIX 0OCMOAMENbCMEAX MEHANACh C
Momenma ee omkpvimus, ona gozepawjanace k Coanyy okono 30 pas sa cmonemue, HO Hem CEBUOEMENbCME K ee
ucueznosenuio» [Chambers, 1909, p. 65].

3HaMeHUTasl CerojiHs Komera XoiMca HeOHOKPaTHO OTJIMYallach BHE3alIHAMM BCIbIIKaMK Onecka. OHM HaOoganich
yke B Hos0pe 1892 roma Bo Bpems ee OTKpHITHS, a B OKT10pe 2007 roma 17P XomMca HEOXXHAAHHO CTaja sipuye B
MWLIHOH pa3. MeHee 4eM 3a CyTKH OHa BBIPOCIIA M3 HEOOIBIION KOMEThI 17-1 3Be3MHON BETMYHHBI 0 BeMu4yuHbI 2,5. K
cepeaune HosOps 2007 roma qraMeTp KOMBI YBETHYMIICS ¢ 28 ThIC. KM 10 7 MIIH. KM, ¥ OHA CTajia 3HAYUTEIBbHO OOJbIIe
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Comnuma. Ilpu 3toM, simpo xomeTsl XonMmca uMmeer auametp 3,4 kM. Bo Bpems anomanbHO# Bembimku B 2007 romy
koMmeTa XosMca ygansnack oT ConHIa U, ClIeI0BaTeNbHO, OXJIaX1auack. BeposaTHO, IPOUCXOOUIN BHE3AIHbIE Pa3psi/ibl
IUIa3MBI — TIEPEX0Jl U3 PEKMMa TEMHOBOTO TOKa K HOPMaJIbHOMY CBEUEHHIO, YTO MO3BOJIMIIO TIIa3MEHHOM KOME CTaTh
Buaumoit [Goodspeed, 2011]. Pazmiane Mexay pexxuMaMi — KOMOHHAITUS 3JIEKTPHYECKOTO HAMIPSDKEHUS U TUIOTHOCTH
ToKa BHyTpH asmel [Findlay, 2013].

Bo Bpems HaOmoneHnii KOMET HEOIHOKPAaTHO YTBEP)KAAJIOCh 00 MX MEPLAHWU CPOIHHU MOIAPHBIM cUsHUAM. Ciensl
HEKOTOPBIX OOJIBIIMX KOMET BHOPHPOBaIH. ITO OTHOCHIOCH K XBocTaM komeT 1618, 1769 u 1874 ronoB. 3amerHble
NpU3HAaKKU Mynbcauuii Obim My KomeTsl Mopxay3za 1908 roma. BuOpaumu HaumHaauch B TOJIOBE M, Ka3alocCh,
MIPOXOAMIIMA 32 HECKONBKO CEeKYH[ 1o Bceil mmmue kometsl [Chambers, 1909, p. 25; 125]. X. HeroToH oT™Medan, 4to B
1872 romy sipkue cBeTSIIHEcs clensl AHIPOMEIUIOB MEpIald B TEUEHHE HECKOJIBKUX CEKYHI ITOCIIe MCUE3HOBEHUS
camux MeteopoB [Newton, 1872]. B 3ToM oTHOIIEHNH XapaKTepHO, HAaIpUMep, coodmenrne M. Mateioca u3 Pouecrepa
(urrar Hero-Mopk), uto Bo Bpemst cobbiTHs Kappuurtona 3 centsabps 1859 rona Genble CTpHMEpHI TONSPHONO CHSAHHS
TaKkKe MOCTOSIHHO Mepuany U Taniesanu [Shea, 2006]. MurepecHo, uto B okTsi0pe 1835 roga acTpoHOMBI CpaBHUBAIIN
BHEIIHUI BHUA sA1pa KoMeThl lamnes ¢ MOTOKOM OrHs, M BPEMEHAaMHU 3TO IJIaMs CLUUHLIMIMPOBAJIO AHAJIOTUYHO
MepuanusM nossipaoro cusiuusa [Chambers, 1909, p. 115]. OTmeueHHble MepLaHHUs W BCIBIIIKA MOXHO OTHECTH K
IUTa3MEHHBIM pa3psiiaM, KOTOpbIE BeayT ceOsl HeHHEHHO.

Hanowmaro, 9To M3MEHEHNS MarHUTHBIX XapaKTEPUCTHUK BO BpeMs COOBITHS KoppuHrTOHA HE OBUIH OJHOBPEMEHHBIMHU
[Secchi, 1859a]. M3BecTHO, 9TO METEOPHBIE TIOTOKH MOTYT OBITH HEOAHOPOJHO pacIipefesieHbl B MpocTpaHcTBe. Tak, B
Pa3HBIX 00CcepBaTOPUSIX MHUKH CIIOPAJMYECKOI0 METEOPHOTro NoToKa B 1975 roqy He coBnajainy U NMpUXOAUINCh Ha 20—
26 wnrons u 22-29 wrons [Kaufmann, 1989]. OgauM u3 pemeHuid 3TOW HEOMHOPOAHOCTH CTajla JOITOBPEMEHHAs
CHHXpOHM3aLus opOUT MeTeopHOro nortoka u Onurepa [Oberst, 1987]. AHanoru4Ho, reoMarHuTHbIE OypH, CBSI3aHHBIE
¢ cobobiTreM Koppunrrona 1859 rona, Morii ObITH BBI3BaHBI MOTOKOM (hparMeHToB KomeTsl 3D/buana, pacnpeneneHHbIX
n3-3a npoineta BOm3u Onwmrepa. B pesynprare, reomarautabie Oypu coOsiTis Kappunrrona mmummck ~ 13 nueit, ¢ 26
aBrycra no 7 centsops 1859 roga. Hanpumep, B kommnbioTepHBIX Mozaensax [Jenniskens, 2007, p. 1043] posHo 13 nmHeit
TaK)Ke OTBOAUTCS Ha BPEMs «BCTPEUM» OCHOBHOTO MOTOKa AHnpomenun ¢ 3emieii. [loutn cronpko xe, T.€., ~ 14 mHEH,
¢ 15 mo 29 cents0ps 1852 rona Habmromamy Bropudnayio koMeTy «B» 3D/buana. B 1852 romy BTropndHyto KOMETY «A»
HAONFOIAN B TCUCHHE ~ 28 IHEH, HO, YTO CUMIITOMATHYHO, TOYHO C 26 aBrycTa, ¢ JaThl, COBIANAIONICH C HAYAIOM
TreoMarHUTHBIX Oypb 26 aBrycra 1859 roxa Bo Bpemst coobitust Kappunrrona.

PaccrosiHust Mexly JBYMsl 4acTsSIMH PacKOJIOTONH KOMETBI, KaK U MX LUICH(bI, MOIIM BapbUPOBATh M3-32 BO3MYILEHHUS
npu npoxoxiaeHuu BOmu3u lOmutepa m T.a. OmHAaKo, XOpOIIO M3BECTHO, YTO METEOPHBIE IOTOKM IPAKTUYECKH HE
MEHSIOT HWHTEpBal CBOEr0 MaKCHMyMa 3a CPAaBHUTENBHO KOPOTKMH Cpok (B mAaHHOM ciydae ~ 7 inet). [lostomy
cTaOnibHBI nHTEpBal B 13—14 nHell, HaunHas ¢ 26 aBrycTa, Kak HaONIOACHWS MarHUTHBIX Oyph B 1859 romy, Tak u
¢parmenTtoB 3D/buana B 1852 roxy, KOCBEHHO MTOATBEPKIACT YIACTHE STOH KOMETHI B coObITHN KappHHTTOHA.

1.3.3. JOITIOJIHUTEJIBHBIE APT'YMEHTbI

1.3.3.1. TEMHAS I1IOJIOCA XBOCTOB Y KOMET

W3BecTHO, UTO OTAENBHBIE XBOCTHI KOMET pa3leleHbl OCEPEANHE TEMHOM mosnocoil. Takas 3aMeTHas TEMHasl Iojoca
OpL1a, HanIpuMep, y KomeTbl Mopxay3a 18 HosOps 1908 roma [Chambers, 1909, pp. 25, 32].

Bo BpEMs COOBITHS K3ppI/IHFTOHa TAaKX€ HCOAHOKPATHO YIIOMHUHAJIOCH O TEMHOH I10JI0CE.

- , mrat Hero- K, Ha TOPM30HTE Ha FOTre MOSBHJIACH TEMHAS I10J0Ca, XOPOIIIO BBIpa)KEHHA, H
* B Car-Xapb6ope at Hero-Ho a TOpU30HTE Ha I0Te 10 ach TEMHas I10JI0Ca, XOPOIIO aKCHHAs, HO
u3pezKa pa3pbeiBaeMasi HebonbImuMy crojibamu ceta [Loomis, 1860b, p. 343].

® 1 centsa0ps B mrate Muunran, CIIA, mox 6ensiM HeOOM MOSBIIIACH TEMHAs Iojoca. BriocnencTBUM TeMHEBIH

HOSIC BCE €IIe OCTABajCs HAa IKHOM TOPH30HTE, & CBET MPOJOJDKAN PACHpPOCTPAHATHCSA MO BCEMy HeOy
[Loomis, 1860Db, p. 352; Shea, 2006, p. 358].

* B Heto-Mopke, coracho coobuiennio mpodeccopa O. Mopprca, ¢ Bedepa 1-ro 10 paccera 2-ro CEHTSIOPS BO

BpeMsi aBpOpbl HaOJIOAaIach TEMHas I10J0ca K IOTY, 3aTeM — ellle O/lHA TEMHas I0JIoca, yBeHYaHHas Oenoi
MOJIOCOM, U3 KOTOPOIA JIy4H SPKOT0 CBETA IIUTH BJOJIb BepxHero kpas [Loomis, 1860b, p. 353].

* B mrare Wnmunoiic, CIIA, Ha rore HaOiromamach sipkasi 1ojoca ¢ BOCTOKAa Ha 3amaj, ¢ TEMHOH IOJIOCOW,
moxoxei Ha ooako oy Helt [Loomis E., 1860b, p. 342].

* U3 HOsHOro momymapusi HOCTyHaad aHAJOTUYHBIE COOOIIEHUS: «Hao xormamu manyiacs wupoxas memHas
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non0ca, Had KOMOpPou 6038b1LUUANACH 0cpomHas ceemsawancsa apka» [AUC2, p. 331].

1.3.3.2. IBIJIEBBIE KOMETAPHBIE OBJIAKA

WnrepecHo, uro razera «Xobapm Tayn Mepxypuin» B TacManun coo01aia, YTo reoMarHiuTHast Oypsi BO BpeMst COOBITHS
Kappunrrona 1859 rozna npoussena 3p(exT moToKOB TYMaHHOT'O BEIIECTBA, OXOKETO Ha 3BE3IHYIO MbLIb, MAaI0NIYO
n3 anekca [Lasar, 2012]. OnHako MbUIb TUIOXO ACCOLMUPYETCS C KOPOHAIBHBIMH BBIOPOCAMH ILIa3Mbl, HO XOPOILIO
COOTBETCTBYET KaKk KOMETHBIM ()parMeHTaM, TaK U H3BECTHBIM B METCOPUTHKE, TaK Ha3bIBAEMBIM, TYMaHHBIM MeTeOpam
[Actanoswuu, 1958, c. 357].

