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SOCIAL COGNITION AS A VARIETY OF RATIONALITY
Academician Mark MITIN

Problems of rationalism and irrationalism have played
an important part both in the history of philosophy and in
present-day intellectual life. In its various forms,rationa-
1ism is directed towards science, towards a cognition of the
law-governed patterns in the development of the material
world and spiritual phenomena.On the contrary, irrationalism
denies, in general, or at least belittles scientific know-
ledge, and addresses itself to some immediate intuitive and
instructive premises which are allegedly beyond the reach
of reason.

Present-day irretionalist conceptions are fed by the
spiritual crisis in capitelist soclety. By fatalising and
fetishising the contradictions in scientific and technolo-
gical progress, its ideologists are out to prove that Na-
ture, society, and cognition ere essentially irrationsal or:
cheotic.,

vViews and assertions are becoming ever more widespread
in the Western world that our times are marked by ineradic-
able paradoxes, and that scientific and technological pro-
gress has destroyed faith in reason and in man's ebility to
errange his life in e rational way. A sense of fatigue agd
pessimiem has penetrated into men's world-perception toddy,
many philosophers and soclologists assert. There is no long-
er any confidence or hope in the future of mankind. Some
call it the "twilight of reasonm", others "the eclipse of
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culturen, and yet others "the demise of the spiritual";
what in fact we hear is a "requiem for reason".

what is the explanation of thie loss of faith so char-
acteristic of many Western philosophers? The cause does not
1ie in the bankruptcy of reason. The situation is in no way
linked to reason in general, but to historically definite
soclial relations.

A complex andlmany~faceted ideological struggle is
under way in the world todey. It has involved &ll forms and
‘levels of sociel and individual conasciousness, finding a
certain specificity in each of them. Forced to take account
of the changed situestion in the world, the ideologists of
capitalism are skillfully camoufleging the devices and meth~
ods they use to bring ideclogicel and political pressure
to bear on the intelligentsia and the masses of working
people. Through the mass media, they are intulcating all
kinds of myths in people., By fatalising amd fetishising
the capitslist varieants of the solution to the problems of
scientific and technological development, these ideologists
play on the feer instilled in socially disunited individuals
by the institutionalised system of social preasure. bhrough
the information media, & vague fear is moulded into irra-
tionelist, mysticel and religious models of life end real-
ity, this leading to the disoriented individual clutching
at superstitions, mystical religions revelations, and wide-
ly publicised formulas of bourgeois ideology. A negation of
scientific methodology and objective dielectics serves the
ideclogical aims of capitalism: the distortion and suppres-
sion of politicel consciousness in the messes. "In iis ra-
tional form it is a scandel and abomination to bourgeois-
dom and its doctrinaire professors, becanse it includes in
its comprehension and affirmative recognition of the exist-
int state of things; at the same time also, the recogni-
tion of the negation of that state, of its inevitable
breaking up; because it regards every historically develop-
ed social form as in fluid movement, and therefore takes
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into sccount its transient nature not less than its momen-
teary existence; because it lets nothing impose upon it, and
is in its essence critical and revolutionary.” ‘

The extreme trends in anti-retionalist phllosophical
views are represented, on the one hand, by irrationaliem,
which stems from "life-philosophy" and Nietzshelism that ap-
peals to the immediete and intuitive obviousness of exist-
ence, and, on the other hand, by a pragmatised rationalism
which a number of bourgeois scholers (in the first place

by Max Weber in his Wirtschaft und Gesellschaft) have iden-

tified with the social organisation of capitalist reality,
end the principles of hard cash and utllity.

On the threshold of the new times, reason was called
"natural light™ (lumen naturale). Irretionalist philosoph-
ising stood opposed to bourgeois enlightemment from the po-
gitions of feudal and romantic reaction, and & criticism
of capitalism from the Right. By the middle of the 19th
century, irrationelism had become a widespread form of bour-
geois consciousness and a philosophical expression of the
crisis of bourgeois ideology. i

The development of bourgeois society has toppled the
ideals and velues of traditional culture, oriented towards
rationeliem & la Hegel, the identity of being and conscious-
ness, and towards the "rationality of reality". Idealistic
rationelism, which reduces ell problems of human activities
to those of cognition, is losing its socially oriented
value, since capitalism's blatant inhumanity end immorality
cannot be glossed over with the aid of metaphysical and ab-
stract arguments.

The discrediting of the fundamental postulate of ideal~
istic rationalism regarding the identity of being‘and think=-
ing has given rise to a number of speculations on the theme
of the "crisis of rationality" in general, The revision of
the rationalist world-view has proceeded along at least
five lines:

I-4



Pirstly, positive technocratic revision (Raymond Aron
and N.Luhmann) regards rationality as an ability to system-
atise and bring order into all spheres of social 1life, ir-
respective of subjective yerdsticks of value. In the long
run, this trend leads to rationality being identified with
the norms of the technocratic model of society's organisa-
tion.

Historically speaking, scientific conacliousness was
associated in bourgeois philosophy with the prestige and
rights of Reason. At the dawn of bourgeois soclety, philos-
ophers synthetised an understanding of science as a univer-
sal form of men's cultural life out of a spirit of science's
form and love of freedom. The ensuing development of capital-
ist society, and the ascertainment and exacerbation of so-
cial antagonisms, as well as the utilisation of all forms
of human consciousness in the interests of exploitative so-
ciety in fact stripped science of its great cultural func-
tion, yet the tradition of idealising the form of science
conditioned the latter's embiguous status in the social
system. On the one hand, science promoted the rationalisa-~
tion of &ll spheres of human activities by performing its
cultural function. On the other hand, the ruling bourgeois
class, through its ideologists, proclaimed, in the name of
science and reason, its progremmes which expressed its aims
and interests and, using the prestige of reason, hallowed
the existing social system.

The above-mentioned technocratic conceptions of sci-
ence end the scientific and technological revolution have,
as a rule, now assumed the form of a frank apologie for
the "supremacy of technology" and have Joined up with vari-
ous conceptions both of de-ideologisation, and re-ideologi-~
sation, convergence and de-politicisation. Research into
the "techniques and mechanisms of rule" has become the con-
tent of such conceptions. All kinds of varieties and modes
of menipulating people and their consciousness come in for
detailed analysis; all sorts of new "theories" have been
put forward, such as socio-techniques, humenotechniques,
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communication techniques and the like. A1l such technocratic
theories see the people as a mass to be manipulated and,
with the aid of various techaiques, to be integrated into
the sociel system of state-monopoly capitelism. The theory
advenced by E.Forsthoff2 is a typical attempt to arrive at
such a solution of questions of sociel organisation.

The theory of "technocracy™ is out to ldeologically
justify the state's mounting bureaucratic centralisation
and the coalescence of the rule of the monopolies with that

‘of the state; they are also out to Jjustify and substantiate

the abolition of some elements of bourgeois democracy. Thus,
technocratic ideology is aimed at parfectiﬁg the machinery
of the monopoly bourgeoisiets rule through methods of sup-
pression, coercion and deception. Technocratic theorics are
ultimately spearheaded against the theory of class struggle
and the revolutionary transformation of the world; they fal-
sify the interconnection and interconditionality of scien-
tific, technological and sociel progress. '

Another line of the revision of rationslist world-
view is the subjectivigt-irretionel one (E.Husserl, M.Hei-
degger), which reduces reason, the capécity of rational
cognition, to "phenomenological vision", immediate know-
ledge, and mysticel insight. With ites total disregard of
gocial processes, this approach reduces to nil any possibil-
ity of understanding and explaining actual soclal practice
and its definite trend. Thus, an analysis of concrete socio-
economic relations, the objective regularities of social de-
velopment, and class antagenisms remains, es a rule, be~
yond the irrationalists' purview.

The irrationalists, who elevate social illusions of
reality (institutionalisation, depersonalisation, non-
spirituslity, end mythologisetion), refuse %o recognise
the spirituality and rationelity of human existence in
general. Actual cognition is an erbitrary, unpredictable
and unplanned action. Depersonalised man (M.Heldegger),
who at times finds himself in e "boundary situation®,

-9 -



dispels, as it were, the gloom of gocial chaos, but the ab-
sence of communication between man end man does not make it
possible to register the meaning achieved in cultural forms
of universal significance.

- The third line along which the rationalist tradition
is in & kind of way negeted is "oritical rationalism"
(X.Popper, I.Lskatos, W.Bartley and H.Albert), whose spokes-
men try to renovate the old traditions of rationalism.
Though manifesting a certain interest in the methodology
of seientific cognition, "critical rationalism" in fact
1limits the tasks of philosophy to an analysis of scientific
knowledge as such. Popper has ettempted to construct his
philosophy, proceeding, as it were, from the general theory
of rationality, but his postuletes are in no way overall
characteristics of man and his mind, expressing, as they
do, only some perticular features of logical thinking.

It is not knowledge of the world's reality but only
knowledge about knowledge that is the main target of the
philosophy of "critical rationelism", That target is formu-
leted in Popper's initiel methodological principles. The
absence of any attention to reality (physical and mental)
leads him, within the framework of critical rationalism,
either to a radicel scepticism of the Feyerabend type or
else to anfontologiéation of the cognitive content and
rules of science in the spirit of the Platonic "realm of
ideas" (in Popper's later writings). Popper regards cogni-
tion as a certain play of cognitive forces, as a "game for
ivc OwWn sake™.,

According to Popper, the transposition of phllosophico-
rational elements into the sphere of sociel historical phe-~
nomena is untenable, since as a rule it leads to an apolo-
gy for the existing soclial order and may become the theor-
etical foundation of any totalitarianism.

It is on that scheme that Popper*s critique of Hegel's
nreactionary philosophy" is built. To him, Hegel was prima-
rily "the first official philosopher of Prussianism"’, a
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man who prepared philosophy to enter the service of asuthor—
ity and reaction. This view emphasises and brings into the
foreground the "epplied" essence of Hegelian philosophy,
and an interpretetion which lays stress on its conservative
and reactionary aspect and denies its dialectical method,
which is an outstqndins product of reason and the traditions
of rationalism, Popper regards social cognition and histor-
ism as methodological devices in an "apology for Prussian-
iam",5 as & means of restricting the individual's freedom,
and as the rigid determination of human activities and,
moreover, something "designed to pervert the ideas of
1789".6 In Hegel's historism% Popper sees & bulwark of
present-day totalitarianism.’ Since Popper himseelf hes no
intention of analysing the possibilities contained in such
concretely historical interpretations and parallels, but
merely grapples with them and negates historism, social
cognition and dialectics, such a stand becomes, in its turn,
a theoretical justification of naked nihiliem, petty-bour-
geois individualism and anarchism.

There is nothing fortultous in the antipathy displayed
by Popper's "critical rationalism" for German classical
philosophy. It convineingly exposes positivism's anti-
philosophical stend, and its striving to abandon world-
outlook problems amd to transpose the range of problems
dealt with in classical realism exclusively to the sphere
of the logico-epistemological. '

The Hegelian understanding of dialectics and reasecn,
and the process of world history as a whole are seen by
Popper as & kind of totallity responsible for the appearance
of totalitarien social systems and, on the social plane,
implementing the idea of the restriction and even eradica-
tion of individual freedom and of its fusion with total
necessity.

As already pointed out, phllosophical tradition, with
its rationalistic understanding of reason and human activ-
ities in application to social reality, leads, according
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to Popper, to the formation of totalitarien regimes. Since
totalitarienism and the de-humanisation of life and patently
regressive elements,Popper is of the opinion that the phi-
losophical tradition of Carteslan-Hegellan rationalism pro-
motes soclal regress and theoretically sanctions political
and soclal despotism,giving it the form of historical neces~
sity. As a result, "critlcal retionalism" sweeps-aside the
historical optimism of classical philosophy,its faith in the
future of mankind, the might and practical purpose of reason,
‘the objectivity of sociel cognition, the reality of human
velues and the existence of vjustice and human liberty.

A similar one~sided and negative attitude towards
Hegel's philosophy is, characteristically enocugh, also be-
ing displayed by Herbert Marcuse, who, too, considers that
the actuel higtorical process, social progress and social
cognition do not enter the province of philosophy. "It 1is
no longer the task of philosophy to transpose the ideas of
reason into reality," Marcuse has written in his Reason and
;Revolution.8 According to Marcuse, Hegel's philosophy re-—
flected the efflorescence of the mind's power. The task
pursued by 19th-century philosophy consisted in learning
and understanding that power. According to Marcuse, the
20th century is confronted by a quite different task, 1.e.
the achievement of & "genuine state order",9 which can be
achieved only through spontaneous action by unorganised so-
ciel forces. Philoscphy's conservetiam is explained by Mar-
cuse as follows: in its nature, philosophy is out to can-
cel distinctions between mind and reelity and to reconcilse
them in the consciousness. That is why, according to Mer-
cuse, philosophy is unable in principle to promote social
progress. Philosophy's first step towards ‘social knowledge
should be directed against itself: philosophy should sbol-
igh itself as a form of methodological consciousness. Mar-
cuse holds that since the Enlightenment philosophy has de-
fined end brought forward reasonable ideels and aims of the
historicsl movement. However, the course of history has
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shown, Marcuse esserts, that the rationalist methodology

of philosophy counteracts the realisation of humanist ideals,
and that the rational stands outside of social practice.
Proceeding from his anti-retionalist principles, Marcuse

in fact diffuses philosophy in the spontaneous revolution-
ism of petty-bourgeois movements, placing it in the service
of petty-bourgeois anarchism and individualism.

Another widespread veriant in the negation of ratlon-
alism in terms of social cognition is the "soclo-critical®

.trend (T.Adorno, M.Horkheimer, J.Habermas, E.Fromm), which

proceeds from a recognition of only "technical rationalilty",
and identifies reason only with technical and instrumental
thinking which, in their opinion, has compromised itself
by having participated in the bureaucratic organisation of
bourgeois society's spirituel 1life, following the model of
the "culture industry". "Reason is sick and it will be most
reasonable to cure onegelf of it"1° is the assertion made
by these petty-bourgeois pseudo-critics of capitalism, who
identify the fate of spiritual life under capitalism with
the fete of spirituality in genersl, and also ldentify the
nprational® with the bourgeois mesns of mass culture in gen-
eral.

Note should be taken of a certain external terminolo-
gical similarity between these critical conceptions about
capitelism, and Merxist philosophy. The former theories
make frequent use of such notions as "property", "ideology",
neconomic structure", "exploitationt, and the like. This
has provided e number of bourgeois researchers with a pre-
text for the false assertion that there exists a trend to-
wards convergence between historical materialism and such
neritical" statements about capitalism. In reality, how-
ever, all this is limited to & purely terminological resem-
blance, with a radicel difference in essence. In the above-
mentioned "critical" theories, such categories have been
built into an ebstract and anthropologicel interpretation
of the history of soclety, outside of any analysis of ac-
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tual socio-economic reality. By substituting for an analy-
sis of concrete socio-economic phenomena a study of their
notional forms, such "critics of bourgeois socletyas
T.Adorno and H.Marcuse strip historical reality of its ma-
teriel and objective besis and return it in roundebout fash~-
ion to the sphere of abstract panlogism, which {they have in
word rejected. The fundamental vice of such theories lies
in a consideration of the historicel process chiefly as the
movement of notional forms, this running counter to the
‘dialectico-materialist understanding of history as a con-
sistent succession of socio~economic formations marked by

a certain level in the development of the productive forces
and production relations, and reflected in the development
of notional forms. ‘

The law-governed patterns of soclel development are
rejected by the representatives of the Prankfort Séhool,
as is the objective dialectics of nature and society. These
people carry over a socio-economic and class analysis of
soclal phenomena into the sphere of abstract notions such
as "rationalityn", "sociality", and "enlightenment". In
that céae, human history appears as a succession of forms
of "gelf-destructive enlightenmentn 1 and as a movement
towards the downfell of traditionel sociel and ethicel
jdeals, A "critique of capitalist reality" is turned by
them into a "critique of false congclousness", a critique
of "ideology" (T.Adorno, M.Horkheimer end J,Habermas) and
into "technological rationelity" and "one-dimensionel con-
sciousness" (H.Marcuse).

Further, there is taking place, in present-day Western
philosophy, a growth of the intuitivist trend, which is
following two directions: first, a "descent to the grass
roots", a biologisation of man's cognitive capacity; in
the second place, there is the opposite process of the de-
ification and mystificetion of man's reason, and interpreta-
tion of intuition es God-given insight.

The firast trend is marked by a recognition of mant's
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immediate and instinctive reactions as actions of cognition,
for an understanding of which anyArationalist methodology
should be eschewed and forgotten."The German philosopher and
anthropologist Gelen is perfectly right," writes the German
philoEOpher Hengstenberg, "when he says that man's ‘nature'
gshould be seen, not only in his reason but in its bs%ng re-
flected absolutely in all structures of behaviour,." of
course, if man's instinct is grounded in "reason" and is ca-
peble of immediaste cognition, then any rigorous theory
proves superfluous—such is the theme of the anthropologi-
cal trend in intuitivism. Moreover, instinctive "cognitionn
is non-social, interprets bourgeols reality in supra-class
terms, and justifies violence,hostility, social injustice
and exploitation, which it absolutises and calls inherent

in humen "nature®.

The second trend reflects the way in which philosophy
and theology are drawing closer together in present-day
bourgeois society. The intuitivist aspect is gaining ground
in a1l irrationalist trends in bourgeois philosophy: exist-
entialism, phenomenology, hermeneutics, personelism and
anthropology. The profound crisis in bourgeois liberalism
and abstract bourgeois humanism, the non-understanding of
the actual aligpment of forces in capitalist gociety, and
a fear of concrete social action as well as of the revolu-
tionary movement of the masses have led many bourgeois
thinkers into the cemp of intuitiviem. There is nothing snr-
prising in the heightened demend for intuitivistically "in-
terpreted" theology in bourgeois ideclogy gince the mass
disturbances of 1968 in France. Such is the evolution of
the philosophical views held by M.Horkheimer13. representa~
tive of the Framkfort School, who hes convincingly shown
that a negation of the role of reason, of practice, and
the contraposition of the world and "life", of intellect
and spiritually intuitive potentielities lead straight to
Christian theology. Intuitiviem leads directly to the re-
ligious world-outlook.
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At the present stage, intuitiviast philosophy has be-
come widespread in Western Europe. The replacement of a
religioua logical apparatus of proof by pretentious and
vague declarations, in intuitivism, regarding freedom of
the spirit, the necessity of creativity, the barremness of
the intellect and the value of intuitive and ecstatic states
are all to the adventage of mass propaganda, which distracts
interest from actute social problems and an awereness of
the need to radically change capitalist reality.

The alliance between idealist philogophy and theology
is re-appearing in new forms and gaining strength in the
conditions of the ever deeper spiritual crisis in bourgeois
society. Such trends are meeting each other half way in
new gearches for "absolute being". A special closeness is
revealing itself between irrationalist trends end theolo-
gical views. "Man is dead; only organisations and machines
are alive," the technocrats assert; if that is the case,

_ then the "worldly" has shed its possible Absolute. Christian
theology has a tradition of asserting the sanctity of the
exigting world order, both in nature and society. The exa~-
cerbation of the contradictions within capitalism has laid
bare its inherent irrationality and inhumenity and destroyed
faith in a "divinely ordained order". In the footsteps of
the "crisis philosophy" there inevitably arises the "crisis
theology" originated by K.Barth. Theology, which has joined
in the general criticism of science's rationelity and the
"non—genﬁineness"of capitalist reality, implying by this
the non-genuineness of everything that 1s "worldly",has conw-
trasted to the reality of history the sphere of the trans-
cedental, to reason—the miraculous, and to social revolu-
tion—divine "salvationr,.

Irrationalist trends have displayed themselves histor-
ically as bulwark of mysticism and religious beliefs. As
a rule, they have gained strength in critical gituations
which have confronted human cognition with unsolved pro-
blems, Irrationalism has always been an expression of the
impotence of man's mind.
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We have considered five types or forms of enti-rational~
ipt thinking. However, these philogophical and sociological
theories do not always fit into the typology we have euggest-
ed. At times, it is not some single programmatiosl princi-
ple that is predominant, but several. To such non-tradition-
al manifestations of irrationalism in socio-political and
sociological theory pertains the conception advanced by
P. Pareto, the Italien sociologist. Since his ideas have
again come to the fore in present~dey Western thinking and
are a basis for a theoretical interpretation of contempora-
ry social and political 1life in the bourgeois world and for
an "apologia" for the irrationality of social 1ife end go-
ciel practice, attention should be paid to the role paid
by Pareto's ideas in present-day bourgeois thought.

R.Aron's interpretation of Pareto14 in the spirit of
technocratiem is characteristic, revealing as it does the
socio-political and logical-methodological principles which

endow any traditional conception of irrationalism with "new

lifen.

According to Pareto, logico~experimental truth is the
only truth, the search for truth calling for the construc-
tion of an object by means of certain concepts, by means
of building a simplified model of the world, abetracted
from the concrete world which we perceive. Scientific truth
takes no account of essences of this kind; it does not g0
beyond uniformities or regulerities. Limited though it is,
sclentific truth none the less offers the only logical in-
strument of behaviour, since the latter presupposes an ac-
cord between a sum of means of achieving a predetermined
purpose, and the actual unfolding of events. Thus, R.Aron
points out, meta-theory serves as a reference point in the
interpretation of human behaviour and establishes the dis~
tinction between logical and illogical behaviour. In its
turn, the sociological theory arising from the paretian me-
ta-theory thus adds up to an apparently systematic whole

2-1
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ag a result of two processes: an anelysis of illogical ac~
tions with the aid of the concepts of residues and deriva-
tions, and the reconstruction of a general equilibrium thanks
to the mutual dependence of four variables (residues, de-
rivations, social heterogeneity, and interest).

What the analysis of 1llogical actions leads to when
applied to politics, R.Aron goes on to ask and replies that,
in examining this problem, Pareto departs from the distinc-
tion between form and substance, from the essence of pheno-
mena., It is in this 1ight that the Italian sociologist has
‘explained the "similarity" between political and religious
faith, Carrying on his arguments in the "Pareto vein",

Aron goes on to say that the affinity between mediaeval
witch trials and political trials of the times of McCarthy-
iem, for example, has been hit upon spontaneously by the
public. This affinity, in his opinion, 1ies not in the ar-
guments used in both cases but in the "substence", the sen~-
timent that a maleficent power is embodied in such and such
an individusl, the tendency to seek in a confused reelity
or in an abstract entity (imperialism instead of the Devil)
the origin of the ills which afflict a society. In other
words, the distinctlion between the religious and the polit-
ical ideologies is, according to Pareto, a distinction in
form; the affinity between them is one of essences.

Pareto, the amthor goes on to say, has brought forward
one of the fundamental philosophico-methodological postu-
lates in present-dey sociology, namely, the individual's
"interiorisation” of the system of values of imperatives
characteristic of a society or a religion, the denlal of
any distinction of principle between the interiorised con-
victions of one or the other, between religions and moral
convictions. In this sense, Aron thinks, Weber amd Durkheim
were cloge to Pareto, but they expressed their views more
flexibly, whereas Pareto was at pains to shock his rational-~
ist reader, and, while emphasising that the illogical is
the aibgiéal, constantly pointed out the vielations of
logic committed by all "believersn.
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It is apperent that Parete belonged to the same genera-
tion as Durkheim and Weber, the amthor comtinues. If one is
to consider as the fundemental postulate of all gociology
an  acknowledgment of the socialisation of men by their
background, the existence in each of them of prejudices,
or beliefa, or affimmations of values which cement soclety
by giving it the minimum of coherence without which no so-
clal system could exist, then Pareto is a sociologist no
less than Durkheim or Weber, However, Pareto's ngociologism"™
has a different ring from that of Durkheim or Weber. The
critique of religion characteristic of the Enlightenment .
opens up the road to resson. The Paretian critique of reli-
gion opens up the way to a "science" which confirms the
right of religion to its non-rationality.

¥What merks Pareto's political amd sociological theor-
ies 1s that they lay claim to being scientific and not
simply to belng a guide to action. They give no advice or
recommendations, and draw no distinction between good and
evil. As a consequence, R.Aron thinke, the Ttalian sociolo~
gist's Treatise lemds itseif to various interpretations.
Aron hes emphagised the existence of four interpretations
of Pareto's ldeas: the fascist or Darwinian; the Machiavel-
lian or suthoritarien; the liberal Machiavellian, and the
sceptical or cynical.

Let us leave to R.Aron's consciousness his character-
istic of the four typeas of "interpretation" of Pareto's
ideas. It should be noted, however, that they all testify
$o a totelly erroneous and anti-scientifis approach, en in-
stance of which i1s the equating of the fascist interpreta-
tion with the Darwinian one.This is typical of the sciemtifiic
weakness and spiritual poverty of present~day bourgeois
ideologists.

The above-mentioned irends in present-day irrational-
ist thought have been totelly disproved by historical ex-—
perience and the entire course of the development of scien~
tifio knowledge.
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Contemporary historicel experience (sociel, political,
ethicel, and moral-psychclogical) gives a soclal ring to
the idea of rationality. What is brought into the foreground
ig the demand for a clear-cut understending of the social
significance of theoretical concepts. Marxism-Leniniem is
the camplete unity of sclience and ideology, of objective
knowledge and the theoretical expression of the main trend
of social development.

As & world-view and a scientific methodology, Harxist-
Leninist philosophy helps us to understand the law-governed
1ink between scientific and technological development and
concrete historical conditions, and the prospecis of social
transformatigns and political decisions in the 1life of so-
clety.

The revolutionary changes of our times have involved
all spheres of life: gocial systems, the productive forces,
science, technology, politics and spiritual life, But what
are the causes of these revolutiona,which have affected the
whole world and entire aspects of man's life? Where do their
motive forces spring from? What social consequences is the
scientific and technological revolution leading to? Answers
to these and other most complex questions of our highly dy-
pemic times are provided by genuine social science, genuine
retional knowledge and by Merxism-Leninism, which is a gen-
uinely scientific and philosophical world-oumtlook,

The role of social cognition is important today as
never before. In the conditions in which ndigenchantment
with progress" reigns in Western philosophy, and the gener-
al crisis of the outmoded bourgeois system and the ecologi-
cal crisis are making themselves ever more felt, the future
of the world, mankind and civilisation hinges on the measure
in which social activity is linked with the genuine scien-
tific cognition of social reality.

The role of genuine, sclientific social cognition has
become enhanced to the utmost in the bourgeois world, which
is rent by an economic, gsocial and spiritual crisis, &
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world in which man comes up against the irrationality of
capitalist reality, social inequality reigns,and extremes
of wealth and luxury meet with grinding poverty, satiety
and despasir, a world in which the triumph of reason in sci-
ence, and the fantastic achievements of technology live
cheek by jowl with mediaeval superstitions and prejudices.

Refuge in irrationalism, phenomenology, intuitiviem and
existentialism actually proves a flight from the real and
vital problems of social 1life.

In this situation of chaos in the bourgeois world's
gocial life, the philosophy of Marxism, which proceeds from
the methodology of dialectical materialism, stends for sci-
entific sociel cognition, for an objective knowledge of the
law-governed patterns of social development. Basing itgelf
en the rich experience of human cognition and the practice
of the world's working-class movement, the philosophy of
Marxism reveals the social and class essence of capltalist
society, in which the entire ideological social machinery
is out to employ irrationelism, theology end similar trends
to play down the historical doom of cepitalism and its in-
escapable downfall.

Men's rationality in social cognition rises to a new
and higher level of development, his activitiles consclously
proceeding within the framework of social and historical
practice, the mainstream of the world revolutionary move-
ment. Proceeding from the dialectico-materialist understand-
ing of the rational as a capacity to reflect the surrounding
world objectively and in adequate terms, Marxism-Leninism
andlyses conflict situations in the economy, politics, and
spiritual 1ife, and escertains their deep-lying social
roote. The logic of social development in the world today
has borne out the truth of Marxism's social theory.

As an expression and theoretical generallsation of the
revolutionary practice of the working class, social cogni-
tion ascertains in adequate terms the concrete socio-histor-
icel processes and phenomena in social 1ife. Gulded by
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reason and by materialist dislectics and class conscious-
ness, social cognition reveals the need for historical ad-
vance along the road of social progress towards the triumph
of the forces of socialism and communism. Embodied in so-
cial consciousness, the rational provides the basis for
changes in reality and serves the progressive aspirations
of the advanced class, the working class of today, which is
the creator of all the material amd spiritual values in the
world.

The dialectico-materialist conception of rationality
containg within itself the substantiation of the most im-~
portant criteria of scientific rationality, criteria which
cannot be established through an anti-historical approach
to scientific cognition. It is on the basis of materialist
dielectics that cognition can be understood in its contra-
dictory but progressive development, which contains within
itgelf negation and the snBlation of negation as their es=
sentlal features. These problems engage the attention of a
large number of scholars specialising im the philosophical
substantiation of science; these problems are widely dis-
cussed in the philosophical literature of a number of West~-
ern countries. However, in the absence of a consistent
scientific methodology they are not able, despite careful
and rigorous analysis, to find a proper solution to vital
problems of scientific rationality.

Marxism holds that a cognition of social objects—de-
spite all their complexity and contradictory nature—is
not only possible bmt necessary to resolve the contradicti-
ons engendered by present-day social development. Marxism
holds that social 1ife possesses its own specific regulari-
tles, the task of cognition lying in the discovery of these
regularities.

Marxism has proved the only social theory to scientif-
ically reveal gociety's law-governed patterns and indicate
the practical road towards the rational and revolutionary
restructuring of social relations. The more than 130 years
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of the existence of Marxism have proved both the possibil-
ity and necessity of cognising sociel phenomens and also
the fact that the cognition of social reality is the high-
est form of rationality.

Marxism understands cognition dialectically, as a com-
plex and contradictory process of interaction between the
subject and the object in the course of a rational master-
ing of the world,leading up %o theoretical knowledge thrgugh
empirical cognition, As the foundation of such rational and
cognitive activities, practice then becomes its supreme
stage thanks to its merging with theoretical knowledge.

Social cognition is an emergence from the narrow-mind-
ed, abstract and metaphisical nature of the understanding
of cognitive activities as subject-object relax;onu: it
means a resolute rejection of individualism and subjectiv~
iem. Social scientifie cognition opens up broad vistas of
socigl creativity and social activity for the individual,
who obtains in it the neceesary guidance for soclally irans-
forming activities and spiritual self-perfection.

Social cognition is a most important component of pres-
ent-day knowledge. It is directed towards an understanding
of the most complex phenomenon of cogniiion=gocial phenome-
na and processes in which class society, the individual, so-
cial progress and regress are the objects of research.

Social cognition pertains to the most complex kinds of
cognition, revealing as it does, with special force, the
tremendous variety of phenomena and trends in present-day
social life. It 1s here that a scientific prevision of the
future is essential. The Marxist theory of the scientific
cognition of social processes is irrefutable proof of the
genuine power of rationality, the power of materlialistiec
and dialectical rationalism.

In contrest with the adventurist and metaphysical
wtheory of critical rationalism", Marxism brings scientific
rationalism into the foreground, The tssk of the scientifie
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cognition of social phencmena has never been so acute as it
is today. Never before has the future of the world, civili-
sation and mankind depended so greatly on a correct under-
stending of present-day social processes.

X X x

Marxist philosophy approaches the problem of cognition
and knowledge as a whole, social cognition inclusive, from
positions that are radically different from the irrational
philosophicel conceptions. Phe distinction lies, first and
foremost, in the besio criterion of the correctness and
scientific nature of thé cognition of the objective world
consisting not in formal criteria of the authenticity or
unauthenticity of kmowledge, but in practice, both in the
,area of the sciences of nature and in the sciences of
social 1life. ‘

On the contrary, the essence of all kindg and forms
of iyrationalism is a deniagl of a sclentific and rational
. understanding of the objective world, the low-governed pat~ -
terns of the development 6f nature and eociety.

The victorious advance of capitalist civiligation de~
stroyed the harmony between man and his environment, and
changed the traditional value orieatations. In bourgeois
thinking, "technological intellect” has proved incapable of
solving the radical problems of human history. Under the
guise of a struggle againat the "technological intellectn®,
irrationalist trends in the world of today have come to
the fore and have launched an attack on reason and humen
rationality in general. In this situation, an ever greater
Tole belongs to social cognition, which is the embodiment
of dialeetical materialist rationality, the higbeet ratio-
nality, which promotes social progress.

It is not reason, or "technological intellectr, or
*technological rationality™ that has been compromised in
preaent-day society but & social system that restricts re-
tionality, its historically outmoded capitalist form, Such
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rationality is a variety of that intellect of which Hegel
wrote that, while engaging in ntrivial things", it imagines
that "it is in the sphere of the interests of philosophi-
cal science".

To cast off the cold-blooded rationality of "technolo~
gical intellect", reason must go through the experience of
social cognition end comprehend the logic of soclal develop~-
ment. Historical development has called for a concretisa-
tion of the major function of human cognition, that is to
say, social cognition. Therein lies the genuine purpose of
human rationality: to serve and promote soclal progress.
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THE RATIONAL AND THE IRRATIONAL

Teodor OIZERMAN, Corresponding Member,
USSR Academy of Sciences

The primery prerequisite for a philosophical under=-
standing of intelligence is not to abgolutise or universa-
lige it. Contrary to retionalist idealism, intelligence is
not the essence of things. Even the essence of man cannot
be reduced to intelligence, though, of course, it hes a
direct bearing on it. Like consciousness, intelligence is
a soclal product, a social quality, a species character-
istic of man. :

Intelligence presupposes the existence not only of the
human mind, but also of humean, social relations. We should,
therefore, distinguish betweem intelligence and the mental
activity of the higher animals who, the zoopsychologists
tell us, have their own, primitive thought process which,
however, plays an insignificant part in their purposive be~
haviour. One cannot accept Monteigne's view that ®"the be-
haviour of the tuna fish testifies to their acquaintance
with the three departments of mathematics. As to astronomy,
it can be said that they teach it to humans: they stop at
the winter solstice and wait for the next equinox. This led
Aristotle to concede their knowledge of astronomy. As for
geometry and arithmetic, their shoals always form a cube."1

Darwin demonstrated that purposiveness was a character-~
istic physiological function of animals, enabling them to
adapt to circumstances, learn, etc. Marx and Engels con-
sidered this an outstanding contribution to science. In our
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day, when bionics, blochemistry, cybernetics, ecology and
other sciences have broadened and deepened our understand-
ing of the spontaneous purpesiveness characteristic of ell
1iving beings, it is becoming even more obvious that this
feature of animals and plants cannot be considered intel~
ligent mental activity. More, the spontaneous purpoeive phy-
giological processes occurring in the human organism are

not only independent of man's conscious and mental activity,
but are often incomprehengible or even unknown to him.

Intelligence is a specifically human trait. To regard
other natural phenomeng (both in inenimate nature and in
animels) as irrational is a simplistic approach. For only
a being endowed with intelligence can be either rational or
irrational. This parasdox was noted by Hobbes who wrote:
nStones and inanimate things cannot err only because they
do not possess the ability to reason and imagine."

‘Intelligence is cognitive thought. Or, more generally,
coherent, consistent and proof-based thought founded on ex-
perience, practice and acquired knowledge. Intelligence dif-
ferentiates and generalises sense-perceptions and, with the
help of logical deduction, passes from ignorance to know-
ledge, from one level of knowledge to another, higher one.
It epprehends, controls and appraises actions and their re-
sults, overcomes delusions, which are inevitable if only
. because knowledge never rises above its development level,

BEngels pointed out that intelligence exists "only as the
individual thought of many milliards of past, present and
future men".2 But as distinct from externel, inimitable,
chance differences between one individual and another, in-
telligence is a kind of mental activity of individuals that
is integrated in the process of their interaction, is en-
riched, developed, records the cognitive results achieved,
is objectivised in things and institutions created by so-
clety, thus providing a common patrimony of mankind that
finds expression not only in production, science and art,
but also in the multiform phenomena of social 1ife, This
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qualitative characteristic of human intelligence as not only
an individual, but also sociel phenomenon, one that ralses
above the level of cognition and objectivisation, was dis-
covered, and also mystified, by classical Germen 1dea1:|.sm.3

The de-mystification of speculative-idealist ontology
of intelligence and the positive solution of the problem
presented by dialectical idealism is an outstanding histor-
ic pervice rendered by the founders of Marxism who demon-
strated that "it ie in the measure that man has learned to
change nature that his intelligence has 1ncreaaed".4

Intelligence and reason are synonyms. Attempts to divw-
ide the two, or to draw a distinction between reason and
rationality, lead, wittingly or unwittingly, to acceptance
of a kind of ™unconscious® intelligence, a "vital forcen,
etc., where scientific investigation reveals only objective
regularities independent of intelligence. Rationalist ideel~-
ism ip ideslism precisely because it seeks to prove that
intelligence, the rational, exisis outside and independent
of rational human activity and its objectivisation. This
conception is no more than subtle; immanent teleology. A
genuine scientific understanding of purposiveness in living
nature is impossible without drawing a fundamental distinc-
tion between rationelity and spontaneous purposiveness,
though in common usage both are often regarded as synonym-
ous. However, even in conscious human activity, the two are
not always identicel, Failure to draw a distinction between
them ie typical of rationalist idealism, consistent adher-
ence to which leads to the Leibniz conception of pre-estab-
lished harmony. And according to this conception the laws
of ngture are purposive, rationel and,furthermore, moral.
Indeed, if we accept this teleological view, we can only
admire the orderly laws of nature—at any rate on our plan-
ot—and the way they assure man's existence, even “serve"
him—~provide water when he is thirsty, food when he is hun-
gry. Wolft's metaphysics clearly demonstrated the hollow
nprofundity" of conclusions drawn from this philosophical
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doctrine. Engels characterised it as the conception of
"purposive order in naturen which logically leads to the con-
clusion that "cats were created to eat mice, mice to be

eaten by cats and the whole of nature to testify to the wis-
dom of the creation".5

Hegel and his immediate predecessors (from Kant to
3chelling) were aware of the fallacy of this vulgar teleol-
0gy. To 1t Hegel opposed immanent teleology, the doctrine
‘of the rationality of the laws of nature, of development as
the revelation of the rational and realisation of the ra-
tional aims inherent in every developing thing. In this
way rationalist idealism could not explain the phenomenon
of purposiveness in living nature precisely because it equat-
ed purposiveness with rationality. It regarded the natural
conditions of human existence as rational inasmuch as they
provided for purposive human activity. And though idealism,
unlike mechanistic materialism, correctly pointed to the
existence of an inner purpose in living nature, it mysti-
fied this phenomenon, thereby blocking the road to its sci-
entific understanding. And yet a real investigation of pur-
posiveness within the framework of biology will demonstrate
the qualitative difference between the purposiveness in-
trinsic in the humean organism and independent of man's con-
scilousness and will, on the one hand, and man's conscious,
purposive, and purposive-formulating activity, on the other,
which presupposes the presence of a subject of rational ac-
tivity. Intelligence without the thinking subject, abstract
intelligence 1s an idealistic myth, despite the fact that
we are here dealing with a real, highly important phenomen-
on of nature that specifically characterises the very essence
of living nature.

