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bstract. The phenomenon of states changes of the world economy during 
the last 200 years shows that there is a certain 70-year regularity in its 
development, which is expressed in increased structural complexity of the 
global economic system every 70 years. The development happens after 

certain periods of bifurcation (up to 50 years) accompanied by the lower rates of 
economic development, and periods of adaptation (up to 20 years) with the higher 
rates. The theoretical justification of this process shows that the increased 
structural complexity of the global economic system is the external manifestations 
of the self-organization process in a large complex system we call the “world 
economy”. This process of development is based on two fundamental laws of 
nature: the principle of minimum dissipation of resources, and the law of 
conservation of economic potential; and is realized via two types of development 
mechanisms – bifurcation and adaptation. 

Formation of the world system model should rest on applying the natural laws of 
development, and lead towards the creation of a complex, two-level (regional and 
global) structure with the institution of geopolitical pluralism, based on 
implementing the “principle of minimum dissipation”. This will contribute to the 
development of the “global system” on the conflict-free base. 
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1. Introduction 

Researches having been made by different scholars defined civilizations of the 
XXIst century. They are united into three local formations due to ethical, cultural 
and other features: Eurasia, North America and Oceania, Africa and the Middle 
East. The modern humankind is known to have faced a number of insoluble 
civilization problems which can cause destructive global processes. 

First of all the religious, ethical and cultural conflicts are connected with different 
views on material side of civilization. The revenue gap between “the gold billion” 
population and other people is increasing. The control over allocation and use of 
scarce resources of the planet, first of all energy resources, relates to the conflict. 
There also exists a threat of ecological catastrophe. Low control over using 
weapons can lead to provoking local war conflicts to which countries having 
weapons of mass destruction can be involved. 

It is obviously that the planet is a single home for all kinds of civilizations and for 
any social form of human’s life activity. The main element in their coexistence 
without conflicts is the rules of interaction in the context of “global system”. The 
“global system” is a social system with structures – institutions that define the 
rules of interaction between countries (ordinary agents) of the “global system”.  

Countries being ordinary agents of a social system (the “global system”) form 
regional and civilized systems. Every outlined local civilization can be viewed as 
group unions of countries that participate in international exchange of resources 
on the basis of international labor division. Thus, functioning of the “global 
system” system that is based on existent regional and global institutions can be 
considered as regional and global institutions.  

In the context of growing conflict tendencies of the XXIst century it is getting 
evident that existent institutions of the “global system” – supranational 
organizations and the system of international exchange of resources – do not 
provide development of the global civilization without conflicts. Therefore the 
most urgent task of nowadays is to make a forecast as to forming such social 
institutions that can guarantee coexistence of local civilizations without conflicts 
as well as sustainable development of the “global system” of the XXIst century. 

The system of rules about interaction between civilizations as a political structure 
of the “global system” of the XXIst century on the basis of the common planetary 
constitution can be referred to these institutions. The system of international 
monetary and financial relations that is the basis for exchange of resources 
among civilizations should be stated in the common planetary constitution as 
well. 



The “global system” is aimed at maintaining its homeostasis or keeping 
humankind safe. Sustainable development of humankind lies in maintaining the 
“global system” integral for a long period of time. The necessary condition for this 
sustainable development is institutions which provide compromise base for 
interaction between local civilizations within the “global system”. To solve this 
task we need to define conditions which form both stability of a social system the 
“global system” and boundary limits of stability ensured by rules of interaction 
and in the context of which sustainable development occurs.  

Thus, the forecast concerning sustainable development of the global civilization 
is the task of forecasting and forming institutions of the “global system” which can 
provide sustainable development of humankind. 

The solution of the task about defining conditions of sustainable development of 
the “global system” helps us to make the following conclusions:  

• general approach allowing us to describe the main properties of the “global 
system” in a simplified form and its development with indicating feature 
parameters.  

• mathematical formalization of the “global system” and its development basing 
on outlined characteristics as a non-linear dynamic system.  

• making simulation modeling on the basis of laid down system of differential 
equations describing development of the “global system”.  

• analysis of experiment results that can help to realize the following items:  

− about the character of the global  system behavior in the process of 
development.  

− about the main system properties that form the process of development 
and its stability.  

− about conditions for system functioning; the conditions have to be 
implemented to provide stability of development.  

2. Sustainable development of the World Economy: system 

approach 

The author of the monograph “Self-organization of the World Economy” 
formulated the concept of development and self-organization of a social system 
the world economy (the “global system”) and made the corresponding model. 



The model represents the main characteristics of the system itself and its 
development. The model is represented in the Graph 1. 

