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I n t r o d u c t i o n  

The dif f ract ion of e las t ic  waves  poses  one of the mos t  complex  and t imely  p rob lems  f rom the standpoint 
of appl icat ions in the  dynamics  of de fo rmable  bodies.  Its t ime l iness  owes to the a lmos t  ce r t a in  inevitabil i ty of 
inhomogenei t ies  (inclusions,  cavi t ies ,  c r acks ,  local f luctuations of p rope r t i e s ,  etc.) being p re sen t  in connection 
with the des ign of new s t r u c t u r e s  opera t ing under  dynamic loads in var ious  b ranches  of industry,  in the develop- 
ment  of new composi te  he terogeneous  m a t e r i a l s ,  and in geophysical  and se i smolog ica l  invest igat ions,  plus the 
fact  that  informat ion  about the dYnamic s t r e s s e s  near  such inhomogenei t ies  is essen t ia l  for  a va r i e ty  of objec- 
t ives .  On the other  hand, e l a s t i c -wave  diffract ion p rob l ems  a re  among the c l a s s i ca l  p rob lems  of the dynamics 
of de formable  bodies ,  and the i r  solution entai ls  complex  ma themat i ca l  mach ine ry .  The la t ter  considerat ion,  
among other  things, has long impeded the invest igat ion of b road  c l a s se s  of p rob l ems  involving a s s e s s m e n t  of 
the s t r e s s - s t r a i n  s ta te  nea r  inhomogenei t ies .  Major  advances  have been gained mainly  in such a r e a s  as the 
formula t ion  of analyt ical  solutions of a vas t  number  of individual p rob l ems ,  in the ma jo r i ty  of cases  without 
ana lys i s  of dynamic s t r e s s e s  nea r  an obs tac le ;  the reduct ion of la rge  c l a s s e s  of e l a s t i c -wave  diffract ion prob-  
l ems  to s y s t e m s  of mul t iva r i a t e  s ingular  and r egu la r  in tegra l  equations with subsequent  proof  of the exis tence 
and uniqueness of a solution; and the deve lopment  of asympto t ic  methods of solution, which genera l ly  a r e  inap- 
pl icable  for  de te rmina t ion  of the s t r e s s  s ta te  nea r  an in te r face .  One of the bas ic  object ives  in the study of 
e l a s t i c -wave  dif f ract ion by inhomogenei t ies  is to obtain not only a f o rma l  ma thema t i ca l  solution, but a l so  a solu- 
t ion that  will p e r m i t  effect ive de te rmina t ion  of the di f f ract ion field of s t r e s s e s  and s t r a ins  nea r  inhomogenei t ies .  
Two bas ic  t rends  in the study of dynamic  s t r e s s  nea r  inhomogenei t ies  have e m e r g e d  in r ecen t  y e a r s  in connec- 
t ion with the advent  and ut i l izat ion of compu te r s .  The f i r s t  t rend involves the development  of numer i ca l  meth-  
ods and concomitant  quantization of p rob l ems  into d i sc re te  fo rm with the appl icat ion of compute r s  in eve ry  
s tage of solution. The future evolution of this t rend,  in light of the un iversa l i ty  of its a lgor i thms ,  will c l ea r ly  
provide  the means  for  invest igat ion of exceedingly genera l  c l a s s e s  of p rob lems .  Nonetheless ,  the fundamental  
r e su l t s  obtained in the las t  few y e a r s ,  mainly  in the  USSR and the United States ,  fal l  within the second main 
t rend,  which is a s soc ia t ed  with the f i r s t  s t a g e  of solution of p rob l ems  on the bas i s  of analyt ical  methods (sepa- 
ra t ion  of va r i ab l e s  and i ts  genera l iza t ions ,  per tu rba t ion  methods,  reduct ion to in tegra l  equations a f te r  par t ia l  
s epa ra t ion  of va r i ab les ,  etc.) and then the final s tage with r e cou r se  to compute r s .  

Following is a su rvey  of r e s e a r c h  conducted to date within t he  context of the la t te r  t rend.  

