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Some basic contradictions are described in the paper — antinomies, aporias, paradoxes
which cannot be reduced to only purely formal-logical contradictions. Thercfore, they are
also unsolvable by the language of contemporary formal logic. These contradictions reflect by
themselves the contradictions of objective reality and thus demand the formation of a new
type of logic, as a science about objective forms of progression and development of thinking,
which will be able more adequately — and also in harmony with the requirements of formal
logic — to express thesc contradictions.

One of the fundamental problems of the philosophy and methodology of science
is the problem of the development of science, especially the problem of the devel-
opment of scientific theorics which is one of the most discussed issues at present.
([171, [19], [22], [27]) There is a generally accepted thesis that scientific theories
are historically changing and developing. The issue of the causes of alternating sci-
cntific theories, mechanisms of this alternation, causes of revolutions in science
and scientific knowledge remains complex and so far questionable and unclarified
within the framework of various conceptions of philosophy and methodology of
science and scientific knowledge.

We think that for understanding the essence of the development of scientific theo-
ries it is necessary in the first place to grasp the essence of the driving components
which affect the dynamics of the development of scientific theories. Contradictory
statements in scientific theories also belong to such fundamental driving components.
As T. Kuhn puts it, “more profound awareness of the anomaly is a prerequisite to all
acceptable changes of theory™. ([19], 115) Anomaly' appears here as a certain contra-
diction between scientific theory and objective reality. These anomalies — contradic-

" This paper was supported by the Grant agency: grant No. 2/1358/96.

' Anomaly emerges in scientific theory as a contradiction, which can be of different char-
acter. In principle it is, however, a discrepancy between the objective reality and the scientific
theory, which gives a statement on this reality.
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tions which emerge as problems of a special kind in scientific knowledge, create the
conditions for crises in science as well as of future changes in scientific theories. “In
the period of crisis, the number of anomalies grows and incapability of scientists to
solve them is associated with the increase in uncertainty and with a decline in the trust
in a paradigm. ...The rules of research are less certain, the number of modifications of
the theory increases, alternative theories arise.” ([27], 185)

Anomalies in scientific theories are concretized into various types of logical
contradictions. As the history of science shows, no discipline of scientific explora-
tion of the objective reality was saved from various types of contradictions. We will
mention just some of the best known for illustration. The well known paradoxes in
mathematics are those of Burali-Forte, Cantor, Russell, Richard, which are closely
connected with the evolution of the theory of sets ([1], [11]), in physics and as-
tronomy the paradox of twins, paradox of the clock, paradox of rotating disc, para-
dox of the speed of ultrasound, Olbers paradox, paradox EPR, of Einstein, Podol-
sky, Rosen ([23], [25], [26]). We can mention the well known paradox in genetics,
“enzyme cannot produce enzyme”. ([28]) And a plethora of other paradoxes could
also be mentioned from the area of social sciences.

Another type of contradictions are antinomies and aporias. The best known in
the history of philosophy are Kant’s antinomies of pure reason about the space,
time, finiteness and infinity, simplicity and complexity, necessities and freedom
and the well known Zeno’s aporias.

Many of these contradictions still remain unsolved or the solutions proposed
shifted them to another theoretical level.

Naturally, a question arises. What is the cause of the emergence of these contra-
dictions in scientific theories? What types of contradictions are formed? Can thesc
contradictions be removed from scientific theories in any way? We shall try at least
to outline some problems, solutions of which are today closely connected with the
existing conceptual tools of philosophy, methodology, and the logic of science.

There are different opinions concerning the formation of contradictions in sci-
entific theories. It mainly depends on the understanding of the concept of “contra-
diction™ as well as on the interpretation of various types of contradictions.

