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Abstract—The data obtained in the recent Rosetta space mission to comet 67P/Churyumov—Gerasimenko
have had a profound impact on the understanding of the nature of comets. In addition to revising the notions
on the physical properties and structure of comets, this addresses dynamical aspects of the formation of the
observed cometary populations (short- and long-period comets, Centaurs, trans-Neptunian objects, and
Oort-cloud objects). In the review, we discuss new problems that have appeared in the theory of dynamical
evolution and origin of comets due to the Roseffa mission.
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INTRODUCTION

The study of comets is a field of particular interest
in astronomy, since comets are supposed to preserve
intact the pristine material from which the present
bodies of the Solar System were formed. Conse-
quently, the problems of the origin and evolution of
comets are considered in close connection with con-
cepts regarding the origin of the Solar System, the for-
mation of planets, and, finally, the origin of life on the
Earth. Together with the use of the best ground-based
instruments, many space missions are conducting
intensive study of the nature of comets. Among these
missions, there were also rather close fly-bys of space
probes (within 1000 km of an investigated comet): the
Giotto mission accompanied by the Vega-1 and -2
spacecraft to comet Halley (1986) and its extension to
comet Grigg—Skjellerup (1992), the Stardust mission
to comet Wild 2 (2004) and its extension NEXT to
comet Tempel 1 (2011), and the Deep Impact mission
to comet Tempel 1 (2005) and its extension EPOXI to
comet Hartley 2 (2010). These space investigations
have led to substantial progress in the understanding
of the nature of comets.

However, the recent Roseffa mission to comet
67P/Churyumov—Gerasimenko is undoubtedly at a
new, previously unachievable, level of cometary stud-
ies. For two years, the spacecraft was moving in close
vicinity of the comet; and, on February 14, 2015,
approaching to 6 km of the comet. During the mis-
sion, the Philae probe landed on the surface of the

1 Reported at the Sixth International Bredikhin Conference (Sep-
tember 4—8, 2017, Zavolzhsk, Russia).

comet. At the end of the mission, on September 30,
2016, the spacecraft gradually approached the comet
and bumped into its surface. An extremely wide set of
instruments was used in the space experiment, and the
data were transmitted up to the moment when the
spacecraft collided with the comet.

Naturally, the results of the Rosetfa space mission
have much influenced the views on the nature of com-
ets. This concerns not only dynamical aspects of the
formation of the observed cometary populations, but
also the revision of notions of the physical properties
and structure of comets. The physics and the dynam-
ics of comets are certainly interrelated. The data on
physical and chemical characteristics of comets can-
not be understood if there is no information about
their sources and how they reached their present
orbits. On the other hand, it is impossible to trace the
long-term evolution of the orbits of comets if their
physical properties are unknown. In particular, comets
are under the influence of nongravitational forces, the
magnitude of which depends on many physical char-
acteristics of comets. The analysis of the distribution
of cometary orbits is connected with the observational
selection effects, and the latter require knowledge of
how long and in which way the observed physical
activity of comets changed. However, in this paper, the
main discussion is focused on new issues having
emerged in the theory of dynamical evolution and ori-
gin of comets due to the Rosetfa mission results.

Since the physical and dynamical lifetime of com-
ets in near-Earth space is rather short, as compared to
the age of the Solar System, it is natural to suppose
that comets spend most in the distant regions of the
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Solar System. To determine the structure of these
remote sources of comets, having existed for billions of
years and continuing to eject comets, and the come-
tary paths from the outer Solar System to the interior
is a key problem of cometary dynamics. Naturally, to
address this problem, one should also study the evolu-
tion and origin of distant cometary populations. In
this context, the dynamics of observed comets are
related to more general problems of the Solar System
cosmogony and the formation of planets.

