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BIJ rOJIOBHOI'O PEJAKTOPA

MixkaucruiriHapai JTOCTIZKEeHHsST CTAJIN XapaKTepPHOIO PHUCOI0 CyJacHOl
wayku. CuHTE3 iziell 1 MeTO/IiB PI3HMX, IHKOJIM JIyZKe BiJIajIeHuX, TajIy3eil Bu-
SBJISIETHCS TUTHUM K y (QyHIaMEeHTaJbHIi, TaK 1 B TPUKJIAIHIA HAYII, IpH-
HOCUTH HOBE 3HAHHS 1 MMOPOJIZKYE HOBI TEXHOJIOTII.

Hamionansuauit memarorigauit yaisepcurer imeni M. I1. Iparomanosa me €
BUHATKOM, TOMY MI>KJIUCITUILIIHAPHI JIOCJIJI?KEHHS TAKOXK BIJIIIPAOTh Y HHOMY
3HauHy poJib. OMHUM i3 OCHOBHUX 3aBJIaHb I1€/IaIOrYHOIO YHIBEPCUTETY ChHOIO-
JIHI € o3HafloMJIeHHS MafiOyTHIX yanuTesIiB i3 CyJacHIME HAyKOBUMH TE€OPISIME Ta
BIAKpUTTSAMH, 10 HOPMYIOTh HOBY HAYKOBY IAPAIUTMYy Ta HAYKOBHIl CBITOTJISIT
3arajioMm. [luTanns, ski cydacHe YKUTTS CTABUTH II€PE]] HAYKOID, BHMAraioTh
KOOIepaIlil BIeHnX pi3Hux creriasizariii. JlocmiKeH s CKIaIHnX CUCTEM, —
HE3JIIYeHHOr0 KJIacy 00’e€KTiB, IO HAC OTOYYIOTH, Bijm aTomiB j0 [amakTuk —
BUMAratoTh 06’€IHAHNX 3YCUJIb HE TIIbKN MaTeMaTHKiB, (pi3ukin, 6ioJoris, aje
I TICUXOJIOTiB, COITIOJIOTIB, JIHTBICTIB, 1 € HATAJILHUMHU 3aBJAHHAMHU CyIACHOL
HayKW.

VCBiTOMITIOIOYUN BaXKIUBICTD MiXKIUCITUILTIHAPHUX JTOC/TII?KEHb, MU CTBO-
puin MixKaucnurriHapHuil HayKOBO-JIOCI THUH IIEHTP CKJIAIHUX CUCTEM, SAKUN
Ma€ Ha MeTi aKTUBI3allilo B3a€MOJIil BUCHUX PI3HUX Tasy3eil, dK HAIIoro ¥ Hi-
BEPCUTETY, TaK i IHINMUX HAYKOBUX Ta OCBITHIX ycTaHoB. HaykoBwuil yKypHas 11bO-
rO IEHTPY MICTUTH SK CYTO HAYKOBI POOOTH 3 aKTyaJbHHUX [IOC/II2KEHDb, TaK 1
HAYKOBO-TIOMYJISIpHI MaTepiaan, ctaTTi 3 icTopil Ta dimocodii mayku. 2Kyp-
HaJ Ma€ CTATU Ba’KJIMBUM BHECKOM Yy HAYKOBY Ta IPOCBITHHUIIBKY JisJIbHICTH
VHIBEPCUTETY, & Mi?KHAPOJHUN CTATYC IIHOI'O BUJIAHHS Ta MiKHAPOJHUN CKJIAT
PeaKINiTHOT KOJIeril CIpusTUME MOy IsIPU3allil HayKOBUAX 3/100yTKIB BiOMUX
3aKOPJIOHHUX Ta BiTun3HsgHUX yaeHnx. CroiBarocs, o mneit HayKOBUil 9acoImc
OyZie 3HAYHUM CTUMYJIIOIOYNM (DAKTOPOM y peastisariil narroi meTtu i Oyze e
OJIHMM BaroMHUM KPOKOM KPOKOM Ha IIJISXY J0 JOCJIiIHUIBKOIO YHIBEPCUTETY,
AKUM MU ftoro 6a9uMo i akuM BiH Mae OyTH.

JIucromam, 2012 Bixmop Andpywenko
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FrROM EDITOR-IN-CHIEF

Interdisciplinary studies become a characteristic feature of the modern
science. A synthesis of ideas and methods for different, sometimes very distant,
branches appears a fruitful approach to the fundamental science as well as to
the applications. This synthesis brings in a new knowledge and induce new
technologies.

In the our University, interdisciplinary studies also play a significant role.
One of the main objectives of the Pedagogical University today is a acquai-
ntance of the future teachers with modern scientific theories and discoveries
which form a new scientific paradigm and the scientific world view on the whole.
Problems stating by the modern life before the science demand a cooperation
of scientists of different specialisations. Complex systems consist a numberless
class of objects which are around us, from atoms, to Galaxies. Studies of
complex systems need joint efforts of non only mathematicians, physicists, bi-
ologists but also psychologists, sociologists, linguists. These studies are the
barest necessity of the modern science.

Taking into account the importance of interdisciplinary researches, we
founded the Interdisciplinary Research Center for Complex Systems. The Center
purposes an activization of interaction between scientists of different areas whi-
ch work in the our University as well as in another scientific and education
organizations. The journal of this Center consists of pure scientific articles and,
on the other side, of materials in popular science, in history and philosophy
of the science. The journal shall be an important contribution to the scienti-
fic and educational activities of the University. The international status of the
journal as well as the international membership of the Editorial Board will be
conducive to publications of the noted foreign and ukrainian scientists. I hope
Interdisciplinary Studies of Complex Systems will be a significant challenging
factor for the realization of the our aim and will be the next important step on
the way to the Research University, such like we see it and such like it should be.

November, 2012 Viktor Andruschenko
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B11 BUKOHABYOI'O PEJJAKTOPA

IIpencrasienuit kypuasa mos’si3aunit i3 MixkaucnumainapuauM HayKOBO-
nocaiauM rieaTpoM ckiaaaux cucreMm (MHIIICC), mo 6ymio cTBopeHo 6m3b-
KO POKy TOMYy IIpu KHiBCbKOMy IHarioHagbHOMY IearoriqyHoMy YHIBEpPCHTETI
imeni M. I1. JIparomanoBa 3 eKiTbKOMA B3a€MOIIOB’ I3aHUMU TLISMA. 3 OTHOTO
OOKy, MM HaMaraJjucs BIPOBAINTH B3AEMOII0 MiXK BUYCHUMH 3 PI3HUX IHCTUTY-
TiB IpU yHiBepCHUTETI, sTKa 6 peai3oByBaJIa 3araabHy TEHIEHIIO 0 MiKIUCITH-
IUTIHAPHUX JTOCIKeHb. 1151 TeHtentist cTae /1e/1ai BaroMimioo B CyJacHii Hay-
mi. Teopist ckIaTHUX CUCTEM € SICKPABUM MPUKJIAIOM HAyKH, IO BUHUKJIA B Pe-
3yJIBTATI CHHTE3Y i71eii, MEeTO/IB Ta 3aBJIaHb 3 PI3HUX rajy3eil hi3uKu, MaTeMa-
TUKH, 6ioJoril, comiosorii Tomo. OaHuM i3 NUISXiB peasizallil MizK InCIUILIiHAD-
HOTO TiIX0Ty MU OaUNMO OPTaHI3AINI0 JOCTITHATIBKUAX MTPOEKTIB, sIKi MAIOTh Oy-
TU CKOHIICHTPOBAHNMU Ha MUTAHHSIX CIIJILHOTO IHTEpPECY eKCIIEPTiB 3 pi3HUX Ta-
Jy3eii. Mu TakoxK CITOiBa€MOCs, IO el IEHTP MOXKe BijlirpaBaTu poJib HAyKO-
BOro bOpyMy it BUSHHUX 3 YHIBEPCUTETIB Ta, JOCTITHUIBKAX IHCTATYTIB Y Kpa-
THE Ta 3apyOixkks. [Hmor dhopmoro peastizariil HAIUX IiJI€il € BIPOBA?KEHHS
Ta PO3BUTOK MiXKUCITUILIIHAPHUX MAriCTePChKUX IporpaM B yHiBepcuTeTi. Ta-
KOK MU PO3IVISIAEMO CeMiHapu, CUMITO3iyMU Ta KOHMEPEHTIIiT 3 aKTyaJIbHIX TEM
MIKJIMCIATLIIHAPHIX JIOCJIIXKEHD SIK BayKJMBY dacTuny mistibrocti MHJITICC.

Kypuas «MixxaucrumminapHi JOCTiIXKeHHS CKJIATHIX CUCTEM» MOYKE PO3-
TVISIATHCS K MPAKTUIHA (DOPMAa B3AEMOJIT Mi2K BYCHUMU HA MiXKIACIIUILTIHAD-
womy Ipyuri. Mipkyrodu npo MeTy Ta TeMaTuKy »KypHaJly, Mu O XOTijiu 6aduTu
HOro iHIOI0 YACTUHOIO 3TaIAHOTO BUIE HAYKOBOTO (POPYyMY, BiAKPUTUM Ta, ITi-
KaBHUM $K JIJIS €KCIEPTIB 3 PI3HUX raJjy3eil, Tak i /I MIUPOKOl ayJIuTopil: Bif
CTYZIEHTIB 110 JocBiguennx mociigaukis. Came ToOMy B XKypHaJi 0 yBaru 4u-
Tada OyIyTh MPEJCTABJIEHI HAYKOBI CTATTI MIXKIUCIUILUIIHAPHOTO XapaKTepy,
a TaKOXK CTaTTi mpo icTopifto Ta dimocodito Hayku, imdopmallis mpo HAYKOBI
MO/Ii1, TMPOCTIp IS JIUCKYCil YMTadiB PO AaKTyaJsbHI MO/l HAYKOBOI'O YKHTTS
Tomo. Mu crojiiBaeMocs, 10 BIILHUN TOCTYI JIO €JIeKTPOHHOI Bepcil KypHa-
JIy HaJIACTh MOXKJIUBICTD JIJIsl aKTUBHOI B3a€MO/IIl Mi2K YATAYAMU, ABTOPAMU Ta
peraxiiitaoo Koseriero. OMHUM i3 KOHKPETHUX 3aBJaHb YKyPHAJIY € HaJaHHS
MOYKJIMBOCT1 BUEHUM 3 PI3HUX JUCIUILIIH TPE3eHTYBATH HOBI ifel, rimore3n Ta
monepcehKi gocimkenna. Taxi myOaikaril MoXKyTh OyTH TapHUM 00’€KTOM JI/TsT
HayKOBUX JUCKYCil, SKi MOXKYTb BUSABUTHUCH KOPUCHUMU JIJIsI aBTOPIB Ta IiKa-
BUMU JIJIsT IATATIB.

JIucromam, 2012 FOpiti Kondpamuves
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FroM MANAGING EDITOR

This journal is associated with the Interdisciplinary Research Center for
Complex Systems (IRCCS) at the Dragomanov National Pedagogical Uni-
versity, Kyiv, Ukraine. IRCCS was organized about one year ago with several
interconnected aims. On one side we try to organize an interaction of scientists
from different departments of the university realizing a general tendency of the
interdisciplinary studies. This tendency became more and more essential in the
modern science. The theory of complex systems itself is a prominent example
of a science which appeared as a result of the synergy of ideas, methods and
problems from many areas: physics, mathematics, biology, sociology etc. As a
particular way for the implementation of the interdisciplinary approach, we see
the organization of research projects which shall be concentrated on topics of
joint interests for experts from different areas. We also hope that this center
may play a role of a scientific forum for scientists from universities and research
institutes located in Ukraine and abroad. Another form of realization of our
aims is a development and implementation of interdisciplinary research master
programs at the university. Additionally, we include seminars, workshops, and
conferences in actual topics of interdisciplinary researches as an important part
of IRCCS activity.

The presented journal “Interdisciplinary Studies of Complex Systems” may
be considered as a practical form of an interaction between scientists on an
interdisciplinary ground. Thinking about aims and scopes, we would like to
have this journal as another part of the scientific forum, open and interesting
for experts from several areas and for a broad audience from students to senior
researchers. It is why here will be presented research papers of interdisciplinary
character and, at the same time, papers in the history and philosophy of science,
informations about scientific events, a place for discussions of the readers on
actual moments of the scientific life etc. We hope that an open access electronic
version of the journal will give a possibility for an active direct communication
between readers, authors and the Editorial Board. One of the particular aims
of the journal is to give a possibility for scientists from different disciplines to
present new ideas, conjectures and pioneering developments. Such publications
may be a good point for scientific discussions that will be (at least to some
extend) productive for the authors and interesting for the readers.

November, 2012 Yuri Kondratiev
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STOCHASTIC MODELING OF COMPLEX SYSTEMS

Y. Kondratiev'

The aim of this short note is to give a brief description (oriented on
non-mathematical audience) concerning some directions under an active devel-
opment in the theory of complexity which are closely related to the scientific
activity of the Interdisciplinary Research Center for Complex Systems (IRCCS)
at the Dragomanov National Pedagogical University. This review is based on
the talk given at the First annual meeting of IRCCS in September 2012. We
will try to present certain key ideas in the area without an attempt to give
an overview complete at any extend. It is why the references are restricted to
minima just to give, for the motivated reader, some sources of a more detailed
explanation. This note may be considered as an introduction into the more
mathematical description of the corresponding problems of stochastic dynam-
ics for complex systems which is presented in the next article of the present
journal issue.

In all sciences, stochastic effects can rarely be ignored when we model,
analyze or quantify any type of dynamics. In addition, the study of large com-
plex systems (i.e., systems with large or infinite number of degrees of freedom)
can often only be done using stochastic methods. The stochastic paradigm,
recognizing the significant meaning of uncertainty, plays a fundamental role in
dynamics researches of such systems. A fundamental concept is such that the
randomness is just a reflection of a high complexity (due to A. N. Kolmogorov).
In many cases, we use a probabilistic characterization as a reduced description
of observed events. In the modern science, the stochastic modeling and statis-
tical approach to the study of complex systems became a widely used technical
tool. Note that the probabilistic interpretations of the real world notions are
not always easily accepted. It is enough to mention a sceptic comment by
Albert Einstein w.r.t. the probabilistic interpretation of quantum mechanics:
“T am convinced that He (God) does not play dice”.

Stochastic methods play a key role in the study of complex systems. Rep-
resentative examples of complexity in the real world are given by molecular
motors, neuron networks, immune systems, social networks, financial markets,
economics webs, communication networks, multi-particle systems in physics
(gases, fluids, plasmas etc.).

Complex systems are those composed of many elements which mutual
interaction gives rise to unexpected emergent phenomena. For example, the
behavior of brain cannot be anticipated from the study of an isolated neuron.
Similarly, superconductivity cannot be anticipated from the study of a single

LIRCCS, Dragomanov National Pedagogical University, Kyiv, Ukraine; Faculty of Math-
ematics, Bielefeld University, Germany
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electron. Statistical mechanics, originally developed to study physical systems
consisting of a large number of particles, provides tools and techniques that
are well suited to study complex systems. The emergence of collective behav-
ior is certainly not restricted to the physical sciences, but it is ubiquitous in
nature, from biology, to social systems and economics. For this reason, the
study of complex systems, being at the theoretical or empirical level, requires
a truly interdisciplinary mindset. In particular, in applications to life sciences,
the central problem is to develop an appropriate mathematical methods in the
framework of statistical mechanics for complex systems. Such mechanics have
to deal with heterogeneous ensembles of interacting agents and with the contin-
ual refreshment of that ensemble by novel and unpredictable types. A statistical
approach to the stochastic dynamics of interacting particle systems makes the
state evolution to be a main object of the study instead of the standard ran-
dom path description for Markov processes [5]. The difference between both
concepts became essential in the case of topologically complicated phase spaces
as, e.g., configuration spaces in the continuum. In the most of known models
of Markov dynamics in the continuum, we can not expect the existence of the
process which starts from any initial configuration (i.e., microscopic state). On
the other hand, such dynamics can exist for an initial distribution (i.e., macro-
scopic state) from the proper set of admissible states. This observation is an
essence of the statistical approach.

Complex systems which appear in life sciences have several specific as-
pects. Description of these systems should take into account diversity and
individuality of components, localized interactions among components, the out-
comes of interactions used for replication or enhancement of components [6].
An essential typical property of biological systems (comparing with many sit-
uations in mathematical physics) is such that they are intrinsically out of the
equilibrium.

In a more particular area of the spatial ecology, we have an active develop-
ment of the concept of individual based models. In the mathematical terminol-
ogy, each such model is a stochastic (Markov) process with events comprising
birth, death and mobility for members of considered populations [3, 5].

Last years we observe an intensive and extensive development of a new
area which may be called the physics of society. The complexity theory seeks
to understand how the order and stability arise from the interactions of many
agents. An appeared paradigm states that we can make predictions about a
society even in the face of individual free will, and perhaps even illuminate
the limits of that free will. As a typical aspect of the complexity theory, we
stress that the physics of society is a science of humans’ collective behavior.
It is interesting to mention that the question about the roots of social events
was already posed by Thomas Hobbes in his famous book “Leviaphan” (1651).
Namely, he wrote: “We must ask not just how things happen in society, but also
why”. And here also the statistical point of view is a key concept. In fact, a shift
from Newtonian determinism to statistical science makes a physics of society
possible. Moreover, we shall accept that “the society itself is fundamentally a
statistical phenomenon” [1].

The central technical problem is to develop an appropriate statistical me-
chanics that allows one to separate the knowable unknown from the truly un-
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knowable. Such mechanics will have to deal with heterogeneous ensembles of
interacting agents and with the continual refreshment of such ensembles by
novel and unpredictable types. We would like to stress again that there is a
principal difference between two possible points of view on the random evo-
lution of complex systems. We put the macroscopic state evolution for the
system as a fundamental notion in the statistical description of considered dy-
namics. In the terminology of probability theory, we are interesting in the
Markov function dynamics instead of traditional study of Markov stochastic
process starting from an individual points in the phase space (i.e., from mi-
croscopic states). Such random path description is more informative from the
probabilistic point of view. But, as it was pointed out above, in the complex
systems dynamics very often only statistical description is possible [5]. Actu-
ally, to understand clearly the appearance of statistical paradigm was a crucial
step in the Boltzmann approach in the theory of classical gases.

The problem of relationships between various scales of description is one
of the most important problems of the mathematical modeling of complex
systems. The unity of knowledge (science) has been a widely discussed issue
in the philosophy of science, as well as in specific scientific fields. A first
step towards the unity of science is an establishment of relationships between
different theories and models. Knowledge about the nature would be more
reliable when relationships between different descriptions are more visible.

Perhaps, the most studied topics in physics are scaling phenomena. In
this area we are based on the observation that the nature has a hierarchical
structure with strongly separated levels. We believe in the following dogma:
“Behavior at any level can be deduced entirely from the dynamics of the level
below it, i.e. there are no new physical laws, only new phenomena, as one goes
from atoms to fluids to galaxies” [2].

There exists a fundamental concept of three levels of the description for
complex systems. In mathematical terms we are interesting in the links between
the following levels:

— the micro-scale of stochastically interacting entities (cells, individu-
als,...) described in terms of linear Markov semigroups (or corresponding
processes);

— the meso-scale of statistical entities realized in terms of nonlinear semi-
groups (evolutional families) related to the solutions of nonlinear nonlocal ki-
netic equations. Such structures have an interpretation as nonlinear Markov
processes;

— the macro-scale of densities of interacting entities formulated in terms of
dynamical systems related to local nonlinear equations (e.g., reaction—diffusion
type equations).

One of the basic problems in each concrete model of interacting particle
systems is to derive rigorously the description of transition from one level to
another one [4].

All the history of the science demonstrates the presence and nontrivial
interaction of two tendencies which we can call analysis and synthesis. They
always exist in the science but their roles are different for particular periods of
time. We clearly see that the tendency of a deep specialization (which was a
dominant of the development during main part of 20th century) changed in last
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decades to an active motion in the direction of interdisciplinary researches. The
theory of complex systems gives us a prominent example for this statement.

Mathematical methods play a crucial role in the successful realization of
such motion. Note that a suspicious estimation of mathematical style of think-
ing was quite extended in the society. We remember that J. W. Goethe said:
“Mathematicians are like Frenchmen: whatever you say to them they translate
into their own language, and forthwith it is something entirely different”. And
it was not only an opinion of the great poet. Such giant of natural sciences as
V.1. Vernadsky wrote in his monograph “La Biosphere” (1926) the following:
“Considered in the abstract time and space of mathematics, Life is a fiction,
a creation of our mind which is very different from reality”. But later the
quantum revolution in physics, an implementation of mathematical methods
in biology, ecology and other life sciences, developments in informatic technolo-
gies and many other great scientific evens made the leading role of mathematics
in the interdisciplinary researches obvious.

Here I would like to give a reference to the talk of I. M. Gelfand at the
conference “The Unity of Mathematics”, Cambridge MA, USA, 2003. He was
not only the great mathematician with highest level results in the pure math-
ematics, but also the Director of the Laboratory of Mathematical Biology at
Moscow State University. In particular, I. M. Gelfand said: “An important side
of mathematics is that it is an adequate language for different areas: physics,
engineering, biology. Here, the most important word is adequate language.
I can give you examples of adequate and non-adequate languages. For exam-
ple, to use quantum mechanics in biology is not an adequate language, but to
use mathematics in studying gene sequences is an adequate language... My
search for an adequate language is based on my work in applied mathematics.
Mathematical language helps to organize a lot of things”.

One of the aims in general theory of complex systems is an elaboration
of mathematical models for observed notions appearing in several particular
areas of the science. There is a popular name “real world models” for the
characterization of this direction. Interacting particle systems are used often
as a technical tool for the construction and the study of these models. They
are used as basic ingredients in developing concrete models in physics (gases,
fluids, condensed matter), chemical kinetics, biology, ecology (individual based
models), medicine (tumor growth models), sociology, economics (agent based
models) etc.

Here we arrive in a very delicate area which may be called the art of
modeling. It is clear, that a mathematical model which takes into account
too much details of the considered notion may be, as a result, very far from
a rigorous mathematical study. On the other side, mathematically convenient
simplifications may lead to an empty set of possible applications. The necessary
balance here was formulated by Albert Einstein: “Everything should be made
as simple as possible, but not simpler”. Another question is the following: what
we may expect from a particular model? In fact, we must remember that, due
to Mark Kac, “models are, for the most part, caricatures of reality, but if they
are good, then, like good caricatures, they portray, though perhaps in distorted
manner, some of the features of the real world”. And a British mathematician
George Box added: “All models are wrong; some models are useful”. In any
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case, models describe observed (or expected) notions rather than real systems.
There is an additional notable moment. A “good model” may became a part of
scientific reality itself with its own life and development. A prominent example
here is the celebrated Ising model. An exiting attempt of the complexity science
is to recognize such particular gold fishes in the flow of considered models and
to analyze them with all respect and the careful attention they are deserved.
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STATISTICAL APPROACH FOR STOCHASTIC EVOLUTIONS
OF COMPLEX SYSTEMS IN THE CONTINUUM

D. Finkelshtein,' Y. Kondratiev,®2 O. Kutoviy®

Abstract. We present a general background for the study of complex
systems in the continuum and explain the mathematical tools to deal
with stochastic evolutions in the continuum. The statistical description
of Markov dynamics of complex systems in the continuum is described in
details. The review of recent developments for birth-and-death evolutions
is given.

1 Complex systems in the continuum

In recent decades, different brunches of natural and life sciences have been
addressing to a unifying point of view on a number of phenomena occurring
in systems composed of interacting subunits. This leads to formation of a in-
terdisciplinary science which is referred to as the theory of complex systems.
It provides reciprocation of concepts and tools involving wide spectrum of appli-
cations as well as various mathematical theories such that statistical mechanics,
probability, nonlinear dynamics, chaos theory, numerical simulation and many
others.

Nowadays complex systems theory is a quickly growing interdisciplinary
area with a very broad spectrum of motivations and applications. For instance,
having in mind biological applications, S. Levin [40] characterized complex
adaptive systems by such properties as diversity and individuality of compo-
nents, localized interactions among components, and the outcomes of interac-
tions used for replication or enhancement of components. We will use a more
general informal description of a complex system as a specific collection of inter-
acting elements which has so-called collective behavior that means appearance
of system properties which are not peculiar to inner nature of each element
itself. The significant physical example of such properties is thermodynami-
cal effects which were a background for creation by L. Boltzmann of statistical
physics as a mathematical language for studying complex systems of molecules.

1 Dragomanov National Pedagogical University; Institute of Mathematics of NAS of
Ukraine, Kyiv, Ukraine. fd1@imath.kiev.ua

2JRCCS, Dragomanov National Pedagogical University, Kyiv, Ukraine; Fakultit
fiir Mathematik, Universitat Bielefeld, 33615 Bielefeld, Germany. kondrat@math.uni-
bielefeld.de

3 Fakultdit fiir Mathematik, Universitit Bielefeld, 33615 Bielefeld, Germany.
kutoviy@math.uni-bielefeld.de

14



Statistical approach for stochastic evolutions of complex systems in the continuum 15

We assume that all elements of a complex system are identical by proper-
ties and possibilities. Thus, one can model these elements as points in a proper
space whereas the complex system will be modeled as a discrete set in this
space. Mathematically this means that for the study of complex systems the
proper language and techniques are delivered by the interacting particle mod-
els which form a rich and powerful direction in modern stochastic and infinite
dimensional analysis. Interacting particle systems have a wide use as models in
condensed matter physics, chemical kinetics, population biology, ecology (in-
dividual based models), sociology and economics (agent based models). For
instance a population in biology or ecology may be represented by a configu-
ration of organisms located in a proper habitat.

In spite of completely different orders of numbers of elements in real phys-
ical, biological, social, and other systems (typical numbers start from 1023 for
molecules and, say, 10° for plants) their complexities have analogous phenom-
ena and need similar mathematical methods. One of them consists in math-
ematical approximation of a huge but finite real-world system by an infinite
system realized in an infinite space. This approach was successfully approved to
the thermodynamic limit for models of statistical physics and appeared quite
useful for the ecological modeling in the infinite habitat to avoid boundary
effects in a population evolution.

Therefore, our phase space for the mathematical description should consist
of countable sets from an underlying space. This space itself may have discrete
or continuous nature that leads to segregation of the world of complex systems
on two big classes. Discrete models correspond to systems whose elements can
occupy some prescribing countable set of positions, for example, vertices of the
lattice Z? or, more generally, of some graph embedded to R%. These models
are widely studied and the corresponding theories were realized in numerous
publications, see e.g. [41, 42] and the references therein. Continuous models,
or models in the continuum, were studied not so intensively and broadly. We
concentrate our attention exactly on continuous models of systems whose ele-
ments may occupy any points in Eucledian space R?. Having in mind that real
elements have physical sizes we will consider only the so-called locally finite
subsets of the underlying space R¢, that means that in any bounded region we
assume to have a finite number of the elements. Another our restriction will
be prohibition of multiple elements in the same position of the space.

We will consider systems of elements of the same type only. The math-
ematical realization of considered approaches may be successfully extended to
multi-type systems, meanwhile such systems will have more rich qualitative
properties and will be an object of interest for applications. Some particular
results can be found e.g. in [12, 13, 23].

2 Mathematical description of complex
systems
We proceed to the mathematical realization of complex systems. Let B(R?)

be the family of all Borel sets in R?, d > 1; By,(R?) denotes the system of all
bounded sets from B(R?).
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The configuration space over space R? consists of all locally finite subsets
(configurations) of R%. Namely,

[ =T(RY) := {’y c R? ’ [val < oo, for all A € Bb(Rd)}. (1)

Here | - | means the cardinality of a set, and 5 := v N A. We may identify
each v € I' with the non-negative Radon measure > . 6, € M(R?), where §,
is the Dirac measure with unit mass at =, ), d, is, by definition, the zero
measure, and M (R?) denotes the space of all non-negative Radon measures
on B(R?). This identification allows to endow I' with the topology induced by
the vague topology on M(R?), i.e. the weakest topology on I' with respect to
which all mappings

FB’yHZf(m)ER (2)

xTEY

are continuous for any f € Cy(R?) that is the set of all continuous functions
on R? with compact supports. It is worth noting the vague topology may
be metrizable in such a way that I' becomes a Polish space (see e.g. [32] and
references therein).

The corresponding (to the vague topology) Borel o-algebra B(I') appears
the smallest o-algebra for which all mappings

I's vy Na(y) :=|ya| € Ng:=NU{0} (3)

are measurable for any A € By, (R?), see e.g. [1]. This o-algebra may be gener-
ated by the sets

QUAn) == {yeT [ Na() =l =n}, AcB®R)necN. (1)

Clearly, for any A € By, (R%),

r= || Qnn). (5)

neNp

Among all measurable functions F : I' — R := RU {oc} we mark out
the set Fo(I") consisting of such of them for which |F(v)| < oo at least for
all |7y| < oo. The important subset of Fo(I") formed by cylindric functions
on I'. Any such a function is characterized by a set A € By(RY) such that
F(y) = F(ya) for all ¥ € T. The class of cylindric functions we denote by
Fey(I') € Fo(T).

Functions on I' are usually called observables. This notion is borrowed
from statistical physics and means that typically in course of empirical inves-
tigation we may estimate, check, see only some quantities of a whole system
rather then look on the system itself.

Example 2.1. Let ¢ : R? — R and consider the so-called linear function on
T, cf. (2),

D (), if Y le(@)| <oo, yET,
(p,7) = { zev vEy (6)
00, otherwise.
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Then, evidently, (p,-) € Fo(I'). If, additionally, ¢ € Co(R?) then (p,-) €
Fey1(T'). Not that for e.g. ¢(z) = ||z|/ge (the Euclidean norm in R?) we have
that (p,v) = oo for any infinite v € T.

Example 2.2. Let ¢ : R?\ {0} — R and ¢ is an even function, namely,
#(—x) = ¢(x), = € R%. Then one can consider the so-called energy function

Yo dla—y), it Y |e@—y)|<oo, yeT,
E¢(7) = {zytcy {z,y}Cy (7)
+o0, otherwise.

Clearly, E¢ € F,(I'). However, even for ¢ with a compact support, £ will not
be a cylindric function.

As we discussed before, any configuration 7 represents some system of el-
ements in a real-world application. Typically, investigators are not able to take
into account exact positions of all elements due to huge number of them. For
quantitative and qualitative analysis of a system researchers mostly need some
its statistical characteristics such as density, correlations, spatial structures
and so on. This leads to the so-called statistical description of complex sys-
tems when people study distributions of countable sets in an underlying space
instead of sets themselves. Moreover, the main idea in Boltzmann’s approach
to thermodynamics based on giving up the description in terms of evolution
for groups of molecules and using statistical interpretation of molecules mo-
tion laws. Therefore, the crucial role for studying of complex systems plays
distributions (probability measures) on the space of configurations. In statisti-
cal physics these measures usually called states that accentuates their role for
description of systems under consideration.

We denote the class of all probability measures on (I', B(I')) by M*(T").
Given a distribution u € M!(T') one can consider a collection of random vari-
ables No(-), A € By(R?) defined in (3). They describe random numbers of
elements inside bounded regions. The natural assumption is that these ran-
dom variables should have finite moments. Thus, we consider the class M} _(T)
of all measures from M*(T) such that

/ Al du(y) <oo,  A€By(RY),neN 8)
r

Example 2.3. Let o be a Radon measure on (R?, B(R%)) which has not atoms.
Then the Poisson measure 7, with intensity measure o is defined on B(T') by
equality

7o (Q(A,n)) = % exp{—c(A)}, A € By(RY),n € N. 9)

On the other words, the random variables N have Poissonian distribution
with mean value o(A), A € B,(R?). Note that by the Rényi theorem [30, 52]
a measure 7, will be Poissonian if (9) holds for n = 0 only. In the case
then do(x) = p(x) dx one can say about nonhomogeneous Poisson measure 7,
with density (or intensity) p. This notion goes back to the famous Campbell
formula [8, 9] which states that

[emdn6) = [ o) (10)
r R4
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if only the right hand side of (10) is well-defined. The generalization of (10) is
the Mecke identity [44]

/th'ydm, //]Rd (z,yUx)do(z)drs(7), (11)

which holds for all measurable nonnegative functions h : R* x I' — R. Here
and in the sequel we will omit brackets for the one-point set {z}. In [44], it
was shown that the Mecke identity is a characterization identity for the Poisson
measure. In the case p(z) = z > 0, z € R? one can say about the homogeneous
Poisson distribution (measure) 7, with constant intensity z. We will omit sub-
index for the case z = 1, namely, 7 := m = 74,. Note that the property (8) is
followed from (11) easily.

Example 2.4. Let ¢ be as in Example 2.2 and suppose that the energy given
by (7) is stable: there exists B > 0 such that, for any |y| < oo, E?(y) > —B|y|.
An example of such ¢ my be given by the expansion

¢($) = ¢+(SL’) + ¢p(x)7 UAS Rd’ (12)

where ¢t > 0 whereas ¢ is a positive defined function on R? (the Fourier
transform of a measure on R?), see e.g. [24, 53]. Fix any z > 0 and define
the Gibbs measure p € M*(T') with potential ¢ and activity parameter z as a
measure which satisfies the following generalization of the Mecke identity:

/th duy // h(z, 7 Uz) exp{—E%(2,7)} zdw du(+),  (13)

ey

where

E?(x,y) = (px =), =D _dlw—y), veT,weR\y.  (14)

The identity (13) is called the Georgii-Nguyen—Zessin identity, see [28, 46]. If
potential ¢ is additionally satisfied the so-called integrability condition

B:= |e_¢(w) - 1‘ dz < o0, (15)
R4

then it can checked that the condition (8) for the Gibbs measure holds. Note
that under conditions z3 < (2e)~! there exists a unique measure on (I', B(T'))
which satisfies (13). Heuristically, the measure p may be given by the formula

1 _pe
du(y) = Ze EZ() drm. (%), (16)

where Z is a normalizing factor. To give rigorous meaning for (16) it is possible
to use the so-called DLR-approach (named after R.L. Dobrushin, O. Lanford,
D. Ruelle), see e.g. [2] and references therein. As was shown in [46], this

approach gives the equivalent definition of the Gibbs measures which satisfies
(13).
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Note that (16) could have a rigorous sense if we restrict our attention on
the space of configuration which belong to a bounded domain A € By, (R?). The
space of such (finite) configurations will be denoted by T'(A). The o-algebra
B(T'y) may be generated by family of mappings T'(A) v — Na/(y) € No,
A € By(RY), A’ € A. A measure p € M} (T) is called locally absolutely
continuous with respect to the Poisson measure 7 if for any A € By, (R?) the
projection of u onto I'(A) is absolutely continuous with respect to (w.r.t.) the
projection of  onto I'(A). More precisely, if we consider the projection mapping
pa i T = T(A), pa(y) := ya then p? == pu opx1 is absolutely continuous w.r.t.
TA =T OpP, .

Remark 2.1. Having in mind (16), it is possible to derive from (13) that the
Gibbs measure from Example 2.4 is locally absolutely continuous w.r.t. the
Poisson measure, see e.g. [14] for the more general case.

By e.g. [31], for any u € M} (') which is locally absolutely continuous
w.r.t the Poisson measure there exists the family of (symmetric) correlation
functions k,(t") : (RY)™ — R, := [0, 00) which defined as follows. For any sym-
metric function f(™ : (R?)™ — R with a finite support the following equality
holds

{z1,., @ }Cy

1
=1/, F™ @y, ) K (@, xn) day . da, (17)
. (R )71,

for n € N, and k) := 1.
The meaning of the notion of correlation functions is the following: the

correlation function k,g") (z1,...,2,) describes the nonnormalized density of
probability to have points of our systems in the positions z1,...,x,. More
precisely,

Proposition 2.1. Let p € M} _(T) be locally absolutely continuous w.r.t. the

Poisson measure, and let kfbn), n € N be the corresponding correlation functions.
Denote by B,.(x) a ball in R? with center at an x € R and a radius r > 0.

Then, for any n € N and for a.a. x1,...,z, € R?,
el||ynB, ..=|yNB.(x,)] =1
o mey— i MU ET OB = =0 B = 1)

1 — .
0 (Br (0)) n .
(18)
Correlation functions describe properties of a probability measure much
more precisely than measure’s moments (8). For instance, one can obtain
measures of sets Q(A,n), defined in (4), in terms of correlation functions or,
in the other words, one can fully describe the distribution of random variables
Nu(+) defined in (3). Namely,
Proposition 2.2. For any A € B, (R%), n € Ny,

m

peum) =+ > 5N

m=0

/ k;n+m)($17...,$n+m) d],‘l dl‘n-l—m
Ant+m

(19)
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Remark 2.2. Tterating the Mecke identity (11), it can be easily shown that

kfr’z) (1, . 2p) = H plx;), (20)

in particular,
B (21, @) = 2" (21)

Substituting the right hand side (r.h.s.) of (20) to (19) one can obtain (9).
Remark 2.3. Note that if potential ¢ from Example 2.4 satisfies to (12), (15)
then, by [54], there exists C = C(z,¢) > 0 such that for u defined by (13)

k/(ln)(xlv"wxn)gcna xl?"'7xn€Rd' (22)

The inequality (22) is referred to as the Ruelle bound.

We dealt with symmetric function of n variables from R, hence, they can
be considered as functions on n-point subsets from R?. We proceed now to the
exact constructions.

The space of n-point configurations in Y € B(R?) is defined by

r™y):={ncyY|n=n}, neN

We put TO(Y) := {#}. As a set, T(™(Y) may be identified with the sym-
metrization of

ﬁ:{(a?1,...7xn)€Y"‘xk7éml if k#1}.

Hence, one can introduce the corresponding Borel g-algebra, which we denote
by B(I'™(Y)). The space of finite configurations in ¥ € B(R?) is defined as

To(Y):= | | T™(Y). (23)
n€Ng

This space is equipped with the topology of the disjoint union. Let B(I'o(Y))
denote the corresponding Borel o-algebra. In the case of Y = R? we will omit
the index Y in the previously defined notations. Namely,

[o:=To(RY), T .=TMWRY, neN,. (24)

The restriction of the Lebesgue product measure (dz)™ to (I'™), B(T'™))
we denote by m(™. We set m(9) := d7py- The Lebesgue—Poisson measure A on

FO is defined by
1 n

For any A € By,(R?) the restriction of A to I'g(A) = I'(A) will be also denoted
by A.

Remark 2.4. The space (F, B(F)) is the projective limit of the family of measu-
rable spaces {(I'(A), B(T'(A))) }AeBb(Rd)' The Poisson measure m on (I, B(T'))
from Example 2.3 may be defined as the projective limit of the family of
measures {7’} A€EBy (Rd), Where 7 = e )\ is the probability measure on
(D(A), B(I'(A))) and m(A) is the Lebesgue measure of A € By,(R?) (see e.g. [1]
for details).
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Functions on I'g will be called quasi-observables. Any B(I'g)-measurable

function G on TI'y, in fact, is defined by a sequence of functions {G(”)}n N,

where G is a B(I'™)-measurable function on I'™. We preserve the same
notation for the function G(™ considered as a symmetric function on (R%)™.
Note that G(©) € R.

A set M € B(I'y) is called bounded if there exists A € By, (R?) and N € N

such that
N

Mc | |T™(A). (26)

n=0

The set of bounded measurable functions on I'y with bounded support we
denote by Bys(To), i.e., G € Bys(l'o) iff G [r,\ar= 0 for some bounded M €
B(To). For any G € Bys(T) the functions G(™ have finite supports in (R%)"
and may be substituted into (17). But, additionally, the sequence of el
vanishes for big n. Therefore, one can summarize equalities (17) by n € Np.
This leads to the following definition.

Let G € Bps(Tg), then we define the function KG : T' — R such that:

(KG)(7) =Y G(n) (27)

ney

=G0 +> N G™(a,...x), yED, (29)

n=1{z,...,tn}Cy

see e.g. [31, 38, 39]. The summation in (27) is taken over all finite subconfig-
urations n € T’y of the (infinite) configuration v € I'; we denote this by the
symbol, n € v. The mapping K is linear, positivity preserving, and invertible,
with
(K™'F)(n) =Y (~)I"IFP(©), neTo. (29)
£Cn

By [31], for any G € Bys(I'o), KG € Feu(T'), moreover, there exists C' =
C(G) >0, A = A(G) € By(R?), and N = N(G) € N such that

IKG()| < C(1+ )™, ~verl. (30)

The expression (27) can be extended to the class of all nonnegative mea-
surable G : Tg — Ry, in this case, evidently, KG € Fy(I'). Stress that the left
hand side (L.h.s.) of (29) has a meaning for any F' € F(I'), moreover, in this
case (KK~1F)(y) = F(v) for any v € I'g.

For G as above we may summarize (17) by n and rewrite the result in a
compact form:

/F(KG)(W)dM(W) = | Gmku(n)dA(n). (31)

T'o

As was shown in [31], the equality (27) may be extended on all functions G
such that the Lh.s. of (31) is finite. In this case (27) holds for p-a.a. v € T’
and (31) holds too.
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Remark 2.5. The equality (31) may be considered as definition of the correla-
tion functional k. In fact, the definition of correlation functions in statistical
physics, given by N.N. Bogolyubov in [5], based on a similar relation. More
precisely, consider for a B(R?)-measurable function f the so-called coherent
state, given as a function on I'y by

Ji= [ £@) neTo\ {0}, ex(£.0):=1.
xren
Then for any f € Cp(R?%) we have the point-wise equality
(Kex(N)(n) = [[(1+ f(@)), neTo. (32)
rey

As a result, the correlation functions of different orders may be considered as
kernels of a Taylor-type expansion

1+ f(x d,u )=1+ / flx)k xl,...,xn)dxl...dacn
/ al;[v Z n! (Rd)n }_‘[
= [ exttmbuma)
(33)
Remark 2.6. By (23)-(25), we have that for any f € L'(R?, dx)

[ et mire =esof [ sy}, (34

As a result, taking into account (20), we obtain from (33) the expression for
the Laplace transform of the Poisson measure

r To

(35)
= exp{— /Rd (1- e_wm))p(x)d;v}, @ € Co(RY).

Remark 2.7. Of course, to obtain convergence of the expansion (33) for, say,

f € LY(R4,dz) we need some bounds for the correlation functions k&"). For
example, if the generalized Ruelle bound holds, that is, cf. (22),

K (a1, 20) < AC™()'0 @y, 3, € R (36)

for some A,C > 0, § € (0, 1] independent on n, then the Lh.s. of (33) may be
estimated by the expression

1+AZ U (U lze)”

For a given system of functions k(™) on (R%)" the question about existence
and uniqueness of a probability measure p on I' which has correlation functions
k,(tn) = k(™ is an analog of the moment problem in classical analysis. One of

the group of results in this area was obtained by A. Lenard.
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Proposition 2.3 ([39], [37]). Let k:Ty — R.
1. Suppose that k is a positive definite function, that means that for any
G € Bps(To) such that (KG)(y) > 0 for all vy € T the following inequality holds

g G(n)k(n) dA(n) = 0. (37)

Suppose also that k(D) = 1. Then there exists at least one measure p € Mj, (')
such that k = k.
2. For any n € N, A € B,(R?), we set

1
52 == k(")(xl,...,xn)dxl...dmn.
TL' An

Suppose that for allm € N, A € By,(R?)

1
Z(sﬁ}+m) n = oo. (38)

neN

Then there exists at most one measure i € M} (T') such that k = k,,.
Remark 2.8. 1. In [37, 39], the wider space of multiple configurations was
considered. The adaptation for the space I" was realized in [36].

2. It is worth noting also that the growth of correlation functions k(™ up
to (n!)? is admissible to have (38).

3. Another conditions for existence and uniqueness for the moment prob-
lem on I' were srudied in [31].

3 Statistical descriptions of Markov evolutions

Spatial Markov processes in R? may be described as stochastic evolutions of
configurations v C R%. In course of such evolutions points of configurations
may disappear (die), move (continuously or with jumps from one position to
another), or new particles may appear in a configuration (that is birth). The
rates of these random events may depend on whole configuration that reflect
an interaction between elements of the our system.

