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Review
What determines the transition of society from one level of development to another? Among many causes, pro​duction revolutions, such as agricultural, industrial, and scientific-informational, are the most important. Stat​ing that it was production revolutions that predetermined the progress of the human race, the author uses them as the basis for his periodization of world history.
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Production Revolutions and the Periodization of History
L.E. Grinin*
With regard to social disciplines, a question contin​ually arises: are mathematical methods fit for analyzing historical and social processes? Obviously, we should not absolutize differences between fields of knowledge, but the division of sciences into two opposite types, made by W. Windelband and H. Rickert, is still valid. As is known, they singled out sciences involving nomo-thetic methods, i.e., looking for general laws and gener​alizing phenomena, and those applying idiographic methods, i.e., describing individual and unique events and objects. Rickert attributed history to the second type. In his opinion, history always aims at picturing an isolated and more or less wide course of development in all its uniqueness and individuality [1, p. 219].

However, since the number of objects and problems investigated and decided by precise methods is growing rapidly, we may assume that, with time, historical knowledge will also be analyzed by branches of math​ematics. In particular, G.G. Malinetskii believes that the development of theoretical history will lead to the creation of an original mathematical apparatus, just as was the case with economics and psychology [2, p. 102].

Thus, the problem remains debatable. Nevertheless, rational attempts to use mathematical methods in theo​retical or applied trends of the humanities are on the whole positive. Yes, they "dry up" the soul of history to an extent, but at the same time, they promote self-disci​pline and the self-testing of thoughts, ideas, and con​cepts of many specialists in the humanities, who, unfor​tunately, often do not bother to find any methods of test​ing their conclusions. In addition, this could somewhat reduce the polysemy of the scientific language of the humanities. R. Carnap in his Philosophical Founda​tions of Physics wrote that, even in physics, the use of terms from ordinary language (as the notion of law} for
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an accurate and nonambiguous expression of ideas complicates proper understanding. However, physi​cists, as well as other representatives of natural sci​ences, long ago agreed on fundamentals (such as units of measurement and symbols). As for the humanities, which analyze social phenomena, the same objects sometimes have up to ten meanings and hundreds of definitions. Perhaps the very necessity to formalize the humanities will lead at last to certain conventions and the ordering of terminology. Nevertheless, even today the use of mathematics may help in searching for a common field of research.
Can we after all construct any mathematical models for such a complex subject of inquiry as the historical process? The answer to this question is obvious: yes, it is quite possible when examining countable objects.
Many scientists stress the great importance of peri​odization for historical research. "Human thought can​not but divide the historical process into certain peri​ods," A.Ya. Gurevich justly pointed out [3]. No doubt, periodization is a very effective method to analyze and order material. However, it deals with exceptionally complex phenomena of process, development, and tem​poral types and inevitably roughens and simplifies his​torical reality. Hence, any periodization is one-sided and differs from reality. However, these simplifications may serve as arrows pointing to important things [4]. The number and significance of such reservations may be sharply reduced because the efficacy of periodiza​tion directly depends on the extent to which its author understands the rules and characteristics of this meth​odological procedure. In particular, while constructing a periodization, one should stick to the rule of similar bases, i.e., to base oneself on similar causes (criteria) while singling out periods equal in their taxonomic sig​nificance. Unfortunately, scientists do not pay proper attention to these problems, which leads to serious dif​ficulties. As a result, many periodizations have either no
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clear criteria or eclectic bases, which change from stage to stage.
In this article, the author offers a periodization of the historical process. Its full conceptual and methodologi​cal substantiation is presented in his other works. Here, we will focus on a brief presentation of the essence and I chronology of periodization, as well as on possibilities ] of modeling temporal processes and cycles in historical I development. However, an important reservation is that : this model refers only to the global historical process and, naturally, cannot be applied directly to the history of individual countries and societies. Its task is to spec​ify a scale for measuring the process of human develop​ment and to outline possible societal comparisons.
According to our concept, the entire historical pro​cess may be divided into four large steps. The change of each of them is a change in the main qualitative char​acteristics of the respective step of the historical pro​cess. In addition to the main basis of periodization, which determines the number and characteristics of distinguished periods, we need an additional one that helps specify the chronology, because changes in this sphere begin earlier than in others. The notion of the principle of benefit production may be such a basis, which describes very large qualitative steps of the development of world production. We single out four principles of production: hunting-gathering, agrarian-handicraft, industrial, and scientific-informational.
Although qualitative changes in certain spheres of life are closely connected with changes in others and there are no absolutely dominating factors, definite spheres are more significant because of their influence on others and changes in them would probably require similar changes in other spheres rather than vice versa. The principle of production is related to them due to the following reasons.
(1) Fundamental changes in production lead to the formation of a larger surplus product and rapid growth of population. The two processes inevitably cause sub​stantial changes in other spheres of life. A transition to new social relations, religion, etc., in contrast to the change in the principle of production, is not directly connected with changes in demography.
(2) Although excess goods may appear owing to other causes (the wealth of nature, successful trade, or war), such exceptional conditions cannot be borrowed. On the contrary, new productive forces may be bor​rowed and spread and, hence, appear in many societies.
1 This notion differs from the Marxist "method of production," because the latter includes both productive forces and productive relations and its replacement is connected with a change in prop​erty relations. The principle of production, characterizes only changes in production and is connected with production revolu​tions. In addition, the method of production relates both to indi​vidual societies and to the historical process, while the principle of production describes only the movement of the world produc​tive forces (for more detail, see [5, pp. 30-471).


