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ABSTRACT

Formulation of the problem. Climate studies cover a wide range of issues, from causes to consequences and adaptations to
climate change, aimed at collectively addressing environmental protection, conservation, and sustainable use of natural resources
within the framework of sustainable development goals (SDGs). Considering that air and soil, like any other terrestrial or astrophysi-
cal objects, are characterized by an important scalar physical quantity-temperature, which constantly changes in the Cartesian coordi-
nate system, it is crucial to understand the features of its distribution. It has been established that temperature is considered a physical
quantity that characterizes the degree of heat of an object. Given that modern physical studies describe temperature both from a
thermodynamic perspective and statistically, according to the molecular-kinetic theory, which characterizes the average kinetic ener-
gy of the thermal motion of molecules and is measured on the Kelvin scale. In meteorology in many countries around the world, the
temperature of air, soil, and water is typically measured in SI units, specifically in degrees Celsius (°C).

The aim of the work. Analysis and assessment of regularities and features of the spatio-temporal distribution of air tempera-
ture for the period 1931-2021.

Methods. The following methods were used in the work: mathematical-statistical, analysis, correlation methods, fundamental
laws of modern physics were used in the work.

Results. Actual data of temperature observations of meteorological stations of "Hydrometeorology and Monitoring Center" of
RA Ministry of Environment, climate bulletins and chronicles were used as initial data sources. The temperature-heat (energy) differ-
ence becomes known in the sense that a system can have high energy but low temperature. Energy depends on the geometry (dimen-
sions) of the system, but temperature does not. In the territory of the Republic of Armenia, a trend of increasing air temperature is
observed, which is also a result of the entropy change of the system. It can be changed very quickly, depending on the process of
disruption of excessive permissible norms of environmental factors in the given area, which currently needs separate serious re-
search. The tendency to increase temperature indicators can be considered as the result of a change in the entropy of the system. This
trend can change rapidly depending on the influence of excessive environmental factors in a certain area, which requires a separate
and thorough study.

Keywords: temperature, temperature scale-bar, air temperature, thermodynamics, entropy, warming, space-time distribution,
the Sustainable Development Goals (SDGs), Armenia.
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Problem description. Climate studies today at-
tract the attention of researchers, government offi-
cials, and civil society organizations. They cover a
wide range of issues from the causes to the conse-
guences of climate change, aimed at joint solutions
to environmental protection, conservation, and sus-
tainable use of natural resources within the frame-
work of achieving sustainable development goals
(SDGs) [6].

Human activity is identified as the main factor
in climate change and its negative consequences.

Understanding this is key to the necessity of envi-
ronmental protection, conservation, and the sustain-
able use of resources.

Air and soil, as well as any other terrestrial and
astrophysical body, is characterized by an important
scalar physical quantity - temperature, which is con-
stantly changing in the Cartesian coordinate system
of calculation. Thus, the air temperature near the
Earth's surface varies from 58.1 °C (tropical deserts)
to -88.3 °C (Antarctica), and depending on the
height, it usually decreases to 10-17 km, then in-
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creases to Heights of 50-55 km and then decreases
again and so on [2, 7-9].

As a rule, temperature is the kinetic energy of
moving atoms or molecules. Therefore, the increase
in energy of the atoms during heating is easy to de-
tect by touching the other end of the iron rod. Under
normal conditions (P=1 atmosphere, t=0 °C) the
number of gas molecules in 1cm3 volume (N_L,
which is called Loschmid's number) is determined
by the following equation [1, 3-4].

Ny =4 =2,68x10%, 1)
where N, - is Avogadro’s constant (N, =
6,02214129 x 10%9), V,,- volume of 1 mol material.

The role and importance of temperature as an
indicator of climate change is extremely important
in evaporation, flow formation, melting and elimina-
tion of ice phenomena, thermal and moisture circu-
lation, occurrence of frosts and droughts, desertifi-
cation and many other processes [7-8, 13, 22-24].
On the other hand, the patterns of the possible spati-
otemporal distribution of temperature in the context
of modern climate changes, which are associated
with periodic and non-periodic fluctuations in the
density of heat flows reaching the environment,
should be taken into account in the efficient use and
conservation of water resources, including the prob-
lems of water consumption of agricultural crops,
crop and yield formation within the solution.