The system development is regarded as the process of changes in system 
states. Every system state has a structural and quantitative characteristic and 
specific time interval during which the structure keeps its integrity.  

The model of the world economy development describes the system behavior 
within the period 1825-2035.  

The idea about development process lies in the base. The process is considered 
as accumulating structural information on the basis of mechanism of self-
organization as the result of struggle between two contrary tendencies: 
organization and disorganization. Definite structural and quantitative 
characteristics allow us to define three states of the world economy system in the 
process of its development. The first two states are real whereas the third one is 
predicted. The structural characteristic for every state is the system of 
international monetary and financial relations that function during specific time 
interval. Political structure of the “global system” – availability or absence of 
supranational institutions of regulating interactions among ordinary system 
agents as to exchange of resources on the basis of international labor division – 
can also be referred to structural characteristics.   

The process of GDP growth for countries that participate in international 
exchange of resources can be called the quantitative characteristic. Countries 
making up the so-called “triad”: Europe – the USA – Japan are taken as the base 
as more than 60% of world goods turnover during specific time interval falls on 
these countries.  

Every state of the “global system” corresponds to a 70-year cycle of 
development. Every cycle combines conflict as well as non-conflict phase of 
development. A conflict phase is implemented through the bifurcation mechanism 
of development and low rates of GDP growth. Non-conflict phase is implemented 
through the adaptation mechanism of development and uneven increase in GDP. 
Every phase of a cycle corresponds to a definite period of development that 
changes each other like mechanisms of development. 

We consider sustainable development as a change in system states that keep its 
integrity and maintain it within boundary limits of stability for a long period of time. 
It happens on the basis of forming a new structure of a system with adaptation to 
environmental pressure: population growth and limited resources. The stated 
above conflict trends are external demonstration of the pressure.  



Thus, we have the following description of the global (the world economy) system 
development. 

3. Development and Self-Organization  

of the World Economy System  

According to already defined criteria, the historical period, that is being studied, 
concerns development of the world economy system for over the period from 
1825 till 2035. 

Basing both on the periods when indicated systems of international monetary 
relations are functioning and on the quantitative characteristics we define the 
time limits when three states of the world economy system exist in the process of 
its development. In other words we determine the time periods as to three cycles 
and six periods of development of “the world economy” system. [table 1] 

These time limits are represented as follows: 

� The first state 

The first cycle of the world economy system development is the period when the 
gold standard system functions: 1825 – 1875 – 1895. 

1. The first period in the first cycle of “the world economy” system development:  

• the period from 1825 till 1875. Transformational period. The period of 
forming the gold standard system; 

• the period when the bifurcation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 1.5%. 

2. The second period in the first cycle of “the world economy” system 
development: 

• the period from 1875 to 1895. The period of active functioning of the gold 
standard system; 

• the period when the adaptation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 2.6%. 

 

� The second state 

The second cycle of “the world economy” system development is the period 
when the Bretton Woods system functions – 1895–1945–1965. 



1. The third period in the second cycle of the world economy system 
development: 

• the period from 1895 till 1945. Transformational period of forming the 
Bretton Woods system; 

• the period when the bifurcation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 1.8%. 

2. The fourth period in the second cycle of development: 

• the period from 1945 till 1965. Active functioning of the Bretton Woods 
system; 

• the period when the adaptation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 5%. 

 

� The third state 

The third cycle of “the world economy” system development is the period of 
Jamaican system – 1965 – 2015 – 2035. 

1. The fifth period in the third cycle of “the world economy” system development 
is the period of transforming the system of international monetary relations 
and forming its new structure; 

• the period from 1965 till 2015; 

• the period when the bifurcation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 3.4%. 

2. The sixth period in the third cycle of the world economy system development 
is the period which can be forecast, the period of active functioning of a new 
system of the international monetary relations: 

• the period from 2015 – 2035 (predicted); 

• the period when the adaptation mechanism of development is functioning; 

• the rate of the world economy growth corresponds to 8 – 9% (predicted). 

Basing on the system states outlined above we form the model of self-
organization and development of the world economy. (Graph 1) 



4. Sustainable development of the global  

civilization – non-linear dynamic system 

Above-stated model of development and self-organization of the “global system” 
(the world economy) allows us to make the following conclusions about 
properties of the model under research.  

There are two oppositely directed processes lying in the basis of system 
development; originally they are its natural quality: dissipation – resource 
dissipation and the principle of minimum dissipation – scattering, expressed by 
optimizing resource allocation for production and goods for consumption on the 
basis of current stipulated rules of cooperation – institutions. 

The factor that produces dynamics is population growth for a long period of time.  

