QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 2

A more advanced theoretical model of the
sphere earth's EM in a foreign
homogeneous EM field

Slobodan N. Bjeli¢?, Nenad A. Markovic”

aUniversity of Pristina — Kosovska Mitrovica, Faculty of Technical
Sciences, Kosovska Mitrovica, Republic of Serbia,

e-mail: slobodanbjelic49@yahoo.com,

ORCID iD:{=https://orcid.org/0000-0001-5642-8936

b Kosovo and Metohija Academy of Applied Studies,

Department UroSevac — Leposavi¢, Leposavi¢, Republic of Serbia,
e-mail: nen.mark74@yahoo.com, corresponding author,

ORCID iD: =https://orcid.org/0000-0001-6960-1953

DOI: 10.5937/vojtehg71-42923;https://doi.org/10.5937/vojtehg71-42923

FIELD: Theoretical electrical engineering, electromagnetics
ARTICLE TYPE: original scientific paper

Abstract:

Introduction/purpose: The paper describes a more advanced theoretical
model of the Earth's EM field based on two-component hypotheses. A
defined mathematical model that shows the rotation of the magnetically
conducting sphere of Tthe magnetization M in a foreign magnetic field and
the components of the magnetic field that may arise due to the rotation of
the Earth around its axis. According to the established model, in relation to
the reference values of the planet Earth, the values of the components of
the other planets in the solar system were calculated and the results were
tabulated.

Methods: The solution to the problem highlighted in the title of the paper
was determined using the combined, for that purpose, formalized methods
of physics and mathematical analysis, in order to develop a new, more
advanced mathematical model. For this purpose, the method of analogy
was used, related to the application of similar structural forms and
systems for researching electromagnetic processes and planetary
rotation. The method of analogy was applied for two interrelated reasons.
The first one is that all values that characterize the function of any natural
system are subject to change, and the second one is that the applied
solutions do not determine the conditions of the structure's function in
each specific case.

Results: The solutions in the form of original analytical formulas and
numerical values arranged in Table 2, referring to the influence of the
rotation of the planets and especially the Earth, will be applied to research
the effects of the EM field emitted by the Sun towards the planets,
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especially the role that the process plays in protecting the planet Earth.
The results given in Table 2 are particularly important.

Conclusion: The paper discusses the appearance and effect of the Earth's
EM field in a way that is understandable at the current level of scientific
development. Scientific findings in science and measurements in geo- and
astrophysics indicate the Sun as a possible source of the EM field that
extends through interplanetary space and the component of the Earth's
magnetic field is only a response to the influence of that source. Natural
phenomena and processes on the Earth can be defined in system theory
by a model that contains changes in the parameters of the state of the
planet.

Key words: advanced model, theory, planets, rotation, magnetism,
magnetic field.

Introduction

The division of the Earth's EM field into electric and magnetic field
components is relative. Electrostatic loads create a component of electric
field strength and in the vicinity of immobile charge carriers there is only
an electric field component while a moving carrier creates a magnetic
field component (Bjeli¢ & Markovi¢, 2023). The Earth's magnetic field
protects life on the Earth from cosmic particles, and a weakening of the
field reduces the protection. In astrophysics, the Earth's magnetic field is
defined as a physical field created and maintained by the rotation of
charged magma in the core (according to the accepted dynamo theory)
(Jacobs, 1987).

Nikola Tesla was the first to realize that the Earth is a good electrical
conductor and that the upper layers of the atmosphere have an important
role because, according to the measurements, they contain a stable
conduction line. Based on Tesla's postulate, EM processes inside the
Earth and in its outer layers can be viewed through influence as:

— an electrostatic system with a solid sphere and outer layers carrying

charges,

— an elementary electrostatic dipole that creates the electric and

magnetic components of the EM field,

— an elementary magnetic dipole that creates the electric and magnetic

components of the EM field,

— an elementary resonator of the electric component of the EM field, as

suggested by Tesla, and

— a planet that rotates under the action of the forces created by the

electric and magnetic field components.
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A more advanced model of a dielectric sphere in a
foreign homogeneous electric field

To obtain a more advanced model of the dielectric sphere in a
foreign homogeneous electric field, the starting relation for the potential is
important:

o :%Jrcz+(C3ir+c4i/r2)cosa, 1)
e ZC_16+CZe+(C3er+C4e/rz)cosa. (2
r

The potential ¢(r) for r—>w iS @=¢y+Egrcosa. After
substitution, we get: Coo = ¢y, C3¢ =Eg.

For a point charge, the electric field E=q/ 4;zgogrr2 depends on

(r):

q Cee
=—|Edr = =—.
7 =] Amgoe,r T 3)

By analogy, C,. / r is a component of the total charge of the sphere.
For the total charge of the sphere q=Q=0 in relation ¢, to this
constant is equal to C,, = 0. After that, the constant is determined C,;:

Pe = P +(E0r +Cye / rz)cosa. 4)
The potential of all points in a spherical dielectric ¢, is a finite value
valid only for C;; =0 and C, =0 (if the C; =0 component were in the
center of the sphere it would be (C;/r)— . C, with sufficient
accuracy to determine the potential in the field of the outer domain C,, is
Cyi =Cye = ¢y - Inside the dielectric is: ¢ = ¢y +Cs;r cosa .
The constants C,, and Cj are determined from the boundary
conditions. From the equations for ¢,, ¢; for r = R; which the condition

equivalent to the condition E; =E,,, follows: CgR;=EyR;+C,/RZ,
C, =-EoR;}.

C,i and Cg; follow from the equality of the normal components of
the induction: Dy, =D,, and E;; = E,; at the limit:

364




o) () ( 2Cae
—&| — = —& PRI = ,8' C3): =& EO— y 5
I( or r=Rq “Lor r=Rp | R ) Rf r=Ry ©

3¢ 3 Eo — &
C. =E € C4 =Cyo =RE;—=2—
s S0 g g T T e TR0y T (6)
3¢, Eo — &
gEg—8—=¢gEp|1-2—=—|. 7
000+ © 0( 256+5J )
The potential in the dielectric from z =r cos« is:
3¢ 3¢
=@y +Eof —=—cosa=¢y+E;g——=—7z.
7= 0 28, + & i 0 28, + & (8)
The strength of the electric field in the dielectric is:
_ 0ps 3é&e
a7 oz 0 280 + & ' ©)

The strength of the electric field E has the direction of the z axis,
does not depend on the coordinate and the field is homogeneous. The
potential outside the dielectric is:

Pe = P +E0{r T (Rl3 / rz)}cosa. (10)
Ee T &

For the chosen spherical coordinate system, the components of the
electric field strength outside the dielectric are:

6(/) En — & 3 3
E.=—8=F,|1-— " 2R /r COS o .
re or 0|: 2 3 i ( 1 )} (11)

The field strength and potentials of the charged dielectric sphere are
calculated according to Gauss's law and the solutions are given in Table
1. The obtained formulas for the sphere are calculated in relation to the
parameter « .

