From the scientific editor
(Translation from Russian language)

(Russian initial text “From the scientific editor” is placed below
Together with the second foreword of author’s colleague)

The widespread use of information flow generation and processing systems, as
well as storage, recovery, maintenance and transmission through various
communication channels, is the foundation of our technological digital civilization. Its
informatization has already reached a very high level and continues to develop
intensively.

This monograph presents a complete theory and large-scale, highly intelligent
software tools for the study of complex optimization problems, which allowed its author
to solve fully the great Shannon’s problem posed by him more than seventy years ago,
before the future information community in his historical article for the fate of coding
theory "Mathematical theory of communication". As the head of a small Russian
scientific school of Optimization Theory (OT) of noise-resistant coding, Professor V.V.
Zolotarev made, of course, a real scientific feat, solving together with members of his
small team really all theoretical problems and preparing the necessary technologies to
solve the main applied problem of this science branch, which one is to design and
create decoding algorithms for all classical channel models considered by this complex
multicomponent theory.

This unusual book is devoted to a simple presentation of all these solutions to the
most complex problems in the field of coding theory, as they were evaluated earlier and
until today by all experts, considered in the monograph, the author found such
convenient, visual and now completely obvious solutions for thinking specialists that all
the technical parameters of his algorithms naturally turn out to be the best possible
decoding methods for both software and hardware versions of their implementation, up
to the channel noise regions close to the Shannon’s bound. And we emphasize that,
nevertheless, this task in its full scope and to this day remained at our planet absolutely
inaccessible to the entire multi-million army of specialists in the field of coding for the
past fifty years

However, it is possible to assess the entire philosophical, scientific and
technological depth and perfection of the problem solved by the author of this
monograph only by understanding the scale of the crisis in which the entire theory of
noise-resistant coding has been vegetating for many decades. Therefore, let us first
return to the general situation of recent time in this most important branch of science for
our digital civilization.

Scientific informatics is developing more and more broad areas of modern digital
technologies, and is actively being introduced into various nature monitoring systems.
But digital penetration ideology in all aspects of modern life is accompanied by serious
crisis phenomena. Moreover, the scale of this crisis in some major segments of
information theory has become truly unprecedented, protracted and hopeless.

The main difficulties of computer science have been growing for a long time in
the sphere of the very foundations of information theory and in its most complex and, of
course, most interesting (!) part, which consists of the theory, technologies and
algorithms of noise-resistant coding. Despite the very large number of specialists who
seem to be engaged in the development of methods for simple decoding of digital
streams in very expensive discrete channels, we can assume that, except for a useful



period of mastering algebraic methods of noise-resistant coding about 60 years ago, all
the subsequent half-century, the success of theorists was practically zero. But at the
same time, there was just a wave of publications, both in the form of articles and a
huge number of monographs, which sometimes stated quite obvious things in their own
way, but claimed to make a great contribution to science, although their real the applied
results practically did not change anything on the merits of the issue.

The unsolved problems of this main science of the digital world continued to
accumulate, which was largely determined then and now by the absolute commitment of
a large number of scientists working in this field to the algebraic foundations of this
theory. However, in fact, algebraic theory, for many years of its very conditional
leadership, has not solved any of the main problems of its development at all: it has not
found simple ways to correct errors above the level of half of the code distance, it did
not overcome the difficulties of decoding block codes in Gaussian channels, and also
did not reach the level of linear complexity of error correction algorithms relatively the
codes length, which, of course, slowed down the development of digital technology.
Algebraists also had considerable difficulties in analyzing convolutional codes. In
addition, their inability for more than half a century to find at least some correction
methods for non-binary codes, which would be better than those that were proposed 60
years ago for Reed - Solomon codes (RS), completely dissuaded communication
engineers from the possibility of any new results in this cluster of parameters. But this is
an extremely important area of application of codes in computing systems, since digital
photos, musics and TV use just non-binary, bytearrays of information.

Against this background of a clear crisis of theory, the appearance in 1967 of the
Viterbi algorithm (VA) for convolutional codes can be considered truly the real salvation
of coding theory in its most important application aspect, since the scheme with a
formally exponential increase in the decoder's computing volume with the code length
provided immediately such high characteristics that were quite sufficient for almost all
communication systems for many subsequent decades. However, VA could be
implemented both then and now only for short codes.

Recall that the utility of coding, a measure of its effectiveness, for example, in
communication technology when transmitting binary data, is usually determined by the
energy parameter coding gain (CG), which simply characterizes the magnitude of the
apparent increase in the power of the transmitter of a communication system that uses
good coding methods and, most importantly, the subsequent highly reliable and fast
decoding of the received digital stream.

And since this effect can reach a value of 3, 5, 10 or even more times (more than
10 dB), it becomes clear the exceptional importance of using coding, which simply
"gives" to the communication system such a large resource in terms of transmitter
power. This large increase in the energy available to signalmen creates an opportunity a
significant increase in the speed of digital data transmission, a significant reduction in
the size of very expensive antennas, a multiple increase in the communication range
and an improvement in the reliability of the received information by many orders of
magnitude, as well as a number of other very important advantages of digital
communication systems that use noise-resistant coding.

To this we can add the coding needs of completely new areas of development of
the digital world. Internet of Things experts will certainly agree that really good coding
methods will spend a tiny fraction of the energy of autonomous power sources on
correcting possible errors, compared to the case when the codes are not used. And this
is just as important as the operation of good decoding algorithms near channel capacity,
i.e. at the lowest possible power of the transmitter signal, which also saves a lot of
battery power. There are a lot of such useful properties of codes, and all of them are
very useful for the entire wide range of coding applications.



Let us further recall that during the half-century complicated period of its
relatively active existence, the "classical" coding theory, so to speak, focused in its main
applied aspect on the development of coding methods, tried to organize the search for
other decoding algorithms, since its successes were extremely insignificant in addition
to the exponentially complex VA. Without going into all the minor details of such shifts
now directions of development that are now interesting only for historians of science, we
will note only some features of such algorithms, which did not become fateful for that
theory. All of them are very common in turbo codes, low-density (LDPC) and polar
codes. The most inconvenient for all algorithms for decoding these codes it turned out
to be necessary to use real numbers in their calculations. This immediately greatly
limited the scope of their applicability, especially for high-speed channels. But,
moreover, the decision functions of these algorithms, which loaded the processors that
implemented such algorithms, turned out to be quite complicated in themselves. And
additional high requirements, for example, to the accuracy of calculations of
expressions used in decoding polar codes, and in general look like unjustifiably
extreme, since in some publications the authors write about the insufficiency for them
the usual accuracy of the representation of real numbers in computer systems. And the
actual amount of necessary calculations of all these "new" algorithms turned out to be
very large.

To this it is necessary to add that, in addition, over the past decades, virtually no
author's groups do not bother themselves in such preparation of published materials
on decoding algorithms, so that they can be used to get an accurate and — most
importantly (!) - correct idea of their complexity, noise immunity and reliability. This
completely deprives the readers of such materials of any confidence in the reliability and
applicability of these results. Therefore, the decoding algorithms that are actually
available to signalmen are often too complex and slow, or weak and not of interest for
communication technology.

Translated books, including the educational type, are also verbose and they
usually present long-outdated results.

But, as it has been known for more than forty years, the optimal solution (the best
result in terms of the probability of an undetected error) for decoding codes can actually
be successfully found based on an optimization search at an exponentially growing with
the length of the code arrays of possible decisions. This was the starting point of a
truly impressive long-term research by the author of this unique monograph, who
received the author's certificate for such an unexpected solution to the problem of
noise-resistant coding almost half a century ago. And the complexity of this search is
the best possible, minimal, growing linearly with the length of the codes, which is also
always extremely important.

Numerous works of the author of the monograph and his scientific school have
brilliantly shown that so far only the achievements of Optimization Theory (OT) are the
basis of very simple algorithms for searching the global extremum, which correctly
decode received messages directly near the Shannon’s bound and with linear
complexity, which is the ultimate goal of coding theory. The monograph, which originally
presented the first revolutionary results of a new scientific direction, was published by
the Scientific Council on the Complex Problem of "Cybernetics" of the USSR Academy
of Sciences and published in the publishing house “Nauka" (Science) back in 1981.

It is in these conditions that the Optimization Theory (OT) of noise-resistant
decoding has been developing in Russia for many decades, which successfully solves
the problems of optimal, best-in-veracity decoding at a completely new, one can say,
fundamentally different, deep philosophical level, but with theoretically minimal, linear
complexity depending on the code length and in conditions of the maximum permissible
noise level of digital channels. And the minimum possible complexity is just that allows



them to create simple and very fast decoders for very long codes. The author and other
pioneers in this field in their, of course, a very unexpected style and results the books
and articles over the decades of hard work showed absolutely new features like the
long-known standard and improved methods of wonderful Viterbi algorithm (VA), and a
new iterative algorithms based on multithreshold decoding (MTD), implementing
effective procedures for the searching global extremum functionals.

The key theme that determines the value of this outstanding monographs, are a
variety of extensive results that convincingly demonstrate quite convenient technological
solutions to the problem of simple high-confidence decoding near the channel
bandwidth posed 70 years ago by C. Shannon. It is completely incomprehensible why,
over all these years, no one has paid attention to the fact that the problem of optimal
decoding can also be formulated as a classical global optimization problem, which, if
applied to the coding theory, it acquires, of course, some specific features that do not
change the essence of this well-understood and long-worked-out problem of the search
for a global extremum. It is very strange that this idea was already published by the OT
scientific school in that millennium, but did not find a response from specialists.

The starting point in a large set of completely unique paradigms of OT, a
fundamentally new theory in all respects, which the school supporters call the "quantum
mechanics" of information theory, was the Main Theorem of multithreshold decoding
(OTMTD). Right in the very first of its extremely simple but very exact wording carrier
deepest philosophical sense, it told the engineers and the scientific community that a
properly organized the simplest of majoritarian is inherently iterative algorithms for each
change of decoded symbols strictly come nearer to the decision of the optimal decoder
(OD), for which previously was required to make full exponentially complicated
searching, which for example the Viterbi algorithm (VA) makes quite elegantly. The
appearance of the OTMTD revolutionized the decoding tasks for all types of channels
with independent distortion. Now it is possible to use MTD decoders for almost any
class of majoritarian decoded codes and with only linear (!) complexity of the algorithm
depending on the code length, try to achieve OD decisions even for a large relative
noise level of the channel.

And it is an extremely sad circumstance that in none of real scientific centers in
which this so fundamentally updated and very much updated method could develop, an
effective coding theory based on OT, for 40 years of its subsequent existence, no one
bothered to pay attention to this unexpected possibility of extremely simple decoding
with potentially the best possible results on the veracity of the decoder's decisions.

The author of the monograph, however, even in those distant years, immediately
clearly and clearly pointed out that when solving the optimization problem of decoding,
his extremely precisely formulated special theorem, which is the cornerstone for the fate
of the OTMTD theory, does not promise to achieve necessarily the OD decision. That is
why the members of the scientific school of the monograph author, who created this
complete and now quite perfect large-scale theory of "everything " in coding, have been
continuously engaged all these years precisely in the search for conditions that should
be performed so that the decoding process, i.e., the search for the global extremum of
the functional, is as long as possible. Here it is very important that this search does not
stop somewhere halfway to the optimal decision, which is the code word closest to the
message received from the channel.

And this task was also solved in OT! The OT school has created due to a special
theory of error propagation (EP) in majoritarian decoding for this purpose, which no
scientific researcher group has been able to approach in the last 50 years in the world.
And its main result was that the EP theory made it possible quickly and simply to build



codes using which MTD decoder was indeed able to almost always achieve optimal
decisions, even at extremely high noise levels, i.e. near the channel capacity.

All the obvious, and sometimes quite unexpected ways to achieve the OD
decision based on MTD algorithms and a number of other methods are just described
in all their diversity in this book. The author clearly shows that for a large number of
channels and codes, it is already possible to achieve a very high level of confidence at a
high noise level based on MTD decoders and a number of methods derived from them.
As it will be seen from the subsequent materials of the book, this problem is indeed
already very successfully solved in many cases, or for some clusters of parameters, it
will certainly be solved by methods already known in OT in the immediate vicinity of the
digital channel capacity. It gives us the right to reasonably believe that it is Russian
science, represented by the author of this monograph, that has completely solved
Shannon’s problem for all standard digital channels considered in coding theory.

The task of expanding the list of such code clusters (i.e., sets of channel
parameters, codes and decoders) will now be constantly solved, and the OT field will
expand, since all the conditions for this have already been created by the author's
scientific school.

Thus, for obvious reasons, we can assume that the former coding theory has
passed the palm of the championship to OT, the new "quantum mechanics" of
information theory. This conclusion is due to the fact that the OT technologies provide
the best veracity with the minimum decoding complexity up to the nearest vicinity of the
Shannon’s bound.

We emphasize that the author and his scientific school have obtained a number
of extremely important results in a variety of technological fields related to coding
theory. The most significant applied achievement of OT is the expansion of the actions
field of the OTMTD actually affect the entire set of methods for iterative decoding of
linear codes, both block and convolutional:

these are concatinated circuits of various types, channels with erasures, ultra-
fast hardware and software versions of decoders, as well as, which is also quite unusual
and even completely unexpected in general for the entire coding theory, the symbolic
codes.