The natural property of the system – dissipation of resources – is expressed by 
unlimited consumption of goods in conditions of limited resources for their 
consumption; it also predetermines the necessity of independent forming the 
system structure in order to provide efficient resource allocation for production 
and goods for consumption, i.e. self-organization. The natural property of the 
system – non-equilibrium – is also caused by two contrary trends. 
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All hierarchic types of the social system have the property of dissipation and min 
dissipation of resources, for example, a country, a regional, civilized system and 
a global civilization. We can see the fractal symmetry of the main properties of 
the social system “the global civilization”.  

The system development happens by cycles with the interval of about 70 years. 
Every cycle of development goes through a conflict stage (50 years) and a non-
conflict stage (20 years). They are implemented through the bifurcation and the 
adaptation mechanisms of development correspondingly. Old system relations 
are being restructured and new relations are being formed at the stage when the 
bifurcation mechanism of development works. This process is followed by 
decreasing quantitative indicator of development.  

Whereas at the stage of the adaptation mechanism the development occurs 
without conflicts and is followed by uneven growth of quantitative indicator. Every 
cycle of development corresponds to one system state. Every consecutive state 
of the system possesses more complex structure and from the economic 
viewpoint it is more effective than the previous one: it provides the system 
integrity in conditions of the environmental pressure. Stability has its borders 
within which sustainable development occurs. When the system leaves the limits 
of stability it stimulates states of extremely non-equilibrium kind. It also leads to 
further indefinite behavior of the system where the global conflict can happen or 
self-destruction of the humankind can be one of the possible versions of 
development. 

Therefore the main condition for keeping the system integral consists in 
maintaining stability of the system “the global civilization”. The main objective of 
studying non-linear dynamic system behavior – development of the global 
civilization on the basis of modeling and conducting numerical experiments – is to 
calculate the stability limit as well as the conditions for maintaining the system 

within the estimated borders. 

We can also see the complication of the system structure: self-organization in the 
form of the mechanism that implements sustainable development on the basis of 
spontaneous complication of the system structure.  

We can make the conclusion that “the global civilization” system has properties 
peculiar to non-linear dynamics. The system can function in two different modes 
– bifurcation and adaptation converting from one functioning mode to another 
one in the developmental process. The system has the property of self-
organization as well. The main function of the system lies in the development 
through which its aim (to maintain the integrity) is implemented. 



Graph 1 

 

The model of development and self-organization of World economy 
for interval of time 1825-2035 years 
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The processes of production and consumption are regarded as the main 
properties of the system that generates development. 

The fact that the system is maintained in limits of sustainable development 
through the process of development helps to keep the system integrity. 

5. Formalization of the “global system” development  

The global civilization system is regarded as global economic environment where 
countries and their group organizations are ordinary agents. Every agent has the 
same properties as the system: they can be open, non-equilibrium, dissipative, 
self-organizing; they can also have the aim – to maintain integrity through the 
main function (development). Development is caused by contrary processes – 
the process of production and the process of consumption and is implemented 



through two types of the development mechanism: the bifurcation mechanism 
and the adaptation mechanism. 

We can watch the fractal symmetry of all general properties ranging from the 
“global system” to its ordinary agent. 

Development, the main function of the system, is viewed as the movement of 
economic environment. Basing on the assumption about maintaining boundary 
limits of system stability we solve the task of stable movement of environment 
and sustainable development of the global civilization in the context of fixed main 
properties and system characteristics.  

At the first stage we study behavior and properties of an abstract non-linear 
dynamic system on the basis of reduction and fractal symmetry of the main 
properties. At the second stage we model and examine the behavior of specific 
the “global system”. 

6. Modeling of development of the “global system” 

On the basis of outlined properties we make a mathematical model of non-linear 
dynamic system – development of the “global system”, where: 

• phase variables – ordinary agents of a country that has a property to dissipate 
resources in the form of production and consumption expressed by rate of 

production output /Y  and its index – economic efficiency yE  and property of 

optimizing resources for production and goods for consumption expressed by 

value of self-organization S  and its index SK  – structural coefficient of self-

organization; 

• space they belong to is the phase space or global economic environment;  

• the main function is the development expressed by global economic 
environment traffic. Thus, ordinary agents of the system can be described by 

two phase variables ( yE , SK ), correspondingly phase economic space they 

belong to is recorded as ),,( tKEFF SY=  

where yE  - economic efficiency – qualitative characteristics of development, 

parameter that characterizes system capacity – ability to produce economic 
efficiency and dissipativity; 

SK  – coefficient of self-organization – structural characteristics, parameter 

that reflects economic usefulness of system structure and characterizes 



minimization of dissipation or ability to optimize resource allocation for production 
and goods for consumption;  

t  – time 

Development of the system “global system” is recorded in the form of 
environment traffic equation like Burgers  

2

/2/
/

/

Q
S

Q dL

Yd
K

dL

dY
Y

dt

dY =+  (1) 

where: t  – time interval during which system is investigated 

Y  – production output during time interval under analysis (estimated in GDP)  

dt

dY
Y =/ - rate of production output or economic growth during time interval 

under analysis (for further record of equitation we take GY =/  (growth)) 

2

2
//

dt

Yd
Y =  - rates of economic growth of a system during time interval under 

analysis. 