On the surface of the sphere for r =R, is:

Erg = Eo(l— ZﬂJcos a,
2€e + &

10 R? & -¢ —
e =22 =Ep 1+—+ "L sina.
r oo r° 2sq + &
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Table 1 Electric field strengths on the sphere
Tabnuua 1 — HanpsikeHHOCMb 351IEKMPUYECKO20 MoJisl 8 cghepe
Tabena 1 — Ja4uHe enekmpu4Hoz rosba y cehepu

a =0, Field Equator « =90° 7 a =1809, Field strength,
strength, N pole Field strength S pole

Erie =Eo| 1-2-2 5L ||E,, =0|ERge =0 |Ege = Eq| 1+ 24 || Epge = -Eo| 1-2—2 5 ||E, =0
2e¢ +&j 260 + 5 26¢ + &

The components E, at all points on the sphere are greater than the

external field components, and the lines D start from free charges, break
at the boundary surface and pass through the sphere without
interruption. The resulting field is homogeneous, but the field is also
affected by the polarization of the bound charges in the dielectric
(Pordevi¢ & Ol¢an 2012).

The resultant field strength in the sphere (inter) is the difference
between the strength of the foreign field E, and the field E, due to the

polarization:
E, =Ey—E,. (13)
The potential in the sphere is determined from the component of the
foreign field in the sphere E,(z) for r <R,, E, =—d¢,/ 0z, and the
potential of the bound charges if ¢, =0. For z=0 and z=rcosa we

get:

¢ =—(Eq-E,)cosa. (14)
The component —Egrcosa is created by the external field and
E,rcosa is created by the bound charges in the sphere. Part of the

potential from the moment of polarization, equivalent to a polarized
. Cosa
sphere is 0¢ = p_2 .
A 1
The sum of that part and the potential created under the influence of
the external field ¢; = ¢ + 0p is:

pcosa

Yo =—Eprcosa + > -
47 ot

(15)

The boundary conditions r <R, for strengths E, and inductions D,
outside the sphere are:
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U r da r-Ry r oo rle'
. psina .
—-Egsina+—=—-Ey-E_)sina.
0 4773eR13 ( 0 a)) a7

3

3 —_ i
From the equation Eg. =_aaqoe =Eo( —&;‘*—‘Q'Jcosa and
r r Ee T &

Eo —P (18)

Itis also for r <Ry, Dj, =Dg,, thatis for r = R;:

g-%)  _g (%)
oa r=Rq oa r=Rq

(19)
pcosa
£eEqCOSa + R &(Eq —E,)cosa.
It follows from equation (18):
Ei — &,
eEqg+26,E =¢Ey-¢E_,E =—"1""C E..
eko ebFw = 6ik0 ~éiEy, By & + 264 0 (20)
The vector of the polarization moment of the sphere is:
& — &
p=4mRIE, = 4w R S E,. (21)

&g + 289
If the surface load density 7 is uniformly distributed on the surface

of the sphere, it is equal to the normal component of the polarization
moment of the sphere 7 =Pn =P cos«a, where:

P=—_=p/|=7R? =3¢, 11— E,=3¢.Ew.
st p [3 1) € 5i +256 0 © (22)
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A model of an electrically conducting sphere in a foreign
homogeneous field

At all points of the plane x0y passing through the center, the

conductive and electrostatic unloaded sphere has the same potential
@ #0. At a distance z=rcosa from the sphere that is very small

g =0 according to the radius R; = Ry, it is considered that the sphere
has no influence on the EM field (if the total load on the sphere is =0,
the influence of the sphere exists if the point load appears as the sum of
the free charges on the sphere Q #0).

The potential ¢ at a distance r is:

0= +¢g +Egrcosa . (23)

A7 ¥

a
The first member on the right side is the response of the sphere
loaded with Q =0, and the increase in potential is Eygr cosa due to the
influence of the foreign field on the right side z=rcosa (for r -« the
potential is @0 )- The solution of the equation
p=p" +o"N =(C,/1)+C, +(Cgr +(C4 / I‘z))COSa is suitable for points
infinitely far from the sphere and can be substituted into the equation for
the potential (1) and (2), and then there is a unique solution with 4
constants. After substitution, the constants are:
C]_:Q/47T‘€a,C2=(00,C3:E0,C4. (24)
C, cannot be determined by substitution, because in the equations
for the potential (1) and (2) there is no component inversely proportional
to r?, and therefore it is determined from the condition that all points on
the boundary surface r = R; of the sphere have the same potential.

Tangential components at the boundary must be equal to zero.
Eit=E& =0. Thenitis:

Q 2
=const. = + @ +|EgR, +1C, / R Jlcos ¢ -
(4 172, Do [ o1 ( 4 1) (25)

When changing the angle «, the right side of the equation is
constant if:

(E0R1+C4 / Rf)zo, (26)

where: C, = -E4R; .
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Therefore, at all points of the dielectric surrounding the conducting
sphere, the potential is equal:

R3
7 + @ + EO(R1 - —;]cosa . 27)
r

A 1

For a spherical coordinate system, the two components of the field
strength follow from the equations:

g -0 g 10 g L O (28)
or a r oo rsina op
op Q 3,.3
E =2 _— —Ey|IR; +12Ry /7 )Icos a
o Amr? 0[ 1 ( 1 ) (29)
€, =122 - Eoft-[R3 /1 foina (30)
o

For Q=0 on the surface r =R; is E, =-3Eycosa. The field
strength is for a=0, Egr;=-3E,, E, =0, «=180°, Eg;=-3E,,
E, =0. The E, components at points on the sphere are three times
larger than the components of the foreign field.

At the equator for o =90° and Eg; =0 is:

E, =E, (1— R/ R} )sin a=0. (31)

A magnetically conducting sphere in a foreign
magnetically homogeneous field

To determine the solution for a magnetic sphere of a radius R; in a
foreign magnetic field, with given constants inside y; and outside x, the

sphere and boundary conditions, solutions for a dielectric sphere with
dielectric constants in a foreign electrostatic field are also used
(Dziewonski & Anderson, 1981). In a system of stationary charges and
an environment where electrical conductivity is zero, the electrostatic
field is a special case of stationary:

a) rotE =0, b) divD = py » €) D=¢,E . (32)

For rotE = 0, the electrostatic field is vortex-free. It
rotE =rotgradg =0 follows E =-gradp. So the field is potential
because it represents the gradient of the potential function and the sign
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(-) indicates that the E direction is from a point of greater to a point of
lesser potential. If the conduction current density is zero, the magnetic
field is:

a) rotH =0, b) divB =0, ¢c) B = sH. (33)
The following equations of magnetostatics are identical to the
equations of electrostatics in the areas with p.,,, =0, that is rotH =0,

rotE =0 and are equivalent to the equations H:—grad¢m and

E =—gradey .

