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One of the most  important problems of the provision 
of information for scientific investigations is the study 
of the tendencies of development of individual branches 
of science. A fundamental method of determining the 
tendencies of scientific progress  at the present  time 
is the direct  study of scientific l i terature and the pre-  
paration of surveys of the corresponding areas  of 
science. But this method, which may be termed qua- 
l i ta t ive 'or  subjective, must  be supplemented by a 
quantitative method of investigating the development 
trends of some field of knowledge as a whole and of 
its individual areas .  The theory of scientific informa- 
tion and scientific knowledge must equip scientists 
with quantitative methods of studying the development 
tendencies of science. 

However, even the theory of scientific information 
and scientific knowledge has really taken only the f i rs t  
steps toward the development of scientifically based 
quantitative methods of estimating scientific and tech- 
nological p rogress .  At present  descriptive methods 
continue to dominate in these sciences, and the pr in-  
cipal apparatus of investigation is stat ist ics.  Very 
ra re ly  is use made of modern methods of mathematical 
simulation enablIng complex laws to be described dy- 
namically. 

Here, as we pointed out by Glushkov [1], it is a 
question not of physical but of informational simulation 
of the complex internal propert ies  of the system in- 
vestigated; moreover  this reveals  the possibilities for 
the extensive utilization of that universal instrument 
of dynamic information simulation, the digital com-  
puter. 

Among the papers  devoted to the study of the 
laws of information flows, it is worthwhile to note 
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(for their methodology and use of the elements of 
modern mathematics) the investigations of E. Garfield, 
D. J .  Price,  and in our country G. M. Dobrov, V. V. 
Nalimov, and their col laborators .  

In this paper an attempt is made to justify the pos-  
sibility of using quantitative indexes of information 
flows together with a quantitative analysis of the state 
of scientific trends,  for determining the development 
tendencies of science. For  this purpose we have 
selected a field of applied cybernetics,  operations 
r e sea rch  and mathematical economics, and as the 
method of qualitative estimation of the state of sci"  
ence the so-cal led law of the "scat ter  M of information 
is used [2]. 

In the monograph [3] the following description of the 
law is given. If the set of all the published items de-  
voted to some question is taken as unity, then the 
special periodicals on this area of knowledge, whose 
number is as a rule not great,  contain only a 
third of these published i tems.  The second third 
of the ar t icles  on this branch of knowledge are 
published in a much more  extensive set of journals 
which are topically related but nevertheless in anoth- 
er  sector .  And, finally, the last third of published 
i tems is scattered over an enormous number of per -  
iodicals of the most  varied type. 

In analytic form this can be written as follows: 

r~:r~:L~ =,:.:n~, (1) 

where Tx, T2x , T3x , are the number of periodical issues 
containing respectively x, 2x, 3x papers on the given 
subject. The number n depends on x and has a different 
value in each branch of knowledge. If it is assumed 
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Fig. I. Distribution of published items by periodical issues, d is 
the number of published items in a periodical issue; n is the order 
of a periodical issue in a series in decreasing order of the number 

of published items. 
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that the whole set of periodical issues consists of 
three zones [A) specialist  sources,  B) related sources,  
C) the remainder]  and it is assumed that each zone 
contains one third of aI1 the information, then the 
total quantity of periodical  issues T O containing all 
the information on the given question is easily ca!-  
culated as 

Hence, 

A:  ( A + B ) : ( A  q - B - t - C )  ~ 1 : n : n  s. (2) 

(A + B), (3) 
To-- A 

The predicted values of To have been compared 
with statist ics on the following branches of cyber-  
netics:  the theory of automata, the theory of math-  
ematical machines, operations researeh,  and math-  
ematieal economies. Analysis of the statist ics (for the 
prel iminary analysis use was made of the abstracts  
journals Kibernetika, Matematika, and Ekonomika 
promyshlennosti  for the years  1956-1966) did not 
confirm the cor rec tness  of the quantitative parameters  
of the scat ter ing law on the division of all the infor-  
mation into three zones each containing a third of the 
total number of published items. For  example, ac -  

cording to the model considered we obtained that the 
abstracts  journals lose about 1000 periodical sources  
containing information on the theory of automata, 
though in real i ty the loss of this l i terature is described 
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Fig. 2. Distribution of papers in 
periodical sources according to 

M. G. Kendall 's data. 

by a much more  optimistic figure. However, in the 
field of operations research,  if we base ourselves on 
the parameters  of the scat ter ing law indicated above, 
it is possible to conclude that the abstracts  journals 
encompass 100% of all the periodical  issues con- 
taining papers on this subject. In actual fact, in ac -  
cordance with the data of the abstracts  journals for the 
years  1965-1966, 10 of the main sources already 
contained one third of the published items (682), the 
remaining sources detected contained two thirds of the 
information (1041 papers) .  But the conclusion that 
the abst racts  journals completely cover  all the I i te ra-  
lure on operations r e sea rch  does not agree at all either 
with the data of the abstracts  journals for other years ,  
or with the Science Citation Index of E. Garfield for the 
year  1965, which made it possible for V. V. Nalimova 
in studying references  to the papers of R. Bellman to 
discover periodical issues not taken into account in our 
stat is t ics.  