And so, rational activity is not -only purposive, but
above all purpose-formulating. It presupposes the exist-
ence of a subject, consciousness, thought, cognition, meen-
ingful choice of aim, and of thought-out actions to achieve
it. Hence, not only actions consonant with these conditions,
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but elso their results, their objectivisation, are rational
within definite bounds (a question to which we shall return).
And yet purpose-formulating, purposive activity, taken in
the abstract, is not always rational. Its aims and the

means of their achievement are 1mportant‘cr1teria of ration-~
ality. The actions of criminals, no matter how well thought
out and how successfully accomplished, are irrational be-
cause they clash with the purposive activity of individudls
and of society, not to mention the fact that they are in-
compatible with the long-range interests of the criminal
himgelf. And this applies not only to the behaviour of in-
dividnals. Hitler's carefully prepared predatory war against
the peoples of the USSR and other countries was from the
very start criminal end irrationel. Consequently, the rati-
onality of any act must be judged by its concrete and not
merely general features.

The rational essumes many different forms. It is not
only cognitive thought, science and art, but also social or-
genisation and socisl practice, everyday experience and
buman behaviour, to the extent that it meets definite stan-
dards. The determining basis and form of rational human ac-
tivity is material production, the main features of which,
mutetis mutandis, apply also to other branches of human ac-
tivity.

In the process of labour, Marx states, man "realises
a purpose of his bwn that gives the law to his modus operan-
di, and to which he must subordinate his will"~, hie ratio-
nally motivated "purposive will".As a conscious and rational
activity,labour has its own inner plan,which regulates,me-
diates and controls the metabolism between man and nature,
creates mental models of intended actions and their results.
If we add to this that by its very nature labour is soclally
necessary activity, then it should be perfectly obvious that
it can be regarded as the paradigm of everything rational.

0f course, not all forme and stages of rational activ-
ity contain all the above-mentioned features. For human ac-
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tivity can be highly rational even when it does not, for

a number of objective reasons, achieve its set purpose, Man
often undertakes rational actions the aim of which is meni-
festly inachievable.

As all cognitive and practical activity, the rational
is higtorically determined, is relative and contradictory.
Forms of rationality that have ceased to correspond to the
new historical conditions are overcome by continuing devel-
opment, Thus, there are not only rational, but also mon-ra-
tional phenomena. And we ghould not absolutise these oppo-
sites, for they are just ae relative as the oppoasites of
truth and delusion, knowledge and ignorance. Thisg does not,
however, obliterate the qualitative difference between them.
Our forefathers burned down forests to grow crops. Nowadays
rational agriculture includee safeguerding and extending fo:
est lands.

Social production, i.e.,the rational organisation of
consclous and‘purposive humen activity, has led to progres-
sive deterioration of the natural conditions of man's exist-
ence. This negation of the rationel by his own spontaneous
results is not, of course, fortuitous but law-governed. But
even this negation is itself subject to negation. In other
words, disturbance of the ecological balance is not an ab-
solute law of rational activity. Regeneration of the human
habitat (and even its improvement) is a fully feesible so-
cial task, but only within a definite historical perspective
that presupposes—contrary to all the theorists of latter-
day "technical pessimism"—continued comprehensive develop-
ment of the productive forces within the framework of ap-
propriate production relations based on public property of
the means of production. This is not a subjective, but a
scientifically grounded conclusion. It is borne out by ra-
tionally orgenised technological processes, which include
recycling or completely deneutralising waste materials. On
principle, there are no unknowable, unforseeable or unremov-
able negative consequences of technological progress. None-
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theless, constant efforts to overcome the non-retional have
never yielded absolute results.

Production rationalisation, in a broed gense, implies
not only advances 1in technology, but also rationsl social
organisation of the productive forces. It is from this stand-
point that ome should regard the succession of socio-econom-
ic formetions, these epochal lendmarks of mankind's progress.
The transition from capitalism to socialism entailes the ra-
tionalisation of social production on & world scale, as the
forerunner and accelerator of the vast future changes in .
sclence, technology and social relations.

And so, Marxist philosophy regards rationality not ase
4 static condition of human activity and social organigatiom,
;ﬁut rather as social progress and development. And an eg-
sential element of this is the dialecticel negation of eve-
ry historically-determined.form of rationality by its own
further development. Engels writes: "In the place of mori-
bund reality comes a new, viable reality—peacefully if the
0ld has enough intelligence to go to its death without a
itruggle; forcibly if it resists this necessity."7 This
dialectic of rationality is unacceptable to conservatives,
who cling to the past, oppose the present and fear the fu-
vure. And this epplies not only to individusl thinkars,
shilosophers and sociologists, but also to social classes
and groups whose attitude is expressed (unwitiingly per-
xaps), in their theoreticel constructions. One such resc-
tionary metaphysical interpretation of the dialectical con-
tradiction of the rational as of all naturel and sociel re-
slity, is philosophical irrationalism. Its exponents in-
slude, on the one hand, ideologists of the imperialist bour—
geolsie, and on the other, petty-bourgeois spokesmen of ro-
mantic anti-capitalism.

Philosophical irrationalism tends to absolutise the
qualitative difference between the rational and the non-
rational, regarding it as an absolute contrediction. The
historicelly transient character of each form of rational-
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ity is interpreted as evidence of its primordial non-ration-
ality, its illusory, sham rationality. The non~rational 1is
elevated to an absolute and is defined as the irrational.

Philosophical irrationalism refuses to define, let
alone systematically describe, the irrational, which howev-
er, it regards as the original, substantive realm of every-
thing existing. To systematic analysis and conceptual defin-
itions the irrationalists prefer metaphors, subjectivist
interpretations and fentestic conjectures. Por Schopenhauer
the irrational is a blind, all-destructive coemic will; for
Rietzche it ias "the will for power®, for Bergson, the "vi-
tal thrustn", the disintegration of which is the source of
both of matter and of human intelligence. Heidegger, in hie
nfundamental ontology", uses irrationalism to explain be-
ing, which in turn is characterised negatively, as something
undefingble, unknowable and in no way related to the
rexigting?, the subjeot of scientific investigation.

The irrational, its theorists claim, 1s the direct per-
ception of reality. Individual facts, inasmuch as they can-
not be deduced from general premises, are likewlise irration-
al. The sengous, emotional life is likewise irrational, for
it is entirely independent of the mind. Common to all ir-
rationelist theories 1s the ontological conception of pre-
mordial chaos, to which is sascribed absolute power. The lawas
discovered and studied by science, the forms of orderliness
in nature, rational soocial structures, intelligent, notably
cognitive, activity—they are all disparaged as an illusory
form of being, as appearance artificially created by the
human intellect which, we are t0ld, does not venture direct-
ly to approach reality and fears its own irrational basis.
It need hardly be proved that this concept of all-embracing
chaos has no supporting evidence in science. The irration-
alists are, of course, fully aware of that but, then, they
reject science as the foundation of a world-outlook, acced-
ing to it only pragmatic value which, it is claimed, does
not accord with authentic knowledge.
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Hence, irrationalist criticism of rationalistic absolu»
tisation and universalisation of intelligence becomes a
more refined, compared with rationalist idealism, substen-
tiation of a new variety of idealist philosophy, despite ita
frequent cleims of having broken with idealism. Thig has
heen noted by P.Mﬁller, a - Swiss critic of irrationalism. He
points to the characteristic irrationalist claim to moppose
to the spirit the reality of human 1ifew.® 7his tendency
is conspicuously present in Schopenhauer and Nietzche, both
of whom cleim to have refuted and repudiated idealism,
which, however, did not prevent them from elaboratifig 1ts
irrational varient.

Irrationalism proclaims total rejection of teleology,
demonstrating that, in effect, it is at the heart of ideal-
ism, However its real purpose is to denigrate scientific un~
derstanding of the laws that govern natural and social pro-
cesses. Furthermore, the irrationalists, for all their hos-
tility to rationalism, fall prey to one of its illusions—
they equate the law-governed with the rational.

It is not the purpose of this article to give a de-
talled snalysis of irrationalism. I touched on this philos-
ophical trend inasmuch as it directly or indirectly negates
the reality of the rational, and metaphysically interprets
the dlalectical nature of rationality, that is, its relative
oppositeness to the non~rational. In this context,it is only
natural to raise a question thet has a direct bearing on
the dialectical-materialistic understanding of rationality:
Does_the irrationel exist? Irrationalist philosophy, the
arguments of its supporters notwithstanding, is just as in-
adequate in proving the irrationality of the spiritual as
religion is in proving the existence of the divine. Irras-
tionelist philosophy, despite its critique of legic, and
its differences with it, often resorts to fine-spun reason-
ing, using logical arguments to prove the existence of the
alogical!

Their disquisitions about the "intrimsic chaos” of na-
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ture and the allegedly fortuiteus ocharasoter of its laws,

are no more than rhetoric. For the lawa of nature are not
gomething euperficial operating on the surfece of phenomens,
but essential, neceassary, universal laws that set the course
of natural processes. Irratlonalist references to spontan-
eous cataclysms over which man has no ocontrol &o not, of
‘course, corroborate the enti-solentific oonception of an
omnipotent chaos. One must have no sense of humour to be-
lieve in the irrationality of earthquakes, typhoons, eto.

The irrationalist is fond of disoussinz the irrational -
ity of feelings, emotions, behaviour motivations, etc. And
his line of reasoning is always the same: first, he "proves"
that everything outside intelligence is irrational and then
denies that intelligence is intelligence. Of oourse, sen-
soug impulses, passions, etc.,are often irrational, though
they are part of rational beings snd tc a ocertain extent
lend themselves to human, not t¢ mention sococial, control.
However, no matter how irrational, even senseless, they may
be, human actions and impulses, e¢.g. infatuation, affecta-
tion, action,etc.,are always determined by definite motives,
circumstances, conditions of 1ife; in short, by laws the
study of which 1s the subjeot of psychology and other sci-
ences dealing with man.

The sum~total of arguments exposing the fallacy of the
irrational interpretation of natural and sociel realilties,
suggest —or so it would ssem at firet glance—that there
is no such thing as the irretionallty, in the sense in which
it is understood by 1ts theorists. But it would be oversim-
plification to believe that its dialectical-materialist
criticism can be reduced to negation of the irrationalist
conception of reality. Marxist philosophy studies the in-
herent "irrational™ intentionality of some existing pheno-
mena. Marx, as we shall see further on, does this in his
Capital, and running ahead somewhat, we can say that the ir-
rational does not exist as & universality, as an essence,
a8 & regularity of natural and social processes. But under
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certain conditions it doea emerge as a form of their mani-
festation, notably as an appearance.

Appearance is often understood superficially, subject-
ively, as something that does not really exint, though 1t
appears to., This reduction of appearance to illusion, or
in other words, ignoring its objective besis, its real con-
tent, runs counter to the umaterial facts. And yet illusion
is generated by appearance. Usually 1t finds expression in
the fact that appearance is mistaken for e-aencé, for devel~
opment laws, Appearance should, therefore, be considered
not as something that is only seen, but does not really
exist, but as something intrinsic to objective reality
though inadequately expressing the substantive processes tc
which it owes its origin, To belleve that essence is ex-
pressed directly, in ell its "nakedness™, 80 to say, 1s to
fall prey to naive and anti-sclentific illusions. For it
essence and its manifestation coincided, there would be no
need for science.

Of course, not every appearance 1s irrational. Irra-
tional appearance is a specific foim of the manifestation of
the contradictions between phenomenon and essence, contra-
dictions which, within a certain framework, became absolute
opposites, absolute lncompatibles. Appearance exlsts every-
where and consequently is a form of universality which,
however, differs from development laws in the same way as
the accidental differs from the necessary.

Appearance, for instance, finds expression in the
dominance of the accidental, which, however, is a manifes-
tation of the necessary. The obvious, & speciflic mental
phenomenon, is often likewlse appearance—-one could call it
the "appearance of appearance®. '

Identification of appearance end its investigation as
an expression of essence are lmportant, a cloger study will
reveal that appearance is objective and essential and that
it is a specific feature of essence. Lenin wrote: "The ea-
sence appeers; the appearance is esaential."9 Let us cite
a convincing example of how appearance exerts a powerful
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influence on all biological processes and ¢a everyday 1ife.
Everyone knows, of course, that contrary to appesranee it
is not the Sun that revolves around the earth, but ea the
contrary the earth revolves around the sus, following
an exact orbit. The helioccentric hypotheais was preven not
only in theory, but also in practice. But ¥he appearsnce,
exposed as such both by science and practice, remains and
haa retained its sensuaus sauthentioity. We begia the day
after sunrise and retire after sunset. The biologiocel
rhythns thet regulate life on our planet refleot this ap-
pearance, adapt to it and,to a certain degres, are deter-
mined by it. Of course, all this is possible only because
this appearance reflects a definite regularity: the relativ-
ity of movement within the Solar system., The theory of re-
lativity has shown that physioal laws apply equally to in-
oertial systems.

Where appearance denotes total nsgation of eesence, of
laws, it i1s irrstional, but it should not be equated with
philosophicel irrationaliem. Por suoh appearsnce, albeit in-
directly, reflects essence., It ie subordinate to definite
objective regularities and represents a specific form of
interaction of phenomena. Superficimlly, the Aialectical-
materialist recognition of the objective existence of ir-
rational appearance might seem to be a concession to philo-
gsophicel irrationaliem, though actually it implies its con-
sigtent and substantiated negation.

The brilliant analysis of irrational appearance in
capitalist social relations, given by Marx in his Cepitel,

testifies to the great effectiveneas of dielectical-meterial-

ist methodology. Marx explains that commodity fetishism un-
der capitelism creates the appearance that production of
things and of commodities is one and the seme process. The
product of labour is so closely coalesced with its commodi-
.ty form that the latter appears not ss an historically de-
termined (and transitory) soclel relation, but as an in-
trinsic feature of every product of labour. This appearance

- 38 =

W)
¢
w

5435

of identity of product and commodity, Merx says, is irra-
tional. The value of a product-—likewise an historically-
determined social relation and not the natural property of
things that have become commodities—appears as the natural
measurs of labour and its product. Yet no chemical analysis
can reveal in the product of labour its value, for the lat-
ter, as every sooial relation, does not contaln a single
grain of matter., Bourgeois eoonomists are enrapped by this
appearance, inasmuch as they define commodity simply as a
product of labour, despite the fact that commodity produo-
tion acquires universaiity only under capitalism.

As soon as it becomes a commodity, the product. of lebour
is converted, to use Merx's expression, into a supersensuous
thing, since the basic form of economic contacts is the re-
lation between things, commodities. Thie gives relations
betwesn people a fantastic character. In precapitalist for-
mations, Marx points out, labour and its produect did no:o
assume "a fantastic form different from their realityn.

And the reality is that value—the amount of labour invest-
ed in & product—is an historically-formed sociml relation.
But in a society in which the social essence of labour is
reallised not fhrongh productive cooperation of individuale,
but rather through its materialisation and estrangement,
value appears as a natural property of the produet of la-
bour. In other words, the historicity of vealue doea not ax-
ternally manifest iteself, and velue converts every product
of labour into a sooial hieroglyph. Hence the interaction
of producers exchanging the products of their labeur ap-
pears as "materiel relations between persons and social re-
lations between thing|".11

Such is the irrational appearance of capitalist rela-
tions: the expression of their antagonistic easence. Nor
is it merely a mental vision, a fiotion that can be scien-
tifically resolved. But research can only expose it; it
cannot destroy it. And this mental vision ie anything but
harmless, for not only does it deceive, and dupe, but re-
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'presents, also, an objective, logioal expression of the dom-
inance of the spontaneous forces of sooial development over
men, the domlnance of the product of labour over its pro-
ducer. And the most striking manifestation of this is the
obvious power of money.

In religion, figments of the human fantasy —the logic-
al expression of the irrational appearance of sooial anta-
gonlsms—dominate over people and in many ways shape their
behaviour. In the capitelist economy such a spontaneous
domineting force, one that shapes human destiniea, is the
movement of value realised through social relations. The
quantities of value, Marx writes, "vary continually, inde-
pendently of the will, foresight and sotion of the produc-
ers. To them, their own sooial aotion takes the form of the
action of objects, which rule the producers instead of be-
ing ruled by them.n'2

Narx's study of the irrational manifestetions of capi-
talist reletions is carried further in his anelysis of the
celebrated Trinity Pormula, a concoction of vulger politic-
el economy which fully accords with the externel appearance
of capitalilst production (and, naturally, with cepitalist in-
terests). According to this formula, the three principal
types of lncome—profit, rent, wages-——derive from capital,
land and labour power.

Herx hed & high appreciation of clessicel bourgeois
political economy, noting that it demolished this 1llusiona-
ry notion and proved that value is created only by labour.
Nonstheless, even the finest representatives of bourgeois
politicel economy abmolutiged the capitalist mode of pro-
duotion end therefore remained entrapped, Marx remerks, in
the world of appearances they had demolished by their crit-
icism. The fact that the cepitalist's profit is proportion-
able to the size of edvanced capitel and not to the number
of proletarians he exploits, turns out to be & more convine-
ing argument than the scientific conclusions drewn from the
theory of value which, moreover, do not suit the capitalist.
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Equally obvious is the fact that the owner of land
recelves rent according to the quantity and quelity of the
rented land. And it is even more obvious that the worker,
who according to the theory of value is the only creator of
velue, receives only his wages. What we get, therefore, 1s
that the participants in capitelist production not only
live in a world of appearances, but that appearances direct~-
1y determine their behaviour.

No cepitaligt, of course, 1s guided by the sclent 1fic
theory of velune, which is absolutely unknown to most of
them. The capitalist is gulded by the vulgar notion tRat the
emount of profit is proportional to the amount of effectiv-
ely functioning capitel. He sees no proportion between pro-
f£it and the portion of capltal that goes lnto wages. But in
that case the capitalist's profit—for such is the object~
ive eppearance of capitalist production-—is not related to
the number of workers employed. The classical bourgeois
economists could not resolve this contradiction between
appearance end essence, & contradiction that 1s at the very
bottom of the irrational Trinity Formula. It waes explained
and theoretically resolved only by Marx, and primarily be-
cause he was free of the prejudices that are constantly
imposed and nurtured by capltalist reality.

Marx demonstrated that the level of surplus value is
dependent on the organic composition of capital, Where the
variable capitel (expenditure on labour power) exceeds ocon-
stant capital (means of production), surplus value is great-
er than in industries with a reverse ratio. However, the
pattern differs from industry to indusiry due to the influx
of capital into the more profiteble spheres of production,
so that in the final anelysis competition cancels out the
difference and surplus value is redistributed. As & result
of this competitive struggle there emerges an average norm
of profit, roughly proportional to the relation between the
total of invested capitel end profit. And so the irration-
al appearance, that the amount of profit is determined not
by the amount of materielised living lebour, but by the size
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of effectively functioning capital, is produced 3y he meoh-
anism of capitalist production,

Like other means of production in a bourgeocis soolety,
land is capital and it can be converted into noney oapital,
which, loaned out, earns entreprensur intereet. Understand-
ably, ground rent received by the landowner must be at
least equal to interest derived from money oapital equival-
ent to the price of the land. But land has no value inass-
much as it is not a product of labour. Consequently, the
price of lend, which fixes the size of ground rent, is an
irratipnality. Por it is the price of something that has
no value despite the fact that the price of a commodity is
the money-expression of its value. The land, on the other
hnn%, is & natural phenomenon and rent derived from it is
& gocial relation. This means, to quote Marx, that "a social
relation conceived as @ thing 1s made proportional to Ne-
ture, i.e,, two incommensurable magnitudes are supposed to
stand in a given ratio to one another".13 Actually ground
rent is part of the surplus value oreated by labour power,
part of the profit the capitalist is obliged to pass on to
the owner of the rented land, and rent thus aasumes the ir-
rational form of @ natural product of the land.

The capitalist entrepreneur knows that his capital car,
and moreover independently of hig own enterprising effort,
yield profit in the form of interest. Whatever he earnms
over and above interest is the result of the productive
functioning of capital. And thig result, Marx says, assumes
the irrational form of "profit of enterprigem, derived, it
would seem, not from the explcitation of workers, but as
the product "of the capitelist's own la.bour".14

Equally irrational, in their direct manifestation, are
wages, pald by capitalists to exploited workers, since they
represent outwardly the price of labour spontaneously formed
on the labour market. But labour has no value; it itgelf
creates value. And value is determined by the emount of go=
clelly necessary labour (considering the given level of cap~-
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italist production) materislised in a commodity. But not
labour in general—that is just as much an abstraction as
matter in general, but historically-determined (rabstract"
in Marx's definition) labour that produces values, and not
merely needed things produced by the concrete lebour of,
say, the carpenter or tailor. Consequently, Marx explains,
nthe 'price of labour' is just as irrational as a yellow
logarithm".1 However (and this should always be borne in
mind) the irrational is but the appearance (albeit objective)
of definite realities, in this case the antagonistic pro-
duction relations, which sre by no means irrational: they
function and develop in accordance with their intrinsic
economic laws, discovered, studied and explained by the
founder of scientific communism.

The capitalist argues that he pays the worker es much
as his labour is worth. That reflects the appearance that
arises on the capitelist labour market. Actuelly, -the "price
of labour" ig not a fair remuneration, as the capitalist
affirms, but merely the money expression of the value of
lebour power, i.e.,the velue of the means required for the
worker's existence and re-production. And that labour power
produces incomparably more than the values required for its

" existence and re-production is concealed by the objective

mechanism of capitalist production and exchange, by the ap-
pearance of a "free" agreement between the capitalist and
the worker who "voluntarily" enters his employment. The re-
ality, Marx states, is "that wages of labour, or price of
labour power" are but an irrational expression of the value
or cost of labour power.

And so, mystification of the economic structure of bour-
geois society ies not simply the result of subtle sophistry
by apologists of capitalism: these pastmasters at mystifica-
tion are themselves a specific product of the capitaliast
mode of production, their intellectual activity—the ideol-
ogical form of spiritual production in capitalist condi~
tions,their consciousrdess—-reflection of the society they live
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in. And like other agents of capitaliast productioa, these
ideologists "feel completely at home in these estranged and
irrational forms of capitel—interest, land-reat, labour
wages, slnce these are precisely the forms of illusion in
which they move about and find their daily oooupation®.'?

The actuel interconnection of qualitatively different
types of profit, their unity, their relation to labour, the
creator of surplus value, the real basis of all capitalist
profit, present themselves to the vulgar economist as some-
thing entirely contrary to the obvious. His understanding
reflects the estranged, alienated eoconomic relations
of his society. That is why the perversion of real
relations, the irrational sppearance of capital 'as self-
growth irrespective of the exploitation of labour, is in-
terpreted by capitalist ideologists as something taken for
granted. "As soon as the vulgar economist arrives at this
incommensurable relation, everything becomes clear to him,
and he no longer feels the need for further thought."18

These comments of Marx, as his entire anelysis of the
direct manifestation of the essence of capitalist produc-
tion, are of immense epistemological value, notably for the
study of the phenomenon of the obvious which often turns out
to be a delusive appesrance that hinders scientific investi-
gation. And yet this appearance should not be dismissed,
once it has been ldentified as appearance. The task is not
simply to see the reality behind it, but to establish how
and why a certain reality generates a certain appearance.
This Marx does in Volume III of Capital. Only such a genetic
analysis of appearance is dislectical, as distinct from the

reductionist methodology employed by the clagsical bourgeoiy
economists.

The most convincing example of the irrational appear-
ance of capitalist relations (and the mystification of their
antagonistic essence) is the capital-interest relation. Loen
capital is not sold, but loaned. Interest is what the recip~
ient of the loan pays the lender; it igs the specific price
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of loan capital which, however, differs fundementally from
the velue embodied in it. This price is not the money ex-
pression of value. But in that case the price is not price
but interest and, like price, cannot be identified with va-
lue. In the words of Marx, winterest, signifying the price
of caepital, is from the outset quite an irrational expres-
sion".19 And at the basis of this irrational appearance is
the law of surplus value, part of which goes into interest.
And interest is possible only because loaned money, in the
final anelysis, finances capitallst enterprise, i.e., the
production of surplus valne. This, it would seem, is the
obvious essence of profit derived from interest. But this
obvious essence is obscured by the functioning of loan cap-
ital, the owner of which receives a fixed interest %rres-
pective of whether the loan is employed for production or
for personal consumption. And eince both parties are capit-
slists, interest is "a relationship bggween two capitalis:ts,
not between capitalist and labourer". Hence, the 1link be~
tween interest and exploitetion is further obscured. Inter-
est-yielding capital thus appeers not as capital, but“as
gome mysterious property of money. This produces the illu-
sion of the self-growth of capital as "the relation of a
thing, of money, to itself".21 Money breeds money—such is
the appearance of loan capital, the circulation of which,
expressed in the formula M—M ', represents "the meaningleas
form of capital, the perversion and objectification of pro-
duction relations in their highest degree, the interest-
bearing form".

Apples grow on apple trees and pears on pear treeg—
that is a natural process that does not breed irrational
appearances. And this led some ancient philosophers to con-
clude that likeness always breeds likeness. But, of course,
it never occurred to them that money possesses some mystic-
al ability to breed money. That irrationalilty originated
only with the capitalist mode of production, and to the
bourgeois it seems entirely natural, rational and, what 1s
more, an eternal abillty of money.
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Marx cites Richard Price, the 16th-ocentury British
economist: "Money bearing compound interests inoreases at
first slowly. But, the rate of increase being continuall
accelerated, it becomes in gome time so rapid, as to moo:
all the powers of the imegination. One penny, put out at
our Saviour's birth to 5 per cent compound intereat, would
before this time, have increased to a greater sum t;ln '
would be conteined in a hundred and fifty millions of ths
all solid gold."?? That is more than s hi rout |

storical ouriosi-
ty discovered by Marx in economic archives. Price's oonten-
tion was shared by many of his contemporaries., Pitt, the
then Prime Minister, was so ocarried away by this p;eoe of
mystification that he actually put before Parliament a
bill providing for a new tax, the proceeds from whioh would
be deposited and produce compound interest, thereby guaran-
Yeeing Briteln a constant non-deficit budget. Like the
vulgar economists of later dayes Pitt did not rehlise that
the amount of surplue value is determined by the amount of
surplus labour and this resiricts the accumulation of mone
or any other form of capital. y

Marx explains that the irrational appearance of capit-
alist relations rests not in the existence of the surplus
product, but in the antagonistic nature of capitalist pro-
duction. With the abolition of exploitation, of aelisnation
of production and its product, there will disappear the
dominetion of the spontaneous forces of social development
and the irrational appearance of economic relations that
distorts the way of 1ife. However, the abolition of antagon-
istic relations will not signify removal of all the con:g f
dictions of social development. Scientific and technolo 1:a1
progress and social and economic development are restrigted
by their current level. Man's rule over nature will generate
changes in netural processes-—sometimes oentrery to his in-
tentions—comparable to geological changes in magnitude
Of course, people will learn to better manage the spont;-
neous consequences of their conscious activities, but this
will not imply the elimination of these consequences., If
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there can be contradistinction of the rational and non-ratio-
nal,by the same token there can be no metaphysical division
between the non-rational and irrational appearance. We must,
therefore, take into account the relativity, the historical
1imitations end the contradictions of the rationel. The dia-
lectic of the rational end non-rationel is just as univer-
sel es is development, for the non-rationel is, in the end
count, the inevitable historical limitation of the rational.

Maerxism-Leninism hes proved the possibility of recon-
structing society along retional lines. The communist gov-
ernment is carrying out this reconsiruction in practice.

The fundsmental characteristic of this new historical
process is plenned, retional social development in all
spheres, with the result that the development of the indi-
viduel end of mankind e@s a whole becomes the supreme social

‘goal.

And so, we reject rationalist absolutisation of thought
and irrational absolutisation of its opposite, and are sub~
stentiating, through scientific and philosophicel investiga-
tions, the need for rationally orghnised struggle against
jrrationsl manifestations of the spontaneous consequences
of men's activity. This struggle, the forms of which are
being constantly improved, 1ls a humanistic aspect of the
entire future history of mankind.

NOTES

v

1 Montaeigne, Essais, Book II, Paris, 1964, p.211.

e F.Engels, Anti-Dihring, Moscow, 1969, p.105.

3 The young Peuerbach, who shared the views of Hegel, hils
teacher, wrote in his thesis "On the Single, Universal,
Infinite Intelligence" that the intelligence inherent in
each individuel differs substantially from his other
traits. Every person has a nose. "But the nose, as such,
does not exist; it is an abstraction. There exist meny
different noses...." 1Intelligence is quite another matter:
i} is the same in different individuals, despite the fact
that each person hes his own head and, therefore, his own
mind. But this intelligence is, at the same time, a form

- 47 -



of universality and, therefore, intersubjective, Peuer-
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AXIOMATICS AND THE SEARCH FOR THE FUNDAMENTAL
SR mse sy S ~2d vaAhhd FUR LHh FUNDAMERTAL
PRINCIPLES AND CONCEPTS IN PHYSICS

Mikhail ONELYANOVSKY,
Corresponding Member,
USSR Academy of Sciences

¥With all its wide variety, Nature is single and con-~
sists of matter in the process of development—this idea,
edvanced by dialecticel materialism, has become a general-
ly acoepted view in present-day physics, fi&ding reflection,
not only in its content but also in its methodology and
logic. The principle of development and that of the single~-
ness of Nature have been put to use in present-day physics
in the seerch for new phenomene and laws. To show that is
one of the primary aims of the present article..

Generally accepted in physics at the various stages
of its historiosl development, & definite overall view of
Rature (a problem'of world~outlopk) hag elways been linked
with the logic of research (a problem of methodology) typi-
cal of it during the epoch in question. Such was the situs~
tion prior to classical physics, when physical knowledge,
grounded in day-by-day observation and, with rare excep-
tions1, with no systematic methods of research, was in
full keeping with the highly generalised and indefinite
views held by the philosophers of the times, even with
their, at times, mastery (relative to the philosophy of
antiquity) surmises in the spirit of Raturphilosophie.
Such was also the case in claseical physics when the re~
search method proclaimed by Newiton and later known as the
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method of principles, ¢onstituting, as it did, a kind of
modification of Euclid's axiomatics, was in one way or
another inr accord with the atomistic view of Nature (which
Newion also shared).

The unity of Nature is reflected in the unity of cog-
nition. The latter found its initial form in axiomatics,
while geometrical knowledge, the first kind of knowledge
to emerge in its time became & science on being exiomati-
cally constructed by Euclid. '

A complete or, conventionally speaking, closed system
in eny physical theory (classical mechanics being the first
to establish itself along that road) consists of fundemen-
tal concepts and principles (called axioms, in the language
of geometry) which bind those concepts in definite relation-
ships, &s well as corollaries derived from the latter
through logical deduction. such corollaries must be in ag-
reement with experimental data, be tested empirically. Oth-
erwise, physicael theory cannot be a theory in physics; in
other words, experiments and only experiments can be the
criterion of truth in physicel theories. That is to say,
experiments elone ultimately confirm that a theory is a re-
flection of objective reality and consequently certifies
that the mathemetical apparatus (formalism) is in keeping

with that theory.

In physics, any system of concepts and principles
corresponds to its mathematicel apparatus (formalism); it
describes @ definite area of physical phenomena indicated
by experience. The boundearies of the applicability of the
conceptes of a system in the aspect of their correspondence

to Nature ere agein established empirically.

Since the times of Buclid, the axiomatic method has
undergone chenge and become equipped with fresh possibili-~
ties of explaining and forecasting phenomena under study.
While one can speak of this method, in its initial or,so
to speak, Euclidean form, as "informal" or mmaterial axiom-
atics", as S.Kleene has put it,2 the research into mathem-~
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atical logic by D.Hilbert, the celebrated mathematician, has
brought axiomatics into the fore both as "formal®" and as
"formal iged" axiomatics. The two latter are distinct from
material axiometics in their concepts and inter-relations
operating, as it were, in a pure form, with no empirical
content, the language of symbols (formaliam) being employed
in formelised axiometics instead of verbal language; while
deduction is not actually separated from the empirieal and
the visual in material axiomatics.

With all the necessary changes, this also refers to
axlomatic constructions in physics. The axiom or principles
of Newtonian mechanics (these are also called its fundamen-
tal laws) degl with inert mass and force, acceleration,
space and time, as well as the relations between thoge con-
cepts. Such relations and concepts are points of departure
within Newton's mechanics and are, in themselves, idealised
expressions of empirical data. Set forth for the first time
in Newton's Principia, they provide a model of material axi-
omatics in classical physice. In the main, the development
of the axiomatic method in physics has repeated the develop-
ment of that method in geometry. We have reason to speak
of the existence, in present-day physiés-—iith its highly
complex and ramified mathematical apparatus—of formal and
especially formalised axiomatice (these being, in a sense
the acme in the development of the axiomatic method). Prop-
erly speaking, this has taken full shape since the estab-
lishment and construction of the theories of non-classical
physics. A rigorous or, in gome measure, exhaustive analy-
sis of the pertinent problems would take us far beyond the
confines of this paper, so we shall try to preasent no more
than a general* iIdea of the gist of the matter. .

Let us take the equation: F=Q£%!l

It expresses the second law of Newtonian mechanice,
which assumes that the mass of a body is a constant mag-
nitude. This equation, however, can also be regarded as
an expresaion of the law of the special theory of relativ-
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ity, in which case m .denotes the following:

where m, is the mass of & motionless body ("reat mass"),

y~—the body's velocity, and ¢—the velocity of light.

Thua, the equation expresses the law of relativistic
.mechenics, which assumes that a body's mass changes with
ite velocity.

The above equation can also express the lew of motion
in quantum mechanics. It 1s common knowledge that, ln quan-
tum and in clussicnl mechanics, magnitudes are agsociated
in one and the same equations, while, in quantum mechanics,
operators figure in these equations, i.e., they contain
magnitudes of & different mathematical nature than those
in classical mechanics.

The reader is entitled to ask the following question:
on what grounds are such "substitutions” made in the equa-
tions (i.e., the substitutien of operators for numbers, of
e more complex expression fer m, and so on), and alsgo what
4s their logical significance in general? Replying to this
question means speaking of the very content of classiocal
relativistic and quantum mechanics, and the transition of
a special theory, with all its concepts, to a more genereal
and profound theory, with concepis more meaningful than
thoge of the special theory. That means that we shall have
to speak of the way mass 1s understood in relativistic
mechanice and how that understanding has come into belng;
moreover, we shall have to speak of how, in quantum mechan-
ics, operators are mathematicel depictions of physical
facts that are never met in classical theory, and, besides,
1% would meen dealing with the very logic in the inception
of the special theory of relativity, quantum mechanics,
and so on and so forth.
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All this has been said to underscore that the formal
and formalised axiomatic construction of physical science
embraces the development of its content, thereby fostering
an ever deeper knowledge of Nature. It should be noted
here that, in physica, special importance attaches to the
question of how its formalisms should be interpreted as
campared with the same question in mathematics. That ie
something we shall dwell on later.

what is the importance of the axiomatic method to
physica? Both in the logical and the methodological aspects,
the importance of this method to physics—both in the form
of materisl axiomatic and in its higher forms; the formal
and the formalised—is not merely great, but, as we shall
try to proie, is so essential as to be difficult to over-
estimate.ilta comparison with other methods of analysis
must inev‘tably lead us to agree with Hilbert, who has said
the following regarding the axiomatic method:

nDespite the high pedegogical and heuristic value of
the genetic method, the axiomatic method is preferable for
a final representation and compléte logical substantiation
of the content of our knowledge."

We shall repeat that what Hilbert has saild of the axi-
ometic method in mathematics also applies, as we see it,
to physicel axiomatics, It goes without saying, that, in
this case, as always, one should not fall into extremes
and exaggerate Hilbert's profound thought.

Let us begin with the genetic method Hilbert speaks
of and take a look at its content, though we shall speak
of it in a somewhat different way than Hilbert has (see
pege 316 in the book referred to). We would like to speak
of the .part played by the genetic method in cognition,
while at the same time stressing (unlike Hilbert) that
this method in a way fits into the axiomatic method.

How is the concept of number introduced? Proceeding
from the assumption that zero does exist and from the
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proposition that when increasing @& number by unity gives

us the following number, we got a natural series of numbers
and through them develop the laws of counting. If we take
‘a naturel number 8 and add to it a unity b times, we shall
obtain the number g8 + b, thereby determining (introducing)
the operation of addition of natural numbers (together with
its result, which is celled the sum).

By adding the numbers &, whose number is b, we shall
thus determine (introduce) the operation of multiplication
of naturel numbers, and shall cell the result of that oper-
ation the product of @ by b, which we shall designate as
gg.simiiarly (we shall omit a description of the sppropriate
exposition), we shall determine the operation of raibing to
a power and the exponent itself,

Let us now take what are known as inverse operations
in respect of addition, multiplication and raising to a
power. We shall assume that we have the numbers a and b,
end have to find a number x to satisfy the equations
a+x=b, ax = b, % = b, If a + x = b, then x is found
through the operation of substraction: x = b - a (whose
result is called the difference). In the same way are intro-
duced the operations of division, the extraction of a root
and the taking of a logarithm (the latter two being inverse
operation in respect of the raising to a power).