(3) Society as a whole and, what is especially impor​tant, primarily its lower strata implement production technologies, while the development of culture, poli​tics, law, ideology, and even religion involves only a part of society—usually its elite.
The replacement of the principles of production is connected with production revolutions. The beginning of these revolutions will be the most convenient and natural additional basis that helps establish the chronol​ogy of changes in formations. We mean revolutions', agrarian (often called Neolithic), industrial, and scien​tific-informational (scientific and technological). Pro​duction revolutions were first referred to in the 1940s and 1950s, which was due to the beginning of the sci​entific and technological revolution, as well as to the rise of V.G. Childe's theory of the Neolithic revolution; however, this category is poorly developed and its con​tent is determined half-intuitively.
In our opinion, every production revolution involves two stages with a more or less long interval between them, during which the achievements of the first stage become widely spread. In our concept, the scheme of the two stages of production revolutions appears as fol​lows.
The agrarian revolution: the first stage is a transition to primitive manual (hoe) farming and cattle breeding; the second is a transition to irrigated or plow dry farm​ing.
The industrial revolution: the first stage began in the 15th-16th centuries with the powerful development of navigation and trade, as well as technology and mecha​nization, based on the water motor, the complication of labor differentiation, and other processes; the second stage is the industrial breakthrough of the 18th century and the first third of the 19th century associated with the implementation of different machines and the use of steam power.
The scientific-informational revolution: its first stage began in the 1940s-1950s with breakthroughs in automation, power engineering, and synthetic materials and the development of electronic controls, communi​cations, and information. The second stage, most prob​ably, will begin in the next few decades.
Each stage of the production revolution is a substan​tial breakthrough in production. The first stage sees the formation of advanced technologies, which later spread over other societies and territories. The new principle of production begins to differentiate into various versions. For example, in primitive agriculture, a continually complicating specialization in growing certain plants or breeding domestic animals begins to develop. Ulti​mately, in societies characterized by the most promis​ing variant of the new principle of production and the most suitable social conditions, a transition to the sec​ond stage of the production revolution may begin in the long run, which manifests the blossoming of the new
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principle. For example, at a definite moment, certain river-valley societies, which employed irrigation, man​aged to switch to large-scale irrigated agriculture. After that, irrigation technologies began to spread to other territories.
The production revolution, as we understand it, is an integral part (the first "half) of the principle of produc​tion. Hence, we may present the whole cycle as two stages (the accomplishment of the production revolu​tion—the development of mature relations). Such an approach vividly shows the main spring of the cyclic nature of large periods of the historical process. Their first halves primarily see deep qualitative production changes, while the second halves give rise to deep changes in political and social relations, public con​sciousness, and culture. During these periods, politi​cal-legal and sociocultural relations, on the one hand, approach the leading productive forces; on the other, they themselves create a new level that gives an impulse for generating a new principle of production.
The cycle of the principle of production may be rep​resented in six stages.
(1) "Transition," which is associated with the begin​ning of the production revolution and the emergence of the new principle of production, although undeveloped and imperfect, in one or several places.
(2) "Youth," associated with a wider spread of new economic types, the strengthening and powerful spread of the new principle of production.
(3) The "blossom," associated with the second stage of the production revolution, which results in the for​mation of the basis for mature forms of the principle of production.
(4) "Maturity," associated with the spread of new technologies over the majority of fields and industries. The principle of production acquires its classical forms, and the most important changes begin in nonproductive spheres.
(5) "High maturity," associated with the intensifica​tion of production, bringing its potential nearly to its limit, beyond which crisis phenomena arise.
(6) "Preparation," associated with the strengthening of intensification, the emergence of an increasing num​ber of nonsystemic elements that prepare for the rise of a new principle of production. However, they are not yet organized in a system. After this, certain societies may see a transition to the next principle of production, and the cycle repeats.
Now let us examine our chronology of production principles, production revolutions, and their stages. It begins approximately 40000 to 50000 years ago (for convenience, let us take the closest limit of 40 000 years), i.e., with the appearance of the first apparent signs of truly human culture and society. In our opinion, this moment does not coincide with the

