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PREFACE             

  The tradition of the philosophical comprehension of science found in the 20th century its logical implementation in the formation of a special philosophical discipline – the philosophy of science. A great contribution into the cause of the formation of the given discipline was made not only by the most prominent compatriot and foreign philosophers, such as K. Popper, I. Lakatos, T. Kuhn, P. Feyerabend, St. Toulmin, P.V. Kopnin, B.M. Kedrov, V.S. Shvyrev, V.S. Stepin and others, but by scientists representing natural science disciplines, whose research influenced to a significant degree the growth of interest in science and scientific activities, as well as stipulated the wish on the side of the philosophers to reconstruct the logic of its development. Among this cohort of scientists one may mention the names of A. Einstein, N. Bohr, W. Heisenberg, L. de Broglie, I. P. Prigozhin, H. Haken, P.L. Kapitsa and many others.

   Within the framework of the philosophy of science, a whole complex of problems connected with the process of development of scientific knowledge, with an attempt to subject to analysis and reconstruct the logic of scientific cognition, the movement to a scientific discovery is considered. 

   In the given book, some of the most fundamental and important aspects characteristic of the contemporary philosophy of science have found their reflection. From the point of view of the subject matter the book has the following structure. 

   In the first section, attention is paid to the characteristic of the contemporary state of science, to a description of the problems which have attracted to their solution the main efforts of the scientific community; the peculiarities of the development of science are considered, and the role of science in the development of contemporary civilization is revealed.

   In the second section of the book, attention is drawn to the consideration of one of the characteristic peculiarities of the development of science: the differentiation of the scientific knowledge, which is manifested in the form of the formation of new scientific disciplines. In this section, an array of possible classifications of science and their analysis is given.                    

   In the third section, the peculiarities of two levels of scientific cognition are analyzed, that is the empirical and theoretical, their structure and the specific nature of their formation.

   The fourth section of the book is devoted to the analysis of the process of the formation of scientific knowledge by means of consideration of such of its aspects as developing the set-up of a scientific problem and its impact in the formation of the scientific knowledge, hypothesis and its role in scientific cognition, the scientific fact, the scientific theory, the interrelation of theory and practice, the possibilities of practical application of the scientific knowledge, the interrelation of science and engineering.

   The present publication is orientated towards the current educational standard, and is intended for a large readership. The authors have endeavored not only to bring to light the above-mentioned range of problems of the philosophy of science, but also to visualize how the reader can apply this knowledge in practice, since the questions considered in the given book play a determining role in the development of the scientific creativity.

SECTION 1. THE CONTEMPORARY PROBLEMS OF SCIENCE.

   1.1 The peculiarities of the contemporary development of science and the role of science in the development of the contemporary civilization.

   The cyclicity of the development of science. While analyzing the development of humankind for the last half-century, numerous researchers note profound qualitative changes of the contemporary society and conditions of its existence, which distinguish sharply the contemporaneity from the previous historical epochs. 

   The determination of this new qualitative stage in the development of humanity has led to the formulation of a whole range of notions that are used for its characterization: postindustrial society, information society, technogenous civilization, and others. These notions reflect global quantitative and qualitative changes in all spheres of life in the indicated period. These changes, in their turn, are in many ways connected with the acceleration of the tempos of the science development, with the change of the function and role of science in society.

   In the works of a number of researchers, for instance, N.D. Kondratyev, A.D. Chizhevsky and others, there was noted an uneven, cyclic process of the growth of scientific discoveries and inventions, and in the work of the Russian philosopher I.I. Lapshin “The Philosophy of Invention and Invention in Philosophy”(1921), a statement about their accelerated growth was formulated.

   A quantitative analysis of the scientific development tempos shows that in every 15 years the volume of scientific produce increases e times, where e=2.72 – the base of natural logarithms. This statement makes up the essence of the law of the exponential development of science. Following from this, a conclusion can be made that every 60 years, the scientific produce increases approximately 50 times, and for the last 30 years of the 20th century, 6.4 times more of the scientific produce was created than in all the previous history of mankind.

   Most of the nations of the world actively invest financial, material and other means in the development of their cadre science-technological potential. Since the middle of the 90s of the 20th century, a number of scientific degrees in the field of natural scientific and engineering disciplines grew rapidly in European and Asian countries. In China, India, Japan, South Korea, Singapore and Taiwan, the number of holders of the first university scientific degree doubled in the period from 1975 to 1995, and the number of specialists in engineering sciences grew three times. According to the data for 1993, Japan had 80 scientists and engineers for 10,000 of the workforce, the USA – 74.

   The exponential development of science cannot go on forever. The growth of scientific publications leads to a decline in their quality, to the decrease of the quantity of really valuable scientific information. It is obvious that a source of the exponential growth of science lies not in extensive growth of the number of science researchers and the number of the scientific publications they produce, but in applying progressive methods and technologies of investigations, which lead to enhanced quality of the scientific work.                                                                   

   Science and technology: the peculiarities of interaction and joint development. The role of technology in contemporary civilization.

   Technology is an organization of natural processes directed on the creation of artificial objects. In the development of technology, one can clearly see large outbursts. 

   As was pointed out above, a number of researchers established the existence of numerous cyclic processes, for instance, economic ones, those connected with solar activities, etc., which have various time duration. Among the indicated number of scientists, the name of the Russian economist N.D. Kondratyev (1892-1938) stands out. Considering the statistics of the economic conjuncture starting with the end of the 18th century, he established the existence of cycles in its development with the duration of 48-55 years. An analysis of data allowed him to establish four empiric regularities in the development of large economic cycles (the cycles of economic conjuncture). The first empiric regularity that he derived concerns directly the question of regularity in the development of technology and science on the whole: “before the beginning and at the start of the growth wave of every large cycle, profound changes in the conditions of the economic life of society are observed. These changes are manifested in considerable changes of machinery (which is preceded, in their turn, by significant engineering discoveries and inventions), in drawing new countries into the world economic connections…”(1). In N.D. Kondratyev’s work, the chronological frames of the last of the cycles that he indicated corresponds to the following: the upward wave of the third cycle from the period of 1891-1896 till the period of 1914-1920 – probable downward wave of the third cycle from the period of 1914-1920. 

1. Kondratyev, N.D. The Problems of Economic Dynamics. Moscow, 1989, p.225.

Relying on these data, it is possible to establish that the beginning of the next upward wave falls approximately on the time of the Second World War and on the postwar years till the end of the 1960s. 

   Indeed, all the new technologies, which determine the “technological portrait” of the end of the 20th century, emerged almost simultaneously in the period since late 1930s till late 1950s. These technologies were based only on a few discoveries. In one of his scientific papers, the Nobel laureate in physics, Zh. Alferov (2) singled out only three, purely experimental discoveries based on quantum theory, which not only determined the science-technological progress in the second half of the 20th century by explaining anew many things in physics, but brought about large-scale social changes and, in many ways, predetermined the contemporary development both of the leading countries, and, practically, of the whole population of the Earth. They are:

1). The discovery of the fission of uranium under the action of neutron irradiation made in 1938 by O. Hahn and F. Strassman.

2). The development of the transistor, which was carried out by American physicists J. Bardeen, W. Brattain and W. Shockley in a “Bell Telephone” laboratory.

3). The discovery of the laser-maser principle. It was made practically simultaneously in 1954-1955 by Ch. Townsen in the USA and by N.G. Basov and A.M. Prokhorov in the Physics Institute of the Academy of Sciences of the USSR.

   Apart from this, it was at that time that there emerged computers, microelectronics, integral-group and planar principles of synthesis, on the basis of which microelectronics, nuclear energetics, decoding the genetic code and the first artificial protein structure are based. In the same period, principles of system programming were developed, the development of light conducting communication lines got underway, the exploration and use of the outer space was initiated, and, thus the foundations of the future space technology were laid. During the period of the new downward wave, from late 80s to early 90s of the 20th century, three new technologies emerged first of all, which continued to develop in the subsequent years: the microprocessor, space and gene engineering ones. Obviously, it is with the perfection of these technologies that the further development of science in the nearest years of early 21th century is connected.

2. See: Alferov, Zh. Physics on the threshold of the 21st century//Science and Life. 2000. 3. P.2-10 (In Russian).  

 All these technologies are completely different, so far as their physical contents are concerned.

   The microprocessor technology has many purposes: creation of personal electronic partners for everyone, intellectualization of all technosphere, strengthening and protection of the organism’s functions with the help of personal medical cybernetic devices, including those implanted in the organism.

   The space technology, which unlike the microprocessor one develops at relatively slow rates (which is connected with greater financial, material, intellectual and other expenditures), has a large potential in different dimensions: it complements the terrestrial technology, promises to free the planet from undesired industrial production in the future and extend the frontiers of human habitation far beyond the limits of the evolutionary birthplace of the human race – the planet Earth and the Solar System.

   The gene engineering and, in a wider sense, gene technology or biotechnology aims at perfecting the biology of the human being proper, enriching the biosphere with new useful species and it is used as a tool in the production of foods and nonbiological products, etc. Using the biotechnological method one produces genetically engineered proteins (interferons, insulins, vaccines against hepatitis, etc.), ferments for pharmaceutical industry, diagnostic means for clinical research (test-systems for drugs, medicines, hormone, etc.), vitamins, biologically compatible materials, etc. A special role is reserved to agricultural biotechnology – to the creation and cultivation of transgenic plants, the microbiological synthesis of means of plant protection, the production of fodder and ferment for fodder production.

   All three technologies that emerged in the 70s of the 20th century are directly connected with the global conditions of existence in the evolution of the human populace. These innovations have proved to be most radical in the history of humanity, for all the previous ones, such as fire, stone implements, language, writing, electricity, etc., did not involve either the natural capacities of the intellect of the human being, or genetic means of the biological life, or the area of its extension.

   When one thinks about the prospects of the evolution of technologies, a problem comes to the foreground whose importance came to be keenly realized by the world in the same 70-80s of the 20th century – the problem of the interaction of the technosphere with the natural sphere, or the problem of ecology.

   Since the time of man’s singling out from the animal world, human beings started to create their own world, coexisting with the natural world of living and nonliving nature. Technology, as an instrument for creating an artificial world, inevitably exerts an ecological pressure on the natural environment. This pressure may become dangerous when its intensiveness reaches a critical level, that is, when it exceeds Nature’s restrictive potential level. Particularly actively the restrictive potential of nature is suppressed in the process of urbanization, which integrates almost all contemporary technologies. Urbanization, while forming cities, megalopolises, agglomerations of city-giants – the territories of almost total urbanization, suppresses the natural restorative potential of Nature. Plantations of verdure and house plants cannot replace it fully and change the situation in a radical way. In early 21st century, about a quarter of the planet’s population lives in megalopolises. 

   From the point of view of the global ecology and the further development of the technology of science, such population concentration has not only negative consequences, but it also plays the role of a positive factor, for it leads to a search for solutions of new vital problems and to the continued scientific quest. The intensive urbanization process has set before  science an urgent need for the solution of the problem of utilization of the city waste and of the creation of an “ecologically clean” transportation network, of the formation of the internal ecosystems of cities, which not only ensure comforts of every day living, but compensate for the absence of a direct contact of people with nature.   

   The further development of information technologies raises a possibility of solving some of the problems. A creative, computer-aided exchange of ideas and knowledge, development of video-information equipment, including light-conducting lines of communication, color and, quite probably, holographic television – transform the sphere of communications, drastically reduce the need for transportation and people’s travel, optimize freight traffic, keeping transport within actually necessary limits.

   Besides, the ecological pressure is made up also as a result of the use of the agricultural technology that leads to desertification of fertile lands due to intensive animal husbandry and tillage. In this connection, science faces the problems of the development of new technologies of soil protection against erosion and water loss, protection of hydrosphere from the discharges of chemical fertilizers and chemical agents, minimization of chemical and mechanical interference into the biospherical cycle.

   Apart from the solution of these problems, there is a problem connected with the fact that purposeful technologic activities have always dealt with a sharply limited set of synthesized forms, while the “free search” of the wild nature serves as a source of their practically unlimited diversity. The technological pressure on the natural environment leads to the narrowing of the diversity of life forms, which, in evolutionary perspective, lowers the degree of survivability of man as a species and of the biosphere as a whole. That is why another center of crystallization of the new technology and, correspondingly, of the science endeavor is the creation of waste-free industrial production, which embodies the principle of the ultimate integration of the processes of synthesis, disintegration and circulation, which has been formed over the billions of years in the living nature.

    Taking into account ecological criteria, the industrial constructions of the 20th century – energetic, metallurgical and chemical – appear to be very controversial. On the one hand, they can serve as a basis for the creation of new technological complexes, but, on the other hand, they are a source of a too strong disturbance of the environment. In this connection, the development of a network of electronic means of information processing is a way to the further increase of efficiency of all existing technological production processes and the power supply. The efficiency of the overwhelming majority of technical facilities makes up units of percent. To make industry give us much, we take from nature, spend and throw away even more. Information technologies allow us to bring down the specific consumption of mass and energy, for processing and storing information demand expenditures of energy, substance, space and time, but they are significantly less than real world events reflected by these information processes. And, besides, the information technology is already used to free people from all kinds of manual labor by setting before people the problem of using emancipated creative productive forces, of the creative potential.

   The functions of science in contemporary society. The circumstances connected with the technological changes that took place during the last decades of the 20th century and in early 21st century gave rise to a change of the functions of science and, in the first place, of  natural science. In the past, the main function of science was, first of all, to describe, systematize and explain the researched objects. Now, science has become an inalienable part of people’s industrial activities. The contemporary industrial production has a high science-content character, which determines the process of the coalescence of scientific and production-engineering activities. As a consequence, large science-production units, inter-branch science-engineering and production complexes are set up.

   In connection with this, the science-engineering potential of the leading nations experiences structural transformations and a change of priorities. First of all, there is a notable change of the structure of financing science and engineering. The share of the state is growing smaller, and the role of the private sector as a source of means for research and development is increasing. Thus, for example, in the USA the natural expenditures for science in 1997 had reached $206 billion, with the growth taking place mainly at the expense of the industrial sector. Correspondingly, there is a growth of the expenditures for applied research and development and their volumes as compared with the volumes of fundamental research and development. The expenditures of the federal government of the USA in 1997 were 12 per cent lower than, the expenditures in 1989 (taking into account inflation). In the general national expenditures for research and development, the share of the U.S. government dropped from 46 percent in the period of the 80s to 30 percent at present.

   Science in its own right becomes a powerful productive force without manufacturing directly any material produce. The produce of science is scientific information, science designs, discoveries, inventions, which lie at the basis of manufacturing of any produce, including the production of material values. 

   But striving for the growth of production of material values comes into a contradiction with the need for the preservation of the human natural environment. The informatization of society and industrial activities, the development and introduction of new technologies, as well as the other qualitative changes, which have taken place in society of late, have also stimulated the transformation of the role of science itself. 

   The change of the role of science in society is connected with the fact that it is only the governments of national states that can adopt the laws determining and regulating the mandatory norms of conduct of a person and separate social groups within the framework of the society as a whole. In contemporary, rapidly changing world, governments of states cannot pursue policies which would not take into account the problems that concern the protection of the environment, material security, the solution of demographic problems, ensuring nuclear security, etc. Science actively intervenes in the sphere of politics. The activization of the role was promoted by the tendency towards integration and globalization of the contemporary world. 

   Science in conditions of globalization. Globalization presupposes that a multitude of social, economic, cultural, political, scientific and other relations and connections assume a world-wide character. At the same time, it implies a growth of the levels of interaction, both within the limits of individual states, and between states. What is new for the current processes of globalization, it is the spread of social connections to such spheres of activities as technological, organizational, scientific, administrative, juridical and others, and also a continuous intensification of tendencies towards establishing interconnections through numerous nets of modern communications and new information technology development. 

   The processes of globalization have, on the one hand, been conditioned by the science-technological progress, which ensured an intensive development of the contemporary world, and, on the other hand, they have influenced the transformation of the role of the science itself, which has found its expression in the following: 

   Firstly, in the emergence of strategic nuclear armaments and means of delivery to any point of the globe, which, in fact, has eliminated the invulnerability factor of this or another country due to its geographical remoteness or isolation of its territorial waters, or any other natural obstacle. In the terms of contemporary realities, the air space and the outer space play not a smaller, but rather a bigger role from the military-political point of view than land and sea.

   The scientists who took part in developing nuclear arms in the laboratories of the USA and Great Britain were aware already at the initial stage of the global destructive consequences of their use, and, therefore, many of the nuclear physicists, some actively, some passively, contributed to the liquidation of the monopoly of the USA and Great Britain of nuclear arms. Robert Oppenheimer, Enrico Fermi, Niels Bohr, Ethel and Julius Rosenbergs, Klaus Fuchs and many other physicists contributed to the liquidation of the nuclear monopoly of the USA in late 40s of the 20th century, and contributed to the exclusion of a large-scale nuclear war between the USSR and the USA in 1940-50s. 

  Already from late 40s of the 20th century, scientists, and first of all physicists, actively joined the movement of the partisans of peace and nuclear disarmament. This was, for example, the action taken by the spouses Joliot-Curi, the Nobel laureates for 1935 in physics, who discovered in 1934 the phenomenon of artificial radioactivity. 

   Frédéric Joliot-Curi, who since 1946 headed the French Commissariat for Atomic energy and Iréne Joliot-Curi, who was also a member of the Commissariat, were expelled from there for their active participation in the struggle for peace and nuclear disarmament. Since 1951, F. Joliot-Curi became the chairman of the World Council of Peace.

   Here one can also note the name of Academician Andrei D. Sakharov, one of the creators of the hydrogen bomb, who in the 60-80s became an active participant of the dissident and human rights movement in the USSR and who came out in favor of disarmament and the liquidation of the danger of a thermonuclear war. His activities were rewarded by a Nobel Prize for Peace (1975). This list of names could go on and on. 

   An active role in the cause of defense of peace, prevention of proliferation of nuclear arms, and protection of the environment is played also by many formal and informal organizations of scientists of different nations of the world: UNEP (United Nations Environmental Program), UNAEC (United Nations Atomic Energy Commission), and others.

   The opinion of the scientific community has played an important role in banning nuclear arms tests in the atmosphere, space and underwater; in nuclear arms testing limitations, in banning chemical and bacteriological weapons, and in reducing of the existing nuclear arsenals.

   Secondly, science has played and continues to play the role of the factor that ensures the functioning of the synchronization mechanism of the contemporary world. The electronic means of mass information, satellite communication, advanced aggregate of subjects while securing practically instantaneous information transfer to all the corners of the Earth, create the state,and the feeling of simultaneousness. With the unfolding of the technological and industrial revolutions, industrialization, and then of the science-technological revolution of the second half of the 20th century, there started and intensified the acceleration of historical and social time. 

   The time gain has become the purport of the science-technological and social progress. But, striving for a time gain turns into the problem of the growing deficit of time, which seems to be constantly shrinking. To compensate the time deficit, one has constantly to accelerate the life’s tempo. The present is quickly becoming outdated, time is losing its continuity and turns into a chaotic alternation of disconnected moments and passages. The notions of time flow and time duration are replaced with the categories of momentariness and preciseness. Time is no longer flowing, it is being erupted. The past and the future are converging in the present, which is also getting quickly outdated. 

   To define the phenomenon of the acceleration of time, the German philosopher H. Lubbe introduced the notion “reduction of the present”, denoting that in the contemporary dynamic civilization, as the number of innovations per unit of time grows, the chronological distance to that past which in many relations has already become outdated and, therefore, alien to us, gets shorter. The “reduction of the present” is connected with the effect of “temporal thickening of innovations”, whose essence is in the growth of the quantity of what is renovated with the simultaneous growth of the quantity of what is getting outdated. As a result of the growing rate of outdating of science, the number of elements, belonging to the present and at the same time belonging to the times of yesterday and even the day before yesterday, is growing. This phenomenon, which was already described by Friedrich Schlegel and Friedrich Nietzsche, was called by Lubbe as the increase of “nonsimultaneousness of simultaneousness”. As Lubbe pointed out, alongside with the dynamics of science and culture, there grows the degree of its museumification. The dynamics of civilization is accompanied by a progressing museumification of our civilization. 

   Thirdly, the development of science determines the tendency towards overcoming the space scatteration of the human community. The expansion of means of transportation, communication and mass information creates the effect of “globalization of masses”. As Serge Moscovici was pointing out, the break-up of social links, the speed of transformation transfer, uninterrupted population migration, and the accelerated and disconcerting rhythm of the city life create and destroy human communities. Being scattered, they are re-created in the form of changeable and growing multitudes. They connect people into huge supranational communities with the giant nuclei of cities and markets of millions of people, which lead to the standardization of life and ways of consumption. 

   New global systems of communications function, to a considerable degree, independently from the state control and do not submit to the total control on the side of the state. Embracing the social, political, economic, cultural and other spheres of activities around the world, they contribute to the broadening of the life horizon and to communication of the most backward communes, collectives and peoples in all the corners of the Earth, and allow us to overcome the geographical barriers in accessing the social, cultural and scientific experience of the other peoples, which was for them beyond reach. In this way, science, by creating new means of communication, has given to people new forms of vision of the world. 

   Of particular importance from this viewpoint are the development and introduction of computer networks, which provide still closer links between peoples and nations, connecting them into one whole through creating a single information space. The most well-known and large scale of those networks are the Internet and the World Wide Web (WWW), which developed in the USA. These networks make possible for subscribers all over the world to get in touch with each other, to exchange the needed information, and to function at any time in any place.

   Considering these tendencies, which characterize the transformation of the role of a nation in the contemporary dynamic world, makes it possible to say that science and scientific community have become a completely independent factor that determines the face and destinies of the contemporary dynamic civilization.

   But, at the same time, a tempestuous development of science, in correlation with other tendencies of the contemporary world, called forth addressing numerous significant and less important problems whose solution determines the further destinies of science and the world as a whole.

   The globalization of science and widening of the communication networks, which promote the spread of information, aggravated the problem of nonproliferation of the nuclear, bacteriological, chemical and other weapons of mass destruction. In late 90s of the 20th century, apart from the great powers (the USA, Russia, Great Britain, France and China), the nuclear weapons production technologies were already developed by Israel, Pakistan, India, and, possibly, North Korea, Iraq and Iran.

   Thus, the globalization of science and the spread of scientific information did not bring about a guarantee of greater security for nations and peoples. 

   The vital problems of the correlation of the social and science technological development at the current stage. The further sophistication of the science research and industrial production technologies does not allow the countries of the third world to reduce their lag behind the high tech economies of the developed countries, and, to the contrary, leads to a still greater gap between them. A number of other problems must be noted here whose vitality is caused by a powerful impact of science on all spheres of life of the human community. Among them:

1. The problem of correlation of the rationally substantiated proposals on the side of the scientific community with the wishes and interests of the population of the corresponding nations. There are so many instances of mutual negative attitudes that they may be easily found in any country:

· In Germany, in late 90s of the 20th century, a referendum was held on the limitation of auto transport speeds on the highways with the view of reducing automobile exhaust release in the atmosphere. The referendum produced a negative result;

· In Norway and Japan, whaling has not yet been banned despite the conclusion of scientists about a drastic reduction of the population of the cetaceans and a need for their protection;

· In Russia, an ambiguous situation has emerged as a result of adopting in 2001 of the law of import of nuclear wastes for reprocessing. The damage that this enterprise may cause for the population is obvious, but the need for finances exceeds the need for security.

2. The problem of correlation of new technologies created by science with moral and ethical norms of the society. This, one may say, perennial problem of coexistence of scientific and moral-ethical, cultural sphere of the life of society was keenly outlined in the last decade of the 20th century in connection with a successful carrying out of experiments on animal cloning. In response, a number of countries passed laws banning human cloning. 

   Further, one may highlight not only the problems that emerged on the intersection of science and other environment, but purely internal problems of the contemporary science. These are: 

1) The problem of the priority of scientific discoveries, which is connected with the fact that now science is not a sphere of activity of individual scientists, but a sphere of work of large research groups, where it is hard to determine the contribution made by everyone into this or another discovery;

2) The problem of a gap between the fundamental and applied research. The growth of the number of people involved in the sphere of scientific activities, the growing sophistication and high price of material and technological maintenance of the experimental research, the impossibility of achieving a drastic breakthrough in scientific cognition due to the globalization of information, communication networks, have created prerequisites for the growth of theoretical investigations, production of theories for the sake of theories, whose prospects of a practical application are rather vague and uncertain.

3) The problem of the increase of antiscientific tendencies in the development of science, which is connected with the growing uncertainty of the criteria of the truth of knowledge, with a destruction of deterministic and establishment of relativistic views on the scientific cognition and its results – knowledge. The achievements of the contemporary postnonclassical science, the conceptions of postmodernist philosophy, demoralization and democratization of the social life have created additional conditions for the growth of antiscientific theories, for the interest in supernatural, negation of the conquest of reason and for the plurality of other manifestations of irrational and mystical. In this connection, it may only be emphasized that science and antiscientific tendencies have coexisted since the time of great antiquity and, to a considerable degree, it is the dialectic of their struggle that contributed to the further development of the scientific knowledge. Thus, for example, chemistry, as a science discipline, used in its making the results of alchemical experiments. The formation of astronomy was inseparably linked with astrology even by the fact that the most prominent representatives of this science were also outstanding astrologers of no less renown. They were Claudius  Ptolomy, Johann Kepler, Tycho Brahe and many others.                 

   The fertile soil for pseudoscientific ideas appears when a hypothesis is accepted as a true theory, which, allegedly, is easily proved in experiment that has not yet been made by anyone. With this, an experimental proof is frequently simply ignored, or it is assumed that it must be provided by someone else. But this fertile soil for antiscientific tendencies is destroyed each time by the science itself, which relies on the philosophically substantiated conclusion about the impossibility of the absolutely true knowledge. 

   Summarizing the examination of the tendencies, the place and role of the problems of science within the framework of contemporary civilization, one must emphasize the dissipative (open) character of the system of scientific cognition. Its existence and formation are inseparably linked with the existence and development of other systems, which cannot be practically assessed and described if one operates with strictly deterministic models of science. Owing to that, the present description contains only the most general and obvious features of the current state of science and of the scientific cognition.

1.2. Integration tendencies of the contemporary development of science

The ontological nature of the unity of scientific knowledge . The development of the scientific knowledge has always been characterized by a certain degree of unity as well as by the presence of multiform interdisciplinary links. Natural sciences exercised their influence on the sciences about social phenomena and vice versa. The unity of the scientific knowledge is based on and is a reflection of the material unity of the world. The unity of the scientific knowledge is the indivisibility and conjointness of knowledge, its aspects, elements, and ways of existence. Thus, the unity of physics in the 19th century was based on mechanics. The mechanistic world outlook maintained that “all physical phenomena can be completely brought down to the movement of material points and material elements” (3). In early 20th century, a reorientation of the way of explaining physical phenomena from the mechanistic on to electromagnetic took place, but, nevertheless, the latter way is also based on the understanding of the material unity of the world. 

3. Planck, M. The Unity of the Physical Picture of the World. Moscow, 1966. P. 52 (In Russian).

And, if in the classical physics, substance and field were considered as realities independent from each other, in quantum mechanics, in the physics of microparticles, substance is researched as a controversial unity of particles which have the mass of rest, and of the fields whose quanta are particles. The metaphysical separation of substance and field gave way to their dialectic unity, which became expressed physically by the theory of corpuscular-wave dualism of the properties of microparticles(4).

   The Synthesis and integration of the scientific knowledge: the common and the different. The unity of the scientific knowledge supported by the material unity of the world assumes, in the final analysis, the form of synthesis, integration of sciences. But in this case, one must distinguish the notions of “synthesis” and “integration”. 

   The notion of scientific integration has wide currency. It is used both in concrete sciences, and in science study, the philosophy of science. It is the broad application of this notion that causes all those difficulties which arise in the use of this notion in analyses of the tendencies of the development of the scientific knowledge. Already Charles Fourier was developing the idea about the unity of the laws of movement, which dominate the physical, animal and social worlds (5). Such theories, rather wide-spread at that time, were based on the principles of Newton’s mechanics, which was elevated to the rank of the unified integrative science. The first blow at such views was delivered as a result of the creation of the theory of electromagnetism by James Maxwell. It demonstrated the failure to reduce electromagnetic phenomena to the laws of classical mechanics.

   At present, a number of approaches to the understanding of what is integration in science are highlighted. 

   Firstly, the scientific integration is understood as a special gnosiological action, an aspect of the process of cognition, a path of truth in science. This is its gnosiological understanding (6).

   Secondly, from the point of view of the activities approach, integration in science is considered as interactions taking place in various spheres of scientific activity. The integration of all aspects of science is seen as a component or a certain aspect of the characteristic of the social activity (7).

4. See: Karateyev, V.P. The Unity, Integration and Synthesis of the Scientific Knowledge. Saratov, 1987. P.30 (In Russian).

5. Fourier, Ch. The Theory of Four Movements and Universal Destinies. Moscow, 1938. V.1.P.43 (In Russian). 

6. See: Karateyev, V.P. Op. cit. P.98

7. See: the works of Ursula, A.D; Siforova, V.I, and others (In Russian)

  Thirdly, from the point of view of system analysis, the integration of scientific knowledge is understood as different notions and theories of the same or different fields and branches of knowledge into each other’s structure. Integration is seen as a mutual influence of ideas and theories, formation of special integrative sciences, interweaving of all the elements of scientific knowledge and concordance of their functions within the framework of the spiritual culture as a whole (8).

   Fourthly, according to the methodology approach, the interpretation of integrative processes in science is carried out by means of demonstrating the penetration and mutual penetration of different sciences’ methods into each other’s spheres. One observes a penetration of the methods and principles of natural engineering sciences into the methodology of the social sciences and the humanities, as well as the reverse process, when the methods and notions of the knowledge in the humanities and the arts come to be in demand in the sciences on nature.

   Fifthly, from the point of view of the information approach, the integration of science is understood as a mutual exchange of information, and the integration of scientific information – as a mutual transfer, synthesis, mutual penetration of the scientific information from one branch of science into the other (9).

   Finally, one can denote special scientific and general interpretations of the integrative processes in science. The integration tasks on a special scientific scale are solved through creation and construction of theories called on to reflect the main regularities of the manifestation of these or other aspects of the surrounding us reality. For instance, in biology it is the “evolutionary teaching”, in physics – the “theory of relativity” and the “principles of quantum mechanics”, etc.

   The essence of integration on the whole is characterized as a process of generalization, condensing of the scientific information; of the growth of the capacity, complexity, systematicness of knowledge. Simultaneously, integration is conceived not only as convergence, but as a compatrmentation of knowledge. In this case, a great influence on the understanding of integrative processes is exercised by the notion of the selforganizing processes in nature. That is why integration is accompanied not only by cumulative, but also by dissipative, radiational and separative processes.

8. See: the works of Mamchur, E.A; Alexeyeva, P.V, and others (In Russian)

9. See: the works of Shcherbitsky G.I: Stavskaya N.P. and others (In Russian).

     In the history of science and philosophical literature, the notion “integration of knowledge” is rather frequently used as a synonym of the notion “synthesis of knowledge”. In distinguishing these notions, it is necessary to point out that they are adjacent, but not identical in the metaphysical terms. Integration is more processional, synthesis immediately precedes the unity of knowledge, directly generating and reinforcing it. The antipode of synthesis and its opposite is analysis, while the opposite of the integration is the differentiation of knowledge accompanied by fragmentation of sciences, specialization of language, of research methods and so on. The consequence of integration is disintegration, which is understood as the multiformity phenomena (10).

   The Manifestation of integration processes in contemporary science. One of the more obvious manifestations of the integrative tendencies in the development of the scientific knowledge has come in the form of the emergence of “junction” or “borderline” sciences (cybernetics, bionics, ergonomics, molecular biology, ecology cosmonautics, etc.), which are characterized by the presence and application of interdisciplinary research methods, common scientific-notional apparatus, which is the result of a synthesis of notions from different sciences, a common style of thinking, etc. 

   One of the most illustrative examples that reflect the sense of integrativeness of knowledge is presented by the emergence of cybernetics – the science of optimal control. It was formed at the junction of many sciences and fields of knowledge: mathematics, logic, semiotics, physiology, the communication theory,and engineering electronics. Cybernetics, which has its own conceptual apparatus, considers the processes of control carried out on the basis of information links in the most different systems, like biological, engineering, social-economic, intellectual ones and others. These systems, while differing from each other in their qualitative nature, are identical in the sense of common regularities of control, which act in them as in cybernetic systems, but are manifested in a different, special way (11). 

10. See: Karatyev, V.P. Op. cit. P.100-101; The Philosophical Questions of Engineering Knowledge. Moscow, 1984. P.94. (In Russian).

11. See: The Problems of Integration of Scientific Knowledge: The Theoretical-Methodological Aspect. Riga, 1989, P.8 (In Russian).

Another trend towards manifestation of integration of the scientific knowledge consists in shaping a whole layer of general scientific notions, that is, a special kind of conceptual apparatus, which functions in all, or in many fields of knowledge: natural history, social science, sciences of man and his thinking. In this case one may point out some such notions: a “system”, “structure”, “function”, “degradation”, “control”, “sign”, “information”, “entropy”, “model” etc. The formation of the general scientific national apparatus fixes in the language the integration development of science. This process is caused by the needs of the science itself, for it removes the narrow-disciplinary barriers, and makes clear and accessible this or that kind of knowledge for specialists of the most various fields of the scientific knowledge.

   Besides, the integrative abilities of ideas as a form of the scientific knowledge are widely known. As a prominent Russian philosopher, P.V. Kopnin pointed out, the idea performs a unifying, integrating function due to its abstract nature (12). Ideas integrate views, representations, notions and whole theories, on whose bases concepts, teachings, and integral pictures of the world are created. In this case, the fundamental ideas come out, on the one hand, as a basis of the world view concretization, and, on the other hand, as a form of summation of the results of the concrete scientific cognition “up to the level of the Weltanschauung” (13). As  an example of such kind of ideas, there comes forward the idea of the evolutionary development, which has become, if to use the language of Thomas Kuhn, a “paradigmatic idea”, a norm of scientific thinking for a number of fields of knowledge - biology, astrophysics, astronomy, geology and many other sciences.

   Next, considerable integrative possibilities of other forms of scientific knowledge may be noted as well: hypotheses, laws and theories. 

   In extensive philosophical literature, specifically, it is pointed out that a hypothesis has a powerful integration potential, for it is characterized by a striving towards unification into a single whole of the various experimental and theoretical statements (14).

12. See: Kopnin, P.V. Dialectics as the Logic and the Theory of Cognition. Moscow, 1973. P.282 (In Russian). 

13. Ivanov, V.G, Luzgina, M.L. The Determination of the Scientific Search. Leningrad, 1973. P.145 (In Russian).

14. See: e.g., Delokarov, K.Kh, The Philosophical Problems of the Theory of Relativity. Moscow, 1973, P.151 (In Russian).

  As for the scientific laws, the integrating force of this form of the scientific knowledge lies in generalizing, in concentrating of the multiform empiric material, and in the possibility of making a forecast of the development of the real situation (that is, of the fixation of some empiric facts in the future).

   While emphasizing the great possibilities of the scientific theories from the viewpoint of integration of the scientific knowledge, their comprehensive unifying impact should be noted on all the complex of both empirical and, properly speaking, theoretical knowledge. The creation of this or another scientific theory, as a rule, concludes the integration process in this or another scientific discipline, or, even, in a science as a whole. Occupying a sort of the top of the hierarchy of the scientific knowledge, the theory not only unites it by means of explanation, but exercises its influence on all the subsequent course of the development of the scientific cognition, determining to a considerable degree the contents of the future theories or the theories of adjacent scientific disciplines.                        

   Here, by way of illustration, one may refer to Newton’s mechanics, which in many ways, determined the system of constructing of the scientific theories not only in physics proper, but in chemistry, biology, etc. The quantum mechanics came forward in the role of a unifying theory, successfully integrating the corpuscular and wave views on light and substance; the special relativity theory generalized the notions about mass and energy, space and time; and the general relativity theory generalized the notions about inertia and gravity, metrics and gravitation. In their turn, the quantum mechanics, the special relativity theory and general relativity theory together perform the integrating function in relation to those theories that came into being in the later time, and, with that, not only in natural sciences: physics, chemistry, astronomy, but in the humanities: history, philosophy, sociology, and others.

   A tendency towards the integration of the scientific knowledge is realized also in such processes as the unification of the research methods. Along with the development of science, a selection of the most effective methods takes place, and these methods developed within the framework of one or another fields of knowledge, acquire the status of general scientific methods. Among these methods, one may note such as mathematical and logical-mathematical, cybernetic, system-structural ones and others. It should be said that if some of them were formed on the basis of the achievement of the modern science, the others, such as, for instance, mathematical methods, enjoyed a wide application in natural sciences (mechanics, physics, astronomy), starting already with the 17th century. It was in the 20th century that the mathematical methods underwent a powerful development when they came to be used not only in natural sciences research, but in the humanities. A significant number of the sociological, historical, economic and psychological investigations carried out of late are based on the basis of application of the mathematical methods, where a need for constructing a mathematical model of the social, economic and other processes under investigation is envisaged.

   The cybernetic research methods are contiguous to the mathematical methods. Even though cybernetics has a direct bearing only on the systems connected with life (biological, social and engineering), nevertheless, any object included into the sphere of human activities and cognition can be regarded as a part of cybernetic system. Among the group of the cybernetic methods there are the following: the theories of information, modeling, “black box”, image identification, classification, etc. (15).

   The application of the cybernetic research methods is characteristic for the most different fields of scientific knowledge: from biology and medicine to economics, linguistics, jurisprudence and art criticism.