These non-binary codes are associated with the amazing properties of human
search thinking, which sometimes bypasses the most important areas of knowledge, for
the study of which such thinking should be involved. The fact is that symbolic codes are
non-binary majority decoded codes. They were discovered, as well as the usual
threshold algorithms, by the founder of this direction, the outstanding American scientist
J. Massey. He got some results for such codes and published them in his classic book
about threshold decoding. However, when analyzing such codes, he demanded from
them such exceptionally high characteristics that they in principle could not provide. And
as a result of this considerable frustration, he refused to further study such code
structures. And because of this, researchers around the world, undoubtedly believing
the opinion of this respected scientist, for the next 50 years did not even try to apply
majority algorithms to non-binary codes, which, as it were, did not exist. But it just
happened, that all the other non-binary codes and decoders created by "classical"
science over this long period did not become outstanding achievements of coding
theory, although they were useful.

But the author of the monograph and his school were very attentive to the codes
that were once rejected by Massey, clearly separated them from other types of codes
and called them symbolic. To date, the members of the OT school have written an
absolutely complete theory for these structures they rediscovered, as well as for
particularly simple symbolic MTD decoders that implement global search functions an



extremum on digital streams with a certain code structure, and also with a minimum
linear complexity of the code length.

By the way, it is very useful to draw the attention of readers of this book to the
fact that for a truly triumphant march of symbolic codes in the world of coding systems,
the authors of symbolic algorithms immediately changed and patented the rules for the
operation of the threshold element (TE) for these codes — the main active element in all
MTD. It was main moment that decided the fate of the world competition among non-
binary algorithms. It simply did not take place, as they say, "for a clear advantage" of
symbolic codes in all parameters of efficiency and complexity, since symbolic decoders
with linear complexity from the length of the codes converge to the optimal decision
even at very high noise levels of the channel. This can be seen by reading the relevant
sections of this monograph or previously published books and articles by the author and
the school of OT on this topic.

And at the same time, it is important to emphasize that in general, all variants of
MTD algorithms are extremely simple devices or programs with well-understood
principles of majoritarian algorithms, which is extremely useful for their development,
application, training and further progress of this scientific topic.

The monograph pays deservedly deep attention to many other ideas that have
emerged in the course of the development of OT: the principle of divergence, parallel
concatenation, codes with dedicated branches, and other systems and principles of
organizing a new very unusual coding style, which have formed their own special
extensive intellectual space of OT paradigms. All of them really help to create, research,
and implement exceptionally simple decoding methods at high noise levels. Note that
previously none of the listed concepts in the coding theory not at all. But their role in OT
and in successfully solving decoding problems has indeed proved to be extremely
important. Just as important in OT is the role of decoders with direct metric control
(DPCM). The DPCM group includes all methods using MTD and VA. This approach
takes the research of decoders based on VA and MTD to a completely new level, work
on which has already allowed us to obtain another extremely important result — the
creation of a block version of the Viterbi algorithm (BVA) with complexity, close to the
complexity of the classical VA for convolutional codes, which the author of the book
also, like many other achievements, promptly patented. This result for one of the most
important algorithms of the last century is impressive in itself, since the complexity
estimates of the "old " coding theory for block versions of VA actually correspond to
twice the exponential complexity compared to convolutional codes, which, of course,
made them completely inaccessible for use in real systems.

It is worth emphasizing that the school of OT has long and successfully
developed this area of applied coding theory, which was also undeservedly forgotten by
the former "classical" theory against the background of turbo and other "achievements"
of theorists.

All monographs on MTD and OT have repeatedly used the capabilities of
network portals

www.mtdbest.ru and www.mtdbest.iki.rssi.ru
to illustrate many of the results of MTD algorithms the author's scientific school, the first
of which is updated quite often. This makes it much easier to understand the results in
OT correctly. Our newest portal

www.decoder-zolotarev.ru

is also very popular among reader.



The use of the resources of these portals in this monograph is even more diverse
and complete. These websites, with a total of more than 1000 information blocks,
feature a large number of demo programs on all of the world's most well-known
decoding algorithms. These thematic bilingual portals are sometimes visited by more
than 100 thousand readers a year from more than 90 countries of the world, which
especially well and accurately characterizes the full and unconditional recognition of the
technologies and paradigms of OT and its results by the world scientific and technical
community.

Moreover, the special software platforms presented on the first and third of these
network resources really allow all specialist to move quickly on to full-fledged scientific
work in the OT field.

The author of the monograph is a laureate of the Government Prize Russian
Federation for Science and Technology. The European Union (EU) awarded the creator
of the OT the Gold Medal "For Exceptional Achievements", which in Europe is awarded
only for the most outstanding scientific results. And at the recent International Exhibition
of Inventions, he was awarded a Gold Medal for a patent for a super-fast MTD decoder.

As for the level of the current and far from modern coding theory both in our
country and abroad, the single general dramatic diagnosis of its condition is due to an
extremely strange circumstance for the digital civilization. The fact is that no one knows
how to calculate the main characteristics of effective decoders for a large noise
level. Probably, this will never happen for any algorithms. It is possible that this cannot
be done simply in principle. And no one knows how to program! This can be said about
almost all specialists in the field of codes. And the slogan of the end of that millennium:
"Programming is the second literacy!" -is now completely forgotten. All this was the
end of "that" purely mathematical coding theory.

But coding theory is not a mathematical problem at all! This is one of the
optimization tasks in discrete spaces with an error-correcting array structures. And all
their main characteristics, perhaps, will always be determined only experimentally, on
software models and hardware layouts, which usually give such results on the
characteristics almost “instantly”.

All this was understood by the scientific school OT more than half a century ago,
which allowed it to win an incredibly large-scale and most important scientific
competition in the information theory at the very beginning of the digitalization of our
world.

So declared the author of this monograph in a very soft the absolute priority and
global leadership, as he measured very modestly, in 20+30 years, there is indeed, as
now they can't even see on the horizon of the research groups that at least begun to
create for the development of the application of coding theory any software optimization,
modeling and design complexes for the research and construction of new very fast
optimal coding systems operating near Shannon’s bound. Indeed, only the creation of
such software requires, as was the case with the OT school, decades of intense and
complex work, which especially emphasizes the ability of the author of this book to
foresee the future of his science branch, the equal of which may not appear for a very
long time. The difficult experience of the OT school shows that, in addition to the
decision to develop certain complexes of such intellectual software systems, it also
takes some time and a lot of accumulated personal experience to understand what
exactly these innovative complexes should be. And this is also a long, stressful years of
very hard work.

The OT school offers its extensive set of such software tools to all specialists.
This set, as the head of the school believes, will be continuously expanded and become
more and more accessible to all.




Turning to the final remarks about this book, which is unique in the theory of
coding and in the history of science in general, | will allow myself to remind you that the
readers are holding in their hands a really extremely important monograph, which
marks, finally, the long-delayed transition of the entire applied coding theory into a
completely new phase of its development, focused on the creation of truly affordable
effective error correction algorithms of guaranteed quality. It is based on a strong union
of theory and experiment. It is extremely unfortunate that this transition did not occur
about 30 years ago, when the full OT theory was already created. It becomes no
longer a problem, but a technological task of searcning global optimization of functionals
with a very large number of variables in discrete spaces with a structure that takes into
account the properties of correcting codes. Many of the algorithms considered in the
monograph and deeply researched successfully work in the immediate vicinity of
Shannon’s bound. And it is very important that all OT methods are well-known simple
majoritarian decoders with correctly selected parameters or modifications of widely
used decoders that work as differenr types of Viterbi algorithm, which is loved and also
perfectly understood by all digital communication engineers.

The situation that has developed to date around OT, according to a considerable
number of specialists in coding theory, strongly resembles the state of physics at the
beginning of the twentieth century, when many current problems were impossible to
solve by the methods available to science at that time. And only the emergence of a
number of completely new paradigms for physics related to the principles of the
structure of our world, which later formed quantum mechanics, allowed us to reach new
frontiers of scientific knowledge of our physical world.

A number of great physicists of their time were then deservedly awarded the
Nobel Prize, although the physics of the beginning of that century for quite a long time
did not belong to any relevant branches of knowledge. Its public recognition took place
already in the 1930-1940s.

The importance of OT, its technologies and paradigms is extremely high because
it has already become a new "quantum mechanics" in the applied information theory. It
is also extremely important that the OT has been created and has already been
successfully completed in all its main aspects in the most important period of the rapid
development beginning of our digital information civilization, which until very recently
was not able to provide the necessary high reliability of its information content by simple
means. Thatis why, for our modern world, the importance of OT, a very meaningful,
compact and perfect science, is many times greater than the importance of quantum
mechanics for physics, as it was at the very beginning of the last century.

At the end of our introductory review, we will also agree that such a book about a
complete solution for Shannon’s problem is absolutely unusual and therefore, of course,
completely unexpected for the main contingent of world science engaged in coding
issues.  We also note that publications with the participation of members of the
Russian Academy of Sciences and specialists in the field of digital technologies are
already being published, where they confirm the exceptional value of the results of the
author of this monograph and believe, that the MTD algorithms, symbolic codes, and
the error propagation theory for majoritarian decoding fully correspond to the Nobel
level of the author's research, both taken together and separately.

And the technologies of setting the parameters of codes and decoders,
algorithms for correcting erasures and a set of new OT paradigms, as well as many
dozens of author’s patents — most of them are certainly outstanding discoveries in the
field of applied coding theory. And this is really so, which is confirmed by the network
portals of the scientific school of OT, which, as | noted above, have been reading for a
long time experts from all over the world.



Especially clearly the perfection of OT emphasizes its extreme compactness, the
minimum number of formulas describing the capabilities of all V.V. Zolotarev's
algorithms in various channels, and the deep philosophical essence, which, | think, can
be discussed and analyzed by historians of science for a very long time.

It can be estimated that the entire OT has a volume that is about three orders of
magnitude smaller than the very swollen former one a theory that has long failed to
produce any reasonable results, as we have repeatedly pointed out in our new reviews
on the applied issues of the scope of coding theory.

| would also like to express my complete satisfaction with the publication of such
an unusual monograph due to the fact that 2018 turned out to be the anniversary year
for coding theory. More than 70 years ago, Claude Shannon actually put this problem of
simple and efficient decoding before science and technology in his remarkable the
article. It is very pleasant to find its successful solution in every sense right now in the
monograph of an outstanding Russian scientist.

The history of science has never known a small scientific school to develop fully
in a fundamentally new direction such a grandiose and inertial, but at the same time so
necessary for communication technology, the most complex branch of science, almost
completely solving all the previously formulated applied problems for it.

And in conclusion, | express my firm belief that the most up-to-date results of the
new "quantum mechanics" of the modern theory information presented in this unique
monograph will serve as a large-scale worthy contribution of all Russian science to the
development of new methods and technologies of digital data processing, as well as the
entire information theory  in general for the digital information community at the
beginning of the new millennium.

Laureate of the USSR State Prize, Yu.B.
Zubarev

Corresponding Member of the Russian Academy of Sciences,

Doctor of Technical Sciences, Professor,

Honored Scientist of the Russian Federation,

laureate of the State Prize,

twice winner of the Prize of the Government of the Russian Federation

About the new format
of applied coding theory

(The second translated Russian text)

The problem of more easily ensuring the high reliability of digital data
transmission, processing, storage and recovery is becoming more and more urgent all
over the world. However, until recently, it seemed that a successful solution to the
problem of creating simple and highly efficient decoders of various types, even near the
Shannon’s bound, which is the main applied goal of coding theory, is still very far away.



In fact, to do this, it was necessary to find decoding methods in four traditional channels
in classical theory: binary symmetric, non-binary, Gaussian, and erasing channels, for
the implementation of which previously often involved various and often quite heavy, as
well as far from the most effective ideas. But all of them eventually turned out to be very
time-consuming and far from the possible level of efficiency that the theory estimated.

Against the background of this long-term crisis, all these decades works looked
quite different of our scientific school of Optimization Theory (OT) of noise-resistant
coding, which was started about half a century ago by Professor of Space Research
Institute of the Russian Academy of Sciences, Valery Vladimirovich Zolotarev. For the
first time in the world, having set the task of iterative gradual approximation to the best
optimal decision in terms of error probability, he and the active followers of our school
began almost immediately to obtain very high reliability characteristics of the developed
algorithms with extremely simple schemes for their implementation, which was very
natural, since the basis of the new algorithms, which we called multithreshold decoders
(MTD) were the simplest long-known James Massey’s threshold decoders. But high
reliability MTD decoders, practically coincided with the optimal decoding (OD) that was
previously provided only total searching methods, such as the Viterbi algorithm (AB), -
these properties for higher noise levels our decoders for many decades acquired slowly
with evolved OT together with a very extensive and large-scale software. Very helpful
in quickly improving the performance of our algorithms it was the growth of the
performance of the computing tools available to us, as well as the optimization software
that we continuously develop.

This feature of research in our scientific school is crucial for the progress of the
OT theory itself and for obtaining new results in the design and analysis of the
properties of decoding algorithms, as well as for improving their characteristics.

It is with such an absolutely atypical for the previous theory, but very fruitful
formulation of the problem of simple high-precision transmission of digital data over
channels with noise that V. V. Zolotarev has already published with the participation of
enthusiasts of the school many monographs on OT, which describe solutions to many
extremely complex problems, that have ensured that OT algorithms in the immediate
vicinity of the Shannon’s bound have achieved the minimum complexity and really the
best veracity.

The new monograph of Professor V.V. Zolotarev, offered to specialists, presents
the OT theory and its newest applied achievements in the field of decoding algorithms
development and creation. In the case of MTD decoders, they provide real optimal
decoding with the minimum possible linear implementation complexity depending
relatively the length of the codes. And when using block modifications of VA, as follows
from the presented data, all the best decoding parameters for short codes are already
achievable, which are now not available to any other algorithms. This is determined by
the fact that only all MTD decoders and VA in all their modifications measure the
distances of their decisions to the accepted vector. The experience of our research
shows that no algorithms devoid of such exceptionally useful properties ‘shave any
prospects of reaching the Shannon bound with reasonable complexity of their
implementation.

