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The study of MHD heat and mass transfer dissipative free convective flow past a semi-infinite porous vertical plate through porous
medium in presence of thermal radiation is considered. The novelty of the present work is to examine radiation effect (Rosseland
Approximation) on the flow transport characteristics. The equations governing the flow of heat and mass transfer are solved by
asymptotic series expansion method to evaluate the expressions for velocity, temperature, concentration fields, skin-friction, rate of
heat and mass transfer. The influence of various physical parameters on the flow is discussed through graphs and in tabular form. It is
found that an increase in radiation parameter to decrease the velocity and temperature. Further, it is seen that the skin -friction at the
plate decreased with increasing values of radiation parameter.
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1. INTRODUCTION

The motion of fluid due to buoyancy forces is known as free or natural convection that occurs in the region of hot
and cold through the method of heat transfer. Heat transfer is a exchange of energy through conduction, convection or
radiation from high to low where conduction is through solid materials, convection is through liquids and gases and
radiation is through electromagnetic waves. Mass transfer is the net movement of mass from one point to another. MHD
refers to electrically conducting motion of fluids and nowadays it plays an important role in the application field of
engineering and biomedical sciences.

Many authors contributed some works related to the MHD heat and mass transfer problems. Some of them are
Jaluria [1], Javaherdeh et.al [2], Raju et al. [3], etc. The unsteady MHD free convection flow past a vertical plate with
thermal diffusion and chemical reactions have been discussed by Hossain et.al [4]. Lavanya [5] analyzed the radiation
and chemical reaction effects on a steady laminar forced convection flow of a viscous incompressible electrical conducting
fluid over a plate embedded in a porous medium in the presence of heat generation. An exact solution of unsteady MHD
free convective mass transfer flow past an infinite inclined plate embedded in a saturated porous medium has been
presented by Agarwalla et.al [6]. Chamkha et.al [7] considered the problem of coupled heat and mass transfer by natural
convection from a vertical, semi-infinite flat plate embedded in a porous medium. Sharma et.al [8] also considered the
Soret and Dufour effects on unsteady MHD mixed convection flow past an infinite radiative vertical porous plate
embedded in a porous medium in presence of chemical reaction. The investigation of Dufour effect and radiation effects
on unsteady MHD free convection flow past an impulsively started infinite vertical plate with variable temperature and
uniform mass diffusion in the presence of transverse applied magnetic field through porous medium is carried out by
Prakash et.al [9]. Thermal radiative effects on moving infinite vertical plate in the presence of variable temperature and
mass diffusion is considered by Muthucumaraswamy [10]. Ahmed e.al [11] also investigated the effect of thermal
diffusion on unsteady free convective flow of an electrically conducting fluid over an infinite vertical oscillating plate
immersed in porous medium. Seth et.al [12] investigated the unsteady hydromagnetic natural convection flow with heat
and mass transfer of a viscous, incompressible, electrically conducting, chemically reactive and optically thin radiating
fluid past an exponentially accelerated moving vertical plate with arbitrary ramped temperature is carried out with Laplace
transform technique. The problem of a hydromagnetic convective flow of an electrically incompressible viscous
conducting fluid past a uniformly moving vertical porous plate is investigated by Chamuah et.al [13]. An attempt has
been made by Ahmed et.al [14] to perform a finite difference analysis to study the effects of the magnetic field, thermal
radiation, Reynold’s number, chemical reaction and of dissipating heat on the MHD transient dissipative flow past a
suddenly started infinite vertical porous plate with ramped wall temperature. Ahmed et .al [15] also studied theoretically
a three-dimensional mixed convective mass transfer flow past a semi-infinite vertical plate embedded in a porous medium.
To analyze the effects of various parameters such as Soret and Dufour effects, chemical reaction, magnetic field, porosity
on the fluid flow and heat and mass transfer of an unsteady Casson fluid flow past a flat plate is considered by Das
et.al [16]. Kataria et.al [17] is considered with the study of flow, heat and mass transfer characteristics in the unsteady
natural convective magnetohydrodynamics Casson fluid flow past over an oscillating vertical plate. Babu et.al [18] carried
out to study the effects radiation and heat sink. Ragunath et.al [19] considered the heat and mass transfer on MHD flow

