Advanced Physical Research ' JO mard

Vol.7, No.2, 2025, pp.260-265 : f b
https://doi.org/10.62476/apr.72260 PU bl IS h I ng

TEMPORAL, SPATIAL, AND COMPOSITIONAL VARIABILITY
OF THE INFRARED SIGNATURE OF OBJECTS

G.V. Aliyeval?*

! Azerbaijan University of Architecture and Construction, Baku, Azerbaijan
2Space Research Institute of Natural Resources, Azerbaijan Aerospace Agency, Baku, Azerbaijan

Abstract. The property of dynamic variability of natural and technical objects has been studied. It is noted that
structural objects made of different materials have a dynamic, i.e., time-dependent infrared signature, which is
caused by the difference in heating and cooling rates of various materials. An optimization problem for minimizing
the infrared signature of complex objects made of different materials has been formulated. It is shown that the
dynamic infrared signature of composite objects heated to a certain temperature can be minimized if the cooling
rate of the parts follows an exponential law that is logarithmically inversely proportional to the range of their

temperature change.
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1 Introduction

It is well known that the infrared signature of a homogeneous object is determined by calculat-
ing the area of the radiating surface and the temperature, which together with the material’s
emissivity determine the density of the emitted optical radiation (Rao, 2011 |Baranwal et al.,
2019; Mahulikar et al., [2002; |Beaupré et al., 2009). However, such a definition of the infrared
signature of an object can only be applied to the object and the environment in a static state,
i.e., not changing over time and space. Obviously, real objects are always influenced by ex-
ternal meteorological factors such as ambient temperature, wind, dew formation, air dustiness,
etc. Therefore, the physical properties of substances under external influence are widely studied
(Popov et al., 2024} |Jabarov et al.l [2023; |Asadov et al., 2008; |Azimova et al., 2020; Abiyev et
al., [2024). These factors lead to changes in the actual temperature of the object, as well as its
emissivity (Reinov et al., [2008)). The influence of wind on the infrared radiation of underground
and surface mines is discussed in Remke| (2004)). In general, the dynamics of temperature mea-
surements of an object, according to [Remke| (2004), are determined by the heat balance equation

dr

pCd : E = Lgbs — Elosta (1)

where p - is the material density, ¢ - is the specific heat capacity, d - is the thickness of the
object, T - is the temperature; ¢ - is time, F,ps- is the total heat flux absorbed by the object,
defined as

Eabs =« [Esky + Esol + Eground + Erelf] ) (2)
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where Egp,- is the sky radiation, Eg, - is solar radiation, Eg,ounqg - is the emissive radiation of
the ground, E,.y- is the reflected radiation from the Earth’s surface. Ej,q-is defined as

Elost = Erad + ECOTL'Ua (3)

where E,.,4-is the emissive radiation of the object; E.ony - is the convective heat loss of the
object. The solution to equation is usually carried out with the initial temperature T'(t =
0) specified.

Temporal changes in E,ps lead to significant differences between the measured and modeled

values of the solution to equation (Bergman et al.l [2011} Tersel et al., 2016|), as shown in Fig.
1 a,b (lersel et al., [2016).
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Figure 1: Modeled and measured values of (1) object temperature at different times. (a) — June
30, 2015; (b) — August 9, 2015 (Tersel et al., 2016).

Extreme studies conducted in (Bergman et al., 2011) showed that the decrease in object
temperature can be modeled by the equation

T(t)= (Tf (tstart) — Ty (tena)) exp (—0,03t) + Ty (tend) » (4)

where T ¢(tstqr¢) is the initial temperature of the object at time tstarttstart; T f(tenq) is the final
temperature of the object at time t.,q. However, these experimental studies showed that the
following model generalization of equations of type obtained at different times

f(t) = aexp (—bt) +c. (5)

Has non-constant values of the coefficients a, b, and c¢. For example, over a two-month
interval, coefficient aa varied within (19.2 - 18.7), b — (0.030 - 0.026), ¢ — (16.4 - 23.6).

According to the statement in [lersel et al. (2016)), this result corresponds to Newton’s law,
which states that the rate of temperature change of an object during cooling is proportional
to the temperature difference between the object and the environment. However, changes in
the value of b, according to |lersel et al. (2016), occurred both under conditions of changes in
wind speed and direction, as well as changes in ambient temperature.Therefore, we can speak
of the spatial variability of the object’s temperature, considering the spatial variability of the
interaction between wind and the object.If the object under study has a complex structural
composition, including materials with different densities and heat capacities, as well as different
thicknesses, then, taking into account expression , we can speak of a compositional dependence
of the temperature and infrared signature of such an object. The purpose of this article is to
study the changes in temperature and signature of such objects.