Thus, the approval of the absolute OT leadership and the final "care" with the
real field of science earlier theory was due to the fact that for the united criterion
"noiseprofness - veracity - complexity" that “old” theory could not find or all the time of
their existence analytical expressions for each of these parameters of the criterion at
least for one of its algorithms that claimed to have high noise immunity characteristics.
But the adepts of the previous era simply could not develop both the theory and the
experimental base at the same time.



This means that the coding theory in its applied aspect really turned out to be not
a mathematical problem at all. Having realized this long ago, the OT school completely
solved Shannon's problem for all traditional channels, as a task of global functions
optimization of a in digital spaces with acomplex nature, while remaining exclusively
within the framework of very clear majoritarian decoders and the Viterbi algorithm.
Others comparable to OT methods there are no outside of it now. And it is difficult to
expect their appearance. All the characteristics of the OT algorithms according to a
united criterion are now the best and are instantly determined during modeling by
means of our innovative optimization software, which further accelerates the
development of OT and helps it quickly point out new growth points.

It is useful to note the exceptional compactness of the OT and its completeness.
OT technologies work perfectly and have already demonstrated high results for about a
hundred different clusters of encoding parameters. One of the leading roles in the
current rapid progress of OT undoubtedly belongs to the author of this monograph
Professor V.V. Zolotarev, which presents the latest data on the fundamental scientific
and applied developments of the theory created by him.

Supporters of the scientific school of OT believe that the successful theoretical
and experimental work of all specialists interested in the further development of applied
coding methods, including in the areas indicated in the last chapters of this monograph,
will allow us to continue very quickly to promote the technique of noise-resistant coding
to ever higher levels of technology.

This is exactly what the digital information community of the new millennium
needs from the advanced theory that has become the "quantum mechanics" of modern
information theory.

Professor, Doctor of Technical Sciences G. V.
Ovechkin

Head of the Department

of Computational and Applied Mathematics

of Ryazan State Radio Engineering University named after V.F. Utkin,

Chairman of the Scientific and Methodological Council of RSREU



OT Hay4HoOro pegakrTopa

LLinpokoe ncnonb3oBaHne cuctem hopmMmpoBaHnst UHPOPMAaLMOHHbIX
NMOTOKOB U UX 06paboTku, a Takke XpaHeHUs, BOCCTaHOBIIEHMS, COMpPO-
BOXAEHUS 1 Nepegaym no pasHoobpasHbIM kKaHanam CBA3u ABMAsieTCs oc-
HOBOW Hallen TexHomnorn4eckom undposon umsunmsaumn. E€ nigopmatu-
3auusi 4OCTUINA y)Xe BECbMa BbICOKOrO YPOBHS Y NPOAOMKaeT MHTEHCUBHO
pa3BuBaTLCS.

B aTow MmoHorpadun nanoxeHa nonHas Teopusi U NpeacTaBrneHbl Mac-
WTabHble BLICOKOMHTENMEKTYarbHble NporpamMmmHble cpeacTBa uccregosa-
HWSI CMIOXHbBIX ONTUMMU3ALNOHHbIX 3a[ad, KOTOpble NO3BONUNN €€ aBTo-

py NOMHOCTBIO pPeLWNTb BENWKYI0 Npobnemy LleHHOHa, NocTaBneHHY UM
bonee cemngecsTu net Hasag nepeg OyaywmMmM MHpOpPMaLNOHHBIM COOB-
LLIeCTBOM B CBOEW MCTOpUYECKON Ans cyneb Teopun kogupoBaHus cTatbe
«MaTemaTtnyeckas Teopus cBs3ny». Kak pykoBogutenb HebonbLLIOW poc-
CUINCKOWN Hay4HOW Wwkonbl OnTummuaaumoHHon Teopun (OT) nomexoycTon-
ynBoro koaupoBaHus npodgeccop B.B. 3onoTtapér coeepLunn, 6e3ycrnos-
HO, HaCTOSILLMIA HaYyYHbIN NOOBWT, pa3peLlumB BMECTE C YfieHaMmn CBOero
HebOoMbLLOro KONNEKTUBA NPaKTUYECKM BCE TeopeTmyeckue npobnemsl 1
NoAroToBMB HEOBXOAMMbIE TEXHONMOIMMN ANsi peLleHns rnaBHOW Npuknag-
HOW 3agayun 3TOW OTpacnu Hayku — NPOEKTMPOBaHUS U Co3haHus anro-
pUTMOB AEKOOUPOBaHWSA OIS BCEX KNAacCU4eckux Mogenen kaHanos, pac-
cMaTprBaeMbliX 3TOW CNOXHOW MHOFOKOMMOHEHTHOW TeopUen.

MpOCTOMY U3MNOXEHUIO BCEX ITUX PELLUEHUIA CMOXHENLLNX, KaK OHU
OLEHVBanNNChb paHee n 40 CEeroqHsALWHero HS BCeMu cneuumanuctamu, 3a-
Oay B cdhepe Teopum KOAUPOBaHUA U NOCBsILLIEHA 3Ta CTOMb HEOObIYHAS
KHura. [Ins kaxgown u3 pacCMOTpEeHHbIX B MOHOrpadun npobnem asTop
Haweén cTonb yaobHble, HarnsaHble N Tenepb yXXe COBEPLUEHHO OYeBUA-
Hble NS MbICASILMUX CNEeLManucToB peLLeHnsl, YTO BCe TEXHUYECKMEe napa-
MeTpbl €r0 anropuTMOB €CTECTBEHHO 0Ka3biBatOTCA BOOOLLE HanyyLLIMMm
BO3MOXHbIMU A1 METOAOB AEKOOUPOBAHMSA KaK NMpu NporpaMmMHOM, Tak

1 Mpu annapaTHOM BapuaHTax Ux peanv3auuy BNAoTb A0 obnacTew Lwy-
Ma KaHana, 6nm3kux k rpaHuue LlWeHHoHa. N nogyepkHEM, 4TO, TEM He
MeHee, 9Ta 3aaya B CBOEM NOMHOM 06BbEME M MO Cel AeHb ocTaBanach
Ha Hawen nnaHeTe abCoMOTHO HEMPUCTYNHOW ANS BCEA MHOTOMUMINOH-
HOW apMuM cneumannucToB B chepe KoANpoBaHWS B TEYEHNE NOCNeaHnX
NATUOECATY NneT.

OpHako oueHWTb BCo hrnocodCKyto, HayUYHY U TEXHOMOTMYECKYH
rnybuHy n coBepLUEHCTBO PELUEHHOM aBTOPOM 3TON MOHorpadum npobne-
Mbl MOXHO, TOMbKO NMOHSAB MacliTabbl Kpuanca, B KOTOPOM MHOMO AeCHATU-
netun npossibana Bcst TEOpUS MOMEXOYCTONYMBOIO KOAMPOBaHus. Moatomy
BEpHEMCSH CHayana K obLwen cutyaumm nocnegHero BpeMeHn B 3TON BaX-
Henwen onga Hawen umgpoBon LMBUIM3aLmMmM OTpacnm HayKu.

HayuHasa nHdopmatmka ocBavBaeT Bcé bonee wmpokme obnactu
COBPEMEHHBIX LIMAPOBLIX TEXHOMOMMIA, aKTUBHO BHEAPSAETCA B pa3HO006-
pasHble CUCTEMbI MOHUTOPUWHIra Npupoabl. Ho NpoHUKHOBEHUE LM pOBOWA
NOeonorMn Bo BCe CTOPOHbI XKU3HM COBPEMEHHOIO YerioBeKa COMpOBOX-
[aeTcsa U cepbE3HbIMN KPU3UCHBIMK siBNeHuaMn. Bonee Toro, maclwitabsl
3TOro Kpuanca B HEKOTOPbIX OCHOBHbIX CErMEHTax Teopuu UHdopmaunm
cTanu BouCTUHy becnpeueaeHTHbIMM, 3aTSXKHBIMU U 6eCnpOoCBETHBIMMU.
OCHOBHbIE TPYAHOCTU MHAOPMATUKM OONTo HapacTanu B cdepe ca-

MbIX OCHOB TEOpPUM MHGOPMaLMK U B TON €€ CIOXHENLLEN N, KOHEYHO

Xe, uHTepecHenwwen (1) Yyactn, KOTOPYH COCTaBMSAT TEOPUS, TEXHOMO-
rMu 1 anropMTMbl MOMEXOYCTONYMBOIO KOAMPOBaHNS. HecMoTps Ha o4eHb
HonbLIoe Yncno cneumanucToB, KOTopble, BpoAde Obl, 3aHUMatoTCs pa3Bu-
TMeM MeTOAOB MPOCTOro AeKOANPOBaHUA LMAPOBLIX MOTOKOB B OYEHb [0-
pOrvMx AUCKPETHbIX KaHanax, MOXHO c4yMTaTb, YTO, KPOME MOSe3HOro ne-
pvoaa ocBoeHus anrebpanyeckmx MeTo4oB NOMEXOYCTONYMBOrO KOAMPOBa-
Husi okorno 60 neT Hasag, Bce nocriegyloLlee nosBeka ycnexm TeopeTukos
npakTuyeckn 6biny paBHbI HyMn. Ho npu aTom Habnoganca npocTo Ban
ny6nvkauun Kak B BUA4E CTaTer, Tak U OFpOMHOrIo Ynucna MoHorpadui,
KOTOpble UHOrAa OYeHb No-CBOEMY M3naranv COBepLUEHHO OYEBUAHbIE Be-



LM, HO MpeTeHAoBany Ha 6onbLUON BKNaa B HayKy, XOTS UX pearnbHble
npvknagHble pe3ynbTaTbl MPaKTUYECKN HAYETOo HE MEHSNN MO CYLLECTBY
Bonpoca.

HepeléHHble Npobnembl 3TOM rMaBHOW Haykun L poBoro Mmupa npo-
Jorkanu HakannmBaTbCs, YTO B 3HAYUTENbHOM Mepe Onpeaensnoch 1 To-
roa, U cenvac abcorntoTHOM NPUBEPXKEHHOCTLIO BOMBLLOIO Yncna y4€HbIX,
paboTatoLmx B 31Ol cchepe, anrebpanyeckum ocHoBam aTol Teopun. Of-
Hako Ha caMoM ferne anrebpanyeckas Teopus 3a MHOrMe rofbl CBOEro
OY€Hb YCINOBHOIO NMAEPCTBa He peLumnrna BoobLLEe HUKaKNX OCHOBHbIX NPO-
6rem cBoero pasBuTKA: He Halluna NPoCTbIX CMOCOO0B KOpPEKLUMM OLLIMBOK
BblLLIE YPOBHS MOTOBMHbI KOOOBOIO PacCTOSHUSA, HE Npeogoriena TpyaHo-
cTen AekogupoBaHusa B6IOKOBbLIX KOJOB B rayCCOBCKMX KaHanax, a Takke
He BbllNa Ha NIMHENHbIA OT ANNHBI KOAOB YPOBEHb CITOXHOCTW anropuTMoB
KOppeKLMUN oWnBOoK, YTO, KOHEYHO e, TOPMO3UIIO U pa3BUTUE LIMdPOBOWA
TEXHUKW. 3HauMTeNbHbIE TPYOHOCTM ObINK y anrebpancToB 1 Npu aHanuse
CBEpPTOYHbIX KofgoB. KpoMe Toro, ux HecnocobHocThb yxe Gonee nonyse-
Ka HaMTW XOTb Kakme-nmbo MeToAbl KOPPEKUUN ANst HEABOUYHbIX KOOOB,
KOTOpble oka3anuck Obl Nyylle Tex, 4To 6binn npeanoxeHsl 60 NeT Ha-
3ag ans kogos Pnga — ConomoHa (PC), coBcem pasyBepuna MHXeHepoB-
CBSI3MCTOB B BO3MOXHOCTM MOSIBNEHUS KaKnX-NMB0o HOBbIX Pe3yrbTaToB U
B 9TOM KnacTepe napamMeTpoB. A Bedb 3TO UCKIIOUUTENBHO BaxHas cdepa
NPYMEHEHNSA KOLOB B BbIYMCMUTENBHbLIX CUCTEMAX, MOCKONMbKY LMdpoBbIe
¢oT0, My3blka U TB ncnonb3ytoT kak pas HefBouYHble, 6GanToBblE Maccu-
Bbl MH(popMaLmN.

Ha atom ¢hoHe aBHOro kpusuca Teopumn nosisneHme B 1967 r. anro-

putma Butepbu (AB) ons CBEPTOYHBIX KOAOB MOXHO CYMTaTb BOUCTUHY
HaCTOSALLMM CaceHneMm Teopum KOAMPOBaHUN B CBOEM BaXKHEMNLLEM NpU-
KnagHoOM acnekTe, MOCKOSbKy cxema ¢ hopMaribHO 3KCNOHEHUNanbHbIM C
ONMHOM Kofa pocToM 06bEMa BblYMCNEHWI AeKkofgepa obecneyunna cpasy
CTOJb BbICOKME XapaKTEPUCTUKM, KOTOPbIEe OKa3anuch BMoJiHe 4OCTaTou-
HbIMM A8 MOYTM BCEX CUCTEM CBA3W B TEYEHMNE MHOIMX NOCNenyrLmX
pecatuneTui. MNpaega, AB mor GbITh peanuioBaH 1 Torga, n cenvac Tofb-
KO ANsi KOPOTKMX KOAOB.

