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In connection with the continuous growTah of r equ i r emen t s  on the f a s t - r e s p o n s e  of machines ,  ins t ruments ,  
and appara tus  in solving p rob l ems  on ra i s ing  the re l iabi l i ty  and longevity of t he i r  opera t ion  it turns  out to be 
m o r e  often essen t i a l ly  n e c e s s a r y  to  take  account  of the wave nature  of dynamic p r o c e s s e s  in e las t ic  e lements  
and pa r t i cu l a r ly  the poss ibi l i ty  of the or iginat ion of a p a r a m e t r i c  instabi l i ty .  Up to now dis t r ibuted  s y s t e m s  
whose p a r a m e t e r  (P) va ry  uniformly in t ime  in the whole space  [1, 2] (P = Pl(t)P2(r), where t is t ime  and r is  
a r ad ius -vec to r )  have been inves t igated in sufficient  detail .  The c lass  of d is t r ibuted  s y s t e m s  whose p a r a m -  
e t e r s  va ry  inhomogeneously (e.g., s y s t e m  with moving boundar ies ,  with boundar ies  of varying p rope r t i e s ,  with 
t rave l ing ,  standing waves  of p a r a m e t e r s ,  etc.) ,  ha s  been studied quite lit t le although it is v e r y  much b ro ad e r  
than the f o r m e r .  Up to now a complete  se t  of phenomena and effects  they speci fy ,  which are  poss ib le  in such 
s y s t e m s ,  has  r emained  unclar i f ied .  

One of the c h a r a c t e r i s t i c  fea tu res  of s y s t e m s  with inhomogeneously vary ing  p a r a m e t e r s  is the p o s s i -  
bil i ty of excit ing impuls ive  osci l la t ions  with a b road  f requency s p e c t r u m  there in  [3]. In this connection, f e a -  
rues of the appearance  of a p a r a m e t r i c  instabi l i ty  e x p r e s s e d  as the t r ans fo rma t ion  of initial pe r tu rba t ion  into 
essentially nonharmonic waves having the shape of impulses are investigated in this paper in an exa~uple of 

the simplest one-dimensional system of filament (string) type whose parameters vary according to a traveling 
wave law. Such investigations are not only of theoretical but also of practical interest since the effect of im- 
pulsive vibration formation can be one of the reasons for dynamic buckling of transmission branches with 

flexible constraints [4], as well as the disturbance of technological spinning and weaving processes. 

1. A parametric instability of a vibrational process in a linear system is expressed as a physical phenom- 

enon by the unbounded growth of vibrations energy E with the lapse of time. Starting from this, we define the 

stability and instability of a linear parametric system appropriately. 

Definition i. A distributed linear bounded system with parameters varying in time and space will be 
stable if for any e > 0 there exists a 6(e) > 0 such that if the total vibration energy of the system E [0, x, y, 

z, u n, Unt, Unx, Uny, Unz, /i(0)] < 6 at the initial instant t = 0, then for any t > 0, E[t, x, y, z, Un, Unt, unx, 
Uny, Unz,/i(t)] < e, where Un(X, y, z) are generalized coordhlates describing the given distributed system, 
x, y, z are the space coordinates, and/i(t) are parameters characterizing the system dimensions. 

Definition 2, A distributed linear bounded system with parameters varying in time and space will be un- 

stable if for any e > 0 there exists a t0(e) such that if for t = 0 the total vibration energy E[0, x, y, z, Un, Unt, 

Unx, Uny, Unz,/i(0)] ~ 0, then for t > t0(s), E[t, x, y, z, u n, Unt, Unx, Uny, Unz, /i(t)] > e. 