Hanpumep, npoxoxaeHue MeTeopHOro moroka 22-26 utoHs 1975 roma coBmajgo ¢ MUKaMu MPOBOAUMOCTH E-cios
noHochepsl B bpasmmum, vero He HaOmomanoch B TeueHue 21 roma [Duennebier, 1976]. Mx amrumartyma Obuia
COIOCTaBUMa C aMIUIMTYHOU a-JlaiiMaHa BOJOPOJHOW JIMHUU COJHEYHOM JHEBHOM MOHM3auuu. Macca Bcero moroxa
cocrauna ~ 10" kr, a ero orgensHble (PparMeHTHl JOCTUraan ~ 2x10° Kr ¥ XOpowo MOENTUPOBANUCH MBUIEBBIMU
mapamu. 3a 10 grel Bomano ~ 2,4x10* Kr METEOPOMIHOTO BEIMIECTBA, YTO IIOBIHAIO0 HA HOHU3ALHIO, COMMOCTABUMYIO C
COJIHEYHOM BCIIBIIIKOM.

MozxHo MEPEUUCIINTD COO6HICHI/I$I [§] Ha6.]'HO)_'IeHI/II/I TEMHBIX 00JIaKOB BO BpeMs COOBITHS K3ppI/IHl"TOHa.

¢ B bepmunrrone (Hpro-Ixepcu, CLIIA) Buaeny 3HaYNTEIHHOE KOJTHMYECTBO YEPHBIX OOJIAKOB, JBIDKYIIUXCS Ha
tor [Shea, 2006, p. 334].

* B Tenpu, wtar Muauana, cooOiianu o MOSBICHUM HA CEBEPHOM TOPH30HTE TEMHOTrO 00JaKa, YKPAIIEHHOTO
OTPOMHEIMH TI0JI0caMu Oerroro, ocienuTensHoro ceera [Loomis E., 1860b, p. 345].

¢  Comacuo HabmonenusMm B JIa-tOuboH B CasnbBagope, onyOlnuKkoBaHHBIM B « [ azema denv Icmadoy, B HOYb Ha
2 ceHTsA0ps INIOTHOE YepHOe 00JIaKo MOAHSIIOCh Ha BOCTOKE M Havaslo pacnpoctpansaTses [Shea, 2006, p. 337].

¢ B JIxexconBwmie, ®nopuna, 28 aprycra okono 21 gac. TeMHOe 001ako HaOMIOHAIOCh C ceBepo-3amaga Ha
CeBEPO-BOCTOK; M aBpopa ObLIa MTpeKpacHa BAOJIb Kpas 3Toro obmaka [Loomis E., 1860b, p. 348].

* B Hero-Hopke Ha rore u roro-3amaje Jexano TEMHOE 00Jiako, MOJHUMAIoNIeecs Hall ropu3oHToM [Loomis,
1860Db, p. 354].

* B IOnmon-Xumr (30° 11' c. nr., 96° 31' 3. 1.), B Houb ¢ 1 Ha 2 cents10pst B 1:00 Haj ropU30HTOM OBUIO TEMHOE
00J1aK0, BBIIIE KOTOPOTO HaXouIack OemoBaroro 1seta aBpopa [Loomis E., 1860b, p. 359].

CBsi3pIBaTh JIM 3TH TEMHBbIE 00JaKa HEMOCPEJCTBEHHO C KOMETapHOW IMbUIbIO, NPOHHKIIEH B armocdepy, wim ¢
MOBEMOM ITBUIN C TIOBEPXHOCTH B PE3YyNITAaTe NMITAKTOB KOMETHBIX (hparmMeHToB? B mocnenHem cirydae, IMEET CMBICI
MOKCKATh KPaTepbl B YNOMSAHYTBIX PalOHAX, MPEXKIE BCEro, Ha IHE 3anuBa UMBHTABEKKbs, a TAK)KE HCCIEI0BATH
nensHble kepHbl 1859 roma B I'peHnanauy 1 AHTapKTHAE HA COOTBETCTBHE BELIECTBA KOCMHYECKUX YaCTHUI] COCTaBY
MeTeopuTa Mazanuis.

OnHako, ecTh Cieyllue HHTEPECHbIE COOOIEHHs BO BpeMs cOObITUsI KappuHTTOHA.

* ABpopa UMena CBETIIO-PO30BBIN CBET, KOTOPBI HAOMPAJ BBICOTY M MEHSUICS 10 KPOBaBO-KPACHOTO; 4epe3 dTOT
CBET MOXKHO 056110 yBHIIETH Bee 3Be3a5l [AUC2, p. 340].

* B OrnencOype, mrar Hero-Mopk, 2 ceHTsOps oOpa3oBaiack OobInas apka, OJWH KOHEI KOTOPOH HaXOIHIICS

Ha BOCTOKC, a HPYFOﬁ Ha CEBCPO-3amane. Ee OCHOBAHUE 6])1.]'[0 TCMHBIM, HO 3BC34bl CHUAJIHN II0 Bceﬁ €C INJIMHEC
[Loomis E., 1860b, p. 350].

¢ 28 asrycra B I'ammmsrone, CIIIA, He60 ObUTO 3aTIHYTO TEMHBIM MpPAaYHBEIM OOJIAKOOOPAa3HBIM BEIIECTBOM,
KOTOpOE HE SBJBUIOCH OOBIYHBIM 00JIaKOM, IIOCKOIBKY CKBO3b HET0 MOXKHO OBLTO BUAETH 3Be3xb! [Shea, p. 348].

IMockomeky actponoM [Ix. I'epruens ommaxxmpl HaOmoman, kak koMeta 3D/busna mpommia mepen CKOIJICHHEM 3Be3[,
COBEpPILIICHHO He BBI3BaB 3arMeBamomiero g dgexra [Chambers, 1909, p. 14], pe30HHO OTHECTH BEHINICTIPUBCICHHBIC
COOOIIEHHS O TEMHBIX 00JIakax B MMOJB3Y MBIIEBOH (pakiuy ¢pparmenToB/MereopoB 3D/buana.
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YACTD 2.
KOCMHNYECKAA IMTOI'OJA XIX BEKA

2.1. 1872 101

2.1.1. TEOMATHUTHAS BYPS 4 ®EBPAJIA

4 despans 1872 roga 03HAMEHOBAJOCH CHJIBHEHINEHW TeoMarHUTHOH Oypell, comoctaBUMOil ¢ Oypel coObITHSA
Kappunrrona 1859 roga. IHTEHCHMBHOCTB MOJISIPHBIX CHSHUH B IIMPOKOM JHAaia3oHe JOJTOT M IIUPOT, OT AHIVIMU JIO
Kuras u PeronpoHa, oTpasmiack B BapHaisix MarHurorpamm ot ['aBans! go I'punBnua u bombes [Hayakawa, 2018a;
2023]. T. Xost, wieH KopoyieBCKOro reojJ0rMyecKoro OOIIeCTBa, cOOOMIANl O MOSPHOM CHSHMM B BapHCTEHIUIe ¢
OenpIMu Tydamu Ha tore, ucxomsmmmMu u3 [lnesn B co3pesnuu Tenpna (3T0 HampaBieHUE BEJET K raMmma-AHIpoMene).
U3 ero cratbu ciemyert, 4To U3 MEHTPATBHON TOYKH MPOM30IIe] BHE3aTHBIN BCIUIECK JIydell, TOKPHIBIINN Bce HEOO CO
BCEX CTOPOH. «3amem HebO ocmasanoce cogepuieHHo bezobnaunvim noumu 0o 20:16 UT, koeda bvliu 6uoHbl MONLKO
ocmamxku neckonvkux oenvix norocy» [Hall, 1872]. B cBoio ouepenp, MONApHBIE CHSHUS Ha MaBpUKHM TaKke UMEIH
GenoBaTbie CTPYKTYPBI.

[MposiBnenus 4 ¢eBpaist IPUIKCHIBAIOTCS aKTUBHOCTH U3BEPIKEHHUS M3 00JIACTH COJTHEUHbIX IISITEH BOJIM3HM LIEHTpa JMCKa
yrpom 3 eBpans 1872 rona, madbmonasmerocs A. Cekku B Pume [Secchi, 1872]. Omnako 3Ta 0061acTs uMena IIIonias,
paBHyI0 Bcero ~ 460 MWITHOHHBIX [OJIeH CONHEYHOH moiycdepsl (mamee — M.A.IL). [Jii cpaBHEHHS: COTIACHO
MIPEONIOKEHUSIM, TeOMarHuTHast Oypst coobiTus Kappunrrona 1859 ronma acconmmpoBanach ¢ COTHEYHBIMH MSATHAMH
wromaneio ~ 2971 m.a.m. [Hayakawa, 2018b; 2023], a B 18-M coTHEUHOM IMKIIE TTOSBHAIACH TPYIIIA TSTCH Pa3MEPOM ~
5000 m.mo.a. [Newton, 1955; Cliver, 2004]. dns Oypu Kappunrrona 2 centsospst 1859 roga Dst~(—850 uTm)/(—1760
HTn) [Hayakawa, 2022] comocraBuMO cO 3Ha4e€HHEM TOPU30HTaJIbHOW KOMIoHeHTHl B Komabe B 1872 romy,
MacmiTadbupoBanHoi kak (—1600 uTin) [Tsurutani, 2003; Nevanlinna, 2008; Kumar, 2015].

CrnemyeT MOAYEPKHYTh, UYTO NMpeabINymui nepurenuit kometsl 3D/buana, coracno pacueram [Denning, 1905, p. 852],
npuiencs Ha 2 ¢geBpains 1866 roxaa, a cnenyronmii — Ha 17 deBpanst 1886 roga. CienoBarensHo, 4 ¢peBpainst 1872 rona
n3-3a IBWXEHHsS 1o opbure xomersl 3D/busia, HecMOTps Ha pa3MYHBIC OTKIOHEHUS, ONHU W3 COXPAaHHBIIHMXCS
(bparMeHTOB IOCIIe pacKoyia KOMEThl TaK)K€ MOIIM HAaXOAWTHCS BOJIM3M MEPUTeins, a qpyrue — BOmu3u 3emin. Takue
(hparMeHThI, FOHN3UPOBAHHbIE COJIHEYHBIM BETPOM, MOTJIM BEI3BAaTh reOMarHuTHyto Oypro 4 gespains 1872 rona.

OKBaTOpHaJIbHBIE TPAHUIIBI OBajla MOJISIPHBIX CHSHWN BO Bpems cymepOypu Kappunrrona 1859 roma (~ 25,1°+0,5°
ILAT) u depans 1872 roma (~ 24,2° ILAT) coBnagaimoT ¢ CyIIECTBYIOUIMMH CpPaBHEHHSMH, OCHOBAaHHBIMH Ha
WHTEHCUBHOCTH ITOYaCcOBHIX OIleHOK Dst [Silverman, 2008; Cliver, 2013; Hayakawa, 2019]. Hampumep, 4 deBpans 1872
rona MoJsipHOEe cusiHMEe HaOmomanock B bomOee n Adunax. B obonx ciay4asx MpUYNHONW MOTIH OBITH BTOPHUYHBIC
xomets! 3D/Biela min AnnpoMenuibl, nepecexaBme opouTy 3emin.

