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Laws of reflection and refraction of TE and TM polarization waves
on the border of rhombic crystals

The article analytically solves the problem of reflection and refraction of electromagnetic plane waves of dif-
ferent polarization at the boundary of anisotropic half-spaces of rhombic symmetry. Based on the matrix
method, the angles of refraction of electromagnetic waves of different polarization, the amplitudes of the re-
flected and refracted waves, the angles that determine the direction of the group velocities and vectors of the
flow of electromagnetic energy, the magnitudes of the flows of electromagnetic energy and their components
depending on the direction of the wave vector of the incident wave are determined. The determination of the
angles of total internal reflection and the refractive index of electromagnetic waves of different polarization is
considered. A significantly different dependence of the kinematic and energy characteristics of electromag-
netic waves of different polarization on the anisotropy of the magnetic and dielectric tensors is shown. For
electromagnetic waves, the polarization of which is determined by the component of the electric tension vec-
tor perpendicular to the wave propagation plane (TE wave), the characteristics of the reflected and refracted
waves, the velocity indicatrix, the propagation angles, etc. determined primarily by the components of the
magnetic permeability tensor. In the case of electromagnetic waves, when the polarization is determined by
the component of the magnetic field (TM wave), perpendicular to the plane of wave propagation, all charac-
teristics depend mainly on the components of the dielectric constant. The validity of the Fresnel formulas for
determining the coefficients of reflected and refracted waves at the boundary of anisotropic media of rhombic
symmetry is shown. However, in this case, the components of the wave vectors included in the Fresnel for-
mulas are determined by their indicatrices. In addition, it is necessary to take into account the dependence of
these components on the angle of refraction in the second medium.

Key words: anisotropy, thombic symmetry, electromagnetic waves, reflection, refraction, wave refraction an-
gles, phase and group velocities, density vector.

Introduction

Wave processes in anisotropic media are qualitatively different from the patterns of wave propagation
in isotropic media.

The magnitude of the phase velocity of the waves in an anisotropic medium depends on the direction of
propagation. The transfer of electromagnetic energy is determined by the group velocity of the wave. The
directions of the vectors of phase and group velocities and their values do not coincide [1-3].

The influence of the anisotropy of dielectric media on electromagnetic wave processes is described by
the anisotropy of the dielectric and magnetic tensors.

Traditionally, in connection with the study of the optical range and optically transparent media, the
physical processes of propagation, scattering of electromagnetic waves in anisotropic media are considered,
considering the magnetic permeability equal to unity. Only the anisotropy of the dielectric constant tensor is
taken into account [1-5]

Theoretical and experimental work is currently being intensively carried out related to piezomagnetic,
magnetostrictive, and magnetoelectric effects and their practical application. The widespread use and im-
portance of materials with piezoelectric effects for acoustoelectronics is well known [6—11].

Moreover, the study of the laws of electromagnetic wave processes taking into account the anisotropy
of the dielectric and magnetic permeability tensors shows their significantly different influence on the propa-
gation of TE and TM polarization waves [12—14].

Anisotropy of crystals, the manifestation of the anisotropic properties of media under various physical
and mechanical conditions, the creation of artificial materials necessitates a detailed study of the laws of
electromagnetic wave processes in media of different symmetries, taking into account the anisotropy of the
dielectric and magnetic permeability parameters.

The aim of the work is to construct an analytical solution to the problems of reflection, refraction of TE
and TM polarized waves at the boundary of anisotropic half-spaces of rhombic symmetry, determination of
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the angle of refraction of waves, directions of group velocities, amplitudes of reflected and refracted waves,
calculation of the components of the vectors of electromagnetic energy flux and group velocity depending on

the direction wave vector of the incident wave.