S i m p l y  C o n n e c t e d  D o m a i n s  

The b roades t  ca tegory  of diff ract ion p rob l ems  in an e las t ic  medium is invest igated for  s t eady - s t a t e  waves .  
If we l imi t  our pe r spec t ive  to s t eady - s t a t e  (stat ionary) wave motions,  we find it poss ible  to sepa ra t e  one of the 
independent v a r i a b l e s -  the t ime t -  by taking out the exponential  fac tor  e -ir176 (o) is the cycl ic  frequency~ thereby 
s impl i fy ing the solution of the p rob lem,  On the other  hand, the invest igat ion of s t eady- s t a t e  waves  is impor tan t  
for  many p rac t i ca l  p r o b l e m s .  Moreove r ,  if it is poss ib le  to calculate  the r e sponse  of an e las t i c  medium to 
s t eady - s t a t e  d i s tu rbances  over  a wide range of f requencies ,  it will then be poss ib le  to analyze t r ans ien t  pro-  
c e s s e s  by means  of the mathemat ica l  mach ine ry  of in tegra l  Fou r i e r  t r a n s f o r m s .  

C i rcu la r  Hole. One of the f i r s t  p rob l ems  to be invest igated in the c lass  of s t eady - s t a t e  wave p rob lems  
was the di f f ract ion of e las t ic  waves  by a cyl indr ica l  obs tacle .  The reason  is that  the solution of the Helmholtz 
equation in cyl indr ica l  (polar) coordinates  had long 'been known, but a digital compute r  was needed in o rder  to 
obtain numer i ca l  r e su l t s .  For  example ,  in the case  of the plane p rob lem for a medium containing a c i r cu l a r  
cyl indr ica l  cavi ty  (hole), introducing the s c a l a r  and vec tor  potent ials  for  the e las t ic  d i sp lacement  vector-~,  

u~---grad~+rot~; ~ = ~ ,  (1) 
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where k is the unit vector  normal  to the plane of motion, we can formulate the diffraction problem as follows: 
Find a solution of the Helmholtz equation 

o)~ r a~ + - - ~ - ~  = 0; A, +-C~-~ ,----0 (2) 

subject to the boundary conditions at  the edge of the cavity 

~rr !,=~ = 0; or0 ' r fR  = 0 (3) 

and the radiation conditions [53] at infinity. 

In express ions  (2) and (3), ~ is the Laplace operator ,  e 1 and c 2 are  the velocities of expansion and shear  
waves, (rrr and aro are  the components of the  s t r e ss  state,  R is the radius of the cavity, and the exponential t ime 
factor  e -ir176 is dropped. 

The solution of (2) sat isfying the conditions at infinity is expressed in t e rms  of cyl indrical  Hankel func- 
tions of the f i r s t  kind Hn(0, 

~o oo 

~.-~ AnHn --~l r cosn0; , ~  BnH(, l) r sinn0. (4) 

n=O rt~O 

Here r and 0 a re  polar coordinates ,  and A n and B n a re  indeterminate constants.  

In this setting the diffraction of a plane dilatational elast ic  wave near  a c i rcu la r  hole in an unbounded thin 
plate under conditions of a general ized plane s t r e s s  state has been investigated in [62]. The author determines  
the s t r e s s  state in the vicinity of the edge of the hole and analyzes the dynamic s t r ess  concentration. It is 
established, in par t icular ,  that the dynamic s t r e s s  coefficient exceeds its static value by ~bout 10% in a cer ta in  
frequency range.  The s t r e s s  distribution around the edge of the hole depends s t rongly on the frequency, vary-  
ing quite abruptly as  the lat ter  is varied.  The shor t -  and long-wavelength l imits a re  investigated, along with 
standing waves. 

In [55] the analogous problem is solved for an incident plane harmonic shear  wave. It is verified that the 
dynamic s t r e s s  is approximately 20% grea te r  than the static value. 

Ci rcular  Inclusion. If a perfect ly  rigid disk is embedded in a c i rcu la r  hole, two types of boundary condi- 
tions are  pertinent.  The s implest  p resc r ibe  zero  displacements on the par t  of the inclusion. The solution ob- 
tained by Pao and Mow [96] for this problem shows that as the frequency tends to zero,  the force keeping the in- 
clusion immobile must  grow without bound. It is more  natural  to state the problem in such a way that the in- 
clusion can move together  with the medium, its motion being determined f rom the Newtonian equation of motion. 
The fo rce  acting on the inclusion in this case is specified by the s t r e s s  state in the vicinity of the cavity. 