2.1.2. IOTOK AHAPOME U/ B HOABPE

Komery 3D/bunsna, cornacHO BBIYHCICHUSIM, OXKUIAIN B aBrycte—ceHTssope 1872 roma [Chambers, 1909, p. 197]. Otu
HaJeXKbl He omnpaeranuck, Ho 13 Hos0ps 1872 roma Obuta 3apeructpupoBana Oenas Bembinika Ha Comaie [Secchi,
1872; Hudson, 2021], a ¢ 14 HOs0ps1 HaOMIOMAMCH TIEPBEIC METEOPHI M3 oOacTu ramma-AHuapomenst [Newton, 1872].
KoHeuHo, BO3HHKAET BONPOC O MPUIUHHO-CIIEACTBEHHON CBSA3M MEXAy Oenoii BcmbImkoi Ha CONMHIIE M aKTHBU3AIHEH
METEOPHOT0 MOTOKa AHJPOMEIH]] Ha CIENYIOMNI AeHb Iocie Hee (3TOT BOnpoc OyneT moxpoOHO paccMOTpEH Jalee).
B 310 xe Bpems A. TeunaumHT M X. HBIOTOH cooOumm o pamuaHte MeTeopoB mo JuHHU «llimesgpl — ramma-
AHIpoMenbI», U O MPOTSKEHHOCTH TIOTOKa He MeHee 8°. HakoHer, Ha muke moToKa, 27 HOSA0ps, B atMocdepe 3emin
Ob110 HacuuTano ~ 38400 meteopos [Denza, 1872].

B cBoro ouepens, dpanmysckuit actponom K. ®dnammapuon nucan, uto 27 HosOps 1872 roma OTHEHHBIC JHHUU
CKOJIB3HJTM TIOYTU BEPTHKAIBHO POSMH W JIMBHSIMH, BCIIBIXMBAs OCJICIUTENFHBIMU mapamu cBeta (Dur. 4). Bece onn
WCXOIWIIM M3 OJHOW TOYKMA HA HeOe, OKOJIO 3Be3lbl TaMMa-AHapomensl. Ecin komera 3D/buana, Tounee e€ ocrtarkw,
JIOJKHa ObLIa Tiepecedb opOuTy 3eMiti BO BTOpoi nonoBuHe aBrycta [Flammarion, 1894, pp. 499-501], To nosiBieHue
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27 Hosibpst 1872 roma, 12 Hemenb CIyCTS, METEOPHOTO TMOTOKA, COOTBETCTBYIOIIETO TOJOKEHUIO pajlaHTa KOMETHI
Buana, moaTBepIuIto, 9TO METEOPHI ABIDKYTCS O4eHb OIHM3KO K €€ opoure. M3BectHO, uto AHnpomenuas B 1798, 1830
n 1838 romax raxxe HaOIIOAAINCH HA TPAGKTOPUH KoMeThl brana Ha pasHbix paccrosausax [Chambers, 1909, p. 198].

Our. 4. [Tagatomme meteops! 18 HOsOps 1872 roxa (amantupoBano u3 [Flammarion, p. 534, Fig. 231. Harvard College Library.
http://books.google.com/]).

OTtMmedy, uTo MeTeopbl AHApoMean 1 HaOmonany u B Hostope 1859 roma. Ananorngno 1872 roxy, Ha 12 Henmens paHbIIe
OTHOCHUTEINIBHO ATHX HOSOPHCKUX MeTeopoB 1859 roma, Bo BTOpOH MOIIOBUHE aBrycTa, & UMEHHO, 26 aBrycra, Hadyajaoch
coowrte Koppunrrona. Takum o0pa3oM, ecTh ele OOWH KOCBCHHBIH NPU3HAK «BCTPEUM» 3EMIIM B aBTYCTOBCKOM
cobertin 1859 roma ¢ camoii komeroi 3D/buaia uin ¢ TEM, YTO OT HEE OCTATIOChH.

[TonBons utoru 3a 1872 rog, MOKHO OTMETHTD CIEYIOIIEE.

* JIyuu Bo Bpems cusiHus 4 deBpais ucxoquiu u3 okpectHocter [lnesn co3se3nus Tenblia, T. €., CO CTOPOHBI 3BE3/IbI
ramma-A=Ipomensl. B HosOpe A. TeunanHT 1 X. HBIOTOH Taxke cooOIIamy o paaianTe METEOPHOTO MTOTOKA IO JIMHUN
«[Inesmpr — ramma-AHApOMensD». B 3TOM cxoncTBO Mex 1y coOBITHSME B (heBpatie u B HOsiOpe 1872 roxa.

* BHe3anHbIH BCIUIECK JIydel M3 LIEHTPAJIbHOW TOYKHM, a TaKkXKe OeJoBaThle CTPYKTYpPHI M HU3KOLIMPOTHBIC MOJSPHBIC
custHust 4 ¢espans 1872 roma ObUIM AaHAJOTHMYHBIMU XapaKTEPUCTUKaM MOJISIPHBIX CHSIHUM BO BpeMsl COOBITHS
Kappunrrona 1859 roxa.

B 1798, 1838 u 1847 romax monrora CouHila Oblaa Onn3ka K moarore ysia opoutsl komeTsl 3D/busna B 1772 rony.
OpHaKo pagwaHTBI METEOpOB ATOi KoMmeTsl B 1867, 1872 u 1885 romax coorBercTBOBamm opobure 1852 roma, koropas
OpuTa m3MeHeHa BimstHEEM FOmuTepa B 1841-1842 romax [Newton, 1886, p. 424]. ®aktudecku crapas opOHTa KOMETHI
3D/budna pasnmenuniace Ha JBe HOBbIe. Ho 310 HeymuBurensHO. Hampumep, komera [ajuress mpowmsBena okono 12
METEOPHBIX IIOTOKOB, 2 METEOPHbIE MOTOKK Taypua B cBoe BpeMsl Takxke nenmiick Ha bera-Taypunst (¢ 5 utons mo 18
ntonst; ik 29 utons), KOxueie Taypuns! (¢ 10 centsopst no 20 HosOpst; ik 10 oxTa6ps) u Ceepubie Taypuast (¢ 20
okTsi0pst mo 10 nexabpst; muk 12 HosOps1). 3 aToro cnenyer, 4yTo AajbHEiIee pacXoXIeHHe AByX BTOPHUUHBIX SIep U,
COOTBETCTBEHHO, JIByX METCOPHBIX MOTOKOB KomeThl 3D/buama, ckaxem, Ha JBE 4YacTH: HOsSOpb—(eBpab,
ACCOLIMUPOBLICHCS C OIHOIM W3 BTOPUYHBIX KOMET, U UIOHb—CEHTAOPh — C APYrod BTOPUYHOW KOMETOM, BBIINISAENO Obl
ecTecTBeHHBIM. X oxkumanu B 1859 roxy, HO ycnoBus HaOmMOReHUS OBIIH TUIOXUMH.
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ITono6Ho reomarHuTHOW Oype coObrtuss Kappunrrona 1859 roma, mpuumHO# reomarautHOW Oypu 1872 roma moriu
0bITh (parmeHThl KoMeThl 3D/busna u/wmun Auapomenuasl. KOHBEHIIMOHAIBHAS THIIOTE3a COMTHEYHOIO IPOUCXOMKICHHSI
HE CITOCOOHA OOBSICHUTH CTOJIb MAITbIi BpEMEHHON HHTEPBAT MEXTy STHMHU JBYMs CYIepOypsSIMH.

2.2. KOMETA 1882 I'OJA

YT1Bepxnanoch, uTo Oosbiiasi komera 1882 roma Obula pasnesieHa Ha YETHIpE YacTH, KaxJas W3 KOTOPBIX cTrana
caMOCTOATeNFHONW KoMmeTod, Bpamaromeiicss Bokpyr Comuma [Chambers, 1909]. Bompmas xomera B 1882 romy
noaxoauita onm3ko k ConHIly: nepureuitnas qucranims pasusuiack 0.008 a.e. Bo Bpemst atoro commkeHust 17 HOsSOpst
1882 roxa Obula 3aperHCTPUPOBAaHA OHA U3 CAMBIX CHIIBHBIX MarHUTHBIX Oypb Ha 3emiie. OTKIOHHE TOPU3OHTAIBHOM
COCTaBJISFOIICH TeoMarHuTHOTO Toist B oOcepBatopun Komaba B Bombee mokazamo H~450 uTm, a B I'puaBHue
3apeructpupoBanu H>1090 nTn (npu 3amkanusatoniemM npudope) [Tsurutani, 2003].

[MTockonbKy HOSIOPB SIBIISIETCSL MECSLIEM aKTUBHOCTH AHJpomenus, Obul JIn oauH U3 ¢gparmenroB komersl 3D/buana, B
pe3ynbTaTe MOHU3ALNHU WIIH IPYTUX MEXaHU3MOB, OTBETCTBEHHBIM U 3a 3Ty TeoMarHuTHyIo Oypro 17 Hos0ps 1882 roxa?

2.3. MOIIHBIA MOTOK AHJIPOMEJN]I 1885 TOJIA

C 25 mo 30 HostOpst 1885 roma u3 co3Be3amss AHIpOMEnbl CHOBa MOsBIINCE MeTeopsl. I1o Bceit EBpome 27 HosOpst
BEJIMKOJICTTHBIN 3Be3HBIH A0kAb (Dur. 5.) Habmomancs kak pa3 B TOT MOMEHT, Korma 3emilsi Iepecekana opouTy
koMmeTsl 3D/Busna'®. Uepes Tpu vaca mocie muka AHIPOMENHI KOJIMYECTBO METEOPOB YMEHBUIMIOCH HA MOPAIOK,
MO3TOMY IIECTh YACOB BMECTHJIN OCHOBHYIO YacTh UX MoToka [Newton, 1886, p. 425].

27 HOsOpS1, B HOYb MakcUMyMa AHIIpoMenu I, ObIT cpasy HaiiieH B MeKcuke ynaBIIni jKelne3Hbli MeTeoput Maszamnmib,
BecoM 4,656 xr [Hidden, 1887]. Xopomio U3BECTHO, YTO B CIEKTPaX KOMET PETUCTPHPYIOTCS 3MUCCHOHHBIC JTHHUU
MetamwioB [Ibadov, 1991]. Eme B 1966 romy O. Onmk yTBEep:KIal, 9To Tela, 00pa3yolne METeOPUTHI, MOTIIM BOSHHUKATh
OJTHOBpPEMEHHO ¢ koMeTamu. CieqoBaTelIbHO, METaUIbl JIOJDKHBI OBITh B siipax komeT [Opik, 1966; Beech, 2002].
Kpome Toro0, 3a rons! Omyxnanns B ConHedHOW cucteme y koMeTsl 3D/buana Moo oOpa3oBarbes Kene3Hoe SIpo B
pe3yibTare «COOMpaHus U MOCIEAYIOUIEro OCeIaHusl K [IEHTPY MarHUTHBIX NbUIEBBIX YaCTHUI[ U3 BHEIIHETO KOCMOCA.
Bo3MoXHBI 1 Ipyrie BapuaHThl 00pa30BaHUs METAIMYECKUX sIJIep KOMET: ylIapHOE IUIaBICHHE IIPU CTOJIKHOBEHHUSIX B
KOCMOCE, 3aXBaT U3 10sICa aCTEPOUIOB U T. 1.

