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CHAPTER I 

INFORMATION MODEL OF THE PROCESS OF 
THE DEVELOPMENT OF SCIENCE 

S c i e n c e  i s  a c e r t a i n  p r o c e s s  which i s  developed  w i t h  t i m e ,  and 
t h i s  p r o c e s s ,  n a t u r a l l y ,  can undergo q u a l i t a t i v e  i n v e s t i g a t i o n  
a c c u r a t e l y  by t h e  same method by which p r o c e s s e s  i n  b i o l o g y ,  c h e m i s t r y  
o r  p h y s i c s  deve loped  w i t h  time are s t u d i e d .  

Q u a l i t a t i v e  methods o f  i n v e s t i g a t i o n  c a n  b e  used  s u c c e s s f u l l y  
when t h e  problem i s  f o r m u l a t e d  w e l l .  It i s  n e c e s s a r y  t o  propose  a 
model o f  t h e  phenomenon t o  be s t u d i e d  i n  o r d e r  t o  c l e a r l y  d e t e r m i n e  
t h e  approach  t o  t h e  problem. Here one must n o t  f o r g e t  t h a t  any model 
i s  a lways  nar rower  t h a n  t h e  phenomenon t o  b e  s t u d i e d  - i t  c o v e r s  o n l y  
any o f  i t s  a s p e c t s .  

Phenomenologica l ly  s c i e n c e  can  be  examined a s  t h e  p r o c e s s  o f  t h e  
o b t a i n i n g  of  s u b s t a n t i a l l y  new i n f o r m a t i o n .  T h i s  p r o c e s s  h a s  a 
s e q u e n t i a l  and c o l l e c t i v e  n a t u r e :  any s c i e n t i f i c  work i s  based  on 
a c e r t a i n  m u l t i t u d e  of  i d e a s  e x p r e s s e d  e a r l i e r .  N e w  s c i e n t i f i c  works 
a p p e a r  as a r e s u l t  o f  t h e  f u r t h e r  development or r e c o n s i d e r a t i o n  of  
works c a r r i e d  o u t  e a r l i e r .  S c i e n c e  i s  t h e  s e l f - o r g a n i z i n g  s y s t e m  
t h e  development o f  which i s  c o n t r o l l e d  by i t s  i n f o r m a t i o n a l  f l o w s .  
E x t e r n a l  c o n d i t i o n s  - a s s i g n m e n t s  r e l e a s e d  f o r  t h e  development of  
s c i e n c e ,  o r g a n i z a t i o n a l  forms which are formed i n  a c e r t a i n  c o u n t r y ,  
i d e o l o g i c a l  p r e s s u r e ,  s e c r e c y  - a l l  t h e s e  a r e  only  e l e m e n t s  of  t h a t  
medium i n  which s c i e n c e  i s  developed .  The medium can be f a v o r a b l e  
or u n f a v o r a b l e  f o r  t h e  development o f  s c i e n c e ,  b u t  i t  c a n n o t  f o r c e  
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s c i e n c e  t o  b e  deve loped  i n  any d i r e c t i o n  o r g a n i c a l l y  a l i e n  t o  i t .  
Here a comparison w i t h  b i o l o g y  i s  a p p r o p r i a t e .  The development o f  a n  
organism i s  de termined  by t h e  h e r e d i t a r y  i n f o r m a t i o n a l  f l o w s ;  t h e  
environment can  only  promote o r  r e t a r d  t h e  development o f  a n  organism,  
b u t  i t  cannot  d i r e c t  i t s  development a c c o r d i n g  t o  any s p e c i f i c  means 
a l i a n  t o  t h i s  organism.  

We w i l l  c a l l  t h e  q u a n t i t a t i v e  methods o f  t h e  r e s e a r c h  o f  t h e  
development o f  s c i e n c e  as an  i n f o r m a t i o n a l  p r o c e s s  t h e  measurement  
of s c i e n c e .  T h i s  i s  t h e  c y b e r n e t i c  approach .  It i s  known t h a t  t h e  
s t u d y  of  complex sys tems can be conducted  by means o f  an i n v e s t i g a t i o n  
o f  t h o s e  i n f o r m a t i o n a l  f lows  by which t h e y  are c o n t r o l l e d .  One o f  
such  examples i s  t h e  s t u d y  o f  h e r e d i t y  by means o f  t h e  i n t e r p r e t a t i o n  
of  t h e  DNA code .  