Boundary conditions on the surface of the magnetic sphere in a
foreign magnetic field refer to the equality of the normal components of
the magnetic induction and the tangential components of the magnetic
field strength in both environments, outside the sphere and inside the
sphere (index i for internal space and e for external space).

For a dielectric sphere in a foreign uniform electric field, the
boundary condition on the surface is:

Din = Den, Eit =Eet, Bin =Ben, Hit =Hegy. (34)
In the analysis of the influence of the external field HO on the

magnetically conducting sphere, the methods of electrostatics EoH,
D« B, P« M are used. Polarizaton P =dp/dV corresponds to
the product of the magnetization M =dm/ dV and the constant z,. A

dielectric sphere in a foreign electric field is polarized as a homogeneous
medium, and the same thing happens with a conducting magnetic sphere
Uy > o in a foreign magnetic field. The strength H, of the

demagnetization magnetic field in the sphere and the direction opposite
to the direction of the foreign field defines the magnetization of the
sphere. The equation analogous to the field strength E of the dielectric
sphere is the magnetic field strength of the magnetization of the
magnetoconducting sphere:

_ %~ ¢%e Eo. H = H#"Ho

& + 28, T Uy +u (35)

[0

Outside the sphere, the component created by the magnetization of

the sphere appears as an elementary current field in the center of the
sphere, and the magnetic moment m is the sum of the magnetic
moments of all elementary currents in the domain. The magnetization of
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the magnetic field in the sphere is obtained similarly to the polarization
moment in the dielectric from equation (31):

p=4m RIE, = 4w R "% F o

(36)
< peHm = 47ZR13/ueHw = 47ZR13/Ue MEO
Hi + 2 g

The product of the magnetization and the constant x, are equal to

the magnetic moment of the sphere:

dm _ pem i = He

UM = pt,— = =3y, Hy=3uH,. 7
e edV (4/3)Rf eﬂi"'zﬂe 0 e ‘o (3)
The strength of the magnetic field in the sphere is the difference
between the strength of the external H, and the field due to the

magnetization H, and the induction:

34
H=Hy—H,=—"%¢ Hy, By = 1eHo,
0~ Hy 1+ 20 0+ Be = HeMo (38)
3 31
B=sH =gy —Fe—Hy =—H g, (39)

0=
Hi + 21 M + 2 g
If 4 -, H, =H,, then H=0, B =3B,. In addition to the speed

of light c, in the analysis of EM processes in stationary and/or moving
environments, the parameters of those environments are also used.

Basic EM states of the body at rest and in motion
(rotation)
In the analysis of the state, one stationary (system 0) is used with a

coordinate origin at the point 0, with coordinates in the Cartesian system
X, Yy, z and a time coordinate t and another system connected to a

moving medium in relation to the previous one with the a coordinate
origin at the point 0; and new coordinates in the Cartesian system X,

Y1, Z; and the time coordinate t .
If during the time t =0 both coordinate systems coincide and the
velocity of the medium in the direction of the axis x is v(y)# 0 according

to the theory of relativity, the Lorentz transformation that connects the
space coordinates of both systems and the time t is:
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X — Wt t—!v/czk

ﬁ,h:y,h:z’tl: e , p=vlic. (40)

At some point, the stationary carrier with respect to the system 0 has
a field strength E and a magnetic induction B. The field strength E is
the force acting on a unit static load q in the O coordinate system, and
the magnetic induction B means the force acting on a unit current
element at rest in the stationary 0 system:

E=iE, +JE, +kE,, B=iB, + B, +kB,. (41)

The strength of the electric field E; and the magnetic induction B,
that the carrier would have without moving in relation to the system with
the beginning 0, (the system moving at a speed v #0) E; represent:
the effect of the force acting on a stationary unit load q in the system of
coordinates with the beginning at 0,, and B, the effect of the force on
the unit element of the current that is at rest in a moving environment (a
moving coordinate system with the beginning 0,):

Ey=iEyy +jEys+KE,q, By =iByy + [Byy +KB,;. (42)

When moving from Maxwell's equations for a stationary medium to
the equations of a moving medium, the derivatives &(x,y,z)/ ot
(coordinate t) and 8(xy,y;,2)/ &, (coordinate t;) are determined
according to equation (40) (Petkovi¢, 2016):

0 0 v 0 0 0 0
— = — |, —=a| —V—+—|,
aX axl C2 atl at axl 8tl

2 f2.08) 2 2.0 2
OXq ox c?ot) o ox o) (43)
o _o o _o ,_ 1
oy oy 9z oz’ J1_p?

By developing the operation rot and joining the terms with the same
rots in the first Maxwell's equation, rotH =Jg,,q+8D/ ot it follows that

rotH; = Jeong, +@Dy/ 0t. The projections of the vectors onto the
coordinates in both systems are:
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Hl = THX1+ THy1+ IZHZl, H,, =H,,

(44)
Hyl = a(Hy +\,DZ)’ HZl = a(HZ _\/Dy)l
I =0+ 13y + kI, I =allx —vp), I =7, (45)
[31 = erl + IDyl + IZDz]_v DXl = DX ' DXl = DX !
(46)

D, =alp, —H, v/ c?), D, =alp, +H, v/ )|

A similar transformation of the second Maxwell's equation yields:

rotE = —0B/ ot , rotE, =—oB, / ot , (47)
Ey=iEq+ TEyl +KE,y, By = ExEy1= a(Ey _VBZ)’ 48)
E,=alE, +vB,),
= he e — \"
(49)

\Y
BZl = Q(BZ —C—ZVEyj .

The third and fourth Maxwell's equations in the coordinate system
0, have the forms:

divD, = p,, divB, =0, (50)
and the volume charge density is:
pr=alp—{v1c2p,]. (51)

In the system 0., differentiation is performed by X;, z;, y,. For a

stationary medium, the conditions of continuity of the tangential
components of strength are fulfilled: E;; and H; and continuity of the

normal components D,; and B,; in the system:
01 is: I\_jllzél//lo_ﬁl, F_slzl:_jl_goél, (52)
Ois: M=B/ sy—H, P=D-gE. (53)

M, M; the magnetizations of the medium are the dielectric
polarizations P, P;, in the systems 0 and 0;:
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MlerXl+IMyl+EMZI’ MZTMX+TMy+EMZ' (54)
PL=iPy+ Py +KP,y, P=iP + P, +kP,. (55)

Equations (44), (45) and (46) show the dependence of the
magnetization projections on the polarization projections in 0 and 0;:

Myq =My, My; =M, +WP, ), M,y = a(M, —vP, ), (56)
\Y \Y
Pa=Px, Pyy=a I:)y_c_zpz  Pu=a F)szC_zpy : (57)

From equations (44) and (45), if there is no magnetic field B=0 and
there is an electric field E =0, there is both an electric and a magnetic
field in the system 0,. It is also clear that even when there is no electric
field in the system 0, E =0, but there is a magnetic one B=0, an
electric field is created in the system 0, in addition to the magnetic one.