POPULATIONS OF COMETS
IN THE SOLAR SYSTEM

Along with visible features, especially the presence
of a coma in the objects of the inner Solar System,
there are two characteristic features in comets that set
them apart from the other Solar System bodies. First,
comets move along high-eccentricity orbits; and, sec-
ond, substantial nongravitational effects often mani-
fest themselves in their motion. In the mid last cen-
tury, attempts to explain these features, which set
comets apart from the other Solar System bodies,
resulted in two remarkable achievements in under-
standing the nature of comets. It was found that com-
ets with near-parabolic orbits exhibit a concentration
of values w = 1/a (where a is a semimajor axis of an
orbit) in a range of w < 1074 AU™L. This led J.H. Oort
to a concept of a cometary cloud on the periphery of
the Solar System (Oort, 1950); this cloud now bears
his name. The nongravitational effects were easily
explained by the model, supposing the presence of a
solid rotating nucleus composed of frozen volatile
compounds, mainly water with admixed dust (Whip-
ple, 1950). In our days, the Oort cloud model and the
cometary nucleus model have been substantially mod-
ified and improved; however, in general, these
achievements provided a basis for the approaches cur-
rently developed in the studies of cometary dynamics
and physics.

While Oort (1950) had only 14 sufficiently exact
orbits with w < 107* AU™! at his disposal, now the
number of such orbits has increased substantially. For
near-parabolic comets with a perihelion distance g <
5 AU, typical values of the planetary perturbations in
the value of w for one passage through the planetary
region considerably exceed 107* AU™!' (Fernandez,
1981; Emel’yanenko, 1992). Consequently, there is no
doubt that the majority of observed comets with the
Oort-cloud values of w are “new”: they enter near-
Earth space for the first time after long being in orbits
with large perihelion distances.

As shown in papers by Duncan et al. (1987), Dones
et al. (2004), and Emel’yanenko et al. (2007), the Oort
cloud is a natural result of a long dynamical evolution
of the objects ejected from the planetary region. The
main feature in the orbit distribution of the Oort cloud
weakly depend on dynamical characteristics specific
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to the bodies at the first stages of the Solar System for-
mation and are mainly determined by the long-term
influence of planetary, stellar, and galactic perturba-
tions. Due to the effects of stellar and galactic pertur-
bations, the orbits of most objects are currently far
from the planetary region and only some of the objects
can pass to near-parabolic orbits. Together with an
outer part of the Oort cloud (a > 10* AU), which the
currently observed new comets come from, there is
also an inner part of the Oort cloud (a is between 103
and 10* AU), from which the comets may be directly
ejected into near-Earth space only after rare visits of
stars to this region (Hills, 1981). In the outer part of
the Oort cloud, the orbits are isotropically distributed,
while prograde orbits noticeably dominate the inner part.
Comparison of the model results to the characteristics of
the observed flux of new comets allows one to find that,
in the present epoch, ~6 x 10! relevant cometary objects
should be in the Oort cloud (a > 103 AU) and nearly half
of them are in the outer part (¢ > 10* AU)
(Emel’yanenko et al., 2007).

After introducing the Oort cloud concept, the issue
of this formation doubling as a source of short-period
comets was discussed at length. Many short-period
comets were observed in several apparitions, which
stimulated the studies of their dynamical and physical
characteristics. It is practically assured now that the
physical and dynamical lifetime of these objects is
extremely small relative to the Solar System age and,
consequently, a source permanently replenishing the
family of short-period comets should exist. The origin
of Halley-type comets (with Tisserand’s parameter
T < 2) is well explained by a simple diffusion of semi-
major axes of the objects belonging to the flux of near-
parabolic comets. However, intensive simulations of
the dynamical evolution of comets from the Oort
cloud showed that the orbit distribution of the comets
captured from the flux of near-parabolic comets with
perihelia located in the inner planetary region does
not agree with the orbit distribution of the observed
Jupiter-family comets (7 > 2) (Duncan et al., 1988§;
Quinn et al., 1990; Bailey, 1992). Because of this,
ideas on the other sources of the Jupiter-family comets
were proposed.