®ur. 5. LleHTp ¥ TOUKHU H3ITydeHus: MeTeopoB Auapomenun 27 Hos0ps 1872 u 1885 romos
(amarrrupoBaHo u3 [Flammarion, 1994, pp. 532-533, Fig. 230. Harvard College Library.
http://books.google.com/]).

16 TlogpoGuoctu cM. B «Astronomical Review» 1886 rona [d'Astronomie, 1886, Revue, pp. 19-35; Flammarion, 1894]).
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EcrecTBeHHO, BO3HMKaeT Bompoc, mouemy mnocie 4 ¢espans 1872 roma He OBUIO 3aperHCTPUPOBAHO CHIIBHBIX
reoOMarHuTHbIX Oypb BO Bpems HoTtoka AHjapomenun B HossOpe 1872 roma, m B HosOpe 1885 roma? Jlns orsera
HEOOXOIMMO Y4ECTb CIIEYIOIIEE.

* BozneiictBue Ha MarauTOC(epy 3eMIIM METEOPHOTO IOTOKA HIIM (PParMEHTOB KOMETHI BKJIIOYaeT MHOTHE (DaKTOPHI.
VYnapHasi BoJlHa KOMET WJIM METEOPHBIX TTOTOKOB CO3a€TCS BMECTE C COJTHEUHBIM BETPOM BCIIBILIEK, KOTA 3apshKEHHbBIE
YACTHUIBl 3aKPYUYHBAIOTCSA BOKPYT CHIIOBBIX JIMHWHA MArHUTHOTO TOJII U OOpa3yrT TOpP CKOPOCTEH B MPOCTPAHCTBE.
Bno6aBok, comtacHo Teopun Yenmena—@eppapo (1931), reomarnutHas Oypst cmocoOHa BO3HUKHYTh H3-3a
B3aHMOﬂeﬁCTBHﬂ I/IOHI/ISHPOB&HHBIX qacTHUL MeTeOpHOFO IIOTOKA C MAarHuTHBIM IIOJIEM BeMHI/I. HO BO3HHUKHOBCHUC
MarHUTHBIX Oyph OOYCJIOBJIEHO, B TOM HYHCJE, COCTOSHHEM T'€OMAarHWTHOTO IIOJII M OPMEHTAHEH MarHUTHOTO ITOJIS
METEOPHOI0 IOTOKA, MOCKOJBKY cBOiicTBa MIJI-BONH 3aBUCAT OT HaIpaBiICHUS BOJHOBOIO BEKTOpPA OTHOCUTEIIBHO
MarHuTHOTO mojisi. D dext Cranraapna—MaHCypoBa MMOKa3all, 4TO MPH FOXKHOM HAIMPABICHUU BHEITHETO MarHUTHOTO
TIOJISL TIEPECOSIMHEHNE CHITOBBIX JIMHUH ONaronpUsATHO, W JOCTYI JJIS KOCMHYECKOHN TIa3MBI JIFO0O0TO TIPOUCXOXKICHUS B
3eMHYI0 MAarHUTOC(HEPY OTKPHIT.

* B 1885 romgy »ene3Hblii MeTeOpUT Mazanmib MOT OTHOCHTBCS YK€ K OCTarkaM HeKoraa OoubIIol (pakuuu
MarHMTHBIX (parMeHToB mocie pacnaaa kometrsl 3D/buama B 1840-x rogax. To ecTh, CO BpeMeHEM, IMOCIIE CHIBHBIX
reOMarHuTHBIX Oypb aBrycra—ceHTsopss 1859 roma u 4 d¢eBpans 1872 roma, marnuTHas ¢pakius yxe Oblia
MPaKTHYECKH HCYepHaHa JUIl CEPbe3HOro BO3MYyIIEHHs MarauTocdepsl 3emin. Tak, B 1892 romy makcumym
AHpoMenna CoCTaBHI HECKOIBKO COTEH METEOPOB B YacC, YTO MOYTH Ha HOPAIOK YCTYIAIO YHCITYy METEOPOB 27 HOSOPS
1885 roma. Ceituac cuetr MeTeopoB AHAPOMENU COCTABISIET EAUHUIIBI B Yac.

UzBectHO, utOo (parmentamus 80% xomer mpoucxomwna naneko or Comnma [Thornhill, 2006]. Pacman xometsbr
3D/buana B adenmum [Jenniskens, 2007], Bmamm ot HarpeBa CONHIEM, HCKIIOYaeT IMPOIECC CyOIMManuud |
MIPEAToiaraeT, 9To OH ObUI BBI3BaH BHYTPEHHUMH HCTOYHHKAMH, TAKUMHU KaK IIa3MEHHO-IIBIICBBIC Pa3psAAbl BHYTPH
win BOnmm3u kometsl [Thornhill, 2006; Popel, 2024], moBepXHOCTHbIE MHAYKIIMOHHBIE TOKH DyKO TpH THepecedeHun
KOMETOH CEKTOPOB MEKIUTAHETHOTO MarHUTHOTO TOJIS, WIIM JAPYTHUX MOTEHIHATbHBIX MexaHm3MoB [ Dehel, 2022]. Tak,
«komema Bupmanena 1957 2ooa pacnanace enympu opbumer Camypua. b. Mapcoen, acmponom Cmumcono8ckoil
obcepsamopuu, npeononazai, wmo kaxcoas uz komem — 1882 I u 1965 VIII — pazdenunace 3a npederamu opoumot
Henmyna u, 6006a60Kk, HamMHO20 6blute NIOCKOCIU IKIUNMUKU, COTHEUHbIl Hazped npudunol ovims He mozy [Thornhill,
2006]. He cronp maBHO aHAJOTHYHOE IMOBEICHHE BBICOKOW aKTUBHOCTH Ha COJHMIOHBIX paccrosHusax or ConHia, Ha
mucrann 1=9.7-13 AU, nposism, Hanpumep, kometrsl C/1995 O1 (Hale-Bopp) [Fulle, 1998] u C/2007 D1
(LINEAR) [Epifani, 2010]. ITpuuem, komera LINEAR nuxorna ne mpubnmxanace k ComHuny ommke 1=8.8 AU, Te.,
cBoero mepurenus. [lo3ToMy Hamuuume BHYTPU €€ siipa THIEPICTyYHX Ta3oB, CIOCOOHBIX Ha cyonmumanuto [Epifani,
2010], comanTensHO. Bno6aBok, W3BECTHO, YTO KOMETHI BOTIPEKH OXXHIAHHSIM IIPOAEMOHCTPHPOBAIH Ne(UINT BOABI U
JIOMHHHPOBaHHUE TBUIEBOH (ppakimm (kKak, Hanmpumep, komera 9P/Tempel-1 B pesynsrare sxcniepumenta «Deep Impact»
NP yAapHOW 60MOAapIUPOBKE).

Y MereopuToB B arMocdepe 3eMiM HarpeBaeTcsl TOJIbKO MMOBEPXHOCTHBHINM ciioid. OnHako OOIbIIME TEJUTypHUYECKHE
WHAYKIMOHHBIE TOKW, BBI3BaHHBIC (parMEHTaMH, COACP)KAIIMMH MAarHUTHBIE METalUlbl, MOIIHA TIPHBECTH K
BOCIUITAMEHEHHUIO JJIMHHBIX JIMHUH TeserpaHbIX IMPOBOIAOB M JCPEBAHHBIX dacTeld MOCTpoek. B Takom ciydae
nepecedeHue opOuTe 3emin ¢ pparmeHTamMu pacnasineiicss komersl 3D/busna 8 oktsiOps 1871 roma AeliCTBUTEIHHO
MOTIJIO BEI3BAaTh 3HAMEHHTHIE oXkaphl B Yukaro, [lemturo u [Topt-I'ypone [Wood, 2004].

OpHako Ha pojb MHWIMATOpA 3HAMEHHTHIX MoxkapoB B 1871 romy mpereHayet, ckopee, komera 2P/Onke. Ee cmektp
JIEMOHCTPUPOBAI SIPKUE MOJIOCHI, OTBEYAIOLIME YIIIEBOIOPOIAM, a XBOCT OKAa3aJCsi C OXHOH W3 CTOPOH 00pyOieH
[Chambers, 1909, p. 65]. CnenoBarensHo, moxkapsl 8 okTsiOpst 1871 roma Mormu OBITH CBsI3aHBI C OTOPBABIIMMCS
yIIIeBOIOPOIHBIM XBocToM 2P/JHke. Takoi mporiecc He YHHKAJIbHBIH, YTO TOATBEP)KAAET COBPEMEHHAs TEXHHKA.
Hampumep, 3ou1 HACA 'STEREO-A' 3acHs oTpbIB XBocTa koMeThl [lonca—bpykca B 2024 romy Bo BpeMs ynapa 1o
Hell colHevHo# BembimeuHol miasmbl. Eme B 1883 rogy actponom X. bonunbst B Teuenue 3,5 4acoB HaOMOAal BO
BpeMsl aesuHTerpanuu koMersl [lonca—bpykca (ansrepHarnBHO, KoMeTsl bpykca—Csudra [Manterola, 2011]) mo 500
OTHOCHTENBHO KPYIHBIX €€ YacTeil B 3eMHOM uoHOcdepe'’. AHAIOTMYHO, KOMETApHOE BENIECTBO (BO3MOXKHO,
MOHU3UPOBAHHOE COJTHEYHOM IJIa3MOi1) CHIrpalio MIaBHYIO POJIb U BO BpeMs coObiTus KappuHrrona.

17 Bepositao, X. BoHmbs npomyctui eme 6oiiee TpeX ThICSY (PPArMEHTOB B CBI3H C Pa0OYHM MEPEPHIBOM.
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YACTD 3.
KOMETDI U BEJIBIE BCIIBIIIKU HA COJIHIE

Ces13p Mexay (parmeHTamMu kKomeTbl 3D/brsna m comHEYHBIMU OENBIMU BCITBIIIKAMH YOWBHTEIbHA W HEOAHO3HAYHA.
Comueynast Oenas Bemblmka Obuta 3adukcuponana 13 mHosOps 1872 roma [Secchi, 1872; Hudson, 2021], u cpasy mocie
Hee TIepBas aKTHBHOCTH B 00NacTH TaMMa-AHIpPOMEAbl oTMedeHa ¢ 14 Hos0ps 1872 roma, ¢ MOCIEAYHOIIUM
MakcumMyMmoM 27 HosiOpst [Newton, 1872]. ComHeunas Oenasi BCIIBIIIKA TaKKe NPHCYTCTBOBAJIA BO BpeMs COOBITHS
Kappunrrona 1859 roga. Ecnu cBsizbiBath ero ¢ ¢gparmenramu kometsl 3D/busna B aBrycre—cenTsope 1859 rona, To
JIBa SIM30/1a MOSBJICHNST AHIPOME/IN BMECTE C COJTHEUHBIMH BCIIBIIKaMH Oesioro cBera, kak B 1872 roxy, Tak u 1859
TOy, Y’)K€ He KaXXyTCs CTydalHbIM COBIIaZICHUEM.