Temperature is a physical quantity that charac-
terizes the amount of heating of bodies, which en-
tered science with the subjective feeling of a person
with the concepts of hot and cold [4]. Because of
this, the feeling of temperature was subjective and
could be misleading. So, for example, a metal object
in a room appears colder than a wooden object, even
though they are in the same conditions of thermody-
namic thermal equilibrium. And it is better not to try
to determine the temperature of molten metal and
liquid nitrogen by touch. That is why the modern
problem of a clear definition of temperature as a
physical quantity is very important.

Taking into account the above, the aim of the
work is to give the most modern and reasonable
definition of temperature, as well as to evaluate the
patterns of possible spatiotemporal distribution of
air temperature in the territory of Armenia.

Material and methods. In order to solve the
presented problems, the relevant scientific studies
served as a theoretical and informative basis [1, 17-
18]. Actual data of temperature observations of me-
teorological stations of "Hydrometeorology and
Monitoring Center" of RA Ministry of Environment,
climate bulletins and chronicles were used as initial
data sources [5].

Mathematical-statistical, analysis, correlation
methods, fundamental laws of modern physics were
used in the work.

Results and discussion. First, let's try to an-
swer the question, what is temperature? Modern
physics can answer this question in two ways: statis-
tical (from the point of view of molecular kinetic
theory) and thermodynamic.

a) Definition of temperature from the point
of view of molecular kinetic theory. The basic
equation of molecular theory for the pressure of an
ideal gas can be expressed in the following form
N 2 mu? 2 mw? .

P = P [4,5]. If 3 relation express by 6 ,
then the pressure of an ideal gas can be expressed as
P=nf , where 0 is the ideal gas temperature in
Joules. Therefore, in order to express the tempera-
ture in degrees, a correction factor must be added to

6, which will replace the unit of energy with the unit
of temperature. On the other hand, according to the

777352
molecular kinetic theory is % = ;KT, where K is

Boltzmann’s constant,72is the root-mean-square
velocity and T is the absolute temperature. Since
kinetic energy is only positive, temperature meas-
ured on the Kelvin scale is also positive (T>0) and is
called absolute temperature. Therefore, it turns out
that temperature and pressure are determined by the
average kinetic energy of thermal motion of mole-
cules, since they are statistical quantities. For exam-
ple, expressions for temperature or pressure of one
or more molecules are meaningless. It follows from
this that it would be more correct to present the
temperature in the form of thermodynamic parame-
ters, because it cannot be measured in any way and
it makes no sense to talk about the temperature of a
single particle.

From the point of view of molecular kinetic
theory, it follows from such a definition of tempera-
ture that T=0 corresponds to the cessation of the
thermal movement of molecules, which is impossi-
ble from the point of view of quantum physics:
when the temperature tends to absolute zero, the
average energy of the molecule does not tend to
zero, but tends to a certain minimum energy value.
Therefore, absolute zero temperature equates to the
minimum internal energy of the system.

b) Definition of temperature in terms of dis-
tribution of energy levels of molecules (atoms).
According to the Boltzmann distribution law [1, 3].

n

— =exp(-E/kT) @)

nO

where nl ratio is the fraction of molecules or
0

atoms whose energy is greater fromkT by E, k-is
Boltzman constant. The logarithm of (2) expression is:
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It follows from equation (3) that body tempera-
ture is determined by the number of excited mole-
cules or atoms per unit volume. Such a definition of
temperature, in contrast to the above, is, in our opin-
ion, relatively simple and somewhat complete.

c) Now let's try to give the general modern
formulation of temperature. It turns out that the
two properties of temperature listed above are sim-
ultaneously satisfied by the inverse of the derivative
of entropy with respect to internal energy at constant
volume (S'): That quantity is called temperature.

