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Abstract. The objective of this study is to examine the effect of non-local and hyperbol-
ic two-temperature parameters on the thermostressed state using the modified Green — Lind-
say generalized theory of thermoelasticity. At that, a ramp-type normal load/thermal source
is used. The governing equations are transformed into a dimensionless form and simplified
with the aid of Laplace and Fourier transforms. The transformed domain is used to obtain
the physical field quantities such as stresses, displacement vector components, thermody-
namic temperature, and conductive temperature. The numerical inversion technique is em-
ployed to recover the equations in the physical domain. The impact of non-local, hyperbolic
two-temperature, and various theories of thermoelasticity on the material behavior is pre-
sented in the form of graphs. The results emphasize on the importance of considering differ-
ent aspects and theories in the analysis of material behavior. The several unique cases are
discussed and displayed.

Key word: non-local parameter, hyperbolic two-temperature parameter, modified
Green — Lindsay theory, Laplace and Fourier transforms.

1. Introduction.

The main focus of thermoelasticity is the study of linear and nonlinear temperature-
dependent behavior of materials, and the development of mathematical models to predict
how materials will respond to thermal loads. This field is important in a variety of engineer-
ing applications, including the design of heat exchangers, turbines, and other high-
temperature components. The first and second widely accepted generalised theories of ther-
moelasticity, respectively, were put forth by Lord and Shulman (L-S) [1] and Green and
Lindsay (G-L) [2].

The two-temperature theory of thermoelasticity, as developed by Chen and Gurtin [3]
and Chen et al. [4], aims to study the thermal behavior of materials under both temperature
and stress. In this theory, it is assumed that the material has two separate temperatures:
Thermodynamic temperature and conductive temperature. A generalised theory of two-
temperature thermoelasticity was first presented by Youssef [5]. The hyperbolic two-
temperature (HTT) generalized thermoelasticity theory is extensions of the basic two-
temperature theory that take into account additional factors such as heat transfer across ma-
terial interfaces and the influence of thermal waves on the material's response. The two tem-
perature generalised theory was modified by Youssef and El-Bary [6] and provided the HTT
generalised thermoelasticity theory.

Kumar et al. [7] investigated the thermal interactions between an infinite elastic medium
and a cylindrical cavity using the HTT theory of thermoelasticity. The results of this study
provide insights into the thermal behavior of materials under stress and temperature chang-
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es. Hobiny et al. [8] went further and introduced a photo-thermoelastic model within the
framework of the HTT theory. This allowed them to analyze the thermal behavior of materi-
als under both temperature and stress changes, as well as the effects of external radiation on
the material.

The non-local theory of thermoelasticity is a modified form of the classical linear theory
of thermoelasticity. This theory is particularly relevant in the analysis of materials with mi-
crostructures, such as composites and nano-materials, as well as materials with long-range
interactions, such as biological tissues. In these materials, the non-local effects can play a
significant role in determining the overall response of the material. The idea behind the non-
local theory of thermoelasticity was created by Eringen [9, 10]. Sarkar and Sarkar [11] stud-
ied wave propagation in a non-local thermoelastic medium for the Green and Naghdi theory-
II (without energy dissipation) of generalised thermoelasticity. The effect of a moving heat
source on a magneto-thermoelastic rod was examined by Bayones et al. [12] within the
framework of Eringen’s non-local theory with three-phase lag and a memory-dependent
derivative. By using the eigen value method, Saeed and Abbas [13] investigated the effects
of the non-local thermoelastic parameters in the Green and Naghdi model without energy
dissipation for a nanoscale material.

By adding strain rate terms to the Green — Lindsay model, Yu et al. [14] established a
model of generalised thermoelasticity based on the extended thermodynamic principle.
Quintanilla [15] described some qualitative results for the MG-L model of thermoelasticity.
Farshad et. al. [16] presented a nonlinear numerical technique to solve the generalised ther-
moelasticity governing equations in a significant deformation zone of an elastic media sub-
jected to thermal shock in the context of the MG-L theory of generalised thermoelasticity.
Nihar and Sarkar [17] discussed the problem of reflection and propagation of thermoelastic
harmonic plane waves on the stress-free and isothermal surface by using MG-L model.
Sarkar and Mondal [18] provides analytical formulas for the coupled longitudinal wave in-
cident on the free surface to obtain the amplitude ratios and their corresponding energy rati-
os for reflected thermoelastic waves.

