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A p e c u l i a r i t y  o f  t h e  p r e s e n t  developments i n  b io logy  
and medicine i s  t h e  wide u se  o f  v a r i o u s  a n a l y t i c  methods 
t h a t  accumulate g r e a t  amounts o f  exper imenta l  d a t a .  Th i s  
t r e n d  has  made us  a c u t e l y  aware o f  t h e  n e c e s s i t y  t o  system- 
a t i z e  t h e  f a c t s  r e c e i v e d ,  t o  r e v e a l  t h e  c l e a r  r e g u l a r i t i e s ,  
and t o  conceive  t h e  p r o c e s s e s  t a k i n g  p l a c e  i n  t h e  organism 
a s  a  whole. Such mo t iva t i on  p rov ides  a  new approach t o  
b i o l o g i c a l  and medical  p roces se s :  a  sys tems approach.  I t  
i s  t h e  i n v e s t i g a t i o n  o f  a l l  f u n c t i o n s  o f  an organism i n  
bo th  normal and p a t h o l o g i c a l  s t a t e s  from t h e  p o i n t  o f  view 
o f  i t s  sys t emic  o r g a n i z a t i o n .  

A t  p r e s e n t  d i f f e r e n t  sys tem approaches have been 
proposed i n  b io logy  f o r  s t u d y i n g  t h e  g e n e r a l  p roces se s  o f  
an organism,  a s  w e l l  a s  t o  t h e  f u n c t i o n s  o f  s p e c i f i c  o rgans ,  
e .g .  t h e  b r a i n ,  lungs .  Such sys tems i n v e s t i g a t i o n s  have 
been made by B e r t a l a n f f y ,  Rappoport,  Mesarovic, Sadovsky, 
Ashby, McCulloch, and o t h e r s .  

However, maximal i n t e r e s t  and a t t e n t i o n  must focus  on 
t h o s e  concep t ions ,  hypotheses ,  and t h e o r i e s  which have 
a l r e a d y  shown a  v i s i b l e ,  c o n s t r u c t i v e  e f f e c t  i n  c o n c r e t e  
s c i e n t i f i c  e x p l o r a t i o n s .  For  t h i s  r ea son ,  I should  l i k e  
t o  c a l l  your  a t t e n t i o n  t o  t h e  t heo ry  o f  t h e  f u n c t i o n a l  
system, proposed by Academician P. Anokhin, an  eminent  
S o v i e t  n e u r o p h y s i o l o g i s t .  The e l a b o r a t i o n  o f  t h i s  t heo ry  
i n  t h e  USSR began i n  1935, and i t s  p r i n c i p a l  p r o p o s i t i o n s  
w e r e  made b e f o r e  Wiener ' s  c a r d i n a l  i d e a s  i n  c y b e r n e t i c s .  

According t o  Anokhin, t h e  f u n c t i o n a l  system i s  an 
e lementa ry  u n i t  o f  any i n t e g r a t i v e  a c t i v i t y  o f  an organism. 
I t  r e p r e s e n t s  a  dynamic, c e n t r a l - p e r i p h e r a l  f o rma t ion ,  t h e  
a c t i v i t y  o f  which i s  d i r e c t e d  t o  t h e  achievement o f  a  f i n a l  
u s e f u l  e f f e c t - - t h e  r e s u l t  o f  t h e  a c t i o n  o f  t h e  e n t i r e  system. 



The p r i n c i p a l  d i f f e r e n c e  between t h e  f u n c t i o n a l  sys tem 
t h e o r y  and o t h e r  sys tem t h e o r i e s  l i e s  i n  t h e  sys tem-organ iz ing  
f a c t o r  a s  an i m p o r t a n t  a s p e c t  i n  sys tem fo rmat ion .  The most  
p o p u l a r  sys tem t h e o r i e s  proceed from t h e  assumpt ion  o f  " i n t e r -  
a c t i n g  e l e m e n t s  which c o n s i s t  o f  m u l t i p l i c i t i e s , "  more o r  less 
i g n o r i n g  t h e  f a c t o r  o f  a c t i o n  r e s u l t .  The f u n c t i o n a l  sys tem 
t h e o r y  h o l d s  t h a t  any m u l t i p l i c i t y  becomes a  sys tem o n l y  
when i t s  s e p a r a t e  components f i n d  t h e  g e n e r a l  f i n a l  e f f e c t ,  
which u n i t e s  t h e s e  components i n  a  system. Thus,  o n l y  a  
u s e f u l  r e s u l t  i s  a  r e a l  sys tem-organ iz ing  f a c t o r ,  dynamica l ly  
u n i t i n g  t h e  o r g a n i s m ' s  sub-systems i n  an  h i e r a r c h i c a l  i n t e r -  
a c t i o n  o f  i n t e g r a t i v e  a c t i v i t y  w i t h i n  t h e  organism a s  a  whole. 