QL  - qualified work that produces additional product (number of population in 

time interval under analysis)  

Quantity of self-organization SKYS /=  – counteracting force F as for 

dissipating of system resources called as the principle of minimization of 
resource dissipation opposes to economic growth or rate of production output Y' 

with the coefficient //YSK S = that reflects structural qualities of the system – 

its institutions (political system) to produce useful work concerning optimization of 
resource allocation for producing goods to be consumed as well as reaction rate 
of the political system towards unfavorable economic changes in the form of  
structure adjustments in the current macroeconomic policy and changes of its 
direction in case of fallacy by non-conflict way. In other words, it is force that 
reflects the value of self-organization of the social system S.  



7. The analysis of equation  

1. Equation contains nonlinear term 
QdL

dY
Y

/
/  since qualification of ordinary 

agent’s work is the factor that originates nonlinearity proceeding from the 

simple consideration )(//
QLYY = . Nonlinear term shows the system 

property – dissipation, and reflects the accumulation of structural information 
in time and also dependence between rate of production output and change 
of population qualification along with change in its number. This term reflects 
the influence of structural information accumulation over the rate of production 
output. 

2. Equation contains adhesive term ,2

/2

Q
S dL

Yd
K  which reflects the system ability 

to resist resources dissipation or implement the principle of minimum 
dissipation of system resources that is to optimize their distribution on the 
basis of current structure. 

3. Equation shows the evolution of structure, which enables us to make forecast.  

4. Sustainable decision of this equation will be a shock wave owing to 
competition between two opposite tendencies: dissipation and attenuation – 
minimum dissipation.  

5. Equation shows the wave nature of economic cycles.  

8. The model of global civilization system development  

The model is recorded in the following way:   

2

2

Q
S

Q dL

Gd
K

dL

dG
G

dt

dG =+  (2) 

The managing system parameter – economic efficiency EY. Equation is examined 
by stability of decisions depending on value of managing parameter. It is 
necessary to determine what dimensions the managing parameter should have 
so that solution of equation could be stable. It is also necessary to designate 
what geometrical image of obtained solutions of equations will be equal to stable 
states. To get a numerical result we create the algorithm, program and carry out 
numerical experiment.  



9. Objectives of simulation modeling 
• To get some idea as to qualities and properties of attractors in the given 

system of both modes of functioning which the system forms in the 
development process. Attractors are mathematical images of determined 
modes of functioning. Change of modes – switch of functioning from an 
ordinary to a chaotic (bifurcation) mode shows the change of quantity and 
character of attractors. In “the global civilization” system attractors are 
supranational institutions that determine rules of behavior for system agents. 
These attractors also decrease indefinite trajectory of development which 
helps to maintain system stability in a mathematical sense of description. 
Thus we receive a mathematical concept of institutions necessary for 
maintaining sustainable development of global civilization system. 

• To make a numerical calculation of borders of stable environmental 
movement within which the “global system” develops.  

• To get some idea about the character of change in number and in properties 
of system attractors for maintaining boundary limits of sustainable 
development of the “global system”.  

• To show interaction of sustainable development, self-organization and 
available boundary value of the stability of the system under study.  

• To show evolution of the structure of an abstract social system under 
research.  

• To show evolution and to make a forecast of the structure of international 
monetary and financial relations of the “global system”. 

• To show evolution of the structure and to make a forecast of forming the main 
political institutions of the “global system” in the XXI st century. 

10. Afterward. To the problem of acting  

crisis of the world economy 

From all stated above we can see that the model has a forecasting potential 
which is checked on the basis of numerical experiments. 

Consecutive complication of both international monetary system and world 
political system is obvious. 

The world system in the period of its development from 1895 till 1945 formed a 
new structure of monetary and political relations; the designation of this structure 
was to provide economic growth of the world economy. 



The bifurcation period (1965-2015) bears the same task, solution of which will 
enable the world economy to have a sustainable development.  