The present investigation is concerned with interaction between stress and strain in a
thermoelastic solid due to ramp type normal force/ thermal source, as it is very important
due to its many applications in the fields of geophysics, plasma physics and related topics.
Such mechanical and thermal loading may produce severe deformations and temperature
rise in the medium, which causes excessive wear and even cracking near the contact zone.
The dynamic response of homogeneous, isotropic generalized thermoelastic medium with
hyperbolic two temperatures in the context of MG-L model is studied.

The variations of the normal stress, tangential stress, thermodynamic temperature and
conductive temperature are illustrated graphically to compare the results for non-local and
hyperbolic two temperature. The comparison of the results obtained from the MG-L model
with those obtained from other theories of thermoelasticity, such as the L-S and G-L theo-
ries, highlights the importance of considering various aspects and theories in the analysis of
material behavior and the potential impact they have on the results. This study can provide
valuable information for the design and optimization of materials for various applications,
particularly in high-temperature and dynamic environments.

2. Basic Equations.

Following Yu et. al. [14], Eringen [10], Youseff and El-Bary [6], the field equations and
constitutive relations in the context of MG-L theory of thermoelasticity with non-local and
hyperbolic two temperature in absence of body forces and heat sources can be written as:
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r=(1-aV*)p; @)

¢-T=pVp, )
where A, 4 — Lame’s constants; i — displacement vector; S, = (3/1+ 2,u)at, a, — coeffi-

cient of linear thermal expansion; & — non-local parameter; 7, — components of stress ten-

i
sor; t — time; p, C, — density and specific heat respectively; K " thermal conductivity;
V2 — Laplacian operator; ¢ — conductive temperature; 7 — thermodynamic temperature;

a — two temperature parameter; r, — relaxation time, é‘ij — Kronecker’s delta, g — HTT

parameter.
The equations (1) — (5) reduces to the following cases
m=m,=mn=mn=1, Modified Green — Lindsay, (MG-L), (2018);
m=m=0,m,=m=1, Green — Lindsay, (G-L), (1972);
m=m=0,n=n=1 Lord — Shulman, (L-S), (1967);
m=m=n=n,=0, Coupled thermoelasticity, (C-T), (1980).

3. Formulation and solution of the problem.

A thermoelastic half-space under MG-L thermoelastic model is taken into the account
along with non-local and HTT parameter and the region x; >0 is considered, which is ho-
mogenous and isotropic. The two dimensional problem is in the plane (x; —x;), which is

subjected to Ramp type normal force/ thermal source, therefore with these consideration, we
have
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Equations (8) — (11) are decoupled by using the dimensionless form of potential func-
tions ¢ and y as
0qg 0 0q O
=V Y (14)
Ox; Ox; Ox;3 6x1

Laplace and Fourier transforms are taken as

xl,x3, Ie f Xp5 X35 )dt; f~(§,x3,s)= _[e_i‘fxl_]}(xl,xps)dxl. (15)
0

—00

Applying (15) on (11) gives,

- >
T=¢p-¢|—5-&|, (16)
0x;3
where
0 forlT;
§=qa forTT;

ﬁ—z for HTT.
K

Equations (8) — (10) in the accompany of (14) — (16) yield the resulting expressions
(suppressing the primes for convenience) after some algebraic calculation as

a* d*
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where
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Ry=ay(1+mrys); Ry=1+¢ & Ry=s(1+mzes); Re=s(1+m705).
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The bounded solution of equation (17) and (18) i.e. g, ¥, » — 0as x; — 00 can be ex-

pressed as
G=Ae Mk dye (19)
G=d e S +d,de P2 (20)
§=de ", @1
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pe 2
4, (I=1, 2) being the roots of the characteristic equation | B, At B,—5+B; |=0.
X3 X3

4. Boundary conditions.
Here, we explore the impact of ramp type normal force and Ramp type thermal source as

(i) ty3 =—F(t)S(x); (i) t3; =0; (iii)S—q) =F,(t)5(x) at x3=0, (22)
X3
where
0 0<1<ty;
(RO RO} =(Fo@). B} = 0 <ty (23)
0
1 t>t,

F, 1s the magnitude of force, F,, is the constant temperature applied on the boundary.
Invoking (15) on (22) — (23), we have
N > ~ N 0P =
@) t53=F (é‘, s) ;0 (i) 3, =0; (”1)8760 =F, (é‘,s) at x; =0, (24)
3
where
(1)

