
Another,  simplified variant  of the method has been developed in which the incision in the uterus is not 
longer than 1-1o2 cm. In this variant  the amniotic sac bulges into the incision but it is not completely with- 
drawn from the uterus.  The fetus in utero is rotated through 180 ~ and manipulated toward the incision in the 
uterus so that its chest  wall at the site destined to be punctured is immediately beneath the incision and is 
c lear ly  visible to the eye. In this position the fetus is fixed with the f ingers and the subsequent course  of the 
operation is as before.  

A second variant  of the method has been used in 52 operat ions.  A positive result  was obtained in 36 cases 
(about 69.2%) and 16 operations terminated in abortion (30.8%). 

The fetal hear t  is punctured with a steel needle 5 cm long and 1.5 mm in diameter ,  tapering below to a 
point~ At a distance of 0.8 cm from the lower end of the needle there is a guard which prevents  the needle 
f rom penetrat ing too deeply into the fetus. 

The method of injuring the myocard ium descr ibed in this paper  presents  no r isk to the mothe r ' s  health. 
No deaths following the operation were observed.  The mothers  get up on the average 3-5 h after  the operation. 
If the operat ion is successful  they give birth to viable animals at t e rm,  which grow and develop normally.  
Some time (usually 1-2 months) af ter  the operation some of the females have become pregnant  again and given 
birth to normal  young. The suggested method thus has no significant effect on the reproductive function of the 
female.  As a rule, the operations on these females can be repeated. 
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A mathemat ical  model of the t ransformat ion of e lec t r ica l  signals in the per ipheral  neuromus-  
cular  apparatus anda method of analysis  of the experimental  data obtained during indirect  
repetit ive stimulation of a muscle  and the muscle  fibers of the rat  diaphragm are described. 
By analysis  of the record  of e lect r ical  activity pa r ame te r s  character iz ing the muscle with 
respec t  to the proper t ies  of frequency potentiation and depression were determined.  
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This paper  is devoted to the use of a mathematical  model of t ransmiss ion  and t ransformat ion of signals 
in the neuromuscular  apparatus (NMA) and of methods of analysis  of the data obtained in experiments  in which 
the t r ansmis s ion  of e lec t r ica l  activity in a muscle f iber and muscle in response to its indirect  repetit ive s t im- 
ulation were studied. The results  are  used to examine the distinguishing features and to determine the quanti- 
tative pa rame te r s  of the p rocesses  studied under normal  conditions and in some types of neuromuscular  
pathology. 
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Fig. 1. Changes in p a r a m t e r s  of distributions of interspike intervals  in activity of different 
groups of f ibers:  1,2,3) No. of f ibers .  Continuous lines represent  M, broken lines or. 

Fig. 2. Distribution of frequency pa ramete r s  of various groups of muscle  f ibers.  

The functioning of the NMA as a whole is largely determined by the charac te r i s t i c s  of t r ansmiss ion  and 
t ransformat ion  of signals in a single neuromuscular  junction. Statistical analysis  of e lec t r ica l  responses  of 
muscle  f i be r s  (MF) to stimulation of var ied frequency (fst) in experiments  with indirect  stimulation of the 
motor  nerve of an isolated ne rve -musc le  preparat ion under conditions of fatigue by pulses of cur rent  of above- 
threshold strength has reveal ted the following distinguishing features of stimulus t ransmiss ion  through the 
NMA [1,2]. 

The range of mean frequencies of responses  of MF (Tre s) to a sequence of stimuli with frequency fst  can 
be split into three charac te r i s t i c  parts~ The f i rs t  par t  is the par t  of rhythm binding, in whichYre s is equal to 
the frequency of stimulation. The length of this par t  is determined by the limiting frequency of binding the 
rhythm of stimulation (f0), which will subsequently be te rmed the "intrinsic" frequency. 

The second par t  is charac te r i zed  by a fur ther  increase  in f r e s  and is bounded by the res t r ic t ion T max res  
when fst = fopt, when T O < f-res < fst. 

In the third par t  a decrease  in Tre s is observed until the responses  of MF disappear  completely ( trans- 
miss ion block) at a value of fst  known as fbl. 

The derived function ofTre s = F(fst ) in the f i r s t  of these par ts  in d f r e s / d f s t  = 1; in the second par t  it is 
given by 0 <df re s /d f s t  < 1; and in the third par t  d f res /d f s t  < 0. 

