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EDITORIAL INTRODUCTION 

Boston Studies in the Philosophy of Science are devoted to symposia, con­
gresses, colloquia, monographs and collected papers on the philosophical 
foundations of the sciences. It is now our pleasure to include A. A. Zi­
nov'ev's treatise on complex logic among these volumes. Zinov'ev is one 
of the most creative of modern Soviet logicians, and at the same time an 
innovative worker on the methodological foundations of science. More­
over, Zinov'ev, although still a developing scholar, has exerted a sub­
stantial and stimulating influence upon his colleagues and students in 
Moscow and within other philosophical and logical circles of the Soviet 
Union. Hence it may be helpful, in bringing this present work to an 
English-reading audience, to review briefly some contemporary Soviet 
investigations into scientific methodology. 

During the 1950's, a vigorous new research program in logic was under­
taken, and the initial published work - characteristic of most Soviet pub­
lications in the logic and methodology of the sciences - was a collection 
of essays, Logical Investigations (Moscow, 1959). Among the authors, in 
addition to Zinov'ev himself, were the philosophers A. Kol'man and 
P. V. Tavanec, and the mathematicians and linguists, S. A. Janovskaja, 
A. S. Esenin-Vol'pin, S. K. Saumjan, G. N. Povarov. Two principal 
themes dominate this work: first, that the results of mathematical logic 
have practical importance for the sciences (and that modern logic may 
be understood as of general philosophical significance); and second, that 
it is impossible to provide a successful and profound methodology of 
science without using the formal apparatus and methods of contemporary 
logic. This relationship, between research into mathematical and formal 
logic on the one hand and the methodology of the sciences on the other, 
became a principal focus of logical research in the Soviet Union during 
the subsequent period, and it remains so at present. 

Perhaps the pre-eminent group of Soviet logicians and methodologists 
is gathered together in Moscow at the Institute of Philosophy of the 
Academy of Sciences of the U.S.S.R. Among its number are P. V. Tava-
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nee, D. P. Gorskij, G. I. Ruzavin, V. A. Smirnov, A. A. Zinov'ev. These 
scholars, together with other colleagues in the section on logic of the In­
stitute of Philosophy have been the most productive of Soviet logicians and 
methodologists; they have published a series of volumes which, in effect, 
has fulfilled the function of a periodical of logical and methodological 
studies. 

Among the most interesting of these volumes, in addition to the Logical 
Investigations of 1959 have been: Philosophical Questions of Contemporary 
Formal Logic, 1962; Problems of the Logic of Scientific Knowledge, 1964 
(English translation, 1970, D. Reidel); Logical Structure of Scientific 
Knowledge, 1966; Logical Semantics and Modal Logics, 1967; Investigation 
of Logical Systems, 1970; Non-Classical Logics, 1970. 

Further, a number of individual monographs have been published, in­
cluding: N. I. Stjafkin, History of Mathematical Logicfrom Leibniz to 
Peano, 1964 (English translation, 1969, MIT Press); A. I. Uemov, Things, 
Properties and Relations, 1963; D. P. Gorskij, Questions of Abstraction 
and Notions of Construction, 1961; and a number of monographs by 
Zinov'ev himself (see below). 

Logical research has also been undertaken in the sections on logic of the 
departments of philosophy of the Moscow State University and the Uni­
versity of Leningrad by E. K. Vojsvillo, A. A. Ivin, O. F. Serebrjan­
nikov among others, and also at other Soviet academic institutions: for 
example, A. I. Uemov at the University of Odessa, V. N. Sadovskij at the 
Institute of the History and Theory of the Natural Sciences and Techno­
logy of the Soviet Academy in Moscow, M. V. Popovic at the Institute 
of Philosophy of the Ukrainian Academy of Sciences in Kiev, and many 
others. The literature has been voluminous but two works from Zinov'ev's 
own colleagues particularly should be noted: O. F. Serebrjannikov, 
Heuristic Principles and Logical Calculi, 1970, and A. A. Ivin, Founda­
tions of the Logic of Value, 1970. 

Despite the immense effort devoted to the elaboration of the technical 
apparatus of formal logic, particularly by Zinov'ev, Smirnov, and Sere­
brjannikov, the primary aim of this trend in Soviet logic has been the 
application of formal logic to the decisive solution of a range of problems 
in the methodology of the sciences. Among Soviet scholars, this topic is 
called the 'logic of science'. Zinov'ev's group of colleagues has been form­
ed during the past few years. It consists of former research students of 
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Zinov'ev who either continue to collaborate with him or to work indepen­
dently on the further development of his ideas. They include A. A. Ivin 
at the Department of Philosophy of the Moscow State University, G. A. 
Smirnov at the Institute ofthe History and Theory of the Natural Sciences 
in Moscow, H. Vessel of the Department of Philosophy at the Humboldt 
University in Berlin, E. A. Sidorenko and A. M. Fedina at the Institute 
of Philosophy in Moscow, L. A. Bobtova, Dept. of Logic, Moscow State 
University. 

The distinctive nature of the logical investigations of Zinov'ev and his 
colleagues are quite fully expounded in the present book. It is, briefly, the 
attempt to construct a particular logical conception of contemporary 
logic, broad enough in scope to encompass the whole range of issues 
beginning with a general theory of signs and concluding with logical 
analyses of such scientific problems as motion, causality, space and time. 

In Zinov'ev's conception, the theory of deduction has a central place. 
But this theory is carefully to be distinguished from generally accepted 
theoretical interpretations in the systems of classical and intuitionist math­
ematical logic. As he writes in an earlier essay, which may be taken as 
a technical introduction to this monograph ('Logical and Physical Im­
plication', p. 91); 

Under the influence of the mathematization of sciences and the successes of mathema­
tical logic in the last few decades, a special branch of logical-philosophical research 
has developed. Its essence is the use of the ideas, the apparatus (calculi) and methods of 
mathematical logic and mathematics (exact methods) in the solution of a series oftra­
ditional problems of formal logic and philosophy as well as of new problems of the 
methodology of science specifically connected with the development of contemporary 
science. 

In this branch one considers the epistemological interpretation of formal systems of 
logic, constructs formal systems for the express purpose of describing various aspects 
of human cognitive activity, solves certain problems of philosophy by means of logical­
mathematical constructions, and uses the accomplishments of logic to overcome philo­
sophical difficulties in the natural sciences. 

Among the problems thus researched we find causal and nomological statements, 
scientific laws, operational and inductive definitions, models, reasons for and means of 
limiting the rules of judgment in various domains of science, construction and inter­
relating of theory, etc. There are numerous works on these subjects, the study of each 
of which requires definite specialisation. 

There are philosophers, logicians, and mathematicians who, for a variety of reasons, 
are inclined to exclude this branch of logical-philosophical investigation from the 
sphere of philosophy. On the other hand, there are others who hold that the application 
of exact methods in philosophy does not fall outside the realm of philosophy if the 
results thereof are strictly compared with the previous methods and results of philoso-
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phy. Regardless of the outcome of this dispute, the fact remains that exact methods are 
applied to problems which have always been considered philosophical. 

Efforts to use exact methods in philosophy proper are found in the works of the 
positivist philosophers who reduced the problems of philosophy to problems of formal 
logic. Whence the impression that the application of such methods in philosophy is a 
mark of positivism. This view is incorrect. The use of exact methods in philosophy 
(as the refusal to use them) in itself says nothing [about] the philosophical position of 
the user. And if there are erroneous philosophical views attached to such use, they can 
be successfully opposed not by ignoring exact methods in solving philosophical prob­
lems but rather by carefully and expertly using them and by developing new methods 
of this type. 

The use of exact methods as a possible mode of philosophical investigation can, if 
the object and tasks of philosophy are properly understood, lead to great progress in 
bringing it into consonance with the thought-structure of contemporary science. The 
application of these methods marks a transition to the theoretical level in the solution 
of philosophical problems. At this level, new knowledge [of] the objects of investigation 
comes not through observation and experiment (as happens on the empirical level) but 
through logical judgments in the framework of a given or newly developed theory (Le., 
special groups of concepts and statements united by rules of logic). The value of the 
theoretical level is well known and we need not discuss it here. The same is true in 
philosophy (not as an object about which one can talk but as a means of investigation). 

As regards the question [of] the non-reducibility of philosophy to formal logic, the 
application of these methods makes it possible not just to declare this as a preconceived 
notion but strictly to demonstrate it for any philosophical problem. 

and a few pages later, 

In the wide sense of the term the problem of logical implication can be formulated as 
follows: is a given logical construction suited to the description of the properties of 
logical implication? Do the formulae of a given formal construction of logic correspond 
to the intuitive understanding of logical implication? By intuitive understanding of log­
ical implication we here mean the understanding which grows up in people perforce 
of habitually judging (reasoning, drawing conclusions) and observing such activity in 
others. The habit of judging according to the rules of logical implication comes as the 
result of personal experience, education and acquired science. What form must a logical 
system have in order to satisfy the intuitive understanding of logical implication? 

One here talks about intuitive understanding because logic presents the results of 
its investigations in the form of an apparatus for the practical use of those who judge, 
infer, reason, prove, etc. And they, of course, compare these results precisely with their 
usually clear understanding of the rules of these operations. Of course, intuitive under­
standing is not something once and for all given and absolutely universal. But there 
are, all the same, some stable and general aspects and they suffice for mutual under­
standing. What is more, the task of logical constructions is not limited to following 
intuition passively. Their basic task consists in clarifying and standardizing intuitive 
understanding, in systematizing the rules of logical implication, in providing the means 
of establishing their reliability and the means of predicting such reliable rules which 
have not yet been met in the experience of judgment or which have not been actively 
realized. What form must a logical system have so that it - without thereby being 
limited - will be as close as possible to the intuitive bases? 
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After the appearance in 1967 of the first edition of the present work, 
Zinov'ev published several further studies. Based upon discussion (by 
R.S.C.) with him during Summer 1971, we can briefy mention these new 
results. The most recent, The Logic of Science, 1971, mainly coincides 
with the present work. However, in it the author provides a considerably 
more detailed and thereby more easily grasped explanation of the basic 
principles and fundamental notions of his conception of logic; moreover 
he expounds this conception in the 1971 work with a minimal formal ap­
paratus. It should be accessible to a much wider circle of readers. In 
addition, the new book has an extensive section devoted to the methodo­
logy of physical science with elaborate studies of space, time, causality, 
motion, etc. There, Zinov'ev criticizes the point of view which claims that 
a special logic [quantum logic] is necessary for micro-physics, different 
from the logical and methodological formalism of macro-physics. In a 
related section, Zinov'ev expounds his conception of the universality of 
logic, by which he understands the independence of logical rules from the 
specific domains of application of these rules in the sphere of objects. 

In the 1971 book, Zinov'ev proceeds from an analysis of 'ontological 
terminology' (his phrase), perhaps more easily identified as 'physical ter­
minology', and from his exposition of logical rules of operation with these 
ontological terms, to his major conclusions. Many problems which are 
discussed in the philosophy of physics, and which are particularly connect­
ed with modern discoveries, are shown to be only terminological, inde­
pendent of the success or inadequacy of physics proper. Such, for example, 
is the central problem of the reversibility of time. Indeed, in Zinov'ev's 
analysis, many assertions which traditionally have been construed to be 
empirical or physical, turn out to be the implicit consequences of defini­
tions of terms; or at any rate they may be conceived thus without contra­
diction or empirical refutation. An example is the assertion that a body 
cannot be in different places at the same time. 

In another work, his newer Complex Logic published in 1970, Zinov'ev 
offers a systematic account of the formal apparatus oflogical implication. 
Here the most interesting part is perhaps his theory of quantifiers. Zinov'ev 
formulates the entire range, the totality, of different logical systems of the 
theory of quantifiers which satisfy differing corresponding intuitive pre­
mises, and he investigates their properties. In particular, the 1970 mono­
graph provides a fuller investigation of the strict theory of quantifiers. 
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Evidently, Zinov'ev's conception of logic is opposed to certain intel­
lectual trends of contemporary logic and methodology of science. He 
ruefully contrasts the insignificance of many problems treated in the stan­
dard methodology of science with the grandiosity of methodological 
claims, and with the tendency to apply methodological formulations be­
yond their domain. And he is critical of the misuse of deductive logic 
and the accepted formulations of the methodology of natural science in 
social-scientific investigations. 

