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SPECTRAL PROBLEM FOR THE JONES MATRIX IN REMOTE SCATTERING

The paper addresses the study of anisotropy in remote scattering basing on the spectral problem. The spectral problem is formulated
as the determination of eigenpolarizations and eigenvalues for the Jones matrix, which describe the optical anisotropy of the medium.
Jones matrices of media with complex anisotropy (media characterized by several types of anisotropy) are considered in terms of a
homogeneous (differential) approach. The essence of this approach is that the anisotropy of the class of media under consideration does
not depend on the thickness of this medium. An analysis of the Jones matrices for arbitrary homogeneous media (media characterized
by all four main types of optical anisotropy: linear, circular, phase and amplitude anisotropy) and media characterized by two types
of anisotropy as a special case has been peformed. The main tool for such an analysis was the inhomogeneity parameter of the
medium, which allows characterizing the latter as a medium with orthogonal or non-orthogonal eigenpolarizations. The study reveals
the peculiarities of complex anisotropy types (elliptical birefringence and Hermitian dichroism, improper dichroism, non-Hermitian
dichroism, and degenerate anisotropy) based on the inhomogeneity parameter. A geometric interpretation of eigenpolarizations using
the inhomogeneity parameter is demonstrated. The conditions for the anisotropy parameters under which the above-mentioned complex
types of anisotropy are realized in the studied classes of medium were calculated. The research was motivated by the fundamental
results of van de Hulst and Hovenier formed the basis of the analysis of the Jones and Mueller matrices inner structure. The results
obtained contribute to a deeper understanding of polarization phenomena in electromagnetic scattering and provide a basis for future
research in polarization diagnostics and remote sensing.
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INTRODUCTION

Natural scattering scenes include, but are not limited
to, various types of vegetation [4, 16], water surfaces
[3, 18], buildings [26, 27], snow [24, 25, 28], clouds,
fog, and aerosols [5, 6, 10, 17], which can be consid-
ered as natural polarization converters and/or depo-
larizers. Reflection, transmission, and scattering of
electromagnetic radiation by natural scattering scenes
create polarization patterns determined by the nature
of these scenes. Therefore, measuring the polarization
patterns is an important concept of modern remote
sensing. Thus, polarization represents a new quality in
understanding the properties of scattering scenes.

In many cases, Mueller polarimetry is a powerful
modality to characterize completely the anisotropy
and depolarization properties of the studied scatter-
ing scenes. This assumes, on the one hand, the mea-
surement of the Mueller matrices in the given ge-
ometry of the experiment and the wavelength of the
electromagnetic radiation. On the other hand, the
measured Mueller matrices are further analyzed us-
ing a wide range of decomposition methods that exist
today to get anisotropy and depolarization character-
ization of studied scenes.

Anisotropic properties are described by non-de-
polarizing or pure Mueller matrices. The latter have
a one-to-one correspondence with the Jones ones or,
as they are called in [12], scattering matrices. Based
on a number of so-called equivalence theorems [13,
15, 20], the Jones matrices allow one to obtain the
values of the anisotropy parameters (i.e., the values
and azimuths of the linear and the values of the cir-
cular phase and amplitude anisotropy) characteriz-
ing the scattering scene under study.

The goal of this paper is to analyze the Jones ma-
trix, which contains information on the anisotropy
of the scattering scene, based on the solution of the
spectral problem [1, 23]. The spectral problem is to
determine the eigenpolarizations and eigenvalues for
the Jones matrix. Despite the fact that the eigenpo-
larizations and eigenvalues carry very extensive and
important information about the anisotropic proper-
ties of the object under study, in our opinion, insuf-
ficient attention is paid to the solution of the spectral
problem in modern polarimetric bibliography. This
study was largely motivated by seminal results ob-
tained by van de Hulst and Hovenier et al. in their
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analysis of the structure of the Jones matrix and the
pure Mueller matrix [2, 8,9, 11, 12].