The charac te r  of the change in f 'res in the second and third par ts  can be explained on the ground that 
dur ing t ransmiss ion  of the stimulus f rom nerve to muscle mechanisms of facilitation and inhibition of l ibera-  
tion and replenishing of the operat ive stock of mediator  are  manifested,  with facilitation acting predominantly 
in the second par t  and inhibition in the third part .  The rate of change of f r e s  in these pa r t s ,  as a l inear  approx- 
imation, will be equal to the angular  coefficients K p and K d, which indirect ly charac te r ize  the p rocesses  of 
frequency potentiation and depression.  It mus t  be noted that there are f ibers  for  which the second par t ,  with 
predominance of potentiation, is absent. 

During stimulation of the motor  nerve with a ser ies  of pulses of the same frequency,  t rains of action 
potentials of MF, differing in their  pa r am e te r s ,  are  recorded  in different groups of MF. Graphs of the pa r am-  
e ters  of distributions of interspike intervals  of these t rains are  shown in Fig. 1 as functions of the frequency 
of stimulation for  severa l  MF; they are  plotted f rom the resul ts  of experiments  pe r fo rmed  on a single MF of 
an isolated str ip of rat  diaphragm [1,2]. 

The heterogenei ty  of MF with respec t  to frequency proper t ies  (values of f0 fbl, Tmax) was taken into res  " 
account during the construct ion of a phenomenological model of the t rans imiss ion  of excitation f rom nerve to 
Mf [2,3]. Transformat ion  of the frequency of stimulation at the input of the neuromuscular  synapse (NMS) into 
the mean frequency of responses  of MF was examined in the model. The NMS was replaced in the model by a 
formal ized  element with frequency pa rame te r s  of: f0 Tmax and fbl and with pa rame te r s  of K p and K d charac-  , - r e s  , 
ter iz ing the mean rate of change in f r e s  within the corresponding ranges of fst- 

The opera to r  of the connection between the mean frequency of the t ra in  of action potentials of MF (~res), 
the frequency of stimulation fst, and the basic pa r ame te r s  of the element can be written in the form: 
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7res = xp (/st, f~ K P, K d, t). (1) 

This  o p e r a t o r ,  g e n e r a l l y  speaking,  is non l inea r  and nons ta t iona ry .  Because  of the a s sumpt ions  made  
r e l a t ive  to the  p r o p e r t i e s  of  NMS i t  can be r e g a r d e d  as dependent  on t ime  t as  its p a r a m e t e r  and as  b i l i nea r  
with r e s p e c t  to the o the r  p a r a m e t e r s ,  and it  can  be wr i t t en  in the f o r m :  

when 0 <fst 

?-res = / p  {[1 + KP (fst "P-l--1)]--KO(f~t . p - 1  

~ --mJ} when fopt < fst < ~bl' 

K P_ Fres--/~ /(d= ?ri~sax -max o, 
~ --'~-P ' /( ;(fst--  f ~ --f~es ~ f  

fopt - -  fo 
/TZl - -  ~0  

(2) 

NMA as a whole was  r e g a r d e d  as  a s y s t e m  of a l a r g e  n u m b e r  of funct ional ly  un i fo rm and independent  
e l e m e n t s .  

By C a m p b e l l ' s  t h e o r e m  of the m o m e n t s  of a s t a t i ona ry  r andom p r o c e s s ,  the magni tude  of the m a t h e m a t i c a l  
expec ta t ion  of a pu lsed  p r o c e s s  at  the output of such a s y s t e m  (a t r a in  of evoked m u s c l e  r e s p o n s e s  to i nd i r ec t  
r e s p e c t i v e  s t imulat ion)  is d e t e r m i n e d  by the equat ion:  

s ,Z.= ,,po - _ / , - - K  + . - -  r ~ 
. , = ~  (3) 

i=1 ,2  . . . . .  n, ]=1 ,2 ,  . . . , l ,  

where  i is  the n u m b e r  of  the group of e l emen t s  with equal va lues  of the p a r a m e t e r s  f0  Kp ' K d, r is the n u m b e r  
of g roups ,  and l~i the " in t r ins ic  f r equency"  of the NMS of the i - t h  g roup ,  S the a r e a  of a s ingle  act ion potent ia l  
of MF,  and fstj  = J �9 f s t  0. 

Ana lys i s  of  the expe r imen ta l  data  in o r d e r  to ca lcu la te  the e s t i m a t e s  of  the laws of d i s t r ibu t ion  of the 
f r e q u e n c y  p a r a m e t e r s  of NMA was c a r r i e d  out with the aid of equat ions  (3) us ing  values  of f~ n = 5 Hz and 
r = 7 and b r e a k i n g  up the range  of change of  f r equency  into s teps  of Afs t  = f~ n = 5 Hz. The e m p i r i c a l  laws 
of d i s t r ibu t ion  of ~ ,  KP, and K d ca lcu la ted  f r o m  the r e su l t s  of e x p e r i m e n t s  on an i so l a t ed  s t r ip  of r a t  d i aphragm 
[1,2] indicate  that  the f ibe r s  a r e  h e t e r o g e n e o u s  as r e g a r d s  the i r  f r equency  p r o p e r t i e s .  T h e  c h a r a c t e r  of t r a n s -  
f o r m a t i o n  of these  d i s t r ibu t ions  dur ing  a change  in f s t  is ev idence  of  the inequal i ty  of the contr ibut ion of the 
d i f fe ren t  g roups  of NMS. 