1. Matrix equation

The Maxwell initial equations
_ 0B

otk =——;
ot
- oD

rotH =—;
ot

divD=0;divB=0; j=0,p=0;
6]

D, =¢,E;; B=W,H,

and tensors of dielectric and magnetic permeability of rhombic anisotropy:
0 0

e, 00 H,
A A
e=0 ¢ O;,u=0 n, 0] 2)
0 0 e 0 0 p,
Absolute permeability of €, i, contained (included) €., .
Based on the presentation of decisions:
S, z0=f(2)e™ 3)
the system of equations (1) is reduced to the matrix equation [12—18]
aw - ,
?=BW, W:(EyaHxaHyaEx) (4)
is the transpose sign of the row vector into the column vector.
The matrix of coefficients B has the structure:
0 b, b, 0
B — b21 0 0 b24 (5)
_b24 0 0 b34
0 _b13 b43 0
with elements b, :
2
. .k, K.k
b, :lmux_lm?%a by =i o)ej ;
. k2 K.k
b21 = lO)Sy —ZT)HZ , b24 2170)“); )
2
(6)

k2
. .k . .
by, = —iwe, +10)—MZ , by =—ioW, +i o,

In the framework of the matrix method in the case of homogeneous media, the equations of the surface

X

of wave vectors can be determined from the condition [12—-14, 16].
det[ B* +k21]=0.

Here [ is the identity matrix.

2. Waves of TE polarization.
2.1 For waves of TE polarization in the coordinate plane, matrix equation follows from (4—6)

dz
g0 B,
b, 0
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W=(E,H)";
b, =inp,;
2 7
b,, =iw[8y— Ij" ] M
wl,
Equation (7) has an analytical solution. In the form of a matrix, it has the form of:
1 0
T'=1Icoskz +£sin k.z; 1= . (®)
k, 0 1
To solve the problems of reflection refraction, it is converted to the form:
T:l I+£e""°z +l I—E e )
2 ik, 2 ik,

The first term describes the backward waves, the second: the direct waves in (8) and (9) omit the factor

iwt

The condition of continuity of the incident wave fields (/,) , reflected (W, ) and refracted W, waves at
the interface of (z =0), based (9) has the form of:

1 _ (1 _ (1 .
[EI—ROJWO +[51+R0)WR:(EI—R)WT; (10)

Given the continuity of decisions:

I}

W, =W, at z=0 (11)
from (10) it can be taken:
(Ro"‘R)WR:(Ro_R)Wo- (12)
Boundary Matrixes of R, and R have the form of:
1 1
R =——B,; R=—28. 13
¢ ik, " 2ik, (13)
The field of reflected waves is determined based on (12):
WR=(R0+R)_1(R0—R)WO; (14)
field of refracted waves WT follows from (11)
Wy =[1+(R,+R)" (R, ~ R)W, (15)
By introducing the following notation:
1{0 7
RytR)=— 2 16
ka kz ka kz
after calculations:
5o
_ r
(R0+R) 1(RO_R): B _ - (17)
0 ”12
i
2.2 Amplitudes of reflected and refracted waves of TE polarization.
From (17) it follows:
i — bé)lkz — b21k0z — MxkOZ _kzuxo (18)
FZJE bglkz + bZIkOZ uxkOZ + kzuxo
it is taken into account that:
b,b, +k =0. (19)

It is followed from (17).
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Similarly:
rl_; b102kz —ky.byy — Mok, — Wk,

= = . 20
S bIOZkz thy.b, Wk UL, 20
Amplitudes of reflected waves:
. E
Ep=2p,; Ha 2o, 1)
r21 ’ HxO EyO
Hx0=_ kOZ EyO; HxR:£EyR;
meO mux()
k, k.
HzO_ 0 EyO; HzR: 0 EyR' (22)
(’OMZO (’Ouxo
For a refracted wave:
21 ko,
EyT _EyO +EyR :mEVO, (23)
xV0z x07z
H)CT == kz EyT; Hz = kx EyT'
Wi, WU,

2.3 The angle of refraction of the TE wave. Components of wave vectors.
Formulas (18)—(23) have the form of Fresnel formulas [1-3]. The difference lies in obtaining values
k,..k..k .k, based on indicatrixes of wave vectors in an anisotropic medium [12-14].

From (19) follows the equation of the indicatrix &
(ozgyuxu’z

K= U cos’O+u_sin’@ 24)
At the media boundary, the following conditions must be met:
ky, =k = k,sin®, =ksin0, (25)
6, — determines the direction of the %, incident wave vector; 6 — wave refraction angle (l; ) .
Condition (25) based on (24) gives:
€ ot ot o Sin” B, _oEa sin’ @ ' 26)
W, cos’ 0, +1 ,sin’ B, W cos’O+p sin’O
From (26) follows:
sin? 0= €0 oM ool sin’ 6, 27)

gy“’xuz“’zo - [Eyux“’z (“xo - “’zO ) + 8)}0“):0“’20 (“’x - “’z )]Sin2 e0 ‘
Formula (27) determines the angle 6 of the refracted wave 6, as a function of thombic symmetry at

the crystal boundary. If the first medium is isotropic, then: (1, =H ).
uzgyouxo Sin2 e0

sin® @ = —
Mzuxey_gy()uxo (ux_uz)snl eO

(28)
With the isotropy of both media:

€

sin? 9=t g (29)

ngy

The angle of total internal reflection can be determined by setting either
sin’@=1, or sin’@, =1.
If it is sin’ @ =1, then the full reflection of the wave propagating in the first medium will be subject to:
gyl""z“’zo

8yOMxOMzO + 8yl""z (MXO - ]""zO)

The quantities k,, and k_ included in the reflection and refraction formulas (18)—(23) are determined
on the basis of (24):

sin’ @, = (30)
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o't ’0
> _ y()zuxouzo COS. 0 k2cos?6,; (31
n,,cos 0, +u ,sin" 9,
o’e ’0
jr= DEOMALCS T o (32)

* 1.cos’ 0+ sin’ @
In (32), it must be borne in mind that the angle 6 is determined by expressions (26), (27).
2.4 Energy ratios.

When TE waves propagate in the xoz plane the electromagnetic field in the medium has non-zero com-
ponents:

E H H.. (33)
The difference from zero H_ is a consequence of electromagnetic induction and is determined from the
equation:
rotE = _9B . (34)
ot

Components H, and H_ related £, ratios:

H =- k, E, H =- ky E,. (35)
“ WH, WU,

The electromagnetic energy flux vector has components:
S=[ExH]=iS, +kS, =iE H —kE H,,
with (35), it must be taken:

k k
St ep s =t g (36)
muzey s muxey
The components S, S, for the incident, reflected and refracted waves are:
S, LT El; S = L E; (37)
(’OMXO 0‘)“’20
kZ 2 kx 2 .
SZR = mu(j(o EyR’ xR = (,()},Lio EyR s (38)
k. k,
S, = o ElL; S, = o E:. (39)

The direction of the vector S coinciding with the direction of the group velocity [4, 5] is determined by
the ratio:
%:tg[h&tge. (40)

Angle 0 determines the direction of the wave vector k , angle B the direction of the group velocity

vector.
The full stream is:

S=\S*+52 =V, E’. (41)

Here is the group velocity V, :

2 2 2 2, 2
VZ — kx + kz — 1 ““z +Mxtgze . (42)
 (owe, QT B U U T VO <
The phase velocity of the TE polarization wave is determined from (24)
Vf - (uz cos’ O+ sin’ 6) . (43)
B N
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For the refractive index:

2 _i: czsyux“’z (44)
Vi u, cos’@+u sin’0’
¢ — speed of electromagnetic waves in vacuum.
In an anisotropic medium n=n(9).
From (37)—(39) it follows that for S, S_,, S.,, the relation:
Sa + Sz =1. (45)
SzO SzO
Insofar as:
2
SZR :E_jR:(“’xkOZ _kzl""xoj . (46)
SZO E)Z»O l""xkOZ + kzl""xO
2
h — kzl""xO ( Zl"l’xkOZ ] . (47)
SZO l""xkzo l""xkOZ + kzuxO

The sum of the right-hand sides of equalities (46), (47) is equal to one.

Thus: formulas (18)—(23), (31), (32) determine the amplitudes of the reflected and refracted waves;
based on (24)—(27), the angles of refraction are determined at the boundary of anisotropic media; formulas
(36)—(39) determine the flows of electromagnetic energy; (42), (43) give the values of the group and phase
velocities; (40) determines the direction of the group velocity vector and the flow of electromagnetic energy
(41).