JONES MATRIX METHOD

There are four main anisotropic mechanisms char-
acterizing a homogeneous medium for a given wave-
length: linear and circular phase and amplitude an-
isotropy [24]. In the case of phase anisotropy two
orthogonal linearly or circularly polarized eigenpo-
larizations propagate with different phase velocities.
In the case of amplitude anisotropy, two orthogonal
linearly or circularly polarized eigenpolarizations are
absorbed differently, propagating through the ap-
propriate medium. To quantify these four anisotro-
pic mechanisms, one uses the following parameters:
d=@2n/\)(n,—n,)z=0,z and o — the value and
azimuth of the linear phase anisotropy, respectively;
¢=(n/N)(n,—n,)z=¢d,z — the value of the circu-
lar phase anisotropy; &= (2n/A)(k, -k, )z =&,z and
0 — the value and azimuth of the linear amplitude
anisotropy, respectively; r =(Q2n/A)(k, —k,)z =1z —
the value of the circular amplitude anisotropy;
nesn,,n,n, and ky,k,, k,k — linear and circu-
lar refractive indices and absorption coefficients of
the phase and amplitude anisotropy, respectively;
8,,%,,&,,1, — values of relative phase shift and ab-
sorptions per unit length in the light propagation di-
rection.

The essence of the Jones matrix formalism is
that the polarization properties of an infinitely thin
layer of anisotropic medium can be represented by
the differential Jones matrix N [25]. In the case
of a homogeneous medium, such a matrix does
not depend on the coordinate z in the direction
of light propagation. Jones matrix for an arbitrary
homogeneous anisotropic medium (i. e., the case
when the medium is simultaneously characterized by
all four mechanisms of anisotropy) is as follows:

2i(—i60 —&, +id, cos2a+& cos 29)

N =
%(—2¢0 +i(r, +8, sin20) + &, sin 20

% (—ir0 +2¢, +i6, sin2a.+ &, sin29)
)
—%i(SO —i&, +9, cos2a —i&, cosZG)
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Spectral Problem for the Jones Matrix in Remote Scattering

To calculate the Jones matrix for a medium Eq.
(1) of thickness d , we use the Jones vector transfer
equation:

dE
dz

Solving this equation with initial conditions
E(0)=E, , E,(0)=E,, one can get a system of lin-
ear equations of the form:

{ElzTE +T,E

NE. )

117701 127702 (3)
E,=T,E, +T,E

217701 227702
Then elements of the differential Jones matrix can

be found using the equation [18]:

El El
T, = s T, = >
E
OLlE;,=0 021E, =0 (4)
r =t _E
21 E 4 22
0LlE,=0 02 1Ey, =0

Applying this method to the differential matrix
Eq.(1), we obtain the following form of the integral
Jones matrix describing an arbitrary homogeneous
anisotropic medium:

T

TzK[T“ ;rjz} (5)
a 1a
K =exp(—z(id, +&,+A)/2)/24A,
T, =A+Aexp(zA)+
+H-1+ exp(zA)](iSo cos2a.+§&, c0529),
T, =[-1+exp(zA)]x

where

><(—ir0 +20, +i8, cos2a.+&, cos20),
T, =[-1+exp(zA)]x
><(ir0 —2¢, +id, cos2a.+& cos 26) ,
T,, =A+Aexp(zA) -
—[-1+ exp(ZA)](iS0 cos2a.+ & cos 26) ,
A= =82 +E+(r, +2i, ) +2i8,&, cos 2(c—0) .

EIGENANALYSIS OF THE MEDIUM
POLARIZATION PROPERTIES

To analyze the anisotropy of the medium described
by the Jones matrix T, the polarimetry spectral
problem is solved [18,19]. The first step is to calcu-
late eigenpolarizations E , and eigenvalues V, ,
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describing the eigenpolarizations propagation pecu-
liarities in the medium.

The second step is the calculation of the inhomo-
geneity value n [16]:

nz‘EIEZ‘, 0<n<1, (6)

1 1
N tr(T'T) = [orT|—|(nT)" ~ et

- s (7)
tr(TTT)—%|trT| +%‘(trT)2 ~4detT]

where ' stands for Hermitian conjugation.

The case n = 0 corresponds to the orthogonal E,
and E, ; n =l is the case of E, and E, coincidence
(i.e., degenerate anisotropy). Main concern is to show
for what types of anisotropy the eigenpolarizations
E , are orthogonal with n = 0 (birefringence and
Hermitian dichroism [1,7,23]), non-orthogonal with
0 <n <1 (non-Hermitian and improper dichroisms
[19, 21, 22]) and coincident with n = 1 (degenerate
anisotropy [19, 21, 22]).