Figure I shows the distribution of information by 
periodicals for the year  1962, in the order  of de- 
c rease  of the number of papers  contained in them. 

The distribution has a s imilar  form in other years  
also. 
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Fig. 3. Distribution of ar t icles  in 
periodical sources for the years  

1961-1965. 

What has been said above gives a basis for con- 
eluding that the "information scattering" law of Brad-- 

ford and Vickery, derived from statistics relating to 

different fields of knowledge, does not, witltout ad- 
ditional investigations, permit  this important objec-  
tive law of information flows to be used for the purpose 
of predicting the development of science. 

This law has been studied by the well-known special-  
ist  in operations resea rch .  Kendall [4], in examin- 
ing the applicability of the law of scat ter ing in the 
field of operations research.  It appears that if the law 
of scattering is represented graphically, by laying off 
along the horizontal axis the logarithm of the inc reas -  
ing number of the sources lnn, arranged in decreasing 
order  of the number of papers contained in them, and 
along the vert ical  axis the grand total of published 
items D, there is a straight-l ine dependence which 
Kendall generalized in the follovAng words:  ~The lin- 
ent i ty  is excellent and in fact bet ter  than in Bradford ' s  
own examples" [4]. 

Indeed, this l inearity is also confirmed by the pro-  
cessing of statistical material  obtained by us by the 
selection of items on operational research  and math-  
ematical  economics from the abstracts  journals for the 
years  1961-1965. 

The graphical representat ion of the "scat ter"  in the 
coordinates (D, Inn) gives a straight line in any of the 
years  considered. Only the slope of the straight line 
changes. 

However, the straight lines given in Fig. 3 a~.d 
the values of Lhe angles corresponding to them give 
only a visual impression of the "scat~ering ~ process,  
since the construction is car r ied  out on an a rb i t ra ry  
scale (the same as in the s imilar  graphs of Bradford 
and Kendall), and the approximation of the points by 
the straight line was made without using the necessary  
methods of mathematical  s ta t i s t ics .  
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Approximating the set  of points by a s t ra igh t  l ine 
by the method of l eas t  squares ,  we can wr i t e  the equa-  
tion of the s t ra igh t  l i n e  in the following form:  

D(n) ~ a + tg tp lnn,  (4) 

where a is the value of the number  of papers  in the f i r s t  
source  obtained by approximat ing the set  of points by 
a s t ra igh t  l ine by the method of l eas t  squares ;  q is  
the angle of slope of the s t ra igh t  l ine to the horizontal  
axis .  
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Fig .  4. Var ia t ion  of the ent ropy of a sys tem 
of pape r s  d i s t r ibu ted  over  sou rces :  1) E a cu-  
mulat ive (1961-1965); 2) Ed; 3) Ere l ;  4) Ere  1 

cumulat ive (1961-1965). 

It must  again be emphasized that inthe genera l  case 
the p a r a m e t e r  a does not coincide numer ica l ly  with 
the number  of pape r s  in the r ea l  f i r s t  source  of an 
o rde red  s e r i e s  of per iod ica l  i ssues ;  a is a p a r a m e t e r  
of  the mathemat ica l  model  adequately re f lec t ing  the 
law of the d is t r ibut ion  of papers  over  the whole set  
of informat ion sources  cons idered .  

The number  of papers  in each source  d in the o rde red  
s e r i e s  of sources  i s  a function of the number  of the 
source ;  we will  denote it by f(n).  

The total number  of papers  is 

k 
D(k) = ~ ~(n)dn. (5)  

n=l 

F o r  convenience of d iscuss ion we r ep l ace  the d i s -  
c re te  argument  functionf(n) by the continuous argument  
functionf(n),  and the operat ion of summation by in te -  
gration, so that for sufficiently g rea t  n 

f (n) ~7(n) (6) 

and 

D (k) = S'~(n ) dn. (7) 
1 

Differentiat ing equation (4), we obtain 

dD tg (p 
" d n -  n (8)  

Since i t  follows f rom the express ion  (7) that 

d D  
dn --  F(n) = f (n), (9) 
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then, taking into considerat ion the re la t ion (8), we 
have 

d.n = tg ~. (10) 

Equation (10) cons idered  above is nothing but the 
equation of the equi la tera l  hyperbola  (in the coordinates  
d, n), obtained by t r ans fo rming  the s t ra ight  line (4) (in 
the coordina tes  D, lnn) .  