Bo Bpems cobbrtus Koppunrrona 2 centsops 1859 roma ICME, moctynmpoBaHHOe, HO HE IOATBEP)KICHHOE
KOCMOTCHHBIMH H30TOIIAMH, MOXXHO VCIICITHO «3aMEHHTH» (parMeHTamMu KoMeThl 3D/busna, MOHU3MPOBAaHHBIMHU
colHEYHOM Oenoif Bembimkoi 1 ceHTsOps 1859 roma. IlomoOHBI (P GEKT HOHM3MPOBAHHBIX MATHUTHBIX (PparMEeHTOB
OOBSICHACT WM TOSBJICHUE METCOPHOIO MOTOKA M3 paauaHTa ramma-AHapomernsl 14 HosOpst 1872 roma, cpasy mocie
COJHEYHO Oenoit Bemblku 13 Hos0pst 1872 roxa.

VHTeHCHBHOCTE COMHEUHOM Oenoif Bembimku 1859 roma, cortacHO aMIuTuTyAe MarHuTHOTO Kporie B Keio u ['punBuue,
oneHuBaeTcs KkiaccoM ~ SXR=X45(+£5) MArKOro peHTTEeHOBCKOTo H3mydeHHs. [1omoOHBIE BCIBIIIKKM BO3MOXKHBI Ha
3Be3/IaX COJTHEYHOTO TUMa. Ho MoBTOpEeHNE CTONB CHIIBHON TeOMarHuTHOH OypH, Kak 2 ceHTs0ps 1859 rona, BEI3BaHHOM
BCIBIIIKON Kacca X45(£5), JomkHO Iporcxomuth pas B 60200 et [Green, 2006; Curto, 2016; Hayakawa, 2018b]'8.
OnHako, 1a)ke He TOBOPS O TOM, YTO YEThIpbMS JHSMH paHbllle reoMarHuTHas Oypst 28 aBrycra 1859 ropa npakrudecku
HE ycTymnaja Mo CHie MCTOpUYecKoil Oype 2 ceHTAOps, W Impu 3TOM He ObLIO HMKAKUX CBHJIETEIBCTB CIOKHON Oyph
[Tsurutani, 2003], Bcero uepe3 OIUH CONHEUHBIHN IMKI mociie Oypu Kappunrrona 1859 rona, Obuia 3adukcupoBaHa emie
OJIHA CONOCTaBMMasl ¢ Heil reomarauTHas Oypst 4 ¢eBpanst 1872 rona. Hayka He umeeT 10CTOHHOTO OOBSICHEHUS 3TOMY
(haxTy ¢ TOUKH 3pEHHSI UCKIIIOUMTEIBHO COTHEYHOTO TEHE3HUCA.

ComnHeuHbIE BCTIBIIIKK B KOHTHHYaJIbHOM ONTHYECKOM JAWAaNa3OHe, KaK I0Ka3ajla COBPEMEHHas TEXHHKA, BOBCE HE
penKye; MHOTHE BCIIBIIIKK PEHTTEHOBCKOr0 X-Kjacca M3JIydaloT B ONTHYECKOM KOHTHMHYyyMe. Tak, «g 1989 2oy
HeDONLUIOU MeNecKOn 60 8peMa MAKCUMYMA COTHEYHOU aKMUGHOCMU 3ape2ucmpuposan 3a 200 15 ciyuaes ceeuenus
ecnvluex 6 onmuyeckom Kowmunyyme» [badun, 2005]. Bmecre ¢ TeM, reOMarHUTHBIX BO3MYLICHUH, aHAJIOTUYHBIX
3a()MKCUPOBAHHBIM BO BpeMsi coObITHs KappuHrroHa, Bo Bpems OelnbIX Bemblek Ooinblie He HaOmomanock. Ha moit
B3DJIS/L, 9TO CBSA3AaHO C OTCYTCTBHEM Kak camux /CME, Tak W TONaAaHus Mo 3emiie, B CiIydae peaau3alliii OHBIX Ha
Comnnne. BepositHo, He 0110 TakoBeIX yaapoB ICME u B 1859 romy. Perucrpanus ciena xpoire Ha MarHUTOTpaMMax
TOBOPHUT JIMIIb O BOJHOBBIX COCTaBIISIOMINX AJICKTPOMArHUTHOTO Auamna3oHa. Maes ymapa mo marautocdepe 3emn
(maxxe 1o ee Kparo, 10 KacaTeIbHOH) He MONIEPKUBACTCS B CBSI3H C OTCYTCTBHEM, KAK yXKE yKa3bIBaJI0Ch, KOCMOT€HHBIX
M30TOIOB W/WJIM HATPATOB B jienio3utax 1859 rona, a Taxke yposHeMm SEP.

DHeprusi COJHEYHBIX OEJIBIX BCIBIIIEK Majla 110 CPAaBHEHHIO C IPOCTPAHCTBEHHBIM U CIIEKTPAJILHO TIOJIHBIM COJTHEYHBIM
n3nydenueM. [lostomy 1o 2003 rozma ux He yAaBaJloCh BBIICIUTH B 3alUCIX. B mpuHIMIE, colHeuHbIe Oeble BCIBIIIKN
OOBSICHSIOTCS TEOPUEH MarHUTHOTO TIEPECOCIMHEHNSI 1 OOBIYHO OOHAPY)KMBAIOTCS Ha BUANMBIX M300paxkeHusx ConHIa
BO Bpems Oojiee KpPYIMHBIX PEHTI€HOBCKHX Bcmblmek [Woods, 2006]. OxHako, peHTTEHOBCKOE M YIBTPa(HUOIETOBOE
U3JTy9EHHS ABISIOTCA OCHOBHBIMU CBOMCTBAMH KOMET Iae IpH 00bIMHOM coHeunoM Berpe [Lisse, 1996]". Kak yxe
YIIOMHHANOCh, TU((Y3HBIC AMEKTPUUECKHE PA3PSIbl IIPOUCXOIAT B 000JI0YKE U B SIpe KOMET, H3JIydasi Ha pa3iIMIHbIX
4acToTax, BKItoUas pearreHoBckue ayun [Thornhill, 2006]. Hammpumep, kocmmaeckuit Teneckon «KROSATY oOHapykui
MSATKOC PEHTTCHOBCKOE m3nydeHue oT komeTol C/1996 B2 «Xskyraka» B mapre 1996 rona [Ibadov, 2010]. BepostHo,
AHAJIOTMYHBIC SMUCCHH MOIJIM YBEJIMYUTHCS MpH O0Jiee MOITHOM COJTHEYHOM BeTpe Oeroil Benblky 1 ceHtsiops 1859
rojia, MOHM3UPOBAB BrOpru4HbIe KoMeThl «A/B» 3D/busna. CnenosarenbHo, Kpolile, 3anucanHoe B Jlongone 1 ceHTa0pst
1859 roma, cnocoOHO OTHOCHTBCSI HE HEMOCPEICTBEHHO K COJHEYHOW O€Joil BCIBIINIKE, a K PEHTICHOBCKOMY
(TIepe)nu3mydeHnIo OHOM U3 STHX BTOPUYHEIX KoMeT. boiee Toro, B 3eMHOIT atMocdepe n3mydeHrne MeTeopoB B 001acTH
Kak ynbTpadroICTOBBIX, TAK U MATKUX PEHI€HOBCKUX Jy4eH, cortacHO pacueram [Maris, 1927], Taxke He HCKITIOYCHO.

Bwmecte ¢ TCM, KOPPEIALUA MCKIAY TPEMA U3 MATU HU3BCCTHBIX COJHCYHBIX BCIIBILICK B OenoMm ceere B XIX Beke ¢
Q)paFMCHTaMI/I komeTsl 3D/buaia MNOAHUMACT BOIIPOC, BI)IXO)IHHII/Iﬁ 3a paMKH1 mapaaurmMbl COBpeMGHHOﬁ HAyKu: MOT'yT

18 B NOAA ScilJinks (National Oceanic and Atmospheric Administration) mouun manplue, yTBEPKIas, 4TO METALITOPM, CPOIHH
KIPPUHTTOHOBCKOMY, TOJDKEH IIPOUCXOIUTH MpuMepHo Kaxsle 500 nert.
19 Emie s kometsl Mopxaysa 1908 rona ormeuancs ynsrpaduonetosslii xapakrep cseta [Chambers, 1909, p. 189].
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JIX HE TOJIBKO BCIBIIIKW MOHHU3UPOBATH KOMETHBIC METCOPHBIC IMTOTOKU, HO U HaO60pOT, TO €CTh, MOT'YT JIH KOMCTBI UJIN

ux !l![zaFMeHTbI WHUIUHUPOBATH COJTHEYHBIC BCUBLINKHU B Oenom ceete?

«Hescho, 6v110 11 mo, umo Habmodan P. Kappunemon, oeticmsumenvro HeobbiunbiM conneunvim cobvimuem» [Akasofu,
2005]. Cam P. KeppuHrToH, Kak U3BECTHO, HE CUMTAN, YTO YBHJCHHAs UM COJHEYHas Oeyiast BCIBIIIKA MOIJIA BBI3BATh
reoMarHuTHbIE 3(GeKThl: «Odna 6abouxa nema ne Oeraemy [Carrington, 1859]. Bonee toro, P. Koappunrron Obu1
YAWBIIEH, YTO He OOHAPYKMJI HUKAKMX U3MEHEHUH B TPYIINE MATEH, KOTOPHIE 3apUCOBAJI 10 OTKPBITHS COTHEYHOW Oeroi
BenbIKU 1 ceHTs0pst 1859 roma. U mo dopme, 1 MO MOJOKEHHUIO SIBJICHUE OEJI0i BCHBIIIKK IMPEJCTABISUIOCH eMY
COBEpIICHHO HE3aBHCUMBIM OT KOH(UTrypanuu OOJbLIOro MsTHA M €ro 4yacreil, Oyab TO sAPO WIM TeHb. Y HEro
OCTaJIOCh BIICYATJICHUE, YTO SIBJICHHE MPOMCXOAWIIO Ha BBICOTE, 3HAYMUTEIHHO IIPEBBIMIAIOIICH OOIIyI0 MOBEPXHOCTH
ComnHia, #, CIEIOBATENFHO, ITOMHOCTRIO HAJ OOJNBIION TPYNIION MATEH, Ha KOTOPBIE OHO IPOEHHpOBAIOCH [Stewart,
1861, p. 427]. Takoe omucanue P. KappHHITOHOM TO3BOJISIET BHIIBUHYTH THIIOTE3Y O CONIHEYHOW BCITHIIIKE B OEIIOM
CBeTe, MHUIIMUPOBAHHOW BHEITHIM UCTOUYHUKOM [German, 2024].

Hampumep, uccienoBanue opoutsl koMeThl 1819 roma actponomom OnbOepcoM Mmokaszano, 9yTo 26 UIOHS MEXIy S u 9
yacaMH yTpa Komera Obuta crpoennpoBaHa Ha auck Comamna [Chambers, 1909, p. 13]. U3BectHO, uto «3010 SOHO, no
cymu, 3aghUKCUPOBAL HECKONIbLKO Cly4aes nadenus Komem 8 COTHeUHYI0 KOpoHY & «cayyatinoiy ceasu ¢ CME» [Thornhill,
2006].