The construction of a spatial Markov process in the continuum is highly
difficult question which is not solved in a full generality at present, see e.g. a
review [49] and more detail references about birth-and-death processes in [18]
and in the next Section. Meanwhile, for the discrete systems the corresponding
processes are constructed under quite general assumptions, see e.g. [41]. One
of the main difficulties for continuous systems includes the necessity to control
number of elements in a bounded region. Note that the construction of spatial
processes on bounded sets from R? are typically well solved, see e.g. [25].

The existing Markov process I' 3 v — X; € T, t > 0 provides solution to
the backward Kolmogorov equation for bounded continuous functions:

0
&Ft == LFt, (39)
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where L is the Markov generator of the process X;. The question about exis-
tence and properties of solutions to (39) in proper spaces itself is also highly
nontrivial problem of infinite-dimensional analysis. The Markov generator L
should satisfies the following two (informal) properties: 1) to be conservative,
that is L1 = 0, 2) maximum principle, namely, if there exists 79 € I" such that
F(vy) < F(yo) for all v € T, then (LF)(y) < 0. These properties might yield
that the semigroup, related to (39) (provided it exists), will preserves constants
and positive functions, correspondingly.

To consider an example of such L let us consider a general Markov evo-
lution with appearing and disappearing of groups of points (giving up the case
of continuous moving of particles). Namely, let F' € F.,1(I') and set

(LE)(y) = Z/F c(n, &\ [F((y\n)UE) — F()]dA§).  (40)

ney

Heuristically, it means that any finite group n of points from the existing con-
figuration v may disappear and simultaneously a new group & of points may
appear somewhere in the space R?. The rate of this random event is equal to
e(n,&,v\n) > 0. We need some minimal conditions on the rate ¢ to guarantee
that at least

LF € Fy(T") for all F' € Feui(T). (41)

The term in the sum in (40) with n = @ corresponds to a pure birth of a finite
group & of points whereas the part of integral corresponding to £ = @ (recall
that A({0}) = 1) is related to pure death of a finite sub-configuration n C ~.
The parts with |n| = |£| # 0 corresponds to jumps of one group of points into
another positions in R%. The rest parts present splitting and merging effects. In
the next section we consider the more traditional case of the one-point birth-
and-death parts only, i.e. the cases |n| = 0, [§] = 1 and |n| = 1, |{] = 0,
correspondingly.

As we noted before, for most cases appearing in applications, the existence
problem for a corresponding Markov process with a generator L is still open. On
the other hand, the evolution of a state in the course of a stochastic dynamics
is an important question in its own right. A mathematical formulation of
this question may be realized through the forward Kolmogorov equation for
probability measures (states) on the configuration space I'. Namely, we consider
the pairing between functions and measures on I' given by

(o= [ PO)duty). (42)

Then we consider the initial value problem

d
£<F> /Lt> = <LF7 ,LLt>7 t> 07 'u't|t:0 = Mo, (43)

where F' is an arbitrary function from a proper set, e.g. F € K(BbS(FO)) -
Fey1(T). In fact, the solution to (43) describes the time evolution of distri-
butions instead of the evolution of initial points in the Markov process. We
rewrite (43) in the following heuristic form

0
aﬂt = L"puy, (44)
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where L* is the (informally) adjoint operator of L with respect to the pairing
(42).

In the physical literature, (44) is referred to the Fokker—Planck equation.
The Markovian property of L yields that (44) might have a solution in the class
of probability measures. However, the mere existence of the corresponding
Markov process will not give us much information about properties of the
solution to (44), in particular, about its moments or correlation functions.
To do this, we suppose now that a solution p; € M} (T) to (43) exists and
remains locally absolutely continuous with respect to the Poisson measure 7
for all ¢ > 0 provided g has such a property. Then one can consider the
correlation functionals k; := k,,, ¢t > 0.

Recall that we suppose (41). Then, one can calculate K ~!LF using (29),
and, by (31), we may rewrite (43) in the following way

d
$<<K‘1F, ki) = (KT'LE k), t>0, kef,_, = ko, (45)

forall F € K (BbS(FO)) C Fey(T'). Here the pairing between functions on I'y
is given by

(G, k) = | G(n)k(n) dA(n). (46)

o
Let us recall that then, by (25),

=1
((G,k))Zm/(Rd) G (xy, . )™ (. ) day . de,,  (47)

n=0

Next, if we substitute F = KG, G € Bps(Tp) in (45), we derive
d ~
ﬁ«a, ki) = (LG ki), >0, k|, = ko, (48)
for all G € Bys(I'g). Here the operator
(LG)(n) = (K~'LKG)(n), n€To (49)
is defined point-wise for all G € By,s(I'g) under conditions (41). As a result, we

are interested in a weak solution to the equation

0 T
&kt =1 kt, t> 0, kt|t:0 = kO? (50)

where L* is dual operator to L with respect to the duality (46), namely,

/F (EG) () k(n) dA (1) = / G(n)(E* k) (n) dA(n). (51)

o

The procedure of deriving the operator Lfora given L is fully combinato-
rial meanwhile to obtain the expression for the operator L* we need an analog
of integration by parts formula. For a difference operator L considered in (40)
this discrete integration by parts rule is presented in the following well-known
lemma (see e.g. [35]):
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Lemma 3.1. For any measurable function H : Ty x T'g x I'g =& R

/FZH@,n\g,n)dA(n):/Fo [ HEnnogn©nm 6

0¢Cn

if both sides of the equality make sense.

We recall that any function function on I'y may be identified with an
infinite vector of symmetric functions of the growing number of variables. In
this approach, the operator L* in (50) will be realized as an infinite matrix
(L:hm)n,mGNo’
of n variables into the space of symmetric functions of m variables. As a result,
instead of equation (43) for infinite-dimensional objects we obtain an infinite

where E;m is a mapping from the space of symmetric functions

system of equations for functions kgn) each of them is a function of a finite
number of variables, namely

9, (n) 7 (n)
k(2. xn) = (L), k T1,...,%y), >0, n €Ny,
(82; t ( 1 ) (( ), t )( 1 ) 0 (53)
k; (:Ul,...,xn)|t:0 =k (z1,...,%n).

Of course, in general, for a fixed n, any equation from (53) itself is not closed
and includes functions k:t(m) of other orders m # n, nevertheless, the system (53)

is a closed linear system. The chain evolution equations for kt(”) consists the
so-called hierarchy which is an analog of the BBGKY hierarchy for Hamiltonian
systems, see e.g. [11].

One of the main aims of our considerations is to study the classical solution
to (50) in a proper functional space. The choice of such a space might be
based on estimates (22), or more generally, (36). However, even the correlation
functions (21) of the Poisson measures shows that it is rather natural to study
the solutions to the equation (50) in weighted L*°-type space of functions with
the Ruelle-type bounds. The integrable correlation functions are not natural
for the dynamics on the spaces of locally finite configurations. For example,
it is well-known that the Poisson measure 7, with integrable density p(z) is
concentrated on the space I'g of finite configurations (since in this case on can
consider R? instead of A in (9)). Therefore, typically, the case of integrable
correlation functions yields that effectively our stochastic dynamics evolves
through finite configurations only. Note that the case of an integrable first
order correlation function is referred to zero density case in statistical physics.

We restrict our attention to the so-called sub-Poissonian correlation func-
tions. Namely, for a given C' > 0 we consider the following Banach space

Kew={k:To =R |k-CI' e L>(T,d\)} (54)
with the norm
Ikl = 1CTRC) Lo 0)- (55)
It is clear that k € K¢ implies, cf. (22),
|k(n)] < |1k|lxe ol for A-a.a. n € T'y. (56)

One can distinguish at least two possibilities for a study of the initial value
problem (50). We may try to solve this equation in one space K. The well-
posedness of the initial value problem in this case is equivalent with an existence
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of the strongly continuous semigroup (Cp-semigroup in the sequel) in the space
K¢ with a generator L*. However, the space K¢ is isometrically isomorphic
to the space L>(T'y, C!'ld)\) whereas, by the H. Lotz theorem [43], [3], in the
L space any Cy-semigroup is uniformly continuous, that is it has a bounded
generator Typically, for the difference operator L given in (40), any operator
cf. (53), might be bounded as an operator between two spaces of bounded

71 m?
symmetric functions of n and m variables whereas the whole operator L* is
unbounded in Kc.

To avoid this difficulties we use a trick which goes back to R. Phillips [50].
The main idea is to consider the semigroup in L* space not itself but as a
dual semigroup 7} to a Cp-semigroup T; with a generator A in the pre-dual
L' space. In this case T} appears strongly continuous semigroup not on the
whole L but on the closure of the domain of A* only.

In our case this leads to the following scheme. We consider the pre-dual
Banach space to K¢, namely, for C' > 0,

Lo = L' (Do, CIdN). (57)

The norm in L¢ is given by

Gl —/ ‘G CW d\(n) / G(") . mn)’d:cl...dmn.
(R)n
(58)
Consider the initial value problem, cf. (48), (50),
96 =G, t>0 Gi|,_ =GoeL (59)
ot t — ty ) tlg—g — O C-

Whereas (59) is well-posed in L¢ there exists a Cp-semigroup f(t) in Lo. Then
using Philips’ result we obtain that the restriction of the dual semigroup 7 (t)

onto Dom(L*) will be Cy-semigroup with generator which is a part of L*. This
provides a solution to (50) which continuously depends on an initial data from

Dom(L*). And after we would like to find a more useful universal subspace of
K¢ which is not depend on the operator L*. Asa result, we obtain the classical
solution to (50) for ¢ > 0 in a class of sub-Poissonian functions which satisfy the
Ruelle-type bound (56). Of course, after this we need to verify existence and
uniqueness of measures whose correlation functions are solutions to (50), cf.
Proposition 2.3 above. This usually can be done using proper approximation
schemes.

Another possibility for a study of the initial value problem (50) is to
consider this evolutional equation in a proper scale of spaces {K¢}co.<c<cx-
In this case we will have typically that the solution is local in time only. Namely,
there exists T' > 0 such that for any ¢ € [0,T) there exists a unique solution to
(50) and k; € K¢, for some Cy € [Cy,C*]. We realize this approach using the
so-called Ovsyannikov method [21, 48]. This method provides less restrictions
on systems parameters, however, the price for this is a finite time interval. And,
of course, the question about possibility to recover measures via solutions to
(50) should be also solved separately in this case.
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4 Birth-and-death evolutions in the continuum

One of the most important classes of Markov evolution in the continuum is
given by the birth-and-death Markov processes in the space I' of all configura-
tions from R¢. These are processes in which an infinite number of individuals
exist at each instant, and the rates at which new individuals appear and some
old ones disappear depend on the instantaneous configuration of existing in-
dividuals [29]. The corresponding Markov generators have a natural heuristic
representation in terms of birth and death intensities. The birth intensity
b(z,7) > 0 characterizes the appearance of a new point at z € R? in the
presence of a given configuration v € I'. The death intensity d(z,~) > 0 char-
acterizes the probability of the event that the point x of the configuration
disappears, depending on the location of the remaining points of the configu-
ration, v \ «. Heuristically, the corresponding Markov generator is described
by the following expression, cf. (40),

(LF)(y) =) d(z,y\ z) [F(y\ @) = F(7)]

+ / b, ) [F(yUx) — F(y)]dz, (60)
R4

for proper functions F : T' — R.

The study of spatial birth-and-death processes was initiated by C. Pre-
ston [51]. This paper dealt with a solution of the backward Kolmogorov equa-
tion (39) under the restriction that only a finite number of individuals are alive
at each moment of time. Under certain conditions, corresponding processes
exist and are temporally ergodic, that is, there exists a unique stationary dis-
tribution. Note that a more general setting for birth-and-death processes only
requires that the number of points in any compact set remains finite at all
times. A further progress in the study of these processes was achieved by
R. Holley and D. Stroock in [29]. They described in detail an analytic frame-
work for birth-and-death dynamics. In particular, they analyzed the case of a
birth-and-death process in a bounded region.

Stochastic equations for spatial birth-and-death processes were formulated
in [26], through a spatial version of the time-change approach. Further, in
[27], these processes were represented as solutions to a system of stochastic
equations, and conditions for the existence and uniqueness of solutions to these
equations, as well as for the corresponding martingale problems, were given.
Unfortunately, quite restrictive assumptions on the birth and death rates in [27]
do not allow an application of these results to several particular models that
are interesting for applications (see e.g. [6, 7, 10, 19, 45, 47]).

A growing interest to the study of spatial birth-and-death processes, which
we have recently observed, is stimulated by (among others) an important role
which these processes play in several applications. For example, in spatial plant
ecology, a general approach to the so-called individual based models was de-
veloped in a series of works, see e.g. [6, 7, 10, 45] and the references therein.
These models are described as birth-and-death Markov processes in the con-
figuration space I' with specific rates b and d which reflect biological notions
such as competition, establishment, fecundity etc. Other examples of birth-
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and-death processes may be found in mathematical physics. In particular, the
Glauber-type stochastic dynamics in I' is properly associated with the grand
canonical Gibbs measures for classical gases. This gives a possibility to study
these Gibbs measures as equilibrium states for specific birth-and-death Markov
evolutions [4]. Starting with a Dirichlet form for a given Gibbs measure, one
can consider an equilibrium stochastic dynamics [34]. However, these dynam-
ics give the time evolution of initial distributions from a quite narrow class.
Namely, the class of admissible initial distributions is essentially reduced to
the states which are absolutely continuous with respect to the invariant mea-
sure. In [18], we construct non-equilibrium stochastic dynamics which may
have a much wider class of initial states.

This approach was successfully applied before to the construction and
analysis of state evolutions for different versions of the Glauber dynamics [17,
20, 33] and for some spatial ecology models [16]. Each of the considered models
required its own specific version of the construction of a semigroup, which takes
into account particular properties of corresponding birth and death rates.

In [18], we realized a general approach considered in Section 2 to the con-
struction of the state evolution corresponding to the birth-and-death Markov
generators. We presented there conditions on the birth and death intensities
which are sufficient for the existence of corresponding evolutions as strongly
continuous semigroups in proper Banach spaces of correlation functions satis-
fying the Ruelle-type bounds. Also, in papers [15, 21, 22], we considered weaker
assumptions on these intensities which provide the corresponding evolutions for
finite time intervals in scales of Banach spaces as above.

References

[1] S. Albeverio, Y. Kondratiev, and M. Réckner. Analysis and geometry on
configuration spaces. J. Funct. Anal., 154(2):444-500, 1998.

[2] S. Albeverio, Y. Kondratiev, and M. Rockner. Analysis and geometry on
configuration spaces: the Gibbsian case. J. Funct. Anal., 157(1):242-291,
1998.

[3] W. Arendt, A. Grabosch, G. Greiner, U. Groh, H. P. Lotz, U. Moustakas,
R. Nagel, F. Neubrander, and U. Schlotterbeck. One-parameter semi-
groups of positive operators, volume 1184 of Lecture Notes in Mathematics.
Springer-Verlag, Berlin, 1986. ISBN 3-540-16454-5. x+460 pp.

[4] L. Bertini, N. Cancrini, and F. Cesi. The spectral gap for a Glauber-type
dynamics in a continuous gas. Ann. Inst. H. Poincaré Probab. Statist., 38
(1):91-108, 2002.

[5] N.N. Bogoliubov. Problems of a dynamical theory in statistical physics.
In Studies in Statistical Mechanics, Vol. I, pages 1-118. North-Holland,
Amsterdam, 1962.

[6] B. Bolker and S.W. Pacala. Using moment equations to understand
stochastically driven spatial pattern formation in ecological systems.
Theor. Popul. Biol., 52(3):179-197, 1997.

[7] B. Bolker and S.W. Pacala. Spatial moment equations for plant com-
petitions: Understanding spatial strategies and the advantages of short
dispersal. American Naturalist, 153:575-602, 1999.



30 D. Finkelshtein, Y. Kondratiev, O. Kutoviy

8]

[22]

[23]

[24]

N.R. Campbell. The study of discontinuous problem. Proc. Cambridge
Philos. Soc., 15:117-136, 1909.

N.R. Campbell. Discontinuities in light emission. Proc. Cambridge Philos.
Soc., 15:310-328, 1910.

U. Dieckmann and R. Law. Relaxation projections and the method of
moments. In The Geometry of Ecological Interactions, pages 412-455.
Cambridge University Press, Cambridge, UK, 2000.

R.L. Dobrushin, Y.G. Sinai, and Y.M. Sukhov. Dynamical systems of
statistical mechanics. In Y.G. Sinai, editor, Ergodic Theory with Ap-
plications to Dynamical Systems and Statistical Mechanics, volume II of
Encyclopaedia Math. Sci., Berlin, Heidelberg, 1989. Springer.

D. Filonenko, D. Finkelshtein, and Y. Kondratiev. On two-component
contact model in continuum with one independent component. Methods
Funct. Anal. Topology, 14(3):209-228, 2008.

D. Finkelshtein. Measures on two-component configuration spaces. Con-
densed Matter Physics, 12(1):5-18, 2009.

D. Finkelshtein and Y. Kondratiev. Measures on configuration spaces
defined by relative energies. Methods Funct. Anal. Topology, 11(2):126—
155, 2005.

D. Finkelshtein, Y. Kondratiev, and Y. Kozitsky. Glauber dynamics in
continuum: a constructive approach to evolution of states. Discrete and
Cont. Dynam. Syst. - Ser A., 33(4):1431-1450, 4 2013.

D. Finkelshtein, Y. Kondratiev, and O. Kutoviy. Individual based model
with competition in spatial ecology. STAM J. Math. Anal., 41(1):297-317,
2009.

D. Finkelshtein, Y. Kondratiev, and O. Kutoviy. Correlation functions
evolution for the Glauber dynamics in continuum. Semigroup Forum, 85:
289-306, 2012.

D. Finkelshtein, Y. Kondratiev, and O. Kutoviy. Semigroup approach to
non-equilibrium birth-and-death stochastic dynamics in continuum. J. of
Funct. Anal., 262(3):1274-1308, 2012.

D. Finkelshtein, Y. Kondratiev, and O. Kutoviy. Establishment and
fecundity in spatial ecological models: statistical approach and kinetic
equations. ArXiv: 1112.1973. To appear: Infin. Dimens. Anal. Quantum
Probab. Relat. Top., 2013.

D. Finkelshtein, Y. Kondratiev, O. Kutoviy, and E. Zhizhina. An approx-
imative approach for construction of the Glauber dynamics in continuum.
Math. Nachr., 285(2-3):223-235, 2012.

D. Finkelshtein, Y. Kondratiev, and M. J. Oliveira. Glauber dynamics in
the continuum via generating functionals evolution. Complex Analysis and
Operator Theory, 6(4):923-945, 2012.

D. Finkelshtein, Y. Kondratiev, and M. J. Oliveira. Kawasaki dynamics in
the continuum via generating functionals evolution. Methods Funct. Anal.
Topology, 18(1):55-67, 2012.

D. Finkelshtein, Y. Kondratiev, and M. J. Oliveira. Markov evolutions
and hierarchical equations in the continuum. II. Multicomponent systems.
ArXiv: 1106.4946. To appear: Reports Math. Phys., 2013.

M. E. Fisher and D. Ruelle. The stability of many-particle systems. J.



Statistical approach for stochastic evolutions of complex systems in the continuum 31

Math. Phys., 7:260-270, 1966.

N. Fournier and S. Meleard. A microscopic probabilistic description of a
locally regulated population and macroscopic approximations. The Annals
of Applied Probability, 14(4):1880-1919, 2004.

N.L. Garcia. Birth and death processes as projections of higher dimen-
sional poisson processes. Adv. in Appl. Probab., 27:911-930., 1995.

N.L. Garcia and T.G. Kurtz. Spatial birth and death processes as solu-
tions of stochastic equations. ALFA Lat. Am. J. Probab. Math. Stat., 1:
281-303 (electronic), 2006.

H.-O. Georgii. Canonical and grand canonical Gibbs states for continuum
systems. Comm. Math. Phys., 48(1):31-51, 1976.

R. A. Holley and D. W. Stroock. Nearest neighbor birth and death pro-
cesses on the real line. Acta Math., 140(1-2):103-154, 1978.

D. G. Kendall. Stochastic Geometry, chapter Foundations of a theory of
random sets, pages 322-376. New York: Wiley,, 1974.

Y. Kondratiev and T. Kuna. Harmonic analysis on configuration space. L.
General theory. Infin. Dimens. Anal. Quantum Probab. Relat. Top., 5(2):
201-233, 2002.

Y. Kondratiev and O. Kutoviy. On the metrical properties of the config-
uration space. Math. Nachr., 279(7):774-783, 2006.

Y. Kondratiev, O. Kutoviy, and E. Zhizhina. Nonequilibrium Glauber-
type dynamics in continuum. J. Math. Phys., 47(11):113501, 17, 2006.
Y. Kondratiev and E. Lytvynov. Glauber dynamics of continuous particle
systems. Ann. Inst. H. Poincaré Probab. Statist., 41(4):685-702, 2005.
Y. Kondratiev, R. Minlos, and E. Zhizhina. One-particle subspace of the
Glauber dynamics generator for continuous particle systems. Rev. Math.
Phys., 16(9):1073-1114, 2004.

T. Kuna. Studies in configuration space analysis and applications. Bonner
Mathematische Schriften [Bonn Mathematical Publications], 324. Univer-
sitat Bonn Mathematisches Institut, Bonn, 1999. ii4+-187 pp. Dissertation,
Rheinische Friedrich-Wilhelms-Universitat Bonn, Bonn, 1999.

A. Lenard. Correlation functions and the uniqueness of the state in clas-
sical statistical mechanics. Comm. Math. Phys., 30:35—44, 1973.

A. Lenard. States of classical statistical mechanical systems of infinitely
many particles. I. Arch. Rational Mech. Anal., 59(3):219-239, 1975.

A. Lenard. States of classical statistical mechanical systems of infinitely
many particles. II. Characterization of correlation measures. Arch. Ratio-
nal Mech. Anal., 59(3):241-256, 1975.

S. A. Levin. Complex adaptive systems: exploring the known, the unknown
and the unknowable. Bulletin of the AMS, 40(1):3-19, 2002.

T. M. Liggett. Interacting particle systems, volume 276 of Grundlehren der
Mathematischen Wissenschaften [Fundamental Principles of Mathematical
Sciences/. Springer-Verlag, New York, 1985. ISBN 0-387-96069-4. xv+488
pp.

T.M. Liggett. Stochastic interacting systems: contact, voter and ex-
clusion processes, volume 324 of Grundlehren der Mathematischen Wis-
senschaften [Fundamental Principles of Mathematical Sciences]. Springer-
Verlag, Berlin, 1999. ISBN 3-540-65995-1. xii+332 pp.



32 D. Finkelshtein, Y. Kondratiev, O. Kutoviy

[43]

[44]

[45]

[46]

H.P. Lotz. Uniform convergence of operators on L* and similar spaces.
Math. Z., 190(2):207—220, 1985.

J. Mecke. Eine charakteristische Eigenschaft der doppelt stochastischen
Poissonschen Prozesse. Z. Wahrscheinlichkeitstheorie und Verw. Gebiete,
11:74-81, 1968.

D.J. Murrell, U. Dieckmann, and R. Law. On moment closures for popu-
lation dynamics in continuous space. Journal of Theoretical Biology, 229
(3):421 — 432, 2004.

X.-X. Nguyen and H. Zessin. Integral and differential characterizations of
the Gibbs process. Math. Nachr., 88:105-115, 1979.

O. Ovaskainen and S. Cornell. Space and stochasticity in population dy-
namics. Proc. Nat. Acad. Sci. USA, 103:12781-12786, 2006.

L. V. Ovsjannikov. Singular operator in the scale of Banach spaces. Dokl.
Akad. Nauk SSSR, 163:819-822, 1965.

M. D. Penrose. Existence and spatial limit theorems for lattice and con-
tinuum particle systems. Prob. Surveys, 5:1-36, 2008.

R.S. Phillips. The adjoint semi-group. Pacific J. Math., 5:269-283, 1955.
C. Preston. Spatial birth-and-death processes. Bull. Inst. Internat.
Statist., 46(2):371-391, 405-408, 1975.

A. Rényi. Remarks on the Poisson process. Studia Sci. Math. Hungar., 2:
119-123, 1970.

D. Ruelle. Statistical mechanics: Rigorous results. W. A. Benjamin, Inc.,
New York-Amsterdam, 1969. xi+219 pp.

D. Ruelle. Superstable interactions in classical statistical mechanics.
Comm. Math. Phys., 18:127-159, 1970.



Interdisciplinary Studies of Complex Systems
Vol. 1, No. 1 (2012) 33-54
© S. Adamenko, V. Bolotov, V. Novikov

CONTROL OF MULTISCALE SYSTEMS WITH CONSTRAINTS

1. BASIC PRINCIPLES OF THE CONCEPT OF EVOLUTION
OF SYSTEMS WITH VARYING CONSTRAINTS

S. Adamenko," V. Bolotov,? V. Novikov®

Abstract. Physical fundamentals of the self-organizing theory for the
system with varying constraints are considered. A variation principle,
specifically the principle of dynamic harmonization as a generalization of
the Gauss-Hertz principle for the systems with varying internal structure is
formulated. In compliance with this principle the system evolves through
dynamics of the processes leading to harmonization of the internal multi-
scale structure of the system and its connections with external actions as a
result of minimizing the dynamic harmonization function. Main principles
of the ‘shell’ model of self-organization under the action of the dominating
entropic disturbance are formulated.

1 Introduction

People for many centuries have been concerned with the problems of pre-
dictability and predeterminacy of events or, in other more general terms, with
the problems of irreversible evolution and invention of methods to influence
evolution in a desirable way. Revolutionary steps in understanding the pro-
cesses of evolution and self-organization of the systems of various types were
made in the second half of the previous century. I. Prigogine and his school
greatly contributed in resolving these problems. The interest to these problems
has quickened in the recent times.

For a long time science has mainly focused on analysis of the Nature
phenomena, however now is the time when the problems of synthesis and control
become especially urgent. Solution of the mankind energy problems is related
to solution of the problem on actual control for the nuclear structure synthesis.
However, despite of successes gained in the evolution theory, still there is a lack
of clear understanding of general laws of control for synthesis of new structures
and evolution trends, neither there are considerable advances in synthesizing
nuclear structures. Problems of controlling evolution trends have not yet been
solved and it is still impossible to reliably predict consequences of technogeous
interventions in the Nature evolution.
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At the same time ongoing successful synthesis of new biological struc-
tures and development of technologies for creation of the gene-modified objects
without clear understanding of their remote consequences for the biological
evolution enhances the potential environmental threats.

I. Prigogine’s works made it clear that in certain conditions under rapid
growth of electromagnetic pollutions our influence on the evolution may be
only inconsiderable, thus generating concerns with unpredictability of electro-
magnetic smog as an unconscious stimulus for the biological evolution with
unpredictable consequences. There is a long-felt need to address the problem
of controlling self-organization in various systems consisting of various elements.

One of the most general definitions of the system as a set of interrelated
components proposed by L. Bertalanffy in the general systems theory already
contains a notion of interplay between the elements, i.e. connections. Con-
straints or conditions disallowing the systems elements to occupy arbitrary
positions or have arbitrary velocities or other characteristics are called con-
straints. These are the constraints that ensure the system’s wholeness, struc-
ture and stability. Evolution of the system presents, in its turn, evolution of
the systems’ inner structure, i.e. evolution of the system’s constraints.

Unfortunately, the current self-organization theory does not use either
generalized structure parameters or bonding energy and mass defects as basic
variables. To our opinion, this factor is the limitation of the available dynamic
systems evolution theory, which does not allow its effective application for
governing the synthesis processes. Understanding of self-organization in any
system as a purposeful process of varying structure and bonding energy as
well as formulation of a general variation principle governing the open systems
evolution serve the grounds for the theory we are developing.

Recognizing specifics in governing evolution of various systems we see
common ways for solution of these problems in various spheres of knowledge
from cosmology to nuclear physics and from biology to sociology.

We are offering for your attention a series of works, which state the gen-
eral concept of evolution of complex systems with varying constraints and show
some applications of this concept for creating new methods of governing syn-
thesis of new structures in these systems.

The works [1-2] report the prehistory of creating the concept of collective
controlled synthesis of new nuclear structures with definite energy directiveness
and provide its fundamental principles based on the use of the following:

e Notions of binding energy and mass defect;

e Notions of mass forces and accelerations;

e Relations of the sign of mass defect and accelerations;

e Collective processes for effective initiation and control of the synthesis

of systems with the required mass defect;

e Variation principle of the complex systems evolution—the principle of

dynamic harmonization.

A notion of dissipative structures introduced by Prigogine (see, for exam-
ple [3]) proved very useful in many spheres of science and engineering. Essential
aspects of the dynamic systems control theory are developed in the framework
of the theory of chaos, fractal physics and synergetics with their successful
application in many spheres of science and technology. Nuclear physics is prac-
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tically the only science where the notions of the theory of dissipative structures,
dynamic chaos and self-organization are not yet effectively applicable, while so-
lution of the problems on nucleosynthesis control is vital for obtaining answers
to the following questions:

e How to solve the problem of the world’s growing energy needs in the
most harmonious and environmentally friendly way?

e What key phenomena and effects can serve as a basis for creating new
efficient energy technologies and governing the potential energy oppor-
tunities in the surrounding Nature?

On the other hand, development of the theory of complex systems self-
organization is hindered by the fact that such physical values as bonding energy
and mass defect defining energy potential in any physical processes and being
widely used in the nuclear physics are not yet employed in the theory of evo-
lution.

We will try to include these new aspects into the complex systems self-
organization theory in these series of works. We will provide in this work physi-
cal substantiation of the concept basic principles while theoretical development
of these concepts will be reported in the next two works.

2 Main notions of the concept: bonding
energy, structure, mass defect, scaling,
fractal dimension and clusters

All primary energy sources in Nature have common basis, namely the processes
of the system bonding energy variation. This is related both to the most
common energy sources based on transformation of the bonding energy at the
atomic and molecular levels, for example in organic fuel combustion, and in
nuclear processes generated by the variation of the bonding energy of nucleons
in the atom nuclei during nuclear reactions.

Under the bonding energy B of a system consisting of ¢ components (par-
ticles) one understands the difference between the apparent energy of a system
of bodies or particles W and the total energy of the same bodies or particles

in the state of equilibrium in the absence of any interaction Y W;:
i

B=Y W;-W, (1)

3

where W; — apparent energy of ¢ component in the unbound rest state. Mass
defect of the system Am is the difference between the sum of the system ele-
ments masses m; and total mass of the system m

Am = Zmi —m. (2)

Mass defect of the system is characterized by its stability. In addition
to mass, the system inertia in response to the forces acting on the system is
its another most significant characteristic. Mass of the system depends on
its structure and relations within it, and determines inertia of the system at
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rest. Inertia in contrast to the mass depends on the coordinate system (see,
for example [4]).

With all versatility of particles and systems motions, the latter may be
classified. Nature abounds with periodic regular phenomena ranging from pen-
dulum motion to atomic oscillations. Most of the real phenomena are non-linear
and instead of periodicity produce aperiodic and chaotic motions while the gen-
erated geometric structures are not continuous. With all variety of nonlinear
evolution there are general properties uniting many of them, which are self-
similarity and invariance in relation to the scale variations (scaling). Scaling
manifests itself in many non-linear physical processes, especially when studying
critical phenomena characterizing behavior of the substances in the vicinity of
the phase transition points.

Proceeding from the general definition of the system it follows at once
that the system has at least two spatial scales—internal microscopic scale L,
determining its specific dimensions as an integral object, and minimal spatial
scale [y, related to specific dimensions of minimal system elements (monomers)
being the parts of the system. In this case monomers are considered as objects
without internal structure. Thus, the most important characteristics of the
system for general analysis of self-organization are as follows:

e Space limitation and, thus, its space scale;

e Internal structure of its relations and complexity, that may be appro-

priately characterized by any of the fractal dimensions;

e Space and mass characteristics of the structural elements of the system

(monomers).

Clusters of various scales are a general model of such systems [5]. One
may say that the systems evolves through formation of mesoscopic structures,
which are clusters with scales [; satisfying the inequality 1 < I; < L.

Growth of the structure from a A set of monomers naturally divides the
system into two parts—the structured one consisting of A.,, monomers and
the structureless one consisting of the remaining A, = A — A.,; monomers.
A proportion of all monomers in composition of the structured part is called
‘order parameter’ 0~ Acog/(Acog + Ag).

Thus, the system evolution results in formation of the cluster consisting of
monomers. This cluster is composed of elements, which in their turn are fractal
clusters of a smaller scale I; from A; monomers. Multiscale systems possessing
scale invariance in the sphere of [; < [; < L scales are the most important for
implementing control processes.

In the general case, constraints in the system and their complexity may be
characterized by a fractural dimensions, for example, connectedness dimension
D., determined by the structure of constraints or mass fractal dimension of
the system Dy, determined by distribution of the substance in the system [6].
Dependence of the angle-averaged correlation function on a distance from its
geometrical center is one of the exponential functions typical for the fractal.
In this case average density of particles in the cluster p (r) with moving away
from the center within the cluster varies according to the law complying with
the law of space correlations decay:

p(r) = (L /r)* 77, (3)

pm—density of monomers from which the fractal structure is composed.
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From these general correlations of the fractal geometry a simple corre-
lation between the mass number of the fractal cluster A (i.e., the number of
monomers of which the cluster consists), the cluster overall dimension R4 and
the monomers characteristic dimension [,,, follows:

Ao (Ra/ln)", or Ry = 1,,AYPr. (4)

From the correlation (3) it also follows a dependence of the fractal di-
mension of the cluster with the mass number A and its average density p on
the mass number A,, and density p,, of the structureless units—monomers of
which the cluster is composed:

3- D,
B In(A/A,,) (AW Dy
Dy = 3 AT A,) + (om0 ”‘”’”(A) ©)

The fractal dimension characterizes properties of the system’s scale invari-
ance related to the system’s coherence parameter. Let us estimate correlation
between the coherence parameter and the fractal dimension.

The coherent part of the system in the sufficiently general case may be con-
sidered as a fractal cluster. Since the potential energy of the substance is mainly
proportional to the density, then it obeys the exponential law (3), true for the
cluster substance. That is, the cluster potential energy is the function with the
similarity coefficient ks, = Dy —3: U (r) o< p (r) oc r¥ec ie. U (ar) = o*=<U (r).
From the virial theorem for the systems with potential energy possessing simi-
larity a correlation between the mean values of the kinetic Wy;, and potential

— Wi ks
energies U satisfies the equality Kin — 25 If it is remembered that the

coherent part possesses mainly the potential energy, while all kinetic energy is
concentrated in the non-regular and non-coherent component, then one may ob-

. k
tain the estimate of the order parameter n ~ U / (Wiin+U) =1 / (1 + ;C) )
Whence it follows:

n~(3-Dys)/(Df—=1), 0<n

N

1. (6)

Each stage of the scales hierarchy ranging from the largest to the smallest
scale may have its own order parameters. If the order parameters at different
scales proved to be connected, then one may state that a whole multi-scale
macroscopic object appeared.

3 Bonding energy in a system of particles with
internal cluster structure

Let us consider a simple but at the same time important example of the clas-
sical multi-scale systems—a system of many correlating particles capable to
transform the cluster structure inside the system. The simplest general model
of such systems may be represented by a drop of liquid composed of A molecules
able for form clusters of several molecules.
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We will denote these clusters A,,, where m—the number of molecules
in the cluster. These clusters in their turn may create the dendrite structure
with the fractal dimension Dy. It means that the drop itself is a multi-scale
macroscopic object composed of the coherent part formed by the dendrite
of monomers A,,, comprising n A molecules, and structureless liquid part of
(1 —n) A molecules.

Correlation of the liquid molecules may be approximately described by
the Lennard-Jones potential

U (1) = 0 ((ramin/)"* = 2(rn/7)° ) (7)

which corresponds to the molecules attraction at sufficiently large distances r >
min and their sharp repulsion at smaller distances r < rpi,. Such correlation
pattern provides integrity to the system of molecules with typical distances
between them 7;, and positive energy of bonds between the molecules of the
order &g.

Full volumetric bonding energy B, of the liquid drop is determined by the
integral B, = [U (r — 1) p(r)p (r') d®rd®r’ and because of sharp repulsion at
smaller distances it proves proportional not to the square but to the first order
of the molecules quantity in the drop A. Corrections grow along with density
because the system of particles is not ideal [7] and it may be written as:

By, ~ goA+app®*A, g ~ eo. (8)

According to the principles of a simple and effective classical Ya. Frenkel
theory of the liquid drop [8] in addition to the indicated positive contribution
to the bonding energy there is a negative contribution from the surface energy
of the interface boundary B.,,s, which is proportional to the boundary square
Sdrop:

A 1/3
Bsurf = _USdrop7 Sdrop = 47TR?4(A/Am)2/Df72/37 RA = lm () .

The system of particles in addition to the potential energy has a kinetic
energy of the chaotic motion By, with temperature T', reducing the bonding

3 A
energy of the cluster By, = _iT A). Using for estimation a general
m

= const with an indicator ~:

polytropic process o

v—1
By = —ar <pp) A (10)

If a part of the system is ionized and has the charge Z, then instead of one
component of the system with the density p, there appear three ones—neutral
with density pg, a positively charged component with density pz and electron

A—-Z Z

component with density pe;: po = PPz = 4P
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Contributions to the volumetric part of the bonding energy and to the
kinetic energy of the neutral and charged component take the form:

B, ~ goA + aop(Q)/3 (A-2)+ aopQZ/gZ

5/3 5/3 2 7(3 —Dy)
Z 7 A\N3 D
= goA 2530 (1-2 = om FoA
goA + aopy, (( A> +(A) )(A) )
y—1
P
Buin = —ar ()
g T(ﬂm) (11)
~y—1 ~y—1
AZ—G,T<,OO) (A—Z)—aT<pZ) 5
Pm Pm
3— Dy

7 Y 7 Yy A (v—1) D
- _ v—1 I - om f
socent ((23) +(3)) () 7 e

Moreover, new contributions appear in the bonding energy—bonding energy re-
sulted from the Coulomb repulsion of the like-charged particles B, and bonding
energy of electrons Be; (calculated in approximation of the degenerate electron
Fermi—Iliquid with regard of quasi-neutrality):

L 3 @Z(Z-1) s 3 (o \"(z\" 12)
q — 5 1/Ds—1/3" el — 4(15 A
Ra(A/A) Pm

1

By introducing a variable y = 5T one may take advantage of a

N

convenient approximation:

1_5 7_1_ g ’Y_ 1_1_ 'Y+ }_ ’Y~21—’Y+ (_1) 2
A a) ~\2mY 2 V) & T =Dy

2
oy 20D 2
27— —(1-25

and present the full bonding energy as:

277> Z2 Z\Y?
Bdrop = (CO — C3 (1 — 7) )A — 01A2/3 — C2 — Cel () s (13)

A Al/3 A
2 (3 - Dy) 2
1 (A.\3 D AND,
_ 2/3 _ 2
co = go + aop;, 22/3(A> o, c1 —47TUlm(Am) r,
1 2(3—Dy)
36222 Am D, ) 2/3 Am g D
"‘2:5%<A> e =g (A) L
3— Dy 43— Dy

A, 3 A\ 3
CT = Pm (A) Df T, Cel = zas (P%S(A) 3 Df )
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Expression for the bonding energy of the drop with the cluster structure

(13) allows from the equilibrium condition —— Bgyop = 0 determining the charge

of the quasi-stationary cluster with a maximal bonding energy. This algebraic
equation has an exact solution, which may be approximately presented in a
simple form:

Zo 1
A7 9 @2 oy
cs

Evolution of the cluster presents transitions between quasi-stationary states
that may be described by the equations of the variation principle of the dynamic
harmonization obtained in the end of the work.

4 Mass defect, production of entropy and
entropic forces

One of the main problems of the evolution of systems with varying constraints
is the problem on the general laws governing variations of the fractal dimension,
the order parameter and the system’s inner structure over time.

Variation of the fractal dimension Dy is accompanied, according to (13),
with variation of the bonding energy and mass defect dm; (Dy) = B; (Dy) /c?.
Variation of the mass defect is related to the mass force and corresponding
acceleration:

Adm 1 dom

Fm = - Ui, Am = —Ewuz X OglUy. (14)

In the last correlation it is considered that relation of the mass defect to
the total mass presents the value approximately equal to the order parameter,

while
1 doém N 5mi

~— —1 X0 15
m dt mdt( nn) ~ 7, (15)
where ,—average production of the entropy in the system.

Processes of the entropy production and the entropy flows are caused by
the entropy forces. Apparently, existence of the entropy flows is conditioned

by the entropy gradients and we may determine these forces as follows:
Fs=w(n)VS. (16)

Coefficient w, depending on the current order parameter 7, represents the
energy density of the processes related to the entropy flows. In case of the local
equilibrium, w —())T and (16) is in agreement with the expression for the mass

n—

entropy forces following from the main correlations of the locally equilibrium
thermodynamics.

It is noteworthy that the entropic forces introduced in the work [9], essen-
tially differ from the multi-scale structure-forming entropic forces (16). In (16)
the entropy gradient creates the force acting through the forces of the system
equally on all its particles, which is the mass force by definition.
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Behaviour of the system near the phase transition presents a simple ex-
ample demonstrating the appearance of the mass force. If to place a new phase
nucleus into the supercooled liquid, this will generate the explosive transition
to the nucleus phase accompanied by the mass entropy forces. In this case, in
contrast to the intermolecular forces, this force is not directly connected with
direct correlation between particles, but has a collective nature: as a result of
dynamics the systems evolves through temperature-related ‘trials and errors’
tending to transfer from the less probable state to the more probable one.

Since the dissipative factors may be neglected in the processes of multi-
scale self-organization under study while energy variations in the system are
mainly related to the evolution of the bonding energy in the system under the
action of the structure-forming entropic forces, then the arising structures may
be called entropic (informational) in contrast to the Prigogine’s dissipative
structures. It is notable that thereby the system creates a memory on the
action of mass entropic forces and even after termination of this action they
leave traces as the formed entropic structures whose further dynamics may be
determined by the Prigogine’s irreversible thermodynamics.

5 Mass forces and flow in the phase space

Approximation of the local equilibrium is based on the assumption that the
distribution functions in the variable point of the space in physically infinitesi-
mal volumes have an equilibrium form corresponding to the assumption on the
detailed balance with the flow in the phase space equal to 0. In this case the
distribution function parameters (temperature, density, the Fermi energy) may
depend on the point, while their evolution fully determines the evolution of
the disequilibrium states. However, with sufficiently powerful forces and drains
corresponding to the flows that exceed the dissipative flows in the system an
essentially different physical situation may develop.

The idea about the system’s elements—particles as material points causes
a number of problems. For example, the electromagnetic field energy is infinite
for charged point particles.

Consistent use of the system particles presentation through their distri-
bution in the coordinate space and other kinematic variables (velocities and
accelerations) remove these problems [10-12], while the main equations for the
system in the collective states are not only dynamic equations of the motion
of correlating particles but also kinetic equations for distribution functions of
the system’s elements. In the next article we will obtain and analyze the ki-
netic equations as generalization of the Vlasov’s kinetic equation for the open
systems with varying constraints while here we only give quality observations.

The kinetic equation for the system of particles in absence of external
forces may be written as the continuity equation in the phase space

of > of

=+ div()) = Ly, Iy =—divy(j), Jji= Dij% + F f, (17)
J

ot
since for the collision integral I; we use representation as the flow divergence in
the phase space j; and the distribution function dynamics is represented by the
dynamics of the effective incompressible liquid. The flow is written through the
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diffusion coefficient D;; and friction force F in the phase space, which is true for
the kinetic equations, which in various forms consider collective correlation of
the particles through natural oscillations of the medium (equations of Vlasov,
Landau or Lennard-Balesku).