The second p r i n c i p a l  f e a t u r e  o f  a  f u n c t i o n a l  sys tem i s  
i t s  l o g i c a l ,  o p e r a t i o n a l  s t r u c t u r e  which c o n s i s t s  o f  c o n c r e t e  
main p o i n t s .  I f  w e  a n a l y z e  t h e  whole organism from a  sys tem 
p o i n t  o f  v iew,  one  may i n q u i r e  which r e s u l t  i s  f i n a l  and 
a d a p t i v e .  The answer t o  t h i s  ques t ion- -concern ing  t h o s e  
f a c t o r s  n e c e s s a r y  t o  p r o v i d e  a  l i fe - -was  g i v e n  i n  t h e  n ine -  
t e e n t h  c e n t u r y  by K .  Bernard:  "The cons tancy  o f  t h e  i n t e r n a l  
s t a t e  o r ,  a s  it was named by Cannon, ' h o m e o s t a s i s , '  i s  t h e  
n e c e s s a r y  c o n d i t i o n  o f  f r e e ,  independen t  l i f e . "  T h i s  means 
t h a t  i n  t h e  c a s e  o f  changes  o f  env i ronmenta l  f a c t o r s - - e . g .  
t e m p e r a t u r e ,  f e e d i n g  s u b s t a n c e s ,  dangerous  f a c t o r s  f o r  t h e  
o r g a n i s m - - l i f e  i s  p o s s i b l e  o n l y  when t h e  homeos tas i s  o f  a n  
o rgan i sm i s  main ta ined .  But  t h e  o rgan i sm,  s e e n  a s  a  sys tem 
m a i n t a i n i n g  h o m e o s t a s i s ,  c o n s i s t s  o f  s e p a r a t e  sys tems whose 
a c t i o n  r e s u l t s  a r e  t h e  maintenance  o f  i n t e r n a l  s t a t u s  c o n s t a n t s .  

The p e c u l i a r i t y  o f  t h e  f u n c t i o n a l  sys tem t h e o r y  is  t h a t  
it  h e l p s  t o  a n a l y z e  maintenance  mechanisms o f  s e p a r a t e  homeo- 
s t a s i s  c o n s t a n t s ,  a s  w e l l  a s  t h e  mechanisms f o r  m a i n t a i n i n g  
t h e  e x i s t e n c e  o f  t h e  organism a s  a  whole. T h i s  s p e c i a l  
a s p e c t  o f  t h e  t h e o r y  p e r m i t s  s t u d y  from a n  e n t i r e l y  new 
a n g l e  o f  such medica l  problems a s  t h e  fo rmat ion  o f  s t e a d y  
a r t e r i a l  h y p e r t e n s i o n .  

The advan tage  o f  a  sys tems approach t o  s o l v i n g  t h e  
a r t e r i a l  h y p e r t e n s i o n  problem becomes c l e a r  when w e  c o n s i d e r  
t h a t  most a u t h o r s  emphasize o n l y  one l e a d i n g  f a c t o r  i n  t h e  
g e n e s i s  o f  t h i s  d i s e a s e .  Her ing ,  f o r  example, supposed 
t h a t  t h e  l e a d i n g  f a c t o r  i n  t h e  development  o f  a r t e r i a l  hyper-  
t e n s i o n  i s  a  f u n c t i o n a l  d i s t u r b a n c e  o f  p r e s s o r e c e p t o r s  i n  
v e s s e l  w a l l s .  G o l d b l a t  and h i s  c o l l e a g u e s  t h o u g h t  t h e  
l e a d i n g  f a c t o r  t o  be r e n a l  t i s s u e  hypox ia ,  fo l lowed  by 
a c t i v a t i o n  o f  t h e  r h e n i n e a n g i o t e n s i n e  complex. I n  1973,  
Gayton e t  a l .  saw t h e  imbalance  o f  l i q u i d s  i n  t h e  organism 
a s  t h e  l e a d i n g  r o l e  i n  a r t e r i a l  h y p e r t e n s i o n  fo rmat ion .  