Hence the following proposi t ion can be formulated: 
in an o rde red  set  of information sources  the number 
of publications they contain dec rea se s  in accordance 
with an equi la tera l  hyperbol ic  law. 

F r o m  the nature of the hyperbola  descr ib ing  the 
�9 Idistr ibution of a r t i c l e s  in an o rde red  s e r i e s  of sources  
I t he re  follows an impor tan t  p rac t i ca l  r e su l t :  on the 
a v e r a g e ,  the s t a t i s t i ca l  product  of the number of 
sources  by the number of a r t i c l e s  on a given branch 
of knowledge contained in them, in a definite in terval  
of t ime ,  is  a..constant_quantity equal to tg ~o. This r e -  
suit ,  which follows f rom the cons idera t ion  of our the-  
o re t i ca l  model,  is  confirmed both by our s t a t i s t i c s  on 
o p e r a t i o n s r e s e a r c h  and by the s ta t i s t ica l  data pub- 
l i shed by other authors.  

Therefore ,  the study of the question of the d i s -  
t r ibut ion of scientif ic  information in per iodica l  i ssues  
c a r r i e d  out by var ious  authors during the l as t  20 y e a r s  
led to the appearance  of s e ve r a l  models  descr ib ing  
this p roces s  (S. C. Bradford,  B. C. Vickery,  M. G. 
Kendall, and others) .  All of the proposed models  of 
the dis t r ibut ion of information in sources  had as their  
object  the i l lus t ra t ion  of the phenomenon of the " s ca t -  
t e r "  of papers .  Hence this law of the dis t r ibut ion of 
papers  over  sources  was cal led the law of the s c a t -  
t e r ing  of information.  In rea l i ty ,  however, this i m -  
por tant  law of the dis t r ibut ion of papers  desc r ibes  
r a t h e r  the concentrat ion of informat ion.  

Indeed the whole accumulation of s t a t i s t i c s  on the 
d is t r ibut ion  in per iod ica l  sources  of information on 
some field of knowledge tes t i f i es  to the fact that in the 
given subject  a r e  concentra ted all  the fundamental in-  
ves t iga t ions  in a compara t ive ly  r e s t r i c t e d  number of 
pe r iod ica l  sou rces .  Kendall  a lso turned his  attention 
to the fact  that the f i r s t  18 per iodica l  i ssues ,  that is, 
5% of al l  the observed sources  (370), contained about 
50% of all  the papers  on operat ions r e s e a r c h  and 
s t a t i s t i c s .  

This is  also confirmed by our s t a t i s t i c s  in which 
50% of the information is contained in 37 sources  
which also compose 5% of the total  number  (686) of the 
pe r iod ica l s  we found, which publish informat ion on 
opera t ions  r e s e a r c h  and mathemat ica l  economics .  

This  gives r eason  to a s sume  that  our mathemat -  
i ca l  model  of the d is t r ibut ion  of information in 
accordance  with an equi la tera l  hyperbola actual ly 
d e s c r i b e s  a law of information concentrat ion,  and the 
hyperbola  i t se l f  may be cal led the hyperbola  of infor -  
mation concentrat ion.  In our opinion this  r e su l t  is  of 
fundamental  impor tance  and re f l ec t s  a deeper  fea ture  
of the d is t r ibut ion  of information than fo rmal ly  follows 
f rom the model of the " sca t t e r "  of information con- 
s ide red  previously .  The  impress ion  of the sca t te r ing  
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of i n fo rma t ion  of au tho r s  who a r e  engaged  on the s tudy 
of a given ques t ion ,  is  b a s e d  on the s tudy of a whole 
l a r g e - s c a l e  f ie ld  of knowledge ,  geophys i c s  (S. C. B r a d -  
ford) ,  e l e c t r i c a l  e n g i n e e r i n g  (D. U. Taplow),  o p e r a -  
t ions  r e s e a r c h  and s t a t i s t i c s  (M. G. Kenda l l ) .  How- 
e v e r ,  any f ie ld  of knowledge  c o n s i s t s  of ind iv idua l  s e c -  
t ions  d i f f e r i n g  f r o m  one ano the r  both in the me thods  of 
i n v e s t i g a t i o n  and in  the  n a t u r e  of  the  a p p l i c a t i o n s  in 
o t h e r  f i e l d s  of s c i e n c e .  In t h i s  r e s p e c t  t h e r e  i s  nothing 
unique about  the  f i e ld  of  c y b e r n e t i c s  we a r e  s tudying ,  
i . e . ,  o p e r a t i o n s  r e s e a r c h  and m a t h e m a t i c a l  e c o n o m i c s .  
It i s  obvious  tha t  the  m o r e  ex t ens ive  the  f ie ld  of know-  
l edge  of the s c i e n c e  c o n s i d e r e d ,  the g r e a t e r  the  " s c a t -  
t e r "  to be  expec ted .  