   The same wide development in the contemporary science has been experienced by the system-structural methods. The methods of complex  systems analysis are applied both in purely investigatory and research settings. A great effect in applying these methods has been achieved within the framework of natural sciences (physics, chemistry, etc.) and the humanities (linguistics, literary criticism, etc.), but a no less effect these methods brought in designing industrial complexes, in developing of programs of social-economic development.

   The strategy of switching over to the investigation of complex and supercomplex systems, to the solution of global comprehensive problems, like those of a stable development,as well as, energetic, demographic ones, etc., where many methods, approaches and methods of research are used, is a graphic manifestation of the integrative-synthesizing tendencies in the contemporary science.

   The impact of man on nature has assumed a global character, the noospheric scale of human activities is quite commensurate with geological, geochemical, and cosmic processes taking place on the Earth. In an attempt

to regulate and optimize the interrelation of man and nature, to ensure the 

15. See: Lusis, K.K; Markov, B.A. The integration of science: the main tendencies and reference points// The problems of integration of the scientific knowledge: theoretical methodological aspect. Riga, 1989. P.9-10 (In Russian).     

further development of production and social-cultural sphere, saving at the same time the environment from destruction and degradation, one is putting forward comprehensive scientific investigations, where an important role is played not only by purely scientific, but also by the worldview, social-political, humanistic and other directives of scientists. 

   The classification of integration processes in science.  Acquaintance with the practice of structurization of the integrative processes dominating directly the scientific cognition demonstrates a lack of uniformity in this field. For instance, there are singled out the horizontal (where homogeneous elements of the system of scientific knowledge are connected), and a vertical levels (where various elements of the system of the scientific knowledge, i.e., fundamental and applied sciences, natural history and social science are connected).

   It was M.P. Petrov who introduced into the scientific usage the notion of the horizontal-empirical and vertical-methodological integration (16).

   The processes of differentiation and integration: the problem of integration. One may single out the classification of the manifestations of the integration of the scientific cognition into: a) endogenous integration, which is characterized by epistemic transformation taking place inside individual elements of the scientific knowledge, and b) exogenous integration, which is characterized by transformation in the exterior, interelemental sphere, in whose role appear the main forms (ways of existence) of the scientific knowledge (17). 

    The current state of the science, which is characterized by the given integration processes, is a link of a long chain of the historical development of science, where the differentiation and integration tendencies are connected in a dialectical unity.

    In the history of science, and philosophical literature there is no common opinion regarding the combination of integration on different stages of development of the scientific knowledge.

   A significant number of Russian and foreign researchers of the    

16. See: Petrov, M.P. The Nature and Function of the Processes of Differentiation and Integration in Scientific Cognition// Methodological Problems of Integration of the Social,Natural and Engineering Sciences. Moscow, 1981. P.128 (In Russian).

17. See: Karateyev, V.P. Op. cit. P. 112-113.    

development of science (Ernst Cassirer, John Bernal, B.M. Kedrov, A.P. Ogurtsov, and others) agree in that science emerges as nondifferentiated (philosophical) knowledge, a common view of the world, appearing in the role of nondifferentiated, diffuse science. Inside this general science, there are formed the sprouts of the future particular sciences - mathematics, astronomy, physics, etc. 

    In the period of Renaissance, in science there begins an acute consolidation of the trend towards differentiation, which manifested itself in setting apart of a number of new sciences from the initially undifferentiated science. At that time, mechanics, mathematics and astronomy became finally separated from philosophy, as well as physics from chemistry, etc.

   A constant combination of these two indicated trends and their presence may be observed throughout all the subsequent history of the development of science.

   From the middle and in the second half of the 19th century, in science there is observed anew an increase of integration. In connection with important discoveries, which took place in the 19th century in practically all spheres of scientific knowledge, there emerged a need for new integrative systems of generalizing character. Thus, in late 30s of the 19th century there was advanced the cell theory, which created conditions for unifying botany and zoology as well as a number of other sciences of the biological character – embryology, histology, protistology, etc., into a unit (18). The creation of the mechanical theory of heat, of the molecular theory of gases, and thermodynamics in mid-19th century paved the way for unification of mechanics, molecular physics and the theory of heat.  At the same time, the cultural consciousness of that time found it hard to cope with that volume of knowledge which was produced by the scientific community on ever growing scale and penetrated into the human life in an imperative way in the form of new technologies and structures of activity. In early 20th century, this gap between the two systems of values, that is, humanitarian and scientific, science-engineering, appeared so obvious that it became possible to speak about “two cultures”, about the qualitative differences of culture and civilization (19).

   At the present stage, the processes of integration within the framework of the scientific cognition have reached a new qualitative level. The current 

18. See: Karateyev, V.P, Op. cit. P. 116 (In Russian).

19. See: Methodological consciousness in contemporary science//Yolon, P.F; Krysky, S.B; Parakhonsky, B.A. et al. Kiev, 1989. P. 54, (In Russian). Snow, Ch. P. Two cultures. Moscow, 1965 (In Russian).         

stage is characterized not only by the integration of the scientific knowledge, but also of the methods and ways of achieving it, by the emergence and development of new ways of achieving truth, of accumulation and reprocessing of the scientific information: of the hypothetical-deductive, system-structural, analytical-synthetical and other approaches to the investigation of complex objects.

   Criteria, objective indexes of integration processes. As the wide and intensive character of the integration processes taking place in contemporary science is brought to attention, the question arises about the criteria, the objective indexes of integration, in accordance with which one could approach the analysis and evaluation of the development of integration within the framework of the scientific cognition at present.

   As a simplest expression of the integration of knowledge one may consider the logical conjunction of a definition which is pointing to a connection of various definitions, their dependence on each other. 

   At higher stages, the integratedness of knowledge is expressed in additional, complex notions, which form ramified notional-categorial systems, which emerge on the basis of general methodological principles. To these notions may be referred the notions of the type: “space-time”, “structure-function”, etc.

   Interdisciplinarity comes out not only as one of the criteria of the integration, but as one of its conditions. The interdisciplinary integration is characterized by: 

a) the assimilation of the engineering and theoretical set of tools of the base science by the sciences involved in the integration processes;

b) the synthesis of the interacting sciences on the basis of the base science;
c) the formation of a new integrative science, which has its own object of cognition, and at the same time has a possibility to exptrapolate methodically out of  the limits of the given subject field (20).  

  Comprehensive investigations represent a criterion signifying that the researched subject is approached taking into account all its initial integrity and concreteness, composition from relatively autonomous components of   

heterogeneous quality (21).

20. See: Asimov, M.C; Tusunov, A. Current Tendencies of the Integration of Sciences. Moscow, 1984. P. 62-64 (In Russian).

21. See: Kudryashev, A.F. The unity of Sciences: Bases and Prospects. Sverdlovsk, 1988, P. 163 (In Russian).  

   Such an approach implies the presence of the synthetic inclusion and generalization of the accumulated material.

 Apart from that, the presence of general scientific means and methods of cognition, of the forms of knowledge, can also act as one of the criteria of the scientific knowledge.    

   On the whole, all the indicated criteria make it possible to estimate the achieved level of integration, overcoming of differences between the elements of science because this process plays a rather essential role in the further development of the scientific cognition and of the social progress as a whole.

    The integration of social, natural and engineering sciences plays the role of the creator of conditions for halting the growth of the destructive impact of man on the biosphere, for the creation of more favorable conditions of life for the human race and for the environment. 

   The heuristic and sociocultural significance of the integration processes.  It is due to modification, the interior structural transformation of science, taking place in the process of integration, that the further development of the scientific knowledge is effected. This takes place as a result of a change of style of the scientific thinking, the language structure, logic and methodology of the scientific investigation, and, widening of the fields and directions of the scientific quest, the basis of all which is integration.

   The scientific-integrative processes  have also a high sociocultural value. Thus, S.M. Eisenstein, one of the most prominent film directors of the 20th century, speaking about the further prospects of cinematography, emphasized the need for the unity, creative union of science and art. 

  “ We want to return the qualitatively differentiated and separatedly individualized into qualitatively relative.

   We no longer want to set aside science and art qualitatively.

   We want to compare them quantitatively, and following from this, to introduce them into a universal new kind of socially acting factor.”(22).

   In this case, it must be noted that the achievements of science and engineering realized in the 20th century were instrumental in developing such a notion and such a phenomenon of our time as “mass culture”, whose sources of origin, to a large extent, should be sought in the precipitously growing impact of science and engineering on all the aspects of the social and cultural life of the human being of today.

22. Eisenstein, S.M. Selected Works: 6V. Moscow, 1964, V.2, P.41 (In Russian)    

However, when speaking about the significance and large scale of the integrationist processes in contemporary science, the role of integration in the development of scientific knowledge should not be absolutized. 

   Integration is inseparably linked to the on-going and ever increasing differentiation of science. Since any process is realized through a system of contradictions and interrelations, then acceleration and widening of integrationist processes cause acceleration of differentiation. 

   This statement becomes even more obvious in case of science being considered as an open system. To describe self-organizing processes taking place in such systems, one turns to the qualitative theory of differential equations, to the theory of catastrophes and bifurcations. In this case, the processes of integration should be considered rather as one of the factors, control parameters, which exercise their influence on the processes of self-organization in science and ensure a differential development of the scientific system (23).   
   Thus, the integration and differentiation of the scientific knowledge form an inseparable procedural unity, determining the present and the future of science.

Section 2. Kinds of Sciences. 

   Introduction. In the contemporary science, the problem of classification (division by kinds of sciences) has a special place. On the one hand, there is a considerable number of various systems of dividing sciences by different kinds. On the other hand, the quality of the set of existent classifications does not satisfy the scientists. Creating new systems, on the other hand, raises difficulties, that are difficult to overcome, because one comes across the absence of theoretical and methodological means. And striving for                                denoting these means and using them leads, in its turn, to the lack of clarity connected with the ambiguity of the very notion “ classification”. In fact, “in science, there are no definite ideas about the classifications as a special phenomenon in cognition” (1).

23. See: Haken, H. Synergetics. Moscow, 1980; Progozhin, I; Stengers, I. Order from Chaos. Moscow, 1986; Ruzavin, G.I. Synergetics and the principle of self movement of matter//The Problems of Philosophy. 1984. #8, etc. (In Russian).

      All this allows us to speak about the presence in science of a serious classification problem. As Russian researcher B.M. Kedrov, who has dedicated to the problem of general classification of sciences about three decades, points out: “this problem, in all its volume of classification of sciences, is, in fact, little developed” (2). With that, in the conditions of active informatization of the process of scientific cognition, this problem is keenly felt both for the science as a whole, and for particular sciences. The absence of a unified general classification results from the fact that the developers of particular scientific classifications are not allowed finding the starting reference points, by which it would be possible to determine the structural outlines of their section and its place in the general system of sciences.

   In the opinion of V.I. Zhog and V.P. Leonov, the problem of classification of sciences depends on the insufficient analysis of the foundations on whose bases classification must be built. With that, inattentiveness of the researchers is not their “lack of foresight”, but a proof of the complexity of the given problem. This means that the problem of the classification of sciences is not just a complex problem, but a supercomplex one. Therefore, it is very important to elucidate the given question in full measure, to denote the specifics of the current understanding of the phenomenon, its history and peculiarities of the existing approach to the solution of this problem.

    The classificational movement is an effective form of the interaction of sciences on the questions of theoretical, methods, methodological, etc., enrichment of every concrete science through the achievements of the other sciences. In the interaction of sciences, according to K.S. Mitrofanova’s opinion, one may single out three stages, sequentially replacing each other: 1) “weak”, 2) “medium”, 3) “strong” interaction (3). The “weak” stage of the interaction is realized within the framework of the “information market” or conferences, where representatives of different sciences meet. This cooperation follows the principle of every researcher’s contribution to the common formulation of the classification problem. But such an interaction is not effective from the point of view of the classification work (however, this is a necessary stage). At the “medium” interaction stage, on the basis of the 

1. See: Classification in Contemporary Science. Novosibirsk, 1989,P.5(In Russian).  

2. Kedrov, B.M. The classification of sciences, 1985, P.525

3. Mitrofanova, K.S. Interaction of sciences in the classification problem// Classification in contemporary science. Novosibirsk, 1989, P.6 (In Russian). “weak” interaction that has already been realized, a common program of interdisciplinary research is set up, where classification will denote the result of the fixation of the role and place of each of the sciences in the general scheme of the cognition process. And, finally, at the stage of the “strong” interaction, representatives of various disciplines assimilate research traditions of the sciences with a developed theoretical apparatus. In fact, it is only the third stage of interaction that is capable of really allowing the construction of a real classification of sciences in the context of the philosophical comprehension of the given process. 

   The third interaction stage offers a possibility of understanding classification as a sociocultural phenomenon that is formed by the sum total of the normative systems. Classification is understood in this case as one of the more wide-spread ways of organizing memory cells (4). As in all the other arrangements of the social memory, at the basis of classification there lies a reproduction of an activity through imitation. Such mechanism is presented in the form of a relay race process, where activity acts and behavior make a chain, and each previous act is taken as a sample for imitation realized in the next act. Science represents a complex interaction of normative systems (which are, in fact, “relay races” in the process of imitation), which secures for it the reproduction of the samples of the investigated world, samples of research problems, operations, samples of the obtained products, etc.

   Classification, thus, is an interaction of a very large number of normative systems. All these normative systems were formed rather long ago and, with that, spontaneously under the action of a large number of difficultly controlled social factors. That is why following these traditions by the contemporary people, or, to be exact, by scientists, determines all the most characteristic features of a contemporary classification. But, since the denoted normative systems are important in the evolutionary terms, that is in the terms of their historical transformations, it is very important to show, how a change of the samples of a scientific investigation took place. It is important to show these changes in a substantive and formal way.

   Let us begin with a formal analysis.  Historically, the first formal classification was a way of organizing the social memory consisting of special rules of operating with it. The essence of these rules could be reduced to the following: the necessary content was withdrawn from the  

4. Rosov M.A. The problems of Empiric Analysis of Scientific Knowledge. Novosibirsk, 1977, P.192 (In Russian).   

memory, and, there was placed the acquired experience. Copying of the available information made vital the form of differentiation as a way of basis of the chosen criterion. At the same time, copying made also vital the form of representation of the singled out knowledge. Therefore, the unity of the two normative systems (forms) – differentiation and representation – became the main function of the social memory and generated the primary knowledge. Of course, it should be said that such an approach to classification could not be referred to science for a number of reasons. First, it does not denote the peculiarity of the scientific approach to cognition, and, second, science, as such, was not yet formed at the time, and, therefore, its classification could not yet be made. 

   As a second form of classification, historically, comes out the operation of division of notions, which, unlike the first form, could be formulated not by the immediate samples of an activity, but by specially developed and verbally formulated rules. By virtue of that, classification was linked to purposeful thinking activity. Such approach was manifested in the creative work of Plato and Aristotle. Both researchers came to the conclusion that in the process of classification it is necessary to rely on the ontologization of criteria on whose bases the classification is built.

   Historically, the method of the scientific investigation of the empirical natural history of the 17th–18th centuries became the third form of classification. Classifications of natural and social phenomena that had emerged spontaneously were accepted as convenient and effective forms of knowledge organization. Such approach paved the way for the emergence of a special cognitive problem of building a classification of the investigated phenomenon. Apart from that, there also appeared classified ontology, which is no less important. In classified ontology, a special presentation is given of the objects which it is very important to subject to classification procedure. Actually, classifications appear in the role of the main organizing factor of the development of science because the social memory began to be formed on the basis of independent disciplines as its cells.

   Historically, it was such a way as  theoretical work that became the fourth form of classification. This approach denoted the emergence of the classification problem, which means that classification as a way of the development of scientific knowledge could be created on the basis of theoretical construction of the objects of reality.  

   This is the way the process of classification of sciences is seen from the point of view of the formal analysis. Let us look at the substantive aspect of the evolution of the systems of the classification of science.

   On the history of the question of the classification of sciences. The question of the differentiation of the scientific knowledge was vital already in ancient times. The first variants of the division of sciences into kinds were known yet from the epoch of antiquity. Their authors were Plato and Aristotle. 

   Kinds of sciences according to Plato. At the basis of the classification of sciences according to Plato lies the principle on which his ontological conception is based. This is the principle of the division of reality into the phenomenal (perceived through senses, changeable, material) component and the component perceived through reason (invisible, ideal, immanent, permanent). This is how Plato characterizes this separation: “Things can be seen, but not thought, ideas, vice versa,, can be thought, but not seen” (5). 

   According to this principle of denoting a specific kind of being, a specific kind of cognition of this being is determined. Three mutually excluding fields of the world are singled out: true being, nonbeing, and the field of sensually perceived things (a mixture of being and nonbeing). The cognition sphere represents, accordingly, the fields of true knowledge, ignorance and opinion. The further differences are considered by Plato only regarding the two spheres: true knowledge and opinion (in the sphere of ignorance, Plato finds no differences). 

   The sphere of opinion is separated by Plato, on the basis of the difference of Nature’s things and entities as such, from the images and reflections corresponding to these things and beings. This means that there are forms of individual things and things themselves, which are understood as imperfect copies of the forms.

   In the sphere of true knowledge, Plato makes a division by the criterion of premiseness and nonpremiseness of knowledge referring to the objects of the world perceived by reason. The first division of the true knowledge relies on premises, for which sensory images are used with the aim of deducing corollaries from the premises. This field of knowledge embraces mathematical sciences, because those who engage in geometry and calculations assume that “they know what is odd and even, figures, three kinds of angles and so on. This they accept as points of departure, and consider it unnecessary to give an account of that either to themselves or to someone else, as if it were clear by itself” (6).

5. Plato. Works, V.3. Moscow, 1972, P.314 (In Russian).     

6. Plato. Works. V.3. Moscow, 1972. P.318 (In Russian
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   The second division of the true knowledge, which is based on knowledge without premises, is characterized by Plato as a dialectic ability of human reason. Reason does not pass its suppositions and its mental actions as something primordial. Contrary to that, such premises are for reason only a probability, a possibility. Therefore, reason realizes cognition as a result of mutual interrelations of ideas between themselves due to the fact that reason arrives from premises at such a beginning which has no similar premise.

   That is why the sphere of such cognition is recognized by Plato as premiseless, for the result of cognition does not depend on its source of origin. The sphere of such cognition is dialectics. Dialectics and mathematics are the highest and the truest of knowledge in Plato’s hierarchy of branches of sciences. 

   The next (second) rung of the hierarchy includes the sciences which study the sphere of the sensorially perceived world. These are the sciences which later formed the sphere of the natural history (or physics). And the third rung of the hierarchy is made up of sciences which study not the objects and beings of the sensorially perceived world, but only the reflections, images of those objects and beings in other objects and in the environment as a whole (ethics, politics, rhetoric, etc.). The knowledge of these two last rungs of the hierarchy is characterized by Plato as opinion, and not as truth. The knowledge of these spheres of science is imperfect due to imperfectness of its subject, which is an expression of a mixture of the true being (“ideas”), and nonbeing (“matter”). 

   However, according to Plato, the cognitive activity must embrace all cognition, for then the truth will be incomprehensible. The general scheme of science differentiation according to Plato can be depicted as it is made in Figure 1.

   Kinds of sciences according to Aristotle. Aristotle’s classification proved to be so serious and unique that it is possible to speak about its use until now. 

    From the viewpoint of content, the common task of all sciences, each of which is formed by means of its addressing to this or another kind of human activities, is in producing knowledge. But the knowledge of science is a special form of knowledge – the knowledge of causes. Aristotle writes: “Every science is searching for some beginnings and causes in relation to all the objects of cognition subject to it” (7). That is why Aristotle characterizes science by three peculiarities of world perception by man: reasonable, sensorial and volitional. From this, he singles out three large spheres of human activity: cognitive-theoretical, practical and creative (arts). On this basis, three kinds of sciences are brought forth: theoretical, practical and creative (as a matter of fact, Aristotle derives two kinds of sciences – theoretical and practical, but he also derives from the practical sciences the creative ones). 

   The specific nature of the theoretical sciences is their pursuing the cognitive activity for its own sake, and not for the sake of something else. Their aim is to establish the truth of being. As for the practical sciences, their peculiarity is their orientation to object-practical activity. As a matter of fact, the practical sciences must lead to the working out of general, guiding principles regulating the conduct of man. The creative sciences carry out cognition with the aim of achieving the useful, and for practical achieving of the beautiful. On the basis of such division, it can bee seen that at the basis of classification of sciences according to Aristotle there lies the principle of aim. All the sciences are divided on the basis of the difference of the aim to be achieved, which presupposes in a general expression a “categorical triangle” whose apexes express truth, good (useful) and beautiful.
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   While establishing the triple structure of the division of sciences, Aristotle deems it necessary to set them apart from the sphere of experience and crafts, as he sees in the latter the different kinds of productive-technical activity.

   Aristotle also makes use of the subject separateness of sciences as he asserts that the theoretical and practical sciences cannot be identical in their object of research. The theoretical sciences study the being, while the practical ones (particularly creative sciences) – study the beginning.

   Being (the present reality), at which the theoretical sciences are directed, exists necessarily, and, therefore, the knowledge of it is, in a known sense, eternal and inviolable. From here proceeds the specific nature of obtaining such knowledge (theoretical). The theoretical knowledge is the logically proved knowledge, and the theoretical science is a system of logically proved (and in this sense, necessary) truths. 

     The subject of practical and creative sciences is presented differently. Since their subject is becoming, then, consequently it has no necessary character, and is determined through the characteristics of possibility and probability. The practical and creative sciences are different from theoretical sciences also by the source of their activity. The practical and creative sciences are realized through their carrier, creator or practitioner, because in the sphere of their activity, it is important to know who creates, and not what is created, who performs an activity, and not what is performed, what is done.

   But, both the practical and creative sciences, according to Aristotle, have differences in their aims. The aim of the practical sciences is achieving good, of the creative sciences – beautiful. 

   However, Aristotle does not limit himself to the basic division of all sciences by the character of their aims, subjects and ways of investigation and the types of obtained knowledge inherent in them. He continues their differentiation already in the borders of the main kinds of sciences. Among the theoretical sciences Aristotle singles out three main disciplines: physics, mathematics and “first philosophy”. At the basis of the given division, there lies the principle of the specification (peculiarity) of each of the subjects of the theoretical cognition. According to Aristotle, “there are three kinds of scientific investigations: one is about the things stationary, another – about the things moving, but not perishing, the third – about the things perishing” (8). As “unmoving”, eternal there appears the reality as such, and the science 

  8. Aristotle. Works. V.3. Moscow, 1981. P.96 (In Russian).   

about it is the “first philosophy”. The “ things moving, but not perishing” are studied by astronomy, which is the “physical part of mathematics”. The “things perishing”, transient make up the study subject of physics.

   Some of the three main disciplines were connected by Aristotle with the other, more particular disciplines. Thus, with physics he connected psychology, with mathematics – astronomy, with the “first philosophy” – analytics (teaching of interpretation and topic).

   Among the practical sciences Aristotle singled out three main disciplines: ethics, economics and politics.   Ethics studies the principles of behavior of a 

human being as an individual. Economics researches the aspect of a rational organization of the economic activity (first of all, the organization of the household economy). Politics is directed on the study of questions connected with the existence of a human being in society, as well as the questions concerned with the aims of such reality of the rational organization of the state.

   The creative sciences, in the opinion of Wilhelm Wundt, are divided into rhetoric and poetics (9). Wundt orients to the existence of Aristotle’s works with the corresponding title. However, not all researchers agree on this point. Thus, for instance, A.F. Losev considers that Aristotle has no strict, consistent, brought to a logical end classification of the creative sciences. Again, after all, according to A.F. Losev’s opinion, the given fact bears witness to Aristotle’s finding the difference between poetry, oratorical art, music, etc. so obvious that he did not deem it necessary to bring up these questions as a subject of research. 

    On the whole, Aristotle maintains a unified approach to the differentiation of disciplines in the field of basic sciences, which allows us to ascribe to his classification a serious methodological substantiation. This can also be supported by the fact that Aristotle’s classification of sciences dominated in the sphere of philosophy for a long time (schematically the system of the kinds of sciences may be seen in Fig. 2).It is only in New Time that conviction emerges that this system of kinds of sciences is not sufficient in the conditions of the rapid growth of specialized fields of knowledge.

   The growth of natural history in the 16th–17th centuries made impossible joining many specialized sciences in one notion of physics. A revision of the classification was called forth, and it was carried out by Francis Bacon in the period from 1605 to 1623. His classification later became as canonical for modern history as Aristotle’s system for the Middle Ages.

9. Wundt, W. Introduction to Philosophy. Moscow, 1998. P. 47 (In Russian).    
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   Francis Bacon revises (to be more precise, modifies) the principle of classification on the basis of which Plato and Aristotle worked. He rejects the division of sciences on the basis of the difference of the kinds of spiritual activity, which were the reason for creating separate sciences. Different directions of the spiritual activity are characterized by Bacon as a subjective factor. These differences cannot serve as a basis for division of sciences because they are considerably broader than the scientific sphere. The spiritual abilities of a human being, in this case, lose their objective character. And, therefore, the scientific character can be set not through an aim, but through tasks. Tasks really contribute to the transition from theoretical ideas to a practical application of the scientific knowledge. Therefore, the most important criteria of the scientific knowledge become its applicability and usefulness, that is, the things that made the scientific knowledge practically applicable. Bacon transforms the understanding of Aristotle’s “practice” in two aspects. Firstly, he narrows it, assuming that every practical science needs a theoretical science as its basis. Secondly, he broadens it, if to take into consideration the fact that to each of the theoretical sciences there is added a practical science. In fact, this idea of Bacon proved very fruitful in the development of science as it denoted different levels of the process of the scientific cognition, as well as introduced a way of characterizing their relations according to the principle of dialectic interaction (as a unity and an opposite). Therefore, the further classification has only a theoretical character, when to the corresponding practical disciplines one adds theoretical ones and vice versa. 

   Since the kinds of spiritual activity have now a subjective character, and these are our intellectual abilities, then the basis of classification proceeds from the sphere of psychology. The latter, in the epoch of Bacon knew three basic kinds of intellectual activity: memory, fantasy and reason. It is from here that the three-member division of sciences originates, where the history of science corresponds to memory, poetry – to fantasy, the aggregate of explanatory science united by  the general notion “philosophy” – to reason. The further differentiation proceeds from the difference that is characteristic of the objects of investigations. In general, a scheme emerges which is presented in Fig. 3.

   Bacon’s classification held out up to early 19th century. This can be illustrated at least by the fact that French mathematician and philosopher Jean D’Alembert in his introductory article for the comprehensive French encyclopedia, for the first time after the English philosopher, undertook an attempt at establishing a new classification of sciences, in which he, in fact, retained Bacon’s classification. He changed only the order in Bacon’s system, advancing to the first place memory and reason and placing fantasy as the foundation not of the sphere of science, but of the sphere of arts.

   However, Bacon’s classification of sciences had some drawbacks. The first of them was that the subjective status of the kinds of spiritual activity gives only a one-sided estimation in the cognitive process, which, in its turn, leads to another drawback that is connected with the fact that within the framework of the scientific cognition, the parts of knowledge are divided that are inseparably connected with each other, and, vice versa, disparate parts of knowledge are joined in a common field. Such drawbacks can be clearly traced in the sphere of such spiritual activity as memory. It is obvious that the definition of history as “memory-science” is insufficient, because history is not only fixation of historical facts, but as a minimum, their interpretation (and this is, already, not a function of memory). Also, bringing together into a unified field the history of humankind and the history of nature does not appear to be organic, for the history of nature is closer to the sphere of natural sciences, and the history of mankind – to the sphere of anthropology in its individual and social components. Such drawbacks could no longer be overlooked from the level of the development of science in the 19th century. That is why new systems of divisions of sciences were called forth.

   Such attempts were realized in the activities of English lawyer and philosopher Jerimy Bentham (1829) and French physicist Ampère (1834). Both researchers rejected the principle of classification that was put forward by Plato (by the kinds of spiritual activities), and started dividing sciences exclusively by the objects. It was at the initiative of these researchers that a new system of classification emerged. It introduces a strict subdivision of all sciences into two global branches: sciences of nature and sciences of spirit. True, for a certain time there appeared a distortion connected with the fact that the sciences about nature had already acquired an independent status, and the sciences about spirit had not. But this was caused by the fact that the practical applicability of the sciences about nature was much higher than that of the sciences about spirit. 

   Almost simultaneously with Bentham and Ampère, French philosopher Auguste Comte (1830) creates his classification of sciences. In his work “A course of positive philosophy”, on the one hand, he agrees with Ampère and Bentham that one cannot differentiate sciences on the basis of human spiritual abilities, but, on the other hand, he finds it impossible to divide sciences by the specific nature of their objects (as he believes that the different properties of objects do not rule out their common properties which are similar to one another). Therefore, sciences cannot be classified in a dualistic way.
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   According to Comte, at the basis of classification there must lie the monisticafter it principle and linear order (10). At the start of a unified formation of
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 sciences, there must be these disciplines which study the most common properties inherent to all objects. Such a science is mathematics. It, in its turn, falls into the abstract and concrete parts. The abstract part is presented by analysis (general arithmetic), the concrete part – by geometry (the science about spatial quantities). After geometry, there goes mechanics (the science about the movement of bodies), after it – astronomy (the science about the world bodies and the world systems in their connections). Then, there follows physics (the science about terrestrial bodies and their particles), after it – chemistry (the science about the changes of qualitative properties of substances), next – biology (the science about individual life phenomena), and the given linear order is concluded by sociology (the science about society). (Schematically, the classification of the kinds of sciences according to Comte can be seen in Fig. 4). The given order has a dual sense:  upwards, subjectively in consecutive order, there grows abstractness; downwards, objectively, there grows the complexity of the objects’ properties. In Comte’s opinion, the human spirit is simpler inclined towards earlier cognition (abstract), and for investigating complex objects, there must be a reliance on the knowledge of simpler and abstract things.
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   However, Comte made in his classification a number of assumptions, which were denoted without fail by his followers. One of them, Herbert Spencer, noted that Comte had mixed the notions of “general” and “abstract”, and also ignored psychology’s claims to independence. Psychology, according to Spencer, should be singled out of biology, and sociology should be placed after it. In general, in his own classification, Spencer moved from a simple linear arrangement to a linear arrangement by groups. He singled out three groups: the abstract, abstract-concrete and concrete ones. The first (abstract) group embraces mathematics and abstract mechanics, the second (abstract-concrete) – concrete (physical)  mechanics, physics and chemistry, and the third (concrete) – astronomy with the adjacent to it geographical disciplines (geography, geology, geognosy), biology (physiology, botany, zoology), psychology and sociology. Schematically, Spencer’s classification model can be seen in Fig.5.

   But, in spite of a new principle of classification, Spencer makes the same errors as Comte. First, it is the fact that all the following sciences always presuppose the preceding ones as their bases, and, second, that sociology replaces a cycle of sciences (history, philology, law, etc.).

   The main criticism of Spencer’s scheme was expressed in the remarks concerning this system’s failure to correspond to the contemporary state of disciplines in science. It was Wilhelm Wundt who tried to point it out. He believed that in the historical classification attempts, only three branches of science became independent: mathematics, natural sciences and the sciences about spirit. From them, only specialized sciences really achieved a stable status. The same mathematics is referred either to natural sciences as an abstract branch, or as a supplementary one, or is not referred there at all. The sciences about spirit are either understood as a sphere of natural sciences, or as independent. In fact, there is no definite classification that would allow us to present clearly all the breadth of the spectrum of scientific research.

   Doing research in mathematics, Wundt draws attention to the fact that it does not limit itself to empiric analysis of reality, but is even capable of functioning far beyond the limits of experiment. Such peculiarity signifies that mathematics is interested first of all in the formal properties of the object. From here it follows that mathematics in its pure form cannot be subordinated to any other science. It forms its own independent field – the field of formal sciences, to which all the rest of the sciences can be opposed as real experimental sciences. Thus, all sciences can be divided into formal and real. To the formal sciences is referred pure mathematics in all its ramifications (arithmetic, geometry, theory of functions, set theory). Among the real sciences there belongs the aggregate of experimental  sciences. This aggregate is divided into two parts: natural sciences and sciences about spirit. Correspondingly, each of these two parts can be broken into two parts. This differentiation is caused by the peculiarity that natural sciences are connected with the notion of object, and the sciences about spirit – with the notion of product. This difference has the following sense: in nature, every separate object usually appears before us ready (in fact, complete), and only a research, due to which we are going deeply into the process, makes us ready to understand it from the point of view of its origin and evolution. Taking into account the peculiarities of such an approach, one can single out yet, in Wundt’s opinion, the third group of sciences on the basis of the given criterion. It appears that the world can be understood as a result (content aspect), as a process (evolution aspect), and as a product (system aspect). Because of that, in every of the branches of science, Wundt singles out disciplines of three types: phenomenological sciences (the sciences that investigate an object from the content aspect), system sciences (those which investigate an object in the object’s specification), and genetic sciences (which investigate the evolutionary aspect from the origin till the present moment and prospects). The scheme of Wundt’s classification of kinds of sciences can be seen in Fig.6.

   A very close to that of Wundt’s is the classification model presented in the works of the famous German philosophers Heinrich Rickert and Wilhelm Windelband. They also divide sciences into those about spirit and those about nature. 

   All the further attempts at classification make no cardinal revision of the basis that was developed by Comte, Spencer and Wundt. The difficulties of creating a new classification of the kinds of sciences are considered in the further contents of the chapter.

   The problem of selecting basis for a classification of sciences. Every scientist investigating the structure of science, as a rule, begins the process of differentiation of sciences with his own point of view. The concrete outlines of the contours of science are determined by the world outlook, scientific experience and the classification reference points of the researcher. From here, there follows an uncertainty in relation to the criterion that may be put at the basis of classification.

   In analyzing the problem of the bases of classification of sciences, one may come across a contradiction. It is connected with the fact that the bases for the research must be chosen for a certain aspect of investigation, and therefore, the cause and effect as if change places. For the bases are primary, and the system of theoretical knowledge under construction is secondary.
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But such a contradiction is easily removed, if it is seen as a dialectical unity. This will allow us to impart to the process of classification a normal character, and, therefore, to denote a more adequate picture of what is taking place. Therefore, it is on the basis of classification that what classification will be depends.

   Under the basis of classification one understands initial gnosiological premises, on which the researcher relies. Here belong scientific approaches (evolutionary, system and structure ones), methods (inductive,deductive, dialectic, etc.), principles (objectivity, development, etc.) and object’s attributes. The use of all these features can present significant difficulties as the choice of the classification basis is realized in the process of hypothetical consideration. And, in this case, the degree of probability of the right choice will not be too great. However, it should not be forgotten that any scientific cognition is not built on empty ground, but is carried out in the environment of knowledge, worked out scientific approaches, research methods, principles and established laws. And all of them have already passed an evaluation test. But in their substantiation, the scientific investigations that have already been carried out have a certain variety of original sources. Among these there can be various types of bases: genetic, functional, morphological, structural, attributive.

   Such a variety of bases (sources) of division of sciences into kinds, naturally, leads us to the question: how should the classification of sciences be built so that it would give us a clear idea about the real world? So far, this question is left without reply, because each from the bases creates a special picture of reality. This can be illustrated in the following analysis. 

   Classification on the genetic basis. This variant of differentiation of sciences proceeds from the condition that changes of the external environment demand from a developing object a new behavior. Its structure will grow more complex all the time, acquiring a great number of qualitative aspects and properties, changing by this the character of functioning of the internal elements. In this way, the given approach emphasizes the influence of the evolutionary factor on the development of the object, which is caused by a necessity for a historical analysis. This shows that the genetic basis of classification analyzes any object in the light of those changes which may happen to this object in the future.

   Classification on the functional basis. This variant of differentiation of sciences has an artificial origin, and is intended for a realization of a number of functions of science in society. The realization of a number of functions in the society depends on those evaluation reference points which are present in it, because these are really the evaluation factors that determine the level of demand that exists in society. Most often, the society is interested in the functional direction of the sciences from the point of view of their heuristic potential. It is not accidental that Aristotle also used the functional basis when differentiating sciences into three spheres: theoretical, practical and creative. In fact, the functional differentiation gives a picture of the place and role of science in society, and it gives the understanding of the mechanism of work and development of the given organism.

   Classification on the morphological basis.  This variant of the differentiation of sciences allows us to determine the morphological structure of an object. The morphological structure of an object includes the form and structure of the object. Denoting a morphological structure is realized by way of singling out  the components, as well as determining their positions in relation to each other, and the character of relations between them. The division on the morphological basis is characterized by the showing of the one-level structure of the object. This is where the difference of the morphological basis of classification from the structural one lies. In the morphological classification, the accent is made on finding out the degree of proximity of elements by structure and the character of their mutual influence. Thus, such a differentiation allows as us to follow how the development of one level (state) of object to another is carried out.

   Classification on the structural basis. This variant of differentiation of sciences is intersecting with the previous approach, as a research of the structural composition of sciences is impossible without their morphological analysis, at least as a starting point. The structural factor allows us to determine the “elementary construction”, “interrelations”, “levels of complexity”, “principles of organization” of objects. At the base of the structural classification there lies a general scheme of the hierarchical stepped structure of the object, connected with the recognition of the existence of the relatively independent stable levels, “nodal points” in the row of divisions of the world. Such approach defines sciences as general principles and as individuals. General sciences are built as complex formations, consisting of microsciences, which present a certain hierarchy. Sciences-individuals are regarded according to this differentiation through the character of interconnections. There can be two kinds of such interconnections: external (between various sciences), and internal (in the sciences themselves).