Fernandez (1980) supposed that the belt of objects
beyond the orbit of Neptune, which was earlier intro-
duced into the models of the Solar System formations
(Edgeworth, 1943; Kuiper, 1951), is the main source
of short-period comets of the Jupiter family. Searching
for such objects met with success in 1992, when the
first trans-Neptunian object, 1992 QB1, was discov-
ered. At the initial stages of studies of the trans-Nep-
tunian region, it was the earlier-predicted Kuiper belt,
containing the objects on orbits with small eccentrici-
ties and inclinations, that seemed to be a major source
of the Jupiter-family comets. Levison and Duncan
(1997) showed that, due to a weak dynamical instabil-
ity, some objects of the Kuiper belt may reach the orbit
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of Neptune and their further dynamical evolution
under the action of planetary perturbations yields
short-period comets of the Jupiter family. However, at
the present day, when more than two thousand objects
beyond the orbit of Neptune have been discovered, it
is clear that the structure of the trans-Neptunian zone
is considerably more complex than that expected ear-
lier. Together with the predicted Kuiper belt contain-
ing the objects with orbital semimajor axes a < 50 AU,
there is one more multitudinous class of objects mov-
ing along very elongated orbits. Perihelia of the
observed orbits of this class are near the orbit of Nep-
tune in the Kuiper belt. Exactly these objects, moving
along high-eccentricity orbits, (often called the scat-
tered-disk objects) are a main source of the bodies
entering the planetary region from the trans-Neptu-
nian zone (Duncan and Levison, 1997; Emel’yanenko
et al., 2004). There are also trans-Neptunian objects
with large values of the perihelion distance; they have
recently induced heated discussions on whether one
more distant planet may exist. However, at present,
these objects are not an important source of bodies
coming into the planetary region.

At the same time, a thorough analysis of transition
of trans-Neptunian objects to the orbits of short-
period comets showed that the orbit distribution of
cometary objects in the planetary region is difficult to
explain if only one source is supposed to be in the
trans-Neptunian zone. This becomes obvious from
the analysis of the orbits of Centaurs (the objects with
perihelia between Jupiter and Neptune and semimajor
axes smaller than 1000 AU). A large number of Cen-
taurs moving along retrograde orbits clearly points to
their origin in the Oort cloud (Emel’yanenko et al.,
2005; Kaib et al., 2009). The Oort cloud objects may
reach the outer planetary region and enlarge the Cen-
taur family in two ways: by directly changing the peri-
helion distances under the stellar- and galactic-per-
turbation effects and due to the long-term evolution
under the action of planetary perturbations through a
stage of trans-Neptunian orbits with large eccentrici-
ties. Later, most Centaurs are ejected by the planets
from the Solar System; and some of them may achieve
short-period orbits. In the last case, they mainly form
a class of the Jupiter-family comets. According to the
estimates by Emel’yanenko et al. (2013), the objects in
the scattered disk of the trans-Neptunian zone and
those in the Oort cloud almost equally contribute to
the population of comets of the Jupiter family.

Thus, some objects, the perihelia of which are
rather close to the planetary region, enter the region of
a < 10° AU from the Oort cloud and form the trans-
Neptunian class of objects, moving along high-eccen-
tricity orbits; this is an addition to the objects remain-
ing in the trans-Neptunian zone on high-eccentricity
orbits from the initial stage of formation of the Solar
System. Because of this, there is no sharp boundary
between the Oort cloud and the trans-Neptunian
zone. The family of trans-Neptunian objects, moving
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along high-eccentricity orbits, is a mixture of the
objects existing here over the Solar System lifetime
and the objects visiting the Oort cloud during their
dynamical history (Emel’yanenko et al., 2007, 2013).

