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Saving energy, shortening processing times, maximizing thermal efficiency, and lengthening the life of industrial equipment are all
possible outcomes of heating and cooling optimization. In recent years, there has been a rise in interest regarding the development of
high-efficiency thermal systems for the purpose of enhancing heat and mass movement. This study presents an investigation on the
non-linear flow of a hybrid nanofluid comprising of Multi Walled Carbon Nanotubes (MWCNTs) and Single Walled Carbon
Nanotubes (SWCNTs) over an extended surface, considering the effects of Magnetohydrodynamics (MHD) and porosity, with
engine oil serving as the base fluid. Also, radiation and Darcy-Forchheimer flow is considered. The problem of regulating flow is
transformed into ordinary differential equations (ODEs) by employing similarity variables. The Midrich Scheme is then used to
implement a numerical solution to these equations in the program Maple. Through visual representations of fluid velocities and
temperatures, the inquiry addresses several important factors, including magnetic parameters, porosity parameters, radiation
parameters, Eckert numbers, inertia coefficients, and Biot numbers. The research has important implications in a number of real-
world contexts. Due to its exceptional characteristics, such as reduced erosion, reduced compression drops difficulties, and greatly
increased heat transfer rates, hybrid nanofluids are frequently used in heat exchangers. For instance, various cooling devices such as
electromagnetic cooling systems, as well as heat exchangers including condensers, boilers, chillers, air conditioners, evaporators, coil
preheaters, and radiators. Furthermore, it has the potential to be employed in pharmaceutical businesses and the field of biomedical
nanoscience.

Keywords: BVP Midrich scheme; MHD,; Thermal radiation; Porous medium, Heat source; Darcy-Forchheimer flow; Hybrid
nanofluid
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INTRODUCTION

Because of its importance in a wide variety of engineering challenges and businesses, the issue of heat transfer
continues to be one of the most hotly contested topics among scholars in the modern day. Nevertheless, water, oil,
and glycol are commonly utilized in most applications, despite their poor thermal conductivity and inefficiency in
facilitating heat transmission. To address this issue and enhance thermal efficiency, innovative fluid mediums,
namely nano fluids and nanoparticles, are being created. Choi [1] was the first person to ever add metallic
nanoparticles into base fluid for the purpose of increasing thermal conductivities and hence enhancing heat transfer.
A few examples of real-world applications where nanofluids are employed to achieve higher levels of efficiency
include the refrigerator, air conditioners, and other microelectronic goods as well as microcomputer processors.
Researchers from all over the modern globe have been reporting their findings on the study of nano fluid, which has
included both numerical and experimental research. Despite the significant advancements made in the field of
nanofluids, contemporary researchers remain highly motivated and eager to explore novel fluid alternatives that
surpass the thermal conductivity of nanofluids. Hybrid nanofluids, an advanced variation of nanofluids, have been
developed to enhance performance and can serve as a suitable alternative to conventional nanofluids. Hybrid
nanofluids consist of a combination of two modified types of nanoparticles. Compared to the base fluid and
nanofluids made from a single type of nanoparticles, the hybrid nanofluid is predicted to have more advantageous
thermal properties for heat transfer. Because of its superior performance, it is often referred to as a "next-generation
fluid." Recently developed hybrid nanofluids have found widespread application in several fields of heat
transmission. Microelectronics, microfluidics, transportation, manufacturing, medicine, military, acoustics, naval
architecture, propulsion, and many more disciplines all fall under this broad category. The primary objective of
utilizing hybrid nanofluids lies in the ability to strategically select an appropriate amalgamation of nanoparticles.
This selection allows for the manipulation of the nanofluid, so augmenting the advantageous characteristics
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associated with each particle type. Additionally, this approach serves to mitigate the drawbacks that arise from
employing these particles individually, owing to the synergistic impact that arises from their combined utilization.
The enhancement of thermal conductivity properties in hybrid nanofluids has garnered significant attention from
researchers, leading to a substantial body of work focused on the practical applications of thermal transmission
problems involving hybrid nanofluids. The investigation of heat transfer rate using hybrid nanofluid has emerged as
a prominent field of study in recent years [2—6].