; (25)

(Fl (&s). £ (§,s)):(FlO, Fy)

tys

Invoking (14) — (16) (after suppressing the primes) in (12) — (13) along with (19) — (21),
the expressions of displacements, stresses, conductive temperature and thermodynamic tem-
perature are obtained by considering the boundary conditions defined by (22) — (23) as
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where
A=Hg (H6H7 _H1H8)+H3 (H4H8 —H5H7) s A =Hely, Ap=HyHe—HyHs;

Ay =—HgHy7; Ay =HyHy—HHe; Ay =HsH; —HyHg; Ay =H\Hs—HyH,y;

H, =R (asA? —&E*ag)~(1+n,7,8)(Ryd, —ad?d);  Hy = R,(iEzas —ifagls) ;

Hip =2a,Ri&; Ho=-a:Ri(s> 46 Hog=di[1-¢(27-8)]. (i=1,2).

5. Special Cases.

5.1. Modified Green-Lindsay model with two temperature:

Let & — 0 in equations (26) — (31), we obtain the resulting expression for MG-L theo-
ry of thermoelasticity along with two temperature effect.

5.2. Non local Modified Green-Lindsay model:

As two temperature parameter vanishes i.e. @ =0 in equations (26) — (31), we obtain
the results for MG-L model involving non-local impact.

5.3. Non local G-L generalized thermoelastic model with two temperature:

Taking 7, =13 =0, 1, =1, =1, reduces the system of equation defined by (26) — (31)
for G-L model having non-local and two temperature effect.

5.4. Non local L-S generalized thermoelastic model with two temperature:

Putting, 7, =7, =0, 17, =1, =1in equations (26) — (31) will yield the expression for
L-S model involving non-local and two temperature.

5.5. Coupled thermoelastic model with non local and two temperature:

Let n, =1, =13 =1, =0, i.e. in absence of relaxation time, equations (26) — (31) gives
the corresponding expression for CT model along with non-local and two temperature.

6. Inversion of the transforms.
The components of displacement, stresses, temperature distribution and conductive
temperature are the functions of s, x; and & which are parameters of Laplace transform

and Fourier transform respectively. To invert these quantities into physical domain, we in-
vert the transforms by applying the method explained by Kumar et al. [19].

7. Numerical result and discussion.

By performing numerical calculations for different cases, including the non-local, hy-
perbolic two-temperature, ramp type normal force, and ramp type thermal source parame-
ters, and comparing the results with different theories of thermoelasticity, such as the
MG-L, L-S, and G-L theories, it is possible to gain a comprehensive understanding of the
behavior of the material under various loading conditions.

Following Dhaliwal and Singh [20], we take the case of magnesium crystal, the physical
constants used are
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A=217x10"" Nm™2; £=3,278x10"" Nm™?; K =1,7x10> Wm 'deg™";
w, =3,58x10""'S7'; B, =2,68x10° Nm2deg™'; p=1,74x10° Kgm™;

C,=1,04x10° JKg 'deg™"; 7, =298k ; f,=2s
and non-dimensional relaxation times are taken as 7, = 0,03s .

7.1. Non Local and Two Temperature. In this case, we consider non-local parameter
£, =0,50 and & =0 and hyperbolic two temperature ¢ =0,75and ¢ =0,0 for the range
0<x; £10. The solid line corresponds to (& =0,50; ' =0,75), solid line having centre
symbol diamond ¢ { * corresponds to the case of (& =0; ¢ =0,75), small dashed line rep-
resents the case of (&, =0,50; ¢ =0), whereas small dashed line having centre symbol cir-
cle ‘o’ displays the case of (&, =0; £ =0).

7.1.1. Normal Force. Fig. 1 shows the behavior of t;; with respect to x; . It can be ob-
served that for all cases considered, the values of #; increase sharply in the range
0 < x; £2 and follow an oscillatory pattern in the remaining interval. The magnitude of the

values of t33 for & =0,5 and ¢ =0 is larger than in the other cases.

