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Statement of the problem.

There is a large variety of problems of propagation of waves generated by impact action and
characterized by discontinuities of strains and stresses at their front surfaces. Every so often in this cases, it is
not necessary to study the field functions behaviour in the whole domain of a medium, but is expedient to
consider the process of the wave motion as a signal, which can identify the mechanical system properties.
This kind of problems is associated with the reconnaissance of mineral resources via the use of explosions,
with the calculation of the phenomena of reflection — refraction of seismic waves in tectonic structures, as
well as with the questions of the wave propagation and decay in layered composite materials. Their solutions
can help us to attenuate actions of there waves through the use of shielding effects.

In these cases, the problem of investigation of discontinuous waves propagation in elastic media is
connected with the questions of geometrical construction of moving field functions discontinuities and
calculation of their polarizations and magnitudes presenting the most comprehensive information on a
wave front and intensity of the impulse carried by it at the every point of the front.

Analysis of Publications. The methods of geometrical optics, specifically, a zero approach of the ray
method, providing an adequate quantitative description of a wide class of the wave phenomena of different
physical nature, play an important role in the setting up and solution of the mentioned problems (Karal and
Keller [1]; Ogilvy [2]; Petrashen [3]; Podilchuk and Rubtsov [4]).

The ray method allows to separate a function of the wave optical way length (or eikonal) and to
construct a system of rays and fronts of a discontinuous wave with the help of the eikonal equation. This
problem may be solved comparatively easy for isotropic media, but there again some difficulties arise when
there is a necessity to investigate the interaction of a wave with the interface between the media with
differing optical properties (lenses, inhomogeneities, etc.). In these events, the aggregates of the rays are
produced, which have common envelopes (caustics), where the rays are focussed and the field intensity
increases indefinitely. In geometrical optics, the caustics classification is performed on the basis of the theory
of singularities of differentiable mappings — the theory of catastrophes (Arnold [5], Kravtsov and Orlov [6]).

But the physical pictures of the dynamic phenomena are drastically complicated when discontinuous
waves propagation in anisotropic elastic media is investigated, because of the field functions become
vectorial; there are three kinds of waves for every ray direction, which are distinguished by their
polarization; the waves phase velocities depend on both the waves polarization and direction of propagation;
the ray velocities differ from the phase ones and there is not always one-to-one conformity between their
directions. The phenomenon of the wave diffraction in the interfaces between elastic anisotropical media also
is radically complicated, as the appropriate correlations by Snellius become essentially non-linear, because of
the fact that the phase velocities of the reflected and refracted waves propagation cease to be known
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beforehand. For this reason it is necessary to solve systems of non-linear equations in order to determine the
directions of the rays emanated from the boundary surfaces. The possible non-uniqueness of their solutions
may cause the advent of caustics even at the incidence of a regular shock wave on a plane interface, which
cannot be in homogeneous isotropical media, and generate more wide diversity of qualitatively different
phenomena in the processes of reflection-refraction.

The problems of interaction of incident waves with the boundary surfaces interfacing anisotropical
elastic media are normally solved through the construction of the refraction vector functions (Fedorov [7]),
which, in essence, represents a graphical method. (Ogilvy [2]). applied a similar approach to investigation of
a mirage phenomena in anisotropic heterogeneous elastic media. In the present paper, the method of
continuation by a parameter jointly with the Newton method (Gulyayev et al. [8, 9]) is used, which permits
to identify bifurcational states of wave front transformation with the best efficiency.