Let us assume that evolution is a number of bifurcations between a se-
quence of quasi-stationary states, which, thus, may be considered as the ones
determined by a system of equations:

div,(5) =0, divy(j) = 0. (18)

The first equation is apparently satisfied in spatially homogeneous systems and
the stationary distribution functions for them should satisfy the equation:

-,

divy(j) =0 or |j| = P, P = const. (19)

Solution of this equation with permanent flow P (see [13-14]), different from
zero, corresponds to the action of the mass forces on the system.

Genuinely, the system by definition is called ‘mass’ if it acts not only on
the particles on the boundary of the system, but also on all particles inside
the system. If in this case the mass force exceeds the dissipative forces in the
system, then dissipation inside the system may be neglected, while all points
inside the systems may be considered as approximately equivalent. The mass
forces exceeding the dissipative ones will be called the general dominating dis-
turbance for this system. Therefore, the system under the action of the general
dominating disturbance may be well simulated by the spatially homogeneous
non-equilibrium system with flows in the phase space constant in each point of
the space.

Vlasov analyzed in [10-12] and in [15-16] important examples of physical
mechanisms fostering formation of structures in plasma due to renormalization
of particles correlation through natural collective oscillations of the medium.

The renormalization of particles correlation is determined by their distri-
bution function. It is generally regarded that the only stationary solution of
the kinetic equations in the spatially homogeneous system is the equilibrium
distribution function fr (p) x exp (—p2 / (2mT)), corresponding to P = 0 and
representing the trivial solution (17). It appears to be that the stationary states
of the spatially homogeneous systems in case of permanent, not equal to zero,
flows in the phase space have a power form or power asymptotics (see [13-14]).

As it will be shown in the next work, it is convenient to represent the power
solutions in the form of the solution of the generalized Vlasov’s equation:

f(e) = A expy (—/T), expy(x) = (1+ (¢ — D))/ @7V, (20)

Here for notation of solutions we use the quasi-power generalizations of the
exponential functions introduced by C. Tsallis for his open systems thermo-
dynamics [17]. The distribution functions (20) describe the collective state
resulted from the action of the mass force while the parameter ¢ ~ 1+ aP is
determined by the value of the corresponding flow P. Average energy on the
particle in the non-equilibrium state (18) is equal to

T+ (1-4q) 5y, (21)
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where S; = —In,n—the entropy of the state (18), written with the use of the
1—q _
mlil [17]. Solutions of
the (20) type in absence of the flow (i.e. with P = 0 and ¢ = 1) form the
homogeneous equilibrium state.
In the general case the system has two components:
e A structureless one with thermal motion and, evidently, distribution
approaching equilibrium,;
e A coherent one related to the appearance of the long-range orders and
with (18) type distribution.
Since proportion of the number of particles in the components is regulated by
the order parameter, then it is possible to use further and with good accuracy
the model representation for the distribution function as follows:

f®T,q)=1-mn)frp) +nfs @) (22)

It is noteworthy that existence of the two components of the distribution func-
tion with different average energy leads to the appearance of a new branch of
the medium natural oscillations with linear dispersion [18] and to renormaliza-
tion of the Coulomb interaction in compliance with the theory [19], owing to
the interaction through the exchange of these quantums of the medium natu-
ral oscillations. Renormalization depends on the order parameter and g, i.e.
finally on the mass forces and flows in the system.

expression for the generalized algorithm Ing(z) =

6 Shell model of self-organization of a system
with constraints

Gravitational forces are the most well known examples of the mass forces be-
cause being in the cosmic scale the main factor of evolution, they lead, as
the experiments show, to formation of the specific structures in the evolving
Universe—the ‘pancakes’ that further evolve into a cluster of galaxies. Increase
of the system coherence and decrease of characteristic dimensions towards co-
herence due to the action of the mass forces are, to our opinion, one of the key
elements for initiation of self-organization in any complex systems.

In the general case, a system, isotropic at the initial moment and with dis-
tribution of particles in the space with a typical scale [y evolves into a deformed
state with the large number of external spatial scales. Let us in the simplest
case consider evolution anisotropy by introducing two scales as macroscopic
geometric characteristics of the system instead of only one—its radius:

e [} <lpin one direction;

e [, > [y in orthogonal directions.

A smaller scale may be called the scale of the space coherence of the
system, which characterizes the ‘pancake’ thickness, while the larger scale—
the characteristic scale of interaction, which characterizes the maximal size of
correlations in the system.

The phase volume of the system €, = Q,,. is the product of the vol-
umes. Here §),is the volume in the coordination space, while €,- in the pulse
space. The phase volume of the system may be estimated by the distribution
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0
function, hence the quasi-stationary distribution function of the system a—{ ~ 0
Q
is followed by the stationary condition of the phase volume PR~ 0 under

meeting the condition of the flow constancy (19). If the flow equals zero, the
state of the system is in equilibrium, while €, is constant.

Methods of the regularization on the basis of the fractional operators
developed in the work [20] may provide qualitative description of the properties
of the quasi-stationary states with the non-zero constant flow in the phase
space. Stationary condition of the phase volume regarding regularization takes
the form:

D () =0, (DN @) = —Frm s | Tege

T

and has a solution .
-

(T _ t)l/?
where €10 is the value of the phase volume at the initial moment of time. The
derivative index v in this correlation is proportional to the mass force or flow
in the phase space and transforms into an equilibrium expression at v = 0.
The above obtained expression for the phase volume of the system under the
action of the mass forces shows the appearance of the mode with aggravation
and reduction of the coherence scale [ and leads to an increase of the typical
interaction scale [ in compliance with the correlation:

Qpn (t) = Qpho (24)

on lo 1 ZO
=ty [@ i = (25)

For the typical interaction scale in the correlation (25) the phase volume
of the systems is not preserved while an additional rheonomous multiplier ap-
pears and explosively changes the localization of the states due to the entropy
production.

To our opinion, initiation of the evolution not only in the cosmological
domain but also in the general case is related to the following: increase of the
system coherence is accompanied by the renormalization of the fundamental
interactions in the system and corresponding changes in its structure through
the increase of the typical space scales of interaction in the directions orthogonal
to the direction of the coherence. An effective reduction of the dimensionality
of many particles in the direction of the coherence growth of the system and
‘flattening’ of its collective state take place.

There appears a new class of phenomena related to the quantum nonlo-
cality while appearance of the coherent states and processes governed by the
external sources of energy and information act as a prerequisite.

In the course of interaction the quantum systems acquire classical fea-
tures, which correspond to the information available in the external sources
affecting the quantum system while nonlocality appears as a result of entangle-
ment of the quantum states in the irreversible processes under interaction with
the medium. One may say that the evolution of the open nonlocal quantum
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system generates internal information-intensive structures capable to exchange
information with external sources. In this situation the system loses many of
its specific quantum features and becomes to a certain degree classical. The
theory of such macroscopic quantum objects and quasi-stationary states will
be reported in the next articles on the basis of the modified Vlasov’s equation.

Self-consistent full ionization of substance is the physical basis of the
modes with aggregation. Ionization is known to lead to a density increase
when electron shells of atoms reduce their radius in the process of ionization.
Increase of the substance density may induce further ionization of the sub-
stance, which does not take place under the normal conditions because den-
sity increase resulted from ionization is not enough for further ionization, thus
providing stability of the surrounding substance preventing its spontaneous
collapse.

However, it is possible to create collapse of the electronic system by using
renormalization of the electromagnetic interaction in the medium thanks to its
polarization, which fits perfectly into the formalism of the dielectric permeabil-
ity s(w, E) and exchange of quanta of the medium natural oscillations.

Fractal properties of the medium related with its scale invariance, reso-
nance properties and space limitation of the particles subsystems are the most
essential factors, which permit controlling properties of the dielectric perme-
ability (and thus, correlation of ions and nuclei). That is, the initial Coulomb
interaction of nuclei szitzh the Fourier-transform of the potential written in the
form U (w, k) = ka#
collective plasma oscillations and is deterzmzined by the dielectric permeability
e(w, E) of the medium: U (w, k) = ﬂ.

e(w, k)k?

We will show that presence of the fractal structure in the system leads to
the renormalization of the vacuum interaction and further spontaneous growth
of fractal structures in its volume.

Fractals with the Cantor set structure (see [21]), which are built by a
similitude of the bounded interval with eliminated central part whose size equals
to €™ fraction of the whole interval 0 < ¢ < 0.5 are convenient for simulation
and theoretical studies.

Let us consider a thin fractal layer of the lengthL, which the Cantolr set
n2
|
Distribution of the potential and charge in such fractal thin layer is considered
homogeneous through all its thickness. Distribution of the charge density in the
perpendicular direction z (along surface of the layer where the charge density
distribution is the Cantor function A¢ (x)) is described by the Poisson equation:

d2
%(2] = —dreA¢ (z). (26)

The Fourier component of the potential in this layer is ( k - the wave

number along layer):

essentially changes as a result of interaction through

with the preset parameter £ and, thus, with fractal dimension Dy =

4 = 1-9¢
Up = kize% (kiL), ve(kLL)= };[OCOS [(;)ng_L]. @7)
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Expression for the Fourier transform (25) coincides with the general ex-

pression through the dielectric permeability at € (k) = ———.
Ve (ko L)

Fig. 1 shows the Fourier component of the Coulomb potential in the
medium with the fractal structures.

LE(L)
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Fig. 1: Graph of the Fourier transformation of the potential in the fractal layer v¢(k),
£=03

The medium fractality leads to the appearance of the large number of the
wave vector domains where the dielectric permeability is negative and interac-
tion of the similar charges has a nature of attraction.

The inverse Fourier transformation—the component Uy leads to the de-
pendence of the potential on the coordinate for the fractal layer as the fractal
function where the measure of non-zero values equals zero. That is, the volume
of domains with zero values of the potential fills practically all space, while the
volume of domains with the non-zero values of the potential tends to zero.

A set of points, on which the values of potential are concentrated, forms
the Cantor set while the potential may be represented as follows:

A 2
UCEID Bl ==L 29
) T sh
1€A(r)

where A¢ (r)—the Cantor set on which the values of the potential are concen-
trated, k,—the wave number of the wave along direction r, where the shell is
limited and coherent, §,,—thickness of the shell.

Since almost everywhere (except a set of points of the zero measure) the
Coulomb interaction proved suppressed and nothing prevents the particles to
contact, then the fractal structure initiates its explosive growth.

A system of particles aggregated as a result of the pair contacts represents
a set of clusters of various sizes. Size distribution of the clusters, i.e. concen-
tration of the clusters of ksize (clusters composed of knucleons) as a function
of time is described by a system of reactions:

Ao + Aro = Asgro,  Ago + Agro — Asgo - .-

In this case the equation for concentrations C} of clusters of k nucleons
may be described as the Smolukhovsky’s coagulation equation [22], where com-
petition of two processes is considered: (1) adhesion of the cluster components,
i.e. increase of the cluster size, and (2) collapse of the cluster components, i.e.
growth of the number of clusters smaller by weight. For probability K;; of the
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adhesion of clusters of the sizes ¢ and j one may assume approximation under
which this probability is proportional to the product of the areas of the initial
clusters surface—K;; o (i5)%/3.

The Smolukhovsky’s equation may be integrated analytically in this ap-
proximation of the permeability of the Coulomb nuclei barriers due to the
increase of correlation in the system, and it appears that the average size of
the cluster may become infinite for the finite time—the time of phase transition
in gel.

Solution of the problem on determination of the most general laws of the
structure growth is the most important element of the self organization theory,
which is reported below.

7 Variational principle for evolution of
complex systems—a principle of dynamic
harmonization in the non-covariant
Gaussian form

Variational principles are the most concentrated expression of the laws on dy-
namics of the particles system, therefore, it is desirable to formulate the laws
of the complex systems evolution in terms of the variational principles.

The variational principles of mechanics are its fundamental principles ex-
pressed in the form of variational correlations from which differential equations
of motion logically follow.

According to the variational principles, actual motions of the system un-
der the action of the preset forces are compared with the kinetically possible
motions prompted by the constraints applied on the system and satisfying
certain conditions. The variational principles differ by their form, variational
ranges as well as by generality, however each principle incorporates everything
in this sphere of science and unites all its principles in one formulation in the
frames of its applicability.

In [2] the variational principle of evolution of the systems with constraints
was formulated, which is the principle of dynamic harmonization. The system
self-organization results from variation of the structure of constraints between
the elements of the system in response to the system acceleration, and is aimed
at:

e either counteraction to the forced acceleration because of the steady

state due to the system energy inertia;

e or facilitation of the forced motion acceleration towards steady state at

the account of the system inertia decrease.
Changes in the system structure lead either to binding of free energy of the
external accelerating mass force in the structure or to a release of the previously
conserved free energy in various forms into the environment.

Below we will explain this principle and its analytical formulations.

The variational principles may have various forms for the dynamics of the
mechanical systems different in quality.
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The systems with constraints may be open (exchanging energy and/or
mass with the environment) and closed or conservative (not changing its en-
ergy and mass). Evolution of the system is always connected with structural
variations, therefore with variations in the bonding energy of the evolving sys-
tem and with mass defect, so in evolution processes we deal only with open
systems. As to the constraints in the systems, they have more detailed classi-
fication in mechanics. Let a system be characterized with the coordinates
and velocities u’ = dz?/dt, i = 1,...,n. The constraints existing in the system
in the general case are characterized by a set m of functions:

©; (xl....x",ul....u”,t) =0,j=1,...m (29)

As is know, the constraints are called:

e scleronomic, if functions ¢; are not time-dependent;

e rheonomic , if functions ¢; are time-dependent;

e holonomic, if functions ¢; are not velocity-dependent;

e non-holonomic, if functions ¢; are dependent not only on the coordi-

nates but also on the velocities.

It is clear that constraints in the evolving system of general position will
vary with time, i.e. rhenonomic, but may also be holonomic and non-holonomic.

Let us change the analysis of the variation principles describing develop-
ment of system particles with time.

The variation principles differ from one another by forms and varying
patterns as well as by the generality degree.

The most general differential principles characterizing the motion prop-
erties of open systems with constant and variable constraints for any given
point in time are the Gauss and Hertz variation principles, while the most gen-
eral integral principle characterizing the motion properties at any finite time
intervals, is the least action principle in the Hamilton—Ostrogradsky form [23].

For constructing the variation principle for the self-organizing open sys-
tems we start from the most general variation principle of dynamics, which is
also true even for systems with non-stationary non-holonomic constraints—the
Gaussian principle.

Gauss introduced the general principle of mechanics as the mechanical
analog of the least square method underlain all statistical studies and it is called
the principle of least constraint. According to the Gauss principle, positions
occupied by the points of the system at the moment ¢ + 7 in true motion are
distinguished among all positions allowed by the constraints by the fact that

N
the constraint measure in them Zg = Y m;s? has a minimal value (here s;—
length of the vector between the pointsz répresenting true or any other position
of the point). The Gauss principle has the following peculiarities:
e addition of inertia mass forces to the external forces acting on the sys-
tem;
e varying of accelerations under preset coordinates and velocities (the
Gauss variation).
The inertia mass force proves inseparable from the corresponding accel-
eration, which shows its key role in self-organization processes. For the closed



Control of multiscale systems with constraints. 1. Basic principles 49

systems (the systems in which Hamiltonian is explicitly time-nondependent)
the Gauss principle is reduced to the principle of the Hamiltonian least action.

However, even in the general variation principle of mechanics the non-
stationary constraints in the system are assumed to be fully prescribed prior to
the dynamic process initiation, hence this principle in its initial form cannot be
the basis for the self-organization theory. Dirac [24] was the first to consider
the dynamic systems with the variable structure where not only trajectories of
particles but also constraints were viewed as variable parameters.

For self-organizing systems with the particle dynamics occurred in the
configuration space it is necessary to take into account a possibility for the sys-
tem of particles to evolve through varying the constraint fields and generation
of system’s most steady and optimal structures.

Moreover, since variation of the system’s inner structure is connected with
variation of its mass (with mass defect of the system), such processes are most
effective in the course of the system evolution and may serve as a source of
energy for the evolution itself. Therefore, it is evident that control of the system
with the help of the laws of evolution of its constraints (variational principles
for the systems with varying constraints) is the only effective way for desirable
transformations in the system at the account of its internal energy resources
instead of direct ‘forcing’ the system by external energy only.

It follows from the above that the use of the general dominating distur-
bance specially selected for the given system is the tool for initiation of the
self-organization processes (dynamic harmonization) of the structure of con-
straints in the system.

In order to write analytically the principle of dynamic harmonization let us
calculate a shift of the particle s,as a result accelerations variation. Considering
time variation 7 small with the accuracy to the second order it appears that:

F; (t)+ Fp,

my (D;) (30)

1
si(t+71)= §5ai (t) 72, where da; = w; —

By inserting the shift of particles from (30) into the constraint function we
N N /.2 2
receive: > m;s? = Y. (7—2 (msw; — F; + (miam) u; (t))) / m;. From here
i=1 i=1
it follows that in view of the value 7%/ (4m;) > 0 the dynamic harmonization
function may be represented as follows:

N
Zan =Y (mi (Dy)w; — (F; + Fp))?, mi (Dy) = (Aimy, — 6m; (D)) (31)

i=1

Finally, the principle of the dynamic harmonization may be formulated as fol-
lows: the system varies its trajectory and structure under the action of external
forces so that to be in the harmony with the environment and external actions
as a result of minimization of the generalized constraint function Zgp, regarding
all constraints in the system. In other words, the system tends to make trajecto-
ries of its forced motion under the action of mass forces mazimally approaching
the trajectory of its own natural undisturbed motion.

In (31) summation is performed both by collective variables and by all par-
ticles. Since the structure variation is inseparably connected with the variation
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of entropy and information, the dynamic harmonization principle simultane-
ously describes purposeful exchange of information and entropy by the system
with the environment.

At the first glance, a property of the quadratic function minimality (31) is
explicit and produces nothing new but the Newton equation m;w; = F; + F,.
However, this is not true. From (31) for variable determining the state of
the system and its internal structure, after accelerations variation a; regarding
constraints at the fized positions and velocities of all particles follow differential
equations, which do not coincide with the Newton equations for dynamic of
particles under the action of forces when constraints are in place.

In order to obtain a specific form of the dynamic harmonization equations
and effectively apply it, it is necessary to use an expression for constraints in
the system. It turns out that all open systems with varying constraints have
significant similarities, and can suggest a general model for the evolution of
such systems based on the principle of dynamic harmonization.

8 Dynamic harmonization equation

In accordance with the dynamic harmonization principle the evolution equa-
tions are determined by a minimum of the dynamic harmonization function
Zgp, under variation.

Let us consider an example of the liquid drop with radius R, which
depends on the structure internal system using the equation of constraints
R = g(Dy), and write the dynamic harmonization function for it:

1
Zdh:§(me_FR)27 m =mo — Ba (Dy) /. (32)

For applying the principle let us consider that force Fgr may be expressed
through the bonding energy gradient B4 (Dy):

(33)

Not counting the constraints, the conditions of the constraint quadratic
function lead to general Newton equations. However, owing to the constraint
R = g (Dy) acceleration wg cannot vary independently and is expressed through
acceleration of the fractal dimension under preset values of the coordinates and
velocities (the Gaussian variation of accelerations). The Gaussian variations
are the variations of the second order tangent plane of the tangency at a fixed
plane of the first order of tangency. Variations of the accelerations of all or-
ders, i.e. vectors in the respective different planes are independent, therefore
the Gaussian variations lead to the following: the correlations for the variations
of accelerations are similar to correlations for the variation of the respective
coordinates, and the first derivatives are absent in the following correlations
for accelerations:

d2 829

WR = @RZQRDﬁ 9gr = 827Df

(34)
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Inserting the obtained expression for acceleration into Zg,, we obtain the
dynamic harmonization function as dependent on acceleration of the fractal
dimension:

. 1 B} Fg (Dy) 2

Zun (Dr) = 5 (ffRDf T )

Condition for minimum of the dynamic harmonization function in rela-

0Zan (D f)
)

differential equation determining evolution of the dynamic system with vary-
ing constraints:

(35)

tion to accelerations of the fractal dimension, = 0, leads to the

mstTRODf - FR (Df) = Oa Mstr = MYIR- (36)

In the simplest case when considering evolution of the system with slowly
varying forces the equation may be once integrated and presented as the La-
grange equation with the corresponding Lagrangian function:

D2
Lutri = matr (Df) Ro—" + Ba (Dy). (37)

where the system structural inertia appears mg, (Dy). Analysis of the specific
models of the system of particles regarding correlations of (25) type for space
scales and bonding conditions (for example, nuclear structure models) shows

an explosive growth of structural inertia with the order parameter growth,
Mostr

1—n(D))"
Such dependence provides hysteresis phenomenon under structl(lre fgrgna{cz())n.
Under the action of the forces with positive acceleration, structures form from
the state with initial value of the order parameter while the order parameter
grows and achieves corresponding maximal value. Acceleration reverses its
sign while the action of the mass forces is coming to an end and these forces
tend to zero, and the order parameter somewhat decreases in compliance with
the harmonization equations (the Lagrangian equation with the Lagrangian
function Lg;-;). However, since the structural inertia has already grown, the
order parameter does not reduce down to its initial value and the ’residual’
order parameter appears as an element of the system memory.

Structural inertia (mass) appears in the phenomena accompanied by the
symmetry disturbance. This fact is well known in the theory of elementary
particles. Spontaneous disturbance of the symmetry in the calibration theories
may lead to the appearance of the finite mass in massless calibration particles.

After completion of the action of external entropy force, which disturbed a
symmetry of the system, the long-range order, characterized by the parameter
7, may appear in the system. It is the structural inertance, characterized by the
order parameters at each hierarchy level that accounts for inertance of the self-
organization processes. In the general case the structural inertia (mass) mg,
connected with the appearance of the fractal clusters is expressed through the
fractal dimension or the order parameter.

which may be approximated by the dependence mg, (Dy) =
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Conclusion

Consistent theoretical development of the basic principles of the concept on
self-organizing synthesis of new structures in the dynamic systems opens new
potentials for creation of the theory on self-organization of the complex systems
and for the development of fundamentally new technologies.

This work proposes generalization of the Gaussian variation principle,
which is a mathematical formulation of the dynamic harmonization principle
for the open systems with varying constraints. The proposed variation princi-
ple allows obtaining equations that describe the self-organization process and
expose the nature of the constraints fields and their collective states.

It makes intuitive sense that self-organization of the system is inseparably
connected with evolution of its structure and leads to the changes in its mass,
stability and bonding energy. However, the available self-organization theo-
ries (for example, the Prigogine non-equilibrium thermodynamics) where the
system self-organization is determined by the gradients of the thermodynamic
parameters inside the system, while the distribution functions are locally equi-
librium, are not applicable for the open systems with varying constraints. At
the same time the theory on the basis of the variational principle of dynamic
harmonization may claim to become the general theory on self-organization of
the open systems with varying constraints .

Formalism of the variation principle of dynamic harmonization presented
in the work suggests a general platform for solution of the problems of self-
organization and control for evolution of various complex systems from the
general positions of the theory of thermodynamic systems with varying con-
straints.

Since entropic forces have a considerable contribution to the proposed
theory of self-organizing synthesis it is necessary to mention Kozyrev’s works
(see, for example [25]), where time plays a key role. Kozyrev also considered
the open systems with not only degradation processes (law of the energy degra-
dation), but also the processes of the structure synthesis and, thus the entropy
reduction. He stated that the time density value, introduced in his theory,
depends in a given point of the space on the processes occurring in the vicin-
ity of this point. In the processes, where the entropy grows, the time density
increases, therefore such processes are time-emitting. Hence, time density in-
creases when a substance loses its organization. Kozyrev noted that even this
circumstance suggests a conclusion that time contains organization or negative
entropy that may be transmitted to another object in the vicinity of such pro-
cesses. In other words, time affects the substance. It is especially interesting
that Kozyrev could observe evolution in stars and stars motion from the lab-
oratory on the Earth using his time theory in the real time mode. Using our
theory on self-organization of systems with varying constraints it is possible to
disclose the essence of time density variation according to Kozyrev.

In the next works we will show that this is connected with metrics change
and appearance of the local space-time curvature determining in the simplest
cases the value of the natural and laboratory time relations.

Herz paid attention to the fact that varying accelerations according to
Gauss with minimality of the constraint function corresponds to the variations
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in motion on condition of the trajectory curvature minimality, hence real mo-
tion always chooses the straightest path coordinated with constraints. This
principle is represented by Herz also in the form of the functional minimum
denoting the length of the system path from n particles with weights m;.

It will be shown that the principle of dynamic harmonization regarding the
Hertz ideas can be transformed to the functional minimum representing not the
length of the path in the three-dimensional space but the length of world lines
of particles in space-time stated and formulated as follows: The system with
constraints evolves in space-time by geodetic lines with the space-time curvature
tensor corresponding to the evolution of the internal system constraints, being
harmonized in response to the action of mass forces

The works of this series will show that the idea of a liquid drop with a
fractal structure can be naturally applied to a drop of nuclear liquid and a
range of possible values of the nuclei binding energies is much broader than
it is accepted in nuclear physics. The appearance of the internal structure of
nuclei in the nucleon scale, which is reflected by introduction of a new nuclear
option—their fractal dimension, opens up great prospects for synthesis of new
nuclear structures based on self-organization of nuclear matter obeying the
dynamic harmonization principle.

The concept of self-organizing synthesis allows obtaining theoretical and
experimental results that may be applied in many fields of science and tech-
nology.
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CONTROL OF MULTISCALE SYSTEMS WITH CONSTRAINTS
2. FRACTAL NUCLEAR ISOMERS AND CLUSTERS

S. Adamenko,! V. Bolotov,®> V. Novikov®

Abstract. We consider the influence of the Fermi statistics of nucleons on
the binding energy of a new type of nuclear structures such as fractal nu-
clear clusters (fractal isomers of nuclei). It is shown that the fractal nuclear
isomers possess a wide spectrum of binding energies that exceed, in many
cases, the values known at the present time. The transition of the nuclear
matter in the form of ordinary nuclei (drops of the nuclear fluid) in the state
with the fractal structure or in the form of bubble nuclei opens new sources
of energy and has huge perspectives. This transition is based on a new state
of matter — collective coherently correlated state. It manifests itself, first
of all, in the property of nonlocality of nuclear multiparticle processes. We
develop a phenomenological theory of the binding energy of nuclear fractal
structures and modify the Bethe-Weizsacker formula for nuclear clusters
with the mass number A, charge Z, and fractal dimension Dy. The consid-
eration of fractal nuclear isomers allows one to interpret the experimental
results on a new level of the comprehension of processes of the nuclear
dynamics. The possibility to determine the fractal dimension of nuclear
systems with the help of the method of nuclear dipole resonance for fractal
isomers is discussed. The basic relations for fractal electroneutral struc-
tures such as the electron—nucleus plasma of fractal isomers are presented.

1 Introduction

During many decades, the development of the fundamental and applied nuclear
physics is referred to the priority trends of science and technology in many
countries. The special interest in the development of nuclear physics is mainly
related to the hope for that the nuclear power industry could become the most
powerful source of energy.

All primary sources of energy in the Nature have the single base, namely
the processes with a change of the binding energy of systems. This concerns
the most spread sources of energy based on the transformation of the binding
energy on the atomic and molecular levels, e.g., at the combustion of organic
fuel, and the nuclear processes generated by a change of the binding energy of
nucleons in the nuclei of atoms [1] at the running of nuclear reactions.

1 Electrodynamics Laboratory Proton-21

2V. Karazin National University of Kharkov

3 The Institute of Electrophysics and Radiation Technologies of the National Academy of
Sciences of Ukraine

95



56 S. Adamenko, V. Bolotov, V. Novikov

The most powerful sources of energy are those which use the binding
energy of many-nucleon nuclear systems, because the density of this energy has
a value (by modern representations) of the order of several MeV per nucleon,
as distinct from the chemical energy, whose value is several eV per atom or
molecule.

The significance of the quantities directly related to the binding energy
(mass defect, packing coefficient [2]) for the comprehension of the nature of
nuclear phenomena and processes becomes clear very rapidly. When nuclear
physics originated, the structure of nuclei and the interactions between nucleons
composing a nucleus were known only in the very general features. At that time,
some attempts to clarify the structure of a nucleus were based on the analysis
of available data on the masses of nuclei (and, hence, their mass defects).

In [3], Weizsicker obtained a rather awkward phenomenological formula
for the masses of nuclei on the basis of experimental data on mass defects
and the binding energy of nuclei in the Thomas—Fermi approximation of self-
consistent field with regard for the finite size of a nucleus (finite value of the
surface energy). The formula includes the sum of contributions of the bulk
energy, surface energy, and Coulomb energy and well represents the general
dependence of the binding energy of nuclei on the parameters of a nucleus (the
number of protons Z and the number of neutrons N = A — Z in a nucleus).
In work [4], Bethe modified the formula for the binding energy (in MeV) to
the commonly accepted form, where the meaning of terms is quite transparent
(especially from the viewpoint of collective representations):

27\° 72
B(A,Z) = <c0 —c3 (1 — A) )A—c1A2/3 —

1, Z=2l, N=2k

0, A=2k+1 ; (1)
~1, Z=2+1,N=2k+1

Co = 15.75, C1 = 17.8, Cy = 0.71, C3 = 23.7, Cp = 12.0.

Cp

Tz

The first term gives the bulk contribution of the strong interaction jointly
with the so-called symmetry energy related to the Pauli principle. The second
term is the contribution of the surface of a nucleus to the binding energy.
The third term corresponds to the Coulomb energy of a charged drop. The
last term is the “pairing” energy related to the quantum corrections and the
shell effects in the structure of a nucleus. By the order of magnitude, the
“pairing” energy is equal to the energy of separation of a neutron from a nucleus
S, =B(A,Z,D;)—B(A—1,Z, Dy). The coefficients in (1) are usually chosen
from the condition of the best fitting of experimental data.

For the first time, the representations about a nucleus as a system re-
vealing the collective behavior and properties arose in connection with the
attempt to describe the processes of fission of nuclei. Moreover, the term “fis-
sion” appeared in work [5] due to the analogy with the biological process of
fission of cells. The description of properties of a nucleus involved the Frenkel
model ideas of a charged liquid drop [6] which were developed in the theory
of a liquid nuclear drop by Bohr and Wheeler [7, 8] and well agreed with the
Bethe—Weizsacker theory.
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Formula (1) was further modified, and its coefficients were corrected on
the basis of permanently renewed experimental data [9]. The development of
the ideas of nuclei and the nuclear matter within the theory of Fermi-fluid
allowed one to calculate the coefficients in the Bethe—Weizsécker formula and,
proceeding from the general representations about the structure of a nucleus, to
theoretically determine the binding energy of nuclei with a sufficient accuracy
[10, 11].

The phenomenological theory of the binding energy of nuclei on the basis
of the drop model leads to a nonmonotonous of the specific binding energy per
nucleon on the ratio of the numbers of protons and neutrons (see (1)) and to
the existence of the maximum of the specific binding energy per nucleon in the
region of nuclei with mass numbers close to those of the stable isotopes of iron
and nickel.

As a result, it is traditionally considered that only two types of nuclear
processes (reactions) with a positive energy yield (i.e., processes causing the
growth of the binding energy of a system):

e reactions of fusion, at which nuclei lighter than iron form heavier nuclei;

e reactions of fission of nuclei heavier than iron into lighter ones.

In any case, according to these ideas accepted also at the present time,
the elements in a neighborhood of the local maximum of the specific binding
energy (elements of the “iron” peak) cannot be used as an efficient source of
energy.

However, it becomes more and more clearly now that the ideas of a spatial
structure of the dense matter in nuclei should be reconsidered, and the analysis
of the variety of possible nuclear structures is required again.

The steady ideas of structures of the nuclear matter do not already cor-
respond to the level of our knowledge and experimental results [12]: “What
we have learned over the last decade of research on exotic nuclei forces us to
revise some of our basic truths. These were deduced from intensive studies of
stable nuclei, but it has become clear that stable isotopes do not exhibit all
features. . . Nuclear radii don’t go as A'/3. For all stable isotopes the density in
the atomic nucleus as well as the diffuseness of the surface are nearly constant.
Explorations into the far-unstable regions of the nuclear chart have convinc-
ingly shown that the diffuseness, and thus the radii of the atomic nuclei, vary
strongly. .. Many more bound nuclei exist than anticipated. The neutron drip
line is much further out than anticipated twenty years ago. The importance
of nucleon correlations and clustering that create more binding for the nuclear
system has been underestimated.”

The indicated circumstances make it necessary to construct the new more
general relations for the calculation of the binding energy of developed nuclear
structures. All previous studies and attempts to generalize the Weizséacker for-
mula (see, e.g., [9, 10]) were based on the application of the theory of analytic
functions and the geometry of regular formations. Here, we first make attempt
to estimate the coefficients of the Weizsécker formula with the use of general
notions of the fractal geometry. We will demonstrate that the nuclei with more
complicated structure than that a drop of the nuclear fluid (in the general case,
the nuclei representing fractal nuclear structures) have properties qualitatively
different from those of ordinary nuclei. The binding energy of such fractal nu-



58 S. Adamenko, V. Bolotov, V. Novikov

clei increases significantly, and the dependence of the binding energy on the
nucleus mass changes qualitatively. In particular, there appears the possibility
for the existence of stable superheavy nuclei with specific binding energy ex-
ceeding the relevant values characteristic of nuclei of the “iron” peak from the
Periodic Mendeleev table, which open new perspectives in the development of
the nuclear power industry.

2 Geometrical properties of fractal structures

Among the commonly accepted postulates, the assertions concerning the struc-
ture of nuclei and their stability give rise now to the strongest doubts. Accord-
ing to the hydrodynamical model (where a nucleus is represented by a homo-
geneous spherical drop of the nuclear Fermi-fluid [8] with the mean density of
nucleons p= 0.17 nucleon/(fm)3), the number of nucleons in a nucleus, A, and
the external radius of a nucleus, R4, are connected with each other by the
relations

1/3
3
Radp)=rod, o= () )

However, as was indicated above, the contemporary studies of the struc-
ture of nuclei show that such ideas of the structure of a nucleus must be re-
considered and reanalyzed from the viewpoint of the extension of the set of
elements of the “nuclear Lego constructor.” For example, it was assumed in
[13] that the superheavy nuclei are clusters of a-particles, the possibility of
the existence of bubble and quasibubble nuclei was comprehensively studied in
[14], and the results of numerical studies of the stability of nuclear structures
at low densities indicate the possibility of the existence of nuclear structures
[15] which do not correspond obviously to the idea of a liquid drop (see Fig. 1
in [15]).

Fig. 1: Nuclear clusters in the Fig. 2: View of a typical cluster
form of a nuclear pasta (nu- formed at the growth of a structure
clear gel) [15] of solid particles [16]
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In Fig. 2, we present a typical three-dimensional fractal cluster grown due
to the Brownian process in the system “particles — cluster” with the probability
for particles to stick to the cluster equal to 1 (see [16]). It is seen that the nuclear
structure ensuring the minimum energy in the Hartree — Fock approximation
constructed in [15] is very close by its spatial distribution to the classical fractal
cluster of particles.

The notion of a fractal object was introduced by Mandelbrot [17] into
science as an alternative to the regular geometrical and physical objects. In
the Nature, we observe a lot of periodic regular phenomena: from the motion
of a pendulum to the oscillations of atoms. Despite the absence of strictly
periodic motions in the Nature (at least due to the boundedness in time), the
periodicity turns out to be the exceptionally useful notion for the explanation of
the basic laws and mechanisms in many branches of natural science. One of the
reasons for the universality of harmonic motion is the quasilinearity of many
physical systems and the invariance of laws guiding their behavior at shifts in
space and in time. However, in the course of time, the dominance of linear
ideas in science is broken now by the spreading of new nonlinear approaches
to the real phenomena surrounding us. The new century has started under the
sign of a total penetration of nonlinear phenomena, “nonlinear” thinking, and
methods of nonlinear physics into all fields of knowledge.

In the majority of real phenomena, the linearity is violated, and, instead
of the periodicity, we deal with aperiodic chaotic motions. In this case, the aris-
ing geometrical structures turn out irregular and rugged. At the huge variety
of the behavior of nonlinear systems which appear as a result of the nonlinear
evolution, there exist the general properties common for most of these systems
such as the self-similarity and the invariance relative to a change of the scale
(scaling). In other words, the main feature of nonlinear systems is not the
invariance under additive shifts, but the invariance under multiplicative trans-
formations of the scale and, hence, the specific role of fractal functions and
distributions, rather than that of harmonic ones. Scaling is revealed in many
nonlinear physical processes, especially at the study of critical phenomena char-
acteristic of the behavior of substances in a neighborhood of phase transition
points.

In the general case, one of the most considerable consequences of the
self-similarity is the existence of objects with exceptionally irregular structure,
which are called fractals [17]. In some meaning, the self-similarity is also a
periodicity, but only on the logarithmic scale. The self-similarity—strict or
approximate — plays the principal role in many fields, though it is revealed in
very different ways. One of the last branches of physics, where the notion of a
fractal is not yet used, is nuclear physics.

In the present work, we will construct a phenomenological theory of the
binding energy of nuclear fractal structures, by considering them as the struc-
tures determined by their basic geometrical characteristic, namely by the fractal
dimension Dy.

One of the power dependences characteristic of a fractal is that of the
correlation function averaged over angles on the distance to its geometrical
center. In this case, the mean density of particles in the cluster p (r) varies, as
a function of the distance r, inside the cluster by the law coinciding with the
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law of decay of spatial correlations:
p (T‘) = Pstr (Rstr (Astr)/r)gin. (3)

These general consequences of the fractal geometry yield a simple relation be-
tween the mass number of a fractal cluster A, external size of the cluster R4,
and characteristic size Ry (Ager) of structureless elements, i.e., monomers with
the mass number Ay, and the density pgs-, from which the fractal structure is
built [16],

A= kAstr (R (A7 Astra p)/Rstr (Astr))Dfa (4)

where the coefficient k has value of the order of 1 and is determined by a packing
of monomers in the cluster. Relation (3) can be used to present the external
radius of the cluster through its mass number and the fractal dimension:

Ra (A, A, Ds) = Rap(A) Agr) 2. (5)

As monomers, we can consider any nuclear structures with a sufficiently
high stability or/and particles efficiently forming the condensate (particles
which can participate in the evolutionary sequence of nuclear phase transi-
tions). We may assume that monomers are, first of all, a-particles from the
side of low-weight structures (see, e.g., [13]) and the nearest neighbors of he-
lium nuclei in the Periodic Mendeleev table (i.e., stable light nuclei, which can
form the condensate of particles with a high probability, e.g., lithium nuclei).
From the side of heavier nuclei, the role of monomers can be played by the
most stable nuclei such as nuclei of carbon, oxygen, and iron. Moreover, as
will be shown below, the most probable monomer for a low-density structure
of nucleons with 4 > 5-10* immersed in the electron fluid is iron. As for the
fractal dimension, the modeling of the processes of growth of clusters in the
three-dimensional space at a high probability of the adhesion of monomers to
one another shows that the fractal dimension of clusters is near Dy = 2.39.

For the further applications, it is convenient to use the following estimate
of the surface area of a fractal cluster depending on the mass number of a
structural unit A, and the fractal dimension:

S (A; Ager, Dy) = 4 R4 (A) Age) 23, (6)

The correction factor indicating the degree of growth of the surface area deter-
mined by the internal structure of a cluster depends on the number of structural

v—2/3
elements and is equal to (A) ' 3 < v < 1. The coefficient v = 2/3
str

for a continuous structure (D; = 3) and v = 1 for a developed system of
nuclear “threads of a web” or “bubble” nuclei (Dy = 2) .

Relation (3) yields also the dependence of the fractal dimension of a clus-
ter with the mass number A on the mean density and the mass number of
structureless units forming the cluster:

In(A/Ag) ()
In (A/Astr> + In (pstr/p) '
The natural attempt to use the conceptions of the fractal geometry in

the model of a structure of multinucleon systems must obviously involve their
following specific features:

Dy =3



Control of multiscale systems with constraints. 2. Fractal nuclear isomers and clusters 61

e the appearance of the developed surface (and, hence, a decrease of the
binding energy of a nuclear system due to the increase of its surface
energy);

e The increase of characteristic sizes of a nuclear conglomerate, as the
mean density of the nuclear matter decreases (i.e., a decrease of the
Fermi energy of a system and, as it will be shown below, an increase of
the binding energy of a nuclear cluster).

We may expect that the formation of the internal fractal structure in

nuclear systems leads to a variation of their binding energy in very wide limits.

In the general case, the growth of structures and, hence, a decrease of the

number of degrees of freedom of a system, are described by the appearance of
two following components of the system: the structureless part and the coherent
part in the form of a nuclear “web” constructed from monomers with the mass
number A, and some share of protons in monomers yst = Zstr/ Astr. In this
case, we denote the mass of the coherent part by m.,, and the mass of the
substance in the structureless liquid part by m, and introduce the coherence
parameter 17 & Meog/ (Meog + My).

The mean density of a system possessing the coherent part varies by the

power law (6) due to correlations. Since the potential energy of the nuclear
substance is proportional, in general, to the density, we may write

Ulp) xU(r), Ular)ocrk=< —ky=D;—3 (8)

The value of coherence parameter can be estimated from the Lagrange
theorem (virial theorem) for systems with the potential energy possessing the
property of similarity, if we take into account that the coherent part is char-
acterized mainly by the potential energy, whereas the whole kinetic energy is
present in the structureless (liquid) part. Then the relation of the mean values
of kinetic and potential energies

kin D;-3
A ®)

yields the formula for the coherence parameter

3—Df 3+’I7
Ul P A
;= 1

0<n<l (10)

The contribution of the coherent part of the system to the binding energy
by the relations Acog = 1A and Zeog = YstrAcog, Where Acog is the mass
number, and the mean density is determined by the fractal dimension (or the
coherence parameter) according to relation (3).