HanomHuM, 4TO NONEe3HOCTb NPUMEHEHWS KOAMPOBaHWS, Mepa ero
apdpeKTUBHOCTU, HANPUMep, B TEXHUKE CBA3M NpU nepegave ABOUNYHbIX
OaHHbIX 0ObIYHO OnpefenseTcs napameTpoM SHEPreTUHECKOro BbiMrpbilla
kogmpoBaHusa (3BK), KOTopbI NPOCTO XapaKTepusyeT BESIMUYNHY Kaxy-
LLerocs yBernmyeHus MOLHOCTY NnepeaTymka CUCTEMbI CBA3U, UCMONb3Y-
loLLLEeN XopoLune MeToabl KOANPOBAHUS U, MaBHOE, NOCNeayoLWero BbICOKO-
[0CTOBEPHOrO U BLICTPOro AeKoAUPOBaHUSA NPUHATOIO LMAPOBOro NoTokKa.
A nockornbKy 3T0T addekT MOXeT gocTurate BenuumHbl 3, 5, 10 n gaxe
bonee pas (cBbiwe 10 AB), TO CTAHOBUTCSI NOHSATHOW UCKITHOUNTENBHAs
BaXXHOCTb NPUMEHEHNsI KOAMPOBaHUSA, KOTOPOE NPOCTO «4APUT» CUCTEME
CBSI31 CTONb BONbLUOW pecypc No MOLHOCTW nepedaTtymka. SToT 60nb-
LLION NPMPOCT AOCTYMHOW CBA3NCTaM 3HEPreTUKN CO34aET BO3MOXHOCTb
CYLLLECTBEHHOIO MOBbLILLEHWUS CKOPOCTU Nepedayun unMdpoBbIX aHHbIX, 3Ha-
YNTENBHOIO CHUXEHUS pa3mMepOB OYEHb JOPOrMX aHTEHH, MHOTOKPaTHOro
yBENUYEeHUs 4anbHOCTN CBA3U U yNy4YllEHWUs Ha MHOTO NOPSIAKOB AOCTO-
BEPHOCTW NPUHATON MHpOopMauuK, a Takke psig ApYrMx BECbMa BaXKHbIX
OOCTOMHCTB LMPOBbLIX CUCTEM CBSA3M, UCTIOMb3YIOLLMX NOMEXOYCTOMYNBOE
KoAMpoBaHue.

K aTomy MoxHO fo6aBWTb M NOTPEOHOCTM B KOAUPOBAHWM Y COBCEM
HOBbIX HanpasneHui pa3suTns uucgposoro mupa. 3aHumatowmecs NHTep-
HEeTOM BeLlel cneumanucTbl, KOHEYHO, COrMacsTcsa C TeM, YTO pearnbHO
XOpoLure MeToAbl KOAMPOBaHUSA NOTPaTAT BOOOLLE HUUTOXHYHO OO0 3HEp-
My aBTOHOMHbIX MCTOYHUKOB MUTaHUSA Ha KOPPEKLMIO BO3MOXHbIX OLLV-
BOK No cpaBHEHMIO CO CrlyYaeM, Koraa KoAbl He NpUMeHsTCs. M aTo Tak
K€ BaXHO, Kak 1 paboTa xopoLUux anropuTMoB AeKoANpoBaHUSA BO6Nu-

31 MPOMNYCKHOW CNOCOOHOCTU KaHana, T. €. NPY MUHUManbHO BO3MOXHOM
MOLLIHOCTU cUrHana nepegaryuka, 4To TakkKe CUIIbHO 3KOHOMUT 3apsag
H6aTapen. TakMx None3HenLwnx CBOMCTB KOLOB O4EHb MHOIO 1 BCE OHU
0Ka3bIBaOTCHA OYEHb KCTaTW AN BCEW LUMPOKOM cepbl NPUITOXKEHNS KO-
OMpoBaHus.



HanomHuM ganee o Tom, 4YTO 3a NONYBEKOBOW CIOXHbIN Nepuog cBo-

€ro OTHOCUTENbHO aKTUBHOIO CYLLEeCTBOBaHUSA «Knaccuyeckas», Tak cka-
3aTb, TEOPUS KOANPOBAHMUS, OPUEHTMPOBAHHAsA B CBOEM rMaBHOM Npuknaj-
HOM acrnekTe Ha pa3paboTKy METOLOB KOOUPOBaHWS, MbiTanacb OpraHu-
30BaTb M MOWCK OPYIMX anropuTMoB OEKOAMPOBAHUS, MOCKOSbKY KpOMe
3KCMOHEHLManbHO criokHoro AB eé ycrnexu 6binv kpaiHe He3HauuTenb-
Hbl. He BOaBasicb BO BCce BTOPOCTENEHHbIE TeNepb AeTanu Takux CMeH
HanpaBfeHu pa3BUTUS, MHTEPECHBIX Ceryac TONbKO AN UCTOPUKOB Ha-
VKW, OTMETUM NULLIb HEKOTOPbIE YEPThl TAKMX anropMTMOB, KOTOpbIE Tak

1 He cTtanu cyabboHOCHBIMY Ans Tow Teopuun. Bece oHu ABnsiloTCcs BecbMa
obwumm y Typbo kofoB, HN3KONNOTHOCTHBLIX (LDPC) 1 nonsipHbIX ko-

noB. Camon HeyaobHoOM ANns Bcex anropuTMOB AeKOANPOBAHUSA 3TUX KOLOB
okasanacb Heob6xoANMOCTb UCMONb30BaHNS B CBOUX BbIYMCIEHUSIX AEN-
CTBUTENbHbIX YMCcen. OTO cpasy CUNBHO OrpaHnyuno cdepy ux npume-
HUMOCTU, 0COBEHHO AN BICOKOCKOPOCTHBIX kaHanoB. Ho, 6onee Toro, un
pellatome QyHKLUM 3TUX anropuTMOB, 3arpyasLUMe NpoLeccopsbl, pea-
N30BaBLLME Takne anropuTMbl, OKa3anucb JOBOJIbHO CITOXHBIMW CamMu Mo
cebe. A pononHuTenbHbIE BbICOKME TpeOOBaHMS, HaNnpUMep, K TOYHOCTK
BbIYMCIEHUN BbIPAXEHWU, MCNOMNb3yeMbIX NPU OEKOAMPOBAHNM NONAPHbIX
KOAOB, 1 BOOOLLE CMOTPATCS Kak HeonpaBAaHHO 3KCTpeMarbHble, Tak Kak
B HEKOTOPbIX NyGrMKaumax aBTopbl NUWYT O HEAOCTATOYHOCTU AN HUX
00ObIYHOM TOYHOCTW NpeAcTaBneHnst 4eNCTBUTENbHbBIX YNCEN B KOMMbIOTEP-
HbIX cucteMax. [Ja u cobcTBeHHO 06BEM HEODXOANMBIX BbIYUCIIEHWI BCEX
3TUX «HOBBIX» anNropuTMOB OKa3arncs BecbMa 00mbLInM.

K aTomy Heobxoammo fobaBuTb, 4YTO, K TOMY Xe, 3a nocrnegHve ge-
CATUNETUSA (PaKTUYECKN HUKaKMEe aBTOPCKME KOMMEKTMBbI HE yTpyXXaaT
cebs Takow nogroToBkon NybrnvkyemMbIX matepuarnos no anroputMam ge-
KOAMPOBaHUSA, YTOObI U3 HUX MOXHO ObIfI0 NONYy4YUTb TOYHOE U — FNaB-
Hoe (!) — npaBwunbHOE NpeacTaBrieHne 00 UX CIOXHOCTU, MOMEXOYCTOM-
YMBOCTW U OCTOBEPHOCTU. DTO MOMHOCTBLIO NMULIAET YMTaTeNen Takux ma-
Tepuanos kakon-nnbo yBepeHHOCTN B JOCTOBEPHOCTU Y MPUMEHMMOCTU
3TWX pe3ynbTaToB. [103TOMY peanbHO JOCTYMNHbIE CBA3UCTaM anropuTMbl
OeKoaupoBaHns HepeaKo 0Ka3biBatTCHA CIIULLKOM CIOXHBIMU U MEAEHHbI-
MU UnNn cnabbiMn 1 He NPEACTaBNSALNMN MHTepeca AN TEXHUKM CBSA3W.
MepeBogHbIE KHUIK, B TOM Yncrie 1 y4ebHOro Tuna, Takke MHOTOCITOBHbI

1 0ObI4YHO M3NaralT AaBHO yCTapeBLune pesynbTraThl.

Ho, kak yxxe bornee copoka neTt U3BeCTHO, ONTUManbHOE peLleHne
(HaMny4ywunin No BepoATHOCTM HEOBHaPY>XEHHOM OLIMOKKN pe3ynbTaT) Npu
AeKkooupoBaHUM KOAOB Ha caMoM Aerne MOXeT ObITb YCNeLwHo HangeHo

Ha OCHOBE OMNTMMMW3aLMOHHOIO NOMCKA Ha 3KCMOHEHLMANbHO pacTyLlem c
OJTMHONM KoAa MaccuBe BO3MOXHbIX pelleHnid. 3To cTano oTnpaBHOW TOY-
KO BOMCTMHY BneYvaTnsAloLWwmnx MHOrONETHNX UCCNeaoBaHWI aBTopa 3TOM
YHUKanbHewwen MoHorpadum, Nony4mBLLENO aBTOPCKOE CBUMOETENbCTBO
Ha Takoe HeOoXuaaHHoe peLleHne NpobrneMbl MOMexXoyCTONYMBOro KOAMPO-
BaHWA NOYTU NornBeka Hasag. Ml cnoXHOCTb 3TOro noucka — Haunydwas
13 BO3MOXHbIX, MUHUMarbHas, IMHENHO pacTyLlas ¢ ANVHOWN KOOOB, YTO
TOXe BCErga NUCKMIYNTENbHO BaXHO.

MHorouncneHHbsle paboTbl aBTOpPa MOHOTpadun U ero Hay4YHOM LLKO-

nbl ¢ 6r1eckoM nokasanu, Y4To Noka Nuwb AoCTxkeHnss ONTUMN3aLmnoH-
Hon Teopuu (OT) ABRSAOTCA OCHOBOM OYEHb MPOCTLIX arroOpUTMOB NOUC-
Ka rmobanbHOro aKkCTpemyma, KoTopble NpaBuUibHO AEKOAUPYIOT NPUHATHIE
coo06LLEeHNs HenocpeacTBEHHO BOMM3n rpaHuubl LLieHHOHa 1 ¢ NnuHelHown
CMNOXHOCTBIO, YTO U ABMNSIETCA KOHEYHOM LieNblo Teopumn KogmpoBaHusi. Mo-
Horpadus, B KOTOPOW NepBoHaYanbHo 6binv NpeAacTaBrneHsbl NepBble pe-
BOMMOLMOHHbIE pe3ynbTaTbl HOBOrO HAay4YHOro HanpasneHusi, Obina nsgaHa
Hay4yHbiM coBeTOM No KomnnekcHow npobneme «KubepHeTtnka» AH CCCP
n onybnukoBaHa B nsgartenbctee «Hayka» ewé B 1981 roay.

MMeHHO B 3TUX yCrOBKSAX B TEYEHME YXKE MHOTUX OECATUNETUNA B

Poccuu passusaetca OntumusaumoHHas Teopusa (OT) nomexoyctonym-
BOro 4EKOANPOBaHWs, KOTOPasi Ha COBEPLUEHHO HOBOM, MOXHO CKa3aTb,
NPUHUUNMAanNsHO MHOM rry6okom omnocodckomM ypoBHE yCneLHo peLua-
eT npobnembl ONTUMarnbHOro, HaumyyLero No 4OCTOBEPHOCTU AEKOOUPO-
BaHWUSA, HO MPU TEOPETUYECKM MUHUMATBHOW, MMHENHON OT ANWHbI KO-



a CNOXHOCTU U B YCMOBUSIX MakCUMarbHO JOMYCTUMOro YPOBHS LWyMa
unppoBbIX KaHanNoB. A MUHUMarbHast BO3MOXHAsA CIOXHOCTb Kak pas U1
Nno3BoMsieT co3aaBaTb NPOCTbIE U OYEHb ObICTPbIE AeKoAepbl ANA OYeHb
OJMHHBIX KOQOB. ABTOP U Apyrne NepBOOTKPbIBATENN 3TOrO HanpaBrneHus
B CBOWX, KOHEYHO Xe, KparHe HeOoXnAaHHbIX MO CTUIMO U pe3ynbTaTam
KHUrax u cTaTbsix 3a AecATUNEeTUs: HanpsXXKEHHoM paboTbl Nokasanu co-
BEPLUEHHO HOBbIE BO3MOXHOCTM Kak 4AaBHO M3BECTHbLIX CTAHAAPTHbIX U
YNYULEHHbIX METOAOB TWMa 3aMedaTternibHoro anroputma Butepoun (AB),
TakK U HOBbIX UTEPATMBHbIX anropuTMOB Ha OCHOBE MHOrOMOPOroBoro ae-
koaunpoBaHus (MINAO), peanuaytowmx acpdekTnBHbIE NpoLeaypbl rnobanb-
HOro noucka aKcTpeMyma (OyHKLMOHaroB.