F o r  example ,  c y b e r n e t i c s  and i t s  app l i c a t i on s  (here  
o p e r a t i o n s  r e s e a r c h  is a l so  included)  wil l  be  " s c a t -  
t e r e d "  in an e n o r m o u s  se t  of i s s u e s ,  whose  n u m b e r  i s  
d i f f icu l t  to p r e d i c t ,  and, c o n v e r s e l y ,  i n f o r m a t i o n  on 
a n a r r o w e r  s e c t o r  of s c i e n c e  i s  c o n c e n t r a t e d  in an e x -  
t r e m e l y  r e s t r i c t e d  n u m b e r  of i s s u e s .  

The d iv i s ion  of the f i e ld  of s c i e n c e  c o n s i d e r e d  into 
s e c t o r s ,  and the  a t t a c h m e n t  of t h e s e  s e c t o r s  to zones  
w h e r e  t h e r e  is  the  g r e a t e s t  p r o b a b i l i t y  of the c o n c e n -  
t r a t i o n  of i n fo rma t ion  on each  of the s e c t i o n s  of  the  
sub jec t ,  r e q u i r e s  the  c o m b i n a t i o n  of quan t i t a t ive  a n a l -  
y s i s  of the  p e r i o d i c a l  i s s u e s  wi th  qua l i t a t i ve  (content)  
a n a l y s i s .  

In o r d e r  to d e t e r m i n e  the na tu re  of the d i s t r i b u t i o n  
of the i n fo rma t ion  in each  of the zones  we tu rn  to F i g s .  
2, 3. The s t r a i g h t  l ines  shown in the d i a g r a m s  r e p r e -  
s en t  the d i s t r i b u t i o n  of i n f o r m a t i o n  ove r  the whole  s e t  
of i s s u e s  and o v e r  the  whole  of the s u b j e c t  c o n s i d e r e d .  
As we have  seen ,  t h e s e  s t r a i g h t  l i n e s  c o r r e s p o n d  to 
the  h y p e r b o l a  of i n f o r m a t i o n  concen t r a t i on  in the c o -  
o r d i n a t e s  (d, n). 
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Fig .  51 Growth  of p a p e r s  and p e r i o d i c a l  i s s u e s .  
1) F o r e i g n  p a p e r s ;  2) f o r e ign  i s s u e s ;  3) R u s -  

s i an  i s s u e s ;  4) R u s s i a n  p a p e r s .  

However, for a more specific description of the 

information concentration in each zone, and conse- 

quently, fo r  p u r p o s e s  of p r o b a b i l i s t i c  p r e d i c t i o n  of the  
p l a c e s  w h e r e  p a p e r s  on the ind iv idua l  s e c t o r s  of the  
f ie ld  of s c i e n c e  can be found, i t  is  no l o n g e r  p o s s i b l e  
to r e m a i n  wi thin  the f r a m e w o r k  of the m o d e l  d e s -  
c r i b e d  above.  In o r d e r  to d e s c r i b e  the i n fo rma t ion  

d i s t r i b u t i o n  p r o c e s s  in each  of the zones ,  we a s s u m e  
tha t  for  any s o u r c e  in the given zone,  the quant i ty  d = 
; b = cons t  (b i s  the  n u m b e r  of p a p e r s  in the  s o u r c e ) .  
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Fig .  6. N u m b e r  of new s o u r c e s .  

In th is  c a s e  the c umula t i ve  n u m b e r  of p a p e r s  in the 
zone is  given by 

0 8 (n} = i bdm = ~ (n ~ n k ) ,  (11) 
nk 

w h e r e  n k is  the o r d i n a l  n u m b e r  of the s o u r c e  b e f o r e  
the  beg inn ing  of the  zone,  and n i s  the running  o r d i n a l  
n u m b e r  of the s o u r c e s  of the zone c o n s i d e r e d .  

