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Abstract. This paper explores a mathematical model of computation that can be
interpreted as a computer capable of receiving data from future states of its own computational
process. Under certain combinations of input data and programs, such computations may
become infeasible due to emerging contradictions or lead to ambiguous outcomes. We
investigate programs for which this process is always feasible and yields a unique result.

It is demonstrated that, in the absence of computational complexity constraints, such
machines can output the value of any recursively decidable predicate within a fixed time after
the computation begins—referred to as the response delay time—while the computation
process must continue even after the result is produced. When the total runtime of these
machines is bounded by a polynomial function of the input size, they precisely recognize
languages belonging to the intersection of the NP and co-NP complexity classes, with the same
constant response delay time in the aforementioned sense.

Possible practical implementations of such a computer are examined, including an analysis
of operational protocols leveraging quantum annealing to select the appropriate computational
process. It is shown that, with parallelization of the computational process, the class
of problems solvable by these machines in polynomial time corresponds to the PSPACE
complexity class.

Additionally, a mode of operation is studied in which these machines have direct access to
input data. In this case, if the runtime is limited to a logarithmic function of the input size,
the class of problems solvable by such a parallelized computer encompasses LOGSPACE

The findings of this study can be applied to develop new programming principles for
nondeterministic computational machines, where data transmission from the future is
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Introduction

This article presents an unconventional perspective on computational
processes. What happens if a machine is allowed to peek into its own
future and use this information to make decisions in the present? This
idea, which at first glance seems inherently paradoxical, lies at the heart
of the computational model under investigation—Turing machines with
a backward-in-time communication channel. This model not only redefines
the understanding of time in computation but also raises fundamental
questions about causality and the interaction between past and future
in computational processes.

Our machine is defined in such a way that it can receive information
from future states of its computational process. This model represents
a theoretical framework that introduces new ways of organizing computations.
It allows obtaining the result of a complex computation before its completion
and using this information. As with any time travel scenario, complications
arise: transmitting data from the future may lead to contradictions and
ambiguities.

In this article, we focus on cases where such problems can be avoided
and demonstrate how this model can be implemented and applied to solve
complex problems. This approach offers an alternative computational
paradigm that connects time, causality, and computation, enabling new
problem-solving strategies.

One of the results is that such a machine can compute the value
of any recursively enumerable predicate in constant time. This means that
tasks requiring significant time in classical models can be solved almost
instantaneously (although the computational process itself must continue,
and its total duration may still be substantial).

We also prove that if the total runtime of such machines is bounded by
polynomials in the input size, they can recognize all languages in the
intersection of NP and co-NP. These results indicate that the proposed
model is not only theoretically interesting but also possesses significant
computational power.

We also consider a modification of the machine that enables parallel
data processing. It is shown that in this case, the class of problems
solvable by such machines in polynomial time corresponds to PSPACE (i.e.,
polynomial time on the new machines is equivalent to PSPACE on ordinary
Turing machines).
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Another modification involves adding a mechanism for direct access to
input data by addressing cells of the input tape using a special address tape.
In this case, with runtime limited logarithmically in the input size, the class
of problems solvable by our parallel computer includes LOGSPACE (here,
LOGTIME also translates into corresponding space complexity). It is worth
noting that this mode of operation does not entail excessive complexity and
is feasible on conventional computers for reasonable input sizes.

From a practical standpoint, our work introduces new programming
mechanisms. Instead of complex nondeterministic choices, which can be
difficult to comprehend, we propose using data from the future, making
the computational process more intuitively understandable. We also
explore possible implementations of this model, including deterministic
backtracking and quantum annealing.

In the first approach, systematic backtracking ensures that all possible
paths are explored to prevent paradoxes. In the second approach,
quantum adiabatic machines simultaneously explore multiple states of the
computational process, selecting a self-consistent sequence of actions.

Thus, we propose a model that expands our understanding of computa-
tional processes and provides new approaches to programming.

1. Related Work

Over the past few decades, the idea of utilizing temporal paradoxes
and time-traveling data transmission has attracted attention in theoretical
computer science and physics. Many researchers have explored the
possibility of extending classical computational models by incorporating
mechanisms that allow information to be retrieved from the future, which
is hypothesized to redefine traditional views on computational resources
and complexity.

In the seminal work by Cook [1], the concept of NP-completeness was
introduced, laying the foundation for further research in computational
complexity and the reducibility of various problems to a universal problem.
Expanding on these ideas, R. M. Karp [2] analyzed the reducibility
of combinatorial problems, demonstrating that many seemingly disparate
problems are interconnected.

The classic work by Garey and Johnson [3] became a fundamental
reference for researchers studying computational complexity, presenting
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a wide range of NP-complete problems and serving as a starting point for
analyzing the limitations of traditional computational models.

In recent years, significant attention has been devoted to models
that leverage physical effects to solve complex computational problems.
Aaronson [4] investigated the potential of quantum computing for solving
traditionally hard problems, showing that quantum methods can provide
substantial advantages over classical algorithms.

Deutsch [5] introduced the concept of a universal quantum computer,
marking a major milestone in quantum computing and influencing
subsequent research on hybrid computational models.

Regarding models that violate classical causality, substantial con-
tributions have been made in studies related to closed timelike curves
(CTCs). Brun [6] demonstrated that the use of CTCs can significantly
accelerate problem-solving. Moreover, Aaronson and Watrous [7] established
the equivalence of quantum and classical computations in the presence
of CTCs, highlighting the potential of such models to expand computational
capabilities.

Beyond classical approaches, the idea of integrating time-travel-based
data transmission with complexity theory has sparked interest. The works
of Papadimitriou [8] and Arora and Barak [9] provide a deep analysis
of the structure of computational problems, including the relationship
between NP and co-NP classes. These studies serve as a foundation for
analyzing how nonstandard computational models that utilize future data
transmission can solve problems that are difficult for traditional models.

Classical works on quantum computing, such as the book by Nielsen
and Chuang [10], as well as the algorithms of Grover [11] and Shor [12],
illustrate how quantum methods can significantly accelerate the solution
of certain problem classes.

More recent studies, such as those by Harrow and Montanaro [13] and
Igbal et al. [14], confirm the practical significance of quantum algorithms
for solving complex computational problems.

An important aspect of this field is the concept of time-travel-based
data transmission, which allows machines to predict their future states and
use this information to adjust current computations. In this context, the
work by Orlicki [15] explores a model of time-traveling machines and
examines the problem of self-consistent halting. This approach extends
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traditional models, offering new perspectives on the interaction of temporal
flows in computation.

Furthermore, Gédel’s contribution [16] demonstrated the theoretical
possibility of closed timelike curves in cosmological solutions, providing
additional physical justification for computational models involving future
data transmission.

Studies by Bacon [17] and Wolpert [18] indicate that physical
constraints on future prediction and feedback between temporal states
significantly influence computational processes.

Finally, experimental research, such as the work by King et al. [19],
shows that quantum systems with thousands of qubits can already simulate
complex physical phenomena, raising hopes for the practical feasibility
of computational models that exploit time-travel effects.

Thus, these works illustrate that the idea of future data transmission
and temporal loops in computation has strong theoretical and practical
foundations. Our time-traveling computation model naturally fits into
this context, offering a fresh perspective on computational complexity
and enabling the solution of problems that are intractable for traditional
models.

2. Structure and Features of the Turing Machine with Time Data
Transmission Channel

This section describes the construction of a Turing machine equipped
with a time data transmission channel. This model extends the classical
Turing machine by including a mechanism that allows data to be transmitted
to previously executed steps of the computational process and to receive
data transmitted from future steps. Let us consider the structure and
features of such a machine.

2.1. Main Components of the Machine

The Turing machine with a time data transmission channel is a multi-
tape machine (with one head for each tape) and includes the following
elements:

Input Tape: This tape contains the input word that needs to be processed.
At the beginning of the machine’s operation, the input data is written
to this tape.
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Output Tape: The result of the machine’s operation is recorded on this
tape. For a recognition machine, the result can be represented as
a binary value: 0 (no) or 1 (yes).

Multiple Working Tapes for performing necessary computations.

Communication Tape (Connection Tape): A special tape designed for
transmitting data in time. The machine can write data to this tape
for sending to the past and receive data from the future. To send and
receive data, the machine must transition to special states for data
transmission and reception, respectively.

Address Tape for Transmitted Data: This tape records labels that
allow data to be retrieved by referencing these labels in requests.
Special machine states are used for data transmission and retrieval.

In the transmission state, the contents of the communication tape
along with the label are sent to the time data transmission channel.
If data with such a label has already been sent earlier, it is considered
that an error has occurred during the machine’s operation.

In the reception state, the communication tape receives data from
the transmission channel associated with the specified label. If such
data was not found in the future, it is also considered that an error
occurred during the machine’s operation. For solving recognition
tasks where errors may occur during operation, usage is prohibited.

Tape Alphabets: Each tape has its own alphabet of symbols that
can be written on it.

Control Unit: At each step of operation, the control unit can be
in one of the states of the state alphabet. The following special
states are distinguished:

initial state (in which the machine begins the computational process),

final state (in which the machine’s operation is completed),

data transmission state (to which transitioning sends data with
the specified label to the data transmission channel),

data reception state (to which transitioning receives data from the
data transmission channel with the specified label),

output state (to which transitioning sends the contents of the
output tape to the outside world while the machine continues its
operation), considering that the machine operates with a single
write to the output tape, meaning that a repeated transition to
the output state is an error in the machine’s operation.

Program: A function (table) that maps the machine’s state and the
symbols visible to the heads on each tape to a new state, new symbols
to be written on the tapes, and the directions of head shifts.
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FIGURE 1. Schematic of reverse-time data transfer in a Turing
machine with closed timelike curves

Computation Time: A sequence of steps. Each step performs one
machine command or transmits/receives one symbol through the time
data transmission channel (i.e., transmitting a long word to the data
transmission channel takes as many steps as the length of that word).
For a recognition machine, computation time must be finite.

In diagram Figure 1, the process of data processing with the possibility
of transmitting information from the future to the past through a time
shift is shown, implemented by closed time-like curves in Kerr metric.

2.2. Features of the Machine’s Operation

The operation of the Turing machine with a time data transmission
channel has several distinctive features:

Output of the result before the completion of computations: The ma-
chine can output the result to the output tape before the computation
process is completed. This leads to a separation of two concepts
of time:

response delay time,
total computation time.

Uniqueness and definiteness of computations: Due to the ability to
obtain data from the future, the operation of the machine may
become ambiguous or indeterminate. For example, ambiguity arises if
the machine, having received some data from the future, writes the
same data with the same label, which may lead to non-determinism
in the process and, consequently, to different final results, depending
on which data ends up being read and written. If the machine,
having read data with one label, then necessarily writes different
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data with the same label, a contradiction arises, making the process
impossible, leading to indeterminacy. A machine is considered to
recognize a certain property of the input data (i.e., computing the
characteristic function of some set) if its operation is defined for all
input data and the result is unique.

Programmability: At the end of the article, we will describe tools
of algorithmic languages that will allow programming such actions
not only for Turing machines but also for other computers.

2.3. Temporal Aspects of the Machine’s Operation

A key feature of the machine is the ability to obtain data from the

future, which leads to the following temporal effects:

Constant response delay time: Thanks to the mechanism of time data
transmission, the machine can produce a simple result (YESor NO
in constant time, regardless of computational complexity.

Total computation time: Despite the constant response delay time,
the total computation time may be significantly longer, as the
computation process must continue even after the result is output.

2.4. Explanation of Ambiguity and Indeterminacy

To illustrate the ambiguity and indeterminacy in the operation of the
machine, consider the following example. Suppose the machine queries one
bit from the future and chooses a branch of computations based on its
value. If the bit value of 1 is received, the machine follows the first branch;
if a value of 0 is received, it follows the second branch. Ambiguity in the
computation process arises if, in each branch, the machine writes the same
bit with the same label to the communication tape. This creates two
possible paths of computation. It is important to distinguish between
the ambiguity of computation and the ambiguity of the result. In an

ambiguous computation process, the result may turn out to be the same.
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If the machine reads one bit from the future and tries to write
a contradictory bit to the communication tape with the same label,
a contradiction arises, making such computation impossible.

Combinations of these situations may lead to some branches of the
computation process, arising from internal ambiguity, subsequently
becoming contradictory and thus being discarded. Only non-contradictory
branches will remain. It may happen that all remaining non-contradictory
branches lead to one final result. If this always occurs, we will consider
such a machine correct for solving the recognition problem.

Thus, the described situations may lead to the following:
ambiguity, if several branches of computations end with different results,
indeterminacy, if no branch can complete without contradictions.

This demonstrates how the use of data from the future can affect the
computational process.

3. Capabilities of Machines with Time Data Transmission

The scheme of data transmission in time for a Turing machine with
closed time-like curves is presented in Figure 2.

It shows the main stages of information processing, the feedback
mechanism through time loops, and the direction of data transmission.
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In this section, we examine the computational capabilities of the
Turing machine with a time data transmission channel. We present
two theorems that demonstrate how the use of data from the future
affects the computational complexity and classes of problems solvable
by such a machine. These theorems show that the proposed model
possesses properties that allow solving problems inaccessible to classical
computational systems.

3.1. Recogpnition of Decidable Sets

THEOREM 1. A Turing machine with a time data transmission channel
recognizes all recursively decidable sets with constant response delay time.

PROOF. The proof is based on the machine’s ability to use data from
the future to predict the results of computations. Let us recognize the
membership of input strings in a given recursively decidable set. There
exists a standard recognizing Turing machine for this set. From this
machine, we will construct the required Turing machine with a time data
transmission channel that will operate as follows.

At the start of its operation, the machine requests the contents of the
communication tape labeled 0. This value is output as the result of its
operation. Then, the process of the standard Turing machine recognizing
membership in the given set is initiated. When the recognition is complete,
its result is transmitted to the past with the label 0. This ensures that
in the past, the machine provided the correct result.

Now, let us assume we have the original machine with a time data
transmission channel that recognizes the membership of input strings
in some set. By definition, the total running time of such a machine is
always finite. We will construct a new standard Turing machine that
recognizes membership in this set, which enumerates all possible strings
that could serve as a partial protocol of the original machine’s operation
(chains of instantaneous descriptions), in order of their lengthening.

The machine checks for each string whether it is a correct completed
protocol of the original machine’s operation. As soon as such a protocol is
found, the result of the original machine’s operation is output as the
result of the new machine. Since the operation of the original machine, by
definition, is definite and unique, the new machine always provides the
correct answer regarding the membership of the input string in the given
set. O
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3.2. Recogpnition of Sets in NPN co-NP

THEOREM 2. A Turing machine with constant response delay time and
polynomial total computation time recognizes exactly all sets in NPN co-NP

IDEA OF THE PROOF. By interpreting the reception of data from
the future as branching into several paths, we construct a machine that
operates in polynomial time and ensures the consistency of results across
all branches of computations.

4. Proof of Theorem 2

In this section, we will present the proof of Theorem 2, formulated
in the previous section. First, we will reformulate the operation of our
machine in terms of nondeterministic computations. This will allow us to
transform the operation of our machine into the operation of standard
nondeterministic Turing machines and vice versa. Since the mechanism
for transitioning to constant response delay has been described in the
proof of the previous theorem, we will initially prove Theorem 2 without
mentioning this, which we will do.

4.1. Transition to Nondeterministic Computations

The idea is to interpret the reading of each data symbol on the
communication tape, received from the future by some label, as branching
in the computation process. Each branch corresponds to one of the
possible values of that symbol. When the machine reaches the moment
in time denoted by this label, it checks whether the assumed read symbol
matches the transmitted one. If the value of the symbol recorded in the
communication tape cell matches the expected value in the current branch,
the computations continue. Otherwise, the computation branch ends due
to a contradiction.

A correct recognizing machine must provide the same answers (either 0
— NO or 1 — YES on all consistently terminating branches for a given
input word. Next, we will transform our original machine with time data
transmission into a nondeterministic one, as shown above, and then split it
into two nondeterministic Turing machines, handling the aforementioned
contradictions as follows:
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(1) The first machine accepts the recognized set, returning 1 when the
original machine outputs 1, and returns 0 in all other cases (including
contradictions).

(2) The second machine accepts the complement of this set, returning 1
when the original machine outputs 0, and returns 0 in all other cases
(including contradictions).

Thus, if the original machine with time data transmission outputs YES
then the first of the resulting machines outputs YESon some branches
of the computation, while the second always outputs NO Conversely, if the
original machine outputs NO then the first always outputs NO while the
second outputs YESon some branches of the computation. Thus, the first
of the constructed deterministic machines accepts the recognizable set
itself, while the second accepts its complement. It is easy to see that the
polynomial time bound is preserved in the specified transformation, as all
performed restructurings give at most polynomial slowdown. So, if the
original machine recognized the given set in polynomial time, the newly
constructed machines operate in the same time. This means that the
originally recognized set belongs to NPN co-NP

4.2. Constructing a Machine with Time Data Transmission from
Nondeterministic Machines

The reverse statement is also true: if there exist two nondeterministic
machines, bounded by polynomial time, one of which accepts some set and
the other accepts its complement, we can construct a single machine
with time data transmission from the future that recognizes this set and
operates in polynomial time. This machine operates as follows:

(1) At the beginning of the process, it guesses which of the two nondeter-
ministic machines to run.
(2) It then executes the chosen machine.

(3) If the first selected machine outputs 1, the computation branch ends
with the result 1.

(4) If the first selected machine outputs 0, the computation branch leads
to a contradiction.

(5) If the second selected machine outputs 1, the computation branch
ends with the result 0.
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(6) If the second selected machine outputs 0, the computation branch
leads to a contradiction.

By assumption, exactly one of these machines must yield a positive
result. Thus, our machine always provides a definite answer: either 1 or 0.

4.3. Constant Response Delay Time

Constant response delay time is achieved because the decision about
the result of the computations is made at the very beginning of the process.
The machine requests data from the future and uses it to immediately
output the answer. Meanwhile, the computation process must continue. [

5. Implementation Questions

This section discusses possible approaches to the practical imple-
mentation of a Turing machine with a time data transmission channel.
Although such a machine is a theoretical construct, it can be emulated using
existing computational methods and technologies. The main approaches to
implementation include deterministic backtracking, annealing methods,
particularly quantum annealing. Each of these methods has its own
features and limitations, which are discussed below.

5.1. Deterministic Backtracking

One of the simplest ways to implement a machine with data transmission
from the future is to use deterministic backtracking on a conventional
computer. In this approach, the computation process is modeled as a tree
of possible states, where each branch corresponds to one of the possible
values of the symbol received from the future.

Working Principle:
(1) At each step of the computation, when reading a data symbol from

the communication tape, the machine checks all possible values
of that symbol.

(2) If the chosen value leads to a contradiction, the system returns to the
decision point and tries the next value.

(3) The process continues until a consistent solution is found or all
possible values are exhausted.
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Advantages:

« Simplicity of implementation on existing computational platforms.

« Ability to use standard search algorithms with backtracking.

Disadvantages:
« High computational complexity, especially for problems with a large
number of branches.

» Exponential growth of computation time as the depth of the decision
tree increases.

5.2. Annealing Methods

Annealing methods represent a more complex approach to implementing
a machine with time data transmission. In this case, the computation
process is viewed as a whole structure (time unfolds in space). Then,
a search is performed for the state of this structure with the lowest energy,
where energy corresponds to the number of contradictions in the system.

Working Principle:
(1) Initially, the system is in an excited state with a high energy level,
corresponding to the presence of many contradictions.

(2) Gradually, the system cools down, transitioning to states with lower
energy.

(3) If a state with the lowest energy (without contradictions) is reached
during the annealing process, the process is considered successful.

(4) If the lowest energy is achieved for only one answer (0 or 1), the
result is considered final.

Advantages:

« Ability to find the global energy minimum even in complex systems
with many local minima.

« Efficiency for problems where contradictions can be mitigated or
eliminated during optimization.

Disadvantages:

» Requires significant resources to reach a state with minimal energy.

» Does not guarantee finding the optimal solution in polynomial time.
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5.3. Quantum Annealing

Quantum annealing is a promising method for implementing a machine
with data transmission from the future, based on the use of quantum
devices. This method utilizes the effect of quantum tunneling to find states
with the lowest energy.

Advantages:

» Potentially high speed of finding solutions due to quantum effects.
« Ability to solve problems that are difficult for classical computers.

Disadvantages:

 The speed and computational efficiency of quantum annealing are not
yet fully understood.

« Existing quantum devices are limited in memory capacity and noise
levels, complicating their use for complex tasks.

Prospects: Despite current limitations, quantum annealing remains
a promising direction for experimentation. Existing quantum annealing
machines, such as those from D-Wave (see, for example, [19]), are
already suitable for research and can be used to explore the possibilities
of implementing machines with data transmission from the future.

5.4. Summary

The implementation of a Turing machine with a time data transmission
channel is possible using various approaches, including deterministic
backtracking, annealing methods, and particularly quantum annealing.
Each of these methods has its advantages and limitations, and the choice
of a specific approach depends on the characteristics of the problem being
solved and the available computational resources. Quantum annealing,
in particular, remains a promising direction, although its practical efficiency
requires further study.

6. Constructive Recognizers: An Example of Solving a Problem
with a Time Data Transmission Machine

6.1. Non-constructiveness of Classical Recognizers

Classical recognition algorithms are usually non-constructive: they
provide only a binary answer (YES or NO without explaining the result.
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For example, when asked whether there exists a y that satisfies the
condition P(z,y), such algorithms merely confirm or deny the existence
of such a y, without providing the actual object ¥ upon a positive answer
or proof of its absence upon a negative one. This limits their use in tasks
where justification of the solution is required.

6.2. Constructive Problems in the Class NP N co-NP

A Turing machine with a time data transmission channel allows the
implementation of constructive recognizers that provide not only an answer
but also a certificate—proof or witness of the result. We consider symmetric
problems in the class NP N co-NP, where the property Q(z) is true if
there exists a certificate y such that Q(z,y), and false if there exists
a certificate z such that Qo(z, 2), with the sizes of y and 2 polynomially
bounded relative to |z|.

6.3. Example: Checking for a Non-trivial Divisor

Consider the problem of determining whether the number z has
a non-trivial divisor y such that 1 < y < d (the threshold d is given). This
property Q(d, z):
« If Q(d,x) = 1, then the certificate is the divisor y, verified by division
in polynomial time.
« If Q(d, z) = 0, then the certificate is the factorization of = into prime
factors, all > d, verified in polynomial time (for example, using the

Miller test [20] under the assumption of the generalized Riemann
hypothesis).

6.4. Implementation on a Time Data Transmission Machine

The constructive recognizer on a time data transmission machine
works as follows:

(1) Receiving Data from the Future:

« In the first step, the machine requests a pair (b, C') with label 0,
where b € {0,1} is the answer, and C is the certificate (divisor
or factorization).

« The answer b is immediately written to the output tape (if no
fixed delay response is required, the certificate can also be
issued, making the recognizer constructive).
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(2) Certificate Verification:

« If b =1, it checks that C' = y divides x and 1 <y < d.
« If b = 0, it checks that C' is a factorization of x into prime
factors > d, and their product equals x.

(3) Self-consistency:

« After verification, if the certificate is correct, then (b, C) is
written to the communication tape with label 0.

« If incorrect, a contradiction is created, and the computation
branch is discarded.

It is easy to see that this machine operates in polynomial time.

Ezecution Example:

Input: © =15, d = 4.

Step 1: Import (1,3) from the future, output 1.

Step 2: Check: 15 +3 =5, 1 < 3 < 4, correct.

Step 3: Transmit (1,3) with label 0, self-consistency achieved.
Input: x =17, d =4.

Step 1: Import (0,{17}), output 0.

Step 2: Check: 17 is prime (Miller test), 17 > 4, correct.
Step 8: Transmit (0, {17}), self-consistency achieved.

6.5. Features and Advantages

Linearity: The process is deterministic.

Instant Response: The answer is available in the early steps due to

data transmission from the future.

Transparency: If a certificate is issued, it makes the result interpretable,

enhancing the clarity of the computations.
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Start End
(b,C)

Check C

Output b Time

FIGURE 3. Scheme of the Constructive Recognizer’s Operation

’Import (b,C) }ﬁ Output b‘

L~

@—){ Transmit (b, C) ‘

F1GURE 4. Flowchart of the Process

Figure 3 presents a scheme of the constructive recognizer’s operation:
data (b, C) is transmitted from the end of the computations to the beginning
for immediate output and subsequent verification. The flowchart of the
process from importing the result to verification and self-consistent data
transmission is shown in Figure 4.

7. Actions for Time Data Transfer

To transform a conventional programming language into one that
supports time data transfer, it is necessary to add two new operations:
transferring data to the past and receiving data from the future. These
actions allow the machine to interact with both future and past states
of the computational process, providing new programming capabilities.
In this section, we will examine these actions and their role in organizing
computations with time data transfer.

7.1. Action of Transferring Data to the Past

The action of transferring data to the past allows the machine to
record data at a specific moment in time, which can be used in previous
computations. This action is formalized as follows:
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Formal Description:

s transfer(l,d): transfers object d to the moment in time .

o | — the label of the moment in time for which the data is being
transferred.
« d — the object being transferred (e.g., bit, number, or string).

Working Principle:
(1) The machine records object d in the time data transfer channel with

the timestamp |.

(2) The data becomes available for use in previous steps of computations
related to the moment in time [.

(3) If a record with label [ already exists, an error occurs.

Ezample: If the machine executes the action transfer(1,1), the value 1
is transferred with label 1. In previous computations related to 1, this
value can be used for decision-making.

7.2. Action of Receiving Data from the Future

The action of receiving data from the future allows the machine to
obtain data from a specific moment in the future, making it possible to use
future information in current computations. This action is formalized as
follows:

Formal Description:

+ accept(l): accepts data from the moment in time with label [.

e | — the name of the moment in time from which data is
requested.

Working Principle:
(1) The machine requests data from the time data transfer channel with
timestamp .

(2) If the data exists, it is returned and can be used in current computa-
tions.

(3) If the data is absent, an error occurs.