A s imi lar  problem is investigated in [55] for an incident plane shear  wave. It is found that the rat io of 
the plate density to the inclusion density has a considerable influence on the s t r e s s -  s t ra in  state in the plate. In 
cer tain cases  the maximum dynamic s t r e s se s  can be 37 to 105% grea te r  than their  values in the static case.  

The representa t ion of an external wave disturbance by a plane compress ional  or shear  wave is an ideali- 
zation relat ive to the real  wave source ,  which usually has definite dimensions and is situated at a finite distance 
f rom the object. Consequently, a vital question in pract ice  is how strong is the influence of a nearby source on 
the validity of the resul ts  obtained for a plane wave. The s ingular i t ies  of the s t r e s s  state in the vicinity of a 
c i r cu la r  cyl indrical  cavity under the action of a cyl indrical  dilatational wave have been investigated in [80]. It 
is postulated that the incident wave is generated by a source  located at  a cer ta in  point (plane problem). It is de- 
termined that the dispar i ty  between the cases  of a plane and a cyl indrical  wave exist  p r imar i ly  at low frequen- 
cies. 

The s t r e s s  state in cer ta in  c r o s s  sect ions of an elast ic  plate containing a hole under the action of a plane 
wave is determined in [52]. It is conf i rmed that the normal  s t r e s s  level increases  at a cer ta in  distance f rom 
the edge of the hole, act ing as a possible cause of cleavage effects.  

The action of a plane harmonic wave incident at  a cer tain angle with respec t  to the axis of a c i rcu la r  

cyl indrical  cavity in an elast ic  solid is analyzed in [109]. 

Noncircular  Hole. Whereas in the case of bodies bounded by c i r cu la r  cyl indrical  surfaces  the p rob lemis  
solvable by separat ion of var iables ,  the lat ter  method is no longer feasible in the case of cyl indrical  boundaries 
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of more  complex t r ansve r se  section. For  such bodies (boundaries7, accordingly,  special  approximative meth- 
ods have been developed. One effective method for the solution of problems in this ca tegory  is the boundary- 
perturbat ion method proposed by Guz' [30, 33]. This method was developed in application to domains whose 
exter ior  is obtained for conformal  mapping of a plane with a hole in the form of a unit disk by means of a map- 
ping function of the type 

z = ; + e f ( ; ) ;  z=re~~ ; = p c  ~v. (5) 

By selecting various functions f(~) and manipulating the pa ramete r  e it is possible to generate a large set of 
hole configurations.  Essent ial ly ,  the method entails reduction of the problem for a noncireular  hole to a se-  
quence of problems in c i rcu la r  cyl indrical  coordir~ates with variable r ight-hand sides of the boundary conditions 
in each approximation.  This method has been used by Kubenko [2] in solving various diffraction problems.  The 
s t r e s s  state of an elast ic  plate containing a curvi l inear  hole with a t ime-harmonic  p res su re  applied at its c i r -  
cumference  has been investigated in [46]. A solution is obtained in the fo rm of a power se r ies  with respec t  to 
e, in which the f i rs t  three t e rms  (three approximations) are determined.  Final resul ts  are obtained for an el- 
liptical, a square,  and a t r iangular  hole (the lat ter  two with rounded corners) .  The pract ical  convergence of the 
methods used is determined.  The action of a s teady-s ta te  plane compress ional  or shear  wave on an elliptical 
or square hole has been investigated in [48-50[. The numerical  resul ts  indicate that the peak dynamic s t r e s ses  
are  10 to 15% grea te r  than the static value in a cer ta in  frequency range.  

For  a parabolic  c rack  in an elast ic  medium the diffraction problem admits  separat ion of variables  in the 
equation and boundary condition in the event of antiplane deformation.  The action of a plane wave on a cavity or 
r igid inclusion has been investigated for this ease in [65]. The limiting case of a line c rack  or  rigid cavity of 
zero  thickness is also derived. 

Spherical  Cavity (inclusion). If we consider  a spherical  cavity (inclusion) under conditions of an axtsym- 
metr ic  s t r e s s - s t r a i n  state, the  general  solution of the Helmholtz equations (27, writ ten in spherical  coordi-  
nates,  can be expressed  in the following form with regard  for the radiation conditions: 

e~ co 

~-ZAnh~'>(--~-r) Pn(cosO); *-~ZB~h~')( c~-~r)P,(cos07 , (67 

n = 0  n = 0  

where h (0 denotes spherical  Hankel functions of the f i rs t  kind, Pn denotes Legendre polynomials,  and r and 0 
are  spher ical  coordinates .  