Since 

n = ~ l n n  ( 1 2 )  

equat ion  ( i l )  in the c o o r d i n a t e s  (D, In  n) is  r e p r e s e n t e d  
in the f o r m  

D~ = b (e l "  - -  �9 ~"~k ). (13) 

This  i s  an  exponen t i a l  equat ion  in the a s s u m e d  c o -  
o r d i n a t e  s y s t e m  (D, I n n ) .  Th i s  i m p l i e s  tha t  i f  the  
p a p e r s  a r e  u n i f o r m l y  d i s t r i b u t e d  ove r  s o n r c e s ,  the 
r e l a t i o n  be tween  tile cumula t i ve  va lue  of the p a p e r s  
and the l o g a r i t h m  of the o r d i n a l  n u m b e r  of a sou rce ,  
is  not  l i n e a r  but  exponent ia l .  T h e r e f o r e ,  in the g e n e r a l  
c a s e  to a second  a p p r o x i m a t i o n  the d i s t r i b u t i o n  of 
p a p e r s  in a s y s t e m  of o r d e r e d  s o u r c e s  m a y  be  r e p r e -  
s en t ed  g r a p h i c a l l y  a s  in F ig .  3. 

In the g e n e r a l  case ,  a s y s t e m  of p e r i o d i c a l  i s s u e s  
separates into a series of zones having different math- 

ematieal descriptions. Issues with a comparatively 

large number of articles on a glven problem we call 

the Trcore.~ For the ~core" there is a small proba- 

bility of coincidence of the number of papers in two 

different sources, and the information distribution is 

well enough described by a straight line in. the co- 

ordinates (D, inn). Issues with a comparatively small 

number of papers (1 to I0) clearly fall into a series 
of zones  with an iden t i ca l  n u m b e r  of p a p e r s ,  each  of  
which is d d s e r i b e d  by i ts  s e g m e n t  of the exponen t ia l .  
In th is  connect ion,  the  ~tai l"  of the d i s t r i b u t i o n  of 
p a p e r s  is  not  we l l  a p p r o x i m a t e d  by a s t r a i g h t  l ine .  

The laws  of i n fo rma t ion  f lows r e f l e c t  the laws of 
d e v e l o p m e n t  of the  s c i e n c e  i t s e l f  and of i t s  ind iv idua l  
f i e ld s .  Hence  by  s tudy ing  the l aws  on in fo rma t ion  d i s -  
t r ibu t ion  we can f o r e c a s t  s o m e  t endenc i e s  of s c i e n t i f i c  
r e s e a r c h ,  t t owever ,  i t  does  not a p p e a r  to be p o s s i b l e  
to use  for  this  p u r p o s e  the r e s u l t s  of p r e v i o u s  i n v e s -  
t i ga t ions  in th is  f i e ld ,  s ince  the au tho r s ,  in studying" 
the  " s c a t t e r "  of in fo rmat ion ,  have r e s t r i c t e d  t h e m s e l v e s  
to a s t a t i c  d e s c r i p t i o n  of th is  p r o c e s s ,  that  is ,  they  



94 KIBERNETIKA 

have not ana lyzed  the n a t u r e  of the d i s t r i b u t i o n  of 
p a p e r s  in s o u r c e s  as  a function of t i m e .  The s tudy of 
the d y n a m i c s  of th i s  phenomenon i s  e x t r e m e l y  i m p o r t -  
ant  fo r  an  unde r s t and ing  of the p r o c e s s  i t se l f ,  and a lso  
for  i t s  p r e d i c t i o n .  

In o r d e r  to c o n s t r u c t  a dynamic  m o d e l  of  the d i s -  
t r i bu t ion  of i n f o r m a t i o n  ove r  s o u r c e s ,  i t  is  n e c e s s a r y  
to have a p a r a m e t e r  which wil l  give a su f f i c ien t ly  good 
d e s c r i p t i o n  of the s y s t e m  as  a whole .  F o r  th is  pUrpose,  
by  analogy with the  concept  of en t ropy  in Shannon 's  
t h e o r y  of in fo rmat ion ,  we in t roduce  the concept  of 
the en t ropy  of a s y s t e m  of d i s t r i b u t i o n  of in fo rma t ion  
ove r  s o u r c e s ,  d e s c r i b e d  by  the r e l a t i o n  

N 
~-~ d I d t 

= -  2J ~ ~" ~ ,  (14) 

w h e r e  N is  the n u m b e r  of s o u r c e s  con ta in ingDN p a p e r s ,  
di is  the n u m b e r  of p a p e r s  in the i - t h  s o u r c e .  