261



ADVANCED PHYSICAL RESEARCH, V.7, N.2, 2025

2 Materials and Methods

Consider a model of a composite structure containing nn elements, whose coefficient b varies
within certain limits

b= (bmzn - bmax) .

At the same time, as stated above, bb can vary both depending on meteorological factors and
on the type and geometric parameters of the structural components of the object. In general, it
can be assumed that the coefficient b changes as a result of the influence of a single equivalent
factor z, defined as a linear superposition

zZ = a171 + asxo, (6)

where aj,as are weighting coefficients; x;- is an external factor characterizing the influence
of meteorological factors; xo- is an internal factor characterizing the physical and structural
parameters of a certain element of the object.Further, let us assume that a composite object is
characterized by an ordered set

z={z};i=1n,

where z; = z;_1 + Az; Az = const; zg = 0.
Let us introduce a discrete function

Li = (2). (7)

In the generalized model equation , replacing a with z;, taking into account can be
written

f@t); = ziexp ¢ (2:) 1] +Ci. (8)
For the entire composite object consisting of n parts is obtained

n

v = Z Ft); =" [ziexp [ (2:)t] +Ci]. (9)

i=1

In the general case, we can formulate the problem of finding such an optimal function 1 (z;)
at which the indicator v reaches an extreme value. To solve this issue, we impose the following
restrictive condition on the function v (z;)

Zw (2i) = Ch. (10)

Next, to calculate the optimal form of the function 1 (z), we use continuous equivalents of
discrete functions @]) and , based on which we compose the objective functional v where

V= /z’”az zexp [—1 (2)t] dz + 4 [/ZWI Y (z)dz — C| + C2 (Zmaz — Zmin) » (11)

Zmin Zmin

where 7 - is the Lagrange multiplier.
According to [8], the solution to the optimization problem satisfies the condition

d{zexp [~ (2)t] + ¢ n(2)}
dy (2)

~0. (12)

From condition is obtained
zexp [— (2)t] (—t)+n=0. (13)
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From expression we find

n
— t| = —. 14
exp—p (1] = (14)
Taking the logarithm of both sides of (14]) we have
1.tz
=-ln— . 15
p() = 3in " (15)

To calculate the Lagrange multiplier, we use expression and the continuous equivalent
of the discrete sum . We have

Zmaz 1 t
/ ‘I dr = (16)
Zmin t ,’7
We rewrite expression as
Zmazx 1 Zmax 1
/ ~Intz dz — / ~Inn dz = C}. (17)
- t » t

min

From equality , is found

min

Zmax
Inn (Zmaz — Zmin) = / Intz dz — Cit. (18)

Zmin
From expression we get
[FrerIntz dz — Chit

Inp = “Smin (19)
Zmaxr — Fmin
From expression , we obtain
f;m_‘” Intz dz — Cit
1 =exp | (20)
Zmax — Fmin

Taking into account expressions and , we find
fi”z‘:f Intz dz — Cqt

z 1 tz (Zma:p - me)

= [fjgaz Intz dz—C’pf] ' (21)

t 13 Zmax — “min in

w(z)= 1lntz 1 [

Zmax —2min

Thus, the objective functional v reaches an extremum if the temperature of the composite
object is logarithmically dependent on zz, changing in a complex manner over time. To determine

the type of extremum, we use the Lagrange criterion and calculate the second derivative of the
integrand in . We have

d? {zexp [~ (2) t] + ¥ (2) }
dip (2)?

As can be seen from expression ([22)), the result has a positive sign, i.e., the extremum is a
minimum.

= ztexp [~ (2)1] . (22)

Thus, the issue of the formation of the dynamic infrared signature of real objects under the
influence of various meteorological factors has been considered. In particular, the issue of cooling
heated objects and the influence of such cooling on the formation of a time-varying infrared
signature has been considered. It is noted that the infrared signature in real cases can vary over
time, space, and depending on the compositional structure of complex objects made of different
materials. A problem of minimizing the infrared signature of complex objects made of different
materials has been formulated and solved. As a result of solving the optimization problem, it
has been determined that the total infrared signature of such objects can be minimized if the
exponential cooling rate of individual parts is logarithmically inversely proportional to the entire
range of temperature change of these parts during cooling.
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3 Conclusion

It has been determined that composite objects made of different materials have a time-dependent
(dynamic) infrared signature, which is caused by the unequal heating and cooling rates of parts
made of different materials.

1. An optimization problem for minimizing the infrared signature of composite objects made
of different materials has been formulated and solved.

2. It has been determined that the dynamic infrared signature of composite objects heated
to a certain temperature can be minimized if the cooling rate of the parts follows an exponential
law that is logarithmically inversely proportional to the range of their temperature change.
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