The model examined by us  a l l o w s  c l e a r l y  o u t l i n i n g  t h e  r a n g e  o f  
t h e  phenomena s t u d i e d .  Immediately we can e x c l u d e  from t h e  examina- 
t i o n  e v e r y t h i n g  which refers t o  t h e  s o - c a l l e d  " c l o s e d "  s c i e n c e ,  s i n c e  
t h e  development of  t h e  " c l o s e d "  works do n o t  a f f e c t  t h e  i n f o r m a t i o n a l  
f l o w s  i n  s c i e n c e .  Le t  us e x p l a i n  o u r  t h o u g h t  i n  t h e  f o l l o w i n g  
example.  L e t  us assume t h a t  s c i e n t i s t  A makes a r e p o r t  and communi- 
c a t e s  i n  a l e c t u r e  a c o n c e p t  which h a s  become o b s o l e t e  and a l r e a d y  
i n a c c u r a t e .  Le t  us  assume t h a t  i n  t h e  same l e c t u r e  there  s i t s  
s c i e n t i s t  €3, who knows a new s o l u t i o n  t o  t h e  problem b u t  c a n n o t  
r e p o r t  i t ,  s i n c e  t h i s  r e s u l t  was o b t a i n e d  i n  a c l o s e d  work. Which 
o f  t h e s e  two s c i e n t i s t s  a f f e c t s  t h e  development o f  s c i e n c e ?  Only 
s c i e n t i s t  A ,  a l t h o u g h  i n  t h i s  p a r t i c u l a r  c a s e  he "moves s c i e n c e  
backwards." S c i e n t i s t  B has a n  e f f e c t  on t h e  development o f  s c i e n c e  
o n l y  when he can r e p o r t  on h i s  r e s u l t s  i n  any form, even  o b s c u r e ,  
and make i t  s o  t h a t  t h e y  merge i n t o  t h e  g e n e r a l  i n f o r m a t i o n a l  f l o w .  

The model a c c e p t e d  by us  a l s o  a l l o w s  e x c l u d i n g  from t h e  examina- 
t i o n  e v e r y t h i n g  connec ted  w i t h  t h e  i n c u l c a t i o n  of s c i e n c e  i n t o  
t e c h n o l o g y .  Technology r e f e r s  t o  t h e  s p h e r e  of  t h e  material a c t i v i t y  
o f  man, which a l t h o u g h  i t  i s  based  on i n f o r m a t i o n a l  flows coming from 
s c i e n c e  i t  i s  not  a s s i g n e d  e n t i r e l y  by them. The g o a l  o f  technology 
i s  t h e  c r e a t i o n  of m a t e r i a l  v a l u e s  and n o t  i d e a s ,  and t h i s  p r o c e s s ,  

FTD-MT- 24-8 35-71 2 



naturally , cannot be examined withir. the framework of the informational 
model formulated above. The development of technology can be 
examined as the development of a system which is the daughter with 
respect to science. The interaction of these systems is a subject 
Of special investigation, which he merges outside the limits of the 
problem examined by us. Here it is interesting to note.that there 
exists an informational barrier between science and technology - 
informational flows of science, as a rule, are not very accessible 
to the engineer. On the boundary of this barrier special transformers 
exist which convert informational flows of science into form available 
f o r  engineers. The first transformer is the higher educational 
institution, which prepares the engineer at the 1eve.l of the 
contemporary development of science. (Note: a scientist working in 
the field of technology, let us say, a metallurgist, works nevertheless 
not at a plant but at a higher educational institution.) The second 
transformer is a different kind of specialized courses, which serve 
to acquaint the engineer with new scientific ideas. The third 
transformer is the publication of such literature in which new ideas, 
let us say, ideas of mathematics, are treated from positions of their 
possible use in technology. The front of technical developments, 
probably, is assigned not as much by the front of scientific 
investigations as by the state and organization of systems of the 
transformation of information. Specialized and highly mechanized 
information centers should become a new form of such transformers, 
but as yet we do not have them available to us. 

From positions of the definition accepted by us, beyond limits 
- of our interests there are also questions as gnoseology, methodology 

of scientific investigations, logic of the development of science, 
psychology of scientific work, and many sociological and economic 
aspects of the development of science. One should not think that 
we deny the importance of these questions. The fact here is simply 
that now in the first stages of investigation it is difficult to 
propose a single model which would cover the process of the develop- 
ment of science and its adversity. The formulation of the problem 
is determined, naturally, by the selection of the model of the 
process, and the methodological problem fundamental f o r  any exact 
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s c i e n c e  i s  s o l v e d .  It  immedia te ly  becomes c l e a r  what and how i t  i s  
n e c e s s a r y  t o  measure and t o  i n t e r p r e t  r e s u l t s  o f  measurements from 
any p o s i t i o n s .  