The current density in the system 0; is produced not only by the

conduction current but also by the volume charge density transfer current
component ap-V (convection current density) according to equation

(46):
Iy =10+ Wy1+kda, Ja=aly —vp), Jy1=3y, I =3, (58)

According to equation (47), by moving the current from the system 0
with elementary density J, parallel to itself in the system 0; on the load

carrier in the coordinate system starting at 0, as part of the current

density in the charge density plza[p—lz\]xj, a supplementary
c

v
component appears c_2 Jy .

From Maxwell's basic equation for EM wave propagation
uo(6H 1 6t) = —E | ét is:

ﬂﬂoa_XaH:_aE:Hzl\/E.E,IUZHZ:'U—(ZC"-EZQBZZN—:‘EZ. (59)
ot c\u (o C

Due to the movement of the polarized dielectric at the speed v,
equations (56) and (57), additional magnetization is created in the
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coordinate system 0, and the movement of the magnetized medium at
the speed v in system O appears as additional polarization.

According to equation (59), for the fields defined in the stationary
system 0 and the mobile system 04, the following applies:

EZ ., E? _, . == ==
—1 _Bfc=—-B*°c,i.e. EjB, =EB, (60)
C C

HZ o, HZ o, . == =
—L1 _Dfc=—-D*c,i.e. DjH, =DH. (61)
Cc Cc

If the speed of movement of the material medium (conductor/
dielectric/ferromagnetic) is low, according to the speed of light

(v/c)2 <<1, the Lorentz transformations change to Galilean ones, i.e.
X;=X-vt, y;=y, z,=z, t;=t. The mathematical relationships
between quantities in the systems 0 and 0, are:
-~ . o~ = - _ - NxH v -
E,=E+xB|, 3,=3-Vp, D1:D+MJ pr=p-—273,

CZ C2

R R T A R

C2

|

5_V-M]
-p_ Y
1 C2

Body rotation corresponds to the position of a still body in space in a
moving-rotating field created by EM sources by rotation in a time-varying
or constant magnetic field. The electric and magnetic components of the
field, Figure 1.a,b, can be determined from the magnetic potential vector,

ie.in A=AE, +A,E, +A;E, the spherical and A=A,E, +AE, +A,€, in
the Cartesian systems.
For a body rotating a round the z axis, the possible functions are:
f(x,y,z,t),ie. A,(x—-ut,y,z), H=H,(r,0-t-p). (63)

In plane coordinates, rotation is represented by the time-dependent
functions:

Hy =H,(r)cose-t, Hy, =H,(r)sine-t. (64)
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2l Az

Figure 1 — a) Rotation of the magnetic sphere and the appearance of magnetic vector
potential, b) reaction of magnetic and conducting spheres in a constant magnetic field, ¢)
emf due to the rotation of the magnetiec field H, (Bjelic, 2021b)

Puc 1 - a) BpaweHue mazHUMocgephb! U 803HUKHOBEHUE MagHUMHO20 8E€KMOPHO20
nomeHyuana, b) peakyusi MacHumocgepsb! U nposodsweli cghepbi 8 MTOCMOSHHOM
MaeHUmHom rorne, c) 34C ecnedcmeue spawieHUsI cghepbl 8 MagHUMHOM
none H, (Bjelic, 2021b)

Cnuka 1 — a) Pomauuja mazHemHe cgbepe u rojaga MacHeEmMHoO2 8€KMOPCKo2
rnomeHyujana, 6) peakyuja MagHemHe U rMPo8odHe cghepe y cmastHoM MagHeEMHOM
nosey, u) EMC ycned pomauuje cipepe y MazHemHoM rnosrby H, (Bjelic, 2021b)

There are several solutions for body rotation in the literature
(Davilkovski, Fradkin, Smith, etc.). The EM field in the dielectric layer
between the ionosphere and the solid Earth, which rotates together with
them in the magnetic field if the magnetic component of the Earth is a
response to the EM field of the Sun, is shaped by the parameters in the
Earth and the stable parameters of the electrical conductivity of the
ionosphere. The elementary layer-ring of the atmosphere, given its
dimensions, is treated as a flat channel —ow<X<+00 of width
-b<y<+b where the velocity of the dielectric in the foreign field
v[v(y)0,0] is B[0,0,B(x)] (Mihajlovi¢, 1993).

In an isotropic dielectric and magnetic medium, the conductivities of
the layer £(x) and fi(x), Figure 2, change only in the direction of the axis

—o< X <+ by &, . The field strength in the dielectric layer rotating in a
foreign unknown magnetic field (the Sun) is determined from the Lorentz
force of the field strength E; =F/q=E +(\7>< é), stationary in relation to
the system at the beginning 0, (the system rotates at a speed v = 0),

while E is stationary in relation to the system 0. From equation (53)
follows:
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B = By — cottoi x Fi | = £2E + a7 x B |- o107 x A ] =
- S : (65)
=g,E +(ea—80/y,)E/XH]

If the dielectric layer of the atmosphere between the ionosphere and
the ground surface rotates at a speed of v ~ 465m/s, and the speed of

light is ¢=3-108m/s, v2/c?<<1, by the principle of superposition,
Figure 2, the vector D is defined by:

I5=galg+(ea—50/yr)h7xéj. (66)
) The field strength is the gradient of the potential function
E =—grade, and the induction projections on the axes x and y are:

(67)

Figure 2 — Spherical coordinate system and the position of the solid Earth and the
ionosphere (Bjeli¢, 2021b)
Puc 2 — Cgbepuyeckas cucmema koopOuHam u rnosoxeHue meepool 3emnu u
uoHocpepel (Bjelic, 2021b)
Cnuka 2 — CehbepHuU KoOpOUHamHuU cucmemM u no3uyuja 4epcme 3emsbe U joHocghepe
(Bjelic, 2021b)