On the basis of these definitions, 'we can construct
the axiomatics of natural numbers, the appropriate axioms
being arranged in groups: a) the axioms of connection,

b) the axioms of computation, c¢) the axiom of order and
d) the axioms of continuity.

We have now reached the focal point of our reasoning.
The practice of a search for the solution of equations con~
taining the numbers considered above shows that the inverse
operations—~substraction, division and the extraction of a
root~—cannot be performed in all cases. However, let us
now assume that inverse operations are performed in all
instances. Properly speaking, that is an assumption arith-
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metic has accepted throughout its historical development ;
as a kind of logical summary of that development, it has
seen the appearance of positive and negative numbers, in-
tegers and fraction, and retionsl amnd irrational numbers.

This bifurcation of & natural number into the above-
mentioned opposites, and the inter-relations between the
latter have led to tﬁé appearance of the concepts of a rela-
tive number, of number as a relation, and a resl number;
consequently, the latter has developed from the gimple con~
cept of a naturel number through consecutive generalisa-
tions. The concept of real number has heen further devel-
oped in present~day arithmetic, but what has been said is
enough for our present purpose.

The application of the axiomatic method has, in es-
sence, emphasised that axiomatics in no way precludes any
recognition of the variability of fundamental concepts and
logically closed theories; on the contrary, it presupposes
the need for new fundamental concepts and principles. In
this kind of application of exiomatics, all that makes the
exiomatic method so useful to the logical formulation and
full logical substantiation of scientific theories is given
its genuine (and not formally logical) completeness and an
expression that is equivalent to reality.

This was excellently expressed in mathematics by
Nicolas Bourbaki, when he wrote: "It is only in this sense
of the word form that one can say that the axiomatic method
is a formalism; the unity which that method confars on
mathemetics is not the armour of formal logic, tﬁé unity
of a lifeless skeleton; it is the nutritive fluid of an
organism in full development, a supply end fertils re-
search instrument which all great mathematical thinkers
since Gauss have consciously worked with, all those who,
in the words of Lejeune-Dirichlet, have always worked to
‘substitute ideas for calculationa'.n

The situation in physics is actually the seme. Thus,
the principle of relativity, which is a corollary of the
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principles of Newtonian physica, i.e., the principle of re-
lativity in its Galilean form, did not{ operate in respect
of the propagation of light, a phenomemon grounded in the
principles of the theory of eleciromagnetism. That led up
to the task of extending the area cf application of the
principles of mechenics, including electromagnetic phenome-
na. It @lso meant that the principles of Newtonlan mechan-
ice had to form e single and integrated system, together
with the principles of electromagnetism. This blending led
to the appearance of new concepts, broader and more meaning-
ful than those of classicel mechanics. The first to be
modified were the concepts of space and time, with the dis-
appearance of the concepts of absolute space and absolute
time, There appeared the concepts of relative space and
relative time, which proved to be aspects of a single four-
dimensional spatisl-temporal continuum. Accordingly, the
Galilean tramsformetion, which, in Newtonian mechanics,
linked the inertial systems of reference together and pre-
supposed the existence of abgolute space and time, was re-
placed by the Lorentz transformation (which, by linking
together the inertial systems of reference, presupposes

the existence of relative space and time), The principle

of relativity now emerged in its generalised Eimsteinian
form, and relativist mechenics appeared.

A second example is provided by quantum mechanice. In
this theory (we are referring to it here inesmuch as we
have its logically closed form in view), there exists a
fundemental postulate: to any physical magnitude (dynamic
veriable) in classical mechanics there corresponds, in
quantum mechanics, a definite linear operator which affects
the wave function, it being assumed that there exist, be-
tween such linear operators, the relations to be seen in
clagsical mechanics between the respective magnitudes. The
fundamental role in quantum mechanics also belongs to the
postulete that establishea the link between the operator
and the magnitude's value characterising the reading from
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the measuring device (which provides knowledge of the
microobject).

Our two examples are & kind of logical summary of the
state of affalrs that developed in the theory of relativity
and quahtum mechanice at the time these theories were being
evolved. Like any summary, it caanot convey the variety of
logicael and actusl situations that had come into being
when these theories were being born; neither do they convey
the detalls of the blend of thought and experiment that
brought forth the principles of these leading theories in

-present-day physics. To preclude any possible misunderstand-

ing in ascertaining the method nsed to discover new concepts
by meens of axiomatics, @s mentioned above, spécial note
should be taken of the fact that, once they have been de-
duced during the definition of certain definite fundemental
concepts, axioms, in their tufn. become a foundation for the
deduction of new fundamental concepts, broader and more
meaningful than the originsl ones. At present, the equations
that express exioms contain symbols with no actual values.
The giet of the matter consists in the digcovery of those
actuel values, i.e., the discoveries of new concepts (end,
consequently, the construction of a new theory). Ae is
common knowledge, that task is accomplished through the
method of mathematical hypothesis, the method of observa-
bility in principle, and other theoretical methods applled
in modern physics.

Circumstances of this type make clear that although
(and we shall cite a well-known example) the structure of
axioms of relative or real numbers is the same as that of
natural numbers, that isomorphy cennot, of itself, help us
to léarn, for instance, how negative numbers are added or
multiplied. In the same way, the identity of structure in
the principles of classical, relativist end quantum mech-
anics does not of itself guarantee a knowledge of the fun-
damental laws of relativist and quantum mechanics, once
the laws of clessical mechanics are known. It would be use-
ful at this point to recall Engels' remark on the law of
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the negation of negation. The knowledge alone that this

lew of dialectics epplies to the development of a grain or
the calculation of infinitely small numbers "does not enable
me either to grow barely successfully or to differentiate
and integrate".” As we have seen, the situation is the same
in the reelm of axiomatics, but that does not reduce the
positive methodological role either of the laws of dialec-
tics or of axiomatics.

X X X

It is with good reason considered that the possibility
of expressing a theory through a system of axioms is indi-
cative of its logical completeness (clogedness); however,
the history of knowledge and science has most frequently
looked upon a theory's logicel completeness as a kind of
synonym for its universality and inveriability. The latter
wag historicelly justified, so to speak, during the two
millennia Euclidian geometry reigned as the only geometri-
cel system (i.e., until the middle of the nineteenth cen-
tury), or by the two hundred years of the supremacy of New-
tonian mechanice (down to the twentieth century) as the ul-
timate and indisputable theoretical system in physics. We
have tried to show the illusoriness of this notion when
axiomatic ideas are examined on the plane of logic. The log-
ical consistency of a theory does not preclude its develop~-
ment but, on the contrary, presupposes that development.

The ideal of a classicel understanding of the axioma-
tic construction in physics was dealt its first blow by
Mexwell's electromagnetic theory, but there was no change
in the essence of that understanding of axiomatics: during
the efflorescence of the electromagnetic picture of the
world, many physicists substituted the electromagnetic
field, with Maxwell's equations, for the bodies of mechan-
ics with Newton's axioms (Newtonian mechanics itself seem-
ing to be refuted as irrelevant to the foundations of the
Universe, and so0 on). Lenin expressed at the time the view=-
points of dialectical materialism on this matter. When the
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electromagnetic picture of the world was taking shape, Lenin
pointed out that the view was untenable which asserted that
materialism "necessarily professed e 'mechanical', end not
an electromegnetic or some other immeasurably more complex
picture of the world of moving matter".

The final blow at the classical understanding of axiom-
atics in physics was dealt by the theory of relativity, and
especially by the development of quantun mechanics when it
agsumed its present-dey form.

Tt trenspired—a circumstance noted above in a differ-
ent context——that Newtonian mechanics has its limits in the
area of the phenomens it is called upon to explain and anti-
cipate; that is to say, its limits of applicability: electro-
magnetic phenomene on moving bodies, as well as phenomena
that are etomic in scale can be neither described or ex-
plained with the aid of the concepts and principles of New-
tonian mechenics. Experimental research into such phenomena,
together with an analysis of the theoretical situations
ariging in classical physics, led up to the theory of rela-
tivity on the one hand, and to quantum mechanics on the
other. Today, as is common knowledge, physicists have grown
accustomed to the idea that no closed physical theory is
absolute, and that each has its limits of application and
is, in thet sense, ean approximation, and so on.

But how is one to find the limits of a theory's applic-
ability, and what is that limit? We shall begin with the
latter question. There exist phenomena that cannot be de-
seribed with the aid of the concepts of a definite theory;
while they can be described, they cennot be explained in it.
Such a theory disregards the sphere of such phenomena, the
range of its applicability being the area of phenomena
which it can or does explain. In other words, another theo-
ry thet is dlfferent in principle must function(i.e. de-
seribe, explain and consequently predict) beyond the limits
of a given theory's applicability.

Ve have no intention of delving deeper into the ques~
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tion of the limite of a theory's applicability, but there
is an aspect it is worth while dwelling on, There exists

an expression that is in frequent use, apparently with log-
ical reason: the limit of a theor&'s development. Vhat is
the meaning of that expression, and in what relation does
it stand to the expression "the limit of & theory's appli-
cability" that we have just spoken of?

This question may seem artificially contrived. It is
usually asserted that there 1s no polnt in speaking of the
development of an axiometic system. Indeed, all the theorems
in.an axiomatic system may be regérded as implicit in the
axioms and rules of deduction; only the activities of the
mathematician (or some appropriate device) can make any
theorem contained in it explicit, and an axiomatic system
contalns an infinite number of such theorems of different
degrees of ordering. At the same time, it is common knowledge
that, in reality, deduction from axioms is no standard pro-
cedure, so that the derivetion of, say, a geometrical (or
mechanical) fact and proposition from a corresponding sys=-
tem of axioms is, as everywhere in the field of cognition, .
a solution of the problem of seeking something unknown on'
the strength of known data! As Engels once said, even
formal logic is a method of search for new resultgt—_

Like any other method that uses the propositions of
?ormal and dialectical loglic, the deductive method (which
includes the axiomatic system proper), cannot dispense with
the imagination. It should be égain recalled thet, es Lenin
once put it, ",.. even in the simplest generalisation...
there 15 a certain bit of fantasy".7 0f courss, the role
of the imagination greatly increases with the ever gréater
scale and depth of the generalisations that science ehgages
in and without which it ceases from being & sclence. A
cloger look at that role: is a grateful task.

Thus, inasmuch as the deductive method (or, its high-
est form, the axiomatic method) leads from the known to the
unknown and increases scientific knowledge, the axiomatic
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system should be regarded as & theoretical system capable

of developing and asvdevéloping in the appropriate condi-
tions.The development of an axiomatised theory means ths
obtaining of formerly unknown assertions and propositions,
within the limits of that theory's applicability. As follows
from its definition, that development of theory proceeds,

go to speek, within itgelf; in its development, & theory
does not go beyond its limits; from the viewpoint of its
fundamentels (as a system of axioms) it remalins unchanged.
In that case, how is one to £ind the limit of the applica-

lbility, or the development, of an axiometised theory?

It goes without saying that the reply is not to be
found in showing that one constructive theory contains
another construcfive theory within itself, the former find-
ing, in its own way, the limits of the second theory's ap~
plicability, thus demonstrating that the latter 1s its ex-
treme instence. This is no solution of the problem, but
rather the assumption of that golutiont's existence.

Cen the limits of a theory's applicability or the lim-
its of the area of phenomenon it expleins be discovered
empirically?

It all depends. The phenomena established by Michel-
gon's experiments of the go~-called "ultra-violet catastro-
phe" have indeed become the extreme points of the applica-
bility of classical mechanics: it is from these two "cloud-
lets" in the clear skies of clasgical physics—as they were
once called—that the (special) theory of relativity, and
quantum mechanics arose. However, the relatively long~known
fact of the movement of Mercury's perihelion, which was
not covered by Newton's theory of gravitation, in no weay
became an extreme point of that theory's applicebility. It
was not along the methodological road on which the theory
of relativity eand quantum mechenics arose that Einsteln's
theory of gravitation was discovered, & theory which deter-
mined the limits of the applicability of Newton's theory
of gravitation. A decisive pert in the creatlon of Ein-
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stein's theory of gravitation was played by the principle

of equivalence, which presupposed the identity of inmertia
and gravitation, i.e., in essence an experimental fact show-~
ing that all bodies falling in a vacuum have one and the
same acceleration, something that wes known to Newton, who
did not, however, include it in the theoretical contents

of his theory of gravitation, but merely accepted empiri-
cally.

Thus it mey happen that an establisghed theory does not
explain certain well known empirical facts. People get used
to thet but, as it transpires, their interpretation or ex-
planation (substantiation) goes beyond the limits of es-
tablished theory, something that only a genius can at times
discern. It was in that wey that the general theory of re-
lativity, or Einstein's theory of gravitation, was estab-
lighed, a theory that, during its creation, was based on
the same empirical material (or basis) as Newton's theory
of gravitation, but added to the latter a group of fresh
ideas that were alien to the cléssical concepts.,

4 logically built theory, or an axiomatised theoretical
system, one that functions correctly within the limits of
its applicability,should be non-contradictory and complete.
As shown by K.Goedel, a system's non-contradictoriness and
completeness cannot be proved by the theoretical instruments
of that system. When it comes to physical theories, the fact
that a theory is non-contradictory and complete is usually
accepted without proof, unless the contrary is especially
required, just as a theory is accepted without the proof,

that it is universal, of course when the facts do not stand
in the way.

From the latter assertion it follows that if a pheno~
menon thet, so to say, is to be proved by a given theory 1is
not proved by that theory but that, on the contrary, con-
tradictions (paradoxes) appear in the process of that ex-
Planation,paradoxes which cannot be resolved by that theory,
we are entitled to regard the presence of such paradoxes
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as a sign that the theory in question is approaching its

limits.

1% is, of course, quite possible that fhe t?inking e&-
geﬁdered by the contradiction will lead to individual pro
positions and concepts in the theory being made Speqific, .
and to the contradiction being resolved on the foundation Z
the theory in question. @ that case, the contradictiqnfa:h
its resolution merely promote the logical improvementho e
theory on the basis of its own principles. With all z e .
necessary changes, the same refers also to the question o_
the completeness of & theory. In their time, Einstein,tRz_
gen,and Podolsky formulated propositions from whichios :.n
sibly followed the incompleteness of quantum mechanics
Bohr's understanding of probability. It emerged, however:
as waes proved by Bohr, that Einstein was misfaken:vas ap )
plied to problems of quantum mechanice, his initial propo
gition in the paradox is not unambiguous™.

We shall not deal here with instances of this kind,
which refer to the problem of the logical improvement of a \
given theory in eccordance with ita exiomatics, and ?oesiit
relate to the question of the boundaries of its applicab

ity.
x X X

The advance from classical to present-day physics .
took place as a consequence of the appearance, in (clas;hie
cal) theory, of a number of peradoxes mentioned a?ove.
feature is, in certain measure, also characte?istlc of .
Mexwell's electromagnetic theory, which immediately precede
non-c¢lassical theories. Mexwell brought toget%e? all the )
experimentel data Farsday had found on electricity an:hmait-
netism, and then expressed them in the language of ma z? t
ical concepts, this leading him to see a kind of contradic
tion between the equations he had obtained. To remed? the
gituation, he added a single expression to the equation,
this without any experimental substantiation (which ceme
later), end it was thus the theory of electromagnetism
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was born. The method of mathematical hypothegis as applied
by Maxwe119 also proved highly productive subsequently.

another example is provided by Einstein's (special)
theory of relativity, which appeared at the conjunction of
classical mechanics end clagsical electrodynemics as a re-
sult of the resolution of the paradox, the contradiction,
between Galileo's principle of re®ativity and the principle
that the velocity of 1ight in a vacuum is independent of the
movement of the source of emigsion, the two being examined
together. M.Podgoretsky and Ya.Smorodinsky called such
borderline paradoxes "contradictions of encounter"1°. The
method of obgervability, in principle, played a very impor-
tant part in the resolution of this paradox, i,e., in the
creation of the theory of relativity.

Quantum mechanics also appeared, in some measure, as
‘an outcome of the resolution of g "contradiction of en~
counterv, in this case between classical corpuscular mechan-
ice (i.e., Newtonian mechanics) and the classical wave theo-
Try. However, the role of the wave theory was played here,
not by the corresponding theory of matter but by the elect-
romegnetic theory, which was why the "encounter" was far
from being as "simple" as in the case of the inception of
the (special) theory of relativity. Quantum mechanics ap-
peared as the result of the resolution, not only of a "con-
tradiction of encounter" but also of a number of other con-
tradictions. It should be noted that, in respect of the ori-
ginal theories (this referring also to the theory of rela-
tivity), a theory that has already appeared is, in the lan-
guage of pregent-day logic, a kind of meta-theory in re-
spect of those theories. ‘

Of primary importance for an understanding of the
emergence of quantum mechanics was a problem which may be
termed that of the stability of the structure of ordinary
bodies, molecules, corpuscles or those atoms which, from
the viewpoint of Newtonian mechanics, from the foundation
of matter and whose motion ultimately determines all changes
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in the world. Newton found & way out by postulating the
infinite firmneess of the divine origin of the initial atoms
and so on. The same problem appeared, so to speak, in all
its tangibility when it turned out that the "primitiven
atom was now a system consisting of electrically charged
particles (a positive nucleus and negative electrons), so
that it became necessary to tackle the problem of ita ska-
bility from the angle of the clagsical theory of electro-
magnetism., It is common knowledge that the "Rutherford atom®
owed its stability, not so much to the physical laws of the
time as to the optimism of Rutherford and his adherents,

their confidence that & positive solution of the problem

would eventually be found. And found it was, in 1913, by
the young Danish physicist Niels Bohr, who built a nuclear
model by applyling to the Rutherford atom what was than
still Planck'as quantum hypothesis. The *Behr atom" did in-
deed prove stable, a property that was explained by the
laws of Nature; in other words, the ancient atom at last
"gcquired®stability, not becsuse someone has asgured him~
gelf and others of that in his own neme or in the name of
the Almighty, but because it had been established by the
quantum laws of the motion of matter.

Incidentally, if one gives deeper thought to the way
the problem of the stability of the structure of atomic
particles of matter was solved, one may even consider
strange the idea of its possible solution in any other way.
In essence, the properties and motion of macro-objects can
be explained by the laws of motion and properties of their
component micro-objects—that to avoid falling into regres-
sus ad infinitum—only when the properties and the motion
of macro-objects are not ascribed to the micro-objects.
That is aécomplished by quantum mechenics, which has shown
beyond dispute that micro-objects obey quite different
laws than macro-objects do. But in that case, the hardness
of macrobodies, and the constancy of the standards of
length and time, etc., i.e., all the physical characteris-
tics of macro-objects without which measurements and, con-
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sequently, physical knowledge are impossible, have to,and
do, find substantiation in quantum mechanics as the mechan-
ios of objects at the atomlc level.

On the other hand, man—if I may be permitted to say
80,—is a macroscopic creature; he learns of the micro-
world only when micro-objects affeot the macro-objects that
man attaches to his sense organs. Such macro-objects (which
become mants instruments) enable him to galin a medliated
knowledge of the micro-world. Thus, in his cognition of
micro-objects, man cannot but use the classical conoepts
becauase it is through them alone that he can describe the
readings of his instruments, i.e. inasmuch as he cannot
dispense with the use of classical theories when making his
meagurements. ’

Such, in ghort, is the relation between quantum and
classical mechanics, this leading us to an understanding
of that relationship between the fundaementals in the theor-
ies of physics which is, in our opinion, characteristic of
twentieth century physics.

In the first place, we should note that the mechanics
of the atomic world (quantum mechanics), far from being
reducible to the mechanics of macrobodied (classical mechan-
ics) in the same way that the theory of electromaegnetism
cannot be reduced to classical mechanics (which it does not
absorb), actualiy contains something far greater than that
relationship. As mentioned above, quantum mechanics pro-
vides, in a certain sense, the foundation of classical mech-
anics; it substantiates some of the fundamental concepts
that reflect the properties of macroscoplic objecis. Conse-
quently, it behaves towards those concepts in the same way
as it does towards classical mechanics, in which the de-
rivative concepts are grounded in axioms.

The system of axioms in a theory contains the fundamen-
tal concepts in their links, which, however, are not logic-
ally substantiated within that system, but are postulated
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on the bagis of various convincing considerations that are
taken into consideration when the system is belng built up.
In that aspect, a theory is called incomplete (and non=~
cloged), but that incompleteness is of a different nature,
in principle, than, say, the incompleteness of quantum me-
chanics which Einstein had in view in his above-mentioned
discussion with Bohr. The fundamental concepts in their in-
terlinks, which form the axiometic system of a theory, can
be substantiated by & theory that is deeper and broader
then the one under consideration, and with a new axiomatics,
etc. On the plane of logic, the status of the degree of
vgubstantiationn of fundemental concepts in their inter-
links in the axiomatics of a theory resembles the status of
"non-contradictiveness", "completeness", etc., of an axiom~
atic syetem, which, as Goedel has proved, "cannot be substan-
tiated with the means of that system" or, in e more general
form, the fundamental propositions of a theoretical system
cannot be obtained thrbugh its logical means, but they can
be found by the logical means of a broader and deeper theo-
ry.12 Using the same logical terminology, one may say that
quantum mechanics 1s a kind of meta-theory of classical
mechanics. Thus, for instance, Newton's theory of gravita-
tion, like classical mechanics, gave no thought to the pro-
portionality or (given the proper choice of units) the
equality of the gravitational and inertial maess of a body:
classical mechanics merely recorded and accepted as an ex-
perimental fact that the acceleration of various bodies in
a gravitational fleld is the same., The finding of the sub~-
stantiation of the equality of gravitational and inertial
mass, or rather, the substantiation of the proposition that
the gravitational and the inertial mass of a body are equal
meant emerging beyond the confines of Newton's theory and
the construction of a theory that would have been a kind

of meta-theory in respect of that theory of gravitation.

It was the latter that Einstein did by creating a new theo-
ry of gravitation or, as he called it, the general theory
of relativity. We shall set that forth in Einstein's words
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by quoting seversl exerpits from his writings. It will be
sufficient for our purpose to limit ourselves to hints.

¥ith reference to the proposition that "the gravita-
tional maess of a body is equal to its inertial mass," Ein~
stein says that "this important law had hitherto been re-
corded in mechanics, but it had not been interpreted" (in
this case we have used expression: classical mechanics did
not substantiate, found no grounds, etc.)."A satisfactory
interpretation’ seys Binetein in oonclusion, "can. be ob-
tained if we recognise the following fact: the same quality
of a body manifests itself, according to circum:;;;Eea, as
‘inertia' or as 'weight' (1lit, 'heuvinesa')"13. By formulat-
ing this idea, Einstein gave a substantiation of the equal-
ity of gravitational and inertisl mess as recorded empiri-
cally in classlcal theory, and initiaeted his theory of gra-
vitation. The following excerpt from his book What Is the
Theory of Relativity? can serve ss an i1lustration of his
fundamental idea: "Imagine a coordinate system which is ro~
tating uniformly with respect to an inertial system in the
Newtonisn manner. The centrifugal forces which manifest
themselves in relation to this system must, according to
Rewton's teaching, be regarded as effects of inertia. But
these centrifugal forces are, exactly like the forces of
gravity, proportional o the masses of the bodies. Ought
it not to be possible in this case to regard the coordinate
systeln as stationary end the centrifugal forces as gravita~
tional forces? This seems the obvious view, but classical
mechanics forbid it.w'4

If we bring together everything mentioned above, go
to speak, regerding theory and its meta-theory, then the
following conclusion suggests itself: the paradoxes which
arise in a theory and camnot be resolved by its logical
means indicate that the theory in question stends at the
limitg of its meaningfulness, and that its axiomatics
(its axiomatic construction) has achieved the supreme logi-
cal completeness possible from the viewpoint of that theo-
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ry's actual content and its axiomatic form., Such paradoxes
are distinct, in principle, from those that arise in a
theory and are resolvable by its logical means, i.,e., from
paradoxes that speak of the logical incompleteness of a
theory (or of its incorrectness in its reasoning or impre-
cision in its premises). The presence of paradoxes in a
theory, such that cannot be resolved by its logical means,
testifies to the necessity of seeking for more general and
more profound theories through whose means such peradoxes

‘can be resolved (the resolution of such paradoxes usually

coinciding with the construction of & general theory that

‘18 being songht).

Thus, the existence of paradoxes of this type means,
in essence, that the physical cognition of objects is not

held up at the level of some particular theory, but develops,

involving new aspects of material reelity, without rejecting
the knowledge already achieved by that theory. The exist-
ence of paradoxes of this type also means that the theory
which conteins them but does not resolve them through its
means potentially includes a theory that is more general anmd
deeper then it itself is. From this viewpoint, any axiome~

tised theory necessarily contains such knowledge that cannpt

be substantiated by the means of that theory, for otherwiae
cognition would come to a standstill at a definite point,
and what has been achieved would turn into a metephysiocal
absolute.

The development of the theory of present-day physics
is ensured by the genetic series of theoretical systems
which are closed or logically developing axiomatic. struc-
tures linked together in definite relationships, structures
from which,in the genetic series, a more general theoretic-
al system evolves out of a more special system. Thus, the
further development of physical science dealt the death
blow at a single axiomatic system of physics, as a whole,
in the spirit of the mechanical ideas of the eighteenth and
the nineteenth centuries. As proved, in essence, by Goedel's
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theorems, such a system algo proved impossible from the
viewpoint of logic: the logical development of theory and
of physical science as a whole ig expressed in a genetic
hierarchy of axiomatic systems, a hierarchy which combines
both the trends towards stabllity and the trend towards
variability, both of which are inherent in individual axiom-
atic systems and in their aggregate.

Although a single axiomatic system (structure) in the
spirit of classicel physics is now defunct, it is in the
-realm of ideas more than in any other area that the out-
moded and the dead tries to drag down what is alive and pro-
gressive. A single axiomatic system ig also being revived
in present-day physics, true, in a form that would seem
far removed from its "classical" model. The following notion
of physical science is to be met in present-day literature:
physics is developing as an axiomatic system that is, in
principle, rigorous and non-contradictory, a system that
involves all its departments, and one in which the histori-
cally earlier theory (together with its axiomatics) is an
exireme particular instance of the historically later theo-
ry, inasmuch as it proves to be broader than the parlier
one. With the passage of time the same takes place with the
latter theory and so on and so forth.

Then a theory is generalised, i.e.,when a transition
takes place from a special theory to a general one, the
former does not completely disappear in the latter, while
the general theory does not become the sole true theoreti-
cal system in physics, as would follow from the ides of a
single axiomatics in physical science. In fact, a special
theory is preserved within the general one, and in a modi-
fied form (this also referring to definite concepts of the
special theory): it remains within the general theory as
an approximated theory, its concepts also remaining as ap-
proximated ones. From thig point of view, one can speak of
absolute simultaneity in Einstein's theory of relativity
as well., Thus, a theory is not cast off with its transition
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to a general theory but remains as a relative iruth, i.e.,
an ébsblute truth within certain limits.

Connected with a1l this is the finding of answers to
the following questions some of which have been congidered
above: why is 1t necessary, in the search for the "non-
Euclidity" of some spatial form, to meke use of Euclidean
geometry? Why is it that we learn about the properties of
the spatio-temporal continuum from measurements of local
space and time? Why are concepts of classical mechanics
used to describe experiments that are the empirical basis
of quantum mechanics? The list might be continued.

We thus see that diaslectical contradiction—the source
of any development and vitality—operates in axiomatics as
well,
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CIBERNETICS AND THE SYSTEM OF NEW SCIENTIFIC
PRINCIPLES

Boris UKRAINTSEV, D.Sc. (Philos.)

Cybernetics is a relatively new science, but it already
has & higtory of successes and eas yet unfulfilled hopes, its
own traditions, an impressive volume of literature, ite own
admirers and sceptics, enthusiastic adherents and sober-
minded researchers, as well as scientific popularisers and
mythologisers, The explosion of cybernetic enthusiasm
that stirred the imsgination of many scientists and the
broad mass of science~lovers is now being replaced by a calm
and businesslike attitude towards ~¢:ybernei:il.¢:s. by an analy-
sis of the realistic possibilities it provides for solving
actual problems in any particular scilence. Sometimes indivi-
dual disappointed volices and reproaches are heard to the ef-
fect that cybernetics has not provided a quick solution to
the problems that have faced research workers for many a
decade. They even cast doubt on the scientific status of
cybernetics on the plea that it cannot enumerate "its own"
laws.

We believe that, in the finel anaelysis, there is some
foundation for both a businesslike enthusiesm and some scep-
ticism. This 1s to be found in the speocial nature and place
of cybernetics in the system of scientific knowledge, in the
cheracter of its scientific concepts and principles, its ap~-
proach to the object of research and, finally, the tremen-
dous demands made on this new field of acience.
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At firet glance, the emergence of cybernetics consti-
tuted another step towards the further differentiation of
science, since a new discipline appeared with its own
subject-matter and its new problems. Is this really the
cage?

X x x

The first question must be about the status of cyber-
neticg: can it be considered 'a particular science, such ag
quantum physics, molecular biology or the theory of law?

We believe that the reasons behind end the higtory of the
emergence of cybernetics, as well as its scientific content,
indicete that it is not yet another particular discipline,
but a eclentific fleld tying together in a cértain sclentif-
ic region the general ideas and principles of e number of

.disciplines that study the various classes of self-control-

ling gystems. This idea was expressed, though in insuffici-
ent detail, by Norbert Wiener, one of the founders of cyber-
netics, in his well-known work Cybernetics or Control and

Communication in the Animal and the Machine. e

As a scientific field embracing various particular
sciences with its conclusions, principles, and géneralising
soncepts, cybernetics has certain inherent methodological
functions of a regional significance. In this sense, cyber-
netics®is similar to branches of knowledge, such as physics
or biology as a whole, etc. Indeed, with its fundeamental
principles, concepts and laws (for instance, the law of the
congervation of matter and energy) physics as a branch of
knowledge fulfils a methodological function for individual
physical disciplines. The same applles to biology and other
branches of knowledge.

Generalising scientific ideas, the general scientific
principles and scientific concepts usually constitute the
theoreticel basis for the method employed to solve parti-

" cular scientific problems. For this reason, cybernetics has

some methodological functions of a regional significance

- -

for a number of particular sciences. In this sense it is
similar to the head disciplines of branches c¢f knowledge,
the ones that supply the other disciplines with their gen=-
eral concepts and principles of a methodological signifi-
cance. But this is where the similarity seems to end, for
cybernetics is not a particular science and has not become
the head discipline of some branch of knowledge, as general
physice has to the other physical disciplines.

The general principles and concepta of cybernetics are
of great importance for bioclogy, and of some importance for
individual sociael sciences and a number of technical sci~
ences. But these principles and concepts are not the basic
ones for biology, sociology or any other branch of sciencey
which have their own fundamental principles and concepts.
Cybernetic ldeas are of suxiliary and subsidiary, though
great importence to them, so cybernetics does not and can-
not fulfil the functions of a head science in relation to
biology, sociology or any other branch of knowledge. Cyber-
netics has another task, that of bringing several branches
of knowledge together in one scientific region according to
certain features common to their objécts of study.

Possibly the formation is under way of a cybernetic
branch of knowledge embracing such particular discipline
as information theory, control theory, games theory and a
number of others, If this is so, it should be remembered
that the way such a branch forms is in great contrast to
the emergence of other branches of knowledge. First, almost
ell cybernetic disciplines appeared before the cybernetic
scientific field itself, and for some time developed relat-
ively independently. Second, there is as yet no justifica-
tion for claiming that the branch haes a head discipline—
cybernetics as such. For now there is only cybernetics as
a scientific field, and the cybernetic branch (if it really
exists) can be headed alternately by, first, one, then ancth-
er cybernetic discipline. At one time the leading one was
information theory. In the future, another discipline will
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possibly teke over, depending on the conditions and logic
of the development of the cybernetic field as a whole.

The specific nature of cybernetics as & regional sci-
entific field predetermines both the successes and failures
in its application, depending on the demands made on it and
the skill employed in utilising its potential. Applied in
its natural role of regional scientific field, cybernetics
undoubtedly has a heuristic significance in research in the
particuler sciences. It helps resolve complex problems in
these areas, and in thise sense its contribution cannot be
overestimated. And, on the contrary, the potentiel of cyber-
netics is reduced to a minimum as soon as attempts are made
to substitute the principles of cybernetics for the content
of some particular science and cybernetics is expected to
produce an exhaustive golution (primerily by cybernetig
means) to the problems of biology, sociology and certain
other sciences.

Just like particular sciences, scientific fields heave
their own subject-matter. The idea is widespread that, in
contrast to sciences studying the various forms of the mo~
tion of matter (physics, chemistry, biology, sociology),
cybernetics abstracts from the substretum and the actual
forms of the organisetion of metter, and from the actuel
bearers of motion. Its inherent approach is a functional
one—a study of the self-motion of some classes of material
systems, regardless of their specific matter.

The subject-matter of cybernetics is in some sense
abstract, and this is where the similarity 1lies between
cybernetics and mathematics. Cyberneticians are interested
in the general pr;ncipleq of the self-motion not of all ma-
terial systems, but only of functional, or, in other words,
self-controlling systems, including living, social and cer-
tain technical systems which differ with respect to their
substratum, level of organisation, and form of self-motion,
but function in aeccordance with principles and laws that
are common to all of them. Considering a&ll this, a short
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definition of the subject-matter of cybernetics might be as
follows: cybernetics is a regional scientific field whose

task is to put forward the general principles and to inves-
tigate the general laws of the self-motion of self-control-

1ling systems by means of the inter-connected "cyberneticn

particuler sciences (informetion theory, automation theory,
gemes theory, and so on). This definition naturally has no
pretensions to being a complete one, 1f only because cyber-
netics is only in its early stages, so it is as yet impos-

sible to foresee either the volume or the nature of the pro-

blems that this promising scientific field will put for-
ward. )

The subject-matter of cybernetics determines the nature
of its method, the means by which its problems are formulat~-
ed and resolved, and the results implemented in practice.

As a rule, the fundamental problems of cybernetics are en-
gendered by the requirements of the particular sciences in-
vestigating specific classes of functional systems. The
theoreticel solution of these problems by cybernetic means
cannot be directly realised in prac%ice. It is the means and
methods of the particular sciences studying not functional
systems in generel, but functional systems "in flesh", i.e.,
living, social or technical systems that exist and function
in their own specific material embodiment, that are required
to turn schemes of abstract cybernetic systems into actual-
1y operating principles of real sysfems.

The emergence of e new sclentific field in some way
reflects science's growing demand for a differentiation of
knowledge. The birth of the cybernetic scientific field
constituted yet another step towesrds satisfying this demand.
But thisg is not what determines the importence and role of
cybernetics in modern science, whose démand for a synthesis
of knowledge is just as great, if not greater. Without such
a syntheslis sclence is no more than a collectlion of isolated
ideas. To a considerable extent cybernetics reflects the
second demand, for its mein function is to synthesise know-
ledge, something that 1s particularly necegsary due to the
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acceleration of its breakdown into particular diseipline.
Such 1s the objective dialectic: the tendency towards a syn-
thesis of knowledge cerves its way in the form of a fur-
ther differentimtion of science.

X X X

The principles of cybernetics. The establighment of

cybernetice, a process that is still continuing, is the
formation of a gystem of new scientific principles and con~
cepts reflecting the functional unity of all &lasses of
self-controlling system, from living onee to social ones.
We are talking about a system of principles and concepts,
bearing in mind their inseparable 1link and intercondition-
ality within the framework of the integral scientific field.
This does not, of course, mean that certain principles and
general concepts of cybernetics cannot be introduced into
and investigated by the particular "cybernetic" gciences as
relatively independent phenomena, Thus, for instance, the
theory of information communication can abstract from the
concept of "econtrol" and even from the cdntent of the sig-
nals trensmitted along the chennel, and operate with the
concept of 'information" in considering certain engineering
problems connected with telegraph, telephone and other forms
of communication. Long before the emergence of cybernetics,
the principle of feedback was used and studied theoretical-
1y in radio engineering and biology.

Wiener focused considerable attention on the principle
of feedback and studied it on the overall theoretical plene
as a general principle of all control processes. This gave
rise to the appearance in cybernetics literature of a ten~-
dency to equate the content of cybernetics with feedback
theory.1 In our opinion, this impoverishes the content of
this scientif;c field and does not help in revealing the
integral system of its new principles and concepts.

As already noted, the basic principles and concepts of
cybernetics are those of the self-motion of gelf-controlling
systems in general, regardless of the actual substratum of
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each individual system. Without pretending to strict genetic
or logical consistency, we shall enumerate some of these
principles that have heen elucidated in some way or men-
tioned in works on cybernetics.

Ve think that the basic principle of.the gxistence

Iand functioning of self-controlling systems should be con-

sidered as the principle of active self-motion on the basis

of regular reproduction of improbable states of the elements,
gubsystems or the self-controlling system ag & whole through
the use of the energy of the environment.

Any self-control process constitutes a "weak" action
by the controlling "element" on the controlled one——the ex-
ecutive element for achieving a specific result which can-
not be obtained by the self-controlling system's controlling
nglement" alone. In order that this action might be repeat-
ed in a further act, rather than be one-off, the self-
controlling system as @ whole must possess a regularly re-
newed and sufficient number of degrees of freedom, i.e., its
elements or subsystems must have the capability or the pos-
gibility of transferring from a more probable to a less pro-
bable state, in the physical sense of ‘the word, by using
the energy of the environment.2 This transition, in contrast
to reactive changes in the state of the physical system un-
der the influence of the environment, is characterised by
a high degree of activity expressed in the ability of the
self-controlling system to select its behaviour irrespect-
ive of the physical principle of the least action, or that
of the greatest probability, without upsetting the second
principle of thermodynamics or any other lew of phygics.

The latter concerns individual cases of amplification ‘
when the weak actions of some physical objects on others
lead to large—scale physical events. These amplification
processes, however, are not control processes, since the
physical system always passes from the less probable to the
more probable state, and the amplification process is not
regenerated spontaneocusly. Cybernetics studies spontaneous
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and regularly renewed impact by the controlling on the con=
trolled in living, social and certain technical self-control-
1ling systems, which ere carried cut by using the energy of
the environment.