According t o  t h e  f u n c t i o n a l  sys tem t h e o r y ,  t h e  l e v e l  
o f  a r t e r i a l  p r e s s u r e ,  which i s  n e c e s s a r y  f o r  maintenance  o f  



i m p o r t a n t  v i t a l  f u n c t i o n s  o f  t h e  o r g a n i s m ,  i s  r e a l i z e d  by 
t h e  s p e c i f i c  f u n c t i o n a l  sys tem.  T h i s  s y s t e m  s e l e c t i v e l y  
u n i t e s  c e n t r a l  a s  w e l l  a s  p e r i p h e r a l  a p p a r a t u s e s  t o  main- 
t a i n  t h e  l e v e l  o f  a r t e r i a l  p r e s s u r e  which i s  needed f o r  
normal  o r g a n i s m  l i f e .  Any d e v i a t i o n s  i n  a r t e r i a l  p r e s s u r e  
i n  r e s p o n s e  t o  p h y s i c a l ,  e m o t i o n a l ,  o r  i n t e r n a l  (e .g .  
hormonal  f a c t o r s )  s t i m u l i ,  a r e  n o r m a l i z e d  by t h e  a c t i v i t y  
o f  t h e  whole s y s t e m ,  t h e  p r i n c i p l e  o f  s e l f - r e g u l a t i o n .  

The p r e s s o r  and d e p r e s s o r  mechanisms w i t h i n  t h e  s y s t e m  
a r e  b a l a n c e d .  I n  c a s e  o f  an i n c r e a s e  i n  a r t e r i a l  p r e s s u r e ,  
t h e  d e p r e s s o r  mechanisms a r e  a c t i v a t e d .  T h i s  i s  r e a l i z e d  
i n  e x c i t a t i o n  o f  s p e c i a l  p r e s s o r e c e p t o r s  s i t u a t e d  i n  t h e  
v e s s e l s '  w a l l ;  i n  i n c r e a s e  of  v a g a l  i m p u l s a t i o n  t o  t h e  
medu l l a  t o  i n h i b i t  t h e  vasomotor  c e n t r e ;  i n  d e c e l e r a t i o n  
o f  h e a r t  r a t e ;  i n  d e c r e a s e  o f  b lood  f low;  i n  i n c r e a s e  o f  
d i u r e s i s ;  i n  a c t i v a t i o n  o f  some humoral  d e p r e s s o r  mechanisms, 
e t c .  A l l  o f  t h e s e  sys t em p r o c e s s e s  i n  a  normal  s t a t e  a r e  
enough t o  d e c r e a s e  t h e  h i g h  a r t e r i a l  p r e s s u r e .  

Ana logous ly ,  i n  t h e  c a s e  o f  a  d e c r e a s e  i n  a r t e r i a l  
b l o o d  p r e s s u r e ,  t h e  p r e s s o r  mechanisms a r e  a c t i v a t e d  t o  
n o r m a l i z e  t h e  l e v e l  o f  b l o o d  p r e s s u r e .  

With s u c h  p o w e r f u l  s e l f - r e g u l a t o r y  mechanisms f o r  
m a i n t a i n i n g  a r t e r i a l  p r e s s u r e ,  it becomes c l e a r  t h a t  u n d e r  
no rma l  c o n d i t i o n s  it would b e  i m p o s s i b l e  f o r  an o rgan i sm t o  
m a i n t a i n  e i t h e r  s t e a d y  a r t e r i a l  h y p e r t e n s i o n  or c o n s t a n t  
h y p o t e n s i o n .  But  WHO s t a t i s t i c s  show t h a t  m i l l i o n s  o f  
p e o p l e  t h r o u g h o u t  t h e  w o r l d  s u f f e r  f rom h y p e r t e n s i o n .  What 
f a c t o r s ,  t h e n ,  c a n  d i s r u p t  t h e s e  s e l f - r e g u l a t i n g  mechanisms? 