The thermo-physical and volume partitioning techniques are employed to ascertain the heat transport
characteristics of nanomaterials. Nano fluids encompass a wide range of materials, including carbides, oxides,
nitrides, fullerene, metals, and carbon nanotubes (CNTs), which are classified based on their size, form, and
distinctive properties. The investigation of carbon nanotubes (CNTs) has been undertaken due to their heightened
thermal conductivity properties. Carbon nanotubes, also known as CNTs, have a nanostructure resembling a barrel
and are made up of numerous different allotropes of carbon. In the domains of health sciences, applied sciences,
material sciences, energy, optics, natural sciences, and manufacturing, the morphological properties of carbon
particles in spherical and tubular shapes are both intriguing and valuable. Single-walled carbon nanotubes
(SWCNTs) and multi-walled carbon nanotubes (MWCNTs), which are differentiated from one another based on their
structural properties, are the two unique categories that carbon nanotubes (CNTs) can be placed into. In 1991,
Iijima [7] conducted a pioneering study on the application of CNTs in the examination of MWCNTs utilizing the
Krastschmer and Huffman approach. The credit for the identification of SWCNTs is ascribed to Ajayan and Lijima
in the year 1993 [8]. Over the past two decades, a substantial number of scholars have contributed a significant body
of literature on the utilization of carbon nanotubes. The following selection of articles, ranging from
references [9-16], may prove valuable for academic study purposes.

The field of fluid dynamics known as magnetohydrodynamic flow examines the magnetic properties of fluids that
carry electricity and is a subfield of electrohydrodynamic flow. The application of magnetic fields in boundary layer
flows serves the objective of causing separation of the boundary layer. A large number of researchers have included the
impact of an external magnetic field effect into challenges involving hybrid nanofluid boundary layers.
Magnetohydrodynamics, or MHD for short, offers a wide range of applications across a variety of business sectors and
engineering subfields. Prominent applications of magnetohydrodynamic (MHD) technological innovations include
controlled thermonuclear nuclear power plants, machines for refreshing shiny plates, power plants, circulatory control
during surgical operations, magnetic endoscopy, magnetic devices utilized for cell separation, radiation therapy for
cancer malignancy treatment, and magnetic targeting of medications. Magnetic endoscopy, magnetic cell separators,
magnetic radiation therapy for tumors, and magnetic medication targeting are among further uses. In light of the
aforementioned uses of the MHD, a significant number of researchers have investigated the MHD in the context of a
variety of issues pertaining to fluid mechanics [17-19].

This study aim to examine the transport of hybrid nanofluid containing MWCNTs and SWCNTs over a stretched
surface in presence of MHD and porosity with engine oil as base fluid. Also, radiation and Darcy-Forchheimer flow are
taken into account. Notwithstanding the utility of the investigation, the flow model in question has not been formerly
disseminated, and its flow features have not been subject to prior examination. The inquiry was prompted by the
presence of multiple studies discussing the applications in industry and advancements of hybrid nanofluids. The
mathematical model is solved by a computational approach known as the BVP Midrich method. The control problem
can be effectively solved using Maple software, enabling the presentation of results through the use of figures and
tables. This paper presents a qualitative analysis of the flow dynamics.

MATHEMATICAL MODELING

In addition to a stretched surface, a two-dimensional heat transfer representation is examined in a mixed-heat-
dispersal (MHD) SWCNTs and MWCNTs hybrid nanofluid. Within the framework of the energy and temperature
equation, thermal radiation is taken into account. As can be seen in Table 1, two distinct kinds of nanoparticles, namely
SWCNTs and MWCNTs, are suspended in the base fluid Engine oil. The velocity components # and v are measured
along the x-axis and the y-axis, respectively; the velocity is written as u,, = ax. Furthermore, the temperature of the sheet
as well as the temperature of the free stream is represented by the symbols 7', Tw, respectively, which is demonstrated
in Figure 1.

Table 1. Thermophysical properties of Engine oil, SWCNTs-MWCNTSs hybrid nanofluid [22]

Property Engine oil SWCNTs MWCNTs
Density p (kgm™) 884.00 2600.00 1600.00
Specific heat C, (Jkg™' K ™) 1910.00 425.00 796.00
Heat conductivity &, Wm'K™") 0.1440 6600.00 3000.0
Electrical conductivity o (Qm)™ 10° —2x107 107¢ -10° 10° 10’
Pr 6450
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MWCNTs

SWCNTs

Figure. 1. Geometry of the problem

The governing flow equations are constructed as [20][21]
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In order to create the following dimensionless ODEs, Eqs. (2) and (6) are transformed using the ideal technique
indicated in Eq (8).