A. A. Zinov'ev foresees fruitful applications of his conception of 'com­
plex logic' throughout methodological investigations into the natural and 
the social sciences, and in the theory of values as well, but he also sees the 
need for extensive further work in pure logic. We warmly anticipate his 
ongoing investigations. 

Boston University Center for the 
Philosophy and History of Science 
Spring 1972 

NOTE 

Some of Zinov'ev's studies have appeared in English: 

R. S. COHEN 

M. W. WARTOFSKY 

[SSP: Soviet Studies in Philosophy (International Arts and Sciences Press, White 
Plains, New York)] 

1. Philosophical Problems of Many-Valued Logic (ed. and transl. by G. Kung and 
D. D. Corney), Humanities Press, New York; and D. Reidel, Dordrecht, Holland; 
1963. 

2. 'Logical and Physical Implication', in: Problems of the Logic of Scientific Knowledge, 
(ed. by P. V. Tavanec), pp. 91-159 (transl. by T. J. Blakeley) (Humanities Press, 
New York; and D. Reidel, Dordrecht, Holland; 1970). Original: Problemy logiki 
naucnogo poznanija, Moscow, 1964. 

3. 'Two-Valued and Many-Valued Logic', SSP 2,69-84 (Summer-Fall 1963); from: 
Filosofskie voprosy sovremennoj formal'noj logiki (ed. by P. V. Tavanec), Institute 
of Philosophy, U.S.S.R. Academy of Sciences, Moscow, 1962. 
(Note: 7 of the 12 papers in the original volume appeared in this issue of SSP.) 

4. 'On the Application of Modal Logic in the Methodology of Science', SSP 3,20--26 
(Winter 1964--65); from Voprosy filosofii, 1964, No.8. 

5. 'On Classical and Non-Classical Situations in Science', SSP 7, 24--33 (Spring 1969); 
from: Voprosy filosofii, 1968, No.9. 
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6. 'On the Logic of Microphysics', SSP 9,222-236 (Winter 1970-71); from: Voprosy 
/iloso/ii 1970, No.2 (Part of a symposium on Logic and Quantum Mechanics, with 
other contributions by B. G. Kuznecov: 'On Quantum-Relativistic Logic'; R. A. 
Aronov: 'Toward a Logic of the Microworld'; I. P. Staxanov: 'The Logic of 
"Possibility" '). 



PREFACE 

Logical theory of scientific knowledge is the investigation of scientific 
knowledge within the framework of the concepts and methods of logic. 
The bases for such investigations in contemporary logic were provided by 
Frege, Russell, Lewis, Lukasiewicz, Carnap, Reichenbach, Tarski, 
Ajdukiewicz, and many other scientists, whose works are generally 
quoted in logical-philosophical writings. 

The present work offers a somewhat systematic construction of that 
conception of the logical theory of scientific knowledge which was to be 
found in incomplete form in the author's earlier works. This construction 
has to do only with the fundamentals of the theory of scientific knowledge. 
Therefore, the book is to be taken neither as a textbook nor as a presen­
tation of what is generally done in corresponding branches of logic. 

Some details of this way of looking at things are truisms to be found in 
most other works on the same subject. But in its general character and on 
the most essential points it is essentially different from such other works, 
as the reader can see by carrying out the comparison. 

The basic object of this book is to present as simply and systematically 
as possible the ideas and principles which seem to us to be the most 
promising for the theory of scientific knowledge. Therefore, the formal 
logical apparatus which could be developed on this basis has been held 
to an absolute minimum. 

Mathematical logic has carried the day in the theory of scientific know­
ledge. But one finds in logical circles a prejudice that mathematical logic 
as it is found in textbooks (propositional calculus and predicate calculus, 
with some expansions) is the only possible logical apparatus for the 
solution of all problems of the theory of scientific knowledge. The fact of 
the matter is that mathematical logic in its normal form is only a fragment 
of the theory of scientific knowledge and the other sections cannot be 
reduced to it. This is particularly true of the theory of terms, of the forms 
of logical entailment, syllogistics, physical entailment, and other sections 
oflogic which are stressed in the present volume. 
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This could be called "complex logic" for the following reasons. Con­
temporary logic has developed into an extensive and sophisticated science. 
It has need of systematization. This is not simply a question of a suitable 
presentation of its results in teaching. It is more an effort to find a notion 
of logic itself such that the various calculi, theories, trends, etc., appear as 
natural fragments of a single system. Our present effort is in this direction. 
In particular, classical logic, intuitionist logic, the system of strong im­
plication, and other logical systems, which are usually taken as different 
solutions of one and the same problem of the definition of the rules of 
logical inference, are here viewed as solutions of different problems, i.e., 
as different fragments of a single logical system. For this purpose we 
need a unified logical structure - a type of logical "base" - which must 
contain the various logical calculi and which must itself have the form of 
a deductive system. Complex logic is intended for this purpose. Further, 
the method of construction we have chosen - i.e., the construction of the 
different branches of logic through appropriate additions to the general 
theory of deduction (to propositional logic) - means that whole groups of 
logical laws fall outside the purview of logic. We mean the laws which 
join propositions with different structures and do not occur among the 
formulae of certain calculi. Such are the laws joining modal signs and 
quantifiers, implication signs and relation signs, signs of predication and 
of class-inclusion, etc. What is more, we find in logic implicit assumptions 
which can be explicated only by formulating a system of "residual" 
assertions in order to unify the various sections of logic into a unified, 
complex logical system. Our presentation tries to take such "residual" 
laws of logic into account. We would note, in conclusion, that this con­
ception of logic makes possible a more differentiated analysis of logical 
forms than is usually the case. This happens most particularly in the 
treatment of the various forms of entailment. 

To make our formulations as compact and intuitive as possible, we 
will use the symbols 

., V,:, "', -+, +-+ 

in the following sense: 
1) X' Y for "X and r', "Each of X, Y"; Xl. X 2 . .. , X"- "Xl and X2 

and ... and X"", "Each of Xl, ... , X""; here and below X, Y, Xl, ... , X" are 
any sentences; 
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2) X v Y for "at least one of X and Y"; Xl V X2 V •.• v X" for "at least 
one of xl, X 2, ••• X"". 

3) X: Yfor "Either X or Y", "X or Y", "One and only one of X, Y"; 
Xl: X2: ... : X" - "Either Xl, or X 2, ... , or X"", "One and only one of 
xl, X 2, ••• X""; 

4) "" X for "Non-X", "It is not as affirmed in X"; 
5) X --. Y for "If X then Y"; 
6) X ~ Yfor"Xifand only if Y"; an abbreviation for (X --. Y)·(Y --.X). 
In the sequel we will be more precise about the signs "and", "or" and 

"not". For the moment, however, we will assume that their meaning is 
known to the reader at least to the extent necessary for explaining the 
matter at hand. The same is the case for the signs, "if. .. then" and "if and 
only if". In other words, we assume that the reader already has some skill 
in handling logical tools, i.e., that he has the logical minimum. 

Definitions and assertions will be numbered with the help of Di, Ai and 
Ti, where i is the ordinative numeral of the definition or assertion in a 
given paragraph; A indicates that the sentence is taken as an axiom; T 
indicates that the sentence can be obtained as an inference from axioms. 
In cross-referencing, the chapter and paragraph numbers will be written 
after the i. For example, T3V7 will designate the third theorem of the 
seventh paragraph in the fifth chapter. 



CONTENTS 

Italic numbers indicate the page reference to the sections 

EDITORIAL INTRODUCTION 

PREFACE 

CHAPTER ONE / THE LOGICAL THEORY OF SCIENTIFIC 

KNOWLEDGE 

1. Scientific Knowledge 1 - 2. Basic Abstractions 1 - 3. Three 
Aspects of the Investigation of Knowledge 2 - 4. Intuition 4 
5. Logical Calculi 4 - 6. Ordinary Language and Scientific 
Language 5 - 7. Objectivity of Approach 6 

CHAPTER TWO / SIGNS 

1. Object 8 - 2. Selection 8 - 3. Comparison 9 
4. Correspondence 9 - 5. Sign 12 - 6. Value of the Sign 13 
7. Relations Between Signs 14 - 8. Simple and Complex Signs 15 
9. Meaning of the Sign 17 - 10. Construction of Signs 18 
11. Categories of Signs 19 - 12. Existence of Objects 19 

CHAPTER THREE / TERMS 

1. Terms 21 - 2. Definitions 23 - 3. Traditional Rules of 
Definition 25 - 4. Definitions and Assertions 26 - 5. Definition 
and Selection 27 - 6. Concept 28 -7. Meaning and Context 29 
8. The Reduction Problem 30 - 9. Terms of Terms 31 

CHAPTER FOUR / SENTENCES 

1. The Problem of Defining Sentences 32 - 2. Basic Principles of the 
Construction of Sentences 33 - 3. Sentential Operators 34 
4. Complex Terms and Sentences 35 - 5. Simple and Complex 
Sentences 36 - 6. Cognitive Activities 37 - 7. The Construction of 
Sentences 38 - 8. The Meaning of Sentences 40 - 9. Definitions 
with Sentences 41 - 10. Terms from Sentences 41 - 11. Truth­
Values 42 - 12. Sentential Structure and Truth-Values 45 - 13. 

v 

XIU 

1 

8 

21 

32 



XVIII CONTENTS 

The Number of Truth-Values 46 -14. Truth 48 -15. Verification 49 
16. Local and Universal Sentences 50 -17. Metasentences 50 

CHAPTER FIVE / SENTENTIAL LOGIC 

1. Sentential Logic 52 - 2. The Meaning of Sentences 52 - 3. Truth­
Values 55 - 4. Local and Universal Sentences 57 - 5. Types of 
Sentences 59 - 6. Truth Functions 60 - 7. Truth Conditions 61 
8. The Construction of Sentences 62 - 9. Terms 63 

CHAPTER SIX / THE GENERAL THEORY OF LOGICAL 

ENTAILMENT 

1. The Problem of Logical Entailment 64 - 2. Classical Theory of 
Entailment 65 - 3. Non-Classical Theory of Entailment 65 
4. The General Theory of Logical Entailment 66 - 5. The 
Intuitive Theory of Logical Entailment 69 - 6. Degenerate 
Entailment 72 - 7. Quasi-Entailment 72 - 8. Reasoning and 
Entailment 72 - 9. Sentences about Entailment 73 

CHAPTER SEVEN / FORMALIZATION OF THE GENERAL 

THEORY OF LOGICAL ENTAILMENT 

1. Strong Logical Entailment 75 - 2. Another Variant of the 
System of Strong Entailment 78 - 3. Weakened Logical 
Entailment 81 - 4. Maximal Logical Entailment 82 - 5. Converse 
Logical Entailment 82 - 6. Degenerate Logical Entailment 83 
7. Quasi-Entailment 83 - 8. Logical Entailment and Classical 
Sentential Calculus 84 - 9. Paradoxes of Entailment 84 
10. Classical and Non-Classical Sentential Relations 86 
11. Non-Classical Cases in the General Theory of Deduction 88 
12. Expansion of the General Theory of Logical Entailment 89 

CHAPTER EIGHT / SUBJECT-PREDICATE STRUCTURES 

1. Objects and Attributes 90 - 2. The Most Elementary 
Sentences 91 - 3. Extrinsic Negation 94 - 4. Terms 95 
5. Definitions 97 - 6. Rules of Substitution of Terms 99 
7. Individualization of Terms 100 - 8. Sentences on n-Tuples of 
Objects 100 - 9. Transformation Rules and Terms 102 
10. Definitions 103 - 11. Existential Predicate 103 - 12. Two Types 
of Objects and Attributes 104 - 13. Truth-Values 105 - 14. Theory 
of Predication 107 

52 

64 

75 

90 



CONTENTS XIX 

CHAPTER NINE I EMPIRICAL AND ABSTRACT OBJECTS 109 

1. Empirical Objects 109 - 2. Abstract Objects 1I0 
3. Interpretation 1I2 - 4. Calculus 1I3 - 5. Empirical and Exact 
Sciences 1I3 - 6. States 1I4 - 7. Situation 1I5 - 8. The Collection of 
Situations 1I5 - 9. Derivative Sentences 1I6 - 10. Variation 1I8 
11. Variation of Attributes 1I9 - 12. Magnitude 120 - 13. Range of 
Truth 121 