For the medium with an elliptical phase anisot-
ropy (a combination of linear and circular phase an-
isotropy) and the medium with an elliptical ampli-
tude anisotropy (a combination of linear and circular
amplitude anisotropy), from Eq. (1), we get:

( izd, j
exp| —
TEP 2

= X

A

1

S,zA1/2 (180 s2(1+2(I)0)
A, ,—i8,c,.$ ’

Al CzA1/2+ ISOCZQSZAI/Z
1 7zA /2 207zA, /2

S (160 S20 ™ 2¢o )
_ exp(-z¢&, /2) y
A2

A, cosh(zA, /2)+&, cos(20)sinh(zA, /2)

XLinh(zAz /2)(E, sin(20) +ir,)

sinh(zA, /2)(§, sin(20) —ir, )} ®

Acosh(zA, /2)—&, cos(20)sinh(zA, /2) |’

where

TEA

141 _ (602 +4¢02)1/2 , A2 _ (gOZ +r02)1/2 ,
C, =cCosx, s =sinx.
Substituting the elements of the Jones matrices
Eq. (8) into Eq. (7) we can obtain n = 0, since these
classes of media are unitary and Hermitian and,
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Figure 1. Dependence of inhomogeneity h on the anisotropy parameters: a —&and ¢; b —dand 7;c— dand &;d — aand 0

therefore, are described by orthogonal eigenpolar-
izations.

The same value of inhomogeneity, i. e., n =0, can
be obtained for the class of media with a combination
of circular phase and amplitude anisotropy described

by the following Jones matrix:
T CACP —

cosh(z(r, +2i¢,)/2) —isinh(z(r, +2id,)/2)
isinh(z(r, +2i¢,)/2)  cosh(z(r, +2i¢,)/2) |

)

The polarization properties of other media char-

acterized by two anisotropy types are more complex.
Consider these cases.

Medium with linear amplitude and circular phase

anisotropy. The Jones matrix for this medium is as

30

follows:
TLACP _ exp(-z§,/2) y
A3
y A, cosh(zA, /2)+ &, cos(20)sinh(zA, /2)
(&,sin(20) —2¢,)sinh(zA, /2)
(&,8in(20) +2¢,)sinh(zA, /2)
A, cosh(zA/2)—&, cos(20)sinh(zA, /2)
where A, = (& —4¢;)".
Substituting the elements of the matrix Eq. (10)
into Eq. (7) for the case 6 = 12°, z = 1, we obtain
the geometric interpretation of the inhomogeneity n

presented in Fig. 1, a. Figure 1, a shows that this class
of media is characterized by:

, (10)

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2025. T. 31. No 1



Spectral Problem for the Jones Matrix in Remote Scattering

Degenerate
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Improper dichroism
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Figure 2. Dependence of inhomogeneity h on the anisotropy parameters: a — ¢ and &; b — o and 6

* improper dichroism (&) < 2¢;) — eigenpo-
larizations of the medium are absorbed equally and
propagate with different phase velocities, while other
input polarizations are absorbed differently but prop-
agate with equal phase velocities,

* non-Hermitian dichroism (&, > 2¢; ) — eigen-
polarizations are nonorthogonal and are absorbed
differently. The Jones matrix describing this class of
media is neither Hermitian nor unitary, unlike the
corresponding matrices for linear, circular, or ellipti-
cal amplitude (Hermitian dichroism) or phase (bire-
fringence) anisotropy,

* degenerate case (& = 2¢; and n = 1) — in this
case, the eigenpolarizations coincide.

Thus, from Fig. 1, a, we can see that this class of
media is always characterized by nonorthogonal ei-
genpolarizations (n = 0).