F r o m  this ,  N is  the n u m b e r  of s t a t e s  of the s y s t e m ;  
d i / D  N is  the p r o b a b i l i t y  of the concen t r a t i on  of i n f o r -  
m a t i o n  in each  of the s t a t e s .  The en t ropy  of the s y s t e m  
of s o u r c e s  is  c a l c u l a t e d  in the s a m e  way, as  the sum 
of the p roduc t s  of the p r o b a b i l i t i e s  of i n f o r m a t i o n  
c o n c e n t r a t i o n  and the  l o g a r i t h m s  of t h e s e  p r o b a b i l i t i e s .  
The en t ropy  depends  on the n u m b e r  of s o u r c e s  N, and 
on the p r o b a b i l i t y  of the concen t r a t i on  of in fo rma t ion  
in each  s o u r c e .  The en t ropy  of a s y s t e m  equa l s  z e r o  
when a l l  the p a p e r s  a r e  c o n c e n t r a t e d  in one sou rc e ,  
i t  i n c r e a s e s  with the g rowth  of N and a t t a ins  a m a x i m a l  
va lue  when the n u m b e r  of p a p e r s  in t h e  s o u r c e s  i s  
equ ip robab l e .  In th is  c a s e  

s = In N, (15) 

that  is,  the en t ropy  of a s y s t e m  of s o u r c e s  where  the 
o c c u r r e n c e s  of p a p e r s  a r e  equ ip robab le ,  equals  the 
logarithm of the number N of sources. 

In order to estimate the dynamics of a system of 

papers during the years 1961-1965 we construct a 

graph of the variation of the absolute and relative 

entropy (Fig. 4). 

It is obvious from the diagram that the absolute 

entropy of the system of information sources in opera- 

tions research and mathematical economics attained 

i t s  g r e a t e s t  va lue  in 1962, and then fe l l  f r o m  y e a r  to 
y e a r .  The d e c r e a s e  of en t ropy  a f t e r  1962 d e s c r i b e s  
the  p r o c e s s  of c o n c e n t r a t i o n  of the in fo rma t ion  into 
the b a s i c  c o r e  of the s y s t e m  of i n f o r m a t i o n  s o u r c e s .  

I t  is  n a t u r a l  to suppose  that  the fac t  of a s t e ady  fal l  
of e n t ropy  in the s y s t e m  of p a p e r s  r e f l e c t s  s o m e  e s -  
s e n t i a l  f ea tu re  of the deve lopmen t  of the  given b r a n c h  
of knowledge .  

The  m a j o r i t y  of the  s e c t o r s  of  the  m a t h e m a t i c a l  
}apparatus  of c y b e r n e t i c s - - t h e  t heo ry  of p robab i l i t y ,  
the  t h e o r y  of  in fo rmat ion ,  m a t h e m a t i c a l  logic ,  and 
o the r s ,  e x i s t e d  b e f o r e  c y b e r n e t i c s ,  and the r e s u l t s  
ob ta ined  in t h e s e  f ie lds  w e r e  pub l i shed  (and f r equen t ly  
cont inue to be  publ ished)  in s p e c i a l i z e d  m a t h e m a t i c a l  
j o u r n a l s .  As c y b e r n e t i c s  b e c a m e  a m o r e  m a t u r e  d i s -  
c ip l ine ,  s p e c i a l i z e d  j o u r n a l s  devoted to i t s  p r o b l e m s  
b e g a n  to a p p e a r .  

L a t e r  c y b e r n e t i c s  began  s u c c e s s f u l l y  to p e n e t r a t e  
into o the r  f i e lds  of knowledge,  p r i m a r i l y  into e c o n o -  
m i c s ,  med ic ine ,  b io logy,  and the l ike .  An e n o r m o u s  
n u m b e r  of p a p e r s  connec ted  with  the app l i ca t ions  of 
c y b e r n e t i c s  w e r e  pub l i shed  in the j o u r n a l s  of those  
f i e lds  w h e r e  t hese  me thods  w e r e  appl ied .  This  p r o c e s s  
of the ou tward  growth  of c y b e r n e t i c s  has  not  s topped 
and i t  m a y  be tha t  the h i s t o r y  of s c i e n c e  and technology  
con ta ins  no o t h e r  e x a m p l e  of such a r a p i d  p r o p a -  
ga t ion  of the me thods  of one s c i e n c e  into o t h e r s .  It 
would a p p e a r  that  in t hese  condi t ions  i t  m u s t  be  s u p -  
posed  that  the number  of p a p e r s  and p e r i o d i c a l  s o u r c e s  
devoted  to the  given sub j e c t  m u s t  cont inue to grow, and 
consequent ly ,  a cont inuous  i n c r e a s e  in the e n t ropy  of 
the  s y s t e m  can  be  expec ted .  However ,  a s  we have  seen,  
this assumption is not confirmed. Moreover, the fall 

of entropy is primarily caused by a decrease in the 

number of periodical issues publishing papers on the 

subject considered. This is illustrated in Fig. 5 by the 
curves of the variation of the number of sources and 

the number of papers for the years 1961-1965." 