modern dating of the rise of Homo sapiens (100000 200000 years ago). The matter is that only startir from the above-mentioned period can we confident] speak about the human being of the modern cultur; type, particularly about the appearance of language,; well as about real human culture [6]. Assumptions thi speech appeared much earlier remain hypotheses an are questioned by a number of scientists, while ever) one agrees that 40 000 years ago speech existed ever) where [7]. Since that time on, the leading driving force in the development of humans have always been socu forces, and we may speak about social evolution propei
Because of the lack of information, it is better t associate the stages of the hunting-and-gathering prin ciple of production with qualitative thresholds of adap tation to nature and mastering it: group sizes, tools, eco nomic methods, and the mode of life—in brief, nearlj everything depended on the environment. If we corre late stages with large changes in the environment, w« will have an opportunity to draw an absolute chronol-ogy on the scale of humanity. Then, we may connect th^ first stage with the rise of Homo sapiens and the cre^ ation of primitive, but already social, productive forces There were more than 100 types of tools during tha period. The second stage (about 30 000 to 20 000 years ago) resulted in the final overcoming of what may Ы called the residual contradiction of the anthropic gene​sis between biological and social regulators of life. Thai stage was characterized by an active process of populat​ing and developing territories suitable for life.
The third stage, 18 000 to 16 000 years ago, saw the maximal planet-scale decrease in temperature over the whole geological history of the earth. Although this glaciation was far from being the first one, the sufficient level of the development of productive forces and soci​ality allowed people not only to survive in more severe conditions but also to prosper by receiving a certain surplus of products. Great changes took place in the variety and quantity of tools. During that and the next-fourth—period (about 18000 to 14000 years ago), the degree of adaptation to the changing environmenta conditions increased considerably. In places that dk not face the temperature decrease, intensive gatherers appeared as well.
The fifth stage (15 000 to 11000 years ago, i.e., from the end of the Paleolithic Age to the beginning of the Mesolithic Age) may be associated with the beginning of deglaciation and considerable climate changes. As a result of the warming and changes in landscapes, the number of large mammals decreased and people switched to individual hunting. Technical possibilities (bows, woomeras, traps, nets, harpoons, axes, etc.) appeared to support the autonomous existence of smaller groups and even individual families. River and lake fishing became very important. The sixth stage (approximately 12000 to 9000 years ago) is also asso​ciated with the continuing warming, environmental
2007
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changes, and the transition to the so-called Holocene— the Neolith according to archeological periodization, which is characterized by considerable progress in stone working. This opened the way to a new agrarian-handicraft principle of production. The people involved in gathering crops are especially interesting as a more progressive branch of development.
Scientists suppose that Middle Easterners began to cultivate wild cereals earlier than other peoples: they grew them on slopes of Palestinian plateaus, between the Tigris and Euphrates, or in Mesopotamia, and at the Euphrates head, or in Egypt. The agrarian revolution began about 12 000 to 9000 years ago. Hence, it is only relatively true that the first stage of the agrarian-handi​craft principle of production continued from 10 500 to 7500 years ago (i.e., from the 9th through the 6th cen​tury ВС). This period ends with the formation of the Middle Eastern farming region.
The second stage may be conditionally attributed to the sixth through the middle or the end of the fourth millennium ВС, i.e., before the rise of the unified state in Egypt and the formation of its powerful irrigation economy. It includes the formation of new farming cen​ters and the spread of agricultural plants from the Mid​dle East to other regions. During this period, goats and sheep, as well as bulls, which were the first draft ani​mals, were domesticated. An active exchange of vari​ous achievements—cultures, crop varieties, technolo​gies, etc.—was typical of this period.
The third stage took place from 5000 to 3500 (5300 to 3700) years ago, i.e., from 3000 through 1500 ВС. А transition to intensive farming began (the first variant was irrigated farming; the second, plow dry farming). Cattle breeding, handicraft, and trade became indepen​dent industries, and the most important discoveries were made: the wheel, plow, potter's wheel, and har​ness (yoke) for draft animals, which were later improved and became widespread. The first states appeared, and the first empires formed in Egypt and the Middle East. Urbanization began. This stage conven​tionally ended with the period of a powerful economic, agronomic, and handicraft upsurge in Egypt at the beginning of the New Kingdom.
The fourth stage (3500 to 2200 years ago, or 1500 through 200 ВС) saw the formation of intensive, including plow dry, agriculture in many places of the world. An unprecedented blossom of handicrafts, towns, and trade was observed; new civilizations appeared; and other processes took place, showing that the new principle of production was maturing. This stage conventionally ended with the formation of new gigantic world states, which later resulted in powerful changes in productive forces and other spheres of life.
The fifth stage (the late 3rd century ВС through the early 9th century AD) was a period of the fullest devel​opment of productive forces of the agrarian-handicraft