4 _
0 |
2
g 4
n B
‘© ————— £,=05,¢=0.75
E -8 — — — — - §=05(=0
§ _ —o—— £,=0.0, (=0.75
— —0— - £=0,(=0
12 —
2 A L BB B
0 2 4 6 8 10
Distance x,

Fig. 1. Variation of 33 vs x,
(Normal Force)

Fig. 2 is plot of #;, vs x;, which demonstrate that the behavior of £, for & =0,5;
¢ =0 are opposite in nature as noticed for & =0; { =0,75 whereas in absence of hyper-
bolic two temperature i.e. £ =0,5; {=0, & =0, { =0 shows similar behavior in the
entire range.
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Tangential Stress t;,

£,=0.5, (=073
18 — — — — - £=05,00
h ————— £,=00, (=075
n — —0— - £=0,0=0
T T T T T
0 2 4 6 8 10
Distance x,

Fig. 2. Variation of t;; vs x
(Normal Force)

Fig. 3 predicts T'vs x; . It is found that behavior of 7 for & =0,5; £ =0 are opposite in
nature as observed for & =0; £ =0,5 in the range 0<x, <3and with increase inx;, T
shows similar behavior. While in case of & =0; { =0,75 the values of 7' shows opposite
behavior as noticed for & =0; ¢ =0 throughout the range which reveals the impact of non-
local and hyperbolic two temperature parameters.
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£ / — — — - £=05,¢=0
2 - ———— £,=0,(=0.75
= — —0— - £=0,(=0
T T T T T T
0 2 4 6 8 10
Distance x,

Fig. 3. Variation of T vs x;
(Normal Force)
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Conductive temperature ¢

\

N P —————— £=05,(=075

N, — — — - £=05,0=0

— -2 ———— £=0,(=0.75

— 0— - §=0.50

I L L

0 2 4 6 8 10
Distance x,

Fig. 4. Variation of ¢ vs x; (Normal Force)

The graphical representation of ¢ with x; is represented by fig. 4. It can be observed

that the values of ¢ for & =0; {=0,75 is like mirror image of & =0; ¢ =0 in the range

0 < x; <8 and shows similar behavior in the rest of the interval. It is also observed that the

values of ¢ for & =0,5; £ =0 decreases in the range 0<x; <3; 5<x; <8 and vice versa

in the remaining range. Whereas ¢ follows an oscillatory behavior for & =0,5; ¢ =0,75

in the entire range, with increase in x1 the magnitude of oscillation also increases.

7.1.2. Thermal Source. Fig. 5 represents the variations of #;; vs x;. It is examined that
the trend of variation of #; for & =0,5; £ =0,75; & =0; ¢ =0,75 are similar in nature
in the entire range except in 3 < x; <8, where opposite behavior is observed. It is also obser-

ved that the variation of t33 in case of &, =0,5; { =0 and & =0; £ =0 are opposite in na-

£=05,(=0.75

12 7 Lo s
- |——— £=0,(=075
g |\ 0= ~E0c
2
g 4
7 |
T
E 0 —
o
zZ _
-4 — \ / N
\ /
| Co
/
S L B R B
2 4 6 8 10
Distance x,

Fig. 5. Variation of #33 vs x; (Normal Force)
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ture. It is seen that #;; has minimum value at x; =2,5 when & =0,5; { =0.
The plot of #;; vs x; is represented by fig. 6. It is seen that #;; shows upward trend in
0<x, <2 for all the considered cases except for & =0; ¢ =0 and with increase in x; it

shows oscillatory behavior for all the cases, magnitude of oscillation is greater in absence of
non-local and HTT parameter.

20 —. ————— £=05,0=0.75

N
o
|

Tangential Stress t;,
o

-10

Distance x,

Fig. 6. Variation of #;; vs x; (Normal Force)

16 —
12 — £,=0.5, ¢=0.75
j\ — — — - £=05,0=0
g CQ ———— £,=0,0=0.75
0= - &=0.6=0

Thermodynamic Temperature T

Distance x,
Fig. 7. Variation of T vs x; (Normal Force)

Fig. 7 shows the variations of T vs x;. It is realized that the values of T in absence of
HTT parameter (i.e. £=0,5 ¢=0; & =0; {=0) shows downward trend in the range
0 <x; <2whereas for the case of &£ =0,5; {=0,75 and & =0; ¢ =0,75 increases. It is
also observed that 7' for & =0,5; ¢ =0,75 shows opposite behavior as observed for the
cases of absence of HTT parameter (i.e. £ =0,5; £=0; & =0; {=0).
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Fig. 8 exhibits the plot for ¢ vs x, . It is discovered that the values of ¢ decreases in
the range 0<x; <2 for all the cases and attains minimum at x; = 2. With increase in x, @
shows an oscillatory behavior for all the cases. It is also observed that the magnitude of val-
ues of ¢ are smaller in case of & =0; § =0.