T=g, (4)
r— (AS
where S’ = (AU)v=const’ therefore
AU
T =(— : 5
(AS)V,N=const ( )

For any body at constant volume, as the inter-
nal energy increases, entropy also increases, as a
result of which the absolute temperature of all bod-
ies is positive. (T > 0):

Let us show that the absolute temperature
satisfies the two properties defined above.

To prove definition I, consider a closed system
consisting of two bodies- Uy, S; Ty W U, S, T, phys-
ical parameters. As a result of heat exchange, the
internal energy and entropy of each of the bodies
will change, so AU, = —AU, and the entropy of the
complete system increases.

AS = AS; + AS, > 0 (6):

From the definition of temperature (see formu-
las [4] and [5]) it follows that

AU, AU, AU,

A.Sl = T_1 and ASZ = T_2 = T (7)
and
— AU AUy _ T-Th).
AS = L, T, AU, (Tl-Tz ) ®)

As AS > 0, then U,(T; —T,) > 0: For exam-
ple, if the first body has a lower temperature than
the second (T, > T,), then in the process of heat
exchange it will receive, and the second body will
give that energy and vice versa, if T; > T,, then
AU; <0, and AU, > 0, which was required to be
proved.

To prove definition 1I, consider again a closed
system consisting of two bodies. At thermal equilib-
rium, the entropy of the system remains constant
(AS = 0). Putting that value in (8), we get T, =T,
which was required to be proved.

Thus, temperature is the main characteristic
of thermal equilibrium. All other parameters (for

example, pressure and volume) may have different
(but constant) values in different parts of the system
at thermal equilibrium. At constant volume

(AU)y=const = Q 9)

therefore from (5) it follows that Q=TAS, which is
the Clausius formula and is true only for non-closed
systems.

The temperature is mainly measured with mer-
cury and alcohol thermometers, whose operation is
based on the phenomenon of thermal expansion of
liquids. Other properties of bodies that depend on
temperature can also be used to measure tempera-
ture [2]. Since temperature is the Kinetic energy of
molecules, it would be more natural to measure it in
units of energy (Joules). However, temperature was
measured long before the creation of the molecular-
kinetic theory. Therefore, in practice, the tempera-
ture is expressed in a conventional unit - degree. In
meteorology, air, soil, and water temperatures are
commonly measured in units of Sl (i.e., degrees
Celsius (°C)) in many countries of the world. As
already mentioned, before the invention of the ther-
mometer, people judged heat only by their immedi-
ate feelings: whether it is warm or breezy, hot or cold.

To measure the temperature in 1592 Galileo
made a thermoscope. It was a glass sphere connect-
ed to a tube that was in water. And the first practical
thermometer (alcohol in 1709, mercury in 1714)
was made by the German physicist and glassmaker
Farenheit in Amsterdam. He marked three points on
the scale: 32 °F (the freezing point of hydrochloric
acid), 96 °F (the temperature of the human body),
and 212 °F (the boiling point of water). According
to that scale, 0 °C corresponds to 32 °F, 100 °C to
212 °F, that is, 100 °C on the Celsius scale corre-
sponds to 180 °F, 1 °F = 100/180 °C= 5/9 °C, 1
°C=9/5 °F. Until the 70s of the 20th century, this
scale was used mainly in English-speaking coun-
tries, and in the United States until now.