Brasser and Morbidelli (2013) stress that the plan-
etary migration model, known as the Nice model
(Levison et al., 2011), provides a natural explanation
of the common origin of both the trans-Neptunian
and Oort-cloud objects from a single population of
planetesimals initially located beyond the orbit of
Neptune. The authors show that, due to migration of
Uranus and Neptune in the disk of planetesimals, not
only these planets could pass to the current orbits from
the orbits that are closer to the Sun, but a scattered disk
of objects could be formed and a portion of planetesi-
mals could be ejected into the Oort cloud zone. Thus,
it has been now realized that both the Jupiter-family
comets and the comets from the Oort cloud were
formed in a single process in the external part of the
Solar System. This position also finds support in both
the analysis of the volatiles’ composition (A’Hearn
et al., 2012) and the dynamical models connecting the
orbit distributions of different populations of comets
(Emel’yanenko et al., 2007, 2013; Brasser and Mor-
bidelli, 2013), as well as in the consideration of physi-
cal characteristics of comets (Meech, 2017).

However, the Nice model presumes that dynamical
instability in the planetary system appears ~0.5 Gyr
after the formation of planets, i.e., the Oort cloud
started to form rather late. On the one hand, this sce-
nario was supported by the results of the study of the
Oort cloud evolution in a cluster of stars, almost defi-
nitely surrounding the Sun at the first stages of the
Solar System formation (Nordlander et al., 2017). The
authors showed that, under the expected parameters
of the cluster, an external part of the Oort cloud is
almost completely lost. From this viewpoint, the late
formation of the Oort cloud after the disappearance of
the cluster of stars from the Sun’s vicinity is more accept-
able for explaining the currently observed structure of the
cometary cloud. However, it should be noted that Nord-
lander et al. (2017) discuss the already formed Oort cloud
and ignore the process of its formation.

On the other hand, in the model that assumes a late
start of ejection of bodies to the Oort cloud zone, the
collisional processing of cometary objects plays a key
role. Levison et al. (2008) showed that, to explain the
currently observed distribution of bodies in the Solar
System with the Nice model, it is necessary to assume
the existence of approximately a thousand of Pluto-
size bodies in the planetesimal disk located beyond the
planetary orbits. These massive bodies should have
induced a substantial excitation of the disk, where the
scatter in the velocity distribution of planetesimals was
on average about 0.5—1 km/s (Levison et al., 2011). In
the papers by Morbidelli and Rickman (2015) and
Rickman et al. (2015), the evolution of such a disk
during 0.4 Gyr was considered. The authors showed
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that the kilometer-size cometary objects should have
experienced numerous mutual collisions for the con-
sidered time interval. This led the authors to the infer-
ence that cometary nuclei are not primordial planetes-
imals but represent the fragments produced in colli-
sions and disruption of much larger parent bodies.

Now, the arguments in favor of a late start of the
dynamical instability process in the system of giant
planets have substantially relaxed. First, according to
recent papers, the data on the lunar craters are in bet-
ter agreement with asteroids than comets as a source of
the heavy bombardment of the Moon (Bottke et al.,
2012; Rickman et al., 2017). The possibility of explaining
the heavy bombardment of the Moon dated at ~3.9 Gyr
was one of the main arguments in support of the Nice
model of the planetary system formation. However, it
is necessary to mention here that the model, explain-
ing the heavy bombardment of the Moon by asteroids,
also faces criticism (Minton et al., 2015; Johnson et
al., 2016); and, moreover, it has been questioned
whether or not a sharp peak in the bombardment of
the Moon around 3.9 Gyr is real (Zellner, 2017;
Michael et al., 2018). Second, in the papers by Agnor
and Lin (2012) and Kaib and Chambers (2016), it is
pointed out that the present configuration of the inner
planets could hardly survive the late dynamical insta-
bility of the giants. However, the strongest arguments
against the long-term existence of the primordial disk
of planetesimals beyond the orbits of giants, in a
region of 15—30 AU, from which, according to the
Nice model, the bodies were later ejected to a zone of
the scattered disk and the Oort cloud, have appeared
due to the results of the Rosetta space mission.