Attention has been drawn to the fact that the maxi- 

mal number of sources and abstracts on foreign doc- 

uments arrived in 1962, and on Russian ones in 1963, 

the number of papers in foreign sources in 1965 had 

fallen to almost a third of the 1962 number, and Rus- 

sian papers to almost two-thirds. 

There is no reason to suppose that this data test- 

ifies to a decrease in the quality of operation of the 

c o r r e s p o n d i n g  a b s t r a c t s  j o u r n a l s .  R a t h e r ,  th i s  i s  an 
ob jec t ive  law connec ted  with the v a r i a t i o n  of the c h a r -  
a c t e r  of i nves t i ga t i ons  in th is  f ie ld  of knowledge.  The 
c o n f i r m a t i o n  of th i s  thought, and a l so  the  " r e h a b i l i -  
t a t ion"  of the  a b s t r a c t s  j o u r n a l  K i b e r n e t i k a  m a y  be 
p r o v i d e d  by ou r  o b s e r v a t i o n  of the growth  of a new 

I # 0  

~ mo 

Z g5 

g6 
0 

1952 /963 1964 

/4 12 4 0 12 6 12 /7 6 
Months 

ears 

/2 4 8 /2 4~ a IZ 

Fig. 7. Variation of the number of papers. 
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sources in each of the years in comparison with the 
preceding, which is reflected in the abstract journals 
(Fig. 6). 

An analysis by content of these new sources testifies 

to the continuing penetration of the theory of optimal 
solutions into new regions of science and technology, 
although this process is not proceeding so rapidly 

now as four or five years ago, as is confirmed by the 
fall in the total number of papers. 

Here there is an obvious contradiction with the so- 
called law of the exponential growth of papers. It must 

be pointed out that the law of the experimental growth 
in papers is mainly confirmed by statistics reflecting 

the state of major  groups of sciences:  natural science, 
mathematics,  physics and so on. But the increase of 
publications devoted to any one field of science or 
technology often, as in our case, does not obey the 
exponential law. Attention was drawn to this fact by D. 
J. Pr ice  [5] and V. V. Nalimov [6], when they proposed 
that in certain c i rcumstances  the exponential law may 
become a logistic curve.  However, the "damping" o f  
the curve of growth of a science or its transition into 
a logistic curve still does not mean the "damping" of 
the given branch of knowledge, and can only testify 
to the detachment of a new science, the variation of 
the general direction of research and so on. An inter- 
esting feature of the passage of the exponential growth 
curve of a science into a logistic curve was mentioned 
by D. J. Price: '~... obviously an exponential growth 

resents  the idea of a bend if the fo rmer  continues 
for a long time. Before the growth reaches the mean 
point it begins to jump and twist, to change, like mis -  
chievous spirits,  i ts shape and features to avoid this 
terr ible  ceiling. Or, speaking in less anthropomorphic 
analogs, here  a cybernetic hunting effect is estab- 
lished and the curve experiences sharp fluctuations. .  " 
[4]. 

This phenomenon is i l lustrated by the diagram of 
variation of the number of papers on operations r e -  
search and mathematical  economics,  constructed by 
choosing a unit of t ime equal to one month, for the 
years  1961-1966 (Fig. 7) (from the data of abstracts  
journals). 

It is obvious from the diagram that the "cybernetic 

hunting effect ' and the "jumps" like ~misehievous 
spir i ts"  relate mainly to the years  1962-1963, after 
which a comparatively smooth fall of the curve is 
observed. 

Therefore,  qualitative analysis of the tendencies of 
the development of operations research  and mathemat-  
ical economics for the years  1961-1966, indicates 

ithe following: 1) the greates t  absolute and relative entropy 
of the system of papers distributed among sources be-  
longs to 1962, and then the value of the entropy falls; 
2) the number of papers  in periodical sources has a 
tendency to decrease  beginning with 1962; 3) the years  
1962-1963 are the end of some essential stage in the 
development of the science, which corresponds to the 
time of transit ion of the exponential into a logistic 
curve. 