Although cybernetice abstracts from the substratum of
the self-control processes, it does not go so far as to
teke no account,"in'its bagic principle, of the source of
the self-controlling system's high activity. In 1ts con-
structions it cannot completely eliminate energy processes,
for these are the physical basis of self-control processes,
processes of impact by the controlling on the controlled.
From the standpoint of the general systems theory, this
principle of cybernetice is considered from the peint of
view of so-cﬁ11ed_"open systems™ which are capable of taking
part in the exchange of substances and energy with the en-
vironment.

The process of control presumes a certain unity of the
controlling and the controlled "elements" of the self-con-~
trolling system, the controlling elemént's ebility to impact
on the given controlled element and the ability of the lat-
ter to subordinate itself to and accept the action of the
controlling element. In brief, the controllihg and the con=
trolled must be conjugate,otherwise there can be no regular-
ly regenerated process of ccntrol.

The conjugation of the controlling and the controlled
is cheracterigsed by the relative primacy of the controlling
"elements™ over the controlled, by e certain sgbordination
of the executive elemests to the supremacy of the control-
ling "elements". In other words, a relation of hierarchy or
subordination is thus established between the controlling
and the controlled.

Such a relation or the hierarchical principle (ﬁrin-
ciple of subordination) is one of the basic principles of
cyberneticas. This does not mean that the executive elements
are completely removed from the functions of control. The
hierarchy of controlling and executive elements is not ab-
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solute, but relative. Depending on the conditions of con=
trol and the level of organisation of the self-controlling
system, the executive elements operate within the process

of control to exert an active and substantial influence on
the controlling elements (for instance, through feedback).

Physics and other sclences dealing with inenimate na-~
ture do not come across the phenomena of the balanced func-
tioning of physical systems, when each of their actions
must be preceded by account belng taken of the specifio
features of the environment and the internal possibilities
of the system itself. This is why physics does not need to
study active forms of reflection, but confines itself to
the physical (reactive) forme of reflection, which are used
in experiments to study phyeical phenomena that cannot be
directly observed. :

In contrast tc this, biology, some technical sciences,
the soclial sciences and the cybernetic scientific field can—
not avoid the active forms of reflection inherent in all
self~controlling systema. The functioning of self-control-
ling systems is determined by the "coordination of the self-
control processes with the environment and with the possibi-
lities of the system itself. If there is no correspondence
between the system's planned actions and the internal and
external conditions under which it functions, eventually
the system is bound to collapse. For the self-controlling
system to function normally, it must take acoount of its
own possibilities and the specific features of the environ=
ment as & condition for and, simultaneously, es an impedi-
ment to its existence. This is achieved through active re-
flection of the environment and self-reflection of the sys-
tem's own states, mainly by specialised adaptive organs
(the sense organs in animals, the mechanisms of irritebili-
ty in plants, sensing elements in artificial self-control-
1ling systems).

These forms of reflection are, in same form or another,
a manifestation of their common essence: everywhere the re=
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flectlon process is reproduction of the specific features

of the original by other means and in another form as chang~
es in the processes of the reflecting system under the ac-
tion of the original. Reflection becames active when 1t se-
lectively reproduces in another form the specific features
and trends in the changes in the environment that are vital-
1y important for the reflecting (self-controlling system,
when it is simultaneously self-reflection of the system and
reflection of the course and results of its interaction with
the environment, and, something of considerable importance,
when it acts as one of the internal causes behind the self~
controlling system's choice of behaviour.

Reflection can be called active inasmueh as it inter-
acts with the other processes of the gelf-controlling sys-
tem that make up the energy, force and material basls of
gelf-control, and directs them in conformity with the re-
quirements of the system's survival and development under
the external and internal conditions of its functioning.

Foreign literature on cybernetics does not consider
specially the role of the reflection proscesses in the func-
tioning of self-controlling systems, though all the authors?
reasonings concernlng the feedback principle essentially
originate from the proposition thet the self-controlling
gystem receives winformation" about the characteristics of
the outer world and the results of its behaviour. It was
soviet authors who first focussed attention on the role of
reflection in the processes of control and communication.
They put forward the principle of active reflection and
gelf-reflection as ocne of the basic principles in the func-
tioning of self-controlling systems.4

Communication between the elements of physicel systems
ig accomplished by means of physical interactions, &s &
result of which material, field, energetic and structural
changes occur in the interacting objects. Only through
physical interactions do the elements of physical systems
combine into an integrel formation. For this reeson, phys-
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ios, being the generally recogﬁised leader of the natural
sciences even today, does not require the concepts of "in-
formetion", "information causality", or "information commun®
ication" to describe physical reality. This 1s 1f the eppli~-
cation of the ideas of information communication theory is
not considered in creating the technicel means for proces-
sing the results of physical experiments and the word "in-
formation" is not taken in its everyday semse to indicate
knowledge received by a physisist from investigation of a
physical object.

Biological, many soclial and technical sciences study
material systems whose elements, apart from physical, chem-
ical and physiologicel interactlions, are aiso connected with
an information communication, which is fundamentally new in
comparison with physicel communication systeme., At the same
time, this new form of communication is so important for
preserving the integrity of the self-controlling systems
that it may be considered decisive for them.

Without regularly accomplished information communica-
tion, the self-controlling system cannot funetion nor can
its integrity be preserved. A weakening or complete loms of
commpnication between the elements 0f the self-controlling
system inevitably leads to the destruction of all other com~
munication, to & halt in the physical and other interac- '
tions within the framework of the system as an integral for-
mation, and to the collapse of the system.

If the principle of active reflection and self-reflee-
tion expresses the wey the self-controlling system coordin~
ates its actions with external conditions and its own pos-
sibilities, informaetion causelity and the principle of in-
formation communication reveal the form which lends the cog-
tent of reflection communicability amd helps it become a
real factor in controlling the actions of the self-control-
ling system.

A considerable number of works have been devoted to
the prcblems of informetion communicetion (usually called
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simply communication). Many suthors study the metric aspect:
of information transmiseion elong a communication channel
in the form of a signal, solving problems of the maximum
channel carrying capacity, given minimum distortion of the
signals. Onfortunately, little research has been published
go far on a quantitative analysis of information content,
although this problem is of fundamentel significance for
control theory, since this theory 1s always linked with the
self-controlling system's value relationship to the factors
of the envirenment.

In the world of physical phenomena there is no velue
criterion pertaining to the results of the interactions of
objects, which are indifferent to interacting physical sys-
tems, and before the beginnjng of lnteraction not one sys-
tem predetermines ite results depending on the task of pre-
serving its own integrity. sSuch a task simply does not exist
in the world of physical systems.

Self-controlling systems differ fundamentally from
simple physical systems in the way their functioning 1is
direé¢ted towards achieving a specific result, within certain
limits, regardless of changes in externel conditions. The
functioning of self-controlling systems is always a process
by which they preserve their integrity and qualitative de-
finiteness. For this reason, internal changes in self-con-
trolling systems are, as a rule, functionally invariant in
the sense that they are directed towards achleving a strict-
ly specific result necessary for the survival of the system
and its further development. This is i1f the gelf-controlling
system is sufficiently highly organised for self-development.
Such a functional invariance is accomplished as a process
of target-setting and target-achievement, which is an ob-
jective functional phenomenon, regardless of whether it is
recognised in the case of conscious human activity or takes
place without the participation of consciousness as in all
other cases of the activities of self-controlling systems.

The principle of target-setting is inseparably linked
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with the principles of active reflection and information
communication, since the formation target-—the functional
invariant--is accomplished by a generalisation of the con-
tent of previous reflection of the environment, self-
reflection of the system and representation of its requi-~
rements, and by a generalisation of the elements of the ays-
tem in space and their states in time, achieved with the
help of information communication.

On the whole the process of target-setting and target-
achievement is one of the masin forms of active reflection
of reality, during which the generalised content of pre-
vious reflections in the form of the experience of the sys-
tem becomes an inherent reason for the purposeful activities
of the self-controlling system in the environment.

Target-achievement is not possible without comparison
of the results obtained by the system and the set targets
and, on this basis, correction of the actions of the self-
controlling system to minimise the discrepancy between the
set, i.e., initial, targets and those realised. All this is
achieved through the feedback between the executive elements
and the controlling elements.

We shell not consider the feedback principle in detail,
since it has been thoroughly elucidated in works on control.
Let us note only that the feedback is reallsed through re-
flection by the executive and controlling elements of the
results of the system's interaction with the environment
and, as & rule, on the basis of information communication
between the elements of the system or self-controlling
systems together.

The principles of self-control considered above are
united and tied by the principle of adaptation of the
system to the internal and external conditions under which
it functions. Adaptation can take the form of simple adjust-
ments by the self-controlling system to the specifics of
its environment, as a result of changes in certain paramet-
ers of the system, in such a way that they conjugate with
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the corresponding parameters of the environment without de-
stroying the integrity and qualitative definiteness of the
system. Such & form of adaptation is inherent in &ll self~
controlling systems. It is limited by the possibility of
changes of the system's state and is useless when the chang-
e8 in external conditions are of considerable amplitude.

Highly organised self-controlling systems are capable
of a more sophisticated, active form of adaptaetion when sim~-
ple adjustment to the environment 1s supplemented by trans-
formation of this environment by the self-controlling sys-
tem in accordance with 1its tasks of survival and further
development.

Not one of the enumerated principles of the function-
ing of the self-controlling system can be realised in iso-
lation from the other principles or contrary to them. The
system of these principles expresses the general features
of ell the processes of self-control independently of their
material and energetic substratum. At the same time, it is
distinguished by & certain degree of abstractness, insepar-
able from the basic laws of the motion of matter, and can-
not be considered in complete isolation from the meterial
and energetic substratum of the processes of self-control.

x x X

On the system of cybernetic principles and concepts.
The system of the basic principles of the processes of self-
control in general, or the principles of cybernetics, that
has not an overall but a regional significance within bio-
logicel, some sociel and technicel sciences, is the founda-
tion for creating a system of new, generally scientific but
more exactly regional concepts.

Many of these concepis have & long history of being
unconnected in the system of particular concepts intended
for describing certain aspects of conscious, and only con=~
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scious, humen activity. These include the concepts of "conw
trol", "information", “programme", "model", "requirement™,
nyalue", "target", "target-orientation", "memory", "ex-
perience”, and a number of others. Some of these con-
cepts were not, strictly speaking, scientific concepts
before the emergence of cybernetics, though, like many
others, they were used in science to indicate the respec-
tive phenomena.

Cybernetics as a branch of knowledge (and its dis-~
ciplines) laid the foundations for turning the concepts
"information", "control", "target", "programme” and seve-
ral others into scientific ones, helped towards their ob-
jectification and release from any anthropomorphism, and
combined them into a system of interrelated ‘concepts.

This basically progressive process of the establish-
ment of a system of new scientific concepts by a certain
generalisation of old particular concepts oomes across
gseveral difficulties of subjective origin. These result
from the one-sided application of a method of analysis,
when an individual phenomenon is értificially isolated
from the system of phenomena, without account being taken
of the links between them, as well as by force of tra-
dition, persistent habits, certain dogmas taken on
trust and acquiring the force of the absolute.

The diffioulties also arise from the opposite ten-
dency to expand the new approach beyond +the objective
boundaries of i}s applicability, when the process of
reasonable objecvification of the concepts is replaced
by +thoughtless, excessive generalimation of them,
which leads to their devaluation.

It should be added that the first successes in

objectifying and formalising a concept such as
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rinformation™ engendered difficulties resulting from the
one-sided approach to this important matter,

X X X

Pirgt let us consider the last issue. In retrospect
it becomes increasingly clear that the first attempt at
quantitative analysis of the processes of information com-
munication and at formelisation of the concept of informa-
tion was connected with only one of its aspects, certainly
not the main one from the standpoint of control processes.
This was the question of the optimal transmission of inform-
ation signels elong the communication channel with the mini-
mum loss and distortion.

The statistical "information theory" created by a num-
ber of authors was essentially from the very beginning é
statistical theory of signal communication for which the
gignificance of the signals transmitted along the communica-
tion channel was not important, but for which the condi-
tions for transmitting the maximum number of signals along
the given channel without distortion were very important,
This, however, means that the actual information, i.e., the
significance of the signal for which artificial channels of
information communication are set up and natural ones arise
in self-controlling systems, is of no importance for the
statistical "information theory".

Claude Shannon, one of the leading founders of the sta-
tistical information theory, warned that it is inadmissible
to transform the concept of information specific to engin-
eering communication into & universal means for describing
phenomena beyond the limits of signal communication. In
spite of these warnings the signal interpretation of inform-
ation threatened to predominate. At one time attempts to
enalyse the content of information, i.e., that which con~
stitutes its essence and the main purpose in control pro-
cesses, were rejected.
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In actual fact, the concept of information proved more
complex and much richer than it appeared in the statistical
theory. The phenomenon of information has meny specific fea-
tures resulting from its inseparable 1ink with the phenomen-
on of control: these are its syntactical, semantic, value,
causal, communicative, theoretico-reflective, metric and sev-
eral other aspects. Not one of these aspects has yet been
subjected to a sufficiently thorough study. Many of the
characteristics of information have not yet been succeasful-
1y formalised in theory. Suffice it to say that nelther the
content and value of information, nor the link between
these Qualities of information end the form end level of
control, its target and the nature of any class of self-
controlling systems cen yet be measured or evaluated in
quantitative terms. "

It should be noted, howewver, that certain successes
have been achieved in describing information quealitatively.
In this sense much has been done by Soviet philosophers who
have established the genetic link between the phenomenon of
information and that of reflection, revealed the derivative
character of information in relation to reflection and shown
the inseparable link between information and the phenomenon
of control.

The concept of information, which is fundemental for
cybernetics, has evidently not yet been sufficiently re-
vealed, and considerable painstaking work still lies ahead
to create a general theory of information including quanti-
tative analysis and quaelitative description of all the main
qualities and aspects of information in its inseparable con-
nection with the processes of self-control. It might be
presumed that existing mathematical informetion theories
will become partial instances of the general theory accord-
ing to the principle of correspondence.

Another concept fundamental to cybernetics is that of
control, which is also in the formation stage. We believe
that one of the basic methodological difficulties facing
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research into this concept arose @s a result of attempts by
certain anthors to charecterise control as simple action by
some systems on the parsmeters of others. This approach pro-
duced nothing new in comparison with the description of phys~
icel interactions and was based on the assumption of the se-
parate existence of the ncontrolling" and the "controlled”,
linked by e spontaneous end single ect of physical interac-
tion. No attention was paid to the special link be-

tween the "controlling" and the "controlled" as inseparable
aspects of a single integrel material formation.

It is incorrect to confine control to some transforma- '
tion of one system by another system. Such trensformations
are common in nature and do not constitute a specific featu-
re of control. There is no doubt that any control action
constitutes some transformation of the controlled under the
influence of the controlling element.

Not every tremsformation, however, is the result of

_ @n act of control which must be considered not as the ex-
ternel relation between two systems, but as the internal
relation between the controlling and controlled subsystems
within the integrel active system. In this sense the con-
trolling and the controlled condition each other in the
overgll functioning of the integrel system, which might
justifiably be called self-controlling.

A correct definition of the concept of control (to be
more precise—self-control) evidently requires that account
be taken of aBpects specific to the phenomenon of control,
as well as the quelities of the self-controlling system and
its links with the outside world. Such a definition must be
based on the system of the basic principles of self-control
and the system of the general concepts of cybernetics.

The concepts of ntarget-setting", "target" end "targei-
achievement™ occupy a speciel place in the definition of
the control concept. The process of control is elways direci-
ed towarde the achievement of predetermined results. The com-
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cepts "information", "programme", "control" and certain oth-
ers were accepted and included into the scientific apparatus.
of cybernetics fairly quickly, whereas the transformation

of the concept "target" and its derivative concepts "target-
getting", "target-achievementn, "target cause" (describing
the objective functional phenomenon, inherent only in self-
control, of the orientation of action towards achieving a
specific necessary result) into scientific concepts meets
with difficulties due to a prejudice originally engendered
by the incongruities of essentially idealistic teleology.

In the distent past the teleological dogme arose ac-
cording to which target-setting was an act manifesting the
conscious, and only the conscious, will of man and of the
spirit in generel (God). It is now difficult to understand
why this dogma was uncritically borrowed by the critics of
teleology as the initial and basic agssumption for their
criticism.

The dogma concerning target-setting as the prerogative
of the conscioug, and only the conscious, activities of man
is in no way justified either theoretically or practicelly,
and ip essentislly conventiongl. Moreover, there is an un-
limited number of irrefutable facts testifying thet =all
living systems are focussed on achieving a specific result
neceggary for their vital activity. These facts do not fit
into the framework of o0ld conceptions of target and must
be interpreted from the standpoint of the regional scientif-
ic concept "targetn", which reflects the objecti#e functional
phenomena inherent in all self-controlling systems, regard-
less of whether they function consciously or unconsciously.

A certain objectification in modern science of the
concepts "target-setting", "targei" and "target-achievement»
hes become pogsible thanks to research into the properties
of reflection in all matter, priority reflection and the
activity of reflection, research into the phenomenon of in-
formation and information communication, information causa-
1ity and the phenomenon of memory,reflection of imprints and
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a number of others. All this coufirms once more the useful-
ness of the systems approach in studying the new sclentific
concepts that cybernetics has brought into currency.

In conclusion, let us streés that the system of scien~
tific concepts of self-control and the system of sclientific

concepts of cybernetics are regional, gemeral principles and

concepts that help in describing and understanding the phe=
nomena of self-controcl, but only where they exist.
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THE ECOLOGICAL SITUATION TODAY
AND THE FUTURE OF MANKIND

Igor MAXIMOV, Cand.Sc¢. (Philos.),
yuri PLETNIKOV, D.Sc. (Philos.)

An analysis of recent scholarly discussions shows
that all of them, be it a symposium of physicists or a con-
ferencs of philosophers, in one way or another touch upon
the problem of man and his environment, which has become a
crucial issue of global significance. It should also be
noted that most of the discussants challenge the conclusions
of the Club of Rome on this issue.

The Club of Rome is not an accidental phenomenon in
the 1ife of bourgeois society. It is a characteristic re-
flection of the state of capitalism in the 20th century.
Already at the beginning of the century Oswald Spengler
spoke with apprehension about the *decline of Burope";
now in the second half of the century apprehension itself
has become an object of research in existentialism. It has
reached beyond the bounds of philosophy, history and jour-
naliem t0 become an unpleasant fact of everyday bourgeois
1ife. Not only factory end clerical workers, engineers and
scholars view the future with anxiety; neither the petty and
piddle owners who go bankrupt are confident of the morrow
because of inflation, economic depression and the reduced
purchasing power of the mass consumer.

Here is how Aurelio Peccei, an Italian economist
(FIAT director) and public figure, and founder of the
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Club of Rome ,explains how it came into existence. In his
second progremmatic article entitled "The Predicament of
Mankind"1, he writes that, in the face of impending catastro-
phe, civilised people in &ll countries reelise that they can-
not remain apéthetic. Therefore, in 1968, a number of Euro-
pean scientists and intellectuals holding different views
and beliefs came to a certain agreement. At a meeting held
in the Academia Nazionale del Lincel in Rome they discussed
new approaches to possible solutions of ecological pro-
blems. At the end of the discussion some 30 men represent-
ing the natural and social sciences, the business world and
government decided, after recording the fact of the disloca-
tion of the social organism that became evident as the
wealth multiplied and technology was used in a rash and
chaotic manner, to pool their efforts and form the Club of
Rome, named after the city they had gathered in.

In the said article, as in others, Peccei tries to
systematise the basic global issues of the day‘which he
calls "world macroproblems". It was suggested that in their
entirety the practical difficulties should be called "world
problems", which some scholars regard as a key to dealing
with a system of "world macroproblems". We are unable to
make & detailed analysis of this question here because of
lack of space, but we can note that the main goal the Club
of Rome has set itself is to start an integral study of
zlobal problems. Unlike many experts in the West, they do
not set off some problems against others, which is to a
great extent due to their collective efforts.

Pointing to some of the specific features of the
Club's activities, Peccei writes: "Having opted against
formal structures and procedures, it operates as an 'invig-
ible college' whose members individually or in small work
groups accomplish specific tasks as the occasion may re-
quire."“ He goes on to say that although the groups work
independently, they do not lose sight either of their com-
mon goal or the basic problems formulated in other research-
es of the Club. Its aim is to look for a way out of the
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situation in which mankind firds itself as a result of the
unplanned character of present-day social development and
the improvidence of ite leaders. The main problems which
have to be solved to reach this aim are: 1) population and
the Farth's ability to ensure its further growth; 2) vital
resources; 3) the environment; 4) psychological evolution
of human society and its institutions; 5) creation of a new
philosophy linked with the quest for the purpose of human
life.

The Club of Rome, it might be noted, is famous not
for the works by the author cited above. It became widely
known in 4972 with the publication of The Limits to Growth,
a collective monograph produced by D.H. and D.L.Meadows,
J.Randers and W.Behrens III of the Massachusetts Institute
of Technology on the basis of the Club's fundamental elabo-
rations, Peccei's original conceptions, and the method
worked out by the well-known American systems-analyst Jay
Torrester whose Urban Dynamics was recently published in
the USSR. The authors used the said method to construct a
universal "world system" model of the year 2000, which, in
their vliew, takes due account of ‘the basic trends of mod-
ern development. Their report on the limits to growth was
presented at two international conferences, in Moscow and
in Rio de Janeiro, in the summer of 1974.

Commenting on The Limits to Growth, the Club of Rome
leaders stated that they had set two tasks before the MIT
people: to determine the limits of our world system and
the various factors which condition its numerical indica-
tors; and %o bring out the dominant elements which exert
the major influence on the behaviour of the world system
in its interaction. The main conclusions of The Limits to
Growth met these requirements. The comments suggest that
the MTT study is a very bold attempt at an exhaustive anal-
ysis of the world situation. For gll that, however, the MIT
study is only the first step and 1t will take years to
work it out in detail. It considers the limits to growth
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only as uppermost physicel limits imposed by the finiteness
of the world system.

But it pursues other objectives as well., Its authors
stress that it advances tentative suggestions regarding the
future state of the world and opens up new perspectives
for continued intellectual and practical endeavour to shape
that future.4 The authors of the comments note that al-~
though the study gave rise to many questions and critical
remarks it did not meet with any serious objectionms.

We, nevertheless, believe that the conclusions of
The Limits to Growth and a&lso, incidentally, the stand taken
by the Club call for criticism, not sweeping, indiscriminate
criticism, but effective, unbiased and constructive critic-
iem. To begin with, one should not identify the construc-
tions by Forrester with those by the Meadows group. Second-
ly, one should distinguish between the stand of the MIT
group and the views of Peccel, beceuse they differ in many
respects. Thirdly, attention should be paid to the fact that
the flow of criticism caused by the paper written by Mead-
ows and others has a major methodological defect: as a rule,
only one of the five ecogenic factors 1s anslysed critical-
1y, while the problem as such still awaits its comprehen-
sive and integral solution. To a certain extent, M.Mesaro-
vié and E.Pestel have managed to come nearer to it.

In reply to the criticism on the part of Sussex Univ-
ersitys_and proceeding from the Meadows group's recogni-
tion of the possibility that the model can be improved
upon, Pestel and Mesarovic elaborated a new universal hier-
archical world model congisting of ten blocks, or "regions".
Regional divisions were to help built a more improved model
which would take into account the socio-economic aspect of
the "world system", proceed from the distinctions between
planned and free-market economies, and record the specifics
of the economic structures of the developing countries. To
a certain extent, the model proposed by Pestel and Mesaro-
vié¢ which they themselves called "A Strategy of Survival®
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is an elternative to the "Blueprint for sur\rival"6 pro-
posed by a group of English scholars.

The need to distinguish the stands taken by the above-
mentioned scholars, including members of the Club of Rome,
was emphasised by Academician'E.Fyodorov in his afterword
to the Russian 1974 edition of The Closing Circle by B.Com-
moner, the noted American ecologist. It should be remembered
that the Club of Rome is a rather representative interna-
tional organisation uniting people of different countries

.and different mental attitudes. Unlike the Meadows group,

Peccéi, for instance, believes that the goal is not to limit
or hold back economic growth but to achieve sociml stabili-
ty. He speaks about pessing to a planned and planning so-
ciety. Under capiteliem, such a proposition is utopian, of
course. On the other hand, it reflects his new form of crit-
iciem testifying to the fact that a considerable part of

the influential and thinking intelligentsia has abandoned
the narrow, pragmatic ideals of the consumer society.

In Peccei's opinion, instead of discussing and propa-
gating the hypothesis of zero growth rate one should "think
seriously about achieving 'a 'stable society', that is, @
continuous, dynamic, optimal or sub-optimal condition of
equilibrium both with its external environment end, neces-
sarily, with its internal one. Obviously, such a society,
in hermony with nature and with itself, can only be a long-
term goal, a-goal, however, to be carefully stydied and
prepared now."7 The Club of Rome pays considerable atten-~
tion to social stability and dynamic equilibrium. In the
conditions of existing class contradictions, however, all
this remains nothing but wishful thinking,

Academician E.Fyodorov justly notes in this context:
"Who in the West will strive to impiement the ideas of the
Club of Rome and their like?lAnd what immediate concrete
goals should one start with? The members of the Club of

‘Rome would do well to give thought to that. "8

Other "world problems™ also cell for criticism; this
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has already been expressed in a number of papers. First,
the main sectors of the "world system" do not evidently re-
flect the diverse links of living and developing reality
which ig hard to fit into the Procrustean bed of such "glo-
bael" schemes. It is hardly possible that &ll world balances
are accounted for and adequately assessed. Secondly, new
inventions in science and techmology (the nature of which
we gtill cannot fully imegine but which are quite probable)
can help surmount difficulties that seem unsurmountable
today.

The authors of The Iimits to Growth, however, do not
take these "technicel" premises into account. Meadows and
others hold that the world model does not contain only one
variable which is called "achievements of science and tech-
nology". "We have not found it possible to aggregate and
generalise the dynamic implications of technological devel-
opment because different technologies arise frgm and in~
fluence quite different sectors of the model."

This variable is indeed extremely multidimensionsdi.
Nevertheless ,it 1s precisely this state that cau be regard-~
od the most vulnerable point in the conceptual basis of the
model, though Meadows and others, contrary to their own
statements, meke attempts to consider the techmologicel
achievements of todey. The same is true in relation to the
socio-political factor which should be present in any model
if it is to be scientifically authentic and universal. The
model neither takes into consideration the influence of
various value systems, views, ideas and convictions, while
the ideological opponents of the Communists find that they
have to teke ever greater account of the attractiveness of
the ideas of communism and its humanist ideals. The latter
are so attractive that they themselves become a powerful
accelerator of social development.

Though the advocates of "global ecology" subjectively
show what, in Academician Fyodorov's view, might be uncon-
scious socialist tendenciea1°, objectively the "global
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equilibrium® blueprint would in fact mean perpetuation (in
spite of a number of reservations) of the status quo, that
is, bourgeols property relations.

The political indifference of the Club of Rome, its
desire to stay ebove the struggle of the two opposite social
systime and its disregard of the interests and needs of the
developing countries—eall that comes in for sharp criticiem
by progressively-minded Western sclientists as well, B.Com-
moner, for lnstance, who still quite recently hesitated in
his evaluation of the political aspect of the ecological
situation, is now ever more definite in his choice. In his
speech at the festival to mark the 50th anniversary of
Unita, he criticised the Club of Rome for its indifference
to politice, which plays into the hands of the ruling fore~
es, and stressed that the moment these forces proved ineapa-
ble of meeting the needs of the people would become a turn-
ing point in history.

A book entitled Ecology: Can We sSurvive under Capital-
ism? by Gus Hall, Generel Secretary of the Communist Party

of the USA, was published in New York in 4972, Drﬁwing upon
numerous facts, the author proves convincingly that the
threat of an ecological crisls is determined by the aggra-
vating contradiction between the scientific vnd technologi-~
cal revolution and the capitalist means of its development
end 1s a manifestation of the general crisis of capitalism
today. He writes that in the long run, there is only one
alternative: capitalism or continuation of 1life on our
planet.

A new attitude to nature insistently dictated by scien-
tific and technologicael progress, presupposes new relations
among people. The problem of nature and society is insepar-
ably linked with the problem of liberating mankind from ell
forms of soclal oppression. It is inseparable from the mein
content of the present epoch—~the epoch of transition from
capitalism to socialism. All attempts to find other ways
of radically resolving the problem ultimately leed to
nothing but social illusions.



While recognising the gravity of the warnings by the
Club of Rome about the pernicious consequences of the pres-
ent negative tendencies in the interaction between soclety
and neture one cannot but note that the Club's idea of
nglobal equilibrium" is utopian. The key to the solution of
this problem is to be found,not in limited industrial devel-
opment or universally enforced birth control but in radical
soclial changes, the abolition of private propebty in the
meang of production, and in the organic combination of the
achievements of the scientific and technological revolution
and the advantages of the socialist economic system.

Today, ecologicel problems have acquired a strongly
pronounced politiéal colouring, as was emphasised by the
international symposium "Marxism-Leninism and the Protec-
tion of the Environment", held in Prague in 1972. In the
capitalist countries, the efforts to protect the environ-
ment are becoming a part of the struggle for a democratic
renovation of the state, for anti-monopoly democracy. Anoth-
er trend in the struggle for an anti-monopoly front is emer-
ging under the leadership of the working class, as well as
new stimull in the struggle for communism (see Ecology and

Politics (Problems og.Environmental Protection). An Inter-
nstional Discussion by Msrxists, Prague, 1972).

Howevex the gravity of the situetion——the real and
serious threat to life on Earth—demends that immediate
international agreements and concrete measures to protect
the environment be taken, already now, in the conditions
of the peaceful coexistence of two opposed social systems.
Nature protection is a major point in the Soviet Peace
Progremme elaborated by the 24th and further developed by
the 25th Congresses of the CPSU. Leonid Brezhnev said: "We
are also prepared to perticipate in collective internation-
al schemes for nature protection and the rational use of
natural resources."11 In our epoch, there is all reason
.to congider natural protection to be second in importance
only to the preservation and consolidation of peace,
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A generalisation of the main trends in the resolution
of this particuler problem leads to a conclusion of great
theoretical importance. In previous epochs, production and
reproduction of gocial life included iwo spheres—produc-
tion of the means of subsistence, and production of social
individuals. In the present epoch, there is a pressing need
for aenother type of production—production and reproduction
of the natural environment itself. Hence the great method-

‘ological importance of the theory of the noosphere elaborat-
‘ed by Vernadsky, the founder of geobiochemistry. The theory

is a summary of Vernadsky's long and fruitful study of the
biosphere of the Earth contained in the last, and unfortu-
nately unfinished, chapter of his monograph The Chemical
Structure of the Biosphere of the Earth and Its Surrounding
(Moscow, 41965). The theory was also expounded in his paper
Some Remarks about the Noosphere.

Vernadsky assumed such a level of material production

‘development possible as would ensure the autotrophy of man-

kind, its independence of the biosphere. He wrote: "In this
way the humen mind would not only create & new great social
achievements, but also introduce & new great noological
phenomenon in the mechanism of the biosphere.”®

The idea of mankind being autotrophic gives rise.to the
following question: will not scientific and technological
progress in the long run lead to a replacement of the bio=
sphere by a téchnosphere which would synthesise foodstuffs,
purify water, regulate the gas content of the atmosphere,
in a word, produce for pebple everything that they are gei-
ting from the biosphere today? The answer to this question
ghould evidently be in the negative. Living nature in all
its variety will always have enduring aesthetic, educative
and recreative significance for man, to say nothing of the
fact that technical devices performing the functions of
the biosphere would moast probably be more complicated and
less efficient systems than the biosphere. There are also
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other arguments worth considering. Pursuing his objectives,
man could, in principle, replace foresta, fields, meadows
and highly orgenised animals and plants with cassettes of
ertificial photosynthesis, power installations, factories
and works. However the most sophisticated equipment would
hardly be able to destroy all the micro-organisms. Left
alone with bacteria and viruses with their exceptional gen-
etic abilities, man would be running the risk of becoming
extinct because of infections. "To replace the biosphere
with the technosphere," M.Kamshilov writes, "would mean

the creation of Molochs, which could lead us nowhere."13

Men has alweys changed nature and will continue to do
80, but the technosphere should not destroy but preserve
the principles of the organisation of the biosphere, sup-
plement the biosphere and interact with it as part of a
-aingle dynamic aystem. Such a symbiosis of technosphere and
bioaphere (biotechnosphere) makes it possible to speak of
& radicelly new planetary phenomenon and at the same time
of a new stage in scientific and technological progress,
While the current stage of scientific and technological pro-
gress turns natural processes into industrial ones, the
new stage is meant to adept industrial processes to matural
ones by ever more harmoniously linking them up with "the
natural proceases,‘and to create on this basls & new natural
rotation of matter and energy in the society-nature sys-
tem", 4 This particular stage of scientific and technologi-
cal progress has in fact started. Its immediate manifesta-
tion is the elaboration and application in production of
closed-cycle technology. And accordingly, we believe, the
problem of the noosphere arises.

The term "noosphere" (Gk, nous—mind) was first used
in 1927 by the French mathematician and philosopher
E. Le Roy, who was & follower of Henri Bergson (see E. Le
Roy, L'Exigence idealist et le fait de l'évolution, Paris,
1927j. Proceeding from the biogeochemical basis of the
biosphere noted by Vernadsky in his Sorbonne lectures of
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1922-1923. E. Le Roy together with P. Teilhard de Char-
din considered the nocosphere to be the contemporary planeta-
ry stage of the development of the Earth's crust. The term
wag first used by Vernadsky in the 1930s im his article

"The Study of the Phenomena of Life and Contemporary Phys-
iecg". But the ideas about the noosphere had been expresased

by him much earlier, in his paper The Autotrophy of Mankind

publighed in Fremeh im 1925.

Unlike P.Teilhard de Chardin who ultimately reduced
the noosphere to mome supramaterial basis which is directly
connected with the centre of mental concentration (God),
Vernadsky approaches the problem exclusively from natural
scientific positions, from the positions of a naturalist
who studies geological, planetary processes. To Vernadsky,
the noosphere, just like the biosphere, is & material formae-
tion. "As soon as & living being endowed with intellect ap-
pears on our planet, the planet enters a new stggs of ita
history. The biosphere turns into the noosphere,”  he
stressed.

Mankind by itself is only & negligible part of the
mass of the plenet's matter. Intellect makes man powerful.
Thought (ideal) is not, however, a form of energy. It can
change nature only through the acti:itida of men "who dis-
pose of & certain practical force™. ~ Therefore, it is not
intelleet alone but intellect and work combined that make
man & major geological factior. The material processes gen-
erated by men's productive activities are commensurable with
natural geological processes 1f we speak about the amount of
replaced chemicel elemenis and the changes in the planmet‘'s
crust. Man, however, cannot and should not turn his aectiv-
ities into an elemental geological force. In his subse-
quent works and particularly in his paper Some Remarks
about the Noosphere(1944) Vernadsky further developed his
undezstanding of the noosphere and considered, not oaly its
natural (biogeochemical) but also its social aspects.’

Man's intellect and work have the task of consciously
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and radically changing the biosphere for the benefit of ail
mankind. "This new state of the biosphere, to which we are
drawing ever closer without noticing it, is the noo-
nphcre,"17 Vernadsky noted, The immediate prerequisites
for the noosphere consequently appear not when an intelli-
gent being appears on the Earth, as was assumed originally,
but when "man's geological role begins to dominate in the
biosphere and broad horizons open for his future develop-
ment (ibid., p.270). With profound optimism and confidence
An the future Vernadsky pointed out that the ideals of our
gociety "are in unison ... with the laws of nature and con-
sonant with the noosphere".18 He referred directly to Marx
when noting that "the concept of noosphere .., is fully
congonant with the basic idea underlying 'scientific social~
1lm'".19 The noosphere is a result of a planned and consci-
ous transformation of nature. While from the geological
point of view the noosphere is formed incomparably quicker
than the biosphere, from the point of view of social history
it is a long process the completion ¢of which is connected
with the establishment and development of communist socie-
ty. Emerging as a planetary phenomenon, the noosphere be~
comes & cosmic phenomenon owing to the specifics of the
development of the social form of movement, which fully
corresponds to Vernadsky's conception. In this respect, one
can agree with Yu.Trusov when he says: "The noosphere is not
& plenetary but & constantly expanding cosmic sphere: on
this plenet it has only its beginning.w2C

The term "noosphere" is gaining ever wider currency
in Soviet scientific and popular literature in recent years.
Inadequate analysis of Vernadseky's works, however, leads to
sweeping statements that the noosphere already exists slong-
slde the biosphere and technosphere. Underestimation of
his ideas gives rise also to an erroneous, in our view, in-
terpretation of the noosphere as simply a manifestation of
men's purposeful vactivities in respect to nature, in which
connection the idea is gired that the formation of the
noosphere occurred *"about the time when civilisation start-
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ed", The social aspect of the problem remains undefined
also when, with the help of the concept of "nmoosphere", the
fact of man becoming the main geochemical forece on the
Earth's surface is only started.

In the future, not separate elements of the natural
environment, but the entire naturel environment will become
a single complex, dependent on man, of natural conditions
and technicel means preserving those conditions. Such a uni-
ty of man and nature can be achieved only if and when the

elienation of nature from man has been overcome and private

property abolished. It is that state of nature and society
that will mean that the noosphere has come into existence.
An organised state of nature in the conditions of the noo-
sphere is insepsrable from communist relations.

To sum up. An anelysis of the connection between the
existing ecological situation and understianding of men's
future shows convincingly the theoretical depth and the
philosophical and natural scientific validity of Vernadsky's
theory about the noosphere as well as the utopianism and, in
a certain aspect,the reactionary character of the ideas pro-
pounded by scholars who are trying to find the solution to
ecological problems independently of the basic social pro-
blems of our day.