The solution (6) is used in [97] to investigate the action of a plane harmonic d[latational wave on a spherN 
cal cavity, rigid and elast ic  inclusions, and a liquid sphere in an elast ic medium. The influence of the curva-  
ture  of spher ical  waves on the dynamic s t r e s s  concentrat ion is discussed in [57]. It is shown in these papers 
that in the case of plane waves the dynamic s t r ess -concen t ra t ion  factor  is approximately 10% higher than the 
static value and depends on the frequency. In the case of spherical  incident waves it also depends on the dis- 
tance f rom the source .  Even when the distance f rom the source to a spherical  cavity is 50 t imes the cavity 
radius,  the maximum s t r e s s  concentrat ion is roughly 30~ higher than in the plane-wave case.  The plane-wave 
approximation of spher ical  waves is admissible  when the wavelength is less than the distance f rom the source 
to the center  of the obstacle.  

Ax i symmet r i c  Body. For  bodies of revolution other than a sphere it is extremely difficult to investigate 
the diffraction of elast ic  waves, because separat ion of variables  is impossible in the wave equation. An excep- 
tion is the case of a spheroidal  body. In spheroidal coordinates,  however, the wave equation admits  separat ion 
of var iables  only in the ax i symmet r i c  case.  The ax i symmetr ic  problem of diffraction era plane harmonic  di.. 
latational wave by a moving rigid spheroidal  inclusion injected into an elast ic medium has been solved in [60]. 
The solution is formulated as a se r ies  in spheroidal functions. For evaluation of the unknown constants an in- 
finite sys tem of a lgebraic  equations is derived, f rom which an approximate solution can be deduced by the t run- 
cation method. It follows f rom the numerica l  resul ts  that a frequency range exists  wherein the s t r e s s  concen- 
t rat ion is somewhat enhanced. 

For  the case of a r b i t r a r y  a lmos t - spher ica l  bodies of revolution Guz' [34] has proposed an approximate 
method of solution (the "boundary-per turbat ion method"),  which makes it possible to reduce the problem ineach 
success ive  approximation to the problem for a spherical  cavity with variable r ight-hand sides of the boundary 
conditions. Nemish [58, 59] has formulated expressions for any approximation of the boundary-per turbat ion 
method and analyzed the convergence of the method; the method has also been used in [39] to investigate diffrac- 
tion problems for tors ional  waves at bodies of revolution of a lmos t - spher i ca l  configuration. 
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Cracks.  An interest ing and important  pract ical  problem area  compr ises  dynamic problems in the theory 
of c racks  and the problems of diffraction by cracks .  Few such problems have been solved to date, p r imar i ly  
because of the difficulty of obtaining an effective mathematical  solution insofar  as the c lass ical  method of sepa- 
ration of variables  is inapplicable in the dynamic case for an elast ic body with a crack.  Dynamic problems for 
bodies with c racks  fall into two ca tegor ies :  1) wave diffraction by stat ionary c r acks ;  2) c rack  propagation. 
Studies have recent ly  been published, treating the interaction of elast ic waves with mobile c racks .  

