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1 .  S t at e m e nt  of  a p r ob l e m  
 
R a t h e r  s m a l l  c h a o t i c  d i v e r s i o n s  f r o m  m e d i a l  s i g n i f i c a n c e  o f  

m e a s u r a n d s  ( n o i s e s ) , a n d  a l s o  p a r a m e t e r s  o f  m a n y  p r o c e s s e s  a r e  
t h e  o b s t a c l e  a t  t h e  i n c r e a s e  o f  p r e c i s i o n  o f  m e a s u r i n g , a t  t h e  
i n c r e a s e  o f  s e n s i t i v i t y  o f  r e c e i v e r  o r  m e a s u r i n g  e q u i p m e n t .  T h e  
s t u d y  o f  p h y s i c  o f  n o i s e s  e n a b l e s  t o  f i n d  t h e  m e t h o d s  o f  t h e i r  
d i m i n u t i o n , a n d  a l s o  g i v e  t h e  c o n f i r m a t i o n  t h a t  t h e y  a r e  i n f o r m i n g  
s i g n a l s  [ 1 ] , w h i c h  c a n  b e  u s e d  f o r  a  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  
e s t i m a t i o n  o f  s e p a r a t e  p a r a m e t e r s  a n d  a  w h o l e  s y s t e m .  A n  
e x a m p l e  o f  u s i n g  o f  n o i s e s  f o r  a  q u a n t i t a t i v e  a s s e s s m e n t  o f  a n  
e n e r g y  s t a t e  o f  s y s t e m  i s  t h e  f i n d i n g  o f  t e m p e r a t u r e  u s i n g  a  l e v e l  
o f  t h e r m a l  n o i s e s  [ 2 ] , w h i c h  i s  f o u n d  o n  m e d i a l  f r e q u e n c i e s  i n  
a c t u a l  c o n d i t i o n s  ( f r o m  o n e s  k H z  - u p  t o  t e n s  M H z  [ 3 ] ) .  F o r  t h e  
e s t i m a t i o n  o f  a  q u a l i t a t i v e  s t a t e  o f  s y s t e m  t h e  n o i s e  c a n  b e  u s e d  
w h i c h  i s  o b s e r v e d  o n  l o w  f r e q u e n c i e s  ( f r o m  o n e s  k H z  a n d  b e l o w  
[ 3 ] ) , - f l i c k e r -n o i s e  ( n o i s e  s u c h  a s  1 / f ) , a s  i n  a  s e r i e s  o f  t h e  
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p u b l i c a t i o n s , w h i c h  c o n c e r n  t h e  f l i c k e r -n o i s e  [ 4 -7 ] , t h e r e  a r e  
p o i n t e d  o n  h i s  c o n n e c t i o n  w i t h  t h e  s t r u c t u r e  o f  t h e  s y s t e m .  B a s i s  
o n  t h i s , i t  i s  u s e f u l  t o  m a k e  t h e  i n v e s t i g a t i o n s  t o  f i n d  o u t  t h e  
d e p e n d e n c e  b e t w e e n  f e a t u r e s  o f  i n t e r n a l  s t r u c t u r e  o f  s y s t e m  a n d  
i t s  f l i c k e r -n o i s e .  
 

2 .  T he  anal y s i s  of  l as t  e x am i nat i ons  and 
p u b l i c at i ons  

 
I n  p u b l i c a t i o n  [ 8 ]  t h e r e  w e r e  e x a m i n e d  t h e  p e r s p e c t i v e  o f  u s i n g  