Macca KOpPOHAIBHOTO BBIOpOca BO Bpems coObiths Ksppunrroma B centsOpe 1859 roma omenumBaerca ~ 10 kr
[Hudson, 2021]. Ilocne packona komers! 3D/buana B 1840-x rogax mo ABHXKEHHIO JIBYX sJiep €€ BTOPHYHBIX KOMET
ObLIa paccYnTaHa Macca KOMETHI, paBHast ~ 4x1077 Maccel 3emmn. YuuTeiBas Maccy 3emym ~ 6x10%* kr, Macca KOMETBI
3D/busna cocrasuna ~ 24x10'7 kr. Tlo apyrum pacueram [Jenniskens, 2007], Mmacca komeTsl Gbl1a paBHa ~ 1,4x10" kr,
a Macca 0OJOMKOB, OCTAaBIIHMXCS B METEOPHOM IIOTOKE, OKaszamach ~ 3,3x10'° xr. B TakoM cilydae pasHHLA MOXKET
CBUICTEIIECTBOBATh O TOM, 4To komera 3D/brama mpomomkana cymiecTBOBaTh, XOTS M B HECKOJIBKO «OOIIETdCHHOM)
Bapuanre”.

BeicokosHepreTnueckue 3eKTPOHbI, yCKopeHHble >40 k3B, cunTamick HEOOXOAMMBIMH JJISI COJHEYHBIX BCIBIIIEK
6eroro cera [Watanabe, 2010]. Ho Takue snekrpoHsl u3 ryouH CojHIA ¢ TPYIOM JOCTHTraloT ero gorocdepsl, rae
BO3HUKAET ONTHYECKHH HenpepbiBHbIN criekTp. [1o 3Toi mpuymnHe ObUTM NPENJIOKEHbl Pa3IMYHbIe IPYrHe BapUaHThI
[Namekata, 2017]. OmHako POUCXOXKICHHE COMHEYHBIX BCIIBIIIEK OEJIOr0 CBETa J0 CHX IOpP OCTACTCS HEePEIICHHBIM.
Bwmecre ¢ TeMm, kocMudeckuii armapar «Bera-1» B 1986 rony 3apeructprpoBall IIOTOKH HOHOB ¢ dHeprueit >40 k3B Ha
paccrostauu 107 KM U KBa3UIIEPUOIUUECKHIE TIOTOKH 3IeKTPOHOB 160-300 k3B, cBsi3anuble ¢ sapoM KomeTsl 1P/Tames
[Somogyi, 1986]. Takue xapaKTepUCTHKH JOCTATOYHBI ISl MHUIHAIIIH OCIIBIX COTHEYHBIX BCIIBIIICK.

Brinenenye SHEPTMU CONHEYHOW BCIBIIKHM BO BpeMs coObitust Koppunrrona 1859 roma ~ 10% [k, ocHOBaHHOE Ha
sckuse u onucanuu [Hudson, 2021], oGecnieunsaercs «uapanarorein» ConHie KoMeToi, Maccoii ~ 10'* kr*!. Panee Gbun
MOTYYEH 3aKOH M3MEHEHUS CKOPOCTH MOTHOCTHIO pa3ApoOIieHHBIX KOMETHBIX S, ¢ HadabHBIMH paanycaMu ~ 100 m,
B 0o0nacTtH, 61M3KOH K KOHEUHON TOUKE TPACKTOPUH TOPMOKEHHS B COJIHEYHOM aTrMocdepe, T.€., Ha MaJIbIX PACCTOSHUIX
ot mosepxHoctd Comana [BaHoB-XonoxHemi, 1969]. B 3ToM cimydyae Taxke OBUT MpPHUBEACH OOUH W3 MEXaHHU3MOB
00pa3oBaHHs BEICOKOTEMITEPATYPHO IUTa3MEl, TeHepupytomei ¢potochepryto Benbiuky [Ibadov, 2008]. ITosTomy, ecim
(pparmentsl koMeThl 3D/Busia UMeNM JIOCTaTO4HO OOJBIIYI0 CyMMapHyro maccy, ~ 10'°-10" kr, To ux npuier u,
COOTBETCTBEHHO, ITOBBIIICHUE MTOTEHIMAIa HOHU3ALUH, MOT CITIOCOOCTBOBATH I'€HEpalliy BCIBIIIKY B OEJIOM CBETE.

B 3TOM acnekTe MOKHO paccMOTPETh, HAIIPUMED, CIEAYIOLME BAPUAHTBI «10CTAaBKM» BEILECTBA U BO3ACHCTBUS KOMET,
B TOM 4HcCIie, ¥ KoMeThl 3D/buasa, Ha COTHEYHBIE BCIIBIIIKH.

1. Kowmernsle razombuieBsle xBocThl 1l Tma m mbureBsle xBocThl Il Thma (mo kmaccudmkanuu bpenuxuna),
HarpaBieHHble «k COJNHITY», COCTOSIIME U3 OoJiee TSDKENBbIX YaCTHIl, YeM Y3KOHAIPABICHHBIE T'a30BbIE XBOCTHI
I Tuma, xoTOpbIe MPaKTUUECKU HE OTKJIOHSIOTCS OT HampasieHus «oT ComHua». Hampumep, B 1986 rony nsuis
xomeThl 1P/Tajies Oblia oOHapyxkena Ha pacctosHun 280%10° km ot sapa [Somogyi, 1986].

2. TIlo muenno T. Bpenuxuna, notoku Anapomennn 1877, 1885 u 1892 ronoB Obun BeI3BaHEI BEIOpocamu 1846
rofia ¢ BBICOKUMH ckopocTsmu 292 m/c, 342 m/c u 279 m/c, cootBetctBerHo [Bredichin, 1893]. Omnako, naxe
€CJIM YaCTHIIBI BBIOPACHIBAIOTCS C THIIMIHOHM ckopocThio 20 M/c 1 m3oTponHo [Jenniskens, 2007], To mpu Takoi
cKkopocTH, HaunHas ¢ 1703% mo 1859 rox, anmna pasnera coctaBut ~ 140x10° kM, 9TO IPEBHIIAET PACCTOSHHE
nepurenus komersl 3D/Busia, paBroe ~ 131x10° xm. Bonee Toro, yreepxknmaercs [Jenniskens, 2007], uro

20 B mocnemHue roapl OBUIO NMPEONPHHATO HECKOJBKO IOMBITOK, Hampumep, acTpoHoMamu b. Mapcaenom u 3. CekaHHHOM
[Jenniskens, 2007], 0TO>kAeCTBUTE OPOHUTHI HEJABHO OTKPHITHIX KOMET ¢ opbutoit 3D/brama KoMeTsI.

21 DOta Macca COOTBETCTBYET, HaIpuMep, Macce siapa kometsl 1P/Tannes B 1986 roxy [Ibadov, 2008].

22 Ton 1703 B34T JUIsi CpaBHEHUS, OCKOJIBKY PACCMATPUBAIICS MPH KOMITBIOTEPHOM MOJIEIMPOBAHUK OpOUTHI KoMeThl 3D/Busna B
pa6ore I1. Ixennuckenca [Jenniskens, 2007].
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komeTa 3D/buana norepsiia cBoo 0CHOBHYIO Maccy 10 1703 roma. Crano ObITh, BpeMeHH 100parhes K CoiHIly
y HOTEPSAHOM Macchl ObLIO NPEJOCTaTOYHO.

JBmwxenne Menknx gactul ¢pparmentoB komersl 3D/buana no cnmpamu k ConmHny u3-3a aeictBus 3¢ dexra
IMoitaTHHTa—PObEpTCOHA.

CoOcTBeHHbIE MarHUTHBIE oyt KoMmeT. Hampumep, mis komersl 1P/Tannes nukoBasi HanpspKEHHOCTB TTOJIS
cocrasuia 70-80 uHTn [Riedler, 1986], a s xomersr 67/P Uypromoa—Iepacumenko — 300 uTn. MarauTtHOe
MOJI€ KOMET JOJIKHO «OINYIIAaThCS» HAa PACCTOSHHM MHOTHUX KHIJIOMETPOB, YTO CBS3aHO C IUNIOTHOCTBIO DKETOB.
B skcnepumenTe mo u3MepeHHio MarHUTHBIX mnoneil komersl 1P/Tamnes — MISHA (The magnetic field in
Interplanetary Space during the Halley comet Approach) — marautomerp «Beru-1» Ha paccrosumu 1,1x10° xm
OT sAapa KOMETHI TIOKa3ajl 3HAYNTeIbHOE yBEIWYeHHE TypOylmeHTHOCTH B amamna3oHe yacToT 0,05-2 I'm. Ilpn
3TOM CKOPOCTH PaclpOCTpaHEHHs KoieOaHMH MarHWTHOTo mnons komersl 1P/Tamesi, cBsizaHHas ¢ ynapHOU
BOJTHOH, coctaBmia ~ 200 km/c [Nature, 1986, 321, 259]. Bapuaruum MarHUTHBIX BOJH 110 Mepe MPUOIIDKCHHS
K s1py koMmeThl 1P/Tanes mocTeneHHO YBEMYMBAIKCH 110 BEIMYHMHE, OTIMYAsICh OT CONHEYHBIX M yKa3bIBas
Ha HEYCTOWYMBOCTh, BO3Oykmaromiyro ummHHBIE MIJ[-BomHBI [Wu, 1972]. OHM ObUIM BBI3BaHBI YIPYTOM,
CKUMaeMoi maa3Moi U 3(h(HEKTOM «BMOPOKEHHOCTH» B MarHUTHOE Touie. [I0CKOIbKY Takue BOTHBI HE UMEIOT
JIICTIEPCHH, 3TO CIIOCOOCTBYET BO3SHHMKHOBEHHMIO Ita3MeHHoro MIJI-BomHoBoma [Nakariakov, 2020]. Otcroma
cienytoT OOJbIIME PAcCTOSHMS B MWJIIMOHBI KHJIOMETPOB, Ha KOTOpBIX MIJI-BONMHBI «omryTumsDy. Mx
BIIMSTHHE, KaK 1 PEHTTEHOBCKOTO M3JTYYCHHSI KOMET, Ha COTHEYHBIE MIPOLIECCHI O KOHIIA HE H3yUYCHO.

Tam, rae BO3HHKAIOT BONHOBOIBI, BOBMOXKHBI M pe3oHaropbl. Hampumep, B Momenu sddexra pe3oHaHca
HEYyCTOWYMBOCTH THma Teijopa CONHEYHbIE KOJeOAHHS BO3HUKAIOT H3-32 MEPHOAMYCCKON MOAYIALMU
COJIHEYHOM INIa3Mbl BHEITHUMU MPUIIMBHBIMA CUJIaMH, 3a KOTOPBLIC OTBCTCTBCHHBI }OHI/ITep COBMECTHO C
Benepoit u 3emieii [Stefani, 2019; Klevs, 2023]. Ho Henb3st McKiIto4aTh W BapuaHT BozaedcTBusi FOmnurepa
COBMECTHO C KOMETAMH M KPYITHBIMH METCOPHBIMH IIOTOKAMH.