Let us consider the problem of transverse vibrations of a flexible filament with distributed parameters 
varying in t ime  mid space  

(put) t = (rux)x; (1.1) 

u(0, t) = u(l, t) = 0; (1.2) 

u(3:, O) = ~(z), ui(z, 0) = ,(z). (1.3) 

Here  u(x, t) is the t r a n s v e r s e  displacement ;  p (x, t), l inear  density; T(x, t), f i lament  tension.  Multiplying (1.1) 
by u t and combining with the identity Tux(Uxt - Utx) = 0, we obtain the U m o v - P o y n t i n g  theory  a f t e r  appropr ia te  
grouping and taldng account of the nonsta t ionar i ty  of the p a r a m e t e r s *  

* The U m o v - P o y n t i n g  t h e o r e m  for  s y s t e m s  with nonsta t ionary  p a r a m e t e r s  has  been fo rmula ted  e a r l i e r  only in 
application to e lec t rodynamic  p rob l em s  [5]. 

Gor'Idi. Translated from Zhurnal Prildadnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 3, pp. 163-169, May- 
June, 1982. Original article submitted March i0, 1980. 
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where W = (p u~ + Tu~) /2  is the energy density,  S =-TUxU t is the wave energy  flux (Poynting vec tor ) .  

Taldng' into account that  the energy  flux through the s y s t e m  boundary is zero ,  in in tegral  f o r m  t h e o r e m  
(1.4) has  the f o r m  

l 

Ot uS 
o 

l 

where  E = S Wdx 
o 

is the total  mechanica l  energy  of the f i lament .  

By using (1.4), a num ber  of tmown resu l t s  can be obtained and some new appea rances  of p a r a m e t r i c  ins ta -  
bili ty in d is t r ibuted s y s t e m s  can be c lar i f ied .  

By Definition 2, the p a r a m e t r i c  instabi l i ty  of the f i l ament  will be obse rved  if the work  of the ex te rna l  
f o r ce s  t r a n s m i t t e d  to  the s y s t e m  as the p a r a m e t e r s  change is posi t ive.  It follows f rom (1.4) that  this is p o s -  
s ible  if the f i lament  density d iminishes  (Pt < 0) and the f i lament  tension inc reases  (Tt > 0). In rea l  s y s t e m s  
the values  of the tension and density a re  always bounded; hence, it is imposs ib le  to reach  p a r a m e t r i c  instabil i ty 
of the v ibra t ions  because  of a monotonic change in the p a r a m e t e r s .  

Le t  us examine  the case  when the f i lament  p a r a m e t e r s  va ry  per iodica l ly  over  its whole length. A s s u m -  
Lug the f i lament  inextensible  (Pt = 0) fo r  s impl ic i ty  and T = T0(1 - m s in  2~t) (m, T 0, and g2 are  constants ,  
where m <  1), we see  f r o m  (1.4) that  the standing waves  in the f i lament  will i nc r ea se  unl imitedly if thei r  f r e -  
quency is w = ~2 (Fig. 1, where  the energy  inse r t ed  into the s y s t e m  by change in tension is shaded).  In the case  
under  considerat ion,  an inc rease  in the vibrat ion energy is evider~ly poss ib le  only because  of the growth in the 
v ibra t ion  amplitude jus t  as holds in lumped s y s t e m s  [6]. 

We agree  to call  the p a r a m e t r i c  instabil i ty that  is accompanied  by the unl imited growth of the v ibra t ion 
ampli tude without a t r ans fo rma t ion  in shape a p a r a m e t r i c  instabi l i ty of the f i r s t  kind. 

P a r a m e t r i c  instabil i ty of  the s y s t e m  is poss ib le  even in the case  when the p a r a m e t e r s  do not va ry  s i -  
mul taneous ly  ove r  the whole length. Let us examine the propagat ion of per tu rba t ions  in an infinite f i lament  that 
a re  bounded in space,  and whose p a r a m e t e r s  va ry  according to the t r ave l ing  wave law [e.g., p = const ,  T = 
T0(1 + m s i n  ~2(t - x /a)! ] .  If  the veloci ty  of t r a n s v e r s e  wave propagat ion c(x, t) = ( T / p ) l / 2 i s  close  to the p r o p -  
agation veloci ty of a wave of p a r a m e t e r  a ,  then the initial pe r tu rba t ion  can be a r b i t r a r i l y  long in a domain 
where T t > 0 (Fig. 2). In conformity  with (1.4), the initial pe r tu rba t ion  energy  will he re  grow without l imit  as 
it p ropaga tes ,  while the profi le  will be continuously t r a n s f o r m e d  into a pulse (Fig. 2, t 1, t 2, t3, t 4 are  different 
t imes  in which the per turba t ion  is  considered) because  of the inhomogeneity of the gain coefficient (NTt) and 
the propagat ion veloci ty  c(x, t). 

