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Qu icken ing  of the pulse  in n a v i g a t o r s  du r ing  fligh~ is  a t t r i b u t e d  to e m o t i o n a l  f a c t o r s  and not to e n e r g y  
r e q u i r e m e n t s .  A d j u s t m e n t  of the i n t ens i t y  of the c i r c u l a t i o n  to c o r r e s p o n d  to e n e r g y  r e q u i r e m e n t s  ev iden t ly  
takes  p lace  through a d e c r e a s e  in sys to l i c  vo lume .  

A s s e s s m e n t  of the c i r c u l a t i o n  in f ly ing p e r s o n n e l  is m a i n l y  ba se d  on changes  in  the h e a r t  r a t e .  I n v e s -  
t iga t ions  by Soviet  and W e s t e r n  w o r k e r s  have shown that  d u r i n g  f l ight  the pulse  qu ickens  and m a y  r e a c h  
160-180 b e a t s / r a i n .  P i lo t ing  a m o d e r n  a i r c r a f t  does not r e q u i r e  any s i g n i f i c a n t  phys i ca l  effor t .  The e n e r g y  
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Fig .  1. Changes  in pulse  r a t e  and a r t e r i a l  p r e s s u r e  
of n a v i g a t o r s .  Po in t s  denote pulse  ra te ,  c i r c l e s  s y s -  
tol ic  p r e s s u r e ,  and c r o s s e s  d ias to l i e  p r e s s u r e ,  i n  
ind iv idua l  m e a s u r e m e n t s .  L i n e s  and c o l u m n s  denote  
m e a n  va lues  of pu lse  r a t e  and a r t e r i a l  p r e s s u r e .  
Here  and in F ig s .  2 and 3 the m e d i a n  is  taken as the 

m e a n  va lue .  

L ipe t sk  ( P r e s e n t e d  by A c a d e m i c i a n  V. V. P a r i n ) .  T r a n s l a t e d  f r o m  B y u l l e t e n '  t ~ k s p e r i r u e n t a l ' n o i  Bio-  

logi i  i Med i t s iny ,  Vol. 65, No. 4, pp. 20-23,  Apr i l ,  1968. O r i g i n a l  a r t i c l e  s u b m i t t e d  June  15, 1966, 
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P ig .  2. Changes  in pu l se  r a t e  and s y s t o l i c  and minu te  v o l -  

u m e s  in n a v i g a t o r s .  O r d i n a t e ,  pu l se  r a t e  ( bea t s / r a i n ) ,  s y s -  

t o l i c  and minu te  v o l u m e s  (in ml);  a b s c i s s a ,  m o m e n t s  of 

i nves t iga t ion :  1 and points  denote  pulse  r a t e ,  2 and c i r -  

e l e s  s y s t o l i c  v o l u m e ,  3 and t r i a n g l e s  minu te  v o l u m e .  
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F ig .  3. R e l a t i o n s h i p  be tween  ehanges  in pu l se  r a t e  and 

s y s t o l i e  and minu te  v o l u m e s  e x p r e s s e d  as p e r c e n t a g e s  

of t h e i r  in i t i a l  v a l u e s .  Legend  as in F ig .  2. 

expenditure of members of the crew, according to results obtained by Yu. F. Udalov and A. G. Shibuneev 
[3], corresponds approximately to light physical work. Quickening of the heart during flight may therefore 
be considered to be an autonomic component of the emotional stress response rather than the result of an 
increase in energy demands placed on working organs and tissues. In man the chronotropic influences on 
the heart are known to be the most highly corticalized [I, 2, 4]. It is difficult, therefore, to state a priori 

374 



w h e t h e r  the h e m o d y n a m i c  i n d i c e s  [u c r e w  m e m b e r s  r i s e  in p r o p o r t i o n  to the  i n c r e a s e  in the  p u l s e  r a t e  o r  
w h e t h e r  s o m e  d i f f e r e n t  r e l a t i o n s h i p  e x i s t s  be tween  them.  

In th i s  p a p e r  we d e s c r i b e  r e s u l t s  wi th  a b e a r i n g  on th is  p r o b l e m  ob ta ined  by a n a l y s i s  of m e a s u r e m e n t s  
of the a r t e r i a l  p r e s s u r e  and pu l se  r a t e  in n a v i g a t o r s  u s ing  the PRAD a p p a r a t u s  d e s i g n e d  by L.  A. K a z a r  r- 
yan* .  

E X P E R I M E N T A L  M E T H O D  

Six p e r s o n s  aged  29-40 y e a r s  w e r e  i n v e s t i g a t e d .  The pu l se  r a t e  and a r t e r i a l  p r e s s u r e  1 .5-2  h b e f o r e  
the  beg inn ing  of the  f l i gh t s  w e r e  t a k e n  as  i n i t i a l  v a l u e s .  Subsequen t  m e a s u r e m e n t s  w e r e  m a d e  in the c a b i n  
5-10 rain b e f o r e  t ake -o f f ,  d u r i n g  a l t i t ude  s e t t i ng ,  b e f o r e  and ~'ffter p e r f o r m i n g  the m o s t  r e s p o n s i b l e  e l e m e n t  
of the  o p e r a t i o n ,  d u r i n g  d e s c e n d i n g ,  i m m e d i a t e l y  a f t e r  l anding ,  and a f t e r  the  end of the  f l i g h t s .  A l t o g e t h e r  69 
i n v e s t i g a t i o n s  w e r e  m a d e .  By m e a n s  of S t a r r ' s  [6] f o r m u l a  the  s y s t o l i c  and m i n u t e  v o l u m e s  w e r e  c a l c u l a t e d  
f r o m  the r e s u l t s  ob t a ined .  The f l i gh t s  w e r e  m a d e  in a p r e s s u r i z e d  cab in  ( p r e s s u r e  not l e s s  than  0.65 a r m . ,  
p a r t i a l  p r e s s u r e  of oxygen  in i n s p i r e d  a i r  not  l e s s  than  150 m m ) .  

EXPERIMENTAL RESULTS 

The results given in Fig. 1 show that the pulse rate began to increase before performance of the most 
complex element of the navigational operation. Subsequently it fell, but did not reach its initial level. The 
changes in arterial pressure were similar~ Initially the increase in systolic pressure was slightly greater 
than in the diastolic, resulting in an increase in pulse pressure. During the second ha~ of the flight the 
maximal pressure gradually fell while the minimal remained practically unchanged and the pulse pressure 

diminished. 

The calculated values of the systolic and minute volumes, together with the pulse rate, are shown in 
Fig. 2. The curves demonstrate a parallel trend between the changes in the indices they represent. Some 
discrepancies between the dynamics of the systolic volume and pulse rates can also be seen. This differ- 
ence becomes more obvious if the values studied are expressed as percentages of their initial levels 
(Fig. 3). The pulse rate and minute volume exceeded the initial level before completion of the most respon- 
sible part of the navigational operation by a statistically significant margin. The minute volume began to 

fall during descent, and the heart rate after landing. 

The systolic volume remained practically unchanged during flight~ The divergent character of the re- 
lationships between the systolic and minute volumes and the pulse rate during flight can be seen in Fig. 3. 
Judging from the data given, an appreciable increase in pulse rate in the navigators during flight was accom- 
panied by a very moderate increase in circulation, so that the systolic volume was maintained at its initial 

level or slightly below it. 

In this way the concurrence between the energy demands of the body and the level of the circulation 
was maintained during flight, when reflex quickening of the heart took place without any corresponding phys- 

ical exertion. 
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