R1 m ” "2 R1 ’ 7 R5 ’_
x! R, (77-(f) )—R—sz ~Fif” -2 M=o, (10)
9"(R4+§Rdj+R3Prf¢9’+PrQ =5 MEc(f') =0. (11

The boundaries of the change are described as:

£(0)=0.£(0)=L.R&'(0) =~Bi(1-6(0))

, , (12)
J(0)=0,6"() =

2 U c, ) 46°T?

is the Magnetic field parameter, Pr= ( p)/ is the Prandtl number, Rd = O; =
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Note that M =
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Radiation parameter, Bi :k_ —— is the Biot number, Ec =————1is the Eckert number, and K =—— is the
a c

f P (T/ -T. ) ak
porosity parameter, F° =( L j non-uniform inertia coefficient, and Fr = C,_d inertia coefficient, O 9
r K ' Q (p Cl’ ) f
heat absorption/generation coefficient.
The dimensional form of Cy, and Nu are expressed as
T,
C, =t (13)
p f uw
. Ju
Where shear stress 7, is 7, = 4, ™
y=0
xq,
Nuy=——"— (14)
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Where heat flux q,,is g, =—k,,, oar
y ay o
The non-dimensional form of Egs. (13—14) converts are
) ”
Re’C, =CF =R f"(0), (15)
Re.>Nu, = Nu=—R,8'(0). (16)

Where Re, is the local Reynolds number.
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SOLUTION METHODOLOGY
The nature of the ODE system (10-11) with BCs (12) is extremely nonlinear in its characteristics. For the purpose
of dealing with these equations, we adopt a computational approach known as the BVP Midrich method see in Figure 2.
Using Maple, we are able to solve the control problem. The midway method's standard operating procedure is laid out
in detail below.
The following is a demonstration of the overall algorithm for the technique of midpoint collocation

Z(x)=F(x.Z (%), Z(x)=Z, (17)
In the explicit midpoint approach, also known as the Modified Euler method, the formula looks like this

Zo =T (3,40, 2+ 5 F (5, Z) | as)
2 2

The above equation / represents the step size and x, = (x, +nh).
The strategy that takes into account the implicit midpoint may be described as

J— J— 1 N
Z. :Zn+hF(xn+g, zn+5(zn, ZM)), n=0,1,2,.. (19)

At each step size, the technique for locating the midpoint has a local error of order O(h’) whereas the global error
is of order O(h?). When dealing with algorithms that are more quantifiable demanding, the algorithm-error decreases at
a quicker rate as 7 — 0 progresses, and the result gets more dependable.

| |
l

Define system of ODEs
And

Boundary condirions

l

Fixing parameters |

‘ Dsolve (Numeric, midrich) |

<—{ Converged ‘
Yes l

New iteration for new value of
paramerers

Figure 2. A flow chart pictogram of BVP Midrich technique

RESULTS AND DISCUSSION

The non-dimensional controlling flow model (10) — (11), which are subject to the boundary conditions (12), may
be solved numerically with the assistance of Maple built in BVP Midrich scheme. We took the values of non-
dimensional parameters and evaluated. Table 2, which illustrates the variances in skin friction coefficient, yields the
exact solutions. The findings of both investigations were determined to be fairly accurate. Table 3, which demonstrates
that various parameter values for CF. In the current part of the study, the authors go over the findings from the graphical
narrative of the significant physical quantities in order to determine the quantitative fluctuation in relation to several
important problem factors. To this end, writers have created graphs that define velocities, temperatures, Skin friction
and heat transfer coefficient in order.

Table 2. Comparison table for various Prandtl numbers of the current study.

Pr Ali et al. [20] Present results

0.7 0.4560 0.4552902

2.0 0.9113 0.9101351
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Table 3. The quantitative results of the skin friction coefficient of different of values for M, Fr and K by fixing parameter values

Rd =Bi =04, and Pr=Ec=0.1.

M Fr K CF

0.1 0.4 0.5 1.026591
0.2 0.4 0.5 1.262674
0.3 0.4 0.5 1.004382
0.3 0.1 0.5 1.496002
0.3 0.2 0.5 1.172028
0.3 0.3 0.5 1.006005
0.3 0.4 0.1 0.958371
0.3 0.4 0.2 1.009034
0.3 0.4 0.3 1.045792

The influence of M on the velocity of MHD SWCNTs-MWCNTS/EG hybrid nanofluid is highlighted in Figure 3.
Higher values of M cause some resistance in the fluid motion, as can be seen from the plot. The Lorentz forces, which
are the resistive forces, increase in strength as M increases. when a result, when M increases, the Lorentz forces get
stronger and slow down fluid motion.