Constitutive equation.
Let the motion of homogeneous anisotropical elastic medium characterized by the elasticity

parameters C; g = const and density p = const be described by the equations
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where 4, =C, . /pP; X,X,,x; is the Cartesian coordinate system; u,,u,,u; the components of the

elastic displacement vector.
Consider the system (1) solutions in the form of a plane monochromatic wave with the wave
number k and the phase velocity v. Its front are the surfaces possessing the constant phases

n-r¥—vt=const, 2)

which coincide locally with the areas perpendicular to the unit vector # and moving with the velocity
V=Vn.
The question of the wave polarization vector A and phase velocity v determination for the selected

direction # 1is solved on the basis of the system of homogeneous algebraic equations relative 4;
(Fedorov, [7]).; Gulyayev et al. [8, 9], 1997; Petrashen [3])

3
Z/l dopg M, Ay V24, =0 (i=123) (3)
k,p,q=1

Its matrix

3
A, = Zz g L, (i, g=12.3). 4)
k,p=1

possesses the properties of symmetry and positive definiteness.
From condition of the system (3) non-trivial solution existence, the eigen-value problem stems

3

| z/likyﬂq 1y nﬂ_vzé‘iq =0 (5)

i
It is possible to find three values of the velocity

Vi (1) > vi () 2 v; (1) >0 (6)
with the help of Eq. (5) and three types 4" (r = 1,2,3) of the wave polarization
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for each direction 7 . The waves are quasi-Primary (qP) and quasi-Secondary (gS).
These polarization vectors satisfy the orthogonality condition

AV (1) A () (i=1.2,3) (8)

for every selected direction 7 .
If a discontinuous wave is considered, equality (2) provides, that its front surface may be represented
by the correlation

7(x,,%,,x,)—t=0, )

where the function 7(x,,x,,x,)has to satisfy the first order partial differential equation (Fedorov [7],
Petrashen [3])
3
zﬂ'ik,pq pk pp A;r)Ai(r) :1 (10)

ik,p,q=1

It generalizes the eikonal equation of geometrical optics to the case of anisotropic elastic waves.
The quantities p, (k =1, 2, 3) included into (10) represent the components of the refraction vector

p, =0t/ox, =n,[v,(i) (k=1.2,3).
For the wave front (9) to be constructed, Eq. (10) solution should be found. The equation is
transformed to the system of ordinary differential equations

%
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or

ik,p.g=1

with the help of the method of characteristics.
The first group of these equations describes the wave propagation along rays with the ray velocity

E=E"(n,x,) . The rays are rectilinear and, in the general case, not orthogonal to the wave front surface.

The built up system of rays and fronts allows to proceed to the determination of the wave intensity in the
vicinity of its front. For the realization to be performed, it is convenient to use Eq. (1) solution expansion in
series along a ray as follows:

uq = Zu;m)(xl’x27x3 )f;n [t _T(XI"XZ’X} )] (q = 17293)a (12)
m=0

where the functions f,,, satisfying the correlations f; ()= f, ,(»), are supposed to possess discontinuities of

their derivatives, for example, of the order n+2 (Petrashen [3]).
If the problem of investigation of the wave behaviour in the front nearest neighbourhood is set up, only one

term m = 0 is retained in (12) and for the vector #” to be calculated, the system of homogeneous equations

3
DAy Pep,ul” —ul” (i=123) (13)

k,p,q=1

is used. Its solution is represented in the form (Petrashen [3])

0 Co(aaﬂ) 'A;r)(a,ﬁ,f)
u =
' v/ (@, B,7)
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where («, 3,7) is the system of ray coordinates and the functional determinant J = d(x,,x,,x,)/d(, B,7) of

the transformation of the ray coordinates into Cartesian ones is the measure of the ray divergence in the ray
tube.

The presented correlations permit to trance the evolution of a discontinuous wave front and to
calculate magnitudes of the field functions discontinuities on its surface outside the interface between
anisotropic elastic media with differing properties.

Discussion of results.

At first consider the peculiarities of a discontinuous wave propagation in an unbounded transversally
isotropic medium. Let a normal uniform pressure is instantly applied to the surface of a spherical cavity C of
radius R = 1. It initiates not only a qP discontinuous wave, as it occurs in an isotropic medium, but also qS
discontinuous waves whose front surfaces possess axial symmetry. Thanks to it intensity of the qS-wave
(r = 3) polarized orthogonally to the first ones (» = 1, 2) is equal to zero and hereafter it will not be
investigated. The problem is to construct the evolving surfaces of these waves fronts and to investigate their
bifurcations.