Cite as: S. Sharma, K. Choudhury, H.A. Rashid, East Eur. J. Phys. 4, 134 (2024), https://doi.org/10.26565/2312-4334-2024-4-12
© S. Sharma, K. Choudhury, H.A. Rashid, 2024; CC BY 4.0 license


https://periodicals.karazin.ua/eejp/index
https://portal.issn.org/resource/issn/2312-4334
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0001-1119-9698
https://orcid.org/0000-0003-2809-8428
https://doi.org/10.26565/2312-4334-2024-4-12

135
Radiation Effect on MHD Free Convective Flow Past a Semi-Infinite Porous... EEJP. 4 (2024)

through porous medium between two vertical plates. The study of the heat and mass transfer on MHD boundary layer
flow of a viscous incompressible and radiating fluid over an exponentially stretching sheet is carried out by Devi et.al
[20]. Ravikumar et.al [21] investigated the heat and mass transfer effects on MHD flow of viscous incompressible and
electrically conducting fluid through a non-homogeneous porous medium in presence of heat source, oscillatory suction
velocity is considered. Very recently Mopuri et.al [22] investigated in the presence of a diffusion thermal and coupled
magnetic field effect, this manuscript seeks continuous free convective motion by a viscous, incompressible fluid that
conducts electrically past a sloping platform via a porous medium. By using perturbation technique, Choudhury et.al [23]
investigated the heat and mass transfer in MHD convective flow past an infinite plate, through a porous media in presence
of radiation, diffusion-thermo effect, and heat sink.

The main objective of the present work is to investigate the effects of diffusion-thermo and heat sink in MHD free
convective flow through a porous media in presence of thermal radiation (Rosseland Approximation). The equations
governing the flow, heat and mass transfer are transformed into non-dimensional forms by using some similarity
parameters. The perturbation technique is used to solve the non-dimensional governing equations and the results obtained
have been discussed through graphs and tables.

2. MATHEMATICAL FORMULATION
The equations which describe the motion of steady, incompressible, viscous, electrically conducting fluid in the
existence of a uniform magnetic field in vector form are as:
Equation of continuity:

V.g=o0. (1)
Gauss’s law of magnetism:
V:B=0. 2
Ohm’s law:
J=0(E+§xB). (3)
Momentum equation:
p(G-V)G = pg —Vp +] x B+ pv2G — 42, @
Energy equation
pCy(G V)T = kV?T + ¢ + é + %VZC +Q(M'-T'o) _V.G,. (5)
Species continuity equation:
(G- V)Ca = DyV?C + Kc(C, — 0). (6)
Equation of state:
Poo = p[1+ BT = To) + B(C = Cw)]. @)

All the physical quantities are defined in the list of symbols.
We consider the two-dimensional natural convective flow of viscous, steady, incompressible, and radiating fluid
through a porous vertical plate with uniform suction. The investigation is based on the following basic premises:
1. The entire fluid properties excluding the density are constant.
2. The plate is electrically insulated.
3. No external electric field is applied to the system.
4. Fluid motion is parallel to the plate.
We now introduce a Cartesian coordinate system (x’, y’, z’) with x’-axis along the plate in the upward vertical
direction, y’-axis normal to the plate directed into the fluid region, and z’-axis along the width of the plate and the induced

magnetic field is negligible. A uniform magnetic field B. = (0, B-, 0) is applied transversely to the plate, along the y-axis.
The fluid is subjected to a constant heat flux at the plate. With usual boundary layer conditions and above assumptions,
we have the boundary layer equations as
Continuity Equation

v’

P = 0. ®)
MHD Equation

o%2u'  oB*u  wu

— T ©)

ay'? P K'

