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Great Principles of Computing
Peter J. Denning, Past President of ACM, pjd@nps.edu

Computer science was born in the mid 1940s with the construction of the
first electronic computers. In just 60 years, computing has come to occupy a
central place in science, engineering, business, and everyday life. Many
whose lives are touched by computing want to know how computers work
and how dangerous or risky they are; some want to make a profession from
working with computers; and most everyone asks for an uncomplicated
framework for understanding this complex field. Can their questions be an-
swered in a compact, compelling, and coherent way?

In what follows, | will answer affirmatively, offering a picture of the great
principles of computing. There are two kinds: principles of computation
structure and behavior, which | call mechanics, and principles of design.
What we call principles are almost always distilled from recurrent patterns
observed in practice. Do practices shape to underlying principles? Do prin-
ciples shape to practice? It is impossible to tell. In my description, therefore,
| portray principles and practices as two equal dimensions of computing.

A principles-based approach is not new to science. The mature disci-
plines such as physics, biology, and astronomy portray themselves with such
an approach. Each builds rich structures from a small set of great principles.
Examples of this approach are Lectures in Physics by Richard Feynman [4],
The Joy of Science by Robert Hazen and James Trefil [5], and Cosmos by
Carl Sagan [7]. Newcomers find a principles-based approach to be much
more rewarding because it promotes understanding from the beginning and
shows how the science transcends particular technologies.

In my portrait, the contexts of use and their histories are imbued into
principles, computing practices, and core technologies. Indeed, you cannot
understand a principle without knowing where it came from, why it is impor-
tant, why it is recurrent, why it is universal, and why it is unavoidable. Nu-
merous application domains have influenced the design of all our core tech-
nologies. For example, the different styles of the languages Ada, Algol, Co-
bol, C++, Fortran, HTML, Java, Lisp, Perl, Prolog, SQL, etc., flow out of the
application domains that inspired them. You cannot make sense of the de-
bates about the limits of machine intelligence without understanding cogni-
tive science and linguistic philosophy. In software, unless you understand
the different ways engineers and architects use the term “design”, you cannot
make sense the tug-of-war between traditionalists promoting systems pro-
duced by a highly methodical engineering process, and agile developers pro-



moting systems built for customer satisfaction, artistry, good taste, simplicity,
and elegance.

The following sections describe principles of mechanics, principles of de-
sign, and computing practices as a framework supporting core technologies
and application domains. A few implications of the framework on organiza-
tion and content of computing curricula, and on the profession itself, are dis-
cussed at the end.

Mechanics

In the 1950s, our field’s founders portrayed their young science as a set of
core technologies that supported application domains. They listed their core
technologies as algorithms, numerical methods, computation models, compil-
ers, languages, and logic circuits. Over the next 30 years, we added a few
more: operating systems, information retrieval, databases, networks, artificial
intelligence, human computer interaction, and software engineering. The
1989 ACM/IEEE report, “Computing as a Discipline,” listed 9 core technol-
ogy areas [2]. Since then, the total number of core technology areas has tri-
pled (see Table 1). Today, learning the mechanics of these technologies and
their hundreds of possible direct interactions has become a daunting chal-
lenge.

In an effort to stem “curriculum bloat” from this growth, the Curriculum
2001 report emphasizes the ideas at the “intersection” of the core technolo-
gies [3]. Unfortunately, a list of core technologies and their great ideas does
little to convey the great principles of computing. Two books seeking to
popularize computing focus on a few “great ideas” in a few of these areas,
but their coverage is far from complete [1,6]. None of these authors dis-
cusses which ideas are fundamental principles of all the core technologies.

Locating the fundamental principles of the field looks, therefore, to be a
very attractive project. It calls to mind a picture in which the principles are
the foundation of a pantheon with one pillar for each great principle. Unfor-
tunately, as we shall soon see, such a picture is an unsatisfactory portrayal of
computing.

Table 1. Core Technologies of Computing

algorithms management information systems
artificial intelligence natural language processing
compilers networks

computational science operating systems

computer architecture parallel computation

data mining programming languages

data security real-time systems

data structures robots
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databases scientific computation

decision support systems software engineering
distributed computation supercomputers
e-commerce virtual reality
graphics vision

human computer interaction  visualization
information retrieval workflow

Our very first question is: How shall we express our principles? It seems
like we are looking for declarative statements such as

“The Turing machine is a model of universal computation.”

“All information can be encoded as strings of bits.”

“The number of bits in a message source is given by its entropy.”

But this approach quickly becomes contentious. Some people argue over
the definitions of terms such as computation, information, or message
sources. Others ask whether some of the words ought to be qualified -- such
as algorithmic computation, physically represented bits, or discrete message
sources. Still others ask why these statements are singled out and not others,
such as “Every function imposes a lower-bound running time on all algo-
rithms that compute it.” Most everyone demands statements of obvious rele-
vance to the familiar core technologies. But they wrestle over the selection
criteria for principle statements, such as universality, recurrence, invariance,
utility for prediction, or scope of consequences. Therefore attempting to list
principle statements is an unsatisfactory approach.

How do other fields express their principles? Physicists use terms like
photons, electrons, quarks, quantum wave function, relativity, and energy
conservation. Astronomers use terms like planets, stars, galaxies, Hubble
shift, and black holes. Thermodynamicists uses terms like entropy, first law,
second law, and Carnot cycle. Biologists use terms like phylogeny, ontog-
eny, DNA, and enzymes. Each of these terms is actually the title of a story!
The principles of a field are actually a set of interwoven stories about the
structure and behavior of field elements. They are the names of chapters in
books about the field [4,5,7].

These principle-stories seek to make simple the complex history of a
complex area. They tell history, showing how the principle evolved and
grew in acceptance over time. They name the main contributors. They
chronicle feats of heroes and failures of knaves. They lay out obstructions
and how they were overcome. They explain how the principle works and
how it affects everything else. The game is to define many terms in terms of a
few terms and to logically derive many statements from a few statements.

Astronomy, thermodynamics, and physics use the term mechanics for the
part of their fields dealing with the behavior and structure of components.

-6-



For example, Celestial Mechanics deals with the motions of heavenly bodies;
Statistical Mechanics with the macro behavior of physical systems compris-
ing large numbers of small particles; Quantum Mechanics with wave behav-
iors of subatomic particles; Rigid-Body Mechanics with the balance of forces
within and between connected objects. | adopt this term for computing.

Computing Mechanics deals with the structure and operation of computa-
tions. It does so with stories for algorithm, Turing machine, grammar, mes-
sage entropy, process, protocol stack, naming, caching, machine learning,
virtual machine, and more. | found I could group the stories into the five
categories of computation, communication, coordination, automation, and
recollection (see Table 2). Every core technology expresses all five in its
own way.

The lines between these categories are blurry. For example, the Internet
protocol stack is an element of both communication and coordination; nam-
ing and caching are both elements of communication and recollection.
Therefore, | found it better to view the categories as windows into computing
mechanics (Figure 1). Although the views through the edges of windows
overlap, the view through the centers is distinctive.

COMPUTING

MECHANICS

uo1LbuIpJood
Figure 1. The five windows
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Table 2: The Five Windows of Computing Mechanics

Window

Central Concern

Principal Stories

Computation

What can be com-
puted; limits  of
computing.

Algorithms, control  struc-
tures, data structures, auto-
mata, languages, Turing
machines, universal com-
puters, Turing complexity,
Chaitin complexity, self ref-
erence, predicate logic, ap-
proximations, heuristics, non-
computability, translations,
physical realizations

Communication

Sending messages
from one point to
another.

Data transmission, Shannon
entropy, encoding to me-
dium, channel capacity,
noise suppression, file com-

pression, cryptography, re-
configurable packet net-
works, end-to-end  error
checking

Coordination

Multiple entities
cooperating toward
a single result.

Human-to-human (action
loops, workflows as sup-
ported by communicating
computers), human-
computer (interface, input,
output, response time); com-
puter-computer  (synchroni-
zations, races, deadlock,
serializability, atomic actions)

Automation Performing cogni- | Simulation of cognitive tasks,
tive tasks by com- | philosophical distinctions
puter. about automation, expertise

and expert systems, en-
hancement of intelligence,
Turing tests, machine learn-
ing and recognition, bionics

Recollection Storing and | Hierarchies of storage, local-
retrieving ity of reference, caching,
information. address space and mapping,

naming, sharing, thrashing,
searching, retrieval by name,
retrieval by content




It might be asked whether the five-windows picture is complete. We have
examined this from two directions. The first is empirical. We reviewed the
list of core technologies (Table 1) and confirmed that each technology draws
on all five areas. We could not identify any principles in those technologies
that fell outside these areas.

Our second approach is functional. Picture the standard “von Neumann”
computer model. It contains three building blocks: processor, memory, and
input-output. These correspond to computation, recollection, and communi-
cation. Stand back and imagine many computers connected by a network;
this corresponds to coordination. Stand back again, and imagine what tasks
the network of computers can accomplish; this corresponds to automation.
Thus all the functions we associate with computing are captured in the five-
windows picture.

Design

Computing Mechanics does not exhaust all the principles of our field.
Computing professionals follow principles of design that enable them to har-
ness mechanics in the service of users and customers. Five concerns drive
the design principles:

o Simplicity: Various forms of abstraction and structure that overcome the
apparent complexity of the applications.

e Performance: predicting throughput, response time, bottlenecks; capac-
ity planning.

o Resiliency: redundancy, reliability recovery, checkpoint, integrity, sys-
tem trust.

o Evolvability: adapting to changes in function and scale.

e Security: access control, secrecy, privacy, authentication, integrity,
safety.

The term *“design” is used in two ways: architecture and process. Archi-
tecture refers to the form, the arrangements of components to serve stated
purposes. Process refers to the procedures and methods used to generate ar-
chitectures. There are design principles for both meanings. These principles
are conventions that we collectively have found to lead consistently to de-
pendable and useful programs, systems, and applications. These conventions
are practiced within constraints of cost, schedule, compatibility, and usabil-
ity.

The design principles themselves include abstraction, information hiding,
modules, separate compilation, packages, version control, divide-and-
conquer, functional levels, layering, hierarchy, separation of concerns, reuse,
encapsulation, interfaces, and virtual machines.

Design is not the same in computing as it is in other fields. In computing
we design abstract objects that perform actions. Other fields use abstraction
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to explain or to organize tangible objects. Since design tells us about ar-
rangements of basic components, design sits above mechanics in our picture
of the field.

Might we call Computing Mechanics the “science” of computing and the
Design Principles the “art™? | think not. There is good science and engineer-
ing and much art at all levels -- mechanics, design, and applications.

Computing Practices

Our picture of computing is needs more than mechanics and design. It
needs an account of the computing practices that characterize our skills as
professionals. Our competence is judged not by our ability to explain princi-
ples, but by the quality of what we do. | found five main categories of
computing practice:

e Programming -- Using programming languages to build software sys-
tems that meet specifications created in cooperation with the users of
those systems. Computing professionals must be multilingual, facile with
the numerous programming languages, each attuned to its own strategies
for solving problems.

e Engineering of Systems -- Designing and constructing systems of soft-
ware and hardware components running on servers connected by net-
works. These practices include a design component concerned with orga-
nizing a system to produce valuable and tangible benefits for the users; an
engineering component concerned with the modules, abstractions, revi-
sions, design decisions, and risks in the system; and an operations com-
ponent concerned with configuration, management, and maintenance of
the system. High levels of skill are needed for large programmed systems
encompassing thousands of modules and millions of lines of code.

e Modeling and validation -- Building models of systems to make predic-
tions about their behavior under various conditions; and designing ex-
periments to validate algorithms and systems.

e Innovating -- Exercising leadership to design and bring about sustainable
changes to the ways groups and communities operate. Innovators watch
for and analyze opportunities, listen to customers, formulate offers cus-
tomers see as valuable, and manage commitments to deliver the promised
results. Innovators are history-makers who have strong historical
sensibilities.

e Applying -- Working with practitioners in application domains to pro-
duce computing systems that support their work. Working with other

computing professionals to produce core technologies that support many
applications.
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I cannot overemphasize the importance of including computing practices
in a portrait of our field. If we adopt a picture that ignores practices, our field
will end up like the failed “new math” of the 1960s -- all concepts, no prac-
tice, lifeless; dead.

Our portrait is now complete (see Figure 2). It consists of computing me-
chanics (the laws and universal recurrences that govern the operation of
computations), design principles (the conventions for designing computa-
tions), computing practices (the standard ways of building and deploying
computing systems), and core technologies (organized around shared attrib-
utes of application domains). The core technologies float in a rich contextual
sea of application domains, collectively exerting strong influences on core
technologies, design, mechanics, and practice. Each level of the picture has a
characteristic question that justifies its place in the hierarchy and exposes the
integral role of practices (Table 3).

Applications

transportation, health, engineering, science,
bioinformatics, network operations,
command and control, etc.

Core
Technologies

programming languages, networks,
operating systems, HCI, software, etc.

programming, systems, modeling, innovation

PRACTICES

PRINCIPLES

Design -- achieving simplicity, usability, security,
performance, resiliency, evolvability

Mechanics -- computation, communication,
coordination, recollection, automation

Figure 2. Principles-Based Portrait of Computing
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Table 3. Levels of Action in Computing

Levels Central Questions Example
Technologies
Application How do we work with others to | Supercomputers,
Domains design computing that serves | grid computing,
them? domain data-
bases, graphics
design, inter-
faces, ...

Core Technologies | How do we design computations | Algorithms, data-
that support elements common | bases, networks,

to many applications? operating  sys-

tems, HCI, Al, ...

Design Principles How do we organize ourselves to | Design tools,
build computations that work? object-oriented

programming,
layering, virtual
machines, au-
thentication, ...

Computing How do computations work? Logic simulators,
Mechanics protocol  stack,
workflow, expert
systems, virtual
memory, ...

Implications

By aligning with traditions of other science fields, a portrait of computing
organized around great principles and practices promotes greater understand-
ing of the science and engineering behind information technology. It signifi-
cantly improves our ability to discuss risks, benefits, capabilities, and limita-
tions with people outside the field. It recognizes that computing is action
oriented and has many customers, and that the context in which computing is
used is as important as the mechanics of computing. It also clarifies profes-
sional competence, which depends on dexterity with mechanics, design, prac-
tices, core technologies, and applications.

For years, many others have seen our field as programming. Through our
1989 “Computing as a Discipline” report [3] we hoped to encourage new
curricula that would overcome this misleading image. But this was not to be.
Our practice of embedding a programming language in the first courses,
started when languages were easy for beginners, has created a monster. Our
students are being overwhelmed by the complexities of languages that many
experts find challenging (typically Java and C++). Many students have
turned to cheating and plagiarism as ways to pass these courses, and 35 to 50
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percent drop out prematurely. Many do not experience the joy of computing:
the interplay between the great principles, the ways of algorithmic thinking,
and the solutions of interesting problems. A curriculum organized around the
framework offered here may rescue us from this unfortunate predicament.
The current first courses (CS1, CS2, ... ) can be replaced by Computing Me-
chanics (CM1, CM2, ...) and their extensive programming content can be
moved to Programming Practices courses (PP1, PP2, ...) embedded within a
larger Computing Practices track. The standard core courses (e.g., algo-
rithms, operating systems, databases, software engineering, or networks) can
then be reshaped to extend computing mechanics into their areas rather than
teaching applicable mechanics from scratch. (Aside to academic colleagues:
starting with computing mechanics is not a “breadth-first” approach; the
framework promotes depth in concepts, design, and practice.)

It is time for us to make ourselves known by saying our mechanics, our
design principles, and our practices. It is time to stop hiding the enormous
depth and breadth of our field.
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Good ldeas - Revisited
Niklaus Wirth

Extended Abstract

We present an entire potpourri of ideas from the past decades of Com-
puter Science and Computer Technology. The quick rise of the subject was
largely the result of such great ideas. Thus we became used to expect more of
them to appear with ever increasing frequency and brilliance. Expectations
were cultivated with great vigor, and new ideas were promised that would
even revolutionize the technology and with it the world. But not all promises
and claims must be taken literally in these times of flashy advertisement. On
hand of a number of examples, we would like to show, that sometimes cau-
tion is wiser than exuberance.

Widely acclaimed at their time, many grand ideas have lost their splendor
and brilliance under today’s critical scrutiny. We try to find reasons. Some of
these ideas are almost forgotten. But we believe that they are worth recalling,
not the least because one must try to learn from the past, be it for the sake of
progress, intellectual stimulation, or fun.

The ideas discussed here stem from various branches of computing. Some
concern the subject of Computer Architecture, where new ideas flourished in
the years between 1960 and 1980. In recent years, however and alas, the urge
for innovation has given way to the acceptance of a single standard, in spite
of its — to say the least — mediocrity. Here, we discuss the early invention of
the stack for evaluating expressions, critically analyze solutions for imple-
menting subroutine calls, relativize the usefulness of virtual addressing, and —
on a more general level — investigate the once popular drive for complex in-
struction sets, which has survived although it is widely known to be a bad
idea.

Programming Languages turn out to be a rich source of ideas that were
praised as great, but which on closer inspection — or rather during practical
use — turned out to be less than spectacular. Once again, the times of the
flourishing ideas, of the avant garde, were the years 1960 — 80. We notice a
similar trend as in computer architecture towards a standard, towards
industrial products, that once again leave very much to be desired. Here we
may find a surprising number of flaws, if not even blunders. First come some
ugly aberrations in the realm of notation and syntax. They are followed by
examples borrowed from Algol 60, the language that created and stimulated a
whole field of research, but never found wide acceptance outside academic
circles. We pick the topics of the for statements, the concept of own vari-
ables, and the intriguing name parameter for procedures. These topics were

-14 -



among those which kept discussions among language designers lively and
sometimes emotional for many years.

The next example of a “good idea” stems from the category of Implemen-
tation Techniques. It is the so-called display for speeding up the addressing
of variables in block-structured languages. Here, the reason why the clever
idea turned out to be less than successful was the technological change in
computer architecture. This is a phenomenon often encountered with “opti-
mization” measures. It is a typical example, where ingenious techniques of
software were devised on order to overcome the inadequacies of the available
hardware.

The last category of problem cases are Programming Paradigms. Almost
every time the discipline of programming was believed to be in insurmount-
able difficulties, promptly a new paradigm appeared on the stage, which was
widely acclaimed to be the panacea for all illnesses and grievances. In hind-
sight we acknowledge that every presented paradigm has some appeal and
some qualities, but we must also confess that none has held the hopes high
for a long time. We briefly use our critical looking glass for inspecting Func-
tional, Logic, and Object-oriented Programming.

In the end, we cannot avoid asking ourselves the question: Which are to-
day’s Great Ideas? Will they also turn out rather mediocre in the future?
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Teaching Principles! Which Principles?
Jurg Gutknecht, ETH Zurich

Abstract

This is a short essay on the topic of teaching software construction to stu-
dents of computer science on a University level. We advocate an approach
that neither takes the bait of glorifying the features of a certain programming
language (however attractive they may be) nor looks down to reality from a
formalistic or methodological podium. Instead, we suggest software construc-
tion to be taught on the basis of a well-chosen set of generic principles.

Introduction

With the emancipation of computer science as a discipline to be taught at
Universities and Polytechnics, and with the growing diversity of academic
computer science curricula, the questions of profile, contents and approach
arise. When browsing the shelves of any bookstore that sells computer sci-
ence literature, we soon recognize the premature state of the still young con-
structive science of computing. In their large majority, textbooks fall in one
of two categories

¢ Voluminous and rather accidental 1000+ page accumulations of a choice
of recipes based on a more or less tricky application of specific features of
some specific product

e Promotions of a certain methodology as a cure all, often driven by its own
momentum and adding one more layer to the problem set, as it is vividly
put in metaphoric form in Tony Hoare’s famous Turing Award lecture
“The Emperor’s Old Clothes”

Obviously, none of the two profiles qualifies for a serious academic edu-
cation, mainly because the major concern in both cases is imposing a certain
tool or methodology on the students, thereby putting on a symbolic corset
and narrowing down the minds instead of opening them up. Quoting philoso-
pher and “oracle of the electronic age” Marshall McLuhan: “We make our
tools; then our tools make us”.

If we address future computer scientists, we should much rather focus our
teaching on the generic competence of making tools in contrast to the compe-
tence of knowing, using and mastering tools. Our educational efforts should
be guided by the Chinese proverb “Give a man a fish and you feed him for a
day. Teach a man to fish and you feed him for a lifetime.”
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So, good advice is urgently needed. My personal solution is teaching ge-
neric principles, where a generic principle is an archetype of a principle that
distinguishes itself by the absence of inessential artefacts. Generic principles
provide deep insight into intrinsic aspects, leave ample room for generaliza-
tion and encourage creative and unexpected applications. Put differently,
generic principles teach the art of abstraction.

It is worth noting that any coherent set of generic principles describing a
discipline represents a design of the discipline on a meta-level. For example,
the collection of generic principles discussed in the next section represents
my personal design of the discipline of software construction. It is the quin-
tessence of a 35+ years of experience in the field. With a view to emphasize
the overall choice of principles, we leave it at an enumeration of the princi-
ples, augmented by a very short elaboration on each principle in note form.

The Generic Principles

e Principle 1. Small-Scale Programming vs. Large-Scale Program-
ming. The discipline of programming splits up into two methodologi-
cally very different sub-disciplines: Small-scale programming and
large-scale programming. While small-scale programming is primarily
concerned with programming of algorithms in the classical sense, the
main topics of large-scale programming are global runtime structure,
interoperability and orchestration. Advanced programming languages
implicitly cover both sub-disciplines, with the result of an unfortunate
blurring of concepts. However, separate frameworks for large-scale
programming exist.

e Principle 2. Programming by Stepwise Refinement (Small-Scale).
The development of an algorithm is simplified considerably when di-
vided in phases of successive refinements. Actions are typically speci-
fied merely by their name and parameters at an early stage of the de-
velopment and refined in terms of a procedure including a local state
space at a later stage. Recursion integrates naturally with this process.

e Principle 3. From Specifications to Machine Programs (Small-
Scale). The ability of proving program properties with mathematical
rigor is indispensable in any safety-critical scenario. The preferred ap-
proach to this goal is the use of a highly architecture-independent
form for the specification of the algorithm and for the required proofs,
and then to use an automated compiler for mapping the specification
onto a given architecture, under invariance of the relevant properties.
Assertions, invariants and non-determinism are powerful concepts in
this field.
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Principle 4. Separation of Interface and Implementation (Large-
Scale). The notion of interface is of paramount importance in system
design. The use of an explicit (and preferably thin) interface between a
servant object and its clients is the key to reducing dependencies, with
two beneficial consequences: The implementation of a servant object
a) can be exchanged at any time without compromising the system’s
integrity and b) is fully protected against erroneous or malicious cor-
ruption. Another substantial benefit of an interface-aware design is the
fact that clients may ignore all but the required facets of a servant ob-
ject. Unfortunately, interfaces in current languages come as method
tables only. Generalized forms such as dialog protocols and XML
schemata would substantially enhance the power of the interface con-
cept.

Principle 5. Event Control as a Reactive Runtime Model (Large-
Scale). This is a well known runtime model or “design pattern” based
on “inverse programming”. Participating objects subscribe to the set
of events they are interested in. On occurrence of an event, each of its
subscribers gets notified by some “built-in” controller and thereby
gets a chance to handle the event properly. This model has regained
popularity in some specific contexts, notably in graphical user inter-
face programs (GUI), browsers and component frameworks for the
purposes of activating commands and scripts (“on-click” events) and
for “wiring” components (event - reaction wire). One of the main
benefits of the event control model is a strict and clean separation of
the event detection logic (the controller) and the event handling logic
(custom objects). In principle, it is possible to deploy a highly custom-
izable system consisting of a sophisticated closed controller imple-
mented in machine language plus a compiler for any suitable applica-
tion-specific scripting language. Another completely different applica-
tion domain for the scheme of event control is hot-pluggable system
components such as device drivers.

Principle 6. Unification of Objects and Activities (Large-Scale).
The metaphor of object-oriented programming features a multitude of
qualities, among them conceptual support for a) separation of con-
cerns via encapsulation and b) abstract treatment of objects via late
binding of method implementations. Amazingly enough and in con-
trary to the original object-oriented language Simula-67, objects in
current programming languages are “passive” and “remote controlled”
by concept in the sense that they merely react on method calls issued
by some external thread of control. A unified and more advanced
computing model includes “active objects” that show some intrinsic
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behaviour in form of one or more encapsulated activities (think of a
watch) and interoperate with each other via “stateful” dialogs (think of
negotiating agents). Notice that the active object model in a very pre-
cise sense is the exact dual to the scheme of event control.

e Principle 7. Introspection for the Support of Components (Large-
Scale). Component systems distinguish themselves primarily by the
existence of a builder tool that provides the functional support for as-
sembling prefabricated and precompiled software components. There-
fore, building is an additional phase between compilation and runtime
that obviously depends on the availability of a universal mechanism
called introspection for inspecting the properties of the precompiled
constituents. In advanced component systems, the phases of develop-
ment and building are completely decoupled, and the builder cannot
count on any knowledge of the programming language and compiler
used for the implementation of the different components involved in a
composition. The only viable concept of introspection in such an ad-
vanced component system is a standardized mechanism of self-
reflection built into each participating component.

Conclusion

The primary goal of any academic education for future computer scien-
tists must be competence in designing and implementing systems and in par-
ticular tools. We recommend an approach that is based on teaching a well-
designed set of generic principles, illustrating both the art of abstraction and
the “golden rule” of system design that could be paraphrased as follows:
“Unify concepts that differ merely in inessential details and separate concepts
that resemble each other merely in inessential details.”

In concluding we notice that we do not advise the unchanged use of the
method of teaching generic principles for non-computer science students. An
approach on a more “literal” level may be sufficient and more effective in the
cases of an audience consisting of “applied” computer programmers and of
computer users respectively.
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MeTogonorusi opraH1M3aumm peLueHus 3agav
HaJ MHOXeCTBeHHbIMU pacnpeaeneHHbIMU
HEO4HOPOAHBLIMN UCTOUYHMKAMK UHGopMauun’

JI. A. Kanunuuenxo, U1 PAH, leonidk@synth.ipi.ac.ru

1. BBegeHue

B paznnuHbIx 00dacTsIX Hayku HaONIOJAaeTcss SKCIOHEHIMAIbHBIA POCT
o0beMa MoNTy4aeMBbIX 3KCIEpUMEHTAIBHBIX (HaOIr0IaTeNbHbIX) qaHHbIX. Ha-
TIpUMep, B aCTPOHOMHH TEKYIINI U OXKHJIAeMbIH TEMIT pOCTa JIAaHHBIX OT 00-
CepBaTOpPUH yJBAaUBAECTCSA B TEUEHUE NEPUOJa OT LIECTU MECSILEB O OJHOIO
roga. Dto Ooyee OBICTPHIA TEMI, YeM YBEIMUYEHHE MPOM3BOIAMTEIHHOCTH
KOMITBIOTEPHBIX YHIIOB, yJIBaUBaeMoH (coriacHo 3akoHy Mypa) xaxabie 18
MecsneB. CI0XKHOCTh UCIOIb30BAHUS TAKUX JAHHBIX YBEIUYHMBAETCS €Ile U
BCJIEACTBHE MX €CTECTBEHHOH Pa3HOPOAHOCTH. UHCIIO opraHu3aunui, momy-
YaoUIUX JaHHbBIC HAOIOAEHUH B OTAENBHBIX 00JIACTSIX HAYKH B MHUpE, BEJIH-
k0. PazHooOpasue (uH(pOpMaIMOHHAS HECOITIACOBAHHOCTH) IOIY4aeMoi UH-
(opManyy BBI3BIBACTCS, B YACTHOCTH, HE TOJHKO OOJIBIIMM YHCIOM OpI'aHH-
3alUii, TPOM3BOASAIINX HAOIOAEHHS, U UX HE3aBUCUMOCTBIO, HO ¥ Pa3HO00-
pa3ueM 00bEKTOB HAOIIOAECHHS U HETIPEPHIBHBIM U OBICTPHIM COBEPILIEHCTBO-
BaHMEM TEXHUKW HaOJIOJCHUH, BBI3BIBAIOIINM aJIeKBaTHbIE HM3MEHEHUS
CTPYKTYpBI U COZIEpKaHUs HAKaIUTMBaeMOH HH(pOpMAaIHH.

Upe3BblYaifHO OBICTPO pa3BUBAETCSl TAaK)Ke€ MPOrPaMMHBIH MHCTPYMEHTA-
pHi, BKIIOYAIOUIMH MHOT0O0Opa3HbIE CEPBUCHI JUIS MOJIEPKKH Pa3TUUHBIX
BHI0B 00pabOTKH MH(MOpMALUK NIPU PELIEHUH HAYYHBIX 337a4 U MPOBENECHUN
ucciaefoBaHuid. Takue cepBUCHI MPOU3BOIAATCS Pa3IUYHBIMU HAYYHBIMH Op-
TaHU3AIMIMH, UX ONMCAHUS HEOAHOPOIHBI U HEMOJIHBI.

YBenuuuBaromuiica pa3pbelB MEXAY HCCIEIOBATENSIMH U HCTOUYHHKAMU
JIAaHHBIX U CEPBHCOB MPHUBOJAUT K HEOOXOAWMOCTH MOMCKA HOBBIX ITyTEH Op-
TaHU3aLMU PELIeHUs 3aa4 HaJ] MHO)KECTBEHHBIMM paclpeieIeHHbBIMH KO-
JIEKIUSIMH JJAHHBIX U IIPOTPaMM, KOTOpble KOHIIEHTPUPYIOTCS B CHELUAIIN3H-
POBaHHBIX ILEHTPaxX [aHHBIX W BBIYHUCIUTENBHBIX pecypcoB. Paspaboran
(pa3pabatbiBaercs) psg MHOPACTPYKTYP, KOTOPHIE TEXHMYECKH MO3BOJISIOT
peanu30BaTh pEIIeHHE 33/a4 HaJ MHOKECTBEHHBIMH HWH(OpMalnOHHBIMU
ncrounnkamu. Cpeau Hux Be0 cepsuchl, ['pun-apxurextypsl, CemanTHde-
ckuii Beb, TexHONMOrMM pacnpeesieHHbIX 0a3 JTaHHBIX, HHTEpoIepadenbHbIe

! Hacrosmas pa6ota BbinonHeHa mpyu momepskke PO®U, rpaut Ne 05-
07-90413-8
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TEXHOJIOTUU MPOMEKYTOUHOTO cios, U Ap. OHU COCTaBISAIOT TEXHUYECKYIO
cpedy Al OpraHU3aluu pelIeHHs 3aaay.

TpaaulIMOHHO NIpU PEHISHUH 3a]a4 CHEUUATUCThl UCHOIb3YIOT MPUBBIY-
HBIC JUISI HUX UCTOYHUKU MH(OpMAIuu, U (GOpMyTHUPYIOT 3a1a4d, YIUTHIBAS
JIUIIG TaKue UCTOYHUKU. [1000HBIe crTOCOOBI (hOPMYIHUPOBAHUS M PEIICHUS
3a/a4 Ha3bIBAIOTCA JaJiee OBUICUMbIMY KOHKPETHBIMH UCIMOYHUKAMYU WH-
(opmaryyn, oTOOpaHHBIMHE 10 WIIH, B JIYYIIEM CiIydae, B rporecce GopMyIu-
poBaHus 3amaud. OYEBHIHA HEMOTHOTA WH(OPMAIMH, KOTOPYIO yaaeTcs
OXBATUTh MPU TaKOM MOAX07e. MHOXECTBO MCTOUYHUKOB JIAHHBIX U CEPBU-
COB, CyIecTBYIOIUX B MHTepHETe, WX pa3Ho0Opas3me, BHI3BIBAIOT MOTPEO-
HOCTb B PaJIMKaJIbHOM HU3MEHEHHUH TaKOro TpaaullMoHHOro noaxoxaa. Cyie-
CTBO 3TOTr0 M3MCHCHUSI 3aKJIF0OYACTCS B TOM, YTO 3a7a4d JIOJDKHBI (hOPMYITH-
pOBaThCA HE3aBUCHMO OT CYIICCTBYIONIMX HWCTOYHHUKOB HWH(OpMAIUW, U
JIUII TIOCNIE TaKOU (hOPMYIHPOBKH, MOIDKHA OCYIIECTBISATHCS WIACHTH(UKA-
U PEJICBAHTHBIX 3aj[aue UCTOYHUKOB, MPUBEICHUE UX K BUIY, TPeOyeMOMY
B 3aj[aue, UX HMHTETpanus, WICHTH(OUKAIUSI CEPBUCOB, KOTOPHIC IMO3BOJISIOT
peanu30BaTh OTAEIbHBIE YacTH a0CTPaKTHOTO Ipoliecca peIIeHHs 3aJad.
Tonpko mocse 3TOro JOMKHO OCYIIECTBIISITECS KOHCTPYHPOBAHUE KOHKPET-
HOT'0 TIpOIlecca PEUICHUS Ha OCHOBE OTOOpPAaHHBIX HCTOYHUKOB JAHHBIX U
CEpPBHUCOB.

DTOT MOAXOA, HA3BIBAEMBIH OpUEHMUPOBAHHBIM HA Npobremy, NOIKEH
3HAYUTEIBHO OOJBINE ONMUPAThCS HA HMCIOJIH30BAHUE TEXHHUKH TPEICTaBIIC-
HUS 3HAHUHN, HEOXEIH TPaTUIUOHHBIA. Tak, GopMynHpoOBaHUE 3aIa4d JTOJIK-
HO OBITH OCHOBAHO Ha OINPE/eNIeHNH €€ MPOOJIIEMHOM 00JIaCTH, BKITIOYAIOIEM
€¢ TCPMHUHOJIOTHIO M CHCTEMY MOHATHH, a0CTPaKTHOE OMHMCAHUE COOTBETCT-
BYIOLIEH MaTepHaJbHOW CHUCTEMBI, ONpeAeNieHUEe aJeKBATHBIX MOJeNeld U
Teopui, abCTpakTHOE onHcaHue TpeOyeMbIX B 3a/laue XapaKTepUCTHK O0BEK-
TOB pEaJIbHOr0 MUpA, OINpeeIeHe METOAO0B, AITOPUTMOB U MPOLIECCOB pe-
LIEHUS 3a/1a4H.

OpHoli n3 mpobJeM MpH TaKOM IOJXOJIE OCTAETCsl Ta, YTO BO BCEX Ha-
3BaHHBIX BhIIIE HHOPACTPYKTYPAX JO CHX IOP OTKPBHITHIM SIBIISETCS BOIPOC
WHTETPUPOBAHHOT'O MPEJICTABIICHUS MHOKECTBCHHBIX UCTOYHUKOB HH(pOpPMa-
UM JUIS UCCIIEA0BATENs, PEIAIOIIero 3a1auy. 3/1eCh TaKKe CYIIECTBYIOT JBa
MPUHIUIHAATIGHO Pa3HBIX pElIEHUs: JIBUrasich OT MCTOYHUKOB K 3ajlayam
(co3maercst MHTErpUPOBaHHOE TPE/ICTABIICHUE MHOXKECTBA UCTOYHUKOB HE3a-
BHCUMO OT 3aj[ad) M OT 33aJ]a4d K UCTOYHHUKAM (CO37]acTCs OMUCAHKE MPEJ-
METHOH 00JacTH Kilacca 3a/1a4, B KOTOPOE OTOOpaKaloTCsl PEeBaHTHBIE 3a-
Jlaue UCTOYHUKUA WH(popmarmu). [Ipu mepBoM MOIX0Ae TPYIHO OOCCIICUHTH
MacCIITaOUPYeMOCTh IO YHCITY UICTOYHUKOB. Hampumep, B aCTpPOHOMHU YHCIIO
HCTOYHUKOB (apXHBOB, KaTaJIOTOB) JIOCTUTAET MHOTHX ThICS4. Ecimu mpume-
HSIETCSl UHTETPUPOBAHHAS CXEMa COBOKYITHOCTH HUCTOUYHUKOB, €€ MPUXOAUTCS
U3MEHSTh MPHU BKIIOYEHUH B PACCMOTPEHHME KaXKJOr0 HOBOTO MCTOUHHKA.
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Onpenenenne MyJabTHOa3bl JAHHBIX (KaXIOMYy HCTOYHHKY B TIIOOAIBEHOMN
CXeMe COOTBETCTBYET CBOs IIOJCXEeMa), INI00albHAas CXeMa CTAHOBUTICS He-
0003pUMOH 1 HCCIe0BaTEI.

Jpyroii moaxox npexycMaTpUBAeT CO3JaHUE nPeoMemHblX NOCPEOHUKOS,
MOJAEPKUBAIOIINX B3aMMOJCHCTBUE MEXKIY UCCIENOBaTeIeM U HMCTOYHHKA-
MU [I0CPEJICTBOM OIMCAHUA NPeIMETHON 001acTH Ki1acca 3a/1au (B TepMUHAX
TIOHSITUH, CTPYKTYp JaHHBIX, (YHKIMHA M MpoNeccoB pemeHus 3anad). [Ipu
9TOM IIPEAIOIaraeTcs, 4YTo HHPpOpMaIMOHHbIE HCTOYHUKH OIyOJIMKOBAaHBI B
KOJUIEKTHBHBIX XPaHWIMIIAX, & Olepanud HASHTH()UKAMN HY>KHBIX HCTOY-
HUKOB SIBJISIFOTCS UX OCHOBHBIMH OIEpalusiMU. [[71s1 3TOro B KONJIEKTHBHBIX
XpaHWININAX MOJAEPKUBAIOTCS METalaHHbIE [Tl ONMCAHUS XPAHUMBIX B HUX
nH(OPMAIMOHHBIX HCTOYHUKOB.

Mertoapl opraHu3anyu pelieHus 3aad Ha OCHOBE MOAXO0Ja, OPUEHTHPO-
BaHHOTO Ha Ipo0iieMy, NP UCIIOIB30BAaHUN TEXHUKHU IPEIMETHBIX MOCpe/-
HUKOB KpaTKO PacCMaTpUBAIOTCS B HACTOSAIIEH CTAaThE.

2. OCHOBaHUsA U MHCTPYMEHTapUii NOAXO0AA K PeLUeHUto 3aaav,
OpPUEHTUPOBAHHOIO Ha Npobnemy

2.1. KoMno3nnuy KOMIIOHEHTOB HA OCHOBE MeTO0B M
HHCTPYMEHTOB TEOPUM YTOYHEHUS

[IpoekTupoBanue wHpopMarmonHoi cuctemsl (MC) mis pernreHus 3amxa4y
HaJl MHOXECTBEHHBIMH HEOJHOPOJHBIMUA HCTOYHUKAMH WH(OPMAIMN SIBJIS-
eTCs KOMNO3UYUOHHbIM [2], OCHOBHASI UJIesl KOTOPOT'O COCTOUT B TOM, YTOOBI
MIOCTPOUTH KOMITO3MIIMIO CHENU(HUKALUN CyIIeCTBYIOIINX, pPEIeBaHTHBIX
3aJ1aue KOMIIOHEHTOB (MH(OPMaIOHHBIX, IPOrPAMMHBIX, IIPOLIECCHBIX ), TaK,
4YTOOBI OHa YTOYHsIA Oosiee aOCTPaKTHYIO clienU(HUKALUIO pa3padaThiBaeMOn
NC. B nensx npoexktupoBanusl, criequdukanmm komrnonenToB u MIC npuso-
JITCSL K OJJHOPOJHOMY IPEACTABIICHUIO B KAHOHUYECKOU UHPOPMAYUOHHOU
moOdenu. TlpHHIMIHMAIBHON COCTABIISIIOMIEH TMpoliecca KOMIO3UIMOHHOTO
MIPOEKTUPOBAHUS sIBIIsieTCs] (hOpMaJbHOE IO0Ka3aTelIbCTBO (haKTa ymouHeHus
cnemudukau VC xommnosumuet cnienudukanuii koMroneHtos [1]. Yrou-
HEHUE CHCTEMOW B cucrtemMbl A 03HAYaeT, YTO MOJIH30BATENb MOXKET HCIOJb-
30BaTh CHCTeMY B BMecTo cucteMsl 4, He 3aMedas ¢axTa 3amensl A Ha B.
dopmanbHOE J10Ka3aTeNbCTBO YTOUHEHHUS TTO3BOJISIET YTBEPXKAATh, YTO CKOH-
CTpYHpOBaHHAsl M3 CYLIECTBYIOIIMX KOMIIOHEHTOB CHCTEMa JIEHCTBUTEIHLHO
peanmsyer abcrpaktHyto cnenudukanuio VC. [lns obecrnieyenust mporecca
JIOKa3aTeJabcTBa yTouHeHHss B JlabopaTopuu KOMITO3HMIIMOHHBIX METOZOB
npoektrupoBanus nHpopmanuoHHbx cucreM WUIIN PAH (nmanee mis xpaTtko-
ctu JIKMIT UTTN PAH) pa3spa6oransr [18]:

- (QopMmanbHas CEeMaHTHKAa KAaHOHMYECKOW WH(OPMAIMOHHONW MOJIEIH
(s3prka CUHTES [8]) B Horanmm AGctpaktHeix Mamma (Abstract Machine
Notation, AMN [1]). B kadectBe simpa KaHOHWYECKOW HH(MOPMAIIOHHON
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MOJIEJH, TpeAHA3HAuYeHHON JUIsl YHH()UIIMPOBAHHOTO MPECTABICHHS CIIEIH-
¢uxanmiit IC n cnenudukanyii KOMIIOHEHTOB IPH KOMITO3UIIMOHHOM ITPOEK-
TUPOBAaHHUU CHCTEM, HCIIOIb3yeTCsl THOPUAHBIH OOBEKTHBIN SI3BIK, BKIIIOYAIO-
M cpescTBa crelu(UKaluy Kak CTpPYKTYPUPOBAaHHBIX, TaKk M cIabOCTpyK-
TypUpOBaHHBIX JaHHBIX. AMN mpezacTaBisieT coboii hopManbHBIN S3BIK CIie-
nudukayi, OCHOBAaHHBIH Ha JIOTHKE IPEIUKATOB MEPBOrO IOpsAKAa W TEo-
pun MHOXkecTB. AMN mnpenHa3HadeHa Il NOCTPOEHUS MaTEMaTUYECKHX
mozneneit MC. AMN mnonmmepxuBaeTcs crenuanbHOH TexHomoruen (B-
technology), Bkirouarolieii HHCTpyMeHTanbHble cpeactBa (B-  Toolkit,
Antelier B) ¢gopmanuzanmy 1 aBTOMaTH3MPOBAHHOI'O JIOKAa3aTENbCTBA KOp-
PEKTHOCTH YTOUHEHHS, YCIIEIIHO HCIIOJIb3YEMbIE B Psie MHAYCTPUAIILHBIX
MIPOEKTOB,

- HHCTPYMEHTAJIBHBIE CPEJICTBA, OCYIIECTBIISIONUE aBTOMAaTHYECKOE OTO-
OpakeHue crnienudukanyii kaHoHnIeckol mozxenu B AMN.

