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The use of the MN-7 ana log  compu te r  for  in tegra t ing b ioe lec t r i ca l  ac t iv i ty  and record ing  per iods  of 
~ e  or iginal  waves of the e l e c t r o e n c e p h a l o g r a m s  is desc r ibed .  

* * * 

Mathemat ica l  ana lys i s  of e l e c t r o e n c e p h a l o g r a m s  is inc reas ing  in impor tance  at the p re sen t  t ime [2, 
3, 4]. Despite  some  p r o g e s s  in the appl icat ion of methods  of ma thema t i ca l  ana lys i s  to e l e c t r o e n c e p h a l o -  
g r aphy  [1, 5-8],  diff icul t ies  s t i l l  r ema in .  

We accord ing ly  sugges t  the use for  ma thema t i ca l  ana lys i s  of the EEG the MN-7 bench analog compute r ,  
which is cheap a n d i n  l a r g e - s c a l e  production.  It  has 16 opera t ion  a m p l i f i e r s ,  the inputs and outputs of which 
a r e  brought  out onto a commuta t ion  field, and var ious  a c c e s s o r i e s  a r c  a l so  ava i lab le .  By commut ing  the 
a m p l i f i e r s  in a ce r ta in  way, the MN-7 compute r  can be used for  ma thema t i ca l  ana lys i s  of the EEG. 

In this p a p e r  we desc r ibe  the use of the compute r  for  integrat ion,  d i f ferent ia t ion,  and record ing  the 
pe r iods  of the or iginal  waves  of the rabbi t  EEG. 

F o r  the opera t ion  of in tegra t ion by level ,  three  opera t ion  a m p l i f i e r s  a r e  used. The c i rcui t  of c o m -  
muta t ion  between a m p l i f i e r s  is i lh t s t ra ted  in Fig. 1. The des ign of the output cascade  of the encephalograph 
channel (developed by the "Biof izpr ibor"  Technica l  Design Bureau) is such that an upright  and inver ted  
s ignal  can be obtained. These  ~ignals en te r  through diodes on the s u m m a t i n g  inputs of a m p l i f i e r  1 for  in te-  
gra t ion .  Ampl i f i e r s  2 and 3 s imula te  a r e l a y  with cont ro l lable  leve ls  of  opera t ion.  As soon as  the s ignal  
a t  the output of a m p l i f i e r  1 exceeds  the opera t ion level ,  a d i scharge  takes  place in the 0 of the in tegra t ing  
a m p l i f i e r  and the in tegra t ion  m a r k e r  is given to the encephalograph.  Al toge ther  four  p r o c e s s e s  can be in-  
t eg ra t ed  a t  the s ame  t ime.  

To  ana lyze  a l a r g e r  number  of p r o c e s s e s  the method of in tegra t ion  by  t ime can be used. C o m p a r e d  
with the c i rcu i t  just  desc r ibed ,  in this case  there  is no need for  a r e l ay  cons is t ing  of the a m p l i f i e r s  2 and 
3 in the c i rcui t .  Discharge  of the in tegra t ing  a m p l i f i e r  at  z e ro  in t ime is brought  about by c los ing the con-  
tac t s  of the r e l a y  shunting the feedback capac i to r  C1. The r e l ay  can be cont ro l led  by t ime m a r k e r  s i g n a l s  
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Fig.  I .  C i rcu i t  of commuta t ion  between units of t he  
compu te r  for  the opera t ion  of in tegrat ion by leve ls .  
1) In tegra to r ;  2) a a l p l i f i e r - i n v e r t e r ;  3) unit with 
two s t eady  s t ages .  M = M~2. 

f r o m  the encephalograph a t  a f requency  of 1 / s e e  
o r  f rom the compu te r  a t  f requencies  of 1, 2, 5, 
and 1 0 / s e e .  During integrat ion by t ime,  as  many  
as  16 p r o c e s s e s  can be analyzed s imul taneous ly .  

The opera t ion  a m p l i f i e r s  can be used to 
fo rm EEG waves for  subsequent  ana Iys i s  on the 
P F - 2 0  computer .  F o r  this pu rpose ,  the signal  
f rom the encephalograph is fed into the input of the 
opera t ion  a m p l i f i e r  through a 0.01 p F capac i to r .  
E v e r y  10th halfwave,  counted by means  of the 
PS-20 ins t rument ,  is m a r k e d  on the encepha lo-  
graph tape.  

L a b o r a t o r y  of Roentgenote lec inematography ,  Inst i tute  Of Medical Radiology,  A c a d e m y  of Medical Sc i -  
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Fig.  2. Scheme of commuta t ion  between units of compute r  for  
au tomat ic  m e a s u r e m e n t  of s m a l l  changes in f requency of the 
E E G .  1) Unit fo rming  square  pulses ;  2) d i f ferent ia t ing unit; 
3) sawtooth voltage genera to r ;  4) ampli tude se lec to r ;  
5) amplifier. M = M~2. 
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Fig. 3. Analysis of rabbit encephalogram by the MN-7 computer. 
1) Mark counting every 10th wave of EEl; 2) E}~G of rabbit's 
somatosensory cortex; 3) record of results of integration by 
levels. 

The MN-7 compute r  can be used for  au tomat ic  m e a s u r e m e n t  and detect ion of sma l l  changes in f r e -  
quency of the EEG. The commuta t ion  c i rcu i t  of the opera t ion  a m p l i f e r s  of the compute r  when used for  this 
pu rpose  is shown in Fig. 2. The signal  f rom the encephalograph en t e r s  the input of the unit fo rming  square  
pu lses  ( I ) .  The di f ferent ia t ing unit (2) conver t s  the square  s ignals  into a s e r i e s  of shor t  pulses  p r e c i s e l y  
m a r k i n g  the t imes  when the or iginal  s ignal  i n t e r sec t s  the ze ro  line. A constant  voltage V~ is appl ied to 
one input of the in tegrat ing a m p l i f i e r  (3). As a resu l t  of in tegra t ion,  a voltage inc reas ing  l i nea r l y  in t ime 
is p r e sen t  a t  the output of the ampl i f i e r .  Pos i t ive  s ignals  f rom a m p l i f e r  (2) en te r  the o ther  input of the 
a m p l i f i e r  (3) and r e tu rn  ampl i f i e r  (3) to its or iginal  s ta te .  The ze ro  level  at  the output of a m p l i f i e r  (3) is 
f ixed by diode D 2. At  the end of the pos i t ive  pulse a l i : :ear ly  inc reas ing  voltage again a p p e a r s  at  the output 
of a m p l i f i e r  (3). As a resul t ,  the ampli tude of each tooth of the sawtooth voltage is dependent on the du ra -  
tion of the cor responding  per iod of the input sig:ml.  The waves obtained a re  fed into the ampli tude s e l ec to r  
(4), which p a s s e s  only the ap ices  of the "saw" at  the output, and these pas s  through the a m p l i f i e r  (5) and 
a r e  r ecorded .  Small  changes in f requency  of three  channels  of the e l ec t roencepha log ram can be detected 
a t  the s a m e  t ime.  

All the c i rcu i t s  have been built  and tes ted  and have acquit ted t hemse lves  well in operat ion.  As an i l -  
lus t ra t ion  we give a �9 of the biopotent ia ls  of a r abb i t ' s  s o m a t o s e n s o r y  co r t ex  with s imul taneous  in t e -  
gra t ion  by leve ls  and cou~ting of e v e r y  10th EEG halfwave (Fig. 3). 
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