For instance, some authors see the cause of the formation of contradictions in
the type of the language of scientific theory used, by which they primarily under-
stand natural language. “Natural language does not enable differentiation either of
the predicates of different stages or of linguistic and metalinguistic expressions.
This is why it does not provide any protection against various kinds of paradoxes,
introducing controversy into the linguistic system.” ([2], 11) According to this ap-
proach we can avoid contradictions in scientific theories if we use unambiguous,
precise logical and mathematical languages which have their semantic and syntactic
advantages over the natural language. Contradictions always result from the fact
that we do not differentiate between the language of scientific theory and the lan-
guage we use when speaking about this scientific theory. The cause of the emer-
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gence of contradictions in scientific theory is thus non-critical use and non-differ-
entiation of theoretical and metatheoretical concepts or concepts insufficiently (not
clearly) defined. As H.B. Curry says, it also concerns logic since contradictions in
scientific theories show that the formal logic is not suitable at a certain stage of the
development of scientific knowledge as a strict criterion of the precision of scien-
tific knowledge. ([6])

On the opposite side there are authors who take contradictions as an organic part
of scientific theory. “Contradiction in theoretical determinations of the object — this is
mainly the fact which is constantly reproduced by the motion of science and is not de-
nied by a dialectician, metaphysician, materialist, or idealist.” ({14], 242) According
to these authors ‘““each science, if confronted with a contradiction in determinations of
the object, always tries to solve it. Does it not act in such a case according to meta-
physics which regards any contradiction in thinking as something inadmissible, some-
thing that we have to get rid of at any cost? ([14], 243) Logical contradiction creates
in theoretical expression of things a “necessary logical form in which the development
of thinking, transformation from the unknown to the known, from the abstract reflec-
tion of the object in thinking, to its more and more concrete reflection take place.”
([13], 264) We could quote many other authors whose opinions on contradictions in
scientific theories move between these two extreme poles. The citations given show
that the essential problem in particular conceptions consists in the interpretation of the
concept of “contradiction” itself. In this connection we corroborate the Slovak logi-
cian P. Cmorej who says that it is just this word that is a “rich source of chaos and
confusing misunderstandings.” ([5], 1) We shall try to make a certain definition of this
concept and to present some opinions of its application.

Contradiction

In the most general sense, contradiction will be understood as an objective rela-
tionship among objects, phenomena, processes of objective reality, or thought,
which are either mutually exclusive or conditioning. According to V. Filkorn “con-
tradiction is the truth of negation or confirmation and expression of the truth of ne-
gation, negation being a moment of contradiction and contradictions being bearers
of negation and the innermost moment of the motion of life”. ([10], 272)

Contradictions are usually divided into:

— dialectical contradictions — these are objective contradictions appearing in the
being of the objects of reality themselves,

— logical contradictions® - as the existence of the mutually exclusive determina-
tions in the theoretical expression of matters or as a unity and accord of the mutu-
ally exclusive theoretical expressions of matters.

* Logical contradictions are understood in a wider sense than in the formal-logical sense.
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We shall not deal with the issue of dialectical contradictions, which has already
been described in non-transparent literature in various philosophical systems. We
shall direct our attention towards logical contradictions and their essence.

Logical contradictions within such an approach can be divided into two basic
groups:

— formal-logical

— dialectical-logical ?

Formal-logical contradictions

This contradiction means conjunction of the statement and its negation (A &
~ A). From the formal-logical point of view it holds unambiguously that the state-
ment and its negation cannot be true simultaneously. It follows from the formal-
logical law of the conflict “it is not true that A and not A”. The application of the
law of the conflict makes meaningful communication among people possible. The
respect for the formal-logical law of conflict is in scientific theories of great impor-
tance since this law secures formal-logical consistency and non-contradiction of the
particular system of responses and thus also of the whole scientific theory.*

Since contemporary logic and methodology work primarily with formal-logical
systems, ways to define the concept “non-contradiction™ of these systems exclu-
sively syntactically, i.e. independently of its interpretation, are sought.

Formal-logical non-contradiction of scientific theory is considered to be one of
the necessary criteria of scientific thought, but this criterion is not sufficient. Al-
though it secures formal-logical coherence of the theory, it does not secure the ad-
equacy of the reflection of the content of objective reality in particular theoretical
responses.

Dialectical-logical contradiction

The situation concerning the problem of dialectical-logical contradictions is
more complex and more problematic (but also more dramatic). Today there are sev-
eral approaches to the interpretation of dialectical-logical contradictions depending
on the solution of the relationship between dialectical and formal logic.

There are three basic approaches:

— there is only formal logic,’ dialectical logic does not exist,

¥ Many authors rank dialectic-logical contradictions among dialectic contradictions. Such
an approach is considered, however, to be problematic since it complicates differentiation be-
tween real contradictions of the objective reality (also in thinking) and their logical form.
This is why we call them dialectical-logical contradictions in the logical statement.