KnoueBon Temon, onpegenstollen LeHHOCTb 4aHHOW BblAatoLencs
MoOHorpacdum, aBnsawTcs pa3HoobpasHblie obwupHbIE pedynbTaThl, yoeam-
TenbHO JEMOHCTPUPYHOLLME BMOSHE yO0OHbIE TEXHONOMMYHbBIE peLleHns no-
ctaBneHHon 70 net Hasag Knogowm LLleHHOHOM npo6neMbl NPOCTOro Bbl-
COKOAOCTOBEPHOrO AEKOANPOBaHMSA BOIIM3N NPOMYCKHOW CNOCOBHOCTY Ka-
Hana. CoBepLUEeHHO HEMOCTUXMMO, NOYEMY 3a BCE 3TU roAbl HUKTO HE
obpalyan BHMMaHWs Ha TO, 4YTO Npobnema onTUManbeHOro 4eKoAMpPOBaHUS
MOXeT (POpMyNMpPOBaTbCA U Kak Knaccudeckasi rmobanbHasi onTMuMum3aum-
OHHas 3ajaya, koTopas B Criydae NpYMEHEHWst K Teopun KOAMPOBaHUA
npruobpeTaeT, KOHEYHO, HEKOTOpbIE cneumdunyeckme ocobeHHOCTH, He Me-
HSOLLIME CYLLHOCTW 3TOM BMOJIHE MOHSATHOW M AaBHO NpopaboTaHHOM Npo-
6rnemaTukn novcka rmobanbHOro akcTpeMyma. Becbma cTpaHHo, 4TO aTa
noes yxe 6bina onybnmkoBaHa HayyHou koo OT elwé B TOM Thicsde-
neTun, HO He Hallna OTKMMKa y CneLnanncTos.

CrtapToBOW yCTaHOBKOW B 60NbLIOM Habope COBEPLUEHHO YHUKalb-

Hbix napagurm OT, NpUHUMNNanbHO HOBOWM BO BCEX OTHOLLEHUSIX TEOPUM,
KOTOPYI CTOPOHHMKM LLKOSIbl Ha3blBalOT «KBAHTOBOW MEXaHUKOM» TEopun
nHdopmauwmu, ctana OcHoBHasi Teopema MHOronoporoBoro AeKoanpoBaHUs
(OTMIA). Mpsimo B caMoi NepBOM CBOEN KpalHe NPOCTON, HO OYEHb TOY-
HoW cbopMynuMpoBke, HecyLlen rnyboyaniimin gunocodCkuin CMbicr, oHa
coobLWKMna NHXeHepam 1 Hay4HOMY COOBLLECTBY O TOM, YTO NPaBUIIBHO
OpraHM3oBaHHbIE CaMble NPOCTENLLNE MaXopuTapHble NO CBOEN CyTH nUTe-
paTVBHbIE anropUTMbl NPU KaXaA0OM U3MEHEHMUN OEKOANPYEMbBIX CUMBOJIOB
CcTporo npubnuxarTcs K pelleHnto onTumMansHoro aekogepa (Of), ans
OOCTUXEHUS KOTOPOro paHblle 06bl4HO TpeboBanock OCyLLECTBNATE NOM-
HbI 3KCMOHEHLManbHO CMNOXHbIA Nepebop, YTO BNOMHE areraHTHo, Ha-
npumep, genaet anroputm Butepou (AB). MosiBneHne OTMIMI cambim
PEBONIOLMOHHBIM 06pa3oM NOMEHSNO NOCTaHOBKN 3agay A4eKoAMpOBaHUSA
ONs BCeX BUAOB KaHaroB C HE3aBUCUMbIMU UCKaXXeHusaMu. Tenepb cTa-
1o BO3MOXHbIM ncnonb3oBatb Ml gekogepbl NpakTuyeckn s nobbix
KINaccoB Ma)opuUTapHO AeKOAMPYEMbIX KOAOB M NPW BCEro NLb JIMHEN-
Hou (!) oT ANWHBI KOga CNOXHOCTM anropuTma nonpoboBaTh AoCTUraThb
pewenuin O gaxe npu 60MbWOM OTHOCUTENBHOM YPOBHE LLYMa KaHarna.
W kpaltHe nevanbHbIM 06CTOSATENBCTBOM OKa3blBAE€TCH TO, YTO HU B O4-
HOM 13 BCETO J1LLIb HECKOJIBKNX pearbHbIX LEHTPOB CTpaHbl, B KOTOPbIX
Morna Obl pa3BnBaTbCs 3Ta CTOMb NPUHLMMNMANBHO OOHOBMNEHHAS U OYEHb
adhpekTnBHan Teopust kogupoBaHus Ha 6ase OT, 3a 40 net nocneayoLmnx
neT eé CyLLeCcTBOBaHNS HUKTO HE YAOCYXMUIcst 06paTuTe BHMMaHne Ha

3Ty HEOXUOAHHYH BO3MOXHOCTb KpaliHe NPOCTOro 4eKOAMPOBaHUS C No-
TEeHUManbHO HaUNy4YLWNMmN BO3MOXHbLIMW pe3yrbTaTamu Mo JOCTOBEPHOCTM
NPUHATBIX 4EKOAEPOM peLUEHUN.

ABTOp MoHOrpadum, ogHako, eLé B Te Janékme rogabl cpasy YETKO U

SICHO yKasarn, Y4To Npu peLleHun oNTUMN3aLMOHHON 3a4a4m A4eKoanpoBa-
HWS1 9Ta UCKMIOYNTENBHO TOYHO chopMynMpoBaHHas ocobas KpaeyronoHas
ans cyneb teopum OTMI TeopemMa BoBce He obelyaeT ob6s3aTenbHO-

ro goctuwxkeHunsa pewenns Ofl. IMeHHO NO3TOMY YneHbl Hay4YHOW LUKOSbI
aBToOpa MoHorpaduu, co3gasLune 3Ty NOSHYI0 U TENEPb YKe BMNOJIHE COo-
BEPLUEHHYIO MacLUTabHY0 TEOPUIO «BCErO» B KOAMPOBAHWUN, BCE 3TU oAbl
ObINM HeNpepbIBHO 3aHATLI UMEHHO MOUCKOM YCITOBUIN, KOTOPbIE AOMKHbI
BbINOMHATBLCA AN TOro, YTobbl NpoLecc 4eKOANPOBaHUS, T. €. MoUcKa rno-
H6anbHOro akcTtpemyma yHKLMOHana, 6bi1 N0 BO3MOXHOCTM Gonee gor-
rMm. 30ecb O4YeHb BaXHO, YTOObI 3TOT NMOMCK He NpekpaLllancs rae-Hnbyab



Ha NoNMNyTV K ONTUManbHOMY PeLLEHUI0, KOTOPbIM ABMASIETCA KO4OBOE CIo-
BO, Gnmkaviee K NPUHATOMY M3 KaHana coobLeHuIo.

U ata 3agava Takke okasanacb pewénHon B OT! Wkona OT co3gana

Ans 3TOro ocobyto Teopuio pasmHoxeHust oumnbok (PO) aekoamnpoBaHus, K
KOTOpOW He cMor 3a nocnegHve 50 gaxe NOACTYMUTBCA HU OAMH Hay4HbIN
KONMMeKTUB B MMpe. A €€ rnaBHbIii pe3ynbTaT okasarncs B TOM, 4YTO Teo-
pusi PO no3sonuna 6bICTpPO M NPOCTO CTPOUTL KOAbl, UCMOMb3ys KOTOpbIe
MMM nekogep AeACTBUTENBHO CMOT YXXe NpakTUyYeckn Bceraa 4ocTuratb
ONTMMarbHbIX PELLEHNIA AaXe MpU IKCTPeMarbHO GONbLUOM YPOBHE LUyma,
T. . BOIIM3n NponycKHOM CNocoBHOCTU KaHana.

Bce oueBuaHble, a MHOrAa M AOBOJIBHO HEOXUAAHHbIE CNOCo0bI 4O-
cTmxeHus pewenua Ol Ha ocHoe MI1[ anropuTMOB 1 psaa apyrmx
MEeTOJOB Kak pa3 1 U3roXxeHbl BO BCEM CBOEM MHOroo6pasvmn B AaHHOW
KHure. ABTOp AOCTYMHO M NOHATHO NOKa3biBaeT, YTO AN 60MbLIOro Ync-
Nna KaHarnoB M KOJOB y>e BO3MOXHO JOCTUXEHMNE OYEHb BbICOKOTO YPOBHS
[0CTOBEPHOCTU NMpu GonbLUIOM YpoBHE Wyma Ha ocHoe ML nekogepos u
psiAa Npov3BOAHbIX OT HUX MeTofoB. Kak 6yaeT BMOHO 13 nocneayoLLero
mMaTepuana KHUru, ata 3agadya AeACTBUTENbHO YXXe BO MHOTMX CIydasx
OY€Hb YCMELLIHO peLleHa Unu Ans HEeKOTopbIX KNnacTepoB NapamMeTpoB OHa
Oynet 6e3ycnoBHO pelleHa yxe nssectHeiMu B OT meTogamu B Henocpega-
CTBEHHOW BNM30oCcTn OT NPOMYCKHOW CNOCOBHOCTM LndpoBoro kaHana. 3T1o
1 Aaét Ham nNpaBo 060CHOBAHHO cYUTaTb, YTO UMEHHO poccuiickas Ha-
yKa B Nvue aBTopa AaHHOW MOoHorpadun NoMHOCTLIO pelunna npobnemy
LLleHHOHa Oons Bcex cTaHO4apTHbIX LMAPOBbLIX KAHAMNoB, paccMaTpMBaeMbIX
B TEeopuu KoampoBaHusa. 3ajaya pacluMpeHnsi Cnncka Takmx KogoBbIX Kra-
CTepoB (T. €. COBOKYMHOCTEW NapaMeTpoB KaHasoB, KOAOB U AEKOO4EPOB)
OyaeT Tenepb NOCTOSAHHO pellaTbes, a none OT pacwmnpsTbes, T. K. BCe
YCINOBMSA AN 3TOro Hay4YHOW LLUKOJON aBTopa YKe CO3A4aHbl.

Takum ob6pas3om, No yKe BMOSTHE MOHATHBIM NPUYMHAM MOXHO CYU-

TaTb, YTO NPEXHAS TEOPUS KOOUPOBaHWA Nepegana nanbMy nepBeHcTBa
OT — HOBOW «KBAHTOBOWM MeXaHuKe» Teopun MHOopMaLmun. TOT BbIBOL,
obycrnoeneH aktom obecneveHns TexHonornsammn OT Hauny4wen JocTo-
BEPHOCTW NPY MUHMMAITBHOWN CITOXHOCTW AEeKOAMPOBaHUSA BNAOTbL A0 6ru-
Xanwmx okpecTHocTen rpaHuubl LLleHHoHa.

Mog4YepKkHEM, YTO aBTOP M €ro HayyHas LLKoMa Nonyymnum uenbii pag
WCKIMIOYUTENBHO BaXKHbIX Pe3ynbTaToB U B CaMbIX Pa3fIMYHbIX TEXHOIO-
rmyeckmx cipepax, cBsA3aHHbIX C Teopuewn koguposaHus. Hanbonee cyuie-
CTBEHHbIM MpuUKNagHbIM goctmxkeHnem OT aBnsieTcst paclumpeHve obnactu
penctemsa OTMIO dpakTnyeckn Ha BCE MHOXECTBO METOA0B UTepaTUBHO-
ro AeKoaMpOBaHMSA NMHENHBIX KOAOB, Kak BIIOKOBbIX, Tak N CBEPTOYHBIX:
3TO KacKagHble CXeMbl Pa3HbIX TUMNOB, KaHalnbl CO CTUPaHUAMU, CBEPX-
ObICTpble annapaTHble 1 NporpaMMHble BapuaHThl JEKOAEPOB, a Takxke,
YTO TOXe COBEPLUEHHO HEOOBLIYHO 1 Aaxe abCoMnTHO HEOXUAAaHHO BOOO-
e Ans BCeW TeopUM KOAMPOBaHUS, — CUMBOJIbHbIE KOAPbI.

OTV HeBOMYHbIE KOAbI CBA3aHbl C YANBUTENbHBIMW CBOMCTBAMU MOUC-
KOBOIO YeM0OBEYECKOro MbILLIEHNS, KOTOPOe UHoraa o6xoauT CBOUM BHU-
MaHWEM MMEHHO Te BaXXHeWLwne 06r1acTu 3HaHWs, K UCCNeaoBaHuIo KOTo-
pbiX TaKoe MbILWIIEHNE Kak pa3 1 JOIMKHO Obino Obl npuBnekatbes. deno

B TOM, YTO CUMBOJIbHbIE KOAbl OTHOCATCSI K HEABOWNYHbBIM MaXXOpUTapHO
aekogupyembiM kogam. OHM GbINy OTKPbIThI, Kak 1 06bIYHBIE MOPOroBbIe
anropuTMbl, OCHOBOMOJIOXHMKOM 3TOr0 HanpaBneHus, BblAaloWmMMcsa ame-
puykaHCcKMM y4éHbiM [x.Meccu. OH nony4mn HekoTopble pe3ynbTaThl ANs
Taknx KogoB 1 onybnvkoBan ux B CBOEW KIacCMYeCKoN KHUre no noporo-
BOMY gekoaupoBaHuto. OgHako nNpu aHanuae Taknx kogoB oH noTpeboBan
OT HUX TaKUX UCKITHOYMTENBHO BLICOKMX XapaKTePUCTUMK, KOTOpbIE TE B
npvHuune He mornu obecneunTb. N B pedynbtaTe Hemanoro BcreacTeve
3TOro paso4apoBaHUS OH OTKa3arcs OT AanbHeENLero N3y4yeHns Taknux Ko-
OOBbIX CTPYKTYp. A 13-3a 3TOro 1 uccriegoBaTenu Bcero mmpa, 6e3ycrnoBHo
NMoOBEPVB MHEHMWIO 3TOrO YBaXXaeMoro BCEMM YYEHOr0, B TeYeHWe nocneay-
towmx 50 net gaxe He NbITaNUCb NPUMEHUTH MaXXOPUTapPHbIE anropuUTMbl
K He4BOWYHBIM KOfaM, KOTOPbIX Kak Obl 1 He 6bino. Ho Tak nony4mnocs,
4YTO M BCE NPOYNE HEOBOWYHbIE KOObI U AeKOAEpbl, CO34aHHbIe «Kaccu-
YeCKOWM» HayKow 3a 3TOT ANUTENbHbIA NepuoA, He CTanu BblAarLWMMUCS



OOCTUXEHUSIMU TEOPUM KOAMPOBAHUS, XOTHA U ObIN NONE3HBIMMN.