3. Waves of TM polarization
The propagation of TM polarized waves in the plane, as follows (4)~(6), k, =0 is described by the ma-

trix equation:

iW:BW;W:(H,,EX)t,
dz ’
0 b5
B= F (48)
b, 0
b, =—iwe ;

3.1 The amplitudes of the reflected and refracted waves of the TM polarization are determined by the
expressions (18)—(20), with b, ; from (48):

et (49)

UFR T (50)
o h
From (14) and (17) follows:
» H
T (5)
’ 7"21 ’ HyO 8)ckOZ + kzgxo
The electromagnetic field of a TM polarized wave in a medium has non-zero components:
H,,E,E.. (52)
The components £, and E, and H , are related by the relations:
k k
E=—H E=—"H,. (53)
(08)(? 0)82
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Eo=—p

x0 0 5
WE

E =t p

xR R *
WE _,

3.2 The angle of refraction of the TM wave. Components of wave vectors.
The indicatrix of the wave vector of the TM wave is determined by condition (7), taking into account
with b, (48)
WU EE

k= yoxz ) 54
€.cos’O+¢_sin’ 0 4

From equality: k , = k_ at the media boundary, the law of refraction of TM polarization waves follows

H o€ .o Sin” 6, W,e.e sin’ 0 55)
£.,c0s’ 0, +€ sin’@, £ cos’O+e sin’O
From (55) it can be taken:
s a2
0€.0€.0E.8In" 0
Sin29= M)O x0~z0%z 0 (56)

l""ysxezezo - [u)'sxaz (£x0 - E-:zO ) + l""yngOEZO (Sx - 82 )] Sinz e0 .
The angle 6, determines the direction of the vector &, of the wave incident on the boundary of the TM

wave 0 ; the angle determines the direction of the vector & of the refracted wave. Similarly to formulas (28),
(29), special cases can be obtained.
The angles of total internal reflection can also be obtained on the basis of (56) by setting either

sin’@, =1, or sin’0=0.
When sin’6=1 has
W,EE
M 0€.0€x0 TH,E, (Exo - Ezo) ‘
The components of the wave vectors k,, and &, included in the refraction reflection formulas (49)—(51)
are determined based on the indicatrix equation for both media (54)
2 _ O‘)ZMyngngO

0z — 2 ) )
€ ,cos 0,+¢€ ,sin” 9,

sin’ 0, = (57)

(58)

2
OUEE,

k> = - —.
€ cos 0+¢ sin” 0
As in the case of TE waves of polarization (32), the angle 0 is determined by relations (55), (56) (in the
case of TE waves (26), (27).
Energy relations for TM polarized waves.

(39

The vector of electromagnetic energy flow S has the form:

S= [Exﬁ] =iS, +kS,=~iH E, +kH E.. (60)
kX kZ
SXZEH}%;SZ:EH)%. (61)

In (61), dependences (53) were taken into account
The direction of the group velocity vector and the electromagnetic energy flux vector is determined by
the formula.

S—”=th=8—”tg6. (62)

z z

The angle B determines the direction of the group velocity vector I7g .

The components of the electromagnetic energy flows for a TM wave have the following meanings.
— incident wave

kx 0 kz 0

S = HZy Sy = (63)
we we

»0 2 02
z0 x0
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—reflected wave

k k

Sk = (Déjo H)Z»R; S :(,08;(:0]—1;; (64)
—refracted wave
ST=kx H s, =k H?,. (65)
x ~ yI> Ozr we, 3T

The quantities H ,, H ; are determined by relations (49)—(51), and are related by relationships (53).

S=\S*+S> =V H’. (66)

The value of the group velocity V, is equal to:

Calculation of the total flow gives:

1 e+€etg’o

v:= . 67
f ouee e +e tg’o 7
Phase speed:
€ .cos’0+g sin’0
Vf = u e 8' :F' (68)
yoxz
Refractive index:
c? cue e,
P e s — (69)
V; &cos"B+¢g sin"6
¢ — speed of electromagnetic waves in vacuum.
For the components of the flows S_,S;,S,;, the equality is:
% + % =1. (70)
z0 z0
The proof is similar. (46), (47).
Settlement part

1. Indicatrixes of wave vectors of TE and TM polarization waves in an anisotropic medium of rhombic
symmetry:

o’ 1
2 — Xz , 71
" n.cos’@+u, sin’0 70
o'ue.e
2 _ y=xe . 72
™ ¢ cos’@+¢g sin’ O (72)
2. Phase velocities:
V,ZTE = #(uz cos’ 0+ sin’ 6) ; (73)
' €M1,
Vi =L(sz cos’B+€, sin’6) . (74)
M EE,
3. Group speeds:
1 wW+pitg’e
VgZTE — Hz ux g2 ; (75)
Eyuxuz l""z +l""x tg e
1 e+eitg’o
Vi = - (76)