3 Main contributions to the binding energy of
nuclear systems
As is well known, the interaction of elements of a system causes the effective

decrease of the mass of the system (the mass defect appears) with the ap-
pearance of the binding energy of the system determined by this mass defect.
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For example, the total internal energy of a nucleon system including A nucle-
ons (Z protons with mass m, and (A — Z) neutrons with mass my) can be
written in the form: W = Zm,c® + (A — Z) mpc®> — B, where B is the bind-
ing energy of the system, to which all basic interactions make contributions:
B = BStrong + BQ + Bsurf-
Here,
® Batrong = Bouik + BrermiZ is the contribution of the strong interaction
consisting of two terms: By, bearing the bulk character (i.e., Bpuk
is a strong-interaction-induced part of the binding energy which is pro-

portional to the mass number A) and the term Bpeqm; ~ _AgEf (p)
which arises due to the Pauli principle and is proportional to (N — Z )2;
e BgZ is the contribution of the Coulomb interaction;
® BgyrsZ is the contribution of the surface energy (i.e., energy related to
the degree of inhomogeneity of the distribution of nucleons in space).
In order to estimate the contributions to the binding energy, we need the
assumptions about the basic geometrical characteristics of a distribution of the
nuclear matter in the system. The first efficient model of a distribution of the
substance of a nucleus was the simplest model of a drop of the nuclear fluid, in
which the mass number A and the radius of a nucleus are connected through
relation (2).
At small excitations of a nucleus, the distribution of nucleons in the mo-
mentum space is usually considered homogeneous inside of the Fermi spherical
surface with the radius in the momentum space equal to the Fermi momentum

L p<py
psf (p, Ef) =

0, p>py
as in the volume of a nucleus V. The integration of the Fermi distributions over
the phase space gives the relations between p; and the densities of nucleons:

(degenerate Fermi distribution function), as well

1/3 A—-7
pin = (312 °hpl/3, pn = TP

1/3 Z (11)
prp = (37%) oy P oy = Zp

The Fermi surface radius (Fermi momentum) is connected with the Fermi
energy Fy:

2 2/3
B, = Pir _ (37%) h2p2/3 E
Fe 2m,, 2m, P f

2 2/3
— pf’ﬂ — (37T2) h2p2/3 (12)
2my, 2my, wo

n

The kinetic energy Wy, (A4, Z) of the ensemble of nucleons in a nucleus
with volume V is determined by their Fermi energy:

\%4 p?
Wiin (4,2) =2 (27rh)3 / (2 Mnuc) (o (0. Bs,) + Fu (0. Br) p

4
T 523
2/3

3(37r2h3) 2/3 Z\"/3 My (2 5/3
3 ((-7) v (R) )a w

, , 3
(P10 Ern + DipErp) = £ (A=2) Efn+Z Eypy)
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1 Z
The expansion of Wy, (4, Z) in the small parameter € = (2 — A) leads

to the expression

(3m213)*° . 01/3 ma\ (3 1(. 22\
Wiin (A, Z, poe) o o ) 232 7 (g M) (2 2 (22 ) 4
kin (4: Z, pruc) 2my, Priue ™y +mp 5+3 A

= WrinBuik + Wkinsym,

where
3 (3m213)%/* 21/3 n
WhinBuik = *Q 28 (14 M A,
5 2m,, 4 mp 14)
2/3 2
1 (37%n3) 21/3 m 27
Win m = 5 2/3 2 1 —= 1—— A.
kinSy 3 2mn Pruc 4 + m, A
Thus, the formula for the kinetic energy contains the bulk term Wy;nBuik

2

2Z

proportional to A and the term W;psym, which is proportional to | 1 — A)
and determines the coefficient ¢z in the Bethe-Weizsécker formula (1).
It is clear now that the coeflicient ¢g in (1) consists of two terms:

co = Ucts — kvirWhinBulk

2/3
gy By BTR)T2S (mn) g (15)
e 51117 2m,, 4

nuc*

P

Here, U,y is the depth of the potential well of the strong interaction of
nucleons in a nucleus, k,;. is the virial coefficient determining the share of the
kinetic energy that contributes to the binding energy. The value of U can be
calculated in the Fermi-fluid approximation, U.sf = 58 MeV (see, e.g., [10]).
In this case, the coefficient c3 reads

L (3m20%) /% 21/3
T3 m, 4 (

It is seen that the negative contributions to the binding energy decrease,
as the mean density of the nuclear substance ~ pp,.2/® decreases. Therefore,
the appearance of fractal structures in the nuclear matter (related to the en-
hancement of correlations) decreases its mean density and, hence, increases the
binding energy of a nuclear structure. We choose k,; so that the binding en-
ergy of the known “drop-like” nuclei is maximally exactly approximated. With
regard for the geometrical properties of fractals (see relation (3) for the density
of nuclear clusters), the above-presented relations yield finally the contribution
of the strong interaction in the form

27\?
BSt'rong ~ (CO —C3 (1 - A) > A7 (17)

4£71) 41,1)
co ~ 58.4—42.6<A) Dy 3) |, 03%23.7( A> Dy 3)

L) (16)
mMp

str str
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It follows from (17) that, indeed, the appearance of fractal structures in
the nuclear matter (related to the enhancement of correlations and to Dy < 3)
decreases its mean density (in correspondence with (3)) and, hence, increases
the bulk contribution of the strong interaction to the binding energy of a nuclear
structure. As Dy — 3, the contribution of the strong interaction tends to the
bulk contribution in the ordinary Weizsécker formula (1).

Since the nuclei are finite systems, there exists also the contribution of
the strong interaction related to a great inhomogeneity of a distribution of the
nuclear matter near the boundary of the system (surface energy of a liquid drop
Wours (A7 pnuc)) [10]

Wsu’r’f (A7pnuc) = /)\N (pnuc)(vpnuc)QdBr-

For a step-like distribution, this contribution has naturally the form pro-
portional to the surface area: Wiy, (A) = 0 S (A) ~ ¢;A%3. Here, the ex-
perimental value of the coefficient of surface tension o amounts to about 1
MeV/fm2. The fractal structure of a nucleus causes, naturally, a change of the
surface of a nuclear structure in agreement with formula (6) for the area of a
cluster. With the use of the properties of the fractal geometry, we obtain

BSU’Tf (A’ AStT’ Df) =-0S (Aa Astr7 Df) ~ -0 (A7 Astm Df) A2/3a

1 1
D, 3 18)
A 2( ) (
a (A;Astf)ms.m() Dy 3).

str

Relations (18) imply that the fractality of a nuclear structure leads to an
increase of the surface area (increase of the negative contribution to the binding
energy) and, hence, to a decrease of the total binding energy of a cluster.

It is natural that the Coulomb energy of protons in a nucleus is ex-
pressed in terms of the nucleon distribution density and the Coulomb potential

Z
Ug (r,Z) = z2e For the drop model, the calculations are trivial:
r

1 Ze
WQ (A7 Za pnuc) = 5 / UQ (T — T, Z) jpnuc (Tl) dsrl

3 e? 72

It is obvious that the influence of the fractal geometry on this contribu-
tion is manifested in its decrease due to an increase of the size of a nucleus.
With regard for the dependence of the radius of a fractal cluster on its fractal
dimension, we obtain the relation

3ezz-y o Z(Z-1)
5Ra(AZ, D) 2 AB
( 1 1) (19)

A-[5-3

C2 (AaAstr,Dj)%07]_<A> Df 3 .

str

BQ (A,Z;Astr,Df) = —WQ =
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The fractality of the structure causes the increase of its external radius, the
decrease of the modulus of the negative contribution of the Coulomb energy to
the binding energy of a cluster, and, hence, the increase of the total binding
energy.

Finally, we arrive at the modified Weizsacker formula for the binding
energy of a nuclear cluster with the mass number A, charge Z, and fractal
dimension Dy, which is built of nuclei with the mass number A, as the
ordinary Weizsicker formula (1), but with the coefficients cg,c1,ce, and cs,
which are functions given by relations (17)—(19), rather than constants. Thus,
a variation of the structure of a nuclear cluster leads to a change of the binding
energy and the conditions for the stability of nuclear structures.

4 Stability of nuclear systems with different
structures

The energy of a nuclear system depends usually only on the number of protons
and neutrons in the system. The stable states of nuclei satisfy the conditions
of positivity of the binding energy B, In this case, the condition of connectivity
of neutrons and protons holds automatically, i.e., the relations

ow ow
o= (), <0 = (Gz), < .

where p, and p,, are the corresponding chemical potentials of the nuclear sys-
tem, are valid. These conditions ensure the existence of a potential “well” by
the parameters of the system, so that the most stable states are on the bottom
of the potential “well” and are determined by the conditions for the appropri-
ate potentials to be zero (derivatives of the binding energy with respect to the
relevant parameters). For nuclear fractal clusters, the fractal dimension turns
out to be a thermodynamical parameter. Therefore, the most stable nuclear
structures are determined by two drip lines:

OB (A,Z,D;)/0Z =0, 0B (A,Z D;)/dD;s = 0. (21)

The first equation yields the analytic formula for the drip line (which corre-
sponds to the equilibrium relative to S-processes):

(53))
Zu(A,Dy) = A 2+0.015A2/3<A) Dy 3 . (22)

str

To find the analytic solution of the second equation in (21) is a very
difficult problem. Therefore, we find its solution numerically on the drip line
(22) and obtain approximately:

Dy (A) = 2.306(1g(A))" 4. (23)

The drip line (23) indicates the increase of the degree of saturation of sta-
ble nuclei by neutrons due to the appearance of spatial structures in a nucleus
(and a decrease of the mean density of the nucleus for those structures).
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In Fig. 3, we present the dependence of the fractal dimension of a nuclear
cluster on its mass number on the drip line, and Fig. 4 shows the dependence
of the mean density of the nuclear matter on the mass number on the same
line.
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Fig. 4: Dependence of the mean
density of the nuclear matter on the
mass number on the drip line.

Fig. 3: Dependence of the fractal

dimension on the mass number of

a nuclear cluster on the drip line.

Points are obtained by the numeri-

cal solution of the system of equa-
tions (21)

With the use of the drip line (23), relation (22) yields the dependence of
Z/A for a stable nuclear structure on its mass number. This dependence is
shown in Fig. 5.
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Fig. 5: Dependence of the rela-
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cluster).

Substituting the modified line of S-stability (22) and relation (23) in (1)
with regard for (17)-(19) for the binding energy, we obtain the dependence of
the specific binding energy on the mass number. This dependence is shown in
Fig. 6. It is seen that the binding energy of stable fractal structures is, firstly,
always higher than that of stable structures in the form of liquid drops, and,
secondly, the region of stability of nuclear structures becomes wider.

It is necessary to consider the stability of nuclear systems not only rela-
tive to the balance of neutrons and protons in a nucleus, but relative to the
processes of fission of nuclei. The process of spontaneous fission of a nucleus
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is hampered by the presence of a potential barrier in the space of parameters
which characterize a deformation of a nucleus; the fragments must pass through
this barrier prior to their full separation [8].

In the model of a liquid drop, the fission of a nucleus should be preceded
by some deformation. Firstly, an increase of the deformation is accompanied
by an increase of the energy of a nucleus. At a deformation of the surface
(proportional to a small parameter €), the Coulomb energy tends to further
increase the deformation (by pushing apart the perturbed sections), whereas
the surface tension of the drop, which is defined as the derivative of the surface
energy, tries to return the spherical shape to the drop. In this case, the energy
of a deformation AW =~ (1/5) (2c142/3 — ¢2Z22A~1/3) €2 The condition for

the absence of decays on the drip line (positivity of the deformation energy)
2

2

can be presented in the form - T and gives the following relation for the
2

limiting value of the mass number Ay:

(53))
Ay 2+0.015A§/3(jb> Dy 3 — 50. (24)

str

The stable nuclei can be observed in the region of mass numbers A <
Ap. The appearance of a structure in the nuclear matter increases sharply its
stability. Large nuclear structures with a sufficiently low density become stable
also relative to decays, which is well seen from Fig. 7.

If the conditions of positiveness of the binding energy and the energy of
excitation of surface oscillations are satisfied simultaneously, it is possible to
determine the boundaries of stability by mass numbers at the given charge of a
nucleus. The result of calculations is shown in Fig. 8. The value of mass number
for a cluster with the optimum structure and with the maximum binding energy
lies between these curves.

The boundaries of stability by the fractal dimension are shown in Fig. 9
as functions of the mass number of a cluster. On the same figure, we show the
optimum dimension of such giant fractal clusters.

Work [18] reported on the discovery of stable isotopes of Thgy with the
mass number 292, which were interpreted as superheavy elements with a charge
of 122.

The analysis of Figs. 3, 7, and 8 allows us to propose another interpreta-
tion: the observed isotopes are, quite possibly, fractal isomers of nucleus Thgg,
whose large mass number is related to the increase of the number of neutrons
in them due to a low mean density of such nuclei, for example, to the formation
of spatial structures with the fractal dimension Dy ~ 2.1 (quasibubble nuclei).

The possibility of the existence of stable nuclear clusters with the mass
composed of tens of thousands of nucleons with a binding energy of about 1
MeV per nucleon and with the sufficiently low stability to the excitation of
their surface (i.e., with the possibility of a decay induced by external physical
actions) allows us to hope that such processes can release significant values of
energy. As a result of the experiments on the self-organizing nucleosynthesis in
solid targets with the use of hard-current diodes with a special construction [19],
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a number of processes apparently related to the induced decay were registered
in [20, 21].

For example, with the help of track detectors [22] positioned near the
region, where the self-organizing nuclear processes are running, was registered
the system of tracks of 276 nuclei of lithium and 276 nuclei of helium with an
energy of about 1 MeV per nucleon, which escaped from a single center (Fig.
10.).

The appearance of such tracks can be a result of the spontaneous decay
of a giant nuclear cluster of monomers (lithium and a-particles) created in the
coherent nuclear processes:

19000 16240

ADf=2.69 = 500 ADf=2.69 + 276 éHe + 276 gLZ + Wi.

1580

We now clarify the above-used designations. The giant nuclear clusters
are superheavy nuclear structure, whose composition includes two components:
the coherent one in the form of nuclear “threads of a web” with the fractal

2,64

2,44

2,0 T T T T T T 1
0 10000 20000 30000 40000 50000 60000
A

Fig. 9: Dependence of the limiting values of fractal dimension of a nuclear cluster on
the mass number. Middle curve corresponds to the dimension of the cluster with the
maximum binding energy.
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Fig. 10: Pattern of the filling of the detector by tracks with a “giant” cluster of

276 tracks (a); an individual fragment of the pattern (b); the diagram of track direc-

tions (c¢). Mean energy per particle in the cluster (lithium or a-particle) is of the order
of 5 MeV.

dimension Dy (its value is given below on the right) formed by monomers
with the nuclear density and the noncoherent component. The latter is a
structureless part in the form of a nuclear fluid with a relatively low density,
where nuclear “threads of a web” are positioned.

The nuclei of lithium and a- particles registered in a track detector are
monomers, from which the coherent component (276 3He + 276 $Li) is con-
structed. Together with the nuclear fluid, the nuclear cluster is the structure
with the mass number Acl ~19000, Zcl ~ 1380, and Dy =~ 2.69, which is de-

noted by EZEOA Dy=2.69- It has a radius of about 45 fm and the stability reserve

AW <0.5 MeV/nucleon. The kinetic energy released due to the decay, Wi,
ensures an energy of the order of 1 MeV per nucleon for outgoing fragments.
The cluster , = Ap,=2.69 formed after the decay has a higher specific binding

o 19000 .
energy per nucleon, than the initial structure _ = Ap,=2.69 due to the optimum
density of protons in the cluster (see relations (22)—(23)).

The experiments performed much more earlier revealed some anomalies
of tracks in nuclear emulsions (see, e.g., [30]), which can be considered as the
registration of fractal isomers in the form of quasibubble nuclei with Dy =~
2.01, A ~ 60, radius of about 10 fm, and the stability reserve of about 4
MeV /nucleon.

It follows from our studies that there exist the stable nuclei with a high
concentration of neutrons and a high binding energy. Therefore, we need to
consider the possibilities and the means of creation of stable nuclear structures
different from nuclear drops and the set of types of the evolution of multiparticle
systems to their equilibrium states.

The solution of this problem is difficult and is far from the completion.
However, it is quite obvious that the creation of such superheavy nuclei by the
fusion of low-mass nuclei moving with ultra-high energies in direct collisions is a
low-efficiency improbable process due to a great excitation of the intermediate
nuclear system formed in such collisions.

Works [21, 23-24] proposed a new class of nuclear processes, namely the
collective coherent nuclear reactions, which do not require high energies for
their realization and occur due to the appearance of long-range correlations in
dynamical systems of nuclei with a variable structure. The new synergetic ap-
proach to nuclear processes comprehensively presented in [21] is based on such
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synthetic sciences as the theory of control, self-organization, nonequilibrium
thermodynamics of open systems [25-27], and the theory of fractals [17].

The conception of self-organizing synthesis is based on the quite general
ideas of a structure of systems and on the comprehension of the fact that the dy-
namical systems of any nature are not solidified, but “alive” formations reveal-
ing the target “behavior”. Moreover, their existence is continuously connected
with their evolution. According to the conception, the whole observed variety
of dynamical systems with various structures is a product of the evolution of
the sets of interacting particles on the way of seeking such optimum structure
of the system, which would correspond the highest stability and, hence, the
largest chances to survive under dominating (i.e., most regular and/or most
intense) external actions due to the improvement of the own internal structure.

The conception of self-organizing synthesis, like the scheme of inertial
synthesis, considers a nonlinear wave propagating in a medium. In this case,
the leading edge of the wave separates naturally the regions of a “fuel” entering
into the wave and products of the combustion remaining behind the trailing
edge. It is shown in [20, 21] that the analysis of a dynamical system formed
by particles of the substance involved in a nonlinear wave leads to the general
conclusion about the existence of a possibility to initiate the processes of self-
organization in this system, which result in the synthesis of elements due to
the “life activity” of the evolving system on the way from its creation to the
decay.

By this conception, the realization of any scenario of the synthesis of ele-
ments is a collective process or a coherent nuclear reaction, in which a macro-
scopically large number of nucleons takes participation. A great number of
“participants” of such a process corresponds to a huge amount of possibilities
to realize the synthesis in the region of stable nuclei (it is proportional to the
number of partitions of a very large integer into integer parts) with a minimum
number of particles of a “superfluous” building material.

Book [21] contains a comprehensive description of base positions of the
conception of self-organizing synthesis of nuclei and the great array of experi-
mental results obtained as a result of the implementation of one of the scenarios
of realization of the conception.

One of the most descriptive models of coherent nuclear reactions is the
model of the filtration of a flux of initial nuclei through the growing macro-
scopic nuclear fractal cluster in the form of a moving and evolving shell of the
electron—nucleus plasma.

The shell originates, when the correlations attain a critical level at some
optimum density, which increases in the course of the evolution of the shell. The
growth of the shell density occurs, because a part of the substance of a medium
(through which the shell moves) enters the shell structure on its leading edge,
whereas a part of the shell evaporates from the trailing edge (relative to its
motion; see Fig. 11.).

The growth of the shell density is accompanied by a variation of its internal
structure, the approaching of the fractal dimension to 3, and a decrease of the
stability reserve up to the destruction of the shell and the formation of its
fragments with various masses, i.e., up to the synthesis of a spectrum of nuclei.
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Fig. 11: Moving fractal shell in the form of a nuclear fractal membrane which filters
the medium substance with the formation of new nuclei on the trailing edge of the
wave-shell.

It is worth noting that the values of fractal dimension of a nuclear clus-
ter (2.46 £+ 0.05) presented in Fig. 3 correspond to the typical values of the
dimension of clusters growing in the three-dimensional space, which are shown
in Fig. 2.

If a cluster is created by the successive attachment of individual particles,
its fractal dimension can be determined by the minimization of the free energy
of the cluster within a simple model [28]:

4D, +d(2D,, — 4) + 5d

D
f 5D, — 4+ 5d

(25)

Here, D, is the fractal dimension of the trajectories of particles, and d is the
space dimensionality. For a Brownian trajectory with the dimension D, = 2
in the three-dimensional space, we obtain D; = 2.5, which is close to the
dimension of nuclear clusters obtained by us from the condition for the binding
energy to be maximum (see Fig. 3).

5 Fractal dipole resonance

The variation of the surfaces of giant charged nuclear clusters (their oscillations)
leads, naturally, to the emission. For ordinary nuclei, the emission (giant dipole
resonance) can be easily estimated in the approximation of drops of a charged
fluid [7, 8]. Let us use this drop model for the estimation of the emission of
fractal clusters. We denote a displacement of the surface of a cluster along
the radius at a point (¢, ) by & (9, ¢) = & (9, ¢) sin (wt). The density of the
nuclear fluid can be considered constant, pg, and let only the form of a nuclear
cluster vary. Let the z-axis coincide with the polar axis ¥ = 0. The quadrupole
moment

Z R+£0(19,<P)

cdry = / didpsin (9) / dr 122 cos (9) sin (9) cos (). (26)
’ R—§

The dependence of a displacement of the surface on the angles &y (¥, )

is described by the expansion in spherical modes (in spherical functions). The
lowest nonzero mode is described by the expression

& (9, ) = beos (9) sin (F) cos (¢) .
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Therefore, the quadrupole moment (26) can be written as follows:

ZR2 Z R?

156

b/d(pCOb <,0)0/d19cos2 (9) sin® () = b. (27)

The conservation of the sum of the potential and kinetic energies of sur-
face oscillations implies that the dispersion law of oscillations for the minimum

3
1 A, D
frequency is given by the relation w? = 8(R> (M) In the first ap-
p

proximation (without a consideration of the distributions of protons and neu-
trons separately), the main contribution to the emission of surface oscillations
is made by the quadrupole emission, whose intensity

WG
I=¢? <4C5> 2, (28)

The emission line width I', is equal to the product of A by the number of
emitted quanta:

1 ol fwn\5 ,
Using the dependences of the geometrical parameters of clusters on their dimen-

sion and the density, we can obtain the following dependence of the emission
frequency of nuclear systems on the mass number, and the fractal dimension:

oz 1/2 —
w = k3/2 Os (pAv 6) A s ~ \/g Os (pA7 6) A s
PA Astr R3/2 PA Astr '

(30)

In Fig. 12, we present the dependences of the emission frequency of nuclei

due to the excitation of their surface on the mass number for ordinary nuclei
and nuclei with the fractal structure.
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Fig. 12: Dependences of the emission frequency of nuclei due to the excitation of
their surface on the mass number for ordinary nuclei (upper curve) and nuclei with
the fractal structure (lower curve).

Since fractal structures are larger than liquid drops with the same mass,
the emission frequencies of the former are significantly less, and the depen-
dences of the emission frequency on the mass number are different. The exper-
imental observation of the dipole resonance of fractal structures will allow one
to determine the fractal dimension of nuclei and to classify structural nuclear
isomers of the fractal type.
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6 Fractal Thomson atoms

In the Nature, the charged nuclei capture the corresponding number of electrons
and become the electrically neutral atoms. It is clear that the formed atoms
can be stable (in the assumption of their planetary structure), if the radii of
the electron orbits closest to the nucleus are larger than the nucleus radius
R (An; Asir, Dyp):
ag
Z (A, Astr, Dy)

This relation between the radii determines, in fact, the boundary of the
Periodic Mendeleev table for the mass numbers of elements Ays. Relation (31)
yields easily the estimate of the parameters of the limiting fractal nucleus: A, ~
52000, the charge Z); ~ 1180, fractal dimension Dy = 2.46, specific binding
energy per nucleon is of about 30 MeV, and size R ~ 90 fm.

For nuclear systems with large mass numbers (A > Aj;), the quasista-
tionary electroneutral formations will have the form of stable structures of the
electron — nucleus plasma, rather than the planetary atoms. In other words,
we may say that they will have the form of fractal Thomson atoms.

For the large values of mass numbers, A > Ay, the fractal elec-
troneutral formations of the electron—nucleus plasma contain obligatorily the
contribution of electrons. Their contribution to the energy of the degenerate
electron Fermi-fluid can be presented with regard for the quasineutrality as a
function of the density nuclear matter as follows:

2 Rstr(AM/AstT)_Df~ (31)

3 7 4/3
We (A, Z; D) = 10 x§/3 (A; Dy) (A) . (32)
The binding energy of such formations differs from the binding energy
of nuclei by the contribution of the electron Fermi-fluid. The density of the

energy of such formations takes the form

Wnuclei (A7 Za Ip)

Z
=Zp <(Mn +c3 700) — (Mn 7Mp+463)*

Sir A
Pst , , (33)

1 VA Z Wei

ta Al/3 + R +des A? + Dstr

The limiting Fermi energy of electrons increases with the substance den-
sity. Starting from the density which satisfies the condition

Zee > (Am, — M (A, Z)) &2,

we obtain the possibility for the generation of stable free neutrons under condi-
tions of thermodynamic equilibrium in the reactions (4, Z) + Ze — An+ Zv,.

The requirement of a minimum of the internal energy w (p, pn, A, Z) of the
nuclear matter with the mean density p, density of free neutrons p,,, and density
of free electrons p. under the condition of quasineutrality p. = 1 (p—pn)

yields the equations

Ow ) (5‘11))
ow 0, ow —0. (34)
<8pn pAZ 0z pypn ;A
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With regard for (25) after the differentiation with respect to Z and A, the
conditions of equilibrium (34) yield the equations

. Z o C1 1/2 1 .
Yp = A (202) ﬁ, (35)

25 \/° e \? 1 AN
Tp = (Mn - Mp +4Cg) ( 1 A) -2 <202> (403141/3 + C2A / ) @

Thus, every density of nucleons corresponds to a single stable nucleus
with A (p) and Z (p). It follows from the solution of Eqs. (35) that the mass

number of a stable nucleus tends to the limit A = 56, as the density decreases.

Z 26
In this case, 1 — —. The energy density in the electron—nucleus plasma

with regard for neutrons is as follows:

P = Pn 3 7 4/3
w= P (A= 2) Myt Z My = B (A, 2)) + po W o G (0= p0) )
3 a?
Wy & pn <Mn + = o pi/3> . (36)
The conditions of equilibrium take the form
2M, 3/2 1 _ 2cic3 1 3/2
( a2 ) ((03 —co) + 50114 13 _ 7012 2 A> = Tn, (37)

1 9 1/2 3
- <02> ((Mn — Mp + 403) A1/6 —V 26102A1/3 - 863 201141/3)

a\ ¢ Cy
+x, =x, (38)
These equations allow one to calculate A and z,, for the given value of
density x,. As the density increases, the nucleus can be broken down. The

threshold value of the ratio y;nstap = — can be estimated from the requirement

that the binding energy of nuclei be zero (see Fig. 11):

2¢3 — \/4c§ - (463 + 02A2/3) ((33 —co + clA—1/3)

deg + cpA2/3 (39)

Yinstab =

The plot of this function is shown in Fig. 13 together with the plot of
Yst = 4 /;—1A_1/ 2 for the most probable (stable) nucleus. The intersection of
C2

these plots determines the mass number of the most massive stable drop-like
nucleus. In Fig. 14, we show the dependence of the mass number of the most
probable nucleus on the logarithm of the mean density of the nuclear matter.

It is seen that the mass number of the most stable nucleus depends weakly
on the density of the nuclear matter up to high densities and is equal to 5660,
but then it grows very rapidly.
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Fig. 13: Dependence of the quan- Fig. 14: Dependence of the mass
tity y = Z/A on the mass number. number A of the most stable nu-

cleus on the density of nucleons.

Conclusion. Potentialities of the energy release
in nuclear processes.

In the framework of the conception of self-organizing synthesis of nuclei, we have
introduced new important notions and presented some results, which would be
applied in many fields of science and technique.

We have shown the efficiency of the use of such new states of the nuclear
matter as the electron — nucleus plasma with strong correlations and the nuclear
gel (cluster condensate with the fractal structure). As a result of the performed
studies, it becomes clear that the fractal geometry in the Nature is spread onto
the nuclear scale. Together with the mass and charge numbers, the nuclear
structures are characterized by such fundamental parameters as the fractal
dimension, correlation indices, and critical indices.

Based on the geometrical and physical relations involving the fractal ge-
ometry of a cluster structure and the Fermi statistics of nucleons, we have
executed the estimates of the binding energy of fractal nuclear structures, pre-
dicted a high stability of superheavy nuclear clusters and their high binding
energy, and obtained a generalization of the Bethe-Weizsacker formula for su-
perheavy fractal nuclear structures.

The expansion of the notions of the fractal geometry onto nuclear struc-
tures allows us to understand that the potentialities of nuclear processes and
technologies as sources of energy are significantly greater than those considered
in the modern nuclear physics. The conception of self-organizing synthesis leads
us to the global conclusion that the future nuclear technologies will be based
on multiparticle collective processes of synthesis-fission (coherent nuclear reac-
tions) with a given energy directedness in a dense coherently correlated plasma
(cluster condensate), rather than elementary two-particle collision nuclear re-
actions with overcoming the Coulomb barrier.

In order to develop the efficient technologies of the release and the accu-
mulation of the nuclear energy, it is necessary to master the control over the
self-organization of an internal structure of nuclei and their deformations. The
main laws of the self-organization of nuclear structures and the methods of
control will be considered in our future publications.
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MHOTOKOMITIOHEHTHBIE CJIVYANUHBIE CUCTEMBI

P. A. Munaoc

Ot penmaknun. Penakuusi >xypHasia o6parniiach K PYKOBOJUTEJIO BCe-
mupHO u3BecTHOM Jlobpyenckoit maboparopuu Nucruryra IIpobaem Ile-
penaun Madopmanun PAH Pobepry Anonbdosuay Munmiocy ¢ npocs6oit
pacckKa3aTb O HayJIHOM HallpaBIeHHH paboTol JabopaTopun, Hanbosee 3Ha-
YUMBIX Pe3yJIbTaTaX, MOJIyYeHHbIX COTPY/IHUKAME JabopaTopu, O TOM, Ka-
KYIO POJIb HI'DAeT CErOAHs MaTeMAaTHKa B Hayke B IejoM. Jlannas myo6su-
Kallusl [IPEJICTABIISIET OTBETHI Ha 9TU BOIIPOCHL.

MHOroKOMIIOHEHTHBIE CJIyYaiiHble CUCTEMbl, — HANMEHOBAHUE OJHON 13
ocHOBHBIX TeM Jlobpymrenckoit maboparopun NIIIIN. HanmenoBanue — kpaii-
He ynadnoe u eMkoe — Ob1a0 BBegeno P.JI. Jlo6pyureHbiM 1 00beIuHsgeT MHO-
rue HAPABJICHUS, U3yJaonue «OO/IbIMey CACTEMBI, T.e. CUCTEMBI C OOIBITIM
(B naease GECKOHEYHBIM) YHMCJIOM JIEMEHTOB. B KadecTBe IPUMEPOB TAKUX CH-
CTEeM MOYKHO YKa3aTh MOJIEJIA CTOXACTUIECKON (DU3NKM MU KBAHTOBOI TeOopuu
I0JIsI, CHCTEMBI CeTell CBSA31, MOJIEJIN TOIMYJIATIMOHHON TeHETUKH, SKOJIOITIECKIEe
MOJIEJIH U JIp.

Ecau roBoputh 06 OCHOBHBIX OCOOEHHOCTSX ITON HAYKHU, TO CJIEIYET MPU-
BECTH XapaKTEPHBIE Y€PTHI KAK CAMUX MHOTOKOMIIOHEHTHBIX CUCTEM, TAK U IIPH-
HATBIX [IOJIXOJIOB K UX M3ydeHHIo. [1aBHasi 0COOEHHOCTh TAKMX CHCTEM IIPOSIB-
Jisgercs (IIpU HEKOTOPBIX YCJIOBHUAX) B UX «KOJIJIGKTHBHOM» IIOBEJICHUU, BO3HU-
KAIOIUM U3-33 CUJIbHOW CKOPPEJIMPOBAHHOCTH BCEX IJIEMEHTOB CHCTEMBI. JTO
MPUBOJIUT K TaKUM, HAIPUMED, SBJIEHUSIM KaK (ba30Bblil IEpexo/l, KOrua Ipu
HE3HAYNTEJbHOM M3MEHEHU! [1apaMeTPOB CUCTEMBI OHA IIPETEPIIEBAET PE3KYIO
KAYeCTBEHHYIO TIEPECTPONKY CBOErO COCTOSTHUS.

Jpyrast BaxKHast depra OOJIBIINX CHCTEM, CBA3aHHAs YKe CO CIIOCOOOM UX
ONHMCAHUS U HCCJIEIOBAHUS, COCTOUT BO BBEJECHHE B 3TO OIMCAHHE BEPOSTHO-
CTHBIX MIPEJICTABJICHUIA. DTa UJes, BIIEPBhIE MOSBUBINAACS B paborax Bosbmva-
na, Makcsesura n ['ubbca, npeiaraeT BMECTO TOTO, 9TOOBI JIETAJILHO CJIEIUTD
3a IOBeJIEHNeM KarKJOi OTNEJbHON KOHMUIYPAIUU JIEMEHTOB CHCTEMbBI, BBe-
CTH TIO OIIPE/IEJIEHHOMY IPABUJLY PACIIPE/IEICHIEe BEPOATHOCTEH HA COBOKYITHO-
CTH BCEX TAaKUX KOHMUTypaIuil, 1 U3y4aTh y»Ke CBOWCTBA 9TOTO Paclpe/ieie-
HUS ¥, B YACTHOCTHU, €r0 IBOJIOIUIO CO BpeMeHeM. Takoil mojaxoj m30aBiiseT
HaC OT OFPOMHON M MPAKTUIECKU HEIOCTYIHON YesIOBEKY MH(POPMAINN, C KO-
TOPOl IPHUILIOCH OBl ONEPUPOBATH IPH HMHJINBUJIyAJHbHOM U3YUE€HUH KayKJON
kondwuryparuu. IIpu sTom spBUHAS Y9acTh Takoil MHMOPMAIMKA OKA3BIBAETCS
6ecIIoIe3HO, ecIM HAC WHTEPECyeT IOBEJIEHNE CUCTEMBI «B IEJIOM», T.€. I0-
BeZieHUE ee HanboJiee BEPOATHBIX (OTHOCUTEIHHO BBEICHHOTO PACIIPEIC/ICHUS)
KOHUryparuii. . .

Eme onna BakHas ycTaHOBKA BCEX MATEMATHIECKUX HCCJIEIOBAHUI MHO-
TOKOMIIOHEHTHBIX CHCTEM COCTOUT B cJjejylomieM. VlcxojHast cucrema BCerjia
KOHEYHa — COCTOUT 13 N 3JIEMEHTOB M HCXOJHOe ee omnmcaHue (IpOCTpaHC-
TBO KOHMUTrypaIuii, pacupese/ienne BePOSTHOCTEH HA ITOM IIPOCTPAHCTBE U
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T.JI.) [IPHUCIOCOGJIEHO UMEHHO K 9TOMY KOHEYHOMY CJIydai0. 3aTeM — IIOCKOJIb-
Ky N Bce-Taku BEJIMKO — JIJIsi MHOTUX BEJIMYWH U COOTHOIIEHUHN, XapaKTePU3y-
FOIUX COCTOSTHHE KOHEYHON CHCTEMbI, PACCMATPUBAIOT MX ACCUMIITOTUKY IIPU
N, crpemsimemMcest K 6eCKOHEYHOCTU (ITOT IIPEIeJIbHBIN ePeX0/] HA3bIBAIOT Tep-
MOZMHAMMYECKUM [ePeX0JIoM). FCTeCTBEHHO BO3HUKAET MBICAH O TOM, YTOOLI
IOCTPOUTDH HEKYIO HICAJM3UPOBAHHYIO IIPEJIETBHYIO CUCTEMY € OECKOHETHBIM
9UCJIOM JJIEMEHTOB, T.€. MPEJEIbHOE IIPOCTPAHCTBO UX KOHMUIYpAIUi U 1Ipe-
JeJIBHOE PACIIPE/IeJIEHNEe BEPOSTHOCTE HA HEM, TaK, YTOOBI ACHMIITOTHIECKUE
3HAYEHUsI TeX WJIN WHBIX BEJINYWH, BHIYUC/ISEMbIX JIJIsi KOHEUYHOI CHUCTEMBI, COB-
[1aJIl C COOTBETCTBYIONIUMU 3HAYEHUSIME, BEIYUCIEHHBIMU YK€ JJIsl IIPeIeJIbHON
cucteMbl. B OOIBITIHCTBE MATEMATHIECKUX PAOOT TI0 MHOTOKOMITOHEHTHBIM CH-
cTeMaM 3TO IIPEJIeIbHOE 00pa30BaHUe TaK WJIN MHAYE IIPUCYTCTBYET.

Yro KacaeTcss KOHTPETHBIX HAIIPABJIEHUN U T€M U3 TEOPUU MHOI'OKOMIIO-
HEHTHBIX CHCTEM, KOTODBIMHU 3aHUMAIOTCS B HaIeil J1abopaTopun MOCIeTHUN
TOJIBI U MIOJIyYEeHHBIX PE3yJIbTaTaX, TO sl XOUy OCTAHOBHUTHCS HA, CJIEILYFOIIMX:

Cmamucmuveckas gusura. VccienoBaaucs mnpee/ibHbie THOOCOBCKHE I10-
JIsT HA PEIeTKe [IJIsi HEKOTOPBIX CJIOYKHBIX MOJEJIell; n3yJIasics MOJEJIbHBIN Me-
XaHU3M (DOPMHUPOBAHUSI U POCTa KPUCTAJLIOB; OBLJIN OMMCAHBI U KJIACCU(DUIIM-
POBaHbBI CBSI3HBIE COCTOSHUS TpaHCcheP-MATPUIL JJIS ABYMEPHBIX U TPEXMep-
HBIX DPENIeTYATHIX CIIMHOBBIX MOjeJell; ObLIa BBIYUCIEHA BBICOKOTEMIIEPATYP-
Hasl aCUMITOTHKa yOBIBAHUS KOPPEJSIIANA MEXKIy JTAJIEKO OTCTAIONMMUI JIPYT
OT Jpyra cumHamu B Mopesnn V3unra.

Modeau xsarmosotl meopuu noas U K6AHMOBOT Meopul meepdozo meaq.
3rech ObLIN U3y4YeHbl HUYKHUE BETBU CIIEKTPA FAMIJIBTOHUAHOB B CJIEIYOIIAX
Mozensx: Mozensb [laynmu-Pupra (Mo;Leﬂb aﬂeKTpOMaFHeTI/BMa); moesib Hejib-
cona (KBaHTOBas YaCTUIA B 6€3MacCOBOM GO30HHOM IIOJIE); MOJEJIb IIOJISIPOHA
(371eKTPOH B GO30HHOM 110J1€); MOJIE/ b CHUH-0030Ha (€IUHUIHDIH cliMH B GO30H-
HOM moJie). Bo Bcex 3TUX MoJiesisix ObLIN IOCTPOEHBI OCHOBHBIE COCTOSIHUS W
HZKHEE (OJHOYACTHDBIE) BETBU CIIEKTPA BO30YKIEHUII.

Teopus cemeti ceasu. JLjst DOIBITNX ceTell CBSI3U MCCIIEI0OBAJINCH BOIIPOCHI,
CBsI3aHHBIE C T.H. IIyACCOHOBCKOI I'MIIOTE30# O TOM, YTO IIPU HU3KO HArpys3Ke
ceTu ee JIeMEHTHI (CepBepbl) I0YTU HE3ABHCHUMBI. DTa TUIOTe3a ObLIa Ieii-
CTBUTEJILHO MTOTBEPKICHA U, CBEPX TOr0, OBLJIO YCTAHOBJIEHO, UTO JJIsI CJIydasi
BBICOKOI HArPY3KM ¥ HEKOTOPBIX KJIACCOB Iellell BO3HUKAET CHJIbHAs KOPpeJIs-
s MEXK/y dJIEMEHTaMU, UTO IPUBOJUT K KOJIEOATEIHLHOMY PEXUMY B pabore
ceTr. DTa KapTUHA aHAJOTHYHA SBJICHUIO (DAa30BOrO Mepexoia B (hu3mKe.

Cmozacmuveckue dunamuru. Iloj croxacTuuecKol JMHAMUKON OOBIMHO
MIOPA3yMeBAIOT KaKOW-HUOY/Ih MapKOBCKUT MPOIECC, MMUTHPYIOMIMI TaK WJIN
WHAaYe OMPEIEeICHHYIO JeTePMUHUPOBAHHYIO IMHAMUKY OOJIBINOH cucteMbl. By-
JIyYIU YAA9HO MOMOOPAHHBIM, 9TOT MAPKOBCKHII ITPOIECC XOPOIIO YIaBJIUBAET
CBOMCTBa COOTBETCBYIOMIEH TeTEPMUHUPOBAHHON TUHUMUKU. BOT TpuMephI CTO-
XaCTUIEeCKUX NUHAMUK, M3y JIABIIUXCS B HAIEH J1ab0paTOpun:

— CTOXaCTUYECKUE JTUHAMUKY J1J1si GECKOHETHOTO HeH1eaJIbHOTo ra3a. Ham-
6oJiee TIPOCTBHIM U XOPOIIO HM3YYEHHBIM SBJISIETCH T.H. <IIPOIECC DPOXKIEHIUSI-
rubesii», B KOTOPOM YACTHUIIGI MOTYT JIUIIb CJIyYaifHO POXKIATHCH B KAKOI-
HUOYJb TOYKE IIPOCTPAHCTBA M 3aTeM, OCTaBasiCh BCE BPEMsi B OJHOM U TOM
2Ke MeCTe, CJIy4YaifHO rmOHYyTh. BBIIN M3ydYeHbl CIEKTpaJIbHbIE CBOMCTBA I'eHe-
paTopa Takoi AMHAMUKN, ACHMITOTHKA yObIBAHUS KODPPEJIAINil B HEll U pac-
CMOTDEHbBI HEKOTOPbIE WX NPUMEHEHHs B CMEXKHBIX HAyKax (IIOIMyJIsAIMOHHAS
reHeTuKa, 3Kosorus). Psji MeTOIOB U IpUeMOB, BO3HUKINUX IIPH U3yYEHUH Ta-
KON JUHAMUKMN, YCIEITHO MPUMEHSIOTCS B TEOPUH 00pabOTKN M300parKEHMSI.
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— JIpyTroii mIpuMep CTOXaCTUYECKON JIUHAMHUKHN — 3TO T.H. IIPOIECC C 3a-
[peTaMy B HEIPEPBHIBHOM [IPOCTPAHCTBE ([IPezK e TAKOM IIPOIece u3yvasics Bee-
A JUisl peneTdarhix Mojeeit). Cienyer Takxke yIOMsSHYTh UHTEPECHYIO KOH-
CTPYKIINIO CTOXaCTUIECKON JUHAMUKH B IPOCTPAHCTBE OECKOHEYHBIX JHATDAMM
FOwura. [omy4aennbie 3/1eCh pe3yJIbTaThl TECHO CBSI3aHBI C TEOPUEN TIpeICcTaBIIe-
HUl GECKOHEYHOM CUMMETPUYECKO rpymbl. Kine oiuH npumep u3ydaBIieics
y HAC CTOXaCTUYIECKOH IMHAMUKU — MOJIEJb aBTOMOOMJIBHBIX IIOTOKOB BJIOJIb
nrocce (CTAIMOHAPHBI PEXKUM, BEPOATHOCTH IIPOGOK U T.11.).

Ipeoduneckas meopus. 31eCh JTOBOJBHO UHTEHCUBHO U3YYaJIUCh TaK Ha-
3bIBaeMble XaoTudeckrue nuHaMuku. 1log sTuM moHMMAOT TaKoOW KJIacc JuHA-
MHUYECKUAX CHCTEM, TPAEKTOPUU KOTOPBIX JIOBOJILHO T'YCTO TMOKPBIBAIOT BCE MPO-
CTPAHCTBO JIMHAMUYECKON CHCTEMbI U T€M CAMBIM IOJI00OHBI TPAEKTOPHUSIM CJIy-
YalHbBIX IIPOIECCOB.

Cremyer Tak e OTMETHUTD, YTO B HAIMEHl J1aDOpATOPUN PACCMATPUBAJINCH
cydJaitHble OJTy2KIaHUsI OJHON WJIM JBYX YaCTHUIl B CIydaiiHoil cpejie. Paccma-
TPUBAJINCH CIyIaHbIe OJTYKIaHN 110 d-MepHOI pernieTke Mpu PUKCUPOBAHHOIM
KOHMDUIYypauy CIy9aiiHoro moJs (cpejibl) Ha 9TO pelnerke, MEHAIOIIEHCs CO
BpEMeHeM.

JIJ1st TOSTHOTHI TIpeJicTaBIeHUsT 00 OOIeil MHOIOKOMITOHEHTHONH TEeMAaTUKe,
1 XOIy IIPUBECTH €IIe HECKOJIBKO CIOYKETOB, TPAIAIINOHHO IIPUIUCIAEMBIX K 9TO-
My HaIIPaBJIEHUIO, XOTs ¥ HE PACCMATPUBAEMBIX B HAIIEH JTaDOPATOPUU: PELYIIN-
POBAHHOE ONUCAHKE IBOJIIOIHN GOJIBIMNX cucTeM (YPaBHEHUs MHIPOJANHAMUAKY,
ypaBHeHue BosibliMana U T.11.); JeTePMUHUPOBAHHAS JTUHAMUKA GECKOHEUHO-
ro rasza; aHcaMOJIb CJIyYaflHbIX MaTpuil OOJIBIIOTO TOPSIIKA; TEOPUsl PEHOPM-
I'PYIIIBbI; UHTETPpUPpyeMble CUCTEMBbI MaTeMaTHUYIeCKOn CI)I/ISI/IKI/I7 CIIEKTpaJibHasd
TEeOpUs JIJIE CUCTEM CO CJIYUIAHBIM B3aUMOIEHCTBUEM.