A BOT aBTOp MOHOrpadmmn 1 ero LKoma o4eHb BHUMATENbHO OTHEC-

nnck K kogam, korga-To oTBeprHyTeiM Meccu, YETKO OTAENUM ux oT
NpoYMX TUNOB KOAOB M Ha3Banu cumMBoOnbHbIMU. K HacTosweMy BpemeHu
yneHbl wkonbl OT HanvMcanu Boo6Lle abCconMTHO NOMHYI0 TEOPUIO AN
3TVX NEePEOTKPbITbIX UMW CTPYKTYP, a Takke ANna 0cob60 NpoCTbIX CUM-
BonbHbIX MMM gekogepoB, peanuayowmnx dyHKLUKM rnobanbHOro nomcka
3KCTPEMYMa Ha UM POBLIX NOTOKaX C onpeaenéHHOn KOgoBOW CTPYKTYPOH,
NPUYEM TaKKe NpyM MUHUManNbHOM NIMHENHOMN OT ANUHbI KOAa CIOXHOCTU.
KcTtatu, ouyeHb nonesHo obpaTuTb BHUMAHWE YuTaTenemn aTon KHU-

M Ha TO, YTO ANA OEeNCTBUTENbHO TpUyMdarnbHOro LECTBUSE CUMBOJSIbHbIX
KOAOB B MMPE CUCTEM KOQUPOBAHWS aBTOPbl CUMBOMbHbIX anropyuTMOB cpa-
3y X€ HEMHOrO MOMEHSINY U 3anaTeHToBanu npaeuna paboTbl MOPOroBoro
anemeHTa ([13) ANgA 3TMX KOQOB — rMABHOIO aKTUBHOTO 3fIEMEHTa BO BCEX
MIA. MMeHHO 3TOT MOMEHT U peLumn cyabby MUPOBOro KOHKypca cpe-

OV HeBOWYHbIX anropuTmMoB. OH NPOCTO He COCTOSANCS, YTO Ha3blBaeTCs,
«3a SABHbIM NPENMYLLECTBOMY» CMMBOJIbHbLIX KOL4OB MO BCEM NapaMeTpam
3 HEKTUBHOCTU M CRIOXKHOCTH, T. K. Aekoaepbl CUMBOSbHbIX MI[ ¢ nu-
HEWHOW CNOXHOCTbIO OT AJINHBI KOAOB CXOAATCSA K ONTUManbHOMY peLue-
HUIO Jaxe Npu o4eHb GONbLUNX YPOBHSAX LWyMa KaHana. B aToM MoxHo
ybeanTbes, YiTas CoOOTBETCTBYOLWME pasfernbl 3ToM MoHorpadgmm unu pa-
Hee n3gaHHble KHUMM 1 cTaTby aBTopa v wkonbl OT No 3Ton TeMaTuke.

M npu aTOM BaxxHO Nog4vepkHyTb, 4TO BoobLle Bce BapuaHTbl M an-
rOpMTMOB ABMSIOTCA KpanHe NpoCTbIMU YCTPOWCTBAMW UMW Nporpammamu
C XOPOLLO MOHATHLIMU MPUHLMNAMU paboTbl MaXXOPUTapHbIX anropuTMoB,
YTO KpalrHe MonesHo Ansa nx paspaboTok, NpUMeHeHUs, oby4YeHus 1 gans-
Heunwero nporpecca aToM Hay4YHOW TeMaTUKM.

B mMoHorpaduu ygensietcs 3acny>XeHHo rinybokoe BHUMaHWE U MHO-

MM Opyrum Maesim, BO3HMKLIMM B npouecce pa3sutusa OT: npuHuuny
OvBepreHuun, napannensHOMy KackaaupoBaHMWIO, KO4aM C BblAENEeHHbIMU
BETBSIMM U OPYIMM CUCTEMaM W NPUHLMNAM OpraHm3aunm HOBOrO OYeHb
HeOoObIYHOro CTUNA KoaUpoBaHKs, obpa3oBaBLLUM CBOE ocoboe 06LmpHoe
WHTenmnekTyanbHoe npocTtpaHcTBo napagurm OT. Bce oHu gencreuTenb-
HO MOMOrarT CO34aHuIo, NCCNeJOBaHUSAM U peanu3auun UCKITHYUTENBHO
NpOCTbIX METOAOB AEKOAUPOBaHMA Npu 6onbLIOM ypoBHE Wyma. OTMeTUM,
YTO paHee HN OHOTO U3 NEPEYNCNEHHBIX MOHSATUN B TEOPUUN KOOUPOBAHNS
BooOGLLe He 6bino. Ho ux ponb B OT u B ycnewHoMm peLleHumn npobnem
[eKoaupoBaHWa OENCTBUTENbHO OKasanachb YpesBblYaiHO BaXKHOMW.

Cronb xe Benvka B OT 1 ponb AeKoAepoB € NPAMbIM KOHTPOMEM

meTpukn (OMNKM). K rpynne OINKM oTHocaTca Bce MeToAbl C MCNOSb30-
BaHnem MM n AB. 3TOT nogxopn BbIBOAUT UCCReAoBaHNA AeKOOepOB Ha
ocHoBe AB n M/ Ha coBepLUEHHO HOBLIN YPOBEHb, paboTa Ha KOTOPOM
yXe no3sonuna nosnyyYnTb ewé oanH Ype3BbliHanHO BaXHbIN pesynbTaTt —
cosaaHue 6rnokoBow Bepcumn anroputma Butepbu (BAB) co CNOXHOCTLIO,
©nM3KONM K CNOXHOCTU Knaccuyeckoro AB anst CBEPTOUYHbLIX KOAOB, KO-
TOPYH aBTOP KHWUIM Takxke, Kak U1 MHOTUE Apyrue AOCTMXEHWs, CBOe-
BPEMEHHO 3anaTeHToBan. OTOT pe3ynbTaTt ANst O4HOro U3 CaMblX MMaBHbIX
anropMTMOB MPOLLIIOro BEKa BrnevaTnseT u cam no cebe, Tak Kak OLEeHKM
CMNOXHOCTU «NPEXHEN» Teopun KognpoBaHus anst 6rokoBbix Bepcuii AB
haKTU4ecKkn COOTBETCTBYIOT YABOEHHOMY NOKa3aTerno 9KCNOHEHThI CrOX-
HOCTM NO CPaBHEHMUIO CO CBEPTOYHBIMM KOAaMM, YTO, KOHEYHO, Aenarno

NX COBEPLUEHHO HEOCTYMNHbIMU AN MPUMEHEHUS B peanbHbIX CUCTEMAX.
HenuwHe nogyepkHyThb, 4To Wwkona OT gaBHO M ycnewHo pa3BnBaeT Te-
nepb yXe 1 9TO HanpaBreHne NPUKNagHou Teopum KOAMPOBaHUSA, KOTOPOe
ToXe OblNo He3acny)XeHHO 3abbITO NPEXHEN «KNAacCU4YeCcKon» Teopuen Ha
doHe Typb0 M1 NPOUNX «JOCTMKEHUNY» TEOPETUKOB.

Bo Bcex moHorpaduax no MIMNO n OT ana wnnoctpaumm MHOMMX
pe3ynbTatoB Ml anroputmMoB yxe HEOLHOKPaTHO UCMNOSb30BaNUCh BO3-
MOXHOCTM ceTeBbIxX noptanos www.mtdbest.ru u www.mtdbest.iki.rssi.ru
Hay4HOW LUKOIbl aBTOpa, NEPBbIN N3 KOTOPbIX AOCTAaTOYHO YacTo 06HOBMSA-
eTcs. 3TO MHOrokpaTHO obneryaeTt NpaBUNbHOE MOHNMaHWe pe3ynbTaToB
OT. Ncnonb3oBaHne pecypcoB aTMX NopTanos B JaHHOW MOHOrpadum oka-
3biBaeTcs eLlé 6onee pasHoobpasHbIM 1 NoNHbIM. Ha aTux Beb-canTax,



¢ 0bwmmM yncnom nHdopMaumoHHbIX 6riokoB 6onee 600, npeacTaBneHo
HonbLIoe Yncno gemMo-nNporpamMm rno Bcem Hambornee U3BECTHbIM B MUPE
anropMTMam OeKOAMPOBaHUsS. OTK TemaTudeckme ABYys3blYHbIE MopTarnbl
nocewatoT cebiwe 100 Tbicsy untatenen B rog us 6onee 90 cTpaH Mu-
pa, 4TO 0COGEHHO XOPOLLO 1 TOYHO XapakTepuayeT NofHoe 1 6e3ycroBHoe
Np13HaHWe MUPOBLIM HAYYHO-TEXHUYECKUM COOBLLLECTBOM TEXHOMOMMI U
napagurm OT u eé€ pe3ynbTaToB.

Bonee TOro, NnpeactaBneHHbIe Ha NEPBOM U3 yKa3aHHbIX CETEBbIX pe-
CYpCOB crneumarnbHble NporpaMMHble NaTopMbl AENCTBUTENBHO NO3BO-
nsioT ntobomy cneumanucTy 6eICTPO NEPENTU K MONTHOLLEHHOW Hay4YHON
paboTe B cchepe OT.

ABTOp MOHOrpadum sBnseTca naypeatom npemuu Npasutensctea

P® no Hayke n TexHuke. EBponenckuii cotos (EC) Harpagun cosgate-

na OT 3onoTon Medanbio «3a UCKMOYMTENBbHbIE AOCTUXKEHUSI», KOTOpast
B EBpone BpyyaeTcs TOMNbKO 3a camble Bblgalowwmecs HayyHble pe3yrnbTa-
Tbl. A Ha HegaBHel MexayHapoaHOW BbiCTaBke n3obpeTeHun emy bbina
BpyyeHa 3onoTtas mefarnb 3a naTeHT Ha ceepxckopocTHon MIM gekogep.
YT0 Xe KacaeTcs YPOBHS TeKyLLEN U Aarneko He COBPEMEHHOW Teo-

puvV KOOMPOBAHUSA KaK y Hac B CTpaHe, Tak 1 B 3apybexbe, TO eQUHbIN
obLWKMI opamaTUyecKnin AnarHo3 eé€ cocTosiHusA o6ycrnoBneH kpaHe CTpaH-
HbIM ANs unpoBON UUBMIM3aUMM 0O6CTOSATENBCTBOM. [leno B TOM, YTO HU-
Kakue rrnaBHble XapakTepUCTUKN 3 EKTUBHBIX 4EKOAEPOB HUKTO HE yMe-
eT paccunTbiBaTb AN OOMbLIOro YPOBHS WyMa. HaBepHoe, 3Toro Hukorga
W HE CMYYUTCH HU AN KaKUX anroputMoB. Bo3aMOXHO, Y4TO 3TOro Hemnb3s
cAaenaTb NPocTo B NpuHumne. W HUKTO He ymeeT nporpaMmmupoBats! 3710
MO>XHO CKa3aTb MpPaKTU4eCKU MOYTM NPO BCEX CMeumManncToB B 06nactu
KodoB. [la 1 NO3YyHr KOHLUA TOro ThicAYeneTus: «nporpaMMmmpoBaHue —
BTOpasi (PamMoTHOCTb!» — HblHE AaBHO 3abbIT abcontoTHo. Beé aTo m cTtano
KOHLIOM «TON» YNCTO MaTeMaTU4eCcKon Teopum KogmpoBaHusi. Ho Teopus
KOAMpOBaHUS — 3TO BOBCE HE MaTeMaTuyeckas 3agadal 31o ogHa m3 on-
TMMM3aUMOHHbBIX NPoBMnem B OUCKPETHBIX NPOCTPaHCTBaX CO CTPYKTYPON
MacCKBOB, KOPPEKTUPYIOLLNX OLWMGKK. M1 BCe X rmaBHble XapakTepucTu-
Ku, BO3MOXHO, Bcerga byayT onpenensatbCcs TONbKO IKCNEPUMEHTAarbHO,
Ha NporpaMMHbIX MOAENSIX U annapaTHbIX MakeTax, KoTopble 06bIYHO Bbl-
OaloT Takme pe3ynbTaTbl N0 XapakTepMCTUKaM NPakTUYeCKN MIHOBEHHO.
Bcé aTo HayyHas wkona OT noHsAna 6onee nonyeeka Hasaf, 4YTo U MO3-
BOJINIIO €M BbINTPATh HEBEPOSTHO MaCLUTAOHbIN U BaXXHENLUNA Hay4YHbIN
KOHKYpC B TEOpMM MHGOPMaLMM Ha cCaMOM B3NnéTte LngpoBmn3aLumn Hallero
Mupa.