At the case under study the tensor of elastic constants is represented by the matrix

o A+2u Al )
(Ca/,):HO WE L=|A-1 A+2u—p A—1|, M =diag(u—m,u,u—m).
) A-1  A+2u

Thus, the three parameters I, m, p characterize the considered media difference from an isotropic medium
with the Lame parameters A, u .

With the use of the proposed approach, the problem on diffraction of a plane discontinuous wave by
plane interfaces between two elastic semispaces was studied. The shielding properties of the interfaces were
analyzed. Two types of the elastic media joined in the interfaces were simulated.

Firstly, it was considered that conditions of rigid connection are satisfied, i. e. the vectors of
displacements and stresses were assumed to coincide. Shown in Fig. 1 are the diagrams of the values of the
reflected and refracted waves intensities. It can be concluded that the diffractional character of the waves
transformation becomes more intensive with change of the incident angle.
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Figure 1 — Intensities of discontinuous waves reflected and refracted in the plane G, joining two

elastic media
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But the shielding phenomena become more intensive when the contacting media can slide in the
interface plane. It can be seen in Fig. 2, that the intensities of refracted waves tend to zero with the incident
angle enlargement.

The reflection — refraction processes acquire special complexity if the shielding layer has the shape of
a wedge (Fig. 3). In this case the screening effect is effective for any incident angle.
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Figure 2 — Intensities of discontinuous waves reflected and refracted in the plane G, separating two
elastic media
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Figure 3 — Scheme of the wave breaking by a wedge insert

Conclusions.

The problem of diffraction of discontinuous waves fronts at the interfaces between anisotropic elastic
media is set up in the framework of a zero approximation of the ray theory. Software is elaborated with its
use for the computer simulation of the waves fronts transformation and analysis of their field functions
discontinuities magnitudes evolution.

The carried out calculations allowed to investigate phenomena of bifurcations of the wave front surfaces
and trace the generation of reflected and refracted discontinuous waves in the interface between the media
with different mechanical properties. It is established that three factors may be the reasons of the fronts
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bifurcations and caustics formation. Among these are the non-linear correlation between the directions of
rays and a wave normal, the non-linear character of the Snellius equations and non-linear outline of
interfaces. In the vicinity of the wave front bifurcations, the field functions intensity tends to infinity.

The effects of the discontinuous wave shielding are established.
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PE®EPAT

Baminina O.B. ExpanyBaHHs pO3pUBHHX XBWJIb IIAPYBATHUM MPYKHAM aHi30TPOITHUM CEPENOBHIICM.
/ O.B. Baminina, }0.0. 3aeup // Bicauk HarionansHoro tpancnoptHoro yHiepeutety. — K. : HTY, 2013. —
Bum. 28.

PosrnsiayTa npobnema TUHaMi4HOT B3a€EMOJIi XBHIILOBUX (a30BUX ()POHTIB 3 MOBEPXHAMH PO3ALTY
AHI30TPOMHUX MPYKHUX CEPEIIOBHIII.

OO’eKT JOCHIPKEHHS — HECTal[lOHApHI XBWII CHJIBHHX pO3pHUBIB, 30ypeHi B HEOJHOPITHOMY
MPY>KHOMY CEPEIOBHILII.
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Merta poOOTH — AOCHIAUTH e(PEeKT B3aEMOJIl PO3PUBHUX XBHIb 3 MOBEPXHSIMU PpO3ILLY, SKi
PO3MEKOBYIOTh aHi30TPOIHI TIPYKHI CEPEAOBUINA 3 BIIMIHHUMU (PI3MYHUMH BIACTHBOCTSIMHU.

Merton HOCTiIKEHHSI — METOJT HYJIbOBOT'O HAOJIM)KEHHSI TIPOMEHEBOTO METO.LY.