Divergence is the ratio of the output vector D of the surface and the
volume covered by the surface according to equation (53):

divﬁ:div{gaé+(ga—g—Okaé]}=0. (68)
Hy

By transforming equation (8) into the operator function of the
potential, a more suitable form is obtained:
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_enp-22%% [, _ZlgdV_g
ox dx 4 ) dy
o%p o? 0 1 d (69)
€299 (ing ) 2L +|1- Y _o
ox? 2 Ox Er by dy
In a spherical system, the potential gradient is:
op_- 1op 1 OJOp
radp=—"r, +———ag + — Bo,
grade or ° raaa" rsinaaﬂﬂo
op 10¢ 1 op
E = -, E =, E = - 1
oo Y roa’ P rsinadp (70)
_ oV
divV =:—Li(rzvr)+ 1 i(\/asina)+ -7
ror rsina oa rsina op

where 1y, ag, B, are the unit vectors of the spherical coordinate

system.
The divergence of the field towards the center of the sphere is:

divi =3, dive(r)-r =3¢(r)+re'(r). (72)

Rotation of a magnetic sphere of the magnetization M
in a foreign magnetic field

The model of rotation of a conducting sphere in a magnetic field
corresponds to the model of rotation of a sphere in a time-varying field.
An approximate solution will be determined from the adjusted complex
form of the vector potential equation, neglecting wave processes in the
domain R<<2x/ w:

V2A = ja),ur,uOO'A. (72)

The solution of equation (72) has a real and an imaginary
component:

1 D | .
Ae =Agre :E(BO)[RJrF}sma, R>R;=a, (73)
Aim:Aﬂ.im:%{¥—cos4sina, R<R;=a, (74)

§=Ry-is,s=wu o, R=a, &=ay—jou 1y . (75)
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The integration constants are:
D - g2 At +1)(sing ~§cos£)-¢?sing
(4 ~D(sing—&cos &)+ &2sing
B ag® (D
“175 sing_gcosg(“aaj- (77)

For an out-of-sphere domain R >a they are:
D 1D).
BR = Bo(l'f‘ EJCOSa y BO! = —80(1—55)3”1 a. (78)

In the outer domain, the field is similar to the field of a
homogeneously magnetized sphere, or a sphere that is introduced into a
homogeneous variable field without eddy currents. At equivalent
magnetic permeability is:

(76)

tgs-¢
%9~ (tge - ¢)

By expanding the tangent in a degree order with the limitation to only
two terms of the order (allowed for frequencies), we get:

Hrre = Hrre = IHrre = 244 (79)

Low frequency o <1/ ur,uoa-az, Uy e = My (1—0,1a)yry00' : az),

High frequencies [tgé|=1, u o =24, | ayjou, 1 -
The magnetization M of a stationary sphere, i/ ue =4, in a

(80)

constant field I:|O is determined from equation (37):

— -1
peM =3 A He Ho M =3y, A, (81)
Hi + 2t My +2
With a shift 4 = x4 , in the harmonic field, equation (37), m is
equal to:
M =V M = 2 a2V = 47a2F, He —L _ ks —k,
3 My re +2
(82)

K = 4,2 Frore _14—k
Hy re +2
where K is the modulus m for Hy =B,/ 1, k (phase attitude) of the

moment with respect to the external field Hy .
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Electromotive force (emf) can be generated by induction during the
rotation of a conductive sphere with a magnetization vector M =Mz of
the radius a and the angular velocity @ around the z axis in an external
magnetic field of induction By. Maxwell formulated the emf e =—-d¢/ dt

of induction where ¢ is covered by a contour for which the direction of

the circuit is the same as the direction of the emf e >0 according to the
positive direction of the flux ¢ >0 in the system where the work W

performed is conditioned by the effect of non-Coulomb forces f for the
transfer of a unit charge q, e =W /q. The work during the transfer of a

unit charge achieved by the effect of non-Coulomb forces of EM
induction is the integral E"® =f / q of the field strength along a closed

contour r .
_feindy,_ d 5.3
e= ﬂ ENdd¢ = m js BdS. (83)

In Faraday's equation, e =—dN/dt, N is the number of magnetic
lines intersected by the contour and one line corresponds to the unit flux.
For some orientation of the flux line cutting speed (or B), the emf on the

part di of the contour | is de:(ﬁxébz. Maxwell's and Faraday's

formulas are equivalent - the general Maxwell's equation.
The gradient vanishes on closed-loop integration. If part of the
contour is determined by the line ab emf induced in it is:

e=f(-vp-oAs ot +VxBHI, e=[(-oA/ ot +v BT, (84)

Due to the symmetry of the sphere towards the plane of the equator,
Figure 1.c, from the point corresponding to the position of the N pole,
a, =0 where one hole is at the position of the equator and the other hole

is at a, =7/ 2, emf is determined between the circles at those corners.
For 8¢/ ot =0A/ ot =0 remains only the component vV xB = waBge,, ,
d/ =-adae, where:

op 109 1 Jgp
E =—-—, E ==, E = — R —
oo’ Y roa’ P rsinadp (85)
. ov
divy = Eﬁ(r 2V, )+ _Li(va sina) + 1 7, (86)
ror rsina da rsina of
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e= j(\? X Ig)dZ =I521:”/ ,o[-asina - Bg(-ada)]. (87)
For R<aitis B=B, =2y,M/ 3. For R=a you get:
Bg =B, = 2uyM(cos )/ 3. (88)
The induced emf is:
e= (a) a?2u,M / 3)_[512 sinacosa-da = (a)az,uOM / 3)(1—sin2 al). (89)

Equation (89) shows which quantities determine v xB depending on
the speed of rotation in space.

Components of the magnetic field that can arise due
to the rotation of the planets and the Earth

During the rotation of an electrostatically neutral body (rotor), higher
densities of free charges in the area can excite the magnetic field in a
similar way to be created by the currents flowing through the rotor, Figure
la.

The consequence of the rotation of the body is the creation of a
weak magnetic field, and this phenomenon can be used to explain the
appearance of the components of the Earth's magnetic field. If the
number n of free electrons passing through the unit volume of the
conductive part, e is the charge of the electrons, u the resultant chaotic
speed of the electrons due to the effect of the field (thermal effects are
small due to the small number of collisions of oscillating atoms), the
current | through the surface s is:

| =Js=dQ/ dt =nedV / dt =nesdl / dt =nesv, (90)

J=1/s<1=Js=nevy(u/c)s, (91)

where n is the volume density of free charges, s the cross-section of
the rotor body, v, the speed of the rotor, u the speed of the chaotic

movement of free charges, and ¢ the speed of light.