If we examine s c i e n c e  as an  i n f o r m a t i o n a l  p r o c e s s ,  t h e n  i t  i s  
n a t u r a l ,  f i r s t  o f  a l l ,  t o  o b s e r v e  w i t h  t i m e  t h e  growth of t h e  number 
of  s c i e n t i f i c  p u b l i c a t i o n s ,  c o n s i d e r i n g  them as i n f o r m a t i o n  c a r r i e r s .  
Very i n t e r e s t i n g  r e s u l t s  i n  t h i s  t r e n d  were o b t a i n e d  by Derek 
P r i c e ;  t h e y  are g i v e n  i n  h i s  book " L i t t l e  S c i e n c e ,  Big S c i e n c e "  [ 1 2 ] .  
Here,  by t h e  way, l e t  us n o t e  t h a t  f o r  us  and f o r  P r i c e  t h e r e  i s  a 
very  similar r e l a t i o n s h i p  t o  s c i e n c e  as t o  t h e  o b j e c t  of i n v e s t i g a t i o n .  
I ts  f o r m u l a t i o n s ,  t r u e ,  are somewhat p a r a d o x i c a l :  " . . . t h e  main 
f i n i t e  g o a l  o f  work o f  t h e  s c i e n t i s t  i s  t h e  a r t i c l e  which he  
p u b l i s h e s , "  " . . . t h e  s c i e n t i s t  needs  t o  w r i t e  and n o t  read; t h e  
e n g i n e e r  needs  t o  read and n o t  w r i t e , "  " . . . i t  would b e  n a i v e  t o  
examine t e c h n o l o g y  as an  a p p l i e d  s c i e n c e  ..." [131. From works of 
Derek P r i c e  i t  f o l l o w s  t h a t  i n  o u r  t i m e  s c i e n c e  h a s  e n t e r e d  i n t o  a 
new phase  of  development ( l i t t l e  s c i e n c e  h a s  t u r n e d  i n t o  b i g  s c i e n c e ) ,  
which i s  connec ted  w i t h  a c e r t a i n  c r i s i s  o f  growth .  H e  explaLned t h e  
mechanism o f  t h i s  c r i s i s  ( a d a p t i v e  r e t a r d a t i o n  o f  t h e  development o f  
s c i e n c e )  and n o t e d  t h e  appearance  of  new forms of  t h e  o r g a n i z a t i o n  
of s c i e n c e  d i r e c t e d  a t  i t s  overcoming. A l 1 , t h e s e  q u e s t i o n s  w i l l  be 
t h o r o u g h l y  examined i n  t h e  f o l l o w i n g  c h a p t e r .  

I n  c e r t a i n  d i v i s i o n s  o f  knowledge i n  t h e  i n v e s t i g a t i o n  o f  
i n f o r m a t i o n a l  f l o w s ,  i t  i s  p o s s i b l e  t o  s t u d y  n o t  o n l y  t h e  growth o f  
p u b l i c a t i o n s  - c a r r i e r s  o f  i n f o r m a t i o n ,  b u t  a l s o  t h e  growth o f  
s e p a r a t e  i n d i c e s  c h a r a c t e r i z i n g  t h e  d i r e c t  r e s u l t s  o f  c e r t a i n  
i n v e s t i g a t i o n s ,  and even  t o  produce  a f o r m a l  s t a t i s t i c a 2  a n a l y s i s  o f  

t h e  c o n t e n t  o f  t h e  p u b l i c a t i o n s .  Thus, for example,  i t  i s  p o s s i b l e  
t o  s t u d y  t h e  growth o f  t h e  energy  o f  e l e m e n t a r y  p a r t i c l e s  a t t a i n a b l e  
i n  a c c e l e r a t o r s ,  t h e  growth o f  o p e r a t i n g  speed  and s t o r a g e  c a p a c i t y  
of computers ,  and so  on. T h i s  approach  t o  t h e  problem w i l l  be 
examined i n  Chapter  111. I n  such  an approach ,  o f  c o u r s e ,  i t  i s  
p o s s i b l e  t o  o b t a i n  o n l y  c e r t a i n  p a r t i c u l a r  r e s u l t s  h a v i n g  v a l u e s  only  
f o r  c e r t a i n  s e p a r a t e  f i e l d s  of knowledge. These d a t a  prove  t o  b e  
u s e f u l  i n  t h e  c o n t r o l  o f  t h e  p r o c e s s  o f  a development o f  s c i e n c e ,  
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f o r  e x a m p l e ,  i n  t h e  s e l e c t i o n  of t h e  most promising and most 
f r u i t f u l  t r e n d s  o f  i n v e s t i g a t i o n  be ing  developed. 