Conductive temperature ¢

16 —

—_
N

o]

£,=0.5, C=0.75
— — — - 505,00

———— £,=0,=0.75

2 4 6 8 10
Distance x,

Fig. 8 Variation of ¢ vs x; (Normal Force)

7.2. Different theories of thermoelasticity. The solid line represents the MG-L model of
thermoelasticity. The small dashed line shows the case of G-L model of thermoelasticity.
The case of L-S theory of thermoelasticity is represented by big dashed line.

7.2.1. Normal Force. Fig. 9 demonstrate the variations of #;; vs x;. It is checked that

the values of t;; for MG-L, G-L and L-S theories of thermoelasticity increases in the range

0<x <2. With increase in x;, t;; follows an oscillatory behavior. It is also observed that

the magnitude of values of #;; remains higher for G-L theory of thermoelasticity.

Normal Stress t,,

2 4 6 8 10
Distance x,

Fig. 9. Variation of 55 vs x; (Thermal Source)
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The variation of t;; vs x; is represented in fig. 10. It is inspected that the values of #;;

for MG-L theory and L-S theory shows similar behavior in the entire range whereas oppo-
site behavior of #;; is noticed for G-L theory.

16 — - -¢c

Tangential Stress t;,

Distance x,

Fig. 10. Variation of 75, vs x; (Thermal Source)

Thermodynamic Temperature T

10 [ T B B R R

Distance x,

Fig. 11. Variation of T' vs x; (Thermal Source)

Fig. 11 is a depicts the trend of 7'vs x,. It is observed that the values of T for MG-L are

like mirror image of values observed for L-S and G-L theory of thermoelasticity. Magnitude
of values for L-S theory remains higher in the entire range.
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The graphical presentation of @ vs x; is represented in fig. 12. It is scrutinized that the
values of ¢ for G-L theory are opposite in nature as noticed for L-S and MG-L theory of
thermoelasticity. It is also observed that the values of ¢ oscillates with greater magnitude
for MG-L theory of thermoelasticity.

Conductive temperature ¢

Distance x,

Fig. 12. Variation of ¢ vs x; (Thermal Source)

7.2.2. Thermal Source. Fig. 13 depicts the variations of #;; vs x;. It is found that the
values of t;; for L-S theory shows vice-versa behavior as observed for MG-L theory of
thermoelasticity, magnitude of oscillation is greater for L-S model.

15

-
o

()]

Normal Stress t;;
o

-5
-10
S L B B
0 2 4 6 8 10
Distance x,

Fig. 13. Variation of £33 vs x; (Thermal Source)
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Fig. 14 is a plot of #;; vs x;. It is noticed that the behavior of #;, for all the considered

cases are opposite in nature as observed for #;; .

30 — ——— MGL
B — — — - GL
— — LS

20 —\ —

Tangential Stress t,,

Distance x,
Fig. 14. Variation of #;; vs x; (Thermal Source)

Fig. 15 exhibits the plot for 7' vs x;. It is acknowledged that the behavior of 7' for

MG-L is contrast in nature as observed for G-L and L-S theory of thermoelasticity i.e. when
the values of T for MG-L increases there is a decrease in the values of T for G-L and L-S
model.

Thermodynamic Temperature T

Distance x,

Fig. 15. Variation of T' vs x; (Thermal Source)
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Conductive temperature ¢

Distance x,

Fig. 16. Variation of ¢ vs x; (Thermal Source)

Fig. 16 is plot of @ vs x;. It is noted that the values of ¢ for all the considered cases
decreases sharply in the range 0<x; <2 and attains minimum value at x; =2. As x1 in-
creases the values of ¢ for MG-L, G-L and L-S model follows an oscillatory behavior with
decreasing magnitude of oscillation.