economy, the blossom and death of ancient civiliza​tions, and the rise of new-type civilizations (Arabic and European).
The sixth stage relates to the 9th century through the first third of the 15th century. First, important changes in production and other spheres took place in the Arab Muslim world and in China; they were followed by the growth of towns and economic progress in Europe, which ultimately resulted in the first industrial centers and preconditioned the beginning of the industrial rev​olution.
The first stage of the industrial revolution and, respectively, the first stage of the industrial principle of production may be attributed to the second third of the 15th century through the 16th century. Activities came to the fore that were capable of innovations and could accumulate the largest amounts of the surplus product: trade and the colonial economy. At the same time, industry, although still primitive, formed in certain places. According to I. Wallerstein, it was during that period that the capitalist world economy formed.
The late 16th century through the first third of the 18th century was the second stage (youth) of the new principle of production, which saw the growth and development of new sectors until they came to the lead in certain societies (Holland and England).
The third stage of the industrial principle of produc​tion began in the second third of the 18th century in England. The industrial revolution led to the develop​ment of powerful machine industry and the transition to steam energy. The industrial breakthrough in England largely ended in the 1830s. By that time, industrializa​tion had begun in a number of other countries.
The fourth stage (the 1830s through the late 19th century) saw the victory of machine production and its powerful expansion.
The fifth stage lasted from the late 19th century and the early 20th century until the crisis of the 1930s. The chemical industry developed rapidly; a breakthrough in steel making took place; and electric power began to be used widely, which (along with oil) gradually replaced coal. Machines appeared that were capable of autono​mous work.
The sixth stage lasted until the mid 20th century. It was characterized by the powerful intensification of production and the implementation of scientific meth​ods of organizing it, unprecedented standardization, and consolidation of enterprises. Precursors of the sci​entific and technological revolution became noticeable at that time.
The production revolution that began in the 1940s-1950s and is still going on has been called scientific and technological. However, it would be more precise to call it scientific-informational because we observe a transition to scientific methods of controlling produc-
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	The chronology of stages of production principles
Principle of production