It i s  p o s s i b l e  t o  p r o p o s e  one more approach - t h e  s tudy  of 
s c i e n t i f i c  j o u r n a l s  as c h a n n e l s  of communication. This  t r e n d  r e c e n t l y  
has b e e n  i n t e n s i v e l y  deve loped  by t h e  Moscow group of r e s e a r c h e r s .  
I n  s u c h  a n  a p p r o a c h  i t  i s  p o s s i b l e  t o  o b t a i n  c e r t a i n  concepts  on t h e  

i n t e r n a l  ( l o g i c a l )  s t r u c t u r e  of t h e  f r o n t  of s c i e n t i f i c  i n v e s t i g a -  
t i o n s ;  i t  i s  p o s s i b l e  t o  e v a l u a t e  t h e  e f f o r t s  expended by i n d i v i d u a l  
c o u n t r i e s  on t h e  development of s c i e n c e  and, which is e s p e c i a l l y  
i n t e r e s t i n g ,  t h e  e f f e c t i v e n e s s  of  e f f o r t s  expended by i n d i v i d u a l  
count r ies  on t h e  development of world i n f o r m a t i o n a l  f lows .  

The  s t a t i s t i c a l  s t u d y  of  t h e  language o f  s c i e n t i f i c  p u b l i c a t i o n s  
I s  of spec ia l  i n t e r e s t .  With i t s  i s o l a t i o n  and deepening  each  f i e l d  
of  knowledge  d e v e l o p s  i t s  s p e c i a l  language - unique s c i e n t i f i c  
" s l a n g ; "  which  makes i t  b e a r l y  a v a i l a b l e  f o r  s p e c i a l i s t s  i n  o t h e r  
f i e l d s .  This p r o c e s s  i s  q u i t e  n a t u r a l ,  s i n c e  i n  each even narrow 
f i e l d  of knowledge there  a p p e a r  concepts  having  t h e i r  s p e c i a l  and 
v e r y  d e e p  meaning - w i t h  t h e i r  h e l p  whole s c i e n t i f i c  c o n c e p t s  are 
c o d e d .  Such a sys tem o f  t h e  coding o f  s c i e n t i f i c  c o n c e p t s  f a c i l i t a t e  
t h e  e x c h a n g e  o f  i n f o r m a t i o n  w i t h i n  s e p a r a t e  s c i e n t i f i c  t r e n d s ,  b u t  
h a m p e r s  t h e  c o n t a c t  w i t h  a d j a c e n t  d i s c i p l i n e s .  Explana tory  d i c t i o n -  
aries here are o f  no b e n e f i t  - t h e y  cannot r e p l a c e  manuals which 
e x p l a i n  s c i e n t i f i c  Concepts.  It is of i n t e r e s t  t o  us  t o  examine by 
means of s t a t i s t i c a l  a n a l y s i s  t h e  h i s t o r y  of  t h e  development of 
s p e c i f i c  l a n g u a g e s  i n  S e p a r a t e  f i e l d s  o f  knowledge and e v a l u a t e  t h e i r  
r o l e  i n  t h e  development of t h e  system of  s c i e n t i f i ' c  i n f o r m a t i o n .  
Thus i t  i s  p o s s i b l e ,  a p p a r e n t l y ,  t o  s o l v e  s e p a r a t e  p a r t i c u l a r  problems.  
One o f  t h e  similar problems is t h e  s t u d y  o f  t h e  p e n e t r a t i o n  o f  any 
methods  o f  i n v e s t i g a t i o n  (and t h o u g h t )  i n t o  a d j a c e n t  f i e l d s .  F o r  
e x a m p l e ,  it i s  p o s s i b l e  q u a n t i t a t i v e l y  t o  d e t e r m i n e  t h e  d e g r e e  of  
p e n e t r a t i o n  of methods of mathemat ica l  s t a t i s t i c s  i n t o  d i f f e r e n t  
f i e l d s  o f  knowledge by e v a l u a t i n g  t h e  f requency  of  t h e  appearance  of  
s p e c i f i c  terms of t h e  g i v e n  d i s c i p l i n e  i n  p u b l i c a t i o n s  which are 
d e v o t e d  t o  o t h e r  d i v i s i o n s  of s c i e n c e .  Such an a n a l y s i s  a l l o w s  
e v a l u a t i n g  n o t  on ly  t h e  l a t i t u d e  b u t  a l s o  t h e  d e p t h  of  p e n e t r a t i o n  