Bbnaronapst onpeneneHno popManbHON CeMaHTHKH KaHOHMYECKOH Mojie-
mu (si3p1ika CUHTE3) mocturayra BO3MOKHOCTh COBMECTHOT'O JTI0Ka3aTeNbCT-
Ba YTOYHEHHS CTPYKTYPHBIX, QYHKIIMOHAIBHBIX U MPOLIECCHBIX CBOMCTB CIIe-
mudukammu troB MC cTpyKTypHBIMH, (Q)YHKIIHOHAJIBHBIMHU M ITPOIIECCHBIMHU
CBOMCTBaMH CrielU()MKAIMN THUIIOB CYIIECTBYIOIIUX HH(POPMAIOHHBIX HC-
TOYHUKOB (MJIA KOMITO3HUIIUY CIICITU(PUKAIIMHA TAKUX THITOB) [2].

2.2. CuHTe3 KAaHOHNYeCKUX HH(POPMAIMOHHBIX MoJesel

Hacrosiunit mepuon passurus nHpopmarmonnsix texnonoruit (UT) xa-
paxTepu3yercs B3PbIBONOAOOHBIM IIPOLIECCOM CO3JAaHUs Pa3HOOOPa3HBIX
MoJieiel mpezacTaBieHnst nHGopManyu. DTO pa3BUTHE NMPOUCXOIUT KaK B
paMKax KOHKPETHBIX pacrpeeseHHbIX HHPPACTPYKTYP (TaKHX KaK apXHUTEK-
Typsl OMG (B 4acTHOCTH, apXHUTEKTYpPbl, ABWKUMBIE MOIEISIMH TIPECTaB-
nenust napopmammu (MDA)), apxutekTypsl cemantuueckoro Web u Web
CEpBHUCOB, apXUTEKTYPbl 3JIEKTPOHHBIX OMOJIMOTEK KaK KOJUIEKTHBHBIX Xpa-
HWIMI] WHQOpMAIMK B Pa3IMYHBIX MPEAMETHBIX OOJACTSAX, apXHTEKTYPHI
WH(OPMAIMOHHBIX TPUM), TaK U B CTaHAApTaX SI3BIKOB M MOJENEH IaHHBIX
(Takux xak, Hanpumep, ODMG, SQL, UML, creku XML u RDF monerneit
JIAaHHBIX ), MPOLECCHBIX MOJIENEH 1 MoieNeil MOTOKOB paboT, CeMaHTHIECKUX
MoJiesiel (BKITIOUasi OHTOJIOTHYECKHE MOJIEH U MOJIENN METaJIaHHbIX ), MOJIe-
Jield M(pPOBBIX PEMO3UTOPUEB JAHHBIX M 3HAHWH B KOHKPETHBIX 00JACTIX
HayKHl (HarnpuMep, BUPTYyaJbHbIE 00CEPBATOPHH B aCTPOHOMHHM). DTOT IPO-
LIECC CONPOBOXKACTCS APYroi TeHJEHIUEeH — HAKOIIEHHEM UCIONb3YIOIUX
Mo00HBIE MOJIENN NCTOYHHUKOB JIaHHBIX M CEPBHUCOB, YHCIIO KOTOPBIX IKCIO-
HEHIIMAJIBHO PacTeT. DTOT POCT BBI3BIBAET BCE YBEIUUYMBAIONIYIOCA IOTPED-
HOCTh MHTETPAlld MOJIEIFHO HEOJHOPOIHBIX MH(pOPMAIOHHBIX MCTOYHH-
KOB B Pa3jIMYHBIX NMPUMEHEHUSX, a TAKKE UX ITOBTOPHOTO HMCIOJIB30BAHUS U
KOMITO3HILIMH ISl peajIu3allii HOBBIX MH(OPMAIIMOHHBIX CUCTEM. Y Ka3aHHbIE
TEHJCHIIUM TIPOTHBOPEUUBBI: YeM OOJIbIIEe Pa3HOOOpa3He NMPUMEHSIEMBIX MO-
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JieNield B pa3IMyHbIX KOMIIOHEHTaX M CEpBUCAX, TeM Ooliee CI0KHBIMH CTaHO-
BATCS MPOOJIEMBI UX MHTErPallii U KOMITO3UIMH. JTH TEHICHIMHM HE HOBBI,
HO C TEYCHHWEM BpEMEHHM Pa3HOOOpa3Hhe Pa3IUYHBIX MOAEIEeH M HX CIOXK-
HOCThb pacTeT BMECTE C POCTOM MOTPEOHOCTH NOCTHKEHUS! MHTETpallid U
KOMITO3HMILIMH Pa3HOMOJIENIbHBIX MH(OPMALIMOHHBIX UCTOYHUKOB. MaciuTaobl
9THX SIBJICHUH, ONpPEAEISIFONIMX BO3MOXKHOCTH KOHCTPYHUPOBAHUS pacripere-
JICHHBIX HMH(OPMAIMOHHBIX CHUCTEM B DPA3JIMYHBIX 00JACTSAX, MOBTOPHOTO
WCIIONIb30BAHMS, TPEHANHra U KOMIO3UIIMM KOMITOHEHTOB, JOCTHXKEHHS HX
CEeMaHTHYeCKOl MHTEeponepadeabHOCTH (COBMECTHOM pabOTHl B KOHKPETHBIX
MIPUMEHEHHUX), UHTETPAllid HEOIHOPOAHBIX HH()OPMAIMOHHBIX HCTOYHH-
KOB, SIBJISIFOTCS JIOCTATOYHOW MOTHMBAaIMel U UCCIEOBaHHUsI U pa3padoTKu
aZIeKBaTHBIX METO/IOB OINEPHUPOBAHUS Pa3HOOOPa3HBIMH MOJEISMH Tpea-
craBnenust HHGopmanuu. OCHOBY 3THX METOJOB COCTaBIISIET MOHITHE KAHO-
HUYeCKOU UHGOPMAYUOHHOU MOOeau, CIYXKAICH B Ka4eCTBE OOIIEro S3bIKa,
«3CTEPaHTO», JUISl aIeKBATHOTO BBIPAXKEHHsI CEMAHTUKH Pa3HOOOPA3HBIX MH-
(OopMaIMOHHBIX MOJIEJIeH, OKpYKalOIUX Hac. J[is gokasarenscrBa Toro, 4ro
OITpe/IeIeHUE B OJTHOM SI3bIKE MOXKET OBITh 3aMEHEHO Ha ONPEAEIEHHE B JIPy-
TOM, TPEJOCTaBJISIOTCS CpeAcTBa (POPMaTbHON CHENU(PHUKAIUN U KOMMYTa-
TUBHBIE O0TOOpakeHMs1 moneneil. cropuyeckn cHadana pa3BUBAINCH HIEH
0TOOpaKEHHsT MOJIENIEH JAaHHBIX U MOCTPOEHHUS KaHOHWYECKOW MOJENW IS
CTPYKTYPHPOBAHHBIX MOJENEH AaHHBIX. BBUTH BBEIEHBI OCHOBOIIONATAIOMINE
OITpeIeIeHNsI SKBUBAJIEHTHOCTH COCTOSTHMN 0a3 TaHHBIX, CXeM 0a3 JaHHBIX U
MoJIeJIel JaHHBIX ISl TOrO, YTOOBI MPU MOCTPOSHUN OTOOpaKEHHI pa3HO00-
Pa3HBIX CTPYKTYPHPOBAHHBIX MOJEJEH MaHHBIX B KAHOHHUYECKYIO COXpaHsi-
JIUCH omeparnuu 0e3 morepu nHGpopmarmu [6,7]. Kakaas Moens JaHHBIX IPH
9TOM OIpEJEsiyiach CHHTAKCUCOM M CEMaHTHUKOW JIBYX SI3BIKOB — sI3bIKa OIl-
penenenust naHHblX (SIOJ]) u s3pIka MaHHITynupoBaHus naHHbBIMU (SIMT).
OCHOBHBIM TPHHIIUIIOM OTOOpa)KEHMSI TPOU3BOJIBHOW HMCXOAHOW MOJIENN
JIAHHBIX B IIEIEBYIO MOJENb (KAHOHUYECKYIO) SIBUJICS MPUHYUN KOMMYMd-
MuUHO20 0mMobpadicenuss Mooeell OaHHbIX, COTTTACHO KOTOPOMY COXpaHCHHE
orepanyii ¥ HH(GOpPMAIU UCXOAHOW MOJIENHN JIAHHBIX TIPH €€ 0TOOpakKEHUH B
KaHOHMYECKYIO JIOCTUTAeTCsl MpH YCIOBHHM, YTO JAWarpaMma OTOOpaKeHUs
A0/ (cxem) m mmarpamma orodpaxenus SIMJI (omepaTopoB) SBJISIOTCS
KoMMyTaTHBHBIMH [6]. [Ipn a3TOM B mporiecce KOHCTpYUpPOBaHUS O0TOOpaxe-
HUHA MoJieiell IaHHBIX B KadecTBe opManniMa (METaMOAEIH) HCIOJIb30Ba-
Jlach JICHOTAIIMOHHAsl CEMaHTHKa, IO3BOJSIBIIAS JIOKAa3bIBATh KOMMYTATHB-
HOCTh yKa3aHHBIX auarpamm [6]. Takoe JOKa3aTenbCTBO NPUXOAUIOCH HPO-
BOJIUTH BPYYHYIO.

[oznnee, st OOBEKTHBIX MOAENIEH JTaHHBIX, METOZ OTOOpaXKEHHs Moje-
JIel TaHHBIX W MTOCTPOEHHS KaHOHWYECKUX MoJiesieil ObUT BUJIOU3MEHEH Clie-
JIyroluM odpa3oM. B kauectBe dopmanmsMa (METaMOJEITH) METOIa BMECTO
JICHOTAIIMOHHOW CeMaHTHKH Obuta mpumeneHa Hortamus AOctpakTHbIx Ma-
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mmH (AMN), no3BossIomas ONpeAeNsiTh TEOPETHKO-MOENbHbIE crenudu-
Kally B JIOTMKE IIEPBOrO IMOPSJIKA W OCYLIECTBIATH JIOKAa3aTeNbCTBO (pakra
yrouHenust crierpukanuii [1]. Teopust yrouHeHuUid MO3BONMIA Pa3BUTh OC-
HOBOIIOJIAraroiue ONpeAeNeHUs OTHOLIEHUN MEXAY TUIIAMU JIAHHBIX, CXe-
MaMH JIaHHBIX, MOJEISIMU JIaHHBIX TaK, YTOOBI BMECTO IKBHBAJICHTHOCTH
COOTBETCTBYIOMINX CIielU(UKAINH, MOXXHO OBUIO paccykaaTb 00 UX yTOu-
Henu [9]. Hammuwme crnenmanbHeIXx HWHCTpyMeHTOB it AMN  (B-
TEXHOJIOTHSI) ITO3BOJISIET OCYIIECTBISITH JOKA3aTelIbCTBO KOMMYTAaTHBHOCTH
0TOOpaXKEHWHI WHTEPAKTUBHO: HEOOXOAMMBIE JUIS JIOKAa3aTelbCTBA YTOUHE-
HUHA TeopeMbl IreHepupyroTcsi B aBToMaTH4ecKku, a WX JI0Ka3aTeJIbCcTBO (B
o0IeM ciydae) peaqusyercss ¢ MoMOIIblo yenoBeka. OCHOBHOW IMPUHINI
CHHTE3a KaHOHWYECKHUX MOJIEJIEH COCTOHUT B TOM, YTO HEOOXOIUMa pacuiu-
psieMas KaHOHMYECKasl MOJENb I CEMAaHTHYECKON MHTErpaluu U MHTEpPO-
nepabesbHOCTH MH(GOPMALMKM B Pa3HOPOIHOHN cpeje, BKIIOYAromend pasiind-
HBbIC MOJICTH. SIIpo KaHOHUYECKOH Mojenu pukcupyercs. [ kaxmoi KoH-
KpeTHOH uH(popManroHHOH Mozaenu M; cpensl onpexenseTcs paciIMpeHne
sIpa KAHOHUYECKON MOJIEH, TaK, YTO OHO BMECTE C APOM ymouHsemcs M; .
Takast yrounsromast TpaHcopMais MOJeNed IObKHa OBITh OJoKA3yemo
npasuavbroll. KaHOHHYecKast MOJIENb CpeJibl CHHTE3UPYETCsS KaK 00beduHeH e
pacuupenuti, 00pa3oBaHHBIX s Momened M; cpempl. DTOT moAXOM OBLT
MIPUMEHEH HEIABHO TaKXKe JUIl CHUHTEe3a KaHOHHYECKOM MOJENTU MpOLEeCCOB,
OXBAThIBAIOIIEH U3BECTHBIE MOJIEITH ITOTOKOB pabor [13].

Hcnonp3oBaHre KaHOHMYECKOW MOJENH ¢ (hOpMaJbHOW CEMaHTHKOH, B
KOTOpOH BO3MOYKHO ITPOBEICHUE MOJHOTO J0KAa3aTeNbCTBa (DaKTa yTOUHEHNS,
TIO3BOJISIET CHCTEMATHYECKH PAacCMOTPETh MpoOJIeMy OpraHHU3allfK PEIIeHUs
3a/1a4 B CpeJie MHOXKECTBEHHBIX PACHpEAEICHHBIX HEOAHOPOIHBIX MCTOUYHU-
KOB MH(pOpMaIyu 1 pa3paboraTh 0a30BbIE METOABI U CPENCTBA, PACCMaTpPH-
BaeMbIe Jajee.

2.3. UnenTH( KA peleBAHTHBIX HCTOYHNKOB HHGopMannu
(I1aHHBIX H MPOTPAMMHBIX CEPBHCOB) M UX PerucTpanus
B IIOCPEHHUKE

VI3BecTHBIC MONBITKH PEUICHUS 33JaYl HICHTH(GHUKAINHM DPEeIeBaHTHBIX
crenuduxarmy MC MCTOYHIKOB HH(POPMALUHN 3aKITIOYAIOTCS B CICTYIOIIEM.

HccnenoBanus B 00JIACTH PELIETOK THUIIOB M COOTBETCTBYIOLIUX alreOp
HMEIOT BeCbMa MPOAOIKHUTENbHYI0 HcTOpHIo. Kak mpaBmito, Beeria mMeeTcs
CTpeMJICHHE K JOCTIKEHHIO KOMIIPOMHUCCA MEX]TY Pa3yMHON BBIPA3HTEIIBHO-
CTBIO CrelU(UKAIMIT U pa3pemnMocTbio. [Ipy perucTpanuu B MpeaMeTHOM
HOCPEHUKE PA3PEIIMMOCTb MPUHOCHTCS B JKEPTBY pajy TOCTHKCHUS MOJI-
HOTHl crHerudukanuid. bnaromapst momHore crerudukanmii, JOCTHraeTcs
XOpouro 00O0CHOBAHHBIN CrOc00 MAEHTH(HKAIUKM 00X (DParMeHTOB cCrie-
IuGUKanuil THIOB, 00ECIICUNBAOIIEH BO3MOKHOCTD MX aJEKBATHOH KOMIIO-
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3WIMKA ¥ ITOBTOPHOTO HMCIIONB30BaHMs. B 9Toi 00nacTy cCpaBHUTENBHO He-
MHoro pabor. B Acrpuu (B KitarenpyprckoM yHHBEpCHUTETE) MpEIIOKEHO
WCYHCIICHUE CTPYKTYpP NAHHBIX, OCHOBAHHOE Ha YITOPSIOYCHUH MHOMKECTBA
cnieruUKaIUil TUIIOB Ha 0a3e OTHOIICHUS MOTJIoNIeHUs (subsumption) cre-
mudukamii 1 GOpMUPOBAHUH COOTBETCTBYIOWEH pemreTku [16]. Ha aroit
OCHOBE PacCMOTpEHA CTPYKTYpa PEHO3UTOPHS CrIeU(UKAILIA KOMIIOHEHTOB
Kak MH(OpMaIMOHHO-TTONCKOBOH cucTeMbl. [Ipobiiema rmoncka KOMIOHEHTOB
paccmarpuBaercsl y3Ko - ISl KOMIIOHEHTOB-(YHKIWH, MPEACTaBIsSEMbIX OT-
HOIIEHUSIMH, COJIEPKALIMMHU BCE JOMYCTHMBIE Mapbl BXOIHBIX/BBIXOJHBIX
3HaueHnH (QyHKwiA. [Topsg0K Ha OCHOBE OTHOIICHUS YTOUHCHHS, 33 aHHBINA
Ha MHO)XKecTBe (pyHKUHMH, MMeeT cBoiicTBa pemnieTku. Pemerka gopmupyercs
MOCPEJICTBOM OIepanuii join U meet Ha OTHOLICHHSX, MPECTABISIOLINX
¢yuximu. Join (meet) mpeacTaBIAOT CyMMapHY0 HHGOpPMAIUIO (00IIyIO
nH(popManuio), ConepKanryrocs B TAKUX OTHOIICHHSIX.

B MIT npemnoxer crnoco0d COMOCTABJICHUS] CUTHATYP OIEpaIuii Kak Me-
XaHU3M TIOMCKa cHelU(UKALUi MPOrpaMMHBIX KOMIIOHEHTOB B X PEIO3H-
Topuu [21]. Dta paboTa pacmmpseMa Ha CIydail MpeNCTaBJICHUs CIeIUpu-
Kanui (yHKIMH UX TIPE- U OCT- YCIOBUSIMH.

[TpoGnema paspemieHus CTPYKTYPHBIX KOH(QIMKTOB MPU WACHTH(UKAINT
6nm3Ka npobieMe paspenieHusi KOHGIIMKTOB ITPpY WHTErpanuy cxeMm 0a3 JiaH-
HbIX. B [leHCHMIIbBaHCKOM YHUBEPCHTETE pacCMaTpHBAINCH IBa MOAXOAA K
pa3pelIeHnIo CTPYKTYpHBIX KOH(IHMKTOB [15]: Mcnonk30BaHue npeponpese-
JICHHBIX IIPaBWJI MPeoOpa3oBaHMsl WM S3bIKa BHICOKOT'O YPOBHSI JUIS OIHCA-
HUS TpeoOpa3zoBaHuil. [Ipy WCIONB30BAaHMM TpENONpPEAETICHHBIX MpPaBUI
npeoOpa3oBaHys, HEJbI0 SBISETCS aBTOMAaTHYECKOE pPa3pelieHne CTPYKTYp-
HBIX KOH(JIMKTOB W T€HEepalysi HHTErpalmoHHOM cxeMbl. Pa3spaborunk 3ana-
€T COOTBETCTBUE MEX/y DJIEMEHTaMH (KJlaccaMH, aTpUOyTaMn) CXeM U COOT-
BETCTBHE MEX/Iy MYTSIMH B CXeMaX. 3aTéM Ha OCHOBE IIPEJIONpe/IelIEHHBIX
TIPaBWJI TEHEPUPYETCS] MHTETPAIMOHHAs cxeMa (KJI1acchl M (yHKIMU Tpeodpa-
30BaHUS 3HAYCHUH MEXKAY KIaccaMH JOKAJIbHBIX M WHTErPAIMOHHOM CXEM).
OCHOBHBIMHU NPEUMYIIIECTBAMH JTAHHOTO MOJX0JIa SIBIISIOTCS IPOCTOTA apry-
MEHTAIlMU U J0Ka3aTeNbHOCTh KOPPEKTHOCTU NPUMEHEHUs! TaHHBIX MPaBHUIL.
B vacTHOCTH, MOXXHO J0Ka3aTh, YTO Ka)KI0O€ MPaBWIO cOXpaHseT nHpopma-
LU0, ¥ YTO KOMOWHAIMsl TaKMX MPABWJ TaKKe COXpaHSIET MH(POPMAIHMIO.
OCHOBHBIM HEJJOCTATKOM 3TOT'O MOJAXO0/a SIBJIsIeTCs (prKcanys UCIoab3yeMbIX
TIPaBWJI, YTO HAKJIAJIBIBAET OrPAaHHUYEHUS Ha JIOIMYCTUMBIE TpeoOpa3oBaHus

[Tpn wcronb30BaHUM SI3bIKA BBHICOKOTO YPOBHS, pa3padOTYHMKy Mpenoc-
TaBiIsgeTCs OOTaThI A3BIK JJIsI ONMCAaHUs TpaBwi npeoOpazoBanus. OmHAKO,
Kaxcias (yHKIMS pa3perieHusi KOH(GIIMKTa JOJDKHA OBITh 3alporpaMMHpPOBa-
Ha, U ee MPaBUIBHOCTH JI0OKa3aHa oTAenbHO. Kak u B IpeblIyIieM NoaxoIe,
pa3paboT4HK cam 3aJlaeT COOTBETCTBUE MEX]y JIEMEHTaMH CXeM. DTOT HOA-
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XOJ1 PEAOCTABIAET MOJb30BaTeN0 Ooyee ruOKue cpeacTsa (HOpMHPOBAHUS
WHTETPALIOHHOM CXEMBI, ITO3BOJISIONINE Pa3peniaTh JI00ble KOH(IUKTEL.
HenaBusst crathbst [14] comepKUT OIEHKY IMOCIEAHUX PabOT B 00JacTH
neHTH(HUKAUN PEJIEBaHTHBIX 3alpocy cepBHCOB. B Hell mpemaraercs uc-
TIOJTE30BaTh TEOPETUKO-MHOKECTBEHHYIO MOJIEb 3allpOCOB M CEPBHCOB M
pa3duTh mpolecc WACHTH(UKAIMKM Ha JBa 3Talna — cHavyaja peann3yercs
NpuOIU3NUTENbHAS MISHTU(QHKAIMS KaHAWJIATOB Ha OCHOBE MOAOOMS HX
CHUTHATYPHBIX ONMCAHUM, a 3aTeM OCYIIECTBJISIETCS HCIOIb30BaHHE Ooee
nonHol nHQpopManuu (BO3MOXKHO, HA OCHOBE JIECKPUITUBHOM JIOTHKH) JJIS
OKOHYATEJIFHOT'O ONpEAENeHHs aJeKBaTHOCTH cepBHca. Bropoii atan sBisier-
csl 3HAYMTENBHO Oonee TpynoeMkuM. OreHka Apyrux paboT (Takux Kak
OWL-S, METEOR-S), cBogutcst K TOMY, 4TO B HHUX IPEANPHUHUMAETCS T10-
TIBITKA MCIIOJIB30BaHUS JECKPUTITUBHON JIOTUKU U PEINTH 33ady OIHOITAIl-
HO, a TaK)X€ OTCYTCTBYET HEOOXOIMMBIH ypOBEHb KOHIENITYaJIbHOrO MOjIe-
JIMPOBAHMS JIJISI TIOJTHOT'O PEIICHUS 33/1a41 aJIeKBATHOCTH CEPBHUCA.
Hacrosimas pabora ocoboe BHUMaHHUE yJensieT MMEHHO 3TOW Ipobieme,
U SIBJISIETCSl CBOOOHOW OT Ha3BaHHBIX HeZocTaTKoB. Omnpesenenne npeamer-
HOT'O TIOCPEHHUKA M PETUCTpPaIys B HeM MH()OpMaIMOHHBIX HCTOYHUKOB pac-
cmatpuBatorcst B JIKMIT UITH PAH xak 3agauya KOMIIO3UIIMOHHOTO NPOEK-
TUpoBaHUA cucrteM [3]. Perucrpamust MCTOYHMKOB €CTh IpOLECC IeIeHa-
MIPaBJIEHHOW TpaHCPOpMaly CHeNU(PHUKALNKA, BKIIOYAIOMINN JIEKOMITO3H-
LU0 crienn(UKanui IIocpeTHUKa Ha HEMPOTUBOPEUYHBEIE (DParMEHTHI, TOUCK
cpenu crenu(UKanui peieBaHTHBIX MCTOYHUKOB IOIXOMSIINX THUIIOB JaH-
HBIX - KaHIUJATOB JUIsl YTOYHEHHS UMM CrielM(UKAIMH TUTIOB ITIOCPETHHKA,
TIOCTPOEHHE BBIPAKEHHH, ONPENENSIONUX KIacChl ICTOYHMKOB B BHUJIE KOM-
TIO3UIIMK KJIACCOB TOCpeNHMKa. [ moqoOHOr0 MaHUITYIHMPOBAHHS CIIEIIH-
¢dukamusiMu pa3paboTaHO CHeIUaNbHOe ucuucienue cneyuguxayui [10]. B
HEM MpPEeIJIOKEH MPUHIWI JEKOMIIO3HIMK crienu(HUKauii THIIOB B Habop
pedykmog cneunpUKalil TUIIOB, CIYXKalllUX OCHOBHBIMH €AWHHILAMH I10-
BTOPHOT'O HCIIONIb30BaHMs M Komro3unuu. OrpezeneHa oneparys orpeaee-
HUS HAubobUe20 00we2o pedykma CICIUPUKAIMA TUTIOB KOMIIOHEHTOB U
TpeboBaHnii. Ha ocHOBE 4acTHYHO yMOpPSIOYEHHOIO MHOXKECTBA CIenu(H-
Kalliid THITOB OTIPEJIeIICHBI TAKKE PelIeTKa U anredpa THIIOB. DTH CTPYKTYpPHI
TIOCITYXKHMJIM TEOPETHUECKOM 0a3zoi Juisi pa3paboTKH pEeno3UTOpUsl METauH-
(dopManyu, XpaHsmero crequduKanyuy TpeOOBaHN, KOMIIOHEHTOB, a TaKXe
MIPOMEXYTOUYHBIE Criel(pUKaIy, BO3HUKAIOIINE B IIPOIECCe KOMIIO3UIMOH-
HOTO TpOEKTHpOBaHus. Penoszntopuii MeramHdopMmaimu, NpeacTaBIeHHON
Ha s3p1ike CUHTE3, peanmu3oBan Ha ocHoBe CYB/] Oracle.
[TpuHIMIIMATEHEIM MOMEHTOM B 3TOM CXEMeE SIBJISIETCS] pean3alus J1oKa-
3aTeNIbCTBA YTOUHEHHUS] Ha OCHOBE MaTeMaTHYECKOW MOJeNN crielupuKaui
TOCPEIHUKA M MCTOYHMKOB, a TAaK)Ke WHCTPYMEHTAJBbHBIX CPEACTB, peaju-
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3YIOLINX pa3paboTaHHBIE aJITOPUTMBI OTOOPaKEHUS MOJIeNel criel(pUKaIni
KaHOHMYecKo mozxenu B AMN.

Wnentndukanusi peneBaHTHBIX HCTOYHHKOB (IPEIIIECTBYIOIIAS PErucT-
pauyu) ocHOBaHa Ha MCIOJIb30BAHUH TPEX MOJEINE — Mooenu Memaoanublx,
XapaKTepU3yIOMINX CBOWCTBA HCTOYHUKOB MH(OPMAILUH, COOPAHHBIX B HEKO-
TOPOM KOJUIEKTHBHOM XPaHWJIHIIE, OHMOA02UYECKOU MOOeIU, TIO3BOJISIONIEeH
(hopMalTbHO OIPENENATh MOHATHS TPEAMETHOU OOJIACTH, U KAHOHUUECKOU
Modenu, TO3BOJIAIONIEH (GOpMaNbHO ONpeNeNsiTh CTPYKTypy M ITOBEICHUE
00BEKTOB TpeIMETHON 00JacTH 3aJaudl U MH(OPMAIMOHHBIX MCTOYHHKOB
Paccyxnenus B KaHOHNYECKOH W B OHTOJOTMYECKONW MOJIETI OCHOBAaHBI Ha
CeMaHTHKe KaHOHMYECKOM MOJIENIN U CPE/ICTBAaX JOKa3aTelbCTBa yTOUHEHUSI.
[Tpu 3TOM B OHTONIOrMYECKOH MOJIENN HEOOXOIMMO JAOCTUYD COTJIACOBAHUS
TIOHSATUIHOM CEMaHTUKHM CHeNU(pUKAIUA IMMOCPEIHUKA W PErHCTPUPYEMBIX
WCTOYHHMKOB MH(popMarmu. PaccyxieHuss B MOJETN METaJaHHBIX SIBJISFOTCS
9BPUCTUYECKHMHU Ha OCHOBE He()yHKIMOHAIBHBIX TPEOOBAHUH K TpeOyeMbIM
B KJIacce 3a/1a4 UCTOYHHMKAM (K TAKOBBIM OTHOCSTCS, B YaCTHOCTH, ITOKa3aTe-
JIM KadecTBa JaHHBIX B UCTOYHMKAX). HeoOXxomumple Moenn MeTaaHHbIX U
AITOPUTMBI MOMCKA COCTaBIISIIOT YacTh METOMa. B HensX NmpoeKTHpOBaHWS,
crenuduKay MOCPEAHNKA W WUCTOYHHMKOB 3aJalOTCS B OJHOPOJHOM HX
TIPE/ICTaBJICHUH B KAHOHUYECKOH MOJIENH, XOTS Ul 3TOI0 MOXET MoTpedo-
BaThCs MpeoOpa3oBaHUE B TAKYI0 MOJEIb M3 HEKOTOPOro APYroro si3blka
cnemudukanyii, Harmpumep u3 UML.

CnoxxHoli po01eMoli KOMIO3UIIMOHHOTO TPOEKTUPOBAHUS SIBIISIETCS CO-
IJIaCOBaHUE IIPHUKJIATHBIX KOHTEKCTOB paspabateiBaemoii MC (coorBerct-
ByIOIIIEH npoOiieMe) 1 KOHKpeTHBIX ucTounukoB. B JIKMIT UTTU PAH Takoe
COTJIaCOBaHUE OCYIIECTBIISIETCS HA OCHOBE OHTOJIOrMYecKoro moxaxona. OH-
TOJIOTUYECKasi crielu(UKaIys MpeiCTaBIsieT co00M MHOXECTBO OIpesese-
HUM TIOHATHIA KOHKPETHON MPEIMETHOW 00JIacTH B (popMe, OCTYITHOU Kak
MalllMHe TaKk W 4ejoBeKy. OHTOIOrHYeckrne crnenu(uKaluy HrparoT poib
'kiesi' pparMeHTOB KOMIIOHEHTOB JUISl MX CEMaHTHYeCKOW Kommo3uiun. OH-
TOJIOTUYECKUE OIpPEECHUS] aHHOTHPYIOT SJIEMEHTHI crieluduKanmii 1mo-
CpefHUKa M crienn(UKanuii ICTOYHUKOB (3aaHHBIX B (DOPME THIIOB, Kilac-
COB, TIpOLIECCOB). B cymiecTByromeM 1moaxose UCIoIb3yeTcs NPexIe BCEro
BepOanbHas (3a7aBaeMasl MOMOOHO OIPENEIICHUSIM TEPMHHOB B TOJIKOBOM
cioBape) ¢dopMma omnpezaeneHus MOHATHH. OHTOJIOrHYecKue crerupUuKaum
SIBJISIFOTCSL YacThIO YIOMSHYTOTO BBIIIE PEMO3UTOPHS MeTauH(OpMarum.
BepbanbHoe npenicTaBieHie OHTOJIIOTHH JOIONHsETCs Oonee (hopMabHBIMU
crenudUKasIMi Ha OCHOBE a0CTPaKTHBIX THUIIOB JIAHHBIX KAaHOHWYECKOH
MOJIETM ¥ TEXHUKH J0Ka3aTelbCTBA YTOUHEHHSI.

[epeuncnenHble TOAXOABI TTOJIOKEHBI B OCHOBY pa3paboranHoro B JIKM
WITN PAH nporortuna cpeacTs uASHTUPUKAINKI U PETMCTPALlIA UCTOYHUKOB
nHpopManuu B IOCpeHUKE (Ha OCHOBE ajJrOPUTMOB KOMIIO3UIIMOHHOTO
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npoekTupoBanus cucreM) [3]. Ilpu 3TOM OHTONOrHMYECKHE CICIU(PUKAIIAN
UCTIONB3YIOTCSA JIUIS WIACHTU(UKAIMN KIACCOB TOCPETHHUKA, CEMAaHTUYCCKU
PENIEBAaHTHBIX KJIACCAM UCTOYHUKA. MaKCHMalbHOE MOJMHOXECTBO HH(OP-
MallUM KJacca UCTOYHMKA, PEIEBAaHTHOE KJIACCy NMOCPEIHHUKA, YCTaHABIMBA-
€TCsS Ha OCHOBaHHWU MaKCHMaJbHOTO 00IIero gparmMeHTa crenupuKaiyii co-
OTBETCTBYIOIIMX THUIIOB JIK3EMIUISIPOB 3TUX KilaccoB. KoHKpeTH3upyroume
TUTIBI, YCTPAHSIONINE BOSHUKAIONIUEC KOHQIUKTHI (3HAYCHUH, CTPYKTYp JIaH-
HBIX W TIOBEJICHWS) B Ha3BaHHBIX THIAX IK3EMIUIIPOB, ONMPEICIIIOTCS Tak,
YTOOBI THIT SK3EMIUIAPA KJIACCa MOCPEIHUKA YTOUHSIICS ObI THIIOM 3K3EMII-
Jspa kiacca MUCTOYHHMKA. OCHOBHBIM PE3YJAbTATOM PETUCTPALMU SIBISETCS
BBIpaXXEHUE, OIpeeNstoNee, Kak KIacC UCTOYHUKA BBIPAXKaeTcsl yepe3 Mo-
CPEICTBO KJIACCOB MOCPETHUKA.

2.4. Metoabl u cpeacTBa (p)OPMYJTUPOBAHNS U peaTu3anuu
3aja4 (3aMpoCoOB) HAl MHOKECTBEHHBIMH UCTOYHUKAMU
uHopmanun

OOmmit moxxoxn 3akimodyaercs B (OPMYJTUPOBAHMU 33/1a4d B TEPMUHAX
crenuduKay IpeMETHOrO IIOCPEIHIKA U TIpeoOpa3oBaHny 3ToH (opmy-
JIMPOBKM BO MHOXKECTBO 3ajau (3arpocoB) K UCTOYHWKAM HH(pOpMaIyy, 3a-
PETHCTPUPOBAaHHBEIM B TIOCpeNHMKE. Takoe mpeoOpa3oBaHHE B TeOpuH 0a3
JIAHHBIX U3BECTHO KAK Nepenucbi8anue 3anpocos Ha 0CHOGe 632111008 (UCTOU-
HUKH WH(OpMAalU¥ TPAKTYIOTCS KaK MaTepHaIN30BaHHbIE B3TIIAbI HAJl BUP-
TyaJTbHBIMU KJIACCAMH TIOCPEIHUKA) [5]. DTO croxkHasi 3ajmava, MMEoIas
pelIeHus IPUMEHHUTENIFHO K KOHKPETHBIM MOJIEIISIM JIAaHHBIX (KaK MPaBHIIO, C
PSIOM OTpaHUYEHHN ).

Cpeny MHOTOUHCIICHHBIX MCCIIE0BAHUH aJrOpUTMOB O0ecTiedeH s OTBe-
Ta Ha 3ampoc HaJ| MaTepUaM30BaHHBIMU B3IJISJaMHU, B KOHTEKCTE HACTOS-
el padoThl MPUMEHSIOTCS aJTOPUTMBI, UCIIOIB3YIOIINE UHBEPCHbIE NPABU-
aa [5,20]. Takue anropuT™Mbl OTIIMYAIOTCS KOHIENTYaJIbHON MPOCTOTOM, MO-
JTyIBHOCTBIO M CITOCOOHOCTBIO MOPOXKIAaTh MaKCHMaJbHO-BKIIOYEHHBIE 3a-
TIPOCHI 32 BPEMSI MTOIMHOMHAJIBHOE 110 OTHOIIECHHIO K pa3MepaM crenuduka-
LUK 3arpocoB W B3MIsAA0B. OCOOEHHO BaXKHBIMU SIBIISIIOTCS pa3padOTaHHbIE
HEJIaBHO aJITOPUTMBI NEPENUCHIBAHUS OOBEIUHEHUH KOHBIOHKTHBHBIX 3a-
npocoB [20], koTopble 00J1aIAI0T PSIOM MPEUMYIIECTB 110 CPABHEHHIO C W3-
BecTHBIMH paHee (Takumu kak MiniCon, U-join, Bucket). Otu anropurmsl
MOTPEOOBaIM CYLIECTBEHHOI'O PAa3BHUTHS VISl THITU3UPOBAHHOM OOBEKTHO-
OpPHEHTHPOBAHHOW MOJIENN JTAaHHBIX.

Mero/ nepenuceiBaHus 3alpoCOB B THIM3UPOBAHHOW OOBEKTHOH Cpeje,
WCTIONB3YIOMINH TEXHUKY MHBEPCHBIX NpaBWi, paszpadoran B JIKMIT UITN
PAH [12]. OT0oT MeTOA OCHOBaH Ha MCIOJIb30BAHUU OTHOIIEHUS YTOYHEHUS
MEXIy TUIAMU JIAHHBIX TOCPEIHMKA M TUIIAMHU JIAHHBIX MCTOYHHMKOB, YTO
TIPUBOAMT K BKJIFOUEHHMIO TEPENHCAHHBIX 3allpOCOB B OPUTMHAIIBHBIA 3aIIpoC
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3aauu (ToBOpST, YTo 3anpoc Q Bkirouaercs B 3anpoc Q’, ecny oH NpoAyIH-
pYyeT MOAMHOXKECTBO OTBETOB Ha Q’ /ISt 1I000# 0a3bl JaHHBIX).

3. MeTogonorus pelieHUs 3agay, OpUueHTMpPOBaHHas
Ha npobnemy

MeTO}lOJ'IOFI/IH JOJDKHa BKJIIOYATh COBOKYIMIHOCTH NPUHIMWIIOB, IMPAaBUJI U
METOHOB OIIMCaHUA CHeHI/I(l)I/IKaHI/II/I HpeﬂMeTHOﬁ 00J1aCTH ¥ IIOCTAHOBOK 3a-
Ja4 B CpeaC MHOKCCTBCHHBIX PACIIPCACICHHBIX HCOAHOPOJAHBIX HCTOYHUKOB
I/IH(l)OpMaHI/II/I Ha OCHOBE KAHOHUYECKOI MOJCIN JaHHBIX.

3.1. ®opmynupoBaHue 3212491 U crieuUKANMS NOCPeTHUKA

[IpoGnemuas obnacte B ecrecTBeHHbIX Haykax (Puc. 1) ompenensiercs
TEPMHUHOJIOTHEH U MOHATHIMH, COOTHECEHHBIMU COOTBETCTBYIOLIEH MaTepu-
aJbHOM CHCTEME, OIpe/ielieHHeM HaOIII0AaeMbIX CBOMCTB MaTephalibHBIX
00BEKTOB, OIPEJETICHUsIMA MOJEIeH W Teopui, pa3paOOTaHHBIX IS IIPO-
O71eMHOI 00J1acTH, HHTEPIIPETALUSIMU TEOPHI B cUCTEMe HaOII0IaeMbIX 3Ha-
YEHUH XapaKTepPHUCTUK peajbHBIX OOBEKTOB (TIPEICTaBIEHHBIX B MHOTOYHC-
JIEHHBIX 0a3axX JaHHbBIX), IMUTAIMOHHBIMU MOJIENISIMH M UX WHTEpPIpETaLHs-
Mu. CremduKanyy METOJOB PELIeHUs 3a/1ad, alrOpUTMOB, MPOrPaMMHOIO
WHCTpYMEHTapusi 00ECNeYrBalOT BO3MOXKHOCTH TPHMEHEHUS MH(pOpMaIy-
OHHBIX TEXHOJIOTHI TIPH PELIEHMH KOHKPETHBIX 3a/1a4.

\ v
/ o -
Material System Def in NL | Semantics Domain Terminology and Concepts
(abstract, methodological, concrete)

ObservabI:/Measurable Semantics of T1...Tn constituents /T
[
Characteristics Interpreta-
v tions Theory (Model) 1. T1 Signature
T‘l v TG — ~___| (attributes, types, classes, processes)
easurable Characteristics [simulators]

(attributes, types, classes, procs) N Concretiéation Aof T1
T2, ..., Tn measu- Concretiéation Bof T1

v rablecharaiws/ \
‘ S ~—Simulation ‘ \

Observations, simulations, |4 o .
measurements for T1 | Explaining, forecasting  Theories (Models)

y ﬁ T2,...,Tn

Methods and Instruments for observa-
tion, experimentation, measurement,
data analysis, discovery

Problems, methods of solutions,
algorithms, programs, workflows

Puc. 1. Cneyugurayus npobremuori obracmu 6 eCmecmeeHHbIX HaAYKax

-30-



Crnemmdukanus MC s pemeHusi KOHKpETHOW 3aqad (WM, TOUYHEe,
KJjlacca 3ajad) BKJIIOYAET OINpeeeHUs CHelUpHIEcKOl TEPMHHOJOTHH M
TIOHATHI B JAHHOM KJlacce, BBIPAYKAEMBIX COOTBETCTBYIOIIMMH CIIOBAPSIMH U
OHTOJIOTUYECKHMU OIPEJIETICHUSIMA B BBIOPAHHBIX JUISl 3TOTO  CHELHATIBHBIX
s3bIKax (Hampumep, Ontolingua wiun OWL), cnienndukamum Ki1accoB o0bek-
TOB, COOTBETCTBYIOIIMX IPEAMETHOH obmactu (3a1aue), cneuuduKaniuyl TH-
TIOB K3EMIUISIPOB HAa3BaHHBIX KJIACCOB M MX METOOB, OIPEICIISIOIINX IT0Be-
JIEHUE MTOJOOHBIX KJIACCOB, CHEU(HKAIMH MPOLECCOB PELICHUs 3a]a4 JaH-
HOTO KJlacca Kak COBMENICHHBIX BO BPEMEHH IOCIIEA0BATENbHOCTEH /IeicT-
BUH, peayn3yeMbIX MeTonamMu kiaccoB. Crienudukanyst KiIaccoB, HX METO-
JIOB ¥ IIPOIIECCOB MOXKET OCYILECTBIIATHCS CPEACTBAMH IPOU3BOJIBHBIX S3bI-
koB crienm¢ukanuii (Harpumep, UML). OnHaxo, npeanonaraercs, 4To 3aTeM
Takue crienuuKanyy (BKII0OYas OHTOJIOTHYECKHE) Mpeodpa3yoTcs B CIIEIH-
(uKay KaHOHUYECKOW MOJICITH, UMEoIIel (hopManbHyI0 ceMaHTUKy. Ciie-
JIyeT 3aMeTuTh, uto (popmynupoanne MC mis pemieHust 3amadn Mpou3BO-
JIITCSI B OPUEHTAIMU Ha MpoOJieMy BHE 3aBUCHMOCTH OT KOHKPETHBIX CYIIe-
CTBYIOIIUX MCTOYHUKOB HMH(popManuu. Pe3ynbraT 3TOH AESATENTBHOCTH, BBI-
TIOJTHSIEMOM 3aMHTEPECOBAHHBIM HAyYHBIM COOOIIECTBOM, COCTaBJISIET CIie-
IUQUKAIMIO TTOCPEIHNUKA, 00pa3yeMylo B pe3yibTaTe JOCTHKECHHUS KOHCEH-
cyca B TAKOM COOOIIECTBE, a caMa AesSTeIbHOCTb 110 Criel(UKaIMN TOCpe-
HHKA Ha3bIBAETCSI IEPHUOIOM €0 KOHCOAUOAYUU.