* There are logical systems, which accept the law (p & ~p) - qorp — (~p — q). For
instance, intuitionistic logic.

* Formal logic is today generally understood as the logic, which builds various formalized
calculi, languages, suitable for unambiguous and exact description of various scientific sys-
tems.
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— there are two independent logics:

— formal, studying formal forms of thought,

— dialectical, studying dialectical forms of thought (processuality of thought)
and therefore its conceptual equipment is specific and principally different from the
conceptual apparatus of the formal logic,

— there is only one logic encompassing the formal logic as its integral part.
Within such a system, the conceptual apparatus being developed is able to reflect
(describe) adequately the real contradictions of the objective reality and its evolu-
tionary processuality.

The first group of authors, who evaluate scientific theory strictly according to
formal-logical principles and laws, eliminate from these theories any contradiction
since in terms of this logic it is inadmissible. Each logical contradiction devalues
scientific theory.

The second group of authors admit two logics — dialectical and formal, shifting the
concept of dialectical-logical contradiction toward dialectical logic since formal logic
does not have competent instruments to solve them. Dialectical contradictions of the
objective reality, which they do not doubt, have to be examined by a new type of logic
built on principles and laws entirely different from those of the formal logic.

The most promising conception for solving the problems of contradictions in
scientific theories seems to be the conception of one logic with various internally
intertwined substructures where formal logic appears as a certain aspect, one neces-
sary side of such a logic. Within this understanding, formal logic is necessary but
not satisfactory for the analysis of the evolution of scientific knowledge since:

“— it studies thinking from the perspective of linguistic objectification,

— examines only the results of human thinking activities fixed in language and
does not analyse the logical forms of spiritual production,

— abstracts from the thought object (factual and idealized, from ideal types of
objects), which makes up the cognitive sense of the linguistic terms and thus also
the objective content of conceptual thought,

— does not investigate special logical forms of the development of thought to-
wards objective truth.” ([22], 35-36)

We think therefore that it is necessary to work out a logic as a comprehensive
“science that deals with the objective forms of motion and the evolution of
thought™ ([4], 34), which would be able to analyse all the existing types of contra-
dictions in scientific theories adequately at the contemporary stage of scientific
knowledge.® Within the framework of this logic, dialectical-logical contradiction oc-

& Hegel already started to work out such a logic and this tendency has gradually been
emerging in various philosophical currents of the twentieth century. Fierce polemics are being
held about the possibilities of constituting such a type of logic. Unfortunately, we do not
know yet the way how to construct an integral system of “dialectic” (processual) logic which
would also cover formal logic and would be comparable to its system. Moreover, we also lack
a wider theoretical synthetic outlook on this problem.
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curs as a logical form of the expression (reflection) of real dialectical contradictions
of the objective reality and thus also of the process of thought.” This logical form
finds its specific expression in antinomies, paradoxes and aporias.®

Antinomy

Antinomy is a logical contradiction between statements of scientific theory
which seem to be equally true for certain reasons. In principle, it concerns “rela-
tively completed constructions of thoughts, which are in a relationship of contradic-
tory incompatibility and therefore the truthfulness of both cannot be equally prov-
able”. ([20], 11) According to E. M. Cudinov, it is a “couple of contradictory state-
ments each of which can be proved separately” ([8], 32) within the formal-logical
system founded on certain bases, and, within such a system, the whole developed
from such a couple forms an unacceptable logical contradiction. P. Cmorej gives a
broader definition: “Antinomy is a logical contradiction which can be acquired
through intuitively persuasive deduction from intuitively evident premises, namely
a contradiction which differs from other contradictions by the fact that by striving
to get rid of it, it leads to the reconstruction of a theory, its language or its logic, or,
to the creation of a new theory, language or logic.” ([5], 6)°

We meet the concept of antinomy for instance in the work of I. Kant who, in his
“Criticism of pure reason” constructed his known antinomies of pure reason, and
tried to reach a correct proof of both parts — thesis and antithesis. We present their
formulation for illustration.

1. The world has a beginning in time and is not limited as to space.

The world has no beginning and is not limited as to the space but is infinitc in
time and space

2. Each compound substance in thc world consists of simple parts and only
these simple parts or what is composed of them exists everywhere.