Ezxample: If the machine executes the action accept(1), it receives the
value d, which was transferred with label 1 using the action transfer(1,d).
This value can then be used for decision-making in current computations.
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7.3. Interaction of Data Transfers

The actions of transferring and receiving data work together, ensuring
a connection between current and future states of the computational
process. This interaction allows the machine to obtain data from the future
for decision-making in current computations. It is important to note that
the volume of data transferred through time is a significant indicator
of the complexity of the computation. For example, when implementing
a backtracking process, the runtime slows down exponentially with a binary
indicator of the volume of data in bits, as for each bit of data, it effectively
requires entering two branches of computation. Similar complexities arise
in annealing methods.

7.4. Summary

The actions of transferring and receiving data through time are key
elements of our computational model. In principle, we can incorporate
these capabilities into any programming language, transforming it into
a language for controlling a machine with data transfer from the future to
the past. These tools provide new opportunities for creating intuitive
computational systems.

8. Parallelization of the Computational Process

This section describes a parallel machine with time data transfer—an
extension of our machine with an additional capability aimed at increasing
its computational power: executing another instance of the machine with
specific input data. The input string for the new process is placed on a
special argument tape. The parallel process is initiated when the machine
transitions to a special state for starting a parallel process. The new
process begins with a special initial state of the subprocess. Initially, the
new process runs until it reaches a state where it outputs a result (while
the old process waits). This result is then transferred from the output
tape of the new process to the argument tape of the old process. Both
processes then continue to execute in parallel, with the old process no
longer interacting with the new process. The parallel execution of the new
process is necessary for transferring data to the past within it, ensuring the
correctness of the result produced by this process.
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The new process can be started as many times as necessary, either by
the main process or by spawned subprocesses. Since subprocesses can
launch their own subprocesses in parallel and independently, the number
of subprocesses can grow exponentially as the machine operates in parallel
mode.

The total parallel runtime of the machine is considered to be the time
until all parallel processes complete, as if they were executed synchronously,
step by step.

THEOREM 3. On a parallel machine with time data transfer, the
operation of a conventional Turing machine with polynomial memory can be
modeled in polynomial time (which corresponds to the complexity class

PSPACE).

PrOOF. Consider a Turing machine with a known estimate of its
capacity complexity in the class PSPACE. We will perform the following
steps:

(1) First, estimate the runtime of this machine (exponential in the
volume of memory).

(2) Launch a subprocess to model the operation of the machine for half
of this time (the modeling time is passed to the subprocess along
with the initial configuration of the process).

(3) After obtaining the result and allowing the subprocess to continue
forming it in the future, immediately launch a new subprocess to
model the operation of the original machine for the remaining half
of the allocated time, passing this subprocess the configuration
obtained from the first subprocess.

(4) Output the result.

(5) The subprocesses continue working in a similar manner until the
allocated time converges to a predetermined constant.

It is easy to see that the depth of subprocess calls here is polynomial,
and the total parallel runtime is also polynomial. This completes the proof
of the theorem. O

THEOREM 4. The operation of a parallel machine (with time data
transfer) in polynomial time can be modeled by a conventional Turing
machine with polynomial memory.
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PROOF. The reverse statement follows from the fact that the operation
of such a parallel machine can be modeled on a conventional Turing
machine using polynomial memory. This is achieved by sequentially
executing all launched processes, as they do not interact with each other.
Since the total parallel time of the modeled machine is polynomially
bounded, the depth of subprocess calls is also polynomially bounded. Thus,
the total memory volume for modeling also remains polynomial. This
proves the theorem. O

9. Direct Access to Input Data

In this section, we modify the model of our machine by adding the
capability to work with large data through direct access to the cells of the
input tape. By large data, we mean data that cannot be sequentially
examined within the current time constraints. The direct access mechanism
allows for quick access to remote cells, overcoming the specified limitation.
This is achieved as follows: a special address tape is introduced, on which
the binary representation of the cell number on the input tape is recorded.
The input tape head instantly moves to the specified cell. No other
mechanisms for moving this head are provided. We assume that all
launched subprocesses work with the same input data. Thus, we have
defined a parallel machine with time data transfer and direct access to
input data.

If we replace PSPACE with LOGSPACE in the previous section, we
obtain the following theorem.

THEOREM 5. On a parallel machine with time data transfer and direct
access to input data, the operation of a conventional Turing machine with
logarithmic memory (LOGSPACE) can be modeled in logarithmic time
(LOGTIME).

PROOF. It is similar to the proof of Theorem 3, but with the replace-
ment of polynomial constraints with logarithmic ones. Since access to
input data occurs in constant time, the total execution time remains
logarithmic. O

The reverse statement is problematic since direct modeling of logarithmic
time on our machine using a conventional Turing machine requires a memory
volume polynomial in the logarithm of the size of the original data. However,
a similar approach can be used to prove the following theorem.
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THEOREM 6. The class POLYLOGTIME on a parallel machine with
time data transfer and direct access to input data coincides with the class
POLYLOGSPACE for conventional Turing machines.

PRrROOF. The proof is based on the fact that the operation of our
machine with direct access can be modeled on a conventional Turing
machine using polylogarithmic memory. Thus, the total modeling time
remains polylogarithmic. O

Conclusion

This work presents a fundamentally new computational model that
expands classical representations of computational processes through the
mechanism of transferring data across different moments in time. The main

results of the research are as follows:

(1) Complexity Classes and Time Constraints: It has been proven
that a machine with data transfer from the future, without time
constraints, recognizes exactly the decidable sets with a constant
response delay. Under polynomial time constraints, the model
corresponds to the class of problems in the intersection of NP and
co-NP. These results demonstrate how controlled violations of causal
order can assist computations.

(2) Parallelization and Space Complexity: The extension of the model to
allow the launching of subprocesses that inherit input data enables
the coverage of the PSPACE class in polynomial time, demonstrating
how time complexity transforms into space complexity.

(3) Direct Access and Data Processing Efficiency: The modification with
addressable access to the input tape and logarithmic time complexity
ensures compliance with the LOGSPACE class, which is particularly
relevant for large data processing tasks. This result is supported
by the mechanism of instant movement of the input tape head,
eliminating linear delays.

(4) Practical Implementation: Two approaches to the practical implemen-
tation of the model are proposed:

o Deterministic Backtracking — a systematic search for self-
consistent computational trajectories;
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o Annealing Methods (including quantum systems) — searching
for states with minimal energy of contradictions.

Experiments with quantum annealers, such as D-Wave, could be the
next step in assessing the physical realizability of the model.

The prospects for further research encompass both theoretical and
practical aspects:

« Optimization of the volume of transmitted data to reduce computa-
tional load;

» Development of specialized programming languages with operators
for time data transfer;

« Analysis of the connection with quantum computing.

This work is relevant not only for theoretical computer science but also
for interdisciplinary research. It demonstrates that the connection of states
in time may be the key to solving problems inaccessible to traditional
systems. The proposed model could serve as a bridge between complexity
theory and physical realizations, opening new possibilities for algorithms.
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AHHOTaLLI/IFI. Sra pabora pacCMaTpuBaeT MaTEeMaTHIECKYIO MOJ€JIb BBIYMCIECHUN, KOTOPas
MOKeT HHTEePIPETHPOBATHCS KAK KOMIIBIOTED, CIOCOOHBI IIO/IyYaTh JaHHbIE U3 OyyIIIX COCTOSHUN
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NPUBOAUTH K HEOJHO3HAYHBIM pe3dyabTaTaM. MBI HcCiegyeM INPpOrpaMMBbl, JJIsl KOTOPBIX 3TOT
TIPOIECC BCEra BBIIIOJHUM M JAaET ONHO3HAYHBIN pe3yJIbTaT.

ITokazano, YTO NpM OTCYTCTBUM OI'DAHUYEHHI Ha BBIUMHCIUTEIBHYIO CJIIOXKHOCTH TaKHe MalTHHBI
MOTYT BBIJaBaTh 3HAUYEHHE JIIOOOr0 PEeKyPCHBHO pa3peNIMMOro IpeiukaTa depe3 pUKCHPOBaAHHOE
BpeMsl 110CJIe HavaJjla BBIMHCJIEHUs — BpeMsl 3aePyKKHU oTBeTa (IIPU 3TOM IPOIECC BBIYUCIEHUS
JIOJIZKEH IIPOJIOJIZKATBLCS. U 1I0CJIe IIoJIydeHusl orBeTa). Eciu obliee Bpemsi paGoThbl TAKUX MAaIIUH
OrPaHUYUTH IMOJIUHOMAMU OT pa3Mepa BXOIHBIX JAHHBIX, TO 3TU MAIIUHbI OyJyT paclo3HaBaTb
B TOYHOCTH sI3BbIKH, IIPUHAa IexKalnue nepecedennio kiaaccoB NP u co-NP, 3a nocrosinnoe Bpemst
3aepP>KKHU OTBeTa B TaKOM >Ke CMBICJIe.

PaCCManI/IBaIOTCH BO3MOXKHbBIE peaJiu3allui TaKor'o KOMIIbIOTepa Ha IIPpaKTUKe, BKJIIoYad aHaJIu3
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npornecca. [lokazano, 4To npu pacnapaJiielMBaHuU BBIYHCINTEIBHOTO IPOIecca KacC 3a1ad,
pelIaeMbiX pacCMaTPUBAEMbIMHU MAalllMHAMU 3a IOJINHOMHUAJIBHOE BPEMsI, COOTBETCTBYET KJIACCY
PSPACE.

Kpome Toro, ucciemyercs pekuM paboThl, IIPH KOTOPOM 3TH MAallIHMHbI UMEIOT HPSIMON JOCTYI KO
BXOJIHBIM JAHHBIM. B aTOM ciyuae, eciim BpeMsi paboTbl OrpaHUYEHO JIorapudMOM OT pa3mMepa
BXOIHBIX JaHHBIX, TO KJIaCC 3a/Ja4, penraeMbIX TaKUM IIapaJljieJIbHO pa.6OTaJOIIII/IM KOMIIBIOTEPOM,
conepxkut LOGSPACE.
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30 M. JI>kvaAku3Ane, A.Il. BEAbTIOKOB RUmEN;
Beepenne

B namnnoii crarbe MBI paccMaTpUBaeM HEOOBIYHBIH B3IVIS]] HA BBIUUCIIN-
TeJIbHBIE MIPOIECCHI. UTO TOJIydaeTcs, €CJIn MAIIHE PA3PEeIaTh 3arIsAIbIBATh
B CBOE COOCTBEHHOE Oy/IyIlee W MCIOJIb30BaTh 3Ty WHMOPMAIUIO VIl IIPUHSATHSI
pertenuit B HacTosemM? DTa ujest, KoTopasi Ha [EePBBII B3I KayKeTC st
BHYTPEHHE IIPOTUBOPEYNBOMA, JIE2KUT B OCHOBE HCCJIEIYyeMON BBIYUCIUTEIbHOI
MOJIeJIn — MaIMUHbI ThIOPUHTA ¢ KAHAJOM MEPeIadn JAHHBIX IIPOTUB TEUEHUS
BpeMeHU. DTa MOJIEJb He TOJIBKO [IePEOCMBICIUBAET IOHUMAHNE BPEMEHU
B BBIYHCJIEHUSX, HO U IIOJHUMAET PyHIAMEHTAJIbHBIE BOIPOCHI O IPUYUHHOCTA U
B3aMMOJIEHCTBUN MEXK/Ty MPONLIBIM U OYIyIIUM B BBIUUCIUTETHHBIX TPOIECCAX.

Harra marmmmaa onpejiesieHa TaKUM 00Pa30M, ITO OHA, MOXKET IMOJIYIATh
nHOOPMAINIO U3 OYILYIUX COCTOSHUN CBOErO BBIYUC/IUTE]BHOIO IIPOIECca. ITa
MOJIEJIb [IPEJICTAB/ISIeT CODON TEOPETUIECKYH0 KOHCTPYKIIUIO, BBOJISIILYIO HOBBIE
crrocobb! oprann3anuu BeraucsaeHuii. OHa M03BOJISIET MOy YATh PE3YIbTAT
CJIO2KHOT'O BBIYUCJIEHUSI JIO €r0 3aBEPIICHUs U MCHOIH30BATH 3Ty HHMOOPMAIIHIO.
Kaxk u B j11000M 1yTelecTBUU BO BPEMEHU, 3/1€Ch BOSHUKAIOT CJIOYKHOCTH:
rnepeada JAHHBIX U3 OYIYIIEro MOYXKET MIPUBECTH K MPOTUBOPEYUAM U
HEO/THO3HATHOCTSIM.

B nannoit ctaThe MBI cocpeloTavunBaeMcCd Ha CIydasdX, KOTJIa TaKUX
mpobJyieM MOXKHO n36eKaTh, U JEMOHCTPUPYEM, KaK 3TY MOJEIb MOXKHO
peasIm30BaTh U MPUMEHUTDH [JIsi PEIIeHUs CJIOXKHBIX 33/a9. DTOT HOJIXO,
IpeJicTaBiisieT co00# aJIbTEPHATUBHYI0 BHIYUCIUTEBHYIO TAPAUTMY, KOTOpast
CBSI3BbIBAET BpeMs, IPUYUHHOCTD U BBIYUCJICHUS, II03BOJIASA IPUMEHATH HOBbIE
CTpaTeruu pelnieHus 3ajad.

OsHUM U3 Pe3yJIBTATOB SBJSETCH TO, UTO TAKAs MAIINHA MOXKET BHIIUCIUTH
3HAYEHHNE JIIOO0Or0 PEKYPCUBHO PA3PEIINMOro IPEINKaATa 338 ITOCTOSHHOE
BpeMsi. DTO O3HAYAET, YTO 3a/a4K, TpeOyolue 3Ha4nTe/IbHOIO BPEMEHHI
B KJIACCHYECKUX MOJEJISAX, MOTYT ObITh PEIIEHBI MPAKTUYECKH MIHOBEHHO (XOTs
caM BBIYUCIUTENBHBIN MPOIECC JOIKEH POJIOIZKATHCI U 00IIee ero BpeMst
MOKET OKa3aThCd BEChMa 3HAYUTEJIbHBIM).

Mpr foKa3bIBaEM TaK2Ke, 9YTO eCiu 00Inee BpeMsi PaOOThI TAKUX MAITHH
OrPaHUYUBATH [TOJIMHOMAMHU OT Pa3Mepa BXOJHBIX JAHHBIX, TO 3TU MAIUHBI
CMOT'YT PACIIO3HABATHL BCE A3bIKKU U3 nepecedenns kaaccoB NP u co-NP.
DTu pe3yJIbTaThl TOBOPST O TOM, U4TO IIPEJJIOKEHHAS MOJEJb HE TOJBKO
TEOPEeTUYECKN NHTEPECHA, HO U 00J/1a/1aeT 3HAYUTE/IbHON BBIYUC/IUTE/IBHOM
MOIIIHOCTBIO.

Mpr Takzke paccMaTpuBaeM MOAMMUKAIAIO MAITHHBI, KOTOPast MO3BOJISET
OCYIIECTBJISATH apaJIeIbHyo 00paboTKy gaHubx. [lokazaHo, YTO B 9TOM
cilydae KJIacc 3a/1ad, pelraeMblX TAKUMHU MAITHHAMEA 33 MOJUHOMHAAJIbHOE
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Bpewms, coorsercrByer PSPACE (To ecth nosmuHoMuasibHOe BpeMsi Ha HOBBIX
MarnuHax SkBuBaseHTHO PSPACE na 06bruHbIX MamuHax TreiopuHra).

Hpyras moaudukarms TpeanoaaraeT 100aBIeHne MEXaHN3Ma, IIPSIMOTO
JOCTYTIa KO BXOJAHBIM JAHHBIM Yepe3 aJ[PeCcallyio sT9eeK BXOJIHOW JIEHTHI
€ MIOMOITIBIO CIEUAJILHON aJIpecHoll JeHThl. B 9TOM ciIyvae, npu orpannvyeHun
BpeMeHu paboThl JlorapudMOM OT padMepa BXOJHBIX JIAHHBIX, KJIACC 3a/ad,
pelaeMbIX HAIIUM paciapaJjuieleHHbIM KoMIbioTepoM, Briodaer LOGSPACE
(3uecsr LOGTIME Takke npeobpasyercs B COOTBETCTBYIOILYI0 €MKOCTHYIO
CJIOKHOCTH ). CTOMT OTMETUTD, YTO TAKOH PezKUM PabOThI He BJICYET IPE3MEPHO
BBICOKOU CJIOKHOCTH W SIBJISIETCS PEAN3yeMbIM Ha OOBIYHBIX KOMITBIOTEpaX MpU
Pa3yMHBIX pa3Mepax BXOJIHBIX JAHHBIX.

C mpakTuvIecKoll TOYKHU 3PEHMs, HAIlla padOTa BBOAUT HOBBIE MEXAHM3MbI
IPOTrPaMMUPOBAHUsI. BMECTO CJIOXKHBIX HEJIETEPMUHUPOBAHHBIX BHIOOPOB,
KOTOpBIE MOT'YT OBITH TPYIAHBI JJIs IOHUMAHUS, MbI IIPEJJIATAeM HCIOJIb30BAThH
JaHHBIE U3 OYIYIIEro, 9TO JeIaeT MPOIECC BBIUYNC/IEHNN HHTYUTUBHO DoJiee
MOHATHBIM. MBI TaKKe MccyieyeM BO3MOYKHBIE PeaJTM3aIuN TON MOJIEIH,
BKJIIOYas JeTEPMUHUPOBAHHBII ITOMCK C BO3BPATOM M KBAHTOBBII OTKHI.

B mepBom mozmxome cucreMaTHYeCKUi MMOMCK ¢ BO3BpATAMK HA3aJ TapaHTH-
pyeT, 9TO BCe BO3MOKHBIE IIYTH OYIyT MCCIEIOBAHDI IJIsl IIPEIOTBPAIITCHIS
mapagoKcoB. Bo BTOpOM I0/1X0ie KBAHTOBBIE aINabATHICCKHE MAaITHHBI
OJHOBPEMEHHO HUCCJIEAYIOT MHOXKECTBO COCTOAHUN BBIYUCIUTEILHOIO IIPOLIECCa,
BBIOMpAasi CAMOCOIIACOBAHHYIO MTOCJIEI0BATEILHOCTD JIEHCTBHIA.

Takum obpazom, MBI IIpejiaraeM MO/IE/Ib, KOTOPas PACIINPSET HAaIlle
IIOHNMAaHHNe BbIYUCIUTEJIBHBIX IIPOIECCOB U IIPEIOCTABIISET HOBbBIE I10/IXO/bI
K IIPOT'PAMMHUPOBAHUIO.

1. Css3aHHble paboTbi

3a mocjeHUE HECKOJIBKO NECATUIETUR Ues UCIOIb30BAHUS BPEMEH-
HBIX [1aPaJIOKCOB U IIepelady JAHHBIX BO BPEMEHH IIPDUBJIEK/Ia BHUMAHUE
B TeopeTudeckoil nHdopMaTuKe U pusnke. MHOrne uccieoBaren u3y4dain
BO3MOKHOCTD PACIIMPEHUS KJIACCHYECKUX BBIYUCIUTEIbHBIX MOJesell 3a caéT
BKJIIOUEHUs MEXaHU3MOB, I03BOJISIIOMINX II0JIy4aTh MHQPOPMANUIO U3 Oy LyIero,
9TO, KK IIPEIIOJIAraeTCs, MOXKeT [IePEOIPEIe/INTh TPAUINOHHbBIE B3TJISIbI
Ha BBIYHUCJINTE/IbHBIE DECYPCHI U CJIO?KHOCTD.

B ocuosonosararomeii padore Kyka [1] 6bu10 BBegeno nousarue NP-
IIOJTHOTBHI, 3aJI07KUBIIIEE OCHOBY J1JIsl JTAJIbHENIIIX NCCIIEIOBAHNN B 00/1acTH
BBIYHCJIUTEILHOM CJIOKHOCTH U CBOJUMOCTH PA3/INYHBIX 334 K YHUBEPCAJIBHON
npobueme. Passubas stu unen, P. M. Kapn [2] npoananusnpoBas cBOIEMOCTD
KOMOMHATOPHBIX 33/1a4, I0Ka3aB, YTO MHOT'UE Ha II€PBBI B3IJIsL Pa3/IMIHbIe
33/1a41 B3aUMOCBSI3aHbI.
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Kanaccuueckas pabora I'spu u Txkoncona [3] crana dyHniaMenTaabHbIM
CIIPABOYHUKOM [IJIsI CCJIEIOBATEIIEH, N3y IAIOIINX BBIIUCIUTEIHHYIO CII0KHOCTD,
npejcraBuB mupokuii criekTp NP-11oiHBIX 387849 1 TTOCIyKUB OTIIPABHOM
TOYKOI JIJIsI aHAJIN3a, OTPAHUYEHU TPAJUIIMOHHBIX BBIYUCIUTEIBHBIX MOJIEIEH.

B nocsiegame rospl 3HaMNTEIBHOE BHUMAHUE YIEIAETCS MOJIEIISIM, HCIIOIb3Y-
fomuM duzngeckue 3HMEKTHI s PEITEHNs] CJI0XKHBIX BBIYUCIUTEIBHBIX 3a1a4.
Aaponcon [4] uccsieioBas moTeHIA KBAHTOBBIX BBIYMCJIEHUN JIJisl PEIeHns]
TPAJUIMOHHO CJIOXKHBIX 3a/1a4, IIPOJEMOHCTPUPOBAB, YTO KBAHTOBbBIE METO/bI
MOT'YT IIPE/IOCTABUTH CYIIEeCTBEHHbIE IPEUMYIIECTBa IIepe]] KJIaCCUIeCKIMHI
aJITOPUTMAaMH.

Joita [5] BBEJI KOHIIENIUIO YHIBEPCAIBHOTO KBAHTOBOI'O KOMIIBIOTEPA, ITO
CTaJIO BayKHO!I BeXO B KBAHTOBBIX BBIUNCJIEHUAX U MOBJIUSJIO Ha JaJibHeNIIne
WCCJIEIOBAHNS THOPUIHBIX BBIYUCIUTEIHHBIX MOJIEIEH.

Yro KacaeTcs MOfee, HApYIIAIOIHIX KIACCHIECKYIO IIPUINHHOCTD,
CYIIECTBEHHBIH BKJIaJ1 ObLT CIGTAH B UCCJIEIOBAHUAX, CBA3AHHBIX ¢ 3aMKHYTHIMU
Bpemennnono6ubvMu Kpusbivu (3BK). Bpyn [6] mokasas, uro ucmosnb3osaHue
3BK moxker 3HAUNTEIHLHO YCKOPUTH pererne 3a1a4d. Kpome Toro, Aaponcon
u Yorpyc [7] yCTaHOBHIN 9KBHBAJEHTHOCTH KBAHTOBBIX M KJIACCHICCKIX
BbrancIeHnit B pucyterBun 3BK, 10MepKHYB MOTEHIMA TAKAX MOJIEIEH J1Ist
PACIIMPEHNs BEIYUCIUTENbHBIX BO3MOXKHOCTEI!.

[ToMUMO KJTACCHIECKUX MTOJXO/IOB, WJIEs NHTErPAIMY TIePETATN JTAHHBIX
Ha OCHOBE IIyTEIIeCTBUIl BO BPDEMEHN ¢ KOHIEMIUAMA TEOPHH CJIOKHOCTH
BbI3Basia uHTepec. Paborer IManamumurpuy [8] u Apopsr u Bapaka [9]
[IPEIOCTABJIAIOT TWIyOOKUI aHAJM3 CTPYKTYPbl BHIYUCTUTENbHBIX 38184,
BKJTIOYas ¢Ba3b Mexk ity Kiaaccamu NP u co-NP. D1u uccnemoBanus ciryxar
OCHOBOI1 JIJIsT aHAJIM3a TOTO, KaK HECTAHIAPTHBIE BBIYUCIUTETHHBIE MO,
HCIOIL3YIOIIHE TIepeiady JaHHbIX U3 OyJIyIero, MOTyT pellaTh 3aJatdu,
¢ KOTOPBIMH TPaJIUIUOHHBIE MOJIEJIU CIPABJISIOTCS C TPYJ/IOM.

Kiaccuaeckne paboThI IO KBAHTOBBIM BBIYUCJIEHUSIM, TAKNE KAK KHUTA
Hunbcena n Yanra [10], a takke anropurmbl I'posepa [11] u Ilopa [12],
MJLTIOCTPUPYIOT, KaK KBAHTOBBIE METOJBI MOTYT 3HAYUTEILHO YCKOPUTH
pellleHne ONpeIeIEHHBIX KJIACCOB 3a/1ad.

Bogee mosgaume nccmenoBanms, Takue Kak paborel Xappoy n Monramna-
po [13] u uccnenosanus Nkbasa u ap. [14], HoaTBepK 0T IPAKTHIECKYIO
3HAYUMOCTHh KBAHTOBBIX AJTOPUTMOB JIJIl PEHICHUS CJIOXKHBIX BBLIMHCIUTEILHBIX
3a/1a4.

BasKHBIM aCIIEKTOM 3TO¥ 0BJIACTH ABJISAETCS KOHIENIUA MEPEIavn JAHHBIX
HA OCHOBE ITyTEIIECTBUH BO BPEMEHH, TO3BOJIAIONAS MAITMHAM TIPEJCKA3BIBATE
cBou OyjIyIue COCTOSIHUS U MCIIOIb30BATh 3Ty MH(MOPMAIMIO )1 KOPPEKTHPOB-
KU TeKyIUX BbIYUCJIeHnH. B sToM KoHTeKcTe padora Opimukn [15] uccaenyer
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MO/IeJIb MAIIUH C IIyTEIIECTBUSAMI BO BPEMEHH U PACCMATPHUBAET IIPOOJIEMY
CaMOCOTJIACOBAHHON OCTAHOBKU. DTOT MOJIXO/I PACIIUPSIET TPAIUIMOHHBIE
MOJIEJIH, TIpeJjiaras HOBbIE B3IVISIbI Ha B3aMMOJEHCTBAE BPEMEHHBIX TIOTOKOB
B BBIUHCJICHUSX.