3.2. ITonck HHGOPMAITHOHHBIX HCTOYHUKOB HA OCHOBE
MeTaJaHHbIX

Crerdukanus mocpeHrKa ONpeessieT NOHTHS, CTPYKTYpy UH(bOpMa-
WU U TIOBEJICHKE, HEOOXOAMMBIE TSl PEIICHHsI 3a]1a4 ocpeqHuKa. Hapsmy ¢
STHM TIpH OIPEJETIeHNH MOCPEJHUKa HEOOXOIMMO TaKKe 3a/laHHe Mooeiu
mpebosanuil K HeoOX0omuMon nHGopmarmu. Monenb TpeOoBaHUi 3a1aeTcs B
paMKax TOH ke KaHOHMYECKOH MOJIENIM U OHTOJIOTMH NocpeaHuka. TpeboBa-
HUS K HEOOXOTUMON HH(OPMAIMH 3aJal0TCS B BUJIC MPEIUKATOB HaJl CXeMOMN
MOCPETHUKA W CXEMOW TpeOoBaHuil. B Monmenn TpeOoBaHMIA, B YaCTHOCTH,
J00ABISAIOTCS HE(YHKIMOHANBHBIC TpeOOBaHU K HH()OPMAIMOHHBIM HCTOY-
HHUKaM JUIsl Kiacca 3aa4 (HanpuMep, TpedyeMble XapaKTepUCTHKH KauecTBa
JAHHBIX, TaKHe KaK TOYHOCTH). [l crenu(uKaiud MeTaJaHHBIX MOJCTH
TpeOOBaHMI BBOIATCS munsvi Memadanusix. THII METaJlaHHBIX, OIpEJeNIeH-
HBII JUIsl TOCPEMHUKA, SIBISIETCS YaCThIO €ro MOJENU TPeOOBAHUHA U MOXKET
HE COBMAJAaTh C THIIAMH METAJaHHBIX MOTCHIHATbHBIX HCTOYHUKOB. CaMmu
TpeOOBaHMUS BBOJSTCS KaK UHEAPUAHMbI THIIA METaIaHHbIX. JlelicTBre Moze-
JM TpeOOBaHMH Ha KJacChl MOCPEJHHKOB PACHPOCTPAHSAETCS IMTOCPEICTBOM
Memaxnaccos, dK3EMIUIIPaMU KOTOPBIX CTaHOBSTCS KJAacChl IOCPEJHUKA.
Kaxplii Kimacc MOCpPEeHUKA MOXKET OBITh K3EMIUIAPOM OJHOrO WIH He-
CKOJIbKMX METaKJIaCcCOB.
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PeneBaHTHOCTh MeTaJlaHHBIX UCTOYHHKA TPEOOBAHUSIM ITOCPEIHHUKA OI-
penenseTcs MOCPEACTBOM YTOYHEHHSI COOTBETCTBYIOIIUX THUIIOB: PEIYKT TH-
Ia METAJaHHBIX UCTOYHUKA JOJDKCH YTOYHSATH PEIYKT COOTBETCTBYIOIIETO
TUTIA METAJ]AHHBIX MOCPEHUKA, UTPAIOIIETO POJIb TPeOOBAaHUI K WH(pOpMa-
UM, 3aTAHHBIX B TIOCPESITHUKE.

[Ipennonaraercsi, 4To BCe MCTOYHUKH WU3HAYATIHHO 3aPETHCTPHPOBAHBI B
peecmpax KOJUIGKTHBHBIX XpaHWiuil B MHTepHeTe. B kaxaoMm peectpe uc-
TOYHUK MPEJICTABISICTCS UICHTU(PUKATOPOM, CBOMMHU METaJaHHBIMH, CEMaH-
THKa KOTOPBIX OMUCHIBAETCS OINpPENEICHHOW OHTOJOTHEH, U APYro AOMoi-
HUTEIbHON HmH(popMarmel. Takue peecTpsl HE 3aBUCAT OT CYIICCTBOBAHUS
MMOCPETHUKOB. B Ka)JIOM peecTpe OCYIIECTBIISICTCS MOMCK HCTOYHUKOB —
KaHOuoamog Ha PETUCTPAIMIO B TOCPEIHUKE. DTOT 3Tl MPEICTaBISIET CO-
00¥1 TpeBapUTEIHHBIN TTOUCK, HEOOXOIUMBIN JUIS CY>KECHHSI MHOXKECTBA pac-
CMaTPUBAEMBIX JIaJIce UCTOYHUKOB

3.3. ®uapTpanus 0TOOPAaHHBIX HCTOYHUKOB
HA OCHOBE OHTOJIOTHYECKHX OnpeaeeHu il

OCHOBO# JISI OHTOJIOTHYECKH CEMAaHTUYECKOrO IMOMCKA KIIACCOB M TUIIOB
cneruduKkanuii HHGOPMAIMOHHBIX UCTOYHUKOB, TIOAXOJSIINX JUIS UX PETH-
CTpaliy B IOCPEHUKE, SBIAETCA OHTONIOrnueckas mozaens [17,11]. Oumono-
2uyecKoe nousimue OTpakaeT CyUIECTBEHHbIE CBOWCTBA, CBSA3U U OTHOLIEHUS
KJacca OOBEKTOB PEATBbHOTO MHUpPA, BOCIPHHUMACMbBIC areHTaMU B JaHHOU
mpeaMeTHON o0iacTu. st ompenencHuss OHTOJIOTHH KOHKPETHOM MPEeIMeT-
HOW 00JacTH WCIONB3YIOTCS OHTOJOTMYCCKHE CHEIM(DUKALINY, 3a/IaOlue
OIpEICIICHUS TIOHITUN TPEJIMETHON 00JacT U CcBs3ei Mexy HuMH. OHTO-
JIOTHYECKUI KOHTEKCT €CTh HA0Op OHTOJOTMYECKUX TOHSITHA M UX CBSI3CH,
00eCIICUYNBAIOMINI MPABWIBHYI0 WHTEPIPETAIUIO CIEU(PUKAIMA B TIPEI-
MeTHOH 00mactu. OHTOJOTMYECKUE TOHSATUS GHHOMUPYIOM DIIEMEHTBI CIIe-
nuQUKAIMN B TOCPEAHUKE U B HH)OPMAIIMOHHBIX UCTOYHHKAX.

Hcnonp3oBaHue ONMU3KHUX IO CMBICITY OHTOJIOTUYECKUX Crerudukanuii B
9JIEMEHTaX Pa3HbIX CHCIM(UKAIMN SBISCTCS HEOOXOMUMOMN MPEIITOChUTKON
KOPPEKTHOM B3aMMHOW HWHTEPIPETAIMA TaKUX 3JCMEHTOB CIICIIU(DUKAIIHIA.
TeMm cambIM, OHTOJIOTHH TPEACTABJISIOT OCHOBY JUISI CEMaHTHUECKOTO B3au-
MOJICHCTBUS 3JIEMEHTOB CIiCIIH(DUKAIIUT.

Bep0banbHOe mpecTaBiIeHHe OHTOIOTHH 3aKJIF0YACTCS B UX ONPEICIICHUN
Ha €CTECTBEHHOM s3bIKe (KaK B TOJKOBOM ciioBape). [Ipu 3ToM miist ycTaHOB-
JIEHUS TIO3UTUBHEIX CBS3€H U CBA3€H 0000IIEHUS — CIEIUATU3AIMH HCIIONb-
3yeTcs BEKTOPHAs MOJEIh HWHPOPMAIIMOHHOTO MMOMCKa. [T0CKONBKY OHTOJO-
THYECKHUE TIOHATHS TPEICTABIISIFOT COO0H CYITHOCTH MPEICTABICHUS 3HAHUM,
WX CTPYKTYPHBIC U JIOTHUECKUE CBOMCTBA Ooyiee GOpMAaTbHO BHIPAKAIOTCS B
TepMHHAX a0CTPAKTHBIX THUIIOB JAHHBIX KAHOHWYICCKON Mojenu. B aTom ciny-
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Yyae CBA3U MEX/y MOHSTHUSMH YCTAHABIMBAIOTCS HAa OCHOBE OTHOIIEHUS
YTOUHEHUSL.

OHToIOruYecKue Crenu(UKauyu UCIOIb3YIOTCS JUIS MMOUCKA KIaCCOB U
TUIOB MH(POPMAIMOHHBIX MCTOYHUKOB, PEIEBAHTHBIX KJIACCAM U THUIAM IIO-
CpefHuKa. JJEMEHT Crelu(UKalMi UCTOYHUKA OHMONIOSUUECKU PeNe6aH-
meH DIIEMEHTY crieliu()UKAIMU TTOCPETHUKA TOrO e BUaa (KJIacc, THII, aTpH-
OyT, QYHKIMSA, TAapaMeETP), €CITH MEXITY COOTBETCTBYIOLIUMU MM OHTOJIOTH-
YECKUMHU TOHSATUSIMU YCTAHOBJIEHA MMO3UTUBHAS aCCOIMAIMS, WM acCOIHa-
[y 00001 eHUs/CTIEI{HATH3AII|H.

IMockonbKy crienupuKanus MOCPEAHUKA U KaKAbli HH(MOPMAIUOHHBIN
HCTOYHUK MOTJIM pa3pabaThiBaThCsl ¢ MCIONb30BAHUEM PA3HBIX OHTOJIOrHYE-
CKHUX crenu(puKanui, BO3HUKAET 3a]a4ya UHTErPAllMd OHTOJIOrUi. J{Jst aTOoro
HEOOXOUMO YCTAHOBUTH aCCOI[HAIIUH MEXKY OHTOJIIOTHYECKUMU TTIOHATHIMHU
crienuUKaMyu MOCPEHNKA U UCTOYHUKA. Takue acCOUUaliU yCTaHABIIH-
BAIOTCS IPU MOMOIIKM Habopa CIENUaNbHBIX aJrOpUTMOB. Pa3paboTaHHbIM
MOXO0J] OCHOBAH HAa MHTErPAIMH OHTOJOIMYECKUX KOHTEKCTOB KOMIIOHEHTOB
U crnenupUKalUK [MOCPEJAHUKA, HUCIONB3Ys IOHATHE OOIIel OHTOJOrHU
npeaMeTHol obnactu. OnpeeneHbl alropuTMbl, 00ECIEYNBAIOIINE YKA3aH-
HYIO0 UHTETPAIUIO, U MOMCK B TAKOM WHTEIPUPOBAHHOM KOHTEKCTE Creludu-
Kallfif KOMIIOHEHTOB M MX ()ParMEHTOB, OHTOJOTMYECKU PEJIEBAHTHBIX CIIe-
mudukamy TpeOOBaHUMA.

3.4. YcrpaneHue KOHQJIUKTOB

[Tpu perucrpanmu B MOCpPETHUKE PEJIEBAHTHBIX HH(OPMAIOHHBIX HC-
TOYHHUKOB HEU30€KHO BO3HUKAIOT Pa3IMuHble KOH(IUKTH MEXAY crerudu-
KalMsIMHU MOCPEIHUKA M UCTOYHUKOB. KOH(IMKTEI MOTYT BO3HHKAThH KaK M3-
3a pa3sHbIX oOyacTell MPUMEHEHMs, TaK U M3-3a Pa3HOro BUJAEHUs pa3pador-
YUKaMU NIPEACTaBJIeHUs crenudukanuii Nofo0HbIX APYr APYTy OOBEKTOB U
kiaccoB. [IpuMeHsiemMblii crtoco0 paspemenust KOHPIMKTOB MEX1y Crenudu-
KaIlUsIMU OCHOBAaH HAa KOMOUHAIMU JBYX MOAXOAOB B OOJACTH MHTErpalluu
cxeM 0a3 JaHHBIX — IPUMEHEHHs Habopa MpeonpeIeeHHbIX IPABUI CTPYK-
TYPHBIX Ipe0Opa30BaHMi, M IPUMEHEHUs SI3bIKa BHICOKOTO YPOBHSI JIJISI OITH-
caHusl QyHKIMH paspernieHus: KoH(GIUKToB. OyHKINM pa3pemieHns: KOHQINK-
TOB 3aJIal0TCS C IOMOIIBIO (hOPMYNl KAHOHUYECKOH Mozaenu. S3bIk ¢opmyn
ABJIAETCS. BapUAHTOM THUIU3UPOBAHHOI'O SI3bIKA JIOTMKU IEPBOTO IIOPSIKA.
Jns paspewenusn KOHGAUKMOS cmpyKmypHo20 6u0a UCTIONb3YIOTCA IIpaBUia
CTPYKTYpHBIX IpeoOpa3zoBaHuil. OHU yCTaHABIMBAIOT PEJICBAHTHOCTH ITyTel
B crienn(pUKanUsIX TUIIOB MOCPEJAHUKA U THITOB MH(OPMAIMOHHBIX UCTOYHHU-
KOB M 3aJal0T IIpaBUJla HOCTpOeHMs (DYHKIMI pa3perieHus KOH(IHKTOB.
Pa3pa®oTaHb! alrOPUTMBL U IPOrPaMMHBIM HHCTPYMEHTapUi, IO3BOJIAIONINE
aBTOMATU3UPOBATh IIPOLECC NIOUCKA M PA3PEIICHUs CTPYKTYPHBIX KOH(IMK-
TOB MEXAY CHEIU(PHUKALMSIMI TIOCPETHUKA U NCTOYHUKOB.
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3.5. UnenTH(UKAINS TUIIOB HCTOYHMKOB KaK YTOYHEHHH
TUIIOB MOCPEAHUKA

[pouecc peanu3anuy THUIIOB M KJIACCOB ITOCPEIHNKA OCHOBAH Ha BBISBIIE-
HUHM (DparMeHTOB crienu(UKAlMi CYIIECTBYIONMX HH(OPMAIMOHHBIX HC-
TOYHHKOB W WX JajbHEHIIed KOMIO3WIMH, YTOUHSIOWEH Creru(UKaInio
nocpesHuKa. [l 3Toro MCIonb3ylOTCs ONepanyy HajJ TUIaMH, BeIyIlue K
TpaHcdopManuy ux crenudukanyii — onepanyy JEKOMITO3UINHA U KOMITO3H-
un. [Ipomecc KOHCTPYyHpOBaHUSI OCHOBAH Ha ITOHSATHU YTOYHEHHUS. Ymou-
HAlowue cneyugurkayuu, odpasyemMble P KOHCTPYHPOBAHUH, COIIACHO TEO-
PHH YTOYHEHHS, MOTYT HCIIOJIb30BAThCSl BCIOAY 6MECIO VIMOUYHACMbIX CIIe-
nudukamii TpeOOBaHUM, TaK YTO MOJIH30BATENIN HE 3aMEUYAIOT 3TOW 3aMEHEI.
MerTo/p! YyTOUHEHHS MO3BOJSIOT (DOPMAIIBHO YCTaHABIHMBATH (DAKT yTOUHe-
HUS, TapaHTUPYs aJIeKBaTHOCTH ITOJIY4EHHBIX KOHKPETH3HPYIOMINX CIIEIH-
¢dukanuii TpedyeMbIM.

[onsitne naubonvwezo obwezo pedykma spusiercs (QyHIaMEHTaIbHBIM
JUISL 3Tana KOHCTPYHPOBAHMS: OHO COCTaBIISIET Oasuc ISl ONPEAENeHUs I10-
BTOPHO HCIOJNB3YEMBIX (parMeHToB. AJTOPUTM KOHCTPYHPOBAaHHUS Hawu-
OoJbIIero OOIIEro peAayKTa COCTOMT B cieayronieM. J[ins onpenenennst Hau-
OONBIINX OOIIMX PEAYKTOB JUIS KaXKAOW Mapbl OHTOJIOTMYECKU PEIeBAHTHBIX
TUnoB 1S U Tr TpeOyeTcs HaWTH MaKCHMaJbHBIA HaOop A map aTpuOyToB
(ars, &rr), KOTOpBIE SIBISIFOTCS OHTOJIOTMYECKH PENCBAHTHBIMH U MMEIOT THUIIBI
TaKue, YTO aTpHOYT Aty MOXKHO HCIIOIB30BaTh BMECTO ats (I 3TOrO THH arr
JIOJKEH YTOYHSITh THIT ars).

[ocne BBIMOMHEHUSI 3TOTO 3Tara MOCPEAHUK roToB K pabdore. Cuemyer
3aMETUTh, YTO PETUCTPALMS HOBBIX HCTOYHHKOB MOXKET MPOJOIDKATHCS U B
JTANbHEHINEM TIPU TIOSIBIICHUH HOBBIX PEIEBAHTHBIX MOCPEAHUKY KOMITOHEH-
TOB.

4. 3akno4veHune

TaKI/IM 06pa30M, OCHOBHBIMH HpI/IHHI/IHaMI/I OpFaHI/IBaHI/II/I peIJ_IeHI/IH 3a1a4
HaJa MHOXECTBECHHBIMU HCTOYHHUKAMHU I/IH(l)OpMaHI/II/I HpI/I OpI/IeHTaHI/II/I Ha
Hpo6neMy SABJIAKOTCA CICAYIOIIUC:

- HEC3aBUCUMOCTb OHpeI[eJ'IeHI/IH CUCTEMBI peIIIeHI/IH 3aa4u (HOCpeI[HI/IKa)
OT CYIIECTBYIOUIMX NCTOYHUKOB HH(OPMAIHH;

- ONpCACICHUC MOCPCAHNKA KAaK PE3yjibTaTa KOHCOJIUAAIIUN yCI/IJ'II/Iﬁ CO-
OTBCTCTBYIOLICTO HAYUYHOT'O COO6H1€CTBa;

- (bOK}’CI/IpOBaHI/Ie Ha CECMAaHTHUKEC U a6CTpaKTHI>IX OHpeZ[eJ'IeHI/IHX HpI/I CIIc-
HI/I(l)I/IKaHI/II/I HOCpeI[HI/IKa, YTO ITO3BOJISACT HpI/IBJ'Ie‘IL TeOpeTI/IKOB K 3Tar1y cro
KOHCOJIMJaluun,

- HE3aBUCHUMOCTH HHTep(beﬁCOB HOJ'H>3OBaTeJ'IeI71 oT I/ICHOJ'H>3yeMI)IX MHO-
JKECTBCHHBIX I/IH(l)OpMaHI/IOHHI)IX HNCTOYHUKOB: IIOJIB30BATCIIN HOCpeI[HI/IKa
JOJI’)KHBI 3HATh TOJIBKO OHpeZ[eJ'IeHI/IH HpeI[MeTHOﬁ O6J'IaCTI/I B HOCpeI[HI/IKe
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(ompeneneHnst TMOHATHH, CTPYKTYPHI W IIOBEJCHUS OOBEKTOB IPEAMETHOM
obnactu), Onaromapsi 4eMy OHHM MOTYT (DOPMYIIMPOBATH 3aMpOCkl TIPH pere-
HUH 337124 HE3aBUCHMO OT (haKTH4YecKOro Habopa WHPpOpMaIMOHHBIX HCTOY-
HHUKOB, 3apETUCTPUPOBAHHBIX B IIOCPEIHUKE;

- myOnukanusi uHGOpManMU O BHOBH pa3pabOTaHHBIX HMCTOYHHMKAX HH-
(opManuy OCyIIeCTBISETCS B JTF000€ BpeMsI U HE3aBUCHMO OT JICHCTBYIOIINX
K 3TOMY BpPEMEHH IpEIMETHBIX ITOCPEIHUKOB (B pPE3yibTaTe MyOIUKaINN
MOT'YT OBITh MHUIIUMPOBAHBI JIEHCTBUS 110 PETHCTPAIMN HOBBIX HCTOYHUKOB B
MOCPETHUKAX, KOTOPHIM OHU PEJIEBaHTHBI);

- TpexCTyleHuYaTas HISHTU(QHKALMS PEIeBaHTHBIX MOCPEAHUKY HHDOp-
MAaIMOHHBIX HCTOYHHUKOB, OOECIeYMBAIONIasi PEIEBAaHTHOCTh HCTOYHHKOB
He(pyHKIIMOHAIFHBIM TpeOOBaHHAM ITOCPEHUKA (HArpuMep, TpeOOBaHUAM K
Ka4yecTBY JaHHBIX), OHTOJIOTHUECKYIO PEJIeBAHTHOCThH (yCTaHOBJIEHHUE COOT-
BETCTBHSI OHTOJIOTMYECKOI'0 KOHTEKCTAa MCTOYHHKA KOHTEKCTY ITOCPEIHUKA),
CTPYKTypHasi U IOBEJECHYECKasl PEIeBAaHTHOCTH (JI0Ka3aTeIbCTBO CTPYKTYp-
HOro, ()YHKIIMOHAJBHOI'O U TPOLECCHOTO YTOYHEHHs (parMeHTa crenudu-
Kaluii mocpeqHuKa (parMeHTOM Crieli(pUKaIrii ICTOUHHIKA);

- CEMaHTHYeCKasl MHTErpalys peJIeBaHTHBIX HEOJHOPOIHBIX HH(opMau-
OHHBIX UICTOYHUKOB B NOCPETHHKE;

- MHTETPUPOBAHHBIA OCTYN K MH(OPMALMOHHBIM HCTOYHHKAM, 3apery-
CTPUPOBAHHBIM B TIOCPEHUKE, TIPH PEIICHNH 3a/]1a4;

- PEeKypCHBHAsI CTPYKTYpa ITOCPETHUKOB: KaXKAbI MOCPEIHUK PETHCTPH-
pyercst Kak HOBBI MH()OPMAIMOHHBIH HCTOYHHK, YTO B YACTHOCTH, SIBJISIETCS
TIOJIE3HBIM TIPH PEICHUH 33/1a4 Ha CTHIKE Pa3IMYHBIX PEIMETHBIX 00IacTel.

Wudpactpykrypa cucremMbl OpraHM3aliy pelieHns 3a1ad HajJ MHOXKECT-
BEHHBIMH HMH(OPMAIMOHHBIMA HCTOYHUKAMH HPUHAIIEKHUT K KIlaccy HH-
(opManMoOHHBIX rpua-apxuTekTyp. OHa obecnednBaeT pa3padOTIYMKOB CTaH-
JapTHEIMU uHTepdeiicamu st BKioueHust (plug-in) HOBBIX MPOrpaMMHBIX
WHCTPYMEHTOB M 0a3 JIaHHBIX OJHOBPEMEHHO C IyOJMKalueld nX MeTaJlaH-
HBIX CTaHAApTHEIM oOpa3zoM. MHbpacTpykTypa peamusyercs B cpene Web Ha
ocHoBe Web cepBrucoB. OCHOBHBIM HCIOJHUTEIFHBIM MEXaHU3MOM HH(ppa-
CTPYKTYpBI SIBJISIETCSI CUCTEMA YIpaBJIEHHUS! IOTOKAMH PabOT, MMO3BOJISIONIAS
HCIIOJIb30BaTh B KAYECTBE MX OTAEIBHBIX IIIaTOB BHI30BHI POU3BOJIBHBIX Cep-
BHCOB Hapsiy ¢ 3arpocaMu K 0a3aM JaHHBIX M K nocpeqHuky. MuappacTpyk-
Typa COJEPIKUT TaKKe CPeCTBA MOAJEPIKKN PEECTPOB METAaJaHHBIX HA OCHO-
Be mpotokosioB Open Archive Initiative (OAI). Dta uHdpacTpykrypa npeu-
cTaBiseT co0ol 000JI0UYKY, B KOTOPYIO BCTPAWBAIOTCSl CPEICTBA ITOICPIKKI
TIOCPETHUKOB TIEpHOo/ia UCIIOHEHHS. DTH CPENICTBA BKIIOYAIOT PETTO3ZUTOPHI
XpaHeHHs: MeTanH(pOPMAIMU MTOCPEAHUKA, S3bIK (POPMYIMPOBAHHMS 3aIPOCOB
K TIOCPEJHHKY, CPEJCTBa MEPENUCHIBAHMUS 3alPOCOB K MOCPEAHHUKY B 00pa-
IIEHHs] K 3aperuCTPUPOBAHHBIM B MOCPEIHUKE HH(POPMAIMOHHBIM UCTOYHH-
KaM (MCHOJNIB3YsI X aJlalTephl), CPEACTBA IUNIAHUPOBAHMUS Pean3aliy 3arpo-
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COB B PACIPECIICHHON cpelie, CpelCTBa ympaBlieHUs nocpeqHukaMu. Cam
MOCPE/IHUK peann3yercsi mpu 3ToM kak Web cepauc.

HOCKOJ'IBKy paCCMOTpeHHHﬁ noAXoJ K pCHICHUIO 3a/la4 OpUCHTUPOBAH B

TIepByI0 odepens Ha npuMmeHeHune B Poccuiickoii BupryansHoit O6cepBaro-
pun [4], B KauecTBe Takoi MHPPACTPYKTYpHOH OOOJIOUYKH ITAHUPYETCS WC-
nonb3oBanue cucremsl AstroGrid [19], paspaboranHoii B BennkoOputanuu u
peanu3yroniei mepeYrcieHHbIe () YHKINU.
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OTKpbITasa HauMOHanbHas cuctema
UT-obpa3oBaHuA: MeToan4YeCKne OCHOBBI,
npouecc ctaHgapTMsauum,
cucrtemoobpasyrwme MexaHM3Mbl

B. A. Cyxomnun, npogpeccop gpaxyrvmema BMuK
MTY um. M.B. Jlomonocosa, Www.sukhomlin.ru

B noxiaze moBOMUTCS UTOT MATHIIETHETO [UKIIA paboT 10 CO3AaHHIO OC-
HOB HamuoHambHOM cucrembl WMT-oOpasoBanms. B wactHOCTH pac-
CMaTpHBaIOTCs aKTyaJbHOCTh CO3JIaHMsl BOCTPEOOBAHHOW HAyKOW M MPaKTH-
KOW OTKPBITOM HallMOHAJILHOH cructeMbl M T-00pa3oBaHusi, COCTaB OCHOBHBIX
BHIOB 00pa3oBaTeNbHBIX IMpomeccoB mnoaroroskn WT-npodeccronanos,
MIPUHIMIB pa3paOOTKU COOTBETCTBYIOIIMX 00pa-30BaTENbHBIX CTaHIAPTOB,
Ba)KHEHIIME cucTeMoo0pa3yrone Mexanu3msl cucteMbl M T-o0pa3zoBanus.

1. BBepeHune

B apy BceoOBbeMiTIONmEel HHPOpMATH3aINK, KOT/IA MIPE/ICTaBICHHBIE B BU-
Jie THPOPMAIIMOHHBIX PECYPCOB 3HAHHSI, CTAHOBSITCS TJIABHBIM JIOCTOSIHUEM U
BaXXHEHIIMM (haKTOPOM DKOHOMHYECKOTO pPa3BUTHS, a HH(MOpMAaIMOHHAS
WHITyCTPHsI — OJHOW M3 OCHOBHBIX OTpaciell S5KOHOMHKH, YPOBEHb OOIIECT-
BEHHOT'O IIpOrpecca B 3HAUYUTENBHON CTEIIEHU ONPENeNIIeTCsl YPOBHEM Pa3BU-
TSt 00sacTn nHpOpMaoHHBIX TexHonorui (UT).

ITo aroii mpuumHe B yrBepxaeHHON IIpaBurensctBoM P® Konuemuu
pazsutust UT go 2010 r. B3aT kypc Ha mpeBpamieHue Poccum B BbICO-
KOTEXHOJIOTHYHYIO cTpaHy. Ilpu sToM mianupyercs exerofusiii 30% poct
HaioHansHOM WM T-oTpacnu, koTopas paccMaTpUBAaeTCs B Kau€CTBE OCHOB-
HOI'0 KaTajU3aTopa POCTa BCEX CTPATETMUECKU BAXKHBIX OTpacied 3KOHO-
MUKH.

B cBsi3M ¢ 4eM MOATOTOBKa BBICOKONPO(ECCHOHATIBHBIX KaapoOB, CIO-
coOHbIX pa3BuBaTh T 1 3(PEeKTUBHO HCIIOIH30BATh UX HA MPAKTHKE CTAHO-
BHTCSI CTPAaTErM4ECKU BaXHOM 3a1aueil.

Jlyis ycneniHoro pemeHus 3Toi 3a1aun HeoOX0qMMO CO3/1aHKe BOCTpeDo-
BaHHOW HAayKOM W TPAaKTHKOH HalnuoHaidbHOH cuctembl WT-o0pa3oBanus,
MIOCTPOCHHOM Ha OCHOBE LIEIOCTHOTO YIOBJIETBOPSIOILETO MEXKIYHAPOJHBIM
TpeOOBaHMSAM KOMIUIEKTa 00pa3oBaTeNIbHBIX CTaHIApTOB U BBICOKOA(PPEK-
TUBHBIX CHCTEMOOOPA3YIOIMX MEXaHW3MOB M TexHosoruid. Hmxke paccmot-
PEHBbI NPUHIUIBI IOCTPOEHUSI U TEKyIllee COCTosHUE Takod cucremsl WUT-
oOpazoBanusi, cozgaBaeMoi mo nHunuarue MI'Y um. JlomoHocOBa B co-
tpynaudectBe ¢ CIIOI'Y m HHI'Y, a Taxke ApyrMMH YHHBEpCHUTETaMHU
CTpaHBI.
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2. NHdopMmaLunOHHbIe TEXHONOIMMU KakK aKkTyarnbHoe
Haquo-oﬁpasoBaTeanoe HanpaBsneHue

UT mnpencraBnstor coboil HayYHO-METOIUYECKYI0 U TEXHOJIOTHYECKYIO
6a3y nH(pOpMaMOHHOI HHITYCTPHH.

B nonsatuu UT 0ObenUHSIOTCS METOIBI, CPEICTBA U CHCTEMBI, CBSI3aHHBIE
co cOopoM, MPOU3BOACTBOM, 00pabOTKOMU, mepenayei, paclpoCTpaHEHUEM,
XpaHEeHHEM, SKCIUTyaTallel, MpeICTaBIeHUEM, HCIOIb30BAaHUEM, 3all[UTON
pasnnuHbX BuioB uHMopManuu. Cozganue UT OazupyeTcs Ha MCHONIb30Ba-
HUM pa3IMYHBIX BUJIOB COBPEMEHHBIX HWHAYCTPUH, BKIIOYas: KOMIbIOTEP-
HYIO, TEJIEKOMMYHUKAIMOHHYIO, MPWIOKEHNH W WH()OPMAIMOHHBIX CO/Ep-
YKaHUH, HIEKTPOHHBIX OBITOBBIX IpHOOpPOB 1 Tp. [1, 2].

Brictpo nporpeccupysi, oonmacts UT pa3zsuniack B 0OIIMPHYIO, HMEIOTYIO
(yHIaMEHTaNbHBI XapakTep HaydyHYIO OTpacib 3HAHUH, OOBETUHSIOLIYIO
JIECSITKM KPYIHBIX HAYyYHBIX HAIpaBJICHUH, TAKUX, KaK, HAPUMEp: UCKYCCT-
BEHHBII MHTEJUIEKT, BBIYUCIUTENbHAS MaTeMaTHKa, KOMITBIOTEPHBIE HAYKH,
WH)KEHEpUsl MPOrpaMMHOr0 OOecrieueHHsl, apXUTEKTYPhl KOMITBIOTEPHBIX
CHCTEM, aBTOMAaTW3alMs HAay4dHBIX HccienoBaHuii, Web-TexHomorun u
mp.O6nacte UT chopmupoBamach M Kak CaMOCTOSATENIbHAS HAY4HO-
oOpa3oBarenbHass YHUBEPCHTETCKasi AWCHWIUIMHA C OIHOMMEHHBIM Ha3Ba-
HueM «VH(pOpMalMOHHBIE TEXHOJIOTMU», Ha3blBaeMas TaKkKe 3a pyOoenom
«Computing» unu «Information Technology».

VYuuThIBast OCTpy0 MOTPEOHOCTH B BBICOKONPO(ECCHOHATBHBIX Kaipax
JUIs WHAYCTpUM, OW3Heca, HAay4HBIX HCCIEAOBaHMH B OBICTPO pa3BU-
Batomeiicss obnactu UT, ¢akynsrerom BMK MI'Y um. M.B. JlomoHOCOBa
pa3paboTaH M peau3yercsl NPaKTUIEeCKH IOIXOM K IIOCTPOSHUIO OTKPBITON
HalMOHAJBHOM cuctemMbl M T-o0pazoBaHus, BKIIIOYAIOIIEH BECh CIIEKTP OC-
HOBHBIX BHAOB NoarotoBku MT-npodeccronanos, nporecc co3aanus U co-
TIPOBOKACHUSI 00pa30BaTeNbHBIX CTaHAAPTOB, oOecredynBaromme (yHKIo-
HUPOBAHHUE CHCTEMbl MEXaHU3MBI 1 TEXHOJIOTHH.

3. I'IpaKTqucxwe warm B co3gaHmm cuctembl
UT-o6pa3oBaHusA

Co3zianue CToNb CIOKHOW 00pa3oBaTeNbHOM CHCTEMBI OCYIIECTBIIUIOCH
MO3TAIHO.

Ha nepBom aTamne, KOTOpBI 3aHSIT MOYTH YETHIPE ro/ia, PEATU30BhIBAIHNCH
CJIeAYIOUINE IIaru:

1. Pa3pa®oTka METOAMYECKUX MATEPUAJIOB, OOOCHOBBIBAIOUIMX HEOO-
XOIMMOCTh OTKPBITHSI HOBOTO OOpa30BaTENbHOrO HAINPaBJICHUS B CHCTEME
BhIcHIero oopazosanus PO.

2. Pazpaborka crangaptoB 6akanaBpa WT u maructpa UT u ux yrBep-
KJIEHNE B Ka4ECTBE T'OCYJapCTBEHHBIX TPEOOBAHUH.

3. Co3nanue (mpuka3zoM no MHHHCTEPCTBY 00pa3oBaHUs) HalpaBiICHUS
511900 «MupopmManoHHbIE TEXHOIOTHIY.
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4. OpraHu3anusi S9KCIepUMEHTAIBHON OTpaOOTKM CTaHIApTOB OakaiaBpa
n maructpa UT Ha 6aze 6-Ti Bemymumx yHuBepcUTETOB cTpaHbl (MY mmM.
M.B. Jlomonocosa; CII6I'Y, HHI'Y um. H.M. Jlob6aueBckoro, MUDOM,
JIOTU um. B.U. YnesHoBa (Jlennna), MATU nm. K.3. L{nonkoBckoro).

5. PasBuTHe MeTOAMYECKUX peHIeHHH (M UX OTpadOTKa) MO JOMOJ-
nurensHoMy WU T-o6pasoBanuto, HenpodunsHomy UT-o0pa3zoBanuio, moaro-
toBke T-menemkepos (MBI) n npenogaBatenbckux Kaapos.

Coznanue Harpasienust 511900 «MHbopMaoHHbIE TEXHOJIOTUI» CTAJIO
POXXJIEHUEM HOBOW aKTyaJbHOM, OBICTPO pa3BUBAIOLIEHCS YHUBEPCUTETCKOW
JUCHUILIMHBL B POCCUIICKOM 00pa30oBaHUM, MMeEIOIIeld OONbIoe HaydHOE U
MIPaKTHYECKOE 3HAUEHHE, KOTOpas 3aHsIa CBOE MECTO B PSY C TAKUMH Kiac-
CHYECKUMH JUCHHUIUIMHAMH, KaK MaTeMaTuka, (PU3uKa, XUMHSI.

bnarogapst co3manuio HampasneHust «VH(opMannoHHBIE TEXHOIOTHI»
KJIaCCHYECKNE M TEXHUYECKUE YHUBEPCHUTETHI MMOJTYYMIN BO3MOXKHOCTh IO/
roroBkd WT-npodeccnonanoB, Ha €IUHOW CHCTEMaTHYECKOH OCHOBE WM B
IIMPOKOM Juana3oHe HampasieHnid VT, a Taxke BO3MOXKHOCTH BBIXOAA Ha
MEXIYHApOIHBII PBIHOK 00pa3oBaTeNnbHBIX yciayr B obsactu UT-obpa-
30BaHUSI.

Ha BTopoMm stane, xotopsiii Havasncs ¢ 2005 roga, akueHT Jenaercs Ha
CO3/JaHME OCHOBHBIX MEXaHM3MOB M TexHoNoruil cucremsl M T-o0pazoBanust.
B vacTHOCTH, Ba)KHBIMH IIaraMH STOTO 3TaIa SBISIOTCS:

1. OTkpbITHE MpoOllecca KOHCOPUMYMHON CTaHAAPTU3ALMU I CO3JaHUS
W HETIPEPbIBHOTO IMOJAEPKAaHUS B aKTyaJIbHOM COCTOSIHMM craHigapToB MT-
obpa3zoBanust (peann3oBaH Ha Oase pecypca www.it-edu.ru).

2. Co3gaHue eXerogHol MeXIyHapOAHOM Hay4dHO-NIPAKTHYECKON KOH-
¢depennun o U T-o0pazoBanuio ¢ W3gaHueM COOpHHMKA TPYJOB KOHpepeH-
i (1-s Takast konpepenust cocrourest 19-23 censidps 2005 r.).

3. Co3nanue cucTeMsbl MOJArOTOBKH IIPETIOIaBaTEIbCKUX Kaapos it UT-
HarnpasiieHus (nepBoiii yueOnsiit ientp HHI'Y-MHTen yxe Hawyan cBoro pa-
ooty).

4. Co3nmanne m3narenbckoro oobeanHenust no MT-obpasoBaHuio, mpus-
BaHHOTO WHTErpUPOBAaTh YCWIINS psijia MHALHMATHB 10 (DOPMUPOBAHHIO CO-
BpeMeHHO Oubinorexu yueonnkoB M T-oOpa3oBanus.

5. Cozmanme npodeccronanbHol accoranuu st MT-obmactu, Bak-
Helinrel 3a00Toi KoTOopol cTaHeT Bech cnektp npobiem WT-obOpazoBanus,
HauuHas OT pa3pabOTKH 0Opa30BaTENbHBIX CTAHIAPTOB U OpraHU3AIMU KOH-
(epeHImii, 10 aTTecTaly 00pa30BaTENbHBIX IPOrPaMM U YUPEXKICHUH.

4. OcHoBHbIe 3aga4m u cTpyktypa UT-o6pasoBaHus

4.1. OcHoBHblIe 3axaun UT-o0pasoBanus
C yuerom pomu UT mis Haykw, NMpakTUKHA W 00pa3oBaHUs MpU paspa-
0otke HampaBneHus 511900 cTaBUINCH CISTYIONINE OCHOBHBIE 3a1a4u [4]:
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®  Co30aHue YeroCmHOU YueOHO-Memoouueckol 0Oasvl (npejicoe 6ceeo,
cucmemvbl 06PA3Z08AMENbHBIX CIMAHOAPMO8) OJisl 6CeX OCHOBHLIX U008 NOO-
eomoexu UT-npogheccuonanos ¢ evicutum oopazosanuem;

e  obecneuenue coomeemcmeus 6az060lU noozomoeku (baxaiaspoe HT)
MENCOYHAPOOHBIM PEKOMEHOayusimM no obvemy sHauuil 0w 6azoeoco HT-

obpazosanusi (6 uyacmuocmu, onpeodeiennvim 6 «Computing Curricula
2001»);

®  coxpaneHue mpaouyull pOCCUNICKO20 YHUBEPCUMEMCKO20 00paA306aHUs.
8 y2nyOaeHHOU, YeleHanpasieHHOU MameMamuyeckoli no020moeKe, CoOCmas-
JsIouell OCHOBY Ka4eCmeenHoCmu U )yHOAMEeHmAaIbHOCIU NPogeccuonanb-
Hoeo UT-obpasosanusi;

®  obecneueHue 03MONCHOCMU UHMESPAYUU POCCUTICKO2O 00PA306aHUSL 6
oonacmu UT 6 medncoyHapooHyo o6paszoeamenvHyo cucmemy u 6vlxo0a Ha
MENCOYHAPOOHDBILL PHIHOK 00PA306AMENbHbIX YCIYe, 6 YACMHOCMU, 6 cghepe
Mazucmepero2o 00yueHus;

®  obecneyenue nOO2OMOBKU BbICOKONPOPECCUOHANbHBIX HAYYHBIX U Npe-
nooasamenbCKux Kaopog HA OCHO8Ee MASUCMEPCKO20 00YYeHUs, Npuyem 60
6CemM OUANA30HE BAJICHETIUUX HAVUHBIX U NPUKIAOHBIX HANPAGAEHULl OUCYUn-
aunvl UT;

®  co30aHue 8bICOKOIPhekmueHo2o npoyecca cmanoapmu3ayuu Ha OCHO-
6€ OMKPLIMOCHIU U KOHCEHCYCA 8 WUPOKOU NPOecCUOHANbHOLL cpeode;

®  opmuposanue yueOHO-MemMoOUUecKol, HAYUHOU, OPSAHU3AYUOHHOU U
UHGOPMAYUOHHOT UHGPaAcmpyKmypsl Ol (DYHKYUOHUPOBAHUSL U PA3GUIMUS
cucmemvr UT-obpazosanus (opeanusayusi yueOHO-Memooueckol oesmeib-
HOCMU, OpeaHU3AYUsl HAYYHO-NPAKMUYECKUX KOH@epenyutl, Gopmuposanue
cucmemvbl NOO2OMOBKU NPEenoOA8aAmMeIbCKUX Kaopos, co30anue uH@opmayu-
OHHBIX pecypco u uzdanuti no memamuke UT-o6pazosanus u np.).