PacckasbiBas o Harieit 1abopaTopuu, ee TEMATHKE U PE3yJIbTaTax, HeJIb3sl
HEe 00paTUThCA K UCTOPHUH, TaK KaK MHOMOKOMIIOHEHTHAsI TEMATHKA, JJabOpaTo-
pUM UMEET CBOMM MCTOKOM MHOTOJIETHIOIO PAOOTY CEMUHAPA I10 CTATUCTUIECKON
dusuke na mexanuko-maremarudeckoMm dakyaprere MI'Y (1962-1994 rr., py-
koBogmrenu P. JI. To6pymmH, P. A. Munioc, B. A. Maseiues, 9. T. Cunait). Ha
9TOM CEMUHAPE OBLIO TOJIYIE€HO MHOI'O IIEPBOKJIACHBIX PE3YJIGTATOB U BOZHUKJIO
HEMAJIO 3aMeYaTeIbHBIX KOHIEIWI 1 MOHATHI. 3/1eCh s MPUBELY TPU Ha MOU
B3IJIsIJ] CAMBIX CHJIBHBIX PabOThI, IIOJIyUYEHHBIX HA CEMUHADE 3a BCE BPEMSsI €0
cymiectBoBanus. IIpemenbioe pactpeaenenne I'nboca. B Havae cBoero paccka-
3a, s y2Ke€ TOBOPWJI O TOM, 9TO B PabOTaxX IO MHOTOKOMIIOHEHTHBIM CHCTEMAaM
cTaJjo obbldyaeM obpalaThCcsa K HEKOTOPOii peaeIbHol cucreMe. Briepsbie Takoii
10/1X071, OBLII IPEJIJIOZKEH B MIECTUIECATHIE TOIBI IPOIILIONO BEKA IIPUMEHUTETHHO
K MOJIEJISIM PaBHOBECHOI craTucTudeckoit pu3uku. B mambosiee mosiHOM Buze
oH ObL1 cpopmysmpoBaH B paborax P. JI. Jlobpymuna, O. Jlanadopaa u . Pro-
3JIs1 ¥ C TeX [op u3BecTeH 1o abopesuarypoit JLJIP. P. JI. [Tobpyiiun noapobHo
W3y9IUJI CBSI3aHHBIE C 9TUM TOIXO/IOM HMOHSITHS U KOHCTPYKIINA U UX PA3HOOOpa-
3HbIe puMeHeHusi. Teopust Ha3oBbIX mepexooB. Takasi Teopusi Obljia pa3BuUTa
C. A. Iuporoseim u ¢.T. CunaeM TPUMEHHUTEIBHO K HIU3KOTEMIIEPATYPHOMY
peIeTIaToMy ra3y YacTHIl ¢ KOHEIYHBIM YUCIOM COCTOSTHUN KaXKI0# OTIeIbHOMN
gacTunpl («KoHeIHbIH cimiy ). [locTpoeHnst 3Toi TeOpUM CyIIECTBEHHO UCIIO b=
3yeT T.H. KOHTYPHBI MeTOoJ, BliepBble puMmenenusrit P. Iaitepsicom u ycosep-
mencTBoBaHHbI B paborax P. A. Munsoca u ¢1. I. Cunast. B nanbreiinux pabo-
TaxX POCCUCKUX U 3apybeKHbIX aBTOpoB Teopust [luporopa—Cunast 6b11a 0000-
II[eHa Ha CJIy4ail cucTeM ¢ GECKOHEYHBIMU U JayKe HEIIPEPHIBHBIMU 3HAYEHU MU
cruuna. X0Tsl U CyIIeCTBYIOT pasHble 06xoubie (1 6oJiee MpocThie) METObI yCTa-
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HOBJIeHUsT Ha30BOTO Mepexoa, moaxos mo reopun Iluporosa-Cunas mo3Bosisier
MMOJIyYUTh MOJHYI0 KapTuHy 3Toro ssienus. «Kammsy Bymnbda. Pacemorpum
peleTyaThiii ra3 YacTHll IpU HU3KON TeMireparype 1, 3aKJII0UEeHHBIN, CKaXKeM
B KBaJIpaT L X L Ha AByMepHON pelnreTke W MUMEIoNnit (pUKCUPOBAHHYIO TILIO-
THOCTH 7. Torga mpm JOCTATOYHO MAJIBIX T TUMWYHAS KOH(MUTYPAIUsi COCTOUT
u3 mesikux (In L) kanesek, mwiasarmomux B mycrore. [Ipy Bo3pacTaHum III0THO-
CTH T TIOCJIE JIOCTUZKEHUsI HeKoToporo nopora ' (T') B TunmaHOi KoHGUTYypanumn
raza MOsABJISIOTCS €IMHCTBEHHAS MAaKPOCKOIMUIECKUX Pa3MEPOB KOHIICHTPAIIUS
YaCTHIL — <«KAallJIsI», CIYYaiiHO PACIIOJIOKEHHAs B KBaJipaTe. DTOT Pe3yIbTaT
6bw1 ostyden P. A. Mumninocom u ¢.T. Cunaem B mrectujecstoie Togbl. depes
20 ger P.JI. Hob6pymmu, P. Korenguit u C.B. lIliocman obparuianck cHOBa
K U3YYEHUIO «KAaIlJIn» W BBIBEJIM, YTO ee (hOopMa UMeeT BUJI BBIIYKJIONH (DUry-
DBbI, U3BECTHOI Kak «oBaJj Bynbdas (HamomuuMm, uro Bynbd ycranosui takyio
dopmy s «kamimy U3 4ucTo GeHOMEHOJOMMIECKHUX IPeCcTaBenuii). Pesyib-
tat Jobpymena, Korenkoro n Hliocmana, n3/10KeHne KOTOPOro 3aHsLIIO HEIYIO
KHUTY, TIOKa3bIBaeT MOIIb COBPEMEHHO! MaTEMATHIECKOH (DUIMKHU: C UX IIOMO-
IO MO2KHO YCTAHOBUTH JIOBOJILHO TOHKHUE (DAKTHI, UCXO/d U3 IIePBOHAYAIBHBIX
dU3UIECKUX MTOCTYJIATOB.

Yro KacaeTcs BOIpoca O TEHJEHITNN PA3BUTHS €CTECTBEHHBIX HAYK U POJIN
MaTeMaTUKA B 9TOM DAa3BUTHM U, B YACTHOCTH, MHOTOKOMIIOHEHTHON TeMaTH-
KW, TO T€Ma 3Ta CJUIIKOM ODIMUPHA W MHE BpsiJl iU yaacTcs ee o0baTh. Mory
TOJIBKO 3aMETHUTh, YTO CErOJ[Hs B HaIlell JabopaTopun KpoMe BCeil « MHOI'OKOM-
MMOHEHTHOCTH» PAa3BUBAIOTCS M MHOTHE JPYrUe HAIIPABJIEHUs: ajredpa BO BCEX
€e Pa3HOBUIHOCTSIX, TeOpusi NH(MOPMAINH, TEOPUsS KOJAUPOBAHUS, MATEMATIIE-
ckag Joruka. . . Hapsny ¢ MareMaTnkaMu CTapIero oKOJIeHUs Y Hac paboTaeT
MHOT'O TAJIAHTIUBBIX MOJIOJBIX JIIOJIEN.

Ha Bompoc 0 ToM, «pacTBOpsieT» Jii CerojiHsl MaTeMaTuKa B cebe (uroco-
duro, IEPeBo/Isi BOIIPOCHI BEPHI U (DEHOMEHOJIOI'MYECKUX IIPEJICTABIEHUN B KOH-
KpPEeTHOe 3HAHUE, si MOI'Y OTBETUTDH CJIEAYIONIEe: S YACTO PA3MBIILISIO O MaTe-
MaTHKe KaK 00 OTHOM M3 CIIOCOOOB MOCTHKeHus Mupa. [loka JrofsM JocTymHa
JINIIb YaCTh MAaTeMaTHKM, IPUMEHUMasl IJIaBHBIM 00pa30M K OIMCAHUIO U U3Y-
YeHHIO Halllero Mupa. Vl To moKa TOJIBKO K HEKOTOPBIM ero obsactsm. O IHaKO,
B COBPEMEHHOH MaTeMaTHKE yzKe €CTb MHOI'O peaJinii, K Hallledl neficTBATE Ib-
HOCTH ITOBUJIUMOMY He IIPUJIOKUMBIX, HO 3aCTaBJISIONIUX JyMATh O APYTUX MHU-
pax, OpraHn30BAHHBIX BO3MOXKHO MHAde, YeM HAIIl, TJie BCe 3TU abCTPaKTHbBIE
CTPYKTYPBI HAXOAAT MPEIMETHBIE BOILJIOIIEHUS.

Yro kKacaercst APYrux 4eJI0BEYECKUX IIPUEMOB [TO3HAHUS, — B YaCTHOCTH,
dumocodun, To MHE OHA MPEICTABISIETCI Jaekoit oT Maremaruku. Puoco-
dust ecthb cr0cob JOrTIECKU 3aUKCHPOBATEH TO U3YMJIEHUE, KOTOPOE OXBATHIET
HaC, KOTJIa MbI 33JIyMBIBAEMCSI O IPUPOIE BCErO CYIIEro,- OTKYyJa W KaK OHO
MIPUIILIO U TTOYeMY, T.e. 3ayMbIBaeMcsa o mpupojae bora. ITostomy, s 661 oTHEC
dunocoduro K HEKON PAZHOBUIHOCTH MTOIZUU.
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TTEPHINIT KOMIT'FOTEP B KOHTUHEHTAJILHIN €BPOIII
BYB CTBOPEHUN ¥V KUEBI

THE FIRST COMPUTER IN THE CONTINENTAL EUROPE
WAS CREATED IN KIEV

B. H. Maauroscorxuti
B. Malinovsky

«306epiraTu J1I0BiYHO»

Y rpynai 1976 p. BigOymocsa 3aciza-
HHS BuYeHOI paaum lHCTHUTYTY KibepHe-
muku AH VYPCP, npucssiuvene 25piu-
YI0 BBEJEHHSI B PETYJISIPHY €eKCIlIyaTa-
1ifo mepInol y KOHTWHEHTAJbHIT €Bpo-
mi MaJiol eJleKTpOHHOI JIIYMJIBHOT MAalllv-
Hu («M3CMy>), crBopenol B ImcruryTi
enekrporexniku AH YPCP mix xepisuu-
nreoM Cepris Onexkciiiosnaa Jlebenesa
(1902-1974).

Y cBoeMy BHCTYIN Ha 3acCiTaHHI Tu-
pexrop lucruryry akamemik B. M. Tmy-
IIKOB TakK OI[HUB #Oro HOBATOPCHKE
TBOpYE JOCSATHEHHS:

«Hezanexxuo Bin 3apyOiKHUX yde-
vux C.O. JlebeneB po3pobUB NpUHITH-
¥ TOOYI0BU KOMIT FOTEPA 3 ITPOTPaMOI0,
sAKa 30epiraeTbcst B ONEpaTUBHIN 1aM’sTi.
Ilix #toro KepiBHHIITBOM CTBOPEHO II€p-
mnit B KOHTHHEHTAJIbHIM €Bporri KoM 10~
Tep, Y CTUCJ CTPOKU PO3B’SI3aHO BarXKJIU-
Bl HAyKOBOTEXHIYHI 3aBJaHHS, YUM Oy-
JIO 3aKJIaJEHO PAJISHCHKY IIKOJIY IIPO-
rpamyBanHs. Onuc «MDICM» — nepmnit
y KpalHi miIpy9YHUK 3 0O6YHUCIIIOBAJIBHOL
Texaiku. «MDCM» craga mporoTumom
BEJIMKOl €JIEKTPOHHOI JIYMIBHOI Malllu-
au «B9CMy». Jlaboparopist C.O. Jlebe-
IeBa — Ie oprasizarmiiinmii 3apomok O6-
YUCJIIOBAJIBHOrO IEHTPY — Imi3Hime I[u-
cruryry KibepHeruku AH YPCP».

Teepmxenus: B. M. [mymkosa mpo
Te, mo C.O. Jlebemes, HE3aJIEKHO Bif
yUIeHuX 3aX0/y, PO3POOUB IIPUHIUIN 10~
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“Story eternally”

In December 1976 the academic coun-
cil conference of the Institute of Cy-
bernetics Academy of Science of the
Ukrainian SSR was devoted to the
25 years of exploitation of the first
in the continental Europe Small Elec-
tronic Computing machine (MESM),
which was created in the Institute of
Electrical Engineering AS Ukr.SSR
under the Sergei Lebedev leadership
(1902-1974).

The head of the Institute academi-
cian Victor Glushkov evaluated Lebe-
dev’s innovative and creative achie-
vements in the following words: “Inde-
pendently of foreign scientists,
S. Lebedev elaborated the construc-
tion principles for the computer with
program that can be stored in operat-
ing memory. Under his supervision the
first computer in the continental Eu-
rope was created, important scientific
and technical tasks were resolved in
the short terms and the Soviet school
of programming was founded. The
MESM description became the first
country textbook on computer engi-
neering. The MESM served as proto-
type for the Big Electronic Comput-
ing Machine BESM. The laboratory of
S. Lebedev is the Computing Center
organizational germ, that later trans-
formed into the Institute of Cyber-
netics”.
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Oy/IOBH KOMII'IOT€pa 3 IPOTrPAMOIO, SKa
30epira€Tbcsl B IaMm’siTi — MIPHUHIIAIIO-
Bo BakymBuit Moment. Came 36epira-
HHsSI TpPOrpaMU B OIEPATUBHIN ITamM’sTi
CTaji0 3aBepIIaJbHIM KPOKOM y PO3BU-
TKy meprmux komm'torepiB. Ha 3axomi
neii eran moB’s3yroTh 3 iM'aMm JlkoHa
dou Heitmana. OckinbKH BHCIIOBIIIOBa-
uag B. M. ['mymkoBa miaTBepmakeHo HU3-
KOI0 apXiBHUX JOKYMEHTIB 1 crorajamu
sronieit, siki mpatosau 3 C. O. Jlebeme-
BUM, MOYKHA CTBEP/?KYBaTH, IO TMOPST i3
Ixonom dhou Heiimanom C. O. Jlebenen
€ pO3POOHUKOM MPUHIMITY 30eperKeHHsI
mporpaMu B OIEPATHBHIA mam’siTi KOM-
m'iorepa.

Ha 3acimamni 3axpurol BYeHO! pajau
IHCTUTYTIB €JIEKTPOTEXHIKH i TerIoeHep-
reruku AH YPCP sBig 8 ciuas 1951 p.
(mporokosn Nel) C.O. Jlebenes, Bimno-
BiZjarouu Ha IIOCTaBJICHI HOMY 3aIMTaHHSI
micsst monosiai mpo «MOCM», ckazas:

«Y MeHe € gani 1o 18 marmunax, pos-
PpOOJIEHIX AaMEPUKAHIIAMH, I1i IaHI MAIOTh
XapakTep pekJsiaMu, 0e3 OyIbaAKUX Bimo-
MOCTel, SIK MaIlliHA MOOYIOBaHI», 1 Ja-
mi: «BukopucroByBaTtu 3apyOikHUN m0-
CBiJI BasKKO, OCKIJIbKH OITyOJIiKOBaHI Bi-
JOMOCTI JTyzKe CKYIi».

Y kopoTkiit 3amucii, HaiCTaHI B
AH CPCP na nouarky 1957 p., C. O. Jle-
beneB kKoHcTarye: «Y 1948-1949 pp.
MHOI0O Oyau po3poOsieHi OCHOBHI HPHUH-
MU 1mo0yI0BU MOJiOHUX MariuH. Bpa-
XOBYIOUN TXHE BUHSITKOBE 3HAYUEHHS JIJIsI
HaPOJIHOTO TOCIOJAPCTBA, & TAKOXK Bifl-
cytrictb B CPCP 6yapsikoro moceixy ix
MOOYIOBU Ta eKCILTyaTallil, s TpPUNHHSB
pimteHHs SKHANIIBUIIE CTBOPUTH MAaJTy
€JIEKTPOHHY JIYMJIbHY MAIUHY, Ha SKiil
MOXKHA Oysio 6 JIOCTiKyBaTH OCHOBHI
TMPUHIUIN TOOYIOBH, MEPEBIpUTH METO-
JUKY PO3B’fA3aHHS OKPEMUX 33J1a4 1 Ha-
TPOMATUTH €KCILTyaTAlIHUN JTOCBiT».

He Bunankoso «MICM» crogarky
posmudpoByBasaca gk «Mogenp 3ite-
KTPOHHOU CYETHOM MAIWHBI», 1 JIUIIIE ITi-
3uimme cjaoBo «Mojesby 0yJio 3aMiHEHO
Ha cjoBo «Mautas».

Y 3ragaHomMy BHINE ITPOTOKOJII
C.0O. Jlebenes Binzmaums: «3a JaHnMu
3apyOiKHOI JHiTepaTypH, IPOEKTYBaHHS
i crBopenHss MamuHu TpusBae 510 pokis,

The statement that S. Lebedev
elaborated the construction princi-
ples for the computer with a pro-
gram stored in memory independently
of western scientists, expressed by
V. Glushkov, is fundamentally impor-
tant. Namely, storage of the program
in the operating memory was the fi-
nal step in the first computers de-
velopment. In western countries this
stage is linked to the name of John
von Neumann. And as the words of
V. Glushkov are supported by the se-
ries of archival documents and his col-
leagues’ statements, we can assert that
Lebedev was a developer of the stored-
program computer principle as well as
John von Neumann.

On January 8, 1951, at the In-
stitute of Electrical Engineering and
the Institute of Heat and Power Engi-
neering, AS Ukr.SSR, academic coun-
cil private session (minutes 1) Lebe-
dev reported on MESM and gave the
following answer to the question from
the audience: “I have got the data
on 18 machines, elaborated by Ameri-
cans. This data is a kind of advertis-
ing material and does not include any
facts about the construction of the ma-
chines”, and then: “It is really hard to
use the foreign achievements, because
the published information is very lim-
ited.”

In a short note, sent to the Aca-
ldemy of Science of the USSR in the
beginning of 1957, S. Lebedev states:
“In 1948-1949 I elaborated the main
construction principles of such ma-
chines. Taking into account their sig-
nificance for national economy and
being aware of the fact that there is
no experience of such machine build-
ing and exploitation in the USSR, I
decided to create a small computing
machine, which would be used to in-
vestigate the main construction prin-
ciples, to check the problem solving
techniques and to accumulate the ex-
perience of exploitation”.

Not by chance MESM was deci-
phered at first as “Model Electronic
Computing Machine”, and later the
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The first computer in the continental Europe was created in Kiev

MM Ma€MO HaMip MOOyIyBaTH MAIIUHY 3a
2 poKm».

HeitmosipHo, aje BueHOMY BHaJIOCs
peaJjisyBaTu 1eil MIPOeKT 3a TaKUuil KOpo-
TKHul cTpok. Poboru Gyno posmouaro B
1948 p., a Bxke Hanpukinmi 1950ro 3a-
npamoBaB mMaker «MICMs». ¥V 1951 p.
«M3CM» 3mamm st peryJsipHOl eKc-
mwryatamii. Ha wiit, equniii Ha TON Uac
MAaIllMHI TaKoro KJjacy, nporsrom 1952
P- PO3B’sI3yBaJInCs HalBarKJIUBIII 3a/1a-
4i: pparMeHTn po3paxyHKIB TepMOsiIep-
HUX IIPOIIECIB, KOCMIYHUX IOJIbOTIB 1 pa-
KETHOI TeXHIKH, JAJIbHIX JIHIH eJeKTpo-
nepenadi ToIro.

JocBiy cTBOpeHHS Ta €eKCILTyaTarlil
«<M9CM» mas 3mory C.O. JlebeneBy
3a KOpOTKmii 9ac (HacTynmi gBa poku!)
CcTBOPUTH «BOJIBIIYIO 9JIEKTPOHHYIO CUe-
THYIO MamuHy» — «BOCM».

Y crarti «Bins komuckwm mepimol
EOM» (EOM — esileKTpoHHa 0GUHCIIIO-
BaJIbHA MAIlllMHA, Ha3Ba CTaTTi pociii-
CbKOI0 MOBOIO «(OKOJIO KOJIBIOEN T1ePBOii
9BM», 9BM — sJileKTpOHHAsI BBIYUCIH-
resbHas Mammua) C. O. JleGenes Ha3BaB
«<M3CM>» «mepBicTKOM pagsgHCBKOI 00-
YUCIIOBAJIBLHOT TexHiKn». «BOCM» Cep-
riit OJekcifioBud xapakTepu3yBaB TaK:
«Komm wmammua Oyma cTBOpeHa, BOHA
HiYMM He IIOCTyIlaJlacsl HOBITHIM aMe-
PUKaHCBKUM 3pa3KaM 1 siBJIsijia COGOI0
CITPABKHE TOPKECTBO i71eit 11 TBOPILiB».

OcHoBHi IIPUHITIIIN 1106y 10BH
«M3CM» wmicrarbes y kHm3l (panime
cekperHii) «MaJia €JeKTPOHHA JIiYMIIb-
Ha Mmammnas (asropu C.O. Jlebenes,
JI.H. [Jamescekuit, K.O. Illkabapa,
1952 p.). Ock ni npunnunyu:

1. B mamuHi BUKOPpUCTOBYETHCS JIBiii-
KOBa CHCTEMa UHCJICHHSI.

2. 1o ck/1aty MaIuHA BXOAATD 1T ATH
MIPUCTPOIB — apudMETUIHHUHN, maM dATi,
KepyBaHHsI, BBOJY Ta BUBOJLY.

3. [Iporpama ob4ucaeHb KOAYETHCS 1
30€epiraeThbCs B IaM’sITi TaK caMo, K 1 9u-
ca.

4. O6unciaeHHst 3aiHCHIOIOTHCA aBTO-
MaTHYHO Ha OCHOBi Iporpamu, sika 30e-
piraeTbcst B maM’sITi MAIIIWHH.

5. Kpim apudmernynmx, MammmHa
BUKOHYE€ JIOTi4Hi onepariii — IOpiBHAHHA,
YMOBHOTO Ta 6€3yMOBHOI'O II€PEXO/IiB.

word “model” was replaced by the
word “small”.

In the abovementioned minutes
S. Lebedev pointed out: “According
to the foreign literature data, the pro-
jecting and construction of the ma-
chine last for 510 years. We intend to
build a machine in 2year term.”

Incredibly, but scientist managed
to realize this project in such a short-
term. The work was started in 1948,
and MESM began functioning in the
end of 1950. In 1951 MESM was
handed over for regular commission.
It was the only machine of such class
at the time and during 1952 it was
used to solve the most important prob-
lems: calculation fragments for the
thermonuclear processes, space flights
and jet engineering, power lines, etc.

The experience of MESM con-
struction and exploitation made it
possible for Lebedev to create in the
next two years a Big Electronic Com-
puting Machine—BESM.

In the article “At the Cradle of
the first Computer” Lebedev called
MESM a “firstling of the Soviet com-
puter engineering”. He described
BESM in the following words: “When
the machine was created, it was com-
parable to the latest American mod-
els. It was a triumph of ideas of its
creators.”

The main principles of MESM
construction can be found in the previ-
ously classified book “Small Electronic
Computing Machine” authored by

S. Lebedev, L. Dashevsky and
E. Shkabara (1952). Here are those
principles:

1. Machine uses binary notation.

2. Machine consists of five devices:
arithmetic, memory, operational, in-
put and output.

3. Computing program encoded
and kept in the memory, as well as
data.

4. Calculations implemented auto-
matically on the basis of the memory-
stored program.

5. Besides arithmetic operations,
machine implements the logical ones:
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6. Ilam’are OymyeTbcsa 3a iepapxi-
YHUM TPUHIIATIOM.

7. s obunciaeHb BUKOPHUCTOBYIO-
THCsI YHICJIOBI METO/IN PO3B’A3aHHS 33/1a4.

YV 1955 p. Ha KoHdepeHtil y Jlapm-
mraari gonosigs C.O. JlebemeBa mpo
«B9CM>» BUKJIMKaIa CEHCAIIIIO: MaJIO KO-
My Bimoma 3a mexkamu CPCP mammmna
Oy/1a BU3HAHA HAMOIIBIN MIBUIKOIIIOTOI0
y €sporii.

Cynsam 31 crioraJiiB CyIacHUKIB, 3a-
JyM CTBOPUTH IUMDPOBY 00UNCTIOBAILHY
MAIlMHy BUHHUK y BYEHOrO IIe J0 BiitHW,
KosH BiH >kuB y MocCKBi.

TIpodecop A. B. Herymmn, sxwuii 3a-
KiHgnB MOCKOBCHKHUiT €HepreTUJHHuil iH-
CTUTYT 3a KiJIbKa POKIB 10 BillHH, 3raJiye:
«PesynpraTom MoOIX mociimkensb cra-
Jla KaHJIUJIATChKa [HCEepTallid HAa TeMy:
«AHaJi3 TPUTEpHUX €JIEMEHTIB IIBU/I-
KOJIIOUNX JHYHIBHUKIB iMIysbciBy. Sk
BIJIOMO, €JIEKTPOHHI TpUTIepW CTaju IIi-
3Hillle OCHOBHMMM €JIEeMEHTaMU Iudpo-
BOI obumcIOBaIbHOI TexHiKu. Bix camo-
ro movyarTky 1€l podorn B 1939 p. i 1o
saxucty C.O. Jlebenes 3 yBaroo i cxBa-
JIEHHSIM CTaBUBCS JI0 MOIX JIOCJIi/I2KEHb.

Bin moromuBcsi OyTH OIOHEHTOM 3
JUCePTAaIlil, 3aXUCT sIKOI BiIOYBCS HAIIPU-
Kinmi 1945 p. Ha Toit yac e HixTo He mi-
nosprosas, mo C.O. Jlebenes BuHOINIYE
imel cTBOpeHHs UG POBUX OOUUCTIOBAE-
HUX MaITHH».

Hpy>xuna Buenoro A.I. JleGenesa
posmnoBinana, sk Bocenu 1941 p., Koau
MockBa mopuHaJia y TeMpPsBY Uepe3 Ha-
J0TH (PAIMMCTCHKOI aBiallil, Y0JIOBIK Ha-
JIOBrO 3a4MHSBCS y BaHHIM KimHaTi, ge
MOKHA Oy0 6e3 MOOOIOBAHHS BMUKATH
CBiTJIO, 1 TOAMHAMHY IIUCAB ¥ TOBCTOMY 30-
MAUTI HE3PO3YMIJI T KPYy2KEUKH i pPUco-
gku (HyJi Ta OMUHMUIY, AKI BUKOPUCTOBY-
I0TbCA y JBIKOBIi cucTeMi YnC/IeHHS ).

Sacrymauk C.O. JlebemeBa mo ja-
6oparopii, ge crBopioBanaca «BICM»,
IToKTOp TexHiuHuMX HaykK B.B. Bapmmx
CBIIYUUTE, M0 MaB 3 yYHEM DPO3MOBY, Hif
qac akol Cepriit OusekciitoBud cka3zas,
mo saAKOW He BiitHa, TO PobOTY 3i CTBO-
penHst 1T POBOI €JIEKTPOHHOI OOYUCITIO-
BaJbHOI MaIllMHM BiH po3novyaB Ou 3Ha-
YHO paHire.

Haramaemo, mo B 1939-1947 pp. B

comparisons, conditional and uncondi-
tional transitions.

6. Memory built on the hierarchy
principle.

7. Calculations done by digital
tasks solving techniques.

At the 1955 conference in Darm-
stadt Lebedev’s report about BESM
caused a sensation. The machine, un-
known outside the USSR, was recog-
nized as the most fastacting in Europe.

According to the references of
Lebedev’s contemporaries, the idea to
create the digital computing machine
came to his mind before the war, when
scientist lived in Moscow.

Professor Anatoliy Netushyl, who
had graduated from the Moscow En-
ergy Institute several years before the
war, recalls: My research resulted
in the Ph.D. thesis “Analysis of the
trigger elements of fastacting impulse
counters”. It is known that later elec-
tronic triggers became the basic el-
ements of the digital computer de-
vices. From the very beginning of the
work in 1939 till its defense, S. Lebe-
dev treated my research with attention
and approval. He had agreed to serve
as opponent during the thesis defense,
which took place in the end of 1945.
At that time nobody suspected that
S. Lebedev was elaborating the idea of
digital computing machine creation.”

Scientist’s wife Alice Lebedeva
used to say that in autumn of 1941,
when attacks of fascist air forces
plunged Moscow into the darkness, her
husband closed himself in the bath-
room, where he could safely switch on
the light, and was writing for hours in
his thick notebook some strange cir-
cles and sticks (zeros and ones, which
are used in the binary notation).

Doctor of technical science Vse-
volod Bardyzh, who was Lebedev’s
deputy in the laboratory, where BESM
was created, recalls that during the
conversation with a student

S. Lebedev mentioned that, if not
the war, he would have started work-
ing on the digital computer construc-
tion much earlier.
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CPCP xopuux my6ikaniit npo aBiiikoBy
CUCTEMY YHCJIEHHsI, METOIUKY apudme-
TUYHUX OTEPAIiil 3 ABIAKOBUMHI YUCTIAMU
i crpykTypy 1udpoBOl OOYUUCTIOBAJIBLHOL
MaIllMHU I1e He Oysio. Y BiOMuX Ha TOI
qac peseifHiit 00YNCTIOBAJIBHIN MarmmHi
«Mapkl» (CIIIA, 1944 p.), enxeKkTpoH-
Hiit o6uncroBasbHiM MammuHi «DHMAK»
(CIIIA, 1946 p.) BUKOPHCTOBYBAJIHCS JIe-
CSTKOBI CHCTEMU YUCJIEHHSA. Y DeJIeHHIX
mammHax K.p Ilyse «Z1» (Himeuunna,
1937 p.), «Z2» (Himeuuwmna, 1938 p.),
«Z3» (Himeuunna, 1941 p.) BuKOpuCTO-
ByBaJlacsl JBIKOBa CHCTEMa HCJICHHS,
OIHAK IyOJIKAaIlil Ipo Il MAIWHU 3’ SIBU-
JIUCS JIUIIE 33 KiJIbKa PoKiB micys pyrol
csitoBol Biitnu. Came y 10BO€HHI i mepri
noBoenHi poku C. O. Jlebenes HezamexkHO
BiJ 3aKODJOHHUX BYEHUX DPO3POOUB Me-
TOJUKY OIEpPAIliil 1o/10 ABIKOBOI cucre-
MH 9HCJIEHHSI, CTPYKTYPY Ta apXiTeKTy-
py «<M3OCMy». CrBopenns i1 Oyao ayke
HEMPOCTUM 3aBJAHHSIM, 3 SIKUM YJeHUi
OJIHCKY i€ BIIOPABCS.

B apxisi [ncruryTy esrekTpoannami-
ku (pamime esexrporexnikn) AH YPCP
36epiraeTbcst manka 3 JIOKyMEHTAMHU PO
crBoperHss «MOCM». Husicb TypboTn-
Ba PYKa IIOHAJ MiBBIKYy TOMY HaImucaJa
Ha Hiil cnoBa «306epiratu moBiano». Bo-
HU BUSIBUJIACS IIPOPOYUMU.

Cyuvacuuku C.O. Jlebene-
Ba — ITiOHEPU KOMII'IOTEPHOI
TEXHIKM 3a KOPJAOHOM

[Tostea mampukinmi 40X pokiB KOMIT' OTe-
piB i3 mporpamoro, siKa 36epira€TbCst B ma-
M’sTi, Oysa 3aBepIIaJbHUM 1 JIy»Ke Ba-
KJIMBUM KPOKOM y PO3BUTKY IH(PPOBOT
obuuncoBaabHOl TexHiku. o mporo mo-
CSITHEHHS IIPUYETHI y CBIT1 JinIle KiJib-
ka BugarHux ydenmx: y CIITA — Jlxon
dou Heitman, yroperb 3a mMOXOIZKEHHIM
(1903-1957), Hexor Mowui (1907-1980) i
ITpecniep Exkepr (1919-1975), y Besuko-
6puranii — Asan Toopunr (1912-1954),
Tom Kinbypu (map. 1921) i Mopic Vinke
(map. 1913), 8 CPCP — Cepriit Jle6enes
(1902-1974), Icaax Bpyk (1902-1974).
Kosken 3 Hux 3pobuB CBiii BHECOK Y
CTBOPEHHSI TEpIINX KOMIT'IOTEpiB 1 cTa-

We should be reminded that in
1939-1947 there were no publica-
tions about binary notation, princi-
ples of arithmetic operations with bi-
nary code and computer structure yet.
Decimal notation was used in the ma-
chines known at that time, which were
the relay computing machine Markl
(USA, 1944) and the electronic com-
puting machine ENIAC (Electronic
Numerical Integrator and Computer,
USA, 1946). Namely during the pre-
war and early postwar years S. Lebe-
dev elaborated the principles of oper-
ations with binary notation and the
structure and architecture of MESM.
Its creation was a really hard task,
but the scientist managed to solve it
brilliantly.

In the archive of the Institute of
Electrodynamics (formerly electrical
engineering), AS Ukr.SSR, there is
a folder containing documents about
MESM development. Somebody’s car-
ing hand wrote prophetic words on it:
“Store eternally.”

Lebedev’s contemporaries—
pioneers of the computer
engineering abroad

The rise of a programstored comput-
ers in the end of 1940s was the final
and very important step in the devel-
opment of digital computer engineer-
ing. Only few key scientists in the
world were involved into this process.
They were John von Neumann (Hun-
garian by birth, 1903-1957), John
W. Mauchly (1907-1980) and J. Pres-
per Eckert (1919-1995) from the USA,
Alan Turing (1912-1954), Tom Kil-
burn (1921-2001) and Maurice V. Wil-
kes (1913) from the United Kingdom,
Sergei Lebedev (1902-1974) and Isaac
Brouk (1902-1974) from the USSR.
Each of them made a contribu-
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HOBJIEHHSI 1H(OPMAIIHAX TEXHOJIOTIH.
Aman Teiopunar me B 1936 p. y crar-
Ti «[Ipo 3umciaenni uwmcima» 70BIB MO-
KJIUBICTH OOYUC/IEHHSI CyTO MeXaHIdHUM
IIJITXOM OYJBbSKOTO AJITOPUTMY, SKHi
Ma€ PO3B’S30K. 3aIpomoHOBAHA HUM 3
I[I€I0 METOIO0 TiIIOTETHUYHA YHiBEpCaJbHA
MaIlliHa, 10 OTPUMAJIa HA3BY <«Malllu-
Ha TbiopmHTa», MOIJIA 3amaM’ siTOBYBATH
TOCJIIOBHICTL il M Yac BUKOHAHHSA
aJITOPUTMY.

I>xor Mowuni i Ilpecnep Exkepr y
1946 p. crBopwim kKomm’'iorep «DHU-
AK>, 1m0 KepyBaBCsl IPOrpaMor0, KOMaH-
TN STKOT BCTAHOBJTIOBAJIUCS 38 JOITOMOTOIO
MexaHIYHUX IepeMukadiB. lle morpedy-
BaJIO Jly’ke baraTo dacy @ obMexKyBaJjo
aBTOMATHU3AIII0 00YNCIeHb. 3PO3yMiBIIN
1le, BYEHI I/ Yac IPOEKTyBaHHS HACTY-
mHoro Komm'iorepa «JJIBAK» mepenba-
quti 30epiraHHs TPOrpaMu B ONEPATHB-
Hiit mam’sari. Ha erari 3aBepiientst pooiT
3 «DHUAKS> i npoekryBanus «39/IBAK»
3 HUMU II0YaB CHIBIPAIIOBATU BiIOMUIA
yuenuit [xon ¢dou Heiiman, saxuii Ha
TOl yac O6paB yIacTb y MaHXeTeHCHKOMY
MPOEKTI 31 CTBOpPEHHsI aTOMHOI OOMOM i
OyB 3alliKaBjIeHU# y po3podIii edheKTuB-
HOI O0YMCJIIOBAJILHOI TEXHIKU JIJIsl BUKO-
HAHHS CBOIX PO3PaXyHKIB.

Bimnckyde ocBiuenwnit yuenuit, BU-
JNaTHUIl MaTeMaTUK 3yMiB y3arajbHU-
TH JIOCBiJI, OTpUMAHUI I 9ac po3pod-
KM MallliH, 1 BUKJIAaB MOro y BUIVISII
OCHOBHUX TPUHIAIIB MOOYI0BU UM PO-
BUX €JIEKTPOHHUX OOYHMC/IIOBAIBHUX Ma-
MAH y 3BiTi, ckjajenomy B 1945 p. i
posnosciogkenomy I'. Tonpcraitnom. 1i
MPUHIUIN OyJIn 3aCTOCOBaHI Jjis mMOOY-
nosu mamnan «JI2KOHUMAK»> (nassana
na vectb Jlxona dhon Hetimana). Ma-
Tepiajau 3BITY He JIPYKyBajucd y Bij-
KpuTi#t npeci mo kKinng 50X pokis, aje
ix mepenanu psay dipm CIIIA ta Be-
mukobputanii. Ilomymspuicts don He-
iMaHa $K BHJATHOI'O BYEHOrO BiiirpaJsia
CBOIO POJIb — BUKJIAJIEHI HUM IIPUHITATIA 1
CTPYKTypPa KOMIT IOT€PA OTPUMAJIN HA3BY
HeMIMaHIBCBKHX, XO04a IXHIMHU CIiBaBTO-
pamu Oy Takoxxk Mowt ta Exkepr, a
C. O. Jlebenes He3aIeKHO Bij IUX yde-
HUX peajidyBaB TakKi cami IPUHIUIHA Y
«M3CMy>». Ha Toit wac «MICM» 3zamu-

tion into creation of the first comput-
ers and the emerging of the Informa-
tion Technologies. Alan Turing in his
1936 article “On Computable Num-
bers” proved the possibility to calcu-
late mechanically any algorithm that
is solvable. A hypothetical universal
machine, which he proposed for this
purpose, was called “Turing machine”
and was able to memorize the order
of actions during the algorithm perfor-
mance.

In 1946 John Mauchly and Pres-
per Eckert constructed computer
ENTAC, which was operated by a pro-
gram with commands performed by
the mechanical switches. It took too
much time and limited calculations
automation. The scientists realized
it and implemented stored program,
while projecting the next computer
EDVAC. A famous scientist John von
Neumann started collaborating with
them at the final stage of ENIAC con-
struction and EDVAC projecting. At
that time Neumann participated in the
Manhattan project on atomic bomb
creation and was interested in elabo-
rating effective computer device for his
calculations.

Being a brilliantly educated sci-
entist, an outstanding mathematician
managed to summarize the experience,
accumulated during the machine elab-
oration process. He described it as the
main principles of computer architec-
ture in the 1945 report introduced to
the public by Herman H. Goldstine.
These principles were used to build the
computer IAC under the direction of
von Neumann. Materials of the report
hadn’t been published in press until
the end of 1950s, but they were trans-
mitted to several companies in the US
and Great Britain. The principles and
structure of the computer were called
after von Neumann, though Mauchly
and Eckert were the real inventors and
S. Lebedev realized the same princi-
ples in his MESM independently from
these scientists. That happened due
to von Neumann’s popularity. At that
time MECM still remained classified
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majgacsd 3aceKpedeHoo i Osuckyde mo-
caraenns C. O. JleGemesa He 6yso Bimo-
Me 3aximamm yaenunm. Crin 3a3HaunTH,
mo mammua «JI2KOHWAK», crBopena
miy kepiBauiTBoM doH Heiimana, moda-
Jla TPAIIOBATH Uepe3 pPIK MiCJad HOSABUA
«MDCM>.

Bueni yniBepcurery B Manuecrepi
®penepik Binpamc i Tom Kinbypu y
1948 p. cTBOpMJIN IPUMITHBHHUI KOMII IO~
Tep nix Haspow «Baby» (auruna). s
3amuCy JAaHUX 1 MpOrpamMu pO3B’si3aHHS
3a7a4i BOHM BUKODHUCTAJIHM €JIEKTPOHHO-
MPOMEHEBY TPYOKY 1 MEpIIUMU JTOBEJTH
MOKJIMBICTD 30epiraTu dmciia Ta mporpa-
MU y 3arajbHiil mam’ari mammuau. Yepes
pix Mopic VYinkc, akuii nIpaigosBas B yHi-
BepcuTeri B KeMOpumki # mpociyxas y
1946 p. sekmil Mousi ta Exkepra, 3ymiB
BUIIEPEJUTH CBOIX yuuremiB: y 1949 p.
BiH CTBOpHUB IepIuil y CBiTI KOMIT'I0TED
«9JICAK» 3 nporpamoro, sika 36epirae-
ThCsI B MaM’sITi, 3/IaTHY, Ha BiIMiHY Bif
«Baby», posp’sisyBaTn He juie TecTOBi
3aJ1ai.

[Ipo e, mo 6ym0 3pobitero C. O. Jle-
OemeBUM y Ti POKM, CKA3aHO BHIIIE.
I.C. Bpyk y 1950-1952 pp. crBOpHB
nepmry B Pocitickiit Pemepartii mudpo-
BY €JIEKTPOHHY OOYNCIIIOBAIBHY MAITUHY
«M1».

Ilomaspima TBOpYa JIOJIST  «IyZOBOI
ciMKm» ckitastacs nopizaomy. Asan Thio-
punr y poku pyroi ciToBol BiitHU OpaB
ydIacTb y crBOpeHHI KoMmir'iorepa «Ko-
JIOCC», TPU3HAYEHOTO I PO3IIHdPY-
BaHH# paJiorpaM HiIMEI[bKOTO BEPMAaXTy.
«He Tpropunr, 3BicHO, BUrpas Biiiny, aJje
6e3 HpOro Mu moryim 06 i1 mporparuy, —
MiIKPECJMB OJIMH i3 HOro COpaTHUKIB
31 cTBOpeHHsI MaluHUA. PaHHSA CMepThb
HE [ajia MOXKJIMBOCTI ITbOMY T€HiaJIbHO-
My BYEHOMY IIOBHOIO MipOIO peaJli3yBaTH
cBOI HaMipH.

Houto Teropunra posainus ¢pon He-
iMaH: BiH momep Ha H4My pOIl YKUTTS,
Tak i He MOOAYMBINU JPYTY, CIIPOEKTO-
BaHy TIIiJi HOro KepiBHUIITBOM MAIITUHY
«JI2KOHNAK ».

Hxon Mowi i [Ipocriep Exkepr rpo-
JIOBXKHUJIA POOOTH 31 CTBOPEHHS KOMIT IO~
TepiB. ¥ 1951 p. im Bmasocs pozpoburu
nepiry B CIITA cepiitny mamuny «YHU-

and the western scientists were not
aware of the brilliant achievement of
Lebedev. It should be mentioned, that
Neuman’s machine TAC started work-
ing a year after MESM creation.

In 1948 University of Manchester
scientists Frederic C. Williams and
Tom Kilburn constructed a primitive
computer called Baby. They used
CRT (Cathode Ray Tube) for data
and problem solving program record-
ing. The scientists were the first to
prove that it was possible to store data
and programs in the machine’s com-
mon memory. A year later Maurice
Wilkes, who worked at the Cambridge
University and attended lectures of
Mauchly and Eckert in 1946, managed
to leave his teachers behind. In 1949
he created the first computer EDSAC
with a stored program memory capac-
ity, which, in contrast to “Baby”, was
able to solve more then just test tasks.

The work of Lebedev during those
years is described above. In 1950-1952
1. Brouk created the first computer M1
in Russia.