[poxoxxaeHne KpynHeIX (parMeHToB KoMeThl 3D/busna BOmm3m IOnmrepa ¢ mocienyromuM H3MEHEHHEM
npwmBHbIX cui FOnurepa Ha Connue [Stefani, 2019].

DJEeKTPUYECTBO KOMET, KOTJ]a COCEIHHE, TaK Ha3blBacMble, JOHTMIOPOBCKHUE TUIa3MEHHBIC SUCHKH (IBOIHBIC
CIIOM) B3aWMHO BIMSIOT IPYr HAa JApYyra, H30JIUPYd 3apsKEHHOE BEHIECTBO OT OKPY)KAIOIIHH IIa3Mbl B
C)KUMAIOIIEM X MarHUTHOM ToJie (T. €., TMHY-3()(GEKT TUCKPETHBIX BUXPEBBIX TOKOBBIX ITyYKOB, TPUBOASIIHNI
K TOHKUM (umamerTaM). «Opgexkm nunua obecneuusaem niomHOCHU 8 MOHKUX CHPYAX HA MHO20 NOPAOKO8
sviule, Yem npedckasvigaemvie npocmoti paduanvuotl cyorumayueti» [Thornhill, 2006; Peratt, 2015].

MoxHo MPUBCCTU MOATBECPKAAOIINEC TPUMEPDBI:

VYV xomertsl Ilonca B sHBape 1884 roma sapo COCTOSIIO W3 NBYX YacTed pasHOW SPKOCTH, OOBEAMHEHHBIX
BBIPaXXEHHOI ckpyueHHOM cBs3bto [Chambers, 1909, p. 97].

19 HOs0pst y KomMeTsl Mopxay3a 1908 roma XBOCT COCTOSIT M3 OTACIBHBIX MPSAJCH, KOTOPBIC TEPEILICTAIICH,
Kak npsiu BepeBku [Chambers, 1909, p. 32].

Eme K. bupkenanj ycTaHOBWIJ, 4YTO 3JIEKTPUUYECKHME TOKH TEKYT MNPEHMYLIECTBEHHO BIOJIb «HUTEN»,
00pa30BaHHBIX MAarHUTHBIMU TMOJIIMH, WHAYIUPOBAaHHBIMH O3THMH TOKaMH. Takas HUTEBUIHAS IUIa3Ma
CcrocoOHa pacpOCTPAHATLCS HA JJTMHHBIC JUCTAHIINH, TIIC U Pa3PsKATHCSL.

HureBnaHas cTpykTypa TUIIMYHA JUIS TUIa3Mbl B kocMoce. Habmonanace oHa u Ha 3emite: «HHo20a noaspHoe
CUsIHUE COCMOUM U3 Humeil, NHOOOOHBIX WENKOBOU OCHO8E NAYMUHBI, UHO20A OHU PEYMCSA U NAOAIOM HA 3EMIIO
[Providence Daily Post, Rhode Island, September 3, 1859]. HuteBnmnast cTpykTypa SIBISETCS MOIIHBIM
WCTOYHUKOM 3JIEKTPOMAarHUTHOTO M3JIy4eHHUS. DBBUIO MOKa3aHO, YTO CKOPOCTh MEXIy TIalaKTHYECKHMH
BoJIOKHaMu jocturaer 6onee 1000 km/c [Peratt, 1983].

Komera Ceudra 1899 rona nokasana npu3Haku CKpy4HMBaHUs, KOTOPbIC MPEIIOarajid WIS BPaIleHHs HIIH
KojeOaHus BOKPYr JMHHM, mnpoBeaeHHoH or Comama k komere [Chambers, 1909, p. 16]. BeposTHO,
ANEKTPUYECKHE Pa3psiabl Mex 1y koMeramu 1 CONMHIIEM/TIaHeTaMH YT Yepe3 [UIa3MEeHHYIO IbLIb, IPUYeM, B
obowux HampaeneHusX. He nckiroueno, uto ConHIle «utaercs» mekrpudeckumu Tokamu [Thornhill, 2006], B
TOM YHCJIE€, KOMETHBIMHU.

BcenenctBue MOHM3MPOBaHHBIX (parMeHTOB Marepuana komersl 3D/busna, npubObiBmux Ha CojHue, cxarue
MAr"duTHOIO IIOJII JOJIXKHO 6bIJ'IO YBCIIMYNUTL JJICKTPOMArHUTHYIO HWHIAYKIUIO. 3TO MOIJIO BbI3BATh YBCIMYCHHUC
anekrpuyeckoro moisi Ha CoJHIE W NPUBECTH K BCIBIINIKE B OeioM cBeTe. B pesynbrare, BropuyHas Komera «Ax»
3D/busna MoriIa KOppeIupoBarh ¢ COTHETHOU Oeroii Bemblkoi 13 HosOps 1872 roga (SOL1872-11-13 [Secchi, 1872;
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Hudson, 2021]), a xomera «B» 3D/busna («goronsromas»; HO Ooyiee spkas, cormacHo Qortorpaduu, caeimaHHON B
[TynkoBo B 1846 romy) — ¢ ONHOW, WM C HECKOJBKUMH, CIEAYIONIMMH COJHEYHBIMU O€NbIMU Belblmkamu: 10
centa6psa 1886 roma (SOL1886-09-10 [Valderrama,1886]); 17 urons 1891 roma (SOL1891-06-17 [Trouvelot, 1891]); 15
utonst 1892 roga (SOL1892-07-15 [Rudaux, 1892; Hudson, 2021]).

Ecnu xoMy-TO Takas KOppeNsus KaKeTCs COMHHUTEIbHOW, TO MEXIY STHMH JABYMS BTOPHUHBIMH KOMETaMH, «A» U
«B», cpazy nocne pacnaga kometsl 3D/brsna B 1846 rony Taxke ObUT «MOCT» U3 MeHbIINX (hparmMeHToB. Korna u kyna
OHHU TEPEMECTHIINCh, BEPOSITHO, MbI HE y3HaeM. OIHAKO, €CIM OTCYTCTBHE aKTHBHOCTH ITOTOKa AHapomenuna B 1878
rolly OIIEHUBAJIOCHh KaK pacrpocTpaHeHue cienaa kometbl 3D/busna He Oonee yem Ha 40% miunbl ee opoutsl [Kronk,
1999], To moxxke Mexmy motokamu Auapomenun 1892 m 1899 romoB ObUT pa3pelB B 7 JET, a MEKIY MOTOKAMH
Anppomenun 1899 u 1904 ronoB — oxono 5 et [Denning, 1905, p. 853]. D10 yka3siBano Ha Oonee CyIIEeCTBEHHYIO
mddepeHnnanyio co BpeMeHeM 0CTaTKOB packonotoi koMmeTsl 3D/busna no ee opbure.

«Acmponomvr  bapnapo u Onxe Ovbiiu  OOHUMU U3 NEPBbIX  NPEONONONCUBUUX — CYUWECMBOBAHUE  HEKOU
CONPOMUBIAIOUJEUCs CPedbl 8 KOCMOCe, CHOCODHOU PA3pyuamy U UCKAHXCAMb X80CMbl KOMEm NPpu CIMOIKHOSEHUU C Helly
[Chambers, 1909, p. 37]. OcHOBaHHEM IOCITYXHIU JBHKCHUS KOMET DHKE M BUHHUKE, HE 00BSICHUMBIC MOTHOCTHIO
Tonbko Teopuel rTpaButamuu [Chambers, 1909, p. 64]. Ananormuno, X. Heroron [Newton, 1886], B cBs3u ¢
KOMITaKTHOCTBIO TIOTOKa AHIPOME/IN/ B INIOCKOCTH OpOUTHI koMeThl 3D/buaia, HecMOTpst Ha BO3MYILIEHHSI CO CTOPOHBI
IOnwurepa, monTBepskaan 3ty runoredy. O60CHOBAaHHOCTH CYIIECTBOBAHUS COIPOTHBIIIOIICHCS CPEIIbI IONTO U TOPSI0
oOcykmamack TOT[a, HO HE TIIONydWsIa ONOOpeHHsS OONBIIMHCTBA acTpoHOMOB. CeromHs W3BECTHHI BapHaHTHI
KOCMHYECKHX CTpYH, 3epkanbHoW Marepuu (mo-®dyry), m 1. 1. C TeMHOH Marepueii/sHeprueii Hayka IOKa He
pazobpainack. [ToaToMy IpexaeBpeMEHHO MepeuepKUBATh B3aNMOCBSI3b KOMET M COTHEUHBIX BCITBIIIEK B OE/IOM CBETe.

XBOCTBI KOMET IOKa3bIBAIOT YETKO OIMPEACICHHBIC, IUIOTHBIC IMBUICTa30BbIe HHUTH, MPOCTUPAIOIIMECS 10 ICCATKOB
MWLIHOHOB KAJIOMETPOB, HE paccenBasich B Bakyyme kocmoca [Thornhill, 2006]. CornacHo HEKOTOPBIM MMITOTE3aM, OHU
MO 00pa30BaThCsl MO BO3JACHCTBUEM MOIIHBIX MArHUTHBIX MOJICH CBEPXMACCHBHBIX YEPHBIX MIBIP, OTKPBITHIX
HemasHo [Oei, 2024].

3D/Biela

Jupiter {1y

®ur. 6. Opouta kometsl 3D/buana [https:/ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=3D&view=VOPDA «NASA/JPL-
Caltech». IIpoatocep Mapcaen b.

3a mocnenaue 250 7eT, Kak M3BECTHO, BO3MYILCHHMS IPUBEIN K ITOCTEIIEHHOMY YMEHBIICHHIO TEPUTENNS KOMETHI
3D/busna. Cnenyer OTMETHTB, YTO JOJTOTa HUCXOAALIEro y3ia opoutsl komersl 3D/buana B 1859 rogy m nonrora
Connua B 1872 romy coBmamanu To4HO W ObuiM paBHBI 246-1° [Newton, 1886, pp. 423-424]. Orcrona cuexyer
BEPOSITHOCTD UX JajbHeHIIell CHHXpOHHU3auy. B 1060M cityyae, HEKOTOpbIe (hparMeHThl 3TOM KOMETHI IOCIIe pacmaa,
JIBUTASACh 10 €€ TPAaeKTOPHM, MOIIM CHadajga npolTH BOMu3u ConHIA, a BCKOpE OKa3aTbCs B HHUCXOIAIIEM Y3Jie
nepecedeHuss opoutsl komeTsl 3D/budna ¢ opbutoit 3emmu (Pur. 6). IMEeHHO B 3TOM HHCXOASAIIEM Y3Ji€ OpPOUTHI
3D/busna nposSBISLITUCE MeTeOpHbIe moToku AHapomenuna 1872 u 1885 rogos. M BechbMa coMHUTENBHO, 4TO 1859 rox
OBUT MCKIIIOYEHUEM, TTOCKOJIbKY AHIPOMEIUIBI Iepecekatorcst ¢ 3emielt pa3 B 13 ner. IlosBieHne BTOPUYHBIX KOMET
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«A/B» 3D/busna B 1852 romy, 26 aBrycta u 15 ceHTSOps, MPakTHYECKH COBHAJIO C AHAIOTMYHBIMH JaTaMH
reoMarHuTHeIX Oypb ¢ 26 aBrycta mo 7 ceHtsOps 1859 roma. B sToM cityyae He HMCKIIOYEHO, YTO HOTOKH OOEHX
BTOPHYHBIX KOMET BBICTYNIMJIM B TaHAEME KaK «COy4aCTHHKM» coObITnsi Kappuurrona B aBrycre—centsiope 1859 rona,
BBI3BaB CHJIHBIE TEOMAarHUTHBIE OypH M HHU3KOIIMPOTHBIE aBpOphl. B pesynsrare, xots 1 centsaops 1859 roma Obuia
conHeyHast Oeyasi BCIBIIIKA, BCE W3BECTHHIE (DaKThl C OONBIION BEPOSTHOCTHIO YKA3bIBAIOT Ha CBSI3b COOBITHS
Koppunrrona 1859 roma c¢ ¢parmentamu/AHgpomenunamu koMeTsl 3D/Brsma  (BO3MOXHO, HOHH3HPOBAHHBIMHU
COJIHEYHBIM BETPOM).