Po3pobienuit MeTon TIPYHTYEThCS Ha CHITBHOMY BHUKOPUCTaHHI IMPOMEHEBOI Teopii, JOKaIbHO-
IUIOCKOTO IMIAXOMy 1 Teopil cTepeoMexaHIuHOTO yAapy. BiH BHUKOPHCTOBYETbCS ISl JOCIHIIKEHHS
PO3MOBCIOJKEHHSI PO3PUBHHUX XBWJIb B aHI30TPOIHUX TEKTOHIYHUX CTpYyKTypax. JochimkeHHI BUMagKu
B3a€MOJIl KBa3iMO3IOBXKHIX Ta KBa3iMONEPEYHHX XBHJb 3 MOBEPXHAMH pPO3ILTY, SIKi PO3MEXKOBYIOTH
aHI30TPOIHI NPY>KHI cepeoBUILA 3 BIAMIHHUMU (i3HUHUMH BIACTUBOCTSIMU. PO3IIIsSHYTI MUTaHHS MOB’sI3aHi
3 OipypkamisMu XBWIBOBUX (POHTIB 1 YTBOPEHHSM Ha HHX CHHTYJSIPHOCTEH Ta KayCTHK, a TaKoX
KOHILIEHTpAIiil HAaNpY>KeHb 1 yTBOPEHHSM Ha HUX 30H, B AKUX HANpPYy>KEHHS MPSIMYIOTh 1O HECKIHYEHHOCTI.
Bukonano monentoBaHHs e()eKTiB eKpaHyBaHHS XBHJIb.

Pesynbratu cTaTTi MOXKYTH OyTH YNIPOBaJKEHHI B HAYKOBO-AOCIIAHMX 1 MPOEKTHUX OpraHi3alisx, ae
3aliMarOThCs MPOEKTYBAaHHIM CIIOPYJl €HEPreTUYHOT0, TPAHCIIOPTHOTO, TIPHUYOTO NPU3HAYSHHS 3 METOI0 X
CeiiCMO3axHCTy Ta 3aXKUCTY BiJl BIUIMBY PO3PUBHHUX XBHJIb 30yPEHUX TEXHOT€HHUMH YHHHUKAMH.

KJIIOYOBI CJIOBA: EKPAHYBAHHSA, PO3PUBHI XBUJII, AHI3OTPOIIHI IHIAPYBATI
CEPEJIOBUILA, [IPOMEHEBHI1 METO/I.

ABSTRACT

Vashchilina O.V., Zaets Yu. O. Shielding discontinuous waves by anisotropic elastic layered medium.
Visnyk National Transport University. — Kyiv. National Transport University. 2013. — Vol. 28.

The problem of dynamic interaction of wave phase fronts with anisotropic elastic media interfaces is
considered.

Object of study — nonstationary waves of small discontinuities generated in nonhomogeneous elastic
medium.

Purpose of the investigation —to investigate the effect of the interaction of discontinuous waves with
interfaces separating anisotropic elastic media with different physical properties

Method of the study is the zero approximation of the ray method.

A technique based on joint use of the ray theory, locally plane approach and theory of
stereomechanical impact is elaborated. It is employed for the investigation of discontinuous waves
propagation in anisotropic tectonic structures. The cases of interaction of quasi-longitudinal and quasi-shear
discontinuous waves with the interfaces separating different anisotropic elastic media are treated. The issues
are considered which are associated with the wave front surfaces bifurcations, generation of their
singularities and caustics, as well as with stress concentration and formation of zones where the stresses tend
to infinity. The effects of the wave shielding are simulated. The analysis results are discussed.

The results of the article can be inculcated for elaboration of technologies of screening shock waves.

KEYWORDS: SHIELDING, DISCONTINUOUS WAVES, ANISOTROPIC LAYERED MEDIA,
RAY METHOD.