CHAPTER TEN / SENTENCES WITH QUANTIFIERS 

1. Quantifiers 123 - 2. The Structure of Quantified Sentences 123 
3. Indeterminacy 126 - 4. Quantification of Terms 126 - 5. Extrinsic 
Negation 127 - 6. Definitions of Quantifiers 128 - 7. Other 
Quantifiers 130 - 8. A Number of Quantifiers 131 - 9. Truth­
Values 132 - 10. Quantifiers and Existence 133 - 11. Rules of 
Logical Entailment 134 - 12. Introduction and Elimination of 
Quantifiers 134 - 13. Quantifiers and the Signs "and" and "or" 135 
14. Syllogistics of Properties 137 - 15. Implicit Quantifiers 138 
16. Terms 139 - 17. Partial Quantification 139 - 18. Construction 
of Sentences 139 -19. Definitions and Assertions 143 - 20. Classical 
and Non-Classical Relations Between Sentences 144 

CHAPTER ELEVEN I THEORY OF QUANTIFIERS 

1. Paradoxes of Theory of Quantifiers 146 - 2. Classical and Non­
Classical Cases 147 - 3. Restriction of the Classical Calculus of 
Predicates 147 - 4. Classical Strong Theory of Quantifiers 148 
5. Other Systems of Classical Theory of Quantifiers 152 
6. Classical Theory of Quantifiers and Classical Predicate 
Calculus 153 - 7. Non-Classical Theory of Quantifiers 154 
8. Intuitionist Logic and Non-Classical Theory of Quantifiers 155 
9. Weakening of Intuitive Requirements 156 

CHAPTER TWELVE I CONDITIONAL SENTENCES 

1. Conditional Sentences 157 - 2. The Construction of Conditional 
Sentences 157 - 3. Truth-Values 158 - 4. Logical Conditions 158 
5. Deductive Properties of Conditional Sentences 159 
6. Contrafactual Sentences 161 - 7. Explanation 161 
8. Conditionality and Quantifiers 161 

CHAPTER THIRTEEN I THEORY OF TERMS 

123 

146 

157 

162 



xx CONTENTS 

CHAPTER FOUR TEEN / CLASSES 166 

1. Classes 166 - 2. Inclusion in a Class 168 - 3. Classes of Classes 168 
4. Paradox of the Class of Normal Classes 170 - 5. Limitations of 
the Concept of Class 171 - 6. Empty and Non-Empty Classes 172 
7. Universal Classes 172 - 8. Derivative Classes 173 - 9. Relations 
Between Classes 174 -10. Terms 175 -11. The Number of 
Elements of a Class 176 - 12. Composition and Power of a 
Class 178 - 13. Functions 179 - 14. Functions with Sentences 180 
15. Definitions 181-16. Models 181-17. Logic of Classes 182 
18. Quasi-Classical Cases in Theory of Quantifiers 184 

CHAPTER FIFTEEN / EXISTENTIAL LOGIC 

1. Non-Classical Cases 185 - 2. Classical Cases 186 
3. Interpretation 186 

CHAPTER SIXTEEN / MODAL SENTENCES 

1. Events 187 - 2. Basic Modalities 188 - 3. Introduction of 
Modality 189 - 4. The Logical Limits of Modality 191 
5. Prediction 192 - 6. The Meaning of Modal Predicates 193 
7. The Modality of Individual and Recurrent Events 195 - 8. The 
Logical Properties of Modal Predicates 195 - 9. Randomness 197 
10. Modality and Existence 197 - 11. Modality of a Higher 
Order 198 - 12. Modality and Quantifiers 199 - 13. Modality and 
Entailment 200 - 14. Modality and Conditionality 200 
15. Linguistic Transformations 201-16. Terms 201-17. Truth­
Values 202 - 18. Probability 203 - 19. The Actual and the 
Potential 204 - 20. Basic Modal Logic 204 - 21. Normative 
Sentences 206 - 22. Modalities and Norms 209 

CHAPTER SEVENTEEN / RELATIONS 

1. Sentences About Relations 210 - 2. Logical Types of 
Relations 211 - 3. Simple and Complex Relations 211 
4. Elementary and Derivative Relations 211 - 5. Binary and 
n-ary Relations 212 - 6. Universal and Local Relations 213 
7. Pseudorelations 213 - 8. Comparison 214 - 9. Relations of 
Order 216 - 10. The Logic of Relations 217 - 11. The Relation 
"Between" 219 - 12. Interval 219 - 13. Ordered Series 220 
14. The Length of an Interval and of a Series 221 
15. Structure 223 - 16. Relation and Function 224 

185 

187 

210 



CONTENTS XXI 

CHAPTER EIGHTEEN/ PHYSICAL ENTAILMENT 226 

1. Empirical Objects 226 - 2. Order of Events 226 - 3. Ordered 
Conjunctions 228 - 4. Physical Entailment 229 - 5. Truth-
Values 231 - 6. Deductive Properties of Physical 
Entailment 232 - 7. Physical Entailment and Functions 233 
8. Two-Valued and Many-Valued Functions 234 - 9. Empirical 
Connections 235 - 10. Contrafactual Sentences 237 
11. Sentences on Connections and Individual Events 238 

CHAPTER NINETEEN / THEORIES 

1. Theory 239 - 2. Theoretical Assumptions 242 - 3. Properties 
and Relations Between Theories 243 - 4. Theory and 
Experience 245 -5. Theory and Formal System 245 - 6. Non­
Deductive Principles 246 

CHAPTER TWENTY/LOGIC AND ONTOLOGY 

1. Ontological Assertions in Logic 247 - 2. Paradoxes of 
Motion 248 - 3. Space and Time 249 - 4. Part and Whole 254 
5. Cause 255 

239 

247 

CHAPTER TWENTY-ONE/ THE UNIVERSALITY OF LOGIC 257 
1. Doubts About the Universality of Logic 257 - 2. Examples of the 
"Non-Universality" of Logic 258 - 3. Many-Valued Logic and the 
Universality of Logic 260 - 4. Differences in Logical Systems 261 

CONCLUSION 

APPENDIX 

G. A. SMIRNOV 

Proof of the Basic Theorems of the Theory of Logical 
Entailment 

1. Some Theorems of 8 1 267 - 2. Theorems of "Non­
Paradoxicality" 269 - 3. Consistency 270 - 4. Completeness 272 
5. Independence 278 - 6. Maximal Entailment 280 - 7. Converse 
Entailment 281- 8. Weak Entailment 284 

E. A. SIDORENKO 

Independence in the Systems of Logical Entailment 

263 

267 

287 



XXII CONTENTS 

E. A. SIDORENKO 

Some Variants of the Systems of Logical Entailment 290 

A. M. FEDINA 

Completeness of the Systems of Logical Entailment 293 

L. A. BOBROV A 

Completeness of Systems of Degenerate Entailment and Quasi-
Entailment 298 

INDEX OF NAMES 301 



CHAPTER ONE 

THE LOGICAL THEORY OF SCIENTIFIC 

KNOWLEDGE 

1. SCIENTIFIC KNOWLEDGE 

Science is a special sphere in man's division of labor, the task of which 
is the production (obtaining, having) of knowledge and the discovery of 
new means for it. Scientific knowledge is knowledge had in science. 

From the logical point of view scientific knowledge can be distinguished 
from the extra-scientific (had outside the sphere of science) only by care­
fully distinguishing its complex forms and methods. This requires profes­
sional training and is not found outside of science because of the lack of 
the requisite habits and intentionality. But science also contains simple 
forms of knowledge and methods which are hardly distinguishable from 
those existing outside of it. Therefore, the study of scientific knowledge in 
the framework of logic is the study of knowledge in general, including 
forms and methods which are met only in science. 

2. BASIC ABSTRACTIONS 

The logical investigation of scientific knowledge is based on a series of 
abstractions and assumptions which limit its possibilities. 

Not taken into consideration here are the psychological, social, etc., 
connections which accompany or influence the obtaining and employment 
of knowledge. Knowledge is exclusively conceived as information on 
some object-domain, i.e., as a representation of such a domain. It is 
assumed that the apparatus of sense-reflection is necessary for the ob­
taining, preservation and use of knowledge. But its activity is not taken 
into consideration. No role is played here by that which goes on in the 
brain or in the organism of man (or within any reflecting being or device). 
Knowledge is here taken strictly as perceived (seen, heard, etc.) objects of 
a special type (a special type of thing) and as spatial-temporal structures 
made up of such objects. We are also not taking into consideration those 
cognitive aids (instruments, etc.) which complement and strengthen the 
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apparatus of sense-reflection and guarantee the observation ofthe objects 
being studied. 

The results of knowledge are usually fixed in the sentences of some 
language. On this basis science forms tools, like formulae, schemata, 
graphs, tables, which are included in the language of science. Here these 
are all reduced to sentential form. The point of this abstraction is that 
every linguistic structure which expresses knowledge is correlated with a 
set of sentences which adequately express the information in question. 
This abstraction corresponds to the fact that the man who has to do with 
science is used to using various linguistic constructs (graphs, tables, etc.) 
and to "reading" them in the sentences of ordinary language. 

Assertions are reduced to a standard form: to the form of sentences 
(judgements). This abstraction corresponds to the fact that a man engaged 
in scientific activity knows how to distinguish in each sentence the logical­
ly (described in logical terms) structural elements and their mutual dis­
position; i.e., he knows how to establish the logical structure of the 
sentence. This abstraction is meaningful in reference to any language but 
always in reference to some given language. It is here necessary to abstract 
from those associations expressed in the rules of a language like Russian, 
English, French, etc., and to take the logical structure of the sentence as 
something independent of these rules. 

3. THREE ASPECTS OF THE INVESTIGATION OF KNOWLEDGE 

Scientific knowledge can be viewed from three different angles: structure, 
construction and meaning. Each of them has its peculiarities which are 
described in a special system of concepts. In the first ofthese one observes 
all the objects which are studied in the logical theory of scientific know­
ledge, i.e., one articulates the knowledge itself; one lays the perceived out 
in its parts and into their ordering in space and time. These objects are 
terms, logical signs like "and", "or", "if ... then ... ", "that, which", "all", 
different types of structurations of the terms and logical signs, complexes 
of sentences and terms. 

In the second view one distinguishes the means of obtaining knowledge, 
its parts and combinations. One takes into consideration the activities 
which make knowledge and its parts possible (induction, deduction, 
modelling, definition, extrapolation, interpolation, etc.). Since one ab-
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stracts from sense-reflection, one considers only the means of obtaining 
sentences and terms from sentences and terms. Of course, one finds in 
every branch of science some set of terms and sentences which are ob­
tained without the use of other terms and sentences or which are taken 
ready-made from other spheres of knowledge. Observation and experi­
ment are important in this context only to the extent that they establish 
sentences. 

One of the biggest problems here is to explain the elementary forms of 
knowledge by giving an exact account of their properties, to present all 
knowledge as a construction from the simpler (and, ultimately, elemen­
tary) according to more or less general rules, i.e., to describe the standard 
means for constructing complex forms of knowledge from elementary ones. 
In the third view, one deals with the relationship of knowledge and its 
parts to the object-domain, the representation of which it is supposed to 
be; one tries to find the principles according to which assertions and the 
structural elements that represent them are accepted in science; in par­
ticular, one pays attention to the means of verifying knowledge and to 
the establishment of the meaning of terms. Here one finds concepts like 
"meaning", "sense", "true", "false", "exact", "confirmation", which are 
usually called semantic. 

These aspects can to some extent be separated since there is no strict, 
univocal connection between them. Knowledge can contain elements 
with the same structure but obtained in different ways: it can contain 
elements with different structures obtained in the same way. Knowledge 
can be obtained in one way and verified in another, etc. But a sufficiently 
detailed and systematic investigation in each of them is impossible with­
out a correlative investigation in the others. The fact is that for the de­
scription of the properties of the logical signs found in sentences one has 
to state the conditions of their use, i.e., to state how one arrives at a 
sentence with such signs and what can be obtained from it. The concepts, 
"true", "false", etc., are defined differently for different types of sentences: 
some sentential structures cannot be distinguished without reference to 
the method of construction or verification. To each structure of sentences 
and terms corresponds some set of methods which makes it possible to 
obtain sentences and terms with the structure in question. Description of 
the basis for acceptance of the terms and sentences into science is a retro­
spective description of the possible methods of constructing them since 



4 THE LOGICAL THEORY OF SCIENTIFIC KNOWLEDGE 

the matter of meaning is - in a sense - a semantic periphrasing of the 
matter of construction. In brief, the unity of these aspects is a necessary 
condition for the investigation of scientific knowledge: it is not just an 
assumption. 