We br ief ly  summar ize  the fundamental resul ts  in the f i rs t  ca tegory  of problems.  The diffraction prob-  
lem for a plane wave at a semiinfinite line c rack  under conditions of antiplane deformation has been solved in 
parabolic coordinates in [65]. It has been confirmed that near  the tip of the c rack  the s t r e s s  has a singulari ty 
of order  1/~'-rr, where r is the distance f rom the tip. Also investigated in the same paper is the diffraction 
problem for a plane wave at a rigid stat ionary ribbon of zero  thickness.  Unlike the c rack  problem, wave dif- 
fraction at a ribbon takes place even at ze ro  angle of incidence. The interaction of a plane harmonic  compres -  
sional wave with a semiinfinite line c rack  in an elast ic half-space under conditions of plane deformation is dis-  
cussed in [74, 92]. The wave potentials are  constructed in the form of Four ier  integrals .  The solution of the 
problem is sought by the W i e n e r - H o p f  method. The interaction of waves with a c rack  of finite dimensions can 
be analyzed in elliptical coordinates,  as in [3, 64]. In [104] the diffraction of an antiplane wave by a finite c rack  
is reduced to a sys tem of dual integral  equations, which is then reduced to an integral equation of standard type 
for a complex-valued unknown function. It is established that the dynamic s t r e s s -concen t ra t ion  factor  is 27.5% 
higher than in the static case.  In [106] the diffraction of a plane harmonic  wave by a c rack  of finite length is in- 
vestigated for conditions of plane deformation.  The problem is reduced to a sys tem of two consistent  Fredholm 
integral equations, which admits numerica l  solution. In the vicinity of the tip of the c rack  it is possible to 
separate out principal t e rms  and then use those t e rms  to determine the s t r e s se s .  The dynamic s t r e s s . concen -  
trat ion factor  is 20 to 30% higher than the static value. The interaction of a standing torsional  wave with an 
elast ic  space weakened by a penny-shaped crack  has been investigated in [105]. The diffraction of a dilatation- 
al  wave by a penny-shaped c rack  or  a rigid inclusion has been studied in [85, 91, 98], and the same for a shear  
wave in [88]. 

Par ton and Kudryavtsev [63] have investigated the important  problem of diffraction of a plane shear  wave 
by a rigid cyl indrical  inclusion that does not have continuous contact with the elast ic  medium around its entire 
contour,  i.e.,  a finite curvi l inear  f rac ture  exists at the interface between the elast ic  medium and the rigid in- 
clusion. The problem is solved under conditions of antiplane deformation for an incident plane wave. 

Circular  Hole., Flexural  Waves. Of considerable importance is the solution of problems in the diffrac-  
tion of flexural waves in plates containing an obstacle in the fo rm of a hole or  an inclusion. In the major i ty  of 
situations the solution is analyzed within the context of the c lass ica l  theory  of bending of plates,  but extensive 
use has been made lately of various refinements of that theory.  

Using the c lass ica l  theory,  Konenkov [42] has studied the solution of the problem of diffraction of flexural 
waves in a plate with a hole, whose edge can be free,  clamped, or supported, as well as in a plate with an in-, 
clusion. Shvets [77] has obtained quantitative resu l t s  for the case of a plane flexural wave incident on a s t r e s s -  
f ree  hole, making use of the c lass ica l  equations for bending of plates.  Pao and Chao [95] have obtained quanti- 
tative resul ts  for a s imi la r  problem, invoking theoret ical  equations of the Timoshenko type. 

More complex diffraction problems for flexural waves i~n a plate with a single c i r cu la r  hole have been 
solved in [84] for the case in which waves a re  excited by a point source  near  the hole. Saito and Nagaya [102] 
have investigated the diffraction of flexural waves in a plate with a hole subjected to dynamic loading in the edge 

regions .  

Circular  Inclusion.  Flexural  Waves.  Three  types of inclusions a re  considered in relat ion to the diffrac-  
tion of flexural waves in a plate. A perfect ly  rigid s tat ionary inclusion is d iscussed in [42], and the problems 
for a rigid mobile inclusion a re  solved in [76, 99]. The diffraction of a plane flexural  wave by an elast ic  inclu- 
sion is solved in [99]. These problems a re  solved within the context of the c lass ica l  theory.  

Transient  Waves. Inadequate attention has been given to the study of t ransient  e las t ic -wave  diffraction. 
The main reason for  this deficit is the obvious difficulty of solving t ransient  problems.  As a rule,  they a re  
solved with r ecourse  to integral  t rans forms  permit t ing separat ion of the t ime variable,  whereupon the method of 
separat ion of variables  is applied. 

