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Science can be regarded most generally as a specific sphere of human behaviour,
directed towards obtaining new knowvledge about nature, society and intellectual
activity. The develogment of science as a priority social institution for each civilized
country attracts the attention of many leaders and researchers.

The laws of science functioning and development have been studied and the
interaction of science with other institutions and society spheres aswell. An impor—
tant place in this activity is ooapied by the amalytical goproach, within the frames of
which different mathematical models of science development are designed.

A model for science rapid development has become popular in the last time
according to which science grows as rapidly as the population, and 1t develops
proportionally to the amount of the last generation. Science advances proportionally
to the mass of knowledge, inherited by the preceding generation.

Fram the upper confirmation the folloving sinple differential equation follows
[L2):

@ di/de=ki, I(t)= 1, t>10,
with a solution
) I0=1e";

where 1 is the infomative parareter, dharacterizing science, K is a constant.

Usual ly the number of disooveries, patents, printed materials, staff employed In
science, the wlume of investments in science, the econamic efficiency of the re-
search work, citations in significant editions and special ized electronic data beses,
etc., are used as informative parareters. Very often some indirect indicators for
science development such as nurber of publications and citations (science-metric
approach) are applied.

The exponential character of alterations of a nurber of informative parareters
in science is established by statistical amalysis. D. Price mentions that “if anmore or



less satisfactory way is found to measure a sufficiently big segrent in science, then
this segrent groas exponerttial Iy under normal conditions. The law for exponerntial
grovth can be considered as a basic law for each analysis of science” [11, Z]. A satisfac-
tory statement and investigation of models (1) and (2) isginven in [2, 6]-

I't should be noted that even under the most favorable conditions for science
developrent the exponential relation cannot be resenved too long. Some constraints
appear in the material and persomel resources, or such of ecologic, ethic or other
character. Besides this the coefficient k is too critical inmodel (1) ad (2)- Mary
authors do not exqoress the structure of this coefficient or give it arbiguous interpre-
tations such as: averaged constant, dharacterizing the reflection of a publication in
one or another area of knovledge, proportionality coefficient, typical for given
science and for the concrete conditions of development, etc.

Many of the authors assure that the coefficient k is constant and non-negative
and note that 1t hes no universal value and is different for the different countries ad
historical periods, depending directly on the econamic level .

Some examples are known in history, when the growth rates of science and
some of 1ts directions decrease rapidly. This happens freguently during war periods
and after them, in a social and econanic crisis. No mechanism accounting these
essential changes is included in model (1) and (2)-

This problem is actual now for almost all the East-european countries, inwhich
a large social-political and econamic transition is realized with alteration of the
property system and way of economy control — from a centralized towards a market
one. This is accompanied by considerable suppress of the economic development,
decrease of the finances for fundamental and applied science and education, large
decrease in the number of the working in science young and qualified specialists, due
to emigration abroad or passing to sare commercial structures in their omn country.

The present paper offers a method which can account the changes already
mentioned in models for science development in East European countries, usually
called countries in transiion.

Sare statistic data for the science in the Russian Federation (RF) willl be used.
I't should be noted that the situation in the other East European countries is not very
different in many aspects.

It is knoan that a sector for production of information resources — an informa—
tion sector of economy, is created within the frames of the sector for goods and
services. The functioning of the First sector is described by the famous model of
expanded reproduction [3, 4, 5], consisting of three relations: balance equation,
equation for dynamics of the main funds and production function. For the informa-
tion sector the notiion basic funds F is also introduced, which is directly connected
with the investments in it. The relation of the speed for production of the informa—
tion resources wirth the basic funds and the human potential in the information sector
is given by a specific production function.