Medium with linear phase and circular amplitude
anisotropy. The Jones matrix for this class of media
corresponds to the first partial Jones equivalence
theorem [15]. From Eq.(1), we get:

LPCA _ exp(—zid, /2) y
A

4

A, cosh(zA, /2)+id, cos(2a)sinh(zA, /2)
X

(8, sin(2a) + 1, )sinh(zA, /2)
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(8, sin(2a) —r,)sinh(zA, /2) D
A, cosh(zA, /2)—i8, cos(2a)sinh(zA, /2) |’

where A, =(r7 -82)".

After the substitution of elements of the matrix
Eq. (11) into Eq. (7) for the case 6 = 12°, z =1, the
graphical interpretation of the inhomogeneity n is
presented in Fig. 1, b. Figure 1, b shows that this class
of media is characterized by:

* improper dichroism (. < §)),

* nonhermitian dichroism (. > &),

* degenerate aisotropy (1’02 = 83 andn=1).

Thus, from Fig. 1, b we can see that this class of
media is always characterized by nonorthogonal
eigenpolarizations as well.

Medium with linear phase and amplitude anisotropy.
From Eq. (1) for the Jones matrix of this class of
media, we get:

TLPLA exp(—z(id, +§,)/2) %
AS
X{AS cosh(zA, /2)+ Bsinh(zA, /2)

Bsinh(zA, /2)
Bsinh(zA, /2)

12
A, cosh(zA, /2)— Bsinh(zA, /2) | (12)
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where
A, =(r; =8})", B=i§,cos(2a) +E&, cos(20) .

Substituting the elements of the matrix Eq. (12) in
Eq. (7) for the case oo = 55°, 6 = 10°, z =1, we obtain
the graphical interpretation of the inhomogeneity m
presented in Fig. 1, c—d. Figure 1, c—d shows that
this class of media is characterized by:

* improper dichroism (&, < §)),

* nonhermitian dichroism (& > &),

e degenerate case (& = §; andn = 1).

Thus, from Fig. 1, c—d we can see that this class of
media is characterized by nonorthogonal eigenpolar-
izations, excluding the case of a = 0 when eigenpo-
larizations are orthogonal [18].

Arbitrary homogeneous anisotropic medium. This
section summarizes the results obtained above.

Substituting the elements of the Jones matrix
Eq.(5) in Eq.(7) for the case a =12°, 0 =23°, r=0.8,
z=1,and 6 =2rdcsc(2a)sin(20)/& gives the graphi-
cal interpretation of the inhomogeneity n, presented
in Fig. 2. Figure 2 shows that this class of media is
characterized by:

* improper dichroism (8,> <& +1.),

* nonhermitian dichroism (8,> > & +7,),

e degenerate case (8, =&, +r’ andn = 1).

REFERENCES

From Fig. 2, we can see that this class of media is
characterized by orthogonal eigenpolarizations (n =
= () in the case of 6 =2&¢/r and/or a =6.

SUMMARY AND CONCLUSIONS

In this paper, we systematically analyzed the prop-
erties of complex anisotropy types (elliptical bire-
fringence and Hermitian dichroism, improper di-
chroism, non-Hermitian dichroism, and degenerate
anisotropy) by solving the spectral problem for the
corresponding Jones matrices and the inhomogene-
ity parameter that arise from remote scattering. Such
a comprehensive analysis, to our knowledge, has not
been performed before. For a more detailed interpre-
tation and clarity of the results, their geometric inter-
pretation is presented.

The results enhance understanding of the polar-
ization phenomena in electromagnetic scattering and
form the basis for future studies in polarization diag-
nostics and remote sensing. An important and inter-
esting consequence is that the results obtained in this
paper will contribute to the development of more ac-
curate, compact, and fast methods for measuring the
polarization characteristics of natural objects (such
as various types of vegetation, water surfaces, build-
ings, snow, ice, clouds, fogs, and aerosols, etc.).