Values  of KP h igher  than 1, d i s c o v e r e d  fo r  s o m e  groups  of f i be r s ,  indica te  r e c r u i t i n g  of o the r  f ibe r s  into 
the r e s p o n s e  of  the m u s c l e  which w e r e  not  involved in the r e s p o n s e  to a l ower  f r equency  of  s t imula t ion ,  i .e . ,  
t he i r  r e c ru i t i ng ,  given a suff ic ient ly  high value of fs t ,  f r o m  the sub th resho ld  b o r d e r .  

The dependence  of the mean  f r e q u e n c y  of  the t r a in  of ac t ion  po ten t ia l s  of MF on the f r equency  of s t imu la -  
t ion r e f l ec t s  the inf luence of two an tagon is t i c  f a c t o r s ,  one connec ted  with an i n c r e a s e  in value of  the ope ra t i ve  
f a c t i o n  of the s tock  of  m e d i a t o r  ( p r o c e s s e s  of r ep len i sh ing  the opera t ive  f r ac t ion) ,  the o the r  with its d e c r e a s e  
( p r o c e s s e s  of l ibe ra t ion  of  m e d i a t o r  f r o m  this f rac t ion) .  Le t  these  f ac to r s  be r e p r e s e n t e d  by the symbo l s  vP  
and V d. 

Le t  us a s s u m e  that  the va lues  of V p and V d a r e  l i nea r  funct ions of fs t ,  i .e . ,  tha t  

vP = V0 p -  aP./st 

vd = V0 d -  ~d.&t, 
(4) 

so  that :  V = (V p - V d) - (c~ p +  otc~ " f s t  
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whence: 

a P +  cr 2 
) . = Vofst -----~-- f s t ,  ( 5 )  

where V 0 = V ~ -  V0 d. 

Using this relationship it is possible to t r ans fe r  f rom the laws of distr ibution of the p a r a m e t e r s  f0, KP, 
and K d to distributions of the p a r a m e t e r s  V ~ ~P, and ~d. For  this purpose,  let us substitute in equation (5) 
the values of the frequency of stimulation, namely:  

fst, = f~ h t ,  = fo (l + m,), 

'st~ =/~ +m. + ~ ) .  

As a resu l t  we obtain the following sys tem of l inear  a lgebraic  equations with which to determine the 
p a r a m e t e r s  V0, ~P, and ~d: 

P = VoP-- 2 I~ 

p �9 (1 + mJ(P) = Yo(l + ml)/o_ czP+ cr 
2 • 

xO + m Y / ~  d (6) 
. 

t,~, t Ec--)----S-- x 
X(1 + m l +  1 + mxKP~2/o0" 

�9 j �9 

The values of the coefficients of potentiation and depress ion KP and K d obtained in [4] were used for  
determining the p a r a m e t e r s  V 0 and ~ d  By solution of the sys tem (6) the distributions of these pa rame te r s  
were obtained. F rom the stat is t ical  charac te r i s t i c s  of the distributions it is possible to est imate the frequency 
proper t ies  of a large group of NMS of the test  muscle  under conditions of fatigue. 

His tograms of distributions of V 0 and ~d are  given in Fig. 2~ It follows from analysis  of these h is tograms 
that the mos t  active group of NMS, the one with the g rea tes t  ability to activate the l iberation of media tor  in 
response  to repetit ive stimulation, is the frequency group with f0 = 20 Hz; the p roces se s  of inhibition of l ibera-  
tion of the media tor  are  mos t  marked in the low-frequency groups (5-15 H z ) o f  the same muscle .  

The method descr ibed above is most  effective in comparat ive analysis of two muscles  or  of one muscle  
in two different states.  It can be used: 1) to differentiate between the two basic frequency proper t ies  of the 
p rocess  of stimulus t r ansmiss ion  through NMS: activation and inhibition of l iberation of the mediator;  2) to 
obtain s ta t is t ical  cha rac te r i s t i c s  of the e l ec t romyogram of a muscle  that can be used in the diagonsis of neuro-  
muscu la r  d iseases .  
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