HEE € +E 120
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4. The refraction angles of TE and TM waves at the boundary of thombic symmetry media:
— for TE polarization waves:

sin?6 = € oMokt oML sin” 0, . (77)
Eyuxuzuzo - |:8y“’xuz (“’xo - “’z() ) + Eyou’xou’z() (“’x - Mz )] Sin2 e0
— for TM waves:
Sin2 9 — 8yOMxOMzO“’z Sinz eO . (78)
€1 MLy — [ €10 (Mg =g ) + €M ablg (1, — 1. ) [sin® 6,
5. Directions of group velocity vectors in incident TE and TM waves
€
tgB,, =10 1g0, ; tgB,, = —2120, (79)

z0 z0
are different even for the same angle of incidence. The directions of the group velocity vectors in the reflect-
ed waves are determined by formulas (79), taking into account the change in the direction of propagation.
6. The directions of the group velocity vectors in the refracted TE and TM polarized waves have a simi-
lar form:

€
thTE =%tg6; thTM zﬂtgeoa (80)

z z0
however, it must be borne in mind that the angle 6 in (80) is determined by formulas (77) and (78).
7. For the reflection and refraction coefficients of TE and TM waves at the boundary of anisotropic me-
dia of rhombic symmetry, the Fresnel formulas [1-3] are valid. Moreover, the components k, and k_, are

determined on the basis of the indicatrix equations (71), (72).
oo YRl o, owee
T rug’e” ™M e +e 1270

In refracted waves, the angle 0 is determined by relations (77), (78).

Based on comparisons of the characteristics of TE and TM polarization waves (71)—(81), it can be con-
cluded that the components of the magnetic permeability tensor have a determining, predominant effect on
the characteristics of TE waves.

For the characteristics of TM waves, the anisotropy of the dielectric constant tensor is decisive.

A study of the anisotropic properties of locally isotropic inhomogeneous elastic media showed that av-
eraging of one-dimensionally inhomogeneous media (the wavelength is much larger than the characteristic
dimensions of the inhomogeneity) leads to the manifestation of the anisotropic properties of hexagonal
symmetry by the medium.

Two and three-dimensionally inhomogeneous locally isotropic media, when averaged, have properties
and are described by the parameters of thombic anisotropy media [18].

Similar results were obtained and are valid for inhomogeneous, locally isotropic dielectric media.

81

Results and discussion

An analytical solution to the problems of reflection and refraction of plane electromagnetic waves TE
and TM polarization at the boundary of anisotropic media of rhombic symmetry is constructed, the depend-
ences on the direction of the wave vector k, (angle 6,) of the incident wave are determined:

—refraction angles of TE and TM polarization waves;

—amplitudes of reflected and refracted waves (reflection and refraction coefficients);

— directions of vectors of phase and group velocities in refracted waves;

— component of the vectors of the flow of electromagnetic energy of incident reflected and refracted

waves;

— values of phase and group velocities in refracted TE and TM polarized waves.

The results obtained are applicable to the analysis of the processes of reflection and refraction of elec-
tromagnetic waves at the boundary of anisotropic media with higher symmetry.
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PoMOBLIBIK KpHCTAAAapAbIH lekapacbinaa T xone TM moJsipu3anusijibl
TOJKBIHAAPABIH IIAFBLIY 2KJHE ChIHY 3aHABLIBIKTAPbI