PEOEPAT
Bammnmua E.B. DxpaHupoBaHWe pa3phIBHBIX BOJH CIIOWCTOH YIPYTrod aHWU3OTPOITHOW CPEIOW.
/ E.B. Bammuna, 10.A. 3aer / Bectauk HarmmonambsHOTO TpaHcmopTHOTo yHUBepcurera. — K. : HTY,

2013. — Bpm. 28.

Paccmorpena mpoOieMa JUHAMHYECKOTO B3aUMOJICHCTBHSI BOJHOBBIX (Pa30BBIX (PPOHTOB C
[IOBEPXHOCTAMH paszeiia aHU30TPOIHBIX YIIPYTUX CPEL.

OObeKkT HccnenoBaHUSI — HECTallMOHApHbIE BOJHBI CHJIBHBIX pa3pblBOB, BO3MYILIEHHBIE B
HEOJIHOPOJIHOM YIIPYToM cpeae.

Lenb paboTel — uccienoBath 3GOHEKT B3aUMOICHCTBHS Pa3phIBHBIX BOJIH C TIOBEPXHOCTSIMHU pa3Jieia,
OTJAETSIONINE aHU30TPOIHBIEC YIIPYTHE CPENbI C PA3IUYHBIMUA (PU3NUECKUMU CBOHCTBAMH.

MeTon uccie1oBaH sl — METOJI HYJIEBOTO MPHUOJIMIKEHUS JIy4eBOT0 METO/IA.

B npennoskennoi pabote pa3paboTaH METO], OCHOBAHHBIM HA COBMECTHOM HCIIOIH30BAHUU JTy4EBOMH
TEOpHUH, JOKAJIHHO-TUIOCKOTO MOAXO0Aa M TEOpHUH CTepeoMexaHuueckoro yaapa. OH wucmonb3yercs Ais
HCCIENOBAHUSA PACIHPOCTPAHEHUS pPAa3pbIBHBIX BOJH B aAHU30TPOIIHBIX TEKTOHHYECKHUX CTPYKTypax.
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HccnenoBanbl cimydan B3auMOJEHCTBHS KBAa3HUIPOJOIBHBIX M KBA3WUIIONEPEYHBIX BOJIH C MOBEPXHOCTAMHU
paszgena, OTACNAIONINE AHHM30TPOIHBIE YIOPYTHE Cpelbl C pPasIUYHBIMH (DU3UYECKUMH CBOWCTBAMHU.
PaccMmoTpenbl Bompochl cBsizaHHBIE ¢ OWM(ypKalMsIMH BOJHOBBIX (POHTOB W 0Opa3oBaHMEM Ha HHX
CHUHTYJIIPHOCTEM M KayCTHK, a TaK)Ke€ KOHIIEHTpalMi HamnpsHKeHUH U 0Opa30BaHHEM Ha HUX 30H B KOTOPBIX
HaTPSDKEHUsI CTPEMATCSI K OeCKOHEYHOCTH. BhimomHeHo MojenupoBanue 3QEeKTOB dKPaHUPOBAHUS BOJIH.
O6cy>knatoTcs pe3yIbTaThl aHAIH3A.

Pesynprarel cTaTbM MOTYT OBITH BHEAPEHWHM B HAayYHO-HCCIENOBATEIbCKMX M IMPOEKTHBIX
OpraHM3aLMAX, TA€ 3aHUMAIOTCS MPOEKTUPOBAHHEM COOPYKEHHHM 3SHEPreTHMYECKOro, TPAaHCIOPTHOIO,
TOPHOT'O Ha3HAYEHHUS C LENbI0 MX CEMCMO3aIMThl M 3aIUUTHl OT BIMAHUSA Pa3pbIBHBIX BOJH BO3MYLIEHHBIX
TEXHOT'CHHBIMHU (PAKTOPaMH.

KIIFOYUEBBIE CJIOBA: OKPAHUPOBAHHME, PA3PbIBHBIE BOJIHBI, AHW3OTPOIIHBIE
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