M=04,08, 1.2 K=0.10203

1 1
0.8 0.8
0.6 0.6
£(n) f(n)
04 04
02 02
L] 1 2 0 1 2
n n

0o 0o

Figure 3. Pictogram of M on (1) Figure 4. Pictogram of K on f’(7)
Fr=02,04,06 M=0.5,10, 15

1 1
08 0.8
0.6 0.6
£(m) ()
04 04
0.2 02
[} o
0 1 1
n n

Figure 5. Pictogram of F7 on f’(?])

Figure 6. Pictogram of M on 6’(7])

Figure 4 show the influence of the porous parameter K on the velocity of hybrid nanofluid. Raise in K essentially
increases the difficulty of boundary layer separation. Additionally, as the frictional drag force increases, the boundary
layer flow is not supported. Consequently, a downward tendency in the velocity pattern is observed for higher K.
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Figure 5 describes the behavior of Fron f(7). Large local inertia coefficient values, which lower fluid speed

and boundary layer thickness, are indicative of enhanced medium porosity. Higher Fr causes the pores to enlarge, which
ultimately lowers the speed.
The effect of the magnetic parameter (M ) on the temperature profile is depicted in Figure 6. Thermal energy

strengthens the Lorentz force by motivating hybrid nanofluids to dissipate sub kinetic energy. In fact, as the magnetic
factor increases, the size of the boundary layer's velocity profiles falls, leading to a raise in boundary layer temperature.

Rd=10,2.0,3.0 Pr=2.0,4.0,6.0

1 1
08 08
06 0.6

8(n) B(n)

04 04
02 02

0 L]

o 1 2 3 o 1 2 3
n n
Figure 7. Pictogram of Rd on 6(77) Figure 8. Pictogram of Pr on &(77)
Bi=1222 3.2 Ec=04,0.8, 1.2
10 '
09
o 0.8
07
is 0.6
9(']) 05 O(n)
0.4 04
03
02 02
01
o 1 2 3 ‘ 0 1 2 3
n n
Figure 9. Pictogram of Bion 9(77) Figure 10. Pictogram of Ec on 9(77)

Figure 7 depicts the effect of various radiation parameter (Rd) values on the temperature of hybrid nanofluid.

Kinetic energy, or the energy required to cause moving atoms in matter to rotate, is derived from heated surfaces and is
known as electromagnetic energy. The graph unequivocally demonstrates that better heat transmission results from
raising the radiation parameter. A thicker thermal barrier layer is produced when the Rd parameter is raised because
more heat is transported into the liquid. The temperature rises as the radiation parameter increases because the mean
absorption coefficient drops. Thermal radiation has a positive physical effect on the medium's thermal diffusibility,
which increases the temperature profile. Physically, higher temperature and a thicker thermal boundary layer are
correlated with increased thermal radiation parameters.

The temperature for various amounts of Pr is revealed in Figure 8. It is clear that as Pr increases, the temperature
parameter decreases. The boundary layer of thermal energy is thicker and the rate of heat transmission decreases for
smaller Pr. Typically, Pr is employed in heat transfer-related applications to determine the width of the thermal and
also the momentum border layers. This is due to the fact that when the Prandtl number increases, the thermal diffusion
rate drops.
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Figure 9 is aimed at presenting the variation in temperature with Biot number. The convective boundary property
at the surface is connected to the Biot number. As the Biot number rises, the temperature gradient close to the surface
also rises, raising the temperature there and, consequently, the thickness of the thermal boundary layer, as seen in
Figure 9 the thermal resistance of a body as measured by its Biot number is the ratio of its internal thermal resistance to
its surface thermal resistance.

Figure 10 describes the plot of temperature counter to the Eckert number Ec. The production of thermal energy
increases with the existence of FEc in nanofluid, becoming more intense, improving temperature distributions, and
therefore increasing thermal layer thickness. This is because frictional heating causes an increase in heat energy in the
flow, which the viscosity of nanofluids stores and converts into internal energy when heated. From the same figure, it is
noticed that the temperature is maximum near the walls when compared with the middle of the channel. Since Ec is
proportional to the enthalpy of heat and to the kinetic energy of particles, an increase in Ec results in greater kinetic
energy for the particles by decreasing the enthalpy actor, and thus an increase in temperature. Figure 11 depicts the
inspiration of Q on energy outline. For the higher numeric values of the Q in energy profile enhanced. Physically, when
heat generation rises, so does the inherent energy of liquid particles, resulting in a rise in the temperature outline.