Forecast and prediction are two different things, of
course. Unlike prediction, forecast is not always true:
some forecasts are self-destructive. Negative forecasts can
also be of importance for understanding the future if they
stimulate the development of scientific thought, arouse
and mobilise social forces capable not only of opposing  but
also neutralising undesirable tendencies. A forecast, how-
ever, becomes scientific only if and when it rests omn a
firm methodological foundation, on a theory that shows the
real ways of human development. In this respect, the fore~
casting of the interaction of society and nature requires
above all comprehensive elaboration of a general theory
of that interaction.
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¥hen speaking about the future, we must not forget
about the present. Not tomorrow but today the destruction
of nature must be stopped end a careful and really humane
attitude to ite wealth established as simple norms of me-
rality and justice. So far as peoplets attitudes towards
nature in the process of meterial production ere established
through their relations to one another, genuine unity of
man and nature presupposes first of all genuine unity of
mankind itself. Publie, or to be more exact, communist pro-
perty is the only permissible, alsc in this sense naturel,
basis of a society, which, according to Marx, will harmoni-
ously combine "the realised naturaliem of man and the real-
ised humanism of nature".2!
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PHILOSOPHY AND INTEGRAfIVE AND PAN-SCIENTIFIC
TRENDS_IN COGNITION

Arkedi URSUL, D.Sc. (Philos.)

Already in the 19th century, the development of sci-
ence showed that new knowledge accumulated most rapidly at
points of contact beétween various disciplines, as a result
‘of their interaction. However, it was only in the second
helf of the 20th century that the interaction between vari-
ous groups of sciences, a process achieved through the con-
duct of inter-disciplinary research and the accomplishment
of comprehensive tasks, acquired a most extensive nature.

We shell recall that the 25th Congress of the CPSU
gset Soviet scientists the task of fully utilising the fact
that "fresh opportunities for fruitful generel theoretical,
fundementsl and applied research arise at the conjunction
of various sciences, notably the natural and the aocial".1
That &lso means that profound and specialised research, in-
cluding the area of philosophy and methodology, 1s required
into the ways, the prospects and the mechanisms of the aug-
mentation of scientific knowledge and its utilisation,
which already exists or can appear as a result of the pur-
poseful and tapping of reserves within science itself, such
that escaped the attention of scientists in the conditions
‘of the prevalence of specialisation, of a narrow and "de-
partmental™ approach to the tackling of various problems,
i.e., in conditions of differentiation dominating integra-
tion processes.
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Today, too, the differentiation of science seems to be
‘prevalent over integration, though the further acceleration
of scientific and technologicel progress calls for interac-
tion between scientific disciplines to be merkedly stepped -
:up and for integrative processes in cognition to be expand-
ed. Speaking of the mounting trend towards integration, a
synthesis of knowledge, Academician B.Kedrov has pointed
out thet "the main significance is now being attached to
those lines of advance in science which presuppose the in-
teraction,of various sciences between themselves, the emer-
gence of comprehensive groups of scliences, and a 'link-up*
between sciences which but recently seemed far removed from
-each other".2

The growing attention being paid to a synthesis of the
natural sciences and the humanities, and the involvement of
the -technicel and epplied sciences in that integrative
movement are linked with the sharply enhanced role of sci-
ence in social development in the conditions of the presentt
guy scientific and technological revolution. Side by side
yith the introduction of scientific knowledge in industry,
f.e.; together with its function in industriel processing,
science is escquiring other socially significent functions,
revealing its ever greater possibilities end means of ac~
‘complishing fundamental eociel end economic tasks.

In the conditions of the intensification and higher
afficacy of the scientific and technological revolution,
success in the solution of urgent and cardinal economic
problems cén be achieved only through the optimum blending
of scientific, technologicel and social progress.” Moreover,
economic achievements now depend, not so much on successes
in individual branches of sciences as on positive results in
science as a whole. That is why strengthening the links bet-
ween various groups of sciences has acquired such lmportance.

The task of ngtrengthening the relationship between

yhe soclal and the natural and technical sciencea"4, a task
set in the QGuidelines for the Development of the National

- 109 -



Economy of the USSR for 1976-1980, is a major line of ad-
vanée, the kernel of the integrative movement in sclence,
on which depends the efficacy both of its basic and applied
branches.

The integration of science in the broad context may be
regarded es the interaction between the various aspects and
components of scientific activities. If science is regarded
as activities in the production of new knowledge, and its
utilisation in a wide variety of practical spheres; then
solence as a system of knowledge operates as a component
of sclientific activities, i.e., as its outcome (or one of
its outcomes). Besides the latter, one can discern among
the components of scientific activities such things as the
shbject, the object, the means, the alms and the conditions
of activities, the processes of interaction taking place
both within each of these components or ei.se between them.
From this point of view, the integration of science is seen
as a gystem-forming interaction between various kinds and
components of scientific activities, while the synthesis
of knowledge is merely a synthesis of the results of these
activities.

The synthesis of knowledge eccording to the object of
sclentific activities (research) stems, first and foremost,
from the unity of the entire material world, the overall
links between phenomena, that leading to the integrative
interaction between the subject-matter of the individual
sciences and scientific theories, and the appearance of pro-
blems common to them all. In this connection, there takesg
place the further consolidating of the association between
sclentists working in the naturel, the social and the tech-
nical sclences, an association achieved through the es-
tablishment of systemio~-comprehensive and 1nter-disciplinary
institutions and organisations operating as collective sub-
Jects of cognition.

Both the technical means and the operations of cogni-
tion, as well as the theoreticsal devices, methods and pro-
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cedures in research, are marked by integrative itrends giving
rise t6 new forms and kinds of scientific activities, such
as, for instance, scientific information work. The emergence
of single aims of scientific research, especially under the
influence of social practice, markedly encourages the syn-
thesis of knowledge in the process of target achievement,
and leads up to generalising results, both in the form of
adequate conceptual and theoretical systems and as scientif-
ic achievements reified in meteriel productive forces.

The growing interaction between the three main groups
of sciences follows different roads, first and foremost in
the course of what 1s known as inter-disciplinary research.
Alongside inter-disciplinary research within a single group
of sciences, in which the objec¢ts, methods, and scientific
language of individual disciplines prove similar to a cer-
tain degree, inter-disciplinary résearch is conduoted through
v;rious groups of sciences, for instance, individual scien-
tific disciplines forming part of the socio~humanitarian
group of branches of knowledge, and through the group of
the natural sciences; in particular, a trend towards the
drawing together of biological and ethicel knowledge is
emerging.-. Integrative proceeses, a link-up between the
gocial and the natural sciences, are distinctly expressed
in research into procasses of social information and edmin-
istration.

The interconnection between the social and natursl sci+
ences can also be effected in a mediated fashion, through
the technical scien_ces.B Technical knowledge itself operates
es & kind of synthesis of soclal and natural sclence. From
the soclal sciences technical knowledge borrows information
on the purposes and the law-governed patterns in the devel-
bpment of society, and its industrial and technical needs
which are called upon to meet the demands of the technical
sciences, which, in their turn, borrow from natural science
a knowledge of the fundamental laws of living and non-living
nature.
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Partial processes in strengthening the links betiween
the social and the technical sciences (along this road, in
particular, such areas as technical aesthetics, ergonomics
and the like have appeared) also take place; besides, the
natural and the technical sciences are drawing ever closer
to each other9 through the introduction of fundamental dis-
coverles into industry. A number of relevant examples were
quoted by Academician Alexandrov, President of the USSR
Academy of Sciences, in his address to the 25th Congress
of the CPSU.1O Such examples included the development of
basic theories in the physics of the atomic nucleus and
the appearance, on that basis, of applied sciences promoting
the creation of nuclear technology (nuclsar power plants,
atomic icebreakers, and the like) and its extensive use in
industry and other practical spheres.

A close interaction between the natural and the tech-
nical sciences is also to be seen today, when the tasks of
‘the exploration and conquest of space have to be dealt with,
§It is the basic work conducted in this area that has made
iit possible to expand the possibilities of TV and other
communications, and to place space achievements in the ser-
vice of the economy: in sea havigation, geologlical prospect~
ing, forestry studiss and, in the foreseeable future, in
agriculture.11

The relatively independent interaction between the two
different groups of sciences naturélly is a part of the morp
general process of establishing stronger links between all
the fundamental departments of present-day science. The
greatest prospects for the development of integration and
consolidation are held out by the . joint participation of
& number of sciences in dealing with comprehensive, global,
overall scilentific and major economic problems. To such
problems, as engendered by the scientific and technological
revolution of today, pertain the conquest of space, the
study and utilisation of the World Ocean, nature protection,
the rational exploitation of nature and a number of others,
which all call for the efficacious blending of the efforts
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‘of representatives of natural and socio-humenitarian know-

ledge.

The appearance of new trends in the integration of
science has fostered the coordination of styles of thinking
specific to representatives of various groupe of sciences.
Works have begun to appear of late which deal with research
into the styles of thinking of scientists, examples being
meinly borrowed from the natural sciences. Within the
framework of the style of thinking inherent in natural peci-
ence, more narrow "styles" have already been identified:
ecological, cosmic, cybernetic, probability and other
styleé, while a study is being made of the succession of
"paradigms", the modes of thinking within the same sclence,
and so on.

At the same time, studies into the humanitarian style
and also the technological mode of thinking are becoming
topical in the conditions of today. The existence of styles
of thinking specific to natural scientists, scholars in the
humanities, and representatives of the technical sciences
is common knowledge and reveals itself with sufficient clar-
ity when comprehensive problems are being jointly dealt with,
this often giving rise to heated arguments and sometimes to
a total lack of mutual understanding. The features of the
style of thinking in representatives of the three groups
of gcientists mentioned above are, of course, the outcome
of objective and actual distinctions in the subject-matter
of the sciences, which, in considerable degree, mould the
specifics of the cognitive means and procedures, the ap-
proach, and the style in scientists' creative thinking.

When we take note of the specifics and, consequently,
the distinctions in the style of thinking of experts en-
gaged in these three groups of present-day sciences, it is

dmportant for us to discern and study what is common to

them, unites them and makes up the foundation of the draw-
ing together and link-up of various styles of thinking.
This means addressing oneself to those aspects and charac-
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ups, and not merely for a simple translation from the lan-
‘guage of one science into that of another (although that is
very important in the conditions of ever greater speclalisar
tion and sharp differentiation), and can also serve as a
source, a ngenerator" of new sclentific knowledge.

The increase of interconnection between the social,
the natural, and the technical sciences, and the link-up
between the style and mode of thinking of thelr representa-
tives is merely a task located within science and forming
part ofjthe more general task of uniting science with in-
dustry, the results of the sclentific and technological rev-
olution with the advantages of the socialist system of the
economy. The style of thinking in scientists as & whole
should be linked up with the style of thinking in represen-
tatives and leaders of the economy, for which purpose sci-
entists should proceed from the needs of the practice of
communist construction and should introduce scientific know-
ledge into industry with more boldness and efficacy. "Much
remains to be done," lLeonid Brezhnev emphasised in his re-
port to the 25th Congress of the CPSU, "to embody scientific
achievements quickly not only in ipdividual, albeit the
most brilliant, experiments and exhibit models but also in
thousands upon thousands of new kinds of products, from
unique machines to everything that contributes towards im-
proving the working and living conditions of people. The
practical application of new scientific ideas is today as
important as thelr development."14

It is the needs of social practice, as well as.the in-
tegrative processes in the economy and in the socio-politi-
cal sphere which, together with the objectively existing
unity of the world, provides the foundation on which integ-
rative trends are developing in science. It is indicative
that integration makes the greatest impact wherever science
introduces its achievements into industry, wherever science
more and more tangibly becomes a direct productive force,
and the results of the scientific and technological revolu-
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tion blend with organisational snd economic activities,
thereby fostering the solution of fundamental problems of
scientific, technological, and soclel development.

The development of space research and space rockeiry,
end the exploitation of ‘achievements in this area to meet
the needs of the economy can well bear out this proposition.
This has been spescially emphasised by Academician V.Glushko,
a ploneer in rocketry and a leading expert in space travel:
"The road travelled by present-day science is the extensive
and comprehensive utilisation of many scientific and tech-
nological avenues, and their synthesis in a single and con-
stantly improving system. Space travel is a highly important
testing ground where that synthesis is effected in practice,
Therein 1lies an explanation of its sucoesses and a guarantee
of future victories.”

In its turn, research into the synthesis of scientific
knowledge and the interaction between the three main branch-
es or groups of sciences calls for a special methodological
understanding of what may be called the implemental functioh
of sclence. It is no secret that the vast majofity of re~
gearches into the methodology of science, the epistemologi-
cal problems of natural science and even the general theory
of knowledge are overtly or covertly oriented towards basic
science, 1n general, towards the production of new scientiflk
ic knowledge. Here it should be noted that there are very
few writings on the philosophicel problems of the applied
and technical sciences. Thus, the philoscphico-methodologi-
cal, the epistemological, substantiastion of the introductioh
of sclentific achievements leaves much to be desired. This
direction of philosophical research is directly lihked with
the enhanced role of Marxist-Leninist philosophy in the
further consolidation of the alliance between the social,
the natural, and the technical sciences, the interaction
betweon fundemental and the applied sciences, and between
gcience as a whole and industry.

The integrative and synthesising processes in science

82
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are tangibly intensified by philosophy. It is instructive
to note that the integrative movement in natural science,
which has in part proceeded outside and independently of
philosophical knowledge, has made a considerable study for-
ward since genuinely scientific philosophy formnlated as
one of its focal tasks the institution and the consolidation
of the alliance of philosophy and natural science. Today
this alliance has made considerable strides in the USSR,
despite the existence of temporary difficulties, and is
maintained by the activities of Soviet philosophers and
natural scientists.16

The alliance of philosophy and natural science has
made 1t possible to "take in" and foresee, from a single
methodological stendpoint and on the basis of Marxist—Lenin?
ist theory, the processes of the synthesis of knowledge in
the sciences of nature. It is not fortuitous that genersal-
ising writings on this problem17 could have appeared only
in the conditions ©f effective contacts and joint fruitful
participation of Marxist philosophers and natural scientists
in the synthesis of knowledge. The intensification and the
coordination of the integrative processes in natural science,
which have been the outcome of joint research by philoso-
phers and natural scientists, have extended their frontiers,
emerged from within the sciences of nature, and manifested
themeelves at an ever greater rate in the sciences of socie~
ty and technology. In essence, Lenin's idea of the alliance
between philosophy and natural science has, as noted in the
article "The Supreme Duty of Soviet Philoeophers"18 acquired
new forms and scale: we have an alliance of Marxist philos-
ophers end representatives of knowledge in concrete scienc-
es, in all social, natural and technical sciences. The ex-
panded alliance of philosophy and particular sciences oper-
ates as an 6bJectively egsential trend, a law-governed pat-
tern of cognition, which has notably enhanced the role of
philosophy in the synthesis of all three fundamentel groups
of present-day scilences.
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Marxist philosophy's integrative functlon is not, of
course, something independent of, or divorced from, its
methodological, world-view and other functions and sub-
functions19; it is merely another aspect of it. What should
be emphasised is that the integrative function of philoso-
phy can manifest itself 'in full only when the strengthening
of the interaction between the social, natural and technical
sciences becomes a cardinal task in the development of sci-
ence, In these conditions, philosophy's integrative poten-
tial can be utilised in full, but the extension of its
field of activities imposes on philosophers & high respon-
s8ibility to representatives of specialised sciences.

The implementation of philosophy's integrative function
cells for active organisational and practicel activities by
philosophers, parallel with the elaboration of theoretical
propositions. In fact, this bears upon philosophy's initia-
tive in the integrative processes in present-day science,
which, as pointed out in the journal Voprosy filosofii in
an editorial entitled "From Party Positions", "presents
new demands to those working in the field of philosophy,
nemely, to their qualification and their ability to discern
new problems and to unite scholars to elaborate such pro-
blems on the Marxist-Leninist methodological basis, from
Party poaitions".2°

VWhile the alliance of philosophy and the specialised
sciences was in a certain measure restricted to the link
with natural science, it often appeared as an alliance of
social and natural sciences. In these conditions the over-
eli'methodological role of philosophy proved in considerable
degree merely potential in the broad scientific aspect,
since it was manifested mainly in respect of the natural
sciences. At present, the integrative processes in present-
day cognition as the purposefully and systematically organ-
ised and coordinated strengthening of the interconnection
between the three fundamental departments of science, are
creating favourable condi%ions for the full manifestation,
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in respect vf science as a whole, of the integrative and
methodological function of the theory of materialist dia-
lectics.

This has had a considerable corrective 1nf1ﬁence on
the opinion, widespread meinly in everyday consciousness
but alego in part emong scientists with insufficient philo-
sophical background, that philosophy 1s an exclusivel& so-
cial;science; However, that oplnilon (Just as the opinion
that mathematics 1s a natural science) does not quite ade-
quately reflect the actual situation. In reality, Marxist-
Leninist philosophy 1s a sclience of the universal laws of
the movement and the development of nature, humen society,
and thinking.21 From this definition it is clear that phi-
losophy bears upon sclience as a whole, and that its propo-
sitions refer to absolutely all oﬁjective areas, including
nature.

Vhile taking note of the universal scientific nature
of Marxist-Leninist philosophy,'we should not forget either
that it operates as a form of social consciousness, in
which the Party spirit and the scientific approach are blen-
ded. This feature of philosophy, the reflection in it of
ideological class and social factors, also brings it closer
to the social sciences and, at the seme time, distinguishes
it from the other branches of sclentific knowledge, as = -
well as from phenomena pertaining to general sciencey-gsom¥:
thing we shall deal with below. Thus, in Marxist-Beninigt
philoéophy as the unity of dialectical and historical~mater-
ialiem, there takes place a dialectical synthésis of the
"universally scientific" and the "socially scientificr,
their joint participation in the present-day integrative
processes of sclentific activities. The universally scien-
tific character of philosophical knvwiedge manifests it~
self, "not only in the subjestduﬂter and method of dialecti-
cai‘iateriallsm but also in philosophy's fundamental func-
‘Hfiiqnévand sub-functions in the areas of world-outlook, meth-
-odology, criticism, ideology, axiology, management and gov-

ernment, and the like. However, the overall scientific
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nature of philosophicsl knowledge expresses itmelf moat
fully through ite integrative-synthesising function, ds &
result of which philosophy operates as & "methodologieal

centre in the interlinks between various solentific disci-

plines and their mutual influence.

The universal scientific character of philosophy hes
itg various forms and manifestations, wherein lies one of
the criterie of philosophy's efficacy and of its utilisation
in the particular sciences. The efficacy of philosophy should
not be seen in & purely utilitarian light or be reduced merp- .
1y to its methodological impact on the particular sciences,
however fruitful that influence may be, "The criterion of
the appraisal of the quality and efficacy of scientific work
in the area of philosophy," S.Trapeznikov has emphasised,
nig wholly linked with a torrect understanding of its im-
portant place in the life of socilety, and in the moulding
of social consciousness, which 1is continuously replenished
with new ideas and valuea."2 The efficacy of Marxiast-
Leninist philosophy is linked with the development of all
4ts functions and connections both with preseht-day science
and with all social processes.

X x x

The tasks set by the Communist Party in the area of
seientific research are directed towards.the harmonious and
proportional development of science as a whole, since there~
in 1lies & guasrantee of the integral development of technol -
0gy, industry, and the entire economy of the USSR, the en-
hancement of their effectiveness, the smooth and accelerated
development of the productive forces, and other social pro-
cesses.

0f course, the proportional development of sclence as

a whole, far from precluding, @resupposes the advancement
to the forefront of those problems on which the successful

" development of the ecohomy, culture, and science itself hing-

es in the greatest degree. The 25th Congress of the CPSU
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called upon Soviet scientists to focus their attention on
these main problems in scientific, technological and social
progress, and to provide for the further development of re-
search aimed at opening up opportunities and roads, new in
principle, for the transformation of the country's forces,
and the creation of technology and industrial processes of
the future, all of which call for a pan-scientific approach,
These include problems, already mentioned by us, of the con-
quest of space, and environmental protection, as well as

the task, set by the 25th Congress of the CPSU, of improv-
ing work in the area of scientific and patent information.25
While the need for a pan-scientific substantiation in the
solving of the ecological problem and in space research
stems from social factors which, in principle, lie beyond
the province of science and in the interaction between man
and terrestriel and extra-terrestrial nature, the availabil-
ity of scientific and technological information is mainly
determined by requirements located within sclence. Improve=
ments in the supply of information for science,and the in-
troduction of scientific achievements in industry are aimed
at eliminating those results of the "information crisis" in
sclentific activities which are a cause of losses, both in
sclence and the economy.

A proper solution of the pan-scientific problems that
have appeared at the Juncture of social, natural and tech-
nicel knowledge now calls for the mobilisation of efforts
and the strengthening of links between practically all the
fundamental groups and branches in present-day science.

This has also led to the appearance of new integrative meth~
ods, trends, approaches and notions bearing upon science as
a whole. The emergence of these new trends in science as a
whole serves to enhance the theoretical potential and metho+~
dological arsenal of science, and to its acquiring greater
integrity and effectiveness in the introduction of new sci-
entific ideas into practice.

Since the onset of the scientific gnd technological
revolution, new and fundamental phenomena have appeared in

- 120 -

5435

scientific cognition, which have become recognised as re-
ferring to science as a whole: new notions, methods and
problems.26 To illustrate this new class (type) of notions,
methods and problems, some examples might be cited. Many
authors include in pan-scientific notions algorithms, pro-
bability, supplementariness, signs, meaning, isomorphism,
information, models, systems, structure, management, forma-
lisation, and the like. The following are considered methods
(approaches) of a pan-sclientific (but not philosophical)
character: the logico-mathematical, the statisticglly pro-
bable, systemic and structural, cybernetic, theoretical and
information, and simulated methods, as well as methods
which have taken shape in semiotics, the science of science,
information science, prognostication, and others.

Four areas of hoh-philosophical and pan-scientific con~
cepts and disciplines are mentioned in the book by Blauberg
and Yudin (pp.32-39), namely: 1) theories dealing with pro-
blems and content (of the cybernetic type); 2) universal
conceptual systems (e.g.,A.A.Bogdanov's tectology): 3) pan-
sclentific methodological concepts.(e.g.,the theory of in-
formation); 4) universal formalised concepts. Among pan-

" scientific problems one can only name such as that of the

sclentific and technological revolution, and its components;
besides, mention might be made of problems ag those of man,
automation and .cybernetisstion, the origin apd development
of 1ife and mind in our world and in the Universe, the har-
nessing of the World Ocean, the forecasting of science
and an adequate supply of information to serve it, and the
like.

The "pan-scientificn concept is used'in various mean-
ings, the most widespread of which is the one employed in
any particular science. With reference to notions, it may
be & category common to all or most of the particular sci-
ences. However, this understanding permits a fragmentation
of the meaning of "pan-scientific" to involve notions
which reflect properties both of objects of cognition, and
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of the particulaer scliences that study such objects. What

is implemented here is e unity of the ontologicel and the
logico-epistemological aspects, of the foundations of that
notion whickh can be called a universel pan-~scientific no-
tion. Another class of notions, methods ard problems con-
giste of such which refer only to the particular'scionoes
themselves, and not to the objects cognised by suech golien-
ces. Such pan-scientific phenomena have only an epistemolo~-
gical, or logicael status (e.g., the nation of prognogis,
the methods of prognostication, and so on).

Some paen-scientific phenomena can be grounded only in
scientific activities themselves and, in this respect, char-
acterise the development of absolutely &ll sciences, and
scilence &as a whole (including philosophy) as, for instance,
certain notions in the science of science, the information
science, etec. Though their principles and notions are uti-
liped not in all particular scienceg, but only in several
or else even in a single discipline, these can also be con-
sidered, in a definite sense, either as pan-scientific or
else in theé process of becoming so. All this shows that the
vpan-scientific" concept has a variety of meanings, which
should be identified and studied.

Yhat is characteristic of pan-scientific trends and
phenomena is: that they firgt appeared within the framework
of some particular branch of science and then acquired an
interdisciplinary nature and are at present not only becom-
ing comprehensive but refer to science as & whole or else
reveal a trend to acquire that quality. Most of them have
appeared within the particular sciences and in mathematics,
but not in philosophy; in acquiring an application to all
science, they embrace their traditionsal philosophical cate-
gorlies, while, at the same time, differing from them. In
speaking of the distinction between pan-scientific and phil-
osophical notions end methods, we shall be referring only
to Mafxist philosophy.

In the first place, the pan-scientific nature of the
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‘categories and methods of the theory of materialist dialec-

tice ie something alreedy established and operative {(which
does not preclude their further development), whereas in
respect of "pan-scientific" forms and means of cognition
they are only a trend &nd a possibility. so thet ons can
always .£ind e brench of knowledge in which they have not as
yet functioned. (To avoid eny misunderstending we should
emphagise one importent circumstance: philosophy, which we
consider e discipline bearing upon science as & whole, con-

'tains special parts and departments which do not bear upon

sclence as 8 whole, for instence, the history of philoesophy,
historical materialism, and a number of departments which
have branched off from philosophical knowledge (ethics, aes~
thetics, etc.). In the mailn, it is the theory of materialist
dialectice which has a pen-scientific character. A similar
remark might be made with reference to mathematics, which
contains both specialised and pan-scientific components of
knowledge '«

Secondly, the pan-sclentific nature of the latter no-
tions and methods is limited in pripciple. This has been
emphapised with sufficient clarity by E.Yudin, who has writ-
ten that "unlike diamlectics and philosophical methodology
in general, the systems approach and gimilar methodological
trends are, even with due account of their pan~scient1fic
nature, epplicable, not to all sclentific cognition but on-
1y to definite types of sclentific tasks within, so to 20
speak, the jurisdiction of the ocorresponding approach”.

Thirdly, as pointed out by E.Yudin, pan-scientific ap-
proaches, especially the sgystems approach, while remaining
a form of reflection within science, wholly depend, in
their philosophical foundations, on philosophical methodol~
ogy and its level. 28 Tn other words, pan-scientific pheno-
mena develop on the basis of philosophical methodolegy, in
which process they experience & far more fundamental in-
fluence of philosophy than does the philosophy thet makes .
a study of these integrative and pan-scientific trends.
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In the fourth place, philosophical categories and meth~
ods are not, as a rule, linked, in particular, with the cor-
responding mathematical and logico-symbolic means, whereas
pan-scientific methods and notione are intimately linked
with their logico-mathematical "accompaniment".

Fifthly, and most important, philosophy focusses its
main attention on the problem of the relation between social
being and thinking, between matter and consciousness, this
being the fundamental philosophical problem, whereas uni-
versal and pan-scientific notions abstract themselves from
that aspect of the relation between being and consciousness
which characterises them in the unity of identity and dis-~
tinction. In cases when this relationship is expressed by
pan-scientific notions, what is brought out is only a defi-
nite aspect or some part which has neither universally phi-
losophical nor ideologicel significance. Pan-scientific
phenomena are abstracted in considerable measure from the
nature of objects and of the consciousness that reflects
them (namely as social consciousness) end from the relation-
ship between being and consciousness both in the formal as-
pect and in that of content, therein lying another feature
(alongside the potential character) of their pan-scien-
tific nature.

With regard to the pan-scientific phenomena under exam-
ination here, philosophicel knowledge operates as a system
which, in the main, studies the general laws of the relation
between the components of the "being-thinking" system,29
their identity and distinction, their interlink and inter-
relation in the process of development. To philosophers,
the pan-scientific and integrating relation between matter
and consciousness, and ‘the socio-ideological factors have
proved necessary, but not the main ones, since knowledge
that registers in its notions only what 1s common to all
sclences is unable to ascertain the plentitude in the rela-
tion between being and thinking; it abstracts itself from
the differences between them and studies only one aspect of
their actuel relationship.
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with due note of the distinction between the categor-
ies end methods of philosophy and those of science as a
whole, one should at the same time note the special role
played by scientific and philosophical methodology in the
shaping of phenomena pertaining to science as a whole, phe-~-
nomena which, in considerable measure, acquire their over-
all character thanks to their inclusion in the field of
philogophical research and appreisal as a result of their
close interaction with the philosophicel cetegories and
methods which reveal, in the notions and methods of parti-
culer sciences, the "pan-scientific" content immanent in
them and fostering their movement from one area of sclentif-
ic knowledge to another.

while distinguishing between the philosophical and the
pan-scientific levels of methodology, we nevertheless em-
phasise their interlinks and their pan-scientific founda-
tion. Identifying philosophical and pan-scientific methodol-
ogy, and making an- apology for pan-scientific approaches
cannot be tenable, because they actually link up with the
neo-positivist trend to substitute particular scientific
or pan-scientific methods for the philosophicel method (side
by side with the logico-symbolic means, the role of such par-
ticular scientific or pan-scientific methods has of late
been assumed by the systems approach and by methods con-
nected with the theory of information and with cybernetics).
The sharp contrapesition of philosophical to non-philosophi-
cal, pan-scientific methodology, this as a reaction to their
identification, is also unjustifisble, since it leeds to
the iselation, the divorcement of pan-scientific approaches
from the theory of dialectics, to an absolutisation of the
methodology of philosophy in the overall "arsenal®" of sci-
ence's methodological means.

The pan=-scientific nature of the new integrative forms
and means of cognition also consists-—apart from what hes
already been said—in their performing a number of genersl
logico-epistemological functions in science: methodological,
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-meta~-theoretical, formalisation snd methematical modelling,
the -synthesis of knowledge, ite systematisation, the trans-
fer, communication and trenslation from one specialised
scientific language to another, etc,

We have enumerated & number of distinctive features in

hllosophical and pan-scientific categories, yet their mu-
tual transition from philosoph1ca1 categories to pan-
scientific notions and vice versa cannot be precluded. That
is why the task arises of more detailed research into the
relation between philosophical and pan=-scientific knowledge,
a task linked with the ascertainment of the nature and the
development of the pan-scientific forms and medane of cog-
nition under discussion here.

The previously advanced criteria of philosophical know-
ledge, which were grounded in the principle of universality
and the like, have proved inoperéhle in respect of pan-
scientific notions. It would seem that what is necessary
here is further search for the specifics of scientific
knowledge. And, as we see 1t, this searéh should be direct—
ed towards ascertaining the role and the significance to
philosophy of its fundamental prohlem—that of the relation
between being and thinking. (This matter has been. dealt with
by T.Pavlov in the above-mentioned "The Philosophy of Dia-
lectical Materialism and the Particular Sciences", in respect
of knowledge in the particular sciences. The conclusions
drawn by him also bear upon the pan-scientific phenomena
under study here). It would seem that only those notionms
expressing the most general characteristics of the rela-
tion between being and thinking can rise to the higher lev~
el of philosophical abstraction, while others which, even
if they do have the status of universality and universal
content, will remain pan-scientific.

Pan-scientific problems, notions and methods are new
integrative phenomena characteristic of présent-day scientif-
ic cognition. At the same time they comprise a new discovery
in that erea of philosophy which gives effect.to a geners-
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l1ised reflection on science, a discovery which no”doubt
stands in need of further profound and comprehensive study.

X X x

The pan-gcientific and integrative processes in present-
dey science dealt with in this article, processes in which
an actively creative and fundemental role belongs to Marx-
ist-Leninist philosophy, comprise a characterigtic feature
of the science of society whose aspirations and efforts are
directed towards creating a communist future.

The implementstion of integrative pan-scientific
trends hinges on the conditions of scientific activities
and, in the first place on socio-economic as well as polit-
ical, legal and other factors. The synthesls of the scienc-
es of nature and those of man and society, as well as their
unity,of which Marx wrote,30 fully menifests itself only
under socialism and communism, since, as pointed out in
the Report of the CPSU Central Committee to the Party's
25th Congress, ™... the scientific and technological revo-
lution acquires a true orientetion consistent with the in-
terests of man and soclety only under socialism. In turn,
the ultimate objectives of the social revolution, the build~
ing of a communist society, can only be attained on the
basis of accelerated scientific and technological pro-

gress."

NOTES ,
1 moittee and
.Brezhnev, Report of the CPSU Central Col
%hi ?mmediaté Tasks of the Pa?% In flome and roreign pPol-
ici. 2555 §o§§ress oz EEe CPal, MoScOw, 1976, DPe128.

2 f Yatural Science_and
B.M.Kedrov, "Marx and the Unity o
the Humanities"; Voprosy filosofii, 1968, No.5, p.b.

3 " £ thc CPSU and the
P.N.Fedoseyev, "The 25th Congress o 3
Tasks of tﬁe éocial Sciences", Voprosy filosofii, 1976,
No.5, p.13.

4 Guidelines for the Development of the National Tcono of
of the USSR Tor 1076-1580, Moscow, 19106, pPeTi.

- 127 -




5 E.M.Mirsky, "Inter-Disciplinary Research as an Object of

10
1
12

13

14
15
16

Scientific study, Systems Research. A Yearbook for 1972,
Moscow, 1972 (in Russian). For a detalle scussion o
the synthesis of knowledge between the two different
groups of sciences, see the article by B.M.Kedrov on the

synthesis of sclences, Voprosy filo;ofii,No.3,1973.

I.T.Frolov, Present-Day Science and Humanism, Moscow,
1974; Progress in Sclence and the Pubure of Mankind, -
1575 (both iIn Russian).

Moscow,

V.G, Afanasyev, Social Information and Administration of
Society, Moscow, sy PPe - Russlan),

B.M.EKedrov, "On the Synthesis of Sciences", yoprosy filo-
sofil, 41973, No.3; B.M.Kedrov, "The DialectiEEE Toad of
Theoretical Synthesis in Present-Day Natural Sciencen,

in the collection: The g;nthesis of Present-gag Scientif-~
ic Knowledge, Moscow, n Russlan); B.S.Ukreintsev,
"TRe LiAk getween the Natural and the Social Sciences

in Technical Knowledge" (Ibid.).

For philosophical and methodological research into these
processes, see the book Methodological and Social Pro-
blems in Technolo and the Te ") clences. e Spe-—
cifics ol the Tecﬁnica. Sciences, Moscow, » lasue 2;
The Interconnection Between e Natural and the Techni-
[ clences, Hoscow, 1976, 1ssue 3 ZEOEE in Ruseian)y.
Pravda, February 27, 1976,

Ibiden.

Some of these problems are described by P.N.Fedosgeyev
in his article "Philosophy and Natural Sciencer,

Philoso and Natural Sclence, Moscow, 1974,

pg. -11, an g0 1In s article "The 25th Congresa of
the CPSU and the Tasks of Soclal Science, Yoprosy filo-
gofil, 1976, No.5, pp.12-13. i

M.F.Vedenov and Yu.V.Sachkov, The Problem of Styles of

Thinking in Natural Science, MGs: 19771 I.EZ%&FIE;'

quesvions of the Style of Thinking i t
5 b0 :

Moscow,

L.I.Brezhnev, op.cit., pp.82~83.
Pravda, April 12, 1974.

M.E.Omelyanovsky, "The Development of Creétive Coopera-
tion Between Marxist Philosophers and Natural Scientists

in the USSR", Philosophy and Natural Science, Moscow,
1974 (in Russiany.

- 128 -

5435

20

21
22

23

24

25

26

27

28
29

ﬁatural Science

[
s Moscow, 1974

Pravda, September 19, 1975,

On the fﬁnétions of philosophy in present-day society
see V.Dobriyanov, "The Sooial Punctions of Philosophy ant

Sociology", Voproay filosofii, 1976, No.3, as well as thp
the digcussion of %Eaf report at a confersnce of editors
of philosophical and socliological journals, published in

the socialist countries, in the same issus of the jour-
nal, pp.137-145.

Vogrosx filogofii, 4974, No.41, p.5%. See algo "Dismlectich
an resent-Day Scientific Cognitionn, Yoprosy filosofig,
1973, No.3, pp.75, 76, and elsewhere.

F.Engels, Anti-Dithring, Moscow, 1969, p.169.

On these functions see the above-mentioned article by
V.Dobriyanov and its discussion in Yoprosy filosofii,
1976’ No.3| ppo124-145- :

P.N.Fedoseyev, "The Philosgfhical Interpretation of the
Scientific and Technologic Revolution®, Yoprosy filo-
gofii, 1976, No.10, p.5. -

S.P.Trapegnikov, "The Marxist-Leninist Philosophy of
Science and Our Times", YVoprosy filosofii, 1973, No.8,
p.20.

Guidelines for the Development of the National Econ
of EEE USSR for 3§f§E1§§§, P77 .

Studies in this ares are already under way. See I.V.Blaw-
berg and E.G.Yudin, The velopment and gence of the

Systems Approach, Moscow, + V.A.Lektorsky an
V.S.Sﬁvyrev,"lb%hodoiogical‘Analysia in Seiences (Types
and Leveéls)", Philoaoph ethodolo cience, Moscow,
1972; V.S.Gott and A.%.UrsEI, Pan~- c*eniiﬁ!c Notions
Their Role in Cognition, loseow,'TéTS (all In Russlan).

I.V.Blauberg and E.G.Yudin, The Development and Essence
of'a Systems Approach, p.98.

Ibidem.

These problems are examined in the work by T.Pavlov,
"The Philosophy of Dlalectical Materialism and the

Particular Sciences" in Selected Philosophical Works,
Vol.1, Moscow, 1961, pp.T6Y, 275 and elsewhere: In the

91 - 129 -



collective writings: Philosop
¥oscow, 1972; Philoso n 080~

hy and Science, Moscow ;s T.1.01zerman, The Ma

&hosopﬁioﬁ T::-enda, Mc”soow, 1971 (all in RuasI Y«
30 K.Marx and F.Engels, From Early Works, Moscow, 1956,

P.596 (in Russian).

ey L. I.Breghnev, op.cit.,p.82.

5435

PHILOSOPHICAL PROBLEIS OF NATURAL SCIBNCE
IN THE WORKS OF ENGELS

Vladimir GOTT,D.Sc. (Philos.),
Kadyrbech DELOKAROV,Cand.Sc. (Philos. )

Problems of dislectics of nature and the dialecties
of cognition hed always attracted Frederick Engels' atten~
tion, They were dealt with by him not only in Dielectios
of Nature but also in The Condition of England. The 18th

Century, Anti-pithring, Ludw euerbach and the of -
sicsl Germen Philogophy, in 1etto_r|,a.nd other workas.