Bio-Savar, Ampere and the law of EM induction were created
empirically. It was later concluded that these laws can be obtained from
Coulomb's law, if the corrections derived from the special theory of
relativity (Bjeli¢, 2019), are applied to the charge interaction forces.
Already known physical phenomena can also be considered in two
projections and are the result of facts that were not known before.
Ampere's law allows the interaction of a conductor with a current to be
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determined. If the current elements I,dl; and I,dl, are normal to the
radius of the sector, r;, Figure 3.b, the forces of interaction between

them are equal.
The assumption is that the positive charge elements dl; and dl, are

also stationary, while the negative charge elements have velocities v,
and v, corresponding to the currents |; and I,. The EM force, Figure

3.b, is determined by Coulomb's law with the application of the theory of
relativity (Bjeli¢, 2019).

Sor
T &0 QR

Figure 3 — a) Generation of a magnetic field during rotation, b) EM effect of the current
elements I,dl, and 1,dl,, ¢) The movement of a neutral conductor along its axis at the

speed of that chaotic movement v, (Bjelic, 2021b)

Puc 3 — a) Cos0aHue mascHUMHO20 noss npu epaweHuu, b) M sozdelicmsue
anemeHmos moka l,dl; U 1,dl,, C) 08WxeHue HelimparbHO20 NPo8oOHUKa 800s1b ceoell

OCU CO CKOPOCMbIO Xaomu4eckozo 0suxeHus v, (Bjelic, 2021b)

Cnuka 3 — a) Cmeapare MazHemHoe nosba npu pomauuju, 6) EM ecbekam cmpyjHux
enemeHama |,dl; U 1,dl,, U) Kpemare HeympasnHo2 rpoeodHuKa Oy ceoje oce

6p3uHoM moe xaomuyHoe Kpemarba v, (Bjelic, 2021b)

If the requirements of the theory of relativity are taken into account,
the forces acting between the charges of the elements dl; and dl, are:

df :_&Ildlllzzdlz ’
4 I

-1/2
df = dfO( - %j {1- (‘%ﬂ , (93)
C
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where the force dfy is determined by Coulomb's law:

dfO - _ 1 dqlqu .

4715'0 I’fz (94)

Index (1) refers to the rate of charging of a positive or negative
element dl;, while index (2) refers to the rate of charging, also of a

positive or negative element dl,.
The force acting from the positive charge of the element dl, to the
positive charge dl; is:

2 -1/ 2
,+ +
df,, =df, [1—%] 1- (V—Zj = dfy, (95)
C C
vi =v; =0, df_, =—dfy, (96)
2 -1/ 2
Vo
df,_ =dfy| 1-| 2 , (97)
C
2 -1/ 2
df__ = dfo(l— Na¥o J 1- ("—2] . (98)
C C

In equations (95) to (98), the index (+) refers to the action on the
element dl; and the index (-) to the action on the element dl,.
Adding equations (95) to (98) and omitting the index gives:
2
AY; v
df = —df, —ézz {1—(—2] } (99)

c

By expanding the series in middle brackets, the higher-order line
terms v/ ¢ of equation (99) become:

2
df:—df()%[l—("—?) T ] (100)
Cc

c

If in equation (100) the calculation is limited only to the first term of
the series (one), then:
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df = —dfy 22, (101)
C

If it is known that uys0c? =1, then:
Ildll = dq1/ dt . dll = Vldql, |2d|2 = dq2 / dt . d|2 = Vquz . (102)

According to equations (92) and (102), the interaction forces of the
two current elements are equal. When deriving Ampere's law from
Coulomb's law, corrections according to the theory of relativity must be
taken into account. In equation (100), the higher order terms are

discarded because they are very small. If the v2 relative speed
corresponding to the permissible current density, the correction is:

1 2
_[V_Zj ~1072%. (103)
2\ c?

The correction deviates from the measurement, although the laws of
Bio-Savar, Ampere and EM induction do not raise doubts about their
accuracy. In the numerical sequence of equation (100), the first term is
the charge rate squared. It is a correction of the force or magnetic field
created by the conductor, which depends on the speed of orderly and
chaotic movement of charges whose order of magnitude is much higher
than the speed of orderly movement. A neutral conductor with no current
is observed, which moves along its axis at the speed v, Figure 3.c.

The assumption is that positive charges are stationary in relation to
the conducting part, and negative charges are in chaotic motion and
equally probable in all directions. The average speed v of that chaotic

movement is determined by the Fermi energy and is v ~10°m/s, i.e.
significantly exceeds the rate of charging at the permitted current density.
The unprincipled assumption is that: the first half of the negative charges
move in the direction v, and the second half in the opposite direction

—-Vq, Figure 3.a. The movement of charges creates current. For a

stationary conductive body, the current as the sum of all charges, Figure
3.c, is equal to zero. The result will not change even when the conductive
body is moved because all charges, positive and negative, get the same
additional speed Figure 3.a. The situation is different if the sum of
velocities is calculated according to the theory of relativity (Bjeli¢, 2019).
The speed of negative charges is determined in relation to the conductive
part, which then represents a moving coordinate system. For a stationary
observer, the charge rates will be equal to:
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positive v, =vg, (104)

negative moving in the direction of v :
e e T 12 +u)( _Mj’ (109)

T 14 (vpu/ c?) c?

negative if it moves opposite to v :

v Yoou _u)(n%j. (106)
1_M c
C2
The total current of all charges can then be determined:
1=Q-v, (207)

where Q is the charge per unit length (in contrast to equation (102)) for
the conductor.
The current created by positive charge is:

l,=Q-v. (108)
The currents created by negative charging are:
[CECT u)[ —@J , (109)
2 c
1@ = Loy —u) 14 Yol ], (110)
2 c2
Adding equations (109) and (110) gives the total current:
1 =Q-vo(u/c). (111)

Q =nes is determined from the volume charge density n and the
cross-sectional area of the conductor s. At the same time, equation
(111) takes a form that agrees with equation (91):

2
I = nes-vo(%j . (112)

The effect of moving the neutral conductor along the axis is similar
to the effect of the current-carrying conductor. The conductive part can
be spaced several times and the current | will not change. It is a
consequence of the chaotic movement of charges, because the speed of
movement in equation (112) is included in the term with the square. An
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example estimate is the current for an aluminum rotor: n=10%81/m?,
e=1.6-101°C, s=05-102m2, v,=10m/s, u=10°m/s, c=3-10°

m/s, | ~103A.

From equation (112), the charge density n and the speed of chaotic
movement should be known to estimate the current.