Kpowme Toro, srian I'énesst [16] mponeMOHCTPIPOBAI TEOPETHIECKY IO
BO3MOYKHOCTb 3aMKHYTBIX BPEMEHUIIOIOOHBIX KPUBBIX B KOCMOJIOTHIECKUX
peIleHusIX, MPEeIOCTABUB TOIMOJHATEIFHOE (PU3NIECKOe OOOCHOBAHUE ISt
BBIUHCJIUTEIHHBIX MOJIeJIEl, BKIIIOYAIOINX epeIady JaHHBIX U3 OYIyIIero.

Vccnenosanus Bokona [17] u Bosbnepra [18] yKa3bBaOT Ha TO, ITO
(usmIecKre OrpaHuIeHUs Ha, IpeacKa3anne OymayIero u o0paTHyio CBI3b
MeXK/1y BPEMEHHBIMU COCTOSHUASME 3HAYUTEIHHO BIIMAIOT HA BBIYUCIUTEIHHBIE
[IPOIIECCHI.

Haxomer, sxcepuMeHTaIbHBIE UCCIEI0BAHAS, TakKue KaK pabora Kunra u
7p. [19], MOKa3BIBAIOT, YTO KBAHTOBBIE CHCTEMBI C THICSTIAMU KyOUTOB yiKe
MOTYT MOJIEJIUPOBATH CJIO’KHBIE (DU3MUECKIe SBJIEHUs, YTO BCEJISET HaJIEK b
HA IPAKTHIECKYIO PEATN3yeMOCTb BHIUUCIUTEbHBIX MOJIE/IEl, UCIIOJIb3Y FOIIIX
3¢ EKTHI Iy TenecTBuil BO BpEMEHN.

Taxum 06pa3om, 3T pabOTHI WIIIOCTPUPYIOT, UTO UJIes TTePeIadn JAHHBIX
u3 Oyymero u 3p@GeKTOB BPEMEHHbBIX IIETE/Ib B BEIYUCIEHUSIX UMEET [TPOIHBIE
TEOPETUYIECKUE U MMPAKTUIEeCKNe OCHOBaHUsA. Hala MOne/b BhIYUCIEHU
C IYTEIIeCTBUsIMA BO BPEMEHHU €CTECTBEHHBIM 00PA30M BIMCHIBAETCS B 9TOT
KOHTEKCT, IIpeJijIaras HOBBIA B3IV HA BBIYUCIUTEIBHYIO CJ0XKHOCTH U
[T03BOJISIST PEIIATH 3a/Ia4U, HEJOCTYIIHBIE JIJIsI TPAJUIIMOHHBIX MOJIEIeil.

2. CrpykTypa n ocobeHHOCTU MalwmnHbl TbOPUHra C KaHaaoM
nepefayv gaHHbIX BO BPEMEHM

B namnoMm pa3zjiesie onmmchIiBaeTCs KOHCTPYKITUS MaIUHBbI ThIOpHUHTA,
OCHAITEHHOI KAHAJIOM TIE€PEIady JAHHBIX BO BPEMEHH. DTa MOJIEJIb PACIIUPSIET
KJIACCHYIECKYI0 MamuHy ThIOPHHTA 33 CUET BKJIIOUCHUS] MEXAHU3MA, O3BOJISIO-
IIero IiepejlaBaTh JaHHbIe Ha paHee BLIIIOJHEHHBIE ITaru BBIYUCIUTEILHOTO
IIpollecca M IOJIyYaTh JaHHbIe, IepeanHble U3 Oymymux maros. PaccMoTpum
CTPYKTYPY U OCOOEHHOCTH TAKOW MAIUHBI.

2.1. OcHOBHble KOMMNOHEHTbI MalUUHbI

Mamuna TplopuHTa ¢ KaHAJIOM Iepeladdl JaHHLIX BO BPEMEHH SABJISETCA
MHOI'OJIEHTOYHOI MAIIMHON (C OIHOMN IOJIOBKOII HA KAXKIYIO JIEHTY) U BKJIIOYAET
CJICJTYTOIIHEC STIEMEeHTDI:

Bxoodnas aenwma: Ha 3Toii JIeHTe COOEPXKUTCA BXOIHOE CJIOBO, KOTOPOE
HeobxouMo obpaboraTh. B Hatase paboThl MaITUHBI BXOIHBIE JTAHHDIE
3AIMCHIBAIOTCS HA, ITY JIEHTY.
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Buzodnas aenma: Ha 9roil TeHTe 3annCBIBACTCS pE3yabTaT pabOThl Mallli-
HbL. JIJIsl paciosHaoIeil MAIMHBL PE3YJIbTAT MOXKET OBITh IIPEJICTABIIEH
B Bujie Gunapuoro 3nadenus: 0 (mer) mam 1 (1a).

Heckoavko pabowuxr aenm i BHINOIHEHNS] HEOOXOAUMDIX BLIYUCJICHUIA.

Kommynukayuornnas serma (aewma césasu): CrenuanbHas JeHTa, Tpe-
Ha3HaY€HHad JIJId IIepeJadu JaHHBbIX BO BPpEMECHU. MaH_II/IHa MO2KeT
3allACbIBaTh JaHHbIE Ha 9Ty JIEHTY JJId OTIIPpaBKHU B IIPOMIJIOE U IIOJIyYaTh
JaHHble u3 Oymymiero. Jljist OTIpaBKYU U MOy YEHUsT JAHHBIX MAIHHA,
JOJIZKHa HepeﬁTI/I B CIiellMaJIbHbIE€ COCTOAHUSA IlepeJadn 1 HpI/IéMa JaHHBIX
COOTBETCTBEHHO.

Adpecran senma oas nepedasaemur darnoir: Ha sToit enTe 3anmcbiba-
I0TCA METKH, KOTOPbIE IIO3BOJIAIOT U3BJICKATH JTaHHbIE, CChbl/IasgCh Ha 3THU
METKH B 3alIpocaxX. ﬂﬂﬂ nepegadd U U3BJICHCHUA JaHHBIX UCIIOJIB3YIOTCA
crnenuaJibHble COCTOAHMA MalllMHBI.

B cocrostiiuu miepeiatinn coep;KuMoe KOMMYHUKAITMOHHOM JI€HTHI
BMECTE C METKOI OTIIPABJIAETCA B KaHaJI IepeaavIn JaHHbIX BO BPEMEHU.
EC.HI/I JaHHbIE C TaKOII METKOI1 yxe 6LIJII/I paHee OTIIpaBJIEHbI, TO CHUTACM,
9TO TIpu paboTe MAIUHBI BO3HUKJIA OIMTHOKA.

B COCTOAHNU HpHélVIa KOMMYHUKaIIUOHHAA JICHTa IIOJIy9IaeT JaHHbIE
"3 KaHaJla Iiepeiavdu, CBA3aHHbIe C SaﬂaHHOI'/JI METKOI. EC,HI/I TaKUX JaHHbIX
B 6y,HyHLel\/I He OKa3aJloCb, TO TaKzKe CYUTaeM, 9TO IIpUu pa60Te MaIIIUHBI
BO3HUKJIa OH_II/I6Ka. ,HJ'IH penreHud 3ada9 pacClioO3HaBaHUd MaIOIWHBI, IIDU
pa60Te KOTOPBIX MOT'YT BO3HUKATDb OIJ_H/I6KI/I7 HCIIOJIb30BAaTh 3allpETHUM.

Angasumo, senm: Kaxgas eHTa mMeer cBoii andasuT CUMBOJIOB, KOTOPbIE
MOT'YT OBITH 3AIMCAHBI HA HEE.

Vnpasaarowee ycmpoticmeo: Ha KaxkioM 1mare paboThl YIIPABJIAIOIIEE
YCTPOHCTBO MOXKET HAaXOJIWTHhCA B OIHOM M3 COCTOSHHUI aJsipaBura
COCTOSIHUIA. BI)I,HQJIHIOTCFI cjeiyromuye ClieliiajibHbI€ COCTOAHUSA:

HAYANDHOE COCMOAHUE, B KOTOPOM MAllIMHA HAaUWHAET BBIUUC/IATE Ib-

HBI# IIpoIece;

3AKAMOYUMENDHOE COCTNOARUE, B KOTOPOM paboTa MAaIMHBI 3aBEPIIa-
eTcd;
cocmosarue nepedany, daHHbLT, TP Iepexole B KOTOPOoe JaHHBIE Iepe-

JAIOTCH C YKa3aHHON MeTKOH B KaHAJ IEPEeJIavdn JIAHHBIX;
COCMOAHUE NPUEME 0aHHBIT, TIPU HEPEX0Je B KOTOPOE JAHHbIE IPUHU-

MaloTca U3 KaHaJla Iepeiadn JTAHHBIX C YKa3aHHONH METKOIL;
COCMOARUE 8bl600a, TIPU TEPEXOJE B KOTOPOE COMEPIKUMOE BBIXOTHO

JIEHTBI OTIIPpaBJIAE€TCA BO BHEMNIHU MUDP, IIOKa MalllMHa ITPO/I0JIZ2KaeT

CBOIO paboTy; CUNTAEM, YTO MAIMHA PabOTAET C OTHOKPATHOMN 3aIUCHIO

Ha BBIXOJIHYIO JICHTY, TO €CTb HOBTOprIfI IIepexo] B COCTOAHUEe

BBIBOJA — OIINOKA B paboTe MAaITUHBI.

IIpozpamma: Dyuxnus (Tabimna), KOTOpas 0TOOPaXKAET COCTOSHUE MAIITHBL
1 CUMBOJIBI, BUIUMbIC I'OJIOBKaMMt Ha Ka,}K,ZLOﬁ JICHTE€, B HOBO€ COCTOAHUE,
HOBBI€ CUMBOJIBI, 3allUCbIBa€Mbl€ Ha JIEHTBHI, 1 HallpaBJICHUsA CABUI'OB
T'OJIOBOK.
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Bpemas svvucaernudi: TlocnenosareabHocTb maros. Kakiplil mar BbITOJIHS-
€T OHY KOMaH/Ay MaIllIUHbI NJIN Hepeﬂa.éT/HpI/IHI/Il\laeT OJIUH CUMBOJI 9Y€epe3
KaHaJI IIepegadn JaHHbIX BO BPEMEHN (TO €CThb Ha IIepeaavy JJIUHHOI'O
CJIOBa B KaHaJI I1epeJadu JaHHbIX TPATUTCA CTOJIBKO IIaroB, KaKoBa
JUIAHA 3TOro cjioBa). s pacnosHaiomeil ManMubl BpeMsi BbIYUC/ICHUIT
JOJIZKHO OBITH KOHCYHBIM.

Ha mmarpamme pucynka 1 mokasan mporiecce 06pabOTKN JAHHBIX ¢ BO3MOXK-
HOCTBIO Ilepesiadn nHdopMauu u3 OyIyIIero B IPOIILJIoe Yepe3 BPeEMEHHOH
CIIBUT, peaJin3yeMbIii 3aMKHYThIMI BPEMEHUIIOIOOHBIMU KPUBLIMEI B METPUKE
Keppa.

ObparHas nepejgada JaHHBIX
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Pucvynok 1. Cxema pab6orbl Mammuubl ThopuHra ¢ o6paTHO
BPEMEHHOI CBA3BIO

2.2. OcobeHHoCTU paboThlI MaLLUNHBI

Pabora mamwuab ThiopuHra ¢ KaHajoM Iepeadu JaHHBIX BO BpEMEHHN
UMeeT HECKOJILBKO OTJIMYUTEJILHBIX OCOOCHHOCTE:

Bwigod pesyavmama do 3agepuenus eviuucsenud: MaimuHa MoXKeT BbI-
BECTU PE3YJIbTAT Ha BBIXOAHYIO JICHTY JIO 3aBEPHICHUA NPOMECCa BbIMUCTIE-
HUl. DTO MPUBOJUT K PA3JIEJIEHUIO IBYX [TOHSITUN BPEMEHN:

8peEMA 300EPIHCKU OMEema,
obuiee 8pemsa BLINUCAEHUT.

O0nosnavHocmsd u onpedesénnocms svuucseruli: 3-3a BOZMOKHOCTH
IIoJIy9YeHnd JaHHbIX U3 6y;(ymero pa6OTa, MaIllIHbI MOXKET CTaThb HEOJHO-
3HAYHON MU Heonpeaenéunoil. Hampumep, HEOMHO3HATHOCTD BO3HUKAET,
€CJIM MalllHa, MOJIYYUB HEKOTOPbIC JaHHbIC U3 6yﬂyHleFO, 3allUCBhIBaET Te€
2Ke JIAaHHBIE C TOH Ke METKOI, YTO MOXKET IIPUBECTH K HeJIETEPMUHUPOBAH-
HOCTH IIpOIlecCa 1, KaK CJICICTBUE, K Pa3JIMIHBIM KOHEIHbIM De3yJibTaTaM,
B 3aBUCHMOCTHU OT TOr'O, KaKWe JaHHbIC OKaXKyTCA IIPOYUTaAaHHBIMN
U 3aluCcaHHbIMU. Ecan Malmmna, IpoYnTaB JaHHbIE ¢ OHON METKOit,
3aTeM O6H3aTeJIbHO 3allUChbIBa€T OTJIMYHBIC OT IIPOYUTAaHHBIX JaHHBbIC
C TOM YK€ METKOI, TO BO3HUKAET IIPOTUBOPEYNE, JIeIAIONIee IPOIECC
HEBO3MO>KHBIM, 9TO IIPUBOJUT K HeOHpeﬂeHéHHOCTI/I. MaIHI/IHa CYUTaETCA
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PACIO3HAIOMIEH HEKOTOPOE CBOIICTBO BXOIHBIX JAHHBIX (T.€. BBIYUCIISIONIEl
XapaKTePUCTHIECKYIO (DYHKIMIO HEKOTOPOIO MHOXKECTBA), eciiu eé pabora
ompeJiesieHa AJd BCeX BXOAHBIX JAHHBIX U PE3ylIbTaT OJHO3HAYECH.

IIpoepammupyemocmsv: B KOHIIE CTATHY MBI OIUIIEM HUHCTPYMEHTHI aJIro-
PUTMUYECKUX SI3BIKOB, KOTOPBIE IMO3BOJIST IPOrPAMMUPOBATH IOI00HBIE
JIEACTBUS HE TOJHKO JIJIsT MamuH THIOPUHTA, HO U JJIs JPYTUX KOMIIBIOTE-
POB.

2.3. BpemeHHble acnekTbl paboTbl MaLNHbI

KimroueBoit 0COGEHHOCTBIO MAIIMHEL ABJISIETCS BO3MOYXKHOCTD IIOJIyIeHU A

JAHHBIX U3 OYIYyIIero, YTo MPUBOJUT K CJAEAYIONNM BPEeMEHHBIM dddeKTan:

Hocmosannoe epemsa sadepocku omeema: Biaaromaps MexaHU3My Tepeia-
91 JIAHHBIX BO BPEMEHU MAIIMHA MOXKET BBIBECTHU IIPOCTON PE3yJIbTAT
(JA wiu HET) 3a nocTosiHHOe BpeMsl, HE3ABUCUMO OT BBIYUCIUTEILHOMN
CJIO’KHOCTH.

Obwee epemsa sviuucrenuti: HecMoTpst Ha TIOCTOSTHHOE BPeMsl 38I€PyKKH
OTBeTa, 00IIIee BpeMsl BBHIUUCIEHUN MOXKET OBITh 3HAUUTEILHO OOJIbIIE,
TaK KaK BBIYUC/IUTEJBbHDIN IPONECC JOJIKEH IIPOJIOJIKATHCS JTaXKe [10CJIe
BBIBOJIA PE3YJIbTATA.

2.4. O6bsicHeHMe HeoaHO3HAYHOCTU N Heonpeaen&HHOCTN

YT106bI TPOUJLIIOCTPUPOBATH HEOJHOZHAYHOCTH U HEOIIPEICIEHHOCTH
B paboTe MaIlluHBI, PACCMOTPUM cJeytonmuii mpumep. [Ipeamomoxum, aTo
MAIIMHA 3alpPAIINBaeT OJUH OUT U3 OyIyIIero u BIOUPAET BETBb BBIUUCIEHUI
Ha OCHOBE ero 3HadeHus. Kcam moaydeHo 3Hadenme 6mra 1, TO MammHa
cJIeIyeT IO TepBOil BETBH; €CJU ToJiydeHo 3Hadenune (, TO oHa cjemsyer
o BTOpO# BeTBU. HeomHO3HAYTHOCTH MPOIECCa BBLITUCICHUST BO3HUKAET,
ecIi B KayKJIO BETBU MAIMHA 3aIIMCBIBAET TOT K€ OUT C TOIl »Ke MeTKOit
Ha KOMMYHHKAIMOHHYIO JIEHTY. DTO CO34a6T IBa BOSMOXKHBIX IIyTH BHIYHC/IEHH.
Cilenyer orindaTh HEOAHO3HAYHOCTH BBIYUCJIEHUSI OT HEOIHO3HAYHOCTHU
pesyabTata. [Ipn HEOTHO3HATHOM IIPOIECCE BBIYUCIEHUST PE3YIbTAT MOYKET

OKa3aThbCd OJHUM N TEeM 2Ke.
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Ecan mamwaa cauTbiBaeT OMH OUT U3 OYIYIIEro U MBITAETCS 3aIuCaTh
IIPOTUBOPeYAIAil eMy OUT Ha KOMMYHHUKAIIMOHHYIO JIEHTY C TOU 2Ke METKOH, TO
BO3HHUKAET IIPOTUBOpEYNe, IPUBOJAIIee K HEBO3MOXKHOCTH TAKOT'O BBIYMCJICHUS.

Kombunanum 3Tux cuTyarmit MOTyT IPUBOAUTD K TOMY, 9TO HEKOTOPBIE
BETBHU IIPOIECCA BBIYUCJICHUS, BO3HUKIINAE N3-38 BHYTPEHHEN HEOJIHO3HAYHOCTH,
3aTeM MOI'yT OKa3aTbCd IIPOTUBOPEYUBBIMHA U 6I>ITI) IO 3TOit IIpUYINHE OTCEAHBI.
TOI‘,EL& OCTaHYTCA TOJIBKO HEIIPOTHUBOPEYUBLIC BETBU. MO)K@T OKa3aThbCA
TaK, 9TO BCE OCTABIINECA HECIIPOTUBOPEYMBLIC BETBU IIPUBOAAT K OAJHOMY
OKOHYATEJIbHOMY pe3y/ibTaTy. Ecim Bcerma mpoucXoiuT Tak, TO OyIeM CINTATh
TaKYIO MallinuHy KOppeKTHOfI JJIsd peIlleHud 3a1a91 PpacCIIO3HaBaHMUA.

TaKI/IM o6pa30M, OIIMCaHHbIE CUTYaIlU MOI'YT IIPDUBECTU K CJIC/IYIOIIEMY:

K He0JHO3HAYHOCTIU, €CJIU HECKOJIbKO BETBE BLIYUC/ICHUIT 3aBEPIIAIOTCS

Pa3HbIMU pe3yabTaTaMu,

K HeonpedeAéHHOCU, eCIIU HU OHA BETBb HEe MOXKET 3aBepIINThCA 0e3

IIPOTUBOPEYNUil.

DTO JAEMOHCTPHUPYET, KAK HCIIOJb30BaHUE JAHHBIX U3 Oy/IyIIEro MOXKET
[IOBJINATH Ha BBIYHUCJIUTEJBHBII IIPOIECC.

3. Bo3MOXHOCTM MalUnH C nepeaqeil gaHHbIX BO BPpEMeHU

Cxema Tepejiadn JaHHBIX BO BpEMeHHU B MalnHe ThIOPHHTA ¢ 3aMKHYTHIMA
BPEMEHUNOMO0HBIMIA KPUBBIME IIPEJICTaBIeHa Ha pucyHke 2. [lokazambt
OCHOBHBIE dTaIlbl 00pabOTKN MHAPOPMAIINN, MEXaHN3M O0PATHONH CBA3N Iepe3
BPEMEHHbBIE TIET/IN W HAIIPABJIEHUE TIePEIadn JTAHHBIX.

BpeMeHHbIe neTJyin
—_— A

B
Ilepensaua maHHbIX npow.noe

Us
b6ydyw,ezo

Bxomubre Y

TaHHbIE l IIponecc BuIYUCIEHUHA

Y

Pesymbrar

PrucynHok 2. Cxema BpeMeHHOII II€pe/Iadu JJaHHBIX B MAIIHMHE
Trpropunra ¢ 3aMKHYTHIMIA BPEMEHHUIIOLOOHBIMU KPUBBIME
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B narnHOM pasmeiie paccMaTpuBalOTCA BBIYUCIUTETBHBIE BO3MOXKHOCTU
MaruHbl ThIOpUHTA ¢ KAHAJOM IIepejadu JaHHBIX BO BpeMeHH. MbI IIpejicTaB-
JIsieM JIBe TeOpeMbl, KOTOPbIE JIEMOHCTPUPYIOT, KaK MCIIOJIb30BaHNE JTAHHBIX
n3 OYIyIIero BJIUsieT HA BBIYUCIUTEIbHYIO CJIOXKHOCTH M KJIACCHI 38184,
peIIaeMbIX TAKON MAIIMHON. DTU TEOPEMBI IIOKA3BIBAIOT, YTO MPEIJIOXKEHHAST
MOJIESIb 00J181aeT CBOMCTBAMM, MTO3BOJISIIONINMI PEIIaTh 3aaH, HEIOCTYITHBIE
TS KJIACCUIECKUX BBIYUCTUTETbHBIX CUCTEM.

3.1. Pacno3snaBaHue pa3pewinMmbiX MHOXECTB

TEOPEMA 1. Mawuna Teropunrea ¢ xanarom nepedauu daHHbLT 60 8peMeEHU
PACNOZHAEM € NOCTNOAHHBIM BPEMEHEM 3A0EPHCKYU, OMBEMA 8 MOUYHOCTNU BCE
DEKYPCUBHO PA3PEULUMDLE MHOHCECTNEA.

JTOKABATEJILCTBO. Jloka3aTe/bCTBO OCHOBBIBACTCS HA CHOCOOHOCTH
MAIIIHBI UCIIOJBb30BATh JaHHBIE U3 OYAYIIEro Jisi IMPeJCKA3aHus Pe3yIbTATOB
BeruncieHuit. Ilycrs HaM HaJI0 paclo3HaATh IPUHAJJIEXKHOCTD BXOJHBIX CJIOB
K 33JIAHHOMY PEKYDPCHBHO Pa3peruMoMy MHOXKeCTBY. [ljist 3T7oro MHOXKeCTBA
umMmeeTcss oObIYHAs pacno3Haronasa Maruia Teiopunra. 13 aToit MarmuHb
[IOCTPOUM TpebyeMyto MalluHy ThIOpUHIa C KAHAJIOM Iepelladn JAHHBIX BO
BpeMeHu, KOTopast OyJaeT paboTaTh CJIEIYIONMMIM 00Pa30M.

B mauasie paboThl MamnHa 3aIpANUBAET COMEPKUMOE KOMMYHUKAITMOHHON
JIEHTBI ¢ MeTKOI (. DT0 3HaUeHUE U BBIIAETCS HA BBIXOJ B KAYeCTBe Pe3yJIibTaTa
paboThI. 3aTeM 3aIyCKAeTCs MPOIECC paboThl OOLIYHO MaIuHbl ThlopuHTra,
pacIo3Haloneil IpUHA/JIEKHOCTD 3aJaHHOMY MHOXKecTBY. Korjia pacrio3nasanue
3aKOHYUTCSI, €T0 PE3yJIbTaT repenaéres B mpormioe ¢ Merkoit 0. Takum ob6pazom
00ecIeanBaeTCst, YTO B MPOIILIOM MAITHHA BBIJIAJIa BEPHBIH DE3yJbTar.

Ternepp mycTh MBI MMEEM HCXOIHYIO MAIIUHY C KAHAJOM II€PENadn JAHHBIX
IO BpEMEHU, PACIIO3HAIOIYIO IIPUHAJIEC2KHOCTHL BXO/JIHBIX CJIOB HEKOTOPOMY
mHOXKecTBy. [lo ompenenenuio, obiee BpeMsi pabOThI TAKON MAITWHBI BCETIa,
koHedHO. [TocTponm HOByO 0OBIUHYO MAIUHy THIOPUHTa, PACIO3HAIOILYIO
[IPUHA/IEZKHOCTh 9TOMY MHOXKECTBY, KOTOpasl epedbupaeT BCce BO3MOXKHbBIE
CJIOBA, TMPETEHIYIONINE HA POJIb YACTHIHOIO IIPOTOKOJIA PAOOTHI NCXOTHOM
MaIuHbl ([IEMOYKA MIHOBEHHDBIX OINUCAHUIL), B HOPSIIKE UX VI IUNHEHUS.

Marmusa IpoBepsieT s KaXKJI0I'o CJIOBA, SIBJISETCS JIK OHO IPAaBUJIBHBIM
3aBEPIIEHHBIN IPOTOKOJIOM PAOOTHI UCXOMHON MaImuHbl. Kak TOJIBKO TaKOi
IIPOTOKOJI Hafi/leH, Pe3yJIbTaT pabOThl MCXOJIHON MAIMHBI, BBIIAETCS B KAYECTBE
pe3ynbraTa HOBOM MamuHbl. [IocKoJIBKY mporiecc paboThl MCXOIHONW MAITHHBI,
10 OTIPeJIETIEHNIO, ONPEeIEH M OJTHO3HAYEH, HOBAs MAIMHA BCET/Ia BBIIAET
[IPaBUJIbHBIN OTBET O IIPUHAJIIEZKHOCTU BXOJIHOT'O CJIOBA 33/IAHHOMY MHOXKECTBY.