We agree  to  call  the p a r a m e t r i c  instabi l i ty that  is accompanied  by continuous compres s ion  of the  p r o p -  
agating wave prof i le  a p a r a m e t r i c  instabi l i ty of the second kind. 

2. Let  us cons ider  the continuous ampli f icat ion of propagat ing waves  in an infinite f i lament  accompanied  
by unbounded twisting of the prof i le .  To this end we wri te  (1.1) in the f o r m  of the s y s t e m  

v x = p u  s , v ~ =  ru  x. 

Hence,  by going ove r  t o t h e  Riemann invar iants  r 1 =u  - V / ( T p ) I / 2 ,  r 2 =u  + V / ( T p ) I / 2 ,  we obtain 

8rl ~ a r l  r l - - r 2 ] / ~ - ~ (  a t 1 / ' ~  8 t ~ 
+ ]/_ 2 + v (2a)  

If Tp = const (i.e., the wave r e s i s t ance  is constant) ,  then r 1 = fl(~ i), r2 =f2(~ 2), where ~ l(x, t), ~ 2(x, t) a re  the 
cha rac t e r i s t i c s  of the s y s t e m  (2.1). 

Upon the format ion  of infinitely s teep  p rof i l es  of waves being propaga ted  along x in the posi t ive or  nega -  
t ive direct ions,  the der iva t ives  of r 1 o r  r2, respec t ive ly ,  with r e spec t  to the space coordinate 
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shou ld  t e n d  to  in f in i ty  a s  t ~ ~ .  

A s s u m i n g  the  in i t i a l  c o n d i t i o n s  (1.3) f r o m  which  the func t ions  f l  and f2 a r e  d e t e r m i n e d  to  be  d i f f e r e n t i a b l e  
and  bounded  t o g e t h e r  wi th  t h e i r  d e r i v a t i v e s ,  we ob t a in  the cond i t i on  of con t inuous  twisting of the  p r o f i l e  of one 

of the  waves: 

O~/Ozt~  ~ ~ ~ ( i  = t ,  2), ( 2 . 2 )  

which wi l l  a l s o  be the  cond i t i on  f o r  the  cont inuous  c o m i n g  together of c u r v e s  of the  f a m i l i e s  of c h a r a c t e r i s t i c s  
in the  x,  t p Iane  a s  t ~ o o .  If the  s y s t e m  p a r a m e t e r s  v a r y  a c c o r d i n g  to  the  t r a v e l i n g  wave  law T = T( t  - x / a ) ,  

p = p( t  - x / a ) ,  t hen  the  c h a r a c t e r i s t i c s  ~ I and ~ 2 can  be  w r i t t e n  in the e x p l i c i t  f o r m  

1 x a = z - t -  

o 0 

w h e r e  ~ = t - x / a .  We  hence  f ind  

(2.3) 

0xl8~1 = (i - -  cOl)/a), 0z/0~2 = (t ~- c0])/a). (2.4) 

S ince  the  wave  p r o p a g a t i o n  v e l o c i t y  wi l l ,  as a c h a r a c t e r i s t i c  of the m e d i u m ,  a lways  be  p o s s i b l e  [cO1) > 0], i t  
fo l lows  f r o m  (2.2) and (2.4) tha t  only the f i r s t  f a m i l y  c h a r a c t e r i s t i c s  (2.3) can  come  u n l i m i t e d l y  c l o s e  t o g e t h e r .  