No compound thing in the world is composed of simple parts and nothing is
simple in it anywhere.

3. Causality according to natural laws is not the only one, from which all phe-
nomena of the world can be inferred. To explain them, causality through frcedom
also has to be necessarily added.

 In principle, we differentiate the process of thought as an objective natural-historical
process from the forms of the logical utterance of the outcomes of this process in the form of
certain linguistic theoretical constructions.

¥ In contemporary works we often meet the ambiguous use of these terms or also their
mutual identification.

? Interestingly, P. Cmorej’s definition also mentions formation of a new logic and the lan-
guage, although it is not clear whether formal or some other.
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There is no freedom but everything in the world happens according to natural
laws.

4. There is something that belongs to the world, which is as its part or as its
cause an entirely necessary being. Nowhere in the world, or outside it, exists the
entirely necessary being as its cause. ([16], 285, 286)

As already Kant but especially Hegel pointed out trying to prove thesis and an-
tithesis, such a proof incorporates petitio principii. “Thesis and antithesis and their
proofs thus argue contradictorily that the existing boundary has been already over-
come that the boundary has the side to which it relates and beyond which one has
to go, where, however, such a boundary is formed again, which is not a boundary.”
([12], 264). The proofs of Kant’s antinomies are considered by Hegel to be apagic
and insufficient.

A question arises: Where is the cause of the emergence of antinomies in scien-
tific knowledge? Can antinomies be avoided in scientific theories?

Antinomies arise in the process of knowing the extraordinarily complex regions
of objective reality and are one of the ways of reflecting the objective reality within
the existing scientific theory. It means that the existing scientific theories are not
able to express adequately the existing contradiction and complexity of the material
structures and processes through their formal-logical instruments at the particular
level of knowledge, which will be reflected in the particular theory by the emer-
gence of antinomy and logical contradiction.

From the point of view of a formal-logical approach antinomy can be expressed
by a formula of classical logic (p & ~ p). This expression itself captures only the
external aspect — phenomenal form of the given relation and not its essence. “The
peculiarity of antinomic contradictions consists mainly in the fact that under certain
conditions of knowledge they give a rational sense to an apparently illogical term of
the type (S is P and not P), which formal logic does not admit.” ([9], 285) Antino-
mies differ from formal-logical contradictions by pointing to the problematic char-
acter of the tasks being solved; thereby, they do not cast doubt on what has already
been achieved in the process of knowledge. They point to the formulation of the
qualitatively new task which can only be solved by the qualitative reconstruction of
the scientific theory (concepts, principles, laws). “Antinomy is an apparent consen-
sus between dialectic and formal contradiction; it has a phenomenal form of the
logical conflict p and not p but in its essence it is something entirely different. The
conjunction “and” is not a usual conjunction here; negation is not of the character
of real extremes but only of formal extremes.” ([7], 277) That is why antinomies
cannot be simply ranked among formal-logical contradictions.

If antinomies emerge in scientific theories, the conceptual apparatus of formal
logic is insufficient for their solution. It is necessary to look for a new theory,
which, through new principles, laws, and categories will express real dialectical
contradictions more adequately in the corresponding logically non-contradictory
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form. Antinomies become the internal sources of further improvement and the de-
velopment of scientific theory."

Paradoxes

Another type of logical contradictions occurring in scientific theories are para-
doxes. As we have already said, it is just this type of logical contradiction that oper-
ates today over a rather wide range in scientific theories.

Paradox is usually understood as an “unexpected, unusual, weird argument
which either phenomenally or really disagrees with the recognized and generally
accepted experience, with the existing conviction or common sense, although it is
formally-logically correct”. ([18], 431) Paradoxes are such “theoretical construc-
tions in which a logical contradiction is implicitly included into one of the contra-
dictory statements and emerges in the form of the consequence of statements con-
tradicting each other as a result of the analysis of a compound statement on the ob-
ject of its logical persuasiveness”. ([21], 10) In other words, the scientific theory
contains paradoxes, “when each of two contradictory statements, or else one single
compound statement having the form of an equivalence between two contradictory
statements, has been proved within this theory, though the axioms of the theory
seem to be true and the rules of inference valid”. ([11], 1)