Exper imen t s  c a r r i e d  o u t  by Anokhin a n d  o t h e r s  showed 
t h a t  one  o f  t h e  l e a d i n g  c a u s e s  i n  t h e  d i s t u r b a n c e  o f  s e l f -  
r e g u l a t i n g  mechanisms i s  u n i n t e r r u p t e d ,  n e g a t i v e  e m o t i o n a l  
i n f l u e n c e s ,  e . g .  e m o t i o n s  of  r a g e ,  f e a r ,  melancholy .  I n  
t h e s e  e m o t i o n a l  s t a t e s  t h e  e x c i t a t i o n ,  s t a r t i n g  a t  t h e  
l e v e l  of  l i m b i c - r e t i c u l a r  b r a i n  s t r u c t u r e s ,  s p r e a d s  t o  t h e  
b r a i n  c o r t e x  i n  a s c e n d i n g  and  d e s c e n d i n g  d i r e c t i o n s ,  v i a  
t h e  au tonomic  n e r v o u s  s y s t e m  and t h e  hormonal -hypo-phys ica l  
a p p a r a t u s .  These  mechanisms i n c r e a s e  t h e  l e v e l  o f  a r t e r i a l  
p r e s s u r e .  Under t h e s e  c i r c u m s t a n c e s ,  t h e  d e p r e s s i v e  mecha- 
n isms  f o r  s e l f - r e g u l a t e d  a r t e r i a l  p r e s s u r e  a r e  no  l o n g e r  
s u f f i c i e n t  t o  resist  t h e  p o w e r f u l  p r e s s o r  i n f l u e n c e s  on 
b l o o d  v e s s e l s .  The a r t e r i a l  p r e s s u r e  d e c r e a s e s  o n l y  when 
t h e  n e g a t i v e  e m o t i o n a l  e x c i t a t i o n s  c e a s e .  I f  t h e y  c o n t i n u e  
i n  p r o l o n g e d  c o n f l i c t  s i t u a t i o n s ,  c o n s t a n t  a r t e r i a l  hyper -  
t e n s i o n  c a n  r e s u l t .  

Expe r imen t s  done i n  o u r  l a b o r a t o r y  show t h e  role  o f  
u n i n t e r r u p t e d  n e g a t i v e  e m o t i o n a l  e x c i t a t i o n s  which i n d u c e  



s t e a d y  a r t e r i a l  hype r t ens ion  i n  r a b b i t s .  The e l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  vent ro-media l  hypothalamic  a r e a  i n  
r a b b i t s  w i t h  c h r o n i c a l l y  implanted  e l e c t r o d e s  was i n  a l l  
c a s e s  fo l lowed by an  emot iona l  r e a c t i o n  of f e a r .  These 
an imals  were t h e n  p l aced  i n  s p e c i a l  s t a n d s  and g iven  
u n i n t e r r u p t e d  s t i m u l a t i o n  o f  n e g a t i v e  emot iona l  s i t es  f o r  
many hou r s .  

These exper iments  he lped  us  t o  model an a c u t e  emot iona l  
stress i n  a  c o n f l i c t  s i t u a t i o n .  W e  a l s o  recorded  blood 
p r e s s u r e  i n  t h e  a r t e r i a  f e m o r a l i s  and r e s p i r a t i o n  r a t e s ,  
and made e l e c t r o c a r d i o g r a m s  and electromyograms.  

The fo l l owing  r e s u l t s  were o b t a i n e d .  The e l e c t r i c a l  
s t i m u l a t i o n  o f  a  n e g a t i v e  emot iona l  c e n t r e  o f  t h e  hypothalamus 
l e d  t o  an i n c r e a s e  o f  a r t e r i a l  p r e s s u r e  o f  30-40 mm Hg. 
Within  t h e  f i r s t  hour  o f  a  n e g a t i v e  s t i m u l a t i o n ,  t h e  a r t e r i a l  
p r e s s u r e  p r o g r e s s i v e l y  dec r ea sed ,  meaning t h a t  i n  t h i s  s t a g e  
o f  emot iona l  stress, t h e  dominat ion o f  d e p r e s s i v e  mechanisms 
i n  t h e  s e l f - r e g u l a t i o n  o f  a r t e r i a l  p r e s s u r e  i s  n o t i c e a b l e .  
L a t e r ,  however, a r t e r i a l  p r e s s u r e  r o s e  c o n s i d e r a b l y ,  which 
i n d i c a t e d  t h e  weakening o f  t h e  d e p r e s s i v e  r e a c t i o n ,  and 
s t e a d y  dominat ion o f  p r e s s i v e  i n f l u e n c e s  was obse rved .  A t  
t h i s  s t a g e  o f  emot iona l  stress, changes i n  h e a r t  f u n c t i o n s  
(e .g.  e x t r a  s y s t o l e s ,  a r c h i t m i a ,  ECG-disorders) occu r r ed  
and some an imals  showed symptoms of  a c u t e  c a r d i a c  i n s u f f i -  
c i ency .  E lec t rono-microscop ic  o b s e r v a t i o n s  have r e v e a l e d  
some phenomena t y p i c a l  o f  myocardia l  i n f a r c t i o n  i n  t h i s  
s t a g e  o f  c o n s t a n t  emot iona l  stress. 