8. Conclusion.

These results are important for understanding the behavior of materials under various
loads and temperatures and can be used to design and optimize materials for specific appli-
cations. In this work, we considered a thermomechanical problem based on the MG-L model

having non-local, and hyperbolic two temperature parameters. The problem is further
examined with Ramp type normal force/heat source. The results are displayed graphically to
illustrate the effect of non-local parameter and hyperbolic two temperature along with dif-
ferent theories of thermoelasticity. The following observations are obtained from numerical
computed result:

When normal distributed force is applied, it is observed that trend of #;; and ¢,

for & =0,75; &£ =0,50 are opposite in nature as observed for & =0,20 and & =0. It is
also observed that T and ¢ shows oscillatory behavior, the magnitude of oscillation is high-
er for £ =0,50.

In case of Ramp type thermal source, the value of #;; increases in most of the interval
for all values of &, while #;;, T'and ¢ shows oscillatory behavior in the entire range, mag-

nitude of oscillation is higher in absence of non-local parameter.
It is observed that higher value of moving heat source parameter enhances the value of
t33, T'and ¢ for normal distributed force as well as for Ramp type thermal source. It is also

observed that the behavior of variation for t33, £, T and ¢ for different value of v are
similar in nature with difference in their magnitude of oscillations.
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The hyperbolic two temperature effect enhances the magnitude of 7' and ¢ in contrast
to #3; and ¢4, . It is also noticed that in most of the range, the behavior of all entities for
higher value of hyperbolic two temperature parameter i.e. £ =0,75 are opposite in nature as

observed for two temperature parameter (a :0,104) and for classical one temperature

(a = 0,0) for normal distributed force as well as for Ramp type thermal source.

The physical applications of the model can be found in the mechanical engineering, ge-
ophysics. The present investigation provides a valuable contribution to the field of thermoe-
lasticity and highlights the importance of considering non-local and hyperbolic two-
temperature parameters in the analysis of material behavior. The present investigation be
used to determine the optimal combination of parameters that lead to the desired material
behavior, such as high strength, high thermal stability, or high resistance to thermal stress.
This information can be useful in the design and optimization of materials for various engi-
neering applications, particularly those subjected to rapidly changing temperature and load
conditions.

PE3IOME. MeTtoro 1bOro J0CIHiKEHHS € BUBYEHHS BIUIMBY HEJIOKAJIBHUX 1 rinepOoNiyHUX JABOTEM-
nepaTypHUX MapaMeTpiB HA TEPMOHANPYXKEHHUI CTaH 3a JOMOMOTOK MOIM(IKOBaHOI y3aranbHEHOI Teopil
TepMmornpykHocTi 'pina — Jlinzaci. [Ipu 11bOMy BUKOPHCTOBYIOTBCS 3MiHHI HOPMaJIbHI HaBaHTAXXEHHs / JIXKe-
pena teruta. OCHOBHI PIBHSIHHSI TIEPETBOPIOIOTHCS B 0€3p0o3MipHY (OpMy 1 CIIPOLIyIOThCS 32 JOIIOMOTO0
neperBopenb Jlamnaca i dyp’e. [leperBopeHa 001acTh BUKOPUCTOBYETHCS AJIsl OTPUMAHHS BEJIMUUH (i3uy-
HOTO IIOJIS1, TAKYX SIK HAIIPY)KCHHS, KOMIIOHEHTH BEKTOpa 3MIIllCHHS, TEPMOIMHAMIYHA TEMIIepaTypa Ta TeM-
nepatypa mpoBigHOCTI. TexHiKa YUCENbHOr0 OOEPHEHOr0 MEePETBOPECHHS BUKOPUCTOBYETHCS IS BiITHOB-
JIeHHs piBHAHB y (isnuHii obnacti. Brums HesokanbHOT, rinepOoiuHOT ABOTEMIEpaTypHOi Ta Pi3HOMaHIT-
HHX TEOpiil TepMOIPYKHOCTI Ha MOBEAIHKY MaTepialy MpeAcTaBlIeHO Y BUIIIAAi rpadikiB. Pesymbraru min-
KPECIIOITh BOXKIIUBICTh PO3IIISAY PI3HHUX ACHEKTIB 1 TEOpii B aHaNi31 NOBeAiHKU MaTepiainy. OOroBopeHo ta
MOKA3aHO KiJbKa OKPEMHX BHIIAJIKIB.

KJIIOYOBI CJIOBA: HenokanbHHI napaMeTp, TilepOoIiYHUI ABOTEMIIEPATYPHUI ITapaMeTp, Mo-
nudixosana teopis 'pina — Jlinaci, neperBopenns Jlamnaca ta dyp’e.
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