o f  c h a o t i c  s e r i e s  o f  d y n a m i c  v a r i a b l e s  o f  d i f f e r e n t  e s s e n c e  w h i c h  
a r e  r e c e i v e d  d u r i n g  t h e  e x a m i n a t i o n s  o f  d i f f e r e n t  n a t u r a l  p r o c e s s e s  
a n d  s t r u c t u r e s  a n d  a r e  p r e s e n t e d  m a i n l y  a s  a  t i m e  s e r i e s  o r  s p a t i a l  
s e r i e s  a n d  c a r d s , f o r  r e c e i v i n g  t h e  i n f o r m a t i o n  a b o u t  a  s t a t e  o f  
e x p l o r e d  s y s t e m , t h e  s p e c i f i c i t y  o f  i t s  e v o l u t i o n , t h e  f e a t u r e s  o f  i t s  
s t r u c t u r e  o r g a n i z a t i o n .  A n d  t h e  a c c e n t  i s  m a d e  o n  t h e  a n a l y s i s  o f  
f l i c k e r -n o i s e  d e p e n d e n c e s  o f  a  s p e c t r u m  o f  p o w e r  o f  a  s i g n a l , 
w h i c h  i s  f o r m i n g  b y  a  s e q u e n c e  o f  ^ -f u n c t i o n s  [ 9 ] .  I t  i s  o f f e r e d  t o  
d e t e r m i n e  t h e  i n f o r m a t i o n  a b o u t  p r o c e s s e s , w h i c h  o c c u r  i n  t h e  
s y s t e m , u s i n g  t h e  i n t e r p o l a t i o n  o f  a  r e s u l t i n g  s p e c t r u m  o f  p o w e r , 
d e t e r m i n e d  o n  t h e  b a s i s  o f  e x p e r i m e n t a l  v a l u e s  o f  a  t i m e  s e r i e s , b y  
e x p r e s s i o n  [ 8 ] :  
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w h e r e  S( 0 ) ,  To a n d  n - p h e n o m e n o l o g i c a l  p a r a m e t e r s  ( ,,t h e  
p a s s p o r t  p a r a m e t e r s " ) , w h i c h  h e l p  t o  d i s t i n g u i s h  t h e  e x p l o r e d  
c o m p l e x  s t r u c t u r e s  o r  t h e  d y n a m i c  o f  e x p l o r e d  e v o l u t i o n  o f  o p e n  
d i s s i p a t i v e  s y s t e m s .  P a r a m e t e r  n c h a r a c t e r i z e s  t h e  v e l o c i t y  o f  
,,l o s e  o f  m e m o r y "  ( t h e  c o r r e l a t i o n  c o n n e c t i o n s )  i n  t h e  s e q u e n c e  o f  
s p l a s h e s  o n  t i m e  i n t e r v a l s ;  p a r a m e t e r  To h a s  t h e  c o n t e n t  o f  t i m e  o f  
a  c o r r e l a t i o n ;  S( 0 )  - t h e  s p e c t r a l  d e n s i t y  o n  m e d i a l  f r e q u e n c i e s .  S o  
a t  n- 4  i n  t h e  e x p l o r e d  s y s t e m  t h e r e  i s  a  t u r b u l e n t  d i f f u s i o n ;  a t   
n =  5 / 3  - t h e r e  i s  c o m p l e t e l y  a d v a n c e d  t u r b u l e n c e  e t c .  [ 8 ] .  T h e  
c o m p a r i s o n  o f  v a l u e s  o f  ,,p a s s p o r t  p a r a m e t e r s " , r e c e i v e d  a t  t h e  
a n a l y s i s  o f  t i m e  s e r i e s , w i t h  t h e i r  v a l u e s , d e f i n e d  f o r  s p e c i a l  c a s e s , 
e n a b l e s  q u a l i t a t i v e l y  t o  p r e s e n t  c h a r a c t e r  t h o s e  c o m p l e x  p r o c e s s e s , 
w h i c h  c a u s e  e x p l o r e d  e v o l u t i o n .  
A  m e t h o d  o f  f l i c k e r -n o i s e  d i a g n o s t i c s  ( f l i c k e r -n o i s e  

s p e c t r o s c o p y  - F N S -m e t h o d ) , o f f e r e d  i n  [ 8 ] , h a s  a l s o  o b v i o u s  
d e f e c t s :  f i n d i n g  ( s e l e c t i o n )  v a l u e s  o f  t h e  p a r a m e t e r s  To a n d  n,  a t  
w h i c h  t h e  e x p r e s s i o n  ( 1 )  w i t h  s a t i s f a c t o r y  p r e c i s i o n  w o u l d  
a p p r o x i m a t e  a n  a c t u a l  s p e c t r u m , a r e  i n c o n v e n i e n t .  
I n  [ 1 0 ]  t h e  e f f e c t s ( r e s u l t s )  o f  c o m p u t e r  m o d e l i n g  o f  a  c h a o t i c  

m o t i o n  o f  f u n d a m e n t a l  p a r t i c l e s  a r e  p r e s e n t e d  a n d  o n  t h e  b a s i s  o f  
t h e  a n a l y s i s  o f  t h e i r  s p e c t r u m s  c a n  b e  s a i d , t h a t  f o r  t h e  f o r m a t i o n  
o f  f l i c k e r -c o m p o n e n t  o f  a  s p e c t r u m  o f  n o i s e s  t h e  m o s t  i m p o r t a n t  i s  
t h e  i n t e r n a l  s t r u c t u r e  o f  e x p l o r e d  s y s t e m .  I n  [ 1 1 ]  t h e  h y p o t h e s i s  o f  
r i s i n g  o f  a  f l i c k e r -c o m p o n e n t  o f  a  s p e c t r u m  o f  n o i s e s  i n  s y s t e m s  i s  
s u b s t a n t i a t e d , w h i c h  a r e  i n  a  n o  e q u i l i b r i u m  s t a t e  a n d  t h e  
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empirical expression for spectral density of noises in no 
eq u ilib riu m systems is g iven:  
 