   Classification on the attributive basis. This variant of differentiation of sciences is built on singling out the characteristic properties of objects. The investigated object’s attributes could be recognized as such characteristic properties. The attributive differentiations of sciences are most wide-spread. This peculiarity is connected with the convenience of dividing science on the basis like this, as one comes in life across different objects, which are incompatible by their functions and structures, but which have common intersections. It is on these intersections that the attributive classification is built. The convenience of the attributive classification is caused by the visual clearness of the way of its functioning, since many attributes strike the eye and are obvious at once. From here, the most widely used and understandable kinds of differentiation of sciences by the attributive basis are abstract and concrete, one-profile and integrated ones, etc.

   Classification on the out-of-type (general) basis. These are plural variants of differentiation of sciences whose bases cannot be referred to either of the types indicated above. As such basis there come forward the principle of objectivity, the principle of differentiation of objects (it does not coincide with the principle of differentiation of sciences), and the inductive method. This way of separating sciences allows us to understand the dependence on and correlation of various general principles of thinking with concrete kinds of scientific-cognitive activity.

   The above-mentioned variability of the bases possible for differentiation causes great difficulties in its derivation. Therefore, a need arises for the solution of this problem, which is seen in the analysis of the contemporary achievements in understanding of science (that is, a review of the reasons for classification). 

   The Contemporary analysis of classification of sciences. Regardless of the problems that exist in selecting bases for the classification of sciences, the following analysis of the situation can be presented at present. 

   It is known that the sum total of the scientific knowledge (or, rather, of the publications) doubles approximately after every 10-15 years. Such growth of knowledge means that there is a very rapid increase in the number of published works which a scientist has to look through only in order not to fall behind the state of the art in his branch of science. But science is not stationary; it continues to get fragmented all the time. Therefore, the unity of the scientific knowledge is a real problem. And, it is a problem whose solution is not easy, since it is difficult to understand the essence of the “parti-colored mosaic” in scientific disciplines. Is it temporary, or is it permanent, is it caused by interior or exterior causes, etc.?

   Of course, the existence of a spectrum of the plurality of scientific disciplines is hardly accidental. Such a situation has serious reasons and deep bases. Therefore, a contemporary analysis of these bases is important. One of the variants of the analysis of these bases for the classification of sciences is offered by A.L. Nikiforov (11). He undertakes an attempt at classification on four bases: ontological, gnosiological, methodological and social. Let us consider this analysis in more detail.

   The ontological basis of the classification of sciences is built by way of revelation of the diversity of the forms of movement and kinds of matter. Nikiforov underlines that the present criterion proceeds from the assumed connection and dependence of the idea about the unity of the scientific knowledge and the idea about the unity of the world. The material nature of the world is a condition for the unity. The scientific knowledge is built around different aspects of the manifestations of matter, and, therefore, it includes all the information that is brought to one basis -- matter. And, in this sense, according to Nikiforov, the scientific knowledge is unified. But, the problem is not here, but, to be more precise, in how to classify the singled out aspects of knowledge by sciences and how it could be combined with the idea about the unity of science.

   As a factor contributing to a possibility of the classification of knowledge, there is the idea about the unlimited qualitative diversity of the world. From here comes a multiformity of kinds of knowledge about it. That is why, 
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according to another researcher, B.M. Kedrov, it is necessary to use the “principle of objectivity” (differences of objects) as a basis of classification of sciences (12). Then, the material world may be conditionally divided into three large fields: 1) the nonliving nature; 2) the world of living organisms; 3) social phenomena. The sciences whose objects belong to the second field of the material world investigate the process of life. The sciences, directed on the objects of the third field of the material world, study the processes of thinking, the forms of human activity, the processes that are characteristic of human communities and states. 

   The ontological basis of the classification of sciences presupposes such arrangement of the latter which focuses on the existing in reality a diversity of material objects, their structural organization, etc. In fact, every individual science is different from another by the specific nature of its object.

   At the same time, it should be said that individual sciences are not absolutely secluded in relation to one another. As the material world, regardless of the abundance of levels and forms of manifestation, presents their interactions, then different forms of scientific knowledge cross between one another. These intersections have both the genetic, and functional, and other character. However, the interconnection of sciences does not mean their unity. The interconnection between sciences is objective, it does not depend on a human wish, but it does not lead the science to the loss of its specific nature. Therefore, the interconnection does not do away with the need for the study of the specific nature of the object, but, vice versa, the specific nature does not do away with the need for interaction between sciences, as it takes place in reality. Thus, the ontological basis allows us to understand in the problem of classification the presence of two vectors: those of differentiation and interaction.

   Gnosiological basis is important in singling out  different kinds of sciences, because sciences study not only concrete objects, but also probability characteristics of these objects: identification of new objects, searching for new properties of already investigated objects, researching into a possible evolution of the object, etc. The gnosiological basis also allows us to show how one and the same object can appear as an object of investigation of different sciences, regardless of its belonging to the field of some concrete science. This property testifies that no single science is capable of embracing all the multiformity of an object. Therefore, idealization of certain object properties takes place, and this leads to its inferior reproduction in knowledge (scientific cognition is not integral in its investigatory expression). The peculiarity of such realization of scientific-cognitive quest, in the opinion of A.L. Nikiforov, is caused by the orientation to the method of ascension from abstract to concrete. And this leads to the need to see the world in such a way as to understand and cognize it the easiest. From here follows the clarity in the question about the necessity for using the gnosiological basis in science classification. For, before one starts the ascension from abstract to concrete, the world must be apportioned, the necessary properties of objects must be singled out and made into independent objects, etc. and, it is only after this that we can get down to the reproduction of the actual state of the world. 

   It is natural that a classification of sciences will express the human ability to idealize the objects of the real world, will serve as a reference point for the cognitive process. In a very good way such specific idealization is manifested in the analysis of the language of sciences. Of course, it is true that there exists a universal language of science, but it must, by no means be identified as the language of any specialized science, because, even if we use one and the same notion, its meaning will not be the same in the conditions of different sciences. In this way, the gnosilogical basis for the classification of sciences allows us to understand that the differentiation of sciences is a good possibility of the development of the cognitive potential of science.

   The methodological basis for the classification of sciences, as A.L. Nikiforov points out, is built on the analysis of the specificity of each of these sciences’  methods. It is obvious that the given basis may allow us to present more adequately the research ways and forms proper in different scientific disciplines. It is to be stipulated that there are also general scientific methods (induction, deduction, analysis, synthesis, observation, experiment and so on). But, the unity of science cannot be in the presence of universal scientific methods, the same as it cannot be built on the unity of the material world, or on the unity of language. It is unlikely that even general scientific method will be identical in different spheres of science. In connection with this fact, there are a number of reasons that explain an impossibility of such dependence. Firstly, there is certainly no such method which could be used in all sciences. The same experiment is not used everywhere. It cannot be used in history, linguistics, etc. An objection can be raised that there are universal philosophical methods, but due to their universality they can be used not only in science, but outside it. Secondly, let us assume that there are such methods no science can do without. But these methods, all the same, will never exhaust all the plentitude of the object under investigation. By the way, it is to a great degree for that reason that specialized sciences came to the conclusion that the general scientific methods must be augmented by their own ones. Thus, for instance, sociology makes additional use of such specific methods as questionnaires, polls, etc, history – the criticism of sources, etc. 

   The specific nature of the methods of particular (specialized) sciences is reflected and manifested in the specific instruments). Therefore, the differentiation of sciences is important from the point of view of the demonstration of various cognitive means, which in a clear way presents the given picture on the grounds of the methodological criterion (basis).

   In essence, all the three bases for the classification of sciences by different kinds, as is shown by A.L. Nikiforov, lead us to a very important result. This result can be denoted with the notion of incommensurability (noncorrelation). Incommensurability is manifested in how on the basis of different objects, difference in the idealization of objects,and difference in methodological approaches, it is difficult to find any reference points. They just do not exist. And though the classification itself has the character of necessity, it should be supposed that the search for a single basis will never cease. Nikiforov suggests introducing, beforehand, a new basis – the social basis. It is not new, moreover that the division of labor already served as a basis long ago. It is a different question, however, how in contemporary epoch, the structure of the division of labor influences the differentiation of science, and vice versa. 

   Science is, first of all, a social institution, an element of public structure. Science is social labor, therefore, in science, the division of labor is possible, which is consolidated in the peculiarity of the classification of science. As A.L. Nikiforov points out, in the history of civilization, it is always possible to trace in the evolution, the link between the system of division of labor and the structure of the kinds of scientific disciplines. Science itself emerged in the process of the third division of labor: into the physical and mental labor (the first division of labor was the division between cattle breeders and land tillers, the second – separation of crafts from all the kinds of production and emergence of cities). In the epoch of capitalism, a tempestuous development of industry prepared the ground for the specialization of labor, which, in its turn, told on the need for specialization in science as the ensuring factor of the social evolution. In the 20th century, the number of sciences increased by an incredible figure (it would certainly be difficult to carry out the calculation here). Many new sciences emerged, with their specific nature being in integration and differentiation manifestation. New sciences emerge on the juncture of disciplines, for instance, biochemistry, bionics, psycholinguistics, social psychology, socionomy, etc. Researchers also came to be divided on the basis of all kinds of multisignificant criteria: specialists in this or another period in history, region, country, a theoretician or practitioner, a fundamentalist or a person involved in applied research. 

   It is important also to take into account one more aspect denoted by the social justification of the classification. Namely, science as a social institution creates a distinctive hierarchy and a system of values, on whose basis there grows a demand for this or another form of scientific knowledge (or research into the objects of specialized sciences). The more a scientist and his research are in demand, the more vital is the science which he represents. 

   The indicated bases mean not only an analysis of the possible forms of manifestation of the multipolarity of the world as well as the scientific knowledge that reflects this dimensional plurality, but also the reasons, which tell us that singling out of different kinds of sciences is an inalienable factor of the development of science. Therefore, the statement that science represents a unity, the result of a somewhat indefinite comprehending of this notion. The same A.L. Nikiforov speaks about three possible interpretations of this term. The first meaning, which is put forward by a number of authors, is that the plurality of sciences should be replaced by one (through their merger). True, there is no such science yet, but it is possible. For instance, the famous French philosopher Jacques Derrida sees the universal science as grammatology (science of writing), which unite all the rest of the sciences. The second meaning is caused by such understanding of the “unity” that presents something common, inherent in every concrete science. For in any of sciences, the criteria of knowledge are the same: uncontradictoriness, empiric verifiability, etc. It is in this that the difference of science from the other kinds of sciences consists. The third meaning of “unity” in the scientific cognition is linked to the integrative and reduction processes. Thus, N.F. Ovchinnikov believes that the 19th century generated tendencies in specialization of sciences, but the 20th century vice versa, to integration, unity (13). But another researcher, specifically N.T. Abramova, disagrees with this opinion (14). She believes that in the 20th century, two opposing tendencies exist parallelly: to integration and specialization.    

   A.L. Nikiforov, whose approach is presented in this part of the textbook, does not agree either with the first or with the second assertions. He considers that the tendency of dividing sciences into different kinds is the
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 most important feature of science in general. As for integration, it is a conjectural process, which has a temporary and local character. Therefore, integration processes, even if they are successful, do not have a longtime character. And, to the contrary, the process of dividing of sciences into kinds (in the direction of further specialization) is continuous and fundamental because it allows denoting the peculiarity of human knowledge about the world more adequately.

   As for the unity, according to Nikiforov, it is a feature that is introduced by an extrascientific factor (myth, religion or philosophy). It has always been a form of human striving for transcendence (that is, going beyond the limits of the unknown, not given to us).   Therefore, classifying sciences by kinds is, first of all, a possibility of realizing oneself in any of the identified spheres of activity. Science, the same as any other sphere of activity, allows a person to find oneself, and, therefore, it is directed on enhancement of knowledge about the human being proper, on the expressing of the human being’s multidimensional essence. 

            Section 3. The Levels of Scientific Cognition.

   The peculiarities of a systemic organization of human knowledge. The scientific cognition is a complex, dynamic system. Its evolutionary development leads to the emergence of ever new levels of organization. As a result, a process of change, transformation of the scientific knowledge levels laid down earlier takes place with the emergence of new ways and methods of theoretical and experimental research. The strategy of the scientific quest changes. To conceive the regularities of the evolutionary development of science and of scientific knowledge, it is necessary to reveal their systematic organizational structure. 

   First, in its developed forms, science presents discipline-organized knowledge, where separate branches – scientific disciplines (mathematics, natural sciences, technical and social sciences) appear as relatively autonomous, but interacting between themselves subsystems. 

   Second, the system of the scientific knowledge of every discipline has a heterogeneous structure. It includes into itself various forms of knowledge: empirical facts, laws, principles, hypotheses, theories, etc. All these forms of knowledge can be referred to two main forms of knowledge organization: the empirical and theoretical. And, correspondingly, two types of cognitive procedures generating this knowledge can be identified. 

   Empirical research is linked, in a complicated way, to the development of theories. It is impossible to carry out a test of a theory on the basis of facts without taking into account the previous influence of the theoretical knowledge on the formation of the experimental facts of science. Thus, when resolving the problem of interaction of theory and experiment, it is necessary to consider the interrelations of empirical facts with the system of theories that make up the scientific discipline. In this case, the analysis of the theoretical and empirical levels of a scientific discipline appears as the first and necessary step in the process of analysis of the entire structure of the scientific investigation, for these levels present complex systems including a whole multiformity of types of knowledge and cognitive procedures generating them. 

   The fixation of these levels of the scientific cognition makes up the main programs of the traditional epistemology (theory of scientific cognition): empiricism and rationalism. According to doctrinal plans of radical empiricism, the basic task was seen to be in an inductive derivation of true knowledge of nature from sensorial experience. In the doctrinal aspect, as is noted by Russian researcher of this question A.V. Kezin, radical empiricism has not progressed since the times of David Hume (24). At the same time, empiricists have set before themselves many times the task of conquering the first place in the system of science. The most audacious from these attempts was undertaken in the first third of the 19th century in the form of positivism. Nevertheless, that attempt proved to be a failure as well. 

   The empirical and theoretical level of cognition: the difference of determining characteristics. The basic doctrinal task of rationalism consisted in a deductive derivation of knowledge from “intuitively clear”, “distinctive”, “innate” general ideas.

   Considering the empirical level of cognition, it can be stated that only single assertions about objects in terms of sensory data can be regarded as doubtless, but this cannot refer to general assertions about the future. Even the simplest generalizations of the type “The grass is green” contain more cases than the subject of the generalization can really observe.

   It was in positivism of the 30s of the 20th century, in the works dedicated to the analysis of the language of science, that a sufficiently clear fixation of the theoretical and empirical levels of cognition was made. There, the difference was highlighted in the meanings of the theoretical and empirical
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terms, means of research, as well as the difference in the specific nature of the methods and character of the objects, etc. Let us take a closer look at these differences:

   First, empirical research is based on a direct, practical interaction of the researcher with the object under investigation, which presupposes carrying out observations, and experimental research activity. That is why the means of empirical research include devices, investigations and other means of observation and experiment. In theoretical research, there is no direct practical interaction with objects. The object is studied only indirectly, in a mental experiment, but not in a real one;

   Second, a difference is made between the notional means of empirical and theoretical research. The empirical language of science has a complex organization, where the empirical terms and the terms of theoretical language interact.

   A peculiarity of the empirical terms, as is pointed out by G.I. Ruzavin, V.S. Stepin and others, is that they reflect special abstractions – empirical objects, which are not identical to the objects of reality. Empirical objects are abstractions reflecting in reality only a certain set of properties and relations of things. Such understanding is caused by the fact that in empirical cognition, real objects are presented as ideal objects that have a strictly fixed, limited number of attributes due to a continuous movement and interaction with other objects (25).

   At the basis of the theoretical language, there lie theoretical terms reflecting theoretical ideal objects (or idealized, abstract objects, and theoretical constructions). These objects represent a logical reconstruction of reality. They can be endowed not only with the attributes of the real objects, but also with those which no such object has. Examples of such ideal objects are a material point, absolutely black body, ideal commodity, which is exchanged for another commodity in accordance with the law of value, etc. (26).

   Third, in reality, it is impossible to separate the essence of an object from the phenomenon. The essence of an object is manifested through an interaction with another object. In theoretical research, the task consists in cognition of the essence of an object in pure form. Introduction into theory of abstract, idealized objects allows us to solve this problem;
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  fourth, the empirical and theoretical levels of cognition are characterized by a different method of investigatory activity. In empirical research, a real experiment and observation are made, which compliment the methods of empirical description oriented to the removal of subjective layer features for the creation of an objective characteristic of the phenomena under investigation.

   The theoretical research is characterized by different methods: idealization (the method of construction of an idealized object); a mental experiment with idealized objects which, to a certain degree, replaces a real experiment with real objects; special methods of building a theory  (ascension from abstract to concrete, axiomatic and hypothetical-inductive methods); the methods of historical and logical investigation, etc; 

   fifth, the difference in means and methods of research on the empirical and theoretical levels is connected with the specific nature of the object of research at either of these levels. It is caused by the difference of the object sections, difference of the aspects of research at each level, even if the research deals with the same objective reality. Empirical research in its basis is oriented to the study of phenomena and dependencies between them. Here, essential links are revealed in the phenomena, but are not brought out in the pure form as is the case on the theoretical level of cognition, where the object’s essence is presented by indicating the line of laws observed by the object. The task of the theory is, on dismembering the complex network of laws into components, to recreate their interaction, thus revealing the object’s essence.

   As it has already been pointed out above, the empirical cognition is capable of revealing the action of the objective law, but, while studying concrete real phenomena and connections between them, it fixes them in the form of empirical dependencies, which differ from a theoretical law. The empirical reality is a result of inductive generalization and presents probability knowledge, and a theoretical law is always trustworthy knowledge, which requires special research procedures to be obtained. As it is pointed out by V.S. Stepin (27), an increase in experiments does not make an empirical dependency a trustworthy fact because induction always deals with unfinished, incomplete experience. It does not matter how many experiments were carried out and generalized, simple inductive generalization of the experimental results does not lead to the creation of a theory. A theory is not built by way of inductive generalization of 
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 experience.

   When making a distinction between the empirical and theoretical levels of the scientific cognition by the object, means and methods of research, it should not be supposed that this distinction is present in the real research activities of the scientist. Singling out and independent consideration of each of them presents an abstraction. In real research, these two layers of cognition always interact. But clarification and analysis of the structure of each level of cognition, and determination of their interactions allow us to specify ideas about the structure of the scientific activity, for both the empirical and the theoretical levels have a complex systemic organization. In the structure of these systems, special layers of knowledge and cognitive procedures generating them may be disclosed.

      The interior structure of the empirical research. Examining the interior structure of the empirical research, the presence of two sublevels can be established: 1) Observations and experiments that make it possible to obtain some observational data; 2) Cognitive procedures that allow us to pass from observational data to empiric dependencies and facts. The singling out of these sublevels is linked with the distinction between the observational data and empirical facts, which was established in the positivist philosophy of science of the 20s-30s of the 20th century. Due to logic, empiricism got at that time a new lease on life. With the help of new logic, representatives of positivism Ludwig Wittgenstein, Rudolf Carnap, Bertrand Russell, and others considered it possible to reduce all knowledge, to bring it down to the observational terms with the help of logical-mathematical means. Particular scrupulousness in the matter of the logical reconstruction of the sensorial experience with the aim of achieving its “purity”, and, thus, ensuring the strength of this foundation of cognition, is characteristic for the research of Rudolf Carnap. He introduces the notion of “elementary experience”, under which he understands unorganized individual experience at a certain moment of time. The main relationship connecting the plurality of elementary experiences is recalling the similarity. The similarity of elementary experiences forms the “circle of similarity”,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         from which the notion of “sensory quality” is derived. This quality is presented by elementary experiences that form the “class of qualities”. Carnap tried to reconstruct logically the five senses. Every sense in his interpretation is a large class of qualities which are linked to each other with a chain of similarities. The five senses are separated from one another by a break in the chain. Every sense has a different number of dimensions. Sight, for instance, has five dimensions: two spatial and three color ones (hue, brightness, saturation). The dimensions are determined mathematically. Then, the two-dimensional visual field is projected on the three-dimensional space. However, all these brilliant and refined procedures failed to bring Carnap to the desired results. 

   As a result of the discussion about what can serve as an empirical basis of science, the assumption that these are the direct experimental results – the observational data, was rejected. 

   The observational data in the language of science are expressed in the form of special statements – notes in the observation records, which are called sentences of the experiment record. In the observational record, the data is contained on who was observing, the time of observation, description of the equipment, if any was used in the course of the observation. The sentences of the following type: “NN observed that after the pressure increased, the indicator of the device showed figure 7”, “NN observed a change of the color of the solution AB in the test-tube after an increase of the concentration of substance A”. 

   In sociological polls, in the role of observation record a questionnaire is used with the response of the pollee. 

   The analysis of the meaning of the sentences of the observation records has shown a high content of subjective impositions, for they contain not only information about the phenomena under investigation, but include also the errors of the observer and equipment, the effect of the exterior facts, etc. As is pointed out by Michael Mulkay, “one of the fundamental conclusions of psychologists is that observations can never be as passive as is required by the standard conception of science” (28). Thirst for power, money, prestige, etc. affect the intellectual bias of the scientists. Besides, as it was noted yet by Aristotle, surprise presents an important factor, which actively influences the activity of sciences. Therefore, the problem of search for and identification of forms of empirical knowledge, which would have intersubjective status and contain objective information, found its solution in putting forward another empirical basis of science. In this capacity, there comes forward an empirical fact.

     Facts are fixed in the language of science in the form of statements like: “acceleration acquired by a body depends on the force acting in it”, “during the past calendar year, more boys were born in the city than girls”, etc. The distinction between the expression of the observational data and the empirical fact is obvious. It follows the line of removal of the influence of 
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the cognizant subject on the results of the observation. But it is here that a problem arises: how can the transfer from the observational data to empirical facts be made, and what the objective status of the latter guarantees? Working on this range of problems within the framework of the positivist philosophy and the methodology of science did not bring about a final solution.

   In the works of the Russian philosophers of science, such as V.S. Stepin, M.A. Rozov, V.G. Gorokhov, G.I. Ruzavin and others, another, the activity-based approach to the consideration of the structure and functions of the empirical knowledge and its sublevels is presented. 

   In analyzing the structure and functions of the scientific observation, they establish its activity-based character, for carrying out an observation presupposes its preliminary organization and exercising control in the course of this process. Particularly clearly, the activity-based nature of the empirical research is manifested when carrying out an observation in the course of a real experiment. By tradition, an experiment is set off against an observation outside an experiment, but V.S. Stepin and others, without denying the specific nature of these kinds of cognition, point out their common generic attributes, which are follows:

   first, in the activity-based attitude of the subject to object in the process of carrying out the observation and the experiment;

   second, not only in the experiment, but also in the process of the scientific observation, nature is presented to the observer not in the form of contemplation, but in the form of practice. The researcher always singles out in nature, or creates artificially from natural materials, a certain set of objects, each of which is fixed according to a certain set of attributes and is used as means of observation and experiment;

   Third, the means of experiment and observation (that is a certain set of objects artificially singled out by the researcher) in relation with the investigated object make up the structure of the systematic observation and experiment, which in the process of cognition passes from the original state to the final one through the interaction of the investigated object, with the means of the observation, or experiment. 

   What served as a ground for such conclusions?

   1) When considering the subject structure of the experimental practice, in the opinion of V.S. Stepin, one can denote its presentation in two aspects: a) as an interaction of objects following natural laws, b) as an artificial man-organized action.

   In the first aspect, we can consider an interaction of objects as a certain aggregate of links and relations of reality, where not a single of these links is actually singled out as investigated. In this case, any of them may appear as the object of cognition. Taking into account the second aspect allows us to single out this or another link in its relation with the aims of cognition and, thus, fix it as the object of research. Then, explicitly or implicitly, the totality of the objects interacting in the experiment will be organized into a system of certain relations, where a number of their real connections appears to be nonessential. Only a certain group of relations that characterizes the studied past of the reality will be singled out functionally, That is, conducting an experiment with certain cognitive aims requires from the subject carrying out a certain organizational activity directed on an artificial limitation of manifestations and links of the objects interacting in the experiment. 

   By setting before ourselves certain cognitive aims we come across a similar situation also in the case of carrying out an observation.

   Scientific observations, being purposefully organized, must be carried out on a systematic basis, because, it is only in this case that these or other regularities in the manifestation of the functional properties of objects of the surrounding us reality may be singled out. Accidental observations, even though they may give an impulse to a discovery, must then become systematic, so as to become the basis for identifying certain regularities. It is necessary because we deal with a constantly changing reality and our status of observers also changes in space and time. For that reason, in carrying out an observation, we can fix these or other regularities in manifesting of the functional properties of objects only through carrying out systematic observations, through singling out essential, obvious properties of objects and abstracting from nonessential ones.

   2) It is obvious that both in experiment and in observation, the fixation of the essential properties of the interacting objects is possible only on the basis of a preliminary determination of these properties in the course of practical using with the purpose of establishing the object’s properties. Carrying out this operation allows us subsequently to reproduce stably the indicated object’s properties both in the conditions of a future experimental situation, and in the course of a systematic observation. For example, in the experiments on the study of the oscillations of a pendulum, the Earth appears not just as a natural body, but as a distinctive artificially made object of human practice, since for the natural object “Earth”, the given property of a pendulum – oscillation – does not present anything extraordinary as compared with other properties. The oscillatory property of a pendulum, while existing in reality, comes to the foreground only in the system of a certain human practice.

   Therefore, the specificity of the experiment consists in that the experiment presents a form of natural interaction of Nature’s fragments, which are presented in it as objects with functionally segregated properties. Moreover, in the advanced forms of the experiment, such objects are constructed artificially. Here belong first of all device installations with whose help experimental research is made. For instance, in contemporary nuclear physics, these could be installations emanating beams of particles stabilized by certain parameters (energy, polarization, pulse); the targets bombarded by these beams; devices registering the results of the interaction of the beams with the target.

   A similar situation is characteristic also of the process of observation. For example, already in the 4th century B.C., in Egyptian and Babylonian astronomy, there appears the zodiac, consisting of 12 sections of 30degrees, as a standard scale for describing the movement of the Sun and planets (29). The use of the zodiac constellations in the function of a scale turns them into means of observation, a distinctive arrangement that allows us to fix precisely the changes of the positions of the Sun and planets. Besides, as the mathematical methods penetrate into astronomy, the graduation of the firmament becomes more precise and convenient for taking measurements. 

   3) Since the ultimate aim of the natural sciences research consists in finding the laws, singling out essential links of objects, which govern natural processes, and on their basis, forecasting possible states in the future, then the subject of research, globally, appear essential links and relations of natural objects. On the theoretical level, they are reflected in a pure form through a system of corresponding abstractions. On the empirical level, they are studied by their manifestation in directly observed effects. By concretizing the global chain of cognition for each of its levels, it can be noted that in experimental research, the chain of cognition appears in the form of specific tasks which are brought down to determining how some original state of the investigated fragment of nature in fixed conditions gives rise to its final state. With the aim of solving such local cognitive task, a special subject of study is introduced, in whose capacity there appears the object the change of whose states is being followed in the experiment.

   In case of carrying out systematic observations, we come across a similar situation. Determining regularities is the result of a complex course from a chance registration of the new phenomenon to the finding of the basic conditions and the nature of its origin through a series of observations. In 
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this course, the organization of a series of systematic observations, in fact, appears as a quasiexperimental activity, because it presupposes identification of the properties of the objects of nature, which will be described by the researcher, and a clear fixation of the object, the change of whose states will be studied in the process of the observation.

   The specificity of the interaction of the theoretical and empirical levels of knowledge in the process of cognition. Here, the following circumstance should be noted: carrying out of systematic observations presupposes the application of theoretical knowledge, since knowledge is a condition of determining the aims of the observation. The researcher relies on the aims of the research when he tries to fix objects with strictly certain properties, so that in the future to carry out observations over their development and interaction. In this connection, English sociologist and philosopher of science, Michael Mulkay, remarks that the results of a scientific observation are caused, to a great extent, by quite concrete and specific actions of the scientist, for “the observer himself calls to life dynamic sequences of signals and himself reacts to them” (30). The results of a direct observation are correlated by the scientists with the theoretical notions that are already given before the experiment, and are interpreted in accordance with them. As V.S. Stepin, L.M. Tomilchik, G.I. Ruzavin and others point out, to the greatest degree this dependence is revealed in the process of forming empirical dependencies and facts (31). But, so far as this process presupposes the elimination from the observations of the subjective features contained in them, such as, observer’s errors, chance interferences, equipment errors, etc., so as to achieve trustworthy objective knowledge about phenomena, then a similar transfer must envisage following, as a minimum, two cognitive procedures: 

    First, rational processing of the observational data and searching in it for a stable, invariant content. This includes the process of comparing the data of numerous observations, singling out from them the repeating attributes, and removing chance disturbances, and errors connected to the errors of the observer. If, in the process of observation, measurements were made with registration of data in the form of figures, then, to obtain an empirical fact,
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statistical processing of the measurement results is made with the aim of searching for average statistical values from the plurality of data. It must be noted here that measurements allow us to regulate the information about the process under research more strictly, to make it more trustworthy and sufficiently unambiguously understood. Measurements make it possible to introduce into the research mathematics, which presents one of the most important forms of expressing the laws and regularities of being.    

   If, in the observation, there was used equipment, then alongside with the records of observation, the records of device testing are made, where the equipment’s possible systematic errors are fixed. The instrument errors are taken into account during the statistical processing of the observational data. They are eliminated from the observations in the process of the search for their invariant contents. As a result of this operation, not only a unity of the accumulated knowledge is achieved, but the degree of its trustworthiness is increased.

   Second, to establish a fact, the invariant content found in the observations must be interpreted, for which, the theoretical knowledge acquired previously is used.

   Thus, in forming a fact, there takes place theoretical knowledge, which was checked earlier independently. Here, new facts may serve as a basis for development of new theoretical ideas and notions, and, in their turn, on becoming trustworthy knowledge, they can be used in the procedures of interpretation during empirical research into the other fields of reality, and forming new facts. 

   A similar point of view about the theoretical loading of the empirical basis found its multiform conceptual presentation in the theory of paradigms by Thomas Kuhn, science research programs of Imre Lakatos, etc. 

   A great number of examples of close interaction of the empirical and theoretical knowledge may also be found in the history of formation of scientific cognition. One of such examples connected with the development of the electromagnetic theory is adduced by the famous French physicist, Louis de Broglie, in his work “Along the Paths of Science” (Moscow, 1962, In Russian): “As is well-known, the works of Heinrich Hertz attracted a serious attention of physicists to Maxwell’s theory. Hertz not only fashioned Maxwell’s theory into a more simple and harmonious mathematical form than that given by the author, but, with the help of a well-known experiment, he established that electric oscillating systems irradiate electromagnetic waves whose properties are fully analogous to those of the light waves and thus, he placed an experimental basis under Maxwell’s assumption of a genius, according to which light waves are only a particular variety of electromagnetic waves, corresponding to a certain interval of values of wave lengths”. (32).

   Noting the value of both experimental and theoretical principles of cognition, Russian researcher Yu. V. Sachkov points out the specificity of their mutual existence and interaction, which, in his opinion, consists, on the one hand, in their irreducibility to one another, and on the other hand, in their nonseparableness from one another. “Experimental principle practically presents distinctive sensorial analyzing of reality. It is experience that presents primary, base data (facts) which form the foundation of science. The theoretical analysis aims at description and explanation of the experimental data. Theory reveals connections in the world of sensory perceptions and, in this way, imparts sense to them. An active mutual penetration of the experimental and theoretical principles in cognition is the expression of the fact that a human being cognizes with hands and head on the basis of a synthesis of a material action and freely developing thought. As the main, most significant result of such an interaction of the experimental and theoretical principles of cognition there is the development of a scientific theory as a relatively integral and closed system of knowledge about the processes under research” (33).

   A similar point of view is characteristic not only for the Russian philosophy of science. Limited cognitive possibilities of the empirical level of the scientific cognition manifested themselves and became obvious already to the philosophers of ancient Greece. Those limitations gave an impulse to the search for and justification of other principles of cognition. A well-known researcher of science, Stephen Toulmin, in his work “Human Understanding” (Moscow, 1984) writes that a search for an “impartial rational point of view” has been one of the initial points of the entire Western philosophical tradition. Already Heraclitus maintained that the  evidence of senses refers only to specific moments and states, and so as to judge about contradictions in this evidence we need some more constant theoretical principles. ‘If besides, such changeability and accidentality undermine the bases of language, as Kratylos concluded following him, then we, in addition, need some more constant criteria so as to guarantee the 
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commonly accepted meanings of words” (34). That is why, Toulmin remarks farther, “a rational need for an unbiased point of view remains urgent and justified. The choice is still the choice between the use of a superior force and respect to an impartial discussion, between authoritarian imposition of opinions and the inherent authority of well-substantiated arguments” (35).

     To a large extent, the domination of the last mentioned circumstance determines the role and significance accorded to theory in scientific cognition.

   The theoretical level of the scientific knowledge. Coming over to an analysis of the theoretical level of cognition, it is possible, initially, to single out here the presence of two sublevels (36).

   The first level is formed by individual theoretical models and laws that appear as theories revealing the essence of a sufficiently limited field of phenomena.

   The second sublevel is formed by developed, universally significant and fundamental scientific theories, including individual theoretical laws as corollary of fundamental theories. 

   Thus, laws and theoretical models characterizing separate kinds of mechanical movement, such as Kepler laws on the movement of planets around the Sun, Galileo’s laws on the free fall of bodies, etc., may appear as examples of theories of the first sublevel, and the theoretical laws of Newton’s mechanics, which had summarized all this theoretical knowledge, appear as an example of developed theories referring to the second sublevel of the theoretical knowledge. 

   But, it should not be assumed that in theory there is a linear, organization of abstract objects and, correspondingly, of the levels of the theoretical knowledge. The interior organization of the network of theoretical constructs, as was shown by one of the famous foreign researchers, Henry Margenau, includes various, relatively independent subsystems, interacting with one another. At the same time, singling out the indicated levels is linked to the role played by this or another network of abstract objects in determining the specificity of the given theory. It is according to this factor that there are singled out a network of objects that form a fundamental theoretical scheme, and a network of abstract objects that form individual 
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theoretical schemes, which concretize the fundamental scheme and ensure the transfer from the consideration of general characteristics of reality to the consideration of concrete types of interaction.

   Besides, the theoretical knowledge at each of its sublevels represents a double-layer construction consisting of a theoretical model and a theoretical law that is formulated on its basis.     

   The theoretical model presents an aggregate of abstract objects (theoretical constructs between which strictly determined links and relations have been established). It is in relation to these abstract objects of the theoretical model that the theoretical laws are formulated. That is why, a theoretical law can be used in explaining the real situation of an experiment only in the case if the theoretical model has been justified earlier from the point of view of its ability to depict essential links of the reality, which are manifested in similar situations. From this point of view, the discovery by Werner Heisenberg in 1927 of the ratio of uncertainties (the uncertainty principle) demonstrates an example of a substantiation of a theoretical fact on the basis of the creation of a theoretical model from abstract objects. This ratio refers in its simplest form to the situation when we have a material particle with mass m moving in space; let it be one-dimensional space R with coordinate x at velocity v. Then, as was proved by Heisenberg, in quantum theory, if we are trying to measure a coordinate and velocity, we cannot measure them simultaneously to any degree of precision. Between the errors of measurement Δ x and Δ v of these variables there is a mutually inverse ratio, Δ x∙ Δ v ≈ h/m, where h is Planck’s constant. 

   Planck’s constant is what characterizes our entrance into the quantum world. If it equals zero, then we are in the world of classical physics. The objects of the macro and mega worlds are so high that Planck’s constant may be considered as equal to zero. For electrons and atoms, this is already not true (thus, for an electron   h/m ≈1cm² (sec.). The existence of such a ratio is connected with the fact that quantum particles display simultaneously also the wave properties, with the wave length λ linked to the particle velocity v   by de Broglie’s ratio: mv=h/λ, which includes Planck’s constant (37).

   Thus, we see that the given ratio was derived on the basis of building a theoretical model that included into its structure such abstract objects as a material particle, one-dimensional space, coordinate and Planck’s constant. On the basis of considering this theoretical model, the relationship Δ x∙Δ v ≈ 
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h/m was determined. 

   An interpretation of this situation allowed Niels Bohr (38) to formulate a new, theoretically derived relationship, which consisted in the fact that we have different devices for measurement of the coordinate and velocity. But these are not just different devices. By measuring either one variable, or another, we are in different experimental situations, which cannot be brought together. These situations are additive: either we look through the microscope and localize as precisely as we can the position of an electron, or we place a diffraction grating and try to measure the wave length λ to determine velocity.  

   As another example, one can adduce the theory of the hydrogen atom advanced by Niels Bohr in 1913. Even though all the basic properties and dependencies between theoretical objects in the process of building this theory could be expressed purely mathematically with the help of three Bohr’s postulates, to facilitate reasoning, a visual model was built, in which the hydrogen atom reminds the solar system, in which a solitary electron rotates around the nucleus.

    The given examples demonstrate one characteristic peculiarity of the theoretically developed scientific disciplines, such as physics, chemistry, etc. – namely the use of quantitative methods of research. The laws of these theories are formulated in the language of mathematics. The attributes of abstract objects that produce theoretical model are expressed in the form of physical values, and the relations between these attributes – in the form of connections between the values, that enter the equation. Here, the theoretical model, performing the role of the basis of interpretation of this or another mathematical formula, allows, us in this way, to unfold the contents of the theoretical model by means of solving the equations and by the analysis of the results. Through revealing all the richness of connections and relations laid in the theoretical model, it is possible to achieve acquisition of new knowledge about the investigated reality. 