5 



of new i d e a s  and methods.  The l a t t e r  w i l l  b e  a s s i g n e d  by t h e  
f requency  of appearance  of  words by which complex c o n c e p t s  are coded. 
By t h i s  method, a p p a r e n t l y ,  i t  w i l l  be p o s s i b l e  t o  o b s e r v e  t h e  
development of  s e p a r a t e  i d e a s  o r  s c i e n t i f i c  s c h o o l s  w i t h i n  one f i e l d  
of knowledge. By u s i n g  i t ,  i t  would b e  p o s s i b l e ,  p r o b a b l y ,  p u r e l y  
f o r m a l l y ,  on t h e  b a s i s  o f  a f requency-response  a n a l y s i s ,  t o  o b s e r v e ,  
l e t  us s a y ,  t h e  p e n e t r a t i o n  o f  t h e  Bayes approach  i n t o  v a r i o u s  
d i v i s i o n s  o f  m a t h e m a t i c a l  s t a t i s t i c s .  The impor tance  o f  such  a 
l i n g u i s t i c  and s t a t i s t i c a l  a n a l y s i s  of  s c i e n t i f i c  p u b l i c a t i o n s  were 
r e p e a t e d l y  p o i n t e d  o u t  t o  us  i n  t h e  d i s c u s s i o n  o f  o u r  r e p o r t s  ( s e m i n a r s  
a t  VINITI and t h e  symposium " I n v e s t i g a t i o n  o f  O p e r a t i o n s  and A n a l y s i s  
of  t h e  Development o f  S c i e n c e , "  which was conducted  u n d e r  t h e  l e a d e r -  
s h i p  o f  A .  A .  Lyapunov i n  Moscow i n  1 9 6 7 ) .  Here, t r u e ,  t h e r e  a p p e a r  
very  g r e a t  d i f f i c u l t i e s  o f  b o t h  a t e c h n i c a l  n a t u r e ,  f o r  example,  t h e  
requi rement  f o r  s p e c i a l i z e d  computers ,  and o f  a fundamenta l  n a t u r e  - 
i n  c e r t a i n  f i e l d s  o f  knowledge terms of  a d j a c e n t  " f a s h i o n a b l e "  f i e l d s  
w i t h o u t  s u f f i c i e n t  u n d e r s t a n d i n g  o f  t h e i r  c o n t e n t .  I n  o u r  book, 
u n f o r t u n a t e l y ,  t h e r e  are n o t  any c h a p t e r s  d e v o t e d  t o  such  an  a n a l y s i s .  
Work i n  t h i s  d i r e c t i o n  h a s  o n l y  begun. C e r t a i n  e x t r e m e l y  modest 
r e s u l t s ,  o b t a i n e d  by t h e  domest ic  method, w i l l  b e  g i v e n  i n  Chapter  I11 
(page  6 2 )  w i t h  a d i s c u s s i o n  of  t h e  q u e s t i o n  o f  t h e  p e n e t r a t i o n  of  
methods of  m a t h e m a t i c a l  s t a t i s t i c s  i n t o  a n a l y t i c a l  c h e m i s t r y .  

F i n a l l y ,  i n  t h e  las t  c a s e ,  i f  w e  t a k e  t h e  i n f o r m a t i o n a l  model 
of  t h e  p r o c e s s  of  t h e  development o f  s c i e n c e ,  t h e n  i t  i s  n a t u r a l  t o  
pay a t t e n t i o n  t o  t h e  a n a l y s i s  o f  t h e  s p e c i f i c  code language  of  
s c i e n t i f i c  r e f e r e n c e s  i n  i n f o r m a t i o n a l  f l o w s  of  s c i e n c e .  We propose  
t o  examine t h e  s y s t e m  o f  b i b l i o g r a p h i c a l  r e f e r e n c e s  i n  s c i e n t i f i c  
p u b l i c a t i o n s  a s  a s p e c i a l  s p e c i f i c  language  of  s c i e n t i f i c  i n f o r m a t i o n .  
Abroad t h e  g r e a t e s t  c o n t r i b u t i o n  t o  t h e  s t u d y  o f  t h e  sys tem of  
b i b l i o g r a p h i c a l  r e f e r e n c e s  or c i t a t i o n s '  h a s  been  made by E .  G a r f i e l d .  

'Here one mus't i n t r o d u c e  a c e r t a i n  c l a r i t y  i n t o  t h e  t e r m i n o l o g y .  
I n  t h i s  work w e  w i l l  u n d e r s t a n d  by t h e  word c i t a t i o n  as t h e  b i b l i o -  
g r a p h i c a l  r e f e r e n c e  i n  a p u b l i c a t i o n  and n o t  any words g i v e n  
l i t e r a l l y .  
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One of  h i s  a r t i c l e s  i s  c a l l e d :  " C i t a t i o n  Indexes  for S c i e n c e  - A 
N e w  Dimension I n  Documentation' '  [14]. 