The re fo r e ,  a f t e r  l ong ,  u n i n t e r r u p t e d  c o n d i t i o n s  o f  
s t i m u l a t i o n  o f  hypothalamic  n e g a t i v e  emot iona l  s i t e s ,  it 
was p o s s i b l e  t o  model a  whole n a t u r a l  h i s t o r y  o f  hype r t ens ion  
d i s e a s e  development--from i t s  t r a n s i t o r y  s t a g e  t o  a  s t e a d y ,  
c o n s t a n t  s t a g e  w i t h  f e a t u r e s  o f  myocardia l  i n f a r c t i o n .  

However, it i s  neces sa ry  t o  emphasize t h a t  t h e r e  a r e  
some p e c u l i a r i t i e s  i n  c o n s t a n t s  which form homeos tas i s .  
But i n  t h e s e  c a s e s ,  t h e  o p e r a t i o n a l  s t r u c t u r e  o f  t h e  
f u n c t i o n a l  sys tem p r a c t i c a l l y  remains t h e  same. 

L e t  us ana lyze  o t h e r  c o n s t a n t s  o f  t h e  i n t e r n a l  s t a t e  
o f  t h e  organism,  f o r  example, t h e  l e v e l  o f  n u t r i t i o u s  sub- 
s t a n c e s  i n  t h e  b lood .  The f u n c t i o n a l  system ma in t a in ing  
t h i s  c o n s t a n t  o r  f i n a l  a d a p t i v e  r e s u l t  h a s  t h e  same s t r u c t u r e .  
There a r e  s p e c i a l  r e c e p t o r s  which a r e  s e n s i t i v e  t o  t h e  
changes o f  n u t r i t i o u s  subs t ances  i n  t h e  blood ( p e r i p h e r a l  
and c e n t r a l ) ,  s p e c i a l  a p p a r a t u s e s  o f  t h e  c e n t r a l  nervous  
sys tem which perform r e g u l a t i n g  f u n c t i o n s ,  and c o n c r e t e  
e f f e c t o r a l  mechanisms. A t  t h i s  s t a g e  o f  sys tem maintenance 



of  t h e  c o n s t a n t s  of  n u t r i t i o u s  subs tances  i n  t h e  blood,  it 
i s  p o s s i b l e  t o  n o t i c e  some d i f f e r e n c e  i n  comparison wi th  
e f f e r e n t  components of  t h e  f u n c t i o n a l  sys t em ' s  maintenance 
o f  a r t e r i a l  p r e s s u r e .  I n  t h e  l a t t e r  c a s e ,  t h e  l e v e l  o f  
a r t e r i a l  p r e s s u r e  i n  t h e  blood i s  provided by t h e  i n t e r r e l a t i o n  
of  p r e s s i v e  and dep res s ive  f a c t o r s ,  e x c e p t i o n a l l y  by t h e  
i n t r i n s i c  f a c t o r s  of t h e  organism. For r e g u l a t i o n  of t h e  
l e v e l  of  n u t r i t i o u s  subs tances  i n  t h e  blood,  e x t e r n a l  
mechanisms a r e  a l s o  of  importance--i .e .  t h e  behavior  of  a  
man o r  an animal  i n  i t s  environment,  r e s u l t i n g  i n  t h e  
maintenance o f  t h i s  impor tan t  c o n s t a n t  of  homeostas is .  The 
f u n c t i o n a l  system theory  a l s o  c o n t r i b u t e s  g r e a t l y  t o  t h e  
r e v e l a t i o n  o f  conc re t e  human and animal behav io ra l  mechanisms 
which, a s  w e  know, l e a d  t o  t h e  achievement o f  t h e  f i n a l  
adap t ive  r e s u l t  o f  an organism i n  a  c o n c r e t e  s i t u a t i o n .  