1. Azzam R. M. A., Bashara N. M. (1988). Ellipsometry and Polarized Light. North Holland: Elsevier, 558 p.
2. Bohren C. E, Huffman D. R. (1983). Absorption and Scattering of Light by Small Particles. New York: Wiley, 530 p.

doi:10.1002/9783527618156

3. Chowdhary J., Cairns B., Waquet F., Knobelspiesse K., Ottaviani M., Redemann J., Travis L., Mishchenko M. (2012).

32

Sensitivity of multiangle, multispectral polarimetric remote sensing over open oceans to water-leaving radiance: Analyses of
RSP data acquired during the Milagro campaign. Remote Sens. Environ., 118, 284—308. doi:10.1016/j.rse.2011.11.003
Cloude S. R., Pottier E. (1997). An entropy based classification scheme for land applications of polarimetric SAR. /EEE
Trans. Geosci. Remote Sens., 35, No. 1, 68—78. doi:10.1109/36.551935

Dubovik O., Li Z., Mishchenko M. 1., Tanre D., Karol Y., Bojkov B., et al. (2019). Polarimetric remote sensing of at-
mospheric aerosols: Instruments, methodologies, results, and perspectives. J. Quant. Spectrosc. and Radiat. Transfer, 224,
474—511. doi:10.1016/j.jqsrt.2018.11.024

Gastellu-Etchegorry J.-P., Lauret N., Yin T., Landier L., Kallel A., Malenovsky Z. (2017). Dart: Recent advances in remote
sensing data modeling with atmosphere, polarization, and chlorophyll fluorescence. IEEE J. Selected Topics Appl. Earth
Observ. and Remote Sens., 10, No. 6, 2640—2649. doi:%2010.1109/JSTARS.2017.2685528

. GilJ. J., Ossikovski R. (2022). Polarized Light and the Mueller Matrix Approach. New York: CRC Press, 516 p. doi:10.1201/

b19711

Hovenier J.W. (1994) Structure of a general pure Mueller matrix. Appl. Opt.., 33, No. 36, 8318—8324. doi:%2010.1364/
AO.33.008318

Hovenier J. W., Mackowski D. W. (1998). Symmetry relations for forward and backward scattering by randomly oriented
particles. J. Quant. Spectrosc. Radiat. Transfer, 60, No. 3, 483—492. doi:10.1016/S0022-4073(98)00022-3

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2025. T. 31. No 1



Spectral Problem for the Jones Matrix in Remote Scattering

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

Hovenier J. W., Mee C., Domke H. (2004). Transfer of Polarized Light in Planetary Atmospheres. Dordrecht, Netherlands:
Kluwer Academic Publsihers, 258 p.

Hu Ch.-R., Kattawar G. W., Parkin M. E., Herb P. (1987). Symmetry theorems on the forward and backward scattering
Mueller matrices for light scattering from a nonspherical dielectric scatterer. Appl. Opt., 26, No. 19,4159—4173. doi:10.1364/
A0.26.004159

Hulst H. C. (1981). Light Scattering by Small Particles. New York: Dover Publications, 470 p.

Hurwitz H., Jones R.C. (1941). A new calculus for the treatment of optical systems. 1. Proof of three general equivalence
theorems. J. Opt. Soc. Amer., 31, 493—499. doi:10.1364/JOSA.31.000493

Jones R.C. (1948). A new calculus for the treatment of optical systems. VII. Properties of the N-matrices. J. Opt. Soc. Amer.,
38, 671—685. doi:10.1364/JOSA.38.000671

Lu S.-Y., Chipman R.A. (1994). Homogeneous and inhomogeneous Jones matrices. J. Opt. Soc. Amer. A, 11, No. 2, 766—
773. doi:10.1364/JOSAA.11.000766

Maghsoudi Y., Collins M., Leckie D. G. (2012). Polarimetric classification of Boreal forest using nonparametric feature
selection and multiple classifiers. Int. J. Appl. Earth Observ. Geoinf., 19, 139—150. do0i:%2010.1016/j.jag.2012.04.015
Munoz A.G. (2018). On mapping exoplanet atmospheres with high dispersion spectro-polarimetry: Some model predic-
tions. Astrophys. J., 854, No. 2, 108. doi:10.3847/1538-4357 /aaaalf

Ottaviani M., Chowdhary J., Cairns B. (2019). Remote sensing of the ocean surface refractive index via short wave infrared
polarimetry. Remote Sensing Environ., 221, 14—23. doi:10.1016/j.rse.2018.10.016

Savenkov S. (2010). Eigenview on Jones matrix models of homogeneous anisotropic media. EPJ Web of Conf., 5, 04007.
doi:10.1051/epjconf/20100504007