If the previous cycle of the world economy development solved the problem of 
increase in supply of world money, that is to provide growing world production 
with world money, then at the current stage it is necessary to accomplish another 
main task: to provide the control over emission of world money. Along with this 
task the structure of world money and world reserve funds need to be changed  

In the context of solving this economic problem another one (of a political 
character) also requires its solution. It implies developing a political control over 
military operations of the main regulators of functioning the world economy – they 
are countries that form more than 50 % from the world GDP: the USA, the EU 
and Japan.  

These countries spent a great number of expenses from their budgets on local 
military operations in Iraq, Afghanistan, and earlier on the territory of the former 
Yugoslavia, Iraq and Kuwait. It provokes unprovided emission of national 
currency which is the basis of international accounts and this fact provokes a 
crisis in the world system. 

Thus, on the basis of model we can draw two conclusions: 

1. International monetary system will be complicated due to creating regional 
international monetary systems where all main elements of global monetary 
system will be reflected.  

2. The world political system will find it necessary to develop a general planetary 
constitution – the collective treaty which will stipulate the rules in order to 
reach compromises – a joint agreement covering vital issues of “global 
system” development including limitation of military operations of any 
countries in the world community. 

References 
Abdeev, F. (1994), The philosophy of the information civilization. Vlados. Moscow.  

Allais, M. (1998), The conditions of the efficiency in the economy. Nauka dlya obschectva. 
(Sciences for a  society). Moscow. 

Buchanan, J. (1997), The constitution of an economic policy. Nobel Prize winners. Taurus Alfa . 
Moscow. 

Bogdanov, A. (1989), Tectology. General organizational sciences. Economika. Moscow. V.1-V.3.  

Кondratiev, N. (1989), The fundamental problems of the economic static and dynamic. 
“Economika”. Moscow. 



Prigogin, I.; Stengers, I. (1986), Order out of chaos. Progress. Moscow.  

Schumpeter, J. (1982), The theory of an economic development. Progress. Moscow. 

Chistilin, D.K. (2004, 2006), Self-organization of the World Economy: Euro-Asian Aspect. M., 
“Economika”. 

Malinetskiy, G.G. (2005, 2007), Mathematical Fundamentals of Synergetics. M., LKI. 

Malinetskiy, G.G.; Potapov, A.B. (2002), Modern Problems of Non-linear Dynamics. M., URSS. 

Samarskiy, A.A.; Mikhailov, A.P. (2001, 2002), Mathematical Modeling: Ideas, Methods, 
Examples. M., Physmatlit. 

Chulichkov, A.I. (2003), Mathematical Models of Non-linear Dynamics. – M., Physmatlit. 

Melnyk, L.; Hens, L. (2007), Social and economic potential of sustainable development. Sumy, 
University book. 

Sulis, W.; Trofimova, I. (2001), Nonlinear Dynamics in the Life and Social Sciences. Moscow, IOS 
Press. 

Barabanov, O.N.; Golizyn, V.A.; Tereschenko, V.V. (2006), Global management. Moscow, MGIMO 
University. 

Blank, M.L. (2001), Stability and localization in chaotic dynamics. Moscow, MZNMO. 

Malkin, I.G. (1966), Theory of movement stability. Moscow, Science. 

Foley, K. Duncan; Michl, R. Thomas, (1999), Growth and Distribution. London, Harvard University 
Press. 

Filatov, A.N. (2003), Theory of stability. Moscow-Izhevsk. 

Intriligator, M. (2002), Mathematical methods of optimization and economic theory. Moscow, Iris 
Press. 

Daly, Herman E. (2007), Ecological Economics and Sustainable Development. Selected essays of 
Herman Daly. Northhampton, USA, Edward Elgar Publishing. 

Reinert, Erik S. (2004), Globalization, Economic Development and Inequality. An alternative 
perspective. Northhampton, USA, Edward Elgar Publishing. 

Klebanova, T.S.; Raevneva, E.V. (2004), Mathematical models of transformation economy. 
Kharkiv, PH Engec. 

Arestis, Ph.; McCombie, J.; Vickerman, R. (2006), Growth and Economic Development. Essays in 
Honour of A.P. Thirlwall. Northhampton, USA, Edward Elgar Publishing. 

*** (2003), World development report 2003. Sustainable Development in a dynamic world. 
Transformation Institutions, Growth, and Quality of Life. Moscow, All world. 

Barro, Robert J.; Sala-i-Martin, X. (2004), Economic growth. Second edition. London, The MIT 
Press. 

Aghion, Ph.; Howitt, P. (1998), Endogenous Growth Theory. London, The MIT Press. 



Todaro, Michael P. (1997), Economic Development. Moscow, Unity. 

Ryzhenkov A. (2003), Models of cyclical growth. Novosibirsk. 

 


