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Abstract. The current extremely thin Martian atmosphere is mainly composed of
carbon dioxide. The current average temperature near the surface of Mars is 210 K. At
the equator, the surface temperature reaches +30°C at noon in summer and drops to -
153°C at the poles in winter. Diurnal variations in the mid-latitudes exceed 100°C.
Currently, the Martian climate is characterized by global dust storms. Seasonal
fluctuations are also observed in methane concentrations. The current state of the
atmosphere is the result of a continuous process of atmospheric loss over geological
time. This emphasizes the dramatic climatic and atmospheric evolution. At an altitude
of about 40 km, an ozone layer up to 7 km thick has been found in the atmosphere.
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Mars is currently a very cold world [4, 14, 20, 21]. The average surface
temperature is about 210 K, which is much colder than the harshest conditions in
Antarctica on Earth. Temperatures on Mars vary widely. According to the "Curiosity"
rover, in the warmest conditions, the surface temperature at the equator in summer at
noon can temporarily rise above 0°C, reaching +20°C, or even +30°C. However, the
extreme lows are much lower: at the poles during the polar night the temperature can
drop to -143°C, or even -153°C. The very thin atmosphere of Mars now does not retain
heat well. This leads to huge daily temperature fluctuations. Even at the equator, the
temperature can drop from +20°C during the day to -80°C the next night. That is, daily
differences in mid-latitudes can exceed 100°C. Observations by the “Perseverance”
spacecraft in the Jezero crater recorded a rapid drop in temperature of 5°C (from -20°C
to -25°C) in just half an hour; this indicates very sharp changes even in local conditions.
Temperature also varies significantly depending on the season, elevation [1, 16, 19,
24], and latitude. Polar regions are the coldest, especially in winter; while equatorial
regions receive more solar heat. A significant amount of CO, is currently not
participating in seasonal changes, since it does not have time to evaporate from one
polar cap, while the rest of it is adsorbed in the regolith.
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On Mars, aerosol particles in the atmosphere [8, 9] have a significant influence
on the formation of the general climate [10]. When Mars passes near perihelion, this
influence is significantly enhanced. And then global dust storms begin to arise [6, 2],
transporting significant amounts of dust across the planet [26, 27]. Therefore, dust
storms are now a characteristic feature of the Martian climate (Fig. 1, left). They can
range from small local vortices, known as “dust devils” (Fig. 2, right), to gigantic
global storms that can cover the entire planet and last for months [26, 27].

. -
Fig. 1. Left — local type of dust storm that formed on the edge of the southern polar region
(http://photojournal.jpl.nasa.gov/). Right — the “Perseverance” rover recorded the collision of two
dust vortices on the surface of Mars (https://benchmark.rs/wp-content/uploads/2025/04/Pustinjski-
davoli-na-Marsu.webp).

These storms lift vast quantities of fine reddish dust into the atmosphere, which
can also significantly affect surface and atmospheric temperatures by blocking
sunlight, as well as atmospheric pressure. During powerful dust storms, the dust rises
to heights of up to 20 km. The atmosphere then becomes noticeably dusty, containing
particles about 1.5 microns in diameter. Their presence gives the Martian sky a reddish
or pinkish hue [3, 17, 22] when viewed from the surface due to iron oxide particles
suspended in the atmosphere. Seasonal fluctuations are also observed in methane
concentrations, which vary from about 0.24 ppb in the northern winter to about 0.65
ppb in the summer and may be associated with the presence of certain life forms [12,
13, 15]. The current Martian atmosphere is mostly carbon dioxide and is extremely
thin. This low pressure, combined with low temperatures, makes liquid water unstable
on the planet's surface. However, extensive geological evidence, such as ancient river
valleys and lake beds, strongly suggests that liquid water was widespread on Mars in
its past. This poses a significant paradox: how could liquid water have existed under
such conditions? The logical conclusion is that the early atmosphere of Mars must have
been much denser, likely supported by significant and prolonged volcanic outgassing
[23] due to the absence of plate tectonics [2, 5].

The current state of the atmosphere is thus the result of a profound and continuous
process of atmospheric loss over geological time, underscoring dramatic climatic and
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atmospheric evolution [11, 18, 25]. At an altitude of about 40 km, even an ozone layer,
nearly 7 km thick, has been found in the atmosphere. At an altitude of [ 1300 km, atomic
oxygen becomes the main constituent of the atmosphere. Its presence can be explained
by the processes of photodissociation of carbon dioxide.

This conclusion follows from the fact that the density of its other product, carbon
C, decreases with altitude faster than the density of oxygen. Starting from an altitude
of 400 km, the predominant component of the atmosphere on Mars is atomic hydrogen
with a concentration of 10 atoms in 1 cm?®. It is expected that almost the same amount
of helium is retained at the same altitude. At an altitude of several thousand kilometers,
the atmosphere should consist of almost pure hydrogen. And such an outer atmosphere
of Mars from pure hydrogen extends to an altitude of 20,000 km, forming a kind of
hydrogen “corona” of the planet.

It was studied by various spacecraft [11, 12] that used special receivers sensitive
to radiation in the hydrogen Lyman-[] resonance line. Such radiation occurs when solar
ultraviolet radiation is scattered by hydrogen atoms located in the upper part of the
Martian atmosphere. Hydrogen atoms in the upper parts of the planet's atmosphere
should dissipate into interplanetary space. But since they are present in the modern
atmosphere of Mars, there must be a constant source of their replenishment at present.
It is clear that one of the main such sources could be the dissociation of water vapor
from the upper layers of the atmosphere of Mars. Thus, even a very small amount of
water vapor H,O, which is currently present there, is sufficient for this purpose.
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Abstract. Polymer-based composites have garnered significant academic and
industrial interest in this context, primarily due to their inherent advantages such as
ease of manufacturing, environmental sustainability, and overall cost-effectiveness.
Despite these benefits, the advancement of high-performance thermally conductive
polymer composites is fundamentally challenged by the presence of interfacial thermal
resistance. This phenomenon occurs when diverse filler morphologies, encompassing
various chemical types, particle sizes, and geometric shapes, are introduced into the
polymer matrix. Interfacial thermal resistance acts as a bottleneck for heat flow,
significantly restricting the theoretical thermal conductivity values that these materials
could otherwise achieve. This article delivers an exhaustive and detailed review of
current methodologies designed to minimize the impact of interfacial thermal
resistance through the precise optimization of filler parameters. A critical analysis of
the literature reveals that the hybridization of two or more distinct filler types
demonstrates a remarkable capacity for improving thermal performance. This
improvement is driven by a synergistic effect that facilitates the formation of an
interconnected three-dimensional conductive network or pathway within the material
structure. One of the most significant observations is that the physical size and
geometric form of the fillers play a more decisive role in enhancing the thermal
conductivity than the specific type of filler material utilized. This is explained by the
fact that optimized dimensions and shapes lead to a substantial increase in the contact
area between the particles, which in turn drastically reduces the resistance at the
interfaces. By addressing these fundamental factors, researchers can more effectively
engineer materials that meet the thermal demands of modern electronics.
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