All these quantitative indications are only important 
symptoms of internal processes taking place in the 

science itself, and offer the possibility of determin-  
i ng  the boundaries of the individual stages of the de- 
velopment of the science, of predicting its further 
tendencies, periods of transition from research  and 
theoretical investigations to extensive applications, of 
determining the probable location in the system of 
issues of papers on fundamental investigations, various 
applications and the like. An analysis of papers in 
t e rms  of content makes it possible to check the validity 
of conclusions based on the quantitative methods of 
studying processes ,  and also to explain the essence of 
the laws in the development of the sciences which is 
~adequately manifested in its quantitative character is t ies .  

The field of knowledge combined in our sector  of 
cybernetics,  operations research  and mathematical 
economics, has a his tory of many years ,  but beganto 
be intensively developed during the last  twenty years .  

Although the f i rs t  papers of Academician L. V. 
Kantorovich on l inear programming relate to the year  

1939, they were not appropriately developed in the 
following years  and were rediscovered in 1945-1947 
by the American mathematician Dantzig. The fund- 
amental work on the theory of games by J, von Neu- 
mann and Morgenstern was published shortly before 
this in 1944. The simple method developed and tested 
by Dantzig turned out to be an unexpectedly efficient 
procedure even to the author himself.  At the same 
time high-speed computers  appeared which facilitated 
the rapid development of methods of solving linear 
programming problems and their  pract ical  appliea- 

�9 tion. At the beginning of the fifties work in the 
United States on :operations research  and the applica- 
tion of mathematical methods in economics became so 
animated that a society was formed on operations r e -  
search with its journal "Operational Research"  founded 
in 1952. 

In the course of the years  1950-1960 the theories 
and methods of convex programming were developed 
and brought to great  perfection, in the years  1955-1960 
dynamic programming and the theory of optimal pro- 
cesses, the theory of statistical decisions, 1960-1965 
decomposition schemes for the solution of problems 
with a block structure, integer-valued programming, 
Gomory 's  method, the sequential analysis of variants,  
the method of "branches and bour, daries. ~ A great  
impulse to the development of scheduling theory and 
discrete programming generally was given by the de-  
velopment of network methods of planning and control 
begun in 1957. In recent  years  there has been a rapid 
growth in papers on stochastic programming, random 
search methods, the simulation of large systems,  
optimization problems on graphs and others. 

In the Soviet Union work on the application of math-  
ematical  methods in economics intensified after ~he 
year  1955, At f i rs t  (up to 1960) it was studied in a 
small number of groups under the direction of Aca-  
demicians V. S. Nemchinov and L. V. Kantorovich 
in Moscow and Leningrad. The beginning of 1960 saw 
a tempestuous growth of the number of groups and 
specialists working in the field of the applications of 
mathematical methods in economics and operations 
research. Here must be mentioned the formation of 
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important centers  on these problems in Kiev (Institute 
of Cybernetics AS UkrSSR, Computer Center Gosplan 
UkrSSR), in Novosibirsk (Institute of Mathematics 
Siberian Division AS USSR), in Moscow (TsEMI, Corn- 

:purer Center Gosplan USSR) and in other cit ies.  
Therefore in the USSR and abroad work on Operations 
r e sea rch  and the application of mathematical methods 
in economics is being developed both in breadth and 
in depth. What can explain the greater  concentration 
of papers and the general decrease  in references  
to periodical i s sues?  It seems to us that this 
testifies to a certain maturity of this branch of know-  
ledge. 

Concentration is facilitated by the creation in suf- 
ficient quantity of specialized periodical issues, and 
also the appearance of fundamental monographs which 
causes a reduction of papers on secondary questions 
and technical details of the application of generally 
known methods, which were frequently encountered 
in the journals of other branches of knowledge. As 
regards the decrease of the total number of papers 
in periodical issues,  this is overshadowed by the sharp 
increase in the output of monographs, various col-  
lections, and other nonperiodical editions. 

These pre l iminary  conclusions on the development 
tendencies of operations r e sea rch  are  based on the 
supposition that the distribution of publications 
considered in time reflects  some essential regulari ty 
of the science itself. "School arithmetic," for example, 
is "scat tered" in all the journals not because there 
does not exist a specific journal on this subject, but 
because ~sehool arithmetic ~ has ceased to exist as 
a living science and the distribution of its papers in 
the l i terature has attained maximal entropy. And, 
conversely,  the h is tory  of science offers a large 
number of examples where some trend, once con- 
ceived in one scientific establishment, is continued 

only in papers of the printed journal of this es -  
tablishment. 

Between these extreme cases there is a set of 
states which are reflected in the real  distributions. 
However, there is no ~scatter ~ of information in any 
of the states of the system of publications. 

The authors thank A. A. Patiokha and T. P. Sagai- 
dak for selecting the statistical material  and sorting 
it on punched cards, and also S. A. Kobtseva who 
helped in processing the material  on the computer. 
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