3AKJIFOYEHUE

H[!HH!!HHI/I&HLHLIC BbIBO/IbI.

» Tlapamurma, ocHoBaHHas Ha HaOmomeHuu P. KoppunrroHom comueuHo# Oemoif Bembiuku 1 ceHTs0ps 1859
roja, a TaKkKe Ha IOMABIIMX IO 3eMJIe MarHUTHBIX OOJIakax M WX 000JOYKax, He CIOCOOHA OOBSICHUTH
3apETUCTPHPOBAHHBIC XapaKTCPUCTHKH TEOMarHUTHBIX Oypp B obOcepBaropmsix bombes wim Puma. Hum
Bo3zelicteue moctyaupyeMbix ICMEs Ha marautocdepy 3emiii, HH OXHIAEMOE BBICOKOE MOCTYIUICHHE
COJIHEYHBIX 3HepreTryeckux 4actull (SEPs) Bo Bpemst coObITHs KIppHHITOHA HE TOATBEPKAAIOTCS CICIAMHU
HHTPATOB M/UIIM KOCMOTreHHbIX n3otonos '*Be, **Cl, u "*C B 3eMHbIX omnoxenusax 1859 rona.

*  Jlo 1 cenrs10pst 1859 rona He 6bUTO Te0I(PPEKTUBHBIX COTHEUHBIX MATEH M HE 3aPErMCTPUPOBAHO CONHEYHBIX
BCIIBIIEK, a OBICTPBI COJHEYHBIM BETEpP HE WHHULUHPYET MOIIHbIE TIeOMarHuTHele Oypu. Iloatomy
YTBEPXKICHHUS 00 «OYHINCHUN» MEXIUIAHETHOW Cpelpl TeoMarHUTHOU Oypeit 28 aBrycra 1859 rona B kayectse
MIPEJTFOINH K UCTOpUIecKor Oype 2 ceHTs0ps 1859 rona, sBnsroTcs He 000CHOBAaHHBIMU.

*  Oco0eHHOCTH TOJAPHBIX CUSHUHA coObITHS KoppHuHTTOHA, BKIIIOYash M30JMpOBaHHEIE aBpopsl B CanbBagope,
NPEJICTAaBISIIOT CEPbE3HYI0 NPOOJIEMY ISl CTOPOHHUKOB KJIACCUYECKOH IOKTPUHBI, OOYIUB HUX BBIJBHHYTH
runotesy, ad hoc, 0 10 cuX MOP HEU3BECTHBIX MOJISIPHBIX CUSHUSAX — He MU(Qy3HBIX, U HE AUCKPETHBIX — a
«HU3KOIIUPOTHBIX». IIpy 3TOM HCHONB3yeMoe MMH CHHKEHHE K 3KBATOPHAJIBHBIM IIHPOTAM aBPOPAIBHOTO
EKTPOKETA, PACTIPOCTPAHSIONIETOCS TONBKO B IIMPOTHOM HAIPaBICHWH, 3a4CPKUBACTCS BOSMYLICHUSIMA B
TeserpaHBIX POBOAAX B MEPHIHMOHAIBHOM HAIPABICHUH «CEBEP-IOT».

*  OpHaxo Bce SIBJICHUS, CBSI3aHHBIE C COOBITHEM KIppHHITOHA, XOPOIIO COMIACYIOTCA C IepeceueHneM 3eMIu ¢
(parmMeHTamMu/ AHIpOMEIUIaMH  PacIIaBIICHCS KOMEThl BHAINbI, KOTOpBIE 0XKHIAINCh aCTPOHOMAaMHU B TO K€
camoe Bpems 1859 roma. CooOmeHus ouyeBHIUEB, ONYOIMKOBaHHbIE CMHTCOHOBCKUM HWHCTHTYTOM,
I/I306I/Iﬂy}OT Ha6J'IIO}IeHI/I5[MI/I, TOATBECPXKAAOIIUMHA B3PBIBBI METCOPOB B PA3HBIX YAaCTAX IIJIAHCTBI U, B TOM
4uclle, KOMETHI B paiioHe Puma.

° KomeTnr 06naz[a}0T H€O6XOI[I/IMBIMI/I MArouTHBIMH U SJICKTPUYCCKUMU NOJIAMU IS THUIUHUPOBAHUS MOLIHBIX
T'€OMarHuTHBIX 6yp1>, IMMOCKOJIbKY HAKaIlJIMBAKOT JJICKTPO3apAan 6J1ar0zlap;1 BHYTPCHHCMY aM6I/IHOJ'I$IpHOMy
moJ10. MloHBI KOMET B HECKOJILKO Ppa3 TAKEIICE NOHOB COJIHEYHOI'O BETPA, MO3TOMY INIOTHOCTH SHCPTHUU IJIa3Mbl
KOMECT Ha JIBa MOpAAKa MPEBbIMIACT TUIMMNYHYIO INIOTHOCTb SQHEPTrUH COJTHECYHOI'O BETPA.

*  ABpopsl BO Bpems coObiTusi KoppuHrrona pacnosaraiuch Ha HOHOC(EpHBIX BbICOTax. BozOyxieHue B
MarHutocepe BpallarelibHbIX TOKOB IPHBOAMT K IPEMMYIIECTBEHHBIM HOHOC(QEPHBIM TOKaM C
HAllpaBICHUEM «CEBEP-IOT», BEPOSTHO, HABOAWBIIMMHUCA W B TenerpadHelx JUHUAX. [locKOIbKY
BpamarerbHbIe TOKHA CO3al0T Omaromapss nuHI-3()(exTy KoMeTapHbIe (IIIaMEHTHI, KOMETHI MOTYT OTBEYATh 32
NIPUBHECEHHE BPAIIATEIFHBIX TOKOB B MarHUTOC(hepy 3eMIIH PH ee NepeceUeHnH.

*  Illmpokue MeTeopHBIE MOTOKH, OXBATHIBAIOIINE BCIO 3€MJII0, HE HY)KJAIOTCS B IOCTYJIMPOBaHUH [TOBOPOTA BCEH
MarHuToc(epsl, TaK Kak JOCTHIaloT JIOOBIX MECT, BKJIIOYAs HHU3KOIIMPOTHBIE, BBI3bIBAas TaM aBpPOPHI C
npeobiajaHueM, B 4YaCTHOCTH, KpacHOro u Oesnoro mBeroB. OO0 3THUX OTTEHKaX W O AUQQY3HBIX aBpopax
coolmann oueBUAlBbl coObiTusi KoppuHrrona. 3a uHHLIMHpOBaHWE AUQGQY3HBIX aBpOpP MOIIHM OTBEYarh
I dy3HbIe pa3psiapl BHYTPH KOMET HW/WIIM, YYHUTBIBAas IUAMETP ITYYKOB aBPOPAJIBHBIX JIy4dei, B3PBIBBI
METEOPOB.

XoTs KoMmeTa BI/I3J’II>I, CKOpeC BCCro, IpeKparuia CBOE CYIE€CTBOBAHUC, aHAJIOTMYHBIC KOMETHI, 06naz[alom1/1e
OrPOMHBIMH SJICKTPUUCCKUMU 3apaJaMu, MPEACTABIIAIOT OTACHYIO YTPO3Yy JJid Hariei WBHJIN3allUH.

Ecnu npencraBiieHHas: HOBasi KOHIIEMIMS BEPHA, TO JOMUHHUPYIOIIAsl CETOAHS MapaJurMa UCKIIOYUTEIBHO COIHEYHOTO
MPOUCXOKACHHsI UcToprdeckoro coobiTrst Kappunrrona 1859 rona nomkHa ObITh EpEeCMOTPEHA.
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INPUJIOKEHHUE A:

CBSI3b IMAMETPA ITYUKA JIVUEI ABPOPHI C METEOPAMU
AHJIPOME/IU/I B 1859 FOJTY

CkopocTh MeTeopouIoB rmotoka AHnpomenua 1885 roxa orHocutenbHO 3emiu Obula nosrydeHa paBHor 57300 km/4yac
[Newton, 1986, p. 425]. Orcrooga, ¢ yYeTOM 4YacOBOTO KOIWYECTBA METEOPOMIOB ~ 5.1, MpOCTpaHCTBO,
COOTBETCTBYIOILIEE KAXKIOMY OTJCIbHOMY BHJMMOMY METEOpPY B IUIOTHOW YacTH TPYIIIbI, SBISUIOCH KyOOM, pedpo
KOTOPOTO paBHIOCH KyOndaeckoMy kopHIo u3 (57300%m)/5.1, To ecth, ~ 32,8 KM.

ITockomeky Tpek (ciem) 60IpIIOro MeTeopa, OOBIYHO, Ha JBa MOpPsIKa OOJBIIE CaMOr0 METeopa, TO IPH paauyce Tena
mereopa ~ R=150 M, obumii auamerp coctaBut ~ 30 kM [Constauk, 1980]. DMnuprdeckn, B 3aBUCUMOCTH OT SIPKOCTH
00BIYHOTO MeTeopa, ObllIa YCTaHOBIICHA JUTHHA €ro IMYyTH, Takke paBHas ~ 33 kM [AcramoBud, 1958, c. 239] (BepostHo,

BKJIIOYAs TPEK; Hanpumep, 6oibiioi mereop 24 mapra 1933 roxa nax Heio-Mekcuko, CIIA, umen tpek, gocrurasumii ~ 4000 km*
[Nininger, 1934; Acramnosuu, 1958]).

ITpu aTOM, MaKCHMAaJIBHBIN AUAMETP JTy4a («IIydKay) aBpopsl BO Bpemst coOriTust Kappunrrona B 1859 roqy onenuBancs
paBHbIM ~ 32,2 kM [Loomis, 1861b, p. 322].

OpHako, COTIIaCHO COBpPEeMEHHBIM mAaHHBIM [Baranoski, 2003, p. 47], crangapTHBIA nuaMeTp Jryda («arydkay) B aBpopax
npu nonanannu B 3emimto ICME cnocoben mocturats MakcuMaibHO Jumb ~ 1 kM. CremoBarenbHO, 32 aBPOPHI BO
BpeMs coObiTisa Kappunrrona 1859 rona, ¢ 6011611107 BEpOATHOCTBHIO, OTBEYANIN B3PHIBEI METEOPOB AHAPOMEANI.
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