4.2. OcHoBHbIe BUIBI Bhicmiero UT-o0pa3oBanus

B kauyecTBe OCHOBHBIX BHJOB BbIcHiero mnpodeccronansHoro MT-
00pa30oBaHus ONPEICTICHbI:

1) noozomoexa barxanaspoe UT,

2) noocomoeka macucmpos UT,

3) nenpogunvroe UT-obpazosanue,

4) noocomoeka Ha OONOIHUMENbHYIO Keanupurayuio 6 oonacmu UT,

5) noocomoeka ynpasnenyeg 6 oonacmu UT (MBI).

Takum obOpa3oMm, KpoMe OaKalaBpCKHX U MAarucTepCKHX 00pa3oBaTellb-
HBIX MPOrpaMM, B COCTAB MOJPA3/CIIOB CUCTEMBI Bhiciiero M T-o0pasoBanus
BkitoueHo obyuyenne UT (mm «MHpopmaTuke») 1Mo OCHOBHBIM 00pa3oBa-
TENbHBIM TPOrpaMMaM HENpO(QHIBHBIX HAMPABICHUH U CHEIUATBHOCTEH, a
TaKKe J[Ba BHJA JOMOIHHUTEIBHOIO 00pa30BaHMs Ha JOMONTHUTEIbHYIO KBa-
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mudukarmto. [lepBerii — 310 moaroToBKa codctBeHHO M T-cnenuanucToB Ha
OCHOBE COITyTCTBYIOIIET0 0a30BOro 0Opa3oBaHMS W BTOPOH - IMOArOTOBKA
MEHE[KEPOB BBICIIICTO U CPEIHEr0 3BeHa B oOactu UT.

Crnenyer OTMETHTB, YTO JIOTIOJHUTENFHOE 00pa30BaHUE UrPAET BasKHYIO
poNb, TpeXIe BCEro, B IIEPENOATOTOBKE OakajlaBpOB M CIEIUAIIUCTOB,
HMEIOIINX 00pa30BaHKe MO COMYTCTBYIOIINM HANPaBICHUSIM U CIIEIHaIbHO-
CTSAM. AKTYaJbHOCTH 3TOH MpPOOJIEMBI CTAHOBHUTCSI OYEBHIHOM, €CIH yUHUTHI-
BaTh, YTO €KETOJHO By3aMH CTpaHbl BbiyckaeTcs ot 200 mo 250 Tbic. Oaka-
JIABPOB M CHELHUAJIMCTOB, KOTOpble Mornu Obl ycnemHo paborats B WUT-
WHIYCTPUH TIPH TIONYYEHUH JONOJIHHUTENBHOrO npodeccronansHoro WT-
oOpazoBanusl, a Takxe 10, ytTo UT-uHgyCTpHs BCe Goblie M OOJbIE HCIThI-
TBHIBAET HEJIOCTATOK BHICOKOKBATU(PHUITUPOBAHHON paboydeii CHITBL.

Bkirouenne B coctaB ocHOBHBIX BUIOB MT-00pazoBaHusi MOATOTOBKY
UT-menemxepoB  (MBI)  oOycioBineHO  ocTpoil  HEXBAaTKOW  BBICO-
KOKBaJIM(PUIIMPOBAHHBIX MEHEIDKEPOB, OOJIAJalOMMX MPAKTHUYECKUMHU 3Ha-
HUSMU M HaBblkamu ynpasineHuss WT-noppaszpeneHusMu U MHPOPMAIMOH-
HBIMH CHCTEMaMH KpYITHBIX HPEANpPUSITAN U OpraHu3aluid. YIpaBieHue Ta-
KOT'0 poJia CTPYKTypaMH TpeOyeT ¢ OJHOW CTOPOHBI INTyOOKHX 3HaHHH B 00-
nactu UT, B yacTHOCTHU, METOJOJOTUN U TEXHOJOTMU MOCTPOCHUSI CUCTEM
WT, nx sKcIuryaTaluy U CONPOBOXKACHUS, a C APYroil CTOPOHBI - TITYOOKHX
3HaHMH B O0OJIACTM CTPATErMYECKOTO IUIAHMPOBAHMUS, OIOKETHPOBAHMUS,
YIpaBJIeHUs] Ka4eCTBOM IPOAYKTOB M CEPBUCOB, MPOEKTAMHU, MEPCOHAJIOM,
WHBECTHLUSIMH, PUCKAMH U TIp.

5. Metogunyeckue ocHoBbl UT-o6pa3zoBaHus

OO0ocHOBaHNE METONMYECKHX PEUIeHWH NpH pa3padoTKe HOPMATHBHO-
MeTO4YeCcKOi 6a3bl OCHOBHBIX BHI0B M T-00pa3oBanus npuBezeHo B padbore
[5]. YunTeIBast orpaHnueHHOE NMPOCTPAHCTBO JUISl MU3JIOXKEHMS, HIDKE OyayT
TIepeyrcIeHbl BaXKHEHIIE TIPUHIMITBI, KOTOPhIE OBUIM TOJIOXKEHBI B OCHOBY
pa3paboTKH CTaHAAPTOB MO yKa3aHHBIM Buiam U T-o0pa3oBanus.

5.1. lloaroroBka 6akanaspos UT

[Iponwio aBa HamOoNee TPYAHBIX TOAa SKCICPUMEHTAIBHON OTPabOTKH
craniapra 6akanaBpa WT, KoTopble MOATBEpAMIN €ro paboTOCIIOCOOHOCTS.
ITomuMo cTapTOBOM IIECTEpKH, HadaBIICH OSKCIIEPUMEHT, €lle HEeCKOJIbKO
YHUBEPCUTETOB MOIYYHIIH JIUIIEH3UIO Ha MOJAroToBKy OakanaspoB UT. 3ann-
TEPECOBAHHOCTh YHUBEPCHTETOB M BY30B B peajM3allMd 3TOr0 CTaHAApTa
MIOCTOSTHHO BO3pacTaer.

Kpatko onpenenum OCHOBHBIE NPHHIMITBI, KOTOPBIE OBUTH TOJIOXKEHBI B
OCHOBY TIpU pa3paboTKe IaHHOTO CTaH/AapTa:

o IlenenanpaBiaennoe odyuenue npopeccuu UT. [{ns nanpasnenus UT
TIpe/Toaraercs IojHas OpHEHTAlusl Y4eOHOro Ipolecca Ha JOCTH)KEHHE
OJTHOM TIEJTU - TIOATOTOBKHU BocTpeboBaHHBIX U T-npodeccronanos.
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e CoorBercTBHEe 00beMa NPOdecCHOHAIBHBIX 3HAHUN MeEXKIyHAPOA-
HbIM peKoMeHganusiM, onpeaeaenusiM B CC2001. Yro sBisiercst HeoOXo-
JUMBIM JUIsi 00€CIeUeHNs] OTKPBITOCTH POCCHUICKOr0 0Opa3oBaHMSI Ha MEX-
JIYHapOJHOM YPOBHE, €r0 UHTETPallu B MEXIYHAPOIHYIO 00pa30BaTelIbHYI0
CHCTEMY, YNPOIIEHHs BHEIIHEH cepTH(UKAIMU YYeOHBIX IPOrpaMM HaIIUX
YHHUBEPCHUTETOB.

e  VruyOsieHHasi, nejieHANPABJIeHHAs MATeMATU4YeCKasi MOATr0TOBKA.
[IpenycmaTtpuBaeTcss aklEHT HA U3YYEHUU AUCIUILIUH JAUCKPETHOM MaTema-
TUKH, MAaTEeMAaTUYECKOW JIOTUKA U MaTeMaTH4YEeCKUX METOJIOB, HEMOCPEICT-
BEHHO HCIIOJIb3YEeMBIX B (DOPMUPOBAHUN HAYIHO-METOIMYECKUX OCHOB 00-
nactu UT.

e  MoayJbHOCTh MOCTPOEHHUSI HMKJIA 00menpogeccuoHAILHBIX JUC-
mumiaH. O6beM WUT-3HaHmii OakanaBpa OmpenensieTcs He Ha YPOBHE y4eO-
HBIX KypCOB, a Ha YpOBHE MOAYJEil 3HaHUH, YTO MO3BOJISET KAXKJIOMY YHH-
BEPCUTETY BBIOMPATh COOCTBCHHYIO TEIArOTHYECKYI0 CTPATETHUIO MOKPHITHS
sipa y4eOHBIMU KYPCAMH.

e Pasputne nmpodeccHoHANBHBIX YMEHHH M HABBIKOB BJIA/ICHUS CO-
BpemennbiMu UT. B cranpapt moaroroBku OakanaBpa BKIIOYEH 3HAYH-
TENBHBIA 00heM YacoB (mopsaka 500) Juis MPOBEACHUS Pa3iIMYHOTO pona
MIPaKTHKYMOB.

e Omnpeaenenne TUCKPETHOH MaTeMaTHKM B KadecTBe 0a30BOil auc-
NUIUTHHBI MPOrpaMMbl GakagaBpa. J[MCKpeTHOW MaTeMaTHKe OTBOIUTCS
MIPUOPUTETHAS POJIh HE TONBKO CPEIU MATEMATUICCKUX JUCITUTUTNH, HO U KaK
0a30BOi Hay4HOW AMCHMIUIMHE y4eOHOM mporpammsbl B 1ienoM. [Ipenxycmart-
pUBaETCSA HAYaJIO U3YyYCHUS JAUCKPETHOW MATEMAaTUKH C IIEPBOIO CEMECTpa C
aKIICHTOM Ha CTPATETHIO €€ MPEIOJaBaHusl «BIIHPHY» C OCHOBHOW 3amaveH -
O3HaKOMJICHHUE C ()YHIAMCHTAIBHBIMU TOHATHSIMH, METOJJAMH U aJITOpUTMa-
MU JUCKPETHON MaTEMaTHKH, COCTABIISIONIUMHI TCOPETUUCCKUN U METOIMYC-
ckuit 6asuc UT.

e Bxilo4eHue B COCTAB CHEHUATBHBIX NMPO¢ecCHOHAIBHBIX TUCIHII-
JINH, Hau0oJiee AKTyaJlbHbIX s (opmupoBanuss npopuasa HT-
npodeccuonaga. B vactHocTH, BBeJEHUE AMCLUILINH, OXBATHIBAIOUIUX Ta-
KM€ TeMbl, Kak aHaiu3 cucremsl crangaproB HWT, KoMmMmoHEHTHO-
0a3upoBaHHBIE METO/IBI IIPOEKTUPOBaHUS HH(POpMaMOHHEIX cucTeM, CASE-
TEXHOJIOTUH, YIPaBIeHUE 0€30MacHOCTBIO, aHAIN3 KadecTBa MH(OPMAIUOH-
HBIX CHCTEM, TECTHPOBaHUE KOH(OPMHOCTH, IHTEpHET-TEXHOJIOTUH U TIp.

e (CoOanaHCMPOBAHHOCTH 00bEMAa YACOB M0 MATEMATHYECKUM U 001IIe-
npodecCHOHAIBHBIM JAUCHUIUIMHAM. [Ipu pa3paboTke MaTeMaTHYECKOM
4acTH y4eOHOW MPOrpaMMBbI BBIZICPIKABAIIHCEH CIICIYIONIHE COOTHOIICHUS ISt
o0mIel moYacoBOM HATrpy3KH MEXAY TPYIIIAMA MaTEeMATHYCCKUX JTUCITHII-
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JIMH: TUCKpEeTHAasi MaTeMaTuka U MaTeMaruyeckas joruka - 600 yacos, kiac-
cuueckas Matematuka - 900 dacoB, mareMatnueckre Metozsl - 300 yacos.
ObmenpodeccuHampHast 4acTh MPOrpaMMbl POPMUPOBATIACH HA OCHOBE 00B-
eMa 3HaHuH, onpeaeraeHHoro B jokymente CC2001, ¢ o0beMoM Tpymo3aTpaT
MIPUMEPHO PABHBIM COOTBETCTBYIONIEMY OOBEMY JJIST MATEMATHYCCKUX JTUC-
mumud (o 1700-1900 vacos).

Marepuainsl ctanaapTa noArotToBku Oaxanaspa WUT, a Taxke NpUMepHBIH
y4eOHBIH MIaH MPEeICTaBICHBI B [5], a Takke Mo cchuike WWW.it-edu.ru .

5.2. lloaroroBka marucrpos UT

VYuunTeIBast TeHACHIMU pa3BuTHs obsactu UT 3a mocnenHee pecaTuierue,
MIPEX/IE BCETO Pa3BUTHE JIECATKOB KPYIMHBIX HAYYHBIX HAlPaBJICHUH, UMEHHO
Marucrepckoe o0y4eHHe JOIDKHO B3STh Ha Ce0sl OTBETCTBEHHOCTD 3a Mpodu-
JIMPOBAHHYIO NPO(deccHoHaNbHYI0 MOATOTOBKY IO aKTyaJbHEHIINM Hayd-
HBbIM HanpasieHusm UT.

[lepeueHb aHHOTMPOBAHHBIX MAruCTEPCKUX MPOrPaMM IO HAINPaBICHUIO
511900 Brurouaer 24 mporpaMMBbI U PEICTaBIIeH B pabdore [S].

[Tpu pazpabotke crangaproB Marucrepckod yactiu UT-oOpa3zoBanus Obl-
JIM TIPUHSATSHI CIIEAYIOINE IPUHIMITHAIBHBIC PEIIeHNUSI.

Ha marucrepckoe oOyueHne nepeHeceHa OTBETCTBEHHOCTH 3a Hpodec-
CHOHAJIbHOE PO(UIIMPOBAHHUE 110 BceMY (PPOHTY YKa3aHHBIX BBIIIE HAYYHBIX
Hanpasienuit UT.

ITpu paspabotke coxpepxanHust yueOHOW mporpaMmel mist UT-marucrpa
OBbUTH TPUHSATHI CIEAYIONIME OPUEHTUPHI UTsl Y4eOHOW Harpy3ku (B COOTBET-
CTBHM C TpeOOBAaHWSIMH TOCYIApPCTBEHHBIX CTAHIAPTOB Ha MAarucrepcKoe
o0Oyuenne). OOmmii 00beM YacoB MPOTPamMMBbl COCTaBWI 4yTh Oomnee 4000
4acoB, U3 KOTOPHIX HA HAYYHYIO paboTy, BKIIIOUasi paboTy HaJ MarucTepcKoi
nmucceprarueit, BeieneHo 2000 yacoB. B yueOHOM cOCTaBISIONICH BBIICICHBI
JIBA OCHOBHBIX YueOHBIX KOMIIOHeHTa: «CoBpeMeHHbIe HH(OPMAaIOHHBIE
TexHonmorum» n «CrenuaibHple TUCHUILIMHBD. O0a 00beMOM NPUMEPHO 10
600-650 yacoB (4TO B MPUHIIUIIE COOTBETCTBYET IPH MEPEBOJIC HA ayTUTOP-
Hble yackl mpuMepHo 7-8 40-uacoBbIM Kypcam). [1epBblii KOMIIOHEHT, HAPSLY
C KOMITIOHEHTOM «HaydHo-mMeTojudyeckne W MaTeMaTHYeCKHE OCHOBBI HH-
(OpPMaIMOHHBIX TEXHOJIOTHI», HECET 00pa30BaTEIbHYIO HArPy3Ky C LEJBIO
JIaTh CHCTEMAaTHYEeCKUe 3HAHUs M0 HAYYHBIM OCHOBaM W CHCTEME CTaHIap-
ToB obnactu UT B menom, a Takxke Mo BaKHEHIIMM ee HarpaBlieHUusIM. Bro-
POl KOMITOHEHT Ipe/IHa3HavyeH JuIs 1ie1eld TpohHINPOBaHUS IO BHIOpAHHOMY
MarvucTpoM HampaBJIeHUIO CHEUaTU3aINH.

B cBsi3u ¢ Tem, 4TO /s JAHHOTO HAINpaBJIEHUs U TPEUIOKEHHON chCTe-
MbI cranaaproB UT-yacte 6a30BOro o0pa3oBaHus MO CYIIECTBY MOJIHOCTBIO
COOTBETCTBYET MEXIYHAPOIHBIM PEKOMEHIAUSAM, BOSHUKAET BO3ZMOXXHOCTh
00y4YeHUs] MarucTepcKod CTerneHW OakKanaBpOB-BBITYCKHHKOB 3apyOexHBIX
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YHUBEPCUTETOB 1O HampasieHuo «Computingy. OgHako pa3paOoTaHHBINA
cranpapt MT-0akanaBpa NHpPEeBOCXOAWT 3apyOexHble OakajaBpCKue Ipo-
rpaMMBbI IO 00BEMY MaTeMaTHYECKUX 3HAHMH, IOATOMY JIsi OOy4eHHUs] HHO-
CTpaHHBIX OakalaBpOB NpPeIyCMaTPUBAETCS HCIIONB30BAaHHE MPOrpaMMBbI-
nepexonnuka (bridging program, transition level) mis coriacoBaHus CTaH-
naprta 06akajaBpa Ho HarpasiieHHIo «MH(pOpMaIMOHHbBIE TEXHOIOTUI» U 00-
pa3oBaTeNbHBIX 0aKajJaBpCKUX MPOrpaMM, COOTBETCTBYIOIIUX HAIPABICHHIO
«Computing». Takas nporpamMmma-nepexoIHUK MOXKET ObITh peaji30BaHa 3a
OJIMH-/IBA CEMECTpa JOIOJHUTEIBHOr0 00ydeHus: cTyAeHTOB. [IpemnoxkeH-
HBIH MOXOJ TSI MarucTepcKoro o0y4eHHss HHOCTPAHHBIX CTYIEHTOB OTIIH-
yaercs Ooipliel (yHIaMEHTaNbHOCTBIO 10 CPaBHEHHUIO C TPaJUIHOHHBIMHU
3apyOeKHBIMH MarucTepCKUMH HPOrpaMMaMH, YTO MOXKET OKa3aThCsl MpH-
BJIEKATEIILHBIM ISl TEX, KTO CTPEMUTCS K TOJTyYeHUI0 00Jiee OCHOBATEIBHBIX
3HaHUM.

OCHOBHBIE KOMITOHEHTHI Y4€0HOT0 ITpoliecca MoJroTOBKH MarucTpoB T
xopormro orpaboransl Ha (akynsrere BMK B MI'Y uM. JlomoHOCOBa B pam-
kax HanpasneHus «lIpuknanHas MatemaTnka ¥ nHopmaruka» [7]. Hagano
ounmansHoro ooydenus marucrpoB UT 1o cranpapry nHanpasnenus «HH-
(hopMaIiOHHBIE TEXHOIOTUI) IUIaHUpyeTcs Hayatb B 2005 .

Marepuansl cranaapra noaroroeku marucrpa UT u npumepHbIi
Yy4eOHBIii IUIaH MpeCTABJIEHBI B [5], a TaKKe 10 cchblIke WWW.it-edu.ru .

5.3. UT-o0pa3oBanue A1 HeMpO(PUIbHBIX HaIPaBJIeHU I
M clenMaJbLHOCTel

NT-o0pa3oBanue crajio Ba)KHBIM KOMIIOHEHTOM ITOJITOTOBKH CHELUAIIH-
CTOB JIt000T0 TMpoduis (HarpuMmep, HHKEHEPOB, SKOHOMHCTOB, JINHI'BHCTOB,
XMMUKOB, (pr3nkoB, OMONOroB, Bpayeil, BOGHHBIX CIEUAINCTOB, paOOTHH-
KOB CEJIbCKOT'O XO03sIHCTBa, rexaroros u T.11. [8]). [loatomy B cTranmapTsl 00-
pa3oBaTeNIbHBIX NPOrpaMM BBICHIETO O00pa30BaHUsI HE3aBUCHMO OT CIICIH-
aJBHOCTU WIIM HampasieHus BBoauTcs paszaen «Mudopmarnkay, npeanasHa-
YeHHbIH it 00y4yeHus ocHoBaM UT, a Taxke HaBBIKAM M YMEHHUSIM I10 HC-
TIOJIG30BAHUIO TEXHOJIOTHH, HanOosiee MPUMEHUMBIX JJIsi KOHKPETHOW crie-
UATH3aIUH.

Jl1s1 HampaBieHuil U crenuanbHOCTEH, JUIsl KOTOPBIX moAarotoBka mo UT
JIOJDKHA HOCUTB JIOCTaTOYHO CEPbE3HBIN XapakTep (HanpuMep, HHKEHEPHOTO
npoduiist B 00JaCTH 3JEKTPOTEXHUKU U PaIHO(U3NKH), OKa3alloch IIEIeco-
00pa3HBIM HCIOIB30BaHUE CIIEAYIONINX PUHITUIIOB IPH pa3paboTKe pasjena
obpazoBarenbHOro cranmapra «Mugpopmartuka» (MH(pOpMaMoHHBIE TEXHO-
JIOTUH):

1) ®opmupoBanue TpeOOBaHMI K MUHHMAJIBHOMY OOBEMY 3HAHUH IS
pasnena «Mupopmartuka (MHpopMannoHHBIE TEXHOIOTHH)» ISl (enepaib-
HOTr'O KOMIIOHEHTa Ha OCHOBE 00beMa 3HaHUH pasena oouiernpodeccHoHatb-
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ueIx aucturuinH (OI1/1) nanpasnenust 511900 «HpopMaioHHbBIE TEXHOO-
THNY).

2) Ilpu ¢popmupoBanuy TpeOOBaHWH K MHHHUMAaJIbHOMY OOBEMY 3HAHHH
quist yactu ocHoBBl UT pasnena «Mudopmarnka (MudopmanrioHHbIe TEXHO-
JIOTHH)» W3 cTaHmapra OakamaBpa 511900 peayrmpyroTcs pasnelbl, OpHeH-
TUpOBaHHbIE Ha moAroToBKy MT-mpodeccronanoB. B uactHocTH, MOryT
ObITh omymieHsl paszensl «lIporpammuas wumxeHepus» U «ConuanbHO-
sTrdeckue acrektsl MT», opueHTHpoBaHHBIE B Ooinblueil crermenn Ha WT-
npoecCHOHANOB, U COKpalleH 00beM YacoB Uil pasJiesioB «JlMcKpeTHbIE
CTPYKTYPbI» M «AJTOPUTMBI M CIOKHOCTBY; YIPOIIEHO CO/EpXKaHUE OT-
JIETTBHBIX MOJYJIeH 3TUX pa3fesoB (6omee moapodHo cMm. [5]).

3) OOyueHne MporpaMMHUPOBAHHIO Ha KOHKPETHOM SI3bIKE (SI3bIKax) Mpo-
IpPaMMHUPOBaHUsI BMECTE C IIOJICPKUBAIONIMMHI TPAKTHUKYMaMH, a TakKxke
npaktukymamu 1o WUT, neoOxomumeiMu s opmupoBaHust npodeccro-
HaJILHOTO NMPOQMIIS BBITYCKHUKA, BKJIIOYAIOTCS B BY30BCKHI KOMITOHEHT pa3-
nena «apopmarika (MH(bOpMaMOHHBIE TEXHOIOTHN)», YTO TIO3BOJIUT MaK-
CHMAaJIbHO WCIIOJNIb30BaTh CIOKHUBINYIOCS B KaxaoM BY3e mpaktuky oOyde-
Hus nporpammuposanuio u UT.

4) Ins sTana SKCIEPUMEHTAJIBHOM OTpabOTKM CTaHIapTOB 00pa3oBa-
TEJIFHBIX [TPOrPaMM HOBOT'O MOKOJIEHUSI 00BbEM perjaMeHTHPYEMOW cTaHap-
TOM ydeOHOW Harpy3ku i pasgena «Mudopmatuka (MabopmannoHHbIE
TEXHOJIOTHH)» TeNIeco00pa3HO YCTaHOBUTH B paiione 60% ot obmied ydeo-
HOU Harpy3KH JUisl JaHHOTO pasjiefa.

Jlannwiii nooxo0 obecneuwusaem yeroCmMHOCMb GOPMUPOBaHUs mpebosa-
Huti Kk 0bvemy 3uanui 6 uacmu HT-obpazosanus 015 WUpoKo2o Cnekmpa
cneyuanu3ayutl npogeccUuonanrbHol noO2OMOoGKI.

Ipumepnoiii 0bvem 3uanuit no ocwosam HT Ons ocnoeHvlx 0bpazosa-
MENbHBIX NPOSPAMM HENPODUILHLIX CNeYUATbHOCMEN U HANPAGLeHUll, pac-
cuumannwiti Ha 400 uacog yuebnou naepysku, npusooumcs 6 [5], a makoce
no ccolike WWW.it-edu.it .

5.4. IloAroToBKA HA JOMOJHUTEJbHYI0 KBAJIN (PUKAIIUIO
B o01actu UT

Homonaurensrnoe NT-o0pa3oBaHue TaeT BO3MOXHOCTH OCYIIECTBISATH
KOMIUIEKCHOE O0YyYeHHE C aKUEHTUPOBAHHOH NpOGHILHON MOIrOTOBKOH,
MTO3BOJISIFOIIEH TOTOBUTH BOCTPEOOBAHHBIX B SKOHOMHKE CIICIIHAIHUCTOB I10
HT.

JomonHuTeNEHOE TPOQPECCHOHATBHOE 00pa30BaHHE MHOr000Pa3HO IO
cBouM (hopmam.

Haubonee eMkuMu 1o 00beMy y4eOHBIX YACOB MPOrpaMMaMH JOTOTHU-
TEIBHOTO 00pa30BaHUS CUUTAIOTCS MPOrpaMMBbl OOYYCHUS JOMOTHHUTEIEHON
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KBaJM(DUKAIMH, 1T0 OKOHYAHUH KOTOPBIX BBITYCKHHUKH MONYYarOT JUILIIOMBI
rocyJapcTBEHHOro obpasia.

HopmaTuBHBIN 00beM npoheccroHaIbHOM TEeperoaroTOBKH IS IToy4e-
HUS CHEUUATIHCTAMH JOMOJHNUTENLHON KBaTH(UKAIUU ODKEH COCTaBIIATh
He MeHee 800 yacoB ayAUTOPHBIX 3aHATHI.

Jononuurensnyo kBamudukamuio B obnactu UT, BocTpeOoBaHHYIO B
UHIYCTpUH U OU3HECe, CIeA0BaN0 Obl ACCOLUHUPOBATH C HMOHATHEM CIelHa-
JcTa o KoHkperHoMy kiaccy UT (manee UT-cnenuanucra), cnocoOHOro
pemiate B 3TOH OONACTH CIOXKHBIE 3aJlaud HAYYHO-TIPOM3BOACTBEHHOI'O Xa-
pakrepa.

AHanu3 33124 JIONOJHUTEIFHOIO 00pa30BaHMsI Ha JIOTIOJTHUTEIBHYIO KBa-
TU(UKAIMIO TTOKAa3bIBAET, YTO COOTBETCTBYIONIAS STHM TPEOOBaHUSIM y4el-
Hasl IporpaMma J0JDKHA OpUEHTHPOBATHCS HA KOMIIEKCHYIO M OTHOBPEMEH-
HO PO UIBHYIO MOJTOTOBKY [9].

[Tpoext cranmapra moarorosku WT-cnenuanucra mo JOMONHUTENBHBIM
npoeCcCHOHANBHBIM MIPOrpaMMaM Ha JONOJHHUTENBHYIO KBalH(UKalMo U
TIPUMEPHBIA Y9eOHBIN TUIaH IS JOTIOIHHUTENBHBIX MTPOPECCHOHANIBHBIX IIPO-
rpamMM Ha JIOTIOJHUTENFHYIO KBaJIH(HUKAIWIO NMPENCTaBIeHH B [5], a Takxke
o cchbutke WWW.it-edu.ru .

B Hacrosiiee BpeMst pa3paOOoTaHbl U BHEIPSIOTCS Ha MMPAKTHUKE IPOrpam-
MBI JIOTIOJTHUTEILHOTO 00pa30BaHMsI HOBOTO ITOKOJICHUS 10 CIIEAYIOIINM Ha-
TIPaBJIEHUSM CIIEIHAIIN3aIHN:

e  3ammra nHQOpPMANUH U ceTeBasi 0€30MacHOCTD;
e  AJIMUHHCTpHPOBaHHE MHPOPMAIMOHHBIX CHCTEM U CeTell;
e Pa3paboTka KOPHOPATHBHBIX MPUIIOKEHHUH.

JlaHHBIE TTPOrpaMMBI MPEAYCMAaTPUBAIOT TOJMYyYCHUE CITYIIATENsIMH, KakK
aKaZieMUueckux 3HaHuil 1o Hampasienuto WT B coorBercTBHM C TpeOoBa-
HHUSAMH MEXKIYHAPOIHBIX CTAHIAPTOB, TAK M MPAKTHYCCKUX HABBIKOB PAaOOTHI
C COBpPEMEHHBIMH TEXHOJOTUSMH U CUCTEMaMHU.

[Iporpammsl paccunTassl Ha 2 Toaa (4 cemectpa) odoyuenus. Dopma 00y-
YEHHS — BEUCPHSISL.

[Mporpammsl pazpaborans! ¢akynsrerom BMK MI'Y um. JlomoHOCOBa
coBMecTHO ¢ CereBoil akagemuelt Jlanur.

BBINyCKHUKH, BBITIOIHUBIINE YISOHBIH IUTaH M YCIEUIHO CIABIINE BBIIY-
CKHBIE M CepTH(UKAIIMOHHBIE 3K3aMEHBl U TECTHI, MOJYYaAIOT JUIUIOM I'OCY-
JIAPCTBEHHOr0 00pa3lia O NPHCBOCHUM JIOMOJHUTEIBHOW KBaJU(QHUKAIIN
«Pa3paborunk npodeccrHoHaNbEHO-OpUEHTHPOBAHHBIX KOMITBIOTEPHBIX TEX-
HOJIOTHi», a Tak)Ke CepTU(PUKATHI CIEIUAIMCTOB MEXIYHAPOIHOr0 o0pasia
B COOTBETCTBHH C BHIOpPAHHOH CIEaIIN3aINEH.

-47 -



BoJjiee nogpodnasi uHpopManusi 0 cTaHAApTe H MPOrpamMMax J0mnoJi-
HUTEJILHOTO 00pPa30BaHHUsl NpPeEICTABJIIEHA MO ajapecy Www.it-edu.ru u
www.hcse.ru .

5.5. lloaroroBka ynpasJienues B odaactu UT (MBI)

[Mporpammbl MoAroTOBKM KaapoB mo crernuanu3amun «T-menemxep»
OpPHEHTHPOBAaHbI Ha MOATOTOBKY MEHEPKEPOB BBICIIErO U CPEIHETO 3BEHA B
obnactu nHGopMarMoHHbIX TexHoioruit (MT) mis KpynHBIX OpraHu3ayi u
MPEINPUSITHI (YACTHBIX ¥ TOCYJAPCTBCHHBIX ).

AKTyansHOCTh pa3padoTKu U peasu3alii TaKuX MporpaMM o00ycCIIOBJIeHa
OTCyTCTBMEM B PoccMM  /1I0CTATOYHOrO  KOJHMYECTBA  BBICOKO-
KBaJTM(UIMPOBAHHBIX MEHEKEPOB, O0JIAaTAarONMX INPAKTUUYECKUMH 3HaHH-
sIMU ¥ HaBbIKaMU ynpasiieHns: U T-nonpasaeneHusiMy, a Takke yrpaBieHueM
JKU3HCHHBIM ITUKJIOM HH()OPMAIMOHHBIX CHUCTEM KPYITHBIX MPEIIPUATHA U
opraHu3anuil.

[Tporpamma noxrorosku U T-menemxepoB, pazpaboraHHas (GakyabTeToM
BMK coBmecTHO ¢ 3koHOMHYeckuM (akyiasreTom MI'Y, BKirouaer cie-
JTYIOIINE OCHOBHBIE MOYJIH:

- BAUT.00 bazossie aucuumiunsl no UT,

- BIDM.00 ba3zoBble TUCHUILIMHBI IO SKOHOMUKE U MEHEIPKMEHTY,

- CAUT.00 Criernansublie nucuuminabl o UT,

- CIOM.00 CnenpanbpHble TUCIHUIUIMHBI IO SKOHOMMKE U MEHEPKMEHTY.

Paccmorpenue nporpaMmel noarorosku M T-mMeHepkepoB B paMKax KOH-
COPIIMYMHOr0 Mmpolecca mo ajpecy WWw.it-edu.ru rmaHupyercst HadaThb C
cepenunnl 2005 T., a oTKpbITHE yueOHOro mporecca B 2005/2006 yueOHOM
rony. IloxroroBky ympasnenineB B oonmactu UT mmaHupyeTcss oCyIIeCTBIISITh
JUISL IBYX TpPYHII CIIELMAJINCTOB, & WUMEHHO, SKOHOMHCTOB, B HEIOCTATOYHOH
creneny Braaetomux UT, u cnenpanucros B obnactu UT, He Buagetonumx 3Ha-
HHUSIMH B O0JIACTH COBPEMEHHOI'O MEHEIKMEHTa W SKOHOMHYECKOTO OICHHBA-
HUSL

6. Mpouecc craHpapTusaumm B obnactn UT-obpasoBaHus

Coznanne >dexTuBHON cucteMbl WT-o0pa3oBaHHus B 3HAYUTEIBHON
CTEIICHU 3aBUCHT OT Ka4yecTBa 00pa30BaTEBHBIX CTAHIAPTOB, TUHAMUYHOCTH
WX Pa3BUTHSA, TIOAJICPKKHU B AKTYaJTbHOM COCTOSTHHU.

CymecTBytomiasi CHUCTeMa CTaHAapTH3alud B 00pa3oBaHMM He obec-
NeyrBaeT AWHAMUYHOCTH M OTKPBITOCTH Mpolecca pa3paboTku o0pazo-
BaTCNBHBIX CTAHJAPTOB, MHTETPAIUIO YCHIUA 3aWHTEPECOBAHHBIX B MAKCH-
MaJgbHOH 3(p(PEKTUBHOCTH TAKWX CTAHIAPTOB CYOBEKTOB U MPOQPECCUOHATH-
HOU OOIIECTBEHHOCTH, a TAKXKEe HE MOUICPKUBACT TEMOKPATHUCCKUE MPUH-
IUIIBI TIPUHSATHUS PEIICHUH B 001aCTH CTaHIAPTU3AIINH.

B cBs131 ¢ 3THM TIpeCTaBISIeTCS] HACYIIHBIM MEPEX0 K MPUHIUITHATBHO
HOBOMY IOJIXOJly B CTaHAApTU3aIMU B cepe 00pa3oBaHus, OCHOBAHHOMY Ha
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HCTIOJTB30BAaHUM COBPEMEHHBIX TEXHOJIOTHI CTAHAAPTH3AIMU U COBPEMEHHBIX
WT. Takoii nogxox K pa3paboTke 00pa30oBaTENbHBIX CTAaHIAPTOB PACCMOTPEH
B [10]. B ero ocHOBe JE€XUT NMPUHIUI KOHCOPLMYMHON CTaHAApTU3aLluU B
NT-o0pa3oBanmy, OCyIIECTBIIEMOI B BUJIE €-/1ESITEIEHOCTH.

Baoicnotl 3a0aueii maxou e-desmenvnocmu A615emcsi 80gieUeHue 8 npo-
yecc cmaHOapmu3ayuy WUpoKo2o Kpyea npo@ecCUOHanIbHbIX OpeaHu3ayull,
BKIOYASL YHUBEPCUMEmbl, KOMUAHUU Ou3Heca U UHOYCMPUU, UHCHUMYMbl
PAH, a makoice sxcnepmos 6 oonacmu UT-npogheccopos u npenodasameneti
VHUBEPCUMEMO8, KPYNHbIX Y4EHbIX U HAYUHBIX PAOOMHUKOS, JYYUUX Cheyud-
JUCMO8 UHOYCMpUY U busHecd, NPopeccuoHATbHbIX nucamenel u uzoameinet
HayyYHO-mexHuyeckoll aumepamypul 8 ooaracmu T, akmugnvix cmyoeHmos u
acnupanmos.

Hmenno maxoti nooxoo noszeonsem co30asame u no0OepICUBAMb 6 AK-
MYAIbHOM COCMOSHUU HA NPUHYUNAX OMKPLIMOCMU U KOHCEHCYCd BblCO-
KOKauecmseHHbie, COOmeemcmsylouue mpebo8aHusmM HAYKU U NpAKmMuKu
obpasosamenvHble CMAHOAPMbL U YUeOHble NPOSPAMMbL, COCMABIAIOWUE
OCHOBY HOPMAMUBHO-Memooudeckol basvl cucmemvl UT-00pasosanusi.

Peanuzayus oaunoii e-oesmenvhocmu obecneuueaemcs Ha OCHO8e
WwWWw.it-edu.ru, komopwiii noodepoicusaem 6a306bili NPOYECC OeTMENbHOCTU

e-xoncopyuyma ¢ Cemu.

dopmupoBaHre BepcHi pa3padaThIBAEMBIX TEXHHYECKHMX JOKYMEHTOB
WM OTYETOB, HA3bIBAEMBIX PEKOMEHIAIUAMM, OCYIIECTBIISIETCS padoduMu
TPyNNaMHU 3KCIIEPTOB C YYETOM aHalW3a 3aMEYaHWil M NPEATIOKEHUH OT
YYaCTHHUKOB €-KOHCOpLUYMa.

Paboune rpynmnsl GOpMHUPYIOTCS U3 DKCIIEPTOB, PabOTAIOMINX B 00pa3o-
BaHWHM, HayKe, MHAYcTpuH, B chepax WT-npunoxenuid. s kaxaoro mpo-
Iecca CTaHAapTU3alMH, COOTBETCTBYIOIIEro pa3paboTKe HEKOTOPOH peKo-
MEHJJaluH, Co3aaeTcsi CBos paboyas Tpyria.

PernamentupoBaHHas IOCIEN0BAaTEIbHOCTh TEXHOJOTMYECKUX ITAIOB,
KOTOpOH CJEIyIOT paboune Ipynmsl B Mpolecce pa3paboTKH peKOMeHIanni
(HanpuMep, NMPOEKTOB 00pa30BaTENbHBIX CTAHIAPTOB), M Ha3bIBaeTCS 0a30-
BBIM MPOLECCOM Pa3padOTKH PEKOMEH AN,

B 6a30BoM mporiecce omnpesesieHbl COCTOSHUS KU3HEHHOTO IUKJIA PEKOo-
MEHJalluH, KOTOpble HICHTUPHUIIUPYIOTCS CIENUaIbHBIMA METKaMU M COOT-
BETCTBYIOT YPOBHIO ITPOpabOTKK M COTJIACOBAaHHOCTH PeKOMeHJanuu. B Ha-
yajie npolecca CTaHAApTU3allMUd PEKOMEHJAlUs MOXET HUMETb METKH CO-
CTOSIHUS "TeXHUUYEecKoe 3a1aHne" win "pabodasi pekoMeHAanus", Ha BBIXO/IEe
— "ImpoekT pexkoMmeHmanmu'", "SKCHEepUMEHTaNbHas pekomeHpanus”, "¢u-
HaJbHas pekoMeHjanus" win "aHHylIupyemas pekomeHnauus". bonee moa-
poGHO 6a30BBII HpoIecc pa3pabOTKU peKOMeHIaIwii paccMoTpeH B [10], a
TaKKe Mo cChblutke www.it-edu.ru.
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7. I'Io,q,qep)KMBalou.me MeXaHU3Mbl U npoLecchl

Kak ormeuanocs B mpenpinymieM paszene, co3jaHue cucrembl UT-
00pa3oBaHUsi HE OTrPaHUYMBACTCS Pa3pabOTKOW COOTBETCTBYIOIIMX 00pa-
30BaTeNbHBIX CTaHAApTOB. [ 3 PeKTUBHOrO (HYHKIIMOHUPOBAHUS U pa3-
BUTHSI JaHHOH CHCTEMBI HEOOXOIMMO HCIIOIh30BaTh U COBPEMEHHBIN MeXa-
HU3M craHaaptusanuu UT-o0pa3oBaHus, U psa APYTHX HOJIEPKUBAIOIINX
MEXaHU3MOB U TporeccoB. K HUM B 1epByI0 o4epeb OTHOCSTCS:

- THOKMH 1 3((EeKTUBHBIH MEXaHH3M Pa3pabOTKH M COMPOBOXKICHUS 00-
pa3oBaTenbHbIX craHaapToB M T-00pa3oBaHus (B 4aCTHOCTH, MCIIOJIB3YIOIIHN
PacCMOTPEHHBIH BBIIIIE ITPOLIECC KOHCOPIMYMHOMN CTaHIAPTU3ALINH).

- OpraHM3alioHHAasi MHPACTPYKTYpa, aJeKBaTHas MOTPEOHOCTSIM pas-
Butus M T-o0pa3oBaHus, BKITIOYAONIAsl, B TOM 4YHUCIe, co3aanubii B 2004 T.
Coser 1o uH(pOpMaTHKE IPU MUHUCTEPCTBE 00pa3oBaHus M HayKH (110X py-
koBozacTBOM akanemuka PAH Xypasnesa 10.1.), a Taxke npodeccronab-
HyI0 accorpanuio st UT-o6macti, akeHTHPYIOIIYI0 BHUMaHUE Ha BOIPO-
cax passutust UT-o0pazoBanust (B cTauy CO3AaHNsA);

- TIOCTOSIHHO JEHCTBYIOLIME HAayYHO-NPAKTHUECKHE KOH(EpEeHIUH, MOo-
3BOJISIIOIIME BBISIBIISATH COCTOSIHME HAYYHOTO WM INPHKJIAJHOTO KOHTEKCTOB, a
TaKKe aKTyaJbHbIe 1enu cucreMbl MT-o0pa3oBaHus, OCYIIECTBISTH anpo-
Oanuio HOBBIX pemreHHid U oOMeH ombiToM B UT-o0pasoBaHum, B obnactu
HOBBIX 00pa3oBaTebHbIX TexHonorui (IlepBas HayuHO-TIpakTHUecKas Mex-
JyHapojHast KoH(pepeHus « CoBpeMeHHble HHPOPMaIIOHHBIE TEXHOJIOTUH U
WT-obpa3oBanue» coctourcss B MI'Y um. JlomonocoBa, 19-23 ceHTa0ps
2005 1.);

- co3ganue 3(p(HeKTHBHON CHCTEMBI ITOJIrOTOBKH M MEPETOATOTOBKH TIpe-
nojaBaTenbckux kanapoB it WMT-HampaBnenust (mepBblii yueOHBIN LIEHTP
HHI'Y-UnTen yxe cBoro padoty B 2004 r.);

- pa3sBUTHE W MHTETpalys WHUIMATHB 0 CO3JIaHHUI0 OMOIMOTEKH COBpe-
MEHHBIX Y4eOHHKOB M y4eOHbIX MaTepuaioB it U T-o0pa3zoBanus, co3naHne
COOTBETCTBYIOIINX MEPUOANIECKUX M3AaHUH W 00pa30BaTEIHHBIX IOPTAJIOB
(B mporiecce pemeHus).