Celsius scale thermometers are widely used in
the world. In 1742 Swedish physicist and astrono-
mer A. Celsius introduced the 100 °C temperature
scale, where zero degrees (0 °C) is the temperature
of melting ice, and one hundred degrees (100 °C) is
the temperature of boiling water. Degree Celsius
(°C) is accepted as a unit of temperature on the Cel-
sius scale. The relationship between Fahrenheit (¢5)
and Celsius (1) temperatures can be expressed by
the following equation (table 1):

tp =32+2t,0rt =2 (t; —32):  (10)

In addition to the Celsius scale, the Kelvin
scale (absolute or thermodynamic temperature scale)
is also widely used. According to this scale, the cal-
culation starts at absolute zero, which corresponds
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Table 1

The relationship between temperatures expressed on different scales [2]
N The relationship between other | The relationship between Celsius
ame of scale-bar .
and Celsius temperatures and other scale temperatures
Fahrenheit (°F) [°PF]=[°C] x 95 + 32 [°C]1=([°F] —32) x 59
Kelvin (k) [i]=[°C] + 273,15 [°C] =[1] — 273,15
Renkin (°R) [°R] = ([°C] + 273,15) x 95 [°C]=([°R] —491,67) x 59
Delil (°De) [°De] = (100 — [°C]) x 32 [°C]1 =100 — [°De] x 273
Newton (°N) [°N] =[°C] x 33100 [°C]=[°N] x 10033
Reomur (°Ré) [PRE] =[°C] x 45 [°C]=[°Ré¢] x 54
Romer (°Ro) [°Ro] = [°C] x 2140 + 7,5 [°C] = ([°Re] — 7,5) x 4021

to the complete cessation of thermal motion of mol-
ecules, that is, it is the lowest possible temperature.
On the Celsius scale, it corresponds to -273.15 °C
(in practice, it is accepted as -273 °C). In honor of
the English physicist Kelvin, Kelvin (K) is accepted
as a temperature unit on that scale: 1K = 1°C. On
the Kelvin scale (absolute) temperature can only be
positive (above absolute 0). The relationship be-
tween temperatures expressed in Kelvin (T) and
Celsius (t) scales can be expressed by the following
equation (ref. 1):

T =273,15+tor T = 273,15(1 + at), (11)

17 r

where «ais the volume expansion coefficient of air:
a=1/273,15 = 0,00366 K

In the 18th century, a scale of 150 degrees was
used in Russia, which was prepared by O.N. By
Delilah. Later, until 1920 it was replaced by the
French Reaumur and then the Celsus scales. In
1730, the French scientist Rene Antoine Reomure
suggested using a scale of 0 to 80 degrees, which is
not currently used. On that scale, the unit of temper-
ature is the degree Rheomure (°Ré¢): 1°Ré = 1,25 °C.

A highly accurate, efficient and sensitive induc-
tive method of temperature measurement is also
proposed to measure temperature.
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Fig. 1. Dynamics of annual average values of air (a), soil surface (b) and water temperature.
Meghri meteorological station, r. Meghriget — p. Meghri
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The Celsius and Fahrenheit scales used in eve-
ryday life are not absolute. Therefore, they are not
suitable for use in certain conditions where the tem-
perature drops below the freezing point of water and
it is necessary to express it as a negative number. In
that case, absolute temperature scales, Kelvin and
Rankine, are used. The start of the count for both is
zero. However, if 1 K = 1°C, then 1°R = 1°F.

Statistics show that, not only in our republic
[10-12], but also in different regions of the planet
Earth [7, 13, 16, 20-22] there is a tendency of the air
temperature to increase significantly. Fig. 1 shows
as an example the multi-year change of annual aver-
age values of air (a) and soil surface (b) temperature
with the example of Meghri meteorological station.
The absolute maximum temperature of our republic
was recorded in Meghri, which was 43,7 °C and was
observed in 2011. on July 31. During the entire pe-
riod of its operation (1931-2021), annual air temper-
ature increase of about 1,78 °C was observed in
Meghri. An increasing trend is also observed in the
water level of the Meghri River (c).

As a result of the change in air temperature,
many positive and negative natural and socio-
economic consequences are observed, which require
complex and detailed studies. The result of the latter
will be the quantum development of effective

measures of adaptation to the effects of temperature
changes, the key to the solution of which should be
complete and regulated by the mathematical predic-
tions of the laws of quantum physics.

Conclusions. Based on the results of the work
performed, the following conclusions can be drawn.