)( fS ~
1

*
*

*

−
τ

τ

f

f

e

ea ,      (2 )  
 
w h ere a - valu e of spectral density in th e field of medial 
freq u encies;  τ- time of relaxation of system.  
I n contrast to (1 )  expression (2 )  enab les u namb ig u ou sly to find 

a relaxation time of system τ b asis on experimentally determined 
S( f) .  I t is ob viou s th at from [ 1 0 ]  τ is stru ctu rally sensing  q u antity 
and u sing  τ and its ch ang e it is possib le to mak e th e dedu ctions 
ab ou t featu res of internal stru ctu re of explored system and its(h er)  
ch ang e.  
 
3. T h e  p u r p o s e  o f  t h e  w o r k  
 
T h e pu rpose of th e w ork  is th e examination of influ ence of 

featu res of internal stru ctu re of explored system on its relaxation 
time and determination of criterion, b asis on w h ich  u sing  a flick er-
component of experimentally solved spectru m of noises it is 
possib le to mak e th e conclu sion ab ou t th e internal stru ctu re of 
exploring  system and its ch ang e.  
 
4 . E x a m i n a t i o n s  
 
T h ere w ere u sed compu ter modeling  of a ch aotic motion of 

fu ndamental particles and meth od describ ed in [ 1 0 ] .  T h e ob j ects 
of examinations w ere th e systems w ith  ordered stru ctu res and 
u nordered stru ctu res.  T h e flat rectang le w ith  placed in th e 
particu lar order 4 0  vertical opaq u e b afflers of identical leng th  in it 
correspond th e ordered stru ctu re.  T h e ch aotic arrang ement of th e 
same b afflers corresponds th e u nordered stru ctu re.  
I n fig .  1  th e rectang le w ith  placed 1 0 0 0  b alls and vertical 

b afflers and th e energ y spectru ms, w h ich  correspond th e medial 
velocity of b alls 2 0  mps and 2 0 0  mps at root-mean-sq u are 
diversions of velocity according ly 1 0  mps and 1 0 0  mps is 
presented.  
T h ere are g iven th e valu es of q u antities a and τ in th e tab le 1 , 

determined at spectru ms of a fig .  1 , w h ich  are in th e formu la (2 ) :   
a = S( 5 0 ) ,  a s  ( f > 5 0  ) = c o n s t ,  τ= 1 / 2 πf0,  w h ere f0 is spotted from  
a req u irement:  S( f o ) = l , 5 8 a.  
 

Tab. 1. Th e v al u e o f p ar amet er s  a an d τ,  w h i ch  w er e det er mi n ed u s i n g  t h e 
s p ect r u ms  o n  fi g . 1 an d fo r mu l a ( 2 )  

Tab. 1.  W ar t o ś ci  p ar amet r ó w  a o r az  τ,  w y z n acz o n e w edł u g  w i dma r y s . 1  
o r az  w z o r u  ( 2 )  

 
а, J o u l e  τ , s  E n er g y  

s p ect r u m 
v = 2 0  m/ s  v = 2 0 0  m/ s  v = 2 0  m/ s  v = 2 0 0  m/ s  

F i g . 1a 0 , 17  2 , 8 0  0 , 2 1 0 , 15  

F i g . 1b 0 , 17  2 , 2 7  0 , 2 0  0 , 0 4  

F i g . 1c 0 , 18  2 , 7 1 0 , 18  0 , 0 3  

F i g . 1d 0 , 18  2 , 7 8  0 , 0 8  0 , 0 4  

F i g . 1e 0 , 18  2 , 8 2  0 , 0 9  0 , 0 5  

F i g . 1f 0 , 18  2 , 4 0  0 , 12  0 , 0 3  

 
 
T h e analysis of th e resu lts g iven in th e tab le 1 , g ives th e 

possib ility to say th e follow ing :  
1 )  spectral density of noises S(f )  in a reg ion of medial freq u encies 
(f = 5 0  G H z  for th e th is model)  does not depend on th e internal 
 

stru ctu re of system, noises of w h ich  are explored;  on medial 
freq u encies S(f )  depends only on th e velocity of a motion of 
particles, and can b e approximated b y th e k now n formu la of 
N yj k vist [ 1 2 ] :  S(f ) ~4 k T ;  