Makasnana poMOBUIBIK CHMMETPHSHBIH aHH30TPONTHI JKapThUIail KEHICTITiHIH IIeKapachlHOAarbl OpTYpIIi
MOJISIPU3ALMSIIBI AIEKTPOMArHUTTIK JKa3bIK TOJIKBIHAAP/BIH LIAFBUTY JKOHE ChIHY €CeOiHIH aHaIUTHUKAIBIK
mremityi 6epinaren. Marpura ojici Heri3iHae HoJIIpU3ansUIaHybl OPTYPIIi DJIEKTPOMAarHUTTIK TOJNKBIHAAPABIH
CbIHY OYpBIIITAPBI, LIAFBUFAH JXOHE CHIHFAH TOJKBIHIAPIBIH aMIUIATYIAJapbl, TONTBIK JKbULIAMIBIKTAP
OarbIThl KOHE DJICKTPOMATHUTTIK SHEPrUsl arblHBIHBIH BEKTOPJAPHIH aHBIKTAyLIbl OYpBIIITApBI, TYCETiH
TOJIKBIHHBIH TOJIKBIH/IBIK BEKTOPbIHA TOyeJI/li OOJIAThIH AIEKTPOMATHUTTIK SHEPTUsl aF bIHAAPBIHBIH [IaMaJIaphl
JKOHE OJIapABbIH KypaylIblIapbl aHbIKTAJFaH. [10ISpu3aLlusachl SpTYpIli 3JIEKTPOMArHUTTIK TOJKBIHIAPIbIH
CbIHY KOPCETKIllll JKOHE TOJBIK iLIKi LIAFbuly OYpBINTapblH aHBIKTay KapacThIPbLIFaH. MarHUTTIK KoHE
JIUDNISKTPIIK  OTIMAUTIKTEpi TEH30piap aHH30TPONHUSCHIHA MOJSIPH3ALMSIIAHYBl SPTYPJi OOJIBIN KeNeTiH
9NIEKTPOMATHUTTIK TOJIKBIHAAPABIH KMHEMATHKAJbBIK JKOHE SHEPreTHUKANIBIK CHIATTaMalIapPbIHBIH TOYENALIIr
opTYpiti GONATHIHABIFEI KopceTinreH. [TonspH3aiuscel TONKBIHHBIH Tapajly JKa3bIKTBIFbIHA MEPIICHINKYISP
(TD TonkpiHmap) OOMBIT KeJeTiH OJIEKTP KEpHEYJIri BeKTOPHIHBIH KyYpayIIbICHIMEH aHBIKTalaThIH
9IIEKTPOMArHUTTIK TOJIKBIHAAD YIUIiH, IIAFbUIFaH JKOHE ChIHFAH TOJIKBIH/AP CHUIIATTaMajapsbl, )KbULIAMIBIKTAP
MHIMKaTpHCANapbl, Tapaly OypeluTapsl jkoHe T.0. OacklM Karmaiaa MarHUTTIK OTIMALTIK TEH30pbI
KYpayIIbUIAPbIMEH aHBIKTAJIFaH. AJl IOJSPHU3ALUACH] TOJIKBIHHBIH Tapayly OarblIThbIHA IIEPICHAUKYISAP OOJIBII
kenietid MarHut opici (TM TOJNKbIHAApP) KEPHEYIIriHIH KYpayIIbICHIMEH aHBIKTATATBIH AJICKTPOMArHUTTIK
TOJIKBIH JKaFJaiblHIa, OapiblK cHIaTTamanap KeOiHe IHINEKTPNIK OTIMIUIIK TEH30pbl KypayIlbIChIHA
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Toyenai. POMOBUIBIK CHMMETPUSIBI aHU30TPONTHI OPTAHBIH IIEKAPAChIHAA LIAFBUIFAH JKOHE ChIHFaH
TOJIKBIHIAPABIH K03 duuueHTTepin ansikTayra OpeHens GopMyackiHbIH JYPBICTBIFBI KopceTiireH. bipaxra,
Oyn oxarpaiina @penesnb (opMyslachlHa EHETIH TOJIKBIH BEKTOPJIAPBIHBIH KypaylibuIapbl — OJIap.IbIH
HMHJKAaTpUcachiMeH aHbIKTasFaH. COHBIMEH Karap, OCHl KypaylIbUIap[blH EKIHIII OpTaarbl CBHIHY
OypBIIIBIHA TOYENAINIT] eCKepiTyl Kepex.

Kinm ce30ep: aHmM30TpOIUs, POMOBUIBIK CHUMMETpPHS, 3JIEKTPOMAarHATTIK TOJKBIHAAP, ILIAFBULY, CHIHY,
TOJIKBIHAAP/BIH CHIHY OYPBIITAPEI, (ha3aIbIK )KOHE TONTHIK KBUIAAMIBIKTAP, THIFBI3IBIK BEKTOPEL.