Engela began working on Dialectics of Nature in 1873
and continued it (with an interval of two years) until
Marx's death in 1883, Some material was added to the manu~
script in 1885-1886. Initislly, Engels intended to write
a critique of the vulgar-materialistic views of I.Btichner
and others. Later he decided on a more comprahemsive snal-—
yeis and a philosophical generalisation of the achievements
of netural science end a systemaetic critique of metaphipi-
cal and idealistic interpretations of these achievements.
He wrote of this idea in a letter to Karl ¥Marx on Hey 30,
1873. The need for a study of this kind, in which the dis~-
lectics of nature and the dialectiss of cognition would be
considered from the standpoint of new materiélin. waas
warmly approved by Marx, and also by K.Schorlemmer, a moted
chemist who was the first Marxist naturalist. The objective
conditions and needs of the class struggle, namely, the
moulding of a working-class outlook, made Engels interestefl
in natural science.
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Due to varlous circumstances, Engels was unable to
complete his plan, but Dlalectics of Rature is a systematic
dislectico-materialist  examination of the fundemental re-
sults and methodological lessons of natural science taught
in Engels' day. He showed the dialectical character of the
laws of nature, enunciated a number of underlying ideas on
key propositions of philosophy, end enriched the content of
the categorial foundations of dialectical materialiem.

1. change of the Subject-Matter of Philosophy and
Dislectica of Nature

Earl Marx and Frederick Engels did not regerd philoso-
phy se a consummated system of knowledge, &s & "science of
sciences" that, as the highest euthority, dictated truths
to other, "less fundemental sciences". In Anti-pihring, un-
der the heading "Dialectics. Negation of the Negationn, En-
gels noted the new significance of the philosophy he was
developing, writing: "This modern mterialin; the negation
ef the negation, is not the mere re-establishment of the
old, but adds to the parmanent foundations of this old mater-
islism the whole theught-content of two thousand years of
development of philosophy and natural science, as well as
of the history of these two thousand years.” "It is in fact,"
he added, "no longer a philosophy, but a simple world out-
look which has to establish its validity and be applied not
in a sclence of scilences standing apart, but within the po-
sitive sciences."" Engels! proposition is basic for under~
standing the new significance of philosophy in the Marxist
world outlook, and for a scientific solution of the problem
of the relationship between philosophy and natursl science.
Pirst, Engels points out that the materislism propounded by
him is & "new meaterialism® that cannot be regarded as the
re—-establisment of the o0ld meterialism. Purther, he notes
the unity beiween the 0ld and the new materielism precise-
ly in their poinis of departure, i.e., the permanent founda-
tion of materialism that must be despened, developed, end
enriched with the 1deological conient of the history of
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science, the history of philogophy, and history itself. is
a result, philosophy is sublated; that is "both overcome
and preserved; overcome as regardl 1t§ form and preserved
as regards its real content",” Thus, in Engels' view, phi-
losophy does not have & special reality distinet from the
reality studied by the natural and social scliences. He
streases that philosophy is sublated diaiectically, and net
metaphysically, for that form is removed which is acquired
in the minds of phillosophers of the reviewed period, parti-
cularly Hegel. The real significance of philosopbhy is pre-
gerved, but it must show itself through real sciences, and
not as a special science sbout sciences.

As & science sbout sciences, as an absolute system
resting on pure thought, philosophy has thus been overcome
But it is preserved in its real content. The need arises 03
defining the subject-matter of philosephy as a science sbeut
the most general laws of the development of mature, seciety
and thought. Speculativeness and shallew empiricism are
the two extremes that are not implicit in real philosophy.
One thus cannet generally discuss the world withemt stwdy-
ing the data of the sciences siriving to uaderstand the
world.

A close smalysis of all of Engels' pronocuncements aboyt
the -lbject-?latter of the new materialism and the concep~
tual understanding of the methed of study used in Dislec-
tics of Nature, shew that the subject-matter of dialectical
materialism was never interpreted by him es solely a sci-
ence abeut thought. He wrote that dislectiocal materialism
is a science of the geneéral laws "of motion and develop-
ment of nature, human society and thought".3

The genulne nature of the new philosophy, as any other
science, is proved by the entire sum of results achieved by
the natural and social sciences, by natural scientific and
gocio-historical practice, The actual significance of phi-
losophical propositions is substantiated in the philosophy
of Marxism not independently and not in isolation of the

9-3
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schievements of sclence end actual practice but, on the con-
trary, in cloese, organic relationship with practice and
with all sclences. In Theses on Peuerbach Marx proclaimed
that practical activity is drawn naturally into its own
sphere by Marxist epistemology.

Engels made it clear that dialectiocal materislism dif-
fered not only from such schools of former philosophy as
harrow empiricism and speculative rationelism, but &lso
.from metaphysical materialism. As early as the 18408, in
-The Holy Pamily, Marx and Engels had drawn sttention to the
tundamental shortcomings of the old materieliem, which did
not vnderstand the resl role of socio-historical practice
in the process of cognition, and the active nature of the
social subject. Criticising the materialism of the English
pbilosopher Thomas Hobbes, they wrote: "Physical motion wag
sacrificed to the mechanicel or mathematical, geometry was
proclaimed the principal science. Haterialism Beceme hos-~
tile to hnma.nity. In order to overcome the anti-human in-
gorporesal spirit in itg own field, materielism itself was
obliged to mortify its flesh end become an ascetic. It ep-
peared as a being of reeson, but it also developed the im-~
pPlacable logic of reason."I By its methodological orienta-
tion and basic content this passage harmonises with Marx'g
first well-known thesis about Peuerbach. The absolute coun~
terpositioning of the objective and the subjective is pre-
cisely what mede the "object of reality, of sensitivenessn
regarded "solely in the form of an object", of mcontempla-
tion" and not as human sensusal activity, not subjectively.

2. Problem of the Relationship Between Philosophy

and the Natural Sciences

The advances in the natural sciences made it impera-
tive to escertain the general features and trends of philo-
sophical generalisation, to surmount alienation between the
neturel sciences themselves, and between them and philoso~-

phy. In The Economic emd Philogophical Manuscripts of 1844,

Marx wrote that "the natural sciences have unfolded colos-
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sal sctivity apd accumnlated steadily growing material.
But philosophy has remained as alien to them, as they have
remained alien to ph:l.lomaplu."5

Hegelt's analysis of the development of natural scien-
tific knowledge in his Philosophy of Nature fell short of
the methodological requirements of seience, first, bscause
of his mistaken primery philosophical principle sad, second,
becanse Hegel did not have an intimate knowledge of fundamen-
tal aclentific discoverles. Purther, it mmst be berne in
mind that Philosophy of Nature wes Hegel's moat metaphyai-
cal. work, and that the shortcomings apnd limitations of his
philosophy were seen most glaringly in it. Hegel's Ratur-
philosophie, Engels wrote, "erred becamse it did not con-
cede to nature any development in time, any tsuccessien?,
but only tcoexistence’. In this Hegel fell far behind Xant,
whose nebular theory had already indicated the origins of
the solar syatem, and whose digcovery of the retardation
of the earth's rotation bz the tides also had proclaimed
the doom of that system."

Lastly, the integrity of dialectical materisliem's
philosophical system itself required an snalysis of the dia-
lectics .of nature. The task that faced Engels in this con-
nection was formulated by him as follows: "... to convince
nyself also ln detall—of what in general I was not in
doubt-—that in nature, amid the welter of innumerable chang-
es, the same dialectical laws of motien force their way -
through as those which in history govern the epparent for-
tuitousness of events®.

There was thus a pressing theoreticel and practical
need for a consecutive and systematic philosophical analys-~
is of natural sclentific data. In tackling this task, En-
gels consldered, from the standpoint of NMarxist philosophy,
important problems such as the relationship between philos+
ophy and the natural sciences, the relationship between
dialectics and the natural sciences, the classifiocatien of
the forms of motion of matier, the dialectics of necessity

9-4
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end fortuity, snd sc on. While philosophically summing wp
the echievements of mathematics and the natural sciences,
he showed that there had to be organic unity between philo-
sophy and the natural scliences, systematically criticising
the one-sidedness boih of narrow, shallow empiricism and of
speculative rationalism and dogmatism. He directed mmch of
his criticism at philosophical empiricism, which in his day
came forward as positivism. His criticism of the limitations
of metaphysical materialism, of positivist absolutisation
of sense data, of the misconceived speculative construction
of a special reality, rested on his dialectical materialis~-
tie interpretation of data of science and the history of
philosophy.

The need for understanding the achievements of empiri-
cal natural science dialectically is dictated, first, by
the develepment of sciemce, which requires the systematisa-
tien of available material "im accordance with its immer
bonds*, and, second, the probl&n of the organic link between
different areas of knowledge becomes unavoidable. The data
of the natural and social sciences can be generalised dia-
lectically only if account is taken of the law of developed
theoretical thought reating on knowledge of all preceding
philogophy. These two factors were particulerly important
in the peried we are considering, That period saw the emer-
gence of new sclentific disciplines, and the transition of
existing sclences from description, systematisstion and
classification to explanation. Engels proved that the meta-
physical method with its lmmobile, fosailised categories
was narrow, and showed thet dialectics was vital. He demon-
strated the force of the dialectical method, proving that
an "exact representation of the universe, of its evolution,
of the development of mankind, and of the reflection of
this evolution in the minds of men, can therefore only be
obtained by the methods of dialectics".®

He showed convinelingly that no scientific work can be
succesaful without knowledge of the lawe of philosophy, for
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without thought there can be no cognition, no rationil an~ |
derstanding of reality. Naturalists, he wrote, had to know

the history of seience, the history of philosophg, stres-

sing that the natural philosophy attacked by some metaphys-
ically~thinking philosophers and naturalists indeed "con-
tains a great deal of nonsense and fantasy, but not more
than the unphilosophical theories of the empirical natural
scientists contemporary with that philosophy. nd

In eriticising shsellow empiricism for its underestima-
tion of the part played by theoretical thought in coghition,
Engels showed that a fact le relatively mindigputable-=, #hax
it is dependent on the interpretation model within which
the given fact 1s understood. In this vprk he notes for the
first time that there can be no "decisive experiment", for
any single fact is a ‘unity of the subfective and the objec~-
tive, and only socio-historical practice can in its move-
ment as a process serve as an indisputable argument in fav-
our of the authenticity of a ‘hypothesls or theory.

In his eriticism of the extremes of dogmatic ration-
alism and a priorism, and of empiricism, Engels took the
dialectics of the subjective and objective into account.
The attention that he gave to critiecising empiricinm wag
due to the fact that most of the naturalists of that period
were either indifferent to philosophicsal analyses of the
foundations of their science or were proponents of the em-
pirical tradition in philosophy.

A1l this is evident of how revisionist. philosophers
were wrong when they interpreted Engels' philosophy in the
spirit of the orthodox Machist, phenomenological thoo#y/of
knowledge. One of them, F.Adler endeavoured to prove #ﬁat
as uged by Marx and Engels the terms ™materialism" and "die-
lectica™ were synonymous with the terms "experiment" and
ndevelopment™ used in contemporary natural sclence.

Engels not only showed that it was wrong to absolutise
directly sense data but criticised the speculative deduc-
tion of the universe from reason with the aid of categories
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of pure thought. Thus, in his analysis of the objective
foundation of dialectical laws he criticised Hegel, who did
not deduce dialectical laws from nature and history, but im-
posed them from above as laws of thought. %Phis," he wrote,
"is the source of the whole forced and often ontrageous
treatment; the universe, willy-nilly, hae to conform %0 a
aystem of thonght which itself is only the product of a de-
finite stage of evolution of human thought."11

In deciding the question of the relationship between
the new, dialectical form of materialism and the natural
sciences, Engels proceeded from the contention that the
sclence of nature was a social phenomenon. Beceause of the
sociel oharacter of the process of cognition,of the histor-
icity of reflection, it is impossible entirely to rule out
elements of theoretical generalisation from cognition. Hence
the need for conscious guidance by a definite philosophicel
premise, and, provided this philosophy is genuine, the pos-
8ibility is created for avoiding innumerable methodological
and philosophical errors springing from ignorance of the
history of science and the higtory of philosophy, or from
ignorance of genuinely scientific methodological principles.
The lessons of the history of knowledge cannot be ignored

- "with impunityn", and "empirical contempt for dialectics is
punished by some of the most sober empiricists being led
into the most barren of all superstitions, into modern spir-
itualism".12

The process of cognition is thus intrinsically linked
with philosophical thought end camnot dispense with it.
Proving this, Engels drew the conclusion that whatever at-—
titude naturalists adopt "they are still under the domina-
tion of philosophy. It is only a question whether they want
to be dominated by a bad, fashionable philosophy or by a
form of theoretical thought which rests on acquaintance with
the history of thought and ite achievements.

" 'Physics, beware of metaphysics", is quite right,
but in a different sense."13

A4 =138 =

The term "dominate™ means that natural scientists harve
consciously or unconsciously always been guided by definite
methodological and philosophical principles. Therefore, as
a methodological programme the assertion "Physics, beware
of metaphysics" is basically wrong when metaphysics is taken
to mean philosophy in general. Engels says that it "is quite
right, but in a different sensem", namely when metaphysics
is taken to mean a method of thought, a method of study op-
posed to dialectics. In other words, the assertion "Physios,

‘beware of metaphysicse™ has the implication that while it

was not dialectico-materialistic one, organically linked
with the requirements of scientific cognition, and while it
rested on metaphysics and mechanicism in constructing its
speculative patterns, the former philosophy, too, endeavour-
ed to impose these patterns on physics and thereby hindered
its development. It was therefore only the consgcious tran-
gition of naturalists to materialistic dialectics that could
remove "fabricated, artificial interconnections by the dis-
covery of the real ones",14 and help avold not only philo-
sophical but also natural sclentific errors.

3. Dialectics of Natural scientific Cognition

The keynote of Engels' Dialectics of Nature is that
dialectico-materialistic thought is vital for the develop-
ment of the naturel sciences. He combined the positive so-
lution of this problem with a consistent, systematic criti-
ciem of the predominent metaphysical method of thought. The
metaphysical method of studying objective reality, charac-
terised by its fragmentation into individual unconnected
parts, processes and objects, and thelr systematlsation eand
classification, took shape with the emergence and develop-
ment of special natural sciences. This method was Justified
and necessary at a definite stage of the development of
gcientific study. But, as Engels noted, "this method has
also left us as legacy the habit of observing natural ob-~-
jects end processes in isolation, apart from their connec-
tion with the vast whole; of observing them in repose, not
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in motion; as constants, not as egsentially variables; in
their death, not in their life'.15

At the close of the 18th and early 19th centuries the
development of empirical natural science had produced con-
siderable factual material that bespoke of links and inter-
actions, and showed the obvious incompatibility between ex-
isting philosophical concepts of the natural sciences and
their objective need for a general method that could focus
the attention of researchers on looking for the links of
.phenomena, for modifications, movement and development in
the dialectico-materialistic approach to the objects of
study, for recognition of neture's existence independently
of the subject of study. The development of natural science,
as of knowledge of society, ingistently required the devel-
opment of dialectico-materialistic philosophy and the aweep-
ing away of metaphysical notions that were predominant chief-
ly emong naturalists.

The history of acience shows that the transition of
naturalists from metaphysical notions about nature to dia-
lectical ones was a long and difficult process. Due to the
metaphysical narrowness of their mechanistic approach the
naturalists found themselves in theoretico-cognitive im-
passes. At the close of the 19th century, the naturalists
who sought to dispense with a theoretical, philosophical
understanding of the empirical results in their field
proved to be captive to various irrational, religious no-
tions, for example, spiritualism and mysticism. This was
noted by Engels in Natural Science in the Spirit World,
written in 1878.. In his enalysis of the "experimental foun-
dationsg" of spiritiem, he indicated "the most certein path
from natural science to mysticism", This was "the shallow-
est empiricism that spurms all theory and distrusts all
thought ,» " '

A

In the chapter headed "Electricity®, Engels wrote in
Dialectics of Naturg that for empirically-minded natural-
ists "even the experimentally established facts have gra-
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dually become inseparable from their traditional interpre-
ta.t:l.ons".1 scorn for theoretical thought thus does not
deliver the researcher from theoretical generalisations.
It only leads him along the path of the old, traditional
method of thought, compelling him to tailor new facts to
old patterns. On the example of his analysis of Wiedemann's
Teachiqg of Galvanism, Engels proves that "the aimplest

electric phenomenon is presented falselym", for "this empir-
iciem cannot any longer describe the facts correctly, be-
cause traditional interpretation is woven into the descrip-
tion".18

Here Engels demonstrated that the latest results of
natural scientific study, the discovery of facts}hitherto
unknown to science, and the theoretical conclusions drawn
from these facts were mercilessly battering down the old
traditions, with the result that the champions of tradition-
al patterns of thought were finding themselves in difficul-

ties.

In Dialectics of Nature Engels gave considerable at-
tention ;;-;ow to teach the dialectical method of thought
to neturalists. For this, he wrote, naturalists must be ac-
quainted with the history of the develo?ment of human
thought, for in "every epoch, and therefore also in ours,
theoretical thought is a historical product, which at dif-v
ferent times assumes very different forms and,therewith,very
different contents. The science of thought is therefore,
like every other, a historical science, the science of the

1
"historical development of human thought.™ 3

Acquaintanceship with the history of the development
of gcientific knowledge is a convincing argument in favour
of dimlectics, for, firast, it shows that "the theory of
the laws of thought is by no means an 'etgrnal trutht' es-
tablished once and for all" and, second, it furnishes "a
criterion of the theories propounded by this science it-
ge1n .20
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Ignorance of how philosophical problems were get and
resolved, and of the results achieved by philosophical sgeci-
ence in its development led many neturalists to methodolo-
Bical errors in assessing theories. Thus, "propositions
which were advanced in philosophy centuries ago," Engels
wrote, ".,.are frequently put forward by theorising natural

Sscientists as brand-new wisdom and even become fashionsgble
for a wh:l.le."21

Study of the pattern of the process of cognition makes
it possible to amcertain ite empirical end thecretical lev-—
-els. Engels dialectically reformulated the 0ld epistemolo~
gical dilemma over the priority of the sensual.over the ra-
tional or, on the contrary, of the rational over the sensu-~
al. In effect, he proved that this wes ea wrong,undlialectical
way of putting the question, and that empiricism and ration-
alism erred in their arguments to show the authenticity of
knowlédge. The methodology of scientific knowledge wes con-
fronted with the important problems of, first, the origin
of the primary principles of theory and, second, the appear-
ance of new knowledge and, in thisg connection, the role of
induotion in the process of cognition.

In analysing the dialectics of the empirical and the
theoretical, the correlation of the facts underlying a theo-
ry and the principles of this theory, Engels wrote in part:
"The empiricism of observation alone can never adequately '
prove necessity."22 The fact that a theory's principles
cannot be deduced in principle solely from empirical data
alone became increesingly obvious in the 20th century and
had been stressed by Engels in the latter half of the 19th
century. Moreover, he was opposed to isolating theoretical
premises from practice, from experimentation, criticising
natural philogophical and a priori patterns of the universs.
This is most clearly seen in his attitude to Kantlan ideal-
istic & prioriem. "The principles,” he wrote in this con-
nection, mare not the starting-point of the investigation,
but its finel result; they are not applied to natural and
humen history, but abstracted from them; it is not nature
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and the realm of humanity which conform to these principles,
but the principles are only valid in so far as they are in
conformity with nature and history. That is the only mater-
ialistic conception of the matter.n>

He underscored the a posteriori character of the prin-
ciples of knowledge, their origin from experimentation. But
the principles that take shape and are tested in practice
become important methodological instruments of cognition.
Such principles come forward es a leading and guiding idea.
Engels anticipated many ideas of the hypothetical-deductive
method of cognition, their modern construction. In each
new theoretico-cognitive situation,principles may be trans-~
formed, complemented with new principles and generally prove
to be inepplicable in the new sphere. Soclo-historical, sci-
entific-experimentel practice thus remains the decisive
criterion of the authenticity of the primary principles of
cognition. However, the principles that are repeatedly con-
firmed in practice and allow obtaining new results often
acquire the nature of a bias. While facilitatiing the study
of new aspecta of reality, such principles in many cases
themselves become the object of scientific analysis. As time
passes they become the points of departure of knowledge,

a priori and set up agelnst reality itself., Ajtentiah was
drewn to this by Engels when he analysed the specifics of
mathematical knowledge, in particular, its laws. In mathem-
etics, he wrote, "as in every department of thought, at a
certain stage of development the laws, which were abstract-
ed from the real world, become divorced from the real world,
and are set up against it as something independent, as laws
coming from outside, to which the world has to conform".

with the development of knowledge the character of
mathematics has become so abstract that today it is hard to
indicate the objective prototype of modern abstract mathem-
aticsal notions. This results in an increassed apparent in-
dependence of mathematical knowledge from the real world,
from its links and relationships. Engels' conclusion that
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"pure mathemetics was subsequently applied to the world,
although it is borrowed from this same world and represents
only one part of its forms of interconnection--and it is
only because of this that it can be applied at a11n23 has
been borne out by the practice of scientific knowledge, by
the development of technology and social production, and

is evidence that the dependence, the connection of mathem-
atical structures, propositions and relationships, reflectas
by épecific means what exists in the real world. Engels
emphasiged the "terrestrial® character of mathematical
ktruths, in particular, of mathematical axioms, and moved to
the golution of the problem genetically. If, he wrote,
"emong us the mathematical axioms seem self-evident to eve-
ry eight-year-old child, and in no need of proof from ex-
perience, this is solely the result of taccumulated inherit-
ance'", 2é Subsequently, Lenin was to write in his Philos-
ophical Notebooks: ",,. the practical activity of man had
to lead his cosciousness to the repetition of the various
logical figures thousands of millions of times in order
thet these figures could obtain the significance of axioms.
This nota bene." w27 T

The role of inductionr, deduction, analysis, synthesis
and other methods of scientific cognition was prominent
emong the problems of scientific study that attracted En-
gels' attention. He justifiebly condemned the absolutisa-
tion of individual methods of approach in the practice of
investigation and proved that the most diverse methods had
to be used in studying phenomens of nature, society and
thought: "... progression from the individusal to the par-
ticular and from the particular to the universal takes
place not in one but in meny modalities."28 Hie underlying
idem is that there must be a dialectico-logical approach to
the methodology of scientific study. In cheracterising the
attitude of scientists who metaphysically applied formal-
logical methods of cognition, Engels wrote: "rhese people
have got into such a deadlock over the opposition between
induction and deduction that they reduce all logical forms
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of conclusion to these two, and in so doing do not notice
that they ¢1) unconsciously employ quite different forms of
conclusion yhder those names, (2) deprive themselves of the
whole wealth of forms of conclusion in o far as it cannot
be forced under these two, and (3) thereby convert both
forms, induction and deduction, into sheer nonsense."

He was particularly sharp in his criticism of the at-
titude of scientists who absolutely divorced induction end
deduction, hypertrophied induction, and preached "universal
induction®, This heavy criticiem of "universsal induction"
was due to the role that was accorded to the induction meth-
od in that period. Resting on the primery principles of dia-
lectico-materialistic methodoiog:, Engels sweepingly criti-
clged the inductive interpretation of obtaining end advanc-
ing scientific knowledge generally and of British "universal
inductivism® in particular. He drew upon the history of the
natural sciences to show that the absolute truth of the sci-

‘entific results obtained by induction were illusory. He

wrote: "According to the inductionists, induction is an in-
fallible method. It is so little so that its apparently
surest resulis are every day overthrown by new discover-
ies."3° A comprehensive analysis of historico-scientifiec
meterial brings out the narrowness of the induction method
of cognitibn, which in those yearse was geen by many scien-
tists 'as the only sure method of cognition. Engels wes not
againet the method of induction generally, but proved the
methodological hollowness of the attempis to depict that
method as the only or best method of cognition. As all oth-
er theoretico-cognitive procedures, induction has its own,
narrow sphere of application; in particular, the applica-
tion solely of that method cannot explain aspects of cogni-
tion such as the emergence of new theories and of new know-
ledge generally. "With all the induction in the world,"
Engels wrote, "we would never have got to the point of be-~
coming clear about the process of induction. Only the gnal-
gsis of this process could accomplish thig.n"

10-1
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Criticiam of the absolutisation of the posgibilities
of one method of cognition or another bore a programmatic
nature and pursued the general aim of proving the need for,
and heuristic character of, materielistic dlialectics, which
is incompatible with the absolutisation of any single meth-
od of cognition and, generally, with preset patterns of
thought, as well as with negations of the productive role
of thought implicit in positiviem at its early stage of de-
velopment. '

In his analysis of the process of cognition, Engels
drew attention to the dislectically contradictory charac-
ter of the creation of theories, stressing the transient
ngture of existing theoretical syetems, which some natural-
iste regerded as complete and absolute, bringing to light
the enormous heuristic role of hypotheses in cognition, and
so on, noting that the "form of development of natural sci-
ence, in o far as it thinks, is the hypothesis".’? In the
most developed natural scientific disciplines-~asironomy,
mechanics, physice, and chemistry—v"we are swamped by hypo-
theses as if attacked by a swarm of bees, And it must of
necesgsity be son. :

whe existence of an element of hypotheticity im the
structure of knowledge is thus an attribute of the develop-
ment of science. The scientific velue of the position up-
held by Engels in the question of the role of hypotheses in
cognition lies in its methodology, which correctly oriented
naturealists studying the unknown. This was a timely philos-
ophical proposition, for in those years there was a fairly
widespread positivist attitude to the hypoﬁhesis, which
at that stage of its development endeavoured to eliminate
elements of the hypothetical from the structure of know-
ledge.

The creation of a systematised scientific theory was
linked not only with the existence of elements of hypothe-
ticity, which were subject to experimental verification,
but also with the use of many other methods in addition to
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induction, deduction, analysls, and synthesis. In partice-
lar, in combating the wideapfead narrow empirical inter-
pretation of the process of obteining new knowledge and
evolving theories, Engels analymed categories such as reason
and intelligence, the abstract and the concrete, the whole
and the part, and so forth. Of the greatest interest to us
is his profound logico-methodological analysis of the place
end funetion of an idealised object in knowledge on the
example of Sadl Carnot's ideal steam-engine. Writing of the
role of methodological procedures such as induction and syn-
thesis in knowledge, he noted that Sadi Carnot 7studied the
steam—~engine ,analysed it,and founda that im it the process
which mattered does not appear im pure form but is concealad
by all sorts of subsidiary processes. He did away with theae
subsidiery circumstances that have no bearing on the essen-
tidl process, and constructed an ideal steam-engine (or gasa
engine), which it is true is ms little capable of being re-
alised as, for instance, a geometrical line or surfneo.'34
But this cognitive procedure "in its way performs the same
service as these mathematical abstractions: it presents the
process in a pure, independent, and unadulterated forn'.35

The heuristic character of the process of idealigation
is thus based on & theoretically constructed mental object,
which is widely applied in modern research. The most devel~
oped branches of scientific knowledge (physics, mathematics,
chemistry, biology, and so on) have always used the method
of idealisation, albeit to & varying extent. "Nathematical
space,” "absolutely black body", "uncompressible liguidv,
and go on are natural elements of modern scientific know-
ledge. Generally speaking, idealisation ism a vital attri-
bute of the process of cognition, for, as Engels showed,
the creation of an uncontradictory scientific theory is oxr-
ganically linked with generalisation, with the abstraction
of wvarlious properties of the studied object, which are un-
esgential for the given problem. Thus, in order to operate
successfully with the phenomena studied in science, theae
phenomena need deputies formed by ldealisation. Engels held

I0~2
- 149 -



that although idealisation waes a purely thought process and
its application depended entirely on the subject that gtud-
ies reality, it hed an objective foundation.

The growing role of the abstract~theoreiical element
in modern science, which is internally linked with a high
level of generalisation-idealisation, mathematisation, ecy-
bernetisation, and so forth—shows Engels' keen scientific
ingight. He apprecisted the great methodological and heuris-
tic significance of idealisation as an important method of
scientifically studying reality.

He closely linked the study of the methods of scientif—
ie cognition, such as analysis and synthesis, induction and
deduction, idealisation, and so on, with the elaboration of
the besic laws and categories of materialistic dialectics,
His study of the actual process of cognition in the natural
and social sciences led him to the conclusion that the laws
of dialectics formulated by Hegel had to be reconmsidered
from the‘materialiétic point of view, and that the categor-
ial foundation of Merxist philosophy had to be faurther de-
veloped. In particular, he gave much of his attention to
the elaboration of key categories of philosophy such as
matter, motion, space, time, necessity, fortuity, cause and
effect, interaction, and so on.

4. Elsboretion of Jews and Categories of Materialistie
Dialectics By Engels

In studying the objective foundation of dialectiecal
laws, Engels wrote: "It is, therefore, from the history of
nature and human gociety that the laws of dialectics are
abstracted., Por they are nothing but the most general laws
of these two amspects of historical development, as well as
of thought itself.'3 He held that as the actual laws of
the development of nature, dialectical laws are velid not
only for history but also for theoretical natural science.

He analysed objective dlalectical laws of nature, the
transformation of quantity into quality and vice versa,
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and the reciprocal penetration of opposites, the negation
of the negation, noting their universality for theoretical
natural science as lawa of so-celled subjective dialectics.
The subjective dialectics of thought mirrors the objective
dialectice of the material world. In showing the content of
the law of transformation of quantitative changes into qual-
itaetive and vice versa on the example of the division of

eny material object, he noted "that the purely quantifative
operation of division has a limit at which it becomes trans-

formed into a qualitative difference: the mass consists

solely of molecules, but it is something essentially dif-
ferent from the molecule, just as the latter is different
from the atom".”’ A great materialist and dialecticien, En-
gels was able, on the basis of the level reached by scientif-
ic knowledge in his day, to propéund an ides that was far

in advance of the development of science, Thus, by stres-
sing thet the mass differed from the moleculeas of which it
consisted, he drew the attention of researchers to studying
the substance of the mass, and warned them against any mech-
anistic notion that properties of the whole were determined
by the properties of its component‘pqrtl. He correcitly noted
the complexity of understanding the substance of the mass,
shich is still far from belng understood in modern physics
as well,

The dislectical approach enabled Engels to show the
significance -of physical constants in cognition, their meth-
odological function: ",,.; the so~called physical constanfl
are for the most part nothing but designations of the nodal
points at which quantitative addition or substraction of
motion produces qualitative change in the state of the body
concerned, at which, therefore, quantity is transformed
into quality." He drew the conclusion th¥t as nodals con-
stants in science express the unity of definite quantitatiye
and qualitative changes, violations of which signify the
removal of the 0ld level and the transition to & nem level:
of reality, and the need for a transition to & new theoret-
ical system.
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Engels' systematic analysis of the mechanism of the
transformation of quantitative changes into qualitative and
" vice versa rests on the recognition of the struggle of op-
posites as the meinspring of the development of all pheno-
mena. His point of departure was that any sclentific inves-
tigation showed "that the two poles of an antithesis, posi-
tive and negative, %.8., are as inseparable as they are op-
posed, and that despite all their opposition, they mutually
interpenetrater, Using concrete natural scientific. data
he demonstrated the universality of the dialectical contra-
diction end showed the essence of the unity and struggle of
opposites, pointing out the relativity of the demarcation
between opposites, and, lastly, drew attention to the diver-
sity of forms of contradiction, In this situation the fun-
damental theoretical task is not only to record opposites,
for thie is the first, initisl phase of investigation, but
8lso to find the interrelation, interactioh, mutual trans-
formation, and interpenetration of opposites.

The methodological idea underlying all of Engels' ar-
guments is that, firet, the unity and struggle of opposites
are the fundamental principle of being and cognition and,
second, that cognition should not, as in the case of meta-
Physically-thinking investigators, stop at a rigid, aebso-
lute counterposing of opposites, for "identity and differ-
ence—necessity and chance-—caunse and effect—the two main

opposites which, treated separately, become transformed
into one another".

In his works on the dialectics of ngture, Engels ana-
lyses the categories "matter" and “forms of its existence"
In hig view, the concept "matterm expresses what is common
to all objects of the external world, namely, the fact that
they exist independently of the subject perceiving them.
"We leave out of account," he wrote, "the qualitative dif-
ferences of things in lumping them together as corporeally
existing thinge under the concept ‘mattert nd? Since the
period we are considering was thus characterised by the
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elaboration of "a peculiar general outlook, the central
point of which is the view of the abgolute immutability of
naturen, 2 he concentrated on proving that being and cogni-
tion were dialectical, and this led him to a comprehensive
analysis of the category of "moiion", and also of "space"
and "time", In his critigue of Dihring's natural philoso-
phicel assertions, he wrote: "... the basic forms of all
being are spece and time, -and being out of4§ile is Just as
gross an absurdity as being out of space.”’” This philoso-
phiculkpropoaition derives its nethodologicgl valne not on-
1y from its content but also from the fact that it was pror
pounded when classical,Newtonian notions of space and time
were predominent, and were regarded outside their link with
and dependence on each other and matter itself.

In proving the attributive character of space and time,
Engels later noted in Dialectics of Nature that space and
time "are naturally nothing without matier, empty concepts,
abstractions which exist only in our minds".4 the link of
space, time, end moving matter, brought to 1light by relativ-
istic mechanics, bore out the propositions put forward by

Engels.

5. Engelg* Clagsification of Forms of Notion of Natter

In Dialectics of Nature Engels gave congsiderable atten-
tion to classifying forms of motion of natter.»!he idess
stated by him on this problem are fundamental, and they
predetermined the orientation of subsequent Marxist method-
ological investigation,

In his analysis of this problem he underscored, first,
the interrelation of different forms of motion of matter,
second, the fact that the higher forma of motion of matter
contain lower forms and, last and third, that displacement
by no means exhausts the edsence of the higher forms of
motion of matter. Methodologically, his point of departure
was that in nature there are no "pure" forms of motion of
matter and that the "whole of nature accessible to us forms
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a system, an 1nterconngcted totality of bodies, and by
bodies we understand here all material existences extending
frem stars to atoms, indeed right to other ‘particles, in so
far as one grants the existing of the last named".4” He
stressed two important circumstances, which became objects

of special investigation in the 20th cemtury: 1) the system-
atic character of objects of reality, which is mlso mirrered

by the systematic character of scientific knowledge, and
2) the existence of a universal 1link outside which both the
being of matter and its cognition ere inconceivable.

¥hile proving that there is an internal 1ink between
diverse forms of motion of matter, and their mutual trans-

formation and interpenetration, Engels categorically opposed

any levelling of the qualitative distinctions between forms
of motion of matter. The question of the qualitative dig-

tinotions between forms of motion of matter and their non-
reduction to each other is discussed by him exheuatively in

Dialectices of Nature.

Engels' study of different forms of motion of matter
in their interaction, and the specific ways by which the
forms of motion of matter that direetly follow one another
pass into one another, allowed him to classify the forms
of motion of matter and, at the same time, define each in~
dividual form more strictly on the besis of its links with
other forms. Lastly, hls approach to the problem of claggi-
fying forms of motion of matter created the methodological
prerequisites for distinguishing and investigating new, un-
known forms. Of course, the classification proposed by Bn-
gels bears & certain imprint of historicism. However, no
new classification embracing all forms of motion of matter
presently known to science has been created, although at-
tempts have been made in that direction.

An analysis of the correlation of the different levels
of matter distinguighed in the structurel and genetic as-
pects of the forms of motion of matter led Engels to yet
another problem of the classification of sciences that is
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interesting from both the theoretical and practical angles.
On the basis of his classificetion he formulated principles
for the classification of sciences which hold the atiention
of scientists to this day. He wrote: "Classification of the
gciences, each of which analyses a single form of motion,
or a series of forms of motion that belong together and
pass into one another, is therefore the classification, the
arrangement, of these forms of motion themselves acqording
to their inherent sequence, and herein lles its import- ‘
ance."4

In speaking of the classification of the scilences, he
stressed, first, what distinguished one science from anoth-
er, second, the interrelation of different sciences, and,
most importantly, he gave the philosophical foundation for
using methods of investigation evolved in one branch of
gcience in another. This foundation bears on material, struc-
tural unity of the universe, which underlies the interpens—
tration of sciencés,and is also seen in the common mathemat-
‘{cel formalisem, in the possibility of using the methods of
some sciences, for example, physics or chemistry, in gnother
science, for exemple, biology. The various forms of motion
of matter differ quelitatively from each other, and this
makes reductionist trends in the methodology of cognition
philosophically wrong; moreover, the quelitative specifics,
the impossibility of reducing one forms of motion to others,
their entonomous character cannot be absolutised. The inter-
relation of the different forms of motion of matter must
be borne in mind.

x x X
Dialectics of Nature holds a special place among the
works of Marx and Engels devoted to methodological problems
of developing neturel scientific knowledge. It is the first

philosophical analysis of scientific date about nature made
from the standpoint of dielectico-materialistic philosophy.

Engels' Dialectics of Nature is important methodqlo-
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gleally, for it convincingly shows the role of dialectico-
materialistic philosophy in the methodological orientation

of naturalists working on urgent problems of naturel scien-
tifle knowledge.

The theoretical core of Dialectics of Nature includes
& consistent dimlectico-materialistic view of nature and an

egsential contribution to the categorial basis of material -
istic dielecticsa.

In this work Engels made his first profound and all-
‘round anelysis of contemporary natural scientific knowledge
in terms of materialistic dislectica. He showed that nature,
society and thought are governed by the same common laws of
development. His analysis and generalisation of the schieve-
ments of natural science enriched the philosophy of dialec~
tical materialism, meking it possible not only to régard

the science of nature as a single whole but also to make im-

portent forecasts about the course of its further develop~
ment.

Dialectics of Nature is not a product of philosophis~
ing in the 0ld, pre-Marxist sense, for all its propositions
spring from the data of contemporary science and do not
stem from a priori theorisation. Moreover, it is not an em-
pirical work, which only follows in the wake of the natural
sciences, classifying and systematising sensory-empirical
material concerning nature into a single system. Engela'
attitude wes sharply negative to this style of individual
empicically-minded naturalists and philosophers. Dialectics

of Nature is a Marxist philosophical work in the true sensge
of the word. '

If we anelyse the revolutionary changes that have teken
place in science since Dialectics of Nature was written, we
shall see that in some areass Engels was fer ahead of the
development level of the naturasl science contemporary to

him. The science of the 20th century has borne out the ideas
propounded by him in this work.
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PROBABILITY IN CLASSICAL AND QUANTUM PHYSICS

Yuri SACHKOV, D.Sc. (Philos.)