   A significant role accorded to the theoretical models in the process of developing theories and formulating laws, their interconnection with the corresponding mathematical formalism calls for separate singling out and consideration. Therefore, such models are denoted as theoretical schemes, for they play the role of the schemes of objects studied in a theory. Besides, in many respects, it must be done so as to distinguish theoretical models from the other types of models (natural, analogue, sign, probability models, and others), some of which serve as a means of building a theory, but are not
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included in its structure (39).

   In accordance with the indicated sublevels of the theoretical knowledge one can speak about the theoretical schemes in the structure of the fundamental theory and in the structure of individual theories. Their distinction consists in that at the basis of the fundamental theory there lies a theoretical scheme built from a small set of base abstract objects, which are constructively independent of each other. It is in reference to this scheme that fundamental theoretical laws are formulated. As for the individual theoretical schemes, they are subordinated to the fundamental one, but they may have an independent status in relation to each other. For instance, mechanics is distinctly presented by a few, relatively independent departments: mechanics of small oscillations, of solid body revolution, etc., which make up the fundamental theoretical scheme. In their turn, each of the departments is formed by a system of its specific objects; in the mechanics of small oscillations, it is “amplitude”, ‘period of oscillations”; in the mechanics of solid body, -- “the chief moment of inertia”, “the momentary axis of revolution”, etc. They form individual theoretical schemes. 

   Speaking about individual theoretical schemes, it is necessary to emphasize the specificity of the abstract objects that form it: 1) they can be constructed on the basis of abstract objects of the fundamental theoretical scheme, appearing as their modification. Apart from that, in connection with the fact that theory does not present a linear organization, then the building of individual theoretical schemes and equations connected with them can precede the formation of a developed fundamental theory. Moreover as V.S. Stepin points out, a parallel existence is possible of individual theoretical and fundamental theoretical schemes describing one and the same field of interaction, but from alternative positions (40). This, for instance, is characteristic of the period of the development of the electromagnetic theory (See: Kuhn, T. The Structure of Scientific Revolution. Moscow, 1977), when a great number of theories explaining the phenomena of electricity and magnetism were advanced. For instance, Faraday’s theory, whose scheme was based on the idea of close action, and that of Ampère, whose idea was based on the principle of remote action.

   The alternative schemes, as it was shown in the works of Russian and foreign researchers, such as Thomas Kuhn, V.S. Stepin and others, after the
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fundamental theory is formed, are either discarded or included into its structure in a transformed way;

    2) some of them play the role of the basic objects of the theory, the others may be introduced relatively independently from the other abstract objects of the individual theory.

   Thus, a developed scientific theory presents a complex, hierarchically organized system of theoretical schemes and laws. 

   The Functions of a scientific theory. A scientific theory finds its concrete manifestation in those functions that are performed with its help in the process of scientific cognition. Some of the most important functions of a theory can be ensured. These are: 1) informational, 2) systematizing, 3) prognosticatory, 4) explanatory.

   1) The informative function of a theory is expressed in obtaining the necessary information about the surrounding world, which makes up the task

of every process of a scientific investigation, whether this is an observation, an experiment or a theoretical reasoning. But, the specific nature of a theory’s informational function consists in establishing by its means of a necessary link between different empirical laws. As a result of that, it becomes possible to forecast not only facts and phenomena that could be foreseen on the basis of only empirical laws, but also the facts that were not known before. By establishing correlations between empirical laws, a theory makes it possible to determine that superfluous information which is contained in individual laws. That is why, forecasts, proceeding from a theory, are much more effective than the forecasts made on the basis of empirical facts. Thus, a theory provides additional amount of information for the further development of cognition.

2) The systematizing function of a theory is determined by the synthetic character of the scientific knowledge. It follows from the fact that a theory is not limited to a mere description of empirical material, but strives to organize and streamline it in such a way, so that a large part of it could be logically derived from a small number of the basic laws and principles. It is already with empirical laws that it becomes possible to bring into order a considerable number of experimentally established facts, but a theory makes a new step in this direction, consisting in that it unifies and summarizes different empirical laws and hypotheses. Formally, this operation is brought down to the derivation of already known and new empirical laws as sequences of general theoretical laws, principles and assumptions. 

3) The prognosticatory function of a theory consists in that the information, concentrated in laws and scientific theories, serves for prognostication of future events. Prognostication can be made both on the basis of a law, or hypothesis, or even of a simple empirical generalization. But in each case the prognostic specificity of a theory is determined by a greater breadth of scope and exactness of the characterization of future events. Even forecasts that can be derived from a law characterize only separate facts and their empirical interconnections, to say nothing about the forecasts made on the basis of empirical generalization or a hypothesis. Forecasting on the basis of a theory differs qualitatively from the others also in that it allows us to point out the numberless plurality of new unknown facts and empirical laws. In separate cases it is also possible to derive from a theory important theoretical relationships. A similar thing happened to the law of interconnection between mass and energy (E=mc²), which was established with the help of logical-mathematical methods from the general postulates of Einstein’s theory of relativity. 

4) Explanation, as a function of science, is interconnected with the prognosticatory function. In the course of research, they not only exclude, but to the contrary, presuppose one another. The history of science shows that a true scientific theory must not only forecast this or another fact or phenomenon, but also explain due to what reasons they must take place. And the more complete and profound the explanation of a theory, the more reliable and precise the prognostication. Thus, there is a deep interconnection between the prognostication and explanation (41).

   Logical-methodological foundations of the construction of a scientific theory. In order to apply the fundamental laws of a developed theory  in experience for performing the given functions, it is necessary to obtain from the theory the corollaries that are comparable with the results of the experiment. The development of such corollaries is characterized as unfolding a theory.

  The unfolding of theories depends, to a great extent, on how the theory structure is understood, on how deeply the content structure has been revealed. In logical-methodological literature, a number of approaches to the construction of a scientific theory are singled out: 1) axiomatic method, 2) hypothetic-deductive, 3) semantic, 4) genetic, and others (42).   

   1. The axiomatic method makes it possible to draw a clearer borderline between the original, initial notions and statements of a theory from derivatives. In formalized axiomatic systems, these notions and statements are expressed with the help of symbols and formulas to which formulas that 
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describe axioms and rules of deriving the corresponding scheme are added.

  The construction of an axiomatic scheme begins with the development  of the initial, basic notions of a theory, which are considered within its framework as nondeterminable. As new notions are introduced, attempts are made to determine them with the help of the initial ones according to the logical rules of definitions. A decisive step in creating an axiomatic system is connected with singling out the original statements of a theory, which serve as premises of the further conclusions and are accepted without proof. These statements are called axioms, or the system postulates (43).

   The semantic approach to the scientific theory consists in paying attention to these or other peculiarities of a system of sentences with the help of which the theory is formulated. Following this approach, one seeks to find out what the formulations of the theory denote and what real content they express. In principle, any theory can be formulated in any language, and be presented by means of various axiomatic means. In investigating the structural peculiarities of a language, in which a theory was formulated, some conclusions can be made about the theory’s peculiarities. This approach makes it possible to compare various formulations of a theory. So long as many theories of various scientific disciplines are formulated in the language of mathematics,  the semantic analysis proves to be quite an important tool in the process of investigating the structure of such theories. 

   3) The hypothetic-deductive method of constructing a theory begins with the establishment and analysis of the available facts, their simplest inductive generalizations and empirically found laws. Next, such hypotheses are found from which it would be possible to derive logically the rest of the knowledge. Hypotheses, in this case, serve as premises of deduction, and facts and their generalizations control the correctness of the conclusion. If they proceed from the hypothesis as corollaries, then by that they confirm the correctness of a hypothesis. 

   The principle of bringing the various elements of a theory to order here is the same as in the axiomatic method – the basis of reasoning is the deductive logical method. The difference is only in that in the case of the axiomatic method, the conclusion is made from axioms, and when the hypothetic-deductive method is used – from hypotheses. 

  4) The genetic approach to the theory makes it possible to overcome the metaphysical opposition of induction and deduction in the process of 
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scientific research. The starting premise of this approach is the statement that the hierarchy of interconnected abstract objects corresponds to the hierarchical structure of statements. The connections of these objects form theoretical schemes of a distinctive level. In this case, the unfolding of a theory may be presented not only through operating with statements, but also through mental experiments with the abstract objects of the theoretical scheme.

   As examination of these approaches in unfolding a theory shows that an important role in this process is played by theoretical schemes. It could be noted here that the derivation of individual theoretical laws from the fundamental equations of a theory can be carried out and is carried out not only due to formal mathematical and logical operations with sentences, but also due to mental experiments with the abstract objects of the theoretical schemes, which allow us to reduce the fundamental theoretical scheme to individual ones.

   Apart from that, examining the contents of the given methods, one can note a significant role of the mathematical apparatus and its interpretation in forming and unfolding a scientific theory in all the denoted cases.

   The mathematical apparatus is understood not only as formal calculus unfolded according to the rules of mathematical operating, but its connection with the theoretical schemes is also established. It makes it possible to correct the transformation of equations of the mathematical formalism in accordance with a mental experiment carried out with the abstract objects of such a scheme. 

   The interpretation of equations is performed through connecting with the theoretical model and experimenting. This operation is called “empirical interpretation”. 

   The empirical interpretation is achieved as a result of special representation of the theoretical schemes on the objects of those experimental situations which have to be explained with the help of this scheme. The representation procedure is performed by way of establishing links between the attributes of the abstract objects and relationships that take place between empirical objects. As a description of these procedures, one uses the rules of correspondence, which make up the contents of operational determination of values that appear in the theory’s equations.

   Operational determinations of values have a two-tier structure, which includes: 1) description of an idealized procedure of measurement within the framework of a mental experiment.

2) description of the ways of constructing this procedure as idealization of real experiments and measurements generalized in the theory (44).

   All the denoted peculiarities of the unfolding of a theory and its mathematical apparatus demonstrate the process of generation of special theories (individual theoretical schemes and corresponding equations) from the fundamental theory. All this complex system of theories of fundamental and individual character, interacting between one another, forms a mass of theoretical knowledge of this or another scientific theory. But, as long as the structure of every theory of special or fundamental character has at its base a theoretical scheme built according to the hierarchy of level, division of theoretical schemes into individual and fundamental is relative and can make sense only in case of fixation of this  or another theory.

   Thus, we see that the empirical and theoretical levels of the scientific knowledge have a complex structure. The existence of direct and reverse connections between each of these levels, their unification into relatively independent units, and determining action of the exterior sociocultural environment call for regarding the scientific knowledge as an integral, self-organizing system. Such understanding of the scientific knowledge determines and makes it possible to activate the strategy of a scientific quest at the contemporary stage.

    Section 4. The Process of Forming of the Scientific Knowledge.
4.1. The Scientific problem
   Definition of the scientific problem. In science, in general, there is still no common notion of the scientific problem. Researchers put forward different characteristics and attributes to the problem: “knowledge about non-knowledge”; “a system of questions about the aim of human activity”; “a starting point of a scientific investigation and building of a theory”; “a special kind of activity”; “the result of cognitive activity of a special kind”, etc(1). Such a spectrum of notions highlights the importance of the problem as a form of scientific cognition.

   In order to understand better the essence of the terms “problem’, “task”, “question”, one should turn to their etymology, even though such an act presents a certain complexity, for the given words are not sufficiently
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investigated from the point of view of their proper meanings.

   The word “problem” is from Greek: “obstacle, difficulty, task” (2). “Problem, beginning with Peter the Great…Borrowed into Russian through the Polish “problema” and from the Greek “προβλεμα”(3) 

   John Locke interprets the word “problem” as a probability (probabilitas) (4). In the interpretation of Johan Huizinga, “ the word “problema” carries two original meanings: something with the help of which someone wants to defend oneself by putting or holding it in front of oneself, for instance, a shield and something that is thrown to another one so that he would take it” [174; P.169]. Ye. M. Dun maintains that the word “problem” translated from Greek means literally “something thrown ahead” [55; P.105]. 

   But such definitions are not sufficient for an exact clarification of the essence of the problem. Therefore, taking into account that the word “problem” came into the Russian language by way of borrowing from other languages without, practically, changing its grammatical form, it is possible to clarify its meaning with the help of related words.

   The grammatical root of the Russian Word “проблема” is determined in the following way: “проблем/а”; Greek “problema” – task” (5). Words of a similar kind, which retained their grammatical root in the Russian language (such words as “прогноз”, “программа”, etc., in the native Greek language were formed with the help of a number of component parts: “programma… (pro – “in front, earlier’, gramma – “written”), and also “prognosis” – (“pro” in Greek – “in front, ahead”, “gnosis” in Greek – “knowledge”). In the Russian language, however, the roots of these words appear as an inseparable whole: “программ/а” and “прогноз” (6). It allows us to believe that the word “problem” initially, also emerged from a number of words (their roots).

   John Locke’s understanding of the word “problem” as “probability” (probabilitas) facilitates our finding the first component part of the word “problem”. “Probabilitas” has its origin in the verb “probare” – “research”,
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“probe”, “evaluate”. The verb “probare” is also the origin for the noun word “probation” – experiment. The root of the verb “probare”, “prob”, became one of the component bases of the word “problem” (in the Russian language, there is the word “проба” – trial, test”, which was formed directly from “probare”).

   The second component of the root “problem” – “lem’ is the derivative from the word “lemma” (and also “dilemma”). Lemma means a “supposition, premise”. In modern Russian language, word “лемма” “Greek “lemma” is also used in mathematics with the meaning of an “auxiliary statement that is necessary in the chain of logical conclusions for the proof of a given theorem” (7).

   Thus, in the term “problem”, there are etymologically embedded the following meanings: :research”, “testing”, “evaluating”, “experimenting”, “supposition”, “premise’, “auxiliary statement for the proof of a theorem” “difficulty”, “obstacle”, and so on. Therefore, etymologically the word “problem” can be explained as an ‘investigation of a supposition”, “probing of supposition”, “testing a supposition”, ‘evaluation of a premise”, “testing a premise”, “evaluation of a difficulty”, “investigation of an obstacle”, “investigation of an auxiliary statement for the proof of a theorem”, etc. In any case, there is no question about a transfer to new knowledge, about the complexity of overcoming, solution, in the meaning of a lack of means for this solution, etc. 

   The Russian word “проблема” is also connected etymologically with another Russian word “задача”, but not vice versa. Therefore, it makes sense to turn to the etymology of the Russian word “задача”.

   The structure of the Russian word “задача’ was historically formed from “за/да/ть”. “Дaча” is “what is given”. The original meaning of “За” is behind (8). Etymologically, “задача” is “behind of that which is given’. In other words, in “задача” the main accent is placed not on what there is in its condition (even though it is an important moment), but on what there will be afterward. Thus, etymologically, what is actualized for “задача” is the moment of its solution. True, the way of this solution is not denoted etymologically, although, apparently, it lies in the conditions of the given.

   When the dependence of solving a “задача” on its conditions is determined (the modern meaning of the word in Russian is a “problem”), then it becomes possible to put questions ( in Russian, “вопросы”).
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Therefore, an etymological analysis of the word “ вопрос” (“question”) is also important. “Вопрос” has its origin in the word “вопросить” (“to question”). “Вопросить” is borrowed from Old Slavonic, where it is a derivative with the help of the prefix “въ” from “просити” (“to ask”). Prefix “В” (Во) is common in Slavonic languages. It presents a phonetic transformation of the preposition vъn (вьн >въ – В or Во), in which sound “B” is prothetical as in words “вопить, отвыкнуть”, etc. An older form ьn was borrowed from the All-Indo-European language (Latin “in”, Greek “en”, Gothic “in”, and so on) (9). The verb “просить” (to ask) is identical in meaning to the word “просьба” (request). Thus, the word “вопрос” means the following: “that which is contained in a request”. Therefore, if in the structure of the word “вопрос” (question), there is nothing, then there can be no “просьба” or “просить” (request, to ask). For that reason, if in a question there is no answer, then, by the rules of the interrogative, logic, the question is put incorrectly. The same is indicated by the etymological analysis of the words.

   With the help of etymological analysis of the word “проблема” one can single out in it the meaning of incompleteness of action, its ultimate insolvability, which testifies to the procedural nature of the problem. Its main etymological denotations are “исследование” (investigation), “пробование” (testing), “предположение” (supposition), “трудность” (difficulty), “преграда” (obstacle) and so on. All these words speak not only about incompleteness, inconclusiveness of a solution, but also about a degree of this incompleteness, inconclusiveness, as well as about the relativity of the possible result. It is not accidental that also in the etymological meaning of the word “задача” (task, problem), the main emphasis is placed not on its solution, but on what must take place after the elucidation of the data contained in the problem. That is, the entire complexity of the “задача” (task, problem), one may say, its problematic nature, is connected with solution. As Ye. M. Dun writes: “it is seen from what has been said that the problematic nature, in this meaning, is not a quality inherent to “задача” (task, problem) as such. By itself a “задача”, no matter what it could be, cannot be defined as a problematic or not problematic one. It acquires the given quality only in relation to a subject that has a certain past experience. Therefore, what is a problem for one subject, cannot be such for another. On the other hand, after the given problematic “задача” is solved it loses for the subject the problematic
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character” (10).

   A problematic “задача” (task, problem) at the same time is considered as such a way of presenting knowledge that induces the subject to receive new information that was not known by the subject in the period of presenting the “задача”. It is the aim and a system of available means in the conditions of the “задача” that set the problematic nature which is connected with the 

awareness of the impossibility of achieving an aim (new information) with the available means. This aim and the available means must, without fail, be connected with the past experience of the researcher, since the aim and the available means proceed from the researcher’s experience. The “задача” in this case appears as problematic in relation to a concrete individual. 

   A characteristic feature of the problem, of its solution, is the factor which testifies to the impossibility of a definitive solution of the problem. For Ye. M. Dun, this factor is determined as the alternative nature of the problem’s solution. For Ye. S. Zharikov, this factor is connected with the presence of an uncertainty in the problem, which he suggests to interpret “with the help of the notion of variance” understood as a possibility of making allowance in the course of unfolding a problem (correspondingly, in the course of its solution) for replacing of some relations with other ones, of some methods and ways with new ones, of the unsatisfactory formulations with new ones. (11). In any case, the problems are always spoken about in case of an alternative uncertainty, when it is not the difficulty itself that is emphasized, but the difficulty of finding the actual solution of the problem among a set of its possible solutions.

 It is not accidental that a question is a logical form of expressing a problem (“задача”). This is connected with the fact that not knowing some aspect of the reality, and being aware of this not knowing,actually find their initial verbal-logical presentation in a question. In this sense, a question is the first stage of the investigatory work of the thought in the structure of the existing knowledge, which denotes insufficiency of the existing knowledge. A characteristic feature of a question is also not only that in it there is shown incompleteness of knowledge of something, but the presence of the quality to induce the human thought to association, etc. In any case, the generation of a new thought takes place only then, when there arises a question. 

   One may also consider as another specific feature of the problem that there is no guarantee of the existence of the “right solution”, or the statement that 
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in all the aggregate of solutions, there could be found at least one acceptable answer. As it is, for instance, in the case of the problem of creating a “perpetual” motor, whose answer has never been found (having in mind a positive answer).  

   Therefore, if in a cognitive activity, the question is of an incompleteness of a process or the absence of the result after an investigation that has been made, then, as a rule, this incompleteness is denoted (in written or oral form) with the presence of the word “problem”. Simultaneously, this is also used to denote a complexity and difficulty of a process. For instance, the problem of the unity of the Universe, the problem of the structure of the world, etc.

   The problem, therefore, may be determined by such a process of solution in the form of a task (“задача”), the answers to whose questions are not contained in the conditions of the task and can be obtained in a cognitive search in the form of the results of alternative character whose correctness or acceptability is determined by the subject who is carrying out the process of performing the task.

   But, not every cognitive search is scientific, and, therefore, not every problem is a scientific problem. For science, that knowledge will be new which can be substantiated scientifically. A problem may lead to new knowledge. A scientific problem, apart from that, must not only lead to new knowledge, but also substantiate the new knowledge scientifically. In this sense if a scientific problem leads to new knowledge that cannot be substantiated scientifically, then this new knowledge cannot be called scientific. 

   A scientific method of solving a problem assumes a certain sequence: 1) a well-defined formulation of the problem; 2) an analysis of the prerequisite knowledge and accumulation of facts bearing on this problem; 3) a search for possible solutions ( an idea, or a hypothesis) on the basis of the knowledge contained in the problem; 4) a scientific substantiation of the hypothetical solutions (empirical, testing, observation, etc.). If a scientific substantiation is confirmed, science receives new scientific knowledge.

   The stages, structure, classification of a scientific problem. A researcher, clarifying a scientific problem, comes across the following work stages: 1) the stage of posing a scientific problem, 2) the stage of resolving a scientific problem.

   Posing a scientific problem is connected with an analysis of the existing scientific knowledge, where “lacunas”, inexactness and contradictions are found, which must serve as a basis for posing a scientific problem called upon to remove all the deficiencies of the existing knowledge with the help of a new theory or with the help of another kind of new knowledge, or new methods that allow us to use the old knowledge in those spheres where it was not applicable before. But, it is important not to confuse posing a scientific problem and “problematization”.

   “Problematization” is not definitively posing a scientific problem. On the one hand, problematization appears as a “conscienscious device of a researcher with the aim of explication of the existing scientific problem”, and, on the other hand, problematization is an action which complicates the process both of the investigation and of the cognition.

   In the first case, problematization can appear in the form of a division of a problem into subproblems, bringing out the problem’s aspects that contribute to its solution. The aspect, here,  is the study of an object in a new connection, in its relation with the other known and unknown objects, or the object’s relation, that has already been studied, in new conditions.

   In the second case, problematization appears in the form of sophistication of understanding of the existing knowledge, or in the form of the absence of conditions, or a difficulty in application of already known ways and methods of using the available knowledge. The “method of reducing to a paradox” 

appears as a classical example of the problematization of such a kind (12).

   At the stage of the posing of a scientific problem, it is possible to come to posing a pseudoproblem. In order to avoid it, there are special requirements that are used in science. The following rerquirements may be singled out: methodological, logical, gnosiological and informal. In posing a scientific problem, almost all the aspects of requirements refer to the analysis of the prerequisite scientific knowledge, and only a part of gnosiological requirements touch upon the character of the expected result in solving a problem.

   The methodological requirements are directly linked with the Weltanschauung basis of the researcher, and have a more important significance than purely logical criteria. The methodological requirements in the capacity of philosophical categories and principles may be used as some normative rules securing the correct posing of a scientific problem. These normative rules have a character of general recommendations in the process of any research. These are the following recommendations: 1) objectivity or the presence of the object of the thought (if in a question there is no subject who contains knowledge that is jn need of renewal, then it means the absence of any link between the question and the knowledge, that is the 
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absence of the very posing of the question); 2) an indication of the general direction of the search for the predicate (one may say very much about any object, therefore, in the question there must be denoted the relation which will be inquired about. A question in scientific cognition must be concrete); 3) the verity of the direction of a thought in the question (this verity is ensured by the correctness of connection between the question and the true knowledge of the person who asks the question, which proceed from the truth of reasonings lying at the base of the question); 4) the clarity of the logical structure of a question, for if there is no clarity in the logical structure of a question, then there is no point in putting the question ( for instance, the following questions may be structureless, though object-based: “Dmitri Donskoi…what?” “All the time…what?” “Was fighting against the Mongols and what?”); 5) the clarity of the scope and the quantitative side of the question; 6) the vitality of a question for the researcher, the interestedness of the latter in posing and solving a question (some researchers consider that a question must be neutral. But neutrality will be always conditional, for the researcher will consider the question necessary all the same, which is such from his position. And the interestedness of the researcher in a question only contributes to its solution. Thus, Aristarchus of Samos who put forward the surmise about the movement of the Earth around the Sun, did not develop this problem any further, because the geocentric system that existed at the time, was successful in solving the astronomical problems of that time. To a large degree, perhaps, for that reason, this problem was not vital for that epoch, and, therefore, Aristrarchus was not much interested in it.

   As for Michael Faraday, he did not give up the solutions of those problems whose novelty was not clear to his colleagues. It was his interestedness in his solutions that eventually allowed Michael Faraday to confirm them.)

   The logical requirements to the posing of a problem concern only the questions that are a logical expression of the scientific problem. Here, the interconnection of a contents theory and a cognitive problem is determined by the language. Being a means of description of a certain object field, the language needs certain rules of such a description. These rules have a necessary formal character, because the language, in which a question is formulated, is the language of that theory in which the question is put. Otherwise, the continuity in cognition will be broken, and the program function of the question as the organizer of the research cannot be fulfilled. Therefore, two logical requirements arise during the posing of a question: 1) observing the syntactical rules of the language adopted in this or another science (theory) and used for formulating a problem; 2) the absence in the problem question of variables that are not connected with some operator. The fulfillment of the second requirement is equivalent to performing a procedure of checking the verity or nonverity of a question. Here, everything is brought down to a structural analysis of questions. The questions of permission (the answers to which are: “yes”, or “no”) and the questions of addition and solution (which contain in their structure interrogative adverbs and pronouns that are laying down the future character of questions and the field of their search) are determined.

    The second logical requirement concerns already the field of gnosiological requirements that touch upon the content aspect of the posing of a scientific problem. 

   As no problem arises from nowhere, but is determined by the precedent knowledge and by dominating values-oriented aims of the researchers, then the requirements must be first of all applied to the precedent knowledge. These requirements presuppose:  1) clear, unambiguous and precise formulation of the scientific thought. The most important is that the prerequisite knowledge was not ambiguous. (As an example of typical ambiguity may serve the question about the existence and nature of telepathy. Both positive and negative answers can be given to this question. There is no doubt that telepathic phenomena are found, and manifest themselves. But, it is also a fact that telepathy and its existence present a hypothesis which is yet incompatible with contemporary physical science. Therefore, such an ambiguity must be removed during the posing of a scientific problem);  2)  The content of the true propositions. (Thus, in the questions “Who solved the problem?” and “Who did not solve the problem?”, nothing is asserted, and nothing is denied. Therefore, the “truth” or “falsehood” have a special character for the questions lying at the base of the problem and are determined through the truth of reasonings that have been put at the base of the questions). 

    However, the gnosiological requirements during the posing of a scientific problem concern not only the prerequisite thought; they must touch upon the properties, the character,and the quality of the future results. Therefore, the posing of a scientific problem pursues a certain aim of its formulation. If the aim is not clear, then the problem will lose its concreteness. The requirements to the aim presuppose:  1)  the aim must be formulated in the language of the prerequisite knowledge of the problem, and it must observe the rules of formation and transformation of expressions of the adopted language;  2)  the aim must meet the requirement of clarity (in analogy with the requirement of clarity to the prerequisite knowledge);  3)  the aim must not be in contradiction with the means of its achievement, otherwise, the field of its possible solutions will be uncertainly large;  4)  there must be more contents than is achievable with the available means (by violation of this requirement, a scientific problem does not arise);  5)  the aim must meet the sequence of solving all the concomitant questions and problems, that is, the problem, pursuing some aim, must be formulated not earlier than all those problems that have in relation to the given problem a secondary character will be solved positively;  6)  the advanced aim must presuppose the presence of a reliable way of testing the achieved result (the reliability depends on “intertwining” of aim with the system of available knowledge and the existent culture)  (13).

   However, fulfilling these requirements, the same as all the others, is performed directly in the mental activity of the researcher. Therefore, in the statement of a scientific problem, the informal moments (historical, psychological, social and others) connected with the consciousness of the researcher carrying out this statement, must always be taken into account. Without taking into account the activity of the subject, it is impossible to understand the process of fulfilling the requirements to the posing of the problem as well as the character of cognition itself. It is not fortuitous that in the methodological requirements to the posing of a problem (of its logical expression – a question), the question is about the interestedness of the researcher in the question under consideration, about the significance of the question (problem) for the researcher. In any case, when formulating a problem, one must proceed from taking into account informal requirements, which must be used according to the individuality of each researcher. 

   If to proceed from the definition of the problem that was given earlier, then the solution of the problem may be gained only in the course of a search. In this case, the solution of a problem is characterized by alternative nature, ambiguity, etc. But, the requirements, that are advanced to a scientific problem during its formulation, imply receiving a clear, unambiguous, contradiction-free  result. Therefore, solving a scientific problem has a special character. Problem solving is performed in stages:  1) at first, an unscientific solution is performed (conjecture, idea); 2) the unscientific solution is transformed into scientific (scientific idea, hypothesis, theory, new scientific problem). Thus, scientific problem solving is dual: either a change of scientific solutions of a problem is taking place, or a scientific problem leads to formulation of a new problem. 

   Problem solving is always gaining new knowledge: the empirical and theoretical. The empirical ways are:  1)  discovering an empirical fact that 
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had been predicted by a theory (for instance, the discovery of the mezon that was predicted by Hideki Yukawa; the discovery of omega-hyperon predicted by Murray Gell-Mann);  2)  a discovery of an empirical fact that was not predicted by a theory, but that is fitting into it or its developed form (for instance, Enrico Fermi’s theory of the β-decay was unpredictable for the existing scientific ideas, but it fitted uncontradictedly into the atomic physics);  3)  a discovery of an empirical fact that principally cannot be predicted by the existing theory and demands the creation of a new theory (for instance, the results of experiments on the energy distribution in the spectrum of the absolutely black body, which sharply disagreed with classical theories (“ultraviolet catastrophe”). To explain the essence of the “ultraviolet catastrophe”, it was necessary to create quantum mechanics).

   Theoretical ways:  1) acquiring new knowledge on the basis of deduction, that is, the logical derivation of the new knowledge from old (for instance, classical thermodynamics. It was built on the basis of logical corollaries that proceed from its fundamental principles of classical mechanics. Such acquisition of new knowledge promoted the emergence of a dream among physicists about the ideal theory of the physical world, all positions of which would follow from a small number of axioms);  2)  acquiring new knowledge that is not logically inferred from the existing knowledge. The specific nature of such a decision lies in that the researcher’s resolve would allow him to get free from the pressure of the dominating scientific ideas. The greatest difficulty of a discovery is not so much in carrying out the necessary observations, as in breaking traditional ideas in explaining them. 

   Solving a scientific problem is characteristic in that apart from discovering new knowledge, there must be performed its logical justification. The logical justification takes place in stages (with the reduction of the degree of problematic level): at first a conjecture or idea become a scientific idea (that is, they are considered in accordance with the norms of the existing knowledge); next, a hypothesis emerges, it is given the status of theory (if the hypothesis is confirmed) and as the ‘crown” of the solving process, there is the statement of a new problem. The character of solving a scientific problem emphasizes its process nature.    

   This is well demonstrated by the problem structure. The structure of a scientific problem includes:  1) the formal part of the problem and 2) the informal part of the problem. The formal part of the problem is the logically expressed part. It can be conditionally divided into two structures:  a) external and b) internal. Under the external structure of the problem, it is considered expedient here to understand its functioning as a whole. The exterior structure of the problem is determined by those functions that it performs in the process of cognition in the structure of the cognitional cycle. Under the internal structure of the problem, it is considered expedient here to understand the system of ordered connections (relations) between its elements. 

   The internal structure of a problem is logically expressed by the questions that are raised in it, and the answers that are received as a result of problem solving. A question fixes a contradiction in the structure of the existing knowledge. As a result of problem solving, the contradiction must be removed.

   As a rule, the logical expression of a scientific problem consists not of one question, but a number of questions. Therefore, the internal structure of a problem presents a hierarchy of questions where one question is central, and the others are auxiliary. The questions are aligned in such a way that a sequent solution of each of them would lead to the solution of the central question. 

   The erotetic (interrogatory) logic divides all questions into two types:  1) the question of permission (where the only possible answers are: “yes” or “no”). Logically, there are expressed as follows: ? M, where the question mark (?) is the interrogative operator, and M is the question matrix; 2) the question of addition (where there are special interrogative pronouns or adverbs, and the answers present a set of variables). Logically, they are expressed as follows: [ X1,…, Xn], where [X1,…,Xn] is an interrogative operator (pronoun or adverb); M is the question matrix, which contains the variables X1,…, Xn. As an example of the first type of question will be: “Did he graduate the university?”, and of the second type: “What university did he graduate?”  

   If the questions of permission are characterized by a dichotomous structure of the answer, the questions of addition have a structure that indicates more than two alternative questions. For example, “What kind of a triangle is it?” The answers are: “This is an equilateral (isosceles, scalene, right-angled, etc.) triangle.

   Thus, with the help of the internal structure of the formal part of the scientific problem, the border of the available knowledge is denoted. 

   The external structure of the formal part of the scientific problem is built in the form of a problem by carrying out a logical connection of the problem data with the available knowledge and the future result of the solution. The external structure of the scientific problem, by securing the continuity of cognition, logically connects the problem data with the solution result by means of dividing it into the sequent stages, denoted as subproblems. The solving of subproblems, carried out gradually, leads to the solving of the general problem. However, subproblems may be of various character, and divided into types:  1)  “and”-subproblem;  2)  “or”-subproblem. If a problem consists of “and”-subproblems, then its general solution will be possible in case of solving all the subproblems. If, on the other hand, a problem consists of “or”-subproblems, then the solution of any subproblem implies the solving of the general problem.  (An example of a problem that is made up of “and”-subproblems: To obtain A, we must have B; to get B, we must have C; to get C, we must have D; to get D, we must have E. We have E. Therefore, implementing the plan starts. Beginning with E, we get D; on finding D, we obtain C; on finding C→B; on finding B→A. An example of a problem that is made up of “or”-subproblems: We must determine √n. The possible solutions are: a, or - a, etc.).

   Thus, the external structure of the formal part connects the process of posing a problem with the obtained solution result, and substantiates this solution for the available knowledge.   

   The solving itself of a scientific problem is connected with the informal part of its structure, which ensures uninterruptedness of the processes of posing and solving a scientific problem. Besides, the informal part of the problem structure will denote individuality and non-normativeness of posing and solving of the problem by every researcher taken separately. 

   The place and status of a scientific problem in cognition. The scientific cognition (and its aim is the cognition of something unknown) is a probability process, that is, such a process where the true knowledge does not emerge at once, but develops as the degree of probability increases its level of trustworthiness, when it is accorded the status of the scientific knowledge. 

   The scientific knowledge is discrete, logically closed, and definite. As for the scientific cognition, it is limitless. The fulfilling of cognition can proceed for science in those forms where a junction of the discrete and continual, definite and indefinite, knowledge and absence of knowledge takes place. A scientific problem is such a form where such joining is possible.

   A great significance of a scientific problem in the course of the scientific cognition is reflected in the functions that it performs there. 

   The gnosiological function of a scientific problem is manifested, firstly, as clarification and determination of the limit of development and borders of applicability of scientific theories or concrete knowledge systems that include a number of theories. Determining the limits and borders of the available theoretical knowledge takes place in the form of finding paradoxes, aporias, problem contradictions that lead to the emergence of a scientific problem. The problem transfers the contradiction that emerged in the old knowledge on the gnosiological “plane”, making it the object of a theoretical analysis; the problem, besides, describes this contradiction on the theoretical and empirical levels and unites its meaning on the basis of the category system of the existing scientific picture of the world. Thus, the problem of the incompatibility of the tissues of one organism in another, has shown in medicine the limits of possibilities of medicine, denoted these limits, manifesting the necessity of their development, and it explained the nature of incompatibility on the basis of the existing medical knowledge. Therefore, determining the borders and limits of the available knowledge, as one of the aspects of the gnosiological function of the scientific knowledge, signifies incompleteness of the available knowledge. If there is no incompleteness, then the formulation of a problem has no sense.    

   Secondly, the gnosiological function of a scientific problem is realized through the selection and integration aspects. Selection consists in that in posing a problem, the subject selects only that knowledge which is necessary for the correct formulation and solution of a scientific problem. The integration aspect consists in the principle of forming that the researcher uses in arranging the given knowledge in the problem. For example, Max Planck, in creating the quantum mechanics, was specially selecting the necessary knowledge: the idea of Pierre Prévost about fluid discreteness, the idea of Gustav R. Kirchhoff about the application of the second principle of thermodynamics in the explanation of the thermal radiation, the idea of Ludwig Boltzmann about the essence of entropy as a measure of probability,and other ideas. Having carried out a selection of knowledge, Max Planck integrated them according to the principle necessary for creating quantum mechanics. 

   Thirdly, the gnosiological function of a scientific problem is realized through its heuristic and program aspects. Programming implies a transition from knowledge through absence of knowledge to new knowledge. This transition relies on the contents of a concrete field where a contradiction was found in knowledge and further “steps” of the investigation were laid. That is, the program aspect of the gnosiological function allows us to have a certain plan of actions during the process of problem solving. The heuristic aspect helps to conduct a search of possible solutions that make up the missing information. The heuristic activity is realized through three search models: the “blend search model, maze model and structural-semantic model” (14). The heuristic possibilities of the gnosiological function also 

14. Nikiforov, V.E. The Problem Situation and the Problem: genesis, structure, functions. Riga, 1988. P.175. (In Russian).

allow us to combine the sensory and rational kinds of cognition. For instance, the program essence of the gnosiological function of a problem is manifested in  continuously advancing questions, their reformulation for reaching answers. And the heuristic aspect consists in the possibilities of a problem to find answers and possible solutions. 

   The ontological function of a scientific problem consists in providing all the possible decisions that were obtained during the heuristic search with characteristics that are “existentialist” for science, that is, in carrying out a rational justification of the new knowledge. For instance, Archimedes’ law had remained a hypothesis (even though, to a large degree, probable) until it became possible to derive it from the general laws of mechanics (hydrostatics).