!
, 0u

v a—y,zg[)’(T’ —T'w)+gB(C" —C')+v
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Energy Equation
,or" 9%t au"\? 2 2 9q', (T'=T' o) 4 PPMKT azc’
pCov' 5=kt u(5) + 0Bl ~ -0 TS (10)
Species continuity equation
' ac’ _ a2c 174 1
V' Dy 277 + K- (CH—C") 1y
The relevant boundary conditions are:
y=0: w=U L=-L =, (12)
ayr
yoow: uw->0,T->T, C->C\y (13)
Equation (8) yields
v’=a constant= —V,(V, > 0) . (14)
To make the mathematical model normalized, the following non-dimensional parameters are introduced
AR ALt Ut
KvQ
_ vk’ _oBv , 4wl _ Qv _ DMKTVOK(CW—CDO)
Sc K UVZ’ M= pvE’ R= pCpq Ve Q= pCpVZ’ - CsCpr2q*
Radiative heat flux under Rosseland Approximation
40
- — _ 4
ar 3K
T =(T =T+ To)* = [Too + (T = T)]* =T + 4TS (T — To,) = Tt + ATST — 4Tt = 4T3T — 3T%
Therefore,
- 40*
VG, =—=—=VT* = 4T2V?
=73k 3
aq; 160*T3
qT - _ VZT
ay* 3K*
Where o* and K™ are respectively the Seltan-Boltzmann constant and the mean absorption coefficient.
In dimensionless form, the governing equations are as follows:
d?u | du _
o Ty Au = —Grf — Gm@. (15)
@0 20 o MEc , Fc p_Durd
&° + A3 & A0 = L WL po— (16)
dyz 290 scL_ K:Scd = 0. 17)
Where
= 1 = il = QPrT,
/11—M+K,/12—1+3R,13— 2 and A, = ~— P
with boundary conditions
e
y=0:u=1%=-10=1, (18)
y—>o:u—0,6-00-0. (19)
3. METHOD OF SOLUTION
The solution of (17) under its boundary conditions (18) and (19) is
2
Q)(y) = e~ 1Y ) where a; = w (20)

But the system of equations (15) and (16) are non-linear. Assuming the asymptotlc form of the solutions to equations

(15) and (16) are as follows:
u=u(y) + Ecw,(y) + 0(ED),
6 = 6,(y) + Ec6,(y) + O(E).

1)
(22)



137
Radiation Effect on MHD Free Convective Flow Past a Semi-Infinite Porous... EEJP. 4 (2024)

Here, E denotes the Eckert number (E<< 1). By substituting equations (21)-(22) into equations (15)-(16) and equating the
coefficient values of similar terms while neglecting the terms of O(E?), the following equations are derived.

d? d
d;‘;’ + diy" — Liuy = —Gréy — Gm@,, (23)
dze de dzp
dyz" + A3 d—yo — 1,60 =—-4A dyzo’ (24)
2
0;:21 + 0;—1;1 - lu; = —Gré,, (25)
dze de ,2
dyzl + 13 d__’; - 1491 = _Bu(z) - Cuo . (26)
Subject to the boundary conditions
y=0:uy=1;0,=-1;, u; =0; 6; =0; 27)
y—o0:uy;—=>0;0,->0 u =0 6, -0. (28)
The solutions to the equations (23)-(26) under the conditions (27) and (28) are
0y = K;e %Y — § e7%Y 29)
Uy = Kye %Y — S,e7%2Y 4 S, %Y (30)
91 = K3e_a7y - 546_2a3y - Sse_zazy - S6e_2a1y + S7€_a4y + Sge_asy - Sge_aﬁy, (31)

ul = K4_e_a8y - 517€_a7y + 5186_2a3y + Slge_Zazy + Szoe_zaly - 5216_a4y - Szze_asy + 523€_a6y, (32)

where

A3 +A5+ 44, 1+1+44

a, 5 , a3 = 5 ,Qy = a3 + 0y,
as=a, +a,,as =0a, +as,
K = ——(1+Sia) 51=A—a% K,=1+S,-S,
—m, ’ a?—Aza; — Ay’ ’
S, = D S, = E S, = F
ad—a,— A" ad—a,— AT 4ak-2a30;, -1,
Se = ¢ Se = H S, = !
4a2 —2a,03— Ay T8 4aP —2a,05— AT T @i —agds — A,
] K
Sg=——2 Sg=————— S\ =GrK;,Sy; = GrS,,

aé_a5}1,3_2,4 ’ 9_aé_a6),3_2.4
512 = GTSS ,513 = GTS6 ,514 = GTS7 ,515 = GTSg '516 = GTSQ,
510 Sll 512

Si7 = 2, S1p = e , S}y = ————,
17 a; - a7 - /11 18 4a52) - 2a3 - /11 19 4-(1% - 2(12 - Al
513 Sl4— SIS
Sopo=———"""—"7,S91 =" S =57,
27402 —2a, -1 T ak—ay -0 TP T dd—as— X4
523 = aé A /,{1 ,K3 = m_2(2a354 + 2a255 + 2a156 - a4S7 - assg + a659) )

K4_ = 517 _518 _519 _520 +521 +522 _523 ,D = GTKl ,E = GTSl - Gm,

F = BK? + Ca2K2 ,G = BS3 + Ca2S3 ,H = BS2 + Ca?S?,

I = ZBKzsz + 2CK252a3a2 ,] = 235253 + 2C5253a2a1 ,K = ZBS3K2 + 2CS3K2a1a3 .
3.1. Skin friction