Tak 4To Aeknapmpyembiii aBTOPOM 3TOM MOHOrpadun B 04eHb MArKoOn
cdopme ero npuopuTeT 1 abconioTHOE MUPOBOE NUAEPCTBO, OLlEHMBAEMOE
UM BecbMa CKpOMHO, B 20—-30 neT, AeNCTBUTENBHO CYLLECTBYET, TaK Kak
cenyac He BMAHO AaXKe Ha ropuU3oHTE Takmx HayyHbIX rpynm, KoTopble
XoTsa 6bl HAaYanu cosgasaTth AN Pa3BUTUSA NPUKITAAHOW TEOPUM KOAUPO-
BaHWUA KakMe-nmbo nporpamMmmHble ONTUMU3NPYIOLLUE, MOAENMPYIOLLME U
NPOEKTUPYHOLLME KOMMIEKChI ANA UCCrefoBaHUSA U KOHCTPYMPOBaHWS HO-
BbIX O4€Hb BObICTPbIX ONTUMAaIbHbLIX CUCTEM KOAMPOBaHWS, paboTatoLwmx
BO6Nn3un rpaHuupl LleHHoHa. [lencTBUTENBHO, TONMBKO Ha CO3[4aHne Tako-
ro NporpaMMHOro o6ecneyvyeHnst Hy>Hbl, Kak aTo 6biro u co wkornon OT,
OEecATUNEeTUst HanpsHXKEHHOTO CMOXHEeNLWero Tpyaa, YTo 0CobeHHO noa4vép-
KvBaeT cnocobHOCTb NpeaBuaeHns ByayLiero CBOen oTpacnu Hayku y aB-
TOpa 3TOM KHUMM, PaBHOW KOTOPOW, MOXET ObITb, HE MOABUTCSH eLLE OYeHb
ponro. TpyAaHbiv onbIT wkonsl OT cBMAETENBCTBYET, YTO, KPOME peLLeHns
0 pa3paboTke TeX MUIM UHbIX KOMMIEKCOB NOAOOHbIX MHTENNEKTYarnbHbIX
NporpamMmHbIX CUCTEM, HY>KHbI eLLE Takke onpegenéHHoe Bpems u 6onb-
LLIOW HAKOMMEHHbIN NIUYHbIW OMNbIT AN TOro, YTOObl NOHATb, KAKUMU UMEH-
HO AOMXHbI ObITb 9T NMHHOBALMOHHbLIE KOMMIEKChI. A 3TO TOXe Jornrue
HanpshKeHHble rogbl O4eHb YNOPHON paboThl.

CBoli 06WMpHLIN HAbop Takux NporpamMmmMHbIX cpeacTB wkona OT cBo-
6ogHo npegnaraeT BceM crneynanvuctaM. OTOT Habop, kak nonaraeT pyko-
BOAMTENb LIKONbI, OYAET HENPEPbLIBHO PACLUNPSATLCS U CTAHOBUTLCS BCE
fbonee JOCTYMHbLIM ANS BCEX.

Mepexoas K 3aknioYMTENbHBIM 3aMevaHnsiM 06 3TON yHUKanbHenwen



B TEOpMM KOAMPOBaHUSA 1 BOOOLLE B UCTOPMU HAyKN KHUre, no3sosto cebe
HaMOMHUTb, YTO YMTaTENb AEPXKUT B CBOMX pyKax AeACTBUTENbHO YpE3Bhbl-
YalHO BaXKHYI MOHOrpaduio, KoTopas 3HaMmeHyeT COOO0I, HaKkoHeL,, COCTO-
ABLUNIACS CUITbHO 3aTSIHYBLUUNCH NEPEXOA BCel NMpUKNagHon Teopun Kogu-
pOBaHWsi B COBEPLUEHHO HOBYIO (ha3y CBOEro pasBUTUS, OPUEHTMPOBAH-
Hyl0 Ha co3gaHue OeNCTBMTENbHO AOCTYMHbIX 3pEKTUBHBLIX anropuTMoB
KoppeKLmMun ownbok rapaHTMPOBaHHOro kayectsa. OH OCHOBaH Ha npoy-
HOM Ccoto3e Teopun u akcnepumeHTa. KpalHe xarnb, 4TO 3TOT nepexog He
npownsowén okono 30 net Hasag, korga nonHas Teopust OT yxe Obina
co3gaHa. OHa cTaHOBUTCA Yxxe He NpobneMon, a TEXHONorMyeckon 3aga-
Yyelt rmobaneHoOM oNTUMMU3aUUn PYHKLKMOHANOB OT 04eHb BOMbLIOro Ynucna
nepemMeHHbIX B ANCKPETHbLIX MPOCTPAHCTBAX CO CTPYKTYPOW, YUUTbIBAIO-
LLIeli CBOWCTBA KOPPEKTUPYIOLNX KOAOB. MHOMMe U3 pacCMOTPEHHbIX B
MoHorpacumm n rnyboko nccrnegoBaHHbIX anropuTMOB ycneLwHo paboTatoT
B HEMNocpeaCcTBEHHOWM 6nn3ocTu oT rpaHuupl LLleHHoHa. N oueHb BaxHO,
yTo Bce Mmetoabl OT ocTalTCa XOPOLIO U3BECTHLIMW NPOCTEALNMY Ma-
XOpUTapHbIM AekodepamMu ¢ NpaBUbHO NogobpaHHBIMY NapaMeTpamm Unm
MoaudmKauusaMmM LWMPOKO pacnpoCcTpaHEHHbIX AeKoaepoB, paboTaroLwwmx no
anroputMy Butepbu, KoTopbin NIOGAT 1 TOXe NPeKPacHO NOHMMAIT BCe
WHXXeHepbl LndpoBon cBA3N.

Cutyauus, cnoxusluasacs K Hactosiwemy Bpemenu Bokpyr OT, no

MHEHMIO Y>Ke HEMAaroro yucra cneumanucToB No Teopun KOAMPOBaHUS,
CUIMbHO HanoMMWHaeT cocTosHMe hu3unkm Havana XX Beka, korga MHorme
aKkTyanbHble 3aayn 0Ka3anocb HEBO3MOXHbIM PELUUTb MMEBLUMMUCS TO-
roa y Hayku metogamu. M Tonbko nosiBrieHne psiga CoBepLUeHHO HOBbIX
ansa ousnku napagurm, OTHOCSLLMXCS K NMPUHLMNAM YCTPOMNCTBA HaLLero
Mupa, cOopMUPOBABLLMX MO3XKE KBAHTOBYIO MEXaHWKY, NO3BONNIIO BbllA-
TN Ha HoBble pybexn Hay4YHOro No3HaHUsA Hawero U3nYecKoro Mupa.
Llenbin pag Benuknx omankoB CBOero BpeMeHu bbin Toraa 3acyXeHHo
ypoctoeH HobeneBckon npemun, xoTa domamnka Hayana Toro Beka eLé go-
BOMbHO JONIO HE OTHOCMKITACh K CKOMNbKO-HNOYAb aKkTyarnbHbIM OTpacnsiM
3HaHuA. E€ obwecTBeHHOe npuaHaHme coctosinock yxe B 30—40-x rogax.
BaxHocTb e OT, €€ TeXHONOorMm 1 napagurMm UCKNIYNTESNbHO Bbl-

COKa MOTOMY, YTO OHa YXXe cTarna HOBOW «KBAHTOBOW MeXaHMKOM» B Npu-
KnagHom Teopun nHdopMaunn. YpessbivaHO CyLLeCTBEHHO U TO, 4To OT
C03[aHa 1 yxe ycneLlHo 3aBepLleHa BO BCEX OCHOBHbIX CBOMX acnekTax

B CaMblIl BaXXHbIn Nepuof Hadana 6ypHoro paseutns Hawewn nHgopma-
LMOHHOW UMdPOBON LUMBUNN3aLMK, KOTOpas 4O CaMOro NocrnegHero Bpe-
MeHW He ymena obecneymBaTtb NPOCTbIMU CpeacTBaMy HEODXOAMMYIO en
BbICOKY0 JOCTOBEPHOCTb CBOEro MHPOPMALMOHHOIO KOHTEHTA. MIMEHHO
NMoaToOMy ANs Hallero cCoBpeMeHHoro mvpa 3HadeHue OT, oueHb cogepxa-
TenbHOW, KOMNAKTHOW M COBEPLLUEHHOW HayKuW, MHOTOKPaTHO NpeBbliLlaeT
3HAYUMMOCTb KBAHTOBOW MeXaHuKu Ans puanku, Kakow oHa bbina B caMoM
Hayane MpoLunoro Beka.

Cornacumcs B KOHLIe Hallero BBOAHOro 063opa 1 ¢ TeM, Y4TO Takas

KHMra o nonHom pelueHun npobnemsl LLleHHoHa abcontoTHO HeOObIYHA U
NMoO3TOMY, KOHEYHO, COBEPLUEHHO HEOXMNAAHHA AN OCHOBHOIO KOHTUMHIEH-
Ta MUPOBOW HayKW, 3aHATOrO BONPOCaMmM KOAMPOBaHUSA. YKaxeM Takke,
YTO yXe BbIXogAT nybnvkaumm ¢ yyactuem YneHos PAH v cneuunanu-
cToB B 06nacTu LMgpoBbIX TEXHOMOMMIA, rAe OHN NOATBEPXKAAIT MUCKITHO-
YNTENbHYIO LIEHHOCTb pe3ynbTaToB aBTopa 3TOW MOHorpadmm 1 nonarator,
yTo anroputmbl MMM, cuMBOMbHBLIE KOOI, @ TAKKE TEOPUSA Pa3MHOXe-
HWS1 OLLMBOK AeKoANPOBaHUA NONTHOCTbIO COOTBETCTBYIOT HOGENEBCKOMY
YPOBHIO UCCIeAOBaHWI aBTopa Kak BMECTE B3siTble, Tak U B OTAENBbHOCTMY.
A TEXHOMNOrMn HacTpoeK NapaMeTpoOB KOAOB U AeKOAEPOB, anropuTMbl ANs
ncnpaBneHns CTUPaHUi U COBOKYNMHOCTb HOBbIX Napaaurm OT, a Takke
OEeCATKN NaTeHTOB aBTopa — GONbLUMHCTBO M3 HUX 6Ee3yCnoBHO ABMSOTCA
BbIJAIOLWLMMMUCS OTKPBITUAMK B 06nacTy NnpuknagHoni Teopymn KOAMpoBa-
HWs. M1 3TO peanbHO MMEHHO Tak, YTO 1M NOATBEPXKAAT ceTeBble nopTansl
Hay4How wkornbl OT, KOTOpble, KakK A y>xe OTMeyan Bblle, AaBHO YNTalT
cneumnanucTbl BCEro Mupa.

OcobeHHo HarnagHo coBeplueHcTBo OT nogyépkmMBaeT e€ YpesBblvai-
Hasi KOMMaKTHOCTb, MUHUMaribHOE KONMYeCcTBO OpMyr, ONMUChIBAKOLLNX



BO3MOXHOCTM Bcex anroputmos B.B. 3onotapésa B pa3anunyHbix kaHanax,
n rnybokas dounocodckas CyLHOCTb, KOTOpas, g AyMato, MOXeT 06Cyx-
[aTbCs U aHanNM3MpoBaTbCA UCTOPMKAMM HayKM eLLEé OYeHb J0Nroe Bpems.
Mo>HO oL,eHO4YHO nonaraTb, 4To Bcst OT umeeT nNpy 3TOM 06BbEM, KOTOPbIV
NPYMEPHO Ha TpU NopsaKa MeHbLUE OYeHb pacnyxLwern cenvac npexHen
Teopwuu, KoTopasi y)xe JaBHO He NPUHOCUT HUKaKMX pa3yMHbIX pe3ynbTa-
TOB, HA YTO Mbl HEOOHOKPATHO yKa3biBanu B HAWMX HOBbIX 0630pax no
npvknagHbiM Bonpocam cepbl NPUMEHEHNSI TEOPUN KOAMPOBAHWSI.

CBo0é nonHoe yaoBneTBopeHne OT BbIXOA4a B CBET CTOMb HEOObIYHOM
MOHOrpadum xoyeTcs Bblpa3uTb eLLé 1 B cBA3U ¢ TeM, 4To 2018 rog oka-
3arncs obuneriHbiM 4ns Teopun kognpoBaHus. bonee 70 net Hasag Knopg
LLIeHHOH dhakTuyeckn nocTaBun aTy Npobrnemy NpocToro un acpdekTnBHO-
ro gekoanpoBaHusa nepep Haykon n TEXHUKOW B CBOEW 3aMeyaTenbHOn
ctaTbe. O4eHb NPUATHO HaNTK e€ ycrneLHoe BO BCEX CMbICIax peLue-

HMe MMEHHO cenvac B MOHorpadum Bbi4aloLWwerocsi POCCMMNCKOro y4EHOrO.
WcTopusi Hayku He 3Hana 4o cux Mop Takoro crnyyas, 4Tobbl Hebonb-

LWas Hay4yHas LIKoma NOJIHOCTbI0 pa3BepHyna B NPUHLMNNANbLHO HOBOM
HanpaBfeHUn CTOMb FPaHANO3HYI0 U MHEPLMOHHYI, HO OOHOBPEMEHHO U
Takyto Heob6XoOUMYHO AN TEXHUKM CBSA3M CIOXHENLLYIO OTpacib HayKu,
NpaKkTUYeCcKM NOMHOCTLIO PELLMB BCe paHee chopMynMpoBaHHble NS Heé
npvknagHble npobnemei.