The later fate of “magnificent
seven” was different. During the Sec-
ond World War Alan Turing partici-
pated in construction of the “Colos-
sus” computer, which was used to de-
cipher the radiograms of the German
Wehrmacht. One of his colleagues
noted: “Of course it was not Tur-
ing who won the war. But we could
have lost it without him”. His early
death disabled this genius scientist
from complete realization of his in-
tentions.

John von Neumann had a similar
fate. He died at the age of 53 without
seeing the second computer, projected
under his direction. The computer was
called “JOHNIAC” after the scientist.

John Mauchly and Presper Eck-
ert went on working on the computer
design. In 1951 they managed to cre-
ate the first serial computer UNIVAC
(UNIVersal Automatic Computer) in
the USA. In 1952 they finished work-
ing on EDVAC (Electronic Discrete
Variable Automatic Computer). Later
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BAK», a B 1952 p. — 3aBepumutu po-
6orn 3 «9JIBAK». 3romom BoHHU cranan
KepiBHUKAMM 3aCHOBAHUX HUMU KOMII O
TepHUX DipMm.

Tom Kinbypr i Mopic Yinke mocs-
i OJIMCKYYHUX YCHIXiB y CBOIHM IOZAJIb-
miit HayKoBi# AismpHOCTI. Y 1953 p. 3a-
MpaIoBaB MakeT mepmol y cBiTi ob64m-
CJTFOBAJTLHOT MAIIIUHN HA TOYKOBUX TPaH-
3ucropax, po3pobsienoi Kinoypuom. Po-
6ota Oysa 3aBepirena B 1955 p. ¥V marmu-
Hi BuKopucroByBasucs 200 TpaH3uCTOpiB
i 1300 repmanieBux gioxis. Y 60Ti poxn
iy kepisaunrBoMm Toma Kinbypua Gysto
CTBOPEHO JOCHUTBH JTOCKOHAJIY OOYUCIIIO-
BasbHy Mmamuny <«ATJIAC» na Tpansu-
cropax. Bukopucranss y Hiil BipTyasb-
HOl maM’aTi 1 MyJIbTHOPOrpaMHOI PO6O-
TU MAaJIO BEJINKHUIl PE30HAHC CepeJl PO3-
PpOOHUKIB KOMII'IOTEPIB.

Mopic Vigkc cTaB BU3HAYHHM yte-
auM. Ilix ftoro kepiBHUIITBOM OYyJIO CTBO-
PEHO IIe OAHYy JaMIOBy MamuHy <«3/I-
CAK2» 3 MikpomnporpaMHUM KepyBaH-
HsM, yIIepIe 3alIPOIIOHOBAHUM BYEHUM
y 1951 p. ¥V mnomanbmoMy BiH Iparfo-
BaB y Trajy3i mporpaMyBaHHs, aBTOMa-
THU3aIlil TPOEeKTYBaHHSA KOMII IOTEPiB, 3a-
KJIaB OCHOBH MYJIBTHIIPOTPAMHOI pobo-
TH eJeKTPOHHUX OOYHC/TIOBAJIbHUX Ma-
IINH, KOHCYJIbTyBaB 0OaraTo IIPOEKTIiB i
OTPHUMAaB CBiTOBE BH3HAHHS $K BHJa-
THUR ydeHuit cydacuocri. Croromui Mo-
pic Vinkc — movecHwuit npodecop yHi-
BepcuTery B KeMOpPUIKi i KOHCYJIBTAHT
omHiel 3 HANOIIBIINX AaMEPUKAHCHKUX
dipm (ITT). Ipesunisn HAH Vkpaiun
MIPUCBOIIa HOMY 3BaHHS IIOYECHOTO [10-
kropa (1998).

CraHOBJIEHHSI BiTYM3HSIHOTO
KOMII'FOTEpO0Y 1y BaHHS

Hagirp Ha i IUX BUJIATHUX JIOCATHEHb
3aXiJHUX YYEeHUX pe3yJIbTaThH HayKO-
Bol misibHocTi C.O. JlebemeBa B ra-
Jy3l KOMI'IOTE€pOOyAyBaHHSI y HACTy-
mHi JBaJlETh POKIB (Iicist CTBOpeHHst
«M3CM>» i «<BOCM>») BpaxalThb CBO-
iMu Macirrabamu. [lig itoro xepiBHE-
TBOM 1 3a Ge3mocepeHbol ydacTi 6yJto
creopeno mie 18 (!) xomm’rorepis, mpwu-

they headed computer companies they
founded.

Tom Kilburn and Maurice Wilkes
brilliantly succeeded in their scientific
efforts. In 1953 the first model com-
puter on point transistors elaborated
by Kilburn was tested. The work was
finished in 1955. There were 200 tran-
sistors and 1300 germanium diodes
used in the machine. In 1960s there
was created the quite perfect computer
ATLAS under the direction of Tom
Kilburn. Virtual memory and multi-
ple program usage in the machine had
a great response among the computer
designers.

Maurice Wilkes became an out-
standing scientist. Another vacuum
tube computer “EDSAC2” with mi-
croprogramming control was created
under his direction and presented in
1951. Later on he worked in the field
of programming and computer con-
struction automation. He laid the
basis for multiprogrammed function-
ing of the computers, consulted many
projects and obtained the recognition
as a prominent scientist of the present.
Today ninetyyearold Maurice Wilkes
is the honorary professor in Cambridge
and a consultant of the one of the
biggest American companies (ITT).
Presidium of the Ukrainian Academy
of Science granted him the rank of
honorable doctor of the Academy in
1998.

Emerging of the national
computer building

Taking to the account these outstand-
ing achievements of the western sci-
entists, the scientific outcome and the
magnitude of Lebedev’s activity in the
field of computer building during the
next 20 years (after MESM and BESM
creation) still impresses anyone. He
participated in and directed the con-
struction of 18 (!) more computers,
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qoMy 15 3 HUX BUILYCKAQJINCH BEJIUKUMU
cepisimu. I 11e 3a TexHOJIOTIYHOI BijfcTa-
sgocri CPCP (roxi me nesesnukoi). He
BurnakoBo yuenb Cepris OusexciitoBuua
akagmeMik B.A. MeJIbHUKOB MTiIKpPeCITIO-
BaB: «leniaspuicts C.O. JlebemeBa 1mo-
JArajia caMe B TOMY, IO BiH BH3HAYaB
MeTy 3 ypaxyBaHHSIM TEPCIEKTUBHU pPO3-
BUTKY CTPYKTYPU MaiiOyTHBOI MAIIWHM,
BMIB IpaBUJILHO obparu 3acobu st 11
peastizariii BiIIOBIIHO O MOXKJIMBOCTEH
BITYM3HAHOI NPOMUCIOBOCTI» (KypHAIT
«¥YCuM>», 1976, Ne6). ITix kepiBHUIITBOM
C. O. Jlebeaena Gy10 po3pobieHo cymnep-
KOMII'IOTEPU JIjIsI OOYMCIIIOBAJIbHAX IICH-
TpiB, KOMII'IOTEPH I IPOTUPAKETHUX
CUCTEM 1 JIJIsT PAKET, sIKi BUKOPUCTOBYBa~
JINCh Y CHCTEMaX IMPOTHUIOBITPSIHOI 000-
pOHU.

Tarepec C. O. Jlebeaesa 10 nudposol
00“NCIIOBAJIBHOI TeXHIKH He OyB BHUIIAI-
KoBUM. Bin cTumysioBaBcsa TUM, IO IEp-
i JABa/IIATH POKIB CBO€EI TBOPYOIL [Tislib-
mocti (mo 1946 p.), mpamoioun B rasry-
31 eHepreTUKHU, BUEHNI IOCTIfIHO CTUKAB-
cs1 3 HEOOXIHICTIO CKIIAJHUX DPO3PaxXyH-
KiB 1 HaMaraBcs aBTOMaTH3yBaTH 1X Ha
6a3i 3acobiB aHAJIOrOBOI 0OYKCIIIOBAIBHOL
TEXHIKHN, B 9OMY JIOCAT YUMAJIUX YyCIIXiB,
ajle TIEPEKOHABCS B OOMEXKEHUX MOXKJIH-
BOCTSIX I[HOI'0 HAIPSMY TEXHIKH.

JisgIpHICTG y4€eHOro micisd Iepei3my
B MoCKBy movastacs 3 JaMIIOBUX MAIIIVH,
fAKi BUKOHYBaJIU JECATKH THUCAY OIlepa-
miit. Ha Toit gac e Oynin cynepkoMmn roTe-
pu. Creopesi B 1958 i 1959 pokax «M40»
i «Mb50» BusiBUIUCS HAMOIIBII IIIBUIKO-
IiI0YUMH B CBITi. 3 MHOSIBOIO HAIIiBIIPO-
BigHMKOBUX 1 MarHiTHUX eslemeHTiB Cep-
riit OJiekcifioBuY mepeiInos 10 po3pobKu
CYyTEepPKOMIT FOTEPIB JPYTOro IOKOJIIHHS.
CrBopena B 1967 p. «<B9CM6» 3 mpo-
JIyKTUBHICTIO MiJILHOH omepaliiii Ha ce-
KyHIy Bumyckasjacss 17 pokis. Hero Oy-
JIM OCHAIIEH] Kpalri 0O09uCIIOBAJIbHI IIeH-
Tpu CPCP. «<B9CM6» nocisia rigne mi-
ciie y CBITOBOMY KOMIT'IOTEpOOY/ /Iy BaH-
Hi: Hemapma JlonmoHcbKuUil My3eil Hay-
K1 B 1972 p. npuabaB 110 MalluHy, 11100
36epertu i1 gy icropil. 3aBepiieHHSM
sickpaBol HaykoBol gistibHocti C. O. Jle-
GesleBa CTAJIO CTBOPEHHS CyIEPKOMII IO~
TepiB HA IHTErpaJIbHUX CXeMaX IIPOMIY-

and 15 of them were produced in big
lots, despite of moderate technologi-
cal backwardness of the USSR at that
time. Lebedev’s disciple, academician

V. Melnikov stressed out that:
“Lebedev’s genius laid in his ability
to set up the aim, taking into account
the prospects of future machine struc-
ture development, being able to choose
the methods correctly to achieve the
aim in conformity with national indus-
trial potential.” (cited according to
the “USM” journal, 1976, 6). S. Lebe-
dev directed construction of the su-
percomputers for computer facilities,
computers for the antimissile systems
and the antiairplane rocket weapons.

Lebedev’s interest in the digital
computer engineering was not acciden-
tal. During the first 20 years of his
creative career (until 1946) Lebedev
worked in the field of power engineer-
ing and he constantly faced the neces-
sity to do complex calculations. He
successfully tried to automate them
using analog devices, but quickly re-
alized that the abilities of these tech-
niques were limited.

His scientific work started with
the vacuum tube machines that car-
ried out ten thousands operations. At
the time they were supercomputers.
Computers M40 and M50, created in
1958 and 1959, were the most fastact-
ing computers in the world. With the
advent of semiconductors and mag-
netic elements

S. Lebedev switched to the elabo-
ration of the second generation super-
computers. The 1967 BESM6, with a
million of operations per second effi-
ciency, was manufactured for 17 years.
The best computer facilities in the
USSR were equipped with this ma-
chine. The BESM6 took a worthy
place in the world computer building.
In 1972 London Museum of Science
bought the machine to save it for the
history. Lebedev’s bright scientific ca-
reer was concluded with construction
of the supercomputers based on in-
tegrated circuits (microchip) devices
that managed millions operations per
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KTHUBHICTIO MiJIbIIOHU OIleparliii Ha CEKYH-
ay. JBa 3 Hux micisg MozepHizarii joci
BUKOPUCTOBYIOTBCSI B CHCTEMAX IPOTHU-
pakerHol i mporuiTakoBoi oboponu. Ko-
JKHON KoMII'Iorep OyB HOBHM CJIOBOM B
obunC/IIOBaIbHIM TexHi — O6iabmr mpo-
JyKTUBHUM, OLIBINT HAJIHHUNE 1 3pydIHMI
B ekciuryaTamnii. ['ojoBHUM mnpuHIIIIOM
MOOYOBU BCiX MAINMWH CTAJO PO3Mapa-
JIEJIIOBAHHS OOYHC/IIOBAJIBHOIO IIPOIIECY.
YV «<M3OCM» i «BOCM>» i3 miero meroro
BUKOPUCTOBYBAJINCS apUPMETHIHI TpHU-
crpol nmapasensHol mil. ¥ «M20», «M40s,
«Mb50» monasiacsi MOXKJIUBICTB POOOTH
30BHIIIHIX IPUCTPOIB MapaJjebHO 3 IPO-
mecopoMm. Y «BICM6» 3’siBUBCS KOHBe-
epHuil (a60 «BOZONPOBIHMIT», SIK HA3BAB
toro Jlebenes) croci6 BUKOHAHHS 004H-
CJIeHb. Y HACTYIHUX KOMII'IOT€pax BUKO-
pUCTOBYBaJIacst 6AraTOIPOIECOPHICTD Ta
inmii BIockoHaJIeHHsA. Bel marmuau, pos-
pobuieni iz kepisaunroMm C. O. Jlebeme-
Ba, BHUIIycKasmcs npomuciosictio CPCP
BEJINKUMHU CEPisIMH.

«BwmiTi matm HampsMOK — O3HAKa
reHiajgbHOCTI», — M0 ¢dpasdy P. Himme
minkoM mozkHa Bigaectn mo C. O. Jlebe-
JI€Ba.

Hosaropcbka TBOpUa Aisl/IBHICTD ytie-
HOTO CIPHSIJIA CTBOPEHHIO MMOTY?KHOT KOM-
II'IOTEPHOI IIPOMUCJIOBOCTI, & KEPOBAHMUIA
HuM lHcTuTyT TOUHOI MexaHIKM Ta 00-
ancioBaiabiol Texuiku AH CPCP cras
nposigaum y CPCP. ¥V 50-701i poku 3a
PiBHEM CBOIX JIOCATHEHD BiH HE IIOCTYIIaB-
cs1 Biomiit amepukaHcbKii dipmi «IBM».

XapakTepu3yodn HayKOBi 37100y TKH
C. O. Jlebenena, npesumenr HAH Ykpa-
THn akageMik B. €. Ilaton mizkpecius:
«Mu 3aB2xk711 6yHeMO HHUIIATHCSA TUM, 1110
came B Axajemil Hayk YKpaiHu, y Ha-
momy pimnomy Kuesi, poskpuscs Tanmam-
Ta C. O. Jlebenesa K BUIATHOIO BYCHO-
ro B rajy3i o04YMC/IIOBAJIBLHOT TEXHIKU 1
MaTEeMaTUKH, & TAKOXK HaMOLIbIIIMX aBTO-
MaTH30BaHUX cucteM. Bin 3amoyarkyBas
cTrBOopeHHst B Knesi Bijjomol mikosin B ra-
nysi indopmarukun. Yoro ecradery mi-
xomus B. M. I'mymkos. I renep y mac mri-
JHO Tiparioe [HeTuTy T KibepHeTHKH iMeHi
B. M. I'mymkoBa — ojHa 3 HalblIbIIMX y
CBITI yCTaHOB ITHOTO MTPOMIJTIO.

second. Two of them after update are
still in use in antimissile and antiair-
plane defense systems. Every com-
puter was a new step in computer en-
gineering. Every next one was more
productive, more reliable and suitable
in exploitation. The main principle
of machines construction was paral-
leling of the calculation process. In
MESM and BESM they used arith-
metic parallel devices for this purpose.
In M20, M40 and M50 external de-
vices worked in parallel with a pro-
cessor. Conveyer calculation method
(Lebedev called it waterpipe) was in-
troduced into BECMS6. In the follow-
ing computer models they used mul-
tiple processors and other improve-
ments. All the machines projected un-
der Lebedev’s direction were on big se-
rial production in the USSR.

The pioneering work of Lebedev
contributed into the formation of pow-
erful computer industry. The Insti-
tute of Precision Mechanics and Com-
puter Engineering Academy of Science
of the USSR, headed by Lebedev, be-
came the leading one in the country.
In 1950s-1970s its achievements were
as significant as ones of the American
company IBM.

Characterizing scientific attain-
ments of

S. Lebedev, the President of Na-
tional Academy of Science of Ukraine
Boris Paton stressed out: “We would
always be proud that in our very
Academy of Science of Ukraine, in
our beloved Kiev, the Lebedev’s tal-
ent unfolded to become a prominent
scientist in the field of computer en-
gineering and mathematics, and the
largest computerbased systems. He
founded the famous school of thought
in the field of computer science in
Kiev. V. Glushkov carried on his work.
And now we have productive

V. Glushkov Institute of Cyber-
netics, NASU, one among the largest
in the world.

One of Lebedev’s wonderful qual-
ities was his care of and trust to the
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Yynosoro pucoro C. O. Jlebenena Oy-
Jia #oro TypboTra mpo MoJIOIb, OBipa 10
uel. Mostonum BiH qOopydYaB pO3B’si3aHHS
Haficknaauimux 3amad. lpomy copuss
Heabusikuit memarorivnuii Tasant Cepris
OuekciitoBrua. Bararo itoro y4nis craman
BUJIATHUMH BYEHHMU 1 PO3BHUBAIOTH CBOL
HayKOBI IITKOJIH.

Yce xkurta C. O. JlebeneBa — 11e re-
POTYHMIT NPUKJIAJ CIIY>KIHHSI HAyIll, CBO-
eMmy Haponosi. Bin 3aBxau nparmys mo-
€/IHYBATH HANBUIY HAYKYy 3 IPAKTUKOIO,
3 iHKEHEPHUMHU 3aBJIAHHIMU.

Bin xwuB i mpairoBas y mnepion 6yp-
XJINBOTO PO3BUTKY €JEKTPOHIKH, O0UH-
CJIIOBAJIBHOI TEXHIKHU, PAKeTOOYIyBaHHSI,
OCBOEHHSI KOCMOCY Ta ATOMHOI eHepril.
Bynyun marpiotom cBoei kpainu, Cepriit
OutekciitoBry 6paB y4acTb y HAROLIBIINX
npoekrax I. B. Kypuarosa, C.II. Kopo-
awpoBa, M. B. Kenauma, sxi 3abesneunin
CTBOPEHHS HaJiffHOro muTta BaTbkiBiu-
Hu. B ycix mux poborax ocobsmBa posb
HaJIeXKaJIa €JIEKTPOHHUM OOYNCITIOBAIb-
HuM MarmmHaM, crBopernm C. O. JleGe-
TEBUM.

Horo BUJIATHI ITpalli Ha3aBK /11 BBIii-
IyTb JIO CKApOHUIN CBITOBOI HAYKW 1 Te-
XHIKH, & Horo iM’s cTosiTUMe TopsiJ 3 iMe-
HaMU IIUX BEJIUKUX YYEHHUX>.

Bunstkosa ckpomuicts C. O. Jlebe-
JI€EBA, CEKPETHICTb 3HAYHOI YaCTUHU HOTO0
PpObIT IpU3BesH JO TOTrO, IO B 3aXiTHUX
KpalHaX PO I'eHiaJbHOIO BUYEHOIO MAJIO
mo Bigomo: 1o Kiung 90x pokiB XX cr.
3MICTOBHUX IyOJ/IiKaIil TaM MTPaKTUIHO
He Oysio. Y KHU3I aMEpUKAaHCHLKOTO iCTO-
puxka xxona JIi «Komir’torepni nionepus
(1995), ne Bmimeno nonan 200 Giorpadiii
yuaenunx, imeni C. O. JlebeneBa He 3HaTH.

Jlume y 95Tty piunuigo Bif mus na-
pomkenns: C. O. Jlebenea itoro 3aciayru
BU3HAJMA 1 3a KOpIAOHOM. K mioHep 00-
YUC/IIOBAJIbHOI TeXHIKM BiH OyB Bij3Ha-
JeHnii Mena o MizKHAPOIHOrO KOMIT 10~
TEpPHOTO TOBapucTBa 3 HamucoMm: «Cepriit
Ounexciiiosnua Jlebener. 1902-1974. Pos-
POOHUK 1 KOHCTPYKTOP MEPIITOTO KOMIT TO-
tepa B Pagsancekomy Corosi. 3acHOBHEK
PaJSTHCHKOrO KOMIT I0OTEPOOY Ly BAHHS».

youth. He put them in charge of solv-
ing the most difficult problems. He
possessed an outstanding pedagogical
talent. A lot of his disciples became
prominent scientists. They developed
their own scientific schools.

His whole life is a heroic example
of the devotion to science and to his
people. He always aspired to combine
noble science with practice and engi-
neering tasks.

He lived and worked in the period
of stormy development of electronics,
computer engineering, rocket produc-
tion, space exploration and atomic en-
ergy. Being a patriot of his country,
Lebedev participated in the biggest
projects of I. Kurchatov, S. Korolyov
and M. Keldysh, who created a reli-
able shield for the Motherland. In all
these works the computers constructed
by Lebedev played a special role.

His prominent works will enrich
the treasury of the world science and
technology, and his name will stand to-
gether with the names of the greatest
scientists forever.”

Due to the Lebedev’s extraordi-
nary modesty and classified nature of
the significant part of his works, it is
very little known in the western coun-
tries about this genius scientists. Until
the end of 1990s there were almost no
substantial publications. In the 1995
book “Computer Pioneers” by John
Lee, which contains over 200 biogra-
phies of the scientists, Lebedev’s name
is not mentioned.

Only on 95th birthday anniver-
sary his achievements were recog-
nized abroad. He was recognized as
a pioneer of computer engineering
with a medal from the International
Computer Society. Its legend states:
“Sergei Alekseyevich Lebedev 1902—
1074. Developer and designer of the
first computer in the USSR. Founder
of the Soviet computer building”.
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Bunepeaus uac

«4 xouy ckasaru e i e pas, i Oyy Bce
2KUTTd IOBTOpIOBaTH, mo Bikrop Mu-
xaimoBud [JIymkoB — HaA3BHYAMHO Ta-
JIAHOBUTA JIIOJMHA, & B JEAKNX cdepax,
YICTO HAYKOBUX, Ha Miil IIOIJIAN — reHi-
aJIbHA JIIOANHA, SIKa 3PO0UIIa BeJITnIe3Huil
BKJIQJ, y HAIly HayKy, TEXHIKy, y Hale
rpOMaJICbKe JKUTTsI, i IEPEOIiHUTH Ba-
2KJIUBICTBH IILOTO BHECKY /IS HAIIOL Kpa-

iHUT

OpOCTO HEMOXKJMBO.» (I3 inmeps’io

Bopuca Eseenosuna Iamona das me-
sepinvmy npo B. M. I'nywxosa. «Hosa
cmydisy, dokymenmanvrul yuka <«Ta-
emnuyt Yrpainus. Kuis, 2007 p.)

CyJacHUKaM He 3aBXKJW BIAETbCS

IIOBHOIO Mipoio 30arHyTH 3HAYEHHS IIi-

STBHOCTI TOTO 4u iHITIOro BueHoro. Cupas-

2KHSI OI[IHKA YaCTO 3 SBJISIETHCA 3HATHO
mi3HiIe, KOJIM HayKOBl1 pe3ysIbTaTh i BU-
CJIOBJIEHI i71€el B2Ke nepeBiperi yacom. Bu-
natHuit BHecok BikTopa MuxaitnoBuda
Inymkosa (1923-1982) y maremaTuKYy,
KiGepHETUKY Ta OOYHCI/IIOBAJIBbHY TEXHi-
Ky OyB BHCOKO OITIHEHWIl IIe 3a YKUTTSI
BueHOro. Ajie 4uM JaJjii, TUM OYEBUIHI-
UM CTa€ Te, IO B IPOIIECi CBOET TBOpUOL
JisJIBHOCTI BiH 3yMiB BHIEPEIUTH dac,
30pi€HTyBaBIIM CTBOpPeHUil HUM y 1962
p- IacturyT xibepre Tuku AH YPCP na
nepexiz Bij 00YHC/IIOBab HOI TEXHIKH
1o indopmaTuku, a gajai — j1o0 indopma-
miftnux rexuosoriit. B. M. I'mymkos cTas
DYHIATOPOM IHOTO HAA3BHYANHO BaxK
JIMBOTO HAIPSIMy PO3BUTKY HAyKHU 1 Te-
XHIKH B YKpalfi i komumasoMy Panan-
cokomy Corosi. Ilinrorysasmm HeobxistHi
kanpu GaxiBuiB, BiH CTBOPHUB MOI'yTHIO
HayYKOBY IIKOJIy 3 I[bOI'O HAIIPSIMY.

rii»

XX

IlousrTss «iHdopmariiiini TexHOJIO-
3’IBUJIOCST B HAYIl B OCTaHHI POKHU

cr. Jlorn BXkuBasu TepMmiHu «iHMOP-

MaTHKay ab0 <«KOMII'IOTEpHA HAayKay, a

e
Kay,

padime — «OOYHUCTIOBAJIbHA TEXHi-
[0 BU3HAYAJIU BYXK4Ye KOJO IIPO-

omem. Iudopwmaritini Texnosorii, Oymy-

qan
IOTHb

BHCOKHMMH TEXHOJIOTisIMH, OXOILJIIO-
MUPOKUN CHEeKTP HayKOBHUX, KOH-

CTPYKTOPCHKHMX, TEXHOJIOTIYHUX 1 BHUPO-
OHMYMX HAIPAMIB: IDOEKTYBAaHHS Ta BU-
POGHUIITBO KOMIT IOTEPiB, mepudepiitHux

He was ahead of time

“I want to say again and again, and
will repeat all my life that Victor
Mikhaylovich Glushkov is annormally
talented man, and in some fields,
purely scientific, by my opinion, is a
genius, who made an incredible contri-
bution to the science, technics, com-
munity life of our country. it is im-
possible to overstimate this.” (From
Boris Paton’s interview for a television
movie about V. G. Glushkov. “New
studio”, a documentary serial “Secrets
of Ukraine”. Kiev, 2007)

The significance of scientist’s work
is not always recognized fully by con-
temporaries. Real evaluation appears
much later, when the scientific results
and the expressed ideas are verified by
the time. The prominent contribution
of Victor Glushkov (1923-1982) into
mathematics, cybernetics and com-
puter engineering was highly appreci-
ated when he was still alive. But with
the time passing by, it became evi-
dent that in the process of his creative
activity he managed to stay ahead of
time and oriented his Institute of Cy-
bernetics of the Academy of Science of
the Ukrainian SSR, which he founded
and supervised, for the transition from
computer engineering to computer sci-
ence, and then—+to information tech-
nologies (IT).

Glushkov became a founder of this
incredibly important field of science
and technologies in Ukraine and in the
former USSR. He have trained the nec-
essary cohort of experts and created a
powerful scientific school in this field.

The term “information technolo-
gies” appeared in science in the last
years of XX century. Earlier the terms
“informatics” or “computer engineer-
ing” were used, that defined narrower
problem circle. Being high technolo-
gies, information technologies cover
wide range of scientific, design, tech-
nological and industrial directions:
design and construction of comput-
ers, periphery devices, elemental base,
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MIPUCTPOIB, eJIEMEHTHOI 6a3u, MEPEXKEBO-
o yCTaTKYBaHHS, CUCTEMHOI'O IIPOrpaM-
HOro 3abe3medeHHs, PO3POOKY i cTBOpe-
HH$I aBTOMATH30BAHUX T4 aBTOMATHIHIX
u@PPOBUX CHCTEM PI3HOIO IPU3HATEHHS
i MPUKJIaIHOrO TPOrpaMHOTO 3abe3mede-
HH¢ JI0 HUX. YCi IIi HAIPSMHU T0YaJId PO3-
BuBaTucd 1ie B 60-70x pokax B IncTuryTi
kibepueruku AH YPCP.

Bugarni gocsaruennst HayKoOBOI KO-
gu B.M. Inmymkosa B ramysi indgopma-
MITHAIX TEXHOJIOTIH cTasn DyHIAMEHTOM
718 TOJIAJIBIIIOTO CTAHOBJIEHHS B lHCTH-
TyTi HayKOBUX IIKiJI iforo y4HiB i mocii-
JOBHUKIB TIO Psily HAIpAMIB iHMOpMAa-
MIHUX TeXHOJOori#. V¥ 1iif KHu3i Bimobpa-
2K€HO, B OCHOBHOMY, iCTOPIIO DPO3BUTKY
OCHOBHUX HAIIPpAMIB y rajy3i Komi’ioTe-
poOy 1y BaHHSI.

JlammoBuii Komm’rorep «Kun-
€B» 3 <«aJI[PeCHOI MOBOIO»
mporpaMmyBaHHSI

[Micna Big'izoy C.O. Jlebenesa gm0 Mo-
ckBu toro yuni B Kuesi — JI. H. Jlames-
cokuit, K. O. [lIkabapa, C. B. [Torpebun-
CBbKU Ta iHIM — T KepiBHUIITBOM aKa-
nemika B.B. I'nenenka, mupekropa Iu-
cruryry marematruku AH YPCP, kyan
nepenasn Jsaboparopito C. O. Jlebenena,
posmodanu po3pobKy Komirorepa «Ku-
€B» Ha EJIEKTPOHHUX JIaMIIax i3 mam’sT-
TIO Ha MarHiTHUX ocep/ax. Marmmaa xo4
i mocTynaJsacd 3a XapaKTEePUCTHKAMU HO-
BoMy Komm'iorepy «M20», pospobieno-
My min kepisuunrsom C. O. Jlebenepa B
AH CPCP, aje niikom Biamosimasia Bu-
MoraMm TOro 4acy. B wiil ynepine Bukopu-
CTaJI <«&JIPECHY MOBY», 3aIllPOIIOHOBAHY
K. O. FOmenko Ta B. C. Koposiokom, 1110
CYTTEBO CIIPOIILYBAJIO [IPOTPAMYBAHHSI.
Ko B 1956 p. KosumiHIO 1260paTO-
pito C.O. JlebemeBa ouonus B. M. Tiy-
IIKOB, IIiJi fiOr0 KEpiBHUIITBOM PO3pO0-
Ky komm'iorepa «Kwues» 6ysio ycmimmo
3aBepieHo. BiH TpuBasmii 9ac BUKOPHU-
croByBaBcst B OGUUC/IIOBAIIBHOMY TEHTPi
AH YPCP, crBopenomy Ha 6a3i jgabopa-
Topii B 1957 p. lpyry Taky mMaImuHy mpu-
n6as O6’eqHaHUi IHCTUTYT SAEPHUX J0-
caimpkenb y JlyOHi, 1e BOHa TaKOX J0OB-

network equipment, system software,
elaboration and creation of automated
and automatic numeric systems of dif-
ferent destination and their applica-
tion software. All these directions
have been developed since 196070s
in the Institute of Cybernetics of the
Academy of Science of the Ukrainian
SSR, created in 1962 by V. Glushkov.

Outstanding scientific achieve-
ments of Glushkov’s school in the
field of IT became the foundation for
the further development of scientific
schools in the Institute under the di-
rection of his followers. They devel-
oped diverse directions of IT. History
of main directions of digital, analog
and cybernetic computer devices is re-
flected in this book.

Vacuum tubes Computer
“Kiev” with “address pro-
gramming language”

After S. Lebedev left for Moscow, his
colleagues in Kiev, among whom were
L. Dashevsky, E. Shkabara, S. Pogre-
binsky and others, under the supervi-
sion of academician B. Gnedenko, di-
rector of the Institute of Mathemat-
ics, AS Ukr.SSR, where Lebedev’s lab-
oratory was placed, started to elabo-
rate computer “Kiev” with electronic
tubes on magnetic cores. The machine
“Kiev” yielded to the characteristics
of new Lebedev’s computer M20, but
was surely uptodate. They used for
the first time the “address program-
ming language”, which simplified the
programming.

In 1956 V. Glushkov took the for-
mer laboratory of Lebedev. Under
his supervision the elaboration of com-
puter “Kiev” was successfully finished.
This computer was in long use in the
Computer Center of the Academy of
Science of Ukraine, created on the base
of the laboratory. The second machine
of such kind was bought by the United
Institute of Nuclear Investigations in
Dubna, where it was exploited for a
while. In 1962 the Computer Center
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ro ekciuryaryBajiacs. Jlupexkropom O6-
guciroBaabHoro neurpy AH YPCP 6yso
npuzuadeno B. M. [mymkosza.

HaniBnposigHukoBa Kepyro-
4a MalluHA IMAPOKOTrOo NpH-
3HadYeHHs «/lHenp»

Hacrynnoro micisi  komm’orepa  «Ku-
eB» B O6umcmoBanbHoMy IeHTpi AH
YPCP 6yn0 po3pobsiero neprry B YKpa-
1Hi (i 8 CPCP) HaniBopoBiJIHUKOBY Ke-
PyOUy MaIUHy MIAPOKOTO TPU3HAYEHHS
«duemnp». Imest 11 CTBOpEHHSI HAJIEXKUTD
B.M. TInymikoBy, roJIOBHUN KOHCTPY-
KTop — B. M. ManunoBcbkuii. «/Iaenps
BUTOTOBUJIN 38 PEKOP/IHO KOPOTKHUI dac:
YCBOTO 3a Tpu poKH, 1 B jumHi 1961 p.
JTOCJTiAHI 3pa3KN BCTAHOBUJIA HA PsiJIi BU-
pobuurnTs. Ileit pesyaprar Tomi 6yB CBi-
TOBHUM PEKOPJIOM IIBHUJKOCTI PO3POOKH
1 BOpOBaJzKEeHHsI MOMIOHUX MaruH. [lo-
sgcuooyn daxkropu ycmixy, B.M. Iy-
mKOB 3ragysaB: «llapanenpHo 3i cTBO-
penasim «/IHempas Mu mpoBesn 3a yda-
CTIO PSAAY MiANPUEMCTB YKpaiHU BeJIu-
Ky MiArOTOBYY POOOTY IIOZO 3aCTOCyBa-
HHSI MAIlIMHU JjIsi KepyBaHHsS CKJIAHU-
MM TEXHOJIOTIYHMMH IpoIrecamu. Pazom
i3 crniBpobiTHukamu MertasypriitHoro 3a-
Bomy im. JIzepxkuncwkoro (/minmpoaszep-
JKUHCBK) JIOCJIIJKYBAIM [UTAHHSA Kepy-
BaHHs IIPOIIECOM BHILJIABKU CTas y Oe-
CeMEepIBCHKUX KOHBEPTOPaX, i3 cmiBpobi-
THUKaMHU cojoBoro 3aBoay B CiioB’sH-
CBbKY — KOJIOHOIO KapOoHizaril Tomo. Ak
EKCIIEPUMEHT yTepire B €Bpori 3a MOEIO
iniriaTuBoiO OYJIO 3IMCHEHO JUCTAHITIA-
He KepyBaHHsI 6eceMepiBCbKUM IIPOIECOM
MPOTSITOM KIJIBKOX Ji0 TIOCIILIh y pesKuMi
nopaJiHuka mMaiicrpa. MammuHa «/lHenps»
BUKOPUCTOBYBAJIACS JIJIsi aBTOMATHU3AILIT
w1a30Bux pobiT Ha MwuKoIaIlBCbKOMY 3a-
Bozi iM. 61 komyHapa. 3rogom 3’scyBaJIo-
csl, 110 aMEePUKAHII JEeI0 paHilie Bi/1 HaC
posmoydaau pobOTH 31 CTBOPEHHS YHIBED-
CaJIbHOI KepyIovol HaIliBIIPOBITHUKOBOL
mamman «RW300s», anasjoriunol «/lne-
npy», ajie 3alyCcTuian i1 y BHPOOHUIITBO
B 4epBHi 1961 p., BogHOuac 3 Hamu. Lle
OyB caMe TOM MOMEHT, KOJTH HaM BJIAJI0CS

was transformed into the Institute of
Cybernetics, which is now called after
its founder academician V. Glushkov.

Transistor based control
computer of broad appli-
cation “Dnepr”

Following computer “Kiev” first in
Ukraine (and in the USSR) transis-
tor based control computer “Dnepr”
was developed at the Computer Cen-
ter of the AS Ukr.SSR. The idea of its
creation belongs to Victor Glushkov.
Boris Malinovsky (author of this book)
was the chief designer of the machine.
The machine was manufactured in
record short time, only in three years,
and in July 1961 it was installed at
the selected factories. At that time
this result was the world speed record
of elaboration and implementation of
the control machine. Explaining the
factors of success, V. Glushkov re-
called: “In parallel with “Dnepr” cre-
ation we had carried out a serious
preparatory work on the machine uti-
lization to control difficult technolog-
ical processes together with several
Ukrainian companies. Together with
the employees of the Dzerzhinsky Met-
allurgical plant (Dneprodzerjynsk) we
investigated control process over steel
smelting in Bessemer converters, to-
gether with the workers of Soda plant
in Slovyansk worked on carbonization
column etc. I initiated the first ex-
periment in Europe on remote control
over Bessemer process, that lasted for
several days in the regime of Master
consultant.

The “Dnepr” machine was used
to automate ship projecting works
at Nikolaev “61 Communards” plant.
Later we found out that the Americans
had started earlier working on univer-
sal transistor control machine RW300,
which was similar to “Dnepr”, but put
it into production in June 1961, at
the same time with us. It was that
very moment when we managed to
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CKOPOTUTH [0 HYJISI PO3PUB MiXK pPIBHEM
HaIol Ta aMEPUKAHCBHKOI TEXHIKM, HeXail
JIIIIE B OIHOMY, aJie YZKE BAXKJIHBOMY
nanpsami. Jlo Toro x «/luernp» OyB mep-
II0I0 BITYM3HSHOIO HAIIBIPOBITHUKOBOIO
MAIMHOIO (AKIIO He 6paT 10 yBaru crie-
[MAIIUHA). 3T0JOM 3’CYBAaJIOCs, 10 BO-
Ha YyJI0OBO BUTPUMYE Di3HI KiiMaTWYHI
ymoBu, Bibparito Tomo. Komwm mix wac
CIJIBHOTO KOCMiYHOTO 11os1boTy «Coro3A-
oJUIOH» Tpeba OyJIo BHOPSAKYBaTH Je-
moHcTpariitanii 3a1 y LlenTpi kepyBanus
[IOJIBOTAMHM, TO IIICJIsI TPUBAJIOrO BHOODY
BCETaKM 3ynuHmINCA Ha «/lHempe». JIBi
Taki MAIMHA KEPYBaJU BEJIUKHAM €Kpa-
HOM, Ha SKOMY BIJTBODPIOBaBCA IMOJIT 1
CTUKYBaHHS KOCMIYHUX KOPaOJIiB».

Ila mepma 3amyinena B cepiiiHe BU-
POOGHUIITBO HAIIIBIIPOBITHMKOBA KEPYIOYa
MaIliHa To0UIa f IHIK peKop 1 — Mpo-
MUCJIOBOT'O JIOBTOJIITTS, OCKIJIbKU BHILY-
ckaJsiu 11 BIPOZOBXK gecatu pokis (1961—
1971), Tomi sk 3a3BUvaAil Uepe3 I'sA-
TBINICTh POKIB HOTpiOHA BXKe Cepiio3Ha
MO/JIEpPHI3aIlid.

Mamwuan «/lHenps» BUKOPHCTOBYBa-
Jmcsi B 0araTboX IMOHEPCHKUX IHUGPO-
BHUX CHCTEMaX KEePYBAHHHA BUPOOHUIUMU
MIPOIECAMU, CKJIATHUMU (DISUIHUMEI eKC-
TepUMEHTAMH, MiJ Yac BUMPOOOBYBAHb
CKJIaIHUX O0’€KTIB HOBOI TEXHIKM Ta He
JIVIIIIE TIOCTAYAJINCS BITUN3HIIHUM CIIOYKHU-
BavaM, a i eKCIOPTYBAJIUCH 0 OAaraTbox
kpain Pajgu Exonomiunoi Bzaemomoro-
moru (PEB).

Cnin 3ayBaxkKuTh, MO0 CEMUDIYHUM
mianoM possurky CPCP  (1958-1965)
OyIIBHUIITBO NPUIANOOYIIBHUX 3aBOJIIB
B YKpaini He mnependadasocs. Ileprri
mamuau «/laenpy Bumycka KuiBcbkuit
3aBoy  «Panmionpuany. 3 iminiarusm
B.M. I'mymikoBa, mizrpumanoi ypsmoM,
OJHOYACHO 3  PO3POOKOI0  MAIIMHHU
«duenp» y Kuesi posnouasnu criopymke-
HHSI 3aBOJIy OOYMCIIIOBAJIBHUX 1 KEPYIO-
4uxX MamuH — HuHI <«EjgexkTporMmars.
Omxke, po3pobka «/lHempay cTumysroBa-
Ji1a, OYZiBHUIITBO BEJIMKOTO 3aBOJY 3 BU-
POOHUIITBA KOMIT'IOTEPIB.

Konektus TBopuis mamunu «/{nernp»
i kepylounx cucrem Ha i1 6a3i (kepis-
HukK poboru B.M. Masunoscbkuit, yda-
camku M. 3. Kornspescokuit (Bim 3aBo-

reduce to zero the gap between the
level of American technology devel-
opment and ours in one very impor-
tant field. Besides, our computer was
the first national transistor machine
(if not to take into account specialized
machines).

Later it was verified that the ma-
chine beautifully tolerates different
climatic conditions, vibration, etc.
When during the joint space mis-
sion “Soyuz—Apollo” it was necessary
to equip the showroom in the Space
flights operational center, after long
discussions computer “Dnepr” was
chosen. Two machines operated the
big screen, on which the flight and
docking was reproduced.”

This first serial transistor control
machine also broke the record of indus-
trial longevity, as it was in production
for ten years (1961-1971). In other
cases serious modernization was usu-
ally needed after fivesix years.

“Dnepr” machines were used in
many industrial processes pioneering
digital control systems, complicated
physical experiments, during the new
sophisticated technology testings. The
machines were supplied not only to
national users, but were exported to
many states of Council for Mutual
Economic Assistance (CMEA or Com-
con).

It should be mentioned, that
the specialized plant construction in
Ukraine was not included into the
USSR sevenyear plan (1958-1965).
The first “Dnepr” computers were pro-
duced by the Kiev plant “Radiopri-
bor”. V. Glushkov promoted con-
struction of the plant for computers
and digital control machines assem-
bly (“Electronmash” now) in Kiev at
the same time with “Dnepr” develop-
ment. Government supported this ini-
tiative. Thus, “Dnepr” creation stim-
ulated the construction of a big com-
puter plant.

The creators of the digital con-
trol machine “Dnepr” and the control
systems on its basis (B. Malinovsky—
principal investigator and chief ex-
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Oy OOYMC/IIOBAJIBbHUX 1 KEPYIOUUX Ma-
mmH), . O. Muxaiisos, M. M. Ilasios,
A.T. Kyxapuyk, JI. O. Kopurna, }FO. T. Mu-
rymiucekuit, 1. /I. Boitrouu, ®@.H. 3Bu-
koB, B.C. Kanenuyk Ta in.) GyB npea-
crasienwuii Ha Jleninceky npewmio. Ogaax
poboru HabaraTo Burepeaun dac. Hosa-
TOpIB He 3PO3YMI/IH i IIpeJCTaB/IEHHS Ha
IpeMilo BIAXWIWIN, TaK CaMO, SIK OO
«M3CM>» y 1952 p.