The propagation of t ransient  ax i symmet r ic  and cen t rosymmet r i c  waves generated by the application of 
dynamic loading to the surface of a cylindrical  or  a spherical  cavity in a homogeneous isotropic elast ic medium 
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has been inves t igated in [89, 103, 108]. The case  of a cyl indr ica l ly  (spherical ly)  an iso t ropic  medium is d is-  
cussed  in [86]. A cyl indr ica l  shear  wave in an inhomogeneous medium is studied in [107], and the propagat ion 
of t r ans ien t  di latat ional  waves  f r o m  a cyl indr ica l  (spherical)  cavi ty  in a cyl indr ica l ly  (spherical ly)  an iso t ropic  
inhomogeneous e las t ic  medium is covered  in [44, 45, 47]. The authors  of these  publicat ions de te rmine  the 
s t r e s s -  s t r a i n  s ta te  nea r  the pe r iphe ry  of the cavi ty ,  at  the wave front ,  and behind it. The propagat ion  of a 
t r ans i en t  cyl indr ica l  wave is inves t igated in [93] in connection with appl icat ion to the p roce s s  of hole-punching 
in a thin infinite plate.  The observed  inc rease  in the tangential  s t r e s s e s  at  the edge of the hole is in te rp re ted  
by the author as respons ib le  for  the fo rmat ion  and growth of rad ia l  c r acks  in the ma te r i a l .  

The e l e m e n t a r y  motions of a r igid cyl inder  or  sphere  included in an e l a s t i c  medium have been invest i -  
gated in [1, 2, 41]. Severa l  publicat ions have been devoted to the t r ans ien t  diffract ion of e las t ic  waves by ob- 
s t ac les .  In [81-83] the in tegra l  Four i e r  t r a n s f o r m  is used to solve the p rob lem of the act ion of a plane s tep 
wave on a cyl indr ica l  cavi ty  in an e las t ic  medium.  The solution obtained in the pape r s  is valid for  l a t e r  t imes ,  
s ince only the two t e r m s  of the Four i e r  s e r i e s  left  in the solution for  large t imes  a r e  calculated.  The d isp lace-  
ments ,  veloci ty,  and acce l e r a t i on  of a r igid cyl inder  under  the act ion of a plane wave in an e las t ic  medium have 
been de te rmined  in [66]. The case  of a cyl indr ica l  cavi ty  re in forced  by a shell  and subjected to the act ion of a 
plane s tep wave is t r ea t ed  in [82]. The t r ans i en t  s t r e s s  concentra t ion around a sphe r i ca l  cavi ty  in an e las t ic  
med ium under  the act ion of a plane wave is analyzed in [67] by the methods of res idue  theory  and in [61] by the 
method of Vol te r ra  in tegra l  equations,  proposed by Kubenko [51]. The ef fec ts  of a plane s tep dilatat ional  wave 
on a spher ica l  inclusion a r e  d i scussed  in [54]. 

M u l t i p l y  C o n n e c t e d  D o m a i n s  

Quantitat ive r e s u l t s  per ta in ing to the di f f ract ion of e las t ic  waves  in mult iply connected bodies  have been 
obtained on the bas i s  of addition t h e o r e m s  for  spec ia l  functions enter ing into solutions of the type (4) and (6). 
The solutions of mult iply connected p rob l ems  come in two ve r s ions .  The f i r s t  approach  was developed by Guz T 
[31, 32, 36] and reduces  the p rob l em  to the solution of infinite s y s t e m s  of a lgebra ic  s y s t e m s .  The second ap- 
proach,  which is adopted in [68] and other  paper s  by non-Soviet  authors ,  is the mu l t i p l e - sca t t e r ing  technique. 
It  is a spec ia l  case  of the f i r s t  approach  and essen t i a l ly  entai ls  the solution of an infinite s y s t e m  by success ive  
approx imat ions  [72]. 

C i rcu la r  Obs tac les .  Among the f i r s t  p rob lems  to be solved were  those involving diffract ion of e las t ic  
waves  in a plate containing a finite se t  of c i r cu l a r  holes subjected to harmonic  p r e s s u r e  [5, 6]. Golovchan [7] 
has solved the p r o b l e m  of di f f ract ion of a plane longitudinal wave by c i r cu l a r  holes in an infinite plate.  The 
s ame  p rob lem is solved in [75] by the mu l t i p l e - sca t t e r ing  technique. A solution of the diffract ion p rob lem for  
a plane d i la ta t ioaa l  wave a t  s e v e r a l  p e r f e c t l y  r igid c i r c u l a r  cy l inders  is  given in [68]. The m u l t i p l e - s c a t t e r i n g  
teclmique i s  used  in [90] to de te rmine  the s t r e s s  s ta te  of an e las t ic  body with s e v e r a l  e las t ic  inclusions of 
c i r cu l a r  cyl indr ica l  configuration,  upon which is  incident a cyl indr ica l  wave genera ted  by  a ha rmonic  source  
s i tuated at a ce r t a in  d is tance  f r o m  the se t  of inclusions .  