8. 3aknoyeHue

B noknage paccMoTpeHbl NPUHIUIHAIBHBIE aCIIEKThl U COCTOSIHUE MPO-
iecca CO37aHusi OTKPBITON HanmoHaibHOM cucrembl UT-obpa3zoBanus, ocy-
miecTBiIsieMoro no uxuimaruse MI'Y um. JIoMoHOCOBa M APYruxX BeAyLIUX
BY30B cTpaHbl. Co3/JaHUe TaKOW CUCTEMBI SIBJISIETCS CTPATETMYECKH BaXKHOM
3a71aueil pa3BUTHS BBICOKOTEXHOJIOTMUYHON YKOHOMUKU CTpaHbl. YHUBEPCH-
TeTamMu-pa3padboTaukamu cuctembl UT-00pa3oBaHUs BBIMOIHEH 00BEM pa-
00T, JTOCTATOYHBIA YIS MOJHOMACHITAOHOTO BHEIPEHUS BOCT-PEOOBAHHOTO
9KOHOMUKO!N U HAYKOW HOBOT'O 00pa3oBaTenbHOro HampasieHus «Hpopma-
IUOHHBIC TEXHOJOTHI». Bce OONbINee YHCIO YHUBEPCUTETOB HAYHMHAET OC-
BOEHHUE ATOr0 aKTyaJbHOrO HampasieHus. OAHaKo JUisl YCKOPEHHOI'O pa3BU-
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Tust cuctembl M T-00pa3oBaHust B CTpaHe HEOOXOJ¥MMa IICJICHANPABIICHHAS
TOCYJapCTBEHHAS TOJIEPHKKA, KOTOPOU, K COXKAJICHHUIO, TIOKa HET.
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JKoHOMMUYecKasa UHpopMaTUKa —
coeAMHeHMe 3a4a4 IKOHOMUKU U BU3Heca
C BO3MOXHOCTAMM
WH(OPMaALIMOHHbIX TEXHOSOIMN.

M. U. JIyeauee, MI'V um. M. B. Jlomonocosa

DKoHOMHYecKasi MH(POpPMATHKAa — 3TO Hayka 00 MH()OPMAalMOHHBIX CHC-
TeMax, NPUMEHSFOLIUXCS JUTs YIPaBJIEHHs IPOoIecCaMy B SKOHOMUKE U OH3-
Hece, a Takke 00 IKOHOMHKE 3THX MHPOpMaMOHHBIX cucteM [1]. Takoe om-
pelneneHue SBISETCS KOHKPETH3aluel onpeneneHns: nHGpOpMaTHKH, TaHHOTO
Hroraprom [2]: «MHpopmaTuka — 3T0 Hayka 00 WH(OPMAIMOHHBIX IpoIiec-
cax ¥ CBSI3aHHBIX C HUMH SIBJICHHSIX B OOILECTBE, MPHUPOJE U YETIOBEUECKON
JieaTelIbHOCTHY . DpaHIy3CKUi TepMUH «MH(POPMATHKa» IIJIOXO TPIKUICS B
Poccun, paBro kak u B CLA u BennkoOpuranuu — B oriinune ot OpaHimu
n ['epmaHuy, T OH IPUMEHSIETCS O4YeHb MMPOKO. HenpuHsThe sToro tep-
MHHA UMEET IIOMUMO JIMHTBUCTHYECKOTO M BECOMOE CEMaHTHYECKOe 000CHO-
BAaHUE: M3HAYAJBHO €r0 3HAYEHUE IPAKTUYECKH MOJTHOCTBIO COBMAJAN0 C
AHIJIOA3BIYHBIM “COMPUter SCience”, 4yTo B HallIeH CTpaHe CTall0 COOTBETCT-
BOBAaTh HaykaM 00 MH(OPMAIMOHHBIX TEXHOJOTHSX W CBS3aHHBIX C HUMH
oTpacisaxX MpUKIaJAHOW MaTeMaTuku. bornee nmoznHee onpenenenue Hrorapra
OTpa)kaeT cepbe3HOe N3MEHEHUE CMbICIIa TEPMHUHA «MH(OpMATHKaY, TPOANK-
TOBaHHOE COBPEMEHHBIM OPTraHWYHBIM IPOHHUKHOBEHHEM WH(OPMAIMOHHBIX
TEXHOJIOTUA HE TOJBKO B BBICOKOHAY4YHbIE C(hepbl €CTECTBO3HAHUS, HO U B
camble pa3JIMyHbIe cepbl MOBCEIHEBHON AesTeabHOCTH. JlaHHOe orpesere-
HHE — CBOET0 PO/ia PEaKIys Ha U3MEHEHNE OTHOIIEHHSI K HH(OPMAIIOHHBIM
TEXHOJIOTHSIM B CErOJHSAIIHEM MHpOBOM coobmiectBe. T mocturim takoro
YPOBHSI Pa3BUTHSL, YTO CTalHM BOCIIPUHHMATHCS, KAaK COBEPIIEHHO OOBIYHBIC
TEXHUYECKHE CPEJCTBA, MMOJ00HBIE TeneOHy WM TElIeBH30pY, KaK OTMeva-
JIOCh B psAe myOnukaimii, Hauateix cratbeil H.Kappa [3]. Hekotopsim noxa-
3aTeNIbCTBOM 3TOr0 (heHOMEHa SIBUJIOCH PE3KOE CHIDKEHHE MHTEpeca aMepH-
KaHCKUX CTYACHTOB K unctodl UT-crermanuzamu [4], oOCyxnaBiieecss Ha
MexxayHaporHoid XXV koHdepeHIMH 1O WHPOPMAIMOHHBIM CHCTEMaM B
Bammnrrone (CILHA) B nexkadpe 2004 rona.

H06uneiinas XXV kondepenuus ICIS 2004 (International Conference of
Information Systems) mexmyHapoHO# accolrauy HHOPMAIIMOHHBIX CHC-
tem (AIS — Association for Information Systems: www.aisnet.org) cobpaa
nopsinka 1300 ydacTHUKOB - IpenojaBaTeneil BeAyIUX YHUBEPCUTETOB MU-
pa ¥ mpeicTaBuTeNcl OwusHeca, ycremHo npumMeHstommx WT. Braummanue
MHOTHMX HPUBJIEKIIO 3acejaHue Kpyrioro croia no teme «Kpusuc B amepu-
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KaHCKOH CHUCTEME IMOJTrOTOBKH CHENHaTUCTOB B 001acTi MHPOPMAIMOHHBIX
CHCTEM: KaKHe M3MEHEHUs HY)XHBI, 4YTOOBbl CHH3HUThH yrpo3y odduiopuHra.
AIS — o4yenb aBTOpHTETHAs! BCEMHUpHAsi OpraHu3anus, oObEeIUHSIOMmAs IPH-
MepHo 4300 npencraButeneil yHuBepcuTeToB U3 80 CTpaH, 3aHITHIX B IOATO-
TOBKE CTYJEHTOB M IPOBEJICHUH HCCIEeNOBaHUN B oOnacTu MH(POPMALHUOH-
HBIX CHCTEM, HH()OPMAIMOHHBIX TEXHOJIIOTHHA B 00pa30BaTeNbHBIX 3aBECHH-
SIX CAMOT'0 Pa3HOro NpouIIst: KI1acCHYECKNX YHUBEPCHTETAaX, IKOJIAX OM3He-
ca, TEXHOJIOTMYECKUX KOJIIeKaxX, MHCTUTYTaxX MH(POPMAIMU U T.JI..

JleiicTBuTeNnbHO, HHTEpECHO OBbLIIO 00CymuTh, IouemMy B CIIIA nanmaer un-
Tepec K U3YYeHHIO HH()OPMAIIMOHHBIX CHCTEM, H OLIEHUTh peasIbHOE BIIUSHHE
oddmopa. Tem Oosee UHTEPECHO, UYTO B POCCUUCKUX YHHBEPCHTETaX HabO-
pbl Ha Bce (BakyabpTeTsl Tpoduis COMpPUter SCience ycToNYuBEI U COXPAHSIOT
W3 ToJa B I'ofl MPWINYHBIA KOHKYPC JUII aOUTYpHUEHTOB — He 3psi Poccust cun-
TaeTcsl BAHOBHHUIIEH aMEPHKAHCKUX HecyacTHd, (opMUpys OPPIIOPHBIN PhI-
HOK TpyJa nporpaMmMucToB BMecTe ¢ VHauneit, Kuraem n npyrumu crpanamu.
Cepbe3Hblil aHaJIU3 MOT ObI 1TOKa3aTh, YTO B OTBET HA AKTUBHYIO YTEUKY MO3-
roe (brain drain) u3 3THX cTpaH, Ha MEXIYHAPOJIHOM PBIHKE Tpyaa OOBEK-
THUBHO CJIOKHIIACh CUTYaIusl, CltocoOcTByromas yreuke pabdor u3z CIIA (job
drain) B mpOTHBOIONIOKHOM HAIPaBICHUH.

[Tpu o6cyxneHnn MHOrUe npenasanu anapeme opIIOPHBIA ayTCOPCHHT
Y TIPU3BIBANIM TIPUHATH MEPBI sl ero cokpameHus. Ho Obin Takke u 6onee
B3BELICHHbIE BBICTYIUICHUS, aHAJIM3UPOBABIINE COJACPKAaHHE YUEeOHBIX IpO-
rpaMM U CTPYKTYypy cripoca Ha Momnoabix MT-cnenunanucroB. OcobeHHO Ha-
CTOMUMBO aHaiM3upoBasuck npuiokennst UT B obiacti OusHeca. ABTOPHI
Jnoknana [4] npenctaBuiM JOBOJIBHO B3BEIIEHHBIA aHanu3 cuTyauuu. [Ipu-
BOJISl COOCTBEHHBIE OLICHKHM COKpAIEHWS! YWCla CTYJEHTOB, CHEIUaIH3H-
pyronmxcs B obacTu HHHOPMAITMOHHBIX cucTeM (TpuMmepHo Ha 50% 3a mo-
CIIeIHUE TPH rofa — 10 ypoBHs 1995 roza), aBTOpHI MpesiaraloT npoaHau-
3WpOBAaTh HE IaJIEHHE, a IPENIIeCTBOBABIINNA OBICTPBIA POCT YHCA CTYJIEH-
ToB. Ilo mx muenmio, koHen 20 Beka coBman B CIIIA ¢ HeCKOJBKUMH MOIII-
HBIMH ITporieccaMu: OBICTPBIM pocToM BHeapenust ERP-cuctem, npobiemoit
2000 roma ¥ HEOOXOAMMOCTBIO 00ECTIeYMBaTh MOAJEPKKY OIPOMHOIO yBe-
nuueHud uyucia VHTepHer-nons3oBateneil. B Hauane 21 Bexka BIUsHUE 3THX
TIPOLIECCOB CYIIIECTBEHHO CHHU3MIOCH — BHenpeHne ERP-cucrem n passurne
WurepHer mpuoOpeno Oonee akageMHUYecKHil xapakrep, a mpobiema 2000
MPOCTO HcYeslia (ecu BooOIe OblIa) — TaK YTO MAJICHUE CIIPOca Ha 3HAHUS U
CHELHUATIMCTOB M0 WH(OPMAIMOHHBIM CHCTEMaM BIIOJHE JornyHo. [lo mMHe-
HUIO aBTOPOB, BIMsHKE o(dIIopa Ha Iporecc 0e3ycI0BHO UMEETCs, HO 3TO —
JUIIb OAWH M3 MHOTUX (akropoB. OCHOBOW JKe JOKJIaAa ObUIO M3JIOKEHHE
koHuenuuu MT-oOpa3oBaHust Uit CTY/AEHTOB JKOHOMHYECKHX M Ou3Hec-
cnenuanbHocTel. 1o cyTH, aTa OCHOBa IpeacTaBisIa OOHOBJICHHBIH MEMO-
paraym 40 npodeccopoB 3Toit obnacty, omyoiaukoBaHHBIH B 2002 Tomy [6].
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I[lo wMHeHHIO aBTOPOB, B CONEPKAaHMM TMOJTOTOBKM Mojoaeix HWT-
CHELUATIMCTOB CErOoJHs JI0JDKHA OBITh OoJiee aKTHBHO IpEJCTaBJIEHA IpH-
KJIaJ{Hasi COCTaBJISIONIAs, COSAMHSIONAs YHUKAIbHBIE BO3MOXKHOCTH HH]Op-
MAaIMOHHBIX TEXHOJIOTHH C PelIeHHeM KOHKPETHBIX 3alad B CAMBIX pa3sHbBIX
OTpacisiX 3HAHHUM.

MbI couwnr BO3MOXKHBIM, OCHOBBIBAsICh TOJILKO B CAMOM OOIIEM Ha ITOJ-
XOJle aMEPUKaHCKUX KOJUIET, IPEUIOKHUTh CBOM BapHaHT CTPYKTYpbI o0yde-
HUS CTYJEHTOB 3KOHOMHYECKHX CHelualibHOCTed u OusHec-mkoi. Hawmbo-
Jlee COXpaHWJICS B HallleM BapHaHTE JIMIIb ITOCIEAHUH paszienn 00 3THKe U
npase npumenenuss MIC — 3nech 3amajHasi mMKoia MMeeT OoraThlii ONBIT U
MeToaryeckue npenmyiecrsa. CaMoil akTHBHOH IepepaboTKe MOJIBEPIIINCH
pas3zaensl 00 3koHOMuKe U yrpasiennn VC — 3/1eck MbI OMPAJIKCh Ha OMBIT,
HaKOIUICHHBIH Ha Kadenpe 3KOHOMHYECKOH MH(OPMATUKH SKOHOMUYECKOTO
¢axynprera MI'Y B mporecce yke MPONODKUTENEHOIO COTPYIHUYECTBA B
BemonHeHnu U T-mpoextos B THK-BIT u CY AJI-xonaunre.

HyxHo oTMeTHTB, 4TO 0a30BBIE TEXHOJIOIMH MH(POPMAIOHHBIX CHCTEM
(TexHONMOTMM 0a3 NAHHBIX, TEXHOJOTMH TEKCTOBBIX CHCTEM M TEXHOJOTHH
Be0) B Hammx Kypcax 00CYXKAAIOTCS C €MHBIX MO3UINIH, KOMIUIEKCHO 1 0o-
Jiee IIMPOKO MO CPaBHEHHIO CO CIIOXKMBIIEHCS NMPAKTHKOW 00ydeHHs, HO B
o03opHOM cTuie. IIpecnenyercst Lenb He CTOIBKO JaTh CTYAEHTAM KOHK-
peTHbIe TEXHUYECKHE 3HAHMS M HABBIKM, CKOJIBKO CITIOCOOCTBOBATH PAa3BUTHIO
X Kpyrozopa ¥ (POPMHUPOBAHHUIO OOLIETO IPEJCTABJICHHUS O COCTOSIHUU U
TIEPCIIEKTUBHBIX HAINpPAaBIICHUSIX PAa3BUTHUs BaKHEWIINX TEXHOJOrWH mHpOp-
MAaIMOHHBIX CHCTEM, UX B3aUMHOM BIIMSTHUU W KOHBEPT €HIINH.

1. OCHOBHbIE KOHLUEeNUuuMn 1 uenmn odyyeHus
3KOHOMU4YecKkon nHdopmartuke [5]

1) Onncanue npenmera

e [IpencraButh nH}pOpMATHKY KaKk HayKy 00 MH(OPMAIMOHHBIX IIPO-
1eccax M CUCTEMaXx, BBIJCIUTh SIKOHOMHYECKYIO HH(OPMATHKY U ee
coJiepKaHue.

e  OOBSCHUTH MPHUPOAY W B3aMMOJCHCTBHE TEXHOJIOTHH, JIIOAEH U Op-
TaHU3AIMOHHBIX KOMITOHEHT.

e  Paznnyars nannble, nHGOPMALNIO U 3HAHUSL.

e [Ipencrasisrs odmiee u paznuynoe B UT u VC.

e Jlomumare cyrb MC kak coueTaHuEe TEXHOJOTUH, IPOIECCOB U
YIpaBJIeHUsL.

e [IpencraBisaTe MHGOPMAIMOHHBIE U OU3HEC-TIPOLECCHI.

e PaccmarpuBaTh OpraHu3alMI0 Kak cUcTeMy oOpaOoTKu HH(popMa-
LIUH, CO3/ITaHHYIO AJIS1 YMEHBUIEHUSI HEONPEAETICHHOCTU CPEIbIL.

e BBecTu 351€MEHT CHCTEMHOTO MBIIIIEHHS - TPAHMIIBI, BHELIHSS Cpe-
Jia, Leb, 0OpaTHas CBS3b, IEKOMITO3UIIMS U arperupoBaHue.
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OOBSICHUTH Ba)XKHOCTh MHTETPAIMH, IOHUMATh UHTETPAIMIO TEXHO-
JIOTUH, IPUIIOKEHUN U peIIeHUH.
IpencraBnsare knaccudukanuio MC.

2) 3aueM 510 HYKHO?

Kak MIC u 1T Bnusier Ha KOHKYPEHTOCIIOCOOHOCTh OpTaHU3alHH.
O6cynuth ucnonp3oBanne VC mis aBTOMATHU3allUK, WHTETPAIWY,
M3YYCHUE OPTaHU3AIUH, PEUHKUHUPUTA U PA3pAOOTKH CTPATCTHH.
ITokazartb, kak yBsizansl uHBecTuiMu B IC u UT u crparernueckue
IJITaHBI KOMITAHUU.

O6cynuth, kak UC MoxeT 00ecrieunBaTh U OTPAHUYUBATE PA3BUTHE
OopraHu3aIum.

OO0cyuTh, Kak CBs3aHa KOHKYPEHTOCIIOCOOHOCTh CO CMEHOW TeX-
HOJIOTUH U UHHOBAILIUSMHU.

3) Baxuerimmuii komrnonedT UC - nadopMalMOHHbIE TEXHOJIOTUH.

A) IpencraButh ocHOBHBIE KOoMITOHeHTHl WUT: anmapaTHO-iporpaMMHYIO
4acTh, TEIEKOMMYHUKAILUH, TaHHBIE, SI3BIKH POrPaMMUPOBAHHUS, CTAHAAPTHI
U JIOTUKY UX B3aUMOJEHCTBHUS.

OOBSICHUTB, KaK YCTPOEH COBPEMEHHBIH KOMITBIOTE.

PaccMmoTpeTs Ha3HaYeHHE CUCTEMHOrO M MPUKIATHOTO MPOrpaMM-
HOro obecriedeHusl.

OO0cyauTh Ha3HA4YEHHE W MPUHIMIBI OPTaHU3AIUH KOMITBIOTEPHBIX
ceTel.

Jarp mpezncraBnenne o6 MHTepHeTe, ponu 3TOH cpensl B COBpe-
MEHHBIX OPTaHU3ALMIX U KHU3HEASSTEIILHOCTH O0IIeCTBa.
OOBSICHUTH KOHIEINHA UHTETPAH U MaCIITA0MPYEMOCTH, a TaKXKe
BBIJIEJIUTH POJIb CTaH/IAPTOB.

IIpencraBnsaTs cyTh oTKpBITEIX WC.

OOBSICHUTH, YTO Takoe KOMITBIOTEpHAsi 0E30MacHOCTb, W ONHUCATh
METO/IBI €€ 00ecHeyeHusl.

B) Ba3sl naHHBIX 1 QYHKIMOHHUPOBAHHE COBPEMEHHBIX OpraHN3aIHH.

[pencrasnsare mecro Bl B 0bmieii crpykrype VIC, moHnmMaTh nx Be-
JIYIIYIO POJIb B OpraHu3anuu u GyHkuuoHuposanuu MC.
[IpencTaBnsATh OCHOBHBIE NPHUHIMIIBI TEXHOJNOTMH 0a3 JaHHBIX U
MEePCIEKTUBHBIE HANIPABIICHUS UX PA3BUTHUS.

[MoHuMats mpupony, BaXXHOCTh M TIOJIb3Y WHTEIPHPOBAHHBEIX 0a3
JTAaHHBIX.

[ToHMMaTh KOHLIENIMIO U CPEACTBA 00ECIIeYeHUsI IEITOCTHOCTH JaH-
HBIX.

Onucatp HazHaueHne CYB/] v npuHImMne ux GyHKINOHUPOBAHUSI.
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OOBACHATE npupoay U Ha3HAUYCHUC XPAaHWJIUIL JaHHBIX.

B) KaxoBa ponbs NaTepHeTa, Beb 1 ceTeBbIX TEXHOIOTHI B COBPEMEHHBIX
opraHuzanusx?

[pexacraBnsTh NPpUHIMITEI OpraHu3anyy MHTepHera.

OO0CcyIUTh KOHUEIINH, KOMIIOHEHTHI, BO3MOXXHOCTH M TEHJCHILIUH
cereBoro @yHkunonuposanus (Networking).

Ornnyate IHTEpHET, HUHTPaHET U HKCTpPaHET.

[IpencTaBnsaTh OCHOBBI €-OM3HECA U 10Ka3aTh, KaK OH U3MEHSET Op-
TaHU3aIMU U PHIHKH.

OOBSICHUTH OpPraHU3aLMOHHBIE TIOCIENCTBUS OT ITOBCEMECTHOTO
NIPOHUKHOBeHHUs VIHTEpHETA.

Onwcatp pa3BuTHE OECIIPOBOIHBIX TEXHOIOTHHA.

PaccmotpeTs BceoOmyie MociencTBUs, CBSI3aHHBIE C privacy jaaH-
HBIX U 00mIeocTymHOCThI0 MHTEepHEeTa.

[pencraBnsare cBoiictBa Bcemupnoit mayrusel (Beb) kax UC,
¢dbyHKMoHupyroniel B cpene MurepHera.

OO0CyIuTh TPEANOCHUIKA CO3JaHUsl HOBBIX TexXHOJorwid Bebd u mx
Ba)KHEUIIIHE BO3MOKHOCTH.

4) Yto Takoe OM3HEC-TTPUIIOXKEHHSI.

Kak VIC obecrieunBaroT NeSITEIBHOCTh OPraHU3aIin?

BBectn monsaTust OusHec-mpuiokeHnH, npeacraButh ERP, SCM,
CRM, DSS u np.

OOBSICHUTH BaYKHOCTh BHYTPHOTPaHH3aIMOHHBIX OW3HEC-TIPOIECCOB
U CBSI3aHHYIO C HUMH poib ERP.

OOBSCHUTH BAYKHOCTh BHEOPTAHU3AIMOHHBIX TPOIIECCOB, T.e. SCM,
CRM 1 cBs13aHHyt0 ¢ HUMH poib 1C.

[IpencraButh Kpyr 3anau, pemaeMbix DSS, u nokazaTh BaXXHOCTb
WUT-nopnepxkn aHanutuyeckoil padotel. [TokazaTs THHOBBIE 3a7a-
4u 1 crnocoOsl ux perrenust cpencreamu OLAP u Data Mining.
Omnwucats paznuussle Thnel MC, nmogaepxuBaroiye Npoueccsl orne-
PALMIOHHOr 0, YIIPABJIEHUYECKOr0 U CTPATErMYeCKOro ypOBHSI.
PaccMoTpeTs OCHOBHBIE 3a/1auM aBTOMATU3aLMU JOKYMEHTO00O0pO-
Ta.

[pencraBnsaTe ocodbenHOCTH TeKCTOBBIX WC.

5) Dxonomuka HC.

A) B 4em cocrout Bknan VIC B co3ganue croumMocTu?

Ilokasath YHUKAJIbBHOCTh 3KOHOMHWKH I/IH(l)OpMaHI/II/I u I/IH(l)Op-
MAallMOHHBIX CUCTEM.

-56 -



Omnucats cepuc UT kak eAMHCTBEHHBIN KOHEUHBIN MPOTYKT CITyXK-
6561 VIC B opranuzanum.

[IpencTaBnsaTh 1IENOYKY, MO KOTOPOH pe3yJabTaTHBHBIH M 3ddek-
TUBHBINA cepBuc MT Biuser Ha pe3yiabTaT OU3HEC-TIpollecca W aK-
LUOHEPHYIO CTOUMOCTh OpPTraHU3alHH.

[pencraBnsare nenouky nodasnenus croumoctH (LIJIC), ocHoBHBIE
U BCIIOMOT'aTeNIbHbIE IPOLIECCHI.

[pencraBnsare nHPOPMAIMOHHYIO O€30MTaCHOCTh B KOHTEKCTE CO3-
JlaHUsE CTOMMOCTU ¢ ucnoib3oBanueM MC, a Takxke CBSI3aHHBIE C
9THUM 3aTPaThl U PUCKU.

B) U3 uero cocrosr 3atpatsl Ha IC n YT 1 kak OHUM MOTYT OBITH U3Mepe-

HBI?
[ ]

PaccmoTpeTh cTpyKTYpHI 3aTpat (cost) Ha MHGOPMAIIMOHHBINA MPO-
JTYKT.

[Nokazath nmpobiieMbl 000CHOBaHMS HHBECTHULIMHA B HHPACTPYKTYPY.
Onucats koHuenuuto TCO nns unBectuuuii B UT.

[pencraBnsTe cebe MexaHn3M yuyeTa 3aTpatr Ha cepBuchl UT.

B) Yro Takoe I/IH(l)OpMaHI/IOHHaH O9KOHOMHMKA U Y€M OHa OTJINYaCTCA OT
OpeAUICCTBYIOMNX S9KOHOMUYCCKUX MEXaHNU3MOB U CprKTpr

[IpencTaBnsTh OCHOBBI HH(POPMAIIIOHHON 3KOHOMHUKH.

Onwucarp yHUKaJbHbIE YEepPThl SKOHOMHUKH WH(OPMAIMU: CETEBOM
3¢ QeKT, U3MEHeHUsI ¥ [eHOoOpa3oBaHWE ISl MH(OPMAIMOHHBIX
MIPOYKTOB, «HpUBsI3Ka K npoaykTy» (lock in), monoxxurenbHas 00-
paTHas CBSI3b.

Onwmcate MeXaHU3MBI TIepefiady 3HaHUi OT (hyHIaMEHTaIbHON Hay-
KU JI0 MacCOBOTO IPOM3BOJCTBA U HEOOXOAUMBIE JUISl TOTO 3KOHO-
MHYECKHE CTPYKTYPHI

6) Yupasnenue UC.

A) KaxoBsl 3a1aum, GpyHKIMU 1 ypoBHH ynpasieHus UC?

Onwucats OCHOBHBIE 3a7aun ynpasienus 1C.

[pencraBnsaTe QyHKIMM U OCHOBHBIE BapHaHThI (pYHKIMOHAIBHOM
opranu3saiuu cyxos1 UC.

[NokazaTh orpaHndeHus QYHKIMOHAIBHONW OpraHU3alyui U BO3MOX-
HOCTH NPOLECCHOT0 MOAX0AA M0 UX MPEOJ0TIEHHIO.

[pencraBnsaTe ypoBHM ynpasieHus ciyx6oi IC u oTandus oqHoro
YPOBHSI OT APYroro.

IIpencraBnsaTh OCHOBHBIE 33JaYdl U COAEPIKATEIBHYIO CII0XKHOCTh
pernreHust 3a1a4 odecrieuenus 6ezonacHoctd MIC v UX KOMIIOHEHT.

B) Kakue 3agauu pemaer ynpasienue cepsucamu UT?

IpencraButs cepBuc UT kak 0OBEKT ynpaBieHHsI.
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OOBSICHATH MPOLIECCH CONPOBOXKAEHUS cepBUcoB MT.

OOBsICHATH NpoLiecchl penocTaBieHus cepsucos WUT.
IIpencraBnsaTh posib IKOHOMHYECKOTIO aHAJIM3a B MPOLECCaX YIpPaB-
nenus ceppucamu UT.

B) B 1yem ponb cucreMsl pykoBocTBa ciryxooi MC?

OO0CcyauTh MEpCHEeKTUBHYIO M TEKYIYI0 poiib yrnpasienus MC.
OOBSICHUTH TIPOLECCH YIPaBJIEHHS! CO3/IaHHSI CTOMMOCTH CpEJICTBA-
mu UC u UT.

O6cyauts mpobnemsr U T-coypeunra, ynpaBieHHss KOHTpakTaMu U
OTHOILIEHUSAMU C BHEIIHUMU NpOBaiiiepaMu yCIIyT.

PaccmorpeTs yHHKanbHbIE IpoOsieMb! ynpasienus VIC B riobanbHO
pacnpeieleHHbIX OpraHU3aIHsIX.

7) Kuszuennsiii ki MC.

[pencraBnsaTe obIiee MOHITHE M CTAaHIAPTHI ONpPEAEIeHHs )KU3HEeH-
Horo 1ukna UC.

Kak opranmzanun npruoOpeTarot, BHEAPSIOT U pa3BuBatoT VIC?
[IpeacTaBnsATh NPUHIMMBI YIIPABICHHUS CIOKHBIMH IIPOEKTAMH, CBSI-
3aHHBIMH C HH(POPMAIIMOHHOH TEXHOJIOTHEN.

[okazaTh TpymHOCTH B mpoekTupoBaHuK W co3fanun VC, Tarke
KaK U CHIIy U crnadocTh ampTepHaTuBHOTO (03 MC) paspurtust opra-
HU3alUH.

Onwmcatre 0coOeHHOCTH, 3akitoueHHble B paszButun [0 cobcr-
BEHHBIMU CHJIAaMH, C IIOMOIIBIO OTEYECTBEHHBIX U O(IIOPHBIX HPO-
n3Boaureneit n npuodperenust IC «B kopoOke».

HayuunTs, xak copMyIMpoBaTh ¥ OLEHUTH 3aIPOC Ha MPEIIOKEHUS
nc.

IIpencraBnsaTe cnoxHOCTH BHeApeHUs MC u monHOro ncnoiab3oBa-
HUS NoTeHIuana yctanosyieHHo MC.

8) Dr1rka u npaso B npumenenun VC.

Kakue stuueckue, npaBoBbie MPoOIeMbl BOSHUKAIOT TIPH HCIIONB30-
BaHUM opranuzanueit UC?

Onwmcarh 3THYECKHE CIOKHOCTH, CBSI3aHHBIE C 4acTHOH uHOp-
Marmeil (privacy), akKypaTHOCTBIO TPEICTABJICHHsS, WHTEIUIEKTY-
aJIbHON COOCTBEHHOCTBIO M JIOCTYITHOCTBIO IAHHBIX.

[Monmyuuts mpencraBieHue O NpUpoje (M IMOTEHIMAIBHOM POCTE)
KOMITBIOTEPHOH IPECTYITHOCTH.

[IpencTaBnsATh OCHOBHBIE HOPMATHBHBIE aKThl, MPUHATHIE JJIS pa3-
pemenust KoH(IMKTOB B obnactu MC.
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[IpencraBneHHas CTpyKTypa Jajeka OT COBEPILEHCTBA M MOTPEOYeT BHI-
JIEJIEHNs] CEPhE3HBIX PECYpPCOB Ha €€ peajli3alunio, YTO BO3SMOXKHO JTAJIEKO He
BCerga M HE Be3le MO Pa3HBIM TNPUYMHAM: OTCYTCTBUC CICIMAIHCTOB,
cpencTB, TexHoyoruit. [ToaToMy ee, MOXeT OBITh, MOXXHO TPE/ICTABIISATH B
Ka4yecTBe JIMIIb JceldmenbHOU C TOUKH 3PEHNs CETOAHSIIHETO BUaAeHH. Tem
He MeHee, JII00ble [Iark Ha CONMKeHHe ¢ TPECTaBICHHON CTPYKTYpOH pe-
aJBHOTO COJIEpKaHUsA O0YYCHUS MOTYT JaTh ON[YTUMYIO TMOJB3Y OYAYyIIUM
cnenuanicTaM. be3yciioBHO, moje3Hol Obuta ObI M JUCKyCCHS 00 3TOM B
POCCUMCKHX U3JAHUSIX.

2. O KypcoOBbIX, BbIMYCKHbIX U OUMJIOMHbIX paboTax
[Mpoucxonsmee pedopMupoBaHHEe BBICIIEH IIKOJIBI MpEANOIaraeT Haju-
YHe CTPYKTYpHPOBAHHOTO BHJIEHMS CaMOCTOSTENbHOH paboThl CTYIEHTOB,
TEMAaTUKH BBITTOJIHIEMBIX MU KYPCOBBIX, BBIITYCKHBIX M JUIUIOMHBIX Pa0oT.
Hwxe mpuBoaMTCs Halll BApUAHT JUIS IBYXCTYNEHYaTONH OPMBI O0YUESHHSI.
Baxanaspuat

2 Kypc. 3axpennienue npoudeHHoz2o.

HNudopmanmonnsie cuctemsl (MC), KOHKpETHBIE MTPUMEPHI, IIOMOTAOIIHE
MOHATh KaK OHU pabOTalOT, U3 YEro COCTOST, YeMY CIIOCOOCTBYIOT, UTO HE
MOT'YT JIeaTh, a JUIsl 4ero cnenuansHo npeanazHauensl. Kak UC cBs3biBatoT-
Csl MEXKIY CO0O#, C TIOIE30BATENIMU, KIIMCHTAMH | T.1. POJb 1 BO3MOXHOCTH
WHrepHeTa ¥ MCTOYHWKOB Ha BeOe. MaTepuaiaMu JUTsl HAMMCAHKS MOTYT CITy-
JKHUTh ONMCAHUSI KOHKPETHBIX CUCTEM, ITyOJIMKAIIMH B )KypHAJIaX U Ha BeOe.

3 kypc. Kax UC nomoearom 0obasnsims nompedbumensbCcKyo Cmoumocp.

Bce BHMMaHme — mpuitoxeHusiM. Xopomo pazoopatscs ¢ ERP/MRP,
CRM, SCM, DSS # T.1. 1 HaliTH UX BOILUIOIIEHUSI B KOHKPETHBIX CHCTEMaX.
[Mony4yuTtsk yeTKoe MpeacTaBiicHHe 00 UX (GYHKIMOHAIEHOCTH, UHTETPAIIUU U
MacmrabupyemMocTd. HayduThcs OMUCHIBATE W MOJIECIUPOBATH OW3HEC-
nporiecchl. [IOHMMAaTh OCHOBBI 3JIEKTPOHHOTO Om3Heca. Pa3oOparbes B apxu-
tektype MC u Ou3HEC-IPWIIOKEHUIH. YMETh ONMUCHIBATH U aHAIU3UPOBATH
MaTepuabHbIC, (PUHAHCOBBIC U HH()OPMAIIMOHHBIC TTOTOKH.

4 xypc. Ynpasnenue ungpopmayuonnviMu cucmemamu.

INo3HakomMuBIIKCH ¢ BO3MOXKHOCTAMU VIC ynpaBisTh OCHOBHBIMH U BCHO-
MOTaTeJIbHBIMHA TIPOLIECCAaMH  KOMIIAHUHM, HEOOXOIMMO TO3HAKOMHTBCS C
npuHiunaMu ynpasineHust camumu MC. Ilpu 3ToM xenaTenbHO NOIY4YMTh
TIpe/ICTaBJIeHnEe 00 yNpaBJIEHUH MPOEKTAMH, ITOCKOJIbKY BCE BUBI ()YHKIIHO-
HupoBaHus VC: BHeapeHue, SKCIUTyaTalys,, U3MEHEHHE — MOXHO paccMaT-
puBaTh B BUIE NpoekTa. He 00s3aTenbHO, HO KeTaTelIbHO MMO3HAKOMUTHCS C
ocHoBam# ITIL/ITSM. [Tonumats cTpyKTypy ¥ 3ajauu kKopropatuBHbIX MC
(KHC). HayunTbcs pa3nmuyaTbh BOSMOKHOCTH OpTaHU3aIMU (PHHAHCHPOBAHUS
IIpU LIEHTPAJIM30BaHHOM M JelieHTpaau3oBaHHoM ynpasineHun KUC. TTo3nako-
MUTBCS C OPICTPYKTYPaMH, PEATU3YIOIIMMH pa3Hble Mozienu ynpasiaenus 1C.
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Maructparypa

1 ron. Obpemenue onvima.

MaructpaM HEOOXOAMMO MMETh OMBIT paboThl ¢ peansHol MC. Kpome
TOr0, 00513aTeNIbHBI 3HAHUSI METOIOB OLIEHKH cTronMocTH (Harpumep, TCO) u
3HAaKOMCTBO C METOJMKAMH OLEHKH 3KOHOMHYecKoW s¢dexruBHocTn HC.
DOTUM TeMaM MOTYT OBITh MOCBSIIEHB KypCOBBIE PaOOTHI IIEPBOTO roja Ma-
THCTPATypBHI.

2 ron. Ilpumenenue 3nanuil.

JlurmoMHBIe pabOTBI MATUCTPOB JOJDKHBI COIEPIKATH JIOKA3aTeIbCTBA MX
YMEHHUS pelIiaTh KOHKPETHBIC 3ajaun B obnmactu npumeHenus WC s moj-
TOTOBKH U TIPUHATHUS SKOHOMHUYCCKUX PEIICHUMH, a TAK)Ke CIIOCOOHOCTH OIle-
HUTH SKOHOMHYECKYIO 3 (DEKTUBHOCTh UX MMPUMCHCHUSI.

3. Ewe pa3 06 nHopmartuke

Ipexxae Bcero, HaaoO JOTOBOPHUTHCS 00 00sA3aTeILHOM 0a30BOM TEXHO-
JIOTUYECKOM MOJyjie OOydYeHHs, €ro COAepXaHuu W CTpyKType. Iloka B
OOJIBITMHCTBE BY30B HA HHTYUTHBHOM YPOBHE B HETO BKIIIOYAIOTCS O(UCHBIE
MAKeThl ¥ OJUH U3 SI3BIKOB MPOrPAMMHPOBAHUS BBHICOKOTO ypoBHs. CTerneHb
MOATOTOBKU OMNPENENAETCA HATMIMEM CIEIUATUCTOB, TaK YTO HEPEIKH CITy-
Yau, KOrja 3KOHOMHCTOB YCEPIHO Y4aT FOTOBUTH M PEAAKTUPOBATH TEKCTHI,
KOE-4TO COOOIIAIOT 00 3JEKTPOHHBIX TAOJIHUIAX W MPEACTABIISIFOT 3HAHUS O
0a3ax JaHHBIX B BHUJE TenerpadHbix crnpaBok. OYEBHIHO, YTO COAEPIKAHUE
6a30BOr0 MOIYJIsI U €ro CTPYKTypa JO/DKHBI OBbITh y3aKOHEHBI BBEICHHEM
COOTBETCTBYIOIIErO CTAHAAPTA C ONPEEIEHUEM MPABUI €ro HEOOXOAUMOro
pas3Butus. B mocneayiomeM aHaIOrHYHbIE CTAHAAPThI HEOOXOIUMO BBECTH U
B HanboJIee aKTUBHO PA3BMBAEMBIX MPUKIAIHBIX JUCIMIUINHAX (IKOHOMHUKA,
yIpaBiieHUe, MEJULIMHA U T.]I.).

Bo-BTOpBIX, HEOOX0AMMO O0JIee TIIyOOKO M aKTUBHO HCIIOIL30BaTh TEP-
MUH «uHpopMaThkay. J[o CHxX Mop ero NpuMeHEHUe OCIIapUBAIOCh CIelra-
JIUCTAMHU U3 001acTH WH(OPMAIIMOHHBIX TEXHOJIO0THM, cunTaBmumu UT moc-
TATOYHO TOJHBIM TEPMUHOM, OMUCHIBAIONIMM BCE CBS3aHHOE C 00pabOTKOM
uHpopmarnmu. Terneps CTAI0 MOHATHBIM, YTO 3TO HE COBCEM TaK M CIEIAyeT
OIPEJIEINTh CIENU(PUKY anmapaTHO-MPOTPAMMHBIX KOMIUIEKCOB, MPUMEHsE-
MBIX B Pa3HBIX 00JaCTAX JAEATENbHOCTH. [10THOE MPaBo Ha CYIIECTBOBAHUE
HUMEIOT, TIOMUMO 3KOHOMHYECKON WH(POPMATUKH, HAPUMEDP METUIIMHCKAS
U BOCHHAs WH(pOpPMAaTHKA, PEACTABISIONINE THTAHTCKHUI CPe3 B pacCMOTpe-
HUM KOHKPETHBIX MPUIOKEHUH MH(POPMAIUOHHBIX CHCTEM. BHYIIMTEIBHYIO
CHJTy HAOUpAIOT B pa3BUTHIX CTpaHax, npesx e Beero, B CILIA, cucremsl Trma

-60 -



| e-governement'. TIpencrapisercs, 4TO ¢ TIOMOIIBIO TEPMHHA «HH(OPMATH-
Ka» MOXHO Yy4ecTh CHeNU(pUKY BCEX CYIICCTBYIOIIUX OTpAacied 3HAHWWA U
MPAKTUICCKOH IETETLHOCTH.