Temperature is a quantity characterizing the
thermal state and radiation of the terrestrial and
celestial bodies and, in general, the environment,
which is strongly related to the entropy change of
the system. Temperature is the main thermodynamic
characteristic of thermal equilibrium, the thermody-
namic and microscopic concepts of temperature
coincide, the temperature-heat (energy) difference
becomes known in the sense that a system can have
high energy but low temperature. Energy depends
on the geometry (dimensions) of the system, but
temperature does not.

In the territory of the Republic of Armenia, a
trend of increasing air temperature is observed,
which is also a result of the entropy change of the
system. It can be changed very quickly, depending
on the process of disruption of excessive permissi-
ble norms of environmental factors in the given
area, which currently needs separate serious re-
search.
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MoskiuBe BU3HAYEHHS TEMIIEPATYPH TAa IMOBIPHOI0 MPOCTOPOBO-4aCOBOI0

PO3MOaiTy TeMIepaTypH NoOBiTpsA HA TepuTopii Pecnydutiku Bipmenis
Bapoyi Mapzapan *
K. Teorp. H., IoUeHT Kadeapu ¢izuuHoi reorpadii Ta rigpomereopoorii,
! €penanchkuil nepxasuuil yHiBepcuteT, CpesaH, BipMeHis;
Apmen Cedpaxan ?
K. i3.-Mar. H., 1oueHT Kadeapu ¢izuky,
2 HanionansHuii nositexHiunmii ynisepcuretr Bipmenii, €pesan, Bipmenis;
Csimnana Pewemuenxo 3
K. Teorp. H., ToueHT kadeapu ¢iznuHoi reorpadii Ta kaprorpadii,
3 XapxkiBchkuii HatioHanbHuii yHisepcureT imeni B.H. Kapasina, Xapkis, Ykpaina

BpaxoByroun, 1110 TeMreparypHi MOKa3HUKH BiirpaloTh BOKIUBY POJIb SIK 1HAMKATOP KIIMATHYHUX 3MiH, BIUIHBA-
I0Th Ha IPOLECH BUIAPOBYBAaHHSI, TAHEHHS JIbOJOBUKIB, GOPMYBaHHs Pi3HUX arMOC(hEpPHHUX SIBUIL, SK-TO: MOCYX, OIIY-
CTEIOBaHHS, HABOJHEHb TOINO0. KiliMaTH4HI AOCTiIKEHHS BUCBITIIOIOTH IMUPOKUIA CIIEKTP MUTAHb BiJl MPUYWH 10 HAC-
JMAKIB Ta ajanTaiiif g0 3MiH KJIiMaTy, IO CIIPSIMOBAaHI Ha CIUIBbHI BHPIMIEHHS NMPOOJeM 3aXUCTy JOBKIJUIA, OXOPOHH,
panioHaJILHOTO BUKOPHCTaHHS IIPUPOJHUX PECYPCiB B paMKax peaizarii 1isiei cranoro po3Butky (SDGS). s edex-
TUBHOTO BUKOPHCTAHHS Ta 30epe)KEeHHS BOIHUX PECYpCiB, IIPU BUPINICHHI MUTaHb BOAOCIOXHBAHHS CUTLCHKOTOCIIONAP-
CHKUMHU KyJIBTypaMu, (hOpMYBaHHs Ta IiJIBUIICHHS BPOXAI0 JOIUIEHO BPaXOBYBaTU 3aKOHOMIPHOCTI MOMJIMBOTO MPOC-
TOPOBO-4aCOBOTO PO3MOALTY TEMIIEpaTypHUX ITOKa3HHUKIB, MTOB'I3aHKUX SIK 3 MEPIOJMYHUMH, TaK 1 HENEPIOAMIHUMH KO-
JIMBAaHHSMH IIUIBHOCTI TETJIOBUX MOTOKIB, 110 BIIMBAIOTH HA MPUPOJHE CEpeloBHIIE. Y POOOTI pO3MIAIaeThCsl TeMIIe-
parypa gk ¢i3zudHa BEJMIMHA, [0 XapaKTepU3y€e CTYIMiHb HarpiBaHHs Tina. CydacHi Qi3udHi TOCHTIHKSHHS OMUCYIOThH
TeMIIeparypy SK 3 TEPMOAWHAMIYHOI TOUYKH 30Dy, TaK i CTATUCTUYHO1, BiAMOBITHO A0 MOJEKYJIAPHO-KIHETHYHOI Teopii,
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ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