Savenkov S. N., Marienko V. V., Oberemok E. A., Sydoruk O. (2006). Generalized matrix equivalence theorem for polariza-
tion theory. Phys. Rev. E, 74, No. 5, 056607. doi:10.1103/PhysRevE.74.056607

Savenkov S. N., Sydoruk O. I., Muttiah R. S. (2005). Conditions for polarization elements to be dichroic and birefringent.
J. Opt. Soc. Amer. A, 22, No. 7, 1447—1452. doi: 10.1364/JOSAA.22.001447

Savenkov S. N., Sydoruk O. I., Muttiah R. S. (2007). Eigenanalysis of dichroic, birefringent, and degenerate polarization
elements: a Jones-calculus study. Appl. Opt., 46, No. 27, 6700—6709. doi:10.1364/A0.46.006700

Shurclift W. A. (1962). Polarized light-production and use. Harvard: Harvard University Press, 218 p.

Sun Z., Wu D., Lv Y. (2022). Optical properties of snow surfaces: Multiangular photometric and polarimetric hyperspectral
measurements. IEEE Trans. Geosci. and Remote Sens., 60, 1—16. doi:%2010.1109/TGRS.2021.3078170

Sun Z., Zhao Y. (2011). The effects of grain size on Bidirectional polarized reflectance factor measurements of snow. J.
Quant. Spectrosc. Radiat. Transfer, 112, No. 14, 2372—2383. doi:10.1016/j.jgsrt.2011.05.011

Wang H., Wang M., Zhao M., Yang L. (2021). Shadow Has Little Effect on the Spectral Response of Urban Surface Polar-
ized Reflectance. IEEFE Geosci. and Remote Sens. Lett., 18, No. 9, 1535—1539. doi:%2010.1109/LGRS.2020.3005805

Xie D., Cheng T., Wu Y., Fu H., Zhong R., Yu J. (2017). Polarized reflectances of urban areas: Analysis and models. Remote
Sens. Environ., 193, 29—37. doi:10.1016/j.rs¢.2017.02.026

Yang B., Zhao H., Chen W. (2019). Modeling polarized reflectance of snow and ice surface using polder measurements. J.
Quant. Spectrosc. Radiat. Transfer, 236, 106578, 248. doi:10.1016/j.jqsrt.2019.106578

Cmamms nadiiiwna oo pedakuii 14.03.2025 Received 14.03.2025
Iicas doonpauyrosanusn 17.03.2025 Revised 17.03.2025
Ipuiinsamo do dpyky 18.03.2025 Accepted 18.03.2025

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2025. T. 31. Ne 1 33



S. Savenkov, 1. Kolomiets, Y. Oberemok, R. Kurylenko

C. M. Cagenkoes, mpod., 3aB. Kadeapu
ORCID: 0000-0002-6346-6989

E-mail: sns@univ.kiev.ua

1. C. Konomieynb, kaHa. (i3.-MaT. HayK, TOLEHT
ORCID: 0000-0002-0370-3911

E-mail: kolomiets55@gmail.com

€. A. Obepemox, Kaua. pi3.-mMaT. HayK, TOLEHT
ORCID: 0000-0001-6439-721X

E-mail: oya@univ.kiev.ua

P. O. Kypunenko, actiipaHt

ORCID: 0000-0001-7329-3148

E-mail: romanyson@gmail.com

daxkynpreT pagiodizuKu, eTEKTPOHIKY Ta KOMIT IOTEPHUX CUCTEM
KwuiBcbkoro HallioHasibHOTO yHiBepcuTeTy iMeHi Tapaca IlleBueHka
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CIMEKTPAJIbHA 3AZIAYA /1 MATPULLI I)KOHCA Y AUCTAHLIIMHOMY PO3CISAHHI