Cherevko [69], us ing the c l a s s i ca l  theory  of bending of p la tes ,  has solved the p rob lem of di f f ract ion of 
f lexura l  waves  in an infinite plate containing s eve ra l  c i r cu l a r  holes,  at the edges of which the bending moment  
is specif ied.  The s a m e  p rob lem is solved in [38] within the f r a m e w o r k  of Timoshenko theory.  The p rob lem of 
sca t t e r ing  of a plane f lexura l  wave by s e v e r a l  penny-shaped c racks  in a plate is analyzed in [70], both in the 
c l a s s i ca l  set t ing and with the appl icat ion of Timoshenko theory.  On the bas i s  of the mu l t i p l e - sca t t e r ing  tech-  
nique the p rob lem of sca t t e r ing  of a plane f lexura l  wave by holes in a plate is solved in [100] (c lass ica l  theory) 
and [101] (Timoshenko theory) .  Gr i t sa i  [29] has der ived fundamental  re la t ions  for the p rob lem of diffract ion of 
f lexural  waves  in a t r a n s v e r s e  i so t ropic  plate weakened by two identical  c i r cu l a r  holes,  taking into account  
the iner t ia  of rota t ion and t r a n s v e r s e  shear .  In the case  of a plate with s e v e r a l  c i r cu l a r  inclusions Nagayaand 
Saito [94] have obtained a solution of the diffract ion p rob lems  for  f iexural  and to rs iona l  waves ,  using equations 
of T imoshenko  theory  for  the plate.  

The solution of concre te  p rob l ems  for bodies  containing s eve ra l  c i r cu la r  obs tac les  has disclosed the 
"local  resonance"  effect  in the domain  between ref lec t ing su r f aces ,  where  cons iderable  s t r e s s  enhancement,  
s e v e r a l  t imes  the s t r e s s  in a body with one obs tac le ,  is observed.  

The method developed by Guz T for  the solution of e l a s t i c -wave  diffract ion p rob l ems  has resul ted  in the 
effect ive solution of the diffract ion p rob l em  for  bodies  containing an a r r a y  of c i r cu l a r  obs tac les .  Applications 
of this method for  the solution of per iodic  and doubly per iodic  e l a s t i c -wave  diffract ion p rob l ems  a re  descr ibed  
in [24, 26, 35]. 
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For  an e las t ic  body containing a line a r r a y  of identical  c i r cu la r  holes Golovchan [14] has obtained n u mer i -  
cal r e su l t s  for  the s t r e s s  field when the su r faces  of the cavi t ies  a r e  acted upon by tangential  fo rces  varying 
ha rmonica l ly  with t ime and when a plane SH wave is incident on an a r r a y  of holes .  The field in the vicinity of 
holes in a body containing s e v e r a l  identical  cavi t ies  is de te rmined  in [15, 16, 25] for  the cases  of a harmonic  
p r e s s u r e  applied to the su r f aces  of the holes and incidence of a plane longitudinal wave on the holes.  The prob-  
l em of diff ract ion of a plane SH wave by an a r r a y  of c i r cu l a r  cyl indr ical  e las t ic  inclusions in a de formable  body 
is solved in [40]. This  study r evea l s  a cons iderable  inc rease  in the radia l  tangential  s t r e s s e s  along the junc- 
tion lines as the r ig id i ty  of the inclusion is inc reased ,  resul t ing  in peeling of the inclusion. The sca t t e r ing  of a 
plane expansion wave by an a r r a y  of e las t ic  inclusions is d i scussed  in [73], in which the s t r e s s  f ields a r e  com-  
pared  for  var ious  combinat ions  of e las t ic  p rope r t i e s  of the inclusions.  

The p rob lem of di f f ract ion of f lexural  waves in a plate containing an a r r a y  of identical  penny-shaped 
c racks  with a given bending moment  a t  the edges has been solved by Guz' ,  Golovchan, and Cherevko [37]. The 
case  of sca t t e r ing  of a plane f lexural  wave by an a r r a y  of c i r cu l a r  holes in a plate is cons idered  in [71], inwhich 
quanti tat ive r e su l t s  a re  obtained for  the s t r e s s  field. Shvets and Gr i t sa i  [78] have der ived fundamental  r e l a -  
t ions for  the p rob lem of diff ract ion of f lexural  waves  in a t r a n s v e r s e  i so t ropic  plate with an annular  a r r a y  Of 
ident ical  c i r cu l a r  holes.  