O
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3.2. Pacno3nasanue mHoxects 8 NP N co-NP

TEOPEMA 2. Mawuna Toropurea ¢ nocmosHHbM peMeHeMm 3a0eprHCK
omeema U NOAUHOMUAALHBLM OOUWUM BPEMEHEM BBIMUCAEHUTL PACNOZHAEM,
6 mourocmu ece muootcecmsa 6 NP M co-NP.

VNEA TOKA3BATEJIBCTBA. UHTEPIPETUPYS TPUEM JaHHBIX U3 OYLyIIero
KaK BETBJIEHHE HA HECKOJIBKO IIyTell, Mbl CTPOMM MAINUHY, KOTOpas paboraer
3a MOJINHOMUAJIBLHOE BPEMs U O0ECIIEIMBAET COIJIACOBAHHOCTD PE3YJILTATOB
Ha BCEX BETBAX BBIUYMCJIEHUI.

4. [Noka3aTtenbCTBO TEOpembl 2

B namHOM pasjesie Mbl H3JI0:KUM JTOKA3aTEIbCTBO TEOPEMBI 2, chop-
MYJIIPOBAHHO# B IpeiblayieM paszese. CHadaaa Mbl mepedOopMyInpyeM
paboTy Halleil MAITUHBI B TEDMUHAX HEJIETEPMUHUPOBAHHBIX BBIYUCICHUH. DTO
MMO3BOJINT HaM IIpeo0pa30BaTh PabOTy HAIEell MAIUHBL B paboOTy OOBIYHBIX
HeJIeTEPMUHUPOBAHHBIX MamiuH ThiopuHra u Hao60pot. [TocKoIbKY MexaHu3M
[epexo/ia K MOCTOSTHHOMY BPEMEHU 3aJIEPKKHU OIHCAH IIPU J0KA3ATEHCTBE
PEIBIAYINEl TEOPEMBI, TO JIJIsi HAYaJIa JTOCTATOYHO JI0KAa3aTh TeopeMmy 2 6e3
YIIOMUHAHUST 00 9TOM, ITO MBI U CIEJIAEM.

4.1. MNepexop K HEAETEPMUHMPOBAHHBLIM BbI4YUCIEHUSIM

Wnes 3akaiodaeTcsa B TOM, 9TOOBI HHTEPIPETUPOBATDL YTEHHUE KaKJIOTO
CHMBOJIA JTAHHBIX HA KOMMYHUKAIMOHHON JIEHTE, [IOJIy9€HHOTO U3 Oy IyIero
10 HEKOTOPOI MeTKe, KaK BETBJICHHE IIpoliecca Bbrunciaennii. Kaxkmas BeTBb
COOTBETCTBYET OJTHOMY U3 BO3MOXKHBIX 3HAUEHUH 3TOro cuMBosia. Korma mammma
JIOCTUTaeT MOMEHTA BPEMeHU, 0003HAYEHHOTO JAHHONW METKOM, OHA IPOBEPSIET,
COBIIAJI JIN [IPE/IIOJIATaeMbIil CINTAHHBII CHMBOJI C IiepegantbiM. Ecim 3Hadenne
CHUMBOJIa, 3aIllICAHHOTO B dg4Ye€iiKe KOMMYHUKAITMOHHON JIEHTHI, COBIIa1aeT
C OXKHJaeMbIM 3HaUeHUEeM B TeKyIllell BETBU, BBIUYNCICHUS IIPOJOJIZKAIOTCS.
B nporuBHOM Cilyvyae BETBb BBIYMCJIEHUIT 3aBEPIIAETCS N3-32 BOSHUKIIIETO
IIPOTUBOPEYHS.

KoppekTHast pacriosHaromiasi MaIlnHa JI0JIXKHA JABATH OJMHAKOBBIE OTBETHI
(6o 0 — HET, mm6o 1 — /TA) Ha Bcex HEIPOTUBOPEUNBO 3aBEPIIAOIIAXCSI
BETBSIX JJIsl IAHHOTO BXOJHOTO cjioBa. Jlasiee MblI ipeobpasyem HaIy UCXOHYTO
MaIluHy ¢ Tepeadeil JaHHbIX BO BDEMEHH B HEJETEPMUHUPOBAHHYIO, KAK
[TOKA3aHO BBIIIE, 8 3aTeM pPa3je/iuM e€ Ha J[Be HeJeTePMUHUPOBAHHBIE MAITHHbI
Triopunra, 06paboTaB, YIIOMIHYThIE BBIIIE TPOTUBOPEUUS CJIETYIOMIMM 00Pa30M.
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(1) TlepBas MaInMHa IPUHAMAET PACIO3HABACMOE MHOXKECTBO, Bo3Bpamasd 1,
KOTJIa, MCXOMHAS MAIIMHA BBIBOJUT 1, a8 BO BCEX OCTAJBHBIX CJIydasX
(BrJIOUas npoTuBOpeYns) Bo3Bparaer 0.

(2) Bropas MammHa IpUHEMAET JOIOJHEHHE 9TOr0 MHOXKECTBa, BO3BpAIlast
1, Korma mexomHas MamuHa BHIBOAUT 0, a BO BCEX OCTAJbHBIX CIIydasX
(BrJIIOUAs npoTHBOpeYns) Bo3Bpamaer 0.

Takum obpa3oM, ecii UCXOJHAS MAIlUHA C Iepejadeil JaHHBIX BO BpeMeHU
BBIJIAET J1a, TO TepBas U3 TOJYIEHHBIX MAIIMH HA HEKOTOPBIX BETBIAX BBIUUCIIC-
nus seimaér A, a sropas — Bcerma HET. Haobopor, ecim ncxoaHast MaIimHa,
BoiaéT HET, To nepas Bcerpa BoimaéT HET, a Bropast — Ha HEKOTOPBIX
BeTBsAX Bbruncjenus Boiaér JJA. Takum oO6pasom, mepBasi u3 MOCTPOEHHBIX
JICTEPMUHAPOBAHHBIX IPUHUMAET CAMO PACIIO3HABAEMOE MHOYKECTBO, & BTOPAast
— ero gornoyHenue. HerpyaHo BUETh, YTO MOJMHOMHUAIHLHOE OIPAHUIEHNIE BpE-
MEHU TIPU YKA3aHHOM IPe0OPA30BAHUN COXPAHSIETCS, TaK KaK BCE IIPOBEJIEHHBIE
IepecTpoiiKy JatoT He DoJiee, YeM MOJIUHOMUAIBHOE 3aMejieHne. Tak Iro,
€CJIM UCXOMIHAS MAIIMHA PACIO3HABAIA JIAHHOE MHOXKECTBO 38 MOJTMHOMHUATIHLHOE
BpeMsi, TO TAKOE 2Ke BpeMs pabOTAIOT M BHOBb IMOCTPOEHHBIE MAITAHBI. DTO
03HAYAET, UTO UCXOHO PACIO3HABAEMOE MHOXKECTBO npuHayiexxut NP N

co-NP.

4.2. MocTpoeHne mMawuHbl C NepegaYeil JaHHbIX BO BpeMeHn
13 HefeTepMUHUPOBAHHbIX MaLUWH

O6paTHoe yTBEepKJIeHNe TaKyKe BEPHO: €CJIU CYNECTBYIOT JIBE HEJIeTEePMU-
HUPOBaHHBIE MAIIMHBI, OTPAHUIECHHBIE TOJTMHOMUAJIBHBIM BPEMEHEM, OTHA
13 KOTOPBIX MPUHUMAET HEKOTOPOE MHOXKECTBO, & JIpyrasi IPUHUMAET ero
JIONOJTHEHHUE, MBI MOYKEM M3 HUX [IOCTPOUTH OJHY MAIIWHY C repejadeil JaHHbIX
u3 OY/IyIIero, paco3HAIOINLYIO0 9TO MHOYKECTBO U PAbOTAIONIYIO MOJHHOMHUAILHOE
BpeMsl. DTa MallliHa paboTaeT CJIELYIIUM 00pa3oM:

(1) B magasie mporecca oHa yraJibIBaeT, KaKyIo U3 JIBYX HEJICTCPMUHUPOBAH-
HBIX MAaIVH 3aIlyCTUTh.

(2) 3aTem OHa BBINIOJIHSIET BHIOPAHHYIO MAIIUHY.

(3) Eciu nepBast BbIOpaHHas MAITMHA BBIBOJUT 1, BETBb BBIYUCICHUI
3aBepIIAETCs] C pe3ysbTaToM 1.

(4) Eciu mepBast BbIOpaHHasi MAIInHA BBIBOAUT (), BETBb BBIYUCICHUI
IIPUBOJIUTCA K IIPOTUBOPEUUIO.

(5) Eciu BTOpasi BbIOpaHHasi MAIINHA BBIBOJUT 1, BETBb BBIYUCICHUI
3aBeplaeTcs ¢ pe3yapraToM 0.
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(6) Eciu BTOpasi BbiOpaHHasi MamnHa BHIBOAUT (), BETBb BBIYUCICHUI
IIPABOJINUTCA K IIPOTUBOPEUNIO.

JIOBH BH Ha U3 9TUX MAILIUH JI0JIKH Th [IOJIOXKUTEJIbHBII
ITo ycjioBHiO, POBHO OJHA U3 3 a OJIKHA, JIa OJIOZKUTE
pesysbrar. Takum oOpa3oM, Hallla MAIIWMHA BCETJa TAT ONPEe/IEHHBIN OTBET:
6o 1, aubo 0.

4.3. TocTosiHHOE BpeMs 3a4epXXKX OTBETA

IlocTrossnroe Bpemsi 3ajiep2KKu OTBETa JOCTUrAETCS OJIaroapsi TOMY,
YTO PENIEHUE O Pe3YJIbTATE BBIYUCICHUII TPUHUMAETCS B CAMOM HavaJie
nporiecca. MarnHa 3ampalinBaer JaHHble U3 OYAYIIEro U UCIIOJIb3yeT UX
JIJIsT HEMEJIJIEHHOTO BBIBOJIA OTBeTa. [Ipu 3TOM MpoIece BHIYUCIEHUN JT0I2KEH
ITPOJIOJI2KATHCS. ([l

5. Bonpocbl Bo3MoXxHOW peanusauumn

B nmamnHOM pasjese 06CyKIAI0TCS BOZMOYXKHBIE MOXObI K TPAKTHIECKON
peam3aruu MamuHbl THIOPUHTA ¢ KAHAJIOM [I€peIavn JAHHBIX BO BDEMEHHU.
XoTst TaKasi MAIWHA SIBJISIETCST TEOPETHIECKON KOHCTPYKIHEH, €€ MOXKHO
SMYJIMPOBATH C UCIOJIH30BAHUEM CYIIECTBYIONINX BBIUYUCIUTETHHBIX METOJIOB U
rexHosioruit. OCHOBHBIE ITOJIXO/IbI K PeajIM3allii BKJIFOUAI0T JIeTEPMUHIPOBAH-
HBI MMOMCK C BO3BPATOM, METOJIBI OTKUTA, B YACTHOCTH, KBAHTOBBIM OTKHT.
Kaxibiit u3 5TuX METOJ0B MMEET CBOM OCOOEHHOCTH W OIDAHUYEHMUs, KOTOPHIE
00CYK/TAIOTCST HUXKE.

5.1. [leTepmMMHNPOBaHHbIA NOUCK C BO3BPAaTOM

OpuH 13 caMbIX MPOCTHIX CIIOCOOOB PEaJIM3AIMN MAIIUHBL C IIepepadeit
JIAHHBIX U3 OY/IyIINero 3aK/II09aeTcsl B UCIOJIb30BAHUH JI€TEPMUHUPOBAHHOI'O
IIONCKA C BO3BPATOM Ha OOBIMHOM KOMIIbIOTEpE. B 9TOM TOJIX0/1e MPOoIiece
BBIUUCJIEHUI MOJIEJIMPYETCsT KaK JIEPEBO BO3MOXKHBIX COCTOSIHUI, Ijle KarXKIast
BETBb COOTBETCTBYET OJHOMY W3 BO3MOXKHBIX 3HAUEHUI CHMBOJIA, IOJIYIEHHOTO
n3 OyIyIIero.

Hpuryun pabomao.:

(1) Ha xaxk/1oMm 1mrare BBIMHUCIEHUN, TPU YTEHUN CAMBOJIA JIAHHBIX C KOMMY-
HUKAIIMOHHOI JIEHTHI, MaIllMHA IIPOBEPSET BCE BO3MOXKHbBIE 3HAYEHUST
3TOTO CUMBOJIA.

(2) Eciu Boibpannoe 3HaY€HNE IPUBOIUT K IPOTHBOPEYIUIO, CHCTEMA BO3BPAa-
MAETCsT K TOYKE [IPUHSTHS PEIIeHns U MPOoOyeT CJieIyiolnee 3HAUCHHE.

(3) Ilporecc mpooKaeTcs 10 TeX IMOp, MOKa He Oy/IeT HalIeHO COTJIACOBAH-
HO€ peIlleHre WU He OyAyT NCYePIaHbl BCe BO3MOXKHbBIE 3HAYESHMUSI.
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IIpeumyuecmea:

« I[Ipocrora peajm3amnuu Ha CyIIECTBYIONINX BBIYUCIATEIBHBIX [IAT(OPMAX.

» Bo3MOKHOCTD MCIOJIB30BaHUS CTAHAPTHBIX aJITOPUTMOB IIOUCKA C BO3-
BPaTOM.

Hedocmamxu:
+ BricoKkas BBIUUC/INTENLHA CJI0KHOCTL, OCOOEHHO IS 3a4a49 ¢ OOJILIIAM
KOJINYIECTBOM BETBJICHUIL.

o DKCIOHEHIUAIBHBIA POCT BPEMEHU BBIYUCJICHU C YBEJIMIEHUEM TJIyOUHBI
JepeBa pEeNIeHui.

5.2. Metoabl oTXxura

MeToapl OTKHUTa MPEICTABISIOT co00it 6oJtee CIOMKHBIN MOIXOI K peain3a-
U MAIWHBI C TIepeadeil JJaHHbIX BO Bpemenu. B aToMm cirywae mportecc
BBIYUCJIEHU PACCMATPUBAETCSA KaK NEeJIOCTHAs CTPYKTYpa (BpeMsi pa3Bo-
paduBaeTCdg B HpOCTpaHCTBe). SaTeM BBIIIOJIHAETCSI IOUCK COCTOAHUS dTOMN
CTPYKTYPBI C HAUMEHbIIell SHepTHuell, Iie SHepTrusl COOTBETCTBYET KOJIMIECTBY
TPOTUBOPEYN B CUCTEME.

Ipunyun pabomu.:
(1) zHauaabHO cucTeMa HAXOWTCsI B BO30OYKIEHHOM COCTOSIHUU C BbI-

COKHM YPOBHEM 3HEPI'UU, YTO COOTBETCTBYET HAJIUYIUIO MHOXKECTBA
IIPOTUBOPEYUil.

(2) Ilocrenento cucrema OXJIAXKIAETCH, IEPEXOST B COCTOAHUS C MEHBIIEH
SHEPruei.

(3) Ecin B mponiecce 0TzKura, JJOCTHIaeTcs COCTOSTHIE ¢ HauMeHbIIIeli sHeprueii
(6e3 mpoTHBOpEUNit), IPOIECC CIMTAETCS YCIIEITHBIM.

(4) Ecsiu HaumMeHbIast SHEPrust JOCTUrAeTCsl TOJIBKO s oaHoro orsera (0
uin 1), pe3yjbTaT CUuTaeTcs OKOHYATEIHHDBIM.

IIpeumyuecmea:
« Bo3aMoXKHOCTD HAXO0XKIeHUST NTT00ATBHOIO MUHIUMYMa, SHEPTUH J1aKe
B CJIOXKHBIX CHCTEMaX C MHOYKECTBOM JIOKAJIbHBIX MHHUMYMOB.

o Db DEKTUBHOCTD I 33144, TJi€ IIPOTUBOPEUUs] MOI'YT OBITh CMSITIEHBI
WM YCTPAHEHBI B IIPOIECCE OIITUMUBAINM.

Hedocmamxu:

« Tpebyer 3HAYNTEILHBIX PECYPCOB Ui TOCTUKEHUS COCTOSHUS C MUHU-
MaJIbHOU 3Hepruei.

« He rapanTupyer HaxoXK/eHUE ONTUMAJIHLHOTO PEIIEHUs 38 TOJTHHOMUAb-
HOe BpeMd.
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5.3. KBaHTOBbI OTXUr

KBaHTOBBIN OTKUT sIBJISIETCS IIEPCHEKTUBHBIM METOJIOM PeajIn3aliiu
MaIllMHBI C Hepejiadeil JaHHBIX U3 OyJIyIIero, OCHOBaHHBIM Ha HCIIOJIb30Ba-
HUHU KBAHTOBBIX YCTPOMCTB. DTOT METO/I UCIIOJIb3yeT 3(PPEKT KBAHTOBOIO

TYHHEJMPOBAHUS JJIsl HAXOXKJICHNAS COCTOAHNN C HaMMEHbIIeil sHeprueit.
IIpeumywecmsa:

« [ToreHIMAJIBHO BBICOKAsI CKOPOCTb HAXOXKJIEHUsT PeIleHnii b1arogapst
KBAHTOBBIM dddeKTam.

« BoaMoxkHOCTE periennst 3a/1a4, CJIOXKHBIX JJIs KJIACCUIECKUX KOMIbIOTe-
pOB.

Hedocmamxu:

o CKOpPOCTH M BBIYUCTIATENbHAS 9PPEKTUBHOCTH KBAHTOBOI'O OTXKUTa €IIE
He JI0 KOHIIa U3yY€eHbl.

« CymiecTByIoIIne KBAHTOBBIE YCTPOWCTBA OIPAHUYIEHBI 110 00BEMY TaMATH
7 YPOBHIO IIyMa, YTO OCJIOYKHSET MX MCIIOJIb30BaHUE JJIA CJIOKHBIX 3a/ad.

Iepcnexmuen,: HecMOTpst Ha TeKyIue OrpaHUYEHHs, KBAHTOBBII OTXKHUT
OCTABTCs TIEPCIIEKTHBHBIM HAIIPABICHHEM JIsl 9KcrepuMenToB. CylecTByomue
MAIIMHBI JIJTsT KBAHTOBOTO OT?KUTa, TaKhe Kak ycrpoiicrsa Kommanun D-Wave
(eMm., mHanpumep, [19]), y2Ke MOAXOIAT JJIst UCCIETOBAHUI U MOTYT OBITH
UCIIOJIB30BAHBI JIJTs H3Y9EHNsT BO3MOKHOCTE! pealu3alui MAaIUH C [epeIadeil

JIAHHBIX 13 OYIyIIero.

5.4. Nvor

Peanuzanusa mamwuubr ThropuHra ¢ KaHaJloM mnepejadu JIAHHBIX BO
BPEMEHU BO3MOXKHA C UCIIOJb30BaAHMEM Pa3JIMYHBIX IIOJIXOJIOB, BKJIOYAs
JeTEepPMUHUPOBAHHBIN IIOMCK C BO3BPATOM, METOIbI OT?KUTa M, B YACTHOCTH,
KBAHTOBBIT oTKUT. KarK/Iblit U3 9TUX METO/I0B UMeeT CBOU IPENMYIIeCTBa 1
OI'pAHUYEHUS, U BHIOOP KOHKPETHOI'O IMOJIXO0/a 3aBUCUT OT XapaKTEPUCTUK
pemaeMoil 3aJIla4d U JIOCTYITHBIX BEIYUCIUTEIBHBIX pecypcoB. KBaHTOBDIM
OTZKHT, B YaCTHOCTHU, OCTAETCS IIEPCHEKTUBHBIM HAIIPABJIEHUEM, XOTS €I0

npakTudeckas 3hOEKTUBHOCTL TpeOyeT TabHENITEero N3y IeHus.
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6. KOHCprKTI/lBHbIe pacno3HaBaTeNnn: npumep peweHuna 3aaqm
Ha MauwunHe C nepe,qaqeﬁ AdHHbIX BO BpeMeHun

6.1. HekOHCTPYKTMBHOCTbL K/1IaCCUYECKMX pacno3HasaTeneii

Knaccuaeckne anropuTMbl paclio3HaBaHUsT OOBITHO HEKOHCTPYKTHUBHBI:
OHM BBIIAIOT TOJLKO OuHapHbiii orBer (A miu HET) 6e3 ob6bsacuenus
pesysbrara. Hampuvep, Ha BOIIPOC OT TOM, CYIIECTBYET JIU Y, YAOBIETBOPSIOIIEe
yenosuio P(x,y), Takue aJropuTMbl JIMIID OATBEPKIAIOT UM ONPOBEPraioT
CYIIIECTBOBAHUE TAKOTO ¥, HE IPEJOCTABIIsAA CaM OOBEKT Y IIPH IIOJIOKUTETEHOM
OTBETE WJIN JOKA3aTEJIbCTBO €r0 OTCYTCTBHUsI IIPU OTPUIATEIBHOM. IJTO
OrpaHMYMBaEeT UX UCIIOJIb30BaHUE B 33Ja4ax, I/ie Tpedyercs 0OD0CHOBaHME
pereHus.

6.2. KoHcTpykTtusHble 3agayu B knacce NP N co-NP

Mamwmna ThopuHTa ¢ KAHAJIOM NEpeIadn JAHHBIX BO BPEMEHH MO3BOJISIET
peam30BaTh KOHCTPYKTUBHBIE PACIIO3HABATE/IH, BBIAIONINE HE TOJBKO OTBET,
HO ¥ CePTUMUKAT — JIOKA3ATEIHCTBO WU CBUAETEILCTBO Pe3ysbrara. Mbl
paccMmaTpuBaeM cuMMeTpudHble 3agadu Kiaacca NP N co-NP, rue csoiicrso
Q(z) ucrunno, ecm cymecTByeT cepTUMUKAT Y Takoi, 4o (1 (z,y), U JOKHO,
ec/m CymmecTByer ceprudukar 2z Takoil, 9ro Qo(x, z), IpuIéM pasMepbl Y U 2
[OJIMHOMHAJIBHO ONPAHUYEHBI OTHOCUTEIBHO | |.

6.3. MNMpumep: npoBepka HaNM4YNA HETPUBMANLHOTO AENUTENS

PaccmoTrpum 3a1ay ONpeIeeHns, IMEET JIN YACIO0 T HEeTPUBUAIHHBIN
Jlesreb Yy Takoil, uro 1 < y < d (mopor d 3azan). D1o ceoiicto Q(d, x):

« Ecym Q(d, ) = 1, To ceprudpurar — jesmuress Y, IpOBepsieMblii JieJeHrneM
38 NOJIMHOMHAJILHOE BPEMAL.

« Eciin Q(d,z) = 0, To ceprudurar — GakTopusanust & Ha IPOCTHIE
MHOXKUTEJH, Bce > d, IpoBepsieMasi 3a II0JIMHOMUAJIbHOE BpeMst (Harpumep,
¢ ucnoJbzoBanueM recra Musutepa [20] upu ponyinennn 0606IIEHHON
runore3sl PuMana).

6.4. Peanusauyuns Ha MawmHe C nepejayeit AaHHbIX BO BPEMEHU

KoucTpykTuBHBI paciio3HaBaTe/ib Ha MaIllWHe C [epeiadeil JaHHBIX BO
BpeMeHu paboTaeT CJeIyIoNuM 00pa30M:
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(1) Hoayuerue dannvix us 6ydyuLezo:

« Ha nepBom mare mamuna 3anpamusaer ¢ Merkoii 0 napy (b, C), rae
b e {0,1} — orser, a C' — ceprudukar (mesauresns uim GakTOpU3AINs).

« OTBer b HEMEIJIEHHO 3AIUCHIBAETCS HA BBIXOAHYIO JIEHTY (€C/d He Tpe-
GyeTcst BbLIada OTBETa ¢ (DUKCUPOBAHHOI 3a/I€PKKOil, TO MOYKHO BBIJIATH
u ceprudUKAT, TOrJa PACIO3HABATE b Oy YUTCsT KOHCTPYKTUBHBIM ).

(2) Iposepxa cepmugurama:

e Ecoim b = 1, To mposepsiercst, uro C =y nemur x u 1 < y < d.

« Ecsin b = 0, To nposepsiercst, uro C' — dhakTopusanust £ HA TPOCTHIE
MHOXKUTEIN > d, U UX [IPOU3BEJIEHNE PABHO .

(3) Camocoenacosanue:

« [Tocsie posepku, eciu ceprudukar koppekrer, To (b, C') 3anuceiBaercs
Ha KOMMYHUKAIIMOHHYIO JIEHTY ¢ MeTKoii 0.

o IIpu HEKOPPEKTHOCTH CO3TAETCA MPOTUBOPEYNE, U BETBb BBIUUCJICHUI
0TOPACHIBAETCS.

Herpyano Bugers, 94To 3Ta MalluHa paboTaeT HOJMHOMUAJILHOE BPEMSI.
IIpumepvr 6vinoanerus:
Bxod: x =15,d = 4.
Hlaz 1: Ummnopr (1,3) u3 6ymyiero, BHIBOL 1.

gz 2: Tlposepka: 15 +3 =5, 1 < 3 < 4, KOPPEKTHO.

Illaz 3: Tlepenava (1,3) ¢ merkoii 0, caMOCOIJIACOBAHUE BBIIOJIHEHO.
Bxod: x =17, d = 4.

Hlae 1: Nvmopr (0, {17}), BeIBOA 0.

Ilaz 2: Ilposepka: 17 — npocroe (rect Musuiepa), 17 > 4, KOppeKTHO.
Hlae 3: Tlepemaga (0,{17}), camocoriacoBaHue BBIIOHEHO.

6.5. OcobeHHocTu u npenmyuiecTsa

Jlunetinocma: Tlporece merepMUHAPOBAH.

Menosernviti omxaur: OTBET JTOCTYIIEH HA MEPBBIX IIarax OJarojaps
repeiade u3 OyIyIero.