As  an i l l u s t r a t i o n ,  l e t  us  c o n s i d e r  the  c a s e  when the p a r a m e t e r s  v a r y  s o  t h a t  

c(T1) = c0(1 @ m cos  ~Q~I) -1 ,  m < t .  (2.5) 

Depend ing  on how c l o s e  a r e  the  t r a n s v e r s e  wave  p r o p a g a t i o n  v e l o c i t i e s  and  the wave p a r a m e t e r s ,  two c a s e s  
can  be s e p a r a t e d :  1) ] 1 - c o / a  I < m when t h e s e  w a v e s  a r e  " s y n c h r o n i z e d , "  2) I 1 - c o / a  I > m when they  
a r e  " a s y n c h r o n o u s .  n F o r  the  " s y n c h r o n i z e d  ~ w a v e s  we have  f r o m  (2.3) 

_A I tg -6- ha70 
~ l = X - C o i 2 - ~ [ r n 2 - - ( i - - ~ )  ~ 21n[tg ~ - - 7  ~ , (2.6) 

and for the "asynchronous ~ waves 

where p = c0/a; 7o = [(m + i - p)/(m- i + fi)] I/2. The second family of characteristics is identical for both 

c a s e s  

I~ is  h e n c e  s e e n  tha t  the  cond i t ion  f o r  the c h a r a c t e r i s t i c s  (2.2) to  come  t o g e t h e r  i s  s a t i s f i e d  only in the  c a s e  of 
the  n s y n c h r o n i z e d  ~ w a v e s  and  only f o r  the f i r s t  f a m i l y  (2.6). 
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T w i s t i ~  of the p rof i l e  of  the p ropaga t ing  waves  is a ccompan ied  by g rowth  in the ninstar~aneous f r e -  
quenc ies  't of these  l a t t e r  [7], i .e. ,  by ene rgy  t r a n s m i s s i o n  upward  in the s p e c t r u m .  In o r d e r  to see  this ,  we 
c o n s i d e r  the p r o b l e m  of the v ib ra t ions  of a semi inf in i te  f i l ament  on whose boundary  is a s o u r c e  u(0, t) = 
sin(w0t + 00) _. Then, fol lowing the method  of c h a r a c t e r i s t i c s  f o r  waves  being p ropaga t ed  in the +x d i rec t ion ,  
we can wr i te  u(0, t) = sin[w0t(~l) + 00], where  ~l = ~l (0, t) .  E x p r e s s i n g  t =t(~ l) expl ic i t ly  f r o m  the equat ion  o f  
the c h a r a c t e r i s t i c s  (2.6) and rep lac ing  ~1 by ~1, we obtain 

u(x ,  t) = sin (oot(~l) -}- 0o), 

t (~I) = 2f~- aretg - -  ~lo flTI { ~ 1 7 6  "~o (I -~- e - " v ~ x / c ~  l" 
I 

Defining the " ins tan taneous  f r equency"  as  the  pa r t i a l  de r iva t ive  of the phase  0 = w0t( ~ l) + O0 with r e s p e c t  to  
t i m e ,  we f ind at the d i s tance  x 0 = c o ,  s t  

ot (~,) 
o . % 0~1 Ot x o 

Taking into account  tha t  

Ot (~l) | 
o~ - - (  _ ~), ~L 

we obtain 

o, = % "  (t ( ~ 0 )  a = % t - ,~/~ (t ( L ) )  ( 2 . 7 )  
t i I - -  a/c (~q) x o" 

c 01) - -  "~ :% 

E x p r e s s i o n  (2.7) evident ly  d e s c r i b e s  the d i s t r i bu ted  Dopp le r  e f fec t  f o r  wave p a s s a g e  th rough  a moving  
inhomogenei ty  of the m e d i u m  p a r a m e t e r s  [8]. Subst i tut ing the  value of c[t(~ 1)] and c(~) in (2.7) we obtain 

l - p + m c o s  a t  (~1) ] 
co=% i- - [~+mcosf l~  x o" 