The solution of per iodic  p rob l em  has d isc losed  anomalous  var ia t ions  of the s t r e s s  f ields,  namely  a large 
inc rease  or  abrupt  var ia t ion  around "glide" points,  which a r e  de te rmined  by the expres s ion  

2~rn ----- ~8 ( l -4- cos T) ( m ~ 0 ,  1 . . . .  ). 

Here  ~- is the incident wave number ,  ~/is the angle of  wave incidence, and 6 is the dis tance between inclusion 
cen te r s .  

For  SH-wave dif f ract ion p rob lems  and for  f lexural  waves in a plate,  in the c l a s s i ca l  set t ing and within the 
f r a m e w o r k  of Timoshenko theory,  we have a single family  of glide points below the c r i t i ca l  f requency.  In longi- 
tudinal-wave di f f rac t ion p rob l ems  there  a r e  two fami l ies  of glide points.  In the solution of f l exura l -wave  dif- 
f rac t ion  p rob l ems  for  pla tes  in connection with the application of Timoshenko theory  at dr iving f requencies  
above the c r i t i ca l  point the re  a re  th ree  fami l ies  of glide points.  

Studies by Golovchan [8, 10] a r e  devoted to the solution of p rob l ems  of e l a s t i c -wave  propagat ion  in a 
cyl inder  with longitudinal cavi t ies .  Kosmodamianski i  and Moiseenko [43, 56] have  invest igated the p rob l ems  
of de te rmin ing  the dynamic s t r e s s  s ta te  of a c i r cu l a r  slab with eccen t r i ca l ly  dis t r ibuted holes or  inclusions.  

Simultaneous appl icat ion of the method of specu la r  ref lect ion with the solution of mult iply connected dif- 
f rac t ion  p rob l ems  has made it poss ib le  to solve a number  of p rob lems  in the diffract ion of SH waves in bodies 
containing l inear  and c i r cu l a r  boundar ies  [12, 79]. The p rob lems  of diff ract ion of shea r  waves in a ha l f - space  
containing a c i r c u l a r  cavi ty  have been solved in [9, 18]. The diffract ion of SH waves  by el l ipt ical  cy l inders  in 
a ha l f - space  is a l so  d i scussed  in [18]. A solution is  obtained in [36] for  the p rob lem of SH-wave diffract ion in 
a q u a r t e r - s p a c e  containinga cavity,  as well  as  in a l ayer  with a hole. Golovchan and Guz' [28] have invest igated 
the p rob l em of e l a s t i c -wave  diffract ion in a l ayer  with a line a r r a y  of c i r c u l a r  holes .  

Spherical  Cavi t ies .  Addition t h e o r e m s  for  spher ica l  functions can be used to solve e l a s t i c -wave  d i f f rac-  
tion p rob l ems  in bodies  containing spher i ca l  cavi t ies .  Various boundary-va lue  p rob l ems  assoc ia ted  with the 
diffract ion of e las t ic  waves  by s e v e r a l  spher ica l  cavi t ies  have been invest igated in [11, 17, 20, 27]. A n u mer i -  
cal  study of the s t r e s s  s ta te  of a body containing two identical  spher ica l  cavi t ies  is desc r ibed  in [22, 27], where ,  
as  in the case  of bodies  with cyl indr ica l  boundar ies ,  the local r esonance  effect  is d isc losed.  Golovchan [19] has 
invest igated the p rob l em  of e l a s t i c -wave  dif f ract ion by an a r r a y  of spher ica l  cavi t ies .  The s ame  author [13] 
poses  the object ive of solving fundamental  boundary-va lue  p rob l ems  in the diffract ion of e las t ic  waves  in a half-  
space  containing spher ica l  cavi t ies .  Quantitative r e su l t s  for  the p rob l em of osci l la t ions  of a spher i ca l  shell  of 
var iab le  th ickness  a r e  p resen ted  in [21]. Another pape r  [23] is concerned with solving the p rob l em of to r s ion  
of an e las t ic  cyl inder  containing spher i ca l  cavi t ies .  
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