The o p e r a t i o n a l  s t r u c t u r e  of  t h e  f u n c t i o n a l  system f o r  
t h e  gene ra l  behavior  of man and animals  must e x p l a i n  t h e  
ensu ing  q u e s t i o n s :  a )  what r e s u l t  must be rece ived?  b) when 
must it be r ece ived?  c )  what mechanisms must p rov ide  t h i s  
r e s u l t ?  and d )  how i s  t h e  system informed about  t h e  s u f f i -  
c iency  of  t h e  r e s u l t  rece ived?  

The answers t o  most o f  t h e s e  q u e s t i o n s  can be  given i n  
t h e  f i r s t  s t a g e  of t h e  f u n c t i o n a l  system, t h e  s t a g e  of  
a f f e r e n t  s y n t h e s i s .  The fo l lowing  p roces ses  can be chosen 
a t  t h i s  s t a g e :  

1) A l l  k inds  of  in format ion  a r e  u n i t e d  i n  t h e  
c e n t r a l  nervous system forming t h e  b a s i s  f o r  
d e c i s i o n  making. I t  i n c l u d e s  dominating 
mot iva t ion  ( s o c i a l  and b i o l o g i c a l  f o r  man), 
memory, s i t u a t i o n a l  and t r i g g e r  a f f e r e n t a t i o n s .  

2 )  Next i s  t h e  s t a g e  o f  "dec i s ion  makingm--one 
of t h e  complex and r e s p o n s i b l e  moments i n  t h e  
behav io ra l  system which i s  r e a l i z e d  when a l l  
of t h e  above s i g n a l s  a r e  processed.  A t  t h i s  
s t a g e ,  t h e  system i s  r e l e a s e d  from e x c e s s i v e  
degrees  o f  freedom, t a k i n g  only one form o f  
a c t i o n  t o  ach ieve  t h e  op t imal  r e s u l t  i n  a  
c o n c r e t e  s i t u a t i o n .  

3)  A f t e r  s t a g e  2 i s  t h e  format ion s t a g e  o f  t h e  
a c c e p t o r  of  t h e  a c t i o n  r e s u l t .  This  appa ra tus  
c o n s i s t s  of  a l l  t h e  f e a t u r e s  of  t h e  f u t u r e  
r e s u l t ,  b e f o r e  t h e  a c t i o n  d i r e c t e d  towards 
o b t a i n i n g  a r e a l  r e s u l t  i s  performed. 

W e  must p o i n t  o u t  t h a t  t h e  s t a g e  of  a c t i v i t y  o f  t h e  
system d i r e c t e d  towards o b t a i n i n g  a  r e s u l t  i n c l u d e s  a  



p e c u l i a r  " e f f e r e n t  i n t e g r a l "  o f  t h e  motor somat ic  func t ions  
and t h e i r  autonomic p rov i s ion .  A s  mentioned above, a  r e s u l t  
of  t h e  system a c t i v i t y  i s  t h e  s t a r t i n g  p o i n t  o f  t h e  succes-  
s i v e  s t a g e s  i n  t h e  a c t i v i t y  o f  a  system. I f  t h e  parameters  
o f  t h e  r e s u l t  correspond through feedback t o  t h e  p r o p e r t i e s  
o f  t h e  accep to r  o f  a c t i o n  r e s u l t s  p rev ious ly  formed, t h e  
given s t a g e  i n  t h e  system a c t i v i t y  i s  f i n i s h e d  and t h i s  
in format ion  can be used by t h e  organism f o r  o t h e r  purposes .  
I f  t h e  parameters  of t h e  achieved r e s u l t  do n o t  correspond 
t o  t h e  p r o p e r t i e s  o f  t h e  accep to r  o f  t h e  a c t i o n  r e s u l t  
formed by a f f e r e n t  s y n t h e s i s ,  an  o r i e n t i n g - i n v e s t i g a t i v e  
r e a c t i o n  i s  immediately induced. This  evokes r e o r g a n i z a t i o n  
i n  a f f e r e n t  s y n t h e s i s ;  a new d e c i s i o n  i s  made t o  ach ieve  
t h e  r e s u l t  needed f o r  t h e  system, a new a c t i o n  d i r e c t e d  
towards o b t a i n i n g  t h e  r e s u l t  i s  formed. 