Y 1968 p. Incruryr kKiGepHeTHKH
AH YPCP pasom i3 KuiBcbkum 3aBO-
JIOM OOYHUCIIIOBAJILHUX Ta KEPYIOUMX Ma-
IIUH PO3POOUB 1 BUITyCTHB MaJIOIO CEPIEI0
HamiBIPOBiAHUKOBY MamuHy <«/lHenp2»,
NpU3HAYEHY JJIsd PO3B’SA3aHHA NINPOKO-
ro KOJIa 3aBJIaHb: IIJIAHOBOEKOHOMIYHHX,
KEpPyBaHHsI BUPOOHUYNMHU TPOIECAMH 1
CKJIATHUMH (DI3SUYHUMU €KCIIEPUMEHTa-
mu. KepyBamm poboramu B.M. Imy-
mkoB i A.QO. Croruiif, roJ0BHUM KOH-
crpykropom 6y A.I. Kyxapuyk. Ma-
mIMHA CKJIaJajacsd 3 O0OYMCIIIOBAIBHOL
qactuan «/lHenmp2ly i Kepyodoro Kom-
wiekcy <«Jlmenp22». HaykoBum Kepis-
HUKOM DpOGIT 31 crBOopenHs «lHemp22»
6ys bB.M. ManuHOBCbKHUH, TOJIOBHUM
KOHCTpyKTOpoM — B.M. €runko. Ma-
muHa <«/lHemp2» Maja pO3BHHyTEe Ma-
TeMaTU4IHe 3a0e3MeYeHHs, 10 TOCTava-
sgocs 3amoBHUKOBI. Ha kasb, BHIIycK
«duenp2» 3a pimenusm MinicTepcTBa
npusanobyaysanass CPCP nmesnossi Gy-
JIO IIPUIINHEHO.

Anajiorosa odbuucCIIOBAJILHA
TexXHiKa

Y 1959 p. xonexkTuB OGUUCTIOBAIBLHOTO
uentpy AH YPCP nonosauscs Bigmizom
MATeMaTHYIHOrO MOJETIOBAHHS. Voro Ke-
PIBHUKOM CTaB TaJaHOBUTUN 43iiTHiN
yuennii npodpecop Il'eopriit €prenoBmy
ITyxos. Pamime Bin mpamosas (3 1957
p.) 3aBimyBadem kadenpum TeOpEeTHIHOL
i 3arajpHOI ejekTpoTexHiKu KuiBchbKO-
ro IHCTUTYTY LUBiNIbHOI aBiamil i 3amu-
MUBCA Ha Iil mOcajli 3a CyMiCHHIITBOM.
I'. €. IlyxoB 3ywmiB 3i6paTu y Bijiia cBOIX
KpPalllUX Y4YHIB — KOJIHUIIHIX CTYZEHTIB i
criBpoOiTHUKIB Ka deapu i pO3ropHYB
BeJIMKI Ta TyIMOOKi JIO CJIPKEHHS B TaJIy-

ecutive officer, participants M. Kotl-
yarevsky, G. Mykhaylov, N. Pavlov,
A. Kukharchuk, Y. Mitulinsky and
others) were nominated for a Lenin
prize. However, work was so innova-
tive, that its meaning were not com-
prehended by authorities, and the
nomination was called off in the same
way it was done with MESM in 1952.

In 1968 the Institute of Cyber-
netics in collaboration with the Kiev
computers and control machines plant
elaborated and produced a small se-
ries of transistor computer “Dnepr2”.
It was designed to solve a wide range
of problems, such as planning, eco-
nomic, controling over industrial pro-
cesses and difficult physical experi-
ments. V. Glushkov and A. Stogniy
led the project; A. Kukharchuk was a
principal designer. The machine con-
sisted of a computing part “Dnepr21”
and a control complex “Dnepr22”.
B. Malinovsky supervised works on
“Dnepr22”. The machine “Dnepr2”
had comprehensive software that was
supplied to the customer.  Unfor-
tunately, “Dnepr2” production was
soon stopped with the resolution of
Ministry of Instrumentmaking of the
USSR.

Analog Engineering

In 1959 a new department of mathe-
matical modeling was created in the
AS Ukr.SSR Computing Center. Its
chief was a talented 43yearsold scien-
tist, professor Georgiy Pukhov. Ear-
lier (since 1957) he served as chair-
man for the department of theoreti-
cal and general electrical engineering
at the Institute of Civil Aviation in
Kiev. He retained this post as adjunct
chairman. G. Pukhov managed to at-
tract the best students and former em-
ployees to the department. He devel-
oped broad and profound research in
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31 aHaJI0roBOI i KBa3iaHa JIOrOBOI TEXHi-
Ku ciogarky B OGUnCIIIOBAIL HOMY IIEH-
Tpi, a mortim B lHCTHTYTI KibepHeTH Ku
AH VYPCP, crBopuBmn HayKOBY IIKO-
JIy. Ychoro d4epes pik BiIia po3pobus
cuenianizoBany mamuny «9MCCT» musa
PO3paxyHKy pi3HuX OydiBeJIbHUX KOH-
crpykuiit (€. A. Ilpockypin Ta in.), mo-
rim mMammay «9MCC7M» (B.B. Bacu-
JapeB Ta iH.), «<9MCC8 Amnndar (A.€.
Crenanos ta in.). Ilisuime Gyau crso-
peni mammuuu: «UTepatopy myis po3s’si-
3aHHS CHUCTeM JIHIHHUX JudepeHItiaib-
HUX DIiBHSIHb 3 JIHIHHUME TI'DAaHUYHUMH
ymoBamu (I.1. I'pesmos Ta im.); <«Ap-
KyC» — JIJTsI pO3B’sI3aHHs JIHIMHUX 1 HeJTi-
HIMHUX JudepeHIiaJbHIX DIBHSHB 3 JIi-
HIfHIMU | HeTiHIMHUME KpaifloBUMU yMO-
Bamu (I.1. I'pesnos); «Onrumym2» s
PO3B’si3aHHS TPAHCIIOPTHOI 3a1a4i JIiHiH-
noro nporpamysanns (B.B. Bacuibes);
«Acopl» 1uia po3B’si3aHHs 3a7@9 CITKO-
Boro wianyBaHHs (B.B. Bacuiber Ta
in.); «YCM1» mnsa poss’sizanna gude-
PeHIaJIbHUX PIBHSHDb y YACTHHHUX HOXi-
JHUX eJIITUYHOrO 1 1apabosiitHOro TUIY
(T. €. Ilyxos ra in.).

Yci mamuau, po3pobiieHi y Bijmiti
I'. €. IlyxoBa, BUIyCKa/IHCS MaJUMHU Ce-
pisimu Ha 3aBozax YKpaiHuU.

VY 1961 p. I'. €. IlyxoBa obpau dje-
nomikopectoniearom AH YPCP. V 1966
p. leopris €BrenoBuua Oysi0 mpu3Ha-
YEHO IIEePIINM 3aCTYIHHUKOM JUPEKTOPA
Tucruryry kiGepueruku AH YPCP. ¥V
neit yac 3 iminmiatmeum B.M. Dmymkosa
qucjenHi Biaiau [acruryry Gyno 3rpy-
MOBAHO B YOTHUPH BIJJIJIEHHS — T€O-
perudHOl # EeKOHOMIYHOI KibepHEeTHKH,
KibepHeTUYHOI TEeXHIKH, TEeXHIYHOl Ki-
OepHeTUKH, MeIUdHOl i GiosoriyHol Ki-
OEpHETHUKH, & TaKOXK OOYUCTIOBAILHUM
nenTp. Bimginenns manium Beuky camo-
crifinicts. Humu kepyBasu nposiiai Bue-
mi: O.0. Bakaes, I'. €. ITyxos, O.1. Ky-
xterko, M. M. Amocos. Ile naBajio amory
B.M. I'mymkoBy Mmaif>ke He BTPYJaTHUCH
B pobOTY BiJlIi/IeHb, TPUIIISIOY OCHOB-
HOA Yac Ha DiIIeHHS Jy»Ke BarKJIUBHUX
3ama4 31 38’a3Ky lHcTHTYTY 3 KepiBHUMI
opraHamMu KpaiHW, MiJIKJIIOYeHHs [HCTH-
TYTy JO IIOCTaHOB YyPsly, IO 3abe3Iedy-
BAJIO IOJAJIBIINI PO3BUTOK MaTepiaiib-

the field of analog and quasi analogue
technology at the Computing Center,
and then—at the Institute of Cyber-
netics, established the scientific school.
After just a year the department elab-
orated its first specialized machine
EMSS7 for different building con-
structions calculations (E. Proskurin
and others), and then—a machine
EMSS7M (V. Vasiliev and others),
later—EMSS8 Alfa (A. Stepanov and
others). Later the following machines
were built: “Iterator” to solve systems
of linear differential equations with lin-
ear boundary data (G. Grezdov and
others), “Arkus” to solve linear and
nonlinear differential equations with
linear and nonlinear boundary data
(G. Grezdov); “Omtimum?2” to solve
transportation problem of linear pro-
gramming (V. Vasiliev); “Asorl” to
solve the problems of net planning
(V. Vasiliev and others); USM1 to
solve differential equations in partial
derivatives of elliptic and parabolic
types (G. Pukhov and others).

All the machines, elaborated at
the Pukhov’s department, were manu-
factured in small lots by the Ukrainian
plants.

In 1961 G. Pukhov was elected
a Corresponding Member of the AS
Ukr.SSR. In 1966 he was appointed
the first deputy director of the Insti-
tute if Cybernetics, AS Ukr.SSR. At
that time V. Glushkov initiated the
process of merger of the numerous In-
stitute departments into four sections:
theoretical and economic cybernetics;
cybernetic technologies; technical cy-
bernetics; medical and biological cy-
bernetics; and also Computing Cen-
ter. The sections were independent
and headed by prominent scientists
A. Bakaev, G. Pukhov, A. Kukhtenko
and N. Amosov.

V. Glushkov did not interfere
much with the work of sections and
could spend most of time to solve very
important tasks on governmental af-
fairs, on the state cooperation with the
institute, its relevance to the govern-
ment decisions. It ensured the further
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HOI, HAyKOBOTEXHIYHOI i KaJpoBOl Oa3u
TacTuryTy.

I". €. IlyxoBy 6yn0 mopydeno kepis-
HUIITBO BiJIiJIEHHSM KiOEpHETUYHOI Te-
xuiku Iacruryry. CBOIM 3aCTyIHUKOM
Bin mpusnaunB b. M. MamunoBCcbKOTO i
naB floMy JIOpyYeHHS KOOPIWHYBATHU PO-
60Ty TEXHIYHMX BiJIIUIIB: KEPYIOUUX Ma-
mmu  (B. M. MamuaoBebkoro), apudme-
TUYHUX 1 3amaMm’siTOBYIOUMX ITPUCTPOIB
obuncsosanbanx MamuH (I O. Muxaii-
JI0Ba), Teopii mmudpoBUX OGIUCITIOBAID-
nux mamms (3.JI. Pa6inosuua), ¢disu-
YHHAX 1 TEXHOJIOTIYHUX OCHOB IDPOBHUX
obuncmoBanpanx Mamma (B.I1. Jlepka-
4a), IIepeTBOPIOBadiB dhopmMu iHdopMaril
(A.1. Konnanesa), nepegadi indopma-
il (A. M. JIyayka), Teopil i pospaxyHKy
enekTpomaruiTHux npucrpois (O.B. To-
30HI), MeAUYHOI KiGEpHETUYHOI TEeXHIKN
(JI. C. Aseena).

Mix «1udpoBHKAMU» 1 «aHAJIOrOo-
BuKaMu» Hnuio HeruiacHe (asie jo6pe!)
3marannd. Ilik ycoixiB xosexTuBy Bimmi-
ay I. €. Ilyxosa npumas Ha 60Ti pokw.
Tsopumit BHecok camoro I'. €. Ilyxosa
BayKKO TepeoIiHuT. AJie CTPIMKUil po3-
BUTOK IU(POBOI TEXHIKH MPHU3BIB, Ipa-
KTHYHO, /10 3TOPTAHHS JTOCIIIKEHDb B Tra-
JIy3i aHAJIOTOBOI i KBa3iaHAJIOTrOBOI TeXHi-
ku. Y 1971 p. I'. €. ITyxoB pasom 3i cBoO-
IM Bigmisom mepeimos 3 IacTuTyTy Ki-
6epuerukn AH YPCP no Incruryry ese-
krpoaunamiku AH YPCP. Ilizuime Bin
crBopuB [HCTHTYT MpObIIEM MOIETIOBAH-
ua B enepreruni AH YPCP.

YV 1971 p., micas nepexomy I. €. Ily-
XOBa JO IHIIOTO IHCTUTYTY, KEPiBHUKOM
BiJTisIeHHsT KibepHETHYHOI TEXHIKU CTaB
B.M. MasuHoBCbKUil (Ha IPOMAaJICBKUX
3acajax), BaJUINIAIOYHCH  3aBlayBademM
BIJIITy KEPYIOUHX MAIIHH.

IlomtepesHnku  mepcoHaJIb-
HUX KOMII'IOTEPiB
Ie 8 1959 p. y B. M. I'nymikoBa BUHUKJIA

i/test CTBOPUTH MAIWHY JIJTsT 1HXKEHEPHIX
pospaxyHukiB. ¥ 1963 p. mim itoro Hay-

development of the material, scientific,
technical and cadre basis of the insti-
tute, and also his own department of
digital automation.

G. Pukhov was entrusted to lead
the section of cybernetic technology of
the institute. He appointed B. Ma-
linovsky his deputy in charge of co-
ordination of the following technical
departments: department of opera-
tional machines (B. Malinovsky); de-
partment of computer arithmetic and
storage devices (G. Mikhaylov); de-
partment of computer theory (Z. Ra-
binovich); department of physical and
technological computer foundations
(A. Kondalev); department of infor-
mation transfer (A. Luchuk); depart-
ment of theory and development of
electromagnetic devices (O. Tozoni);
department of medical computer de-
vices (L. Aleev).

There was an unpublicized (how-
ever a positive!l) competition between
the “digital” and “analog” scientists.
The peak of success of Pukhov’s sec-
tion took place in 1960s. The per-
sonal contribution of G. Pukhov was
enormous. But the speedy develop-
ment of digital engineering brought to
the end research in the field of ana-
log and quasianalog technology. In
1971 G. Pukhov moved his section
from the Institute of Cybernetics to
the Institute of Electrodynamics, AS
Ukr.SSR. Later he created the Insti-
tute of Modeling Problems in Ener-
getic, AS Ukr.SSR.

In 1971 after G. Pukhov’s depar-
ture to another institute, B. Mali-
novsky became the head of the cyber-
netic technology section (on a volun-
tary basis), maintaining supervisory
position in the control machines de-
partment.

Predecessors of personal
computers
In 1959 V. Glushkov decided to create

the machine for engineering calcula-
tions. Such machine called “Promin”
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KOBHMM KEPIBHUIITBOM OYJIO PO3POOJIEHO i
3allyIeHo B cepiiiHe BUPOOHUIITBO CTBO-
peny B IncturyTi pazom 31 Crenianapuum
koHcTpykTopchkuM 6opo (CKB) marmmn-
my «IIpominbs. i mouas sumyckaru Ce-
BEPOJOHENBKU 3aBOJ, OOYHCIIOBAIBHIX
mamuH. «IIpomine» Gyna, mo cyri, HO-
BHUM CJIOBOM y CBITOBIiil IpaKTHIIi, MaJIa y
TEeXHIYHOMY MJIaHI 1[Iy HU3KY HOBOBBE-
JIeHb, 30KpeMa I1aM’siTh Ha MeTaJsli30Ba-
HUX KapTax. Ajie Haiirosjosuime — e Oy-
Jla TIepIia MAaIlNHa 3 TaK 3BAHUM CTYIIiH-
YaCcTUM MIiKPONPOrPAMHUM KepyBaHHSIM
(na sike B. M. I'tymkos misHime onepkas
ABTOPCBHKE CBLIOLTBO).

3rogoM cTymiHYacTe MiKpOIpOrpaM-
He KEePYBaHHS BUKODHUCTAJIW B MAIIMHI
I8 1HXKEHepHHX PO3PaXyHKIB, CKOPO-
yeHo — «MUWP1», cTrBopewniit ciaitom 3a
«IIpominb» (1965). ¥V 1967 p. Ha BU-
craBui B JIoHIOHI, &le meMoHCTpyBaJsa-
csg «MUP1», i1 mpunbasia aMepukaHChHKA
dipma «IBM» — maitbinema y CIIIA,
sgKa nocradasa Maiizke 80% obumciio-
BaJIbHOI TEXHIKHM JJIsI BCHOT'O KalliTaJli-
cruuHoro csity. lle 6ys mepmmit (i, Ha
JKaJlb, OCTAHHIN) BHIAJOK KyliBii pa-
JSTHCBKOI €JIEKTPOHHOI MAIMHU aMepu-
KaHCHKOIO KOMIIQHIEIO.

Pozpobruku «MWP1» orpumasnn
Hepxasuy npemito CPCP (B.M. Iimy-

ko, FO. B. Biarosemencokuii, O. A. Jle-

tuuaeBcbkuii, B. 1. Jloces, 1. M. Momua-
woB, C.B. IMorpebuncekuii, A.QO. Cro-
ruiit). ¥ 1969 p. upuitasau g0 BUpO-
OHuITBAa HOBY, JockoHaurmry «MUP2»,
a morim — <«MHMP3». 3a mBuakicrio
BUKOHAHHSI AHAJITUYHUX IEPETBOPEHD
MM MalluHaM He OyJI0 KOHKYPEHTIB.
«MUWP2», nanpuk/an, yCHOINIHO 3Mara-
JIacs 3 yHIBepCAJbHIMHU MAITMHAMH 3BU-
YaifHOI CTPYKTYPH, $IKi IIE€PEBUIILYBaJIN
11 3a HOMIHAJIBLHOIO IIBUIKOIIEIO Ta 00-
caramu rmamM’sgTi y 6araro pasis. Ha i
MaIllMHi BIlepIle y NPaKTUIL BiTYHU3HS-
HOTO MATEMATUIHOTO MAaITUHOOY/IyBaH-
Hsl OyJIO peai30BaHO J11a/IONOBUM PEXKUM
poboTH, & BUKOPUCTOBYBABCSI JIHUCILIENH
3i cBiTimoBuM mepom. Koxkua 3 1mx ma-
MINH CTaJla KPOKOM yIepes] Ha NUIAXY
o6y I0BM PO3yMHOT MAIIWHU — CTPaTe-
Ti9HOTO HAIMPsIMY B PO3BUTKY KOMII IO~

was elaborated in the Institute of
Cybernetics and its SDB. In 1963
its serial production was started at
the Severodonetsk computer plant.
The computer “Promin” was a break-
through in the world practice. It in-
cluded many technical innovations,
particularly memory on metallic cards.
But the main thing was that it was the
first machine with a socalled piggy-
back firmware control (later V. Glush-
kov received an author’s certificate for
it).

Some time later firmware control
was used in the machine for engi-
neering calculations MIR1, which was
created after the “Promin” computer
(1965). In 1967 MIR1 was exhibited
in London where it was bought by the
American company IBM—the largest
in the USA supplier of about 80% of all
computer technique for the capitalist
world. It was the first and unfortu-
nately the last time when the Amer-
ican company bought a Soviet com-
puter.

MIRI1 creators were awarded with
the USSR State prize (V. Glushkov,
Y. Blagoveshensky, A. Letichevsky,
V. Losev, 1. Molchanov, S. Pogrebin-
sky, and A. Stogniy). In 1969 im-
proved computer MIR2, then—MIR3
were manufactured. These machines
had no competitors for the speed of an-
alytic conversion. For example, MIR2
successfully competed with universal
computers of ordinary structure that
rated many times higher in speed and
memory capacity. Namely, on this ma-
chine for the first time in the history
of national machinebuilding, they re-
alized the dialog mode of work, where
they used display with light pen. Each
of these machines was a step for-
ward creation of an intellectual ma-
chine, along a strategic direction in
computer development proposed by
V. Glushkov.

At that time it was considered
that machine language should be as
simple as possible, and the rest would
be done by programs. “Address lan-
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TepiB, 3anpornonoBanoro B. M. Imymiko-
BUM.

Ha Toit wac y cBiri manysana gym-
Ka, 10 MAIIMHHA MOBa Ma€ OyTH SKO-
MOTa IIPOCTIIIOIO, & BCe iHIIE 3POBJIATH
nporpamu. Takoro Oya «aJgpecHa MOBa»
st komir'rorepa  «Kwue», pospobiena
B. C. Koposmrokom i K. JI. FOmenko.

IIpoekrytoun mamuuau « MUP», B. M.

[ymkoB craBuB iHIIE 3aBJaHHSA — 3pO-
OUTH MAIIMHHY MOBY SIKOMOTa OJIMKIOIO
10 JIOZCHKOI (MaeThea Ha yBasi Mmare-
MATHUYHA, & He PO3MOBHA MOBa). I Ta-
Ka MoBa — <«AHajiTmK» — OyJsia CTBO-
perna (O.A. Jlermuescekuii) i mimrpu-
MaHa OPHUTiHAJIBHOI BHY TPINTHBOMAIIIIH-
HOIO cucTeMoro i1 iHTepnperarnii. Marmmu-
un «MUP» BuxopucroByBasmcs B ycix
KyToukax Pansucbkoro Corosy. losos-
HUM KOHCTPYKTOPOM KoMIT'toTepiB «IIpo-
minp» Tta «MHWP» 6yB C.B. Ilorpebun-
CBKUIA.

KibepHeTuuna texuika

Tepmin «kibepHerndHa TexHiKas 3 iHimi-
atusu b. M. MagnHOBCHKOTO 3aTBEpINB-
ca B 1978 p. ¥V «Enmukionenii kibepue-
Tuku» (rojosHmit pegakTop B. M. Tiy-
mKOB), BuAaHii y 1976 p., neit Tepmin
e He 3rajyBaBcsa. Ha BiamMiny Bizg o6um-
CJIFOBAJTLHOI, KibEpHETHYHA TEXHIKa CTa-
JIa BasKJIMBHM HAIIPSIMOM y HAyIll Ta Te-
XHiIl, TOB’A3aHUM i3 3aBJaHHSIM 3i CTBO-
peHHsI TeXHIYHUX 3acobiB Iy 1O6ymIo-
BU KEPYIOUNX, BUMiPIOBAJIbHUX, KOHTPO-
JIFOIOYUX, aBTOMATUYHUX 1 aBTOMATH30-
BaHUX CHUCTEM i MPUIAJIB 3 BUKOPUCTAH-
HsIM KOMIT'IOTepiB. [T TIomepe tHuIs TexHi-
qHa KibepHeTHKa Oysia CIpsiMOBaHa He Ha
CTBOpPEHHsI TEXHIYHMX 3ac0DiB, a Ha PO3-
poOKy Teopii cucreM KepyBaHHSI, Yy IIep-
1Ty 9epry HayKOBUX OCHOB ABTOMAaTUIHO-
0 KEPyBaHHSI.

Bunuknennio kibepHETHYHOI TeXHi-
KU TOCJIY?KWUJIM CTBOPEHHS 1 YHCJIEHHI
3aCTOCYBAHHS KEPYIOYOro KOMII'IOTEPA
«duenp». Hanani singminenns xiGephe-
TUYHOI TEXHIKMA TOYAJIO 3aidMaTHUCT PO3-
POOKOIO He TiJIbKKA KEPYIUUX OOYUCITIO-
BaJIbHUX MAIIIMH 1 CIleriaji3oBaHux 00-
YHC/IIOBAJIbHUX TPHUCTPOIB, a i 3acobiB
nepenadi iHdopmariii, 3acobiB CHiIKyBa-

guage” for the “Kiev” computer de-
signed by V. Korolyuk and E. Yuschen-
ko was of such kind.

Designing machines MIR, V. Glush-
kov set another aim—create machine
language similar to the human one
(meaning the mathematic, not the
spoken language). Such language
“Analitic” was created by O. Letichev-
sky and supported by the original in-
ternal system of interpretation. MIR
machines were used in all parts of the

USSR.

Cybernetic techniques

The term “cybernetic technique” pro-
posed by B. Malinovsky was estab-
lished in 1978. In the “Encyclope-
dia of Cybernetics” (1976, editor—
V. Glushkov) this term is not men-
tioned. Unlike the computational
techniques, cybernetic technique be-
came an important direction of sci-
ence, connected with the task of fa-
cilities creation for control, measur-
ing, automatic and automated systems
and devices with a use of computers.
Its predecessor—technical cybernet-
ics, was aimed to elaborate the the-
ory of control systems, first of all the
scientific basis for automatic control,
but not to create technical facilities to
make them.

Creation and numerous usage of
the machine “Dnepr” positively in-
fluenced the emerging of cybernetic
technique. Later on, the Section of
Cybernetic Techniques began to elab-
orate not only the control comput-
ers and specialized computing devices,
but also information transmission me-
dia, communication facilities for the
control systems operators, and the is-
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HHSI OTIEPATOPAa i3 CucTeMaMu KepyBaHHS,
a TaKOXK NMHUTAHHSIMH IXHBOTO 3aCTOCYBa-
HHSI JIJIsI KEPYBaHHsI PI3HUMHU IIPOIECAMH,
aBTOMATH3AIl] CKJIQIHUX €KCIIEPUMEHTIB
i BUMipIOBaJIbHUX IPUJIA/IIB.

IlosiBa kibepmernunol Texmiku Oysa
00’€KTUBHO OOYMOBJIEHA IIBUJIKUM 3PO-
cTaHHAM TOTpPeb B 3acobax aBTOMATH3a-
mil, TpardeHHaAM MaTh eQEeKTUBHI, Ma-
KCUMAaJIbHO JIeleBi, Ha/iiiiHi, 3pyd4Hi B
ekciutyaranil TexHivuHi 3acobu ajst mo0y-
JIOBU aBTOMATHYHUX 1 aBTOMATU30BAHUX
CHCTeM y DI3HHX rajy3sax HapOIHOTO I'o-
CIIOIAPCTBA, HAYKU i TEXHIKH, y BiiCBKO-
Biit cripaBi, y nmpuiamo0y/myBaHHi, IO BU-
pimye 3ajad4i, myKe gajieKi Bij TUX, KO-
TPl BUPIIMIYIOTHCS 3BUYARHOIO OGUUCIIIO-
BAJILHOIO TEXHIKOIO B OOYHCIIOBAJIBHUX
[EHTPax abo 3a JOIOMOI'OI0 II€PCOHAJIb-
HUX Ta IHIINX OOYMC/IIOBAIBLHAX 3aCO0IB.
OcHOBOIO KiGepHETHYIHOI TEXHIKHU, TOPO-
JI>KEHOI B HaJIpax O0UYMCIIOBAIBHOI TEXHi-
KM, CTaJIa TAKOXK aBTOMATHUKA, TeJleMexa-
HiKa, aBTOMATUYHE KEPYBAHHS, BUMIipIO-
BaJIbHA Te€XHiKa — Ha iXHi# 6a3i KibepHe-
THYHA TeXHiKa 37100yJ1a CaMOCTIHICTS.

Pymiifinoro cmimoro po3BuTKy 004UH-
CJIIOBAJIBHOI TEXHIKM CTaJia IIOTpeda, IIo
Jenaii 3pocrasa, B OOYHCIIEHHSIX (Hail-
pi3HOMAHITHIMMX) y Haymi Ta TEeXHim.
3Bijcu # yIOCKOHAJIEHHST 3ac00iB 00YM-
CJIIOBAJILHOI TEXHIKY TIIILIO 1O JIiHi1 CTBO-
PeHHsI MOT'YTHIX yHiBepCAJbHUX MAIUH,
MaIlUH /[l 1H>KEHEPHOTEXHIYHUX PpO3-
PaxyHKIiB, TepMiHAJBHUX KOMII IOTEPIB
17151 OOYHC/TIOBATIBHIX CUCTEM KOJIEKTUB-
HOI'O KOPHCTYBaHHSI, a TAaKOXK IIO JIHIil
PO3BUTKY OOUYMC/TIOBAIBLHOI TEXHIKU JJIst
IHAUBIyaJIbHOIO KOPUCTYBAHHS 1H>KEHe-
paMu, CTyJeHTaMu, IIKOJApaMu, aaMi-
HicrpaTopamu it iH. OCHOBHI BUMOTH 10
3ac0o0iB 0OYUC/IIOBAIBHOI TEXHIKM — IIe
AKHANBUINA NPOAYKTUBHICTD, 3Py4HICTH
B OOCJIyTOBYBaHHI sIK BEJTUKUX KOJIEKTHU-
BiB — CHOXKWBAYIB OOUUCITIOBAJILHOI Te-
XHIKH, TaK 1 OKpEMUX KOPUCTYBAUiB, IIPO-
CTOTA CHIJIKYBaHHS JIIOJWHA 3 Malllu-
Horo. ObuncioBaIbHa TeXHIKa, K BiJlo-
MO, CTBODIOETBCS JJII BHKOPUCTAHHS 11
JIIOJIIHOIO B SIKOCTI MOy THHOT'O OGYINCIIIO-
BaJbHOrO iHCTpyMeHTa i 3aco0y aBTOMAa-
TH3alil IHTeJIEKTYAJIbHOI JIiSJIbHOCTI.

PosButok kibepHETHYHOT TEXHIKA

sues of their usage to control different
processes, automation of difficult ex-
periments and measuring devices.

The appearance of cybernetic
technique was fairly caused by increas-
ing demand for the automated facili-
ties, by aspiration for having the effec-
tive, cheap, reliable, easytouse techni-
cal devices to construct the automatic
and automated systems in different
fields of economy, science and tech-
nology, in the military service, in the
instrumentmaking industry. These de-
vices would solve the problems differ-
ent from ones, which are usually solved
by ordinary computers in the comput-
ing centers or with the help of personal
or other calculators. The foundation
of cybernetic technique, which first
came out from the computing tech-
niques, was also automation, teleme-
chanics, automatic control, measuring
technique. On their basis cybernetic
technique acquired independence.

A growing demand for various cal-
culations in science and technology
became the driving force in comput-
ing technique development. The im-
provement of computing technique de-
vices developed into two directions:
creation of the powerful universal
computers, computers for technical
and engineering calculations, terminal
computers for the shared computation
systems; and also into development of
computer technique for personal use
by engineers, students, schoolchildren,
administrators etc. The main require-
ments to the computing technique de-
vices were highest productivity, usabil-
ity, comfortable service for both col-
lective and individual users, simplic-
ity in communication between human
and machine. As we know, comput-
ing technique is created to provide a
powerful calculation and intellectual
activity automation means to the peo-
ple.

The driving force for cybernetic
technique development was the inten-
tion to automate different technologi-
cal and measuring processes, daytoday
industrial management, control over
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OyB OOYMOBJIEHHMII IparHeHHsIM aBTOMAa-
TU3yBaTU Pi3HI TexXHOJIOrivYHI i BUMIipIO-
BaJIbHI TIPOIECH, OIMEPATHBHE KEPyBaH-
HsI BUDOOHUIITBOM, KEPYBAHHS €HEPIreTHU-
YHAMM, TPAHCIOPTHUMHK ¥ iHIIUMU 00 €-
KTaM#, y TOMY 49ucyi B cdepi 030poeHHS
i y KocMmoci (nporecu posnisHaBaHHS 1 T.
JI.) 3 METOIO BUJIyUEHHSI JIFOJAWHU 3 TAIy3i
KOHTPOJIIO 1 KepyBaHHsI IIUMU IIPOIECa-
MH. Y TaKUX 3aCTOCYBAHHSX BUKOHAHHS
06YNC/IeHD € JIUIE YaCTUHOK 3arajbHo-
0 KOMILUIEKCY iH(OPMAIIHIX TPOIIEeciB,
IO Wi/IJIsAral0Th aBTOMATH3AIl. ¥ 3B’s3-
Ky 3 IUM KOMII'IOT€pH, X0Ya i BUKOHY-
IOTH POJIb EHTPAJIBHOI 1HTEJIEKTYyaIbHOL
YaCTHUHU CHCTEM, aJjle BXKe He € €JUHUM
3acoboM Jist iXHBOT ooy oBuU. [lis 11hO-
ro MOTPiOHI TAKOXK 3aCO0M aBTOMATHIHO-
ro obwminy indopmariiero Mik 06’eKTa-
MU # KOMII'IoTepaMu, rnepesfadi iHdop-
Maril (g mudpoBoi, TaK 1 AHAIOrOBOI)
Ha BincTaHb, BiOOpParKeHHS XOHIy IIPO-
1leCy OIEpaTOpPy, BTPYUYAHHSI OIEPATOpa
B mporecu # iH. Takum umHOM, CKITAT
3ac00iB KiOEpHETUIHOI TEXHIKU BUSIBUB-
Csl 3HAYHO TITUPIINM, Hi’K 3ac00iB BJIacHe
obuncmoBaabHOl Texuiku. Jlas meskux
3aCTOCYBaHb YaCTKa 3aco0iB OCTaHHBOI
BUSBUJIACS B3araJji HE3HAYHOIO IOPiBHS-
HO 3 BEJIMKUM O0CATOM iHIITOI amaparypH,
Takol, HAIIPUKJIAJ, SK 3acOo0M 3B’A3KYy 3
06’€KTOM.

Kpim Toro, g0 obumncrroBaabuux 3a-
cobiB, IO BXOJATH JIO CKJIAJy 3acob0iB
KibepHETUYHOI TEeXHIKW, BUHHUKJIH CBOI,
ocobsmBi BUMoru. Brucoka mBuIKicTs BU-
KOHAHHS OOYUCJIIOBAJIBHUAX OIepaliii y
psiii BUMAIKIB Tepecrajia OyTH OCHOB-
HUM KpHUTepieM TXHBOI aKoCTi. fKIo BiH
i 3a/1aBaBCsA, TO, SIK NIPABUJIO, JOIIOBHIO-
BaBCsI I1JI0I0 HU3KOIO 1HIITUX BUMOT 3 OIle-
paTuBHOCTI 06POOKM, BAPTOCTi, pO3MipiB
amapaTypu, HajiiiHOCTI # iH. 3’siBUIACSA
0cobIMBI BUMOTH JI0 OpraHizarii ob64u-
CJIIOBAJIBHOTO TIPoIiecy. [ 0ToBHUME CcTATH
BUMoOra o0OpobOKH iHdopMallil B peajbHO-
My MacmTabl Jacy, IUKJIYHE IOBTOPEH-
HsI TUX CAMHX IIPOTrpaM, TIJIbKHU 3 Pi3HU-
MM IIOYATKOBUMH YMOBAMH, OpPi€HTaIis
O0NCIIOBAJIBHIX 3aCO0IB Ha BH3HAYEHI
KJjiacu obumciieHb Ta in. MoKJIuBi Buma -
KM, [0 BUMAaralThb HAJIBUCOKOI IIBUJI-
KOCTI OOYNC/IeHD I BU3HAYEHUX TPy

energy, transport and other objects,
including ones in the field of arma-
ment and space exploration (recogni-
tion processes) with the aim to elimi-
nate human from the control and man-
agement over these processes. For
such purpose calculation is only a
part of the whole complex of infor-
mation processes, which are to be au-
tomated. In such a view the comput-
ers are not a unique means for their
construction, though they play a role
of a central intellectual part of the
systems. Besides, for these purposes
there should be means of automatic in-
formation exchange between the com-
puter and other objects, distant in-
formation transmission (both digital
and analog), report on processes to the
operator’s display, operator’s interfer-
ence with the processes, etc. Thus,
the composition of cybernetic facili-
ties was much broader than ones of
computing techniques. In some appli-
cations, for instance, in the facilities
for communications with object, the
part of computing technique devices
was minimal compared with the great
range of other equipment.

Besides, there appeared special
demands for the computing devices,
which are to be included into the cy-
bernetic technique. The high speed of
calculation operations was no longer
the main criteria of their qualities in
some cases. If it was hallmarked, it
was usually compiled with other de-
mands for processor efficiency, cost,
size of device, reliability, etc. There
were special demands for organization
of the computing process. Among
them: information processing in a
real time scale, cyclic repetition of the
same programs but with different ini-
tial conditions, selection of computing
devices toward definite classes of cal-
culations, etc. The opportunity to ap-
ply extreme speed of calculations for
definite groups of applications. It is
often needed to disperse the comput-
ing devices in the cybernetic systems,
according to the process specificity,
which should be automated. That also
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3acrocyBanb Tomo. OGYUC/IIOBAJIbHI 3a-
cobu B KiOEpHETHYIHHX CHCTEMax YacTo
moTpiOHO po30CepeanTH, 3aJIEKHO Bif
crienniky MPOIECY, AKHUIT aBTOMATUIYE-
TbCsI, TIPA I[BOMY BUHHKAE HEOOXiJHICTH
y mobyIoBi pO3MOIiIeHnX, iepapxivHuX,
OJTHOPIIHUX, KIJIBIIEBUX Ta iHIIUX 00YM-
CIIOBAJIBHUX CTPYKTYyp. Kpim asropu-
TMIYHOI yHiBepcasbHOCT] (y BU3HAYEHUX
MexKaX, O0YyMOBJIEHUX KJIACAMH 3aCTOCY-
BaHb), BiJi 00YUC/IIOBAIBHUX 3aC00iB, 110
BXOASATb JI0 CKJIAJy KiOEpHETWIHOI Te-
XHiKH, TOTpedyBaJii CHUCTEMHOI YHiBep-
caspHOCTI (y paMKax HaMiYeHHX 3aCTO-
CyBaHb), IO BHECJIO CBOI OCOGJIMBOCTI B
npuHIynY 11 no6ynoBu (MOY/IbLHICTD, 1H-
Tepdeiicn s MIKIIOYEHHs] TPUCTPOIB
3B’A3Ky 3 06’€KTOM Ta iH.).

MaremaTuyune 3abe3eueHHs 3ac00iB
KiGepHETHYHOT TEXHIKM TAKOXK MAa€ IeBHI
0cobsmBoCTi (CTaHIAPTHI IPOrpamu i Mo-
BH, Opi€HTOBaHI Ha 00J1aCTi 3aCTOCYBaHb,
2KOPCTKI IPOrpaMy, MiIr0TOBKa IIPOrPaM
Ha YHIBEPCAJILHUX MAIWHAX, CXEMHA pPe-
aJjli3allisi mporpaM, ycideHa oleparliiiiHa
cucrema i iH.).

3HavHUT BHECOK y TPOBEJEH] J0CTi-
TKeHHsT 3pobmyin TexHiuHi Bimmiaun O6-
qucoasbHoro nearpy AH YPCP i Bin-
ninenus kibepuermynol Texuiku lacTuTy-
Ty Kibepueruku AH YPCP, mo Bupociio
3a IBAJNATH POKiB — 3 1962 mo 1982 —
1o 500 HaykOBUX CHIBpODITHHKIB, iH>Ke-
HepiB, JIADOPAHTIB 1 TEXHIKIB.

IIpuknagamMmu MoXKyTh OyTH Taxi
MacimTabHi pobOTH, IK CTBOPEHHS 1 IIH-
POKe BUKODHCTAHHS Ha IIPOMHUCIIOBUX
MATpUEMCTBAX 1 B 6araTbOX HAYKOBOIO-
caimaux opranizamisx Pamsucbkoro Co-
103y JIEKIJIBKOX COT€Hb KePYIOUNX MAIIUH
«/lmenp»; po3pobKa i mpoMuCIOBUil BU-
myck pa3om i3 HaykoBoBupobHU4InM 06’-
ennanusaM «Csernama» (M. Jleninrpan)
nepmoro B CPCP cimeiicTBa Mikpokom-
' OTePiB MUPOKOTO MPU3HAYCHHSA «DJIe-
krponnka CH»; po3pobka paszom 3 Bu-
pobrmanm 06’emnanusaMm im. C. I1. Kopo-
JbOBA B iHTEpecax IIJIOl rajys3i mpoMu-
cyioBocTi 3acobiB 3B’sizsky CPCP  kepy-
ounx koM 'torepiB «COY1» i «COY2»,
KOMIIJIEKCY MIiKPOITPOIIECOPHUX 3aC00iB,
y TOMY 9YHCJH IPodeciitHO Opi€eHTOBaHO-
ro mepcoHajbHOro komir'orepa «Heit-

brings necessity to build the parted
hierarchic, homogenous, circular and
other computing structures. In ad-
dition to algorithmic universality (in
fixed limits, caused by the applica-
tion classes), there should be system
universality on behalf of computing
devices that were part of cybernetic
technique (within the limits of planned
applications), which brought peculiar-
ities into the principles of its construc-
tion (modularity, interfaces to link
with object communication devices,
etc.)

Mathematical foundation of the
cybernetic technique also has its own
peculiarities (standard programs and
languages oriented on application fields,
hardware programs, programs prepa-
ration on universal computers, circuit
programs implementation, truncated
operating system, etc.)

A significant contribution into the
research was made by the technical de-
partments of the Computing Center of
the AS Ukr.SSR and by the Section of
Cybernetic Techniques of the Institute
of Cybernetics, AS Ukr.SSR, whose
staff increased to 500 scientists, engi-
neers, laboratory assistants and tech-
nicians in 20 years (1962-1982).

Following profound works can
serve as an examples: creation and
wide use of several hundreds of “Dnepr”
machines at the industrial enterprises
and many research organizations of
the Soviet Union; development and
production of the first Soviet family
of universal microcomputers “Elec-
tronica S5” (together with scientific
production association “Svetlana”,
StPetersburg, Russia); development
(in collaboration with Kiev S. Korolev
Production association) and wide us-
age of control machines SOU1 and
SOU2, of microprocessorbased com-
plex facilities, including a profession-
ally oriented PC “Neuron”, modular
set of microprocessorbased tuning de-
vices SO01—S004 for the benefit of
the whole communication facilities in-
dustry of the USSR; elaboration of the
professionallyoriented PC ES1841 (to-
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POH», MOIYJILHOrO HabOpy 3acobiB Ha-
JIATOJIZKEHHsI MIKPOIIPOIIECOPHOI TexXHi-
gk «CO01l» — «CO04»; po3pobka mpo-
(deciitHO OpiEHTOBAHOIO IEPCOHAJILHOIO
komi'orepa «EC1841» (pasom iz Hay-
KOBOJOCTIHAM IHCTUTYTOM KePYIOIUX
00YHnC/IIOBaJIbHUX MaIlluH  Pajtionpomy
CPCP), creopenHsi npouecopis nudpo-
BOI 0OpOOKM CHUTHAJIIB, CYyHEePIPO/IyKTHB-
HUX CIeIiaai3oBaHnXx 3acobiB po3mi3Ha-
BaHHs 00pa3iB, udPOBUX CIeniaIi3oBa-
HUX IPHUCTPOIB KOHTPOJIIO 1 KepyBaHHH
MIBUAKOIUIMHYYUMHU  (DI3SUIHUMHA TIPOIIe-
caM¥, BiJEOKOMII'IOTEPHUX TepMiHAJIB,
CUCTEM aBTOMATHU3AII] 1H>KEHEePHOT Imparti,
3HAHHSIOPIEHTOBAHUX IHTEJIEKTYAJIbHUX
CHCTEM, MOI'YTHIX KJIACTEPHUX OGYHCIIIO-
BAJIbHUX KOMIIJIEKCIB, CHCTEM aBTOMATH-
3allil HAYKOBUX €KCIIEPUMEHTIB B YCTAHO-
Bax Axkajemil nayk YPCP, ynikasbaux
KEpPYIOUNX CUCTEM PI3HOTO, B TOMY YHUCJI
0OOPOHHOTO NPU3HAYEHHS I iH.

Y mifgcyMKy 3arajbHi 3yCHILIS KO-
JIEKTUBY Bifminennst kibepmHeTnm<HOl Te-
XHIKH CIIPUSIJIA CTAHOBJIEHHIO 1 YCHINTHIN
poboTi HayKOBOI HIKOJIM B Il JIy>Ke Ba-
2KJIMBIN rajry3i 3HaHb.

gether with the research institute of
Radioprom of the USSR), creation of
signal digital processing, devices super
productive facilities for pattern recog-
nition, digital specialized devices for
control over highspeed physical pro-
cesses, videocomputer terminals, sys-
tems of engineering works automa-
tion, knowledgeoriented intellectual
systems, powerful clustered comput-
ing complexes, systems of scientific
experiments automation for the orga-
nizations of the Academy of Science
Ukr.SSR, unique control systems of
different applications, including mili-
tary, etc.