0=0.2 04,06 16
M=02,04,06

135

08
14
0.6 i

cF
(]

04 12

02
1.0

0 o 1 2 3
0 05 1 15 2 K
n
Figure 11. Pictogram of Q on 6(7) Figure 12. Sway of K and M on CF

Ee=10.2,04, 0.6

Rd

Figure 13. Sway of Rd and M on Nu

The skin friction coefficient diminutions when growing the values of a magnetic parameter, similarly the skin
friction increases when increasing porosity parameter is revealed in Figure 12. The effect of the radiation parameter and
the Eckert number on the Nusselt number is shown in Figure 13. Increasing the Eckert number results in a
corresponding rise in the Nusselt number and the radiation parameter. Plots or graphs of contours are frequently
employed in the field of fluid dynamics for the purpose of visualizing and analyzing numerous characteristics included
inside a liquid, including its speed, pressure, energy, and concentration. For the higher values of the magnetic parameter
case, we are observing on decreasing tendency which is presented in Figures 14 and 15, while the opposite nature we
noticed on Nusselt number profile and it is demonstrated in Figures 16 and 17.
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The various values of M, K, Fr were presented in Figures 18, 19, and 20. Rising porosity liquid medium leads to
reduced magnetic field for the movement of fluids, as seen in the graph. A decreased heat transfer rate is seen for
moving sheet. Streamlines have significance in the study of fluids and technology for many different reasons.
Streamlines illustrate movement of fluids characteristics. They demonstrate fluid particle movement and path

throughout period. This simplifies unpredictable interpretation.

CF CF
| .
15
| -
05
0
0 0z 04 04 0z 1 0 035 1 15 1

Figure 14. Sway of K and M on CF Figure 15. Sway of Fr and Rd on CF
Nu Nu
! 2
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M M
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05
02
0 0
L] 02 04 06 08 1 0 035 1 15 2
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Figure 16. Sway of Fr and Rd on Nu Figure 17. Sway of Fr and Rd on Nu
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Figure 18. Stream lines for M Figure 19. Stream lines for K
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CONCLUSIONS
The current research study explored the numerical solution for MHD of SWCNTs-MWCNTs /Engine oil hybrid

nanofluid over a Stretching surface. The Numerical method (BVP Midrich scheme) was used to solve the issue of
velocity, temperature and the outcome was truly solution to the model. The results are presented in a variety of
graphical formats, including a two-dimensional plot, Contour plots, and streamlines.

The research produced a number of interesting findings, which are listed below:

1. The high local inertia coefficient values, which lower both the fluid velocity and the boundary layer thickness.
Thermal radiation has a positive physical effect on the medium's thermal diffusibility, which increases the
temperature profile of the hybrid nanofluid.

3. The temperature gradient at the surface rises with a rise in the Biot number, raising the temperature there and,
consequently, the thickness of the thermal boundary layer.

4.  When the value of Ec is increased, it results in an elevation in the kinetic energy of particles due to a decrease
in the enthalpy factor. This increase in kinetic energy subsequently leads to a rise in temperature.

5. By enhancing the values of the Eckert number, increases the Nusselt number and the radiation parameter.

6. As the values of the radiation parameter and magnetic field parameter are increased, the rate of skin friction
increases.