IIpospaurocms: Ecnu BeLIaércst cepTuduKaT, TO 3TO JIEIAET PE3YIbTAT
MHTEPIPETUPYEMBIM, YCUIUBAs HATVISITHOCTH BBLIYUCICHUIA.
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Ha pucynke 3 npencraniena cxemMa pabOThl KOHCTPYKTHBHOI'O PACIIO3HA~
Barens: ganupie (b, C') nmepenaioTcs U3 KOHIIA BbIYUCICHUN B HAYAJIO JJIst
HeMe/[JIEHHOT'O BBIBOJIA M IIOCJIeIyIoIell TpoBepKu. Bilok-cxeMa mmporiecca ot
AMIIOPTA PE3YJIbTATa 10 IPOBEPKU U CAMOCOIJIACOBAHHON IepeIavn JaHHBIX
JaHa Ha pUCYHKe 4.

Hagamo Komnery

(b,C)
IIposepka C

A~

Bpems
Brisox b

PucyHok 3. Cxema paGoThl KOHCTPYKTHBHOI'O PACIIO3HABATEJISI

Nwunopr (b, C) Beison b

Yo
By~
p@[@}]\\

IIposepka C' }—){ Tlepenaga (b, C) ‘

PucyHok 4. Biok-cxema mporecca

7. HeiictBua pna nepepayn gaHHbIX BO BPEMEHUN

st mpeobpazoBanus OOBITHOTO SI3bIKA ITPOrPAMMUPOBAHUS B SI3BIK,
TO/IJIEPYKUBAIOIINIT TIepeIady JAHHBIX BO BPEMEHHU, HEOOXOIUMO J00ABUTD JBE
HOBBIE OIepaIliy: Iepeiada JIAHHBIX B MPOIIJIOe U MPUEM JIAHHBIX U3 OYIyIIero.
T JefCTBUS MO3BOJISIIOT MAIINHE B3AMMOJIEHCTBOBATE KaK ¢ OYIyIUMH, Tak 1
C TIPONLIBIMHA COCTOSHUSAMHA BBIYMCJIUTEIBHOTO IIPOIIECCA, IIPEIOCTABIIsAS HOBbIE
BO3MOXKHOCTH JIJIsI IPOTPAMMUPOBaHUs. B TaHHOM pazjiesie Mbl pacCMOTPUM
9TU JEHCTBUSA U MX POJIb B OPraHU3aIMN BBIYUCICHAN C epefadeil JaHHBIX BO
BPEMEHU.

7.1. [OeiicTBue nepegayun AaHHbIX B Npowusioe

HeiicTBre nepeiadn JaHHBIX B IPOIILJIOE TIO3BOJISET MAIINHE 3AIUCATD
JIAHHBIE B OIPEIEJIEHHBI MOMEHT BPEMEHH, KOTOPbIE MOI'YT OBIThH MCIIOIH30BAHBI
B IPOIIBIX BBIYUACJIEHUSX. ITO JiefcTBrIE (DOPMATUZYETCST CIEYIONIM 00pa30M:
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@OpM(L/L’bHO@ onucarue:

o transfer(l,d): nepegaér 06beKT d B MOMEHT BPeMeHH .

e [ — MeTKa MOMEHTa BPEMEHHU, JIJIs1 KOTOPBIi IIepeIatoTCsl JIaHHBIE.
+ d — mepenaBaeMblit 00bEKT (HApUMED, OUT, YUCIO U CTPOKA).

Ipunyun pabomos:
(1) Mamuna 3anuceiBaeT 00beKT d B KaHAJ [EPeIadn JAHHBIX BO BPEMEHU
C MeTKOI BpeMeHH [.

(2) ﬂaHHbIe CTaHOBATCA AOCTYIIHBIMU JIJIgl UCIIOJIb30BaHUA B IIPOIIJIBIX
niarax BBI‘II/IC.HGHI/IIU/I, CBA3aHHBIX C MOMEHTOM BpEMEHU l.

(3) Eciiz 3amuch ¢ MmeTKoit [ yKe CyIecTByeT, BO3HUKAET OIUOKA.

Ipumep: Ecaun mammua Boinoauser feiicrsue transfer(1, 1), suayenue 1
nepeJiaéTes ¢ MeTKoi 1. B IponuIbix BBIYUCIEHUX, CBI3aHHbBIX ¢ 1, 3TO
3HaYEHUE MOMKET OBITH UCIIONL30BAHO JIsl IPUHATUSA PEIICHUI.

7.2. [eiicTeue npuéma gaHHbiX n3 byayuiero

JeiicTBue nmpuéma JaHHBIX U3 OyIyIIEro mo3BOJIIET MAIIUHE Oy YATh
JIAHHBIE W3 OIPEJICJIEHHOIO MOMEHTa B OYIYIIEM, UTO JIeJIAeT BO3MOYKHBIM
UCIIOJIb30BaHue OyIymeil HHMOPMAIUN B TEKYIINX BBIYUCAEHUSX. JTO JeiicTBre
dopmMaTu3yeTcs CaeIyIONuM 00pa3oM:

QDOp.MCZ/LbHOe onucarue:

* accept(l): npuHEMaeT JaHHBIE U3 MOMEHTA BPEMEHU ¢ METKOIf [.

e | — ¥Ms MOMEHTA BPEMEHH, U3 KOTOPOTO 3AIPAITHBAIOTCS JAHHBIE.

Ipuruun pabomor:

(1) Mamuna 3anpanBaer JaHHbIE U3 KAHAJA II€PeJIadll JAHHBIX BO BPEMEHU
C MEeTKOit BpemeHn [.

(2) Ecin nanmble cyImecTByIOT, OHU BO3BPAIIAIOTCH U MOLYT OBITH HCIIOJIB30-
BaHbl B TEKYIIUX BBIYUCJICHUSIX.

(3) Ecnu mammbie oTCyTCTBYIOT, BO3HUKAET OMINOKA.

Ipumep: Ecim mamuna Beioager jaeiicrsue accept(1), ona mosydaer
3HadeHue d, KOTOpoe ObLIO MepegaHo ¢ METKON 1 ¢ IMOMOIIbBIO JIefiCTBUSA
transfer(1,d). D10 3HAUEHHE 3aTE€M MOXKET GBITH HCIOIB30BAHO JIS IPUHATHS

peIlIeHI/Iﬁ B TEKYIIUX BbIYHUCJICHUAX.
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7.3. B3anmopgeiictBue nepegay AaHHbIX

JleiicTBUs Tepegady U MpUéMa JAHHBIX pabOTAIOT COBMECTHO, 0OECTIETNBAsT
CBSI3b MEXKIY TeKYIUMHA 1 OYIYIIUMEI COCTOSTHUSIMU BHIYUCIUTEIHHOTO IIPOECCA.
DTO B3aMMOJIEHCTBYE [MO3BOJISIET MAIIMHE IOJIyYaTh JIaHHBIE U3 OYIIyIIEro
JJ1sl IPUHSTHUS PEIIeHNH B TeKyIUX BbIYNCIEHUAX. BaXKHO OTMETUTH, YTO
00BbEM TAaHHBIX, ITEPEJABAEMbBIX BO BPEMEHH, sIBJISETCS BaXKHBIM IIOKA3aTEIEM
CJIOXKHOCTHU BBIYUC/IeHNs. HampuMep, Ipu peau3aiiii IPoIecca IIOUCKOM
C BO3BPATOM BpeMs pabOThl 3aMeJIsIeTCsl SKCIIOHEHIIUAIBHO C JBOMYHBIM
rmokasarejieM 00bEMa JAHHBIX B OMTaxX, TaK Kak JJIs KaXKJI0TO OUTa JaHHBIX
aKTUIeCKH TPUXOIUTCS BBECTU J[BE BeTBU BbramcjieHuii. [1o00HbIe ClI0XKHOCTH
BOBHUKAIOT U B METOJAaX OTKHUIA.

7.4. UNvtor

JlelicTBus TIepeiaun U MPUEMa JIAHHBIX BO BPEMEHU SIBJISIOTCS KJTIOYEBBIMU
3JIEMEHTaMU HAIlell BBIYUCINTEIHLHON MOean. B mpuHInie, Mbl MOYKEM
BKJIFOYUTH ITH BO3MOXKHOCTH B JIOOO# sI3bIK ITPOrPAMMUPOBAHUS, IPEBPATHB
€r0 B SI3bIK YIIPABJICHUS MAITIHOM ¢ Tiepe/iadeil JAHHBIX U3 OYIYIIEro B IPOIILIOE.
DTH WHCTPYMEHTBI IIPEJIOCTABJIISIIOT HOBBbIE BOZMOXKHOCTHU JIJIsI CO3JIAHS
UHTYUTUBHBIX BBIYUCIUTEIHLHBIX CUCTEM.

8. PacnapannenMBaHme BblHNCNINTENbLHOIO npouecca

B nannoMm pa3zzesie onuchIBaeTcsd napaJiiesibHas MallliHa C Ilepemadeit
JaHHBIX BO BpEMEHU — PAaCIIIPEeHNe HaIlell MaIluHbI C JIOTOJTHUTETHLHOMN
BO3MOKHOCTBIO, HAIIPABJIEHHON HA yBEJNYEHUE €€ BBIYUCINTETBHON MOITHOCTH:
BBIIIOJIHEHUE JIPYTOro dK3eMILISIPa MAIIUHBI C OIIPEJe/IEHHBIMU BXOJIHBIMU
manabiMu. CTpoKa BXOJHBIX JAHHBIX JIJIsi HOBOTO IIPOIECCa TIOMEIAeTCs
Ha CIIeHaJIbHYIO JIEHTY apryMeHToB. [lapasienbHEIN mporece 3amycKaeTcs
IIPU IIepexo/ie MAIINHBI B CIIeIINAJIbHOE COCTOSHHE 3allyCKa I1apaJsljIeIbHOIO
mporiecca. HoBblit miporecc HaUnHAETCS ¢ 0COOOTO HAYAIHLHOTO COCTOSTHUS
nofiporiecca. VM3HavabHO HOBBIN TTPOIIECC BBITOTHAETCS JIO TeX TOp, TOKa He
JIOCTUTHET COCTOSIHUSI, B KOTOPOM BBIBOJIUT PE3yJIbTAT (B TO BPEMs KaK CTapbiii
[POIIECC OKUJIALT). DTOT PE3YJILTAT 3aTeM IIEPEIASTCs ¢ BBIXOIHOMN JIEHTHI
HOBOT'O TIPOIECCa Ha JIEHTY apryMEHTOB CTaporo mporecca. 3aTeM oba Iporecca
IIPOJIO/IXKAIOT BBIIOJIHATHCS APAJIJIEIbHO, IIPU 3TOM CTapbIil mporecc 6oJibiie
He B3anMOJIEICTBYeT ¢ HOBBIM IPOIeccoM. [lapajuiespHoe BBIIOJHEHTE HOBOIO
rporiecca HeoOXOMMO JIJIsl TIepeIadn JTaHHBIX B IIPOIIJIOe BHYTPU HETO, YTO
obecrieunBaeT KOPPEKTHOCTH PE3YJIbTaTa, IPOU3BOIMMOIO STUM IIPOIECCOM.
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Hosgwrit mporiecc MoxkeT OBITH 3aIyIeH CTOJIHKO Pa3, CKOJIbLKO HEOOXOINMO,
OCHOBHBIM TIPOIIECCOM, JTNOO TMOPOXKIAEHHBIMEA ToAIporieccamu. [IockoabKy
TIO/IITPOTIECCHI MOTYT 3aIyCKATH CBOM COOCTBEHHBIE IO/IIIPOIIECCH TTAPAJLIETHHO
W HE3aBUCHMO, KOJIMYECTBO ITOITPOIECCOB MOYKET PACTU SKCIIOHEHIIHAJIHHO
I10 Mepe pa.6OTbI MAIIIUHBI B IIapa.H.HeJ'H)HONI pe)KI/IMe.

Ob6imee napaseabHOe BpeMst pabOThl MAITUHBI CAUTACTCS BPEMEHEM 10
3aBepIIeHNs BCEX ITapaJsljIesIbHBIX IIPOIIECCOB, KaK €C/Ii Obl OHU BBIIOJIHIINCH
CUHXPOHHO, IIar 3a IIaroM.

TEOPEMA 3. Ha napaasesvroli mawure ¢ nepedaueti 0aHHOLE 680 6PEMENU
MOIHCHO 3G MONUHOMUGABHOE BPEMSA NPOMOIEAUPOSAMD PAGOMY 06b14HOT
Mawunv, TolopuHza ¢ NOAUHOMUAALHOT NAMAMbBIO (WMo coomeemcmeyem
xaaccy caooicnocmu PSPACE).

JTOKABATEJILCTBO. Paccmorpum marmuny Thiopunra ¢ u3BeCTHOM OIEH-
Kot eé emMrocTHOM cyoxkuoctu B Kiacce PSPACE. BeimonuMm crieyroree.

(1) CHauasra OIeHUM BpeMsi pabOThl 9TO MAIHbI (IKCIOHEHIAIBHOE OT
00béMa, [IamMsITn).

(2) BamycTuM MOJIPOIECe sl MOJICJINPOBAHNS PADOTHI MAIIUHBI B Tede-
HUe TIOJIOBUHBI 9TOrO BPEMEHU (BPEMSsI MOJIEJUPOBAHNUSI TIEPEIaéTCs
HOJIIPOIIECCY BMECTE ¢ HAYAJbHON KOH(Urypameil mpouecca).

(3) IloryuuB pe3yIbTaT U MO3BOJIUB IIOJIITPOIECCY ITPOIOIKUTD JIJIsSI €70
dopmupoBaHusa B OyIyIIeM, HEMEJIEHHO 3aIlyCTUM HOBBIH ITOIITPOIIECC
JIUIsI MOJIESIUPOBAaHUs PAOOTHI MCXO/IHON MAIIMHBI B TE€YE€HHE OCTABIIECs
BTOPO#1 TIOJIOBUHBI BBIJIEJIEHHOT'O BPEMEHU, IIEPEIAB ITOMY IOJIIIPOIIECCY
KOH(UTYPAIIIO, TIOJIyIEHHYIO OT IIEPBOrO MOJIIPOIIECCA.

BbIBeﬂeI\I pe3ysbTaT.

—
BN
—

(5) Ioamporeccbl TPOAOIZKAIOT PAOOTY AHAJIOIUYHBIM OOPA30M, ITOKA
BBIJIEJIEHHOE BpeMs He COUJIETCS K 3apaHee OIpeIeI€HHO KOHCTAHTE.

Herpyaao BugeTs, 9To 1iiyOMHa BBI30BOB IOIIPOIECCOB 3/1€CH ITOJIMHOMI-
aJbHa, W 00IIee mapaJiiesbHOe BpeMs pabOThl TaK:Ke MOJUHOMHUAIbHO. [

TEOPEMA 4. Paboma napaaieivhoti mawuts (¢ nepedauets 0annbix
60 BPEMEHU) 34 NOAUHOMUGABHOE BPEMA MOIHCEM GbIMb NPOMOOEAUPOBAHE
00v1urot mawurot Tovlopurea ¢ NOAUHOMUAALHBIM 06BEMOM NAMATNU.

JTOKABATEJIbCTBO. Ob6parHoe yTBEpKJIEHHE CJIeyeT U3 TOr0, 9T0 pabory
TaKOl MapasiieJIbHON MAITMHBI MOYKHO ITPOMOJIEINPOBATE Ha OOBITHON MAIHE
ThiopuHra ¢ UCHOJIB30BAaHUEM MOJHHOMHUAJIBHOIO OObEMa MaMATH. JTO
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JIOCTUTAETCSI 38 CUET MOCJIEOBATEILHOIO BBIMTOJHEHUS BCEX 3AILYIIEHHBIX
IIPOIIECCOB, TaK KAaK OHM He B3aUMOJIEHCTBYIOT IpyT ¢ ApyroM. IlockoJibKy obiree
apaJyieIbHoe BpeMsi MOIEJINPYEMOl MAITMHBI OTPAHNYIEHO TOJUHOMUAATIHHO,
IJIyOMHA BBI30BOB HOJIIPOIECCOB TaKKe OrPAHUYEHA MOJUMHOMUATHHO. Takmm
obpaszom, obmuit 06HEM MAMATH JJIsT MOJIETUPOBAHUS TaKXKe OCTASTCS
[IOJIMHOMHUAJIEHBIM. O

9. MNpsamoii gocTyn K BXOAHBLIM AaHHbIM

B nmanHOM paszmesie Mbl MOAMMUIIIPYEM MOJIEIh HAIEH MAIIWHBI, 100aBUB
BO3MOXKHOCTBH PabOThI ¢ OOJIBIIMMU JIAHHBIMA Y€PEe3 MPSIMOil JOCTYI K sueiikam
BXOHOM JTeHThI. [[o/1 OOMBITUMY TaHHBIMI TTOHUMAIOTCS JTaHHBIE, KOTOPhIE
HEBO3MOXKHO IIOCJIEJIOBATEIbHO IIPOCMOTPETh B PAMKaX TEKYIIUX BPEMEHHBIX
orpanndenunit. MexaHn3Mm MmpsiMoro JIOCTYIIa TO3BOJIAET OBICTPO 00PAIIATHCS
K VJIAJIEHHBIM si9eifKaM, 9TO IO3BOJISET MPEOI0JIETh YKA3aHHOE OTPaHNMYEHNE.
DTO JOCTUTAETCH CJIELYIOMIM O0PA30M: BBOIUTCS CIEIUAIbHAS IPECHas
JICHTa, HA KOTOPOI 3aITMChIBAETCS JIBOUYHOE IIPEJICTABJICHIE HOMEPa SIeiKn
Ha BXOMHON JeHTe. ['0JI0BKa BXOMHOM JIEHTHI MTHOBEHHO MEPEMEIAeTCS
K YKa3aHHOU sdeiike. /Ipyrme MeXxaHU3MBbI ITIepEMENeHNs 3TOi TOJIOBKHA HE
perycMoTpenbl. MbI ipenosiaraeM, 9To BCe 3allyIeHHbIE TTOIIPOIIECCh
paboTaIOT ¢ OJIHUMU U TEMU K€ BXOIHBIMHU JAHHBIMEU. TaKuM 00pa30oM, MbI
OIlpee/ININ TapaJlIeIbHYIO MAIlluHy C Iepe/iadeil JaHHBIX BO BpEMEHU U
C IPSAMBIM JIOCTYIIOM KO BXOJHBIM JIQHHBIM.

Ecnu zamenunrs PSPACE na LOGSPACE B nipeabiyiinemM pasjesie, Mbl
MIOJIYYIUM CJIEJTYIOIIYEO TEOPEMY.

TEOPEMA 5. Ha napansesvroti mawune ¢ nepedaseti daHHBIT 60 8peMeny
U ¢ NPAMBIM AOCMYNOM K 8LOOHBIM JaHHbIM Paboma 0661t MAWUNHDL
Toropunea ¢ aoeapupmuseckum o6sémom namamu (LOGSPACE) moorcem
6vims npomodesuposana 3a sozapupmuneckoe epems (LOGTIME).

JITOKABATEJILCTBO. PaccyXaeHune aHajJorndHo J0Ka3aTeTbCTBY Teope-
MBI 3, HO C 3aMEHO ITOJIMHOMUAJIBHBIX OTPAHUIEHUN Ha JOrapudMUAIECKHIE.
TlockoJibKy TOCTYI K BXOJHBIM JIAHHBIM ITPOUCXOJUT 38 IOCTOSHHOE BPEMsI,
ob11iee BpeMsI BBITTOJTHEHUST OCTAETCs JIOTAPUPMUTECKIM. O

ObpaTHOe yTBepKIeHNE TPOOIEMATHIHO, TOCKOJIBKY IIPSIMOE MOJIETHPO-
BaHUe JIOrapudMUIECKOTO BpeMeHH Ha HaIllell MAIUHE C UCHOJIH30BaHUEM
00BI9HOI MaIMuHbl ThopuHra Tpedyer 00bEMA MAMSITH, TOJHHOMUAAILHOTO OT
JlorapudMa pa3Mepa UCXOMHBIX JaHHbIX. OIHAKO aHAJIOTUYHBIN MOIXOM MOXKET
OBITH UCHOJB30BAH [IJIsl JIOKA3ATEILCTBA CJIEJIYIONIEl TEOPEMBI.
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TEOPEMA 6. Kaacc POLYLOGTIME wa napasresvroti mawure ¢ ne-
pedanets aHHVIT 80 8PEMEHU U C NPAMBIM JOCTNYNOM K STOOHBIM OGHHDIM
cosnadaem ¢ xaaccom POLYLOGSPACE odasn ob6viunvir mawun Toropunea.

JIOKA3BATEJIbCTBO. YTBepKJeHNe OCHOBAHO Ha TOM, YTO paboTra Harei
MAITUHBI ¢ TPAMBIM JIOCTYIIOM MOXKET OBITH ITPOMOJIETUPOBAHA, Ha, OOBIYHOM
Marae ThIOpUHTa ¢ UCIIOIB30BAHIEM IIOJUIOrapudMIIecKoil namstu. Takum
obpaszomM, obIree BpeMst MOAEIUPOBAHIS OCTAETCS HOJmIorapudMudeckuM. [

3aknoyeHne

B mammoit pabore mpesokena IPUHIUINAILHO HOBAs BBHIYUCIUTEIHHAS
MO/I€JIb, PACHINPLAIONIas K/IACCUYeCKUe IIPEeJICTABICHNAS O BBIYUCIUTEIbHbBIX
IIpoleccax 3a CUET MeXaHU3Ma IepeJadl JIAHHBIX COCTOSHUSIMHU MAaIlIIHBI
B pazJ/inyHble MOMeHTHI BpeMmeHu. OCHOBHBIE PE3YJIBTATHI UCCJIEI0BAHUS

3aKJ/II0O9aX0TCs B CJIEIYIOIIEeM:

(1) Kanacco, caoorcnocmu v apemenmvie oeparudenus: JJokazano, 4To MaIimHa
¢ mepejadell JAHHBIX U3 Oy/yIiero, 6e3 orpaHuvYeHuil MO0 BPEMEHH,
PACIIO3HAET B TOYHOCTH PA3PEIINMbIE MHOYXKECTBA C IIOCTOSHHOMN 3a-
JIEepKKOi oTBeTa. [1pu MOJIMHOMUAJIBHBIX OIDAHUYEHHUSX 110 BPEMEHH
MOJIeJIb COOTBETCTBYeT KJtaccy 3ajad u3 mnepecedernst NP u co-NP. D1u
Pe3yJIbTaThl TIOKA3BIBAIOT, KAK KOHTPOJIMPYEMbIe HAPYIIEHUs IIPUIMHHOTO
MTOPSIJIKA MOTYT ITOMOTATh BBIYUC/IEHUSIM.

(2) Pacnapanseausarue u emrocmuas caoocnocmsy: Pacnmpenne Mojen
BO3MOXKHOCTBIO 3aITyCKa MOJIIPOIIECCOB, HACIEIYIONINX BXOHbBIE JaHHBIE,
mo3BoJisieT oxBaTuTh Kjiacc PSPACE 3a mosmaoOMuabHOE BpeMsi, 9TO
JIEMOHCTPHUPYET, KaK BPEMEHHAasl CJI0XKHOCTh IIPeodpa3yeTcsi B eMKOCTHYIO.

Hpamoti docmyn u adexmusrnocmo obpabomxy dannovix: Momudukanus
C aJIpeCcyeMbIM JOCTYIIOM KO BXOJHOMW JIEHTE M JIorapudMU4ecKoit
BPEMEHHOI CJIOKHOCTBIO obecrieunBaer coorBercTBre Kiaccy LOGSPACE,
9TO 0COOEHHO aKTYAJBHO JJIs 3a7a9 00pabOTKU OOJIBININAX JAHHBIX. JTOT
PE3YIBTAT TMOAJAEPIKUBACTCA MEXAHU3MOM MIHOBEHHOTO ME€PEMENIeHUs
FOJIOBKY BXOJIHOM JIEHTBI, YCTPAHSIIOIIUM JIMHEHHBIE 3aIePKKU.

—
[&N)
~

(4) IIpaxmuueckas pearusayus: IIpeamokensr JBa MOAX0IA K TPAKTHIECKON
peau3auy MOJIEJIN:

o Jlemepmunuposartvili NOUCK ¢ 6038PAMOM — CACTEMATHIECKUI
IIONCK CaMOCOIJIACOBAHHBIX BBIYHUCJIUTEIHHBIX TPAEKTOPUI;
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o Memodv, omotcuza (BKJIIOYAs KBAHTOBBIE CUCTEMbI) — IIOUCK
COCTOAHUII C MUHUMAJIBHON SHEPrueil IIpOTUBOPEYNid.

DKCHEePUMEHTBI ¢ KBAHTOBBIMU OT?KUTATE IsIMU, TaKnMHu Kak D-Wave,

MOI'YT CTaTh CJIELYIOIIUM IIAroM JIJIsl OIEHKU (PU3UIECKON peasin3yeMocTn
MOJIEJIN.

HepCHeKTI/IBLI rILaJII)HeI;'IHII/IX I/ICCJIG,HOBaHI/If/'I OXBaTbIBaIOT KaK T€OPETUYIECCKUE,
TaK U IIPAKTUICCKHE aCIICKTDbI:

o Orrumusanus 06béMa mepeIaBaeMbIX JAHHBIX JJIsI CHUYKEHUST BHIYUCIIH-
TEeJIbHOIT HAI'DY3KH;

« PazpaboTka crenuajn3upoBaHHBIX A3BIKOB IPOIPAMMIPOBAHUS C OII€pa-
TOpaMU /Il IIepeIavun JIAHHBIX BO BPDEMEHH;

L AHaJII/IB CB4A3U C KBAaHTOBLIMU BbIYUCJ/ICHUAMMU.

Jlannas paboTa aKkTyaJ bHa He TOJBKO /IS TEOPETUIECKON MH(POPMATHKY,
HO U JIJIsl MEXKIUCIUIINHAPHBIX uccaeoBannil. OHA IEMOHCTPUPYET, 9TO CBSI3b
COCTOSIHUIT BO BPEMEHH MOYKET CTaTh KJIIOYOM K DEIIeHUIO 33189, HeJOCTYITHBIX
JUIST TPAJIUIIHOHHBIX cucTeM. [IpeyioyKeHHast MOJIesIb MOXKET CJIy?KUTh MOCTOM
MEXKJIy TeOpHheil CJIOKHOCTH U (PU3MIECKUMHU PeaJIN3aIusIMi, OTKPBIBasi HOBbIE
BO3MOXKHOCTH JIJIsI AJITOPUTMOB.
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HayYHO-TE€XHOJIOTUYECKOT0 ITPOCTPAHCTBA

Huxonait Cepreesna AGpamoB!, Buranuii Ilerposny @ pajieHKo?