Why d o  we examine t h e  c i t a t i o n  i n d e x  s y s t e m  a s  a s p e c i a l  
l a n g u a g e ?  It was stated above t h a t  each  p u b l i c a t i o n  i s  based  on a 
c e r t a i n  s e t  o f  i d e a s  e x p r e s s e d  e a r l i e r .  These i d e a s  c a n  be q u i t e  
new and  h a r d l y  known t o  t h e  r e a d e r .  N e v e r t h e l e s s ,  t h e  a u t h o r  o f  t h e  
p u b l i c a t i o n  i s  u s u a l l y  n o t  s t o p p e d  by any a c c o u n t  g i v e n  i n  d e t a i l  
on them - h e  i s  l i m i t e d  by r e f e r e n c e s  t o  p u b l i c a t i o n s  which appeared  
ea r l i e r  i n  which t h e s e  i d e a s  were f i r s t  e x p r e s s e d .  The sys tem of 
s c i e n t i f i c  c i t a t i o n s  p r o v e s  t o  be t h a t  coded language  which a l l o w s  
w r i t i n g  a r t i c l e s  i n  compact form w i t h o u t  r e p e t i t i o n s .  The i d e a s  on 
which t h e  a u t h o r  b a s e s  h i s  p u b l i c a t i o n  are t r a n s m i t t e d  by t h i s  
l a n g u a g e .  F o l l o w i n g  a f t e r  Kessler C151 we can c o n f i r m  t h a t  b i b l i o -  
g r a p h i c a l  r e f e r e n c e s  r e f l e c t  t h a t  i n t e l l e c t u a l  atmosphere i n  which 
t h e  c r e a t i o n  o f  t h e  p u b l i c a t i o n  o c c u r r e d .  Many s c i e n t i s t s  s o  w e l l  

u n d e r s t a n d  and u s e  t h i s  coded language  t h a t  t h e y  o b t a i n  a c e r t a i n  
c o n c e p t  o f  t h e  work w i t h o u t  r e a d i n g  i t .  Let  us assume, f o r  example,  
t h a t  you examine any m a t h e m a t i c a l  j o u r n a l  and e n c o u n t e r  g r e a t  
d i f f i c u l t y  i n  t h e  c o n t e n t  of t h e  a r t i c l e ;  l e t  us  assume, f u r t h e r ,  
t h a t  t h e  b r i e f  c o n t e n t  (summary) i s  w r i t t e n  e x t r e m e l y  i n c o m p r e h e n s i b l y .  
Then i t  i s  n a t u r a l  t o  pay a t t e n t i o n  t o  t h e  sys tem o f  r e f e r e n c e s  - i f  

among them you f i n d  familiar names and p u b l i c a t i o n s  known t o  you, 
t h e n  you w i l l  e a s i l y  o b t a i n  t h e  c o n c e p t  a b o u t  t h a t  r a n g e  of q u e s t i o n s  
which h e r e  c a n  b e  examined. C o l l e a g u e s  o f  VINITI must c o n s t a n t l y  
e n c o u n t e r  a similar problem - how t o  u n d e r s t a n d ,  even  i f  g e n e r a l l y ,  
t h e  t o p i c  d i s c u s s i o n  i n  a n  a r t i c l e  w r i t t e n  i n  one of  the " e x o t i c "  
l a n g u a g e s  s u c h  as Hungar ian  or J a p a n e s e .  The a n a l y s i s  of  t h e  sys tem 
of r e f e r e n c e s  immedia te ly  g i v e s  an  answer t o  t h i s  q u e s t i o n .  

I f  t h e  s y s t e m  o f  i n f o r m a t i o n  r e f e r e n c e s  i s  examined as a s p e c i a l  
l a n g u a g e  o f  s c i e n t i f i c  i n f o r m a t i o n ,  t h e n  t h e r e  a p p e a r  two problems:  
1) t o  s t u d y  t h e  s t r u c t u r e  of t h i s  language  and 2 )  t o  l e a r n  t o  u s e  it 
i n  o r d e r  t o  f o l l o w  the developments  o f  s c i e n c e .  

I n  t h i s  c h a p t e r  w e  examine o n l y  t h e  f i r s t  problem. F i r s t  o f  
a l l ,  w e  want t o  conduct  a comparison o f  language  o f  s c i e n t i f i c  
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r e f e r e p e e s  w i t h  t h e  s t a n d a r d  language  o f  man and w i t h  a r t i f i c i a l  
d e s c r i p t o r  languages  used i n  documenta t ion .  The c o n t r i b u t i o n  which 
was i n t r o d u c e d  by t h e  E n g l i s h  L i n g u i s t i c  Phi losophy School  i n t o  t h e  
s t u d y  o f  n a t u r a l  l anguage  i s  well-known. Here w e  must pay a t t e n t i o n  
t o  two s e l f - e v i d e n t  t h e s e s  of  l i n g u i s t i c  p h i l o s o p h y ,  t h e  a p p e a r a n c e  
o f  which i s  connec ted  w i t h  t h e  name o f  Ludwig Widgens te in  d u r i n g  t h e  
l a s t  p e r i o d  o f  h i s  c r e a t i v i t y ' .  

1) "The language  i s  polymorphic ."  T h i s  means t h a t  t h e  c o n c e p t s  
do n o t  have c l e a r l y  o u t l i n e d  f a c e t s  - i n  d i f f e r e n t  c o n t e x t s  t h e y  can  
a c q u i r e  a d i f f e r e n t  meaning. The same t h e s i s  can  be f o r m u l a t e d  
d i f f e r e n t l y :  " t h e  c o n c e p t s  are n o t  names o f  e s s e n c e "  - t h e r e  does  n o t  
e x i s t  a unique  c o n n e c t i o n  between c o n c e p t s  and e s s e n c e s .  