4. INTUITION 

To study scientific knowledge is, above all, to study the practical habits 
which people have in the history of knowledge built up for obtaining and 
working with knowledge (and which the investigator has somehow ac­
quired in the course of his individual formation). These habits are not 
given by nature. They are formed by people and are reformed in the 
course of scientific progress. Those who have these habits have a (more 
or less clear and defined) practical or intuitive understanding of the 
properties of knowledge. This understanding of knowledge is necessary 
to the very habits of operating with it. Formulation of it is the starting 
point of logic as a special science and constitutes the line of continuity 
between its first results and the cognitive activities of people. 

The intuitive understanding we are talking about here arises spontane­
ously with all the resultant lack of clarity, structure, completeness, etc. 
And logic has to exert itself in order to make it clear and unambiguous, 
to standardize, to explicate, etc. And this is not a simple description of 
something well known and accepted. This is the continuation of the sponta­
neous activity of people in the forming and perfecting of the logical modes 
of language, but already at a professional level. From the outset, logic 
establishes something new compared to that which is known in intuition. 

It follows that the logical theory of scientific knowledge has to take 
account of the intuitive understanding of some aspect of the cognitive 
activity of people, but cannot become its slave. It has to assume the 
possibility of leaving the realm of intuition. And one of the tasks is ex­
plaining how and to what extent this departure can be effected. 

From what has been said it also follows that the notion "approximating 
logic to natural language" is the result of a misunderstanding. 

S. LOGICAL CALCULI 

Logical calculi (formal constructions) occupy an important place in con­
temporary logical theory of scientific knowledge. There are two uses for 
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logical calculi. First, there is the explication of some elements of intuition: 
and intuitive understanding of some types of knowledge is accompanied 
by a logical calculus and interpretation which establishes their corre­
spondence. If there is no immediate correspondence, then the calculus is 
either adapted to the intuitive premisses by the introduction of comple­
ments, limitations, etc., or one reconstructs it in such a way as to obtain 
the correspondence. This method of theoretical construction provides 
results only for isolated problems since the results are partial and one is 
satisfied with "paradoxical" (not corresponding to intuitive understand­
ing) consequences; but we are not denying their cognitive value (the 
possibility of the use of deduction and prediction, provability, explication 
of concepts, exclusion of ambiguity, simplicity, etc.). 

In a second view, the logical calculus is considered as independent of 
intuition, i.e., it is seen as something formed by the logician as a comple­
ment to the logical methods already formulated in science. In both cases 
there is a set of problems which belong to the logical theory of scientific 
knowledge. 

Thus, the logical theory of scientific knowledge is not a special science, 
different from and parallel to logic. It is simply that part (or aspect) of 
logic which makes it possible for the formal apparatus of logic to be 
counted precisely as an apparatus of logic and not of any other science. 
It explains the basis on which this apparatus is set up, the direction of 
development of it, and paths of using it in the describing and perfecting 
of the language of science. 

6. ORDINARY LANGUAGE AND SCIENTIFIC LANGUAGE 

The language of science is the empirical given, the observation of which 
provides the point of departure for the logical theory of scientific know­
ledge. In turn, this language of science is based on ordinary language: 
the destruction of ordinary language would involve the destruction of the 
language of science (it would become incomprehensible). 

The limits between scientific language and ordinary language are rela­
tive and historically conditioned. Some terms and sentences of scientific 
language find their way into ordinary language. On the other hand, many 
of the terms and sentences of ordinary language are used in science. One 
uses ordinary language both for the introduction of the special terms of 
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science and for the explication of scientific sentences. Modes for con­
structing terms and sentences in ordinary language can be used for 
certain purposes in scientific language, etc. However, the distinction of 
scientific language as a superstructure over ordinary language has sense 
as an abstraction in the framework of logic. This is because ordinary 
language is formed and learned as an element in a very complex situation 
which includes the evolution of humanity and of each individual man. 
The accumulated knowledge and the methods of accumulation can be 
only imperfectly described in terms of logic. Assuming here that ordinary 
language is given, we thereby assume certain terms, sentences, methods 
as not subject to further logical analysis (we assume some sort of "pre­
logical" or "extra-logical" means of obtaining knowledge). 

Therefore, the logical theory of scientific knowledge is limited not only 
"from above" (reduction of any forms of knowledge to sets of sentences) 
but also "from below": it leaves aside all the means and conditions of 
knowledge which are involved in operating with ordinary language and 
which are not subject to description in logical terms. 

7. OBJECTIVITY OF APPROACH 

The investigator's activity can be seen: 1) subjectively, i.e., as the investi­
gator lives it; 2) objectively, i.e., as it can be observed (describing only 
that which can be seen, heard, etc.). 

The subjective approach was once widespread in logic. This was psy­
chologism in logic, and no longer has any importance. But it shows its 
head from time to time especially in discussion of questions which go 
beyond the purely formal apparatus of logic. It is very difficult to rid 
oneself of it completely since every normal man has the ability to ex­
amine himself and is convinced of the existence both in himself and in 
others of some "inner", "spiritual", "ideal", etc., life. 

We here take a purely objective view of knowledge. It is evident that 
the concepts, "ideal", "spiritual", "conceptual", etc., which are usually 
used in the SUbjective approach, lose any practical importance since 
knowledge itself is being taken as something tangible. Even in those 
cases where the objects of knowledge are intangible and not subject to 
observation, knowledge itself has to be subject to observation. Otherwise, 
there would be no knowledge. 
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The objective approach will here mean that we (author and reader) 
will assume some investigator (i.e., someone who has knowledge and 
operates with it) whose cognitive activity we can observe and, within 
limits, control. This "within limits" means that we will assign to the 
investigator certain properties and capacities and then we will observe 
what he must do in order to solve some problem of knowledge. In what 
follows references to the investigator will be dropped for reasons of style; 
but they could easily be reinstated. As investigator, one could have in 
mind not only a man engaged in scientific activity but in general any being 
or mechanism capable of accomplishing what is assumed in each case. 



CHAPTER TWO 

SIGNS 

1. OBJECT 

We will use the word "object" in its widest sense: an object is anything 
which can be perceived, represented, named, etc.; i.e., anything at all. 
Objects will be represented by the symbols 

Each of these symbols in isolation will designate any (indiscriminately) 
or every (this will be clear from the context) object. Distinctions between 
symbols occurring together will only mean differences between objects 
(and not necessarily the presence or absence of some perceptible or as­
sumed properties; it could be that the distinction is only one of time and 
place). The ability to distinguish and correlate objects is taken for granted. 

2. SELECTION 

We will consider that the investigator has selected an object if in some 
way "he adverts to it". There are two actions here: 

1) he establishes or reproduces a sense image of the object (he sees, 
hears, imagines, etc., it), uses its name, says something about it, estab­
lishes or studies its schema, outline, photograph, etc.; 

2) he carries out some further activity which reveals or confirms that 
at a certain time and for a certain reason he turned his attention to that 
object to the exclusion of all others, i.e., during that time he gave it some 
sort of priority over the others. 

We consider selection of the object to be an elementary activity in any 
cognitive process. It is not analyzed within the framework of the logical 
theory of scientific knowledge. The term "selection" is taken as primitive, 
explained only in terms of ordinary language and by examples. Thus the 
investigator selects the electron, indicating its effects on a photographic 
plate; he selects phlogiston by affirming in some context that phlogiston 



SIGNS 9 

does not exist; he selects a triple of numbers x, y and z by considering 
the formula, x2 +3xy=2z, etc. The selection of an object is always local­
ised in time: the temporal interval when a given object is said to be 
selected by a given investigator is always more than zero. This means 
that the selection of an object under all circumstances (even if these do 
not come to be) is some state of the investigator; more precisely, it is 
a state of his natural apparatus of reflection. 

3. COMPARISON 

If the investigator selects two or more different objects, we will say that 
he compares these objects (or effects their comparison). The objects 
compared can be selected simultaneously or one at a time. But there is 
always an interval of time when they are all considered selected by the 
investigator who effects their comparison; the act of selection is localised 
in time. Evidently, the comparison of objects is an aggregate made up of 
two or more different acts of selection, which are in some order. For 
example, in constructing the sentence, "Water is formed by uniting hy­
drogen and oxygen", the investigator has selected the objects, water, 
hydrogen and oxygen; the ordering of the acts of selection is expressed 
in the sequence of their names in the sentence; the localisation of the 
acts of selection is expressed in the fact that a sentence is constructed 
which relates to the three objects selected and which is experienced as a 
whole. The objects compared can also be selected independently of each 
other. 

~ CORRESPONDENCE 

DI. We will say that the investigator has established a correspondence 
of object 112 to object 111 (or that object 112 corresponds to object 111) 
if and only if the following is the case: each time that the investigator 
selects 111 he thereupon selects 112, being put before the alternative of 
choosing or not choosing 112. The correspondence of the object 112 to 
the object 111 will be expressed as 

112 <=111, 

and its absence as 

'" (112 <= ITl). 
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The expression "thereupon" in Dl simply means that the selection of 
rr2 happens after that of rrl. The expression "being put before the alter­
native ... " can be explained as: I) we set up in a certain way some set of 
objects among which rr2 is found and we have the investigator choose 
anyone of them; this is done several times; the proposed set can be 
varied; 2) we can assume that the investigator, simultaneously with the 
selection of the object, will carry out some action confirming that the 
selection was done, compelling the investigator to select rr2 and to 
experience the confirmation of the activity. 

A correspondence established between two objects does not mean that 
they will always be selected together. Each of them can be selected inde­
pendently of the other (without the selection of the other). What is more, 
if such a possibility is lacking there can be no talk about any correspond­
ence at all. 

We have defined the simple case of correspondence. Through it, other 
forms are defined: 

D2. rrl and rr2 are in mutual correspondence if and only if 

D3. rr2 univalently corresponds to rrl if and only if 

where rr3 is any object different from rr2. 
D4. rrl and rr2 are in one-to-one correspondence with each other if 

and only if the first univalently corresponds to the second and vice versa. 
If 

(rr2 = rrl)·(rr3 = rrl) 
(rr2 = rrl)·(rr2 = rr3) 
(rr2 = rrl).(rr3 = rrl).(rr2 = rr4), 

is the case then one talks about one-many, many-one, many-many corre­
spondence, respectively. 

We should note that rr2 = rrl establishes conditions for the selection 
of rr2 following on that of rrl. This does not mean that the same con­
ditions are involved in the case of rrl = rr2; other conditions have to be 
met (this is evident from the fact that the order of selection of objects is 



SIGNS 11 

different). Nor does this mean that the conditions are met in the case 
Il3 <= Il2 or III <= Il3 • 

It is clear from the definitions that correspondence is the ability of the 
selector to carry out certain activities, i.e., to choose strictly determined 
objects as a consequence of choosing other objects, when the conditions 
for selection are fulfilled. The principle of transitivity will not hold for 
correspondence since it has the conditional form, "If one selects III and 
it is necessary to select an object from some set of objects, then one will 
select Il2 ". 

From the viewpoint of correspondence objects are taken as unchanging 
and as not influencing one another (rather, their changes and mutual 
influences are not taken into consideration). Correspondence is usually 
established between structures and not between objects which are influ­
encing each other. Otherwise it would be insignificant and impractical. 

II <= II is excluded since by definition correspondence requires two 
different objects. If the objects III and Il2 are not distinguished by the 
investigator as samples of objects of one and the same type, they are 
distinguished by their position in space or time. Otherwise, the notion 
of correspondence would lose any practical significance. 

The correspondence of objects has nothing in common with causal 
connections between objects. The causal connection of objects does not 
depend on its being known by an investigator while correspondence 
would not exist without the investigator's knowing the objects (i.e., with­
out the investigator's will-act; correspondence is his property). In the 
case of the causal connection one is interested in the dependence of the 
existence and occurrence of the properties of certain objects on the exist­
ence and occurrence of the properties of other objects. In the case of 
correspondence this is excluded to the extent that it is necessary for the 
identification (designation) of the objects. The investigator can establish 
a correspondence between objects which are causally connected and he 
can find causal connections between objects in correspondence. But this 
does not change what was said above. 