~- Can be shown tha t  when cos ~2~7 ~ (1 - f l ) / m  

~ ~o exp (__+'k/~ -- (| -- 1~)2flxleo), 

i .e . ,  as  the Winstantaneous f r equency  ~ is p r o p a g a t e d  a long  x ,  the f r equency  c o r r e s p o n d i n g  to  the sec t ion  of i n -  
c r e a s i n g  e n e r g y  (T t > 0) g r o w s  without  l imi t .  Ylxe e n e r g y  dens i ty  of the  wave v a r i e s  a c c o r d i n g  to the law 

w = p,o, [ t - , , / c  ( t , ( t l ) ) ,~  cos ' , , , ,  t , ~ ,  

The fol lowing inva r i an t  holds  f o r  W 

�9 /e~ - I ,  

w h e r e  ~V is the e n e r g y  dens i ty  a v e r a g e d  o v e r  the pe r iod .  The invar ian t  I a g r e e s  in f o r m  with the invar ian t  
obtained in [9] fo r  a wave in t e rac t ing  with a moving boundary .  Set t ing w0 = ~2, fl = 1, 00 = 0, we have  f r o m  (2.7) 

th a m x / c  o - -  sin a ( t - -  x / a )  
u(x, t )=  l - - t hax /c  o s i n g ~ ( t - x / a ) "  

It fo l lows f r o m  the e x p r e s s i o n  obtained that  as the wave is p ropaga ted  in the f i l ament ,  i ts p ro f i l e  is t r a n s -  
f o r m e d  cont inuous ly  in a sequence  of t r ave l ing  pu l s e s .  The dependence  of u(x, t) and W ~ U2x on the  coord ina te  
x at  a f ixed t ime  t is  shown in F ig .  3. 

3. Examina t ion  of p r o c e s s e s  of p a r a m e t r i c  ins tabi l i ty  of the second  kind in s y s t e m s  of bounded length 
is of g r e a t e s t  p r a c t i c a l  i n t e re s t .  Sett ing Tp = cons t ,  we wr i te  the so lu t ion  of the p r o b l e m  (1.1)-(1.3) in the 
f o r m  
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Fig .  3 
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Fig.  4 

q 

u(x, t) = h(~*) + / d U . ) ,  

w h e r e  ~i(x, t), ~2(x, t) a r e  the c h a r a c t e r i s t i c  equat ions  of (1.1), and fl, f2 a r e  d e t e r m i n e d  f r o m  condi t ions  (1.2) 

and (1.3). 

As is shown above,  wave t r a n s f o r m a t i o n  into a pulse  t r a i n  is a ccompan ied  by the c h a r a c t e r i s t i c  coming  
t o g e t h e r  cont inuous ly  on the x,  t p lane .  Le t  us c o n s i d e r  how the d is tance  be tween two c h a r a c t e r i s t i c s  changes  
because  of one r e f l ec t ion  f r o m  the boundar i e s  (Fig.  4). Using {2.3) we find 

i 1 \ - i  1 - 1  i - 1  / 1 i \-I 

Hence d ~ i+2/du i = D~+IDi' 

D++I= ( i  i \ I t  t \ -x  D_ _ t t -1 --(+ 
% 

~ ( n - 1 )  

d~lo i = o  

and, t h e r e f o r e ,  the condi t ion of in t e rac t ion  of b r o k e n  l ines  c o m p r i s e d  of s e g m e n t s  of c h a r a c t e r i s t i c s  has  the 
f o r m  as t --~ co 

" *.(n-z) \ 
II  v++~v~-/~ -~0. (3.a) 
~ O  /2Z 00 

A change in the energy density occurs because of compression of the profile of the waves being prop- 
agated in the filament and of the work of external forces changing the system parameters. The vibration en- 
ergy changes here in proportion to the frequency, i.e., the total number of quanta remains unchanged (E/co = 
const). The criterion (3.1) is therefore a criterion of instability of the second kind. 