2 )  th e time of relaxation τ, th at influ ences on rising  of spectral 
constitu ents in th e field of low  freq u encies (2 ) , at small 
velocities of a motion of particles (v=2 0  m/ s)  particu larly 
depends on th e internal stru ctu re of explored system, and for 
systems w ith  ordered stru ctu re (fig .  1 a, b , c)  th e time of 
relaxation is maj or, th an for systems w ith  u nordered stru ctu re 
(fig .  1 d, e, f) .  B esides th e valu e τ is different for different 
stru ctu res, (ag ainst to th e valu e a, w h ich  is practically 
identical) , th at is coordinated w ith  k now n experimental resu lts 
[ 4 , 1 3 ]  ab ou t u niq u e spectru m of flick er-noise (to provide th e 
identity of internal stru ctu res of actu al explored samples is  
a difficu lt task ) .  

3 )  th e time of relaxation τ depends also on th e velocity of a motion 
of particles v:  th ese dependence is inversely and w eak er th an 
th e dependence a from v.  W ith  increasing  of velocity v th e time 
of relaxation τ decreases (tab .  1 ) , th at cau ses according  to (2 )  
th e rising  of spectral constitu ents on low  freq u encies (fig .  1 ) .  
 
 

E n er g y  s p ect r u ms  
 
a)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

       
 
b)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

        
 
c)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

       
 
d)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

         
 
e)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

         
 
f)                                v = 2 0  m/ s                               v = 2 0 0  m/ s  

        
 
F i g . 1.  O r der ed s t r u ct u r es  ( a,  b,  c)  an d u n o r der ed s t r u ct u r es  ( d,  e,  f)   

an d co r r es p o n di n g  en er g y  s p ect r u ms  t o  t h em 
R y s . 1.  U p o r z ą dk o w an e s t r u k t u r y  ( a,  b,  c)  i  n i e u p o r z ą dk o w an e s t r u k t u r y  ( d,  e,  f)  

o r az  o dp o w i adaj ą ce i m w i dma  en er g et y cz n e 
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5. C o n c l u s i o n s  
 
T h e  i n f o r m a t i o n  s u b s t a n c e  o f  f l i c k e r -n o i s e ,  a s  c o m e s  u p  f r o m  

t h e  p r e s e n t e d  r e s u l t s ,  c o n s i s t  i n  i t s  s e n s i t i v i t y  t o  i n t e r n a l  s t r u c t u r e  
o f  e x p l o r e d  s y s t e m .  U s i n g  t h e  e x p e r i m e n t a l  d e t e r m i n e d  f l i c k e r -
c o m p o n e n t  o f  a  s p e c t r u m  o f  n o i s e s  i t  i s  p o s s i b l e  t o  f i n d  f r o m  ( 2 )  
t h e  t i m e  o f  r e l a x a t i o n  τ o f  s y s t e m ,  w h i c h  d e p e n d s  o n  t h e  f e a t u r e s  
o f  h e r  i n t e r n a l  s t r u c t u r e :  f o r  s y s t e m s  w i t h  o r d e r e d  i n t e r n a l  
s t r u c t u r e  t h e  t i m e  o f  r e l a x a t i o n  i s  m a j o r ,  t h a n  f o r  s y s t e m s  w i t h  
u n o r d e r e d  s t r u c t u r e .  B a s i s  o n  i t  t h e  c r i t e r i o n  o f  a n  e s t i m a t i o n  o f  
c h a n g e  o f  i n t e r n a l  s t r u c t u r e  o f  e x p l o r e d  s y s t e m  u s i n g  i t s  f l i c k e r -
n o i s e  c a n  b e  o f f e r e d :  i f  t h e  t i m e  o f  r e l a x a t i o n  τ o f  s y s t e m  
d e c r e a s e s ,  h e r  s t r u c t u r e  d e g r a d a t e s ,  a n d  o n  t h e  c o n t r a r y  - a t  t h e  
i n c r e a s i n g  τ t h e  s t r u c t u r e  o f  t h e  s y s t e m  b e c o m e  o r d e r e d .  
T h e  o f f e r e d  c r i t e r i o n  c a n  b e  u s e d  f o r  a n  e s t i m a t i o n  o f  r e l i a b i l i t y  

o f  s y s t e m  w i t h o u t  i t s  d i s m a n t l i n g  a n d  w i t h o u t  i n f l u e n c e  o f  t e s t e d  
s i g n a l s  o n  i t .  
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