Correspondence results from the investigator's resolve to consider that 
one object corresponds to another (and to act in accord with this resolve), 
from a spontaneously formed habit, from a necessity imposed by other 
investigators, etc. But in all instances this is the formation in the investi­
gator of the ability to carry out certain actions - and nothing more. 
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5. SIGN 

Dl. If the investigator specially uses (establishes, forms, produces) n1 for 
the sake of its reciprocal correspondence with n2, then n1 will be called 
the sign of n2 and n2 will be the designatum of n1. We will also use the 
expressions, "n1 designates object n 2" and "n2 is designated by the 
sign n1". 

Signs will be represented by the symbols 

Each of these symbols in isolation will represent any sign and a difference 
between symbols used together is a difference between signs. 

Signs are distinguished or not distinguished by their physical, i.e., 
perceptible, form. If signs are considered physically identical, they are 
samples (repetitions, reproductions) of one and the same sign (D2). 

It follows from the definition of "sign" that if some object is a sign 
then one can select some other objects that will be in reciprocal corre­
spondence with it. Unless otherwise indicated, we will assume that for 
the signs 3, 3t, 32, ... the objects n, nt, n2, ... , respectively are of such a 
nature. 

The formation of a sign (i.e., whether some object is a sign or not) 
depends entirely on a will-act of the investigator. And if there is more 
than one investigator, the decision to call an object a sign will have to be 
agreed to by the others. 

Signs have properties other than that of being in correspondence with 
a designatum. Not just any object is suited to serve as sign. Only certain 
types of objects are professional signs. And as signs they conserve their 
place and role in correspondence. Signs have to be directly perceptible 
to those for whom they are intended. The notion of correspondence 
implies that signs are invariable in their function as signs. 

Objects become signs not because of some causality within them but 
because the investigator so decides. Signs differ from the sensible images 
of objects: the latter are states ofthe investigator, i.e., states of his natural 
reflective apparatus, while the former are objects existing outside of and 
independent of the investigator. They playa definite role in the life and 
activity of the investigator: they are created and used by him: but they 
are not his internal states. The set of signs and rules for operating with 
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them makes up the semiotic (or artificial) apparatus of reflection. It is 
obvious that this is impossible without the natural (sensible) apparatus 
of reflection. 

From the definitions of "correspondence" and "sign" it follows that 
an object cannot be a sign of itself. But there are cases where the dis­
tinction between the designatum and the signs is none too clear. This 
happens especially when signs are themselves taken as special types of 
objects (i.e., not as signs) and are designated by signs. Less serious are 
cases where as sign for objects of a certain type one takes representatives 
of this same type (e.g., as a sign for the numbers 1, I, "one", "unit", 
etc., one can take anyone of these so that the number itself becomes a 
copy of its own sign). We will assume that the difference between signs 
and designata can be strictly established in all instances. 

6. VALUE OF THE SIGN 

DI. Let 3 be the sign for II. The value of 3 will precisely consist in its 
designation of II. In other words, in answer to the question as to what 
the value of the sign 3 is, the investigator has in some way to indicate 
to us precisely what (which object) this sign designates. 

The value of 3 is not the object II, nor the "thoughts" which might 
appear in the head of the investigator during his operation with 3, but 
it is the fact that it designates II, and the investigator knows this. 

To the question "what is the value of3?", the investigator can respond 
in various ways: reference to sense-perceptible objects, descriptions in 
words, representation in gestures, etc., or construction of concepts, indi­
cations on the rules of operating with the sign in different situations 
(contexts), etc. But all this has to do with ways of establishing the value 
of 3 and not with the definition of the meaning of the expression "the 
value of the sign 3". 

A sign has meaning for a given investigator if he can somehow select 
from a set of objects (either sensibly or through description in terms of 
other signs with meaning) at least one which corresponds to this sign. 
If he cannot do this, the sign has no meaning for him. And it is thus no 
sign at all. The expression, "the sign has no meaning" is equivalent to 
"that which the investigator takes to be a sign is not a sign", and the 
expression, "the sign has meaning" is the same as "this is a sign". 
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Such expressions figure here only to the extent that objects of a certain 
type are introduced as signs. The habit of connecting the term "sign" 
not only with the function of objects but also with their perceptible form 
leads to using it for sign-like objects (e.g., lines on paper, sounds, etc.). 

There are cases where one and the same object like 3 is the sign for 
some objects from the point of view of some investigators and the sign 
for other objects from the viewpoint of other investigators. In such cases 
one talks about the "multivalence" of the sign. We exclude such cases, 
i.e., we assume: a sign has one and only one value; for the above men­
tioned cases we use different signs; in principle, one can always determine 
that 3 plays the role of different signs for different investigators and one 
can eliminate this by introducing differing 31,32, .... If 3 designates Ill, 
Il2, ••• this does not mean that it is "multivalent": its value is such that 
it designates Ill, Il2, •••• 

7. RELATIONS BETWEEN SIGNS 

DI. The sign 31 is included according to value in 32 if and only if any 
object designated by 32 is designated by 31• We will abbreviate this as 

31 ~32. 

We will write negation as 

'" (31 ~32). 

D2. The signs 31 and 32 are identical in value if and only if 

(31 ~32)·(32~31). 

We will abbreviate this as 

We will write negation as 

D3. The value-range of 3 is the set of all possible signs which include 
it according to value. In other words, if 3~3i, then 3i is an element of 
the value-range of 3. 

AI. (31 ~32)·(32~33) ~ (31 ~33). 
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A2. If every element of the value-range of 32 is an element of the 
value-range of 31, then 31--->- 32. 

Consequences of AI, D2 and D3: 
TI. 3--->-3, 3~3 

T2. (31~32)'(32~33)-4(31~33) 

T3. If 31--->-32, then every element of the value-range of 32 is an element 
of the value-range of 31• 

We will examine other relations between signs below when we take up 
terms as special cases of signs. 

8. SIMPLE AND COMPLEX SIGNS 

Some signs are formed from others by joining the others with fields of 
a special type in some standard way. We will call such fields sign-gener­
ative operators (DI). 

D2. We will call signs structurally complex (simple) if they are analyzed 
(not analyzed) into other signs and sign-generative operators. 

Structurally complex signs will be represented by the symbols 

{IX; 3\ ... , 3n}, 

where 3\ ... , 3n (n ~ I) are signs and IX means that this sign is constructed 
with the help of some operators. If n = 1, then the complex sign will have 
the form {a;3} 

AI. ,.., (3i --->-3k) -4"" (3'~ {IX; 3\ ... , 3n}), 

where i=l, ... , n; k=l, ... , n; i#k; 1=1, ... , n. 
,..,(3--->-{1X; 3})' ""({IX; 3}--->-3). 

In the formation of complex signs from simple ones there is a change of 
the latter such that one needs some skill in order to discover out of which 
signs a given complex sign is constructed. We assume the presence of such 
skill: this is equivalent to assuming that a complex sign is a set of strictly 
localized signs, ordered in time and space. If in the process of combining 
the type of sign changes so that there is no physical resemblance with the 
point of departure, then there have to be conventions on the relationship 
of the meaning of the primitive signs and their modifications in the con­
text of the complex sign as physically distinct signs. 

Simple signs are combined into complex ones according to some kind 
of rules and there is something in the complex sign which refers to them: 



16 THE LOGICAL THEORY OF SCIENTIFIC KNOWLEDGE 

this is the proximity and order of the signs in space and time and also 
some complementary objects, forming with the combined signs some 
physical whole, i.e., sign-generative operators. We presuppose the pres­
ence of habits of operating with them. (We assume that their properties 
are known.) We also assume that if there is a case where only one spatial­
temporal disposition of simple signs is enough for the formation of a new 
sign, then there will always be found sign-generative operators which 
play the same role. 

Signs formed from other signs can be divided into two groups: 
1) signs, the value of which is known if the value of the component 

signs is known, 
2) signs, the value of which cannot be determined if one only knows 

the values of the component signs. In both cases we assume that the rules 
for combining signs are known. For example, both "kilogramometer" 
and "dynamometer" are composed of two different words. But the first 
indicates the result of some operators of measuring magnitudes while the 
second is a device for measuring magnitudes. These meanings cannot be 
established if one knows only the meanings of the component parts and 
the rules of combination. 

Thus, one has to distinguish: 
1) rules for combining signs into new signs, which do not depend on 

the particularities of any signs as material bodies and which make it 
possible to obtain signs of the first group; 

2) rules for combining signs as special material bodies (sounds, lines 
on paper, etc.). 

The examples cited above are regularly constructed in English ac­
cording to the rules of the second group but they are not signs according 
to the rules of the first group. 

With this in mind we expand D2: 
1) to establish the value of a complex sign it is enough to know the 

values of all the simple signs it contains and the properties of all of its 
operators; 

2) if some sign cannot be given a value in this way it has to be con­
sidered structurally simple. 

D3. 31 depends as to value on 32 , if and only if it is necessary to know 
the value of 32 for the establishment of that of 31, 

TI. It follows from D3 that {at:; 31, ... , 3"} (where n~ 1) depends as to 
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value on 3i (i= 1, ... , n). The sign which can be formed from 31 by substi­
tuting 33 for 32 , will be represented by 

31(32/33). 

As abbreviation for 

«3 (31/31» ... ) (3"/3,,) 

we will use 

3(31, ... , 3"/31, ... , 3,,). 
A2. (31:¢: 32) ~ (33 -'" 33 (31/32») 
T2. (31 :¢:32). (33 :¢:34) ~ (31 (33 /34):¢: 32 (33/34») 
T3. (31:¢:32)~(33:¢:33(31/32»). 

9. MEANING OF THE SIGN 

DI. The meaning ofa simple sign is its value; the meaning of {IX; 31, ... ,3"} 
consists in the fact that it is constructed from the signs 31, ... , 3" with the 
help of operators IX and their meaning is known. 

TI. A structurally simple sign has (does not have) meaning if it has 
(does not have) value; a structurally complex sign has meaning if every 
one of its component signs has value (rules of construction have not been 
violated) and it does not have meaning if at least one of its component 
signs does not have value. In other words, the investigator knows the 
meaning of a sign if and only if he knows the values of all the simple 
component signs and the properties of all the operators. 

The identity of meaning of signs 31 and 32 will be represented as 

31 == 32 , 

and its absence as 

The identity of meaning of signs is defined by the assertions: 
AI. If 31 and 32 are structurally simple signs, then 

(31 == 32)+-+(31 :¢:32) 

(structurally simple signs are identical in meaning if and only if they are 
identical in value). 
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According to A2 the question about the identity of meaning of two given 
signs reduces to that about the identity of meaning of the component 
simple signs. This assumes that both signs are constructed according to 
the same logical rule. 

Ti. (31 = 32)-+(31 ¢32) 

T2. "'((31 ¢32)-+(31 =32») 
T3. (31 = 32 ) -+ (33 = 33 (31/32») 
T4. (31 =32)'(32 =33)-+(31 =33). 

Assertions Ti and T2 mean that signs identical in meaning are identical 
in value but not always vice versa. For example, in defining the structur­
ally simple sign 31 through the structurally complex sign 32 we come to 
consider 31 and 32 identical in value but their meaning is not identical 
since one is simple and the other complex. 

Paradoxes of the evening-star type are the result of confusing different 
signs. If we know only that these expressions are complex signs made 
up of the signs "evening", "morning" and "star", then they are different 
in meaning (provided, of course, that the signs "evening" and "mor­
ning" are different in meaning). But the question as to their value remains 
open. 

On the other hand, if these expressions are deliberately being used as 
different designations of one and the same object, then we have to do 
with different signs: they now are structurally simple signs, identical in 
value (and, therefore, in meaning). 

10. CONSTRUCTION OF SIGNS 

Di. When the value of a sign is established (the sign is created) without 
the use of other signs we will call it simple in construction or primitive. 
If, however, the value of the sign is established through use of other signs 
(even just one) we will call it complex in construction (or derived). It is 
clear that a sign which is simple in construction is structurally simple and 
one which is structurally complex is complex in construction. But the 
latter can be structurally simple since there is not a full coincidence of 
the planes of structure and construction. The words "kilogramometer" 
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and "dynamometer" are simple in structure but complex in construction: 
their value is explicated with the help of other signs ("instrument", 
"measure", "magnitude", etc.). Signs which are complex in construction 
are formed by agreement on the relations of the signs to the newly intro­
duced signs, according to value. More about this below. 