B-TpeThux, MOATOTOBKA CHEHUAIHCTOB B obOmactu mnpumeHeHus HC
JIOJDKHA BECTHCH C 00sI3aTEIBHBIM yJacTHUEM TIPENoaBaTesicii U CTYICHTOB B
HccIeqoBaTelbCcKol padbore. Cunraercsl MPU3HAHHBIM, YTO HCCIIENOBATENb-
ckas pabora B 00JIacTH OLCHMBAHMUS PE3YJIbTaTOB MCIOJIL30BaHUS HH(OpMa-
IIUOHHBIX CHCTEM W TEXHOJOTHU B MHUPE BEIETCS Pa304apOBBIBAIOIIE ILIOXO
[7]. HauHast oTpacip 3HaAHWH W3MEHSAETCS HACTONBKO OBICTPO, YTO YIUTh H
YYUTHCS TOIBKO 10 YUEOHUKAM HEJb3s — HY)KHA MTOCTOSIHHAS CBS3b C Peajlb-
HBIMHA aBTOMATHU3UPOBAHHBIMH HH()OPMAIMOHHBIMH M OH3HEC-TIPOIIECCaMHU.
3/1ech HEOICHUMYIO TIOMOIIL MOTYT OKa3aTh KOMITAHUH-UHTETPATOPHI, KOH-
CYJBTAHTHI, BEHJOPHI, KOTOPHIE MOTYT 3aKa3bIBaTh BY3aM HCCIICIOBAHUS,
CBSI3aHHBIC C PE3yIbTaTAMH UX JCSITCIBHOCTH. BaxkHO, YTOOBI TaKOE COTPY/I-
HUYECTBO OCHOBBIBAJIOCH HE HA CHOPAMYECKON CIIOHCOPCKOW ITOMOIIH, a Ha
COTJIAIICHUSIX O MHOTOJIETHEM CTPaTErMYeCKOM COTPYAHHUYECTBE, KOTOPOE
OBl MTO3BOJISUIO OOMEHUBATHCS MH(DOpMAIUEH, 3HAHUAMU, TPUBJICKATh U TO-
TOBUTH CIICIIUAIACTOB.

4. 3akno4veHue

HH(l)OpMaHI/IOHHI)Ie CHUCTCMBI, HpI/IMeHHIOHII/IeCH B DKOHOMHUKE U 6H3Hece,
UMCHOT HpPIHHPIHPIaJ'IBHBIe oTiIM4yuda oOT TpaZ[I/IHI/IOHHI)IX «MaTepHaJ‘IBHHX»
CHUCTEM, CO3JaHUC U 3KCHJ'IyaTaHI/IH KOTOpBIX SABJIACTCA JCJI0OM, 4aCTO — HE-
MIPOCTHIM, HO BCE-TaKU — OOBIYHBIM. JIFOOOM MPOEKT, CKaXeM, CO3JIaHUE Me-
XaHu3mMa HUJIn CTpOPITeJ'IBCTBO HpOMBII]_IJ'IeHHOl"O Hpe):[HpI/IHTI/IH (Haan/IMep,
CTPOUTCIILCTBO J10OMa, U3TOTOBJICHUEC xne6a, CO31aHuUC 6aJIHHCTH‘IeCKOﬁ pa-
KeTBI), HUMEECT COBepIIIeHHO YETKHUEC YUCIIOBBIC XapaKTepI/ICTI/IKI/I KOHerTHOFO
Habopa MmapamMeTpoB, KOTOPHIC JODKHBI OBITH OOECIICUCHBI IO 3aBEPIICHUU
HpOeKTa. I/I Ha6op HapaMeTpOB, W 3HAYCHUS YUCIIOBBIX XapaKTepI/ICTI/IK CIIIC
pi (o) CTapTa npoeKTa MOFYT 6I)ITI> HpOBepeHLI Ha HOJ'IHOTy nu peaJ‘II/ICTI/I‘IHOCTB
CIicyuajiucramMu, KOTOpBIe 6y)1yT HUCIIOJIB30BAaTh pe3yJ'II>TaTI>I BBITTIOJTHCHU A
HpOeKTa. BCHKI/Ie OTKJIOHCHUSA OT Fpa(l)I/IKa BBIITIOJTHCHUA npoeKTa MOFyT 6I>ITI>
BepI/I(l)I/IHI/IpOBaHBI, U CIICHUAJINCTHI 3aKa3yHuKa MOFyT IIOHATH U HpI/IHHTI) 1501040
OTKJIOHUTH 3TU UBMCHCHUSI.

! KOCBEHHBIM CBUIETENHCTBOM TOr0 MOXKET CIYXKHTh | IIporpamma koudepenruii ICIS: B 2003
rojly OCHOBHBIMH JIOKJIa{4MKaMH Ha [UICHapHBIX 3aceqannsx 6sum Ckort Kapcor (Scott
E.Carson) — Bure-nipe3uaent kommnanuu bounr u Jxed Paiikec (Jeff Raikes) — Bune-npesunent
Mukpocodrt. B 2004 roay riasusivu Beictynaroummu 0suti Lenr Cusait (Cheng Siwei) —
3aM.IIpeICeaTeNIs MOCTOSHHOTO KOMUTETa Hapo{HOro cobpanust Kuras, Kypupyromuii Borpocs!
WUT, a takxe D1 Tpum6bi (Ed Trimble) — npesunenT kommanun EzGov. Inc. —muposoro nuzaepa
B [IOCTAaBKE U BHEJPEHHUH PELICHHH, MPHHIUITHAILHO MEHSIOIHX paboTy IPaBUTEIbCTB PA3HOTO
yposHs.. IlItab-kBaprupa EzZGOvV Haxoxutes B ATianTe, ee 0(HChl pacrosnoxeHsl B BammHrro-
He, AMctepaame u JlongoHe.
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B cnyuae ¢ uH(pOpMAaMOHHOH CHCTEMOH N1€10 OOCTOUT COBCEM HHAueE.
[MpakTHueckn HHUKOTAA 3aKa3 Ha CO3JaHHE MH(OPMALMOHHOW CHCTEMBI HE
COZEPKUT JjaxKe IOIHOro Habopa 3a/ay, KOTOpble JOJKHBI PEIaThCs C I10-
Mosio MC. Yarue Bcero ecTs JIUIIb UAEH, JOBOILHO HEUETKO c(hOpMyIupo-
BaHHbIE, a HA0Op ATHX HAEH — HEMoJIOH. B Xoze BBHINONHEHUS IPOEKTa CO3-
nannst IC nmocrenenHo Habop 3a7ay MOMOSHSIETCS, UX (OPMYIMPOBKH yTOY-
HSIOTCS — B uTore, co3nanHas C MoXeT CyIecTBeHHO OTJIMYaThCs OT Iep-
BOHAYaJIBHO OIMCAHHOM. Ba)kHO MOHSTH, YTO 3TO — OOBEKTUBHEINA HpoILecc,
HEONpeeICHHOCTh TEPBOHAYAIBHBIX ITOCTAHOBOK HE SIBIISIETCS CIIEACTBUEM
HETO/IrOTOBJICHHOCTH 3aKa3uWKa WM KOHCYJIbTaHTa. [Ipupona aToro jiexur
B ObictpoM mporpecce VT u ecrecTBEHHOM WM3MEHEHHH BUJIEHUS MPOOIEM
OusHeca 3axazunkoM. Co3fanue u ocBoeHue pecypcoB MC - cymecTBeHHO
afanTUBHBIN npouecc. [loHMMaHWMe 3TOro MODKHO TPUBECTH K HHOMY
YIIPaBJICHUIO U (PUHAHCUPOBAHUIO 3TOro mporuecca. CylecTBYIOIUEe TeXHO-
JIOTUM peaju3allud IPOEKTOB UCXOIAT U3 TOrO, YTO IJIABHOE — NPAGUNLHO
€030a6amb CUCTEMY, STOMY IIOMOIAlOT pa3pabOTaHHbIE U MIUPOKO UCIIOIb-
3yeMble OCHOBBI yIpaBieHHs InpoekToM. Ho Ha penme Hajo MOCTPOUTH npa-
SUNLHYIO cucmemy, a 3To B ciydae MC He rapaHTHUPOBAaHO, €CIIU Jaxe ee
MIPaBWIIBHO CTPOWUTh. PHHAHCHUPOBATH TAKOW MPOLECC TOXKE HY)KHO WHAYe,
nepexois OT pa30BOrO BBIIENCHUs BCero TpedyemMoro odbema (huHAHCHUPO-
BaHMS K IIOLIarOBOMY ITPEOCTABIECHHIO CPEJCTB MOAOOHO TOMY, KaK WHBE-
CTHpYETCs] BEHUYPHBIA KanuTa

B sxoHOMHMueckoil MHpOpMaTHKE MHOrO 3aad, TPEOYIOUMX TNPHHIN-
MTUAJIbHO HOBBIX MOAXO/AOB K MX PEIIEHHI0. JTO KacaeTcs M HOBOTO SKOHO-
MHYECKOT0 BOCIIPUSTHS TEXHOJIIOTMYECKUX PAa3phIBOB, U HOBBIX METO/IOB OIle-
HUBAHUSI Y9KOHOMHUUYECKOH 3(PpdekTHBHOCTH MHPOPMAIMOHHBIX cucTeM. [lis
pelIeHus 3TUX 3a]a4d HyXHbI (hyHIaMeHTanbHble 3HaHus 1 B oonactu UT, u B
00J1aCTH 9KOHOMHKH MH(OPMALMOHHBIX CHCTEM. Y HUBEPCUTETCKHUE CIIeIfa-
JIICTHI BO BCEM MHpPE pabOTaIOT Ha/l CO3aHMEM HOBBIX YUE€OHBIX IPOTrpaMM U
JUCIUILIAH Jutst 3Toro. CBOM BKJIaJg BHOCHT U Kadeapa SKOHOMHUYECKOH WH-
¢dopMaTukn 3KoHOMHUYeckoro Qakymsrera MI'Y, mpernogaBatenu KOTOpPOH
paboTaloT HaJ| CO3AaHUEM IPECTABIAEMON KOHIIEMIUH.
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Nanoscale devices
in future information technologies

Benjamin Iniguez, Department of Electronic, Electrical and Automatic
Engineering (DEEEA), Universitat Rovira i Virgili (URV).

Avinguda dels Paisos Catalans, 26. Tarragona 43007, SPAIN,
benjamin.iniguez@urv.netintroduction

The downscaling of CMOS device dimensions has been the major force
of the growth in microelectronics during the past three decades. The non de-
sired short-channel effects, asssociated with the decrease of the channel
length have been controlled through a reduction of the gate oxide thickness
and appropriate channel doping design. According to the prediction of the
International Technology Roadmap for Semiconductors, transistors with gate
length down to 20 nm can be expected in 2014.

However, conventional bulk MOS designs present too many difficulties
to be scaled below 100 nm; short-channel effects become more severe and
more difficult to control by the gate; a further reduction of the gate oxide
thickness may not be useful, because of the increase of gate oxide tunneling.
Other designs should be used. Multiple gate devices seem to be the most
promising devices for the scaling down to 20 nm; in theory, they can be
scaled to the shortest channel length possible for a given gate oxide thick-
ness.

However, the use of multiple gate MOSFETS in circuit design imply
some challenges in fabrication, understanding of the physical behavior and
also in modeling. Coping with these challenges is necessary for the final im-
plementation of multiple gate MOSFETSs in CMQOS circuits. In this paper, we
explain the main multiple gate MOS structures for nanoscale CMOS circuits
and we mention their challenges regarding fabrication and modeling.

1. Multiple-gate MOS structures

Different multiple gate structures have been proposed: double-gate
MOSFET, FinFET, surrounding-gate MOSFET... Their main advantage is an
excellent electrostatic control of the channel, which reduces the short channel
effects. On the other hand, since the conduction takes place in a volume in-
stead of just one surface, these devices present higher mobility than conven-
tional bulk MOSFETS; their operation can even be near the ballistic limit for
very short channel devices.

In multiple gate devices, the use of a very thin film allows to downscale
the devices without the need of using high channel doping densities and
gradients. In fact, undoped films can be used: the full depletion of the thin
film prevents punchthrough from happening. Besides, the absence of dopant
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atoms in the channel increases the mobility by suppressing impurity scatter-
ing. On the other hand, unwanted dispersion of the characteristics is avoided:;
this dispersion results from the random microscopic fluctuations in ultra-
small devices.

Multiple gate nanoscale devices have many advantages in circuit per-
formance. A very high packaging density is possible because of the small
size of these devices, caused by the short channel and the thin film. Because
of the higher mobility, transconductance can be higher, which gives more
current gain and allows a higher operating frequency. Therefore, multiple
gate nanoscale devices have a big potential for RF and microwave applica-
tions. The analog performance is also very good. Voltage gain is much higher
than in conventional bulk MOSFETS, and especially in moderate inversion:
the reduction of short channel effects leads to a higher Early voltage (1-Vs
characteristics are flatter in saturation), and on the other hand the gn/l4 char-
acteristics have higher values than in conventional MOSFETSs. Regarding
digital applications, the small subthreshold swing of multiple gate devices
keeps a high ratio between on current and off current even for devices with
channel lengths of the order of nm.

2R

ox| | Drain
nl

Channel

jundoped or
ligghtly doped)

L
Gate Yy Gate

.

n+
Source

Fig. 1. Cross section of a surrounding gate device.

Anyway, multiple gate structures present some difficulties in fabrication.
In double-gate MOSFETS, the alignment of the top and the bottom gates to
each other and to source/drain doping is critical for the device performance;
misalignment can cause an additional overlap capacitance between gate and
source or drain, as well as an additional series resistance.

Because of its intrinsic self-aligned process, FINFET devices seem to be
the first multiple-gate devices that will appear in the market. Devices with
channel lengths of 18 nm have been successfully fabricated. FinFETs work as
double-gate devices when the width of the silicon fin is much smaller that its
height.
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The cylindrical surrounding gate MOSFET allows a more drastic reduc-
tion of the short-channel effects. In this device, a gate electrode surrounds the
pillar silicon island, which can be formed by conventional trench process
techniques.

For designers, one of the main challenges is to have appropriate threshold
voltage values for integrated circuits; if the device films are not doped,
threshold voltage control will rely on successfully using metal gates and en-
gineering the work-function.

Another challenge for device engineers is to reduce parasitics, such as the
series resistance and the fringing capacitance. It has been proposed to reduce
the series resistance by using metal sources/drains, since the resistivity of
metal is two orders of magnitude smaller than that of heavily doped silicon.

2. Modeling challenges

The use of multiple gate devices in circuit design is critically dependent
on the availability of accurate models for these devices, valid for DC, AC,
transient and noise analysis. Using appropriate models, circuit simulation
allows to design circuits with devices of adequate dimensions. Circuit
simulation requires accurate models of the current and the terminal charges
(from which capacitances are obtained) of the devices. These models should
be based on expressions with a sufficiently high order of continuity.

Lack of continuity between the different operating regimes leads to
convergence problems in circuit simulation. In conventional MOSFETS, there
have been a trend to move from piecewise models (with continuity problems)
to unified models with an infinite order of continuity. Smoothening functions
are often used to assure the continuity between different operating regimes.
For the same reasons, multiple-gate MOSFETs will need unified highly
continuous models.

For proper modeling of nanoscale MOSFET for VVLSI circuit simulation,
accurate and physics-based compact models are required. The modeling
principles for these devices are somewhat different from conventional bulk
MOSFETSs, since volume conduction should be considered. For undoped
double-gate and surrounding-gate MOSFETS the depletion charge does not
need to be included in Poisson’s equation, which allows exact analytic
solutions of the potential without the charge-sheet approximation, valid for
all operating regimes. The gradual channel approximation (which assumes
that the quasi Fermi potential stays constant along the direction perpendicular
to the channel) is used. A compact expression of the channel current is
obtained assuming that transport is based on drift-diffusion.

Accurate models for undoped double-gate and surrounding-gate
MOSFETS have been recently developed using the above principles, showing
good agreement with three dimensional numerical simulations. These models
assume that the electrostatic control of the channel is so good that short-
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channel effects can be neglected. The inclusion of short-channel effects in
multiple gate MOSFET models, using physical equations and without
decreasing the order of continuity of the devices, is still a modeling
challenge.
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Fig. 1. Transfer characteristics obtained from the analytical model for two silicon
film radius (solid and dashed lines), compared with three-dimensional numerical
simulations from DESSIS-ISE (symbols)
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Fig. 2. Output characteristics obtained from the analytical model for two silicon
film radius (solid and dashed lines), compared with three-dimensional numerical
simulations from DESSIS-ISE (symbols)
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For devices with channel lengths shorter than 50 nm, the drift-diffusion
mechanism may not be the dominant transport mechanism. Ballistic or quasi-
ballistic transport may occur. Adequate models for nanoscale devices must
consider the balllistic or quasi-ballistic regime. So far, several models have
been developed for multiple gate MOSFETS in the ballistic regime, in par-
ticular double-gate and surrounding gate MOSFETS. In these models it has
been assumed that the electrostatic control of the channel is strong enough, so
that short channel effects can be neglected. Next step in ballistic regime
modeling will be the consideration of the short-channel effects.

Anyway, the main modeling challenge regarding transport is the devel-
opment of a transport model formulation that makes the current tend to the
expression in the ballistic regime for nanometer channel lengths and to the
expression in the drift-diffusion limit for longer channel lengths.

On the other hand, for films smaller than 10 nm, quantum confinement in
the film may not be negligible. The subband contributions should be consid-
ered in the drain current equation. The quantum effects affect the distribution
of charge in the film and as a consequence, the threshold voltage (increase of
the threshold voltage in an n-channel device). Some recent models which
consider the band structure of silicon have been recently presented. At very
low temperatures, quantization of the charge becomes more important, and
this affects the shape of the transconductance characteristics. A succession of
peaks and valleys are observed, which correspond, respectively, when the
bottom of the subbands cross the quasi-Fermi energy levels at the source and
drain. The location of peaks and valleys has been accurately predicted. These
models should be still completed with the inclusion of short channel effects.

10

Bottom of the subbands
at the virtual cathode (meV)

Transconductance (uS)
>

02 0.4 0.6 038 1 12 14
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Fig. 3. Bottom of subbands and transconductance characteristics of a cylindrical

surrounding gate MOSFET with a 65 nm diameter Si film Dotted line: measurements
[1] Solid line: model. Vps =2 mV.
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3. Conclusions

The downscaling of CMOS circuits below the 50 nm channel length range
will be possible only if novel device structures are used. Multiple gate MOS-
FETs are the most promising candidates for nanoscale CMOS circuits, be-
cause their excellent electrostatic controld of the channel. In this paper, we
have reviewed the different multiple-gate MOS structures that have a higher
potential to be successfully used in nanoscale CMOS circuits, and we have
addressed the changes regarding fabrication and modeling that these struc-
tures face before they can be extensively used in circuits.
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NeonHdopmaLnOHHBIE TEXHONOIUN
KOMMJIEKCHOro NpocTpaHCTBEHHO-BPEMEHHOro
aHanusa u nporHosa

B. I. 'umuc, Hncmumym npobnem nepedauu ungopmayuil,
Poccutickas axademus nayx, Mockea, gitis@iitp.ru

1. BBepeHune

Pemienne psima 3aja4 aHann3a MPOCTPAHCTBEHHO-BPEMEHHBIX SKOHOMH-
YECKHX, COIMAIIBHBIX W TPUPOIHBIX MPOIECCOB OCHOBAHO HA KOMILICKCHON
00paboTke maHHBIX. Yame Bcero 3To oOyCIIOBIEHO TpeMs ¢akropamu: (a)
B3aMMOJICHICTBUEM paccMaTpUBaeMbIX MpoleccoB, (0) HEBO3MOXXHOCTBHIO
MPSMBIX U3MEPEHUH MX KITIOYEBBIX XapaKTEPHUCTHUK, (B) HEIOCTATOYHBIM 00b-
eMOM HaOJIOJICHHH W BO3JCHCTBHEM HAa PE3YJbTaThl M3MEPEHHIl IIyMOB,
YPOBEHb KOTOPBIX COM3MEPHUM C YPOBHEM MONE3HOro curhana. Hampumep,
celicMUUeCKHe MPOSIBJICHHS B 3€MHOW KOpE CBSI3aHBI C MPOLECCAMHU B MaH-
THH, JuTochepe, noHochepe U ¢ MIaHETAPHBIMH B3auMojeHCTBUsMU. [Ipu
H3YYCHHUH CEHCMOTEKTOHMYECKHX MPOIECCOB BMECTO DHEPreTHYECKUX U
CTPYKTYPHBIX MapaMeTpOB 3€MHOH KOPBI HCIOIb3YIOTCS B OCHOBHOM H3Me-
peHHs, MPOBOJMMbBIC HA TMOBEPXHOCTH 3EMJIM: CEHCMOTpaMMBbI, KaTalOrH
3eMIIETPSICCHUH, BPEMEHHBIE PS/bI T€0JIe3UYECKOr0, re0OhHU3HIECKOro U reo-
XUMHYECKOTO MOHHUTOPHHTA, TeOI0ro-re0hr3nIecKre Moisi, HHTePIpeTalii
Ppa3JIOMHON TEKTOHUKH U T..

Ipu aHanu3e TAKUX JAHHBIX BO3HHUKAIOT MPUHIMITHANBHBIC MPOOIEMbI
MONTyYeHHs] OMHO3HAYHON HHTEPNPETALMH PE3yAbTaToOB 00paboTku. s mo-
HCKa YCTOWYHUBBIX PELICHHI TPEOYIOTCS METO/IBI, MO3BOJISIONINE KOMILIEKCHO
HCIIONB30BaTh BCE JIOCTYIMHBIC MHOTOMUCIUILIMHAPHBIC JaHHbBIC H UMEFOIIee-
Csl OKCTIEPTHOE 3HAHHE.

2. Nl'eonHdopMaunoHHaa moaenb

st omucaHusl peaNbHOrO0 MUpPa TeOMH(POPMATHKA OOBIYHO HCIONB3YyeT
Tpu OA3UCHBIX MOHATHSL: cyugHocmiu, ceoticmea u cessu [1]: Cywrnocme onpe-
JIETSIET coJepKaHue IMpeaMeTa peanbHoro Mupa. Cgoucmeo XapaKTepH3yeT
OOLIHOCTD WJIM PA3JIM4Ue JAHHOW CYITHOCTH MO OTHOIICHUIO K JPYTUM CYIII-
HocTsiM. C@s3u TIPECTABISIOT IOHSATHS, KOTOPBIC OMMCBHIBAIOT OTHOIICHHUS
MEX/Ty CYLIHOCTSAMH, & TAKIKE MEXK/y CBOHCTBAMH CYI[HOCTEH.

B obmem cimyyae reorpaduyeckuii MUp He3aBUCHMO OT MaciiTaba ero
HCCIIeIOBaHus (OT JETATbHOCTH) MPEICTABIACTCA OUCKDEMHbIMU W Henpe-
DBIBHBIMU CYUWHOCHIAMU.

JIMCKpeTHBIE CYIHOCTH aCCOLUHUPYIOTCS € reorpapuyecKuMU 0ObeKTa-
MU, TAKAUMH, KaK MECTOPOXKICHHSI TOJIE3HBIX UCKOMAEMBIX, 00JaCTH IPHPOI-
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HBIX M TEXHOTEHHBIX KartacTpod, o3epa, peKku, TPaHCIIOPTHBIE MarucTpajH,
JIMHUM CBSI3W, €AMHMIBI aIMUHUCTPATUBHOTO AENEHHS U T.J. TemaTHdeckue
CBOMCTBa, TEOMETPHSI U KOOPAMHATHI JUCKPETHBIX CYIIHOCTEH MOT'YT M3Me-
HATBCS BO BpeMeHH. O/HaKO Ba)KHO MOAYEPKHYTh, YTO KaXKJOE CBOWCTBO
reorpapuueckoro 00beKTa OTHOCUTCSI KO BCEMY OOBEKTY B LIEJIOM U HE3aBH-
CHMO OT €r'0 pa3MepoB.

HenpepbIBHBIE CYIIHOCTH TPEACTABISIIOT IIAJKHe HENpepbIBHBIE MHOIO-
00pa3zusi, KOTOpbIE OMKUCBHIBAIOT MPOCTPAHCTBEHHO-BPEMEHHBIE CBOMCTBA Te0-
rpaduyeckoil  cpeibl WM TPOCTPAHCTBEHHBIE U IPOCTPAHCTBEHHO-
BpEMEHHBIE CBOMCTBa reorpaduyeckux o0bekToB. Hampumep, mpupomHyro
Cpefy MOKHO OIHCBIBATh C TIOMOIIBIO MEXaHNYECKUX, T€OXUMUYECKHX, Te0-
JIOTHYECKHUX, TeO(U3NUECKHUX, THIPOIOIMIECKUX U METEOPOIIOTHYECKUX I10-
JIeH, a MPOCTPaHCTBEHHO-BPEMEHHBIC CBOMCTBA reorpa)uueckux OOBEKTOB
MOXHO TIPEJCTaBUTh (YHKIUSIMH IUIOTHOCTH MX IPOCTPAHCTBEHHO-
BPEMEHHOT'O PacCIpe/eNIeHns, PACCTOSHUAMH 10 APYIUX OOBEKTOB, TaKUMH,
KaK IUIOTHOCTH T'€OJIOTMYECKHUX Pa3ioMOB, OJM30CTH K BOXHBIM pecypcam,
TUIOTHOCTH DIHUIEHTPOB 3EMJIETPSICEHUH, HX (pakTajJbHas pPa3MEpHOCTH,
U T

s reorpaduueckux OOBEKTOB B OCHOBHOM HCIOJIB3YIOTCSI TPU THIIA
MOJIeJIel: TOYKH, JIMHUM W TOJUroHbl. B reomndopmaruke ajist oObEKTOB
UCIIONIb3YeTCsl TaK Ha3bIBaEMBbIE exmopHule GopMaThl JaHHbIX. L{udpossie
MOJIETIM HENPEPBIBHBIX CYIIHOCTEH MNPEACTaBIAIOT cobol (yHKIuHM Impo-
CTPAHCTBEHHBIX HJIM HPOCTPaHCTBEHHO-BPEMEHHBIX KoopauHat. Hambomee
pacrpocTpaHeHHOH (OPMOI JMCKpETU3alMH TUX JAaHHBIX SBISETCS IMPea-
cTaBjieHHe (DYHKIMHM HA TPSIMOYTOJIEHOM PAacTpe ¢ PeryisipHONH KOOpAMHAT-
HOHM ceTKoH. DTOT (opMar JaHHBIX B TeOMH(OPMATHKE HA3BIBACTCS Cemoy-
HbLM WIHA pACMPOGHIM.

OO0BIYHO MUGPOBBIC MOJIEIH T'€OrpaPHUECKUX CYITHOCTEH TPYIITUPYIOTCS
B UHGOpMaAYUOHHbIE CIOU, KOTOPBIE COCTOAT U3 OAHOTUIHBIX CEMaHTHYECKH
OJTHOPOJHBIX KOMIOHEHTOB. CTpYKTypHpOBaHHE TreorpauyecKux CyIIHO-
cTell B MH(OPMAalMOHHbIE CJIOW TO3BOJISIET 33JaBaTh BBHIIIOJHEHUE IPYIIIO-
BBIX OMEpaIyi sl BCeX KOMIIOHEHTOB CJIOSI.

Jlis  BBINIONHEHWS KOMIUIGKCHBIX HCCIIEIOBAHUM IPOCTPAHCTBEHHO-
BpeMeHHBIX cBolcTB ' mcxomHas nHQopManysi NOATOTaBIMBAETCS B BHIE
T'C-npoexmog, KOTOpBIE COCTOSIT U3 CTpyKTypupoBaHHEIX B [IC ¢opmare
JIAaHHBIX, METaJaHHBIX M 3HAaHHUH, OTHOCSIIUXCS K M3Y4aeMOH MpeIMETHOU
00J1aCTH M UCCIIEAYEMOM TEPPUTOPHH.

3. MeToabl reonHcpopMaLMOHHOIO UCCieA0BaHUA
B reonndopmMaTiKe IMUPOKO MCHONB3YIOTCS TPH METO/A aHaIu3a JaH-
HBbIX:
1. Busyanvhoe uccredosanue.
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2. Ananumuueckue npeodpazoeanusi: IpUMEHEHNE 3apaHee 3aJJaHHOTO
orepaTopa K UMEIONIUMCS reorpapuuecKuM JTaHHBIM ISl BBIYUCICHUS HOBO-
'O MPECTABICHNS ¥ HOBBIX CBOMCTB reorpapuyeckoit HHGOpMaImm.
3. 1Ipasoonodobnuiii 6b1600: HAXOXKIICHHUE 3apaHee HEM3BECTHOTO OIle-
paropa aHaJTUTHIECKOro Mpeodpa3oBaHusI
Busyanuzanvhoe uccredosanue oanHbix MOINEPKUBACTCS HAOOPOM WH-
TEPAKTUBHBIX KapTOrpauuyecKux M KOTHUTHBHO-TPAPUUECKUX OMEPAIlHii,
KOTOpBIC HAMPABJICHBI HA BBISABICHHE 00pa3a MPOCTPAHCTBEHHOTO pacrpee-
JICHUSI CBOMCTB HCCIIEyeMOl 00JIaCTH, BBISIBICHHE B3aHMHOIO MPOCTPAHCT-
BEHHOTO pachpeieNieH s HECKOIBKUX reorpa(uuecKix CJI0EB U BBIOIHEHUE
KapTorpapuyecKux U3MepeHuid. IHTepakTUBHOCTD MMO3BONISET JUHAMUYIECKU
YIPaBIATh M3MEHEHHEM 3aKpackh KapT, pa3MepaMd MHUKTOIpAaMM H TPeX-
MEpHBIM TpenacTaBieHueM ['M, qUHAMHYECKH U3MEHSATh OTOOpakeHWe JaH-
HBIX Ha JAMarpaMMax Mpu IepecueTe 3HaYeHH Mmokasarenei, JUHAMHUYECKH
BBIJICIISTh HA KapTe TPYIIBl 00BEKTOB B CKOJIB3SIIEM BPEMEHHOM HHTEPBAJIE
(HanpuMep, SIMIEHTPHI 3EMJIETPSACEHUH), OJHOBPEMEHHO MOICBEYUBATH
IPYIIbl aHATU3UPYEMBIX OOBEKTOB B KapTorpaduueckux, rpaQuyecKkux u
TaOJMYHBIX OKHAX.
Ananumuueckue npeobpazoéanus MO3BOJIAIOT IO UMCIOLIIUMCS TAaHHBIM
BBIUUCIIUTh HOBBIE TEMATHYECKUE W MPOCTPAHCTBEHHBIE CBOMCTRBA reorpadu-
YyecKoi HH(MOpPMAIMH ¢ TOMOIIBIO 3apaHee 3alaHHbIX oneparopoB. Hanbomee
BaXXHBIMU JUTS PENICHUS 3a]a4 MPOCTPAHCTBEHHO-BPEMEHHOI'O aHAIN3a SIB-
JSIFOTCS CTICAYIONINE YEThIpe THIA MPeoOpa3OBaHHIA:
1. TlpeobpazoBanue Cemounvie ciou —> Cemounulii c10U: HAPUMED,
pactpoBasi (pUIBTPAIs, BEIYUCICHHE PACTPOB Kak (DYHKIHHA OT OJ-
HOT'O WJIA HECKOJIBbKHUX PacTpPOB.

2. TlpeoOpazoBanue Cemounvle crou u Bexmopuwiti cioti = Ampu-
6ymbl 6eKMOPHO2O CJI05. HATIPUMED, BBIYUCICHUE CTATUCTHUK CETOY-
HBIX CJT0€B JUTs Oy(DEpHBIX 30H TOYCUHBIX, TMHECHHBIX M 30HATBHBIX
reorpaduueckux 0ObEKTOB.
3. IlpeobpaszoBanue Bexmopmuwiti croti —> Cemounwiti cioti: HalpH-
Mep, BBIUUCIIEHHE pAcTpa (B3BEIICHHOW) IIOTHOCTH TOYEK WU JIH-
HUIA, BBIYUCIICHHE pacTpa OIU30CTH K reorpapuueckuM 00beKTaM.

4. TlpeobpasoBanue Bexmophvle crou —> Ampubymsi BEKTOPHOTO
CJIOS: HANPUMEP, BBIYMCICHUE METPUYECKUX CBOUCTB reorpaduue-
CKUX OOBEKTOB, BBIUMCICHUE MPOU3BOIBHBIX (YHKIMHA OT HMEIO-
IUXCSI ATPUOYTOB CIIOSL.

Memoovl npasdonododHo20 6bl1600a TIPEAHASHAYCHBI JIUTSI HAXOXKICHUS
OIEPATOPOB AHATUTUYECKUX MPEOOpPa30BaHHMl HA OCHOBAHUM HMEIOIIUXCS

1 o
bydepnas 30Ha npexcTaBiseT co0oi IOIMIOH, TPAHUIBI KOTOPOTO OTCTOST OT reorpadu-
4ecKOro 00beKTa Ha 3aJlaHHOE PACCTOSIHHE
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JIaHHBIX ¥ 3HaHWH. K 3a71agaM mnpaBronomno0HOro BEIBOJIa OTHOCSTCS OIIEHH-
BAaHUE 3aBUCUMOCTEI U OTHOLIEHUH MEXy CBOMCTBAMU I'€0JIOTHUECKON cpe-
JIbl ¥ TEOJIOTHYECKUMU CYIIHOCTSIMH, MPOTHO3UPOBAHUE 3apaHee HEU3BECT-
HBIX [IEJIEBBIX CBOMCTB, OOHApYKEHHE IIETIEBBIX 00BEKTOB, IPOrHO3UPOBAHNE
Pa3BUTHSI IPOCTPAHCTBEHHO-BPEMEHHBIX MPOLIECCOB.

Jlst pemieHns 3TUX 3aAad UCHOIb3YIOTCS almapaT MHOTOMEPHOTO CTa-
TUCTUYECKOTO aHalM3a, METOIbl Paclo3HaBaHHUA 00pa30B, PErpeCCHOHHBIN
aHaJIN3, UMUTALMOHHOE MOJEINPOBAHNUE U METOJbl UCKYCCTBEHHOI'O MHTEIN-
JIEKTA.

4. anMepbl aHanu3a NpoCTpaHCTBEHHO-BPEeMEeHHbIX OaHHbIX

4.1. IIpocTpaHCTBEHHO-BPEMEHHOH aHAJIM3 KaTaJI0ra
3emJieTpsiceHUH nepen balicopyHCKHM 3eMIE€TPSICCHHEM

Ananu3z einonusuicst Ha THUC T'eoTaiim [1, 2]. AHanusupoBajics kaTa-
Jior 3emuterpsicennii IHCcTHTYTa ceficMonornn MuHucrepcTBa o0pa3oBaHus 1
Hayku PecryOnukn Kasaxcrana. B karamore cHATBHI aTepIIOKH U pou 3eM-
nerpscennii. Karanor nokpsiBaer reppuropuio 41° - 45° CIII u 74° - 80° B]]
1 oTHOCUTCS K mepuomny 1975 - 2002 rr. B karanore npeacTaBiacHbl COOBITHS
sHepreruyeckoro kinacca K or 3.3 no 15.3.

BaiicopyHckoe 3eMIIeTpsiceHHe dHepreTHdeckoro kiacca K=14.6, xoop-
JMHATHI armienTpa A=77.93° no gomrore, n ©=42.93° no wmwupore, npo-
m3omwto 12.11.1990 r. Omuuentp balicopyHckoro 3emierpsiceHus! MOKa3aH
Ha Puc. 1. Ha pucynke nokaszaHa Taxxe MOJIeIb OCBEIIIEHHOCTH MOBEPXHOCTH
penbeda, akTHBHBIE PAa3JIOMBI M SMHIEHTPHI 3€MIICTPSICEHUH C DHEpreThye-
ckuM Kitaccom K>12.

Jls ananu3a MpOCTPaHCTBEHHO-BPEMEHHBIX CBOMCTB Karajora 3emile-
TPSCEHWH 10 HEMY OIEHHMBAINCH TPEXMEpPHBIE CETOYHBIE TOJISl, KOTOpbIE
TIPE/ICTaBISUIN (DYHKIIMU JIBYX MPOCTPAHCTBEHHBIX M BPEMEHHOI KOOpAMHAT,
3aJJaHHbIE HA PEryJSIPHOM ceTKe. BhliM BBIYMCIIEHBI TOJISI OCHOBHBIX Xapak-
TEPUCTUK celicMUYeckoro pexuma [3]: X; - cellcMuueckass aKTHUBHOCTb
(oIIeHKa MHTEHCHBHOCTH ITOTOKA 3€MJICTPSICEHUI ONPEACIIEHHON YHEPTHH), X2
— HaKJIOH rpa¢¥ka MOBTOPSIEMOCTH (TIapaMeTp paclpeeeHus 3eMieTpsice-
HUM 110 SHEPTUM) U X3 - paKTajabHAsl Pa3MEPHOCTh paclpeeIeHus! IUIeH-
TPOB 3eMJIETPSICEHUI.

Jlanee aist KaXJI0ro IMojsi OLEHWBAINCH aHOManuu. [Ipeamonaranocs,
4TO B JIOOOW TOYKE MOJIE€ OMMCHIBAETCS TAYCCOBCKOM IOCIIEI0BATEIBHOCTHIO
&, C He3aBUCHMBbIMH 3HaueHUAMHU. OOO3HAUUB MATEMAaTUYECKHE OXUAAHUSA

JJIEMEHTOB II0C/IE0BATENIbHOCTH Ha UHTEpBanax 11 U T, uepe3 W, U H,,
OylneM cuMTaTh, YTO JAWCIIEPCHH ITOIIIOCIEI0BATEIHLHOCTEH ONMHAKOBBI H

PpaBHBI 62 .
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CoOTBETCTBYIOIIME ATOI MOJIENIN TUIIOTE3HI - OcHOBHas Hy (oTcyTcTBHE
aHOMaJIMM) M anbTepHaTHBHAsT Ha (Haiuume aHOManuu) - HMMEIOT BUI:

Ho @y =H,, Hat py, >, . Ecou npunumaercs runore3a Ha, To cunraer-

Cs, 4TO 06Hapy>KeHa HECTAIIMOHAPHOCTD, €CJIN IPUHUMACTCS T'HIIOTE3a Ho, TO
CUHUTACTCA, YTO MMPOLECC CTAIIMOHAPCH.

Puc. 1. Modenv ocseujenHoCmu nosepxHoCcmu peiveda, aKmugHvle pasiomvl U
anuyenmpuvl 3emaempscenull ¢ sHepeemuyeckum knaccom K>12. Dnuyenmp batico-
pyHckoeo semnempacenus, A=171.93° ¢=42.93° K=14.6, 12.11.1990 e., noxazan
36€3004KOIl.

BBenennas Mozienb OTBEYAET XOPOIIO U3YYEHHON B CTATUCTUKE CXEME CPaB-
HEHHS IBYX BBIOOPOK M3 HOPMAJIBHOTO pacipenencHus. Kpurepuii mpoBepku
runore3bl Hy mpotus rumore3bl Ha OCHOBaH Ha BRIYHUCIICHUH {-CTATUCTHKH,

TMIPE/ICTaBIISIONIEH CO00H HOPMUPOBAHHYIO Pa3HOCTh BHIOOPOYHBIX CPEAHUX !

t—k My — Hy , (*)
2 2
s, ts,
n+n,-2 . 1g R R R -2
roe: k= ;,u=— 5,/1:— §,S= (5‘#)1
1/n1+1/n2 1 nltglt 2 nzt_n;,lt 1 ; t 1
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n+n,

2 ~ \2

32 = E (51 —/12) y nl nu n2 YHCJIO OTCUCTOB Ha HHTEpBAJIaAX T1 nu Tz,
t=n+1

n=n;+n,.

Ecnu rumoresa Hy BepHa, To crarucruka t ciemyer pacnpenesieHHIO
CThlo/IeHTa C YMCIIOM CTENeHed cBoOOABI Ni+N,—2. Bribop B momb3y TOM
WJIN MHOU W3 THITOTE3 OCYIIECTBISIETCS MO 3HAYSHUIO CTATUCTHUKH .

[Mons cratucruku (*) ObUIM BBIYKMCIEHBI JUIST KaXKAOW M3 MPOCTPAHCT-
BEHHO-BPEMEHHBIX XapaKTEPUCTUK ceficMuueckoro pexxuma. Jlanee mo stum
MOJISIM OBLTO HAWJICHO T0JIe aHOMaJTui ¢ mapamerpamu 1,=3600 mueit, T,=90
nHei, N;=120, n,=3. [Ipu 3TOM mpenmonaraiock [3], 4To mepen 3emieTpsce-
HHEM B OYaroBOW 30HE CEHCMMUYEcKasi aKTUBHOCTD (X;) MOHMKAETCS, HAKIIOH
rpaduka IMOBTOPSIEMOCTH (X2) yBETUUMBAETCS U (pakTajibHas pa3MepHOCTh
(X3) ymenbmiaetcs. C y4eToM STUX MPEANONOKEHHH B 0003HAUCHUSX CTATHU-
cTuk (*) I COOTBETCTBYIOLIMX MoNei aHoManuit Y1(X1), Y2(X2), Ys(X3) KoM-
TUIEKCHOE pEelIeHHEe UMEET BUJI:

F(Zl,ZZ,Z3) = min{zl,zz,z3},
rJe:

L -y, ecn Yy, <0, . 0, ecmu Yy, <0, - -V, ecn Y, <0,
Y l0,  ecm y, 0. 2 y,, eciu Yy, 2 0. 10, ecm y,; 2 0.