In form it is analogous to the criterion that is obtained for a system with moving boundaries [10-12]. 
Comparing (3.1) and (2.7), as well as withthe expression of the Doppler effect in passing, it can be seen that 
the first term under the product symbol in (3.1) characterizes the change in wave frequency during passage 
of a moving inhomogeneity in the medium parameters in the -x direction, and the second factor is for the +x 

direction. 

The investigation of (3.1) in the general case is fraught with mathematical difficulties but if the broken 
line comprised of segments of characteristics and passing through the point (0, ~i), (l, ~i+i), (0, ~i+2) is 
periodic (Vi+2 = ~i + T, T is the period ofthe broken line), then the criterion (3.1) will be satisfied if 

-J + c (~1i) a (3.2) 
t i i - -  < l .  

a+c(n~+l) a ~ 1  

Seeking the condi t ions  fo r  the appea rance  of a p a r a m e t r i c  ins tabi l i ty  of t h e  s econd  ldnd in such a fo rmu la t i on  
d i s soc i a t e s  into two s t ages :  1) f inding the condi t ion f o r  the ex i s t ence  of a pe r iod ic  b roken  l ine,  and 2) finding 
the condit ion fo r  the b roken  l ines  to  come toge the r .  

1. By using (2.3), we wr i te  the  s y s t e m  of equat ions  govern ing  the pe r iod ic  b roken  line (see Fig .  4): 

~O ~11 

0 0 
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+ \c (~) a ] \ c ~  a /  d~l, 
0 0 

x 2 = x  o = 0 ,  x~=  l, ~ 2 = ~ o ~ : .  

Hence  t h e r e  fo l lows  

"d I %+z 

C(__' 
~q0 ~ll 

The p e r i o d i c  b r o k e n  l ine  e x i s t s  if (3.3) has  a r e a l  s o l u t i o n  in 70 and ~l" 

As  an i l l u s t r a t i o n ,  l e t  us  t a k e  the  p r e v i o u s  l aw of p a r a m e t e r  v a r i a t i o n  (2.5) and l e t  us  aga in  e x a m i n e  the  
c a s e s  of ~ s y n c h r o n i z e d  ~ and ~ a s y n c h r o n o u s  n w a v e s .  In the  c a s e  of ~ s y n c h r o n i z e d "  w a v e s  (l I - f l  1 < m),  we 
ob ta in  f r o m  (3.3): 

th a 1 = 7"~ . i . f l ~ l .  ~1~0 ' tg ~l ----- --  ~- ~2 flTIl" flTl~ ' 
l - -  ~ l~g- '~  cg -  ~ - i-~- tg--~- tg -~-  

~ f l l f  2 ~zfl % = " E ' E - - m  - (i  - ii) ~, ti 1 = E - E  V'( i  + ii) 2 - m 2, 

(3.4) 

T = 2~N/~2, N = 1 ,  2 . . . . .  w = T:Co/ l  i s  the  s m a l l e s t  e i g e n f r e q u e n c y  of the  s y s t e m  wi th  cons t an t  p a r a m e t e r s .  
The  s o l u t i o n  (3.4) w i l l  be r e a l  i f  

(~2 + ~,~)~ th 2 a l  tgS [~1 "{- ~:Y1 ~ (~ tg ~1 -}- Vl th (z1) ((~th ~ 1  ~1 tg 81 ) ~ O. 

The f o r m  o f  the  d o m a i n  of e x i s t e n c e  of the  p e r i o d i c  b r o k e n  l ine  is  shown in t h i s  c a s e  in F i g .  5 f o r  fl = 1. 

F o r  the  " a s y n c h r o n o u s  w w a v e s  ( [1 - fl ] > m) ,  we have  f r o m  (3.3): 

(3.5) 

i 

i z g ~ - t g ?  

i . f~qo. Q~I '  

tg ? --  tg Qq)_ 

i -~ ~tg tg 

(3.6) 

The cond i t ion  f o r  the e x i s t e n c e  of r e a l  ~ 0, ~ 1 s a t i s f y i n g  (3.6) has  the  f o r m  

2 ~ 2 
(8 - -  u tg % tg 2 81 --  4Ys6 (8 tg 81 + ~2 tg %) (y~ tg 81 + 6 tg u2) ~ 0. (3.7) 

The d o m a i n  of e x i s t e n c e  of the  p e r i o d i c  b r o k e n  l ine  in the  p lane  of the  p a r a m e t e r s  m ,  ~2/w is  shown in F i g .  6 
f o r  fl = 0.5. 