7. Magnetic parameter strength draws electrical conductivity molecules more towards to the main stream is
observed on streamlines plots.
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BAKJUBICTH BIIBUTOI COHAYHOI EHEPTII, 1)1 HABAHTAKEHOI SWCNTs-MWCNTSs/EG, IIOPACTOI
PO3TSTHYTOI MOBEPXHI DARCY: CXEMA MIJPIXA
Pamacexxap I'ynicerti?, Canranarnam Cynirxa®, Baninenrta Papikymap®, llaiik Txakep?,
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“ Kagpeopa mamemamuxu, Memopiansnuii koneddc indcernepii ma mexuonozii imeni Paoacusa I'andi (agmonommnuii),
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b lenapmamenm npuxnaonoi mamemamuxu Yuisepcumem Hozi Bemana Kaoana, 516003, Anoxpa-Ilpadew, Indis
¢ Jlenapmamenm Mamemamuxu, IHCIMunym mexHono2ii i Hayk AnHamayapvsi, (ABMOHOMHUIL),
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ExoHOMist eHeprii, CKOpoueHHs dYacy OOpOOKH, MaKkcHMi3alisi TepMidHOi e(eKTHBHOCTI Ta MOMOBKECHHS TEPMIHY CITyKOU
MIPOMHCIIOBOTO OOJIaTHAHHS — YCi MOXKJIMBI PE3yJIbTaTH ONTHMI3allii omajieHHs Ta 0XookeHHA. OCcTaHHIMHU POKaMH 3pic iHTepec 10
PO3pOOKH BHCOKOS(EKTHBHUX TEIUIOBHX CHCTEM 3 METOI0 MiJBHIIEHHS TEIUIO- Ta MacolepeMiIleHHS. Y IbOMY JOCIiKEHHI
MPEJCTABICHO JOCTI/DKCHHS HEJTIHIHHOTO TMOTOKY TiOpuaHOl HaHOQIIIOIMY, IO CKJIagaeThCcs 3 0araTOCTIHHHUX BYTJICLIEBHX
nanotpybok (MWCNT) i oxHocTiHHHX ByrieneBux HaHoTpyOok (SWCNT) Haj po3TSTrHYTOIO MOBEPXHEI0, BPAXOBYIOUHM BILUIUB
MarHiTorigponuHamika (MHD) i mopucTocTi, 3 MaciassHUM OBUTYHOM, SIKE CIIy>KUTh 0a30BOIO0 DPiOMHOI. Takok BpaxoBYeETHCS
pamiamis ta motik [apci-®opxreiiMepa. 3amava perynoBaHHS MOTOKY IEPETBOPIOETHCS HA 3BMUAiiHI qudepeHIlianbHi piBHAHHS 3a
JIOTIOMOTOI0 3MiHHHX nomiOHocTi. Cxema Minpida MOTIM BUKOPHUCTOBYETHCS [UISL peaizalii YMCeIbHOr0 PO3B’sI3Ky IUX PIBHSHB Y
nporpami Maple. 3a IONOMOror0 Bi3yaJIbHOTO TPEICTAaBICHHs MIBUAKOCTEH 1 TeMIepaTyp piIMHHM 3allUT CTOCYEThCS KUIBKOX
BaJIMBUX (DaKTOPiB, BKIIOYAIOYM MATHITHI MapaMeTpH, mapaMeTpH MOPUCTOCTI, MapaMeTpyd BUIPOMiHIOBaHHS, uuciaa Exkepra,
koedimieHTH iHEpUii Ta yucaa Biot. JlocmimkeHHsS Ma€e BaXXJIMB1I HACTIIKK B 0araTb0X KOHTEKCTaX PEaIbHOTO CBITY. 3aBISKH CBOIM
BHUHATKOBUM XapaKTEPHCTHKAM, TAKUM SIK 3MEHIIECHHs epo3ii, 3SMEHIIEeHHsI TPYHOIIIB NaiHHs [IPY CTHCHEHHI Ta 3HAYHO ITiJIBUIICHA
MIBUJIKICTB  Terulonepenadi, riOpuaHi HaHOQUIIOIAM 4YacTO BHKOPHCTOBYIOTHCSI B TeIUIOOOMiHHMKaX. Hanpuxman, —pisHi
OXOJIO/DKYBalIbHI MIPUCTPOi, TaKi SK ENEKTPOMArHITHI CHCTEMH OXOJO/KEHHS, a TaKoX TeIUIOOOMIHHHUKH, BKIIIOUAIOUH
KOH/ICHCATOPH, KOTJIH, YAIICPH, KOHIUIIOHEPH, BUIIAPHUKH, 3MIHOBHKH MOIIEPEIHBOT0 HAarpiBaHHA Ta paaiatopu. KpiMm Toro, BiH
Mae TTOTeHIliall ISl BHKOPHUCTaHHs y (papManeBTHUHOMY Oi3Heci Ta B ray3i 6i0MeanIHOI HAHOHAYKU.

Kunrouosi caoBa: cxema BVP Midrich; MIJ]; mennose sunpomintosanns; nopucme cepedoguue, ddicepeno menia; nomix [apci-
Dopxeeiimepa; 2iopudHull HaHOGM0IO