What is the cause of the emergence of paradoxes in scientific theories? Many
authors agree that an inadequate, conceptual and categorial apparatus is used within
scientific theories for describing a certain part of objective reality. Thus for in-
stance, in arithmetics, according to Rasiowa and Sikorski, “the paradox resulted en-
tirely from the fact that we did not say precisely what notions and sentences belong
to the arithmetic and what notions and sentences concern the arithmetic, examined
as a fixed and closed deductive system” ([24], 146) A. Fraenkel and Y. Bar-Hillel
are of similar opinion; they say that contradictions of the theoretical arithmetic
emerge “mainly in connection with a natural unrestricted use of the notions of car-
dinal number, ordinal, and Aleph”. ([11, 1)

Paradoxes arising in scientific theories show that at a certain stage of develop-
ment, formal logic does not secure sufficient precision and adequacy of scientific
statements.

Paradoxes are within scientific theories principally divided into two types:

— syntactic or logical — we can infer them from the known sentences of scien-
tific theory or deduce from axiomatically built up theory (for instance Russell’s
paradox about the set of all sets

' The resolution of antinomies depends on particular properties, conditions and peculiari-
ties of the areas of their emergence. The solution of antinomic contradiction itself can only be
regarded as an achievement of a certain relative truth. The knowledge acquired again be-
comes the germ of new antinomies. This means that antinomies represent a certain phase in
the evolution of scientific theory.
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— semantic or metalogical — are formed in uncontrolled semantic creation of no-
tions. For instance, notions of definability and truthfulness (Ebulid’s paradox “lier”).

Although paradoxes within scientific theories have so far been solved mainly
through the formation of more complex and more perfect formal-logical systems,
the real substance of paradoxes has not been thus revealed. The substance and the
cause of the crises in scientific theories consist in the fact that “the obsolete meth-
odology and logic face new discoveries of such a type which principally require a
radical change in the interpretation of logic and methodology”. ([3], 8) The analysis
of paradoxes also shows that for understanding of their substance as well as for
their resolution, it is necessary, in addition to the improvement of formal-logical in-
struments, to seek a new more comprehensive logic. Paradoxes, like antinomies are
the inner driving force of the evolution of scientific theories.

Aporias

Aporias are a special type of logical contradiction, which the human race has
known for more than 2000 years. Aporias are “degenerated forms of contradictions
leading to complications and untrue understanding of the object investigated in its
replacement by another object closely associated with it, as if the initial object is
forgotten”. ([21], 11)

Zeno's aporias arc among the best known: the racetrack, Achilles and the tor-
toise, the stadium, and the arrow.

Aporias are challenging for scientific knowledge by the fact that they are closely
connected with the problems of knowing the motion, space, time, structure, and build-
ing up of systems in the widest sense as well as with the problems of the foundations
of science in terms of the history of the formation of starting notions about reality,
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like “body”, “point”, “place”, “interval”, “motion”, “measure”, “number”, “clement”,
“set”, “finite”, “infinite”, etc.

Although many scientific authorities have struggled to find solutions to aporias
since ancient times, they still remain a problem from the perspective of logic. As S.
Janovskaja says, “the difficultics which were reflected in Zeno’s aporias cannot be
considered overcome even at present.” ([15], 120) This also indicates that it con-
cerns the problems having much deeper substance than just the form of formal-
logical contradictions. What logic does enable understanding of their substance and
their solution?

These considerations show that antinomies, aporias and paradoxes cannot be re-
duced to purely formal-logical contradictions. The formal-logical approach reflects
their phenomenal, formal, (outer) side but does not define their substance. From
this point of view they create a certain integral part of scientific theories and are the
inner driving force of their permanent evolution.

We see the starting point for further research into these problems in:
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— a deeper and broader and not only logical analysis of logical contradictions in
scientific theories,

— in seeking new logic which will be able to express real contradictions of ob-
jective reality more adequately by means of its conceptual apparatus and to solve
them in accordance with the laws and principles of formal logic,

— leading philosophical-methodological confrontation with the solutions which
were found to be inefficient in different philosophical and methodological concep-
tions of science.

This is, in our opinion a route, which will enable us to better understand the es-
sence of logical contradictions in scientific knowledge and thus also of paradoxes,
antinomies, aporias as well as their role in the development of scientific knowledge.
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