   The methodological function of a scientific problem is manifested in the application of scientific and nonscientific ways and methods of cognition, in finding new ways and methods of cognition, in coordinating of the logical and practical results. In the course of formulating and solving a scientific problem, inductive-empirical, hypothetic-deductive, intuitive and other methods are also used. In this way, the methodological function of a scientific problem allows  conducting the broadest heuristic search, as it has a possibility to substantiate the results of this search with the help of scientific ways and methods. Thus, representatives of logical empiricism excluded the process of discovering new knowledge from the field of science since it cannot be substantiated logically. On the other hand, the intuitionist approach to a scientific discovery is brought down to either an extreme exaggeration of the role of intuition as compared with the other existing methods of cognition, or equating intuition and creative work, that is connected with it, with irrational activity. Thus, every approach to cognition makes this process defective. The methodological function of a scientific problem, on the other hand, allows us not to oppose the existing methods, but to compliment them, thus rendering cognition more complete methodologically on the basis of a scientific problem. 

   The communicative function of a scientific problem allows us to ensure coordination during cognition both on the level of theories, and on the level of the subjects of investigation. A dialogue between theories and between researchers takes place on the basis of the logical expression of a problem, namely a question, because functionally a question unites cognition and communication. And a scientific problem is often used as a basis for carrying out scientific discussions, arguments. This (an interaction of researchers and of theories) is confirmed by numerous scientific discoveries, for most of them were achieved due to, first of all, combination (interaction) of knowledge from different spheres of science, due to their intersection, their dialogue (even if not explicit). Thus, Charles Coulomb invented the torsion-balance for determining the power of interaction between electric charges. However, “in creating the torsion-balance, Coulomb simply made use of the law of wire torsion that had been discovered earlier” (15). Coulomb combined a part of knowledge of the theory of electricity with a part of knowledge of the elasticity (the measuring of forces). Similar discoveries are frequent: Antoine Lavoisier (chemistry and physics), Louis Pasteur (chemistry and biology), Robert Boyle (physics and chemistry), Charles Darwin (biology and mathematical statistics), etc. 

   Such multifunctional “loading” of a scientific problem testifies to the great role that it plays in scientific cognition. 

   A scientific problem comes forward in the role of the organizer of a scientific research. And, in this role, the problem contains in its structure all the forms that allow us to qualify the process of cognition as scientific. A scientific problem is the logical and contents form of the theoretic cognition.  The organizing abilities of a scientific problem are determined by its program and imperative aspects. In the capacity of the investigatory program, a problem appears as a form of planning and anticipating a scientific search, its direction. The realization of a program of research takes place due to the imperative aspect of the problem. A problem is always subordinated to the aim that was set as to a decision that is formulated in advance, but that is yet supposed. Therefore, the imperative is a necessary property of a program, that stimulus which contributes to its solution. 

   The process of the scientific cognition may be imagined as a process of a change of theories and as a process of a change of problems. Both approaches will single out only two different aspects of the same process, and their results will interest and repeat themselves. As an additional argument in favor of referring the problem to the foundation of the scientific research one may use the fact that the choice of a problem is actually the choice of the direction of an investigation. Problems, as a rule, have a system character and, therefore, the choice of the research direction is the choice of a research program, possible for a long term.

   A scientific problem appears as a basis in the interdisciplinary investigations as well. Here, it is used “as the integrating system-forming principle in investigation…” when “…the development of object-content (the formulation of the problem) and maintaining a stable functioning of the 
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object under investigation (problem solving) must be understood as characteristics of one and the same whole” (16). Indeed, it is especially in natural sciences disciplines that it is difficult to find the common object of research, as every special science organizes its object of research by way of idealizing the original system of knowledge and this compels it to remove all extra knowledge of the other sciences, that is to cast away “all the rest of the contents of the system of knowledge, beginning with the empirical material and ending with theoretical constructions” (17).  Therefore, a combination of knowledge of various disciplines on the basis of even one object is already a problem. It is not accidental that discoveries of new knowledge often take place on the juncture of sciences. Here, it is necessary to note that interdisciplinary investigations are conducted simultaneously in two planes: in the object plane, where the unity of the object is established through referring it to the original idealizations of the reality apparent for the interdisciplinary community, and in the plane of investigatory ideas, where what is important for the researcher are not the objects per se, but in which way they are given. As an example of such two-plane research, one may consider the study of the atom. The atom can be investigated both by physics, and chemistry. The question is: what are the criteria of the atom being only a special scientific object that belong only to physics? Apparently, the answer here can be as follows: all depends on what aim is pursued by the investigator, as well as what methods and means of cognition are available for the investigator in singling out the object of research (represented in this case either by the atom’s physical mass, or its chemical properties). 

   Such a role of the problem as a means of organization of the object of investigation on the interdisciplinary level leads to “technologization of the contemporary scientific cognition. If in the past, a problem referred only to the sphere of knowledge (“knowledge about the absence of knowledge” spoke about the necessity of knowledge through which there is determined the absence of knowledge or the uncertainty of knowledge), then in contemporary science there is included into the contents of the problem the contents of science as socio-engineering action (in the formula “research problem”= “limitless problem”, research is practically reduced to the act of 
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choice of the course  of research on the basis of a plurality of alternative means), which (“automatically, after the choice) leads, with the aim formulated, to the set (by a plurality of alternatives) result. That is, the problem expresses the dictate of the necessity of choice before the need for knowledge – before studying or investigating, it is necessary to make one’s choice. This highlights again the process nature of a problem. 

   The question of the choice of the object of research is connected with the question of obviousness, which also depends on the problem formulation and problem solving. 

   The majority of physicists, quite justifiably, connect obviousness with usualness. Obviousness is produced in us as generalization of the customary experience, as an automatically created summary picture of all the regularities of the world. As for problem solving, it leads us to such results which, as a rule, contradict the customary view of the nature of phenomena. By way of illustration, the knowledge about the Earth’s rotation around its axis and its revolution around the Sun was met with mistrust at a certain time in history, since it contradicted the everyday experience of the people, even though at present such state of affairs is clear and customary to every school student. A similar evolution is undergone by many new discoveries. Therefore, a scientific problem, during its formulation and solution, may affect the obviousness of the knowledge that is applied in a strong way. 

   The scientific problem in cognition is a form of continuity during the transition from the old to the new knowledge. For, due to its structure, the scientific problem makes the process of cognition uninterrupted; it allows us to maintain continuity regardless of what character the cognition assumes: evolutionary or revolutionary. 

   It is also important to note that a problem as “knowledge about the absence of knowledge” may not, for certain, direct the course of cognition from knowledge through the absence of knowledge to new knowledge. Being a form of combination of knowledge and the absence of knowledge, a scientific problem is capable of performing also the opposite movement, turning the scientific knowledge into the absence of knowledge. Thus, for instance, a negative result in the Michaelson-Morley experiment, which was made with the aim of detecting the “ethereal wind”, brought under the heading of the absence of knowledge many conceptions of ether accepted in early 20th century (the Lorentz electronic conception in their number). True, it must be noted that a departure into the absence of knowledge, as a rule, is made up by other scientific knowledge  (in this case, Albert Einstein’s special theory of relativity, but such a role of the scientific problem in cognition points at the quality of any scientific knowledge acquired by way of formulating and solving a scientific problem.

   The complexity of solving a problem (in creating a theory) consists in the presence of an infinite choice of alternatives. And here, the researcher resorts to a reduction of the searching activity. In an artificial way, he cuts off those solutions which are considered (due to some reasons) unacceptable. It is in this cutting off that the specific nature of scientific problem solving consists, for it (as a limitation of choice) takes place, relying on scientific principles, where the correspondence is determined of the prerequisite knowledge of the problem (the old theory) and solutions that are most acceptable for resolving the contradictions of the old theory and creating a new theory. A strict choice is quite explained by the fact that the ways leading to one solution may be different, and that such a form of solution characterizes well the process (and the search) nature of the problem.

   A scientific problem comes forward in cognition as an “empty” structure of a theory into which contents must be “poured” by a researcher. In this sense, one cannot help agreeing with Werner Heisenberg who considered that a rightly formulated problem is a half of its solution. Therefore, from the point of view of science, the solution of a problem will be uncertain in an unscientific answer (only the formulation of a problem was fulfilled; an “empty” theory structure was formed; there is an idea, but it has not been substantiated), more certain in a scientific answer (hypothesis), trustworthy in theory and complete in formulating a new problem or problems.

   However, the presence of a problem in a theory is not limited to the theory being a trustworthy solution of the problem. Actually, the main logical expression of a problem is a question. As for solutions that are received in the course of cognition (hypothesis, theory), they are statements, answers to questions (logical statements express reasonings). Questions and reasonings must be considered inseparably. Therefore, the basic knowledge of hypotheses and theories that is expressed by reasoning must not be considered in separation from the questions whose answers are the reasonings. The logical part of the problem, (in such a fashion) comes over into a theory as its problems component. Reasonings, on the other hand, make up the assertional component of the theory. 

   Any developing system (a theory, an aggregate of theories) is always not full, incomplete. Reasonings, which make up the assertional component of a theory, are the answers to the questions of the problem component only as long as they are capable of adequately explaining and describing the reality denoted by the theory. Moreover, a theory can also, with the help of its problem component, conduct the process of cognition, that is, systematically uncover unknown contents that do not lie outside its framework, as well as outside its contents; the theory can use the directions that are given by the problem component for widening and deepening, detailing , fragmentation and, finally, transformation of the assertional component. Thus, the problem component in correlation with the assertional one comes forward in cognition as the original state and a system of prerequisites in the structure of knowledge. It is only in this case that the problem component performs the function of explication, detailing and development of the assertional contents, of its conceptional structure, and the latter, in its turn, performs the generative function, acting in the capacity of prerequisites of the problem component, and the organizing function, including into itself new contents obtained with the help of the problem part of the theory. The transformation of the problem component into the assertional one is carried out with the help of hypotheses, which are possible solutions. If the problem component forms problems and hypotheses which transcend the frames of the given theory, then it all indicates the necessity of creating a new theory, And, a new theory leads to the formulation of a new problem or problems. 

   Thus, the problem in the positivist tradition appears as a form of organization of research; as a form of connection of the “knowledge” and the “absence of knowledge” in the capacity of the “knowledge about the absence of knowledge”, “the absence of knowledge about the absence of knowledge”; as an imperative of cognition; as a way of cognition that simultaneously possesses unlimited heuristic possibilities and multiform methods of rational justification of the obtained ideas; as a unity of sensorial and logical forms of cognition; as a form of continuity in the course of the growth of the scientific knowledge, etc. 

   Therefore, the scheme of cognition that is used in science (problem-hypothesis-theory) does not show all the essence of the process of the growth of the scientific knowledge. The logic of the scientific cognition can be better traced through the following scheme: 

    Problem – hypothesis –theory – new problem

   Here, it must be taken into account that this model of cognition is not identical with the model of Karl Popper: P1→TS→EE→P2 (where P1 – the original problem, TS – tentative solution, EE – a procedure of elimination of errors, P2 – the new problem) for it has “blank spots” in its structure. Specifically, the transition from P1 to TS is carried beyond the framework of science because the process of discovering new knowledge, according to Popper, cannot be scientific. 

4.2. Scientific hypothesis.

   The definition of hypothesis. All the totality of human knowledge about the world may be presented in the form of two subsystems, namely those of verity and probability. The verifiable knowledge tends more to the sphere of substantiated and proved facts and theories (we will speak about it later on in the text of this book). The probability of knowledge denotes such state of the knowledge when a correlation between the knowledge and object has a conditional, unverifiable conjectural character. And it is the hypothesis that appears as one of the basic forms of expressing suppositions in science. 

   There is no common approach in literature in defining the hypothesis. The main differences in relation to the definition of the hypothesis refer to the question of its species (or class) distinction (1). It means that it is important for the hypothesis to have an independent status which would allow it to express a separate, sovereign stage of forming the scientific knowledge. This peculiarity of the hypothesis is highlighted by Russian researcher P.V. Kopnin, who sees its specificity not in what it determines as the cognitional result, but in how the hypothesis determines the given cognitional result (2). This “how” really consists in the probability, conjectural, and not in the categorical, not in the trustworthy character of the hypothesis. Such a degree of verity of knowledge must belong only to the hypothetical level of the cognitional activity. Otherwise, the hypothesis loses its gnosiological significance. 

   A number of authors (Semenchev, V.M; Starchenko, L.A. and others) consider indications at the law, forms of connections of the phenomena under investigation, their properties as an important part of cognition on the hypothetical level. In this case, it leads to a broadening of the understanding of the hypothesis. Therefore, the notion “supposition” becomes the closest generic characteristic of the hypothesis. And here, there always arises the problem of the difference of the hypothesis from the other kinds of suppositions (specifically, surmises)? The same factors may be characteristic of a surmise. It means that a supposition about the cause or regularity, or something else cannot appear in the capacity of a generic or species distinction of the hypothesis. The given distinction must lie in the answer to the question “what supposition”, but not in “supposition about what?” That   
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is, the hypothesis will differ from the surmise not by the contents (object) aspect, but by qualitative characteristics. L.A. Starchenko believes that the fact of its substantiation by means of arguments, that have been developed in the course of trying to understand the obtained factual data, appears as a distinctive peculiarity of the hypothesis (3). On the other hand, another distinctive peculiarity of the hypothetical level of the scientific cognition is the fact that the attained substantiation and the verity of knowledge are not sufficient for the level of a theory. 

   There is one more approach in literature, which is denoted specifically by German researcher H. Rommeis, who gives to the hypothesis an extremely broad interpretation. The hypothesis here appears in the capacity of any scientific supposition, even if it has not yet passed the testing stage. This approach presents the sphere of probability logic where all possible forms of developing thought are considered. However, the critics of this approach consider that the given interpretation of the hypothesis cannot be recognized in the capacity of the scientific hypothesis because it is not a result of the determinist course of the cognitive process, which relies on factual data. If such an approach is granted the status of recognition, then every conjecture may be understood as a scientific hypothesis. In this case, the hypothesis is losing its scientific nature. 

   Therefore, for the definition of the hypothesis it is necessary to choose a definition that maximally takes into account and most closely approaches the statement of the complex questions of the analysis of the essence of the hypothesis, which is given by A.P. Khilkevich. The hypothesis is a scientific supposition that carries in itself new knowledge whose probability was substantiated by means of the analysis of factual data with due account of already known regularities of the objective world (4).  

   When using the given definition as the working one, it should be made clear that in spite of the above-indicated specificity of the hypothesis, which consists in its interpretation as a supposition about regularities and causes, nevertheless, it is such kinds of peculiarities that play an important role at the stage of the hypothetical cognition. The orientation to the regularity and causality, even though not being a specific aspect of a hypothesis, makes it as if “close” to the theoretical level of cognition, brings the hypothesis nearer to the theory. It allows us to denote more clearly the continuity in the process of the formation of new knowledge. Such an interpretation of the   
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hypothesis is very convenient, for, on the one hand, it makes the hypothesis more narrow (the unnecessary aspects are cast off, specifically – the “hypothesis about facts”); on the other hand, it broadens the understanding of the hypothesis because it includes within its framework all the phenomena where there can be seen a regularity, determinedness, connection. Such, for instance, are the hypotheses of Immanuel Kant and Pierre Laplace on the origin of the planetary system. The hypothesis, in this case, presents a system of knowledge (a sort of a hypothesis-theory). It is important for the scientific cognition since the given fact allows us to obtain, already on the level of the hypothesis, an almost ready theoretical construction. And this testifies to a more adequate form of cognition of the world, when the quality of such an investigation only increases. 

   Nevertheless, the specific aspects of the scientific hypothesis should be stipulated, even if the question will be about the understanding of the hypothesis as the hypothesis-theory. First, the assertion, that only those theories can be called hypotheses whose verity has not yet been confirmed, will give rise to various questions. It can be best demonstrated by an analysis of the expression of the forms of the scientific knowledge. The latter may be presented in the following forms: 

1. in the form of knowledge about scientific facts; 

2. in the form of laws on science; 

3. in the form of principles of science which interpret either law’s manifestations, or other peculiarities, properties and attributes of the object under investigation;

4. in the form of a scientific theory which includes all the indicated points.

   In taking into account the peculiarity of forms expressing the scientific cognition, the following question emerges: what do we call the suppositions (hypothetical denotations), which, firstly, are not simple untrustworthy conjectures, and, secondly, do not present a system of knowledge in the form of a hypothetic theory? Indeed, how can one understand the surmise about the moving electricity being identical, in its essence, to the static electricity? That surmise became a scientific supposition of W. Nickolson and A. Carlisle in 1800 when they extracted hydrogen out of the water by means of the galvanic current, and Sir Humphrey Davy in 1806 demonstrated that the given fact is the result of the decomposition of water by electric current. This supposition is not, on the one hand, a simple insufficiently substantiated conjecture, but, on the other hand, it is not a hypothesis-theory like the theory-hypothesis of electricity created by Michael Faraday. 

   Second, even a hypothesis-theory in the process of its formation passes through a number of stages, including the stage of a surmise; the stage of a scientifically substantiated supposition, and the stage of a hypothesis-theory. The complexity will consist in the interpretation of the initial and intermediary stages: surmise – hypothesis - theory. What notion must express these phenomena which are presented in this sphere of the scientific cognition? Indeed, such cases are not infrequent in science. For instance, it was yet before James C. Maxwell that some researchers assumed that the speed of spread of electromagnetic interactions is final. Such assumptions were voiced by Karl Friedrich Gauss (1845), G.F. Bernhard Riemann (1858), and Michael Faraday. That is, this idea was actually a substantiated surmise, but had not yet become a hypothesis-theory. 

   Third, the borders and the volume of the system of knowledge in the capacity of theories are not strictly defined in science. That is why it is difficult to find a criterion on whose basis the system of knowledge could be called a hypothesis-theory. And if we are to take into account that the main point in a hypothesis is the qualitative aspect of the knowledge that it contains and that is expressed in the question “what knowledge?”, then the various forms of the hypothetical knowledge are, in their essence, indistinguishable from one another. Therefore, a hypothesis both may represent a developed (almost to the level of a theory) system of knowledge and it may, as it appears, not. But, it is important that no hypothesis can limit itself only to a pure statement of a new idea. It must be substantiated as regards its contents and be true to facts. And, as long as these conditions are difficult to be expressed in one act of reasoning, then the hypothesis will represent the result of evolution from surmise to hypothesis-theory. It is its imperativeness to the system completedness that will be evidence of its scientific nature, where the main idea (the central nucleus of the hypothesis) will appear in the capacity of the system-generating principle. 

   The hypothesis’ status in the scientific cognition. The question of the hypothesis’ status presupposes the settlement of the question of the independence of the hypothetical level of the scientific cognition. An answer to the question raised here presupposes the denotation of a hypothetical level of cognition as a necessary stage. If a hypothesis has no status like this, then it is an episodically appearing form, a variant along which the cognitive process of science is directing itself. 

   Still, it seems reasonable that the hypothesis is a necessary form and stage of the scientific cognition, for it emphasizes the specific nature of the cognitive process in science. Such situation is determined by the peculiarities of the human perception of the world. Thus, the world, which a human being denotes as an object, can be presented in the human consciousness only depending on the properties of the human perception of the world (mental, sensorial, etc.). Such a peculiarity of the human perception of the world is the fact that the world is not comprehended by the subject as something self-evident. The essence of the world (of the things, phenomena, processes) is not given to a human being in sensations and in perceptions. The essence of the world and its sensorial given are not identical to each other, they do not coincide with one another. In every separate phenomenon, there may manifest themselves a multitude of meanings (then, we have the case of a polyphonic phenomenon), and, it is not guaranteed to a human being, therefore, that he or she would be capable of mastering all the plenitude of meanings. 

   But a reverse situation may emerge when one and the same meaning may be presented in different phenomena. Thus, in the times of Michael Faraday, five kinds of electricity were singled out (ordinary, galvanic, thermoelectricity, animal and magnet electricity). And it was Faraday who in 1833 showed with the help of his experiments the common nature (identity) of the different kinds of electricity. Therefore, it is not the self-evident nature of the semantic expression of the cognitive process that makes unavoidable the use of a probable, supposed level of the cognitive activity, and, therefore, of a hypothesis. In a similar way, we may judge about those phenomena which determine the development of the world (these are its laws, causes, effects, etc.). The same causes of events are not obvious to us because, more often than not, we judge about them by the effects. And the effects of the causes are ambiguous: one and the same effect may be the result of different causes. Such is also the law by the way of its functioning. The reason for it is that the regularity, which exists, is realized due to its manifestation in the world, due to its taking place, its appearance to us in the form of a case or event, demonstrating thus its individuality. And the regularity is formed by a subject, the human consciousness, as it observes in the chains of single phenomena some logic and sequence. But the process itself of such an observation is built on the basis of probability, on the grounds of assumption. Therefore, any scientific investigation has, without fail, a nature of probability, even if the obviosness of the cognized causes no doubts. 

   The other evidence of the need for the presence of the hypothetical level of the scientific cognition is the uncertain character of its fulfillment. It is well-known that science strives to denote the regularity of phenomena and processes taking place in the world. That the presence of such regularity is a probability fact has already been demonstrated by us. But it is also important to demonstrate the uncertainty of the sum total of the factual diversity, indeterminateness in the question as to where one should look for regularity. And so, it appears we are having here a “closed circle”: a regularity may be denoted only when a certain plurality of facts have been investigated, but, in order to denote in some way a plurality of facts, one should have an idea about the regularity of their manifestation. As a means of overcoming the given contradiction, there may be used a hypothesis about a regularity that is built on the basis of a certain number of facts that have already been investigated by the scientist. It is in this case that the supposition on which the hypothesis is built will make it possible to denote the necessary sphere and the number of facts which will either confirm, or deny the idea that has been put forward (so as to put forward a new one). 

   Even if the process of scientific cognition is considered with reference to its different levels, then in this case as well the hypothesis must be denoted as an independent necessary stage of the cognition process. Let us demonstrate it at different levels of cognition: sensorial (empirical) and abstract (theoretical). 

    The sensorial level of cognition. Since the hypothesis is a logical form of expressing knowledge, the following question should be asked: Can the sensorial way of cognition be imparted a probability character? When answering the given question, it is necessary to turn to the analysis of the proceeding of a process of sensorial perception, on which the sensorial level of cognition is based. A human being reacts sensorially to an irritator that exists in the world and acts upon the human being, or the human being uses the given object as an irritator oneself. In acting on the organs of senses, the irritator makes them perceive it and create an idea about itself. However, the sensorial cognitive abilities are limited, and, therefore, a human being cannot perceive all the diversity of the world that can appear in the capacity of the basis, acting on human beings. There are the lower and the upper thresholds of human sensitivity  of the exterior world. Thus, the spectrum of human vision lies within the range of 390-800 mμ, and the boarders of hearing are denoted by the values of 15-22 to 15,000-22,000 Hz. In a similar way the perception of the world is also built in the sphere of action of the other organs of senses. It is in this peculiarity of the human being that the basis of probability cognitive activity at the sensorial level is laid. 

    Of course, the sensorial level of cognition does not rule out trustworthiness. Trustworthiness here will consist in the direct contact with the world, that is, in the immediate, most obvious perception of it. But even such a way of cognition of the world does not exclude the probability analysis (hypothesis), because the immediate perception and a direct contact are also analyzed in the qualitative indexes (by degree). And this again makes it impossible to stay away from the probability forms of denoting phenomena and processes in the world. 

    The abstract (theoretical) level of cognition.  The initial point in the discourse on the theme that probability can be characterized also in the course of the abstract (theoretical) level of cognition is the thought about the presence of probability in the course of the sensorial level of cognitive activity, when there is a direct, immediate contact between the subject and the object. It is clear that the absence of such a contact will hardly contribute to the elimination of probability at the level of the abstract (theoretical) cognition as well. 

   The abstract cognition of the world is built on the basis of reflective process. It is obvious that thinking is not a direct form of reflection of the objective reality. Thinking, particularly the abstract one, is indirect, removed from concrete realities, constructive, oriented on meaning generation, rather than meaning understanding.  Thinking may reflect the world both as the post-sensorial perception, and as a pre-perception (prognosis, prevision). It should be also said that in the process of thinking the depicting of such properties of the objective world is possible which can be inaccessible to the sensorial ways of perception (even with the aid of instruments). In this way, thinking is capable of going deep into the essence of things, phenomena and processes existing in the world independently, without relying on the sensorial experience. Actually, thinking broadens out borders of seeing the world, makes our abilities in cognitive activity more adequate. That is why the abstract (theoretical) level of cognition cannot avoid the probability forms of cognizing the world. Firstly, it is so because this level has an independent status and does not depend on sensorial cognition, and, therefore, it can do without the empirical confirmation of the results of its reasoning (and this is possible only through probability ways of functioning). Secondly, it is because the abstract (theoretical) level of cognition, due to the ability of thinking to broaden the borders of human perception of the world, is constantly in the “borderline condition”, at the edge of the “known” and “unknown”, and, therefore, it has to work on the basis of probability ways. It is not fortuitous that in the classical conception of science, one of the criteria of truth was practice as a form of realization (testing) probability ideas in life. 

   On the other hand, the practical criterion of truth generates anew the probability aspect of the scientific cognitive activity. Indeed, practice manifests itself, in fact, as a point of correlation of the abstract (theoretical) thinking with the sensorial (empirical) perception of the world. This correlation is realized as a peculiar measure (“qualitative quantity”). The measure here will appear as a relative value, and, therefore, denoted on the basis of certain conditions, which has quite a probability character. Even though, the same measure, on the other hand, is a factor of trustworthiness (but until a certain time). 

   The contemporary stage of the development of science makes us speak also about those peculiarities which are manifested in the scientific cognition of the abstract (theoretical) level, moreover that this is also reflected on the hypothesis as one of its stages. In the epoch of the development of engineering and instrument-making industry, the human basis of the cognitive activity proper is also getting broader. The sensorial cognition may be quite characterized as abstract. Such specific nature of the sensorial cognition must, without fail, be taken into account in analyzing a hypothesis, since similar changes, taking place in the process of cognition, widen not only the gnoseological borders of the hypothetical level of cognition, but also the ontological ones, revealing in reality transitional forms of its existence, which can be perceived, more often than not, only hypothetically. For the human being in the process of cognition, as a rule, experiences a deficit of information about the object under investigation. A hypothesis, on the other hand, makes up for this deficiency. 

   In other words, the hypothetical nature (probability) of the scientific cognitive activity has really an independent status, which is inevitable and necessary in the process of growth of scientific knowledge. Moreover, the hypothesis, as a hierarchical rung of the scientific cognition, can characterize the latter in an objective and trustworthy way. This means that already at the hypothetical stage of cognition, researchers are capable of reaching significant cognitive results. Indeed, the world, due to the peculiarity of its structure, testifies to it that its manifestations can most conveniently be investigated in a hypothetical way. In the world, the essence (the meaning) does not always coincide with the phenomenon. At the same time, these aspects of the objects of cognition are inseparable. The meanings are manifested to us, and the phenomena testify to the presence of meanings. But it is not always (and never entirely) possible to connect these two aspects of the objects of reality. Usually, only some fragments of reality in the semantic or phenomenal form are taken in. It is left for us to make conjectures about the rest, and to make hypotheses. It is this state of affairs that testifies to the important status and great significance of the scientific hypothesis as a stage of the scientific cognition. 

   The kinds of scientific hypotheses.  From the point of view of logic, a hypothesis is knowledge whose true meaning has not been determined. Therefore, at the basis of their differentiations, there is laid the criterion of the volume of the supposed knowledge. Hence, there are general, specific and single hypotheses. A general hypothesis is a supposition embracing all the volume of the class of objects under investigation; a specific hypothesis is a supposition about a part of the investigated class of objects; a single hypothesis is a supposition about one or separate object. 

   But, it is possible to single out one more criterion of differentiation of hypotheses. This is the criterion of “official” recognition (or nonrecognition) of the hypotheses. Hypotheses can be “ordinary” and “working” ones. A “working” hypothesis differs from an “ordinary” one by a lower degree of substantiation and by arbitrariness. The “working” hypothesis is necessary in those cases when a researcher, coming across new facts, cannot advance a ready hypothesis, which would explain the new empirical material in a truthful way. Such versions are called “working” hypotheses. 

   It is worthwhile in this question to mention here one more special kind of hypotheses. These are the so called ad hoc hypotheses (from the Latin meaning of “ad hoc” – for the given case) (5).Ad hoc hypotheses are those suppositions that are used with the aim of solving the problems arising before the theory under consideration, and which, in the final analysis, are found to be erroneous variants of its development. Such forms of hypotheses are necessary due to some peculiarities of functioning of scientific theories. The basic objective of a scientific theory consists in predicting new facts and in adopting new experimental data. The destiny of theories depends on the solution of these problems. In order that the given process developed in a more predictable way, investigators base themselves on the introduction of additional hypothesis, expressed in the form of specific models, into the main structure of the theory. But not all such forms can be successfully realized, that is find their place in the main theory (sometimes, scientists even make use of such hypotheses purposefully). Moreover, some ad hoc hypotheses are, in general, theoretically without content. But their objective is not in that: their objective consists in temporary supplying the main theory with some pragmatic variants of its functioning (agreement with new experimental data, etc.). Also, under the heading of ad hoc hypotheses may come any experimentally fruitless auxiliary suppositions, for their additional theoretical contents do not receive experimental corroboration. In general, the role of ad hoc hypotheses is extremely specific and it does not coincide with the role of the scientific hypotheses in the cognitive process. 

    The emergence and formation of a hypothesis. The original point of any
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scientific process is a problem (we spoke about it above). The next form (stage, step) becomes a scientific hypothesis. The first stage of a scientific hypothesis takes the form of an initial insufficiently substantial supposition (idea, surmise), which will thus represent the “primeval” form of new knowledge .

   From what and in which way does the knowledge that is the “nucleus” of the future hypothesis emerge?  The new knowledge, as a rule, may be connected with the two levels of the scientific cognition: sensorial and theoretical. On both levels, the “novelty” can be determined by different ways. 

   One of such most important ways is an analysis of the previous knowledge (regardless of the level at which it is presented). The given analysis can make it possible to reveal the “borders” of the present knowledge in order to determine more distinctly as to where there are “blank spots”, “lacunae”. It is the insufficiency of the previous knowledge that must provide an impetus to a researcher in understanding of what knowledge will be new. Another way of obtaining new knowledge is the use of synthetic devices when the available knowledge is formed in a different fashion. For instance, the basic  idea of Max Planck’s quantum hypothesis emerged as a result of a distinctive synthesis of ideas: Pierre Prévot’s idea about the discrete character of thermal irradiation, Gustavus Robert Kirchhoff’s idea about the application of the second principle of thermodynamics to the explanation of the thermal irradiation, and Ludwig Boltzman’s idea about the essence of entropy as a measure of probabilities. 

   One more way of obtaining new knowledge, we could find in “the way of following thinking” after the object itself, after its language. But the given technique is not, of course, universal. 

   The method of “parallelism” that makes possible the transfer of some laws, which serve as a basis for certain systems, to other systems is one more technique for obtaining new information. 

   As a whole, it should be noted that the process of originating new ideas (knowledge) is multiform and, in its essence, depends on the active position of the subject of cognition. On the other hand, there must really be new knowledge, a new idea, and not an aggregate of originally accumulated various components. The revealed component must also be subjected to the procedure of logical compatibility. The given procedure should be carried out with the objective of revealing a correspondence of any new knowledge of science to the traditional criteria of the scientific explanation of phenomena. The explanation in its structure presents a process of logical influence, in which every given statement follows from another, which is more general. In this way, by means of forming the contents of a hypothesis according to the principle of determination, the explanation allows us to present it this time already as a scientific component. Besides, by imparting to the hypothesis a logical structure, the explanation allows us to find logical procedures for deriving new ideas and knowledge. 

    Making inferences from the general to particular is the central procedure of the logical attempts at finding new knowledge. The expedience of using syllogistical  inferences consists in that, as a rule, traditional syllogisms were a logical form of deriving the true knowledge, and they are tried to be used to derive the probability knowledge (hypothesis). The essence of such an expedient is in that the violation of rules in making a syllogistical inference makes the latter untrue. But it will be untrue only as a trustworthy inference, as for a probability inference the given conclusion is quite acceptable. And such a technique represents a universal mechanism of generating a new idea, or a new thought is born, and then, it will be discussed and subjected to the logical processing procedure. Here, there may be presented a few variants of wrongly made syllogisms. The first variant is an inference in which the premises are categorical judgments, and the conclusion is made of problematic, probability reasoning. The other variant is an inference in which the premises are problematic, probability judgments, and, therefore, the conclusion is also problematic. The third variant is an inference in which the rules of categorical syllogism are not observed, and the premises (or at least one of them) are problematic judgments. The conclusion in this case must also be problematic. The heuristic value of the inferences of the similar type is doubtless, since they allow us in a rather simple way to acquire a mechanism of generating new ideas.               

   However, the logical structuring of a hypothesis is not the only criterion of its scientific nature. A hypothesis must also correspond to a number of requirements to be rightfully considered scientific. First, a hypothesis must be based on factual data and explain all the trustworthy facts which concern the sphere of its application (it is best of all when a hypothesis explains a somewhat larger amount of facts than it is required). Second, a hypothesis must have at its basis a correspondence to certain verifiably known regularities of the real life which have been confirmed by a scientific law. Third, a fruitful element of a hypothesis, as a rule, proves to be the moment of contradiction of the contents of the hypothesis and the real theory (a contradiction compels one to a reflection, and this is also a creative process). Fourth, a hypothesis must be built on the basis of continuity, otherwise it will present a groundless invention, “a fruit of pure fantasy”. At the same time, in science there are quite frequent instances when emerging hypotheses often appeared as “paradoxical”, even mad in relation to well-established scientific propositions. Such, for example, seemed to be the suppositions about the relativity of the notions “up” and “down” (that is, about the spherical form of the Earth), about the movement of the Earth around the Sun, etc. Nevertheless, these hypotheses established themselves, and turned into scientific theories. Fifth, a hypothesis must be principally (logically) simple; it must not contain any superfluous contrivances, sophistications, or, at least, it must strive to achieve it. The logical simplicity will contribute to the formal-logical noncontradiction of the hypothesis. Six, a scientific hypothesis must be principally verifiable.

   Such requirements determine the qualitative aspect of constructing a hypothesis. However, in the course of cognition, a question may arise about the “quantitative” aspect of the hypothesis as well. This aspect implies the question: how many hypotheses are allowed concerning one and the same object of investigation. A number of scientists consider that there must be one hypothesis which entirely explains the phenomenon under study. However, in the history of science there have been not infrequent cases when simultaneously were put forward and developed a number of substantiated hypotheses, one of which later getting recognition. Thus, Ernest Rutherford’s hypothesis about the “planetary” structure of the atom was one of many hypotheses on this question. Therefore, the problem of the “quantitative” aspect of the scientific cognition at the hypothetical level remains open, as long as the process of the scientific creation is hard to be determined. And this means that it is not expedient to use any specification within the framework of constructing hypotheses.    

    The main goal of the requirements (both qualitative and quantitative) that are established for a hypothesis is its transformation into a logical-deductive system, since such a system appears as an ideal on the basis of which a theory is built. But, a hypothesis becomes a theory only then when its truth has been confirmed. Therefore, the main task for a hypothesis is its transformation into a logical-deductive system. The most important means of the given operation will be the derivation from the main supposition of the hypothesis of the maximal number of corollaries. Here, it should be also noted that the maximal number of corollaries is simultaneously an ideal, the goal and the limit of the logical-deductive transformation of the hypothesis. Of course, the number of corollaries from the main idea of a hypothesis is hard to be determined, but it can be unambiguously stated that their number in any concrete manifestation is limited. It can be explained by two reasons: 
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first, at every historical moment, the human knowledge about the world is limited; and, second, the knowledge of each concrete researcher is characterized by the same conditions, only, apart from the historical limitation there are also added individual and professional limitations. Besides, not all the corollaries derived from a hypothesis are essential for its transformation into a theory. But, still, the wider the circle of corollaries of a hypothesis, the more heuristic and essential is the hypothesis itself. 

   In the process of deriving corollaries, most frequently one is guided by comparing them with experience, on the basis of which a hypothesis can be tested. But, no less essential will also be the derivation of such corollaries that cannot be directly correlated with experience. If the first type of corollaries allows us to give an immediate assessment of the correspondence of the theoretical premises with the facts that take place in reality, then the second type of corollaries are those which “unfold”, “clarify”, “reveal” the points of the cognition process. The significance of the corollaries of the second type has been growing of late due to the peculiarities of the cognition process of contemporaneity, which assumes an ever greater degree and high level of abstraction, demonstrating its probability and virtuality character. Therefore, at the contemporary stage, an important task in developing a hypothesis becomes the process of bringing of its corollaries to such form in which these corollaries can be accessible for experimental verification (that is, until they turn into corollaries of the first type). 

   The next task of developing a hypothesis must be the actions aimed at finding the places of its contiguity with the other systems of knowledge (hypothetical and theoretical), as well as at determining the ways of its coordination with the other systems and, first of all, with verified, substantiated theories. The task is called forth by the need which is conditioned by the factor that a hypothesis is not developed on an empty place in isolation from the other systems of knowledge. The analysis of a scientific problem that was carried out above demonstrates the determinateness of any cognitive process in science by the present, available knowledge, its incompleteness and untrustworthiness. Therefore, it is on the possibilities of the hypothesis’ relationship of the highest possible value with the other systems of knowledge that its gnosiological value will depend. 

   The fulfillment of the first two tasks envisages as its result as increase of the probability degree of the hypothesis, of its higher scientific substantiation. This probability degree, as it is clear, will increase on the basis of two points: due to its practical confirmation and due to the comparison of its heuristic potential with the same indexes of the other hypotheses (another hypothesis). Such comparison makes the degree of probability of a hypothesis more visual. It is a pity, of course, that it is not possible to denote quantitavely this degree of probability, as the neopositionists (specifically, Rudolf Carnap) wanted it, but even the available possibilities are sufficient in order to determine the denoted criterion of a hypothesis in the course of its development.                