D2. When the value of a sign which is complex in construction can be 
established without using some of the signs which are used in the estab­
lishment of its value this sign is called analytic: otherwise, it is synthetic. 

11. CATEGORIES OF SIGNS 

Signs are classified into categories in such a way that the following hold: 
Ai. If a sign belongs to a certain category, it belongs to no other. 
A2. If 31 and 32 belong to different categories, then '" (31->.32) and 

'" (32->.31). 

Tl. If 31 and 32 are signs of different categories, then '" (31 == 32). 

Special operators and combinations of signs are needed to convert 
signs of one category into those of another. Sign-generative operators 
can now be classified as applicable to signs of one and the same category 
and to signs of different categories, and as providing signs of one category 
and of another, etc. A general theory of signs, which can be constructed 
independent of the interests of logic (i.e., as a special discipline), has to 
take account of all possible, logically conceivable cases of this type as 
well as of the corresponding assertions. 

12. EXISTENCE OF OBJECTS 

In dealing with signs it is important to know if the objects which corre­
spond to them exist or not. 

It is impossible to find a definition of existence and non-existence 
which would satisfy all sciences and all instances of knowledge. There 
are in different sciences and in different sections of the same science 
different notions of existence and non-existence. Instead of clear defini­
tions one usually finds vague conventions. Normally existence and non­
existence are understood as the possibility or impossibility of observing 
objects with the sense-organs and with instruments, detecting their traces 
and effects, and also as the possibility or impossibility of creating objects 
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of the type in question. In some cases the existence or non-existence of 
some objects is explicitly or implicitly postulated and the question about 
the existence or non-existence of the others is resolved by inference from 
these premisses. 

But there are elements common to all sciences: 
I) in every domain of science there is at least one mode of selection 

of at least some of the objects studied, which differs from the selection 
of these objects by means of the simple use of the signs designating them 
and to which can be attributed the property that if selection of the object 
by this mode is possible (impossible), then it is existing (non-existing). 
Such a mode of selection is called existential (Dl): it is relative to such 
existential selections that one defines the expressions "exists" and "does not 
exist" and that one constructs sentences where such expressions appear; 

2) for each of these domains of science one can draw up a list of rules 
which make possible a judgement on the existence or non-existence of 
other (at least some) objects, on the basis of the information gleaned in 
the first point: one cannot talk here about all the other objects investi­
gated in the science in question since there are cases where the question 
of the existence or non-existence of the objects is unsolvable (on the basis 
of the premisses at hand); 

3) the existential selection of objects assumes some sort of determined 
(in some way or other) domain of space and time: the same is true of 
conditions (in particular, of the system of definitions and assumptions); 
and in every case this has to be known. 

For example, let us take the expressions, "A set of three integers, x, y 
and Z, such that x2 +y2=Z2" and "A set of three integers x, y and z, 
such that x 3 + y3 = Z3". Use of these expressions is selection of the corre­
sponding triples. But there is another mode of selection: to write the 
numbers by means of the signs of natural numbers or to indicate a means 
of doing this in a finite number of steps. Relative to this second mode of 
selection a triple designated by the first expression exists; that designated 
by the second does not. When discussing the existence of Peter I, one 
talks not about his living in such and such a time, but in a historical sense. 
And the indication of this existence (existential selection) is the written 
evidence. 

D2. If 3 is a sign for IT and IT does not exist (exists), then 3 is an 
empty (non-empty) sign. An empty sign has meaning and value. 



CHAPTER THREE 

TERMS 

1. TERMS 

Terms are the signs which make up sentences. These signs have certain 
physical properties which suit them for this role: ease of construction and 
perception; general availability; unlimited repeatability, etc. We assume 
all these properties to be given: i.e., we make the following assumption: 
in every branch of science one knows the properties signs must have in 
order to be terms. In other words, we assume that relative to a set of 
objects it is known that they are terms. The task now becomes to study 
the rules for forming from them new terms and for forming sentences 
from terms. Terms will be designated by the symbols 

Everything that was said about signs in general applies to terms. Below 
we will present a series of definitions and theorems relative to terms. But, 
from them one can obtain theorems and definitions for signs in general 
by replacing the word "term" with the word "sign". This means that we 
regard terms exclusively as signs. The fact that these are signs of a definite 
physical form plays no role in the exposition undertaken below. We will 
therefore not introduce a strict definition of "term". We willlimit our­
selves to the assumption: terms are the signs which are the elements of 
the language of science. 

D 1. Term 11 is called general (generic) relative to 12, and 12 is particular 
(specific) relative to 11 if and only if 

(t 1 ->-t2). '" (t2 ->-t1). 

D2. Term I is called individual if and only if it is impossible to have 
a t i such that 

(i.e., if and only if it cannot be generic). 
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D3. Term t is called maximally (in the limit) general if and only if it 
is impossible to have a t i such that 

(i.e., if and only if it cannot be specific). 
D4. Two terms t 1 and t 2 are compatible in value if and only if it is 

possible to have a t 3 such that 

D5. The terms t 1 and t 2 are comparable if and only if there is possible 
a t 3 such that 

D6. The division of t is the set of all possible terms tl, ... , tft from the 
value-range of t, which are incompatible in value, where n~2; the terms 
t1, ... , t ft are elements of the division of t. 

D7. The extension of t is the set of all possible individual terms from 
the value-range of t; t i is an element of the extension of t if and only if 
it is an individual term from the value-range of t. 

The following consequences follow from AlII7, A2II7 and the 
definitions: 

Tl. If t 1-'>.t 2 , then t 1 and t 2 are compatible in value. 
T2. If t i is an element of the division of t, then '" (ti-'>. t). 

T3. Individual terms do not have a division. 
T4. If t i is an element of the value-range of an individual term t, then 

t"¢t i (i.e., the extension of the individual term is "equal to one"). 
T5. If t 1-'>.(2 and t 3 is an element of the extension of t 2, then t 3 is 

an element of the extension of t 1• 

T6. If every element of the extension of t 2 is an element of the exten­
sion of t1, then t 1-'>.(2. 

The terms "object", "one (any) object", "other object", etc., are 
maximally general, where the words "one" and "other" mean only that 
the objects can be distinct (but the distinctions between the objects are 
not fixed). They will be represented by the symbols 

t*, t*1, t*2, .... 
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For any t by definition 

It is possible to have empty individual terms, e.g., "Zeus". It is also 
possible to have terms to which correspond only one object at a given 
time but which are not individual, e.g., "a cosmonaut whose first name 
is 'Yuri"'. 

2. DEFINITIONS 

TI. In asserting that I is a term we (on the strength of the definitions 
accepted) assume: 

1) if I is a simple term, its value is known; 
2) if I is {ex; t\ ... , I"}, the values of all the terms t 1 , ••• , t" are known. 
Thus if t is a term then it does not contain terms whose values are not 

known (are not taken as given). 
DI. To form term t means to make an object having the form of t 

play the role of a term. Thus, formation of a term is not the forming of 
the body t, which offers no problem on our assumptions, but the attri­
bution of a definite function (role) to this body. Since this depends on 
the will and desire of the investigator there is always some agreement or 
decision (that this can be required by certain circumstances does 
not change matters). The word "decision" is more to the point. The word 
"agreement" is a propos when other investigators are involved. 

D2. Formation of a term by agreement on the relation between its 
value and the values of other terms will be called definition of the term. 
One finds definitions of the following types. 

Definitions of type I (simple definition): object t 1 (having the form t 1) 

will be a term (will be considered a term; the investigator will consider 
it a term) such that 

where t 2 is a term. In short: 

t 1 = Df. t2 • 

Before the construction of the definition t 1 is not a term. 
Definition I is used when t 2 is a complex term. t 1 is here introduced 

as an abbreviation. Otherwise, this definition has no practical sense. 
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t 1 is called the definiendum and t 2 the definiens CD3). If t 2 is a complex 
term, then it is obvious that t 1 and t 2 are not identical in meaning. The 
term defined in I is always simple. 

Definitions of type II (definition through enumeration; inductive,recur­
sive definition): object t will be a term such that X, where in X are enumer­
ated all terms t i such that 

and it is indicated that 

( - (t' ~ tA:) -+ - (t ~ tk»), 
where t k is any term distinct in value from every ti. 

Definition II can be divided into two groups. Definition Ill: object t 
will be a term such that 

(t~t1) . .... (t-'"-t")· ( - (t'-'"-t") -+ - (t-'"-tk»), 

where n~2. Definition Il2 is more complex and can contain an infinite 
number of ti. It has such a form. Object I will be a term such that: 

I) (t~tl) . .... (t-'"-tm), 
2) «t-'"-tD· .... (t~/m-+ «t-'"-tD' .... (t-'"-tm, 

where m~l,k~I,I~I,andt~, ... ,t~ are terms formed from If, ... , t~; 
and, possibly, from other terms; 

3) _(t1-'"-/")-+_(/-'"-t"), where t1 is any of 11, ... , 1m, d, ... , tt and til 

is any other term, differing from them. 
In definition II the defined term t is also simple. The distinction be­

tween definiendum and definiens is not as literal here as it is in case I. 
Definitions of type III: objects to and {O(; to, tl, ... , til} will be terms 

such that 

where n~l, m~l, 0( and p can be different or identical. Both terms 
introduced here are new. Definition IV is definition II for the term {O(; 
to, tl, ... , til}, in which we find the newly introduced term to. A more 
detailed description of the properties of the definition requires a descrip­
tion of the properties of operators, which - in turn - requires considera­
tion of the concrete forms of sentences. 

The other operations for the formation of terms from given terms are 
derived from operations on sentences. 



TERMS 25 

TI. If t 1 is defined in such a way that t 2 occurs in the definiens, then 
t 1 depends as to value on t 2 (according to D3118). 

Definitions with variables form a special case of definitions of the 
type II. They have the form: b will be a term such that X, if and only if 
a1"", d' (n~ 1) are terms such that Y(where Xis an assertion containing 
some b, and Y is an assertion containing a1, .. " d'). b, a1, .. " d' are here 
variables with terms as value-ranges. The rule for such definitions is: in 
the definition itself and in its implications one cannot put for a1 , .. " d' 
b and all the terms which depend on it (they contain b or are defined 
with the use of b). This rule is a result of the definition itself, where 
a1 , .. " an have to be terms which are independent of the definition of b, 
i.e., b is not included among them, 

These types of definition could be called simple (or independent), 
Complex (or dependent) definitions simultaneously define two or more 
different terms, with one of them being used in the definiens of the others, 

3. TRADITIONAL RULES OF DEFINITION 

Traditional logic required of definitions 1) adequacy, 2) absence of 
tautology, 3) absence of circularity. Since only definition of type I was 
considered, these requirements were elucidated only for the simplest case. 
We will extend them to the other types of definition and will show that 
they are consequences of definitions and assertions made above. 

Let us take definition I. If t 1 =Df t 2 , then t 1 :¢. 12, and, according to 
T5I1Il, their extensions coincide (satisfying the requirement of adequa­
cy). If (2 is a term then, by the very definition of definition D211I2, 
t 1 does not occur in t 2 • And this means that there is no tautology in 
t 1 =Dft 2 • Let t 2 be {oc; f 1, ... , tn} and 11 =Df{P; t1, ti, ... , tk}; according 
to T2118, we have: t 1 :¢.{oc; {P; t 1, ti, ... , tl}, ... , tn}; thus, in order to find 
the meaning of t 2 it is necessary to know that of t 1 and the latter is not 
a term in the definition at hand. If a term which occurs in t 2 is defined 
through t 1 then the definition of t 1 through t 2 becomes impossible. This 
meets the requirement of non-circularity. 

The requirement of adequacy for III is obvious in view of _(t->-t k): 

all elements of the extension of tl, ... , t n are, according to T51I11, ele­
ments of the extension of t and there are no other terms in which t is 
included according to meaning. On the second requirement the situation 
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is the following: if n = 1, then (t->-t 1). '" (t--"-tk) is equivalent to t= Df tl, 
and t 1 is a term on condition. If some of t i are t they are simply rejected 
as superfluous. If all t i are t, then we have (t->-t)· "'(t--"-tk). Since t is 
not a term before the acceptance of t->-t, the latter is not a definition. 
The matter of circularity is similar to I: if t i contains a term defined 
through t, then t i is not a term. 