In this example, these values are taken for pure metal. Some
impurities can reduce the value n by a higher order of magnitude.
Experimental confirmation of formula (112) requires a preliminary
analysis of the rotor material to determine n and u. However, there is
indirect confirmation of currents and fields generated by cosmic bodies
(Bjeli¢, 2021a; Dziewonski & Anderson, 1981). If equation (112) is
applied to analyze the magnetic field of a homogeneous rotating sphere,
the total current is:

| = iﬁe(”—ZT. (113)
12 T c
The strength of the magnetic field at its poles is approximately:
H=1/D, (114)
and for magnetic induction is:
2 2
B=youH=puullD,ie. B:ége(i—zj Hotd - (115)

Equation (115) can also be obtained from equation (111)
| =e-vo(u/c) (if e is the electron charge) and then the relation is
derived from equation (112):

2 3
1 (u 1(nD)_ m m
B=| —el =2 . A= M A B=A—, 116
Lz (cj”‘)”}"ﬁ D D ™D (116)

where ,u\ is relative magnetic conductivity, m is the mass, D = 2r is the

body diameter, T is the period of rotation around the axis, A is the
constant.
In equation (116), the charge density n is proportional to the mass

density n ~m/ D3, and the discharge rate depends on the Fermi energy
and is included in the constant A. If the formula for the Earth's magnetic
field is written, then it is:
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m,

B,=A :
= =AT D, (117)
When equation (116) is divided by equation (117) we get:
m
B=—8B,. 118
5 B (118)

If the Earth's magnetic field is at the pole B, = 0.5-107™T, then the
magnetic field of an arbitrary cosmic body is:

m._ a4

B 0.5_|_.D 107°T. (119)

Table 2 includes a limited number of objects and allows an
assessment of the degree of agreement between computational and
experimental data for some space objects. Asterisks mean that the
parameters are taken in relative values (to Earth). It is not known at what
distance from the object the measurements were made, at the pole or at
the equator, while the calculated data refer to the pole on the surface of
the object.

Table 2 — Comparison of computational and experimental data of some space bodies
Tabnuya 2 — CpasHeHuUe pacyemHbIX U 9KCriepuMeHmarbHbIX OaHHbIX HEKOMOPbIX
HebecHbIx men
Tabena 2 — Nopehere pauyyHCKUX U eKcriepuMeHmarHux nodamaka HeKux ceeMupCcKux

mena

Object m DlT B Calculitoe_? _:_/alue B Measigzv_?lue B
Earth 1 1 1 1 1 1
Mercury 0.05 [0.38| 58 |2.3-10° 1.2-10°3 103
Venus 0.81 |0.95| 243 |3.5:10°3 1.7-103 0.15-10°3
Jupiter 318 |11.2| 0.4 72 36 4.5
Saturn 95 9.5 |0.45 20 10 0.6
Sun 33:10%| 10° | 25 120 60 (10-100)
White dwarfs 106 | 1.0 | 1.0 108 0.5-10°8 10°
Neutron stars 10% | 10%|105| 101 0.5-101t 1012

To date, magnetic fields have been measured for thousands of
cosmic bodies. Their analysis would allow formula (118) to be evaluated
more fully. The approximate coincidence of the calculated data with the
experimental data is not considered accidental (Petkovi¢, 2016;
Prodanovi¢, 2006).
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Conclusion

The obtained formulas can predict the order of magnitude of
magnetic fields for known cosmic bodies, whose parameters such as
masses, diameters and periods of rotation around the axis-differ by tens
of thousands of times.

However, these formulas cannot explain many characteristics of
magnetic fields, related to various, perhaps still unknown reasons.

The formulas and the results obtained in the paper indicate a
possible common origin of the source of the magnetic field on the Earth
(the Sun), and their accuracy can only be confirmed by cosmic research,
experiment or computer simulation.
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MporpeccnBHas TeopeTndeckas moaens OM nons 3eMHol cdepsbl
3emnu B 4yxoM ogHopogHom 3M none

Cno6odaH H. Benuu?, HeHad A. Mapkosuy®

alpuwTnHCKNA YHnBepcuTeT - Kocoscka Mutposuua,

dakynbTeT TexHUYecknx Hayk, Kocoscka Mutposuua, Pecny6nuka Cepbus
6 Kocoscko-MeToxuuniickas akagemmus npodeccnoHanbHbIX NCCreoBaHui,
oTgeneHve Ypowesay — Jlenocasuy,

r. llenocasu4, Pecny6nuka Cepbus, kKoppecnoHaeHT

PYBPUKA TPHTW: 37.15.00 M'eomarHeTn3am 1 BbICOKME crion atmocdepbl
BWO CTATbW: opuruHanbHas Hay4Has ctaTbs

Pesome:

BeedeHue/uyenb: B daHHOU cmambe onucbieaemcsi rnpospeccusHast
meopemuyeckasi  MoOOesb  3IEKMPOMagHUMHoO20  MNons  3emsu,
OCHOBaHHasi Ha  OBYXKOMIOHEHMHbIX aurome3ax. B cmambe
onpedernieHbl MameMamu4veckass MoOerib, oKa3blearoujasi epawjeHue
MaeHUmocghepsl M 8 4YyXOM MazHUMHOM rofie U  KOMMOHEHMbI
MazgHUmMHO20 1071, KOmopble MOo2ym 803HUKHYmMb  ecriedcmeue
epalueHusi 3emsu eokpye ceoeli ocu. Mo ycmaHosneHHolU mModenu o
OMHOWEHUD K 3MallOHHbIM 3HauYeHusiM nnaHemsl 3emnsi  6biniu
paccyumaHbl 3HavyeHUsl KOMIOHeHmo8 Opyaux raHem CorHeYHoU
cucmemsbl. Pe3ynbmamei pacdemos ripedcmaerieHbi 8 sude mabnuy,.

Memoodbi: PeweHue rpobnembl, 0603Ha4YeHHOEe 8 3a20/108Ke cmambu,
HalideHo C MOMOWbIO  KOMOUHUPOBaHHbIX  Ons  amol  uenu
gpopmarnu3oeaHHbIx Memodoe hbu3UYecKo2o U MamemMamuyecKoz20
aHarnusa c uesbto paspabomku Hosod, rpoepeccusHoli
Mamemamuyeckoli molenu. [ns amoeo  ucrosib308asics  Memoo
aHarioauu, cesi3aHHbIl C NMPUMEHEHUEeM CXOOHbIX CIMPYKMYPHbIX ¢hopM U
cucmem Onisi  uccrnedosaHusi  3MEKMPOMasHUMHbIX — rpoueccos U
gpaweHusi rnnaHem. Memod aHamosuu npumeHsiics Mo 08ym
83aumocesizaHHbIM rpuduHam. Nepeasi 3aKkmo4aemcsi 8 Mom, 4Ymo ece
8€/1UYUHbI,  Xapakmepu3syrowue ¢yHKyuro obol  ecmecmeeHHOU
cucmemsbl, 008eEPXEHbI U3MEHEHUO, @ emopass — 8 IMOM, 4Ymo
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MPpUMEHSIEMbIE PeleHUsT He orpedesnsom Yycrnosusi (hyHKUUOHUPOBaHUS
cmpykmypbi Orisi Kaxk0o20 omaAesibHO20 Criyqasi.