L2NucTutyT nporpammubix cuctem um. A. K. Aiinamassna PAH, Becbkoso, Poccus

AnHoTauusi. EmmHoe HayIHO-TEXHOIOTHIECKOE TPOCTPAHCTBO CIOCOOHO obecte-
YUTH OOIILyIO IIaTdopMy st 6osiee 3(pPEKTUBHOrO B3aUMOAECHCTBUAS HAYYHOTO
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3a1ava MOCTPOEHNUST €MHOTO HAY YHO-TEXHOJOTTIECKOTO TPOCTPAHCTBA
(EHTII) siBasiercsi akTyaJIbHOMN, HOCKOJIBKY MO3BOJISET YCKOPUTD IIPOIECCHI
nHOOPMAITMOHHOTO B3aUMOJICHCTBAS MEXKYy PACIPEICICHHBIMU CHCTEMAMUI
yopapiieHust n onrumusarnuu. Baxkuocth co3manus EHTII ormewasacs,
nanpuMep, B 2021 rogy B Xoze mieHapHoro 3acenanus «Haydano-rexnnaeckoe
corpyauundectso Poccun u Benopycenu B snoxy nudposuzanuuy [1]. Poccuii-
ckast @eneparust u Peciybinka Beapych maBHO U yCIenrHo B3anMOIEiiCTBYIOT
B 00JIACTU HAYKM U TEXHUKU ¥ COBMECTHO PEIIAI0T CTPATErMIECKYIO 3aady
CO3aHNS €IMHOI0 HAYYIHO-TEXHOJOTMIECKOTO U MU(PPOBOrO MPOCTPAHCTBA
Coroznoro rocyznapcra. QxKujaercs, 9TO €IMHOE TPOCTPAHCTBO CBAXKET
Poccnro n Besapycs 10 2030 roga [2]. OrmeTnm, UTo OfiHA U3 3a/@4 HAYIHO-
TEXHOJIOTIYIecKoro passutusa Poccuiickoit Pesepanym, Kak 3asBJICHO B yKa3e
IIpesunenrta Poccuiickoit @eneparuu ot 28 despast 2024 1. Ne 145 «O
Crparerun HayJHO-TEXHOJIOIMIECKOro passutus Poccuiickoit Penepanyms,
HOJIHOCTBIO OPEIE/ISIeT aKTYaIbHOCTh HACTOAIIEr0 UCCJAEI0BAHU: «I') ¢hOpME-
poBaTh 3 OEKTUBHYIO CUCTEMY YIIPABJIEHUs B 00JIACTA HAYKU, TEXHOJIOTHI
¥ IIPOU3BOJICTBA M OCYIIECTBJIEHUs] HHBECTUITUI B Ty 00J1aCTh, 00eCeYns
€JIMHOE HAYIHO-TEXHOJIOTUYIECKOE ITPOCTPAHCTBO, OPUEHTUPOBAHHOE HA PEITICHNE
TOCY/IAPCTBEHHBIX 33/1a9 U yIOBJETBOPEHNE MOTPEOHOCTEN SKOHOMUKU U
obmectsay (M. paszen IV. Ilesnb u 0CHOBHBIE 331841 HAY YHO-TEXHOJIOINIECKOTO
passutusi) [3].

EHTII - B3anmocBsizanHast 1 93¢ HeKTUBHO (PYHKITMOHUPYIOIIAsT CUCTEMA
opraHu3aluit, THHPACTPYKTYP U MEXAHU3MOB, 00ECIIEUNBAIONIAS T€HEPAIINIO,
pacupocTpaHeHre U MPUMEHEHNE 3HAHUM U TeXHOJOTUU JIJIsl JIOCTU2KEHUST
HAITMOHAJIBHBIX TEJIel CONMATbHO-9KOHOMUYIECKOTO PA3BUTHsI, TTOBBIITIEHUS
KOHKYPEHTOCIIOCOOHOCTHU CTPAHBI M YJIyUIIIeHNs] KAYeCTBA YKU3HU HACEJIEHUSI.
Ocuosuble xapakrepuctuku EHTII:

« obecrieueHue JIOCTyIIa K HAyIHBIM ITyOIUKaIusM, 6a3aM JIaHHBIX, TATEHT-
ot nH(OPMAINHN, Pe3yJIbTaTAM UCCIEIOBAHUN U Pa3pabOTOK;

« 0OMeH 000pyIOBaHUEM, IIPOTPAMMHBIM 00ECIIEYEHIEM, ONBITOM U IKCIEepT-
HBIMU 3HAHUSIMU;

* MOJIZIEPKKA KOJLIADOPAIINI MEXKTy yIeHBIMU, HHKEHEPAMU, MCCIIeI0BATE-
JISMY U TIPEIIPUATUSIMU;

* UCIOJIb30BaHUE OOIUX CTAHAPTOB, IPOTOKOJIOB U (POPMATOB JAHHBIX
st obsierdenusi ooOMeHa wHMOPMAIUEl 1 COBMECTHOM PabOTHI;

« co3manue OJIArONPUATHON CPEIBI JJIs TeHepalii HOBBIX Ujieil, pa3paboToK
U X KOMMEPIINAJN3AIINN;
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« obecriedyeHre JIOCTyIIa K 00pa30BaTeIbHBIM PECypcaM, IIPOrpaMMaM
HIOBBIIIEHNUs KBaJNMUKAIIE 1 0OMEHa OIBITOM.

BeroennMm ciemyromtue mrrocsl, morydaeMmsle oT ucnonsb3oBanns EHTII,
II0/ITBEPK TAIOIINE X aKTYaJbHOCTb M HEOOXOINMOCTH PAOOTHI C HIMIU:

(1) Yckopenne HAyIHO-TEXHUIECKOTO IIpOTrpecca:

+ 00beIMHEHNE HAYYIHBIX KOJUIEKTUBOB, MCCJIEI0BATEIBCKUX HHCTHTY-
TOB, YHUBEPCUTETOB U IIPOMBIIIJIEHHBIX TPEIITPUSTHI, TMEFOIIIX
pa3pO3HEHHBbIE BBIYUCIUTEIbHBIE, MH(MOPMAIMOHHBIE, (DMHAHCOBBIE
¥ KaJ[POBbIE PECYPChI, CO3JIaeT CUHepreTndeckuil adexT, Koraa
coBMecTHas paboTa MPUBOAUT K OoJiee OBICTPHIM U KA9€CTBEHHBIM
pe3yJsbraTaM, 9eM paboTa 110 OTIAEIbHOCTH;

+ obmMen mHGOpPManIUei 0 TEKYNUX [IPOEKTaX W PE3YJIbTATaX HUCCIIEI0-
BaHU MTO3BOJIET N30eKATh JyOIUpOBaHusi paboOT, SIKOHOMUTH
PeCcypChl U HAIIPABJISATH WX HA MEPCIEKTUBHBIE HAIIPABJICHUS;

« o0miee UCTosb30BaHne HHPPACTPYKTYPHI (1a60pATOPHH, BBHIUHMCIIH-
TeJIbHBIE HEHTPbI, 6a3bl JAHHBIX ) CHUKAET 3aTPATHI Ha UCCJICIOBAHUS
u pa3paboTKu;

o CTUMYJISIIIUSI KOHKYPEHIIUU U COTPYIHUYIECTBA.

(2) IloBbimeHne KOHKYpPEHTOCIIOCOOHOCTH:

* ObICTPOE MHGMOPMAIMOHHOE B3aUMOJIEHCTBIE [TO3BOJISIET OIIEPATUBHO
pearupoBarh Ha U3MEHEHUs PhIHKA, pa3padaThbiBATh U BHEIPSITH
HOBBIE IIPOJYKTHI U YCJIYT'U, OllepeKasi KOHKYPEHTOB;

o OITHMH3AIUs IPOU3BOACTBEHHBIX IIPOLECCOB Ha OCHOBE JAHHBIX,
[OJIyYEHHBIX U3 PA3HBIX MCTOYHUKOB, O3BOJIAET CHU3UTH HU3IEPKKI
U IOBBICUTH PEHTA0E/IbHOCTD;

« obJIerveHue J0CTyIa K HOBBIM PBIHKAM MO3BOJIAET IPEIIIPUSITUAM
60s1ee 3(p(HEKTUBHO MPOIBUTATH CBOIO TPOYKIUIO U YCJIYIH;

« obecrieyeHre yCTORYNBBIX TEMIIOB POCTa SKOHOMUKHU B yCJIOBHUSX
OBICTPOIl IMUKJIMIHOCTA SKOHOMHIECKUX IIPOIECCOB.

(3) Permmenue riiobaabHBIX IPOOJIEM:

o 0OMEH JAHHLIMM, 3HAHUAMU ¥ TEXHOJOI'MAMU, HEOOXOAMMBIMU JIJIsk
peleHus: IpobJieM U3MEeHEHUsl KJIMMaTa, [aHJIeMnil, HeXBaTKN
PeCcypcoB U T.IL.;

o CTUMYJISITIUST Pa3pabOTKU IKOJOTUIECKH YUCTBIX TEXHOJOIHi, BO300-
HOBJISIEMBIX MCTOYHUKOB SHEPIUK U APYIHUX PElleHuil, HalpaB/JIeHHbIX
Ha yCTOMYHUBOE Pa3BUTHE.

(4) Onrumu3anust yupaBJeHns 1 HOBbIIeHe 3DPEKTUBHOCTH TPUHATHS
PpelIeHunii:
« cOOp, aHaM3 1 00pabOTKA JAHHBIX OT PA3MUIHBIX PACIPEIETEHHBIX

CHCTeM JJIsI TIOJIydIeHus eHHoH wHdOopMaImnm, HeOOXOINMON J1JIs
IpUHSATAST 0OOCHOBAHHBIX YIIPABJIEHIECKUX PEIIeHMIT;
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« ObICTpBIIl 0OMeH nHMOpMAaIeil MEXy Pa3IUIHBIMU CHCTEMAMUI
II03BOJISET OIEPATUBHO PEATMPOBATH HA UPE3BBIYANHBIE CUTYa~
IUH, TaKhe KaK CTUXUNHbIE OeJCTBUsI, aBAPUU U TEXHOIE€HHbIE
KaTacTPOdbI;

» nHMOPMAIMOHHOE B3aNMO/IEHCTBIE MEXK/Yy PA3JIMIHBIMU yIacT-
HUKaMU JIOTUCTUYECKUX IEN0YeK [T03BOJISIeT OINTUMU3NPOBATH
IIPOIIECCHI TPAHCIOPTUPOBKHU, XPAHEHNUS U JOCTABKU TOBAapOB,
CHUYKAsT M3MIEPYKKU U TTOBBIMIAst 3(HEKTUBHOCTD.

OcHOBHOII TJI00AJILHOI 1IEJIBIO SIBJISIETCS CO3JaHUuEe OPraHU3aIMOHHbIX,

[IPABOBBIX, HH(OPMAIMOHHBIX U (PUHAHCOBO-9KOHOMUYIECKUX OCHOB (DYHKITHO-
uuposanust EHTII B pamkax Corozuaoro rocygapcrsa. st 9Toro Heobxoammo
PEIUTh 33J1a49U 110

GOPMUPOBAHUIO €IHHOI CHCTEMBI IIPUOPUTETOB HAY IHO-TEXHOJIOTHIECKOTO
pa3BUTHUS;

KOODJMHAIINN HAYYIHBIX MCCJIEIOBAHUAN U Pa3pabOTOK;

IIOCTPOEHUIO OPTaHU3AIMOHHON CHCTEMBI (DYHKITMOHUPOBAHIS HAYIHO-
TEXHOJIOIMYECKOT0 U WHHOBAI[MOHHOI'O B3aMMOJIEHCTBUS HA MEXKIOCYIap-
CTBEHHOM YDOBHE;

OIIpeJIeJIEHU0 (POPM U YCJIOBUII COBMECTHOM JIESITEIbHOCTU HAYIHBIX U
obpazoBaresibHBIX cTPpYKTyp Poccnn u Benapycu, dbopm n mexanuzmon
COTPYIHUYECTBA B 00/IACTH KOMMEPIIUATIN3AINNA PE3YJIbTATOB HAYIHO-
UCCJIEIOBATEILCKUX U ONBITHO-KOHCTPYKTOPCKUX paboT U Tpancdepa
TEXHOJIOTHUIA;

COBJIAHUIO CUCTEMBI HH(MOPMAIIMOHHOTO 0OECIEUEHUsT CEKTOPA UCCIIE/0BA~
Huit u pa3zpaboTok COI3HOrO ToCyIapCTBa;

peasin3anyy COBMECTHBIX HAYYHO-TEXHOJOTMYECKUX U MHHOBAIMOHHBIX
OPOrpaMM, IPOEKTOB U Meponpusituii [4].

Ha ycnemmnyio peanuzanuio EHTII Biusier MHOXKECTBO acIieKTOB, CpeIu

KOTOPBIX MO2KHO OTMETUTDH CJICIYIOIINne:

HEOOX0IMMa, YCTOWYINBAs TTOJTUTUIECKAsT MOJIEPKKA CO CTOPOHBI PYKOBOJI-
ctBa Poccun u Benopyccun, nocieioBaTeIbHOE UCIIOTHEHNE TTPUHSITHIX
pelieHunii;

BaXXHO CO3/1aTb S(beeKTI/IBHbIe MEXaHU3MbI YIIpaBJICHUSA U KOOPDAWUHAIIAN,
KOTOpBIE Oy/IyT 00ECIIeInBATh COTIACOBAHHOCTD JIEHCTBUI PA3INIHBIX
MHUHUCTEPCTB, BE€JIOMCTB U HayIHBIX OpFaHI/I3aILI/II71;

HeOOXOMUMBI JOCTATOYHbIE 00 bEMbI (PUHAHCUPOBAHUS JJIsT PEAIA3aIlIN
COBMECTHBIX IIPOEKTOB U IPOr'PAMM;

Ba2KHO YIIDOCTUTDH IIPOIECAYPHI JIJId YI€HbIX 1 I/ICCJIGAOB&TQJIGIU/I, ‘{TO6BI
OHH MOTIJIM CBODOIHO TIE€PEMEeNIaThCst MEXKIY CTPAHAMHI, OOMEHUBATHCS
nHdoOpMaIeil 1 yIacTBOBATH B COBMECTHBIX ITPOEKTAX;
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HEOOXOMIMO IIPUBJIEKATh YACTHBIN KAanTal K (PUHAHCUPOBAHUIO HAYIHO-
TEXHUIECKUX Pa3pabOTOK W BHEIPEHUIO NHHOBAIMOHHBIX TEXHOJIOTUI;

MIPOEKT JOJIZKEH OBITh THOKUM U CIIOCOOHBIM aJAlTUPOBATHCS K MEHSIIO-
IIeica 9KOHOMUYECKON U ITOJIUTUYCCKON CATYalluul B MUPE;

[IPUHSITHE PEIeHul 1 pean3alys IPOEKTOB JTO/IKHBI OBITh ITPO3PATHBIMI
U IIOJIOTYETHBIMU.

Hns sapdexkrupnoro dyukmuonnposanusa EHTII, a Takxke mas ero

YCIIENTHOTO PAa3BUTUS U aJANTAIIMN K PACTYIIAM TOTPEOHOCTSIM, KpaiHe
BaXKHBI aCIIeKThI MacITabupyemoct u ycroitanBoctu. B kKonrekcre EHTII
MAaCIITAdUPYEMOCTD IIPEIIIOIATAET

BO3MOKHOCTH J100aBJIEHNSI CEPBEPOB, PACIIMPEHUS XPAHUJIUI JTAHHBIX,
UCIOJIb30BaHUsI O0JIAUHBIX PECYPCOB i 00pabOTKU OOJIBIINX 00BEMOB
nH(MOPMAIUY U BBITOJTHEHNS CJIOYKHBIX PACUeTOB;

BO3MOXKHOCTh YBEJIMYEHUs] IIPOILYCKHOI CIIOCOOHOCTH KaHAJIOB CBSI3U,
OIITUMUBAIIAN CETEBBIX ITPOTOKOJIOB I OOEeCIiedeHns ObICTPOro u
HaJIesKHOr0 oOMeHa JaHHLIME Mexk Ty yaactankamu EHTII,
obecmreuenne moctymna K pecypcam EHTII ais nHoBbix mccmemoBaTeneit,
HayYHBIX CPYII, YHUBEPCUTETOB U IPEIIPUATHIL;

BO3MOYKHOCTb J100aBJIEHUsI HOBBIX IIPOIPAMMHBIX M AIllIaPaTHBIX CPEJICTB,
KOTOpBIe paciupsitoT ¢pyakimonaabaoctb EHTII u ynoBaersopsitor
BO3HUKAIOIIUE TOTPEOHOCTU HAYIHOI'O COODIECTBA;

BO3MOKHOCTD BHEApEHUsT 9(OHEKTUBHBIX METOIOB cOOpa, XpaHeHH T,
00paboOTKM 1 aHajm3a OOJIBINNX JAHHBIX B HAYIHBIX HCCJIEIOBAHUIX;
ruoKocTh apxuTeKTyphl EHTTI, Bo3MOKHOCTH OBICTPO a1anTUPOBATHCST
K HOBBIM 33/1a9aM, TEXHOJIOTHSAM U HAYYIHBIM HAIPABJICHUSIM.

Obecrieuenue ycroitunsoctu EHTII Tpebyer

CO31aHUAd PE3EPBHBIX KOnuii JJaHHBIX 1 IIPOT'PaMMHOTO O6eCHe‘{eHI/IH7 a
TaK>Ke ,ILy6JII/IpOBaHI/IH KPUTUYICCKH BazKHbBIX KOMIIOHEHTOB CHUCTEMBI;

Pa3MeIeHnsl CEPBEPOB M XPAHIJINII IJAHHBIX B PA3HBIX IeorpaduIecKnx
PEruoHax Jisl 3AIUThL OT JIOKAJIbHBIX aBapuil (I0Kapbl, 3eMJIeTPSCEHUS,
OTKJIIOYEHUS 3JIEKTPOIHEPIUU U 1ID. );

BHEJIDEHUS MEXaHU3MOB aBTOMATHYECKOI'0 OOHAPY2KeHUs COOEB U IIepe-
KJIIOUEHUsI HA Pe3epBHBbIE cucTeMbl 06e3 npepbiBanus padorst EHTII;
HEIPEPBIBHOTO MOHUTOPHUHTA MTPOU3BOIUTEILHOCTH, JOCTYITHOCTH 1 6e3-
ommacaoctu pecypcos EHTII mrst omepaTuBHOTO BBISBICHUS U YCTPAHEHUS
pobJteM;

pa3paboOTKM U TeCTUPOBAHUS IIJIAHOB BOCCTAHOBJIEHUSI CHCTEMBI IIOCTIE
aBaApUUHBIX CUTyAIlNil, BKIIOYAIONINX IIPOIEYPhl BOCCTAHOBJIEHUS
JIAHHBIX, [I€PE3AIyCKa CEPBUCOB U OIIOBEIEHUS I0JIb30BaTEEll;
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BHEJIDEHUSI Mep 3aIlUThl OT KnbepaTak, BUPYCOB U JIPYTUX yIrpoO3,
KoTopbie MOTyT HapymuTh pabory EHTII nan npuBectn K yTedke
KOH(DUIEHITNAIBHON MHMOOPMAITUH.

st obecrrevenns: macmrabupyemoctu u ycroirauoctu EHTII ucmosb-

3YIOTCs pa3/IMYHble METO/IMKI U TEeXHOJIOI'UH, IPUMEHdAEMbIe B CJIOZKHBIX
uH(bOPMAIMOHHBIX cucTeMax. B ToM gucie (HO He OrpaHUIMBAICD):

yBeJIMYEeHNE MOITHOCTH CYIIECTBYIOIINX CEPBEPOB IIyTeM J00aBJIeHUs
LPOLIECCOPOB, OIIEPATUBHOI IIAMSTU U UCKOBOIO IIPOCTPAHCTBA (IIOIXOMUT
JJ1s1 HeOOJIBIITNX CUCTEM, HO MMeeT OTDAHUYIEHUs 110 MAKCUMAJIbHOMN
MOIIHOCTH OJIHOTO CEPBEPA);

pacupe/iesieHrne Harpy3Ku MeK Iy HEeCKOJBbKUMU cepBepaMu, pabora-
IONMMHE TapaJuiesibHo (obecrednBaeT GOJBIIYI0 MACIITAOUPYEMOCTD
¥ OTKA30yCTOMYMBOCTH, TAK KAK BBIXOJ, U3 CTPOsi OJTHOI'O cepBepa He
OPUBOJUT K TIOJHON OCTAHOBKE CHCTEMBI);

UCIIOTE30BAHNE BBIYUCIUTEILHBIX PECYPCOB, XPAHUIANIL JAHHBIX U JAPYTHX
CEPBUCOB, IIPEJOCTABJISIEMbIX 0OJaYHBIMUA [IpoBaiigepamu (0badHbIe
TEXHOJIOTMH 06ECIIeunBaIOT BBICOKYIO MAaCHITAOMpPyeMOCTh, OTKa30yCTONIH-
BOCTb U I'MOKOCTD, [O3BOJIAS OBICTPO 3IAITUPOBATHCA K U3MEHSIIONIMCS
HOTPEGHOCTSAM );

ucnosb3oBanue Kourefinepon (manpumep, “Docker”) mist ynakoBku
[PUJIOXKEHN i U X 3aBUCUMOCTEN B M30JIMPOBAHHbBIE CpeJibl (KOHTeHephI
[TO3BOJISIIOT JIEPKO Pa3BEPTHIBATH M MACIITaAOUPOBATH ITPUJIOKEHUS, &
TaKyKe 0DECIIeINBAIOT UX MEPEHOCUMOCTh MEXKJY PAa3JINIHBIMA ILIATHOP-
MaMu);

UCIIOIb30BAHUE MHCTPYMEHTOB OPKECTPAIMN KOHTEITHEPOB /sl ABTOMATH-
3aIUy Pa3BEPTHIBAHNS, MACIITAONPOBAHIS U YIPABJIEHIA KOHTEHHEPAMI
(obecrieanBaeT BBHICOKYIO OTKA30yCTONYMBOCTD U 3(DMEKTUBHOCTD UCIOJb-
30BaHUs PECYPCOB);

pa3paboTka TpuIoXKeHuit B Buae HabOpa HEOOIBINX, HE3aABUCUMbIX
CEPBUCOB, KOTOPbIE B3aUMOIEHCTBYIOT Apyr ¢ apyrom 4depe3 API
(MUKpOCEpBUCHAs apXUTEKTypa 00eCIedYnBaeT GOJIBIIYI0 THOKOCTD,
MacHITabupPyeMOCTb U OTKA30YCTONYNBOCTh, TaK KaK KaXK IbIil CEPBUC
MOZKET MACIITabHPOBAThC M BOCCTAHABIMBATLCS HE3ABUCHMO OT JIPYIHX);
pacrpejiejieHue HArPy3KU MEXKIy HECKOJIbKUMU cepBepaMu Jjist obec-
[eYeHnsl PABHOMEPHON 3arpy3KM M BBICOKOI IPOU3BOIUTEIHLHOCTH
(6asaHCMpPOBKA HAIDY3KH MOBBIAET OTKA30yCTONYMBOCTD, TAK KAK NPH
BBIXOJI€ U3 CTPOsi OJTHOTO CepBepa HArpy3Ka aBTOMATHYECKH Mepepacpe-
JIeJISIETCST HA JIPyTHe).

CemMmanTnyeckas I/IHTepOHepaﬁeﬂbHOCTb TAaKZKeE ABJIAETCA KJIIOYEBbIM

TpeboBanneM i obecrievenus b dextuHoro dyuknuonnposanns EHTII.
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OHa 03HaYaeT CIIOCOOHOCTH PA3JIMYHBIX CHCTEM, IPUJIOKEHHUI U yIaCTHUKOB
0OMEHUBATHCA U MOHUMATH JIAHHBIE U 3HAHUS, HE T€Psisi UX CMBICJ U KOH-
tekcr. Tpebosanust kK EHTII ¢ Touku 3peHust obecriederust cCeMaHTHIECKOH
MHTEPOIepadeIbHOCTH:

(1) Pa3paboTrka u uCIIOJb30BAHIE OOITNX, COTVIACOBAHHBIX W MTOIEPKIBACMBIX
OHTOJIOTUI ((bopMaJH/ISOBaHHLIX OIIMCAHUI KOHIIENIUA U OTHOIIEHUN MexK-
Jly HUMH) U Te3aypycoB (cjioBapeil, cooepKamuX CAHOHUMBI, AHTOHUMBI I
JIPYTHE CMBICJIOBBIE CBSI3M MEXKJly TePMUHAMHE) JJIsl OIMCAHUS] HAYIHBIX U
TEXHUIECKUX 00bEKTOB, MpoIieccoB u spyeHnii. Obecrievdenne BO3MOXKHO-
CTU COBMECTHOT'O UCIOJIb30BAHUS U PACIITUPEHUS STUX OHTOJIOTUHN U
TEe3aypPyCoB.

(2) Ilpumenenue craH aPTU3NPOBAHHBIX (GDOPMATOB JIAHHBIX U METAIAHHBIX
JITsl OLIUCAHUS HAYYHBIX JIAHHBIX, TEXHHYECKUX CIennUuKanuii, pe3yib-
TaToB MojempoBanus u apyrux oobekToB EHTII. Mcnosis3oBanue
OTKPBITHIX CTAHJAPTOB, OCHOBAHHBIX HA OOIIENPUHATHIX IPUHITUIAX U
MIPAKTUKAX.