Ha puc. 2. noka3aHsl cpe3bl MOJI aHOMAIWN HaWJEHHOrO MO TPEM Xa-
pakTepucTHKaM ceficMudeckoro mpouecca:  F(z,,z,,z;) =min{z,z,,2,}.
3HaveHus cTaTUCTUKH (*), ykasaHHbIe B JiereHe, ymMmHoxeHbl Ha 100. KapTs
COOTBETCTBYIOT BPEMEHHBIM Cpe3aM JHMHAMHYECKOro 1moiist ¢ maroM 30 aHel.
JlaTa cpe3a cooTBETCTBYeT KOHIy HHTepBaia T,. Hampumep, nepsas xapra c
nmatoit 9.09.1988 cooTBeTCTBYET MONOKEHUIO HHTEpBasa T, ot 12.06.1988 mo
9.09.1988 rT. (nBa TONa U JBa Mecsna 10 balicOpyHCKOro 3eMIICTPSICEHHUS), a
nocneAnsis kapTa ¢ gatoi 29.10.1990 cooTBeTCTBYET MONOKEHUIO UHTEpPBaAJa
T, ot 10.09.1990 mo 29.10.1990 rr. (nBe Henemu no balicopyHCKOro 3emie-
TpsiceHus1). 13 puc. 2 BUAHO, YTO NPUMEPHO 3a IOJITOpa roja JI0 3eMJIETPs-
CeHMs HauyuHAaeT (OPMHUPOBATHCS TMOJOKHUTEIBHAS AHOMAJUS, 3arlajHbIA
Kpail KOTOpOH 3aXBaThIBAET JAMHUIEHTP TOTOBSAIIETOCS 3eMJIETPSCEHUs. AHO-
MaJusi MEJUIEHHO JIOCTUTAeT MakcuMyMma MpUMEPHO 3a 4-5 MecsIeB 710 3eM-
JIETpSICeHNs, a 3aTeM YObIBaeT.
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Puc. 2. Oyenxa npocmpancmeeHHo-8peMenHbIX usmenenull @ynkyuu F om cmamu-
cmuk (*), HatlOenHbIX 0L CelicMUYeCKOol aKMUBHOCIU, HAKIOHA 2papuKra nosmopsie-
Mocmu u ¢pakmanvhou pazmeprocmu. 3uauenus @yuxkyuu F ymnooicenvt na 100,
36€3004KOU NOKA3AH SNUYEHmp 3eMiempsicenus. Jlamvl YKazauvl Ha @epxXHeil namenu
Kaoicoot kapmwl.: Hanpumep, Haonuce CC880909 na sepxueil kapme ciesa o3nayaem
oamy 1988 e, 09 mecay, 09 uucno.
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4.2. OneHka BO3MOXKHOIO yuiepoa ot 3eMJieTpsiCeHN i
Banagnas Typuusn)

WnroctpaTuBHBIN NIpuMep BBINOIHEH ¢ noMomnipio cereBbix ['MIC Geo-
Processor, http://www.iitp.ru/projects/geo/, u CommonGilS,
http://www.ais.fhg.de/and/, [4,5,6,7]. B npumepe HCIOIb30BAHBI UCXOIHBIE
JIaHHBIE, B3STHIE B ceTH MHTEepHET . DTUX JaHHBIX HEJOCTATOYHO /IS ITOCTa-
HOBKM 3aJaydl 10 OIEHKE MPSIMOI'0 W KOCBEHHOI'O CEHCMHMYECKOro PHCKa.
[Tpumep moka3pIBaeT Ha BO3MOXHOCThH HCIONB30BaHMs cereBbiX [MC ms
TIOAJIEP)KKH NMPUHATHUS PEIICHUH MPH TUIaHWPOBAHUU MEPONPHUATHH MO CHHU-
KEHHUIO CEHCMHUYEcKoro pucka. [Ipumep BBINIONHEH TOJIBKO JUIS OJHOTO THIIA
3aCTpOMKY (COOpyKeHus Tuma A) U ISl OJHOTO THITA PA3PYIICHUN: CHITBHBIC
TIOBPEXK/ICHNUS, HE MOJUIeKalIne BoccTaHoBIeHNI0. O0o0IeHre npeioKeH-
HOTO METO/Ia Ha BCE THUIIBI COOPYXXEHUH W paspyLIeHUH SIBISETCS OYEBHUI-
HBIM.

Pemienne crpowrtcss Ha NpPUMEHEHHH AHAJTMTHYECKHX NpeoOpa3oBaHMI
HaJl CeTOYHOW IU(POBOI MOJEIHI0O MMKOBBIX YCKOPEHUH 8 Ha IMOBEPXHOCTH
3emiy, noiaydeHHol B pamkax npoekta GSHAPE, u BeKTOpHBIMU JaHHBIMU
1o MH(PACTPYKType: KOOPAUHATHI TIIABHBIX FOPOJIOB U aJIMUHUCTPATHUBHBIX
patioHoB 3anagHoi Typuun.

[Ipu pelreHny Mo CETOYHOI MOJIENN MUKOBBIX yCKOpeHHi a [8] Obina BbI-
YHCIIeHa CeTOYHas Mojeib foiau D crpoeHnii Thna 4, KOTOpBIE JOKHBI 110-
JyYUTH CUIILHBIE ITOBPEXJIEHHS, HE TTOIIeXKAaIe BOCCTaHOBJIEHHIO. J[i1s aT0-
T'O CHavyaJia BBIYMCIIEHO M0JIe MAKCUMAJIbHOM MHTEHCUBHOCTHU 3E€MJIETPSICEHN I
| u3 ypaBuenus log(a)=0.31 +0.014 [9]. 3aTeM BBIUUCIIEHO MOJI€ 3aBUCUMOCTH
D(l), xotopas omy6iukoBana B [10]. 3aBucumocts D(l) unTepmonupoBanach
no cneayronmm Toukam: D (1<5)=0, D(1=6)=0.05, D(1=7)=0.5, D(1=8)=0.75,
D(1>9)=0.9.

Cpenssist 10JIs1 CUIBHBIX Pa3pyIIEHUH CTPOUTENBHBIX COOPYXKEHHUH THma
A Ans KpymHBIX TOPOJIOB M aJIMHHUCTPATHUBHBIX PaiiOHOB OIEHUBAJAch B
TIPEATNIOIOKEHHH O PaBHOMEPHOM paclpe/ielieHHH 3acTpoiku B paguyce 10
KM BOKpPYT IIEHTpa ropoja M B Ipefenax aIMUHUCTPATUBHBIX paiioHOB. [To-
Jy4eHHbIE pe3yibTaThl KapTorpagMyecky MpeacTaBlieHbl B Ha puc. 3. Kapra
Tpe/icTaBisieT U(PPOBYIO MOJENb penbeda, Ha KOTOPYIO HAaHECEH IMOIYyIpo-
3payHbIi CJION MO TSOKENBIX pa3pylieHui 3acTpoiiku tuna A. KupHeMu
JIMHUSIMH TIOKa3aHbl TPAHUIIBI aJIMUHUCTPATHBHBIX pailoHOB. BBICOTHI cTON-
OMKOB COOTBETCTBYIOT JI0JI€ pa3pyIIEHUI B TOPOJax, a pa3Mephl KPYKKOB —
JIoNe pa3pylIeHUH B aJMMHHCTPATHBHBIX paifonax. Haubonpmias nons pas-
pymeHuii cpenu ropoaoB pasHa 33% u oTHocuTcs K T. Manuca (nons pas-

2 Vcronb30BaHbl TakXKe TaOIUYHBIC JaHHBIC M 3aBUCHMOCTH, MOATOTOBJICHHBIE B L[eH-
TpambHoM ['eodusmueckom Llentpe, r. [Torcnam, B pamkax mpoekta IST Program (EU IST -
10536): "Spatial Mining for Data of Public Interest (SPIN!)"
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PYLIEHHUH IS 3TOr0 aJMUHUCTPATUBHOIO paiioHa paBHa 26%). Hanbonbmias
JIOJIsL pa3pyLIeHU cpeau aJIMUHUCTPATUBHBIX palloHOB paBHA 37% u OTHO-
cutcs K pailony Kyraia.

File Display Calculste Tools Options Help

Blalafa & o] af@ g O
r —

A 2

+ - mr_cities1.shp B
standalone bars
W sectroved (cities)
Total: 18 ohjects
+* ‘ Administrative
division
circles
destroyed (regions)

Total: 21 ohjects

+ ._I Elevation

-2484 0 2601
Resolution: 1126 columns x 626 r.
Total: 1 okject

-

P
|58 % 2
453 s !

Puc 3. Bosmooicnvie cunvhvle paspyuwienus 3acmpotixu muna A 6 3anaonou Typ-
yuu: Beicomvl cmonbuxkos coomeemcmeayiom 00ie paspyuwerull 8 20pooax, a pasmepol
KpYo#ICcKo8 — 00/1e paspyuienuii 8 AaOMUHUCIPATNUGHBIX PAUOHAX.

(Manisa ID=TUR-MAN
““.destrnyed icities) 0.32940713

Territor Marmara j

b

4.3. IIpocTpaHCcTBEeHHO-BPEMEHHOIl aHATN3 IIYMOB B KaTaJjore
semuerpsicennii (3anagnas Typuus)®

B naHHOM mpuMepe aHAIHM3 KaTajiora 3eMJICTPSICEHUN BBIOJHEH C IMO-
moibto HactonbHOM [MIC I'eoTaiim [2], a pacTpoBble omnepanuu — ¢ IOMO-
mpio cereBoit ['MIC Teollponieccop [4]. Ha puc. 4 moka3ana rucrorpamma
gucia coobrtuii ¢ 1990 mo 1999 romer mo BpeMeHu CyTok. BumHO cymect-
BEHHOC YBEJIIMUYCHHE YUCIIA COOBITHIA B THEBHBIC YaCHI.

® Hcnons3osansr naHHble, noarotossenusie [lenrpansusv ['eopusmueckum [leHtpom, T.
IMorcnam, B pamkax mpoekta IST Program (EU IST - 10536): "Spatial Mining for Data of Public
Interest (SPIN!)"
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Puc. 4. T'ucmoepamma uucna zemnempsicenuti ¢ M<3.I no epemenu cymox
(no I'punsuuy), 2082cobvimuii ¢ 1990 no 1999 ee.

JInst IpOCTPaHCTBEHHOrO aHAIM3a MO KATaJory 3eMJIETPSICEHU 3a Tie-
puon ¢ 01.01.1990 mo 31.12.1999 noctpoeHs! Be CETOUHBIE MOJIENH, B KO-
TOPBIX Ui KaXJO0Tro y3Jia PEryaspHOd KOOPAMHATHOM CETKU MOJCUUTAHO
YHCIIO COOBITHH, Mpon3omenmux B kpyre paguyca R=30 kM. B nepBoii mo-
JIEIA YYUTHIBAJIUCH TOJIBKO COOBITHS, KOTOPHIE MPOWU3ONUIH Ha BPEMCHHOM
uaTepBaie ty or 8 ;10 15 yacoB, a BO BTOpPOIl — T¢ COOBITHSI, KOTOPBIE TPO-
n3onu Ha uHTepBane t,=T - t, T=24 Jaca, TOKPHIBAIOIIIEM OCTaJIbHOE BPE-
Ms cyTOK. IIycTh HEKOTOPOMY Y31y CETKH Ha WHTepBase ty cootBeTcTBYET Ny
coObITHi, a Ha uHTepBane t, - N, coObrtuii. Paccmorpum runoressr Ho u H;.
[pu runorese Hy Oymaem npeamonarath, 4To YUCIO COOBITHIA, OTHECEHHBIX K
y3JIaM CETKH, HMMEeT OWMHOMHAIBLHOE pachpeieiicHHe C BEPOSTHOCTSIMU

p= t% , Q=1-p. Ilpu anpTepHaTuBHON rumorese H; Oymaem npemmona-

raTb q> 1- p. I[J'IH MPOBEPKU  TUIIOTE3  HCIOJIB3YEM  CTATUCTUKY

N, —Ng

vNpq

MMeEeT CTaHAApPTHOE HOPMAJIbHOE pacipe/iesieHne.
Ha puc. 5 nokasana mudpoast Mozenb penbeda 3anagnon Typrmun, mo-
BEpPX KOTOPOH JKEITHIMH M KOPUYHEBBIMUA TOHAMU TOKa3aHBI YETHIPE 30HBI,

Vv = , KOTOpas NpUu BBIIIOJHCHUN THUIIOTE3bI Ho B aCUMIITOTHKC
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JUTSL KOTOPBIX TUroTe3a Hy oTBepraercs He MeHee, yeM ¢ 1% ypoBHEM 3Ha-
9uUMOCTH. TakuM 00pa3oM, ¢ BBICOKOH CTEICHBIO YBEPCHHOCTH MOXKHO YT-
BEPXKIaTh, YTO aHOMAJIHS, COCTOSINAS B YBEIIMICHAN 3HAUCHUA THCTOTPAMMBI
JUTSL THEBHOT'O BPEMEHU CYTOK, BBI3BaHA COOBITUSIMH, MPUYPOUCHHBIMH K BEI-
JleleHHBIM 30HaM. CKopee BCEero, 3TU COOBITHS HE CBS3aHBI C CEHCMUYHO-
CTHIO, 2 UMCIOT TEXHOT'CHHOE MPOUCXOXKICHUE.

Puc 5. Penvegp 3anaomoi Typyuu, dcenmuvimu u KOpUUHEBLIMU MOHAMU NOKA3AHbL
30HbL, 01l Komopwix eunomesa Hy omeepeaemcs ne menee, uem ¢ 1% yposnem snauu-
Mocmu.

4.4, BplaejieHre BO3MOKHbBIX 30H BO3HHKHOBEHHUS
3emJiIeTpsiCeHu it

[Tpumep BbIgENEHUS 30H BO3MOXKHOTO BO3HMKHOBEHHS 3€MIIETPSICEHUI
BBITIOJTHEH JI1s oOnactu bonrapuu, B kotopoit 4.4.1904 nmpou3onuio CHiIsHOE
3emiterpsicenne M=7.8 ¢ snmuentpom BOmM3u r. Kpecna [1,6]. [lns atoro
paiioHa MBI pacriojarajd JaHHBIMH, MOATOTOBJIEHHBIMU YYaCTHHUKAMH IIPO-
exra IC 15 CT97 0200 "ASPELEA": penbed moBepxXHOCTH 3eMid, peibed
MOBEpXHOCTH MOXOpOBHYMYA, TPABUTAIMOHHBIE aHOMAJIMU B peayKiuu by-
re, PasjioMbl, PaHXMPOBAHHBIE IO CTEIIEHHM aKTUBHOCTH B UYETBEPTUYHOE
BpeMs U katajior 3emierpsicenuid ¢ 1900 mo 1997 roasr.

Wmeromuecst JaHHbIE SBISIOTCS BECbMa HEIOJNHBIMU: KaTaJor 3eMJIeTps-
CEHUI OTHOCHUTCS K OUY€Hb KOPOTKOMY MHTEpBaly HaONI0JeHN, OTCYTCTBYET
reoJMHaMHIYecKas HHPOpMaIys 0 CKOPOCTSIX COBPEMEHHBIX JIBIKEHUMH, TeTl-
JIOBOM TIOTOKE, KHHEMaTHYECKUX CBOMCTBAX Pa3jOMOB U T.JI.

[Tpu pemieHnU MBI NCXOJMIN U3 CIEAYIONMX TpexX npeanonoxenuit: (1)
Tosmopsiemocmy 3emaempsicenuii: 3eMIIETPSICEHNST MOTYT ITOBTOPSITHCS B TEX
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MecTax, rjae oHn yxxe Obuii. [ToTomMy 3aperrcTpupoBaHHBIE 3eMIIETPSCEHUS
3a[]af0T HIDKHIOIO T'PaHMIly MaKCHMaJbHBIX MarHUTyA 3emierpscennii. On-
HaKO BBIAICIEHHE 00JIACTEH TOJIBKO O MAKCUMAaJIbHBIM 3apErUCTPUPOBAHHBIM
3eMIIETPSICEHHSIM AT 3aHIKEHHYIO OIEHKY H3-32 KOPOTKOTO HWHTEepBaa
HaOmroneHnid. B karanore 3aperucTpupoBaHbBl CHIIBHBIE 3E€MIIETPSICEHHS C
Maraurygamu M no 7.8. CrnenoBaTeiabHO, BOJM3HM OYaroBbIX 30H 3apETHCTPH-
POBaHHBIX 3eMJIETPSCEHUI BO3MOXHBI 3eMJIETPSICEHHS C TAKMMH K€ MarHu-
Tyaamu B OynymieM. (2) Keasucmayuonapnocms ceticmuuecko2o npoyecca.
MakCHMaJlbHass MarHuTyJa 3EeMJIETPSICEHHH 3aBHCHUT OT TEKTOHHYECKHX
CBOMCTB T€0JIOTMYECKON CPebl, KOTOpbIE MEIUIEHHO U3MEHSIOTCS BO BpeMe-
Hu. (3) leonocuueckass obyciroeienHocmy: odaru 3emierpscennii ¢ M=7 - 8
MIPUYPOUEHBI K TIIyOMHHBIM HEOJHOPOJHOCTSIM 3€MHOW KOpBL, a ¢ M=5 — 6
MIPUYPOUYEHBI K MEHee KPYITHBIM HEOJHOPOJHOCTSIM, KOTOPBIE MOT'YT IpO-
SIBUThCS B penbedpe moBepxHocTH 3emin. [lepeceuenne 30H HEOTHOPOIHOCTH
3EMHON KOpPBI C 30HAMH BITUSHHS AKTUBHBIX B YETBEPTUYHOE BPEMs Pa3iio-
MOB BBIJIEJISIET 00JIACTH C HAHMOONIBIIMMH TEKTOHUIECKUMH HaITPSHKEHUSIMHU.

[Tpu3Haky MporHo3a MCKaJKCh B COOTBETCTBHM C TPENIOJIOKEHUEM 3.
Boutn oroOpanbl crepyroniyie Tpu npu3Haka (puc. 6): ceTouHas MOJIENb
Cpe/iHe-KBaJpaTHYHOTO OTKJIOHEHHS (C.K.0.) 3HaUSHWH MoBepXHOCTH Moxo-
pOBMUMYA B CKOJNB3SIIEM OKHE paguyca R=7.5 kM (X;), ceroyHas Mojenb
C.K.0. TIOBEPXHOCTH peibeda 3emiin B okHe R=7.5 kM (X;) U ceTOYHAst MOJIEITh
OJM30CTH K pa3joMaM, YaCTHYHO AKTHBHBIM B YETBEPTHYHOE BpeMs (TpU
R=20 km).

Puc 6. ['eonozo-eeoghuzuueckue npusHaku: a) Kapma cpeone-KeadpamuyHvlx om-
KIOHeHUll (C.K.0.) 3HaueHutl nosepxnocmu Moxoposuuuua 6 mexywem okne R=7.5 xm.
6) kapma c.K.0 3HaueHull penvegha nogepxnocmu 3emau 6 mexkyujem okve R=7.5 km. )
Kapma Oau30cmu K pasiomMam, 4YacmuiHo aKkmueHbim 6 uemeepmuunoe gpems ¢ R=20
KM.

Pemaromiee npaBuio MCKaloch MO JBYM BBIOOPKAaM, COCTAaBJICHHBIM II0
SMULEHTpaM 3eMieTpsaceHuid ¢ M>4.5. JIns mocTpoeHus HCHONb30BaINCh
¢byHKIIMU HeyeTKol Jioruku. [Ipemmonaraioch, 94TO OTOOpaHHBIC TPU3HAKU
00JTaTat0T CBOMCTBOM TOJIOKHUTEIBHOW MOHOTOHHOCTH, COCTOSIICH B TOM,
YTO YBEIMYCHUE 3HAYCHUS JIFOOOT0 U3 MPU3HAKOB IIPU MPOYUX PABHBIX YCIIO-
BHSIX YBEIIMYMBACT WIHM HE U3MEHSCT (HO HE YMCHBIIIAET) CTEIICHh YBEPEHHO-

-81-



CTH B BO3MOXHOCTH TOTO, YTO JAaHHBIH HAOOP MPU3HAKOB OTHOCHUTCS K OYa-
TOBOM 30HE CHJIBHBIX 3eMIIEeTpsiceHnil. Pernaroriee npaBuio UMEET BUJI JABYX
JIOTHYECKUX BhICKa3biBaHuil: (A) Ecim (c.x.0. nogepxnocmu Moxoposuuuua (
R=7.5 xm) 60avwme 16.52 kxm) u (6nusocmo k paznomam (R=20 xm) 6oavue
0.39) wim (c.x.0. nosepxnocmu Moxoposuuuua (R=7.5 xm) 6omvwe 16.94
xkm) 1 (bauzocmo k paziomam (R=20 km) 6oavwe 0.33), TO 603M0OdUCHbI 3eM-
nempsicenust ¢ macnumyoamu M=7-8. (B) Ecau (c.k.0. nosepxnocmu peive-
¢a 3emau ( R=7.5 km) 6onvwe 330 m) m (6auzocms k paznomam (R=20 km)
6oavbuie 0.25), TO 603m0diCHbL 3emaempsicenus ¢ macnumyoamu M=5-6. Boi-
CKa3bpIBaHUSIM A U b COOTBETCTBYIOT 30HBI, MIOKa3aHHbIE HA pUC. 7A U 7b:

Wurepnperaiiyst HOTY4EHHOTO PENICHUS] COCTOUT B CIEAYIOIEM. MOXHO
MPEANOIOKUTh, YTO BBIIEIECHHAs Ha 3amajae o0iacTh A XapakTepusyeT Ha-
MPSHKEHHOE COCTOSHUE BEPXHEH MaHTHUH, KOTOPOE BBIPAKEHO BBICOKOH JIHC-
Mepcueil moBepXHOCTH MoXopoBUUMYa. DTa 00JIACTh MOTjia TeHEPHPOBATH
AKTHBHBIE PA3JIOMBbl U SIBJIATHCS MPUYUHON HAJTHYKMS OYAroB C OOJBITUMHU
SHEPrusMu 3emierpscenuii. Boinenennas Bocrounas obmacts B otHOCHTCS
K OYaroBbIM 30HAM 3E€MIIETPSICEHHH C MEHBIIMMHU JHEPIHSIMHU. JTH OYaru
MOT'YT OBITh CBSI3aHBI C HEOJAHOPOIHOCTSIMH BEPXHEW 4acTH 3eMHOM KOpBHI,
KOTOpHBIE BBIPAXKEHBI B peiibe(he TOBEPXHOCTH 3eMJIH U 30HaX aKTUBHBIX Pa3-
JIOMOB.

fogical zpp ) fosical tos|
(O
I Delet

@ aogel
" Deleref >{

(1 e

Puc. 7. Pesynomamul paiionuposanusi: A - 06racms, 20e 603MOICHbL 0UASU 3eM-
aempsicenutl ¢ macuumyoamu M=7 — 8, B - obnacms, 20e 803MOJICHbL oUazu 3eMile-
mpsicenuii ¢ macrumyoamu M=5 — 6. Kpysckamu noxazanvl snuyenmpsl 3emiempsice-
Hutl ¢ M>4.5, pazmepbl Kpyaicka y8enuuugaromest ¢ YeerudeHuem MasHumyobl.

5. 3aknioyeHne
Oxono 80% wuH(pOPMAMOHHBIX MTOTOKOB COCTaBIISIET Teorpaduyueckas
uHdopmanus (') u ee 00beM KCIIOHEHIMAIBHO pacTeT. JDTo TpedyeT pas-
pabOTKH METOIOB, TEXHOIOTHI U CUCTEM JUIsl aBTOMATHYECKOTO U aBTOMAaTH-
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3upoBaHHOro aHanusza I'M ¢ nenblo U3BJIEUCHUS U3 Hee CYIECTBEHHOW UH-
¢dopmanuu u 3HaHui. ['eonHdopmannonHbie TexHONOrMH 3¢ deKTHBHO NpH-
MEHSIOTCS TIPH PEUICHUH CIEIYIOINX THIIOB 3a/1a4 KOMIUIEKCHOTO aHaJn3a
MIPOCTPAHCTBEHHO-BPEMEHHBIX JaHHBIX:

1. OuecHuBaHHWE U UHTEPIPETANUS CBsI3ei Mexy cBovictBamu ['U.
2. OrieHnBaHME ¥ MHTEPIPETAIHS OTHOIICHUN MKy reorpadude-

CKUMU 00BEKTAMHU.

3. TIporHosupoBaHue, OOHApYKEHHE U PACIIO3HABAHHE LIETICBBIX 3apa-

Hee HeU3BeCTHBIX CBOMCTB I'U  3apaHee HEU3BECTHBIX reorpadHuecKux
00BEKTOB.

4, HpOFHO3I/IpOBaHI/Ie Ppa3BUTHA NPOCTPAHCTBCHHO-BPEMCHHBIX ITPO-

LECCOB.

10.
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1. UT-ob6pa3oBaHue:
MeToauveckoe obecrneyeHue
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K pa3spaboTke yuebHOro nnaHa
noaroToBky 6akanaBpoB HanpaBneHusa «UT»
no KpeauTHOM cucTeme

HU. JI. Tonmaues, K. E. Camyiino, Poccutickuii ynusepcumem
opyaicowl Hapooos, Mockea,{itolmachev, ksam}@sci.pfu.edu.ru

K 3auerHpIM emuHMIAM (KKpEeIUTaM»), KOTOpbIE B KaueCTBE KCIIEPH-
MeHTa yxxe BBesieHs! B PY/IH [1] mo psiay HanpaBiieHHi MOATrOTOBKH (B Oc-
HOBHOM T'yMaHHTapHOTO NpO(QuiIst), MO)KHO OTHOCHTHCS IT0-pa3HOMY, U 3TO
OTHOIIIEHHE YK€ 3BYYUT B PA3JIMUHBIX MEKBY30BCKHX ayIWTOPUSIX: HA COBE-
IIaHUsX, 3acefaHusXx paboumx rpymm u np. Hambonee pacrpoctpaHeHHOE
CYXJIEHHE TaKOBO: pa3 yX HeJb3sl 0e3 3Toro 00OHTHCH, TO BO BCEX YUEOHBIX
JIOKyMEHTaX, OPUEHTHPOBAaHHBIX Ha EBpory, 70CTaTOUHO IepecyuTaTh TPY-
JI03aTpaThl M3 YacoB B «KPEIUTHD». B KauecTBe OCHOBHI JUIsl IEpecuera mc-
TOJTB30BaTh KaKylO-HHOY/Ab JAEHCTBYIOUIYIO MEXIYHapOJHYIO CXEMY WIIN
n300pecTy COOCTBEHHYIO.

ABTOpBI JI0KJIa/1a, TJIYOOKO TMOHMMAasi HEOJHO3HAYHOCTh OTHOLICHUS K
CyTH NpoOJIeMBbl, HE 00CY)KIAIOT HEJOCTATKH SKCIEPUMEHTa B LIEJIOM — 3TO
nokakeT BpeMs. OCHOBHas 11eJb JOKJIaa — HayaTh 00CYyXJIeHHE IPOOIEMBI B
cpene mpodeccroHaNnoB, y4ecTb UX 3aMeYaHus U NPEUIOKeHUSI B CaMOM Ha-
Yajie IyTH, a TaKKe TO/ICIUTHCS BEChbMa CKPOMHBIM OIBITOM, TIOy4€HHOM B
nporecce pa3pabOTKH y4eOHOro IUlaHa B «KPEOUTHOI» CHCTEME 1O Ha-
npasieHno 511900 — Mudpopmanmonssie TexHOMOruu [2]. 3aMeTuM, 4TO B
PYJIH, wauunas ¢ 2005/2006 ydeOHOro roja, OCYIIECTBJICH IEPEXOj Ha
«KpEIUTHYIO» CHCTEMY N0 «Onm3koMy» Hampasienuto 511800 — Marematu-
ka. KomnbloTepHbie HAYyKH.

Mo cymecTBy Bonpoca, caMm 1o cede nepecyer TpyA0eMKOCTH U3 OIHOU
CHCTEMBI €JJMHUII B JIPYT'YIO0 — 3TO HECJIOKHAs TeXHUUYEecKas 3ajada. Baxna
LIeTIb, KOTOpasi 3aKII0YaeTcs B IOJYYEHHH NPEUMYIIECTB — JaTh BO3MOXK-
HOCTh CTyJEHTaM (a) YYUTBCS 110 MHIWBUAYaJbHBIM Y4eOHBIM IUIaHaM 3a
CYET JJOCTATOYHO OOJBIIOrO KOJIWYECTBA TUCIUIUIMH MO BRIOOPY U (0) moiy-
4yaTh 00pa3oBaHHE TaM, IJ€ 3TO UM 10 TEM WIN WHBIM IIpUYMHAM Ooee
yno6Ho. U, Moxxer ObITh, OCBaNBaTh 00pa30BaTEILHYIO IPOTPaMMy HE B OfI-
HOM BY3€, a II0 4acTsM — B pa3HbIX. [loka Takoil riobaibHOI CXOXKEecTH B
Mupe Her Hurne. CeromHst MOIBITKY YCTPaHUTh «YHHBEPCHUTETCKUE I'paHH-
B, O00ecHeynTh «00pa3oBaTeNbHYI0 MPO3PavyHOCTEY TPEINPUHUMAIOT
cTpanbl EBporsl B paMkax Tak HasbsiBaeMoro «bomonckoro nporecca». Poc-
CHH HE CJIeyeT CJIENO KOIMHMPOBATh UYXKOH OIBIT, 3TO MOXET IOBJIEYb pa3-
pylIEHHE YHUKAJIBHBIX MIPEUMYIIECTB HAIIETO0 00pa30BaHMs, IPEXK/IE BCETO, B
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o051acTi MaTeMaTHKH ¥ MH(OpManMOHHBIX TexHojoruil. Ho u ocraBatscs B
cTopoHe He cTouT. Moandukanys AeHCTBYIONINX OTEYECTBEHHBIX CXeM 00y-
4yeHus, pa3paboTKa M anpoOanys HOBBIX, AKTHBHOE YYacTHE POCCHHUCKUX
npoecCHOHANOB — BCE 3TO MOXET OBITh BechMa BOCTPeOOBAaHO B padore
MEXIYHApOIHOTO aKaJeMHUUECKOr0 COOOIIECTBa U 00ECIIEUNTh yIaIUMCs U
MIperno/iaBaTeIsiM MOOWIBHOCTh HE TOJBKO B cpene By3oB Poccum, HO U B
EBponelickux cTpaHax.

Hauunas ¢ 2002 rona B PYIH npoBoauTCst 3KCIIEPUMEHT 1O EPEBOY
psila HampaBJeHHH W CIENUMAIBFHOCTEH Ha HOBYIO CHUCTEMY OpraHM3allid
yueOHOro Iporecca ¢ MCIOIb30BaHUEM CHUCTEMBI 3a4€THBIX eauHuI. Paspa-
00TKY U BEJCHHE DKCIIEPUMEHTA OCYLIECTBIISIET pabouas rpyIa, BKIIOYar0-
mas TpOpPEeKTOpa, HayaJbHUKA W COTPYJHHKOB Y4eOHO-METOANYECKOro
YIIpaBJIeHUs, JIEKAHOB M 3aMECTUTEJEH JIeKaHOB 3aJIeiCTBOBAHHBIX (paKyib-
teroB. [TnaH npoBeaeHNs SKCIIEPUMEHTa COIEPIKHUT TEOPETHUECKYIO U MPaK-
THYecKylo yacTh. [lepBasi BKito4aeT 0OOCHOBAaHHWE, CPAaBHHUTEIBHBIA aHAIN3
JIEHCTBYIOIUX 3apYOEkKHBIX CXEM, BBIOOP CXEMBI, pa3paboTKy rpaduka u
METOJIKH Ilepexo/ia Ha HOBYIO CHCTeMY. B mpakTHieckoii 4acTu cieayromme
COCTaBJISIFOIIME: BHIOOP COOTHOLIEHUI M OCYIIECTBJIEHHUE Iepecuera TPyIo-
€MKOCTH B «KPEAUTHD, (POPMUpPOBAaHUE yYEOHBIX IUIAHOB, CO3JJaHUE HOpPMa-
TUBHOTO JJOKYMEHTa, DPErjIaMEHTHUPYIOUIEro MOpPSIOK paldOThl M JEeWCTBHS
BOBJICUCHHBIX JIUI], & TAaKXe, COOCTBEHHO, MPOIEeaypa Mepexosa Ha HOBYIO
CXeMy opraHu3anuu ydeOHoro mnporuecca. [IoHITHO, YTO TeOpeTHYecKoe UC-
CJIe/IOBaHME MMEET CBOEH IIEbI0 CO3JaHHE OCHOBHBIX JOKYMEHTOB, peria-
MEHTHUPYIOIIMX MPOLEAYpPY pean3alii HOBOM y4eOHOH CXEeMBI M, eCTecT-
BEHHBIM 00pa30M, HaXOIUT B HUX OTpaKeHHE. TaKuX OCHOBHBIX JIOKYMEHTOB
JIBa: y4eOHBIN IUTaH ¢ TpauKoM OOY4YEeHHUS! W MOJIOKEHHE 00 OpraHM3aliy
yaebHoro mporecca [1].

B 2004 rony takas pabora Obiia HauaTa Ha (PU3UKO-MaTEMaTHIECKOM
(axynpTere, ¥, KaKk TOBOpUIIOCh BhilIe, B 2005/2006 y4e6HOM Tromy MBI IIpH-
CTYNWIX K 3KcriepuMeHTy. Kpome Toro, Oblia rmocraBiieHa 3ajaqa, OpraHu3o-
BaTh HauuHasg ¢ 2006 roga, mpuem CTyAEHTOB IO HampasineHuro 511900 —
WNHdopmanmoHHble TEXHOJIOTWH, YTO TAaKKe Mpeanonaraercs cAenarb o
«KpemuTHOW» cucreMe. B mokiaze Mbl I€NUMCS ONBITOM pa3paboTaHHOTO
HaMHM y4eOHOro IIaHa, KOTOPBIN IPUBEAEH B KOHIIE TEKCTA TE3MCOB JOKIAA.
OTMeTHM, 4TO OIHOW M3 OCOOEHHOCTEH «KPEAWUTHOW» CHCTEMBI SIBIISIETCS
TIPE/IOCTaBIICHNE BO3MOXKHOCTH ydJalleMycsl CIyIIaTh Kypchl 1O BEIOOpY B
oobeme He MeHee 30% oT obOmero o0beMa KPEAHWTOB, MPETYCMOTPEHHBIX
yueOHBIM ITaHOM. J[J1s mpefocTaBiIeHusl TaKOW BO3MOXKHOCTH HaMHU ObLIH
pa3paboTaHbl NepevyrciIeHHbIe HIKe MPOQWIN CHEeUUaIN3alny, OTpaKaro-
e BO3MOKHOCTH BBIYCKAIOIUX Kadeap W yIUTHIBAIOIINE HOMEHKIATYPY
BO3MOXKHBIX MarucTepCcKHx Mporpamm 1o Harpasienuro UT.
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HpO(l)I/UII/I cnenuaju3anuu B paMKax JUCHUIIJIUH

10 BBIOOPY CTy/AeHTA
Hckyccmeennvini unmennexm (Artificial intelligence):
- Jlornueckue TeOpuX MPOCTPAHCTBA U BpeMeHH (2 KpeanTa).
- TexHOMOTHsl MPOEKTUPOBAHMS MHTEIUIEKTYaJIBHBIX CUCTEM (4 KpeauTa).
- AHanu3 n300pakeHU U pacro3HaBaHUe 00pa3oB (4 KpeauTa).
- MonenupoBaHnue paccyxaeHuit (4 kpeaura).
Teopust o6yuenus (Learning theory):
- AnmapartHas peayu3anys B UCKYCCTBEHHOM HHTEJUIEKTe (2 KpenuTa).
- JIucn m UCKyCCTBEHHBIH UHTEIUIEKT (4 KpeauTa).
- DKCIIEpTHBIE CUCTEMBI (4 KpeauTa).
- HTeMmeKkTya bHbIe 00yJaroIie CUCTEMBI (4 KpemuTa).
AHnanuz npouzeo0umenbHOCmu UHGO-MeaeKOMMYHUKAYUOHHBIX cemell

(Performance analysis):

- MapkoBckue mporecchl (2 KpeauTa).
- Teopust MaccoBoro o0CITy>KMBaHUsI 1 IMUTALMOHHOE MoieTpoBanue (4

KpEenuTa).

- OcHOBHI TeopuH TeneTpaduka (4 Kpeaura).

- [Ipuknanueie 3aaun Teopuu tenerpaduka (4 xkpenura.)
Ipoexmuposanue cemeii menexommynuxayuti (Network engineering):

- Mopzenb B3auMOJIEHCTBHSI OTKPBITHIX CUCTEM (2 KpeauTa).

- ApPXHUTEKTYpHI CeTel TeJIeKOMMYHHUKaIWH (4 Kpeaura).

- MonenupoBaHue CETEBBIX CHCTEM (4 KpeauTa).

- Ilpuxnaanele 3a7a4vl MPOEKTUPOBAHUS CETEH TeleKOMMYHMKauui (4
KpEenuTa).

Asmomamuszayus HayuHwvix ucciedosanuil (Scientific computing):

- BBeznenne B MaTeMaTHYECKOE MOJICTUPOBAHUE U OCHOBBI ITPOTrPaMMH-

pOBaHMsI B HHTETPUPOBAHHOM cpejie (2 Kpeaura).

Lo

- Cratuctuyeckas 00paboTKa 3KCIIEPUMEHTAIBHBIX JAHHBIX (4 KpeauTa).
- OpraHusarys BEIYHUCIUTEIBHOTO SKCIIEpUMEHTa (4 KpemuTa).
- I'pua-TexHONOrUY U pacrpeieICHHbIC BRIYUCICHUS (4 KpeuTa).

Jluteparypa

Cucrema kpeautos B PYJIH - http://www.rudn.ru/credit.php

Cyxommua B.A. NT-o0pa3oBanue: KOHIEIMs, oOpa3oBaTelIbHBIE CTaHIAPTHI,
mporiecc cranmapruzanuu. M.: [opsaas muaus-Tenekom, 2005.

-87-



suHOKOrHdl 99

e € 801 3 801 u goped x19HRoHON BHdOa ] $100'HA
goM19¢k x1IgHarewdod|
el ¢ 801 3 801 1 gorewolde kudoa] P10°®H
exe gowindoarre gudoar|
4 vyl 4 8¢l W BXHION BBXOOhMIBWALBJA Cl0@HA
. IMIBWALBN|
hee el 3 3 B 9 v0c WOHLOAMOUY 1990HO() I'l0'@Hd
hBe 801 801 BdALIIAY BBNOORHEUD| 70 DEDT
heg ‘ede [4 4 € € € € 9LS 91 ove NI9EB WITHHRALOOHE]|  [0'DEDT
AdLooWa0 ¥ s19HHEEKaNdL “ITHUILIATIONT AI9HIIALBEKQQ) ' |
4! €L | CL | I |0l | 6 8 L 9 S ¥ € [4 I
8 L 9 S 14 € [4 1
(1LohBE\HOWBENE)
BIrodLHON BOBh 9€ = LMo | Xedkh € doLuradx Arderrte1ooos (medu arouk WOL €) _
Wed10oWao ou /L SN\
0109010LH LHOLREUENC |09 100RUI0Y] HULIMITIONY QUHBEOHOWHRH
ewdogp ou goLurady sunararaduoed sondowud] | 9LOOMWA0TAd |,

nnzovouxaw a19auHonwdoPH] - 006 I TS OnHIUIDAUDH OU HDLYU NI9HOIh

-88 -



[>03 801 € 96 XI9HHEY €89 HMIOLOHXA]| 80'dD /11O
(>3 801 € 9 exupeds geHdoroiauwod| 90'd 7110
hee 801 € 96 U130 919HAOLOIIUNOY]| 0D ITLIO
hee 801 € 801 19WaLoM0 digHHOMTTRdOLQ| $0 D IT1IO
WALOMO XIGHIUOLULOWhIE|
ele 801 € 96 edAnronxdy €0' DO
£)I€ 801 € 801 yuHegoduwwediodu wieg| 70'd 7110
HUIOOHXOID|
eie 801 € 801 €UIreHe M 19WIHdodiry 10O
. guHegodumwwediodu|
€ “hee 91T 9 ¥0¢ 1980HO0) 10°C0°®'HA
£l€ 801 € 96 ‘1810 ‘Woren U "dog ¥udoa ] |11 10'd HA
(303 801 € 96 yrHOHgRdA ‘Heed U U701 10D HA
hBE ‘ENE 1 v 91 19r¥d u 9rediorHy agHIRd)| 6°10'd HA
hBE ‘E€E 24! ¥ 1 11 EMI'BHE UUMOShHUIBWALRIA| 810D HA
heE ‘Dl€ 24! ¥ 91 [ EMIrBHR UHUNOOhMIBWALRIA| £ 10'D HA
§> 54 88T 3 90¢ udionoar u edgauiry| 9'10'd HA

-89 -



%€TET 0 I ¢ 11 9 9 3 9591 9 0€91 g ou oJoLy

10/ hee ¢ € € € € € (0123 SI 443 INFE eH whmLed[[| €1'd L0

1Y 9ooduod| _
hee 4 [ 4 48 QMMOJhHLE U JIIHILTBHIIO)) oo

o UUITRdoLI0 SUHREOTALOOU L.
€ 801 € 96 Y MMITREMWHLLIO I9TOLIN 0T oo
€ € 801 € 96 srdoHdxHU keHWwed1od[[| 60°dD 7110

exe I9WALOMD| .
801 3 801 QM9HILBAINOLIAIHL] LO'®LIO
hee‘eNe € € 91T 9 0Ll BIMEND|  €0'D'HA

e yorooH1kodod umdoax|
801 € 124! Uheres SlgHTeINHd] | €070 d'HA
g0o%anodu
€€ 4 L z 9 xiaHHOMNeWdodHM|70'70'd HA
QUHRLOAUIATOIN
heBE ‘€ € 801 € 96 MMIOL QMMOOhHOORINIH| € 10D H
(20 € 801 3 ol BUPOOOIHD| 01'D'EDT
£3€ € 801 € 001 BE100ha10 BUdOLOY| €0 DEDI
Ad1o9W20 3 919HHEEKaNdL JH ‘ISHULLIUIIONT J19HIIAIREKQ() T
$Z3 44 44 0 ¢ | Il | 8L |0C| 0T ]| LI 9LSE 88 (43 [ ou 0JOL

BYMIBWAIRW|

ele 3 801 € 801 KeHILOLLOMRIGE [§KONIgA(0)

-90-



SL'6T €T | 6T | 9¢ | 8T | L€ | 8T | T€ | €T 9L68 0¥T o134
9 91T 9 HOWBENEDO |
4| 437 U rvLogRd KRHMNOALIIY
¥ 9 9 9 6L rad 19100ed 219900dK)]
L | SCT|lOE| 0| IE | 8T | 9T | €T 9€SL 00T wLL SMHORAQO 90M99hH19d03l 0I0LY]
%TETE L6l | Ll |91 T |0 € P0€T 99 6T ¢ ou 0101}
HEEENE MHULLIATIONT
v 4 14 (434 & 0sy SIGHEUIBLILANRD iy
hBE‘ENE 14 v 14 T 0S 4l (11872 I9HUILIMIIONY QIMHILBUIISN D) 70
weeexel | v | T | € 09€ 4 ove IO ou 190d4y o
hREENE vy 09¢ 01 ove HH ou 190dKy] HA
hee ‘el ¢ € ¢ 4 [4 3 89 81 CI8 €D ou 1adAy €0J

BIHATALY AdOQI9E OLI IMHULLIMIION]T '€

-91-



O xope noaroToBKkM 6akanaBpoB
no HanpasrneHnwo «MHpopMaLUOHHbIE
TexHonoruu» Ha dakynbTteTe NMM-MY Criery

C. H. Anopuanos, E.U. Bepemeii,

Canxm-Ilemepbypeckuil 20cyO0apcmeeHHbl YHUgepcumenn,
gaxynbmem npuKIAOHO MAMEMAMUKU — NPOYECCOB YNPAGIEHUS,
veremei@vrm.apmath.spbu.ru

dakynapTeT NPUKIAAHOW MaTeMaTHKU — MpoleccoB ynpasieHus CaHKT-
[NerepOyprckoro yHuBepcurera 0611 co3iaH B okTa0pe 1969 roga. OcHoBHOE
€ro Ha3Ha4YeHHe C ITOr0 MOMEHTa COCTOUT B OOECIIeUeHHH TOrOTOBKH KaJl-
POB U B IPOBEJCHUH HAYYHBIX MCCIIEOBAHUM ISl (POPMaIM30BAHHOTIO MaTe-
MaTHYECKOTr'0 HAIOJHEHUsI CJIOXKHBIX HAYKOEMKHX aBTOMAaTHUECKHX M aBTO-
MaTH3MPOBAHHBIX CHUCTEM YyNpaBJIEHHs pa3indHod npuponsl. C camoro Ha-
Yaja ObUTIO OYEBUIHO, YTO BBHIITOJHEHHE ITOCTaBJIEHHOH 3a7a4l HEBO3MOXKHO
0e3 camMOil MHMPOKOW OPHEHTALMH Ha HMCIIOJIb30BAaHHE COBPEMEHHON BBIYHC-
JIUTENLHON TEXHHUKH.