Both in the  c a s e  of the  n s y n c h r o n i z e d "  and " a s y n c h r o n o u s  n w a v e s  ( F i g s .  5 and 6), the d o m a i n s  of e x i s -  
t e n c e  of  the  p e r i o d i c  b r o k e n  l i n e s  a r e  s e t s  of n o n i n t e r s e c t i n g  z o n e s .  C o m p a r i n g  the s i z e s  of t he  d o m a i n s  d e -  
f i n e d  by (3.5) and (3.7) shows  tha t  the  zone  width  in  the  c a s e  of n s y n e h r o n i z e d "  w a v e s  i s  a p p r o x i m a t e l y  5 t i m e s  
g r e a t e r  than  in  the  c a s e  of the  " a s y n c h r o n o u s "  w a v e s .  

2. L e t  us  e x a m i n e  the  cond i t ion  f o r  the f a m i l i e s  of the  b r o k e n  and the  p e r i o d  l i n e s  to  come  t o g e t h e r .  
F r o m  (3.2) we have  
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0 t 2 ~ / ~  0 ~ 2 ~ / ~  

Fig.  5 Fig. 6 

J~176 d (3.s) a+~(~1- -~- - -~(~10)  < ~ or oo .-5-< 

It turns  out that  th is  condition is sa t i s f i ed  eve rywhe re  that  (3.5) and (3.7) are ,  w i th the  except ion of the bound- 
a r i e s  on which the equali ty [ t a n ( ~ 0 / 2 )  I = [ t an ( f~ t / 2 )  [ holds.  We the re fo re  see  that  the instabi l i ty  domain 
is defined by (3.5) in the case  of " synchron ized"  waves ,  and by (3.7) in the case  of "asynchronous"  waves .  

Cer ta in  Ios ses  of mechanica l  ene rgy  always exis t  in rea l  s y s t e m s .  Let us a s sume  that  they a re  lumped 
on the boundar ies  (Fa ,  F b a r e  the coeff icients  of wave ref lec t ion  f r o m  the boundar ies) .  Then we will have in 
place of (3.8) 

l a+o(%) =--c(~) I 
; ~);_--c--~-~o)i < r~rb. 

It follows f r o m  this inequality that  the ins tabi l i ty  domain with the lo s ses  taken into account  will be n a r r o w e r .  
The th resho ld  instabi l i ty  

1 - -  Far b i - -  
m t - -  t + raP b 28 

is independent of the num ber  of the zone N, which indicates  the neces s i ty  of taking account,  in pr inciple ,  of 
h igher  instabi l i ty  zones .  

The analys is  p e r f o r m e d  showed that  energy  t r a n s p o r t  upward onthe s p e c t r u m  is cha r ac t e r i s t i c  for  p a r -  
ame t r i c  instabi l i ty  of the second kind; i .e . ,  v ibra t ions  of higher  and higher  f requency or iginate .  As is known 
[13], the energy  of h igh- f requency  v ibra t ions  is absorbed  mos t  intensively by a m a t e r i a l ,  being r ea l i zed  as 
heat  and des t ruc t ion  of the m i c r o s t r u c t u r e .  The v ibra t ion  ampli tude can he re  r e m a i n  within technical  spec i f i ca -  
t ions;  however ,  it should be expected that  the opera t ional  longevity of the e lements  in such r e g i m e s  will be 
reduced sharp ly .  In this sense ,  not only the study of the instabi l i ty  of  the second kind is impor tan t  but a lso  the 
invest igat ion of t r ans ien t s  when this  instabi l i ty t akes  place for  a b r i e f  t ime .  
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