In the so called two-sector model the part of the final product, produced in the
first sector, is used for expansion of the basic funds in the second sector. On its hand
the Informatiion resources are used to increase the productivity of the Tirst sector.
Unlike the material product and energy, the information resources are not exhausted
during consumption. Simultaneously with this, it is assuned that they possess the
property of quick moral and material ageing.-

On the basis of the two-sector model described, a model for science develop-
ment can be defined in which:

— the information resources are adequate to the information parareter I;

— the basic funds of the information sector, characterizing the volume of
investments in it, should be considered as an independent control parareter.
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Then the model for science development in transition countries can be repre-
santed by the folloving differential equation:

(€)) di/de=ki+C, ICt)=1,,
with a solution
&) 1O=1,e“- COA-e9,

where k=kF “L ? - , L is the number of people occupied in science; A - paraneter,
characterizing knovledge ageing; C — external system parameter, accounting the
intensity of the information exchanged with the extermal enviroment; K , o, -
model parameters.

In case C0, knowledge inflow is realized, i.e., information resources from
outside are gpplied. IT C<O, the inverse process of information resources outflow is
implemented - “‘brain outflov”, know-how, decrease In scientists numnber.

Table 1 gives the nurber of emigrants from RF, working In “‘science and scien-
tficservicss” bradh.

Table 1
Year 1980 1990 1991 1992 1993 194 1995 199% 1997
Emmigration 0.1 2.1 1.8 2.1 2.3 2.1 2.2 1.9 1.2
(thous. people)

The analysis of these data leads to the inference that the extermal “‘brain
outflow” in the last years is about 2000 persons per year. The main decrease of
scientists and researchers is connected with intermal migration to other, mainly
camercial structures. It is almost o orders greater than the extermal emigration.

The model suggested (3) can be regarded as a generalization of the model for
exponential development of science (). The last ore is a partial case of (3) for C-0
and A=0

[5) di/dt = kI, kek F oL *

at which the parameter k is structured.

Model (3) provides the possibility to dotain more trajectories of science devel-
opment depending on the parareters F, L, A, C.

Linear rise of the information parameter 1 is possible through inflow of new
resources (k=0; C>0). At k=0 and C=0 there appears a stationary mode, when
knowlledge reproduction is conpensated by its ageing and lack of information ex-
change with the outer world. A third case is also possible for knowledge decrease
with the help of the relations: linear (k=0; C<0) and exponential (k<0; C0).

The above inferences are made under the assumption that L and F are con-
stant. In reality for a longer period of time the nurber of scientists in the world ad
‘the common expenses for science increase exponentially, i.e.

L =L, et and F() =F e "t
Then (3) dotains the folloving form:
di/dt = k(t) 1+C,
where
® k (©=KF L BNt _),

In the last decade there is an inverse tendency In RF for rapid decrease of the
people employed in the scientific sphere, aswell as of state sugport for science.



Table 2 gives data for alteration in the staff nurber, occupied in the research
sector of RF.

Table 2
Staff 1980 | 1990 | 1901 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Real |22158 | 19434 | 1677.8 | 15326 | 13150 | 11063 | 10610 | 9907 | 9346
Gene-
ral Decre-
bl 2724 | 2656 | 1452 | 2176 | 2087 | 453 | 703 | s61
Real | 11188 | 9926 | 8785 | 8040 | 6449 | 5253 | 5187 | 4848 | 4551
Invest-
igators .
ngge 1262 | 1141 | 745 | 1501 | 1196 | 66 39 | 207

The data fran the table show that from 1939 unti 1 1996 the number of the people
employed i1n science area has decreased more than in half. These data can be repre-
sented by diminishing exponents in first approximation

0 LO=L e T, F()=F et
at that (6) iswrittenby
® k (=K F L oDt _j5,

The presence of the exponential part in the above relation speeds the decrease of
K(® and inflluences negatively the dharacter of behaviour of 1(). This may be demon-
strated on a partial case of model (3). Let A=0, C=0, 1.e., there is no knowledge
ageing and the extermal conmnections of the system are blodked. Then

) I)=1" eCaDe™
where
Q@ 17, =17 e¥; akF Lz =af+pr.
The knowledge volure in this system is restricted and it tends tovards
an lim (=1, 2
>0

For comparison, when the values L and F are constant, the knowledge volume
increases inlimiedlly.