(3) Pazpaborka MexaHU3MOB pa3pelleHus HEOJHOSHATHOCTA TEPMUHOB
U TIOHATHI, UCIIOJB3YEMBIX B PA3HBIX ODJIACTIX HAYKU U TEXHUKH.
ObGecrevenre BO3MOXKHOCTH KOHTEKCTYaJN3aINN JAHHBIX U 3HAHWIA,
9TOOBI TTOJIB30BATE/TN MOTJIN TIOHUMATD UX CMBICJI B KOHTEKCTE KOHKPETHOMN
3a/1a9 UJIM ODJIACTH.

(4) Ucnonb3osanue cemantuyeckux web-cepsucos u API s obecriedenus
BO3MOZKHOCTH aBTOMAaTU3NPOBAHHOI'O JOCTYyIIa U OOMEHA JTaHHBIMHU 1
BHAHUSIMEU MEXKJTy PA3JIMIHBIMU CHCTEMAaMU U TIpUIoKeHusMu. Vlcmosb3o-
BaHue cemanTuueckux web-crangapros (RDF, OWL, SPARQL u ap.)
JIJIsT OTIMCAHUS JAHHBIX U 3HAHUI B MAITHHOYATAEMOM (bOpPMATE.

Paccmorpum Heckonbko Bapuantos pazpaborku EHTII— urepatusubrit u
peanuzanus OIpoekTa cpady. reparuBublii nogxos (IOMIAroBoe CO3IAHUE )
OTJINYAETCS TE€M, UTO MO3BOJISIET BBIABJSTH M YCTPAHSATH IIPOOJIEMBI HA DAHHUX
ITamax, mpexk/ie IeM OYIyT BIOXKEHbI 3HAYUTEIbHBIE PECYPCHI; TO3BOJISIET
aJIAIITUPOBATHCHA K MEHSIONIUMCS YCJIOBASAM U KOPPEKTUPOBATH CTPATErUIO
B IIPOIECCE PeaIM3aINN; [I03BOJISIET IOCTEIIEHHO BOBJIEKATH PA3INIHBIX
YYaCTHHUKOB B IIPOIECC M OOECIIEYUBATH UX IIOJJIEPXKKY. MUHYCBI: MOXKeT
3aHATH OOJIBIIIE BpEMEHU, YeM pean3alids IPOEKTa Cpa3y; IIOCTEIIEHHOe
JIBUKEHHE MOXKET IIPUBECTU K moTepe dhoKyca Ha KOHEUIHOH 1estu. Bropoii
IIOJIXO/] — PeaJIn3allis IIPOEKTa CPa3y, OH IO3BOJISIET OBICTPO JOCTUUH ITOCTAB-
JIEHHBIX TieJieil; obecrieanBaeT deTKuit pokyc Ha KOHEIHON 1ean. Munychr:
B CJIydae HEYIAa9H MOTYT OBITh HOTEPSHBI 3HAYUTEIbHBIE PECYPCHI; CJI0KHO
AJTAITHPOBATHCS K MEHSIOIINMCS YCJIOBIAM; MOYXKET BBI3BATH COIIPOTUBJIEHIE CO
CTOPOHBI YYaCTHUKOB, KOTOPbIE HE OBLIIN BOBJIEYEHBI B IIPOIECC HA PAHHUX
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sranax. B caydae ¢ cozmannem EHTII, momaroBsrit moaxos mpeacTaBasgeTcs
6oJtee pa3yMHBIM U onpaBIaHHbM. OH MO3BOJISIET MTOCTENEHHO WHTErPUPOBATE
Hay4YHbIE U TeXHUYECKUE MOTEHIUAJIBI JIBYX CTPAH, BBISIBJISITH U YCTPAHSITH
mpo0JIeMbl HA PAHHUX ITAIAX, 8 TAKYKE IANTHPOBATHCI K MEHSIOIAMCS
yeaoBusiMm. OJTHAKO, BayKHO [MOHUMATH, YTO IOIIATOBBIN MOIX0J TpebyeT
JeTKOil crpareruu, 3(pMEeKTUBHOIO YIPaBJIeHUs] W TOCTOSIHHONO MOHUTOPUHIA,
nporpecca. HeobxoimMo 9eTKO ONpeIenTh eI U 331a91 KaXKJI0r0 JTAIa,
a TaKKe KPUTEPUU yCIexa, ITOOBI MOXKHO OBLTO ONEHUTDH 3P DHEKTUBHOCTD
[IPEIIPUHSITBIX MEP U CBOEBPEMEHHO CKOPPEKTUPOBATH CTPATErUIO.

WNurerparmmus EHTII B ycaoBusax pa3moobpas3usi CUCTEM MTPEICTABISIET
CoDOM CJIOKHYIO 33J[a1y, KOTOPasl BKJIFOUYaeT HECKOJIBKO KJIFOUEBBIX ITPODJIEM.
OcHOBHBIE U3 HUX:

(1) B coBpeMeHHBIX HAYYHBIX U TEXHOJOIMIECKUX UCCIIEIOBAHUAX UCIOIIb3Y-
FOTCSI Pa3/IMIHbIE MPOrPAMMHBIE U AlllIaPATHBIE CPEJICTBA, KOTOPbhIE
YaCTO HECOBMECTUMBI JIPYT C JPYTroM. Pa3jndus B apXUTEKTYpe CUCTEM
MOI'yT OCJIO2KHATH O6l\leH JJaHHBIMHA 1 COTPYAHUYIECTBO B IIEJIOM ME2KJTy
yaacrankamu EHTII. D1o npuBomuT K HEOOXOAMMOCTH pa3pabaThiBaTh
«MOCTBI» JIjIsi 0DECIIeUeHNsT B3aNMOIECTBYsI, 9TO TPeOyeT 3HAUMTETbHBIX
PECYPCOB U BPEMEHH.

(2) PazpaboTka u BHeApEHNE €IMHBIX TPOTOKOIOB OOMEHA JAHHBLIMI W B3aH-
MOJIEHICTBUST MEXKJIy CUCTEMAMHU SIBJISIETCH KPUTUIECKU BAXKHBIM IIIATOM
Juist uaTerparuu. CTaH apTU3AIMS [IPOTOKOJIOB 9acTO CTAJIKIHBAETCSI
C COTIIPOTUBJIEHUEM CO CTOPOHBI YIACTHUKOB, KOTOPBIE IIPEIITOIUTAIOT
HCIIOJIb30BAaThH CBOU COOCTBEHHBIE PEIIEHUsI, ITO 3aMeJJISIET IPOIECC
UHTErpaiyu.

(3) Pazuble cucTremMbl MOTYT MCHOIB30BATH pa3indHble (hOPMATHI JTAHHBIX U
METaIAHHBIX, 9TO 3aTPYIAHSET UX COBMECTHOE HCIoIb30Banue. OTcyTcTBre
€JIMHOTO CTaHAPTa JIJIsi OIMCAHUSI JIAHHBIX IIPUBOJUT K BOSHHUKHOBEHUIO
«OCTPOBOB» JIAHHBIX, [/ie WH(MOPMAIHS OKA3BIBACTCST HEJOCTYITHOM st
aHaIN3a U MPUMEHEHUS.

(4) azke ecymu CyIIECTBYIOT TEXHOJIOTUU JIjIsi MHTEIPAIIAU, UX PEATU3AIUS
MOKET TTOTPEOOBATEH OOJIBITIX MHBECTUIINH, KaK (PUHAHCOBBIX, TAK U
BpeMeHHBIX. PazpaboTKa U MoIep:KKa COBMECTUMBIX CHCTEM YACTO
BBIXOJISAT 328 PAMKHU OIOJIZKeTa MEHee KPYIIHBIX HAyYHBIX OPTraHU3aIlwii.

(5) MaTerpanust JaHABIX MEXK/Ly PA3JIUIHBIMUA OPTaHU3AIMSIMU MOYKET
BBI3BIBATH IIPOOJIEMBI C TIPABAMU HA MHTEJLIEKTYAJBHYIO COOCTBEHHOCTD,
BAIUTON JAHHBIX U CODJIFOIEHNEM HOPMATUBHBIX aKTOB.

Ilepeuncienubie Boile mpodeMbl TPEOYIOT KOMILJIEKCHOTO TOJIX0/1a U
B3aNMOJIEHCTBYS CPEU YIEHBIX, pa3pabOTINKOB TEXHOJOTHIA M PEryIUPYIOIIIX
opranos st yererraoit narerpamuun EHTII.
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IIpuBenem HeckoabKO apkux npuMmepoB BHeapenmit EHTII:

Horizon Europe* (EBporneiickuii coi03) — mporpaMma, HalpaBJjeHHAas
Ha CO3JaHME €IMHOIO0 HayYHOI'O0 W WHHOBAIIMOHHOI'O IPOCTPAHCTBA.
O06beauHsIeT UccaenoBaTeel, YHUBEPCATEThI U KOMIIAHUU U3 27 CTpaH
EC u crpan-napraepoB. @PuHaAHCHPYET MEXKINCIAIIINHAPHBIE TPOEKTHI
B 00JIACTH KJIMMATA, 37IPABOOXPAHEHNUsI, TTN(PPOBLIX TEXHOJIOTHIA.

(1

~

(2) CERN"™ — MesKIyHAPOIHEIH IIPOEKT, 06LeIMHSIONIIH yIeHbX n3 23
CTPaH JIsl UCCJIeIoBaHuil B obyiactu pusukn yactuil. VHGpacTpyKTypa
BKJIIO4YaeT BoJbIioit aapoHHbIil Komaiaep u oomme 6a3bl JAHHBIX
(manpumep, “Open Data Portal”).

(3) Hanmonasbrast cerb 1npousBojcTBeHHbix uannoBaruii™ (Manufacturing
USA, CIITA) — ceTb u3 16 HHCTUTYTOB, O0HEIUHSIIONIAST TPOMBIIII-
JICHHOCTBb, YHUBEPCUTETBI U IOCYJaPCTBEHHBIE OPraHbl JJIs PA3BUTHS
IIEPeIOBBIX IIPOU3BO/ICTBEHHBIX TEXHOJIOTHIA.

(4) Unnopanuonnsiii nearp «Croskoo»™ (Poccust) — TeXHOIAPK, CO-
3/TaHHBIN /)T MHTErpaIun Hayku, oOpa3oBanus u busmeca. Brirouaer
kitacrepst 1T, GuOMeIUIIUHBI, SHEPIEeTUKN U KOCMUYECKUX TEXHOJIOTHUIA.

(5) Mexaynaponnas kocmudeckast cranus (MEKC)™ — nupumep riiobasb-
HOI'O COTPYJHUYECTBA B TedeHue Oojiee 25 jier: 16 cTpaH y4acTBYIOT
B COBMECTHBIX IKCIEPUMEHTaX B 00JACTH MUKPOTPABUTAIINN, OMOJIOTHH 1

MaTepPUAJIOBEICHUSI.

~

Hacrosmas pabora pasBuBaeT HampasieHne, 0003HAYEHHOE B MCCIIEI0BA~
HusX [5-8], B KOTODBIX JIaHbI MIPAKTHIECKUE [PEJIOKEHNs], JIeXKAIlIne B OCHOBe
noctpoenns smementoB EHTII.

1. TpeboBaHus K MHTErpaLUM MHTE/IEKTYaIbHbIX TEXHOIOMUA 1
cucrem obpaboTku 3nanunini 8 EHTN

CortacHO COBPEMEHHBIM IIPUHITHITAM ITOCTPOECHUSA MHQPOPMAIITOHHOM
nHPPACTPYKTYPbI, B3aNMOIEHCTBUE TOJI?KHO OBITh OPraHU30BAHO Yepes3
MHTEPHET-TTOPTAJBI AHAJTUTHIECKUX TIEHTPOB, TPEJICTABISIONINE «EIUHYIO TOUKY
JOCTYIIa» KO BCEM HEODXOJIMMBIM PECypPCaM U CEPBHUCAM, HEOOXOIUMBIM JIJIsi
HAYyIHO-UCCJIEI0BATE/IHCKON, MHHOBAIIMOHHON 1 00pa30BaTeIHLHON JesATeTbHOCTH.
TTopTasnbl arperupyor, CTPYKTYpPUPYIOT U MPEIOCTABISIOT IEPCOHATHINPOBAH-
HBII HOCTYI K MH(DOPMAIMHA, JAHHBIM, KCIIEPTHBIM 3HAHUSIM, HHCTPYMEHTaM U
cepBHCaM, CIIOCOOCTBYSI OOMEHY 3HAHUSIMU, COTPYTHUIECTBY U YCKOPEHUIO
nHHOBAIMOHHBIX 1porteccoB. Momenb EHTII npennasnadena st npejioctaBiie-
HUsI TI0JIb30BATEJISIM PA3JIMYHBIX KATErOPHil JIOCTYIIa, COOTBETCTBYIOIIETO UX
MTOJTHOMOYMSAM, K WHTEIPUPOBAHHLIM HH(MOPMAIIMOHHBIM CHCTEMAM, CEPBHACAM T
pecypcam (6a3aM JAHHBIX, 3HAHUA U T.J1.). DT0 06ECIEINBAET BOZBMOXKHOCTD
KOHCOJIMIMPOBAHHONW 00PaOOTKN 3HAHUHM W TPUHATHS OOOCHOBAHHBIX PEITEeHUIA.


https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://home.cern
https://www.manufacturingusa.com
https://sk.ru
https://www.nasa.gov/international-space-station/
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WNureprer-nopran B pamkax EHTII obmagaer psiioM KIr04eBBIX IIPEUMY-

IIECTB, JIEJIAIOIINX €0 yA00OHBIM CPEJICTBOM JIJIst HHTEIPAINN NHTEIJIEKTYaJIbHBIX
TEXHOJIOTHIl M CUCTeM O0PabOTKN 3HAHUN:

TIOpTaJI CTAHOBUTCS €JIMHONM TOYKOM Bx0/1a KO BceM pecypcam EHTII:
HAyYIHBIM IIyOIuKaInusam, 6a3aM JTaHHBIX, KATAJI0raM 00ODY/IOBAHUS,
uHMOPMAIINT O MPOEKTAX, SKCIEPTHBIM MPOMUIAM U MHOTOMY JIPYTOMY;
9TO yCTpaHsIeT HEOOXOAUMOCTh UCKATH UHMOPMAIIIO Ha PA3PO3HEHHBIX
caflTax W B PA3/IMIHBIX CHCTEMAX;

IIOpTaj MOXKET ObITh OCHAINEH WHTE/IEKTYaJIbHBIMUA ITOUCKOBBIMU
CUCTEMAaMU, UCIIOIB3YIOMMUMEI METOIbI 00PAOOTKHU €CTECTBEHHOTO SI3BIKA,
MAIIMHHOTO O0yYeHNs M CEMAHTHIECKOrO aHAJN3A; ITO [TO3BOJISET MCKATH
HE TOJIBKO IO KJIIOYEBBIM CJIOBaM, HO U IO CMBICIIY 3aIIpPOca, KOHTEKCTY U
CBS34M MEXKJIy TOHSTHUSMU; BbIABIATH TEHJIEHIINN, 3AKOHOMEPHOCTH 1
CKPBITBIE CBA3U B JAHHBIX, KOTOPbIE ObLIN ObI HE3AMETHBI [IPU PYIHOM
aHaJn3e; OPraHU30BbIBATH JJAHHBbIE B COOTBETCTBUU C PA3IUYHBIMU
KPUTEPUSAMH U MPEJICTABIATH UX B YIOOHOM JIJTsI TTOJIB30BATEIIS BUJIE;

MTOPTAJT MOXKET OBITH MHTErPUPOBAH C PA3INIHBIMU CHCTEMAMU 00pabOTKI
3HAHUI, TAKUMU KaK cucTeMbl ynpasienus 3nanusmu (Knowledge
Management Systems, KMS) sist c60opa, XpaHeHHUs], CHCTEMATU3AIIN
u pacupoctpanenus: 3uanuit BuyTpu EHTII; skcriepTHble crucTeMBI

IJId IPEeIOCTaBJICHU A KOHCyJII)Ta,IJ;I/IfI 1 IIOMOIIUW B IIPUHATHUN peH_IeHI/Iﬁ

B PA3JIMIHBIX 00JIACTSAX HAYKU M TeXHUKH; cucreMmbl Data Mining s
aHaJIN3a JIAHHBIX M BBISIBJIEHUSI CKPBITHIX 3aKOHOMEDPHOCTE; CUCTEMBI
BU3YaJIN3AlAU U IIPEJICTABIeHHs] NHMDOPMAIUY B HAIVISIHONW W IOHATHOM
dbopwme;

HIOPTaJI MOXKET IIPEJIOCTAB/ISITh MHCTPYMEHTHI JIJIsi COBMECTHON PaboThI:
GopyMBI 1 AUCKYCCHOHHBIE IJIOIAJKHI JIJIsl OOMeHa HesMU, 00CY K IeHNs
npobJieM U HOMCKA PEIIeHuUiT; MHCTPYMEHTDI JJIsT COBMECTHON pabOThI HaJ

JOKYMEHTaMH JJIsl OJHOBPEMEHHOI'O PEIAKTHPOBAHUS U 0OCYKICHUS

HAyYIHBIX CTaTel, OTIETOB W APYTHUX JOKYMEHTOB; BUPTYaAJbHBIE Jab0Opa-
TOPUAU U CUMYJIAIUA JJId TPOBEJEHNs SKCIEPUMEHTOB U HCCJICJOBAHNNA
B BUPTYAJILHOI Cpejie; CPeJ/iCTBa BUICOKOH(MEPEHIICBA3H JIJIsI TIPOBEJICHUST
OHJIATH-BCTPEY, CEMUHAPOB M KOH(EPEHIIHIA;

IIOPTaJl MOXKET OBITh HACTPOEH B COOTBETCTBUU C WHIIUBUILYAJIHHBIMUI
ITOTPEOHOCTIMI U MHTEPECAMU KaXKJIO0r0 ITOJIb30BATEIsI; HAIIPUMED, 0JIh-
30BaTeb MOXKET BBIOPATH MHTEPECYIONIHE ero HaydIHble 00JIacTH, YKa3aTh
CBOU HABBIKU U OIIBIT, a MOPTaJI Oy/IeT IpejIaraTb €My PEJIEBaHTHYIO
MHOOPMAITAIO, TPOEKTHI 1 BO3MOXKHOCTHU JIJIsT COTPYIHHIECTBA.

WNurepuer-niopran g EHTII ropasao 6osbiie, 1eM MpoOCcTO XPAHUIUIIE U

CpeJICTBO JOCTylla K JaHHBIM, IIOTOMY YTO OH
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obecrieyrBaeT KOHTEKCT — JIAHHBIE CTAHOBATCS MHMOpMAaIueil, KOrja OHI
IIPe/ICTaBJICHbl B KOHTEKCTE; IIOPTaJl IOMOIaeT CBA3aTh JaHHbIe U3 Pa3HbIX
HICTOYHUKOB, IIPEJOCTaBJIsAs I10JIb30BATENI0 IeJIOCTHYIO KapTUHY;

HO3BOJIET OBICTPO HANTH CIIEIMAJINCTOB B HY?KHOI 0OJIACTH JJIs1 KOHCYJIb-
TaIuil, COTPY/IHNYECTBA UJIH OOMEHa OIIBITOM;

[IOMOT'aeT OPraHU3AIUSAM U OTJEIbHBIM JIAaM d(PPEKTUBHO yIPABIATH
CBOMMHM 3HAHUAMH, COXPAHATH, CUCTEMATU3UPOBATh U JEJUThCH UMU;

cozzaer OJIAroNpUATHYIO Cpely [JIs TeHePalnd HOBLIX Hjlell, pa3paboTku
HOBBIX TEXHOJIOTUH M MX KOMMeEPIINaJIU3aIlNN;

UCIIOJIB3YeT WHTEJIEKTYAIbHBIE TEXHOJIOTUH JIJisi ABTOMATU3AIINH TPOTEC-
COB TIONCKA, aHAJIM3a U 00pabOTKY MHMOPMAIINN, OCBODOXKIAS BPEMST IIJIsT
6oJiee TBOPYECKOH pabOTHI;

[IPEIOCTABIISIET JIOCTYT K 00PA30BATEIbHBIM PECYPCaM, MIPOrPaMMaM
MTOBBINIEHIS KBAJIN(UKAINA U OOMEHA OMBITOM, CIIOCOOCTBYS Pa3BUTHUIO
K&JIPOBOTO IIOTEHITHAJIA,;

CTAHOBHUTCS <«KUBOIT» 1IaThOPMON — OJ1arofaps HHTEPAKTUBHBIM HHCTPY-
MEHTaM ¥ BO3MOXKHOCTAM JIJId COTPYAHUYECTBA, IOPTaJl CTAHOBUTCH
MECTOM, TJI€ YIEeHBbIE U WHYKEHEPHI MOT'YT OOIIATHCs, OOMEHUBATHCS
UJesIMU U COBMECTHO PabOTAaTh HAJL PEIIeHHEeM CJIOZKHBIX 33J1ad; OH Iepe-
cTaeT ObITH MIPOCTO CTATUYHBIM XPAHUIUIIEM JAHHBIX, & IIPEBPAIIACTCS
B JUHAMHUYHYIO U Pa3BUBAIONLYIOCS CPEJLY.

Ilopras 3Hanuit B nHTEpHETE — Web-CcaliT, CO3JaHHBIN JJIT KOHKPETHOI
AyIUTOPHUU U TIPEICTABJSIONINIT COOOM CIOKHYIO CUCTEMY B3aUMOCBA3AHHBIX
nHMOPMAIIMOHHBIX PECYPCOB, CEPBUCOB u 0a3 3uHanuit. OyHKIHOHATIbHAS
CTPYKTypa MopTaJia BKIIOYAET, KaK IIPABUJIO, CJIEIYIONINe ITOJICUCTEMBbI:

« 6a30BbIE NOACUCTEMBI (ABTOPU3AIMU U ayTeHTUMDUKAIUN; HACTPONKA
[OJIb30BATEIHCKOTO MHTEpdElica U Ip.) U CPEICTBA B3aUMOJICHCTBYS;

* CPEJICTBA OPraHU3aIUKl U JOCTYIA K JAHHLIM U 3HAHUAM (XpaHeHUe
JIAaHHBIX U paboTa ¢ MH(MOPMAIMOHHO 6a30i mopTaJia, paboTa ¢ MeTanH-
dopmanueii);

* CpezcTBa ylpasienus (yUpaBIeHre TPOU3BOJAUTEILHOCTHIO U aMUHY-
CTPUPOBaHNUE, CPEJCTBa ObeciieueHnst HE30IaCHOCTH OPTAJIa; YIIPaBJICHHAE
KJIaCTEePaMU, CPEJICTBA KIIIUPOBAHUS KOHTEHTA U JIP.);

« cpezcTBa MHTErpanuu (0becrnedeHrne MexKIIOPTAILHON nHTerpanyuu 6a3
JAHHBIX, METAJIAHHBIX, IIONCKOBBIX IIPOIEIYDP, CUCTEM OE30I1acHOCTH,
IIPUJIOYKEHUT, COOBITHIHBIX U CIPABOYHBIX CHCTeM; (DOPMHUPOBAHUE
KOOIIEPATUBHO CHCTEMBI «3epKaJl» U BUPTYalbHBIX cepBepoB, CDN-ceTn
JIOCTaBKU KOHTEHTA, grid-CcrpyKTyphl);

* CPEJICTBA KOMMYHUKAIIUHN, CPEJICTBA MOPTAJIBHBIX [TPUJIOKEHU U IIPO-
GUIBHBIX CEPBUCOB, TPOOIEMHbIE THMOPMAITMOHHBIE CHCTEMBI.
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IIpmmep apXuUTEKTYpPHI €IMHOTO HayIHO-TEXHOJOTTIECKOTO ITPOCTPAHCTBA
JaH Ha puc. 1.

I'no6anbHas 6asa

Wurepuer-nopran EHTIT |4, IAHHBIX ¥ SHAHIA

v

Vatepuer-nopran
aHA/IMTUYECKOTO LIeHTPa

1 b |
| . |
! JIokanbHas ceTh Web-caiirsr 1 !
' AHAIUTUYECKOTO JIOKA/IbHBIE CETI !
| LieHTpa y4pexaeHnit !
: yy A i
| |
] 1
I v v !
| |
' APM aHa/MTUKOB. APM aHaMUTHUKOB. !
1 1
' VIurerpupoBaHHas 6asa JlokanbHble 6a3b !
! JIAHHBIX U 3HAHUI JIQaHHBIX ¥ 3HAHUI !
1 1

PUCYHOK 1. ApXUTEKTypa eIuHOr0 HayJIHO-TEXHOJIOTUIECKOrO
IIPOCTPAHCTBA

[Topraser npeHa3HAYEHBI I ObecriedeHns obMeHa nHMOPMAIel MeX Ty
crenuagucramu, (OpMUpPOBaHuA 0a3 3HAHUI, ABTOMATU3UPOBAHHOIO IPOIECCA
npuobperenns, 06pabOTKN 3HAHNN U IPUHATHS PEIIeHUil ¢ IPUMeHEeHNEeM
ABTOMATU3UPOBAHHBIX pabounx Mect (APM) anasmrukos. Buenpenve un-
HOPMAITMOHHBIX KOMIIBIOTEPHBIX TEXHOJIOTUM HAYUHAETCS C IIOCTPOEHUS
abCTPAKTHOI MOJIEJIN €INHOr0 NH(MOPMAIMOHHOIO IIPOCTPAHCTBA [OCYIAPCTBA,
PEervoHa, yUIpeKJIeHus HayKu, 00pa30BaHusl, IIPOM3BOICTBA. B 9T0it Mojesn
JIOJIZKHBI OBITH OIUCAHBI BHY TPEHHUE IPONECChl (00BEKTBI), CBA3U MEKILY
uuMmu. [log cBsa3aMu Mex Ty miporteccaMu MOHUMAIOTCS HHMOPMAIITMOHHBIE
IIOTOKY, IIUPKYJIUPYIOIINE MEXKIy dJIeMEeHTaMU cucTeMbl. Peasmsanus mMomenn
TpebyeTr OObIIEl, TeM UMEETCsI CEeTOHSI, CTAHIAPTU3AINN U YHIUMDUKAIUN
nHTePdENCOB JJIst JIOCTHZKEHIST HHTErPAINN OT/JEJIbHBIX CJIYKO 1 obecriedeHus
KOODJIMHAINN B PA0OTe, PA3BUTUS U MOIAJIEPKKN KOHIIENIINA BUPTYATHHBIX
JIAHHBIX U BBIYUCIUTEIHHBIX MOITHOCTEIH.