DATA OF THE ROSETTA SPACE MISSION

New insights into the origin and dynamics of com-
ets, following from the data of the Rosefta space mis-
sion, were encapsulated best of all in the paper by
Davidsson et al. (2016). A large team of authors, which
includes 48 specialists in different fields of astrophys-
ics and dynamics of the Solar System, analyzed the
data on comet 67P/Churyumov—Gerasimenko in
comparison to numerous ground-based observations
and the results of other space missions, as well as to
laboratory experiments and numerical simulations. A
general conclusion is that comets are primordial
objects that experienced no strong collisions and ther-
mal changes from the moment of their formation. The
main arguments of the cited study are very convincing,
and many of them appeared for the first time due to
the Rosefta space mission; we discuss them below in
more detail.

The most important parameters of comets, which
can be determined from ground-based observations
with difficulty, are the volume density and porosity of
a comet. On the basis of three independent
approaches, close estimates of the density were
obtained: (535 * 35) kg/m? (Preusker et al., 2015), (532 +
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7) kg/m? (Jorda et al., 2016), and (533 % 6) kg/m?> (Pat-
zold et al., 2016). The porosity value depends on both
the volume density and the composition of the come-
tary material. For the nucleus of comet 67P, all of the
independent estimates yield the porosity value larger
than 70%: 72—74% (Patzold et al., 2016), (71 + 2)%
(Davidsson et al., 2016), and (71 + 8)% (Fulle et al.,
2016a). The porosity values obtained for the nucleus of
comet 67P are consistent with the corresponding
quantities for comet 9P/Tempel 1 estimated from the
results of the Deep Impact space mission: the density is
400 kg/m? (Richardson et al., 2007), and the porosity
is 75—88% (Ernst and Schultz, 2007). Thus, a low
density and a high porosity of a nucleus are apparently
typical properties of comets.

One more peculiar feature of comet 67P is an
extremely low large-scale strength. At the final touch-
down site of the Philae lander, the compressive
strength reached 2 MPa (Spohn et al., 2015); however,
this value characterizes only the small-scale structure
of the surface exposed to a strong action of solar radi-
ation (Biele et al., 2015). For the large-scale forms
(from 10 m to 1 km), which are more representative of
the properties of the nucleus as a whole, the tensile
strength is only 3—10 Pa (in any case, not higher than
150 Pa) (Groussin et al., 2015).

The spectral measurements yielded the following
results for gas species in the coma of comet 67P:
CO/H,0=0.13 £0.07, CO,/H,0 =0.08 = 0.05 (Has-
sig et al., 2015), and O,/H,O = 0.0380 = 0.0085
(Bieler et al., 2015). Moreover, the researchers suc-
ceeded in detecting molecular nitrogen with a ratio
N,/CO = (5.70 + 0.66) x 1073 (Rubin et al., 2015) and
argon with a relative content at *Ar/H,0 = (0.1-2.3) x

107> (Balsiger et al., 2015). The presence of extremely
volatile ices of CO, O,, N,, and Ar suggests that the
temperature inside the nucleus of comet 67P has never
been high. According to Davidsson et al. (2016), this
temperature cannot exceed 90 K, if the supervolatiles
are inside amorphous water ice, and 40 K, if the com-
etary water ice is in clathrates or crystalline state
(Mousis et al., 2016), or even 20 K, if supervolatiles are
not frozen into water ice (Luspay-Kuti et al., 2015;
Fulle et al., 2016).