CTaTTioO IPUCBIYEHO BUBYEHHIO aHi30TPOIIii BilIAIEHOTO PO3CisIHHSI HA OCHOBI CMIeKTpasibHOI 3afadi. CriekTpajibHa 3a1a4ya
(GopMYITIOEThCS SIK BU3HAUYEHHST BIACHUX MOJSIPU3aLlill i BIaCHUX 3HAY€Hb JJIsT MaTpuili J>KoHca, 110 OMUCYIOTh ONTUIHY
aHizoTpoIio cepenonuia. Marpuii JIXKoHca cepeaoBuIIl i3 CKIaIHOI aHi30TPOTIIEID (CepeloBUILIa, 10 XapaKTepU3yIOThCS
NIEeKiJIbKOMa TUIIaMU aHi30TPOITiT) pO3MISIIaI0ThCs B paMKax OAHOPiAHOTO (AudepeHLianbHoro) miaxoay. CyTh TaKOro Miaxomy
MOJISITa€E B TOMY, 1110 aHi30TPOMisl KJacy CepeJoBUIL, KU PO3MISIIAETbCS, HE 3JIEKUTh Bijl TOBIIMHU LIbOTO CEPEIOBHUIIA.
BukoHaHo aHaiiz Marpuub JIXKoHca JUisl BUTIAIKY JOBITBHUX OZHOPIIHUX CEPEeNOBUIL (CEpeaOBUILL, 10 XapaKTeprU3ylOTh-
csl yciMa 4oTMpMa OCHOBHUMM TUIIaMU OTNITUYHOI aHi30TPOTIii: JIiHiliHa, IMPKYJIsIpHA, (ha30Ba Ta aMIUTITYTHA aHi30TPOITis)
i cepenoBMIIL, 1110 XapaKTepu3yIOThCs IBOMA TUTIAMU aHi30TPOTil SIK OKpeMoro BUMaaKy. OCHOBHUM iHCTPYMEHTOM IS Ta-
KOro aHaJi3y OyB mapaMeTp HEOTHOPIIHOCTI CepeloBMIIIa, 110 JO3BOJISIE OXapaKTepr3yBaTU OCTAHHE SIK CEPEIOBUIIE 3 OP-
TOTOHAJILHUMU a00 XK HEOPTOrOHAJLHUMU BJIACHUMMU TOJsipu3altisiMu. BusiBieHo 0co0JMBOCTI CKJIaHUX TUIIB aHi30TPOMil
(einTUYHE MOJBIliHE MPOMEHE3AIOMJICHHS Ta €PMITiB AUXPOi3M, HEBJIACHUM OUXPOI3M, HEEPMITiB NMXPOi3M, BUPOIKEHA
aHI30TPOIIis1) HA OCHOBI MapameTpa HeoMHOPiAHOCTI. [IpoAeMOHCTPOBAHO FEOMETPUYHY iHTEPIIPETALLil0 BJIACHUX MOJISIpU3a-
11ii1 3a 1OTIOMOTOI0 TTapaMeTpa HeoaHOPinHOCTI. Po3paxoBaHo yMOBHM Ha TapaMeTpu aHi30TpOIlii, TPY SIKUX 3a3HAYEHi BUIIIE
CKJIaJIHi TUIY aHi30TPOIIii peasti3yroThCs B TOCTIIKYBaHUX KJlacax cepenoBuill. JlocimkeHHs OyJIo MOTMBOBaHe (PyHIaMEH-
TaJIbHUMU pe3y/ibTaTaMu BaH e X1oJicTa i XOBeHipa, sIKi JIIIM B OCHOBY aHaJli3y BHYTPILIHBOI CTPYKTYpH MaTpuilb JI>)KoHca
i Miomiepa. OTpuMaHi pe3yabTaTv CIPUSIIOTh IIUOILIOMY pO3YMiHHIO SIBULL MTOJIsSIpU3allii B €JISKTPOMarHiTHOMY pO3CitoBaHHi
Ta CTBOPIOIOTH OCHOBY JUISI MAMOYTHIX JOCIiIKEHb IMOJISIPU3aLiiiHOl 1iarHOCTUKHY Ta AUCTAHLIiIHHOTO 30HIyBaHHSI.

Karouosi caosa: matpuiist Miosiepa, matpuuis [I>koHca, pa3oBa JiHiliHA Ta LUMPKYJIsIpHA aHI30TPOITisl, aMIUTITY/IHA JIiHiiiHA Ta
LMPKYJISIPHA aHi30TPOTIisl, CIIeKTpalibHa 3a/1a4a.

34 ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2025. T. 31. Ne 1