The coefficient of skin friction is a dimensionless quantity obtained from the shear stress at the wall given by
Newton’s law of viscosity

=g =1 7
To = _ﬂvu s

where 7 is the shear stress.
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The coefficient of skin friction is given by

d
T= _ﬁb/:o = —[Kya;3 + S,a; — S3a; + Ec(—Kaag + S17a7 — 251505 — 25190, — 255001 + Sp1a4 + Sppa5 — S»306)] - (33)

3.2. Plate temperature
The dimensionless temperature field is given by,

6(y) = 0o(y) + Ec0,(y).
The non-dimensional plate temperature is given by,
0,, = 6,(0) + E-6,(0). (34)
3.3. Sherwood number

Sherwood number represents the ratio of the convective mass transfer to the rate of diffusive mass transport. It is a
dimensionless quantity obtained from Fick’s law of diffusion:

f= _DMVCI N

where J is the diffusion flux.
The rate of mass transfer in terms of Sherwood number is given by

do
Sh = o [y=0 =—a;. (3%5)

3.4. Nusselt number
The rate of heat transfer in terms of the Nusselt number quantified by Fourier’s law of conduction is as follows:

q= —KVT',
where ¢ is the heat transfer rate.
Nusselt number is defined as
% |y=0 = [_Klaz + Slal + Ec(_K3a7 + 254,0-3 + 255012 + 256(11 - S7a4 - Sgas + Sga6)]. (36)

4. RESULTS AND DISCUSSIONS

The diffusion-thermo effect in MHD convective flow past a vertical plate through a porous media in presence of
heat sink and thermal radiation have been presented in this work. Computational estimations of velocity, temperature and
concentration for a variety of relevant non-dimensional flow parameters have been obtained to establish the physical
relevance of the problem and graphically presented in Figures 1-10. In the Table 1, the numerical calculations that depict
the effects of the flow parameters on skin friction and rate of heat transfer (at plate temperature) have been tabulated. In
this section, the effects of the magnetic field, thermal Grashof number, mass Grashof number, permeability parameter,
Schmidt number, Prandtl number, Dufour number, heat sink and radiation parameter are discussed. The default values for
the flow parameters as Pr=0.71, Sc =0.6, R =5, K, = 5, Du =0.10, Gr =10, Gm =5, M =1.5, K =1, E =0.01, Q =5.

15 T 15 T

0.5

5 6
Figure 1. Velocity profile for variations in R Figure 2. Velocity profile for variations in M
when Pr=0.71; Q=5; Du=0.1; Sc =0.6; Kc=1; M = 1.5; When Pr=0.71; R=1,;Q=5; Du=0.1; Sc =0.6; Kc = 1;
Gr=10;Gm=5;E=0.01; k=1 Gr=10;Gm=5;E=0.01; k=1

The effects of radiation parameter R on the fluid velocity indicates by Figure 1. It may be noted to determine the
relative importance of thermal energy on the fluid flow, the radiation parameter is used. Thermal energy results in a fall
in thermal energy, which then depicts a loss in the fluid of kinetic energy, as a result of which the fluid velocity decreases.
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The significance of the application of the magnetic field in a fluid flow display in Figure 2 and from the figure it is
observed that as the value magnetic field parameter M increases the fluid velocity declines. This results that when a
magnetic field is applied to an electrically conducting fluid, a resistive type of force is generated known as Lorentz force
which has the tendency to retard the fluid motion.

Table 1. Skin friction 7 at the plate for the values of M = 1.5; Pr=0.71; Q=5; Du=0.1; Sc=0.6; Kc =1; Gr=10; Gm = 5; E =
0.01; k=1

M k R Du T

2 1 1 0.1 1.4338
4 1 1 0.1 1.2055
6 1 1 0.1 0.0980
1.5 1 1 0.1 1.9428
1.5 2 1 0.1 2.5402
1.5 3 1 0.1 2.7655
1.5 1 5 0.1 1.2370
1.5 1 10 0.1 1.1033
1.5 1 15 0.1 1.0573
1.5 1 1 0.1 1.9428
1.5 1 1 0.2 1.0514
1.5 1 1 0.3 0.1601

Figure 3 depicts the effects of permeability. Fluid velocity is increased with the increasing values of the permeability
parameter. Figure 4 and Figure 5 respectively shows the effects of the thermal Grashof number Gr and mass Grashof
number Gm. The ratio of thermal buoyancy force and viscous hydrodynamic force in the boundary layer is the Thermal
Grashof number. The thermal buoyancy force dominates over the viscosity of the fluid as Gr increases. Likewise. The
mass Grashof number is the relative effect of mass buoyancy force and viscous hydrodynamic force and thus the fluid
motion enhances with the increase of Gm.