These properties, together with the other argu-
ments (the absence of so-called aqueous alterations
and the presence of large-scale smooth linear struc-
tures on the surface) led Davidsson et al. (2016) to the
conclusion that comet 67P is not a collisional rubble
pile formed in the aftermath of disruptions of much
larger parent bodies. Trying to remain within the Nice
model, the authors proposed their formation scheme
for small bodies in the outer Solar System. The sug-
gested scenario assumes that the region, extending
from 15 to 30 AU, was rich in solid material with a
mass of 15 Earth masses (this is the smallest mass con-
sistent with the Nice model) mostly in the form of
micrometer-size particles. Due to collisions in a gas
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medium, these particles can coagulate to form centi-
meter-size porous pebbles (see, e.g., Blum and Wurm,
2008; Ricci et al., 2010; Zsom et al., 2010; Birnstiel et
al., 2012). Later, during the first ~100 kyr, the action
of the streaming instability mechanism (see, e.g., You-
din and Goodman, 2005; Johansen et al., 2007; Wahl-
berg Jansson and Johansen, 2014) resulted in gather-
ing these bodies into trans-Neptunian objects with
sizes of 50—400 km. According to this concept (Davis-
son et al., 2016), comets were formed from the mate-
rial remaining in the disk (~13—25% of the initial mass
of the solid material) after the formation of trans- Nep-
tunian objects. Comets were formed in collisions of
pebbles through the hierarchic agglomeration mecha-
nism proposed by Weidenschilling (1997), and the for-
mation process was very slow. Kilometer-size comets
were growing for ~3.5 Myr, till the gaseous disk finally
dissipated. Further, during ~25 Myr, comets with
nuclei ~40 km in size could be formed in the absence
of gas species. In this period, the relative velocities of
cometary bodies were ~40 m/s. It is estimated that
such a disk, which was composed of large trans-Nep-
tunian objects and relatively small comets, existed for
~400 Myr. In this period, ~350 objects grew to near-
Pluto sizes. Later, according to the Nice model, cata-
strophic changes in the distribution of these bodies
occurred, which were related to the migration of Nep-
tune and Uranus.

Such a slow growth of comets makes it possible to
overcome the problem connected with the heating of
large bodies caused by decay of a short-lived isotope 2°Al.
Moreover, in the model by Davisson et al. (2016), the
collision frequency of comets is substantially lower
than that in the estimates by Morbidelli and Rickman
(2015) and Rickman et al. (2015). The authors assert
that many 67P-type comets could avoid disruption in
collisions during the considered 400 Myr.

However, this scenario of the origin and evolution
of comets met serious objections and from opposite
positions. On the one part, Jutzi et al. (2017) note that
the approach by Davidsson et al. (2016) implies a small
mass of the primordial disk and, consequently, a criti-
cally small number of objects in the present-day scat-
tered disk. Moreover, these authors present new argu-
ments that comets should have experienced collisions
even in the evolution during the last 4 Gyr, if they were
in the scattered disk. Though a substantial portion of
comets could avoid disruptive collisions, the number
of collisions, leading to essential changes in shape, is
very large. However, according to the estimates of the
authors of this concept, such collisions do not yield
considerable changes in the properties of cometary
nuclei (the porosity and the presence of volatiles).

However, as stressed by Fulle et al. (2016) and Fulle
and Blum (2017), both the last statement that comet
67P cannot be a product of collisional processing and
even the scenario by Davisson et al. (2016) do not
agree with the observational data of the Rosefta space
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mission. The Grain Impact Analyzer and Dust Accu-
mulator (GIADA) detected particles of two types in
the coma of this comet: densely packed particles with
sizes from 0.03 to 1 mm and fluffy aggregates with
sizes from 0.2 to 2.5 mm (Fulle et al., 2015). The
authors connect the first type with the above-dis-
cussed pebbles, the microporosity of which is ~50%.
The second type of particle is not numerous relative to
the first (less than 15% of the total number of particles
(Fulle et al., 2015)). At the same time, one fluffy par-
ticle came into the field of view of the high-resolution
Micro-Imaging Dust Analysis System (MIDAS). The
analysis of its structure showed that the microporosity
of such fluffy, so-called fractal, particles exceeds
98.7% (Mannel et al., 2016). These particles are asso-
ciated with the pristine material that existed in the
protoplanetary cloud.