The requirement of adequacy for 112 is guaranteed by point 3. The 
second and third requirements are met for 112 in the sense that in 
tl, ... , t m, t L ... , tt t ~, ... , t~ there is no term defined through t and not 
one of them is t. 

4. DEFINITIONS AND ASSERTIONS 

In the language of science definitions are formulated in literarily distinct 
forms: with the help of the expressions "is", "we will call", "if ... , then 
we will call (name)", etc. These variations do not affect the essence of the 
definition: under all circumstances the definition is an agreement to 
designate some object by a term with a meaning. 

Definitions are often formulated as sentences about objects rather than 
as agreements on terms. This is useful for inference. But it leads to 
confusion of logically different forms. All terms found in sentences about 
objects have a meaning independent of the sentences and prior to the 
construction thereof, while the terms newly introduced into a definition 
have meaning only by virtue of the definition. It will be correct to speak 
as follows: one obtains sentences from definitions according to certain 
rules (which we take up below). Imparting to definitions the form of 
sentences about objects one enunciates sentences obtainable from those 
definitions which, in such a case, remain unclear (implicit). 

One should not confuse the definition with the establishment of whether 
or not a given object belongs to some set (i.e., can be named by a given 
term or not). For example, the expression "If litmus paper immersed in 
a liquid turns red the liquid is acid" can be seen as a definition of the 
term "acid" (felicitous or otherwise) or, more explicitly, "a liquid turning 
litmus paper red is (called) acid". But it can be taken as one of the ways 
of ascertaining whether or not a given liquid is acid; in such a case the 
term "acid" is defined before this sentence and independent of it. 

Usually one talks about implications from definitions. This is an in-
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accurate use of words since definitions do not have truth-value (the 
predicates "true", "false", etc., are not applicable to them). 

In fact there is a special type of rule, which is not explicitly formulated 
in logic and which makes it possible to draw conclusions not from the 
definitions themselves but from assertions to the effect that the definitions 
are accepted. The schema of such rules is: 

'If D is accepted, then X, provided that Y", where D is the formulation 
of a definition, X is an assertion whose form depends on the form of D, 
Y is a condition of the truth of X. In such a case, if D is really accepted 
(Le., the assertion "D is accepted" is true), then X will be true in function 
of the property of the form "If ... , then ... " (Y can be empty). 

5. DEFINITION AND SELECTION 

Every definition of terms is connected with some method of selection of 
objects. But the selection of objects, resulting in the introduction of terms, 
is not always a definition. Other methods of introducing terms are, for 
example: enumeration of objects, so chosen that they have a single 
property in common; uniqueness achieved by choosing examples ac­
cording to circumstances (especially the character of the reader) in such 
a way that the number and types of examples can vary; the term intro­
duced designates that which the objects in the examples have in common; 
the task then consists in bringing the reader or listener to select the 
requisite property of the objects. Even though a new term is introduced, 
this is not definition. 

The case is the same when one finds operations which make it possible 
to discover or create an object and to introduce a term for it. The case 
is essentially the same but somewhat more complex: "the object which 
you see (hear, etc.) is called t". Although we here use terms with known 
values we are not establishing relations between the meanings of terms, 
as in cases I to IV. 

When one talks of "operational definitions" one has in mind the con­
struction of terms through description of the operations for the selection of 
objects, which is a mode of introducing terms, different from definition 
ofterms in our sense. We assume that such methods are available although 
we will not examine them. The most that can be in general said about 
them (without going into the concrete operations) is the above remark. 
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More precision is needed on the expression "use of some terms to form 
others". In the cases with which we are dealing one uses language, i.e., 
one uses certain terms. But they are used as means for selecting objects 
and means for the orientation of the investigator in the world. Terms are 
not provided here as object of our attention and are not used as material 
for the formation of new terms. The terms introduced in such cases are 
simple in construction. 

6. CONCEPT 

Dl. A term, the meaning of which has been established by definition 
(which is introduced, created by definition) will be called a concept. 

It is clear that not every term will be a concept even if it is complex 
in construction. Thus, {ex; t\ ... , tft} is not a concept. It is possible to find 
terms constructed out of concepts, but not being concepts. For example, 
the term "10 kg m/sec" is constructed from the concepts "number 10", 
"kg", "m" and "sec" but it is not a concept if it is the result of substi­
tuting a sentence with this term for sentences with the terms "a kg", 
"b m" and "s sec". 

D2. In the instance of the definition t 1 =Df.t 2 the content of the 
concept of t 1 is the meaning of t 2; in the case of the definitions II to IV 
the content of the concept of t is the meaning of all the terms in t, which 
figure in the definition. 

D3. Concepts appear in every known domain of science and can be 
divided into specific and non-specific. In turn the specific concepts can 
be divided into primitive (not defined through other specific concepts) and 
derived (defined through other specific concepts - ultimately through 
primitive ones). Primitive concepts are defined with the help of the terms 
of ordinary language, of the terms of other sciences and even of the 
concepts of other sciences. There is no such thing as an absolutely inde­
finable concept. The primitive concepts in axiomatic theories are "de­
fined by the axioms" (explained below). Undefined (primitive) "signs" are 
used only in formal constructions. However, without interpretation they 
have no meaning, i.e., they are not signs (and, consequently, terms). 

There are cases where terms are accepted simply because they are use­
ful for defining terms which are necessary for one reason or another. 
Three outcomes are possible in such cases: 1) these terms are simple in 
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construction; they serve to introduce the primitive concepts; 2) the 
meaning of these terms is explained with the help of other terms, so that 
this "explanation" contains an implicit definition; 3) in the "explanation", 
mentioned in 2), there is no definition; with the help of these terms one 
introduces primitive concepts (and the former are not such). In practice, 
elements of the three variants are mixed together and the introduction 
of logical clarity is not only extremely difficult but often useless. 

D4. There is in use a term t\ and a concept t 2 is introduced (defined) 
in such a way that t1.¢t 2 is the case. Such an introduction of t 2 is called 
an explication of t 1 • 

Practically it can often happen that the explicandum and explicans are 
identical in meaning. Usually the terms to be explicated are vague, 
ambiguous, etc. As a result of the explication we get concepts which 
coincide in meaning with the explicanda only in certain contexts. From 
this point of view explication serves not only to render precise the sense 
of terms (which can be done through definition) but also to select (dis­
tinguish) the domain of investigation. The investigator introduces the 
term t 2 in order to use it in place of t 1 and he makes the necessary 
decision (i.e., carries out a definite selection). This in itself eliminates the 
ambiguity of the terms. 

7. MEANING AND CONTEXT 

DI. The context of a term is some set of sentences and terms, localized 
in space or time, in which it occurs (where it is met, used, etc.). 

The symbols 

Cl and tCI 

will represent suitable contexts and the term t in these contexts. 
D2. If for any two different contexts C1 and C2 it is the case that 

tC1 ¢tC2 

then t is a non-contextual or unambiguous term (its meaning does not 
depend on context). 

D3. If one finds at least two contexts C1 and C 2 such that 

_(tC1 ¢tC2 ) 

then t is contextual or ambiguous (its meaning depends on context). 



30 THE LOGICAL THEORY OF SCIENTIFIC KNOWLEDGE 

We exclude ambiguity of terms, agreeing: AI. If ,...,(tel :; te2) then 
tel and te2 are distinct terms. 

8. THE REDUCTION PROBLEM 

One of the problems of the logical analysis of scientific knowledge is that 
of the reduction of scientific terms of any type and of any degree of 
complexity to terms which are simple in construction. One can imagine 
two ways of solving the problem: 1) by indicating methods of replacing 
any scientific term with some ordered set of terms which are simple in 
construction; 2) by indicating methods of constructing scientific terms 
so as to explain all connections of terms as to their value, up to and 
including terms which are simple in construction. In the first sense the 
problem is unsolvable; in the second it is defacto solved in every domain 
of science. Of course, this solution is not something given once and for 
all. There are no absolute criteria for the simplicity and complexity, or 
for the primitive and derivative character of concepts. An important role 
here is played by historical conditions, chance and the constant change 
of science. The same results can often be obtained through different sets 
of terms, different ways of introducing them, and different systems of 
relating them to each other. Therefore, the principles of logic concerning 
the relationships of terms and the methods of constructing them are just 
schemata which aid in studying the terminology of some domain of 
science at a certain stage in its development (which brings improvements 
in the terminological apparatus of science), but are not at all absolutely 
binding in the establishment of relations like "simple - complex", "primi­
tive - derived", etc. 

Of course, every term of science is ultimately based on some set of 
terms which are simple in construction. But the "distance" between a 
given term and this base is often quite great (mediated) and the path 
itself is sometimes so convoluted that reduction to the base is of no 
practical import. The assertion that one can find such a "basic" equiva­
lence for every term remains an abstract possibility. Attempts to do it on 
any large scale lead to failure. But this does not mean that it would be 
useless to try to do this for limited domains of science - fragmentarily, 
simplistically, approximately, etc. The practical and theoretical impor­
tance of such efforts seems to be growing. 
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9. TERMS OF TERMS 

If an object is a term this means that it fills a certain function in the 
activity of the investigator; it plays a role and is used in a certain way. 
But a term can itself be the object of attention as is the case, for example, 
in logic. One needs a term for this case. The peculiarity of this situation 
is that the term for this term will be some example of the term itself, with 
some expansions or modifications (quotes, italics, etc.). For the term of 
the term t we will use 

[t] 

For t and [t] it will be the case that 
AI. "'(t~[t]), "'([t]~t). 
A2. The meaning of t does not depend on [t] (i.e., it is known before 

the construction of [t]). But the meaning of [t] is known if and only if 
the meaning of t is known. 

If the meaning of t is not known then it is considered not as a term but 
as a perceptible object, having the form t, and then [t] is not a term for 
a term but simply the term of some object. 



CHAPTER FOUR 

SENTENCES 

1. THE PROBLEM OF DEFINING SENTENCES 

There are definitions of sentences through truth-values. This is in particu­
lar possible if one assumes that a sentence is that which can be true 
or false. But this is an insufficient definition. One has to know what a 
sentence is before one talks about its properties such as truth, falsity, etc. 
While one can attain a certain illusion of immediate clarity in reference 
to truth and falsity, for other truth-values (which are possible and have 
to be included in a definition of truth) this is not possible. Relative to 
certain forms of sentences even the terms "true" and "false" have no 
immediate clarity. 

There are also definitions of sentences with the help of terms like 
"thought", "content", "assertion", "negation", etc. In particular, a 
sentence is sometimes defined as a thought affirming or denying some­
thing about something. These definitions are also insufficient. Affirmation 
and denial are forms of sentences. The terms "thought", "content", etc. 
are not sufficiently defined; they are ambiguous. Using them in the 
present context is a leftover of psychologism in logic, which holds that 
the linguistic form in itself is of no interest for logic; it is merely the 
envelope of ideal (spiritual) objects existing somewhere in the head. 

Sentences are empirically given (perceptible) objects, constructed from 
terms according to certain rules and with the help of supplemental, per­
ceptible objects. These are special sorts of "entitative" structures, i.e., 
structures of perceptible "things". And the definition of the term "sen­
tence" has to be found by describing these structures. The following have 
to be kept in mind. First, the number of different sentential structures is 
not limited by any circumstance flowing from the nature of the sentence 
itself. It is only because the introduction of new structures depends not 
on abstract possibilities but on the cognitive needs of people that the 
set of sentential structures is limited and relatively small. By its very 
nature the definition is limited. Second, sentences can be viewed from 
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different angles. The structural descriptions from one point of view 
should be distinguished from those from another point of view. It can 
be said that the description of sentential structure is a process in many 
"dimensions". The definition sought after can be constructed only from 
the set of definitions provided in the different sections of logic. 

We will take up the following way of defining the concept "sentence": 
1) enumeration of the structures, made up of terms and operators, 

which are considered sentences; 
2) enumeration of structures, made up of sentences and operators, 

which are considered sentences; 
3) if Y is a sentence and there is an agreement to the effect that X is 

identical with Y as to meaning, then X is a sentence. 
In the following paragraphs we will enumerate the structures referred 

to in points I) and 2). The possibilities of introducing new structures are 
unlimited, according to 3). In this section we will take up some general 
questions, where the ordinary understanding of sentences will be enough 
and can be elucidated through examples. 