W B 3aknioyeHve A Bbipaxatlo TBEPAYI0 YBEPEHHOCTb, YTO aKTyarlb-
Henwwne pesynbtatbl OT — HOBOM «KBAHTOBOW MEXaHWKN» COBPEMEHHOM
Teopun HOPMaLMN, U3NOXKEHHbIE B 3TON YHUKaNbHOW MOHOrpadgum, no-
cnyxaT MaclTabHbIM JOCTONHBIM BKITAZ0OM BCEW POCCUMCKOW HayKu B
pa3BUTME HOBbIX METOLOB M TEXHOMOIrMIN LndpoBon 0O6paboTkn AAHHbIX,

a Takke BooOLLEe BCcel Teopumn MHpopmaumm ans umdpoBoro nHgopmawm-
OHHOro coobLecTBa Hayana HoBOro ThiCAYENeTUs.

Jlaypeat NocygapcteeHHon npemun CCCP, HO.B. 3ybapes
yneH-koppecnoHaeHT PAH,

OOKTOp TEXHUYECKNX HaykK, mpodeccop,

3acnyxeHHbl gedarens Haykun PO,

naypeat ocyaapcTBEHHOW Npemuy,

aBaxabl naypeart MNpemun Mpasutensctea PO

O HoBOM hopmaTe nNpuKNagHoOUu Teopuu KoAUPOBaHUA

Mpobnema 6onee npoctoro o6ecneyeHns BbICOKON JOCTOBEPHOCTU ne-
pegayn, o6paboTku, XpaHeHNst 1 BOCCTAHOBIEHNSI LMPOBBIX AaHHbIX CTa-
HOBUTCH BCE akTyanbHen Bo BceM Mupe. OgHako 0o NocnegHero BpeMeHm
Kasanocb, YTO 40 YCNELIHOrO peLleHnNst 3a4adyun co3aaHus NpocTbiX U Bbl-
CcoKoaheKTMBHbIX Aaxe BONU3M rpaHuubl LLleHHOHa aekoaepoB pasHbixX
TWMOB, YTO U ABNSETCS rMaBHOW NPUKIAgHOW LeNbio TeOpMM KOAMpoBa-
HWs, eLLé oveHb ganeko. B camom gene, Anst aToro HyXHO ObINO HANTK
MeToAbl 4EKOAMPOBAHNS B YETbIPEX TPAOULMOHHBIX B KIACCUYECKON Teo-
puvv KaHanax: B ABOU4YHOM CUMMETPUYHOM, HE4BOWNYHOM, rayCCOBCKOM U
cTMparLem KaHanax, Ansa peannsaummn KOTOpbIX paHee Hepeako npuere-
Kanvcb pasnuyHble U HEPELKO AOBOJIbHO TSXKENOBECHbIE, a TaKkKe Aaneko
He camble adpekTMBHbIE naen. Ho Bce OHM B UTOre OKasbiBanuCb O4YEHb
TPYLOEMKMMU U JANEKMMMU OT TOro BO3MOXHOIO YPOBHS 3pEKTUBHOCTH,
OLEHKN KOTOPOro AaBana Teopusi.

Ha dpoHe aTOro onmMTeneHoOro Kpusmca CoBCeEM MHavye CMOTPEnnCh BCe

3TV gecatnneTus paboTbl Hawwen Hay4YHou Wwkonbl OnTuMmnsaunoHHon Teo-
pumn (OT) NOMEXOYCTOMYMBOIO KOOMPOBAHUS, KOTOPYIO OKOSO MNoslyBeka
Hasag Hayan passuBatb npodeccop KW PAH Banepuin Bnagummnposuy
3onoTapés. BrnepBble B Mupe nocTaBuB 3agavy MTEPaTUBHOIO NOCTEMNEHHO-
ro NpUBAMXKEHUS K HaUnyyLweMy ONnTUManbHOMY MO BEPOATHOCTU OLINOKM
pELLEHMIO, OH M aKTUBHbIE NOCrefoBaTENN HALLERN LLKOSbl HaYanm novTu
cpasy nonyyaTb OYEHb BbICOKME XapaKTepUCTMKN pa3pabaTbiBaeMblx anro-



pUTMOB MO AOCTOBEPHOCTM NPU KparHe MPOCTbIX CXeMax UX peanuaauum,
4TO 6bINIO OYEHb ECTECTBEHHO, TakK KAK OCHOBOW HOBbIX anropnuTMoB, Ha-
3BaHHbIX HaMK MHoronoporoesiMK aekogepamu (MMAQ), ctanu npocten-
Line OaBHO M3BECTHbIE noporosble gekoaepbl bkenmca Meccu. A BoT
BblcOokas goctoBepHocTb Ml aekogepos, NpakTMyeckn coBnagarLas ¢
onTumanbHbIM gekogupoBaHunem (Of1), UTo paHblUe obecnevnBany nuib
MeToAbl NofniHoro nepebopa, Hanpumep anroputm Butepbu (AB), — 3Tn
CBOWICTBa ANs BCE Gonee BbICOKNX YPOBHEW LUyMa Halu AeKodepbl B Teye-
HWe MHOMUX AecaTuneTuii nppuobpeTany MeaneHHo no mepe passutua OT
BMECTE C O4YE€Hb Pa3BETBMNEHHBIM M MacLUTabHbIM NporpaMMHbIM obecneve-
Huem (MO). O4yeHb NOMOr BLICTPOMY YIYYLLEHUIO XapaKTEPUCTMK HALLNX
anropMTMOB POCT NPOU3BOANTENBHOCTU AOCTYMNHbBIX HAM BbIYMCIUTENBHbIX
CpencTB, a Takke HenpepbIBHO pasBnBaemMoe Hamu onTumunsaumoHHoe [MO.
OTa 0cobeHHOCTb UCCreaoBaHWIN B HALLEN Hay4YHOW LUKONE SIBNAETCA Bax-
Henwen onga nporpecca camon Teopun OT 1 ANd NONYYEHMS HOBbLIX pe-
3ynbTaToB B 06M1acTy NpOeKTMPOBaHUSA 1 aHanM3a CBOMCTB anropnuTMoB
[EeKoOupoBaHus, a Takke AN YNyYleHUss UX XapakTEePUCTUK.

MmeHHO npu Takor abcontoTHO HETUMMYHOW AN NPEXHENR TeopUn, HO
OY€eHb NNOOTBOPHOWN NOCTAHOBKE NPo6reMbl NPOCTON BbICOKO4OCTOBEPHOM
nepegayun UMpoBbLIX AaHHbIX N0 KaHanam ¢ wymom B.B. 3onoTtapés npu
yyacTum psiga 3HTY3MacToB LUKOSbI U3[an Yxe MHOro MoHorpaduii no

OT, B KOTOPbIX ONNCaHbI PELLEHUSA MHOXECTBA KpalHe CNOXHbIX 3a4au,
KoTopble obecneunnu goctuwxeHve anroputmamm OT GnvxaniLnx okpecT-
HocTel rpaHunupl LLieHHoHa Npy MUMHMMarbHOWN CITOXHOCTM U NPaKTUYeCKM
Haunyylen JOCTOBEPHOCTMU.

Mpegnaraemas cneumanuctam HoBast MoHorpadumsa npodeccopa

B.B. 3onotapésa nsnaraet Teoputo OT 1 eé camble HOBbIE NPUKNaaHble
OoCcTuxeHus B ccpepe pa3paboTkm U co3gaHns anropuTMoB AeKOAMpoBa-
Hus1, obecnedrBatoLwmnx B cnyvyae npumeHeHusa MM gekogepoB npakTu-
YecKu onTMManbHoe AeKOOUPOBaHME C MUHUMAarbHO BO3MOXHOW OT Anu-
Hbl KOJOB CITOXHOCTbIO peanuaaumun. A npu Ncnonb30BaHUM 6NOKOBbIX
Moaundbmkauunm AB, Kak cnegyeT u3 npeacTtaBneHHbIX AaHHbIX, YXXe Oo-
CTXKUMBbI M BCE HauUny4ylne napameTpbl AEKOANPOBAHMS ANA KOPOTKUX
KOAOB, KOTOPblE Tenepb He OOCTYMHbI HAKAKMM ApPYrMM anroputmam. 3T1o
onpegenseTcs Tem, 4to Tonbko Bce Ml nekogepbl n AB Bo BCex cBo-

nx MogumKaumax N3MepsIT PacCTOSAHNUA CBOMX PELLUEHUA A0 NPUHATOro
coobuweHuns. OnbIT HAaLWIMX UCCNefOoBaHUIN CBUAETENBCTBYET O TOM, YTO HU-
Kakue anropuTMbl, MMWEHHbIE TAKNX UCKITOYUTENBHO NOME3HbIX CBONCTB,
He MMEIT HMKaKNUX NepcrneKkTMB AoCTWYb rpaHuubl LLleHHoHa npu padym-
HOW CMOXHOCTU UX peanuaaumu.

Takum obpasom, yTBepxxaeHne abcontoTHoro nuaepctea OT n Te-

nepb Y)Xe OKOHYaTEeNbHbIA «YX04» C peanibHOro nossi Hayku NpexxHen Teo-
puY NPOU3OLLINIO U3-3a TOro, YTO NO eAMHOMY KPUTEPUIO KNIOMEXOYCTOM-
YMBOCTb — JOCTOBEPHOCTb — CJIOXXHOCTb» Ta TEOPUsI He CMOrfa 3a BCé
BpeMs CBOEro ObITUsi HAWTW aHanUTUYECKNe BbIpaXXeHWS AN Kaxaoro u3
3TVX NapamMeTpoB KPUTEPUS B YCITOBUAX BONBLIOrO WyMa kaHana XxoTs Obl
AN OQHOro M3 CBOMX anropMTMOB, NPETEHO0BAaBLUNX HA BbICOKME XapaKkTe-
PUCTVKN MOMEXOYCTONYMBOCTU. HO pa3BuBaTb OQHOBPEMEHHO U TEOPWIO,

N 3KCNepuMeHTanbHyo 6a3y agenTbl NPeXHEN 3pbl MPOCTO HE CMOTIIN.

A 3TO 3HA4UT, YTO TEOPMS KOOUPOBAHUS B NPUKIAAHOM CBOEM acnek-

Te OeNcTBMTENbHO OKa3anacb BOBCE HE MaTeMaTtuyeckon 3agadven. [lae-
HO 0co3HaB 3To, wkona OT nonHocTeio pewwnna npobnemy LLeHHoHa

ONs Bcex TpaAMLMOHHBIX KaHanoB Kak 3agady rnobanbHon onTuMum3aumnm
hYHKLMOHAMNOB CIOXHOW Npupoabl B LMMPOBbLIX NPOCTPaHCTBaxX, OCTaB-
LUMCb MPU 3TOM UCKMIOYUTENBHO B paMKax O4eHb MOHATHBLIX Maxopu-
TapHbIX anropuTMoB 1 anroputma Butepbu. [dpyrmux conoctaBumbix ¢ OT
MEeTOAOB 3a eé npegenamu cenyac HeT. [la n oxugaTtb X NOABNEHUs Tpya-
Ho. Bce xapakrepuctukm anroputmoB OT nNo eAMHOMY KpUTepuio cenyac
ABMSOTCA HAUNYYLWUMU U MTHOBEHHO ONPeAensoTCca Npu MoaenMpoBaHum
cpencTBaMy Hallero MHHOBaLMOHHOMO onTuMuaauuoHHoro MO, yto ewé
H6onee yckopsieT pa3sutne OT 1 nomoraeT GbICTPO yKa3biBaTb €l HOBbIE
TOYKM pocTa.

[MonesHo OTMEeTUTb UCKMUUTENBbHY KoMnakTHocTb OT 1 eé nonHo-



Ty. TexHonorun OT oTnnyHO paboTaloT 1 yxe NPOAEMOHCTPUPOBAnM Bbl-
COKue pesynbTaTbl NPUMEPHO Afs CTa pasfmMyHbIX KNacTepoB napamMeTpoB
koampoBaHus. OgHa 13 BegyLMX ponen B Tekylem b6biCTpom nporpec-

ce OT HECOMHEHHO NpPUHAANEXUT aBToOpy 3TON MOHorpadumn npodeccopy
B.B. 3onoTapéBy, B KOTOPOW N3NOXEHbl HOBENLWKWe faHHble N0 PyHOAMEH-
TanbHbIM Hay4YHbIM W NpUKNagHbIM pa3paboTkam co3gaHHON UM TEOPUN.
CTOpOHHUKKM HayyHoM WwKonbl OT nonaratoT, YTo ycnewHasa Teope-
TUYeckas 1 aKcneprvMeHTanbHas pabota Bcex cneumanucToB, 3avHTepeco-
BaHHbIX B JaNbHeWLWeM pasBUTMN NPUKNaaHbIX METOAOB KOAMPOBAHWS, B
TOM 4YuCre B HanpaBrieHNsIX, yka3aHHbIX B NOCMEeAHMX rnaBax 3Ton Mo-
Horpadpmm, No3BONUT U Aarnee o4eHb ObICTPO NPOABUraTb TEXHUKY MOMe-
XOYCTOMYMBOrO KOANPOBaHMSA Ha BCE Boree BbICOKME YPOBHU TEXHOIOMMNA.
MIMEHHO 3TO 1 Hy>XHO OT NepeaoBON Teopun, CTaBLUEN «KBAHTOBOW Mexa-
HUKON» COBPEMEHHON Teopumn nHdopmaumm, umppoBomy MHHOOPMaLMOHHO-
My COOOLLIECTBY HOBOTO ThiCAYENETUS.

3aBegyowmi kacdeapomn

BbIYMCNUTENBHON U MPUKNAAHON MaTeMaTuKu

PIrb0Y BO «PsasaHckumn rocygapCTBEHHbIN
pagnoTeXHUYECKUn yHnsepcuteT um. B.d.YTkunHay,
OOLEHT, AOKTOP TEXHUYECKNX HayK,

npegcenartens HayvyHo-meToaudeckoro coseta PIPTY

.B. OBeyYkuH