Great collective efforts of the Sec-
tion of the cybernetic technique staff
furthered the formation and successful
work of the scientific school in this in-
credibly important field of knowledge.
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H. Kondpamuvesa

Ecsm 651 me 66110 TAMATHBIX U I00UJIEHHBIX AT, MBI MHOTO€ ObI 3a0bLIH.
ODTHU JIHU HE TOJBKO JaHb MPU3HATETLHOCTH BEJMKUM JIFOMISIM 32 MPOJIeTAHHBII
IMU TPY/I, HO X PA3MBIIJICHAS O CYyTU 9TOI'0O TPY/IA, €r0 UCTOPUIECKOM 3HAYCHUN
¥ ero 3HadYeHuu J1jisi Oy IyIInero.

B 2013 rony ucnosasierca 150 jieT co JHA POXKJIEHUS BEJIUKOTO yIEHOTO,
nepsoro IIpesunenra Ykpaunckoit Axkajgemun Hayk Biagumupa VBamosuua
Bepnajickoro. OcHoBaresib HOBBIX HAyK, TAKAX KAK OHOI€OXUMUsI, T€HETHIe-
cKasl MUHEPAJIOTHUsl, PaJIoreosiorus u psga apyrux, B. . Bepnajckuit u3se-
CT€H, B IIEPBYIO OY€pe/ib, KAK aBTOP yueHus: o buocdepe. ¥Yuenne BepHackoro
0 buocdepe ABUIOCH CHHTE30M UJIEil U NCCIIeIOBAHMIT, OTHOCSIIIUXCS K JTECATKAM
HayK.

[MousiTre Gnocdepnl, TOBEPXHOCTH T€0JIOTMIECKOM 000JI0UKHI 3eMIIH Ha, KO-
TOpO# cocpenoTovyeHa 00JIACTh YKU3HU, OBLIO BBe/eHO B Ouosornio Jlamapkom
B Hauajie XIX Beka, a B reojioruto 3toccoM B KoHIle XIX Beka. B yuenun Bep-
HaJCKOro Omocdepa mojydnsia HOBOe MOHUMaHue. buocdepa BbIsIBUIACH KaK
ILUTAHETHOE SBJICHIE KOCMUYIECKOTO xapakTepa. BepHasckuit mucar: «Kocmmde-
CKV€ U3JIyYeHHsT BETHO ¥ HEIPEPBIBHO JILIOT HA JIUK 3eMJIM MOIHBIA TOTOK CHJI,
MIPUIAIOIIAI COBEPITIEHHO OCOOBII, HOBBIIT XapaKTep TaCTIM IIJIAaHEThI, TPaHUIa~
el ¢ KOCMUYeCKUM IIPOCTPAHCTBOM. . . BerriecTBo 6nocdeps! Oaronaps 3TuM
WU3JIyYEHUSIM [TPOHUKHYTO SHEPI'Heil, OHO CTAHOBUTHCsSI AaKTUBHBIM, COOUpaET U
pacupegnesisier B buocdepe MoydeHHy0 B (DOpMe M3JIydeHUsl IHEPIUI0, IIPEB-
pamias ee B SHEPIrUI0O B 3€MHOH cpejie CBOOOIHYIO, CITOCOOHYIO MPOU3BOIUTH
pabory. 3emMHast IOBEPXHOCTHAST 0DOJIOYKA HE MOYKET, TAKUM 0OpPa3oM, paccMa-
TPUBaTbCAd KaK O0JIACTb TOJBKO BEIECTBA; ITO O0JIACTH SHEPIUHU, UCTOYHUK
U3MeHEHUs! [UIAHEeThl BHEITHUMU KOCMUYIECKUMU cuiaMu». [1]

Beprajickuit Takke oTMeEYaJ, 9TO UEJTOBEYECTBO HE TOJIBKO YaCTh OMO-
cdepbl, HO U HOCHUTENb ILIaHeTApHOrO pasdyma. OH yKa3bIBaj, UTO HUCTOPHUIO
HAYYHOM MBICIIN <HEJb3d PACCMATPUBATDL TOJIBKO KAK MCTOPHUIO OTHOU M3 Ty-
MAHATAPHBIX HAYK. DTO UCTOPHS €CTh OJJHOBPEMEHHO UCTOPUs CO3/IaHUs B OU-
ocdepe HOBOI MeOJIOTUIECKON CHJIBI — HAydHOH MBIC/H, paHbIle B Ouocdepe
orcyTcTBoBaBineity. Baamumup Msanosuu Bepuajckuit cozzan HOBoe yteHUe
o IIpupoze, paccMaTpuBaroiee e IMHCTBO *KU3HU, CO3HAHUST ¥ MbIcau. 2Ku3Hu,
KakK 0ECKOHEYHOI0 MHOTOOOPA3Ms CJI0KHBIX OMOJIOTMIECKUX CACTEM; COZHAHUS,
KaK CITOCOOHOCTHU BOCIIPMHUMATH U TepepadaThiBATh MH(MOPMAITNIO; MBICIN KaK
TBOPYECKOW CHJIbI U 3aKOHA MHUPA.

Hamnpasnenuem pasputusi yueHusi BepHaCKOro MOXXHO pacCMaTpUBATH
Hayky cuHepretuky. OmHomy u3 ocHoBaTeseil sroit Hayku, [epmany Xakere-
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Hy, B 9TOM romay ucnoJmsercs 85 jer. PaccmarpuBast mponecc BOSHUKHOBEHUS
CMBICITIa (CAMOPOZKJIEHUE CMBICJIA) B CJIOXKHON Grostornveckoii cucreme, Lepman
XakeH J1aeT CJIeIyolLyio ee xapakrepuctuky: «OpHa u3 Hanboiee mopasuTe/ib-
HBIX OCOOEHHOCTElN JII0OOH OMOJIOTMIECKONl CUCTEMBI — HEOOBIYAHO BBICOKAST
CTEIeHb KOODIWHAIINN MEXKJIy €e OTIEJIbHBIMHU JacTsaMu. B KjeTke OmHOBpe-
MEHHO U COTJIACOBAHO MOTYT IIPOUCXOIUTD THICSIIN METAOOJNIECKUX ITPOIECCOB.
V KHUBOTHBIX OT HECKOJIBKAX MUJLIMOHOB 0 HECKOJIbKAX MUJLIAAPIOB HEHPO-
HOB ¥ MBIIIIEYHBIX KJIETOK CBOUMU COIJIACOBAHHBIMU JIEHCTBUSME 00ECIIEUNBAIOT
KOOPJMHUPOBAaHHbIE JIBUYKEHUs, cepiieOnenne, IbIXaHne U KPOBOOOpAIleHUE.
PacniosnaBanue 06pa30B mporiecc B BBICIIEH CTEEHW KOONEPATHBHBIN, PABHO
KaK U Pedb ¥ MBIILJIEHUE y JIO/IEH.

CoBepIIeHHO O0YEBUJIHO, YTO BCE ITH BBICOKO KOODIMHUPOBAHHBIE KOTe-
PEHTHBIE IIPOIECCH] CTAHOBATHCS BO3MOYXKHBIMU TOJIBKO IIyTeM obmeHa HMHMOP-
Marmeil, KoTopas JIOJ’KHa ObITh IPOU3BE/IeHA, TIepejlaHa, IPUHsITA, 06paboTa-
Ha, peodpa30BaHa B HOBbIe (POPMbI MHMOPMAIINK U JIOJKHA yIACTBOBATH B
obmene mHMOpPMAIIIEit MEXK Y PA3IUIHBIMA JACTAME CUCTEMBI M BMECTE C TE€M
MeK/Ty PA3JINIHBIMA NEPAPXUIECKIMU yPOBHAME. TaK MbI IPUXOIUM K HEIIPU-
JIOXKHOMY BBIBOJIy O TOM, uTO MHMOpMAaIusl (CO3HAHUE) SBJSETCS PEIIAIOIIM
9JIEMEHTOM CYIIIECTBOBAHUsI KU3HU». [2] 3arspiBas B Oymyinee, yaeHbli mu-
IIET: <. ..MbI HAJIEEMCsI, 9TO, KO[/Ia HAM yJIACTCsl HAWTH 3aKOHBI, IPUMEHUMbIE
K IMUPOKOMY KPYI'y CAMbBIX PA3JIMIHBIX CJIOXKHBIX CHCTEM, HA HAC CHU30HIET
03apeHne U Mbl CMOXKEM [MOCTHYDb UX BHYTPEHHIOIO CYIITHOCTDY.

B XX Beke B ecTecTBeHHBbIE HAYKW IPUILIA HOBLIE HAIPABJIEHUS, Cpe-
JI HUX BOIIPOCHI MCKYCCTBEHHOI'O MHTEJIEKTa, NH(MOPMAIIMOHHBIX TEXHOJIOTHIA,
«yIpaBJIEHUsI U CBsI3efl B KUBOTHOM M MAIlMHAX». B 9TOM M CJIELYIOIIEM I'O-
JIy HaydHOe COODINECTBO OTMeYaeT I0OWJIeH IeJIOro PsJjia IMMOHEPOB ITUX Ha-
npastennit: 100-1erue co nus poxgenus Anana Twiopunra u Mopuca Yuikca,
110-netue co must poxxaenus Ixxona dhon Heitmana, Cepres Jlebenena, Vcaaka
Bpyka, FOmxuna Buruepa, 90-yterue co maust poxkienusi Bukropa [iymkosa.

Autan Teropunr B 1934 1. B crarbe «O BBIYUCIUMBIX YHCJIAX»> JIOKA3AJ
BO3MOXKHOCTD BBITIOJTHEHUST TUCTO MEXAHUIECKIM Iy TeM JIF0O0I0 UMEIOIIEro pe-
meHue ajaropurMa. [Ipeagokennas uM Iyt 9TOM eI TUIIOTETHIeCKast M po-
Basl YHUBEPCAJIbHAS MAIIIMHA, [I0JIy IUBIIAs HA3BAHNE MAITUHBI T HIOPUHTA, Me-
Jia TaMsTh TS 3alI0MUHAHUS I0CIeJ0BATEILHOCTH JefiCTBHI, T.e. IPOrpaMMy
BBITIOJTHEHUST AJITOPUTMOB.

HeszaBucumo or 3amaiHBIX YYEHBIX, IPUHIUIBI MAJIONH SJIEKTPOHHON CUe-
taO Mamuasl MOCM 6buIH pazpaboTaHbl aKaJIeMUKOM Y KpanHCKOl Akajie-
vun Hayk u AH CCCP Cepreem Jlebemesoim. MOCM JlebeeBa 6aia mepBbiM
CO3IAaHHBIM B KOHTHHEeHTabHOI EBpore kommbioTepom. [lepsas 9BM Ixona
don Heitmana Hagana paboraTh depes roJl.

Henb3st He ynomsinyTh 0 npesoxennoii Jxxonom dor HelimanoMm KoHIte-
MUY KJIETOYHBIX aBTOMATOB, [TOCTABUBIIEH BOIPOC O BO3MOXKHOCTU PA3BUTUS
JKW3HU U3 HEXKUBBIX KJIETOK, YIUTHIBAsI, YTO HEXKUBBIE KJIETKH MOTYT XPAHUTH
nHGOPMAIIIO — IIPOTPAMMY, CIIOCOOHYIO0 MeHITh MuUp. CeroHst Teopust KJIeTo-
YHBIX aBTOMATOB PACCMATPHUBAETCH KAaK OJUH M3 BO3MOXKHBIX IIyTeill MCCIIeno-
BaHUsI TIOBEJIEHNUSI CJIOXKHBIX CHCTEM.

HBe paborer FOmxuna Burnepa (o menocruxkumoii adbdexrusHocTr Ma-
TEeMaTHKN B €CTECTBEHHBIX Haykax (1960 1) m o poim CO3HAHHsI B KBAHTOBBIX
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usmMepenusx (1961 r.)) Bb3Basu 6YypPHYIO AUCKYCCUIO B HAYYIHON CPeJie U 3acTa-
BUJIA 38/TyMaThCsI O BAXKHBIX BOIIPOCAX: O CO3HAHNM (MBIIIEHNHN ) KaK IIPEIMETe
HayK{d M O MaTeMaThKe KaK CII0coDe ajalralyu ujeil 1 3aKOHOB K JeJIoBede-
CKOMY MBIIIJIEHNI0. BO MHOrOM 3Tu paboThl ObLIM HaIUCAHBI BUTrHEpOM MO
BIEYATIEHUEM BEJIUIANIIEr0 HAYIHOIO OTKPBITAS X X BEKa — KBAHTOBON TEO-
pun moss. 371eCh, KOHEYHO, HY?KHO OTMETUTD, YTO POJIOHAYAILHUK KBAHTOBOM
teopun noJist 1. A. M. [upaxk, kak u }O. Buraep pommica 110 jer nazam, B
aBrycre 1902 roma. Beimeykasanuble paboThl Buraepa mopoamin Tak ke Ju-
CKYCCHIO O BO3MOXKHOCTHU BJIMSIHUS CO3HAHMs (MBIIJICHUs) HA OKDPY2KAIOIIUI
MWD U JUCKYCCUIO O TPObJIeMe HHTErPAINN BCEX eCTECTBEHHBIX HAYK, TJI€ IJIaB-
HYIO DOJIb UIPAeT MaTeMaTuka. |3

3aKOHBI, IPUMEHUMBIE K CAMBIM PA3JIMIHBIM CJIOXKHBIM CHCTEMAM MOTYT
OBITH HaIeMBbI IIyTeM IIOCTPOEHUSI MAaTEeMATUIEeCKUX MOJEJIel 9TUX CUCTEM U UX
aHaJM3a. JTO CIOXKHAS 3a/1a9a TpedyeT KaK HOBBIX MATEMATUIECKUX METO/IOB U
TEXHUK, TAK U HOBOTO MATEMATUIECKOTO MbIIjIeHns. J[Jis onucanus mupoKoro
CIIEKTPA CJIOKHBIX CHCTEM MATEMATHKA, [TOJI?KHA BXOJIUTH KAK AIIapaT UCCIeI0-
BAaHUs B CAMbBIE PA3/IMYHbIE HAYKNA M OTHICKUBATH AHAJOTUN U CO3BY YU MEXKLY
HuMmu. MartemarudecKkrue CTPYKTYPBhI U MOJEJH CJIOKHBIX CHCTEM TPEOYIOT OT
MaTeMaTUKOB IOHUMAaHUs CyTU UX npupoibl. OJHUX MaTeMaTUIeCKUX ypaBHe-
HUIT y2Ke HeJIocTaTouHo. Ha To, 94T0 «MaTeMaTuKu 3HAIOT OOJIbIIE MATEMATUKY
qeM Ipupoay» cerosal emie B X VI Beke /[xkopsrano BpyHo: «. .. MaTeMaTukd —
KaK Obl IOCPETHUKH, TIEPEBOISINNIE C OMHOIO S3bIKA HA JAPYTOIl; HO 3aTeM JIpY-
rve BHUKAIOT B CMBICJI, & HE OHH CaMi». BbIIarommiics mMareMaTnk XX BeKa
Nzpanis Mouceesuu l'enbdana, B 2003 rogy B 1obumeitnoit peun coero 90-
JieTust roBopwI: «BaxkHasi YepTa MaTEMATHUKU COCTOUT B TOM, UTO OHA SIBJIsIe-
TCs JIEKBATHBIM S3BIKOM MHOTHX PA3JINIHBIX 00J1acTeil: PU3nKU, MHKEHEPUH,
b6uostornu. JTO OYEHb BarXKHOE IOHATHE: aJ€KBATHBIN s3bIK. ... Ceifqac BpeMs
PaIuKaJIbHON TEPECTPONKY PYHIAMEHTAIBHOIO A3bIKa MATEMATHKH. . .. depe3
10—15 jeT maTremMaTuKka OyJEeT COBCEM JIPYTOii.»

B cenrs6pe 2013 roga mHayuHoe coobirectBo Oymer ormedars 100 Jjer co
JTHST POXKJIEHUsI BEJTUKOI'O MATEMATHKA.

Wspanns Tenbdanm roBopui, 910 ecm Mbl HAYHEM BHUKATH B IIOHSITHE
aJIEKBATHOIO S3BIKA, TO MBI CMOXKEM OTKPBITH JJIst ceOsl HEOXKUTAHHBIE BEIIH.

MaremaTnka — SA3bIK CHMBOINYECKHi. Pa3BuTre MaTeMaTuK XapaKTepu-
3yeT POCT CO3HAHUsI 3eMHOI0 YejioBeYecTBa. 1, BOBMOXKHO, B CUMBOJIaX OOJIbIIIE
He Oy/leT HyKJbI, KOTJIa YeJIOBEYeCTBO OCO3HAET OOIIHOCTH OBITHUSI, €INHCTBO
Bcero cymiero. VI MmareMaTuKa BBITOJTHUT CBOIO MUCCHUIO, PACTBOPSICH BO MHOYKe-
CTBe HAayK, U CTAB CAMOl HAyKOil, HANJET CaMyIO0 KPACUBYIO U €INHYIO (POPMYJTy
Bortus.

Hayunble npospeHusi, Kak IIpaBUJIO, OIIEPEXKAIOT CBoe BpeMsi. VIHOr1a Ha
nesibie crojierusi. 800 JileT Ha3a, O TOM, YTO dJIeMEHTAapHBIE BUXPH €CThb IIep-
BOMAaTEpHUsi WA CBET IYXOBHBIN, cKa3aj B cBoeil pabore «De Luche» mepsbrit
kanyep Oxedopaa Pobepr I'poccerect. Tpakrar «De Luches («Cser») upu-
3HAH OJIHOIM M3 CAMBIX KPACHBBIX HAYYIHBIX PAOOT PAHHETO CPEIHEBEKOBBS.

Pobept 'poccerect pasaenuns cBeT Ha BUAUMBIH lux u HeBuAMMBIH lumen.
Buumbiil cBeT OH IpU3BaJ N3y4daTh SKCIIEPUMEHTAJIBHO C UCIIOJIb30BAHIEM I'e0-
Merpun. Bmecte co cBonm yuernkom Pomxkepom Bakonom, ['poccerect 3amoxun
OCHOBBI T€OMETPHIECKO onTuky. A Ha 6a3e CBOEro yueHus: O HEBUIMMOM CBETe,
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MIEPBUIHBIX CBETOBBIX BUXPSX, — TOHUaMe cybcramium, Pobept I'poccerect
Pa3BUJI CBOIO KOCMOT'OHHMIO M KOcMoJIoruio. I'poccerect yBuien B MeTadusuke
cBera, 10 KpaifHeil Mepe, YaCTUYHOE IIPOHUKHOBEHHE B CyThb OOXKECTBEHHOI'O
co3nanus pusndeckoir BeejenHoit. OH cunTaj, 9TO B Havajie BO3HUKJIA TOUKa
cBeTa Kak IepBas (popMa U mepBOMaTepus CauTbie BoeauHo. U3 sroit Toukn
10 3aKOHAM WM3JIyUeHUsI CcBeT HadaJl rnporecc smananun. Coracuo ['poccerecry,
nepsas dhopma u nepsas Marepus (lumen) camu 1o cebe IOJKHBL ObITH IIPO-
creiMu 1 HegteinMbiMu. OH Tak 2Ke CYATAJ,YTO KOHETHOE YMHOKEHIE IIPOCTOTO
He MOXKeT CO3/J[aTh YTO-TO OIIpeJeJieHHoe, nMeronee pasmep (ksant). Ho 4ro
OEeCKOHEYHOEe YMHOYKEHHE ITPOCTOI0 MOYKET IIPUBECTH K CO3IAHUIO OMpEIesIeH-
HOTO KBaHTa. TakuM oOpa3oM, depe3 OECKOHEUHOEe YMHOXKEHHNE MepBOil (hopMBbI
(cTPYKTYpPBI) B IEPBOMATEPHUU HOSBUJIUCH IIPUPOIHBIE OO0BEKThI, BOSHUKJIIO M-
po3nanue. BeckoHeuHOe CaMOYyMHOXKEHIE CBETa PACIINPHUIIO MaTEPHUIo 110 cde-
pudeckoit pOPMBI, TAK KaK CBET PACCEMBAETCs C(PEPUIECKH, IT0ITOMY KOCMOC —
cdepa. [4]

IIporecc obpasoBanus Tesnecubix dopm Pobepr I'poccerect paccmarpu-
BaJI Kak Iporecc obpasoBanus mporskeHHocTH. OH TakKe MOSCHSII, TOYEMY
HeOeCHBIE Tejla MOT'YT JIBUTIAThCS TOJBKO KPYTOBBIME JIBM2KEHUSIMU, YKa3bIBAJI,
9T0 HeHeCHbIe chepbl MOIYT IOJIyYaTh JIBUKEHUE TOJBKO OT «MBICJUTEIbHOMN
JBUKYIIENH CUJIbI», KOTOPOil sBjisteTcst pasyM. Pobept I'poccerect cumras, 9To
MBICJIATE/IbHAS CHJIa IBUKET BceM BO BceesleHHO n mopoxkiaer B Hell dhusmde-
ckuit Mup. OH Kak Obl packpbiBaJs Te3uc Ilnarona: «Mblicin IpaBaT MUPOM».
W BKJTIOYMMIT 9TOT TE3UC B CBOIO TEOPUIO TBOpeHHU Mupa: «Pa3ym Bparmaer cde-
PBI B KPYTrOBOPOTE, BLJISIIBIBASICh HA3aJ1 B ce0sl, BHIPAXKEHHOIO B MaTEPUAJIBHOMN
dopmes.

I'poccerect crast mepBbIM B cpelHEBEKOBOI EBpOIie, KTO IPEJIOKIIT TEO-
puto o HepaBHOI OGeckonedHOCTH. B cBoeit pabore «CBeTs OH mHCAJ, ITO €CTh
GeCKOHEYHbIE YHCJIa, OTInIatonuecs mo Bejuanie: «CyMMa BceX YeTHBIX U He-
YETHBIX Ynces OeCKOHEYHA U, CJIEJIOBATEIHLHO, OOJIbIIE YeM CYMMAa BCEX Y€THBIX
qucesl Ha CyMMY BCEX HEUYETHBIX 4uces. Tak ke He paBHbI OECKOHEUYHBIE UM-
CJIa TOYEK Ha HECOM3MEPUMBIX JIMHUSX. . . ». eopHusi HEPABHBIX OECKOHEIHOCTEN
Jierjia, B CBOIO OYEpE/lb, B OCHOBY TEOPUU M3MEDPEHHUsI MHUPa, B KOTOpoi I'poc-
CeTeCT yKa3bIBAJI HA OTHOCUTE/IHHBIN XapaKTep M3MePEeHUsl BPEMEHH U pa3Me-
pa, 6a3uUpYIONNXC Ha €XKE/IHEBHBIX JBUKEHUSX HEOECHBIX TeJ WU eIMHHUIAX
U3MEpEeHUsl IIPOCTPAHCTBEHHBIX MAaCIITabOB.

Posro 100 ser mazam, B 1912 romy pabora Pobepra I'poccerecre GbLia
IepeBeIeHa HA HEMEIKUN S3bIK.

B sT0 Bpemst mmpoko 06CyKIAIACh BRABHHYTas AbbepToM DiHIITEH-
HOM TeOpHsi O KBAHTAX CBETA. DUWHIITEHH MUCAJ, UTO BOJHOBAs TEOPHS CBETA,
OIEPUPYIONIAsl HENPEPBIBHBIMYU (DYHKIUSIMU, IIPEKPACHO OIPABILIBAETCS IIPU
OIMCAHUU YUCTO ONTUYECKUX SIBJIEHUI, TAKUX KakK Ju(PaKIUs,TPEJIOMIIEHNUSI,
nucrepcust,. . . Ho, aTo He ciemyer 3a0bIBATH O TOM, 9TO ITU ONTUIECKUI Ha-
OJIIO/IEHNsT OTHOCATCST He K MIHOBEHHBIM, & K CPEJIHUM 10 BPEMEHU BEJIMINHAM.
W moxkeT oKazaTbCsi, YTO TEOPHUsS CBeTa, OINEPUPYIONIAs HEIPEPHIBHBIMU IIPO-
CTPAHCTBEHHBIMU (DYHKITUSMH, IPUBEJIET K IPOTHBOPEYUIO C OIBITAME, KOIJIa
ee OyJlyT IPUMEHSTH K SIBJIEHUSIM BO3SHUKHOBEHUsI W [IPEBPAIEHUS] CBETA.

B s10 xe Bpems unxenep u dunocod Koncrantun [unoskosckuit paspa-
60Taj KOHCTPYKITUIO JIYUIErO0 B MUPE IUPUKAOIS, PACCIUTAT KOCMUIECKUE
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CKOPOCTH U CO3JAJI TEOPUIO KOCMUYECKUX 9P U JIyIUCTON TeJIeaTuBHOCTU. Te-
OPHIO JIYYHCTON TeJIeNaTUBHOCTU [[MOKOBCKOrO 3aImcaj ero y4eHUK, BbIIa-
IOIUiics yYeHbIl, OCHOBaTe/ib KocMmudeckoii 6uosoruu A.JI. Yumxkepckuit. B
cBoeit Teopun, IlmoskoBCckuil paccMaTpuBas He TOJILKO IIPOIECC BO3HUKHOBE-
HUsT (DU3UIECKOI BCEJIEHHO, HO 1 ODPATHBII IIPOIECC — IIPOIECC BO3BPAIIEHUS
BCEJIEHHO# B HEPU3NIECKOE COCTOsIHIE, KOTOPOE OH HA3BIBAJI JIyIUCTON TeJlerna-
TUBHOCTBIO. 1{MOIKOBCKUIT cUMTAs, 9TO ITU IUKIMIECKUE IIPOIECCH JOJIKHDI
3aHIMATh MUJIIHAPJBI JIET U MMOPOXKJIATh KayKJIblil pa3 Bce Dosiee n HGosee pa-
3BUTOE “EJIOBEYECTBO.

IInonkoBCcKmit yKa3bIBa, 9To BemecTBO B KocMmoce 3aHnMaeT ncdesarorie
MaJIblif 00beM II0 CPABHEHUIO C OOBEMOM <«IIOJIEBOTO» MPOCTPAHCTBA MJINA BAKY-
yMma. MasiocTh ke BelecTBa TOBOPUT O €r0 BPEMEHHOCTH, TaK KAaK BCE BPEMEH-
HOE MMeeT MaJIyl0 WJIM HCYe3alole Majyio BesuauHy. Masisie dhopmMbl norso-
matoTcst 6e3 ocrarka OosbmmMu. ClieI0BaTeIbHO, MOXKHO CAEJIaTh BBIBOJL, UTO
dbusnueckas (kocHas) MaTepus IpeodpasyeTcs B JIyIE€BYIO IHEPIHIO MU KAKYIO
nnyto. lymas o gyaucroit sueprun, [luoskoBckuit gymas o Heil Kak 00 sHeprun
MbIcsuTesbHOM. OH roBopmt: « MbIC/H epealoTesi Ha PACCTOSTHUS MOJTHHEHO-
CHO, MI'HOBEHHO. MI'HOBEHHOCTh — 3TO caMoe yJAuBUTeJbHOe. MIHOBEHHOCTH U
[IPOHUIIAEMOCTH HOBCIOJY. BTOpoe KadecTBO 00s13aTeILHO COIPOBOXKIALT IEP-
Boe. MbicuresibHOE OOIIEHME ecTh MHUpPOBOe siBjeHue. Korjpa — HubOymp Bce
HIPUJET B COCTOSHUE JIyYUCTOrO TeJIEIIATHBHOIO HOJIsk MUpay. [

B a0 ke Bpems dumocod, maremaruk u 6orocsioB [lasesr Diopencknit,
[IPOAHAIM3UPOBAB CIIEIUAIBLHYIO TEOPUIO OTHOCUTEJLHOCTH DUWHINITEHA, TPH-
TTeJT K BBIBOJLY, 9TO CKOPOCTH cBeTa — 3-10% M/c — ecTh rpaHuta Mex Iy MUPOM
3€MHBIM U HEOEeCHBIM, (DU3UIECKUM U JIyXOBHBIM, lux u lumen. Mup dusnaeckux
sIBJICHUI OCTAHAB/IMBAETCSI HA, TPAHUIIE CKOPOCTH CBETA, HO HAIIU MBICJIA MOTY T/
[IEPeXOJIUTH ITY TPAHMILY M IIOCEIATh MUDPbI 6oJiee BHICOKUX u3MepeHuil. [6]

B sTom romy mcnomusiercs 155 et co mua poxaenuns Komcrantuna Ilu-
oskoBckoro u 130 jeT co aus poxaenus lasma PopeHckoro.

B 1931 roxy, xxypuas «Everyday Seience and Mechanics» namegaras cra-
110 Hukomnas Tecsbl «Dueprus namero Oy/ymeros. B aroit crarbe Huxkouiait
Tecna mucan: «...s1 obrapyxmi, aro or CoHIA AEHCTBATEIHFHO UCXOIUT M3JIY-
qeHne, 3aMeJYaTe/IbHOE HEIIOCTHXKAMO MAJION BEJIMINHON COCTABJIAIONINX €r0 Y-
CTUIl ¥ CKOPOCTBIO UX JIBUKEHUs, DE3MEPHO IIPEBBIMIAIOIIEH CKOPOCTH CBETA.
DT0 U3jIyveHne, CTaJKUBasCh ¢ KOCMUYECKON IBLIbI0, TeHEPUPYET BTOPUIHOE
M3JIyYeHue, CPABHUTENIBHO c1aboe, HO SBHO 00J1a1aio1ee IPOHIKAIONIEH CrIoco-
OGHOCTBIO, THTEHCUBHOCTH KOTOPOT'O MOYTHU OJIMHAKOBA BO BCEX HAIIPABJICHUSIX>.

A B 1956 romy ydenbie 3abUKCUPOBAJINA JIEMEHTAPHBI BUXPh — YACTH-
1y 06e3 3JEeKTPUIECKOrO 3apsijia, ¢ HYJI€BOM Maccoil, UMeIIeil TOIbKO CIUH —
MOMEHT BpallleHHs. JTy YaCTHUIly Ha3BaJM HelrTpuHo. HaumHaiach 3pa ucciie-
JIOBAHUsI «TOHKOM MaTepuus», HEBUIMMOTO CBETa lumen.

1 Tonbko yxke B HammeMm Beke, B 2003 rogy, B maMATHBIN JieHb 7H0-TeTus
co masa cmepru Pobepra I'poccerecra, B amrimiickom ropoge JIuHKOIBH, CO-
CTOSITIACH TTOCBATIEHHAS €My MeXKIyHapoHas Kondepennusa. B kadeapaabHoM
Cobope JIunkosbHa, Tie moxopoHen Pobepr I'poccerect, Obliia BbIBEIIEHA Me-
MOpHAaJIbHAsI [IOCKA B €r0 YeCTh. JTO MAMSITHOE CODBITHE TPOOYINIO HHTEPEC K
paboram Bejsimkoro ¢uiocoda u ydaeroro. I 8 2007 romgy pabora «Cser» ObLIa
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nepesejieHa yaeHbiME CTeHMOPICKOro yHUBEpCHTETa HA AHTJIMHACKWI S3BIK C
aJlanTanyeil TEpMUHOJIOTUN K A3BIKY COBPEMEHHOU (pU3nKu.

ITamsiTHBIE JTHE U FOOHJIEH SIBJISIFOTCSI YaCTbIO HAyJHON »KU3HU, OJaroma-
psi UM HaydYHBIE TEOPHUU IOJIYYIAIOT JOMOJHUTEBHBIA UMIIYJIbC PACIPOCTPAHE-
uns u passutus. B. U, Bepuanckuit ucan: «Hayganast mbicib cama o cebe e
CYIIIECTBYET, OHA CO3IAETCS YKUBOH YeJI0BEYECKON JIMIHOCTHIO, €CTh €€ IIPOSB-
Jenre. B Mupe peasibHO CyIIECTBYIOT TOJIBKO JIMYHOCTH, CO3AIOININE U BHICKA-
3bIBAIOIIIEe HAYYHYIO MBIC/Ib, IIPOSIBJISIFOIIUE HAYYHOE TBOPYECTBO — JYXOBHYIO
sHepruio. My co3aHHbIE HEBECOMBIE IIEHHOCTH — HayJHAsl MbICJIb U HAYIHOE
OTKPBITHE — B JIAJIbHEHIIIEM MEHSIOT XOJ[ IIPOIECCOB OMOCHEPHI, OKPYZKAIOIEH
HAC Tpupoibly. OTCIOIa U UCTOPUST HAYIHON MBICJH UMEET CTPAHUIILI, KAK PO-
MaHTHUYECKHE TaK U ApPaMaTUIecKe, U TepormdecKre uO0 TBOPUTCs Joabmu. U
HaMSATHBIE JTHU II09aC CTAHOBATCH TOPKECTBOM CIIPABEJJIMBOCTU WJIM JAHBIO
repOMYECKOMY TIOJBUTY, WJI TOMY M JIDYTOMY BMECTE.

B 2013 roxy ucnonusiercst 470 sier co nus cmeptun Hukonas Konepruka
u 470 JsrleT co IHA BBIXOJA M3 MeYaTH ero riaaBHoro tpyga «O Bpammenun Hebe-
CHBIX T€JI», C 9TOO0 MOMEHTA JATUPYETCs HAYAJIO [I€PBOI HAYIHON PEBOJIIOIIH.
Yepes nats et nocite cmeptu Komepuuka, B Mup nputien Jzxopmamno Bpyno.
Bo Bpemena Hukosiass Konepauka 3emiist cTosijia Ha MeCTe, KaK IIeHTDP MUpa, a
Coutrrie Bpaimajoch BOKpyT Hee. Y KomepHuk moHnMa I KAKO# HEJIETIOCTHIO J0JI-
2KHO OBLJIO KAa3aThCs €ro yaeHue, rie Bee 0pu10 HaobopoT. OH [0JIr0 HE perraics
ero omy0OJIMKOBATH U JIyMaJl He JIydIlle JIU IepeIaTh CBOe YIeHNe YCTHO, TOJIbKO
npy3bsaM, kak [Iudarop. Yuennk Konepunka PeTuk npuioxui HemMaso Tpyaa,
9TOOBI TPYJ, y4YuTe sl ObLI HaledaTaH. DTOMY IIOMOIJVIO M aHOHUMHOE IIpeJIU-
CJIOBHE K ITIEPBOMY H3JIAHUIO, B KOTOPOM T'OBOPHUJIOCH, UTO T'eJIMOIEHTPUIECKAS
MOJIeJTb MUPA €CTh TOJBKO YCJIOBHBIM MaTEMaTHUIeCKUI TpUEM, TPUIyMAHHBIN
JJIs YIPOIIEHUS BBIIUCJICHAN.

s Toro, 9ToOBI HOBOE yYeHHE CTAJIO0 OCO3HABATHCS, BXOIUTH B KU3HbD,
HYy2KeH ObLT 6eCCTPaITHbBIN Y€/I0BEK, TOTOBDLIN OTIATH KU3Hb 33 ucTuny. VM crait
Ilxxopnano Bpyno. C onpemenennoii joseit hanarusma, BpyHo nporoseoBadt
yuenne Koneprauka 1o Bceit EBpore, oH Tak ke roBopus 0 beckoHedHocTH Bee-
JICHHO¥ M Ha3bIBAJI 3BE3/Ibl JAJCKUMU COJHIAMU. HEeCKOIbKO JIeT TIOPHMBI HE
3aCTaBIWJIN €10 OTPEYLCT OT CBOMX YOEXKIeHU, U KOT/a Cyl MHKBU3UIIUU IIOTPe-
GoBaJI JIJIsI HETO COXKYKEHHUe Ha KOCTPE, OH OTBETHJI CBOMM CyJibaM: «Cxedr —
He 3Ha4yuT onpoBepruyTh!». B 1600 r. B Pume, Ha miomamu [seros, I:xopaa-
HO BpyHo coxrim vHa Koctpe. K mamarnoit mare 300-metus cmeptu /I2Kopaano
Bpyno, B Pume, na mwromaau [IBeToB ObLT yCTAHOBIEH MAMSTHUK C HAJIIIACHIO:
«xxopmamno Bpyno — oT croserusi, KOTOpoe OH IPeIBUIEN, HA TOM MeCTe, TJie
OBLT 3aK2KEH KOCTEP».

Wcropusa nagasna mepBoil Hay4dHOH peBoJonuy OyJIeT HEIOJIHOH 0e3 yIo-
MUHAHUS BEJIMKOIO YYEHOIO TOrO BpeMeHH, coBpeMmeHHUKa J[zxopmano BpyHo,
lamuneo lammnesa. B srom romy mcnosnsgerca 370 jler co JHA CMEpPTH yde-
Horo. JIBaamars jrer Ha3ald, B maMaATHbIN rox 350-jgeTtus co aus cveptu [amm-
nes, [lama Noann [Tasen IT opunmanbio npusHar, 9T0 MHKBUSUIS COBEPIITIIA
OMIMOKY, CUJIO BBIHYJIUB yYEHOI'O OTPEYCs OT NPU3HAHUS I'eJIHONEHTPUIEeCKUN
MOJIeJII MHpa. YKe B IPEKJOHHOM BO3pacTe, Mpoiils depe3 TIOPbMY, yIPO3bI,
HaXO/IsICh TI0JI JIOMAITHUM apecTOM W CJIEXKKOM, ociennys, Lamuneo [aymreit
MIPOJIOJIZKAJT TIICATH CBOU OECIICHHBIE HAYIHBIE TPY/IBI.
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B mauane XIII Beka, PobepTt I'poccerecT mpusBas HayIHBIN MUP U3yIaTh
IPUPOJTY IKCIEPUMEHTAIILHO U C UCIIOJIb30BanneM maremaruku. OjHako, o la-
JInJiesi, B peaju3allii STOr0 IIPU3bIBA OBLIO MaJio mpojaBuKeHus. Laaunreo I'a-
JIJIel CINTAETCS OCHOBATEIEM SKCIIEPUMEHTAJIBHON (PUBUKU. Y YEHBI TOBOPUII,
9TO MPHUPOJY HYXKHO HE MPOCTO HADJIIONATH, — €l Hy2KHO CTaBUTH BOIIPOCHI, a
[IOJIyYMB HA HUX OTBET, UX HY?KHO AHAJU3UPOBATH — AHAJUTAIECKHU, TyBCTBEH-
0o, abcTtpakTHo. V3ywas mpupomy, Lanmieit 3a/10:KUT OCHOBBI KJIACCHIECKOIT
MEXaHUKHU.

800 sner naza Pobepr I'poccerect B pabore «De Iride» mucan: «Onruxka
IIOMOKET HAM BHUIETH TO, 9TO HAXOJIUTCS OYEHBb JIAJEKO TaK, KaK OyIATO 3TO
HAXOIUTCS COBCeM Om3Ko0. PaccMaTrpuBaTh MajleHLKHE BEIIH B JIIOOOM pas3Me-
pe, KOTOPBIH MBI 3aXOTUM. BO3MO2KHO, MBI CMOYXKEM II0JIy9YaTh HH(MOPMAIUIO C
HEBEPOSITHBIX PACCTOAHWUIA. . . ». [ammieo lanmuteit caena mepBblit mar B pea-
JIM3AIMY ¥ 9TOT0 IpeBuieHusi. OH CKOHCTPYUPOBAJI TEJIECKOIT M HAIIPABUJI €r0
B He0O U mepBbIit Hammcaa 06 srom. Hebo crajio 6mxke K 3emje u 9TO OBEp-
IJI0 yI€HBbIX B u3yMieHne. Koposn crajm mpoCcuTh, 9TOOBI /I HUX OTKPBIBAIN
HOBDIE 3BE3/IBL...

Cpe/in CyTOJIOKY KW3HU, B TAMSITHbIE U I0OMJIEIHBIE JTHI, MBI OTPBIBAEM
HAIY B3IVISIABI OT 3€MJIM M CMOTPUM Ha He0O: TaM B YJIUBHUTEIBHOM WHJIUIO
cBeTsiTCs JiyHHBIE Kparepbl Komepuuka u I:xopmano Bpyso, sersit FannmeeBbr
cuyrauku, acrepony, (10204) Asana Toiopunra, manas mwiadera 1590 Iuon-
KOBCKOTO. . .

24 mapra 2012
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TEMATHUKA TA META >KYPHAJIY

«MixkaucrnunpaiHapHi JOCTiIKEeHHST CKAQJHAX CHCTEM» — IIe PEereH30BaHuUit
KyPpHAJI i3 BIIBHUM JOCTYIIOM, IO TMyOJIKY€E MOCTITHUIIBKI CTATTI, OTJIsAIN, TMO-
BiJIOMJIeHHSI, TUCKYCiitHi JiucTu, icropuyni Ta dimocodehbki cTyail B ycix oba-
CTSX TeOPil CKJIAJHUX CUCTEM JIJIsl BIPOBAI2KEHHST B3AEMOJTIT Mi2K HAyKOBISIMU 3
pi3HUX TajIy3eil MaTeMaTuKu, (pizuku, 6iosorii, XiMil, iHpopMaTUKM, COIIOIONII,
ekoHOMikU Ta iH. Mu 0akaeMo 3alpONOHYBATH iCTOTHE JIZKEPENIO aKTyaJbHOI
indopmariii mpo cBiT ckIaIHUX cucTeM. 2KypHaJI Ma€ CTATH JACTUHOIO HAYKO-
Boro hopyMy, BiIKPUTOTO Ta IIKABOTO SIK JIJIsI €KCIIEPTIB 3 pi3HUX obJs1acTeit, Tak
1 /It MUPOKOL ayIUTOPil YMTadiB: BiJl CTYJIEHTIB JI0 JOCBITYEHUX JIOCJITHUKIB.
ZKypHas Hajae MOXKJIUBICTD JjIs HAYKOBIUB 3 PI3HUX Tasly3eil Tpe3eHTYBATU
HOBI i1€l, rimore3u, moHepcbKi gocaimkenns. OcobIMBO 3aIPOITYIOTHCS JI0 IIy-
Guiikallil aBTopu HAYKOBUX cTarTeil Ta (aJse He TIILKU) HAYKOBUX OIVISIIB, IPOTe
cTaTTi 3 icTopii Ta dimocodil Hayku, irmdopmariil Tpo HAyKOBI MOAil, AUCKYCiitHi
ITOBIJIOMJIEHHST TAKOXK BITAIOTHCS.

[H®OPMAILIS AJ1s1 ABTOPIB

ZKypnas npyKye opuriHaIbHI CTaTTi, OTJIA A, TTOBIIOMIEHHST YKPaiHCHKOIO, PO-
CificbKOI0, aHMUIIHCHKOIO Ta HiMeInbKoo MoBaMu. CTarTi yKpalHCHKOIO Ta POCiii-
CHKOIO MOBaMHU MAalOTh MICTUTHU I€PEKJIA]] aHIVIIMNCHKOIO HAa3BU CTATTi, aHOTAIIIT
Ta IMPI3BUII aBTOPIB.

CrarTi puitMarThCst BUKJIFOYHO B €JIEKTPOHHOMY BUIJIsII, (hailin MaoTh
6yTu uigrorosieni B WTEX gu B TekcroBomy nporecopi (Microsoft Word, Open
Office Writer i T. x1.). Tnmi dbopmaru daiisiis MaoTh 6yTH HOIEPETHBO Y3rOIZKe-
Hi 3 pefakmiero. limocrpariii MaroTh OyTH BHCOKOI sIKOCTi, rpadiky Ta Jiarpamu,
IO Ti/ITOTOBJICH] B iHIUX MPOrpaMax, MAIOTh MOIABATUCA OKPEMO, Y BUCXiTHO-
My dopmarti. 2KypHasr ApyKyeThess 90pHO-O1IMM, TPOTE ¥ €JIEKTPOHHIN Bepcil
MaTepiaju OyayTh BimoOparkeHi y KOJIbOPI.

Crarri, 3anuTaHHs, MOPaId MAOTh OYTH BiIIIpaB/ieHl eJIeKTPOHHOIO MO-
LITOIO JIO PeJIaKIiil 3a ajpecoro: iscsjournal@gmail.com.
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