2 )  "The n a t u r a l  l anguage  i s  r e f i n e d " ;  i t  i s  n o t  n e c e s s a r y  t o  
i n v e n t  any s p e c i a l  b e s t  l anguage .  

Hardly anyone w i l l  a r g u e  w i t h  t h e  c o n f i r m a t i o n s  g i v e n  above - 
h e r e  w e  a s s o c i a t e  them w i t h  t h e  E n g l i s h  L i n g u i s t i c  Phi losophy School  
on ly  because  t h e r e  t h e y  were e x q u i s i t e l y  f o r m u l a t e d .  From them it  
f o l l o w s ,  i n  p a r t i c u l a r ,  t h a t  a r t i f i c i a l  d e s c r i p t o r  languages  w i t h  
c l e a r l y  o u t l i n e d  f a c e t s  cannot  be fundamenta l ly  good f o r  t h e  c o n c e p t s .  
We assume t h a t  everyone  c o u l d  be convinced  o f  t h i s ,  even  though t h e y  
had l i t t l e  d e a l i n g s  w i t h  such  l a n g u a g e s .  It i s  d i f f i c u l t  t o  
t r a n s m i t  t h e  c o n t e n t s  of t h e  p u b l i c a t i o n ,  e n r i c h e d  w i t h  new ideas ,  
by means of a g r e a t  number o f  d e s c r i p t o r s  a s s i g n e d  beforehand w i t h  
c l e a r  word face ts .  T h i s  m u l t i t u d e  p r o v e s  t o  b e  i n s u f f i c i e n t  f o r  t h e  
e x p r e s s i o n  o f  new ideas .  All t h e  d i f f i c u l t i e s  are s l o w l y  removed i f  

one t u r n s  t o  t h e  n a t u r a l  l anguage  w i t h  i t s  i l l - d e f i n e d  o u t l i n e d  
c o n c e p t s .  I n  t h e  
d i f f e r e n t  meaning 

n a t u r a l  l anguage  you can e a s i l y  i m p a r t  a c o m p l e t e l y  
t o  o l d  words.  

'A c e r t a i n  r e p r e s e n t a t i o n  about  i d e a s  o f  t h e  E n g l i s h  Phi losophy 
L i n g u i s t i c  School  can b e  o b t a i n e d  from t h e  book of H e l l n e r  [16]. 
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The language  o f  s c i e n t i f i c  r e f e r e n c e s  p o s s e s s e s  an  even g r e a t e r  
polymorphism t h a n  t h e  o r d i n a r y  language .  I n  i t  t h e r e  are no c o n c e p t s ,  
and i t  i s  a s s o c i a t i v e .  The r e f e r e n c e  i n  a p u b l i c a t i o n  i s  a s i g n  
which re fers  t h e  r e a d e r  t o  a c e r t a i n  work p u b l i s h e d  e a r l i e r ,  which i s  
e n r i c h e d  w i t h  i n t e r e s t i n g  i d e a s .  The m u l t i t u d e  o f  i d e a s  i s  a s s o c i a t e d  
w i t h  one s i g n  - t h e  b i b l i o g r a p h i c a l  r e f e r e n c e ' .  

The c o n t e n t  of s c i e n t i f i c  p u b l i c a t i o n s  i s  coded i n  b i b l i o g r a p h -  
i c a l  r e f e r e n c e s .  The a u t h o r  h i m s e l f  p r o d u c e s  c o d i n g  i n  t h e  p r o c e s s  
o f  w r i t i n g  an  a r t i c l e .  T h i s  c o d i n g  i n  a c e r t a i n  s e n s e  r e f l e c t s  more 
c o m p l e t e l y  t h e  s a t u r a t i o n  o f  t h e  p u b l i c a t i o n  w i t h  i d e a s  t h a n  d o e s  t h e  
c o d i n g  by d e s c r i p t o r s .  I n  one o f  h i s  works,  E .  G a r f i e l d  c i t e s  the  

f o l l o w i n g  example C181: 
well-known and e n r i c h e d  w i t h  i d e a s ,  on t h e  g e n e r a l  a d a p t i v e  syndrome. 
I n  a s u r v e y  o f  a l l  numbers o f  one m e d i c a l  j o u r n a l  d u r i n g  f i v e  y e a r s ,  
t h e r e  were s e l e c t e d  2 3  p u b l i c a t i o n s  i n  which r e f e r e n c e s  t o  t h e  a r t i c l e  
o f  S i l e y  were c o n t a i n e d .  The themes o f  t h e  s e l e c t e d  a r t i c l e s  v a r i e d  
g r e a t l y ,  b u t  i n  a l l  of them t h e  i n f l u e n c e  o f  t h e  work o f  S i l e y  i s  
f e l t ,  a l t h o u g h  i n  some c a s e s  i t  i s  n o t  even  mentioned i n  t h e  t e x t  o f  
t h e  p u b l i c a t i o n  i t s e l f .  It p r o v e d . t o  be remarkable  t h a t  i n  t h e  w e l l -  
known manual " Q u a r t e r l y  Cumulative Index  Medicus" n o t  one o f  t h e  23 