The o p e r a t i o n a l  s t r u c t u r e  o f  t h e  f u n c t i o n a l  system 
pe rmi t s  a n a l y s i s  of t h e  i n t e r n a l  s t r u c t u r e  o f  any k ind  of  
system, i nc lud ing ,  f o r  example, social-economic systems.  
The concept  of  t h e  f u n c t i o n a l  system as a locked,  s e l f -  
r e g u l a t e d  o r g a n i z a t i o n  formed t h e  b a s i s  o f  p h y s i o l o g i c a l  
c y b e r n e t i c s .  When Norbert  Wiener v i s i t e d  Anokhin's l abora-  
t o r y  i n  t h e  USSR i n  1960, h e  admi t ted  t h a t  t h e  phys io log ica l  
c y b e r n e t i c s  r e s e a r c h  t h e r e  surpassed  t h e  t r e n d s  i n  cyber- 
n e t i c s  as t h e  whole. 

A t  t h e  p r e s e n t  t i m e  i n  t h e  USSR, i n t e n s i v e  r e sea rch  i s  
i n  p rog res s  upon p r i n c i p a l  l i n k s  of  va r ious  p a r t i a l  f u n c t i o n a l  
systems o f  t h e  organism. The complex o f  a n a l y t i c a l  and 
systems i n v e s t i g a t i o n s  are be ing  melded t o  h e l p  e s t a b l i s h  
a conceptua l  b r idge  between t h e  mo lecu la r - ce l lu l a r  l e v e l  of 
p h y s i o l o g i c a l  p rocesses  and t h e  i n t e g r a t i v e  func t ion  o f  t h e  
whole organism. I n  p a r t i c u l a r ,  t h e  a n a l y s i s  of  t h e  f u n c t i o n a l  
system i n  t h e  on togene t i c  development o f  f u n c t i o n s  has  l e d  t o  
t h e  c r e a t i o n  o f  a new p r i n c i p l e  o f  development, t h e  so-ca l led  
"systemogenesis ."  According t o  t h i s  p r i n c i p l e ,  t h e  onto- 
g e n e t i c  development i s  s e l e c t i v e l y  r e a l i z e d  through systems.  
The f u n c t i o n a l  system and t h e i r  s e p a r a t e  components, which 
provide man and animals  w i t h  t h e  most e s s e n t i a l  adap t ive  
f u n c t i o n s ,  mature f i r s t .  The b a s i c  p r i n c i p l e s  o f  systemo- 
genes i s  are t h e  h e t e r o g e n i c  developments of  s t r u c t u r e s ,  
and t h e  c o n s o l i d a t i o n  o f  s e p a r a t e  components of t h e  system 
and i ts  minimal p rov i s ion .  

A d e t a i l e d  a n a l y s i s  of  key mechanisms o f  t h e  f u n c t i o n a l  
system p re sen ted  a  new oppor tun i ty  t o  a p p r e c i a t e  t h e  p a r t i c i -  
p a t i o n  of  c o r t i c a l  neurones i n  t h e  i n t e g r a t i v e  a c t i o n  o f  t h e  
b r a i n .  Th i s  l e d  t o  t h e  new s c i e n t i f i c  f i e l d ,  " f u n c t i o n a l  
neuro-chemistry,"  t h e  s tudy  o f  t h e  changes i n  t h e  chemical 
r e a c t i o n s  of  t h e  c e n t r a l  nervous system i n  t h e  r e a l i z a t i o n  
of  s p e c i f i c  func t ions .  



The f u n c t i o n a l  sys tem t h e o r y  b r o u g h t  a b o u t  a  new 
c o n c e p t i o n  o f  emot ions  which h e l p  t h e  organism t o  e v a l u a t e  
i t s  r e q u i r e m e n t s  and t h e i r  s a t i s f a c t i o n .  A s  a  r u l e ,  comple te  
c o i n c i d e n c e  o f  t h e  p r o p e r t i e s  o f  t h e  a c c e p t o r  o f  a c t i o n  w i t h  
t h e  incoming s i g n a l  a b o u t  t h e  r e s u l t  o f  a c t i o n  th rough  feed-  
back i s  a lways  accompanied by p o s i t i v e  emot ions  which s a n c t i o n  
t h e  s u c c e s s  o f  t h e  a c t i o n  performed.  And c o n v e r s e l y ,  any 
d i sagreement  provokes  u n p l e a s a n t ,  b i o l o g i c a l l y  n e g a t i v e  
emot ions  c o n t r i b u t i n g  t o  a  r a p i d  mee t ing  o f  t h e  a r i s e n  
r e q u i r e m e n t s .  