   After the probability degree of a hypothesis has been determined, the next task in its development will be ensuring a relative completeness for the hypothesis as a hypothetic-deductive system. This means that the “branches”, the lines of all corollaries must be logically connected with one another as well as the relative completeness and comprehensiveness of the object’s investigation are observed. 

    And the final task of developing a hypothesis is turning the hypothesis into verifiable knowledge or theory. An important role in this transfer is played by logical procedures. There are a number of ways of turning a hypothesis into verifiable knowledge. The first technique is a direct detection of the object of this or another property a thought about which was the main supposition of the hypothesis. This way of the transformation of hypotheses into verifiable knowledge is accessible to the empirical level of cognition. This technique was used in establishing the verity of the hypothesis of James Clerk Maxwell about Saturn’s rings. The second technique is a deductive derivation of a hypothesis from some other verifiable knowledge. This is a situation when the law from which a hypothesis is derived emerges later than the hypothesis, but the law gets the status of the trustworthy knowledge earlier than the hypothesis. For instance, it can be illustrated by the derivation by Isaac Newton of the laws of Johann Keppler from the law of the universal gravitation that Newton discovered earlier. The third, the most widespread technique is a deductive derivation from a hypothesis of corollaries, and comparison of the corollaries, firstly, with experience, with practice, and, secondly, with verifiable theories, or with corollaries from these theories. The logic of this technique is as follows: if a hypothesis is trustworthy, then the corollaries that it contains must repeat not only in the cases already known to us (empirically), but in unknown situation as well. For instance, it follows from the general theory of relativity that if one and the same source - let us assume, by the atom of some element – irradiates light on the Earth and on the Sun (in different media: in a better known medium and in a less known one), then it may be expected that in these cases the irradiation will also be different from each other by frequency. The supposition was confirmed by spectroscopic observations. That is, it turned out that corollaries, flowing out of the general theory of relativity, proved to be in full correspondence with reality. 

   There is also possible the fourth technique of corroborating a hypothesis: this is corroborating a hypothesis by the right stating modus of the conditional-categorical syllogism (modus ponens) from stating the basis to stating the corollary, where the hypothesis itself is a corollary, and the premises from which it was derived are the basis, if the premises at the moment of constructing the hypothesis were not credible.

   Still, the basic criterion for science of verification of hypotheses when they are changing over into theories (or credible knowledge) is practice. It is to be understood that this change-over of hypothesis into a theory can be different, but nevertheless, three change-over cases may be singled out (7). 

   1. The corroboration of a hypothesis signifies the emergence of a new credible scientific theory. This refers to the hypotheses that express whole hypothetical system of knowledge, which are more or less logically developed, relatively closed and self-sufficient. That was the case with Albert Einstein’s general theory of relativity, and with James Clerk Maxwell’s theory of the electromagnetic field. 

  2. The corroboration of a hypothesis denotes enriching an already existing theory with a new trustworthy law, proposition, or a complimentary principle that entails a restructuring of the theory itself, that is, it means that enriching a theory may bring about the emergence of a new scientific theory within the bounds of the theory itself. Thus, the corroboration of André Marie Ampère’s hypothesis about the interaction of electric currents enriched the theory of electromagnetism and gave birth to a new theory – electrodynamics. 

   3. The corroboration of a hypothesis and its changing over into credible knowledge means widening of the object field of already existing theory, which makes the existing theory more valuable both epistemologically and heuristically. Thus, the corroboration of the hypothesis about the existence beyond the limits of the orbit of Uranus of another, unknown earlier planet, which was called later Neptune, enriched the theory of the structure of the solar system. At the same time, it should not be forgotten that the development and verification of hypotheses, the same as the entire process of the scientific cognition, is a creative process. And, therefore, there is always room for the realization of an idea in cognition, which is not certainly to be denoted by us in the process of the analysis of a scientific hypothesis as a form and stage of the scientific cognition. 

7. See: Khilkevich, A.P. The Gnosiological Nature of the Hypothesis. Minsk, 1974. P.127-128 (In Russian).  

 4.3. A scientific fact and cognition.

The notion of fact. With the emergence and formation of the scientific knowledge, there is worked out a special approach to the perception of the world, as well as a special language and style of thinking, a specific methodology of investigation, where one of the key roles is played by a proof – either formal or factual, and where nothing can be accepted at the face value. Such foundations of the scientific cognition become based on facts. And so, what is a fact? 

   A fact, in the opinion of A.N. Yelsukov, is that in whose truth we do not doubt, it is something self-evident and true, but also it is something that does not rule out its substantiation and corroboration. From here, we have a duality of the fact: the fact is presented as directly contemplated, and, on the other hand, the fact possesses also a logical scheme of the perceived phenomena (that is, the fact is both the denoted reality and an element of the scientific knowledge) (1). Such duality is caused by the historical course of the development of science. Initially, at the first stages of the development of  natural science, the ideas about facts presupposed their understanding as of the phenomena of the reality itself. The scientific cognition itself, built on the descriptive-empirical practice, relied mainly on the fixation of the exterior attributes of objects, on the accumulation of empirical data. It is not fortuitous that many discoveries in the sphere of geography, geology, biology and other sciences were reduced to the finding of new objects (let us say an island, an ocean, a sea, a mineral, a kind of animal or plant, etc, and to as complete description thereof as possible). Such an object, in essence, was identified with a new fact in the already denoted sense. Such a notion about facts is widespread also at present, in the sphere of every day knowledge, criminal investigation practice, creative art activities, etc. Here, facts are real events perceived and fixed by a human being directly. Therefore, in generally accepted notions, the process of searching for scientific facts is understood as a process of simple observation and description of real events. 

   Another aspect of the fact, meaning that it is an element of scientific cognition, was formed later, so far as the scientific recognition is concerned. This is connected with the peculiarity of the close to the contemporary or the contemporary type of cognition, when the human being came across the cognition of such objects which humans cannot perceive and observe directly. Moreover, investigations showed that the facts are not only the      

1. The Nature of the Scientific Cognition: The Logical-methodological Aspect. Minsk, 1979. P. 153. (In Russian).   

result of simple contemplation and description of phenomena of the reality, but come forward in the capacity of a complex sum total of the cognitive activity, where a synthesis of various forms of world perception (sensual and rational, empirical and theoretical) takes place. Let us take, for instance, the discovery of the electron. To reduce this result to the sum total of the cognitive activity based on observation is impossible because it was derived in an indirect way. It should be also said that the discovery of the electron is not a one-time event, but the sum total of almost centuries of investigations in the field of electrical phenomena. Here, not only experimenters made their contributions (like Michael Faraday), but also theoreticians (one cannot deny the role of the antique atomists Democritus and Leukippus in the general result). But the discovery itself was based not on the direct data of an observation, but on assumed calculations. Therefore, it is evident that in science there is a theoretical technique of analysis which is determined by logical and statistical forms of the investigatory activity. 

   A dual situation in the interpretation of the fact leads, as a result, to a similar evaluation. On the one hand, this is a phenomenon of reality. But in spite of such contradiction, this quality testifies to a full-value cognitive result, in which reality and the rational features of its construction are combined and supplemented. Therefore, the fact is both ontological and logical. Depending on the context of the research situation, a preference is given to that aspect of the fact which seems the most acceptable to the subject. It is from here that the need is formed which is connected with a possibility of operating with facts both in the ontological and logical way. 

   An important feature of the analysis of a scientific fact is also striving for such understanding of the fact that will be comprehensible. We may try to denote it with the following definition. A scientific fact is such scientific knowledge whose essence and significance are revealed in a theoretical thinking process that allows of the logical reduction to sensorial-practical forms of cognition realized either in direct or indirect ways (2). Such a definition testifies to it that a one-sided understanding of the fact (either as an element of reality or as a logical construction) will be a factor that limits the scientific cognition, generating in it fortuities, errors and various elements of aplomb. Therefore, a two-sided work should be carried out in relation to scientific facts. It is necessary to interpret the input data cautiously and flexibly (for in earlier view they were identified with the notion of “fact”); but one must not produce light-minded corollaries in      

2.  The Nature of the Scientific Cognition: The Logical-methodological Aspect. Minsk, 1979. P.156 (In Russian). 

thinking over the data that have been derived as a result of research. For such kind of operations there are used various procedures of sensual-practical and logical-theoretical character. Thus, for instance, the initial data are subjected to logical-theoretical and mathematical processing. These data are generated, classified, typologized; one establishes with the initial data the “regularities” of the empirical character, they are statistically processed and subjected to explanation and interpretation. And, vice versa, ideas, surmises and hypotheses are brought into the field of experiment with the purpose of finding in practice the existence of the assumed objects and phenomena. 

   In conclusion it should be noted that a fact as an element of knowledge cannot be the result of a single observation, but is a unit of knowledge that combines in itself heterogeneous forms of empirical and theoretical character (even though such a case cannot be absolutely ruled out). 

   The status of the scientific fact in cognition. As we have already cleared up, the course and the results of the scientific cognition, to a great degree depend on the ability of operating with the facts correctly. Therefore, it is always important to keep in mind the nature of the scientific fact. It is on this knowledge that the status of the fact itself and the result of the cognitive process will depend. 

    In the gnosiological aspect, two kinds of facts should be distinguished according to their status: “raw” and “scientific”. In science, under the so called “raw” (it may be also called “gross”, or “natural”) fact, a certain aspect of reality is understood, that is, some concrete part of reality. True, one should specify the peculiarities of the aspect of reality that is presented as a “raw” fact. Firstly, the raw fact should not be identified with the objective reality. Secondly, the raw fact is not necessarily a component of the objective world; it may be a component of something else. 

   Under the “scientific fact”, a certain form of knowledge is understood, a more or less logically processed raw fact. In other words, this is that aspect or part of reality which has turned into an object of research and which has been specified by the subject of the research with the help of the means of measuring description, etc. Hence, the peculiarity of the scientific fact will always be the factor of it (the fact) always being partially or wholly interpreted. Indeed, even in the process of its initial processing the fact acquires a peculiar form. It is not fortuitous that the term “fact”, in its etymological aspect originates from the Latin word “factum”, which means “something done”. The well-known Russian physiologist Ivan P. Pavlov pointed out, in this connection, that in the scientific cognition, a fact cannot be just seen, and that to see a fact there must be a theory. Without a theory, a found fact will not be scientific until certain time (and maybe never). Such understanding of the nature of the scientific fact as that of Pavlov is shared by some other scientists. Louis de Broglie also assumes that a scientific fact cannot come into being in an empty place. For a scientific fact to emerge, a certain work of our mind must be carried out. Jules Henri Poincare also believes that for a fact to become scientific, it must be translated from a raw fact into the language of science. And Finnish researcher R. Muckkieli even denotes a number of attributes which may characterize a scientific fact (3). These attributes include:

1. Freedom from any concomitant accidental elements.

2. Ascertainment by means of reliably controlled means. 

3. Accurate definition, correctness and verification. 

4. Theoretical justification and interpretation. 

5. Artificiality, because the fact has been subjected to a subjective influence. 

6. Compatibility with some other method or theory. 

7. Coordination with other facts, for, as it was already mentioned earlier, an isolated fact cannot be regarded as a scientific fact. 

Thus, it is possible to say that from the point of view of gnosiology, a scientific fact presents an unfailing ascertainability of its presence with empirical data about an objectively existing separate element of reality which has been transformed by the subject and became a fact of its consciousness. Therefore, Russian philosopher B.M. Kedrov characterizes fact also as discrete empirical material from which and on the basis of which the knowledge of science is built. 

Such understanding of the scientific fact is connected , first of all, with the peculiarities of taking in of the empirical material in contemporary science. The specific nature of the given process consists in that the amount of this empirical material has considerably grown, and it has become necessary to apply special accounting techniques. Hence, the role of the statistical methods is growing. Such form is convenient and practical. The statistical technique not only increases the preciseness of the calculation, but it also makes it possible to make allowance for such a point as the statistical probability (that is, we may assume a possibility of finding this or another fact). Moreover, A. I. Rakitov believes that the fact itself by its nature is a statistical component (4).      

(3). Quoted from: Ginginov, G. Science and Creative Work. Moscow, 1979. P. 100 (In Russian). 

(4). See: The Problems of the Logic of Scientific Cognition. Moscow, 1964. P. 388. (In Russian).

Therefore, a scientific fact must differ from a raw fact in that its statistical probability must be identical with the logical probability, and if any difference between them appears, it must be as slight as possible. 

   The significance of keeping the notions “scientific fact” and “raw fact” apart is necessary also in order to remove a possibility of any speculation on their basis. It is for this aim in view that the statistical and logical ways of fact verification have to be used to verify facts according to their scientific nature. It is also necessary because it is only in this way that there is a chance of understanding the nature of the fact. And this means that for contemporary gnosiology it is clearly not sufficient if a scientist only reports about the discovery of some fact. The scientist, in this case, should also indicate (and in the most informatively saturated way) the technique that was used to establish that fact as well as the details that were important in establishing the fact. Such specificity will allow a researcher to rely, afterwards, on the reproducibility of the empirical material in the contents of the fact. The only thing is that this requirement cannot refer to unique and irreproducible facts of scientific cognition (such as historical facts). And, as a whole, the ideal of science is built on the basis of such understanding and such characteristic of scientific facts that any research could always reproduce them, if such a necessity should arise. 

   Of course, nothing can replace the cognitive significance of facts. That is why the basis of the scientific creativity is set in the sphere of facts. There are reasons for that. One of these reasons (the most basic) is as follows: reliance on facts is a way to avoid subjective arbitrariness, to overcome it or not to allow it at all. Therefore, the necessity of the factual base for cognitive activity, the understanding of its priority cannot be replaced with a cult attitude to facts, with their superstitious worshipping. It must be kept in mind that facts are not omnipotent; their cogency and clearness are only the outcome of the degree and depth of the scientific interpretation and logical probability. And here, the aspect of measure is important. Indeed, the experimenter must not go farther than the fact itself, running, thus, a risk of being led into a delusion. The creative art is built exactly on such skill of operating with facts when a distinct limitation of the sphere of application of the fact itself is grasped. For the fact per se is limited in the gnosiological sense also because in it there is denoted not only what is the evidence of the rightness of the researcher, but many accessory collateral components, which often interfere with a search for the necessary material. The researcher’s art, in this case, will consist in his ability to eliminate the unnecessary components. 

   There is one more aspect of working with facts which must be used cautiously. This aspect of the effect of “idol worshipping” attitude to facts, when it is not so much the subject that abuses his or her heuristic abilities, but that the subject hopes that the facts themselves will give an answer to the questions that have been raised. Of course, one cannot expect from the facts to start “speaking” the language of science. Indeed, the scientific nature of a fact, as it has already been noted more than once, consists in its ability to be interpreted.  Naturally, the many-sidedness of a fact creates conditions for the use of such interpretations that will not clarify the contents of the fact quite distinctly. But, nevertheless, the distance between the fact validity per se and the fact validity as a scientific criterion should be observed. And this means that in relation to such phenomena, the methods and the style of the scientific cognition should be applied with all possible strictness. Then, facts for a scientist should become, according to a fitting expression by Ivan Pavlov, the air itself. 

   Proceeding from the denoted peculiarities of fact interpretation, in the contemporary philosophy of science; it is possible to single out two approaches to the understanding of the fact. The first approach consists in the assertion that scientific facts lie outside the theory and are entirely independent from it. A.L. Nikiforov calls such approach “factualism”. The second conception, which formulates the question that has been brought up differently, relies on the following thesis: scientific facts lie within the framework of the theory and are entirely determined by it. According to the same A.L. Nikiforov, such approach can be called “theoretism”. 

   The followers of “factualism” rely on the assertion that a fact, by its nature, is autonomous, and, therefore, it does not depend on the theory. Mostly, they associate such an image of the fact with a sensual image, and the sensory image, in their opinion, does not depend on the language. Therefore, if there is a question about expressing these images in thinking form, then the “factualists” are trying to set apart the proposed theories and the sentences that describe autonomous facts. The specific nature of the sentences about the sensory images is that these are sentences about pure sensorial phenomena. In any case, ‘factualists” are trying to defend their position of contraposition of the theory and facts. This leads to certain peculiarities of understanding the cognitive process. One of such peculiarities consists in the general admittance and invariance of the facts and languages of observation in relation to the changing each other theories. Such a position leads to the formation of cumulative approach in cognitive activity. The reason for this is that since the fact does not depend on the theory, then the facts will go on accumulating and increasing in quantity. Besides, in such understanding, actually, the historical factor is not taken into account. It appears that since a fact has become scientific, then this is so forever. The theory in this case is degraded to the level of a tool that plays a secondary role in cognition. And really reliable trustworthy, scientific knowledge will be presented by the knowledge of facts. (invariable in their status). A secondary and passive role is assigned by “factualism” also to the researcher and the researcher’s creative potential. All proceeds from facts and the role of the scientist consists in fixing the facts. Even though the “factualists” admit that the theory may encourage the activity in the search and creation of new facts, but, nevertheless, its role is secondary. The scientist plays within the framework of such an approach only the role of a “photographer” whose task is to make a copy, to depict a fragment of the reality. 

   As for the followers of ‘theoretism”, they while agreeing with the peculiarities of treating the role of facts in “factualism”, at the same time insist on a profound connection that exists between the theory and facts. This position can be traced particularly distinctly in the conception of the outstanding “theoretist’ and postpositivist Thomas Samuel Kuhn. The notion of “paradigm” that he introduces (as the “supertheory”) determines not only the ideals and norms of the scientific cognition, but in compelling way affects the depth and character of the interpretation of facts. 

   Theoretism, as opposed to factualism, quite clearly aims at demonstrating the dependence of facts on theories. Hence, theoretism (represented by Thomas Kuhn) leads to the understanding of the scientific cognitive process as anticumulative. This is because facts now lose their autonomous status, and, therefore, the theory can develop not due to the old facts (perpetual, from the point of view of factualism), but due to their new interpretations. Then it turns out that science is not following the road of accumulation of new facts, the very notion “new fact” gets complicated. Either it is a new fact in the literary sense of the word, or it is its another interpretation. Any scientific discovery, in this way, changes the world, for it gives its new interpretation. 

   The views similar to those of Thomas Kuhn are also expressed by another researcher Paul Karl Feyerabend. According to Feyerabend, a fact represents a synthesis of sensory perception with such a sentence that he characterizes as the ‘natural interpretation of perception”. For instance, any action can always be expressed in a dual way: as a sensorial image and as a sentence that contains in itself a description of what is taking place. Paul Feyerabend believes that sensory images are formed by means of “natural interpretations”, as a result of which we receive an altogether new fact. 

   The dependence of facts on the theory is very great, according to the version of “theoretism”. It should be also said that the degree of that dependency is so large that every theory, actually, owns its specific facts. Facts entirely lose their autonomy and stability. Such an effect generates a special understanding of the process of scientific cognition. If facts are determined only through theoretical propositions, then the differences between theories will manifest themselves in differences between facts. It turns out that one and the same fact in different theories will be understood as a few different facts. And this leads, apart from already denoted anticumulativism, to incommensurability of different scientific theories. Different theories, therefore, cannot have a common empirical base, a common language, etc. The previous knowledge cannot be passed to a new system of knowledge, and, therefore, it is cast away. Because of that, there can be no continuity in science, and facts cannot compete with the theory; they cannot make a researcher accept or reject this theory on their basis. Actually, the given direction does not recognize any limitations in relation to the cognizing subject. Everything lies in the subject’s creative potential. 

    “Theoretism” demonstrates the omnipotence of the theory in the cognitive activity. The theory forms the conceptual apparatus, lies down the meanings of notions, stimulates the invention of devices and instruments, determines the dependence of the sensorial perception, and determines facts. In theory, there emerges its own, autonomous world, which is closed from outside criticism, and, therefore, no external criticism is capable of destroying it. Here, the association of the world of theory with the world of the human being is very convenient, where the human “ego” appears in the role of the omnipotent master. Thus, “theoretism” also admits the heuristic potential (de facto, it is arbitrariness) of the subject into the cognitive environment without any limitations. 

    Naturally, the idea comes to mind of ‘factualism” and “theoretism”  being extreme positions, perhaps containing much of the important, general and weighed-over; but, all the same, not providing a trustworthy notion about the role of facts in cognition. On the one hand, one cannot help agreeing with “factualism” in that facts are to some degree autonomous in relation to theory. Otherwise, the very sense of using such a form of fixation of the reality for scientific cognition as a fact is lost. For a theory must correspond to something; otherwise, in which way does it differ from any human thought? On the other hand, we cannot fail to recognize the existing dependence of facts on the theory (how then, are these two components of the process of scientific cognition interconnected? It is also natural that facts, in the words of Paul Feyerabend, are “theoretically loaded”, and, it means that the theory affects our contemplation of the world). Therefore, a deviation either to one or another side is out of place; it will only testify to the absolutization of one of important components that make up the process of scientific cognition. Hence, it is important to be aware of the relativity of their relations in cognition. And this means that scientific facts, up to a certain moment, are independent from the theory and, vice versa, beginning with a certain moment, a scientific fact begins, to a large degree, to manifest its dependence on the theory. Besides, it should be said that the emerging dependence and independence also have their borders. Therefore, there are no facts that are absolutely free from theories, the same as there are no theories that absolutely engulf facts. And all attempts at absolutization of the fact and theory are connected with a simplified, “one-dimensional” understanding. Hence, there is such a position that, for instance, a fact is either a sensory image, or a sentence, or an element of reality. Such approach makes us to reduce all the multiformity of the fact to only one of its aspects: either to the linguistic, or to the sensorial or to the physical one. And this already compels us to follow in advance those logical conclusions that follow from any aspect. If a fact is an element of reality, then it cannot in any way depend on theory; if a fact is an element of a sensorial image, then it will be determined by the peculiarities of the human perception; and if, finally, a fact is an element of the language, then it, vice versa, will be independent from reality and from sensorial perception, and proceeds entirely from the logical laws and the theory’s principles. Therefore, the “alignment” of a fact, its structure becomes a very important question. 

   The structure of a scientific fact. Every scientific fact is a complex, integral formation in which a number of components are present at the same time, between which certain interactions have been formed. 

   Any fact must, without fail, be expressed verbally if it is to have the status of a scientific fact. It does not mean that the necessity of being denoted verbally makes a fact scientific. But this is an important condition. Therefore, every fact must be expressed, without fail, in a sentence or sentences. A.L. Nikiforov even introduces a special notion in this connection – the “linguistic component” of a fact (5). As a second component of a scientific fact, Nikiforov proposes to consider the “perceptive component”, under which one should understand a certain sensorial image or a number of sensorial images synthesized in one whole, which are included in the process of establishing a scientific fact. The presence in a fact of the perceptive  

5. See: Nikiforov, A.L. The Philosophy of Science: History and Methodology (auxiliary textbook). Moscow, 1998. P.155-171 (In Russian).   

component is very important, for the latter denotes the way with which a human being may directly interact with the objects of the real world. The significance of the sense organs for the process of cognition was shown already by David Hume, who ascertained that everything perceived by us from the exterior world is the result of the activity of the sense organs. Any fact, therefore, cannot be revealed without the involvement of sense organs. It is another matter that contemporary science makes us speak about dual meaning of these organs in cognition. If the question is about a direct perception, or, using the parlance of contemporary researchers, the perception of the “human commensurate world”, then the perceptive component is present in the facts that are established in a very clear way. If, on the other hand, the question is about the perception by means of some engineering arrangements, devices, etc., or, again using the parlance of contemporary researchers, the perception of the “microworlds” and “megaworlds”, then the perceptive component is expressed less clearly. 

   The revealed components of a fact allow us to think about their unified integral presence in the fact itself. It is not fortuitous that the majority of researchers understand the fact as a synthesis of the sensorial image and the sentence (such researchers as Thomas Kuhn, Paul Feyerabend, etc.). But, the already denoted components of the fact make us put to doubt such understanding of the structure of the fact. The indicated components are the most distinct elements that can be found in the fact. However, the most difficult is to find in the fact its third component, that is, material-practical. This component represents an aggregate of devices and instruments, as well as a sum total of practical actions with these engineering means that are used in establishing a fact. 

   The material-practical component is the element of the fact that is ignored by the researchers most of all. It is connected with the following: the influence of the engineering means of cognition is regarded as automatic. Really, devices and instruments seem to be “the extension of the sense organs” of a human being, and, therefore, they are either identified with them, or, altogether, are not taken into account. And this is not so. Indeed, a great number of scientific facts could not exist without the material-technical component. Besides, it is this component that is a condition of continuity in science, as long as neither the establishment of a fact, nor its interpretation are not included into its task. The aspect of continuity demonstrates with a great degree of clearness the necessity of the presence and not a little significance of this component in the fact. Let us, for instance, ask ourselves the following question: “How can the facts of one historical epoch, or culture be saved and passed to other epochs and cultures?” it is clear that such transfer or maintenance are possible in case of a fixation of the established facts in sign systems on condition, besides, that these sign systems could be understood by the representatives of another culture and epoch. Another question is whether it is enough and whether such transfer will be equivalent. As it is shown by A.L. Nikiforov, if Antoine Laurent Lavoisier would have liked to pass to the scientists of Ancient Greece that there exists such a gas like oxygen, he could not have done it only as a result of translating such kind of information into the Greek language, because, even if Ancient Greeks had understood the contents of such a sentence, its essence would have remained for them a mystery. The reason for that is that if the fact contained in the sentence is correlated with the material-practical means of cognition of the Ancient Greek science, then it is in this sphere that the main misunderstanding arises. Therefore, it is very important to create conditions also for the possibilities of available material-practical means to confirm those ideas and realia which a human being is capable of establishing. As Stephen Tulmin in his time derived a formula of the scientific problem whose sense could approximately be shown schematically in the following way: Scientific Problem – Creative Potential – Material Possibilities, so in our times, one may ascertain that a fact for science is possible only within the borders of its material-practical means. Therefore, the importance of the material-practical component in the analysis of a scientific fact cannot be denied.  

   Thus, a fact includes three components: linguistic, perceptive and material-practical. It is only their integral unity that allows us to state that a fact is established. However, even if one component of a fact is falling out of this unity, then the fact itself will be destroyed. Therefore, neither “factualism”, nor “theoretism” really make it possible to analyze what a “fact” is, wherein  its gnosiological role is and a number of other important questions. 

   Having a heterogeneous structure, the fact cannot be presented as a statistical formation. A fact is not necessarily a result; a fact is also a process. The process nature is given by those relations that exist between its components. Besides, these interrelations have a rather complex character. Let us consider, for instance, the relations of the linguistic component and the material-practical. It is clear that these components influence one another. In the linguistic component there are always presented expressions about a certain fragment of reality which contribute in a natural way to the development of the engineering means for the cognition of this fragment. It is more complicated to denote the influence of the linguistic on the perceptive component. However, such influence, that is, that our knowledge affects our perception of the world, cannot be left unrecognized. The perceptive component, the same as the linguistic, influences the material-practical one, as long as all the engineering means of the cognitive activity are invariably calculated on that they will be in direct contact with the sense organs. The perceptive component also affects the linguistic one; it is just rather difficult to denote such influence in a clear way. And, as for the influence of the material-practical component on the linguistic and perceptive components, it is expressed very clearly. That is well demonstrated by the above-mentioned example concerning the possibility of understanding the phenomenon of oxygen by the scientists of Ancient Greece. And so, all the interrelations make us understand the fact in the terms of its effective procedural unity. 

   It should be also said that the three-member structure of the fact does not allow us to apply to it the traditional understanding of the truth (as a reflection of reality and a logical noncontradiction). Therefore, facts should be considered with reference to those socio-cultural determinants which condition them. For instance, the fact that mass is an inconstant value cannot be a fact in that system of ideas where such notions as space and time are regarded as absolute. For, therefore, then there exists a universal reality in which there are laws for all the elements of this reality. And, that there can exist other systems of worlds, with other laws, is not admitted here. Therefore, in the classical mechanics, mass is a constant value; from the point of view of the special theory of relativity, mass is a temporary value, which represents a special form of energy. 

   The question of the interrelation of the fact and the truth is important also because it is of key significance within the framework of the problem of cognition criteria. For what does the factual basis in cognition allow us to realize: it does not give us a real doubling of the reality, or only interprets what is taking place there? In general, taking into account the three-member structure of the fact, we understand that such a question is irrelevant, for in this way we destroy the fact. There is in it the linguistic component, and it is the linguistic component that fixes in itself ideas about the world. There is another question. And what does the linguistic component realize in a fact: does it “describe” or “express” it? It turns out that by solving the problem of the structure of the fact in cognition, we come across the question: how are the language and the exterior world correlated? 

   Traditionally, terms are considered to proceed in their meanings from those objects and relations between them to which these terms refer. As for sentences, reality there is only distorted due to the term’s context. The author of the given theory of meaning, Ludwig Wittegenstein, removes the fact, destroying its structure. This takes place because the perceptive component, which has, very likely, in a real way both an individual and subjective basis, is eliminated in such interpretation. Therefore, for a scientific fact, the linguistic component must nor “express” or “describe” the fact itself. There are interactions between the fact’s components, but only they need not lead to a complete replacement of one component with another. Otherwise, we repeat the fate of the ontological proof of the existence of God’s being that was put forward by Saint Anselm of Canterbury. We will remind ourselves the essence of this reasoning: if there is a thought about God, it means there is God. To say that there is no God means to say that a circle is not round. It is such a thought that eliminates the existence of God’s being as a scientific fact. It is not fortuitous that Immanuel Kant, having refuted the ontological proof of God’s being, noted that no matter how often we repeat “sweet”, it will not get sweet. It was using this example that he showed that different components of reality cannot be replaced (in this case, the sensory component cannot be replaced with that of abstract thinking). It is another matter that if to take into account the complexity of the interaction of the structural components of the fact, then how can their role be interpreted in the cognitive activity? If earlier, as it has already been pointed out the fact had to be discovered in the literal sense of the word, then at present it is clear that such process has a much more complex character. It is clear that it is impossible to speak about discovering facts unambiguously. To say “discover” means that a fact exists but is hidden from us. In essence, such understanding is a metaphysical understanding. And metaphysics does not allow us to consider a fact in its structural integrity, for it pays attention to only one of its components. Besides, such approach ignores the subject’s activity and his or her heuristic potential by reducing the essence of cognition only to the passive reflection of reality. Therefore, a fact is not only a fragment of reality, but also a fragment of the subjective principle that is introduced by a human being into reality. There are no ready factors in cognition; a fact is always created in the sphere of the conjunction of the objective and subjective principles. For a fact to take place, there must be denoted in it not only the perceptive component and the linguistic component, but the material-practical component as well. 

   It is from such a position that it is easier to take into account the influence of the different components of the process of the scientific cognition on a fact, so as to avoid the extremes of “factualism” or “theoretism”. Thus, for instance, now it is easier to understand the character of the influence of a theory on a fact. This influence exists, but it is not absolute, it does not remove its independence. It is most likely that a theory affects the linguistic component of a fact (the sentences where the theory’s principles are formulated). Further, there already follows an indirect, proxy influence on the other components of the fact. The reason for that is that on the basis of the linguistic component, ideas and notions are built about devices and instruments with whose help a research is conducted. Thus is the influence on the material-practical component manifested. By analogy is also built up the influence on the perceptive component.                                          

   But so as to understand that a fact presents an autonomous structure of the scientific cognition, the reverse should also be demonstrated (that is, where the theory cannot influence a fact). To begin with, it is necessary to mention that not only one theory is directed on the components of a fact. The other theories may also exercise such an influence, and, therefore, the facts’components will also have a different interpretation, from their point of view. The effect of the cultural and historical ideas and notions, which come forward in the capacity of certain “filters” for the cognitive process, should be taken onto account. Moreover, the material-practical component allows the linguistic component to serve as an independent component of the fact. It can be well demonstrated on such a function of the material-practical component as the communicative function. In accumulating engineering actions, theories are obliged to introduce within their framework such terms which denote engineering means in other theories. This leads to mutual enrichment, on the one hand, and, on the other hand, the linguistic component acquires the role of an active participant of the process of scientific cognition. It is also important to note that from the given of the statement, it is possible to derive the following structure of the linguistic components. It must contain the language of the given theory, the languages of other theories, and the language of general usage. From these positions, the “non-interchangeability” of theories (as simply of an aggregate of sentences) can be seen even better. A theory impacts the strongest that structure of the linguistic component that consists of its language. And, vice versa, it affects the least (if it affects at all) those of its parts which consist of the language of the other theories and the language of general usage. It turns out that if the linguistic component of a fact is to be considered in its entirety, then the fact possesses its own language. This language is far from being identical with the language of the theory. It is not fortuitous that A.L. Nikiforov speaks about a special factual language. Besides, the understanding of the factual language is made even more difficult if one starts considering its interaction with perceptive and material-practical components. But, it should be said that the relations of the factual language themselves with the language of the theory, which uses within its framework the denoted fact, are difficult to be called simple. 

   For such an interaction to begin there must be a “translation” of the factual language into the language of the theory. This presupposes a change of the terms of the language of general usage and the language of other theories with the terms of the main theory, which simplifies the meanings of notions in the direction of eliminating the superfluous contents of the other languages (of the languages of general usage and other theories). Such a process leads to the loss of the understanding of with the help of which means the given facts can be obtained. And it is only after this that the assignment of the terms obtained to the language of theory is possible, which presupposes, actually, a true value assessment of the new knowledge in relation to the theory. 

   Thus, studying the structure of the scientific fact allows us to understand better the character of the process of the scientific cognition, and the role of the factual material in its emergence and formation. It is also obvious that the most mobile, dynamic part of the fact is its linguistic component. But even the linguistic component possesses certain “immunity” in relation to the theory. As for such components as the perceptive and the material-practical, it should be said that they are even less liable to influences, even though it is not ruled out. The fact structure also allows us to understand in which part the scientific cognition is cumulative, and in which it is not. The accumulation takes place, to the greatest degree, in the material-practical and perceptive component, and a refusal from continuity is particularly clearly seen in the linguistic component. Therefore, the fact, as an autonomous component of the scientific cognition, should be recognized as the most important element of this process. 

   The scientific fact and the contemporary science. The changes that took place in the physics of the 20th century make us bring up the question about the possibilities of the factual denotation of the material of theories. This is, first of all, connected with the emergence of quantum mechanics, which, in a very drastic way, leads to the changes of ideas and notions about reality. And these changes cannot be left without being mentioned in the light of the understanding of the fact in all the complexity of its structure, which was already referred to above. 

   Quantum mechanics proposes a new way of cognition of Nature’s phenomena. But, the complexity of this approach consists in that quantum mechanics does not fit in any way into the general logical schemes of the traditional cognitive activity. As Richard Feynman put it, “many people, this way or another, understood the theory of relativity…But, it seems to me, I can say   with confidence that no one understands quantum mechanics” (6). It is in such a complexity that the peculiarity of the interpretation of the notion “fact” by quantum mechanics consists. Researcher R.A. Aronov sees a number of reasons for these difficulties (7). He connects the first reason with the presence of numerous attempts at the interpretation of the equations of quantum mechanics as a kind of a theoretical image of physical waves spreading in space, which proved unsuccessful. As a result, physicists had to accept the statistical interpretation of the wave function. As the wave function is considered that element of the theory due to which it is possible to determine the probability of a jump-like transition of a quantum object from the initial to one of the possible states. This gives rise to a problem. What does quantum mechanics research as an object: natural phenomena or the way of thinking taking place in Nature? And such a way of putting the question does not allow us to understand the fact in the denoted way at once. For, what does quantum mechanics give us in this case, how does it see its object? It researches, as a matter of fact, the distribution of probability for possible measurements, because it provides a model for depicting real space-time events, but not only in the language of certain quantitative magnitudes of physical values, but also in the language of wave functions, which present the state of objects before, outside and independently from the character of the experiment that is being conducted in cognition. That is, in such an approach, the notion of “reality”, which could denote a certain correspondence between the cognized (that which is being cognized) and knowledge (that which contains in itself information about the cognized) is lost. Another reason for the difficulty of the understanding of the term “fact” consists in that quantum mechanics makes use of noncommutative  measurements. Noncommutative measurements are those measurements which change their product as a result of the change of factors. The noncommutative aspect of measurements can demonstrated in the following way: ab – ba ≠ 0. In traditional science (classical physics), all measurements are commutative, that is, the product of ab differs in no way from the product of ba.  Such a principle leads to the fact no longer being taken as 

that material with whose help it is possible to determine whether the knowledge of a theory is trustworthy, or not . As a result, one of the most

6. Feynman, R. The Character of the Laws of Physics. Moscow, 1968. P.139. (In Russian).               

7. Aronov, R.A. On the bases of the “new way of thinking about Nature’s phenomena”//Voprosy Philosophii (Questions of Philosophy). 2001. 5. P.1490158  (In Russian).

important indexes of the scientific nature, that is constancy and reproducibility, is lost. Then, the physical reality becomes relative, and it is impossible to think about an element of the physical reality without a device. In correspondence with such a position, the properties of quantum objects exist and manifest themselves before an interaction of whatever kind with a device, but, only as relative properties that depend on one another. And then, one may speak about them as of properties, or possibilities, which can manifest themselves as independent from each other entities in the future, when the corresponding interaction will take place. Then a measurement fixes, actually, not the properties of the quantum objects, but their classical projections on the device. And the fact that as a result of an observation with the aid of a device, a quantum object will find itself at a point with a certain probability, does not depend on whether there exists a corresponding physical situation objectively, really outside and independently from the cognizing subject, or whether it is created artificially. Quantum mechanics demonstrates that with the aid of our sense organs we do not determine the magnitude of physical values (for instance, a coordinate, or an impulse) which characterize supplementary properties of a quantum object before the act of their measurement by the cognizing subject-observer. We determine something different: their nonquantum, classical projections on a device, with whose help we then recreate those values (which are called quantum values), which existed before, outside and independently from the act of measurement. And it is this difference that is revealed in moncommutative measurements. Therefore, the existing understanding of a fact is destroyed in the principles of quantum mechanics. 