The fundsmental character of probability ildeas and

‘research methods is widely recognised in modern science.
Also widely recognised is that probability notions give

flexibility and mobility to the theoretical forms of ex-
pressing knowledge end thereby reflect the inner dielec-
tics of nature, the character and style of cont emporary
‘gcientific thought. Decisive in the evolution of these
views of probability was the development of physics (clas-
gical statisticel physics and quantum theory), biology
‘(genetics), and &lso oybernetios (informetion theory) and
sociological research.

At the same time, there still exist considerable 4if-
ferences and blank spots in problems of substantiating
probability end its scientific applications. In snelysing
the philosophical foundations of probability,attention is
primarily focused on physical conditions and corresponding
theories. Physics was the first to employ strict probabil-
ity methods for investigating and expressing the laws of
nature, for studying the structure of maiter, ar? to this
day its data continue to serve as a basis for revealing
the nature of probability, for revealing the bases of the
intensive spplications of probability in contemporary sci-
ence. Attention here is concentrated on a comperetive ana-
lysis of the bases of probability in classical and quantum
physics. It is natural to assume that the development of
pbysice and its transition from classical to quantum phye~
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ios also makes it possible to establish more fully the ba-
ses for the use of probability methods, insofar as that
trangition (the elasboration of quantum theory) was based on
probability notions. However, when it comes to comparing
probability in classical and in quantum physics very differ-
ent views become apparent. "The concept of probability is
not altered in quantum mechanics," write Richard P. Feynman
‘and A.R.Hibbs. "When we say the probability of & certain
outcome of an experiment is P, we mean the conventional
thing, i.e., that if the experiment is repeated many times,
‘one expects that the fraction of those which give the out-
come in question is roughly P. We shall not ha at all con-
cerned with analysing or defining this concept in more de-
tail; for no departure from the concept used in classical
statistics 1s required. Whet is changed, and changed radi-
cally, is the method of calculating probabilities."1

V.Fok and M.Omelyanovsky express other views. "The con-
cept of probability was also treated in classical physics,"
writes Fok. "But there the meaning was entirely different.
In classical physics probebilities were introduced when the
conditions of the problem were not fully known and it was
necessary to average over the unknown parameters....

"In quantum physics,probabilities are of an entirely
different nature. Here they are essentlal ,and their intro-
duction reflects, not an incompleteness of conditions but ob-
Jective potential posgibilities existing in the given con-
ditions."2 In this statement it is important to note an ob~-
vious contraposition of the "meaning" of probability in
classical and quantum physics. This view is shared by Ome-
lyanovsky: "Probabilities in quantum mechanics differ fun-
damentelly from probabilities in clagsical theories. In
the latter they express the existence of chance circumstan-
ces 1n the investigated phenomena and therefore are not di-
rectly involved in the laws governing those phenomsena. In
quantum mechanics,matters are quite different: in it proba-
bilities are treated as a component of the fundementel laws
of nature (Schroedinger's equation) and thelr introduction
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4s. a reflection of a potential possibility objectively ex-
igting in definite real conditions.”

C.Weizshcker expieeses the radicel idea that quantum
theory is nothing but the genersl theory of probabilities.

A widespread point of view 1s reflected in the follow-
ing statement of J.M. Jauch: "The probabilities which occur
in classicel physics are interpreted as being due to an in-
complete speoification of the systems under consideration,
caused by the limitations of our knowledge of the detalled
structure and development of these systems. Thus these pro-
babilities should be interpreted as being of a subjective

‘nature.

nIn quantum mechanice this interpretation of the pro-
bability statements has failed to yield any useful insight,
because it has not been poesible to define an infrastruc-
ture whose knowledge would yield an explanation for the oc-
currence of probabilities on the obgervational level. Al-
though such theories with thidden variables' have been en-
visaged by many physicists, no useful result has come from
such attempts. We therefore take here the opposite point of
view which holds that the probabilities in quantum mechanics
are of a fundemental nature deeply rooted in the objective
structure of the real world. We may therefore call them
objective probabilities.”

We thus have widely diverging assessments of the role
and significance of probability in classical and quantum
physics. It is widely accepted that there are substantial
differences between the substantiations of probability in
classical and quantum physics. Let us examine the relevant -’
questions in greater detail.

X X X

What are the bases for the inclusion of probability in
classical physics? How can one understand and explain the
significance of probability ideas in classical physics from
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gthe most general positions, from the point of view of‘fhe'
‘notions of the nature of existence and knowledge?

To answer these questions it is necessary to examine the

general structure of classicel statistical physics, the fun}
damental statements of the problems solved by its methods.

The ideas of statistical physics evolved in the course
of investigations of the nature of heat phenomena, in the
first place in gases. Here atomistic hotions were the point
of departure. General considerations regarding the molecu~
ler structure of matter, especially geses, were expressed
scientificelly quite some time ago. Their development can
be traced in the works of Robert Boyle, Isaac Newton, Dani-
el Bernoulli, Mikhail Lomonbsov,and_other seientists of the
perlod when classical physics was being elaborated, However,

the emergence of statistical notions in physics as “workingn .

physical ideas ig linked first of ell with the nemes of
R.Clausius, James Clerk Maxwell, L.Boltzmann, and J.W.Gibbs.

In his elaboration of the kinetie theory of gases, in
which he treated gas gs a system comprising a vast number
of particles, Clausius in effect realised that changed meth-
ods were required for these investigations. This is seen in
the concept of "means" introduced by him in defining the
states of motion of gas molecules. This made it possible to
g0 over from the mechanics of a system of particles to the
investigation of the physical state of systems formed of
‘huge number of molecules. In Maxwell 's words, the main fact
is that Clausius "opened up a new field of mathematical
physics by showing how to deal mathematically with moving
systems of innumerable molecules.m But it was Maxzwell
who clearly realised that in the elaboration of the mole-
cular kinetic theory of gases a transition occurs from
the dynamical methods of mechanics to methods of Probabllity
theory. He went over from the notion of mean values
of quantities characterising molecular motion in macrosys-
tems to the concept of probability distributions of the
values of those quantities. The concept of probability
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digtribution was introduced to reflect the properties and
laws of material systems, and it is pivotal in numerous di-
verge applications of probability theory. It was after Max-
well 's work that the intensive development of the theory of
the internel structure of substances began.

Classical statisticel physics attained relative com-
pletion and wholeness in the works of I.Boltzmann and
J.W.Gibbs. The statistical interpretation of the fundamental
law of thermodynemics—the Second Law—is due to the works
of Boltzmenn (his celebrated N-theorem). As a consequence,
statistical mechanics acquired a generslised form of ex~
pression suitable for the investigation of systems of a
highly varied physical nature.

The advance of classical statistical physics was ae-
companied by an investigation of its bases and significance.
Notions immediately appeared that science was forced to
turn to the ideas and methods of probability theory only
because of the impossibility of developing strict solutions
of complex problems, i.e., that probability in physics is
a consequence of the inadequacy of our knowledge. There
was a justification of such an interpretation in that his-
torically (geneticelly) statisticel physics was elaborated
as the mechenics of a vast number of particles. Insofar as
in this case direct solution of the corresponding equations
of mechanics was abandoned in favour of notions of the
mean values of quentities characterising the motion of par-
ticles, it was claimed that probability methods ere a con-
sequence of loss of refinement, simplification, etc., in
stating the tasks of investigation.

At the same time, however, such assertions were also
provided with more substantial philosophicel explanations.
The specifics of statistical systems was associated with,
and characterised in terms of, the category of chance, Na-
turally, the broad philosophical interpretation of proba-
bility methods depended upon the interpretation of this cat-
egory. In the classical period of the development of natursl
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science, the category of chance was understood purely subjec-
tively, as a characterisation of phenomena and processes
'whose causes and necessary connections are simply unknown.
nNothing in nature," wrote Paul Holbach, "can occur fortui-
tously: everything obeys certain laws; these laws are but

a necessary connection between certain effects and their
causes... To speak of a fortuitous coupling of atoms, or

to attribute certain effects to chance meens to speak of ig-
norance of the laws according to which bodies act, meet,
combine, or aeparate."7 Accordingly, probability methods
were justified solely by the adequacy of knowledge: we in-
volve probability methods in those cases when the investi-
gated procesges are intricate and we are simply incapable

of tracing the interconnection of all the causes, or simply
do not know them. These methods were ascribed temporarily,
second-class, inferior status.

However, with the development of the applications of
probability methods, especially in physics, their objective
nature and independent value became increasingly apparent.
Such was the interpretation of materialist philosophers
and of natural acieniists resorting to probability methods.
nIngofar as it is a_question of the application in theoret-
ical physics," wrote M.Smolukhovsky, for example, "all pro-
bability theories which treat chance as an undiscovered
partial ceuse a priori be declared unsatisfactory. The phys-
ical probability of an event can depend only on the condi-
tions affecting its appearance, not on the extent of our
knowledge."e By now the insolvency of views which justify
the use of probability in sclence, natural sclience in the
first place, by the inadequacy of our knowledge have been
amply shown,

The categery of chance is of great importance for the
interpretation of probability methods. Chance and probabil-
ity have become virtually inseparable in the views of sci-~
entigts. The specific nature of probabilitiy methods and
relevant scientific theories is substantiated and revealed

- 162 -

5435

5435

on the basis of the category of chance. This approach is ex~-
tremely widespread end is employed in virtually all cases

of applications of probability methods, with the exception
of quantum theory, where its inadequacy is recognised. At
the same time there are still very many unclear points, and
in some cases simply absurdities, in the very understanding
of the category of chance, that prime category of dialectics,
which makes more difficult an understanding of the essence
of the methods of probability theory and have a negative
effect on the development of thelr applications,

In Soviet philosophical literature,the view has gained
root that the category of chance in the first place char-
acterises a definite class, a definite type of connections
existing in the material world. The principal meaning and
principal difficulty lie in the question: what are the
specifics, the peculiarities of the given class of conpec-
tions? If we take the Soviet Philosophical Encyclopaedia
we find in it the following: "Chance is a type of connec-
tion determined by causes extraneous and 1incidental to
the glven phenomenon or proceaa."1° And further: ™At the
root of the dialectical materialist understanding of chanoce
lies an analysis of the character of the causes of this or
that phenomenon. The cause of a necessary process is in-
terng%; the cause of a chance process 1s extraneous to
it.»

It is apparent from these statements that the specif-
ice of those ¢onnections which are treated as chance are
defined as extraneous, incidental, secondary, incompatible
with the inner essence of the investigated process. And,
contrariwise, internal connections defining the essence of
a process are always expressed solely in terms of the cate-
gory of necessity. Such an approach to the category of
chance and its relationship to neceassity is characterised
by many reference books on philosophy and scientific pa-
pers. It is tantamount to claims of the inadequacy and
pasging character of the ideas and methods of probability
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theory. But this is totally erroneous, for probability theo~
ry 1iss on the main road of development of the general ideas
and notions of contemporary natural sclence.

What are the shortcomings of the examined definition

of chance? Is it erroneous? Such judgements must be approach-

ed cautiously. In science, and especially in our daily lan-
guage, we often employ the concepts of chance in precisely
this sense. However, already in the simplest applications
of olassical statistiocal physics—in analysing the proper-
ties and laws of gpses-—the concepts of chance are involved
to characterise relations between molecules, i.e., the in-
ternal structure of gases. The case 1s analogous in other
applications of probability theory, for example, in gene-
ties, where the concept of chance is used to characterise
relations between mutations in certain systems, i.e., the
internal structure of the mutation process, 1ts essence.

The enrichment of the content of the category of chance
in contemporary science can be traced in the elaboration
of the general teaching (notions) of complex control
systems. It is, of course, still too early to speak of it
as a fully formed teaching. But at the same time it is ob-
vious that we have here a comprehensive programme of re-
search stimulating the posing of numerous problems. Elabo-
ration of this programme contributes to the generalisation
and development of a number of propositions of great impor-
tance for world outlook and methodology, in particular, for
the contemporary understanding of chance, for example, the
idea of relative independence (autonomy) in the behaviour
of material systems, or the idea of levels in their struc-
ture and organisation. Also significant is that the under-
standing of chance is inseparably linked with the interpre-
tation of probability distributions as a basic concept in
the structure of probability theory and its applications.

To reveal the nature of chance it is in the first
place necessary to turn to an analysis of the notions of
independence. Relations between objects, events or elements

- 164 -

5435

5435

of a multitude are said to be of a chance nature when di-

rect, mutually oonditioned connections and dependences be-
tween the elements are virtually absent or play an insig-
nificant part. Independence means that the state or behavi-
our of an investigated object is not dependent on or de~

termined by, the state or behaviour of other, "related" or
surrounding entities. But how 1s such independence possible
in a world where the very origin and existence of every en-
tity or phenomenon is unthinkable in isolation from their

interactions and connections with the material environment?

The concept of independence 1s applicable primarily
to certain mass phenomena and specific systems formed by a
very large number of entities. It expresses a certain struc-
ture of these systems. However, these mass phenomena them-
selves depend upon the conditions of their existence or
origin. In other words, independence itself has meaning only
given certain integral characteristics of the system expres-
sing their unity. It is important to stress that in speaking
of the unity of investigated systems we actually character-
ise a certain new level in their structure and organisa-
tion. The consideration of independence and notions of lev-
els is an indication of the profound dialectical content of
the category of chance.

The examined interpretation of the category of chance
provides a better understanding of the role and significance
of probability in classical physics. In this connection let
us conslder the basic task performed in it by statistical
theory. Often,in defining this task,the extreme complexity
and involvement of the corresponding physical systems com-
prising a vast number of individual particles——atoms and
molecules--are emphasised explicitly of implicitly. Further-
more, the impossibility of a mstrict" solution and the need
for simplifications are noted,which is done on the basis of
probability methods. As a consequence, we find that the
main function of statisticel theories is an approximate,
averaged description of the properties and laws of physical
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systems. But there is mucn more to the "purpose" and mean-
ing of probability methods than the role of a mere "acaf-
folding". This is reflected in one way or another|in the
very formulation of the basic problems of statistical phys-
ics. In our view, this was done most forcefully by G.E.Uhlen-
beck. In his works on fundamental problems of statistical
mechanics he specifically emphasises that "the basic task
of statistical mechanics ... is, in my opinion, the eluci-
dation of the relation between the microscopic, molecular
description and the macroscopic description of the physical
phenomena.” The question of this relation is also the
analysis of the role of probability in classical physics.

Statistical physics studies macroscopic bodies congist-
ing of a huge number of particles, i.e., macrobodies as
specific material systems. We repeat that statistical phys-
ics achieved significant results first of all in the study
of gases and similar systems. Statistical methods began to
play an important role in the study of liquids and sclids
fairly recently.

Historically the statistical theory of gases was pre-
ceded, on the one hand, by the formulation of the founda-
tions of gas thermodynamics, that is, a macroscopic theory
of gases (not dependent upon atomistic notions), and, on
the other hand, by the elaboration of the theory of mechan-
ical motion of simple entities—classical mechanics. The
development of atomistic ideas in the science of gases posdd
the question of a kind of "synthesis" of the macroscopic
laws of gas and classical mechanics, i.e., the task of
studying the properties and laws of gases taking into ac-
count their internal differentiation and integration. Fun-
damental to an understanding of the essence of this synthe-
sis 1is the fact that it became possible only when probabil-
ity methods were employed. Probability represented the sci-
entific concept which for the first time made it possible
to 1link on a strict mathematical basis two main and inde-
pendent trends in the study of the relevant systems—the
one proceeding from the properties of the gystem as a whola
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to the properties of its elements, the other proceeding
from the properties of elements to the general properties
of the system.

A key place in the cognition of statistical systems
belongs to the concepts of probability distributions used
to express their physical characteristics and regularities:
"A property," writes Michel Lodve, "is pr.-theoretical if,

and only i1f, it 1s describable in terms of a distribution?13

Distributions are used to describe elements, their in-
teractions and systems as & whole, They express the unity
of discreteness and continuity, the synthesis of the integ-
ral and.differential aspects of the structure of statisticall
systems.

Thus the significance of probability in classical physr
ics consists above all in that it 1s & structural charac-
teristic of physical systema. But every object of research
is, in the final analysis, a system. That is why it is im-
portant to stress the specifics of systems whose laws and
regularities are expressed in terms of probability.

The systems of entities investigation of which launch-
ed the elaboration of statistical mechanics possess one
extremely important feature: the interactions between the
entities that ensure their coupling in a system are com-
paratively negligible in magnitude, and they are neglected
in the apparatus of the theory. That is why it is said that
statistical physics proceeds from the investigation of sys-
tems of non-interacting (unconnected, "freev) particles.
This made for a certaln methodological paradox: in statis-
tical mechanics the existence of interactions between the
elements of investigated systeme is at one and the same
time recognised and not recogniaed.14

Recognition of interactions between elements is neces~
gary for the fundamental substantliation of statistical phy-
gsics; they are neglected in mathematical descriptions,
while the existence of common features in the behaviour of
particles, which is,essentially, whait ia importani in these
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interactions, is characterised in terms of macroparameters
of the system and the external conditions of its existence.
In other words, the structure of statistical systems is

such that the states and behaviour of individual particles
are independent and do not affect each other. It is precise-
ly this type of structure, this type of interaction between
elements that is defined as chance, The contemporary under-
standing of chance resting on notions of independence sup-
plements and substantiates the basic research problems in
classical statistical physics.

X X x

Unlike the case of classical physica, in quantum phys-
ics the fundamental nature of probability concepts was re-
cognised virtually at once. Whereas in classical physics,
probability could still be treated as a secondary, alien el
ement in the structure of the physiceal thebry, in quantum
mechanics, probability is from the outset one of the main
bases of its very structure. The latter is associated with
changes in formulating the principal task of investigation:
in quantum theory,probability methods are used,in the first
place, to investigate the laws and properties of individual
quantum particles, or microentities. The transition from
the study of systems formed of vast numbers of particles
to investigations of individual particles, is an indica-
tion ef the extreme flexibility and usefulness of probabil~-
izy methods. This trensition became possible thanks to im-
portant changes in the methods of defining probability no-
tions. In classical physics, the properties and laws of phys-
igel systems are expressed directly in terms of probabili-~
tﬁ distributions. In quantum physics, the states of micro-
particles are expressed primarily in terms of wave func-
tions.

The transition from direct application of probability
distributions to wave functions is of fundamental signifi-
cance in quantum theory. If characterisation of statisti-
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cal systems is based on concepts of probability distribu-
tions, it is naturel to assume that the equations of each
such statistical theory should be mathematicelly defined
and the problems solved in terms of probability distribu-
tions. Indeed, such was the state of affairs in early sta-
tistical theories. However, in quantum mechanics,the basic
equations of systems and problems are formulated in the
first place on the basis of the concept of wave functions.
The latter are of a fairly abstract mathematical character
and it is often held that, in general, they have no imme-
diate physical meaning. Historically, wave functions were
introduced into quantum theory in a purely formal manner
and they became established in physics only after they were
linked with probability distributions: the sguare of the
module of ‘a wave function in a certaln representation de-
fines the probability of the corresponding physical quan-
tity. The connection of wave functions with probability is
in general the justification of their use in quantum theory;
it was only the establishment of this connection that made
it possible to fill the whole mathematical apparatus of
quantum mechanics with profound réal meaning, which was
done after the elaboration of this apparatus.

It should also be noted that there exist quantum sys-
tems ("mixed") the states of which cannot be defined in
terms of wave functions. In such cases so-called density
matrices are employed. Probability is also crucial for an
understanding of their physical meaning, and the density
matrices are in effect a special, mathematically expanded
form of expressing probability distributions.

It was‘only the introduction of wave functions that
made it possible to theoretically reveal the wave-corpus~
cular nature of macroentities and reflect their other in-
ternal properties. Here direct application of probability
distributions cannot be successful, if only because their
superposition cannot explain the appearance of interference
minima, since they have positive values everywhere.
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The concepts of wave functions proved more flexible than
the earlier elaborated direct characteristics of probabil-
ity distributions, and by virtue of that more suitable for
expressing the natural interconnections between the very
probability distributions of quantities in quantum theory.

But the question arises: how i1s it possible to study
the properties and laws of individual particles with the
help of probability methods? After all, probability theory
is, by definition, a theory of mass (chance) phenomena.

Probability methods in quantum theory are also substan-
tiated on the basic of mass phenomena. However, this mass
character is quite different than in classical physics.

In quantum physics,investigators proceed from the statistics
(mass nature) of observations, from manifestations of the
properties of an investigated micro-entity in certain stan-
dard{sed conditions. Conclusions regarding the properties
of the corresponding entity are drawn from the existence
of a stable diversity in the results of observations. "j
macro-entity," writes Fok, "manifests itself in interac-
tion with the instrument... The result of the interaction
of an atomic entity with a classically described instru~
ment is the basic experimental element, systematisation of
which on the basis of various sssumptions concerning the
property of the entity conatitutes the task of theory: the
properties of the atomic entity are deduced from an exami~-
nation of these interactions, and the predictions of theory
are formulated as expected results of interactions."15 He
goes on: "In given external conditions the fesult of the
interaction of the entity and the instrument is not, gen-
erally speaking, uniquely predetermined; it merely posses=-
ses a certain probability. A series of such interactions
results in statistics corresponding to a definite probabil~
ity distribution. This probability distribution reflects
the obJectively existing potential possibilities in the
given conditions.... It is the probability distribution
that is subjected to experimental verification."16
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Speaking of series (assemblies) of observations (meni-
festations of the properties of micro-entities), it should
be stressed that they possess basic features inherent in
the probability systems of classicael physics. Pirst of all,
the results of individual observations are independent of
esch other: the result of one observation does not predeter-
mine the result of another (subsequent) observation. In
other words, the internsal structure of mass phenomena de~
veloped from observation results is determined in terms of
the category of chance.

Furthermore, in claseical physics,any statistical as-
sembly (probability system) also possessed integral charac-
teristics, otherwise probability methods could not be ap-
plied to those systems. Series (assemblies) of observation
in quantum theory also possess such integral characteris~
tics. "Wave mechanics," noted L.Mandelshtam, "is a statis-
tical theory. But it is possible to speak of 1ts
gtatistical and probabilistic character only when we have
a certain gssembly of elements... In wave mechanics,
it 1is the‘assembly of repeated experiments (each individual
experiment being an element of it), provided that the re-
petition occurs in the same conditions...

nLet us call this assembly, which is being statisti-
cally processed, a collectlve. The collective must be in
some way isolated, otherwise the posing of any question
about it i1s meaningless. So it 1s said that quzis a pro-
bability. But in what collective? If this is not stated,
various ambiguities and paradoxes are possible...

nQf course, we encounter the same question in clas-
sics, as well. We can speak of the Maxwellian velocity dis-
tribution only at a constant temperature. If the tempera-
ture changes the distribution will be quite different. The
game is true in classical problems, which do not 1lnvolve
collectives... Thus, in any theoretical investigation,the
conditions of the experiment must be defined, and this de-
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finition can always be reduced to the statement of certain
parameters. )

"We have come to what I regard as the most significant
and important. Namely, wave mechanics asserts that to de-
fine a micromechanical collective to which the W= function

referg, it is sufficient to state (denote) macroscopic para-
meters."

Directly linked with the existence of integral charac-
teristics of micromechanical collectives (assemblies of re-
peated experiments) is the existence of natural boundary
‘conditions imposed on wave functions. These conditions in-
clude: the possibility of normalising wave functions (the
possibility of integrating the square of the module of the
wave function in the event the energy levels of the system
are discrete), their finiteness, unambiguity, and continui-
ty throughout all space. Satisfaction of these boundary con=-
ditions is essential for the apparatus of quantum mechanics.

Thus the substantiation of probability characteristic
of classical physics retains its meaning in the case of
statistical collectives of observations (experiments) in
quantum mechanics. However, in quantum theory,it is not the
results of such observations themselves that are investigat-
ed. On the basis of such observations, conclusions are
drawn concerning the properties, structure and laws govern-
ing microparticles. Accordingly, the categories of neces-
sity and chance are no longer adequate for substantiating
probability in quantum theory: the category of the poten-
tially possible is additionally invoked. The properties of
micro-entities are determined from observational data. The
wave function characterises their physical state. But this
is a characteristic which makes it possible also to define
all possible manifestations of those properties that can
be obgserved in various permissible conditioms. That is why
it is said that the wave function (and quantum mechanics
in general) describeg the potential possibilities of the
behaviour of an entity in some or other conditions. The
category of possibility makes it possible in many ways to
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view and substantiate the use of probability terms in quan-
tum physics.

However, to say that quantum mechanics (as a theory of
microprocesses) simply expresses the posgible behaviour of
micro-entities falls short of the full truth. In examining
the range of possible behaviour of micro-entities, quantum
mechanics makes it possible to reflect the existence of de-
finite regulerities in the "mass" of these possibilities,
and its fundemental propositions are in fact based on the
existence of such regularities. It is found that the regular-
ities themselves, in the range of possibilities, are due to
deeper properties of micro-entities, and it is they that
are primarily of concern of quentum theory. Importantly, in
theory these inner characteristics are defined not as po-
tential possibilities, when observation results are not un-
ambiguously predetermined, and depend not only on the en-
tity but also on itas macroscopic environment. Formulation
of the quantum-mechanical problem, notes Fok, "fully al-
lows for the introduction of quantities characterising the
entity itself independently of the -instrument (charge, mass,
spin, as well as other properties described in terms of
quantum operators), while at the same time allowing for a
diversified approach to the entity: it can be characterised
from that aspect (corpuscular or wave) the appearance of
which is due to the design of the instrument and the exter-
nal conditions created by it".18

For analysing quantum-mechanical knowledge it is most
important that its concepts fall into different levels,
different classes: the firat class comprises as it were
"directly observable" concepts (for example, coordinates
and momentum), which in theory are treated as typical
chance quantities (in the probability theory sense); the
gsecond ¢lags comprises guantum numbers (of the type of
spin). The difference between these classes of concepts
consists, first of ell, in the "approximation" to what is
directly given by the physical experiment. The former ex-
press the more superficial characteristics of micro-enti-
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ties, the latter the deeper, inner ones. The former make it
possible to individualise quantum processes, the latter are
of a generaliged nature. The former tend by their nature to
classical concepts, the latter primarily express the speci-
fics of quantum phenomena. The former vary continuously,
the latter are more stable. The former are more clogely as~
soclated with the phenomenological, the latter with the es-
sence, although there can be no doubt that essence appears
and appearance is essential. Naturaelly, completeness in
the theoretical expression of quantum processes is achieved
when both classes of concepts referring to different logi-
cal levels are employed.

The interconnection and synthesis of these two clagses
of quantities, with due account of their different nature,
within the fremework of a single theory proved possible on
the basls of probability concepts. Here the methods of
characterising the states of microparticles change signif-
icantly. In defining these states, prime significance is at-
tached to concepts of the second class (quantum numbers) as
expressing the deeper essence of micro-entities. Depending

upon their numerical values, they quite strictly, unambiguous-

ly define each type of elementary particle,and it is prima-
rily according to them that various types of particles are
identified in experimental studies. However, statement of
these parameters (quantities) does not unambiguously de-
fine the "values of parameters of the first class; on the
contrary, this defines the whole sphere of possible mani-
festatlions of the latter.

It is now generally accepted that the poasibilities
of this or that behaviour of certain material entities are
conditioned above all by their inmer structure. The inner
structure always defines & mass of possibilities, and the
deeper the properties are characterised the broader the
corresponding field of possibilities. Realisation of one
possibility or another depends upon the internal state of
the corresponding entity and the conditions of its external
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existence. In the most general case the transition from pos-
sibility to reality contains certain irrational features

in a way similar to the transition between two points on a
number-scale axis.

The latter also finds reflection in the types of inter-
connection between concepts of different classes in quantum
theory. Concepts expressing the deeper essence of entities
(actually the specifics of quantum processes) could be cal-
led integrally generalised, The significance of these con-
cepts is revesled deperiding on their role in comparatively
closed theoretical systems: they are not simply added to
other, primary, concepts of the same system, but express a
definite regularity in relations between such "initial"
concepts. Elaboration of such concepts began already in the
theoretical systems of classical physics (centre-of-mass
and moment-of-inertia in simple mechanical systems; the
curl o(of a vectorfield in electrodynamics). The essence
of abstractly generalised concepts 1s directly linked with
the nature of the general: the general does not represent
a mechanical conglomerate of individuals; rather, it ex~
presses the structural organisation in terms of which each
individuel is incorporated in the system. In other words,
the dependence between these iwo classes of concepts is
revealed not in the coordination aspect but in the subor-
dination aspect. Subordination includes a certain n"inde-
pendencem", "autonomy": characterlistics of the higher level
do not unambiguously define the characteristics of the
"lower", initial level, but only the range of their per-
missible values.

A11 the foregoing enables us to draw the conclusion
that the meaning of probability in quantum physics consists
above all in that it makes it possible to investigate and
reflect in theory the regularities of entities possessing
a complex, "two-level" structure, including certain featur-
es of independence, of m"autonomy~. It is in this connec-
tion with structure and the methods of 1ts expression that

- 175 -~



the fundamental meaning of probability lies. This required
the further development of probability concepts: the transi-
tion from probability distributions as basic chaeracteriastios
to wave functions. Thereby it is possible to synthesise the
continuous and the discrete, stability and changeability,
rigid conditionality and independence, elementariness and
wholeness, that is, to reveal and express the profound in-
ternal dielectics of the world of atomic processes., It 1is

in this development of the flexibility and breadth of physi-
cel thinking that the prime philosophical and methodologi-
cal function of probability in quantum theory lies.

X X X

Let ue again refer to the statements concerning the
role and meaning of probability methods in physics cited
at the beginning of this paper. When Richard Feyoman and
A.Hibbs say that the concept of probability did not change
in going over from classical to quantum physics, they have
in mind the interpretation of probability at the initial
empirical level. At the level of "direct observatlons" the
frequency interpretation of probability operates, and in
this sense the transition from classical statistical phys—
ics to quantum physics introduced no significant change in
the interpretation of probability. However, the significance
of theoreticel notions consists not simply in describing
and correlating direct experimental data, as claimed by
the positivistic programme of the analysis of knowledge.
General concepts and categories of science which constitute
the "kernel" of theoretical notions must serve the cogni~
tion of the inner essence of entities of material reality.
And, as our analysis shows, the concept of probability is
precisely linked with the revelation and expression of the
structure and internal essence of investigated physical sys-
tems. The complexity of the situation and main difficulties
and discussions concerning the nature of probability appear
first of all at this theoretical level. It is clearly in-
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sufficient to restrict oneself to analysis of probability
at the empirical level, which is in effect recognised by
most participants in the debate.

Analysis of probability on its theoretical level is
most interesting and complex, and here considerable ghifts
are observed in going over from classicael to quantum phys-
ics, as stated in the comments of FPok and Omelyanovsky quot-
ed before. In classicel phyeics,probability is linked with
analysis of the structure of systems formed of a huge num~
ber of "non-interacting" particles. At the basis of the ex-
pression of the properties amd regularities of these systems
lles the concept of probability distribution. In quantum
physice,the probability concept‘is elready linked with ana-
lysis and expression of the structure of individual micro-
particles, which is what made for physice' breakthrough to
the level of the atom and elementary particles. In the pro-
cess significant changes in the language took place: the
laws of microprocesses are no longer described with the
help of'probability distribution, but by means of wave fun-
ctions. A fundamental feature of ﬁrobability in quantum
theory is "interference of probabilities™ which has result-
ed 1n the fact that ite laws are expressed in terms of
"probability amplitudes". Quantum theory has vividly demon-
strated that the strength and significance of probability
lies in its connection with such generaslising ideas and con-
cepts of'contemporary naturel science as systems and struc-
ture, levels of internel structure and organisation of ma-
terial systems, independence (autonomy) and the binding of
elements within integral systems.

The point of view of C,Weizsdcker, as well as the work
of Jauch, are interesting in that they drew attention to
the importance of feedback in the relations between proba-
bility and its applications. It is frequently tacitly as-
sumed that the development of probability methods of re-
search and the expansion of the sphere of "applicationgn
of probability does not significantly affect the interpre-
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tation of probability. However, the development of appli-
cations necessarily affects the understanding of the very
nature of probability. With regard to the applications of
probability to information theory this state of affairs is
sufficiently well realised.19 Probability enters most natu-
ral end immenently into quantum physics. However, the data
of quantum physics and analysis of its stiructure are prac-
ticelly not used to reveal the meaning of probability. Yet
the dialecticel view of the nature of cognition means that
more developed cases of application of probability corres-
pond to a deéper penetration into and expression of the

essence of probability. Further development of the interpre-

tation of probability in physics lies through mastery of
the situation in quantum theory.

Assertions that probabilities in classicael physics
are of a subjective nature have already become & kind of
prejudice, accepted only as a matter of faith. However, as-
sertions that probabilities in quantum mechanics are of an

objective nature and deeply rooted in the very structure of

the materiel world possess tremendous heuristic force. We
sought in this paper to reveal the present stage of this

. question; in the process we found that revelation of the
nature of probability is connected with an analyeis of the
leading problems of materialist dialectics.
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THE ENVI
METHODOLOGICAL ASPECTS OF THE PROBLEM

Anatoly GORELOV, Cand.Sc.(Philos.),
Alexander SHATALOV,Cand.Sc.(Philos.)

The growing interest in the problem of nature con-
servation has two main causes: the intensifying and growing
contradictions between society's demand for natural resour~
ces and the limited possibilities for satisfying it in the
traditional ways, and the need to preserve humsn hnabitat.

This is a problem that concerns all mankind, and as
such it is central to sclentific understending and trans-
formation of the world. If it is to be solved, the old
forms of society’s activities must be improved and changed,
as well as new and more rational ones found in order to
improve snd multiply resources of Nature and preserve its
beauty for the present and future generations.

From the methodological point of view, it is such
general questions as, for instsmce, defining the very con-
cept or nature conservation, elucidating its place and
significance in humen activity to transform the world, and
classifying the forms of nature conservation, that are of
particular interest in solving the problem.

Nature conservation is a specific form of soclety's
activities towsrds limiting or putting an end to all

- 180 ~

5435

5435

environmental pollution and preventing natural resources
from being exhausted, as well as towards precluding any
permanent disturbance to the balance of nature and the
relatively stable relationship that has developed during
evolution between nature's subsystems and component parts.
Society's nature conservation activities are ultimately
intended to maintain the "socliety--nature" equilibrium,

These of society's activities are trained on nature as
a whole, but primarily on those subsystems and component
parts that ere most valuable for practical ends and
for scientific research: irreplaceable mineral resources,
pure water, clean air, arable land, industrial or endangered
species of plant and enimal, and Bo omn.

The concept "nature conservation” includes meny types
of activities, differing in terms of their goals (maintain-
ing the balance of nature et all its diverse levels, pre-
serving rare snimals and plants, making economical use of
irreplaceable resources, etec.); of thelr nature (plsnned
or spontaneous, careful or wasteful); of effectiveness
(effective, little effective or ineffeotive); of socio-
economic characteristics(of the whole people or private
entrepreneurial), and so on. All this testifies to the many
plenes of the concept, and indicates the need for an
intesrated approach to defining it.

Nature conservation snould not be regarded in isolation,
but in connection with the overall problem of harmonising
man's relationships with the environment, which means that
the task should be integrated as closely as possible with
the prospects for scientific and technological progress.
One particularly undesirable dilemma is that between the
conservation of nature, with cessation of all human in~
fluence on it, and providing nature with as much technical
equipment as possible. On the one hand, there are calls to
return to the ancient conoeption of nature as sacrosanct,
and consequently of any influence on it as immoral, i.e.,
"Nature lmows better than Man himself what Man needs", This
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is, of course, am incorrect approach. History has shown
that technical progress has always contributed considerably
Yo nature protection.

On the other hemnd, purely technical approaches are
also evidently incapable of providing a complete solution
to the problem, since technological progress has not only
favourable consequences (at each stage eliminating many of
the unfavourable omes of the previous period) but also
new and, what is more, ever increasing undesirable omes.
Not without cause is reliance oé, technology's ability %o
solve the problems posed by the development of technology
itself called “technologiocal optimism", an attitude that
was common enough in the West during the first half of the
20th century, but which is now losing its currency. The
new methodological trends characteristic of present-day
Western science are of interest.

X X X

The works comsidered in this article belong to the
third wave of Western literature on environmental problems,
Boasts of Man's might and his increasing domination of
nature that were heard during the scientific and techmologio-
al revolution of the 1960s were replaced by alarming pro-
phecies of an impending ecological catastrophe for mankind
and for the Barth as a whole.

Biologists, Journalists, politicians and public
figures have produced a multitude of examples to show the
detrimental effects of scientific and technological prog-
ress: environmental pollution, the shortage of material
snd energy resouroes, the disappearance of many species of
plant and animal, unfavourable changes in the nature of
Man himself, and so on.

In the early 1970s, however, works began to appear
that tried to carefully weigh both the favourable and un~
favourable consequences of current human activity. They

B
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peek ways of tramsforming The DiospAere that would emsure
further techmological progress without disturbing the basic
ecological faoctors for human existence and the Earth as a
whole (acceptable levels for various types of pollutant,
radiation, noise, ett.).

'In the opinion of many Western scholars, the interac-
tion between society and nature is already at a critical
stage, requiring urgent scientific and social solutions.

It must be said in favour of meny Western scientists that,
rather than oonfining themselves to simple declarations,
they seek methodological means and principles for conducting
research into humsn ecology, the science studying the lnten-
relation between man and the environment.

The most interesting works in this field are J.For-
rester's World Dynemics (Cambridge, Massschusets, 1971) sand
the research done by the Denis Meadows group, which is
written in popular language and intended for the layman.
Their book The Limits to Growth (New York, 1972) provoked
a particular response.

To some extent the success of this last book is due
to its futurological approach, and to the fact that this
was the first attempt to collect material on the most
diverse aspects of human activity into a formal world model
for computer study. )

Previously, formal models had been built of only individ-
ual aspects, such as ecomomic development, population growth,
eto. It is just as important, however, to revesl the inter-
connection between these trends as to study them in isola-
tion, and this is what Forrester and Meadows have tried to
do through the computer. Their world models contain five
major world development trends: accelerated rates of in~
dustrialisation, rapid population growth, wide expamsion
of the zone of undernourishment, exhaustion of irreplaceabls
resources and deterioration of the enviromment. These are
studied in a realistic interrelation with each other. The
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group's first book, The Limits to Growth, met with an
unending flow of critical literaturs.