F u n c t i o n a l  sys tems t h e o r y ,  used  a s  a  method f o r  a n a l y z i n g  
s e l f - r e g u l a t i n g  a d a p t a t i o n s  o f  an organism under  p a t h o l o g i c a l  
c o n d i t i o n s ,  h e l p e d  t o  f o r m u l a t e  t h e  p r i n c i p a l  f e a t u r e s  o f  
compensat ion o f  d i s r u p t e d  f u n c t i o n s .  I t  r e v e a l e d  t h e  
mechanisms o f  compensatory a d a p t a t i o n s  i n  s u r g i c a l  o p e r a t i o n s ,  
such  a s  t o t a l  a b l a t i o n  o f  a  l u n g ,  where t h e  p r o c e s s  o f  
compensat ion embraces such  e x e c u t i v e  a p p a r a t u s e s  o f  t h e  
r e s p i r a t o r y  f u n c t i o n a l  sys tem a s  t h e  h e a r t ,  hemocytes,  
s a t u r a t i o n  o f  e r y t h r o c y t e  w i t h  haemoglobins,  b u f f e r  p r o p e r t i e s  
of b l o o d ,  and o t h e r s .  A t  t h e  same t i m e ,  key mechanisms o f  
t h e  f u n c t i o n a l  sys tem a d a p t a t i o n  a n d  r e s i s t e n c e  under ex t reme  
c o n d i t i o n s  w e r e  r e v e a l e d .  

Many y e a r s  o f  r e s e a r c h  on t h e  p h y s i o l o g i c a l  p r o p e r t i e s  
o f  b a r o c e p t o r s  of t h e  a o r t i c  a r c h  and mechanisms forming 
e m o t i o n a l  stresses now p e r m i t  s u c c e s s f u l  u s e  o f  t h e  f u n c t i o n a l  
sys tem t h e o r y  i n  t h e  p a t h o g e n e s i s  o f  t h e  n e u r o t i c  form o f  
h y p e r t e n s i o n  d i s e a s e .  Here I would l i k e  once  more t o  draw 
your  a t t e n t i o n  t o  t h e  problem o f  h y p e r t e n s i o n  d i s e a s e .  
According t o  t h e  WHO b u l l e t i n ,  d e a t h s  from c a r d i o v a s c u l a r  
d i s e a s e s  i n  developed c o u n t r i e s  t a k e  t h e  f i r s t  p l a c e .  Thus, 
t h e  problem o f  t r e a t m e n t  and p r e v e n t i o n  o f  h y p e r t e n s i o n  
d i s e a s e  i s  i n t e r n a t i o n a l ,  and may be  a  s u i t a b l e  t o p i c  f o r  
i n v e s t i g a t i o n  i n  IIASA. 

I would a l s o  l i k e  t o  add t h a t  t h e  I n s t i t u t e  o f  Normal 
Phys io logy  o f  t h e  USSR, t h e  Academy o f  Medical  S c i e n c e s  i n  
Moscow (whose c h i e f ,  P r o f .  K.V. Sudakov, is  a  p u p i l  and 
former c o l l e a g u e  o f  Academician P .  Anokhin) and t h e  I n s t i t u t e  
of Card io logy  i n  Moscow, a r e  i n v e s t i g a t i n g  t h e  g e n e s i s  o f  
a r t e r i a l  h y p e r t e n s i o n  u s i n g  t h e  sys tems approach from t h e  
p o i n t  o f  view o f  t h e  f u n c t i o n a l  sys tem t h e o r y .  The u n i t y  o f  
e f f o r t s  between p h y s i o l o g i c a l  l a b o r a t o r i e s  o f  t h e  IIASA 
member c o u n t r i e s  w i t h  t h e  I n s t i t u t e  o f  Normal Physio logy 
and C a r d i o l o g i c a l  I n s t i t u t e  i n  Moscow under IIASA w i l l  
promote t h e  i n v e s t i g a t i o n  from a  sys tem p o i n t  o f  view o f  t h e  
p a t h o g e n e s i s  o f  h y p e r t e n s i o n  d i s e a s e .  