2 ; : : : : 25
2l
A
15
W’
05+
Gr=5,10,15
0
6 0 1 2 3 4 5 6 7
y >
Figure 3. Velocity profile for variations in & Figure 4. Velocity profile for variations in Gr
when Pr=0.71;R=1;Q=5;Du=0.1; Sc=0.6; Kc=1; M = when Pr=0.71; R=1;Q=5;Du=0.1; Sc=0.6; Kc=1; M
1.5; Gr=10; Gm =5; E=0.01 =15E=001;k=1

08

0.6

Gm=5,10,15
04+

02

0 1 2 3 4 5 6
y >

Figure 5. Velocity profile for variations in Gm
when Pr=0.71; R=1;Q=5; Du=0.1; Sc=0.6; Kc=1; M=1.5; Gr=10; E=0.01; k=1
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The Figures 6-8 displays the effects of various parameters on temperature. Figure 6 indicates that due to thermal
radiation the temperature of the fluid diminishes. This result qualitatively meets the expectations as the effect of radiation
is to decrease the rate of energy transport to the fluid, thereby decreasing the temperature of the fluid. A fall in temperature
profile occurs with heat absorption which is demonstrated in Figure 7. Figure 8, depicts the Dufour’s effect on the
temperature profile. It is obvious that the temperature of the fluid falls with the diffusion-thermo effect. All these figures

clearly indicates that at the plate, the fluid temperature is maximum.

In Figure 9 and Figure 10 respectively, the variations of concentration in the flow domain due to Schmidt number
and permeability parameter are illustrated. Figure 10 displays with the increasing values of Schimdt number diminish the
fluid concentration. Schimdt number is the ratio of the momentum diffusivity to the mass diffusivity. So, as Sc increases,
the fluid concentration reduces. Figure 11 depicts that it lowers the concentration of the fluid as the porosity of the medium

increases.
2] 1
1.8 09+
16+ 08
A
14+ A 0.7
12t 06
= qh R=0.1,0305 <05
08 04
061 03 Q=5,10,15
04+ 02+
021 0.1F
0 ) X 0 , - ‘
0 2 4 6 8 10 0 0.5 1 15 2 25 3 3.5 4
Yy —— y —>
Figure 6. Temperature profile for variations in R Figure 7. Temperature profile for variations in Q
when Pr=0.71; Q=5; Du=0.1; Sc=0.6; Kc=1; M= 1.5; Gr when Pr=0.71; R=5;Du=0.1; Sc=0.6; Kc=1, M= 1.5;
=10;Gm=5; E=0.01; K=1 Gr=10;Gm=5,E=0.01; k=1
3 . i . : . 1 r . - - .
0.9
25 A o8
A 0.7
2l
T 06 Sc=0.22, 0.30, 0.60
15 = 0.5
Du =5, 10, 15
041
1 03
0.2
051
0.1
00 1 2 3 4 5 6 00 5 [ 7
Figure 8. Temperature profile in variations Du Figure 9. Concentration profile for variations in Sc
when Pr=0.71; Q=5;R=5;Sc=0.6; Ke=1; M= 1.5; when K¢ =5

Gr=10;Gm=5;E=0.01; k=1

1

0.9
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= 05
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0
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Figure 10. Concentration profile for variations in Kc when Sc = 0.30
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tab

Table 1 shows that the change of skin friction coefficient for different values of the parameters. It is seen from the
le that skin friction gets decreased in the increasing values of magnetic parameter, radiation and Dufour number. But

viscous drag is increased due to the increasing values of permeability parameter.

5. CONCLUSION

The present investigation leads to the following conclusions:

7
%

7
0‘0

4

~

The fluid velocity increases as the Dufour number increases whereas it decreases with thermal radiation and heat sink.
The fluid motion decelerates as the strength of the magnetic field increases whereas it enhances with thermal Grashof
number and mass Grashof number.

The temperature of the fluid falls under the influence of Prandtl number, Dufour number, thermal radiation and heat
absorption.

The concentration level of the fluid drops with the Schmidt number and permeability of the porous medium.

Skin friction at the plate increases as the Dufour number and heat sink parameter values increases. Viscous drag at
the plate was reduced for increasing values of the magnetic parameter.