	1st stage

	2nd stage

	3rd stage

	4th stage

	5th stage

	6th stage

	Total principle of production



	Hunting and gath​ering

	40000-30000 (38000-28000 ВС) 10

	30000-22000 (28000-20000 ВС) 8

	22000-17000 (20000-15000 ВС)
5

	17000-14000 (15000-12000 ВС) 3

	14000-11500 (12000-9500 ВС) 2.5

	11500-10000 (9500-8000 ВС) 1.5

	40000-10000 (38000-8000 ВС) 30



	Agrarian-handi​craft

	10000-7300 (8000-5300 ВС) 2.7

	7300-5000 (5300-3000 ВС)
2.3

	5000-3500 (3000-1500 ВС) 1.5

	3500-2200 (1500-200 ВС) 1.3

	2200-1200 (200 ВС-800 AD) 1.0

	800-1430 AD 0.6

	10000-570 (8000 ВС-1430 AD) 9.4



	Industrial

	1430-1600 0.17

	1600-1730 0.13

	1730-1830 0.1

	1830-1890 0.06

	1890-1929 0.04

	1929-1955 0.025

	1430-1955 0.525



	Scientific-infor​mational

	1955-2000 (1955-1995)* 0.04-0.045

	2000-2040 (1995-2030) 0.035-0.04

	2040-2070 (2030-2055) 0.025-0.03

	2070-2090 (2055-2070) 0.015-0.02

	2090-2105 (2070-2080) 0.01-0.015

	2105-2115 (2080-2090) 0.01

	1955-allegedly (2090)2115 0.135-0.160




Notes: The figure before the bracket is the absolute scale (the number of years before the present day); the figure inside brackets means
years ВС. The bold-type figures denote the stage durations (thou. years).
* Brackets in this line enclose the calculation of the shorter of the alleged variants of the scientific-informational principle of pro​duction. Starting from the second column of this line, the alleged duration of the stages of the scientific-informational principle of production is presented.
tion and circulation. Colossal changes took place in informatics. The scientific and technological revolution had a number of other trends: in power engineering, in the development of synthetic materials, in automation, in outer space exploration, and in agriculture. However, the main results of this revolution are still ahead. In the next decades, it may take a new turn (the second stage). On the whole, it may become a revolution of "con​trolled systems," in other words, a wide development of planned control over various natural and production processes.
Only the first stage of the scientific-informational principle of production is over, and the second has begun. Hence, all calculations of the duration of its future stages are hypothetical.
The first stage lasted from the 1950s until the mid-1990s. It saw a powerful development of the scientific and technological revolution and information technolo​gies. The process of real economic globalization has started.
The second stage began in the mid-1990s with the appearance and a sufficiently widespread use of conve​nient computers, communications, etc. It is still going on.
The third stage may begin approximately in the 2030s or 2040s.
The expected duration of the fourth, fifth, and sixth stages of the scientific-informational principle of pro​duction is shown in the table. On the whole, this princi​ple may end by the late 21st or the early 22nd century,