The crisis status, in which the sectors econany and scientific service of more of
the countries iIn transition are found, influences actively the research results. Unfor-
tunately, there are not available any detail and exact statistic data of these prooesses.
But even the available ones are enough to illustrate the ponerful tendency for
science restriction as awhole and especial ly i1ts gpplied part.

The models from (3) upto (11) suggested in the presert paper for the transition
countries do not contest in any way the classic model for rapid development of
science () and (2)- This exponential growth of science is valid for normal conditions
in society. As a rule the periods of crisis, connected with social-econamic cataclysms
lead to a bresking in the exponertial growth of science. For many countries the period
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during and inmediately after the Second world var is such, such is the last decade for
many of the transition countries. Usually when the reason for the crisis is removed, the
situation is nomalized and the exponential growth of science could be reestablished.
But this requires certain material resources and huran potential . The providing of
these resources s not possible for the state and 1t depends directly on its policy in the
area of science, o Its strategic purposes and tasks, set for the integral development of
the country.

IT during or after the crisis the state wishes 1o retum or at least to approach the
level of great science, this will require considerable attenpts and expenses. Other—
wise the country wi Il acoept “‘science, which does not it its possibilities” and then
more modest means willl be necessary than in the first case.

Models (3)-(11) suggested in the present paper for science development allow
the estimation and prognosis of this development in normal and extremal state of
society— wars, social-econanic cataclysts, etc.

Conclusion

The results obtained in the present paper could be reduced to the following:

1. A number of characteristics of the countries performing transition from
centralized tonards market econony are described, the crisis making impossible the
exponential growth of science.

2. On the basis of econanic and informative indicators a generalized model for
science development is suggested which can be used in normal development of the
country— wirth exporential growvth of science, as well as when 1t is in acrisis ad
passing to market economy.

3. It is shown that this model can be used to prognose science development
depending on the strategy for economy development used by the state and its
scientific inurance.
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OBoBeHHasa MONEJIb Pa3BUTMA HAYKM [IPM HOPMaJIbHOM
¥ KPU3UCHOM COCTOSHMM CTPaHEI
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(PezsowmMme)

B paboTe BHIABJIEHO PSAI OCOOEHOCTEM CTpaH B IIEpexXOole OT LeHTPaJIM30BaHHOM K
PBIHOUHOV 2KOHOMMKE, KPUBUCHOE COCTOSHME KOTOPHIX HejlaeT HeBO3MOXHEM
OCYIIECTBJIEHU SKCIIOHEHUMAJIBHOTO POCTa HayKM.

Ha OCHOBe ®»KOHOMUUECKUX U MHOOPMALMOHHEIX [TOKAa3aTeJieM NpelJioXeHa
obobleHHasa MOIEeJIb PasBUTKS HAyKM, KOTOpas MOXET NPMMEHATbCHd Kak IOJjid
HOPMAJIbHOT'O Pa3BUTMA CTPAHEL — C BKCIIOHEHLMVAJIBHEM POCTOM HayKM, Tak U IJid
TaKOT'O €e COCTOSHMA, KOTIa OHAa HaxXOIUTCS B KPU3UCE U OCYWECTBIIAET TPYIHBEDA
nepexoll K PEHOYHOM DKOHOMUKE .

[lokalsaHoO UYTO D2Ta MOIEeJIb MOXeT OBTb MCIOJIB30BAHHOM IJid
IPOTHOBMPOBAaHMS Pa3BUTMS HAYKM B 3aBUCKMOCTHU OT PVMEHSEMOM T'OCYNapPCTBOM
CTpaTeIv Pa3BUTMA SKOHOMVKM M €€ HaydHOT'O ODeClleueHMs .