he t o o k  t h e  a r t i c l e  o f  S i l e y ,  which i s  

'Here i t  is. i n t e r e s t i n g  t o  pay a t t e n t i o n  t o  t h e  well-known 
a n a l o g y  i n  t h e  method o f  d e s c r i b i n g  a meaning t o  s i g n s  i n  o r d i n a r y  
language  and i n  c i t a t i o n  l a n g u a g e .  Contemporary l i n g u i s t i c s  pays  
a t t e n t i o n  t o  d i f f e r e n t  f e a t u r e s  o f  words [17]. One can speak  about  
t h e  c o n c e p t  o f  r e f e r e n c e .  The word r e f e r s  t o  a d e f i n i t e  o b j e c t  o r  
s e v e r a l  o b j e c t s .  T h i s  p r o p e r t y  o f  t h e  word i s  de termined  more or 
less c l e a r l y .  The r e l a t i o n s h i p  o f  t h e  r e f e r e n c e  c r e a t e s  only  a poor 
l a n g u a g e  - p e o p l e  go f u r t h e r  and a s s i g n  s p e c i a l  meaning t o  words.  It 
i s  conf i rmed t h a t  t h e  meaning o f  a word i s  drawn o u t  from w i t h i n  t h e  
c o n s c i o u s n e s s  o f  man. The word i s  a c e r t a i n  "scoop,"  s i n g l e  f o r  a l l  
b u t  f o r  d i f f e r e n t  p e o p l e  t h e  c o n t e n t s  of  t h i s  scoop i s  f a r  from b e i n g  
i d e n t i c a l .  I n  t h e  language  o f  s c i e n t i f i c  r e f e r e n c e s  t h e  b i b l i o -  
g r a p h i c a l  r e f e r e n c e  s e r v e s  f o r  r e f e r r i n g  t o  a n o t h e r  p u b l i c a t i o n .  Ir. 
o r d e r  t o  i m p a r t  a meaning t o  t h e  r e f e r e n c e  as t o  t h e  s i g n ,  i t  i s  
n e c e s s a r y  " t o  scoop" i d e a s  from t h i s  p u b l i c a t i o n .  The language  o f  
r e f e r e n c e s  c a n  be used  o n l y  by t h e  w e l l  p r e p a r e d  reader. I n  e x a c t l y  
t h e  same manner only  a h i g h l y  e d u c a t e d  man can  a s c r i b e  deep meaning 
t o  words o f  t h e  o r d i n a r y  language .  
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a r t i c l e s  was i n  t h e  s e c t i o n  "Adapta t ion ,"  which was r e f e r r e d  t o  by 
t h e  i n i t i a l  a r t i c l e  o f  S i l e y .  It i s  d i f f i c u l t  t o  produce  a s e a r c h  
of p u b l i c a t i o n s  by t h e  g e n e r a l i t y  of  i d e a s  w i t h  r e s p e c t  t o  d e s c r i p t o r  
i n d e x i n g ,  which encompasses a f o r m a l  b u t  n o t  an  i d e a  c o n t e n t  o f  
p u b l i c a t i o n s .  

Thus,  we propose  t o  examine a sys tem of  b i b l i o g r a p h i c a l  
r e f e r e n c e s  a s  a s p e c i f i c  i n f o r m a t i o n a l  language .  I t s  s t a t i s t i c a l  
a n a l y s i s  proved  t o  be one of  t h e  means f o r  s t u d y i n g  t h e  development 
of  i n f o r m a t i o n a l  f l o w s  i n  s c i e n c e .  By u s i n g  t h i s  method, i t  i s  
p o s s i b l e  t o  o b s e r v e  t h e  development o f  s e p a r a t e  s c i e n t i f i c  t r e n d s  
and t h e  p e n e t r a t i o n  of  new methods of i n v e s t i g a t i o n  and t o  a d j a c e n t  
f i e l d s ,  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  of  t he  work of  s c i e n t i s t s ,  
p r o c e e d i n g  from t h e  i n f l u e n c e  o f  t h e i r  works on t h e  development o f  
i n f o r m a t i o n a l  f l o w s ,  and s o  on. A l l  t h e s e  q u e s t i o n s  are g i v e n  i n  
Chapter  V I .  
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