B cBs3u ¢ atum, ocHoBatenb (akynapreTa wWieH-koppecnonaeHT PAH
B.U. 3y0oB omnpexnenui B KauecTBE HE3bIOIIEMOH OCHOBBI yCIENTHOTO (yHK-
LMOHUPOBAHMSI HOBOTO MOZPAa3AEIEeHNs] YHUBEPCUTETa HEPa3pPhIBHOE €ANHCT-
BO (yHAaMEHTAJIILHOTO W TPHKJIAJHOTO Hadal, C KOHEYHBIM JIOBEIECHHEM
pe3ynbTara J0 4MCIa, MPEJCTAaBISIONIEr0 WHTEPEC Ui ITOCTAHOBIIMKA CO-
Jiep KaTeIbHON 3a7aui. DTO OCHOBHOE TpeOOBaHME K AEATEIHLHOCTH IPEIo-
JlaBartenei, yu€HbIX, aClUPaHTOB M CTYJSHTOB OH ITOJAEP)KUBAJ 0 KOHIA
CBOMX JIHEW W 3aBellajl €ro MocjiaeayloluM MoKoJeHusIM. Manelumii nepe-
KOC B Ty WJIM UHYIO CTOPOHY BBIBOJUT CUTYAIIMIO M3 TTOJIOXKEHHUSI pABHOBECHS
W HE BBIIOJICH KaK CTOPOHHHMKaM (hyHJAaMEHTaJbHOTO Hadania, Tak U IpH-
KJIaTHUKaM, BKJIIOYasl CHEIHaINCTOB B 00JACTH WH(OPMAIMOHHBIX M KOM-
meroTepHBIX TexHomorui (UT).

Ha ¢axynprere npukiIagHOi MaTeMaTHKH — IIPOLIECCOB YIIPaBJICHUS! Ha
TIPOTSDKEHUH BCEH €ro MCTOPWH BEJETCSl MHTEHCHBHAS Hay4dHas M Iperoja-
BaTebcKask paboTa Mo NPUMEHEHUIO COBPEMEHHBIX KOMIBIOTEPHBIX TEXHO-
JIOTUH W CO3[aHWIO KOMITBIOTEPHBIX CHCTEM Da3JIMYHOTO Ha3HAYEHWs JUIs
aBTOMAaTH3alMHU MPOILIECCOB YIIPABJICHUS U B CMEXHBIX 00JIacTsX. DTO orpe-
JIEIISIETCS] CaMOM CYIIIHOCTBIO JIESITENbHOCTH (DaKysIbTeTa, MPU3BaHHOTO obec-
MeYNBATh TOATOTOBKY BBICOKOKBaJIM(UIMPOBAHHBIX CHEUAINCTOB, KOTO-
pbie  ymeroT 3¢ (eKTHBHO pelaTh HacyNIHbIe MPHUKIIaJHbIe MPOOJIEMBI C T10-
MOIIBI0 MAaTEMAaTHUECKUX U KOMITBIOTEPHBIX METOIOB.

Ceiiuac KOMIBIOTEPHI MPOHUKIIHM MPAKTUUECKH BO BCe CPephl MOBCETHEB-
HOH JKU3HM U IPO(EeCCHOHANBHOM JIesTenbHOCTH YenoBeka. [Ipraem nporec-
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Chl WX DAacIpOCTPaHEHHs W COBEPIICHCTBOBAHHUS HOCAT JIABUHOOOpPA3HBIN
XapakTep ¢ UCKIIOYUTEIBHO OBICTPON CMEHOW ITOKOJCHHUN TEXHHUYECKUX U
MIPOrPaMMHBIX CPEJCTB MPHU MOCTOSHHOM POCTE BBIUUCIUTEIBHBIX BO3MOXK-
HOCTeH. DTa JKU3HEHHAs! PEaTbHOCTh NMPENBSBISIET KpaiiHe BbICOKHE TpeDo-
BaHMS K CIIENUAIMCTaM, pa3padaThIBAIONIMM KOMITBIOTEPHBIE TEXHOJIOTHU U
CHUCTEMBI, U UCHOIb3YIOUIUM UX B IPAKTUYECKOHN NESATETbHOCTH.

MHorue BBITYCKHHUKH (akynbTera ceiiuac padorator B HUU, B, By3ax u
YaCTHBIX (PHPMax, KOTOpPBIE PEIIaloT pa3HOOOpa3HbIe 3a/1aul B 00JIaCTH MpH-
MEHEHHUS U Pa3BUTUS COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJOTUH U CHCTEM.
ITocTosiHHOE COTPYAHUYECTBO C ATUMHU OpraHU3alUSIMU CYLIECTBYET U IO-
CTOSIHHO YKpEIUISIeTCS ¢ MOMEHTa BO3SHMKHOBEHHs (hakyynbTeTa WM 10 Ha-
crosiero BpeMeHu. OJHOM U3 ero opM SIBISIETCSI HEITPEPHIBHOE ITOCTYILIE-
HHUe HH(OpMaIMH O TOTPEOHOCTSX B CHEUAINCTAaX 10 KOHKPETHBIM Halpas-
JIEHUSIM MH(GOPMAIIOHHBIX M KOMIIBIOTEPHBIX TEXHOJIOTHH, 0 Hanboee mep-
CHEKTUBHBIX NPHUKIAAHBIX chepax ucciaenoBaHuii n paspaborok. Becbma
TUTOJJOTBOPEH B3aUMHBII OOMEH MHEHHSMH O COCTaBe IIporpamm mpodec-
CHOHAJIBHOW CHEeNNaNbHON MOATOTOBKYU CIIELUAIUCTOB.

B nocnennue roasl Ha denepanbHOM ypOBHE MPUHUMAIOTCS KapAWHAIb-
HBIE MepbI N0 BBIBOAY Poccuu Ha mepenoBble pyOexu B obiactu HHpOpMa-
IMOHHBIX ¥ KOMITBIOTEPHBIX TEXHOJOTHH. DTO TpeOyeT CyIIecTBEeHHOH Mo-
JiepHHA3aLNK TpodeccHoHabHOro oopaszoBanust B odiactu UT, ero coxep-
KaTeIbHOrO M CTPYKTYPHOTO OOHOBIIEHUS, (POPMUPOBAHHSI COBPEMEHHOTO
MaTepHaIbHO-TEXHMYECKOr0 OCHAIIeHusl ydeOHoro mpouecca. Pa3Butne
npodeccronansHoro odpazoanus B obnactu T Bxomur B cocraB mpropu-
TETOB psAAa NMPaBUTEIbCTBEHHBIX MPOTPaMM, SBJSSCH HE TOJIBKO UX LIENBIO,
HO TaK’XK€ YCIOBUEM Pa3BUTUS PYTUX €€ KOMIOHEHTOB.

Ha ceromusmHuii 1eHp oUIyIIaeTcsi HacyIiHasi MOTPeOHOCTh B Mpemnoa-
BAaHUU LEJIOTO PSAAAa HOBBIX JAUCIMIUIMH, TPAJAUIMOHHO HE BXOJSIIUX B KPYyT
po0JieM NPHUKIIAJHOTO M CHCTEMHOT'O IPOrpaMMHUPOBAHUS M TEOPUU MHUKPO-
MIPOLIECCOPHON peanu3alii, OAHAKO COCTABISAIOIIMX HEOThEMIIEMYIO 4acThb
COBPEMEHHBIX KOMIBIOTEPHBIX TeXHONOrHi. CloJ]a OTHOCSATCS BOMPOCH! 3(-
(DEeKTUBHOTO HCIOJIB30BaHMSI COBPEMEHHBIX MaTEeMaTHYECKHX MaKeToB, Hpo-
0J1eMBbl KOMITBIOTEPHOTO MOJEIMPOBAHMS AMHAMHYECKUX OOBEKTOB U TPO-
LIECCOB YNPAaBJICHNSl, MHOTOYHCIICHHBIE aCIEeKThl CO3JaHusl 3(PPEKTUBHBIX
KOMITBIOTEPHBIX CUCTEM (BKJIOUas SKCIIEPTHHIE) aHAIN3a ¥ CHHTE3a PelIeHuH
W CUTYallWi, POOJIEeMBbl YNpaBIICHNS! CUCTEMaMH TEIEKOMMYHHKAIMH, Teo-
pUsl CHCTEMHOTO aIMUHUCTPUPOBAHUSA U MHOTOE APYTOE.

DT0 ompesenseT HaCYIHYIO0 NOTPEOHOCTh B Pa3BUTHH CHCTEMBI 00pa3o-
BaTENBbHBIX CTAHAAPTOB OTEUYECTBEHHOH BhICHIEH MIKOIBI. OmnpeneneHHbIM
OPUEHTUPOM B JTAHHOM HAIIPABIEHUHM MOXET CIyKuThb nokymeHT CC2001,
pa3paboTaHHBI TAKMUMH aBTOPUTETHBIMH MEXIYHAPOAHBIMU OpraHH3alus-
mu, kak ACM u IEEE. Bmecre ¢ Tem, cieayer y4uTbiBaTh W OoraTeiinit
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OTEYECTBEHHBIH OIBIT, HAKOIUICHHBI BeAylIUMH By3amu Poccum, B gene
TIOATOTOBKU BBICOKOKBAJIM(UIIMPOBAHHBIX CIEHATIMCTOB 110 COBPEMEHHBIM
KOMITBIOTEPHBIM ¥ MH()OPMAIMOHHBIM TEXHOJIOTHsIM. B M3BecTHOI creneHw,
3TOT OMBIT OTPaKEH B CTaHAApTaX BHICHIEro 00pa3oBaHMs Uil OaKajaBpoOB U
MarucTpoB 1o HanpasiieHusM «[IpukiagHas MaTeMaTHKa U HHPOPMATHKa,
«ndopmaTrKa U BEIYHCIUTENbHAS TEXHUKa» U «Maremartrnka. Kommbrorep-
Hble Haykn». OJJHAKO JeTaNbHBIN aHAIN3 COOTBETCTBYIOMIMX MPOrpaMM MpH-
BEN K BBIBOJLY O TOM, YTO OHM HE B IOJIHOW MEpe COOTBETCTBYIOT MOTPEOHO-
CTSIM CETOAHSAIIHEro JHA MO PacCMAaTPUBAEMOMY KPYTY BOIIPOCOB, MOCKOJb-
Ky uX (pOopMHpOBaHHE OCYIIECTBISUIOCH 0€3 ydeTa COBPEMEHHBIX IpE/ICTaB-
JIeHni 00 MH(OPMAIMOHHBIX TEXHOJIOTHSIX KaK OTAENBHOIO CaMOCTOSITEINb-
HOT'O HarpaBJIeHUs B HayKe W oOpazoBaHuu. VIMEIOTCS 1 HEKOTOPHIE HECOOT-
BETCTBUA C pekoMeHaauusmu gokymenta CC2001, uto cymecTBeHHO 3a-
TPYIHSET COTPYJHUYECTBO POCCHHCKUX M 3apyO€KHBIX YHHUBEPCHUTETOB, CY-
xaer chepy 00pa3oBaTEIBHBIX YCIYT, NPEJOCTABISIEMBIX OTEUECTBEHHBIMHU
BY3aMH Ha MEX[yHapOJHBIN PHIHOK.

YuureiBasi crnoxuBIIyrocs curyamnuo, B 2002 rony dakynerer [IM-ITY
CII6oT'Y momumepskan mHunmatuBy ¢akynsrera BMK MI'Y mo BBeneHuio B
peecTp HampaBJIeHHH BBICIIET0 00pa30BaHUs HOBOTO 00pa30BATENLHOTO Ha-
nipaBienus «HpopMalMoHHBIE TEXHOIOTHIY», a TAKKe MO COJEPIKaHHUIO 00-
pa3oBaTeNbHBIX CTaHAAPTOB ISl AaHHOrO HarmpaieHus. Oco0o 3HAYMMBIM
TIPU 3TOM SIBJISUICS. TOT (haKT, YTO CO3JaHNUE HOBOTO HAIIPABIICHUS MOXET CY-
IIECTBEHHO PACIIUPUTH BO3MOKHOCTH (aKyJIbTeTa MO TPYJAOyCTPOHCTBY BBI-
ITyCKHHUKOB, Kak B Poccuy, Tak u 3a ee pyoexxamu.

B coorBerctBuu ¢ npukazom MunByza P® (N 4175 or 29.11.2002 r.), B
TECHOM COTPYAHHYECTBE C BeAyIMMHU yHUBepcuteramu crpansl (MI'Y nm.
M.B. Jlomonocoa, HHI'Y mm. H.U. JlobaueBckoro, MUDOM, JIDTU um.
B.U. VubsHoBa (Jlennna), MATU um. K.3. IlnonkoBckoro) dakyasrer ak-
THUBHO BKJIIOYMIICS B ITPOLIECC CO3/IaHMs CTaH/AAPTOB M Y4eOHBIX IUIAHOB IO
HOBOMY HarpaBjieHuo. [lo xoxaraiicTBy yHuMBepcutreTa MUHBY3 BBIIEIHI
(axynbTeTy 15 MONMOIHUTENIBHBIX OFOJHKETHBIX MECT JJISI €KETOJHOI0 MpHé-
Ma Ha IepBhIN Kypc.

B 2003 romy 0buT ocymiecTBIEH mepBbIii, a B 2004 Tomy — BTOPOii pUEM
cTyzneHToB Ha paxyasrer [IM-ITY o HanpaBieHHIO MOATOTOBKH OaKkaiaBpoB
«HbOpMaIIMOHHBIE TEXHOIOTHI.

B Hacrosiee BpeMs Mo 3TOMY HalpaBJICHUIO TPOXOIAT o0ydeHue 66 de-
JIOBeK (Ha mepBoM Kypce — 27, Ha BTopoM — 39). M3 Hux no miaTHolt hopme
obOyuarotcst 36 cTyneHToB. B cocraBe oOyuaromuxcs 20 4enoBeK MpeacTaB-
JISOT nanbHee 3apyoexne (7 crymentoB w3 KHP, 12 — u3 Beernama, 1 — u3
Hurepun).

[IpexncraBnsier cymiecTBEHHBI HHTEPEC aHAN3 MOTHBAIMU MOCTYIICHUS
CTY/IEHTOB U3 a3uatckux crpal Ha (akynerer [IM-I1Y no nganHomy Harpas-
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JIeHuI0. BoJbIIMHCTBO M3 HUX HACTPOEHBI Ha JaibHelIee (ITociae OKOHYaAHHS
BY3a) COTPYAHHYECTBO C POCCHHWCKHUMHM INPEIIPHUITUSIMH, OJHAKO BMECTE C
TEM, CYIIECTBEHHBIM IPEUMYIIECTBOM IEepe]] aHaJIOTHYHBIMH CIEIUaIbHO-
CTSMHU M HalpaBJIECHHUSMH CIYXUT 0a3oBasi OpHEHTALMsI IPOrpaMMbl o0yde-
Hus Ha gokymeHT CC2001. DTo rapaHTHpyeT CBSA3b C 3alafHOM CHCTEMOH
00pa3oBaTENbHBIX CTAHAAPTOB, YTO CYIIECTBEHHO PACIIHPSET KPYr BO3MOXK-
HOT'O TPYAOYCTpOMCTBA U NMPOpECCHOHATFHOTO B3aUMOAEHCTBUS CO CIIenua-
JIMCTaMH Pa3JIMYHBIX CTPaH.

OTMeueHHbIE 00CTOATENBCTBA TOATBEPXKIAIOT, YTO BBEJCHHE JaHHOTO
HAaIpaBJICHUs,, COOTBETCTBYIOLIET0 HOPMATHUBHBIM JIOKYMEHTaM, IPUHSTHIM
aBTOPUTETHBIMH MEXIYHApOJHBIMHA OpTaHW3alMsIMH, OTBEYaeT CIIPOCY Ha
MHPOBOM PBIHKE 00pa30BaTEIbHBIX YCIYT. B 4acTHOCTH, NPH 3TOM y4TEHO
yuactue Poccun B bonoHckoM nporiecce o Co3AaHuI0 eUHON eBpoIeiickon
00pa30BaTENbHOM 30HBL. JTO CYIIECTBEHHO YIy4YIIaeT KOHKYPEHTHO-
CHOCOOHOCTh POCCHHCKHMX YHHBEPCHUTETOB Ha MHUPOBOM YpPOBHE B 00JIaCTH
TIOATOTOBKHU KaJIPOB IT0 COBPEMEHHBIM HH(OPMAIIIOHHBIM TEXHOIOTHSIM.

[Tpu Ge3ycnoBHOM BBHINOJIHEHHH BCEX TPeOOBAaHWI CTaHIapTa IO MOATO-
TOBKEe OakaylaBpoB B 00sacTd HH(POPMAIMOHHBIX TEXHOJOTWH, B oOpra-
HU3aIUU WX IIOATOTOBKH YYMTHIBAIOTCS T€ OCOOEHHOCTH, KOTOpPHIE OIpe-
JIeTsfoTest opueHTanuer ¢axynprera [IM-IIY Ha nmpodeccronanbHyro nes-
TENIFHOCTh B 00JacTy mporeccoB ynpasieHus. OcoOyro pollb MrparoT ciie-
JIYIOIIME HArpaBJIeHUs] UCIIONB30BaHHS COBPEMEHHBIX MH()OPMAIMOHHBIX U
KOMITBIOTEPHBIX TEXHOJIOTHIi:

- MIOCTPOEHHE MaTEeMaTHYECKUX MoJiesiell 00bEKTOB, BXOSIINX B COCTAB
MH(OPMAIMOHHBIX CUCTEM, U YCIIOBUH NX (YHKIIMOHUPOBAHNS;

- pelieHUe pa3HOOOPa3HBIX 3a/1a4 aHaJIN3a CHCTEM XPaHEeHUs, Tlepeiadn 1
00paboTky MH(pOPMALIUH, €€ UCIONB30BaHuUS B ITPOLIECCaX yIPaBICHHS;

- pelleHHe KOMIUIeKCca 3ajad CHHTE3a 3aKOHOB (AITrOpPUTMOB) (YyHK-
LMOHUPOBaHUSI MH(POPMALMOHHBIX CUCTEM M CHCTEM YNPAaBJIECHHS B Pa3iIHy-
HBIX peXHMaXx JUHAMUKH;

- BBINIOJIHEHHE KOMITBIOTEPHOTO MOAEIMPOBAHMS HHPOPMAIIOHHBIX CHC-
TEM U MPOTEKAIOIINX B HUX IIPOLIECCOB;

- obecrieyeHne UMHUTAIMOHHOTO MOJIEIMPOBAHUS U TPOBEACHHS BBIYNC-
JIUTENBHBIX KCIIEPUMEHTOB;

- peanu3anus CHHTE3WPOBAHHBIX AJITOPUTMOB Ha HU(PPOBBIX AJIEMEHTaX B
peanbHOM Maciitabe BpeMEHH.

C y4€ToM yKa3aHHBIX HAlpaBJICHWH, OPUEHTAIMsS Ha COBPEMEHHbIE HH-
(opMaIMOHHBIE U KOMITBIOTEPHBIE TEXHOJOTMH B YYEOHBIX Iporpammax
MIOATOTOBKM B TOM WIJIM MHOW Mepe obecneunBaeTcs BceMH Kadenpamu da-
kynbrera. [Ipu 3ToM 0a3oBast Harpy3ka B MPENoOAaBaHUM AWUCHUIUINH, HEMo-
CpPE/ICTBEHHO OTHOCSIIMXCSl K IOJTrOTOBKE OakajaBpOB 10 HOBOMY HarpaB-
JICHUIO, JIOKUTCS Ha TATh Kadeap KOMITBIOTEPHOTO [UKJIA!
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e xadenpy TEXHOJIOTHU IPOrpaMMUPOBAHUS;
e xadenpy MaTeMaTHYECKOH TEOPUH MUKPOIPOLIECCOPHBIX CHCTEM YIpaB-

JICHUS;

e xadenpy nHGpOpMAIMOHHBIX CHCTEM;
e xadenpy KOMIBIOTEPHBIX TEXHOJIOTHHA U CUCTEM;
e xadenpy KOMIBIOTEPHOIO MOJAEIMPOBAHMS W MHOTONPOIECCOPHBIX CHC-

TEM.

Jlis KOOpaWHAIMK MX YCHIIMHA 1O OOECIe4eHUI0 y4eOHOro W HaydHOTo
IPOLIECCOB, PEIIEHUEM YUYEHOIo COBeTa 3TH Kadelphl BKIIIOUCHBI B OT/E-
nenne MH}opManmoHHO-TeIeKOMM yHUKAIIMOHHBIX TEXHOJIOTHH (QaKyJIbTeTa.

LlenTpanbHyr0 pojib B OpraHM3alud ydeOHOro Ipolecca IO Halpas-
nennto «/H(pOpMaMOHHBIE TEXHOJIOTHNY UIPalOT Kadeapa KOMIBIOTEPHBIX
TEXHOJIOTHH U CHCTEM U Kadenpa KOMITBIOTEPHOI'0 MO/IETTUPOBAHUS K MHOT'O-
IPOLIECCOPHBIX CUCTEM.

B Hacrosmmii MOMEHT B mpenofaBaHWM y4eOHBIX AMCIMIUIMH, OTHO-
CAIMXCST K MHPOPMAIIMOHHBIM TEXHOJIOTHSM, HAOIIOMAaeTCs ONpeleNEHHBIN
kpu3uc. C OHOM CTOPOHBI 3TO BBI3BAHO CYIIECTBYIOUIMMHU TPATULUSIMU B
MIPENo/IaBaHUN JTUCHUIUTUH KOMITbIOTEpHOro HampasieHus. C npyroit — ObI-
CTPBIM Pa3BUTHEM CaMHUX TEXHOJIOTHH, YTO IMOPOXKIAET TEPMUHOIOTMYECKUE
MIPOOJIEMBI, OTCYTCTBHE BBICOKOKAYECTBEHHBIX U JOCTYITHBIX (B TOM YHCIE, U
T10 IIEHOBBIM ITapaMeTpam) yueOHBIX OCOOHH.

ITpu dhopmupoBanum paboyero rmiaHa NOATOTOBKM Ha dakxynsrere [TM-
ITY 6b10 yuTeHOo, uTo MpuHsATask B OOJIBIIMHCTBE BY30B CTPYKTYpa y4eOHBIX
3aHATHH KakK JIGKIMOHHBIX, TaK M MPAKTHYECKHX, HE IO3BOJSIET CTYAEHTY
aKTHBHO yCBaWBaTh MaTE€pHaJl, OCYIIECTBIISATH CAMOKOHTPOJb CTEIIEHH OBJIa-
Jernust mpeaMeroM. Ocobo 3HaYMMBIM SBISIETCS TOT PAKT, YTO TPAJUIIMOHHAS
¢dopMa npoBeAeHHs JIEKIMOHHBIX 3aHATUH, KOTOpas MPHHATA JUIsl Npernoja-
BaHUs AMCIMIUIMH MaTEMaTHYECKOTrO IIMKIIA, HEe BIOJHE ITOJXOIUT IS YTe-
HUS JIEKIUH IO KOMIIBIOTEPHOMY HalpaBJICHHIO.

VBenauueHue J0IM CaMOCTOSTENbHOM paboThl JODKHO CONPOBOXKIATHCA
TIPE/IOCTABIISIEMBIM CTYJCHTY HHCTPYMEHTAPHEM JUISl ITPOBENICHUS] CaMOCTOSI-
TENbHOU PabOThl, OCYIIECTBIEHUS CAMOKOHTPOJS M KOHTPOJ (T€CTUpPOBaA-
HUSI) CO CTOPOHBI mpernojaBarens. Jlaxe B XOme YTEHHs JIEKIMU CIIEAYET
obecrieunBaTh BOZMOXKHOCTH JUIsi TIPOBEACHHS «MUKPOHMCCIIEIOBAHUI», OIl-
PpeneNnsIonyX rIyOuHy OBJIa/IeHNs] 0a30BBIMH MOJIOKEHUSIMH Kypca.

Bornbiast 9acTh TECTOB M MHCTPYMEHTAIBHBIX CPEICTB, UCIIONB3YEMBIX B
mpolecce INpenojaBaHus, AOKHA OBITH peanu3oBaHa B (POpME KOMIIBIO-
TEpHBIX NMPOrpaMM B YHHUBEPCAJBHBIX WM CIEIHATN3UPOBAHHBIX MHTEPAK-
TUBHBIX Cpefax. JTO MO3BOJSET, C OJHON CTOPOHBI, pa3rpy3UTh NperoaBa-
TeJlst OT BBITIOJHEHHS PYTUHHBIX OINEpalyii, a ¢ APYroi — MOBBICUTH dPPek-
TUBHOCTb IIpoliecca 00ydeHHs, BKIIOUYast JOKYMEHTAIbHYIO PETHCTPALIUIO €ro
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pe3ynbratoB. B kauecTBe mpumepa Ha puc.l MperioKeH BapUaHT CXEMBI
OpraHM3alUy y4eOHOro Mpolecca o JUCHUINIMHAM KOMITBIOTEPHOTO [UKJIA.

IIporpamma kypca

JleKMOHHBbIC MATEPUAJIBI:
1) kpaTkuii Kypc JeKuii;
2) npe3eHT allMOHHbIii
MaTepuaJ;

3) TecToBbIE 3aIaHUS JAJIS
CaMOKOHTPOJISI YCBOCHHS;
4) cUCOK JIUTEePaTyphbl U
Hurtepuer-pecypcos

MarepuaJbl A1
AJIS1 IPAKTHYECKHX 3aHATHIA:
1) 3apauHuK;
2) TecTOBbIE 3aJaHUS 110
NPAKTHKYMY;
3) cucreMbl ABTOMATU3HPOBAHHOTIO
TeCTUPOBAHHA:
a) KOHTPOJIbL B KJlacce;
0) JUCTAHIMOHHBIH KOHTPOJIb.

Jlexkuun k——-n  IIpakTH4ecKkue 3aHsATHS
CaMOKOHTPOJIL CaMOKOHTPOJIL
OuHbIe JucTaHnmoHHbIE
KOHTPOJIbHbIE KOHTPOJIbHBIE
paboThl paboThl

! J

®opMupoBaHHe 324ETHON JOKYMEHTALUM

J

Jk3aMeH (IPOBePKA YPOBHsI 3HAHUI B J11000M BapHAaHTe)

11

@opMHpoOBaHHe IK3AMEHALMOHHOH 10KYMEHTALUU

Puc. 1.
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HpeZ[J'IO)KeHHaH CXEMa IMOCTCIICHHO BHEAPSACTCA B HNPOLCCC IMPOBCACHUA
3aHATUH T10 CJICAYIOUINM IUCHUIIMHAM y‘Ie6HOl"O IJ1aHa:

OCHOBBI TUCKPETHON MaTEeMaTHKH;
Maremartuueckas JIOTHKa U TEOpHUs aJlTOPUTMOB;
Hexknaccuueckue jg0ruku;

Teopust aBTOMaTOB 1 (JOPMATBHBIX S3BIKOB;
MopnenupoBanue HHGOPMAIMOHHBIX IIPOLIECCOB;
Kommbrotepnas rpaduka;

Mertoabl ONTUMU3ALUH U UCCIIEOBAHUE ONIEpaLii;
Teopwust ynpaBneHust B ”HPOPMAIMOHHBIX CUCTEMAX;

e  [IpuknaaHele 3aa4u TEOPUU BEPOSTHOCTEN.

B wactHOoCTH, B KadecTBe 0a30BOI0 MHCTPYMEHTAJIHHOI'O CPEACTBa MOJI-
JIEp>)KKM yu4eOHOro Mporecca 3/1eCh MOXKET OBITh UCIIONIb30BaHA MaTeMaTnye-
ckas cpena MATLAB.

B koHI1e BTOpOro roja o0y4eHus CTYAEHTHI, TPOXOJIIe OaKaJaBpCKyIO
TIOATOTOBKY 1O HarpasieHuio «H(popMannoHHbIe TEXHOIOTUI», KaK U CTY-
JIEHTBl OCHOBHOM crienuanbHocTH «[Iprkinagnas Matematika U nHopmartu-
Ka», OBUIN TI0 WX JKEJIAaHHIO pacipesereHsl mo kadenpam daxymbrera. OmHa-
KO, B OTJIMYME OT OCHOBHOM CHENMAJIbHOCTH, 3TO MPEANOoIaraeT He OpraHu-
3allMI0 HE3aBUCUMOH CIEIUaIbHON MOJATOTOBKHM, a JHIIb HA3HAUEHHE Hayd-
HOTO PYKOBOAMTENS M3 YHCNA TperojaBareneil BHICOKOH KBalW(pUKaIWH,
KOTOpBIH NTOJDKEH WHIMBHIYaJIbHO KypHUpOBaTh Ipoliecc OOydeHHs! BIUIOTh
JI0 3AIIUTHI OaKaJaBpCKOH paOOTEHI.

PacnipeniesieHne OCYyILIECTBIISIOCh HE TONBKO cpeAd Kadeap KOMIIbIO-
TEPHOTr0 LIUKJIA, HO U CPeIy OCTalbHbIX Kadenp daxynprera. OqHAKO BO IJ1a-
BY yIJla CTaBWJIaCh OPUEHTAIMS HAyYHBIX PYKOBOJMTENEH Ha TEMATHKY, CBSI-
3aHHYIO C MH()OPMAIMOHHBIMU U KOMITBIOTEPHBIMU TEXHOJIOTHUSIMH B paMKax
UX HayYHBIX MHTEpecoB. B m3BecTHOI Mepe 3TuM obecredmBaeTcs MPaKTH-
yeckas 00yCIIOBIEHHOCTD Ipoliecca 00ydeHus OakaaaBpoB.

[ToaBosst HEKOTOPBIE UTOTH, MOYKHO OTMETHTH, YTO, HECMOTPSI Ha CyIIle-
CTBOBAaHHE ONPEENEHHBIX TPYAHOCTEH, CBI3aHHBIX C HOBH3HOW (hopMHupYye-
MOro yueOHOro mporecca, CoO3JJaHiue U pa3BUTHE 00pa30BaTEIbHOIO HAIpaB-
nenust «IH(pOpMaIOHHbBIE TEXHOJIOTUU» CIIEAYET OLIEHUTH MOJI0KUTEIBHO.

B Hacrosimiee BpeMs npecTaBIsieTcsl BeChbMa MepCIIeKTHBHON pa3paboTka
Marucrepckoi mporpaMMsl «511919 ABroMartu3zainusi Hay4HBIX HCCIEI0Ba-
nuii (Scientific computing)» 1Mo JaHHOMY HaNpaBJICHUIO, KOTOpasl B CYILECT-
BEHHOH Mepe COOTBETCTBYET MpeAMETHOH opueHTanuu dakymprera [IM-ITY
CII6I'Y, ero TpamuuusiM ¥ ONBITY HOATOTOBKH BHICOKOKBAIN(HIINPOBAHHBIX
CHELUATICTOB.
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MHHOBaLMOHHbIe (hopMbI cCOTPyAHUYECTBA
yHuBepcuteTtoB U UT-komnaHmun

B. II. I'epzens, C. A. Benose, Husicecopoockuii ynusepcumem,
gergel@unn.ac.ru, belov@vmk.unn.ru

B nokmame paccmarpuBaercss psg mpoOinem  moaroroBku  UT-
CHEUUAINCTOB, Ul 3()(EKTUBHOIO peIIeHHsT KOTOPBIX MOrYT OBITh HC-
TIOJTE30BaHbl  y4eOHO-HUCCIIEIOBATENIbCKUE J1ab0opaTopuy, CO3/1aBacMble B
YHHUBepcHUTeTax Ipu noanepxke MT-xkommnaHuid.

1. IIpobneMbl MOATOTOBKH BHICOKOKBAIU(UIIMPOBAHHBIX CHECIUAINCTOR
OONIEU3BECTHBI, HO, MOXKET OBITh, HAUOOJBIIYIO OCTPOTY OSTH IPOOJIEMBI
npuobperatoT B cpepe M T-oOpazoBanus. B uncie npobieM - OTHOCHTENbHAS
HOBH3HA M CTPEMUTEIBHOCTh PA3BUTHUS JAHHON 00JIACTH 3HAHUH, pa3HOOOpa-
3Ue KBaJTH(PUKANMOHHBIX TPEOOBAHUN K MOATOTABIMBACMEIM CICIIUAIHCTAM,
HE00XOIUMOCTh BRICOKHX (DMHAHCOBBIX 3aTPAT [T 0OCCIICUCHUS aIcKBaTHON
MaTepUaNbHONU 0a3bl IMOATOTOBKH, CIOXHOCTh OpTraHHM3allMd KaueCTBEHHOU
PO eCCHOHATHHON MPAKTUKU CTYACHTOB M MHOTOE Jpyroe. B uncie Hanbdo-
Jiee OCTPBIX MPOOJEM U CUTYalHs ¢ O00CCIICUCHHEM KAa4eCTBEHHOT'O YPOBHS
POQeCCOPCKO-TIPEIOIaBATEILCKOTNO0 COCTaBa. [IpUUMHBI 3TOH MPOOIEMBI
TaK)Ke XOPOIIO MOHITHBI - JUIsI CTApIIEro MOKOJICHUsS mperonaBaTeneit (co-
CTaBJISIONINX 3a49aCTYyI0 OOJBITYIO YacTh KaJpOBOI'0 COCTABA YHUBEPCUTETOB)
JIOCTATOYHO CIIOXKHOH SIBJISIETCS MOCTOSHHAS «TOHKa» 3a HOBALMSAMHU B 00-
nmacta VT, NONBITKA MPUBICUCHHST MOJOIBIX COTPYIHHKOB JIJIs TpEnoaBa-
HUS HATAJKUBACTCS Ha MPAKTUYECKH HEMIPEOIOIMMYIO TPErpaay KaTtacTpo-
(hUYecKr HU3KOTO YPOBHS OIUIATHI TPY/IA B By3aX.

2. Bo3MOXHBIH U, MOXKET ObITh, HAMOOJIEEe pEANBHBINA HA TAHHBII MOMCHT
BPEMEHHU CIOCO0 PEIICHUsS MHOTHX M3 MEPEYMCICHHBIX MPOOIeM JICKHUT Ha
IyTH OPTraHU3alMM B3aWMOBBITOMHOTO COTpyAHHWYecTBAa BY30B u UT-
KoMIaHuii. By3am I opraHu3alii  MOATOTOBKH  BBICOKOKBAITH-
(UIMPOBAHHBIX  CICIMATIMCTOB HeoOxomumo B3ammoneiictBue ¢ UT-
KOMITAHUSIMU JUIS OTIPEICIICHHUS KBAIM(UKAIMOHHBIX TPEOOBAHUIA K COBpE-
MeHHbIM W T-cnenmanucram, JUisi KOHCYAbTaUi Npu HOpMUPOBAHHU Y4IeO-
HBIX TUTAHOB O0YYEHHMS, COOTBETCTBYIONIHMX TpeOOBaHUAM coBpeMeHHOW WT-
WHIYCTPHH, I OPTaHU3AIUH MPO(ECCHOHATBHBIX CTYJICHYECKUX MPAKTUK U
1.11. Co cBoeit croponbl, U T-koMIaHuu JTOMKHBI TOHUMAaTh, 9TO 0€3 orpee-
JICHHOTO BITUSIHUS Ha IIPOIECC TOATOTOBKHU CIICIIMATUCTOB B By3ax, Oc3 OKa-
3aHMs aJCKBaTHOW (YMHAHCOBOW IOJICPIKKH PEIICHHUE KaJPOBBIX MPoOIeM
KOMITAHUH U TIPUBJICUYCHUE HOBBIX CICIMAIMCTOB BBICOKOT'O YPOBHSI TIOJTO-
TOBKH BPSIJT JTU MOXET OBITh 00ECIEUeHO (OMBIT TOKA3BIBACT, UTO «IOBOIKAY
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YPOBHSI IOATOTOBKU CHELMATINCTOB Ha YPOBHE OTAEIbHON KOMIIAHUU SIBJIS-
€TCsl TPY/I0EMKOW M HeTOCTaTOYHO (P (PEKTUBHOM MTPAKTUKOM ).

3. [lelicTBeHHO 1 anpoOupoBaHHON (OPMOH OpraHMW3aIy TAaKOTO B3au-
MOBBITOZIHOT'O ~ COTpPYAHMYECTBA  SIBJIIE€TCS  OpraHu3anus  ydeOHo-
HCCIIEIOBATEIbCKUX J1a00paTOpuil, CO3/aBa€MBIX B YHHUBEPCHTETaxX IpH
noanepxxkke MT-kommanuii. Co3naHue Takux J1abopaTopuii MOXET IpOHC-
XOAWUTh U C YHCTO MPAarMaTU4ecKOW LEIbI0 MPOBEIEHUS IOMOTHHUTENIBHON
1esieBoil (B MHTEpecaX KOHKPETHOW KOMIIAHWM) MOATOTOBKH CTYIEHTOB U
peleHns 3afad PEeKpyTUHTa M INPHUBJICYEHUS B KOMIIAHUU BBITYCKHHKOB
COOTBETCTBYIOIMX BY30B. OpHaKo, Hapsay C pelIeHHeM 3aJad B3au-
MOJICHCTBHUS C KOHKPETHBIMU KOMIIaHUSIMH, TT0JI00HbIE JTa0OPaTOPUU MOTYT B
3HAYNUTEIHHON CTEIeHH COAEHCTBOBATH M PEIICHUIO OOLIMX CTPATErHnYecKuX
npobsiem noaroroBku MT-cnenumanicros. B uncie BO3SMOXHBIX «pacHIMpeH-
HBIX» QOpPM JIeSITENFHOCTH 1a00paTOpUii MOXKET HAXOANUTHCS CIIE/IyIONIee:

- opranu3aiys paboT 1o pa3BUTHIO OPM, METOAOB M HANpPaBIECHUH MOJ-
roroBkd MT-cnennanucroB; METOIUYECKOH OCHOBOM TakWx paboT MOTryT
ciyxuth pekomenaann Computing Curricula 2001 MexayHapoaHbIX opra-
nmsammii IEEE-CS u ACM; B pamkax 3TOro HampaBiieHHs J1a0OpaTopuu
MOT'YT OCYIIECTBJISITh Pa3pabOTKy HOBBIX 00pa30BATENBHBIX KOMILIEKCOB,
yueOHO-METOMIECKOro ¥ MPOrpaMMHOr0 00ECIeYeHus! y4eOHBIX pOrpamMm
MOJTOTOBKH U T.IL.;

- BBINOJIHEHHE Yy4eOHO-00pa30BaTeNbHBIX U MPOWU3BOJCTBEHHBIX ITPOEK-
TOB; 3HAYMMOCTH JaHHOTO HAIPaBJIEHHS JESATEIbHOCTH J1abopaTopuid siBIIs-
€Tcsl Ype3BBIYalfHO BBICOKOM - ydacTue CTYAEHTOB B 3THX IPOEKTOB IpUBE-
JIeT K Ooyiee BHICOKOMY YPOBHIO TOATOTOBKHM, paboTa Haj MPOEKTaMHU CIIO-
coOCTBYeT M MNpPO(ECCHOHANBHOMY POCTY IPENOAaBaTeNbCKOIO COCTaBa;
BBINOJHEHHUE MTPOEKTOB NPUBOAUT M K YIyUIICHUIO (PMHAHCOBOW CUTYyalluH B
BY3ax;

- B3aUMOJICHCTBUE MEXIy JJabopaTOpusiMu OJIM3KOro POl B Pa3sHBIX
YHUBEpPCHUTETaX JUIsi OOMEHa ONBITOM M, NMPEXJE BCEro, B3aUMHOI'O HCIIOJb-
30BaHUSl HAKOIJIEHHOI'O Y4eOHO-METOAMYECKOro OOecreueHHs: IMporpaMm
nonroroBku UT-cnenuaancros.

B nenom mpexcraBisercs, 4To yueOHO-UCCIE0BATENILCKUE 1a00paToOpu,
co3/llaBaeMble B yHuBepcuTeTrax npu mnoanepxke MT-xommanuii, cMoryr
aKKyMYJHpOBaTh JydlIre IPOQecCOpPCKO-IIPENnoaaBaTeNIbCKie KOIEKTHBHI,
W UX CKOOPJIMHUPOBAHHAS JEATEILHOCTh MOXKET IMPUBECTH K (POPMHUPOBAHUIO
COBPEMEHHBIX y4eOHBIX 00pa30BaTENbHBIX MPOrpaMM IOJATOTOBKH BBICOKO-
KBaJM(UIMPOBAHHBIX ClienuanucToB B oomactu UT.

4. MznoxxeHHbIE B JIOKJIAJE MOJOKEHHS! MOATBEPXKIAIOTCS Ha IpHMepe
nesrensHocTH Jaboparopun «HHbopmannonnsie Texuomoruny (MTJIad —
cMm. caitr http://www.itlab.unn.ru), cosmannoit B HrkeropoackoM yHUBEpCH-
tete B 2003 r. npu nojaep:kke komnanuu MHren.
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