0 XapaKTepHU3y€e CEpeHI0 KIHETUYHY EHEPTil0 TEIJIOBOTO PyXy MOJICKYJ Ta BHUMIpIO€ThCs 3a mikajoro Kenbpina. Y
MeTeopoorii 0ararb0oX KpaiH CBITY TeMIeparypa HOBITps, IDYHTY Ta BOJM 3a3BH4ail BUMiproeTbesi B onuHuIpix Cl, a
came B rpaaycax Lenscis (°C). BukoprcToBytouu naHi psAiB CIIOCTEPEKEHb 32 TEMIIEPATYPOO MOBITPS Ta IPYHTY Ha
Mmereocrannii Merpi «L{enTpy rigpomereoponorii i MoHiTopunry» ['HKO MiHicTepcTBa HaBKOJIMIIHBOTO CEpeOBHUIA
PecryOnikn BipMmeHis, aHamizyBanucs 3aKOHOMIPHOCTI Ta OCOOIMBOCTI IPOCTOPOBO-YAaCOBOTO PO3MOALTY TeMIeparypu
moBiTps 3a mepiox 1931-2021 pp. BeraHoBieHa TEHAEHINSA O 3pOCTAaHHS TEMIIEpaTypu IOBITPS Ha TOCIiIKyBaHil
tepuropii. Tak, Ha mpukIaai Mereoctanmii Merpi BU3Ha4CHO aOCOMOTHAN MAaKCUMyM TeMIIepaTypH MOBITpA 31 iumHs
2011 poxy, mo cranoBus 43,7 °C. 3a Bech mepiof crocTepexeHHs (ikCyBaJocs pidHe IiIBHUIICHHS TEMIIEPaTyPH IOBi-
Tpst npubam3Ho Ha 1,78 °C. Kpim Toro, Big3HavaeThCS TCHACHIIIS 10 3pOCTaHHSA PiBHS BoAM B piumi Merpi. TerneHmiro
IO TIIBUIICHHS TEMIIEPaTypHHUX MOKAa3HHUKIB MOXKHA PO3TIISAIATH SK pe3yibTaT 3MIHH €HTpPOIIil cucteMu. LI TeHneH s
MOJKE IIBHIKO 3MIHIOBATHCS B 3aJIC)KHOCTI BiJl BIUTMBY HAIMIpHHX €KOJOTIYHHX (akTOpiB Ha IEBHiM TepuTOpii, ImI0
BUMarae OKpeMoro Ta IpyHTOBHOTO J0CHiKeHHs. OTxe, 3MiHa TeMIlepaTypHUX MOKA3HHUKIB MPU3BOJUTH 10 BHHUKHEH-
HS YUCJICHHUX SIK TO3UTUBHUX, TaK 1 HETAaTUBHUX MPHUPOTHHX, COLIAIBLHO-CKOHOMIYHUX HACHIJIKIB, SKI BUMaraloTh BCe-
6i4HOTO Ta NIMOOKOTO JOCIIIHKEHHSI.

Kniouosi cnosa: memnepamypa, memnepamypHa wikanida, memnepamypa noeimps, mepmMoOUHAMIKA, eHmpPOnis,
nomenuiHus, NPOCMOPOBO-4aAco8Ull pO3no0Jin, yini cmanozo pozeumxy (LICP), Pecnyonixa BipmeHis.

BHecoOK aBTOpIB: BCi aBTOpK 3p06WIM PiBHUI BHECOK Y Lit0 poboTy Hagijiwna 12 sepecHa 2024 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB MpuitHATa 27 KoBTHA 2024 p.
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