Pesynbmambl: PeweHusi 6 6ule oOpuauHarbHbIX aHanumuyeckux
QpopMysT U MHO20YUCIIEHHbIX 3Ha4YeHul, yropsidoyeHHbIx 8 Tabnuuye 2,
OMHOCAWUXCA K B/IUSHUIO 8PpalwjeHus niaHem, 8 YacmHocmu 3emru,
b6ydoym rPUMEHEHbI ons uccriedosaHusi 8030elicmeusi
371eKMPOMazHUMHoO20 roris, usydyaemozo COHUEeM o OMHOWEHU K
Opyaum ririaHemam. 3mo O0COBEHHO 8a)KHO 8 U3Y4YEeHUU POriU, KOMOpPYyHo
amom rpouecc uzspaem 8 3awume rnaHems! 3emns. B Tabnuue 2
rpusedeHbl 0060 8aXHbIE Pe3yribmamsil.

Bbigodbl: B cmambe obcyxOaomcsi 803HUKHOBEHUE U  8/lUsSHUE
3M1EKMPOMacHUMHo20 1osst 3emnu 8 docmynHoul ghopme Orisi MOHUMaHUS
Ha COBPEMEHHOM yposHe pa3eumusi Hayku. HaydHble uccriedoeaHusi u
U3MepeHUsi 8 2e0ghu3uUKe U acmpoguauke ykasblearom Ha ComHue KaK Ha
B803MOXHbIU UCMOYHUK OM nonsi, pacripocmpaHsirowulcs 4epes
MeXXrnaHemHoe MpocCmpaHCmeo, a cocmaernsiowas MagHUMHo20 Mosis
3emrnu s.8s:eMCs NuUllb OMKIIUKOM Ha 8/IUSIHUE 3Mmo20 UCMOYHUKA.
lMpupodHble seneHuUss U npoueccbl Ha 3emne Mo2ym  6bimb
npedcmasrieHbl 8 meopuu cucmem Mooderbio, codepxawleli U3MEeHeHUs
rapamempos8 COCMOSIHUSI M/1aHembI.

Knowesbie  crioga:  ycoseplieHcmeoeaHHasi MoOesb,  IMeopus,
nnaHembl, epauweHue, MagHemu3sm, Ma2HUMHoe rorie.

HanpegHuju Teopujckn mogen EM norba cdhepe 3emrbe y cTpaHoOM
xomoreHom EM nosby

Cno6odaH H. Bjenuh?, HeHad A. Mapkosuh®

a2YHusepsauteT y MpuwtuHu ca ceguwtem y Kocosckoj Mutposuum,
dakynTeT TEXHUYKUX Hayka, Penybnuka Cpbuja

6 Akagemuja CTPYKOBHUX CTyAMja KOCOBCKO METOXMjcKa,

Opcek Ypowesay — Jlenocasuh,

Jlenocasuh, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: Teopujcka enekTpoTexHMKa, enekTpoMarHeTmka
KATEITOPWJA (TUIM) YITAHKA: opurinHanHu Hay4Hu paa

Caxemak:

Yeodlyurb: Y pady je onucaH HarnpedHuju meopujcku modesr EM nosba
3emrbe 3acHosaH Ha xuriomesama O 08e KOMOHeHme. [ecbuHucaH je
Mamemamuyku MoOesl Koju Mpukasyje pomauujy MagHemHorposooHe
cepepe masHemu3sauuje My cmpaHOM Ma2HemHOM Mosby U KOMIOHEHMe
MagHemHoz2 rosba Koje mMoay Hacmamu ycred pomauuje 3emrbe OKO
ceoje oce. lNpema ycriocmasrbeHoM moderly, y 0OHOCY Ha peghepeHmHe
8pedHocmu rinaHeme 3emrbe u3padyHame cy 8peOHOCMU KOMITOHEHMU
ocmarnux nnaHema y CyH4YeeoM cucmeMy, a pe3ynmamu cy npukasaHu
mabenapHo.
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Memode: Pewerse npobriema, deghuHucaHo y Hacriogy pada, odpeheHo
je nomohy KoMOUHOBaHUX, 3a My HaMeHy (bopmMarnu3oeaHux mMemooda
¢usuKke U MamemMamu4ke aHarnuse, a padu paseoja Hog8oe HarpedHujea
Mamemamu4koz modena. Y my cepxy kopuwheH je u Mmemod aHaroauje
Koju ce 0OHOCUO Ha MPUMEHY CrIUYHUX CMPYKMypHUX ¢bopMu U cucmema
3a ucmpaxuearbe efleKmpomazHemHux fpoyeca U pomauuje nnaHema.
Memoda aHarnozuje npumer-eHa je 3602 08a y3ajaMHO roge3aHa
pasnoza. lNpsu je da cy cee epedHOoCMU Koje Kapakmepuwly hbyHKUUjY
burno Koz npupodHoz cucmema roonoXHe rnpomeHama, a Opyau Oa
rpumerbusaHa pewiera He 00pehyjy ycriose ¢byHKyuje cmpykmype y
C8aKOM KOHKDEMHOM Criy4ajy.

Pesynmamu: Pewera y 8uly opuauHarHux aHaiaumuykux ghopmyna u
bpojHe spedHocmu HasedeHe y mabenu 2, pechepeHmHe y 0OHOcy Ha
ymuuaj pomauyuje nnaHema a rocebHo 3emsrbe, buhe rnpumer-eHa 3a
ucmpaxueare ymuuaja egpekama EM norba koje emumyje CyHue
fpema nnaHemama Hapo4umo 3a yJriogy Kojy rpouec uma 3a sawmumy
3emrbe. NocebHo cy 8axHU pe3ynimamu rnpukasaHu y mabesnu 2.

Bakrbyyak: Y pady cy paamompeHu rojasa u dejcmeo EM norba 3emrbe
Ha Ha4yuH pasymrbug cadalihbem HUBOY pa3eoja Hayke. HayyHa casHama
U Mepera y eeohusuyu u acmpogusuyu Hazoeewmasajy da je CyHue
moayhu uszeop EM norba koje ce npocmupe Kpo3 UHmMepinaHemapHU
rpocmop, a Oa je KOMIIOHEHMa MagHemHoa rnosba 3emrbe camo 003uU8 Ha
ymuyaj moe u3eopa. [lpupodHU gheHOMeHU U fpoyecu Ha 3emrbu Moay
ce OegbuHucamu y meopuju cucmema MoOesiIoM Koju cadpXXu rpoMeHe
rapamemapa cmakrsa Ha riaHemu.

KbyuHe peyu: HanpedHuju modesn, meopuja, rnaHeme, pomauuja,
MazHemu3aM, MazHemHo Mosbe.
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