C.K. Tneykenos, K.H. bana6ekos, 3.K. )Kanrac6ekosa

3akoHomMepHoOCTH oTpaskeHus: U npejomieHus BoJH TE u TM noasipuzauun
HA rpaHuIle POMONYECKHUX KPHCTALJIOB

B craTtbe aHanMTHYECKH pelleHa MpobaeMa OTPaKeHUSI U TPETOMIICHHS 3J€KTPOMAarHUTHBIX IIOCKUX BOJH
Pa3IMIHON TOJIIPU3ALIH Ha TPAHUIE AHU30TPOIIHBIX ITOJIYIPOCTPAHCTB poMOnIeckoi cummerpun. Ha ocro-
BE MAaTPUYHOTO METOZA HaWIEHB! YIJIbl IMPEJOMIICHHUS 3JIEKTPOMArHUTHBIX BOJIH PA3INYHON IOJISIpU3aLUH,
aMIUTUTY (bl OTPAKCHHBIX U IIPETOMICHHBIX BOJIH; YIJIBI, ONpEeISIONINe HalpaBieHHe IPYIIOBEIX CKOPO-
CTeil ¥ BEKTOPHI NTOTOKOB JJIEKTPOMATHUTHON PHEPTUH; NMOTOKU 3JIEKTPOMArHUTHOH SHEPTHU M MX COCTaB-
JSTIOIIME Ha HAMpaBJICHUE BOJHOBOTO BEKTOPA Majalollel BOIHBI. PaccMoTpeHo onpeienienue yrios MOIHOTO
BHYTPEHHET0 OTPa)KEHUSI U TOKa3aTelsl MPeTOMIICHHs 3JIeKTPOMATHUTHBIX BOJH Pa3MYHON TMOJSIPH3AIHN.
IToka3aHa MPUHLHUNHAIBHO Pa3Has 3aBUCHMOCTh KHHEMATHYECKHX M SHEPTETUUECKUX XapaKTEPUCTUK IJIeK-
TPOMArHUTHBIX BOJIH Pa3IMYHON MONAPHU3AILMU OT AaHM30TPOIMHU TE€H30POB MATHUTHOU M JHINEKTPHIECKON
TIPOHUIIAEMOCTH. J{JIs1 3JIEKTPOMAarHUTHBIX BOJH, TOJISIPU3ALUsI KOTOPBIX ONPEAENSCTCS] KOMIIOHEHTON BEKTO-
pa JMEKTPHIECKON HANpSHDKEHHOCTH, TEPHeHANKYIIPHON INIOCKOCTH pacnpoctpaneHus BoiHbl (TE-Boinna),
XapaKTePUCTHKAMU OTPa’KCHHBIX M MPEIOMIICHHBIX BOJIH, MOKA3aTEIBHBIMHU [UISI CKOPOCTEH, yIiIoB pacrpo-
CTpPaHEHUs M T.I., ONPEACIISICTCS B MEPBYIO OYepeib KOMIOHEHTaMH TEH30pa MAarHUTHON HPOHHIIAMOCTH.
B ciydae 371eKTpOMarHUTHBIX BOJH, KOTJIa TMOJISIPU3ALHs ONPEeseTcss KOMIOHEHTOM HANpsKEHHOCTH Mar-
HHUTHOTO ToJist (BonHa TM), mepneHIuKyIAPHON IIOCKOCTH PacHpOCTPAHEHNUS BOJHBI, BCE XapPaKTEPUCTUKH
3aBHCAT TJIaBHBIM 00pa3oM OT KOMIIOHEHT TE€H30pa IMAJIeKTpuueckoi mponumaemoctH. ITokaszana o6ocHo-
BaHHOCTH (hopmyn Ppenenst st 0003HaYeHN KO3DGUIMEHTOB OTPaXKEHHOH M IPEIOMIICHHOM BOJIH Ha rpa-
HUIE aHM30TPOIHEIX Cpesl opTopoMOndecKkoil cumMerpuu. OIHAKO B 3TOM CIIydae KOMIIOHEHTH! BOJHOBBIX
BEKTOPOB, BXOAAMHKX B (opmynsl Dpenerns, onpenensioTes UX HHIUKaTpucamu. Kpome Toro, Heo6xoammo
YUHUTBIBATh 3aBUCHMOCTB STHX COCTABJISIONIHNX OT YIJIa IIPEIOMIICHHS BO BTOPOIT cpere.

Kniouesvie crosa: aHM30TpOIHs, pOMOMYECKash CHMMETPHS, 3JIEKTPOMAarHUTHBIC BOJIHBI, OTPaKEHHE, Tpe-
JIOMJIEHHE, YTJIbI IPETOMIIEHHS BOJIH, ()a30BbI€ U TPYIIOBBIE CKOPOCTH, BEKTOP MIIOTHOCTH.
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