Fractal structures are much more fragile than peb-
bles. All theoretical and experimental estimates show
that such structures could survive in collisions only
under relative velocities less than 1 m/s (Blum et al.,
2000; Weidling et al., 2009; Guttler et al., 2010;
Whizin et al., 2017). This suggests that fractal particles
represent the primitive protosolar component surviv-
ing in voids between pebbles in the course of accretion
of comet 67P, which proceeded with extremely low
rates (Fulle et al., 2016). Fulle et al. (2016a) and Fulle
and Blum (2017) believe that, for comets with such
properties, the most acceptable formation mechanism
is a smooth gravitational collapse of a cloud of pebbles
and fractal particles; this collapse is caused by streaming
instability in the protoplanetary nebula. Further cata-
strophic collisional processing of comets (Morbidelli and
Rickman, 2015; Rickman et al., 2015; Jutzi and Benz,
2017; Jutzi et al., 2017) is also implausible, because the
shock pressure required to disintegrate a nucleus is sub-
stantially higher than the strength of fractal aggregates.
Consequently, such fluffy structures will not survive
propagation of a shock wave that should inevitably pass
through the whole nucleus to destroy it.

CONCLUSIONS

Though the viewpoint that the primordial come-
tary material could survive the collisional processing is
still upheld (Morbidelli and Rickman, 2015; Jutzi et
al., 2017), the abovementioned arguments against this
position seem to be weighty. Foreseeing the appear-
ance of new data that do not support the collisional
processing scenario, Morbidelli and Rickman (2015)
pointed out that, in such a case, their model, relating
the formation of the observed scattered disk and the
Oort cloud with migration of planets, will require con-
siderable modification. According to their opinion,
the problem can be solved within the Nice model
either at the early beginning of the period of dynamical
instability of planets or in a dramatic drop of the size
distribution function for cometary bodies of subkilo-
meter size. To find the agreement between these sup-
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positions and the data of the Rosetfa space mission is
not perceived now as simple and the Nice model does
not sound now as natural as it was before the start of this
mission. Because of this, alternative theories of the origin
and dynamical evolution should be considered.

Further progress toward the solution of this prob-
lem is seen in realization of new space missions to
comets. The Rosetta mission yielded a wealth of scien-
tific data, which are based on the analysis of the com-
etary material performed directly in the coma and on
the surface of comet 67P. However, the issues on the
internal cometary structure actually representing the
conditions, under which the objects were formed, still
excite intense debate. There are conflicting opinions
on the homogeneity degree of the cometary nucleus
structure (Vincent et al., 2015; Kofman et al., 2015;
Patzold et al., 2016). What is the state of the primordial
material in a cometary nucleus? Why does the ratio
D/H = (5.3 +0.7) x 10~* for water in comet 67P (Alt-
wegg et al., 2015) substantially exceed the values deter-
mined earlier for the other short-period comets? How
real is a global layered structure of comets (Penasa et
al., 2017; Thomas et al., 2015; Fulle et al., 2016)? Do
the structures on the surface of comet 67P detected by
the panoramic camera onboard the Philae probe actu-
ally represent agglomerates of primordial pebbles
(Poulet et al., 2016; Fulle et al., 2016a)? In which way
does a high ratio of the refractory component and ices
in comet 67P (according to different estimates, it
ranges from 4 * 2 (Rotundi et al., 2015) to 8.5 (Fulle
et al., 2016a)) agree with the composition of a proto-
planetary cloud in the formation region of comets? In
which way do the surface features of the comet change
with time (Vincent et al., 2017) and what are the final
stages of cometary evolution? Were two parts of the
nucleus of comet 67P formed independently at early
stages of the Solar System formation (Jutzi and
Asphaug, 2015; Fulle and Blum, 2017) or could the
collisional processing in the later epoch (Schwartz et
al., 2018) lead to the observed shape of a nucleus of the
comet? Why do comets exhibit such a various relative
content of volatiles (A’Hearn et al., 2012)? Substantial
advances in solving these and other problems can be
achieved only after extracting the material from deep
inside a comet and returning this material to laborato-
ries on the Earth. In this respect, what is encouraging
is that NASA decided to consider a new space mission
to comet 67P/Churyumov—Gerasimenko, which
includes the cometary material return to the Earth, as
one of two finalists for the final selection in 2019 con-
nected with the scientific program for launch in 2025.
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