   The third reason for the complexity of the interpretation of the fact is an unjustified “abuse of the language”. This ‘abuse” should not be taken literally; the “abuse” here concerns the object of research of quantum mechanics – the microworld. And this is the language of wave functions, and noncommutative measurements. Besides, among the peculiarities of the research of quantum objects, there should be numbered also a rather frequent and deep presence of the subject in the descriptions of many indexes of the investigated phenomena. A subjective presence is a sign of a great importance of the understanding of those means which come forward in the role of intermediaries in the cognitive activity between the subject and the object. For what is a device, after all: a device is a way of putting a question  before Nature. Therefore, language is a constant interpretation of the investigated world in all the possible quantum properties. It is here that the feeling that language is being abused is born, that there does not exist a description of an object that is given once and forever and that it must be constantly analyzed. 

   Nevertheless, quantum mechanics does not refuse from the ideal of the scientific nature, according to which in science, a search is conducted for such ideas and notions about reality that will be independent from measurements. That such an aim has been declared, but the classical ideas and notions do not allow us yet to understand quantum mechanics substantially, is, in the author’s view, a guarantee of a successful formation of the model of scientific cognition in contemporary conditions. Most likely, a fact will be given some new interpretation; a certain additional component will be introduced into its structure. 

    4.4 The Scientific theory 
    The theoretical knowledge. The theoretical knowledge is the main knowledge of science because it is here that the results of the investigations of different scientists are presented. The theoretical knowledge represents a complex developing system, in which, as its transformation proceeds, new levels of organization emerge. This leads to the theoretical knowledge being in the state of constant evolution. 

   The puzzle of the theoretical knowledge consists in that the aim of the scientific cognition is in achieving the true knowledge, which is presented in the theory, and that even on achieving such a status, the theory constantly changes. To understand what makes it possible, it is necessary to subject to analysis the character of the theoretical level of cognition, the structure of the theoretical knowledge and a number of other points. As long as the theory is the “quintessence” of the scientific cognition, the nature of scientific cognition is in the theory’s essence. 

   A theory represents that state of the research of reality that has been achieved by scientists at the given moment of time; as a matter of fact, as a theory, one may consider a form of trustworthy scientific knowledge about a certain aggregate of objects, which represent a system of mutually coordinated statements and proofs, also containing methods of explaining and predicting of the objects and phenomena of the field under investigation. It is in this perspective that the theory presents itself to the empiric knowledge, and the theory is different from the empiric knowledge by the verity of the scientific knowledge that it contains; by a generalized description of the phenomena that it investigates; by the denotation, as its foundation; of initial statements and a set of statements that are obtained from the initial ones by means of derivation or proof. A theory possesses, therefore, that specific feature due to which a transfer is possible in it from one principle to another without any references to the experimental data (it is here, by the way, that there is a possibility of a theory to predict a course of processes). 

   As characteristic features of a theory one may denote its generality and universality. The universality of a theory is manifested in that any theory regards as its object all the things and phenomena, which have come into its field of vision (even regardless of the fact that objects can be unique and inimitable). The given possibility to be general (it refers equally to all the investigated objects) is, indeed, the fact of the universality of a theory. If a theory could not interpret its research base in a similar way, then it would be a purely empirical form of cognition. Similar universality is also obvious during an etymological analysis. The term ‘theory” (from Greek “θέωρίά”) had a meaning of “consideration”, “investigation”, which first of all, refers to the peculiarity of the process under investigation, and not to its direction. Therefore, for a theory, any object is equipollent; a differentiation emerges in the course of determining the degree of trustworthiness of the knowledge it contains. 

   The generality and universality of a theory, while being its distinctive positive features, on the one hand, on the other hand, bring the knowledge of the theory to a special explanation and description of the reality, to which this knowledge is directed. The given specificity ascertains that the knowledge, when subjected to the procedures of generalization and universalization, interprets the ideas and notions of the principles of the theory about reality. In simple words, this knowledge “coarsens”. The main form of manifesting “coarsening” is the process of uniformity both of knowledge, and reality, the notions of which we borrow from the contents of the knowledge. The uniformity of knowledge occurs by means of two points: firstly, we reduce knowledge to a single logical form, and, secondly, through the understanding of the empirical experience, as a form characteristic of all the objects and phenomena, the objects under research are brought to a common denominator; in such a way, the theoretical knowledge is trying to denote an undefined thought that reality in its empirical and theoretical presentation is stable and unchangeable. The indicated properties are, indeed, the basis for the recognition of the theory and the theoretical level of cognition as the highest level of science and the most trustworthy level of science. 

    Another highly important feature of a theory consists in that the theoretical knowledge is necessary by the character of its interconditionality. It means that the elements of the theoretical knowledge are “interwoven” with the necessary bonds. The necessary character of the theoretical knowledge follows from the unavoidable transformation of knowledge that it undergoes on the road of its theoretical implementation. These are the procedures of universalization and generalization, which are leading to uniformity. And as we have already said, one of the forms of “uniformity” is logical processing of the knowledge that the theory contains; therefore, the knowledge that has not been subjected to such processing is automatically considered as not  theoretical knowledge.               

   Another feature that is characteristic for the theory is presented by its presentability and representativeness. A theory must be constructed in such a way that any object under investigation could be clearly presented. Hence, another requirement to the scientific knowledge must be set: its explicitness. A theory must get rid of implicitness as adequately as possible. Even if undefined knowledge lies “on the surface”, it must be made more exact, all the same. The given procedure, which is frequently applied in a theory, is connected with such a phenomenon and notion as the “metatheory”; traditionally, it is the analysis directed on the discovery of the essence of the structure, the potential, applicability and the explicitness of the theory that comes forward as the metatheory of cognition. The main attribute of the matatheoretic nature is the transformation of the theory itself, its structure and contents into an object of theoretical investigation. 

   A metatheory, nevertheless, is also characterized as a simple scientific theory. It means that it must correspond to all the criteria of the scientific knowledge, and it must contain those features that were described above. The only thing that is manifested more obviously in the metatheoretical character of a research is that it demonstrates better the multi-level and polysemantic nature of a theoretical investigation. For instance, during a direct (every day) investigation of an object, it presents itself to us only as a sensorial object, but in the course of a theoretical research we can already see something larger (that which stayed beyond the limits of the sensorial perception), particularly during the metatheoretical investigation. It takes place when we can analyze not only sensorial data, but also rationally comprehended ideas, etc. It is not fortuitous that the prefix “meta” means in translation from Greek “behind, following after”, which emphasizes etymologically the appearance of yet another level of reality, which was left out of account in the previous investigation. As a rule, the functions of the metatheoretical research have been always performed by philosophy; sometimes, it was done by some other concrete sciences. When speaking about the metatheoretical function of an investigation, which is possible in relation to a scientific theory, both its positive and negative properties should be pointed out. To the positive properties we may refer that, due to the metatheory, a scientist has a possibility of more detailed determination of the degree to which the object has been researched, the degree of directness of the links of the given theory with reality, of the process of abstracting and formalizing of research, the symbolic apparatus of the theory, etc. But, there are also negative properties. Among such one may count those dangers which are contained in the emerging deviation of the psychological kind, which presupposes a break-up between the theory and reality, a direction only on the symbolic aspect of theoretizing, etc. Therefore, the metatheoretical nature is useful only when it consolidates the logical connectedness and the heuristic potential of the theory.    

   The structure of the theoretical knowledge.  The structure of the theoretical knowledge is constructed on the basis of those objects at which it is directed, on the basis of constructs (abstract objects) of the theoretical language, on the basis of the interaction between these two components. The presence of a similar theory “arrangement” leads to a supposition about its composite structure, which possesses a corresponding hierarchical order. The first systemic component of the structure of a scientific theory is the theory’s fundamental law (or a set of laws). The fundamental laws themselves have a complex subsystemic structure, whose main component is a model of the reality under investigation. The essence of such a model consists in that it presents an idealized scheme of reality which obeys the action of the fundamental law of the theory and offers its own experimental testing by means of special procedures of uncovering  its abstract objects in reality. For instance, in the classical mechanics and in Newton’s work, as such abstract objects from which a theoretical model was built, appeared the objects expressed by the terms “force”, “material point”, “inertial system of reference”. A correlation of these objects leads in classical mechanics to the formation of a theoretical model, which, in its turn, is an “intermediary” between the reality and the fundamental law regulating the created theoretical model. Therefore, there emerges the following characteristic of the theoretical model and, actually, of the fundamental law itself: the world exists by means of a mechanical movement as a shift of a “material point” along the continuum of space points of an “inertial system of reference” under the action of a “force”. 

   It should be kept in mind here that one model, which is at the base of a theory, must be distinguished from the other kinds of models that are used in 

the scientific cognition. In order to denote such a distinction, Russian researcher V.S. Stepin proposes to call the main theoretical model the fundamental theoretical force (1).

At the basis of the theory and its fundamental law (or laws) there lies the fundamental theoretical force. 

    But in so far as a theory is always broader than those laws that make it up, the researchers also compliment the theory’s structure with particular theoretical schemes. These schemes are auxiliary, and, on this basis, they are subordinate to the fundamental theoretical scheme. At the same time, the auxiliary character of the particular theoretical schemes does not presuppose their “absorbality” by the theory; therefore, they are independent from the fundamental theoretical scheme. It is just that in case of a clearly expressed contradiction of the particular theoretical scheme, they are eliminated from the theory. 

   Objects on which particular theoretical schemes are directed have a specific character. They can be formed in a particular way (by means of a previous empirical form of cognition), and can emerge on the basis of abstract images (constructs) of the fundamental theoretical scheme and they can be the constructs’ projection of sorts. Therefore, differences between the objects of research in a particular theoretical scheme and in the fundamental theoretical scheme will manifest themselves through the contents of the fundamental laws and special laws. Such state of affairs in the structure of the theoretical knowledge can be easily demonstrated on the example of the classical mechanics. Here, in the capacity of one of the abstract images of the fundamental theoretical scheme comes forward God. Isaac Newton wrote: “It seems to me probable that God in the beginning created matter in the form of solid, possessing mass, whole, impenetrable and mobile particles, endowed with such dimensions, proportions, forms and other qualities that serve best the purpose for which they were created; and that these particles, being whole, are incomparably denser than any porous body made up of these particles; and they are so dense that never wear out or break down, and no force can divide what God created as one in the original creation” (2). That is, God is characterized by Newton in the form of the most general, as a matter of fact, whole image that should not even be analyzed. At the same time, Newton cannot ignore the situations when some particular movements emerge in the function of the material world (that is, when a particular situation contradicts the fundamental theoretical law) and when there arose situations which Newton could not explain by means of the

(1.) See: The Nature of the Scientific Cognition: Logical-methodological aspect. Minsk, 1979. P.183 (In Russian).

2. Quoted after Capra, F. The Tao of Physics, St. Petersburg, 1994. p. 48. (In Russian).

derived fundamental laws. In such cases, the great physicist referred to the most abstract image of the fundamental theoretical scheme (to an act of this abstract image) – to God. God is always present in the Universe in order to correct all the contradictions that emerge in cognition. 

   Particular theoretical schemes do not emerge exclusively within the framework of the developed theory. The emergence of a theory can be the result of the existing particular theoretical schemes, which preceded the theory and served it as a foundation. As an example of such a course of the emergence of a theory can serve the history of formation of many scientific theories. Thus, many electrical phenomena reflecting particular aspects of the functioning of electricity, were discovered long before the emergence of the theory of the electromagnetic field. In particular, Michael Faraday discovered the phenomena of the electromagnetic and electrostatic induction. The main thing is that having served as a basis for forming a theory, particular theoretical schemes may come into it, getting transformed into a fundamental theoretical scheme, or, they may maintain their status. And, it should be also said that what is important is their participation in the development of a theory. Such development, as a rule, is proceeding in a number of ways. Among them there are logical operations, mathematical actions, formalization, thinking experiments in relation to the abstract objects of the theoretical schemes. Due to such operations there takes place reducing of the fundamental theoretical schemes to particular ones, and vice versa. And this, as experience shows, adds the potential of heuristic possibilities to the theory in general. It turns out that a theory in its fundamental and special structure is capable of developing not only deductively, but also inductively. Induction is realized due to what is carried out by means of the analysis of the empirically given reality, when the fundamental theoretical schemes are superimposed on the existing empirical data. As a result, we can find a limitation and an increase of the explicative possibility of the theory. This possibility will grow if we see that a theory explains even more data than it was supposed earlier. And, to the contrary, the reverse will take place if the theory won’t be able to explain even those empirical data which, as it was supposed, it had to explain. If the heuristic potential is falling, then, a condition emerges for the appearance of the foundation on which a particular theoretical scheme may be formed. It may be included in the theory, but, at the same time, remain autonomous. 

   The structure of the original source of the theoretical knowledge, which has been depicted in this textbook, makes it possible to understand more clearly the character of the formation of the scientific knowledge, on the one hand, and, on the other hand, to show that a theory is not only a result, the sum total of a scientific cognitive activity, but that it is also an independent level, at that sufficiently autonomous, at which the cognitive activity is carried out (or does not cease). Particularly, it becomes obvious in investigating the second component of the theory structure - of the scientific picture of the world. 

   The scientific picture of the world represents a system of special formations and connections between them, which is expressed as an ideal model of that part of reality that is being investigated. Such a model cannot be identified with the fundamental and particular theoretical schemes, since it is a condition for forming the theory in general, and not a form of coordinating the laws of the theory with the empirical data. As a matter of fact, such an ideal model as a scientific picture of the world is laying down the foundations of the world perception of any part of the reality to be cognized depending on that historical epoch when the study of the selected object is carried out. In history, the given construct is denoted very distinctly within the framework of classical mechanics. Apart from a purely scientific construction ( like “material point”, “force”, etc) Isaac Newton makes use of such descriptions of reality that are not connected with fundamental and particular theoretical schemes and the laws that these schemes contain. The description of the world, which was not identified with the fundamental and special laws of classical mechanics, was reduced to the assertion that all the physical phenomena take place in a three-dimensional space. This is an absolute unchangeable space, which is always in the state of rest. All the changes in the physical world were characterized in the terms of the absolute time which had three main forms, - the past, the present, and the future. The given qualities “absolute space”, “absolute time”, and others represent foundations on the basis of which the world of the physical objects that are described in the emerging scientific theoretical schemes functions. Two more scientific pictures of the world, apart from the indicated above are known from the history of science. These are the electromagnetic and the quantum-relativist pictures of the world. 

   A scientific picture of the world lays down the following foundations for the development of purely theoretical principles: it introduces ideas and notions about the objects which, themselves and in interaction, are subjected to research; it further demonstrates the main peculiarities of functioning of the selected objects and gives main ideas and notions about space-time characteristics. A change of such positions may lead to a theory losing those foundations from which its axiomatic principles are derived. Therefore, the transition from one scientific picture of the world to another means that in doing so the principles of the scientific theories will change in a cardinal way. 

   It is important to comprehend how a scientific picture of the world is formed. It is composed as a result of the synthesis of knowledge, which emerges as a result of functioning of different sciences, and it contains general (the most general) ideas about the world at the corresponding historical stages of development. A scientific picture of the world contains in itself absolutely different information both about Nature, and about society. 

   The main thing in forming a scientific picture of the world is the understanding of the process of the synthesis of knowledge of different sciences. A synthesis is a very complex procedure, for it presupposes establishing links between the subjects of sciences. Such an establishment of links between the subjects of sciences proceeds from the picture of the world of that science which is being involved in the process of synthesis. A stipulation should be made concerning the following point: the peculiarity of investigating the subject by an individual scientific discipline is manifested in the structure of the knowledge of this science. And, this means that the picture of the world that it forms will take into account this peculiarity of the understanding of the subject by an individual science. Therefore, a scientific picture of the world includes a whole picture of the world that contains in itself all the scientific disciplines and a special picture of the world, where there is presented a fragment or an aspect of reality. It should be noted here that a general picture of the world does not assume the absolute engulfment of a special picture of the world. The special picture of the world is included in the general picture as a fragment or an aspect without losing its independence; otherwise it would lose its specific nature. 

    The picture of the world of an individual science is directed, first of all, on the systematization of knowledge within its bounds. It is due to such an imperative that components of different types are formed in the theory, namely, fundamental and applied ones. Moreover, whole theories may emerge on the basis of a similar criterion, that is, a theory as a whole may become fundamental or applied. Apart from the systematization of knowledge, which is realized during the formation of the scientific picture of the world, the latter is also functioning as an investigatory program. In this function, its task is determined by the necessity for the setting of the objectives of an investigation, and a choice of the corresponding methodological means. In this relation, the scientific picture of the world also demonstrates its fundamental thoroughness for the theoretical knowledge, as long as a change of the techniques of research will bring forth a change of the scientific results. For instance, Isaac Newton, when he wished to replace the main definition of mass as the “quantity of matter” with the definition of mass as the “measure of inertia”, made somehow change the scientific picture of the world itself. This was manifested later in that already another researcher, Leonhard Euler, used the property of “having inertia” on a par with the property “to be hard and impenetrable”, and the scientific picture of the world recognizes in the capacity of the main definition of mass its definition as “a measure of inertia”.      

   However, it should not be considered, proceeding from the example, presented above, that the formation of a scientific picture of the world is connected only with the internal process of a scientific investigation. It is important to understand that the emergence and development of the scientific picture of the world are also affected by the external factors, such as the interaction of science with the other spheres of culture. Such an interaction is very complex and has a multilevel practice, as long as it takes place not only in the sphere of the spiritual culture, but also during the process of applying the scientific knowledge in industrial and in every-day activities, etc. This interaction gives birth to the formation of such objects that turn into standard samples, which stimulate, subsequently, the perfection of the new knowledge in the course of the cognitive activity. 

   The scientific picture of the world develops, on the one hand, as a result of inter-science cognitive processes, and, on the other hand, as a result of the impact of the dominating values of the epoch and culture. As another factor of influence on the formation of the scientific picture of the world, one should indicate the philosophical foundations. The philosophical comprehension of the process of the scientific cognition (the emergence and consolidation of scientific theories) is important for a number of reasons. One of such reasons testifies to it that the objects of the fundamental theoretical schemes not always (and initially, almost never) can be turned in either in every-day experience, or in industrial activities. And it is here that the philosophical comprehension of such objects allows us to imagine better the prospects of the chosen direction of the scientific investigation. Let us adduce here the example that is used by Russian researcher P.S. Gurevich. “Just recently, biologists have discovered a gene that carries in it the completion of the life of a natural organism. It is in this gene that the information is contained that exhausts itself in the disintegration of cells, in the death of an individual. Here it is, the mystery of the finality of the human existence, a deliberate verdict aimed at our destruction. By the way, the gene has been identified, and it can be burned out with the aid of a laser. A human being will become immortal… Only a philosopher, due to his vocation, is obliged to present for the judgment of specialists old intuitions – warnings, the result of a great intellectual work of the thinkers, who discourse upon the enigmata of life and death” (3). And, it is true, how naïve, from the philosophical point of view, appears to be the dream of achieving immortality, whereas the ancients considered the “immortal life” as one of the most horrible punishments. 

   Another reason for the inevitability of applying philosophical foundations when forming a scientific picture of the world is a need for a mechanism on whose basis it will be possible to make a synthesis of scientific ideas and notions. Indeed, when a general scientific picture of the world is formed, no simple summation of special pictures of the world takes place. During this process, apart from a combination of different kinds of knowledge, there also emerges an active interaction between special pictures of the world. In the opinion of V.S. Stepin, such an interaction allows us to understand which of the special pictures of the worlds are more in demand. It means that those sciences which form such a picture of the world occupy the leading position. And if there were no interaction between the special pictures of the world, then, consequently, it would be more difficult to determine which of the sciences is dominating at present. 

   The third reason for applying a philosophical foundation in the course of forming a scientific picture of the world consists in that the philosophical foundations impart a heuristic potential to this process for the development of the theory’s knowledge. The philosophical ideas and principles used in the process of cognition can be applied for the justification of the obtained results. It should be said here that we must not identify the heuristic potential and the possibilities of justification. The heuristic potential is formed due to the broadest consideration of the object of research which emerges during the process of its philosophical comprehension. But this does not mean that any ideas have emerged in the course of philosophical reflection can take root in science. That is why the procedure of justification of the obtained ideas is necessary. 

   The denoted peculiarities of the participation of the philosophical justifications in the forming of the scientific picture of the world are manifested in those distinctions that exist between theoretical schemes and the scientific picture of the world. In the relations of a special scientific picture of the world and theoretical schemes, there can be denoted two points on whose bases their differences can be seen. The first point consists in that the scientific picture of the world differs by a greater degree of   

3. Gurevich, P.S. The Philosophy of Culture. M., 1995. P.41-42 (In Russian).    

generality in comparison with fundamental and special theoretical schemes. It can be demonstrated on the following example: one and the same picture of the world can interact simultaneously with a number of theoretical schemes. In  particular, the mechanical picture of the world “worked” with the fundamental theoretical scheme of Newton-Euler, thermodynamics, and the electrodynamics of Ampere-Weber. The second point, concerning the differences of the scientific picture of the world and the theoretical scheme, is manifested during the analysis of the nature of the bases that form these constructions. The scientific picture of the world and the theoretical scheme are different, in their status, types of idealized objects. V.S. Stepin proposes the following scheme of the demonstration of this difference (4). 

	The theoretical foundations of the mechanical picture of the world
	The theoretical foundations of the fundamental laws of the Newtonian mechanics

	Indivisible corpuscles and bodies containing a certain quantity of matter

An instantaneous transfer of the action of some bodies on other bodies leading to the measurement of the state of their movement

The absolute space and absolute time 
	Material points (a system of material points)

Force

The inertial space-time system of reference


   The sense of differentiating the indicated foundations lies in that the theoretical scheme simplifies, “makes more profound” the fact itself of reality representation in its constructions. As for the foundations of the scientific picture of the world, they represent a more complete expression of the investigated reality. This is manifested both in the essence component of the ideas and notions, and in the difference itself of terms. In the scientific picture of the world, terms represent the most integral characteristic of reality, whereas in theoretical constructs, a certain concrete characteristic is chosen which, for the given moment, excludes all the others. 

   The differences between the scientific picture of the world and a theoretical scheme are also manifested in their different gnosiological status.  

4. Quoted from: The Nature of the Scientific Cognition; Logical-methodological aspect. Minsk, 1979. P.190 (In Russian). 

Operating with ideas within the bounds of theoretical schemes is more arbitrary and schematic than a similar procedure within the limits of the scientific picture of the world. As a rule, theoretical schemes reduce the reality. The scientific picture of the world in this sense, on the one hand, is stricter, as long as it contains only one universal mechanism of the Weltanschauung; but, on the other hand, it is freer, as long as it contains a vast space of semantic meanings. Besides, the scientific picture of the world is nearer to the life of the human being, is clearer to him or her, for it represents an analogue of sorts in the sphere of science of the world outlook of man. 

   Particularly, this difference of the gnosiological statuses of the scientific picture of the world and theoretical schemes is most obvious during the breaking of one scientific paradigm by another. Thus, the transition from the mechanical picture of the world to the quantum-relativist one demonstrated a refusal from such notions as ‘indivisible atom”, “absolute space”, “absolute time”, because these constructs were no longer yielding the answers to the questions about the structure of the world and its development that satisfied science and man. 

   It must be added to the question about the most general degree of knowledge contained in the scientific picture of the world that the given point should not be directly identified with the philosophical foundations. Yes, the philosophical foundations form the peculiarity of a similar character for the knowledge of the scientific picture of the world, but their identification with the general corpus of the philosophical knowledge is inadmissible. Otherwise, the scientific picture of the world may get “dissolved” in philosophy. Apart from that, the history of science and philosophy itself demonstrates us that by far not all philosophical ideas find their application in science, at least by means of the scientific picture of the world. 

   Therefore, it is also important to demonstrate the positive results of the interaction of the scientific picture of the world and theoretical schemes. The main purpose of such an interaction is the task of correlation of the ideal constructions of the scientific picture of the world with reality. The reason for that is that ideals remain as they are until they become realizable. The scientific picture of the world, because of that, cannot be directly correlated with the empiric reality, for it may lose its status. Therefore, there exist the constructs of the fundamental and special theoretical schemes, which take on the role of intermediaries between the scientific picture of the world and reality. 

   It is in this sense that we face the following question: And how rightful is it to identify the scientific picture of the world with fragments of reality? Indeed, even if we take into account all the integrity of the ideas and notions about reality denoted in the scientific picture of the world, this reality is much richer and more integral than any picture of the world. It turns out that while criticizing theoretical schemes for their “simplification” and “approximation” of reality, we come, on the level of the scientific picture of the world, across the same phenomenon, only in a more hypertrophic form. Nevertheless, we constantly emphasize the necessity for references to such a construct as the scientific picture of the world.  

   As a matter of fact, every concrete stage of development of the scientific knowledge is built on the basis of a certain type of objects and interactions of nature. Science in that period is determined not by a difference of objects, but by the unity of approach to their investigation. And if this unity is expressed in the scientific picture of the world then the carriers of such a picture, even in case of an unconscious cognitive interest will project it in any results of the world contemplation; that is, the question is about the new knowledge for science emerging not from experience, but from the peculiarity of the interpretation of these facts, or simply from some pure ideas. Let us take, for instance, the reconstruction of the explanation by Michael Faraday of Dominique Arago’s experiment. Faraday used for this explanation images that did not follow from experiments in electromagnetic induction, but borrowed from magnetostatics. “The image of changes of the directions of a force in space as the reason of all electromagnetic phenomena was always there before the inner vision of Michael Faraday. Therefore, it was quite natural for him to use the models of magnetostatics, which are based on the idea about magnetic force lines, as analogues when explaining the electromagnetic induction (5). The author of these words, V.S. Stepin, emphasizes in this way that the empiric development never leads to a serious discovery without the corresponding theoretical comprehension. That takes place because fundamental theoretical schemes are not due to the inductive generalization of the experimental data, but are formed by means of a transference of conceptual means (the scientific picture of the world), which are borrowed from the other fields of the theoretical knowledge. And such a transfer (borrowing) is impossible without a scientific picture of the world. It is such a conclusion that is drawn by our most authoritative investigator of the scientific theory, V.S. Stepin. As his critic, I.I. Kasavin writes, “The 
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picture of the world (scientific – A.Yu.) not only creates a possibility of a transference of theoretical ideas and notions, but in the absence of a theoretical scheme, it, actually, takes upon itself its functions in the structure of the theoretical knowledge  and, in so doing, it allows it to get formed” (6). It should be also said that this is not within the powers of the scientific picture of the world itself. As V.S. Stepin thinks, there are three types of the scientific pictures of the world: general, special and interdisciplinary. A special role in the development of a theory is played by the interdisciplinary picture of the world. This is connected with the fact that the general scientific picture of the world has already lost the peculiarity of investigating an object in special disciplines, and special sciences do not manifest yet the socio-cultural aspect in a sufficiently generalized and complete way, as it is seen in the general scientific picture of the world. As for the interdisciplinary picture of the world, it is both a form and a method which demonstrate the clearest transition of various ideas from theory to practice, and vice versa. Such an approach to the analysis of the structure of a theory (to be more exact, to the analysis of its component – the scientific picture of the world in different qualities) allows us to make the following summary. The main stage in the formation of a theory is realized not at the time of the “pre-theoretical” phase but at the stage of the functioning of the theory itself. It turns out that the functioning of the theory itself creates conditions for the development of new theoretical structures, on the one hand, and, on the other hand, the process of the formation of a theory characterizes its functioning. The given conclusion agrees well with those principles on whose basis science and scientific cognition are analyzed at the contemporary stage. The central idea of the contemporary analysis of science is the idea that sees as the main factors in characterizing science the factors of the influence of the society and culture with the intermediacy of the philosophical foundations. Science is regarded not in the terms of its isolation from the social and cultural aspect, but, to the contrary, according to the degree of their profound conditionality. One of the main factors of the scientific cognition is the conceptual and image-bearing factor of the sociocultural dynamics, and not only exclusively empirical-experimental factor. And the main role in the understanding of such a peculiarity of the formation of the scientific (theoretical) knowledge is assumed by the scientific picture of the world. As V.S. Stepin writes, “in acquiring an open character, the scientific picture of the world makes its contribution to the processes of the synthesis of different 

6. Kasavin, I.I. The theory as an image and a notion//Voprosy Filosofii (Questions of Philosophy). 2001. #. P.107 (In Russian).

cultures. It creates new approaches, which emerged in oriental doctrines and in the ‘cosmic philosophy”. The contemporary scientific picture of the world is included into the dialogue of cultures, whose development has been going until present as if parallel to one another” (7). Thus, the scientific picture of the world performs a number of functions in a theory: from cumulative to heuristic and integrative. That is why it plays a very significative role in the scientific cognition. 

   The third essential component of the scientific cognition is presented by the construct of ideas and norms of the scientific cognition. In the given construct, there are presented the value and aim-bearing directives of the scientific activity. These directives presuppose a search of answers to the following questions: Why are the cognitive actions necessary in their general and special manifestations; what result can we obtain in the course of performing these actions; how can such a result be obtained. In accordance with the character of questions, there should be denoted in the structural composition a system of ideals and norms of the scientific investigation. V.S. Stepin singles out three groups of ideals and norms: 1) conclusiveness and validity; 2) standards and procedures of explanation and description; 3) norms of the organization and construction of knowledge. 

   The conclusiveness and validity of the scientific knowledge are stipulated by the normative structures that are general for all the scientific knowledge. A difference may emerge in the context of the historical development. But, all the same, this difference is not really significant, as long as at every stage of the historical development, this level of the development of the theoretical knowledge is somewhat made concrete with the help of emerging-disappearing directives that are characteristic of the science of the given epoch. A system of similar directives, in its turn, characterizes the standards and procedures of explaining and describing knowledge, and demonstrates the style of thinking of an epoch. For instance, the ideas and norms of describing and explaining knowledge in the epoch of the Middle Ages and New Time are different from each other the same as contemporary indexes of such a kind are different from those of the New Time. Even in historical epochs that are close to each other there can be differences in describing and explaining knowledge. The mathematics of ancient Greece is built in completely different way than the mathematics of ancient Babylon and Egypt. In ancient Egypt and Babylon, mathematics was directed on the ideal of the presentation of knowledge as a set of recipes for solving problems. In 

7. Stepin, V.S. The Theoretical Knowledge. Moscow, 2000. P.697 (In Russian). 

ancient Greece, a deductively unfolded system, in which from the initial premises of axioms there are derived corollaries (the way it is done in  Euclidean geometry), becomes the standard of explanation and description of knowledge. 

   The third level, which is concerned with the problems of the organization and construction of knowledge, is realized by means of concretization in conformity with the specific nature of the object field of each science. It means that the obtained knowledge, which has passed through a “sieve” of special requirements to the scientific character, will be in demand in every individual discipline only then when it will be adapted to the peculiarities of the investigation approaches of the given science. It is another matter that a general scientific testing must, with a great degree of probability, guarantee, at the phase of special disciplines, the adequacy of the obtained result. It is not fortuitous that already Karl Marx noted that in all the normative principles of science (including the three-level system considered by us here) there is some general scheme of the formation of the cognitive actions (methods). But one must not stop here, because the methodology of cognition (ideals and norms of cognition) do not emerge in an empty place. They, while emerging in the context of culture, not always can be consciously realized by the researcher. And more often than not, the ideals and norms of a scientific investigation are taken for granted. Therefore, they are adopted automatically, on the basis of the presence of the samples of knowledge that has been formed on the base of the existing ideals and norms of scientific investigation. Due to such a depth of “penetration” into the human consciousness, and the creation of a special style of thinking, there is formed in science a special level of the theoretical knowledge – fundamental. V.S. Stepin notes in this connection that “the fundamental theory is determined not only in that it expresses certain deep characteristics of the investigated object field, reflects its main regularities, which are later concretized in a ramified system of special theories, but also in that it presents a certain type of a scientific rationality, and demonstrates techniques of the scientific explanation and the ideals of the probability, validity and organization of the theoretical knowledge” (8). 

   If one has to change the ideals and norms of the scientific investigation, then it means that the style of the scientific thinking is transformed and, as a matter of fact, science experiences a global revolution. Such a revision of the ideals and norms of the scientific investigation cannot be carried out 
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exclusively by scientific means. Here, a philosophical analysis must be brought into action. The philosophical ideas must serve as a basis for the creation of the new ideas and norms of the scientific investigation and also contribute to their consolidation and development in the context of the new conditions of the existence of scientific cognition. Thus, in the Middle Ages, the factor of experience was not recognized in the capacity of the criterion of truth. Hence, the ideals and norms of the scientific investigation were built on the basis of holy sources (the Bible, sacral Christian texts, etc.). Such an approach is connected with the fact that the ideal of cognition in the Middle Ages was in the notion proceeding from the aim of regarding the cognition of the world as a decoding of the sense that was put into the things by the act of the Devine Creation. The things were perceived in such a light by means of a dual interpretation: divine and natural. And, as long as the divine nature in the capacity of the cognitive object was inaccessible to man, then in such a way human limitation in one’s proper cognitive possibilities was thus affirmed. Consequently, the natural level of the explanation of events cannot be recognized satisfactory which means that the experimental data as a criterion of truth are not admissible. In the New Time, when the sociocultural ideas and notions are changing, God is no longer considered as the first creator. This does not mean that God ceases to be the first creator, but it only follows from this that the divine nature, as a special level of reality, already does not exist in terms of a closed world where it is impossible to get. God turns into a condition of the unity of the world, which is understood through the image of a universal formation, that consists of two substances (material and spiritual). Hence, the character of cognition also changes, and, correspondingly, the criterion of truth. The cognition itself acquires a dual nature in its direction: as the movement of the spiritual substance (mind, rationality) and as the movement of the material substance  (sense, experience). Correspondingly, there are different criteria of the truth of knowledge: logical noncontradiction in the course of the rational cognition, and experimental testing in the course of the empirical cognition. That is, the philosophical ideas that emerged in the Middle Ages and in the New Time determined the character of ideals and norms of the scientific cognition, which proved completely unlike in relation to one another. As a matter of fact, the philosophical ideas and principles and norms  appear as their new description. 

   Recapitulating the characteristic of the scientific knowledge, it may be summarized that the theoretical knowledge is formed from three basic systems: the theoretical schemes (fundamental and special), the scientific picture of the world (general, special, interdisciplinary and their philosophical foundations), and also the ideals and norms of the scientific investigation (the criteria of conclusiveness and validity, the criteria of explanation and description, the criteria of organization and construction of knowledge and their philosophical analysis). As the generalizing factor within the framework of the denoted component structures, V.S. Stepin proposes to single out in a theory two components: exterior and interior (9). The interior structure in a theory according to his opinion, is formed by links between the theoretical schemes, the mathematical apparatus, the scientific picture of the world and experience. Therefore, a developed theory must include: 1) equations (the mathematical referents of the theoretical laws); 2) theoretical schemes (special and fundamental) for those objects in relation to which the equations are correct; 3) reflection of the abstract objects that make up the theoretical scheme on the empirical data; 4) their reflection on the picture of the world. Such a composition of the interior structure of a theory presupposes the presence of a variety of different linguistic means. For instance, the application of mathematical equations and the necessity for including the scientific picture of the world into the theory’s composition leads to the functioning within its bounds of at least two languages. The first language forms the nucleus of the semantic (conceptual) interpretation of the theory; the second language ensures the empirical interpretation. Both of these ways of interpretation are interconnected, even though they have independent meanings. 

   The exterior structure of a theory is formed by means of links between a special, an interdisciplinary, the general pictures of the world and the norms of cognitive activity and philosophical foundations of science. Due to these links, the interaction of the theoretical knowledge that emerges and gets consolidated in different sciences is realized. Apart from the intra-scientific integrational activity, the exterior structure of a theory introduces science in the capacity of the theoretical knowledge into the general layer of culture in the form of one of its components. Thus, a more global impact of cultural formations on science and vice versa is carried out. 

   The interior and exterior structures of a theory are as if superimposed on each other; they are mutually penetrable and independent. But it is such an understanding of the theory’s structure that allows us to understand better the nature and character of the scientific cognition.

  The formation and development of the theoretical knowledge. The 

traditional way of the formation of a scientific theory in stages has been 
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analyzed in the previous paragraphs of the given chapter of the textbook. However, in the course of considering the structure of a theory, it was shown that the emergence of a theory does not mean that it has been completely presented.

Even to the contrary, we have clarified that the essence of the functioning of a theory consists in its development and transformation. In this relation, there are a number of ways of the evolution of the theoretical knowledge. The first way is connected with those changes that occur between the components of its structure. The second way is connected with the interaction of theories between each other as integral systems. Let us analyze both these ways. 

   The first way consists in considering those components of a theory’s structure that were analyzed above. One of the most important forms of interaction of the components that make up a theory is the interaction of the picture of the world and experience. Such an interaction takes place at a number of stages, both on the one side and on the other. It means that an interaction of the scientific picture of the world and experience can occur at the stages of their emergence (it should be also said that the question here is about the emergence of the special, general and interdisciplinary pictures separately, and of the appearance of the first experimental data), and at the stage of the “mature” existence. 