The arguments sgainst the world model itself are in-
deed numerous, At a discussion of the book sponsored by the
Buropean Council the various criticisms were summed up.

The majority of these stressed that the degree of
unity between the variables is too high if the average
values of very diverse magnitudes are taken, which might
lead to error. Population growth rates in different ocoun-
tries. for instance. vary by 500%, while the model uges
only the average. To make the model realistic, it was pro-
Posed that it should include at least two categories of
countries: developed and developing.

The model's weakest point, the discussion emphasised,
is that it tekes no account of the actual mechanisms by
which man adapts to the environment, the main one being
price formation, which plays a mejor role, especially in
the economy. The number of loops in the social feedback
was not large at all in the world model, thus precluding
the possibility of including the system's defence mechan-
isms against ecologioal ca'l:usi::l.-oph.e.2

Fairly serious objections were raised to the fact that
the model's mathematical functions are reversible. Since
the Meadows group studied virtually all the features of
human behaviour in only one direction, they made a serious
mistake in assuming symmetry of human behaviour. The data
show, for instance, that as soon as the standard of living
rigses, %the rate of population growth falls, Even
if the standard of living falls, however, the population
growth ratve might be expected to remain very low for a
long time and possibly only to start rising again once the
standard of living reaches an extreme low, or the low
stendard of living has existed long enough for the customs
attached to a high one to have died out.

Thus the model's functional dependence between the
stendard of living and the population grawth muat not be
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considered reversible. Aurelio Peccei, leader of the Club
of Rome and a participant in the discussion, stated that
there would be some sense in improving the model in this
respect. As for the actual example of the population growth
as a function of the standard of living, he considered thay
there were sufficient data indicating that such factors as
customs and upbringing were less important than those of
personal satisfaction, which were usually connected with
‘the standard of living., Thus, the problem is to determine
'the faotors whose influence on social behaviour is not
sufficiemtly known.”

One other objection refers to the model's extrems
sensitivity to such changes as the inclusion of a small
exponential growth in the discovery of natural resources
and the development of the technology used in the fight
against environmental pollution. There is also an unevennesgs .
in the level at which the data are included in the various
subsystems of the model, which are fragmentary and incom-
plete, The sector simulating environmental pollution has
come in for particular critioisn.q',

We should like to look in more detail at ome of the
fullest oritical analyses of The Limits to Growth. This was
carried out by a research group in the Science Policy Re-
gearch Unit of the University of Sussex and published in
the February to April 1973 issues of the magazine Futures.
The value of the Sussex group's criticism compared with
previous ones lies in the following points., First, it was
a comprehensive group with a variety of specialists, though
no medical experts were included, which meent that the group
did not consider the important medical aspects of the inter~
relation between Man and nature.

The Sussex group had access to the initial versions of
the technical caloulations made by Meadows and his col-
leagues, though these were not included in the book and had
not been published previously. It was therefore possible for
the group to base their criticism on a thorough knowledge
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of all stages in the building of the world model, rather

then on the finel assumptions and results alone. Finally,
the Sussex group used the computer, Meadow's own weapon,

in their criticism.

The most important question, a subject of animated
polemics, was the extent to which the results of simulation
in general and the Meadows group's model im particular
reflect reality. Any model, however close to the original,
cannot be identical to it., Furthermore, the more complex
the original, the greater the difficulty in building a
satisfactory model. The model bulilt by Meadows and his
colleagues is a formal world model in mathématicpl form.

In comparison with a descriptive model it has both certain
advantages and disadvantages. The authors of The Limits to
Growth focussed on the positive aspects of this type of
model, noting that, in quantitative models, each assumption
is recorded in exact mathematical form and is accessible
for general consideration, and that a computer carries out
all operations much faster than the human brain, and with-
out error. They disregard, however, the disadvantages of
computer simulation.

The Sussex group, on the contrary, stresses the latted.
Dr.R.Golub noted that unquantifiable factors, such as so~
cial changes, are totally ignored, making the model biased,
Quantitative models are oversimplified to make them suitable
for processing by current computer techmology. Certain =
parameters that in fact are changing, are assumed invariable
“r the model. Computer simulation gives the impression of
precise quantitative evaluation of a relationship between
variables, which is, in fact, not clear.5

The Sussex group were not all agreed in yheir evalua-
tion of computer simulation. Some of them, stressing the
negative aspects of simulation, see this method as no more
than an attempt to replace the concept of complex calcula-
tion processes. The majority, however, compare the positive
and negative aspects of computer simulation, concluding
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that this method comstitutes a useful addition to the
process of mental simulation.

C.Freeman underlines6 that attempts at simulating
complex systems in general are still at a primitive level,
but the aim should be to builld quantitative models that
will closely reflect reality. He continues that it remains:
true that a cybernetic model cennot be any better than the
mental model on which it is based. Such a model is not an -
impartial oracle, but an argument in the political strug-
gle.7 Thus formal models, and here ome camnot but agree
with Freeman, supplement mental ones but cemnot, of course,
replace them, ‘

While giving a basically positive assessment of the
possibilities of oybernetic simulation, but also criticising
computer fetishism, the members of the Sussex group go
directly to criticiem of the main assumptions of the world
model. These include exponential growth of the population,
industrial production, the production of foodstuffs,
environmental pollution and consumption of irreplacesble
natural resources, :

The second assumption is that exponential growth
cennot go on indefinitely, if only because the Earth is
limited in size, as are the deposits of irreplaceable
natural resources, arable land, ability of the biosphere
to absord pollutants, and so on.

The Sussex group objects to these assumptions too.
In their opinion, it is incorrect to assume constant
exponential growth, and there are no fixed physical limits
to the Earth, such as deposits of minerals, yield of the
land, and so on. The concept of "deposits of resources",
Freeman writes, agreeing with Page, i1s rather a technico-
economic one that is a function of society's degree of
development.8

The assumptions made by the authors of The Limits to
Growth result, in the opinion of the Sussex group, in
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pessimistic, neo-Malthusian conolusions. Even without a
computer it is clear, as Cole points out, that exponential
growth of the consumption of resources, for instance (if
deposits are assumed to be sufficient for 250 years, as

they are in some experiments with the world model) mmust
stop fairly soon.9

The simplicity of individual conclusions, however,
does not mean that a thorough analysis of the world model
is useless, for in most instances the result is not so
obvious,

The computer simulation carried out at the Massachuss~
etts Institute of Technology (MIT) indicates that, if there
are no changes in the technical, economic and social foun-
dations of society, the rapid exhaustion of resources will
produce a slowing down in the growth of industry and agri-
culture, as early as next century, a rapid fall in the
population and finally a catastrophe. If the achievemanta-
of sclence and technology ensure an unlimited supply of
resources, the catastrophe will arise from environmental
pollution. If it is assumed that society will be able to
protect nature effectively, the population and industrial
output growth will continue until all reserves of arable
land are exhausted and then, as in all the previous versioms,
a catastrophe will set in.

The last chapter of The Limits to Growth contains the
authors' recommendations for averting the threat. They
proposed halting the Earth's population growth even before
1975, with births kept from exceeding the death rate, and
simultanecusly stabilising industrial production at the
current level so that invested capital did not exceed
resources for the depreciation of equipment,

Such a global equilibrium would not, in the opinion
of Meadows and his colleagues, indicate stegnation, Any
human activity not requiring large quantities of irreplacer
able resources and not harming the environment (in particu~
lar, art, science, education. sport) would develop unhinder-
ed, ‘
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WIT's model is criticised on two plames: tne structure
of the model and the input data. Like most of the model's
opponents, the Sussex group notes its considerable import-
ance. Preeman writes that he calls the authors of The Timits
to Growth neo-Malthusians not only because of their pessi-
mistic conclusions, but also because, like Malthus, they
have focussed the public attention on the complexity of
environmental probléms and started up an extremely import~
ant debate .10

No member of the Sussex group disputes the results of
the experiments with the model, experiments which complete~
1y ignore technical, economic and social changes in the
world. Apparently the conclusion that a catastrophe is
inevitable should be seen as one of the undoubted advantaggs
of Meadows' model.

Differences of opinion begin with respect to the in-
fluence of future technological achievements on the be-
haviour of the model. The Sussex group propose that the
model does not take sufficient account of the potential
strength of modern sclence and technology. The disagreement®
between the two groups is, in Freeman's opinion, rooted in
their attitude towards technological progress.11 The MIT
model includes no variable for technological changes, the
argument being that we have no precise quantitative informa~
tion concerning the science and technology of the future.

As was well noted by Nature magazine‘s reviewer, however,

no one csn foresee exactly which scientific and technologia-
al discoveries will be made even during the coming decades,
but history makes it absurd to doubt them.

It might be added that men's adaptation to the environ-
ment has always required technological improvements, and
will continue to do so in the future. The very use of com~-
puters in the study of the interaction between soclety and
pature is itself a manifestation of the truly inexhaustible
possibilities of the scientific and technological revolutiom.
In Meadows' conception there 1s thus a sharp incompatibility
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between computer Petishism and underestimation of science
and technology. '

As the Sussex group's experiments with the computer '
demonstrated, the inclusion of an assumption of technologig—
al disooveries in those sectors of Meadows' model that had
been without it put off the onset of catastrophe. To us
this conclusion is clear confirmation of the Marxist-Lenin-
ist thesis of the importance.of sclence and technology in
the development of society. True, the Sussex group say
nothing of the fact that technological progress is inse~
parably linked with social progress and is, to a significant
degree, determined by it. v

As 1f anticipating criticism, The Limits to Growth
authors admit that their model is incomplete, but say there
is nothing to prevent it being improcved and expanded, and
in this the Sussex group are in.agreement with them.

»

The dividing line between the two groups rums with
respect to whether the given model can be used in its
present form as a basis for political decisicns. Meadows
believed that, since his group's model was essentially the
only one of its type (apart from itis prototype, the earliexn
Porrester world model), while the situation required un-
delayed global solutions before 1975, these must be based
on the given model (Meadows naturally has in mind a tren-r
sition to a global equilibrium). The Sussex group consider
this tc be a mistaken attitude.

As for the structure of the world model, the Sussex
group's three main arguments should be noted here, The
behaviour of society is included in the programme as &
constant, while in the real world, this is determined by
changing circumstances. The lncrease in environmental
pollution, for instance, must cause additional resources
to be pumped into nature conservation, In the world model,
there is no such social feedback, a fact which inevitably
affects the results.'’
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The computer experiments carried out by the Amsterdam
group of T.Oerlemans, M.Tellings and H.De Vries have shown
that if a social feedback function is introduced into two
sectors of the Forrester model-~these of environmental
pollution and of natural resouﬁces—-the ecological crisis
no longer appears inevitable.

The second objection concerns the fact that the model
gives a single forecast in each experiment. In the real
world, processes are subject to random changes, writes
Cole, which cannot be taken into account. Consequently, any
prediotion must consist of a range of future states for the
world with different degrees of probability.

Finally, there is another mention of the high degree
of unity of the variables. The world model does present
population in general, rather than that of individual
countries, and pollution in general rather than the actual
pollution level in the different parts of the world, and
so on. Here the seemingly purely methodological problem
unexpectedly manifests itself on asnother social plane. Botk
groups fall into a common error: they both ignore the fun-
dsmental differences between the capitalist end the soclial=-
ist systems in the influence on the environment, and take
certain common festures of industrial development as
absolute. This is all the more regrettable since, &as the
Sussex group are sware, it is primerily socio-political
factors that offer the greatest threat to humanity at the
present time, rather than the Earth's physical limits.

This last argument put forward by the Sussex group is
undoubtedly their strongest, and the members of the Club
of Rome, who had initiated the building of the world model,
weré forced to recognise it. According %o Dennis Gabor, the
Club of Rome realises that such a primitive model is un-
saﬁisfactory,16 which is why, among other proposals, the
Club has supported the draft world model elaborated by
Professors Mesarovil end Pestel.
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Their world model is divided into ten regioms dis-
tinguished by socio-political and economic factors. Suoh a
model is, of course, more realistic and capable of msking
more accurate forecasts of mankind's future. There is no
doubt that even more detailed world models will be bullt to
include all indivitsal states. It should be remembered,
however, no matter whet the model, it cennot, as Freeman
notes, replace theory. The creation of a theory of the
interaction between society and nature is only possidble,
in our opinion, if ocomprehensive use is made of the mest
diverse reseuzrch metivdes (imcluting, of course, computer
simulation) based on the principles of dialectics and his-
torical materialism,

The main adventsge of the cybernetic model, as seen
by Meadows and his colleagues, is that the results always
follow logically from the conditions.’? They claim that
global simulation on the basis of systems Qynamics, the
method used by them, is less susceptible to the shortcomings
of simulation then are modern economic and econometric models
based on regression and metrix analysis. The msthod of sys-
tems dynamics, in their opinion, suffers less than all other
available methods from mathematical oversimplification, and
therefore gives a closer representation of reality. Meadows
and his co-researchers admit the incompleteness and sub-
Jjectiveness of their model, but still claim for it the
distinction of being the best model available for criticism
and utilisation, and state that the quality of global solu-
tions might progress as subsequent models are improved.18

While defending the basic assumptions of the model,
however, its authors are in agreement with the subjectivity.
The Limits to Growth, they write, investigates the fundament-
al characteristics of the world system. These characteris-
tics must be understood and discussed independently of the
precise quantitative data asnd functions of the model. In
answer to criticisms of these basic assumptions, the authors
of the model admit that human knowledge might grow exponen-
tially, along with the populastien end econemy of vhe werld,
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It does not follow from this, however, that the
technological application of this knowledge will also grow
exponentially. For instance, the doubling of a harvest does
pot increase the possibilities for doubling it again. Mea-
dows and his colleagues believe that to propose that technol-
ogical progress will also grow exponentially and to include
this assumption in the formsl model would be %o misunder~
stand the nature of exponential growth.19 They do not
believe that technological progress will come to a halt,
but affirm that technological progress csmnot in itself
golve the Vital problems, since it has both favourable and
unfavourable consequences.

All the mechanisms of the social feedback, the authors
of The Limits to Growth explain, do not immediately reaot
to changes in the world system, but operate with laegs, and
therefore, given exponential population and eoonomic growth,
they will be unable to give sufficient warning of the
onset of the imminent ecological catastrophs. This also
applies to such social adjustment mechanisms as technologio~
al progress, and buman values, and to. sucl:_t economic mechan-~
isms as price formatiom.

The Meadows group could not, however, come up with
weighty enough arguments against the avalanche of critioism
from journalists and members of international governmental
and unofficial orgenisations (the World Bank, the Resources
for the Future organisation, the European Council, and
others).

After exhausting their arguments, the authors of
The Limite to Growth resorted to counterposing the Western
and Eagstern concepts of Man's purpose. In thelr opinion,
the Western concept of Man, arising from Christian tradi-
tions and corroborated by rapid technological achievements,
leads to technological optimism.

The opposite concept of man, they continue, is closely

connected with the Eastern religions. Accordingly, Men is
just one of the species which are egually subject to the
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natural laws that limit the behaviour of all life forms.
Technological optimists have always called this view pes-
gimistic; Malthusians simply call it accepting fate.

In oonclusion the authors of The Limits to Growth
recognise that there is no objective way of proving either
of the two concepts of Man and his role in the world. The
advocates of each view can find arguments from environmentdl
reality to support their case., Technological optimism pre-
dicts the fulfilment of human hopes, more comfortable
living conditions and achievements of the human intellect.
The Malthusians foresee only population growth, the dea-
truction of the soil, the extinction of animel and plant
species, a dangerous growth of towns and & widening chasm
between the rich and the poor. They will say that Malthus
was right both then and now, write the Meadows group at
the end of their a:c;swer.2 '

Thus it should be noted that, though they use the
most advanced computers, Western scientists ocamnot find
suitable solutions to the complex ecological problems, and -

resort ultimately to Malthusianism or technological optimisgm.

x X p:

The definition of Man's place in nature is a major
philosophical problem, on which to a large extent policies
concerning the transformation of the environment depend.
The basic precondition in solving this problem is often to
counterpose Man to nature.

This false position is overcome in dialectioal materigl-

ist philosophy. Nature is understood not only as an object,
but also as a human emotional activity. In turn, the change
wrought in nature by Man acts as the most fundsmental and
closest foundation for 't;hc;ugh‘t:.22 This approach makes it
possible to consider Men in inseparable unity with nature.
"Man lives through nature, This meens that nature is his
body, with which Man must remain in constant contact in
order not to d_fo.e."z3
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Nan's relationship with nature is the process by
which nature is tramsformed into his living environment.
Parallel to this prooess, conoepts of those parts of nature
with which Man interacts are separated out from the concept
of nature itself. Thus, the concepts of the environment,
the biosphere and the noosphere are formed. As a result of
the transformation of nature, two spheres emerge for Man
to proteot: the internal (his own body) and the external
(which is constantly expanding)--that part of nature which
acts directly on Man. ’

A fundamental feature uniting the internal and externdgl
environments of mankind is the faot that neither of them
can develop through degradation and destruction of the othgr,
If Man's external environment begins to deteriorate, this
will sooner or later affect the internal one. There is no
shortage of examples of this. A olear link has been revealed
between pollution of the external environment and the grow-
ing number of disease (cardiovascular, canoers and others).
Moreover, social evolution is undoubtedly a decisive faoto»
in Man's development, but it also inevitably causes the
environment %o evolve. In the long run the latter engenders
biological evolution of Man, thus creating a feedback cir-
cuit which coordinates the evolution of the Earth as
a whole.

To deny the existence of such a  feedback would be
to isolate the spirit from the material, the social from
the biological in Man. The biological and the ecological
are included in the social not in a mechanical way, and
not always in one and the same form. Their inclusion is
very contradictory and active. The biological and the
ecological sublated by the socisl are modified by it, and
in turn exert a certain influence on its development. The
biological, like the ecological, can provide either a
favourable or an unfavourable foundation for the formation
of Man's social essence.
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Unfortunately, the only way of establishing the
statistical dependence between changes in nature and in the
biology of Man is still, in many inatances empirical, and
there is as yet no way of revealing the structure of the
cause and effect links,.

The intexrconnection between the social, biological
and ecological factors (climatic, geographical, soil,
physico~chemical, and so on) has specific features depend-
ing on the age stages in the development of the individual.
Conslideration of these features plays a definite methodolo-
gical and practical role. From the methodological point of
view, it is important to elucidate the place and role of
each of the factors under review in isolation from the
various stages of ontogenesis,

It has been established that, during childhood and
old-age, there is a steady disequilibrium in the exchange
of substances, energy asnd information between the humem
organism and his social and ecological environment. Any
soclety based on humane principles must, therefore, show
special oconcern for children and old people, assuming many
of the functions concerned with ensuring their normal vital
aotivity and development. This concern takes the form of
laws prohibiting child and adolescent labour, ensuring
social provision for the aged, and setting up children's
institutions and homes for the aged.

Recognition of the leading role of social factors in
a man's bilological development does not imply any imbalance
between them at all ages. In the post-natal period, a
child's life is concernmed in the main with satisfying its
biological requirements for food, air, warmth, and so cn.
The role of social factors at the initial stages consists
in coreating the normal microsocial conditions required
for the child to survive.

It is within the family and the nursery that a person's
physical features form and develop. The function of society
and the famlly at this stage is to ensure procreation. The
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role of ecological (natural) factors is not great in onto-
genesis, The child assimilates everything given him by the
soclo-ecological world around him. Favourable factors of
the external environment promote his normsl, natural
development, while unfavourable ones hinder the establish-~
ment and formation of natural features.

At later ages the significamce of the micro-environment
(the family) does not decrease, but is added up by other
soclial end ecological factors: the kindergarten, then
school, pioneer, young communist and other organisations.,
Not discarding, but dislectically sublating that which left
its imprint on the individual at an early age, we see that
the significance of the social and ecological enviromment
is somewhat differemt in maturity from that in childhood.

In early life, the child is a relatively passive party
in its interrelationship with the social and ecological
environment, but once a person reaches maturity he actively
interacts with the conditions surrounding him, transforming
and modifying them in his own way. Social end ecological
factors have another mesning for the thinking man, These -.
not only form personality characteristios, but also focus
their development in a particular direction. Surrounding
nature ocoupies a different position in a mature person's
activities than . in childhood, It has a certain educative
significance for him, helping to develop his aesthetic
abilitles. At. the same'time; nature's importance as a factor
in physical developpént does not decrease,

In 0ld age, with the general unification of social
contacts, the role offbiologicdl.and ecological factors
increases. Existing a long time within nature, doing social-
1y important work'accqrdingrtobhis specific blological
features, and recognising his significsnce for society and
the people around him, all stimulate Man in his activities,
increase his lifespan, help him to reslise his plans and

ideas more fully, and so on. The falling biological and

physiological potential of older people makes soclety
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responsible for improving the scientific organisation of
the labour and every-day life of older people, and for
creating more favourable ecological conditions for their
activities,

Analysis of the current stage in the interrelationship
between society and nature prompt the conclusion that the
period when society exerted a random influence on the
environment and Man's own nature is now past. Recognition
of the need to control society's influence on the environ-
ment end for Man to improve his own body are characteristie
features of the current stage in scientific comprehension.

Man's progress in managing bis external environment is,
in essence, and indirectly, control of his own biological
evolution.

Assuming the possibility of Man's biological evolutiot,
we must also note the relative nature of such concepts as
"the norm", "health", "sickness". Discussions on the theory
of pathology reveal the diffioculties of drawing a line
between health and sickness. The sbsence of realisable
methodological criteria for distinguishing between these
two states makes it extremely hard to justify the concepts
of "the norm" and "sickness", as well as the understanding
of many aspects and problems.

In our opinion, health might be defined as the human
body's ability to function optimally, with each organ
helping in the fulfilment of the entire organism's com—
prehensive functions, It is from the extent to which a
particuler organ assists in these integral functions that
its state of health can be judged. Otherwise an optimally
functioning, but parasitic system might be considered as
normal. But the human body as a whole also functions as an
element of society, so this particular feature of buman
behaviour must also be settled when defining a Men’s
health. The socially healthy individual is the person who
promotes the development of soclety. In turm, human society
a8 a mshale functions aa a subsysten of the hicsphere, of
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the single society--nature system. For this reason, a
pedical definition of the concept of health must siso
include an idea of the optimal funotioning of the biosphere
as & whole, Health, under this approach, is not only a
bilological concept, but also a socio~ecological one.

At the present stage in the interaction between
society and nature, it is becoming essential for new
ecological ethica to be elaborated for oontrolling the
interrelations between Man and his environment. It seems
to us that it would be helpful to focus attention on medichl
ethics in elucidating the question of ecological ethicsa.

The actions of & doctor and the demands of medical
morality are based on the overall moral prinoiples of the
given society. Interpreted through the activities of
doctors, bowever, these overall moral principles sppear in
a specific way in the given sphere, taking the form of
medical rules and norms of behaviour. In the opinion of
some Western scientists, scientific end technologiocal
progress entails a crisis of medical ethics due to the
excessive popularisation of medical knowledge end, above
all, the introduction of medicel technology. This cleim is,
of course, unfounded., On the contrary, the significance of
ethics grows during the sclentific snd technological revo-
lution, with new ethical norms bveginning to develop.

It is equally incorrect to spesk of Man losing hie
understanding of nature's values while he is intensively
trensforming it. Above all, values should not be considered
as a system of absolutes, for they chapnge as humen activi-
ties develop. Before the appearance of medicine there could
be no such thing as medical ethics. It i8 while Man operates
on and tremsforms nature that he recognises it as a value.
Eech new atege in this transformation brings a change in
the system of humsn values, end as the possibility of
changing the world grows, so does man's fealing of respon-
gibility for the environment. Those fragments of reality
that are 4rswn ipto the sphers of human activity become
sObJect to The moral norms of the glven society.
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During the scientific and technological revolution,
when the Earth as a united whole is drawn into Man's sphere
of influence, it is quite reasonable to speak of the need
for ecological ethics. This should not, of course, imply
some superclass morality. Ecological ethics, determining
Man'a relationship with the environment, as well as medical
ethics, are both a part of the overall moral norms and
principles of any society, and a sphere in which they are
manifested.

4£nd of course, in a society ruled by the pursuit of
profit, ecological ethics will remain at best no more than
a declared desire. Only dialectical-materialist philosophy,
based on ;ecognit;on of Man's unity with nature; can support
new ecological ethics, and only in a socialist society are
ecological moral principles embodied in the moral rules of
behaviour of the working people. Ecological ethics determ~
ine the rules governing not only Man's attitude to nature,
but also that of man to man, mediated by>their attitude to
nature,

Men's transformation of the environment, as already
noted, often entails unfavourable consequences which
ultimately threaten the survival of mankind and the Earth
as a whole. There are both social and gnosiological reasons
for this. The gnoslological roots of the ecological érisis
are found in the rift between the sciences and the suppres-
sion of one science by another, ultimately in the division
of labour. The feedback betwsen socieal, natural,chansés
and chenges in the human body correspondingly presumes a
close link between the sciences. On the one hand, an inter-
connection is essential between the natural and technical
solences with those of the enyironment_(geology,.geography,
biology), while on the other, the latter must be closely
linked with medicine in order that the effect of changes
in the external enviromment on Man's internal environment
night be studied.
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In other words, science must contain an outline of a

feedback similar to one that exists in nature. Science must

be integral, just as nature is. Only recently, however,
has it become poesible to speak of the development of such
boundary sciences as medical geography, and the appearance
of new ones—geohygiene and medical geology, that study the
influence of rocks on humen health.

A synthesis of environmental sciences with medicine
might be realised on the methodologicel plane. Medicine is
an ancient science in which methodological principles have
been elaborated that might be usefully applied in nature
conservation,

The basis of this methodological expamsion 1s the
unity of Man's internal and external environment, and the
tasks common to the protectiom of both nature and humen
health., In particular, the focussing of the Soviet health
dervice on prophylaxis is a basic primnciple that might be
successfully applied in environmental protection. This
approach would prevent nature conservation from turning
‘4nto a science that only establishes the detrimental effects
of the scientific and techmological revolution and treats
nature's wounds. On the oontrary, forecasts of the direction
of scientific end technological progress would make it pos-
sible to develop "ecological prophylaxis”.

The sciences of the biosphere must not become sciences
concerned only with the diseases of nature. All this prompts
the conclusion t¥at, just as the problem of health cannot
be confined to the spheres of biology and medicine because
it is inseparably linked with the specific features of the
gsocial system, nature conservation is not only a natural
gcientifi® problem but also a socio-political one.

x x X

Since the world todsy is represented by different so-
cisl systems, the approaches to sodving the nsture-conserva-—
tion problem adopted in each of them differ fundamentally.
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The global approach to nature protection and the
necessity for intermational cooperation in this sphere
presumes, rather than excludes, a consideration of the
specific nature of the problem in each country or group of
countries with a common type of social system.

This must be stated clearly, for some philosophers
attempt to prove that both bourgeois and sooialist societias
are faced with virtually the same problems in the nature
conservation sphere. For this reason, they c¢laim, the
"irreconcilable ideologies" at present in existenoce must
give way to a "single eoological philosophy" if an ecologig-
al catastrophe is to be averted. This is an attempt to use
the one or two similar features in the nature conservation
sphere as an argument for the theory of a single industrial
society long—aince'dissemihated by anti-Communiéts.

Thus, the battle between the forces of socialism and
capitaelism has now been transferred to the sphere of nature
conservation., The state of the enviromment is determined
primerily by the nature of the social attitude towards it.

The level of pollution in the various parts of the
world is determined more by the fundamental differences
between the caplitalist and the socialist systems in the
sphere of influence on the environment, than by the state
of industrial development or the Earth's physical possibilis
ties (although these factors are also important in them-
selves).

The critical state of the natural environment in the
industrially developed capitalist countries is primarily
a consequence of the random, private property exploitation
of natural resources. Thus, the "Cooperation in Environments
al Protection" Commission at the World Congress of Peace
Forces was provided with information on soil and water
pollution brought about by the monopolies' predatory
attitude to nature.
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ThsPe is particular conoern gbout one aspect of the
natural environment's complex structure-~the state of the
atmosphere.

Specific oriteria must be established for evaluating
the sociological approach to solving the problem of enviroh-
mental protection.

The first and main criterion for judging the attitude
of a society to nature is Man's state of health. In the
final analysis, the advantages of any sooial system with
respeot to environmental protection must be judged from
Man himself, from his state of health and fitness for work;

The socio-class approach to envirommental protection

irequires account to be taken of the fact that it is malnly

the working class who suffer from environmental pollution
in the capitalist countries, for it is these people who,
for obvious reesons, have less opportunity to avail them-
selves of better housing, rest homes and ssnatoria, and
new teohnology for purifying the air and water. The socio-
class approach to the problem of Man's ecology shows that,
in this sphere too, an intense struggle is being waged
between the forces of progress and regression, between
socialism and cepitalism.

Another criterion for assessing capitalist society's
attitude to nature is the exploitation of the natural
resources of other, usually less developed, countries. Thus,
the USA alone accounts for 50% of all environmental pollu-
tion.24 In spite of this, the US Govermment allocates only
a small part of its national income for cleaning up and
preserving nature, Making use of the fact that some natural
values (clean air, the waters of the World Oceam) are in
unlimited supply, the capitalist countries satisfy thelr
constantly growing industrial demands essentially at the
expense of the developing countries.

The flora of many industrial countries provides less
oxygen then does that of the developing countries, while
the former use up far more of it. This is consumption
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through a special sort of exploitation of the developing
countries. "Ecological" exploitation cen be seen as a form
of neocolonialism.

It should be noted that the Western press makes fre-
quent attempts to transfer the guilt and blame the less
developed countries for the threat of ecologlcal catastrophe!
The argument runs as follows, Pirst, in line with Malthus,
overpopulation is given ds the reason for all Man's dif-
ficulties. Then the quantity of natural resources and food-
stuffs, as well as the extent of environmental pollution,
is calculated, assuming a population growth rate equal -
to the present one in the developing countries, the preser-
vation of capitalist society and the current technical base.
This prompts the oorresponding oonclusion.

At the 38th North American Wildlife and Natural Re-
sources Conference in March 1973, Lesley Glazgo complained
that the population of India was rising‘ at a rate of 13
million a year. If the developing countries did not find
a rational solution to the population problem, he lamented,
it would constitute.a threat to all the states of the world.

One moré trick employed by the Western press is to make
sclence and technology the scapegoat. The facts, however,
do not confirm the idea that they are responsible for the
ecological orisis. No one can deny that technologioal prog-
ress plsys a major role in the capitalist countries too but,
first of all, the difficulty is to make enterprises replace
0ld technology with new one. This is often unreal, for it
would bring a drop in profits. Under free competition,
private companies cennot take measures to protect resources
if this reduces their profits. In turn, the state cannot

force private entrepreneurs to do so without itself asguming

the costs entailed. If private entrepreneurs have to make
too high outlays on protecting resources, this may be
against their interests and result in a slowing down of or
a complete halt to 1:1:|:oc1u<:1::l.on.25 .
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Kven if nature conservation, measures are introduced,
however, they are reduced to nothing by economic orises.
R.Parson presents a most grapbic example. The volatile
substances that result in the processing of coal into coke
were previously released to pollute the atmosphere., Modemm
coke ovens can catch these substances, which can now be
used to make a variety of useful products. Due to over-
saturation of the market, however, these volatile sub-
stances are still often lost "up the chimmey". This shows
how the ecological orisis is beginning to accompany the
sconomic crisis in bourgeols states.

The fuel and energy orises are new phenomena in the
capitalist world. These also set off a chain reaction and
are aggravated by envirommental pollution. During the 1973
fuel crisis in New York, for instance, urban power stations
were permitted to use oil with a high sulphur content. This

could only result in a sharp rise in the sulphur dioxide
content in the air, which is polluted enough already.

Thus, the ecological crisis is no longer simply a dire
warning by foresighted scientists and politicians in the
West; in the form of the energy orisis it has now beoome a
grim reality. In turn, the energy crisis combines with the
pollution crisis to produce the economic orisis. As stated
by em:l;nent American public ﬂ.gu.rea, the shortage of energy
resources in the United States creates the danger of a major
economic depression. The USA is faced with serious dangers,
difficulties and uncertainties. A vicious circle is formed.
The economic crises lead.to ecological crises, which further
aggravate the economic situation of the countries of the
West.

The economic, energy and raw-material orises and the
pollution crisis club together, thus precipitating a
catastrophe in capitalist society.

In socialist society the Marxist-Leninist understanding
of the ipterrelationship between society and nature is the

I4-1
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gensral PrtIsEopAIcal and sooial foundation for nature
conservation as sn integral part of ooncern for the people's
health, A thrifty attitude to the natural environment
emerges from the very essence c¢f the soclalist state. In the
Soviet Union and other soclialist countries, in spite of the
primery task of developing productive forces, considerable
attention is fooussed on the construction of purification
plants and the improvement of production teohnology in

prder to reduce the unfavourable consequences of techmogenin
influence on nature to a minimum. In the scoialist countries,

hhere 48 mo resson—for & vatastropiic-pollutiza JT TS
haturael environment.

A study of Lenin's decrees on nature conservation, the
Poundations of Soviet lapd and water legislation, the
flocuments of the 25th Congress of the CPSU, the State Pive-
Year Plan of nationsl economic development for 1976-1980,
bnd especially of the doouments of the USSR Supreme Soviet's
Pourth Session which in partioulsr discussed the question
*On Measures to Improve Nature Conservation and Rational Use¢
4f National Resources™, as well as of the USSR Constitution
pakes it possible to formulate the main features of the
USSR's nature-conservation polioy.

In the Soviet Union, nature conservation is a task
for all the people, end numerous research, state and publio
vrgenisations are engaeged in solving it.

In the Soviet Union, nature conservation is a major
task for the state, which coordinates and direots the
nature-conservation: activities of many public organisations
through the Soviets of People's Deputies. The recommenda-
tions of standing commissions on nature conservation under
the Soviets of People's Deputies are set out most fully in
the doocuments of the USSR Supreme Soviet's Fourth Session
and the Resolution "On Measures to Improve Nature Conserva-
tion and Rational Use of Natural Resources" adopted on
Beptember 20, 1972 by that Session.
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The resolution envisages a set of measures to step
up nature conservation in the country: a greater respon-
gibility of various organisations and establishments foxr
improving nature consgervation end rational use of resources;
a better system for plamning nature-conservation measures;
a whole complex of technioal measures to prevent Harmful
substances being released into the atmosphere or fresh
water; timely construction of purification plent; the
creation of new end improvement of existing technologlcal
processes; economical use of water; improved ssnitation of
popuiation centresy aod so on.

Btate capital investment in speclial measures for nature
conservation between 1976 and 1980 will amount to 11,000
million rubles, more thapn during the previous five-year
period.26

The socialist type of social relations opems up
favourable prospects for rapidly solving the problem of
environmental protection on the basis of the latest achieve-
ments of the soientific and technologioal revolution. The
fact that scientific and technological progress is, in
ipdividual instances, accompanied by negative consequences
does not justify rejecting science and technology altogether.
It only justifies rejeoting an expansion of production on
the old, obsolete technological basis. The smoking up of
bowns and pollution of water by industrial waste take place
primarily where insufficient use is made of the latest mesns
for purifying this waste. Modern technology oreates favour~
able conditions for orgenising closed production cycles.

. In the final count, technologicael progress cammot in
itself solve the problem of proteoting the environment,
gince it has both positive and negative consequences. The
nltimate solution to these problems lies in a oombination
of technological, scientific and social progress.

The fact that, in the Soviet Union, the land, minerals,
water and forest are all public property provides the
woonomic foundation for a planned orzanisation of nature

I
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conservation. Uhder socialism, the planning of measures

for the conf):ehonsive use of natural resources, innovation
of technological proceases that pravent harmful waste, the
more widespread application of the latest means for purify-
ing bodies of water and fighting agriculturel pestis,
afforestation and land improvement work, plus much more,
can and must ensure preservation of the natural environment.
"fhe programme for the further development of the USSR
éconow as a whole and its separate branches", runs the
above-mentioned resolution, "must be implemented on the
basis of thorough snd oomohensi‘ve research, accompanted
by scientific forecasts of the possible consequences and
definitely by a system of measures preventing a harmful
influence on the enviromment".

The system of nature conservation in the USSR as a
whole is focussed on creating optimal conditions for
péople's health, a goal which is served in partiocular by
systematic.study of the necessary sanitary and hygliene
conditions and by obligatory sanitary control over indus-
trial and housing construction.

One distinguishing feature of the USSR's activities
in nature conservation is the concern shown by the Soviet
state for improving the general education in secondary,
technical and higher schools on nature study, as well as
training, on a wider scale, highly qualified specialists
in this field, who will be capable of £inding a solution
to the nature-conservation problem. The state's activities
in this sphere are inseparably linked with inculcating into
Soviet people a feeling of personal responsibility for the
integrity of nature snd a thrifty attitude towards its
resources.

It is important to draw attention once more to the need
for a comprehensive approach to desoribing the specific
features of nature conservation in the USSR. This will
provide a fuller impression of the character, tasks and
lines of development of the USBR's nature-conservation
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pol:lc‘y. and its methodological and sovizl signiftcanve for
a global solution to the problem. Concern for nature oon-

‘servation in the USSR is combined with concern for improving

the people's health and living conditions.

The USSR's nature-conservation policy is focussed om
active cooperation with other countries and international
orgenisations. At the USSR Supreme Soviet 's Fourth Sesalion
(1972), it was stressed that the Soviet state, however
effective the measures it takes, cannot ensure a solution
to the entire complex of problems involved in protecting
the atmosphere, open seas and the forld Ocean from pollution.
The global consequences of environmental pollution can only
be eliminated by a common effort on the part of all coun=-
tries and peoples. A change in the socio-political climate
in the world will help to overcomes the threat of emn ecologlo-
al orisis. The actual balsnce of forces testifies that pol~
lution of the natural environment is not inevitable, but
all mankind must £ight to keep it clean.
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