2. BASIC PRINCIPLES OF THE CONSTRUCTION 

OF SENTENCES 

Sentences will be represented by the symbols 

Each of these symbols is any sentence and a difference in symbols used 
means only a difference in sentences. 

Every sentence is made up of terms and of some other objects (e.g., 
logical signs). Let t l , .•. , tn(n~2) be all the terms found in a sentence X. 
We make the following assumptions (corresponding to the factual state 
of affairs): 

Ai. The existence of objects TIl, ... , TIn, designated by the terms 
t1, ... , tn, does not depend on X (on whether or not X is constructed). 

A2. The selection of objects TIl, ... , TIn does not depend on X (they can 
be selected without X being constructed). 

A3. The meaning of t l , ... , t n does not depend on the construction of X 
(it is known before the construction of X). 

Assuming Ai-A3 saves us from a whole series of consequences which 
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are undesirable and unavoidable without them. Let us take, for example, 
the phrase "This sentence which I am now writing (reading, enunciating, 
etc.) is not true". This is not a sentence since the expression "This 
sentence I am now writing" is void of meaning as long as the sentence 
is not written; i.e., it depends on the phrase as a whole and we cannot 
select the corresponding object without writing the phrase. 

It turns out that the structure of an expression is not sufficient to decide 
whether the requirements of AI-A4 are met or not. These requirements 
are the non-formal conditions of the construction of sentences. And in 
each particular case it has to be clear whether we have to do with a 
sentence or a sentence-like object. There are no formal (structural) cri­
teria for distinguishing them (as in the case of signs and sign-like ob­
jects). 

A4. (tl~t2)-+ (X -+X(t1/t 2»), 
where X(t 1/t 2) is a sentence formed from X by substituting t 2 for t 1• 

3. SENTENTIAL OPERA TORS 

DI. Sentential operators are objects which permit the formation of 
sentences from terms and from sentences. 

D2. Operators of terms and sentences are logical operators. Operators 
of terms and sentences are different operators. We will examine this 
difference more in detail below. Neither in ordinary language nor in the 
language of science are these operators always clearly and unambiguously 
expressed. However, we are obliged to assume that they are distinct, 
perceptible objects, localised in space and time. We also leave aside the 
fact of the ambiguity of linguistic expressions and the many ways of 
expressing one and the same function (filling the role) of signs. These 
abstractions mean the following: in real languages there is something 
which corresponds to the symbols used to designate the operators in 
question in the theory of knowledge; these symbols are unambiguous 
and their visible difference is an indicator of the different functions of 
the corresponding linguistic forms. In other words, we here abstract the 
function of the linguistic forms, whatever form they may take. On the 
other hand, these abstractions indicate the assumption of some devices 
necessary for distinguishing these functions in any context of the language 
in question. 
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The operators considered here are not signs in their own right. They 
become parts of signs only in conjunction with terms or sentences. 
Investigating them is not a matter of describing their perceptible form 
(which is taken as given) but of establishing their role in the formation 
of signs. The latter is not possible without a description of the properties 
of the structures, of which they are elements. But to describe these 
structures means to describe the conditions of the meaningfulness 
(osmyslennost') of terms and of the truth-value of sentences, the rules 
of construction of terms and sentences from others, etc., i.e., to investi­
gate knowledge on the planes of construction and meaning. 

The study of some operators can lead to the study of others if it is 
possible to define the structures containing the former through those 
containing the latter. One has to distinguish the reducibility of logical 
operators from the use of some of them in the description of the proper­
ties of others. If the description of all the properties of one operator is 
impossible without the use of another, then the second will be called 
necessary in reference to the first. Investigation of reducibility and of 
such dependence of operators leads to certain complex, mutually irre­
ducible and mutually necessary operators, the study of which forms the 
basis of the logical theory of scientific knowledge. 

Logical operators can be used to define the other logical devices which 
(together with the operators) are called logical signs. Although this is not 
a fully correct use of words, we will accept it, noting that the word 
"logical" here needs some clarification: logical signs are signs, the 
meaning of which is investigated and established in logic. 

4. COMPLEX TERMS AND SENTENCES 

Sometimes sentences are considered as complex assertory terms. It is of 
course legitimate to regard terms and sentences from some general point 
of view: both are structures of signs. But, one must keep the following 
in mind. Let us take, for example, the sentence "The particle is positively 
charged" and the term "The particle which is positively charged" (or the 
term "The fact that the particle is positively charged"). It is asserted in 
the first that the object has some property. There is nothing like this in 
the second. But a term "is affirmed". What does this mean? One of two 
things: either the construction of a sentence "There is (given, observed, 
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etc.) a particle which is positively charged", or the transition to the 
sentence "The particle is positively charged". But in the first case we get 
a sentence which is different from the one given and in the second we 
have not an example of the reduction of a sentence to a term but only an 
example of the assertion that one can get a term from a sentence (and 
vice versa) through certain operations. In other cases the irreducibility of 
sentences to terms is even more evident. Thus, transformation of the 
sentence "All even numbers are divisible by two" into the term "Even 
number which is divisible by two" leads either to loss of the quantifier 
"all" or to the formation of a term which does not correspond to the 
initial sentence: in both cases the limitation expressed by the word 
"which" loses its meaning. Sentences are distinguished from complex 
terms by the presence of special operators which differ from those used 
for terms. But this is not all. Let us take, for example, the term "a, which 
is bigger than b and has property c" and the sentence "a, which has the 
property c, is bigger than b". The presence of the expressions "which" 
and "has the property" in both does not hide their differences. It is clear 
that it is not only the presence of such logical operators that is important 
but also their order as well as that of the terms. 

5. SIMPLE AND COMPLEX SENTENCES 

Dl. Sentences which do not contain (contain) as parts at least two 
different sentences will be called simple (complex) in structure. In other 
words, structurally complex sentences are formed by the conjunction of 
one or more sentences with special operators. 

D2. We will say that a sentence X is contentfully used in the obtaining 
of sentence Y if we find in Y at least one term or at least one sentence 
found in X. 

D3. A sentence, for the obtaining of which no other sentence is con­
tentfully used, will be called simple in construction. A sentence, for the 
obtaining of which at least one other sentence, different from the first, 
is contentfully used, will be called complex in construction. 

Sentences simple in structure result from observation (empirical sen­
tences) or presuppositions (assumptions, hypotheses). Sentences which 
are simple in structure can be complex in construction. 
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6. COGNITIVE ACTIVITIES 

The process of obtaining knowledge is composed of the activities of the 
investigator with some given materials - sense-data or perceived objects 
- and already had knowledge. These activities are formulated in language 
by expressions like "we take", "we assume", "from ... we get ... ", "putting 
... for ... ", etc. These expressions are signs of cognitive activity. 

Activities with perceived objects can be reduced either to activities with 
real objects (types of activities coincide) or to activities with sentences 
of the type "Let there be ... ", "We take ... ", "We assume that ... ", etc., 
which can be reduced to activities with sentences "if ... , then ... " (where 
the assumption is put after "if"). 

Activities with sense-given objects assume sense-reflection of the primi­
tive material and of the results of the activities. They are included in the 
selection of the objects, in the distinguishing and comparing of them, in 
dividing, uniting, transposing, modifying, etc. them, in their inclusion and 
exclusion relative to certain connections, etc. Some of these activities 
influence the object; others do not. The primitive material and the result 
of activities of the second order can be described in sentences and the 
activity of the investigator can be eliminated with the help of conditional 
sentences of the form "If X then Y", where X is the description of the 
result of an activity and Y is knowledge obtained in these circumstances. 
The result is that activity of the second order can be considered the con­
tentful condition of the obtaining of knowledge, which activities of the 
first order are not. They are the conditions of any cognitive activities with 
objects at all. 

Knowledge is basically the sense perception of objects and all that has 
been said applies to it. But when knowledge is taken as a special sort of 
perceptible object (term, sentence) there appears a cognitive activity which 
is not reducible to the content of sentences and which involves the purely 
formal conditions of the obtaining of knowledge. This is the activity of 
obtaining some terms and sentences from others. 

The task relevant to cognitive activities is to find the elementary cogni­
tive activities which go to make up all the complex activities used to 
obtain knowledge. As already indicated, the elementary cognitive activi­
ties with objects are selection and comparison. We will call the selection 
of objects in the construction (obtaining) of sentences heuristic; similarly 
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for comparison (DI). Investigation of the activities pertaining to know­
ledge is the basic task of the logical theory of scientific knowledge. 

7. THE CONSTRUCTION OF SENTENCES 

When one talks about the construction of sentences, one is not talking 
simply about their physical formation (which poses no real problem). 
One has in mind the formation of sentences which serve some purpose, 
which are accepted, recognized, etc. One can introduce and write down 
any number of sentences. But by no means all of them will be able to 
be accepted and recognized as having value for people. The question, 
what are the criteria of the practical value of sentences for some branch 
of science, is not a logical question. Logic does have something to do 
with the study of the criteria which enable one to accept or reject sen­
tences. 

Similarly, when one talks about obtaining (constructing) sentences 
from others, one has in mind not the physical transformation of one into 
the other but the activity which can be extrinsically described as follows: 

1) Sentences Xl, ... , X" (n~ 1) are given as visible, audible, etc., ob­
jects; they are analyzed as to the terms and logical signs they contain and 
how these are related to one another; 

2) pursuant to this analysis and to some other extrinsic circumstances 
(conditions, purpose, etc.) one establishes (produces, etc.) a sentence Y; 
obviously there are rules which (in these circumstances and for these 
purposes) permit the establishment of Y; 

3) these rules are such that the following condition is met: if one ac­
cepts (recognizes) xl, ... , X", then Y, obtained in accordance with these 
rules, has to be accepted. 

Once these rules are established and formed, things change: they make 
it possible to accept Yonce Xl, ... , X" are accepted. Now they are experi­
enced as something like a force and law of nature rather than as a product 
of human creativity. 

The rules of logical entailment occupy a special place among the rules 
for the obtaining of sentences. They are elaborated in such a way that 
the following postulate be satisfied: if Y logically follows from X, and X 
is taken as true, then Y has to be taken as true. The rules of logical 
entailment define the properties of the logical signs found in X and Y. 
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Thus, if one obtains Y from X according to these rules, this is due to the 
properties of the logical signs they contain. The signs are of such a nature 
that Y follows or does not follow from X depending on the structures 
of X and Y. X is here sufficient for the obtaining and accepting of Y. The 
sentence X is called premiss and Y is conclusion (or consequence). 

Different from the rules of logical entailment are the rules which make 
it possible to accept Y, when Xl, ... , xn are known, but which do not 
define the logical signs contained in Xl, ... , X n, Y. They can be divided into 
two groups. One of them includes agreements to substitute certain sen­
tences for others and the conclusions of such agreements, according to 
which from the terms figuring in X\ ... , xn we obtain new terms figuring 
in Y. We call them rules of substitution of terms. The substitutions carried 
out in accordance with them are means suitable for the preservation of 
and operation with knowledge. In this way complex sets of sentences are 
replaced by abbreviations, accessible to review as sets of signs. This is not 
symbolization, which is also abbreviation, but the substitution of some 
sets of sentences for others. 

For example, in the case of sentences about the velocity of a body the 
substitution will not be the replacement of the words "kilometer" and 
"second" by the abbreviations "km" and "sec" but the replacement of 
sentences about the distance covered by the moving body and the time 
in which this occurred, by one sentence. In such substitutions the logical 
properties of the sets of sentences are clearly formulated. What is more, 
it is often only such substitutions which make it possible to bring out the 
rules of inference used (especially the logical and mathematical rules). 
For example, putting a=f(rx, t) for a=b\ ... ,a=bn, where rx is a constant, 
t is time, and f a certain type of function, we can use the property fin 
subsequent judgements. The rule of substitution generated here is a 
simple, one-act agreement to use a sentence Y instead of some set of 
sentences X. 

The rules for the substitution of terms (like the rules oflogical entail­
ment) are purely formal, i.e., the transition which they permit is based 
on consideration of the perceptible form of the terms and sentences. 
These rules are called deductive. The process of elaborating (forming, 
selecting) these rules is not formal; it is a matter of creative operations 
which aim at the formation of rules such that they can be used formally 
(i.e., within certain limits). The number of such rules is not limited. 