   At the early stages of the development of science, a special picture of the world has not yet denoted its independence within the framework of the general picture. Therefore, its formation proceeds both on the side of the general picture of the world on the completed ideals and norms of the scientific cognition, and on the side of empirical investigations, which are accumulating the first experimental data. The general scientific picture of the world and the ideals and norms of the scientific investigation must be gradually adapted to these experimental data that are obtained by a special science. Thus an investigatory program of object investigations is formed which synthesizes in itself the specific nature of the object of investigation of science and those sociocultural values and objectives that are expressed within the limits of the general scientific picture of the world and in the ideals and norms of the cognitive activity. As an example of such a kind of interaction we may use the experiments that were made by William Gilbert. He made an attempt to refuse from the Middle Ages ideal of the scientific cognition, and proposed a new way of investigation of the world – an experiment. But, in so far as his activity had not entirely got free from an indirect influence of the world contemplation of the Middle Ages, then these directives, naturally, were projected on those experiments that he carried out. Therefore, in spite of his critical assessment of many of the principles of the philosophy of the Middle Ages, which it, to a large extent, received from antiquity (particularly: the teaching of the four elements), Gilbert, all the same, relied on these elements. It is not accidental that the picture of the world that was used by Gilbert contained a number of principles of the philosophy of the Middle Ages. However, this did not interfere with his advancing a number of hypotheses regarding the electrical and magnetic phenomena. Such peculiarities gave birth to the following analogies. For instance, the analogy of an electric body with an “element” of water. As water moves by means of a stream, so electricity is the result of emanation of ‘fluids” from electrified bodies. The further logic had led to the following analogy. As a stream, when it is blocked up by a barrier, stops, so electricity can be stopped if it comes against an obstacle. Moreover, as water evaporates under the influence of fire, so electricity can be stopped by its influence. Analogically, Gilbert evaluated also the magnetic phenomena (10). The sense of this example consists in that the obtained facts in case they cannot be adequately explained by the scientific picture of the world, will consequently lead to the scientific picture losing its ability to function as the integrative factor and will have to be replaced. That is how the former principles of the philosophy of the Middle Ages were eliminated from the scientific picture of the world. 

   The character of interaction that emerges in the period of the initial correlation of the scientific picture of the world and experience is characteristic, to some degree, for the latest stages of cognition. Even when science has “girded” itself with a whole set of theories, the experimental data not always can be explained from the position of the existent theoretical ideas and notions. And in this situation, the regulating function is performed by the scientific picture of the world. Therefore, attitudes to facts and experimental data that have an accidental character (that is, facts and data that were obtained outside the logic of the theoretical knowledge), are formed by means of a special strategy. In the beginning, these facts are conditioned by the scientific picture of the world, and afterwards, the scientific picture of the world itself, depending on its source, starts changing gradually. In the final analysis, as a result of an interaction of the scientific picture of the world with the experimental material, there emerges an experimental program in which the main indexes are retained: both the old theory and the new knowledge that appeared as a result of interaction, which
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testifies to the evolution of the theoretical knowledge even at the time when a theory has been formed. 

   Therefore, the fashioning of special theoretical laws and schemes becomes yet another form of the evolution of the theoretical knowledge, because the emerged new knowledge appears in the capacity of a special branch, a field of scientific investigation. The sense of such an approach consists in redistribution of the heuristic function of the theoretical knowledge. If, before the formation of special laws, the main interpretative role was played by the scientific picture of the world, then now, this function is assumed by the fundamental part of the theory. This procedure is conditioned by the following peculiarity: its realization represents a creation of hypothetic models and their empiric verification. An exception here is made by those situations of the cognitive activity when science has not worked out sufficiently substantial theoretical explanations. In this case, the investigation moves experimentally. As for the main path of the scientific cognition, it proceeds by means of a “theoretical” processing of the obtained information. It means that the theoretical schemes of science are most frequently formed not as a result of a direct “schematization” of the experience, but as a result of transference of already existing systems of the theoretical interpretation. Let us take, for instance, the case of the investigation by André Marie Ampère of the force interaction of currents (it is from the given example that Ampère’s law is derived). Ampère insisted that he had derived his law in an empirical way. But, as his critics emphasize, the analysis of the texts of this scientist demonstrates the contrary. At the basis of Ampère’s law there lies the thought about the interaction of infinitely small currents. As practice shows, such a notion has a direct association with the space-time system of reference of the mechanic picture of the world. And, therefore, Ampère could not come to it in an experimental way. 

   In this context, the problem of the choice of foundations that must be laid into the hypothetic model is of interest. Of course, any choice has a creative character, but in the scientific cognition this choice cannot be absolutely accidental. In this situation as well, the most important guiding role, when a choice of this or another idea is made, must be played by the special picture of the world. It is with its aid that the general features of the different object fields of science are revealed, that is, the circle of possible sources is determined from which the necessary theoretical constructs should be borrowed. Therefore, when a hypothetical model has already been formed, the stage of its substantiation begins. This stage should not be reduced only to the factor of examining the empirical corollaries of the established law. The heuristic sense of the procedure of the functioning of the hypothetic model is broader, for it presupposes the creation of new relations, the immersion of the old relations into new connections, etc. Apart from that, it is important to observe certain requirements. Firstly, new attributes must be correlated with certain relations of objects of exactly that sphere of the empirical experience which is presented in the theory to be created. Secondly, similar attributes must be compatible with the other certain characteristics of the abstract objects, which have already been substantiated by the previous development of cognition and practice. The proof is realized by means of introducing new objects into the old experience. All this set of operations makes it possible to substantiate the attributes of objects of the hypothetic model, and also contributes to its development into the theoretical scheme. Such an operation got in literature the name “the constructive introduction of objects into a theory” (11). There are cases when similar processes are proceeding easily, without causing any apprehensions. But the opposite situations also take place, when the procedures of a constructive introduction lead to a radical shift. Thus, for instance, after Ernest Rutherford’s experiments with α-particles, there was introduced, as an idealization, a hypothetic construct – the “atom nucleus,” at whose basis there lay experimental data. As its hypothetic attribute there was used the following thought: ‘to move stably in any orbit around the nucleus”. But this hypothetic thought did not have its correlate in the sphere of atomic physics, and, on the other hand, it was in contradiction with another idea, that is, “to irradiate in accelerated movement”. This hypothetical attribute contributed to the emergence of paradoxes. And so, it happened that the hypothetic attribute has led to the revelation of inadequate ideas and notions in the theoretical model, but, and, more than that, it demonstrates the way of the transformation of a theory. 

    As a result, a constructive substantiation leads hypothetically to a restructuring of the initial foundations of the theoretical scheme. It will continue until the theory has not adapted to the corresponding empirical data. But even a restructured theoretical scheme will continue to interact with the scientific picture of the world, perfecting its principles (here, the sense of functioning consists in its evolution). Therefore, an interaction of the world, the formation of the theoretical schemes in the form of fundamental and special scientific laws – all this is a repetition, of sorts, of

 the described cycle. Finally, the theoretical schemes assume the form of a
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developed theory. This level of the evolution of the theoretical knowledge should not be understood literally as the highest and final stage of the scientific cognition, when productive results become a “norm” of its functioning. As example of such a kind of theories in the history of science , we have classical mechanics, thermodynamics and electrodynamics. These theories, in the most perfect form, have demonstrated the character and specificity of the functioning of the developed theories. 

    The developed theories in their way of functioning use analogue models (whose samples are taken from the scientific picture of the world). At the basis of an analogue model there lies a theoretical model that has already been formed earlier in the other fields of science. Such an approach came to be called the “method of the analogue modeling”. It can be used in two varieties. The first variety uses special theoretical schemes that are intersecting with the same object field of science as the developed theory. The second variety is relying on the theoretical schemes whose object field does not coincide with the field of the model of the developed theory. 

    All the process of the functioning of the developed theory denotes a special rational course of the process of advancing new knowledge. The process itself is sufficiently free, as long as it has a creative character. It is very difficult to describe the process, for it characterizes the process itself of the psychology of discovery. But here, some important features of a creative search should be described again. It must be said that, firstly, the creation of the hypothetical models cannot be reduced, as it is suggested by Karl Popper, only to the method of “trial and error”, because in their development a great role is played by all the structural component theories (the scientific picture of the world, ideals and norms of cognition, etc.). These systems allow us to remove the “blind search” and even, on the contrary, they direct a scientific investigation and determine it. Secondly, a creative search with a due account of the first amendment cannot be determined exclusively by the individual creative abilities of the scientist. An individual makes use of these factors as long as he or she is a product of his or her time, where a certain style and image of thinking and world contemplation have already been formed. Thirdly, at the basis of the process of the functioning of a developed theory lies a process of synthesis of abstract theoretic constructs, which are taken from one field and considered in a completely different context. A new causality of the external factor will impart to the old qualities new interpretations, which will allow us in the future to continue the perfection of the theoretical knowledge. 

   In conclusion of the analysis of the first way of the evolution of the theoretical knowledge, it should be pointed out that in the contemporary science, there has taken place a certain change of the approach to the formation of the theoretical knowledge by means of the scientific picture of the world. If earlier, as a source of the development of science by means of creating hypothetical analogue models there appeared the scientific picture of the world, then now this process begins with a preliminary determination and analysis of the schemes of the experimental-measuring activity where the running in of the new objects will take place. Here, other principles of research are used, such as the principle of relativity, the principle of complementariness, etc. The scientific picture of the world itself can have an incomplete (in terms of its finality) character. 

    The second way of the analysis of the theoretical knowledge evolution is concerned with the question of the interaction not within the theory, between its structural components, but between the theories themselves. Such ideals, which in a similar way present the course of the establishment of a scientific theory, can be met in the works of Imre Lakatos, Paul Feyerabend, etc. Researchers speak about freedom in the scientific activity, which removes all obstacles in a researcher’s creative search. Such a freedom must surely lead to competition. True, the understanding of competition is not identical everywhere. Thus, for Thomas Kuhn, “competition” is a corollary of the rules of the play during a change of theories; for Paul Feyerabend, “competition” is a “struggle with no holds barred”, etc. But, as a whole, the idea of a competition of theories produces a great number of interesting possibilities; only it is important to express all this in a substantiated way. 

    A free competition, in the opinion of researchers, must, nevertheless, presuppose rules, which, like the safety techniques or “street traffic”, perform the function of the protection of the autonomy of the creative activity of scientists. In all the rest, scientific investigators have the right to be free. The rules on whose basis the competition of theories is built rest on the basis of the ideas and notions about the scientific rationality. It is rationality that forms the field of competition not only due to the creation of equal conditions, but also due to a special communicative factor, which performs three main functions: the function of understanding, the function of mutual control, and the function of criticism. 

   The function of understanding plays the role of the correlate in the process of the competition of the theoretical schemes, and is conditioned by the criterion of simplicity, refinement, and symmetry. The function of mutual control makes it possible to control the competitive struggle in order to ensure that it is carried out openly and fairly. The function of control is a source of competition of theories, for without this functions there will be no criticism, no verified analysis of the statements of the theoretical knowledge, or, using the language of Carl Popper, of the falsification. 

   As V.A. Belov thinks, at the basis of the competition model of the functioning of the theoretical knowledge, there must lie the thought about the right to a free choice of ideas (12). Of course, the majority of scientists in general follow the generally accepted theories and norms. Really free are but few, but this does not mean that not all the scientists must be free. Therefore, theories in the course of their competition, project those creative principles that are laid down in their carriers. And, consequently, in an understanding which is closer to life, are capable of presenting adequate results of such an activity.

   Thus, the competition of theories is a not less, if not more, effective creative way of developing the theoretical knowledge, within whose bounds (and that is the most important point) there takes place a selection of the theoretical principles that are most close to life, and, consequently, more adequate. 

   To summarize,a theory should be recognized as the culmination stage in the development of knowledge; but, one should not stop here, keeping in mind that the essence of a theory is in its formation in development.    

4.5 Practical application of the scientific knowledge.
   Practical application of the scientific knowledge: the correlation of science and engineering. The consideration of the question about the practical application of the scientific knowledge introduces us into the circle of problems connected with the clarification of the correlation of the science and engineering, for engineering represents nothing other than the sum total of mechanisms and machines, the systems and means of management, accumulation, storage and transference of energy and formation with the purposes of industrial production, and investigation, that is, everything that finds application in the process of the human practical activity. It is in engineering that the practical results of science find their expression. 

   In the contemporary philosophy of engineering, a number of basic approaches to the solution of the problem of the correlation of science and engineering stand out. Some of these approaches can be indicated here:

     1). engineering is identified with applied science;
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2). the processes of the development of science and engineering are      regarded as interconnected, but autonomous processes;

     3). science develops orienting to the development of engineering;

4). the engineering of science is always ahead in its development of the engineering of the everyday life;  

     5). until late 19th century, there was no regular application of the scientific knowledge in engineering practice; it is characteristic only of contemporaneity (1).  

    Let us analyze the given approaches in more detail. 

   Engineering as applied science. The first approach represents the so called linear model. The essence of the contents of this model consists in that engineering is regarded as a simple application of science or even as an applied science. However, as research has shown, this point of view presents the real state of affairs in a too simplified and contradictory way. Thus, if we recognize the function of producing knowledge as the main function of knowledge, and the function of application of knowledge as the function of engineering, then a question arises: how can one and the same community of scientists perform such different functions? 

   As the consideration of concrete examples from the history of science shows, it is very difficult, and sometimes just impossible, to separate practice from theory and, correspondingly, science from engineering, and science from industrial production. For instance, O. Meyer, considering that the borders between science and engineering are established arbitrary, has convincingly demonstrated that in thermodynamics, aerodynamics, physics of semiconductors, medicine and other scientific disciplines, it is impossible to separate practice from theory, for they are interwoven here in one subject. 

   The history of science demonstrates us a great number of examples of a significant contribution made by scientists in the development of engineering. One may adduce here the names of Archimedes, Galileo Galilei, Johann Kepler, Christian Huygens, René Descartes, Benjamin Franklin, Gottfried Wilhelm von Leibniz, Karl Friedrich Gauss, William Thomson, and others. They are well-known not only for their theoretical research, the discoveries of laws and the creation of theoretical conceptions, but also for their inventions and practical refinements. Thus, for instance, it is René Descartes who gets credit for the authorship of the marking out of theater’s seats for spectators. Benjamin Franklin is known for his battering-rams, ballistae and other inventions in the field of military and other 

   1. See: Stepin, V.S: Gorokhov, V.G; Rozov, M.A. The Philosophy of Science and Engineering. Moscow, 1995. P.305 (In Russian).

equipment. On the other hand, many engineers and inventors became authorities on different branches of science (Leonardo da Vinci, James Watt, Nicolas Léonard Sadi Carnot and others). The arbitrariness of the division into scientists and inventors manifests itself, to the greatest degree, at present,when the majority of scientists turn to scientific investigations while pursuing purely practical, engineering objectives. At the same time, engineers as well conduct research into the phenomena that will have no engineering application in the nearest future. Such a feature, that is characteristic for the development of the contemporary science and engineering, was marked by Russian physicist Pyotr L. Kapitsa as long ago as in 1965 in his work “Bringing the achievements of science and engineering to the level of industrial production”. He wrote, in particular, that in the United States “the main sum of expenditures is going to the science that serves directly the industrial production” (2). Such state of affairs is characteristic of the contemporary science even to a greater degree, as it develops in the conditions of a competitive struggle for the material, financial and other resources that are provided from the side of the society. 

    There is no strict differentiation between science and engineering on the level of social organization. Scientific and engineering objectives are often pursued by the same scientists, teams of scientists and means. All this allowed O. Meyer to assert that there is no practically applicable criterion for differentiating science and engineering. 

   The same position is shared by another well-known investigator of the history of science, Stephen Toulmin (3). He denies that engineering can be regarded as an applied science, for the notion “application’ itself is not clear. Thus, Kepler’s laws can be regarded as a special “application” of Newton’s theory. Apart from that, between science and engineering there are mutual connections; and often it is rather difficult to determine where the source of this or another scientific or engineering idea lies, whether in the field of engineering or science. An imprint on the interrelations of science and engineering is laid by the socio-cultural environment. As Stephen Toulmin points out, in antique culture, ‘pure” mathematics and physics developed without orienting to an application of their achievements in engineering. In ancient Chinese society, in spite of a rather weaker development of mathematical and physical theories, crafts engineering was quite prolific. In

2. Kapitsa, P.L. Bringing the achievements of science and engineering to the level of industrial production//Kapitsa, P.L. The Experiment. The Theory. The practice. Moscow, 1981. P.  (In Russian).

3. See: Toulmin, S. Human Understanding. Moscow, 1984. (In Russian).

the final analysis, engineering and crafts have a much older history than natural science. During some millennia, crafts, metal processing, medical art, agriculture, etc. developed without any connection with science. It was only during the last centuries that industry and science came to be closely interwoven with one another. Science played the role of a catalyst of revolutionary processes that took place in engineering and industry during the 20th century. A new, closer partnership of engineering and science has led to the acceleration of the solution of many engineering problems that were considered insoluble earlier.

   In view of all the above-mentioned, the difference between science and engineering, which is considered in the linear model, the presentation of technology and engineering as an applied science, whose emergence course is denoted by the sequence from scientific knowledge to an engineering invention, to innovations – all this does not reflect the specific nature of the interrelations of science and engineering in its entirety. 

    The evolutionary model of the development of science and engineering. The second approach to the consideration of the correlation, and the interrelations of science and engineering is characterized by the investigation of the processes of their development as autonomous, independent from each other, but, at the same time as having a certain degree of coordination between themselves. It is this idea that makes up the essence of the so called evolutionary model. 

    According to the evolutionary model, the correlation of science and engineering is established in such a way that it is engineering that sets conditions for the choice of scientific variants; and science, in its turn, of the engineering ones. In accordance with this model, three interconnected, but independent spheres stand out: science, engineering and industrial production (practical application). Inside of each of these spheres there is an evolutionary innovation process. From the point of view of Stephen Toulmin, the proponent of this model, the evolutionary process of the development of science is connected with a change of the sum total of theories and notions, which is the corollary of conceptual (disciplinary) and procedural-determinist (professional) heterogeneity of science. The latter circumstance is the cause of the absence of unity of science as a whole, and determines its uninterrupted development.    

    Such a disciplinary model is used by Stephen Toulmin also for the historical description of the development of engineering, but the question, in this case, is not about the evolution of theories and notions, but about an evolutionary change of instructions, projects, practical methods, ways of manufacturing, etc. A new idea in engineering, the same as in science, often leads to the emergence of an entirely new technical discipline. The development of engineering takes place due to a selection of innovations from a stock of possible engineering variants. But, in this process if a selection of successful variants in science takes place from the positions of internal professional criteria, then in engineering it is quite often that an important role is played not only by the engineering criteria of selection as such ( effectiveness, simplicity of manufacturing, etc.), but also by the absence of negative consequences, economic expediency, etc. 

  Thus, for instance, in 1989-1990, the construction and exploitation of many nuclear power plants on the territory of the USSR was stopped exclusively under the impact of the antinuclear propaganda. But the economic expediency brought about the resumption of nuclear power plant construction and already in 1993 the 4th reactor VVER-1000 at the Bakalavsk nuclear power plant was brought into action; the construction work resumed at the Kalininsk and Kursk nuclear power plants and in 1995, the Armenian nuclear power plant resumed its operation. Naturally, their projects were modified (4). 

   Besides, a significant role is played by the factor of objective orientation of engineers and technicians. Engineering projects may have purely commercial objectives, and they may be oriented to the further development of science. An important role in selecting an objective of the science research work, in the acceleration of the running in of an innovation in the engineering sphere, is played by socio-cultural factors, which in fact, orient scientists to the pursuing of these or other goals in the process of creative activity. 

   In the opinion of Stephen Toulmin, the following scheme of evolutionary processes is true for science, engineering and industrial production:

     1.) the creation of new variants ( the phase of mutations);

2.) the creation of new variants for the practical application (the phase of selection);

3.) the spreading of the successful variants inside of every sphere to a broader sphere of science and engineering (the phase of diffusion and domineering) (5).

   An analogical model of explaining the interaction and evolutionary 

4. See: Karpenkov, S.Kh. The Basic Concepts of Natural Science. Moscow, 1998. P.191 (In Russian).

5. See: Stepin, V.S; Gorokhov, V.G; Rozov, M.A. Ibidem. P.308; Toulmin, S.   Innovation and the Problem of Utilization//Factors in the Transfer of Technology. Cambridge, 1969.

development of science and engineering was put forward by another philosopher of science – S.D. de Price. In his research, he has tried to separate the development of science and engineering on the basis of differences in the intentions (direction) and behavior of the scientist and technician. In the opinion of de Price, the final product of a scientific research for a scientist is the publication of a scientific paper, a medicine, a product or a process of a certain type. In his research, de Price relied on the model of the growth of publications in science, following from which, by analogy, he tried to explain the process of development in engineering (6). 

   To summarize, it can be pointed out that the evolutionary model of the consideration of the correlation of science and engineering is characterized by a transfer of the model of the dynamics of science to the explanation of the development of engineering. But, it is also obvious that such a step requires an additional special justification, for, as a result of a difference between the scientific and engineering knowledge, the peculiarity of the engineering knowledge must be taken into account. A simple imposition of the model of the dynamics of science on the historical course of the development of engineering without clarifying contents analysis cannot quite adequately unfold the mechanism of the development of engineering in its interconnection with science. 

   Science as a derivative of the engineering development. In accordance with the third approach of the correlation of science and engineering, it is pointed out that science developed orienting towards the development of engineering apparatuses and instruments. 

   A similar point of view is characteristic of the representatives of Marxism. As Friedrich Engels pointed out, the needs of engineering determine the development of natural science. If an engineering need emerged in society, then this need advances science more and faster than a dozen of universities (7). This movement is carried out as a consequence of the fact that, while solving this or another engineering problem on the basis of already known laws of nature, man discovers new properties of things and, by doing so, advances natural science (8).

    The position of the proponents of the given point of view is supported by 

6. de Price, S.D. The Structure of Publications in Science and Technology//Ibid.   

7. See: The Philosophical Dictionary/Ed. By M.M. Rosentahl, P.F.Yudin. Moscow, 1963. P.454 (In Russian).

8. See: Zvorykin, A.A. Engineering (Tekhnika)//MSE (Small Soviet Encyclopedia. 3d  edition. Moscow, 1960.V.9 P.291 (In Russian).

a sufficient number of the necessary examples, which make it possible to illustrate this point of view in a convincing way. Thus, one of the directions in mathematics – the linear programming – developed in the works of L.V. Kantorovich, emerged on the basis of special problems of practice (the optimal cutting of sheet materials, the organization of the transportation of freight, the optimal use of the working time of machinery, etc.) (9).

   A brilliant representative of this approach is German philosopher G. Böhme. In his works Böhme adduces a great number of examples of what he regards as the determining impact of engineering inventions on the development of science. Thus, the theory of magnet, which was created by English scientist William Gilbert, was based on the use of a compass, and the emergence of thermodynamics was based on the engineering development of the steam engine. A similar dependence can be traced also in the case of the discoveries of Galileo Galilei and Evangelista Torricelli, at whose basis there lies a many years engineering experience in constructing water pumps. These examples allowed G. Böhme to draw a conclusion that engineering is not the result of the application of scientific laws. Rather in engineering, the question is about the modeling of nature according to the functions that are put forward on the side of the society rather than the question about the determining impact of science. And even if this impact takes place, then in an equal way, it may be stated that engineering determines the development of the theoretical knowledge, for there is an initial unity of science and technology, which has its origin in the epoch of Renaissance. Then, mechanics came forward as a science whose peculiarity was the investigation of nature in engineering conditions, in the conditions of an experiment, with the use of engineering models. 

   The assertions of G. Böhme have a rich empirical foundation. As a matter of fact, many engineering inventions had been carried out before the emergence of the experimental natural science, before the advancement of any scientific theory…  As an illustration we can mention here the following inventions: the microscope, the telescope, a great number of architectural projects, the Leyden jar, the lightning rod, etc. While noting this interconnection of science and engineering and that considerable influence that the progress of engineering exerts on the development of science, it should be also pointed out that, nevertheless, a great number of examples of the opposite kind may be found. To the greatest degree this is characteristic

of the contemporary state of science and engineering. Here it is possible to

9. See: The Interconnection of Theory and Practice. Kiev, 1986. P.103 (In Russian).

mention quantum mechanics and the theory of relativity, which have determined the further course of research in the field of  nuclear energy and its practical application. The other examples may include the theory of lasers, the theory of superconductivity, etc.

    Science as a determinant of the development of engineering.  The fourth approach is built on the assertion about the prevailing impact of science on engineering, on the assertion that the engineering of science (that is, measuring and experimenting) outstrips the engineering of the everyday life.

   As opposed to G. Böhme, French philosopher Alexandre Koyre called in question the thesis that the science of Galileo was the product of activity of a craftsman or engineer. He maintained that Galileo and Descartes were not representatives of industrial and mechanic arts, and did not create anything except mental constructions. 

   Galileo Galilei was the first who created really precise scientific instruments on the basis of the physical theory – those were the telescope and the pendulum. In creating the telescope he proceeded from the optical theory, striving to make the invisible observable. A mathematical calculation allowed him to achieve precision in his observations and measurements. The new science, at whose source Galileo stood, by means of the application of the experimental method, changed the foggy notions of the Aristotelian physics by a system of strictly quantitative notions. It is to theoreticians’ and philosophers’ credit that they replaced the approximateness of the assessments of craftsmen in creating engineering constructions and machines with mathematical precision, experimental orientation and theoretical justification. 

   Apart from Alexandre Koyre, a similar point of view is characteristic of a number of other foreign and Russian researchers.    

   An outstanding Russian philosopher, B.M. Kedrov, in analyzing the process of the development of the scientific knowledge and the logic of the scientific discovery, noted, in particular, that one should count among the scientific discoveries not only finding a new law of nature, or society, or thinking,the creation of a new theory,the advancement of a new hypothesis, but also the invention of new devices, instruments and installations, of new methods and ways of experimental investigation of these or other objects (processes, things, phenomena). In accordance with this, in his opinion, “the future theory of the scientific discovery must show that on the level of the direct contemplation and empirical cognition, a scientific discovery comes forward as the establishment of a new fact on the level of the abstract-theoretical thinking – as a theoretical generalization and explanation of already known facts and predicting new facts, -- as the discovery of a new law, the creation of a new theory, working out of a new notion, putting forward of a new hypothesis; on the level of the practical verification and practical application of the scientific knowledge – as an engineering invention, in particular, as the creation of new devices, instruments, installations and apparatuses with the purposes of carrying out experimental, study research” (10).   

   American researcher Lewis Mumford, in his work “Technics and Civilization” presents his view in a more radical way. He writes that the initiative in inventions came not from engineers-inventors, but from scientists. As a matter of fact, the telegraph was invented by Joseph Henry and not by Samuel Morse; Dynamo – by Michael Faraday, and not by William (Ernest Werner) Siemens; electric engine – by Hans Oersted, and not by Boris (Moritz) Jacoby; radiotelegraph – by James Maxwell and Heinrich Hertz, and not by Guglielmo Marconi and Lee De Forest (11). From Mumford’s point of view, the transformation of the scientific knowledge into practical instruments is just an episode in the process of discovery. It is just from this that a new phenomenon emerged, that is, a thought-out and systematic invention, which developed in a number of laboratories, in science-research centers of Europe, America, Japan, etc. 

      But, if to take into consideration the historical examples of inventive activities of the human being, the discoveries that were made as a result of prolonged practical activity, then the given point of view will not seem to be so convincing. The inventions of the airplane, steam engine, air balloon, bicycle, submarine, car, etc. were made from the side of a scientific theory, a conception, etc. Another example from the field of chemistry: from the times out of memory, mankind knew seven metals, due to the power of observation, experience in handicrafts, inventiveness. These metals are gold, silver, copper, iron, tin, lead and mercury. These seven metals came to be called prehistoric (12). Besides, a great number of chemical elements became known to human beings due to industrial practice throughout the subsequent history. Among them there are the following metals: zinc (known since the 5th century BC), arsenic (known since the 1st century AD), 
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12. See: The Popular library of Chemical Elements. Moscow, 1983. Book 1. P.385. (In Russian).

sulfur (known sine the times of the Old Testament), etc. (13). 

   It is this circumstance that does not allow us to speak about the absolute correctness of the point of view that technics of science always outstrips the techincs of the everyday life. On the other hand, it is obvious that the inventors’ work is closely connected with systematic scientific research, but, at the same time, the technological innovations cannot always be the result of the movement beginning with a scientific discovery. 

   The interconnection in the development of science and engineering. The peculiarities of the interaction of science and engineering at the contemporary stage. At present, in the philosophy of science, the point of view is taking the upper hand according to which it is asserted that up to late 19th century, there had been no regular application of the scientific knowledge in engineering practice. This link is characteristic of the contemporary state of the engineering sciences. As B.V. Markov points out, the practice of the pre-industrial society did not demand a theoretical guidance and relied on skills, traditions and working tools that were passed over in a direct way (14). 

   During the 19th century, the relations of science and engineering were developing in the direction of ever greater “scientification” of engineering, but the process was not one-sided. The “scientification’ of engineering was accompanied by the “engineerization” of science (15).

    The unity of science and engineering, whose basis was laid by the scientific revolution of the New Time, became obvious only in the 20th century, when science turned into the main source of new kinds of equipment and technology. The contemporary science invades all the sphere of life activities; it takes into account all the forms of practice. The contemporary research process is inked with the engineering realization and economic application of projects, and pursues the task of providing the human being – the acting subject – with the possibility to dispose of and manage the natural and social processes. If earlier, the practical aspect of a theory was achieved in the course of education, which inculcated science in 

the world of life and into the consciousness of a personality, then today, the
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abstract knowledge becomes practically significant due to its application for the creation of new technologies, which are in the transformation of the spontaneously developing natural and social processes (16). 

   However, if we look at the statistics of the most significant inventions and technologies of the 20th century, some exceptions may be pointed out that do not entirely agree with the ideological contents of the given approach. Thus, according to the results of the public opinion poll that was carried out by the Russian “Nezavisimaya Gazeta” (“Independent Newspaper”), twenty nine technologies were indicated among the most significant technologies of the 20th century, among which: 

1. Gene engineering

2. Internet

3. Cloning of mammals

4. Atomic energetics

5. Lasers

6. Computer virtual realities

7. Silicon microchips

8. Fiber-optical communication

9. Fax

10. Mobile telephone connection

11. Nanotechnology

12. Tomography

13. Synthesis of fullerenes

14. Television

15. Recording of information on CDs and CVDs

16. Radiolocation

17. Thermonuclear synthesis

18. Molecular microchips for decoding the genomes 

19. Jet-propelled aviation

20. Synthesis of plastics

21. Ball-point pen 

22. slide fastener “zipper”

23. photocopier “Xerox”

24. scuba (self-contained underwater breathing apparatus)

25. perfluorane (“blue blood”) – blood transfusion substitute on the basis of tetrafluorocarbohydrate emulsions

26. technology of “clean rooms”

27. Bubble chamber (cloud chamber)

16. See: Markov, B.V. Ibid. P.180 (In Russian).

28. accelerator of elementary particles

29. rotor automated lines (17).

It is obvious that most of these technologies had, at their basis, theoretical investigations. At the same time, a number of exceptions can be pointed out: ball-point pen, slide fastener “zipper”, scuba equipment and the creation of plastics came into life independently from protracted and profound scientific quest. Therefore, a conclusion may be drawn that inventor’s activity and its results have ceased to be accessible only to some dexterous wizards of engineering arts, who create, sometimes, highly ingenious “things”. However, the interaction of science and engineering by late 20th–early 21st centuries grew so much complicated, and the significance of scientific discoveries, new inventions and new technologies in the destinies of individuals, peoples, nations and humankind, as a whole, assumed such a large scale that the given examples can be considered rather as exceptions that prove the rule than empirical facts, which contradict the advanced hypothesis. 

    The macrotechnologies that this or another power possesses are accorded special place, in this case. That is, on the basis of how effectively the integrative process between science and engineering is carried out, the level of the development of a country and its economy as a whole is evaluated. 

   Macrotechnology is the sum total of all the technological processes (science research work, experimental research work, preparation of production, the production, sales and service support of a project) for the creation of a certain kind of produce with pre-set parameters. 

    Seven highly-developed nations, at present, have 46 out of 50 macrotechnologies which ensure competive production, while the rest of the world has from 3 to 4 macrotechnologies. 

   Out of 46 macrotechnologies that seven of the highly-developed nations possess, the share of the USA makes up some 20-22, in which they have a divided or sole leadership; the share of Germany is 8-10 macrotechnologies, that of Japan – 7, Great Britain and France – 3-5, Sweden, Norway, Italy, Switzerland – 1-2 each. Russia could set itself the task of reaching by the year 2025 the priority development in 12-16 macrotechnologies. In this case, by 2010, the main macrotechnologies could be 6 to 7 of those macrotechnologies in which our general level of knowledge to-day either approaches the world level, or exceeds it (aviation, space research, nuclear energetics, shipbuilding, special

17. See: Nauka v Rossii (Science in Russia). 2000. #6 P.96 (In Russian).

metallurgy, energetics machine building) (18).

   It is within the framework of the contemporary science that the global problems that humankind faced in late 20th–early 21st century – the problem of energy supply, demography, raw materials, etc. – find their solution.  

     As one of the examples of solving this kind of problems that was suggested to the world community one may consider the ideas contained in the new report of the Club of Rome, which was prepared by Ernst Ulrich von  Weizsäcker and other scientists  under the title “Factor Four. Doubling Wealth – Halving Resource Use”. The main idea of the “Factor Four” is that the resources efficiency can and must increase by four times. The wealth extracted from one unit of natural resources can be quadrupled. Thus, we can live two times better, and at the same time spend two times less and though a rise of effectiveness of the resources use is not a simple matter, still, it is used in practice. “In the middle of the 70s, for instance, the polemics in the field of American engineering economics came to whether the unspent saving of energy could make up 10 or 30 percent from the total energy consumption. In the middle of the 80s, the discussion was already about the range from 50 to 80%, and in the middle of the 90s, professionals were already discussing the question whether the potential of possibilities might be closer to 90 or 99 percent, which would give the economy of 10 – 100 times” (19). Besides, the economy as a factor of the growth of efficiency is considered on the example of energetics, the use of materials, transport, and management. 

   In that way, science is in constant search for possible directions of the realization of the potential of knowledge that it possesses in the everyday life of the human being. 

   When analyzing the historical stages of the emergence and consolidation of science and engineering, representatives of this approach, M.A. Rozov, V.G. Gorokhov and V.S. Stepin, single out four periods. 

   The first is the pre-scientific period. The peculiarity of this period is a consecutive formation of the three types of engineering knowledge: a) practical-methodological, b) technological, c) constructive-engineering. 

   The chronological limits of a given period in the development of engineering in its interaction with science are hard to be delineated. 

18. See: Sirotkin, O.S. The technological image of Russia//Naukovedeniye (Science Studies). 1999, #4, P.9-12 (In Russian).  
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The reason for that lies in that engineering traces its origin to the time of the emergence of crafts, agriculture, the first experience in inventor activities that were connected with stone, wood and bone tools and implements of labor, gradual accumulation of experience in scientific activities (in the form of observations, elementary experiments, etc). 

   The second period is marked by the emergence of engineering sciences. Its chronological limits are from the second half of the 18th century till the 70s of the 19th century – that is from the times of the beginning of the first industrial revolution connected with the transition from manual labor to machine production till the beginning of the epoch of modern times (the victory of the industrial way of production). At this time, there takes place the formation of science-engineering knowledge on the basis of the application of natural science knowledge in the engineering practice, and, besides, there emerge first engineering sciences. 

   The third period – till the middle of the 20th century – is characterized by the construction of a number of fundamental engineering theories. 

    By the early 20th century, engineering theories had already made up a complex hierarchical system of knowledge, which included both systematic sciences and the collections of rules and methods in engineering instructions, The process of formation of the theories of engineering sciences was proceeding, on the one hand, under the direct impact of natural science theories, and, on the other hand, they came from the direct engineering practice (for instance, the kinematics of mechanisms). In that period, engineers borrowed and creatively remade in relation to the engineering practice, a whole aggregate of theoretical and experimental methods, values and institutes that are used in natural science. It allowed the engineering sciences to assume the quality of a true science already by the early 20th century. For that time, they possessed all the attributes that allowed natural and engineering sciences to become equal partners – the systematic organization of knowledge, the reliance on the experiment, the construction of mathematized theories, and the beginning of special fundamental investigations (20).

   The fourth period – from the middle of the 20th century until the present time – is characterized by the carrying out of complex investigations, the integration of engineering sciences not only with natural science, but also with social sciences. Alongside with the processes of interdisciplinary, interlevel, etc. integration, this period is characterized by the continuation

20. See: Stepin, V.S; Gorokhov, V.G; Rozov, M.A. The Philosophy of Science and Engineering. Moscow, 1995. P.312-317 (In Russian).

of the process of differentiation, which is manifested in separating of engineering sciences from natural and social ones, as well as in creating a great number of engineering scientific disciplines. Concerning some of the scientific-engineering disciplines, it is altogether difficult to say whether they belong to engineering sciences or form some new unique unity of science and engineering. 

   Nevertheless, in spite of a close link of engineering to the tempestuous and large-scale development of the scientific knowledge and a certain subordination of the engineering knowledge to the knowledge of natural science, the creative potential, both of a separate individual and a whole research team, continues to maintain its significance in inventor activity. The role of the creative potential is so significant, and the possibilities of prognosis are so small that it allows us to speak really about the invention as one of the varieties of a scientific discovery, for the degree of unexpectedness, indeterminism and even irrationalism is always present here. As a result of this, it is possible to say that the application of scientific knowledge in the practical life of a human being is not a strictly predicted, planned in advance, determinate process; it demands additional efforts on the side of both human mind and intuition, a creative approach to the solution of the problems of science and engineering. 
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