Plate temperature of the body’s surface decreased due to the effect of the Dufour number and Prandtl number.

Nomenclature
q fluid velocity (m/s) 13 solutal expansion coefficient (kmol™1)
f current density (A/m?) T free stream concentration (k)
g acceleration vector due to gravity (m/s?) Co free stream concentration (kmol)
B magnetic flux density vector (Wb/m?) By applied magnetic field strength (T)
2/g  energy of ohmic dissipation per unit volume (4%(/m?) u viscosity coefficient (kg/m s)
p fluid pressure (N/m?) K porosity parameter
U velocity of free stream (m/s) q heat flux (W/m?)
Cy plate species concentration (kmol/m?) T fluid temperature (K)
Co free stream concentration (kmol/m?3) C concentration (kmol/m3)
Dy mass diffusivity (m?/s) 0 nondimensional temperature
Kr thermal diffusion ratio, m(kmol). (0] nondimensional concentration
Poo fluid density far away from the plate (kg/m?) g acceleration due to gravity
@ energy viscous dissipation per unit volume (J/m?S) E Eckert number
Cs concentration susceptibility (kmol?s?/m?) Pr Prandtl number
Gr radiation heat flux vector (W/m?) (0] heat sink parameter
K¢ first order chemical reaction rate (s ™) Sc Schmidt number
p fluid density (kg/m?) Gr thermal Grashof number
v kinematic viscosity (m2/s) M magnetic parameter
K thermal conductivity (W/m K) Gm solutal Grashof number
K* mean absorption coefficient (m™1) R radiation parameter
o electrical conductivity (Q~tm™1) Du  Dufour number
E electrical field intensity vector (N/C) K. chemical reaction parameter
B thermal expression coefficient (k™)
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BILJINB BUITPOMIHIOBAHHS HA MTJI BUIbHWIT KOHBEKTABHUM ITOTIK ITOB3 HAIIIBHECKITHUYEHHY
MOPUCTY BEPTUKAJIBHY IIVIACTUHY YEPE3 IOPUCTE CEPEJOBHUIIE
Caiti lllapma?, Kanrkan Yoyaxypi?, Xapyn Aab Pamua®
“@akynomem mamemamuxu, Ynieepcumem nayxku i mexnonoziu Meexanas, Inois
bﬂenapma/wenm mamemamuxu, koneoxc binacinapa, Accam, Inoia

PosmsinyTo mochimkenns MIJI-TeruiomacooOMiHy JUCHUIIATUBHOTO BITbHOTO KOHBEKTHBHOIO OOTIKaHHS HAIiBHECKIHYSHHOT HOPUCTOT
BEPTUKAJIBHOI IUIACTHHM Yepe3 TIOPUCTE CEPEIOBUILE 3a HAsBHOCTI TEIJIOBOTO BUIPOMiHIOBaHHS. HOBHM3HA aHOT poOOTH mosrae B
JOCTIDKEHHI BIUIMBY BUIIPOMiHIOBaHHA (HaOMmkeHHS Poccenanna) Ha TpaHCIOPTHI XapaKTEPUCTHKU MOTOKY. PiBHSHHSA, 1110 KEPYIOTh
IIOTOKOM TEIIJIO- Ta MacoOOMiHY, PO3B’SI3yIOTHCS 33 JOIIOMOT'OI0 METOY PO3KJIaJaHHs B aCHMITOTHYHU PSJ VISl OLIHKY BUpa3iB IS
IIBAAKOCTI, TEMIIEPATypH, IIOJIB KOHIIEHTPAIIi], TOBEPXHEBOTO TEPTsl, MIBUAKOCTI TEIJIO- Ta MacooOMiHy. BmmB pizHux ¢iznaamx
rapaMeTpiB Ha IOTIK OOrOBOPIOETHCS 3a JONOMOrolo rpadikiB i B TabmuuHiii ¢opmi. BeraHosneHo, mo 30inbLIIeHHs Iapamerpa
BUIIPOMIHIOBAaHHS 3MEHIIY€E MIBUAKICTD 1 Temreparypy. Jlani BUaHO, 10 MIKipHE TepTs Ha IUIACTUHI 3MEHIIYBAJIOCS 31 301IbLICHHM
3HAYCHb [TAPaMeTPa BUIPOMiHIOBAHHS.

Kurouosi cioBa: padiayis;, MIJ]; nopucme cepedosuuye; 6inbHa KOH8EKYis