which means a colossal acceleration of development, hardly compatible with the biopsychological nature of human beings. With regard to the expected increase in lifetime, all great changes (from the 2040s through the 2090s) will actually fall on one generation that will appear in the 2010s. Will the physical and psychic potentialities of human beings be able to withstand such a rapid rate of changes? In any case, it seems evi​dent that we will have to pay a high price for such rapid adaptation. Consequently, we are facing a very impor​tant and difficult question: how can we compensate for the gap between the development of productive forces and other spheres of life? Humankind must answer it sooner or later; otherwise, the excessive acceleration of development may bring severe results.
Now let us switch to models of the presented peri-
odization. Unfortunately, although mathematical meth​
ods are quite widely used in historical science, they are
very rarely applied to the periodization of societal his​
tory. Meanwhile, discovering mathematical functions
in the existing periodization may confirm its efficiency
and form a basis for careful forecasts. Time as a factor
of historical development is very suitable for mathe​
matical analysis. In particular, economic and demo​
graphic history actively analyzes cycles of different
durations. With regard to the possibility of mathemati​
cal examination, cycles forming the basis of our peri​
odization of history do not differ from other temporal
cycles.
.-..;•
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Step I of the historical process (hunting-gathering principle of production)
38000 ВС (40000 years ago
Step II of the historical process (agrarian-handicraft principle of production)
The temporal development of the historical process.
The table dates each stage of the four principles of production and presents the duration of these stages in thousands of years.
Thus, the offered periodization rests on the idea of repeated cycles of development, including six phases-stages; however, every succeeding cycle is shorter than the previous one due to the acceleration of historical development. These cycles are no doubt repeated, because, within each of them, development is some​what of the same type: each phase in each cycle per​forms the same function. All this is confirmed by the above-mentioned calculations, according to which, under changing principles of production, stable propor​tions with regard to the duration of each stage and their various combinations are observed.
On the whole, this analysis shows the following: (a) the temporal development of each principle of pro​duction has recurrent features; (b) there are stable pro​portions between stage durations and stage combina​tions within each principle of production; (c) as a result of production revolutions, the rate of development increases sharply; and (d) analysis of the stable propor​tions and features of the cycles of the production prin​ciples allows us to make cautious conclusions with regard to the future (in particular, regarding the dura​tion of the stages of the fourth production principle).
One final observation. The curve symbolizing the course of the historical process (see figure) raises con​fusion, because its vertical part seems to go to infinity. I.M. D'уakonov justly writes:
Undoubtedly, the historical process shows signs of a regular exponential acceleration ... that ulti​mately implies a transition to a vertical line or, to

be more precise, a point—the so-called singular​ity .... With regard to history, the notion of infin​ity is senseless: the subsequent phases of histori​cal development replace one another increas​ingly rapidly, taking only years, months, weeks, days, hours, and seconds. If no catastrophe hap​pens ... we should obviously expect the interfer​ence of some new forces, not yet taken into account, that will change these graphs [8].

Indeed, note that the figure shows only one variable of the historical process, the technological one. The coincidence of technological and total development is limited. Beyond these limits, various divergences are possible (of both vectors and rates of development). First, it is obvious that the total development of the sys​tem is unable to keep up with the technological rate; second, the growing gap means that the price of progress will constantly grow and the inevitable nega​tive phenomena will increase until in total they have overweighed the "progress." In other words, uncon​trolled scientific, technological, and economic changes cause the growth of various deformations, crises, and degradations in various spheres of life, which inevita​bly slow down the total movement and largely change its direction. In fact, the total rate of development may equal the speed of the least mobile and most conserva​tive element of the total system (for example, ethnic or religious-ideological consciousness, morals, etc.), whose rates of changes need a change of generations. The increase of gaps in the system, which are related to changed economic, informational, and technological aspects, will lead to its destruction and replacement with another one. The price of a rapid transformation of
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such a complex and gigantic system as modern human​kind may be very high.
In conclusion, I would like to stress that the offered periodization favors a new judgment about a number of basic processes and phenomena of world history and the cause-and-effect relation between them, as well as about the driving forces of historical development and factors of its acceleration. The prognostic potentialities of this model are also essential. In particular, with regard to the idea that production revolutions have two stages, it is logical to assume that in the 2030s-2040s, the scientific-informational revolution may switch to the second stage. Judging from the current scientific and medical innovations (in particular, from the progress in bio- and nanotechnologies), the second stage of this revolution may begin with a sharp growth of potentialities to intrude into the biological nature of the human being. The extent to which it is admissible and acceptable and the consequence of such intrusion are outside the scope of the present article.
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