1.1. TpeboBaHus k noprtanam 3HaHwWi

[Toprasns! 3HaHMl CTAHOBATCS MACCOBBIM MHMOPMAIINOHHO-IIPOIPAMMHBIM
MIPOJYKTOM B €JJMHOM HAYIHO-TEXHOJIOTUIECKOM MPOCTPAHCTBE. DTO IPUJIAET
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AKTYaJbHOCTH PEIICHUI0 KOMILIEKCA METOJNIECKUX, TEXHOJIOTUIECKUX U
HHCTPYMEHTAJIbHBIX IIP00JIEM CO3JaHus II0pTayioB 3Hauuii 1 APM aHa/JuTUKOB
pasnuanoro HazHadeHus. Hanbosiee coKHOM 3aa4ueil aBiseTcs obecrevdeHne
BBICOKOT'O YPOBHS COBMECTHUMOCTHU MEZKJ/1y IIPpUJIOZKCHUSIMU, paSpa6OTaHHbII\/II/I
Pa3/IMIHbIMU ITPOU3BOJUTE/IAMU U pa.6OTaIOHH/H\/H/I Ha Pa3/IMIHbIX IIJI&T(I)OPI\A&.X7
CITOCODHOCTH MHTEJLJIEKTYAJbHBIX CUCTeM 3(P(MEKTUBHO B3aUMO/IeiCTBOBATH
JIPYT C JPYTOM JIJIsl PENIeHUs] IPUKJIATHBIX 3a/1a4.

Pa6ora nopranos u APM aHAIMTHKOB JI0JI?KHA OCHOBBIBATLCSI Ha, ITPUMEHE-
ann WWW u cepsepos BJ1 mjist npejicraBienust u XxpaHeHust WHMOPMAIUNT;
UCIIOJIb30BAHUY TEXHOJIOTUN «KJIMEHT-CEPBEP» ¢ MUHUMAJIbHBIMEA TEXHUIECKAMUI
TpeOOBAaHUSIMU K KJIMEHTCKOI YaCTH; TOJJIEPKKE PACIIPEIEIeHHBIX 0a3 TaHHBIX.
Wcnonb3oBanne MHTEPHET-TEXHOJIOTUN IIPU MOCTPOEHUN MHTEJIJIEKTYaIbHBIX
CHCTEM KaK OOIIEero Ha3HAYEHWs, TAK U CIIEIUAIN3UPOBAHHBIX ABJISIETCS JIOMU-
HUPYIOIIAM [PUHIIAIIOM B €IMHOM HAYIHO-TEXHOJOTUIECKOM ITPOCTPAHCTBE.
O yHKIMOHAIBHBIE BO3MOYXKHOCTHA COBPEMEHHBIX NH(MOPMAIMOHHBIX [TOPTAJIOB
JOJIZKHBI [TO3BOJIATH 00pabaThiBaTh OOJIBINON 00beM JTaHHBIX, 3DPEKTUBHO
JIOCTABJISITE TIOJIb30BATEI0 HEOOXOMUMYIO HH(MOPMAIIIO, 00eCIIeINBATh CBs3b
Mex 1y OazamMu 3HAHUH, OCYNIIECTBIATH NOIIEPAKKY TPUHSTHST PEITCHUA.

IIepBoouepemubiMu 3a7ataMu B 00JIACTH CTAHIAPTHIAINH THMOPMAIHOH-
HOTO 00eCIeveH sl TOPTAJIOB 3HAHUN SBJISIOTCS

* MOJIJIEPKAHIE €IMHON CUCTEMBI KJIACCU(DUKAINI U KOIUPOBaHus nHMOpP-
Maluu;

« obecIiedeHre COBMECTUMOCTH CHCTEM TIOCPEJICTBOM CTAHIAPTUIAIIII
dopmaToB 0OMeHa JTAHHBIMU U [IPOTOKOJIOB B3aMMOJIEHCTBHS;

o yHUUKAINS TEXHTIECKNX TpeOOBaHMM, (PYHKIIMOHAJIHHBIX CTAHIAPTOB
KOMITOHEHT WH(DOPMAIMOHHBIX CHCTEM;

e BHeJIpeHHne O0IIeil MeTOI0JIOIuN JIjisi UH(POPMAITMOHHOIO 0DecIIeeHus.

IIpu moctpoernun EHTII ocoboe BHMMAaHME CTOUT YAETUTH MCIOIH30BAHUIO
CYLIECTBYIOIUX cTanuapros, rakux kak ONIX, ISO/IEC, ISO 8000 u ap.
Pacemorpum KpaTko JaHHBIE CTAH/IAPTHL:

(1) ONIX (Online Information Exchange) — cranmapr obmena undopmarumeit
O JpPyrux CTaHjapTax, B T.9. 0 KHUTaxX U y4eOHbIX maTepuajax. OH
mo3BOJIsIET Hostee 3HEKTUBHO TIepeaBaTh n 00pabaThIBATL HHPOPMAIIAIO
0 TOBapax W yCJIyraxX B HAYYIHO-TEXHUIECKOM mpocrpancTse. CTanmapt
ONIX wucnosb3yercst jijist CO3/1aHus 6a3 JAHHBIX U KaTajoroB, YTO Jiejiaer
€ro BayKHBIM JIJIsT MHTETPAINY HAYIHBIX JAHHBIX U IIyO/IMKaInii.

(2) Cranmaprer ISO/TEC (MexgyHapoHas Opranu3aisi [0 CTaHIapTH3a-
mn 1 MesKTyHapo/HasT 9JIEKTPOTEXHUIECKAsT KOMUCCHsI) OXBATHIBAIOT
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MIUPOKUN CIIEKTP OOJIacTel, CBA3AHHBIX ¢ MH(MOPMAITMOHHBIMHU TEX-
HOJIOTUSIMU ¥ CUCTEMAMU. DTU CTAHIAPTHI IOMOTaIT 00ECIIeUYNBATD
COBMECTHMOCTD U B3aMMOCBSI3aHHOCTDb TEXHUYIECKUX CHUCTEM B HAyJIHO-
TEXHOJIOTHIECKUX IMPOCTPAHCTBAX, YTO CIOCOOCTBYET 3(PHEKTUBHOMY
OOMeHy JIAHHBIMU M UCCJIEJIOBAHUSIM.

Crangmapr ISO 8000 — craHIapT, CBSI3aHHBIN C YIIPABJIEHIEM KAadeCTBOM
JaHHBIX 1 uX uHTerpamueii. OH aKIEeHTUPYeT BHUMAHUE HA BaXKHOCTH
Ka4eCTBEHHBIX JIAHHDBIX JJIS JIOCTHXKEHUsI YCIENTHBIX Pe3YJIbTATOB B HayKe
u rexaosiorud. CTaHAAPT OMpeIesIseT MPUHIUITBI YIIPABICHUS JAHHBIMU,
KOTOPBIE MOI'YT OBITH UCIIOJb30BAHbBI JJIsi (DOPMUPOBAHUS HAJIEKHBIX

EHTII

—
(e8]
~

9T U JApyrue CTaHIAPTHI MOTYT 3HAYATEIHLHO CIIOCOOCTBOBATH CO3/IAHUIO U
nopmepxkannio EHTII. Ux ucronp3oBanme 00eceqnBaeT CTPYKTYPUPOBAHHBII
O/IX0JT K 06MeHy mHOpMaIueil, rapaHTHPysl KAYECTBO U COBMECTUMOCTH
narubix. OnHako st 6osiee 3pdekTuBHOro pynkimonnposanns EHTII
HeobxoMMa pa3paboTKa HOBBIX METOOJOTUYECKUX TIOIXO/IOB U JaJIbHeHTTast
AJIAIITAIUs] CYIECTBYIOIINX CTAHIAPTOB K CIENU(pUIECKAM HYKIaM HAYIHOTO
€o0bIIIeCTBa ¥ KOHKPETHBIX PEIIaeMbIX 3aad.

1.2. OcHoBHble TPeOOBAHUA K UHTENIEKTYaIbHO KOMMNOHEHTE

B nacrosiiee BpeMsi CyIeCTBYeT MHOKECTBO HODMATUBHBIX JIOKYMEHTOB,
PEryJMpyOmuX BOIPOCH! pa3pabOTKI U COIEPIKAHUS CHCTEM, UCIIONb3YONIX
rexnosorun U, nanpumep, [9-12].

WHTennexkTyanbHasl CHCTEMa B COCTABE €IMHOIO HAYYHO-TEXHOJIOIMYECKOTO
IIPOCTPAHCTBA peayn3yeTcs Ha OCHOBE TEXHOJIOTHI OOHApY»KeHus, IpuodpeTe-
HUSI, XpaHEHUs 1 00pabOTKM 3HAHMI ¢ IOMOINBIO HHCTPYMEHTAJIBHBIX CPEJICTB U
ommpaeTcst Ha Texnosoruio “Internet”. uresrekTyasbHas KOMIOHEHTA CHCTEMBI
JIOJKHA OBITH Pean30BaHa C MCIOJIBb30BAHUEM TEXHOJIOTUH MHTEJIJIEKTYATbHBIX
areHTOB U JPYTUX COBPEMEHHBIX JTOCTHXKEHUN MCKYCCTBEHHOI'O MHTEJIJIEKTA.
HnTesekTyanbHas KOMIOHEHTa JOJKHA PEaN30BBIBATH IIOUCKOBBIE CPEI-
CTBa, CPEeJICTBA aHaIn3a JIAHHBIX, 0a3y JaHHbIX U 6a3y 3uanuii. Moxynn
MHTEJIIEKTYAJIbHON KOMIIOHEHTHI CUCTEMbI JIOJIKHBI ObITDH

* aJIATITUBHBIMU — CIOCOOHBIMH JIE€JIATH CBOIO PAOOTY JIydIlle ¢ TeICHUEM
BpPEMEHT;

* 00y4uaeMbIME — 00,18/IaI0IIMMHI CIIOCOOHOCTBIO YCBaWBaTh HOBYIO MH(MOPMAa-
IO W UCIOJIH30BATh €€ JIJIsl COBEPIIEHCTBOBAHUS CBOUX (DYHKITHIL;

¢ KOMMYHHKATHBHBIMU — CIIOCOOHBIMYU B3aUMOJIEICTBOBATE C JIPYyTUMUI
MOJIYJISIMHA U TEM CaMbIM, IIPU HEOOXOIUMOCTH, B XOJI€ PEIIeHns CBOeit
3a/1a91 BBIMIOJIHATD JIEHICTBUSI BHE PAMOK COOCTBEHHBIX (DYHKITHIA.
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Cucrema 10JIJIepXKKA IPUHSTHS PEIIEHUH JOKHA 006CIIeINBATh PaboTy

yIaJeHHBIX ToJIb3oBaTeseil. KoprnoparuBHas cucreMa moIepKKN PENTeHn i
BKJIIOYaeT

dopmuposanue cimcka npobsem (uam neseii);
dopMupoBaHUe IKCIEPTHOIO COBETa UM KOMUTETA;

[pUBJIEYCHIE HE3aBUCUMbBIX IKCIIEPTOB U AyIUTOPOB JJIsi O0CY 3K ICHUS
pobIeM;

CHCTEMY aHKETHPOBAHHS, B TOM HUHCJE 10 Pe3yJIbTaTaM HMPUHATHIX
pelieHuii (SKCIEPTHOE 3aKJIIOUEHHE);

pPaHKUPOBAHUE BaXKHOCTU IIPOOJIEM U MHEHHIl SKCIIEPTOB;
BO3MOXKHOCTH TTOJKJIFOUEHUS CIENNAJTU3NPOBAHHBIX CIIPABOYHUKOB;
CHCTEMYy OIIOBEIEHMUIT;

CHCTEMY aJIMAHUCTPUPOBAHUS;

BO3MOKHOCTD IOUCKA, (PUJIBTPAIANA U TPYIIAPOBKA HH(MOPMAIINAL;

TEPMHUHOJIOTUYIECKYIO 0a3y 3HAHUI.

WNurepdeiic naTEII€KTYyaTIbHON CUCTEMBI JOJKEH MIPELyCMATPUBATE

JOCTYT K JAHHBIM TI0 TpebyeMomy dopMary, GopMyIupyeMOMY Tpu
3aIpoce;
JIOCTYI K BTOPUYHBIM JIAHHBIM (3HAHUAM );

GUIBTPAINIO U IEPBAYHYIO0 00pabOTKY 3HAHMUIA.

1.3. TpeboBaHua No Ha3Ha4eHUIO N COCTaBYy WHCTPYMEHTAsIbHOIO
KOMMieKkca

WucTpyMenTaIbHBIN KOMILIEKC — HAOOP MHTEJIIEKTYaJbHBIX HHCTPYMEHTOB,

HE 3aBUCSIINX OT KOHKPETHON TpuKIaauoil obmactu. OH UCIOIb3yeTcs st

perieHus 3a/at, TPeOYIOMUX CO3JIAHMS JIMHAMAIECKUX MOJIEJIEH TpeMeTHOH

00J1aCTH, IPABIJI BBIBOJIA M IPUHSATHA PENIeHNi, OPraHn30BAHHBIX B BujEe 0a3

JIAHHBIX U 3HAHWI ¢ COOTBETCTBYIONUM YeJIOBEKO-MAITUHHBIM HHTEPMEHNCOM.
IIporpaMmMHbIe U amnmapaTHbIE CPEJACTBA B COCTABE WHCTPYMEHTAJHHBIX
komiuekcoB i EHTTI obecieanBaoT moaepKKy BCEro KU3HEHHOTO ITUKJIA,

Hay4vHO-UCCJIEJOBATEJIbCKUX U MHHOBAIIMOHHBIX IIPOEKTOB. B cocrap komiLzekca

MHCTPYMEHTAJIbHO-IIPOrPAMMHBIX CPEJCTB JJid PElIeHud 3a/1a49 UHXKEHEPUU
3HAHUU BXOJIAT

MHBAPUAHTHAS YACTh, IPEJICTAB/ISIONAsi COOON YHUBEPCAJBHOE SIPO UH-
TEJIJIEKTYaJIbHON CHCTEMBI, cojieprkaiiee 0a3y 3HAHUIT, HHTErPHPOBAHHYIO
¢ 6a30il TAHHBIX; YHIBEPCAJIBHYIO MOJEJIUPYIONLYIO CPeLy; nHTepdeiich;



70 H.C. AsrpamoB, B.II. ®PAIEHKO

* IIPUKJIa/IHaA TEXHOJIOINYeCcKad 4aCTh, CojleprKalllasd KOMILJIEKC CIlela-
JIN3UPOBAHHBIX MOJEJUPYIONINX IIPOIPAMMHBIX CPEJICTB, B TOM YHUCJIE
MOJIeJIA CUCTEM PACIO3HABaHUS U aHAJIN3a TEeKYIel CUTyallluu; MOJIeJIN
CHCTEM OTOOpaKeHUs TEKYIIEl CUTYAIUN.

PeByJIbTa,TOM IPUMEHEHNA MHCTPYMEHTAJIbHOT'O KOMILJIEKCa JJTOJIZKHa
CTaThb pa3pa60TKa 9KCIIEPUMEHTAJbHBIX IIPUKJIQJIHBIX IIPOI'PaMM U CUCTEM,
HCIIOJIB3YIOIIUX METO/JAbl UCKYCCTBEHHOI'O MHTEJIJIEKTA.

1.4. TpeboBaHusa K 3awmTe gaHHbIX, ayTeHTUdUKaLUK,
naeHTngukaun n wncgposaduo npn noctpoeHun EHTMN

Kaxk u mpu npoektupoBanun Jro00H CI0KHON MHGMOPMAIMOHHONW CHCTEMBbI,
coznanue EHTII Tpebyer ocoboro BHUMaHUs K BOIIPOCAM 3AIMUTHI JAHHBIX,
ayTeHTH(UKAIIT, UIeHTUGUKAIUYA U InudpoBanns. Huxke mpejacrasiieHbl
KPUTHIECKUE TPEeOOBaHMs, KOTOPHIE CJIE/yeT YIUTHIBATH IIPU IIPOEKTUPOBAHUI
7 PeaSU3AINH TAKUX [TPOCTPAHCTB.

(1) Bamura JaHHBIX:

e JIAHHBIE JIOJIXKHBI OBITH 3AIUINEHBI OT HECAHKIIMOHUPOBAHHOTO
JIOCTYTIa, HEOOXOAUMO MPUMEHSITH MEXaHU3MBbI MU(MPOBAHUA KaK
JIJISI XPAHUMBIX JAHHBIX, TaK W JJIsl TIepeIaBAeMbIX JTAHHBIX;

* JIAHHDIE JOJIXKHBI OBITH 3AIUINEHBI OT U3MEHEHNN U TOJJIEJIKH,
HEOOXOIMMO HCIOJIH30BATh ITU(POBbIE MTOJIMUCA U KOHTPOJIbLHBIE
CYMMBI JIJIsT TIPOBEPKU IIE€TOCTHOCTH;

* HEOOXOMMO ODECIIEUNTh NOCTYITHOCTD JTAHHBIX JIJIs YIIOJTHOMO-
YEHHBIX 0JIb30BaTeNel B JI0060€ BpeMsl, a TaKyKe yCTONIUBOCTH
K OTKa3aM U KHOepaTakaM;

+ HEOOXOIMMO OTIPEJIENIUTh, KaK JIOJT0 JaHHbIe OyIyT XPaHUTHCS, U
YCTAHOBUTDH [IPABHUJIA YTUIUAIUK 10 UCTEUEHHH ITOTO CPOKA.

(2) Ayrentudukarus:

* HEOOXO/IMMO ODECHEYINTD OJJIEPKKY MUCIIOJIH30BAHMST HECKOIb-
Kux (PakTopoB ayTeHTHdUKAIMY (TAKUX, KaK I1apOJib, TOKEH,
froMeTpUIeCcKre JaHHbIe);

+ HEODOXOMMO KOHTPOJNPOBATH AKTUBHBIE CECCUU U 00ECIIEINBATD
ABTOMATHYECKHI BBIXOJ U3 CHCTEMBI MOCJIE OIPEJIEIEHHOTO BPEMEHN
Oe3meiicTBuST;

« HEOOXOANMO ODECIIEINTh BEJEHNE YKYPHAJIOB ay TeHTUMUKAIIAN
JJIsI MOHUTOPHWHTA U IIOCJIEIYIONIEr0 aHAJIN3A OIBITOK JOCTYIIA
K CHCTEME.

(3) Unearudukarms:
* KAXKJIOMY ITOJIb30BATENIO UM YCTPONCTBY JIOJI?KEH OBITh HA3HAYEH

VHUKAJbHBIA UICHTU(MUKATOD /Il IPEIOTBPAIIEHUs] KOJTU3UA U
IpOBJIEM C JIOCTYIIOM;
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» HEOOXO/IUM DEryJISIPHBIH ay/IUT UCIOJIb3yEeMBIX UJIEHTH(MUKATOPOB
11t 00eCIeveHnsi MX aKTyaJbHOCTH U OE30IMacHOCTH;

* OJIB30BATEJISIM JIOJIZKEH ITPEJIOCTABIIATHCH JIUIIb TOT YPOBEHD
JIOCTYIIa, KOTOPBII MM HEOOXOIUM JIJisi BBIITOJTHEHUS] CJIY2KEOHBIX
00sI3aHHOCTEI.

(4) Mudposanue:

e JIJIsl 3AIIATHI JAHHBIX JTOJZKHBI UCIOJIb30BATHCA AKTyaJbHbIE U
[IpOBepeHHbIe aaropuTMbl mudpoanus (Takue, kKak AES-256);

« HEOOXOAMMO Mu(MPOBATD JAHHBIE KAK HA YPOBHE IEPEIaBAEMbIX
coobmennit (TLS), Tak u Ha ypoBHe XpaHeHHUs B 0a3axX JAHHBIX;

o JIOJIZKHA UCIIOJIb30BAThCsI HAJEXKHAsI CUCTEMA YIIPABJIEHUS KPHUIITO-
rpaduIeCKUME KJII0YaMU, BKJIIOYas X [EHEPAINIO, DACIIPEIeIeHue,
XpaHEeHNEe U YTUIU3AIIIO.

(5) Komriutaenc u peryasims:

* JIOJIZKHBI BBITTOJIHSITHCST TPEOOBAHUSIM 3aKOHO/IATEIBCTBA, O 3AIUTE
JAHHBIX, BKJIIOYasi MPABO TOJIH30BATENeH HA JOCTYI K CBOUM
IAHHBIM U UX YIAJICHUE;

* JIOJIZKHBI COOJTIOJIATHCS MEYKIyHAPOIHbIE CTAHIAPTHI OE30MACHOCTH
urdopmarun, Takue kax 1SO/TEC 27001.

(6) Obyuenue u KyJabTypa 6e30MacHOCTH:

* HEOOXO/IMMO IIOCTOSTHHOE O0ydeHue U WH(pOPMUPOBAHKE T0JIb30-
BaTeJell O JIydInX MPAKTHKaX 0E30TACHOCTH JTAHHBIX, & TAKXKe
0 IMOCJIE/ICTBUSIX UX HAPYIIEHUSI;

« HeOOXOIMMO obecrieanTb (DOPMUPOBAHUE y TOJIb30BaTEEl 0~
HUMaHHUA 3HAYNMOCTU 6e3OIIaCHOCTI/I JaHHDBIX Ha BCEX ypOBHHX

EHTII.

71

Or1u u apyrue TpebOBAHUS TOMOTYT CO3/IATH HE30MACHYIO CPey st

paborel B EHTII, obecrieunBatolyto 3amuTy JaHHBIX U [I0JIb30BATEJIEI.

2. KoHuenTtyanbHas mogenb nHdopmMaumMoHHOro noprana

B IIOCTPOEHNH €JUHOI'O0 HAYyIHO-TEXHOJIOTUIECCKOT'O IIPOCTPAHCTBAa Ha OCHOBE

WHTEJJIEKTYAJIbHBIX CUCTEM IIPE00IaIaeT MeTO/ CO3/IaHusi Habopa MO/ IIIPO-

CTPaHCTB B BUJE IIOPTaJIOB, 0a3 3uanuii 1 APM ¢ konconmuparmeil nuadopmamnun

B [EHTPAJBHOM XPAHUJIUIIE — OOBIYHO Ha CEpPBEpE.

IIpemraraercsa cranmapTHas TpeX3BeHHAS apXUTEKTYypa KINEHT-CEPBEP

(cM. puc. 2), cocrosiinasl U3 XPAHUIUIIA JAHHBIX, CepBepa IPUJIOKEHUN U

KJIMeHTCKoi yactu. Madopmalus xpaHuTcs B 6ase JaHHBIX, 3 IMAHUCTDA~
THUBHAsI 9aCThb 00ECIIeYnBaeT yIIPABJIEHUE COJIEPKUMBIM 0a3bl JTAHHBIX,

a

u3BJIedeHHas HHGOPMAIs 0TOOpaXKAeTCsl B KIUEHTCKOM dacTtu. OTKpbITast
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Knnenrckas yactb APM
CUCTEMBbI

3axpbiTas
KOPIIOPATHBHAS CETh

CepsepHas yacTb Web-

CUCTEMBI unTepderic
IMouckosbre Cpencraa Cpepcrsa
cpefncTBa YTEeHMs JAHHbIX aHa/M3a JaHHBIX
VnTennexryanbHas
KOMIIOHEHTA CUCTEMBbI
Buyrpennmit
—>|
Buemnne
WuTepuer TIOMCKOBBIE

MalluVHbI

PucvHok 2. Cxema mopraja ¢ HHTEIIEKTYaIbHON KOMIIOHEHTON

apXUTEKTyPa MOPTAJIa ITO3BOJISIET JTOCTATOIHO JIETKO MOJIKJIIOYATH K HEMY
HOBBIE€ MOJYJIM, PACIIAPSIONFE ero OyHKIMOHAJIBHOCTh B COOTBETCTBUN
¢ HOBBIMU 3aj1auamMu. [lonb3oBaresb HHOOPMAIOHHOTO y3Jia (IopTaja)
3allpallnBaer olpejeeHHy0 html-crpanuily ¢ HEKOTOPBIMU CIIENUIECKUMEI
narubiMu. Cucrema yupapjieHusl oOpalaercs K 6a3e JJaHHBIX, [10JIydaeT
HY2KHYT0 THMOPMAINNIO U TpaunchopMuUpyeT ee B TpeOyeMblil s epeaatn
MOJIH30BATETIO0 (POPMAT.

Ba3oBbIM KOMITOHEHTOM SIBJISIETCS SIAPO TIOPTaJIa, MPeACTaBIIIoNee coboit
IIPOrPaAMMHO-AIAPATHBIN KOMIJIEKC. B 1ncjio dyHKIMOHAIBHBIX OJIOKOB,
BXOJISIIIIUX B COCTAB sIJIpa, BKJIIOYEHBI, B TOM 4ucije, «bJjiok ynpasyerus: 6a30it
JaHHBbIX>, «HTEpdeiic aaMmuancTparopay, «CucreMHubIil mHTEP]ECS.

Cxema BKJIIOYAET cireayromue KOMIIOHEHTHI:

* KJIMEHTCKAs 9aCTh B COCTaBe: pabOvune CTAHINK AHAJUTUKOB C CHCTEMON
ayTeHTUMDUKAINN 1 IPEIOCTABJIEHNS JOCTYIIA K IIPUJIOKEHIAM, UMEIOIIe
CEeTEBOE COE/IIHEHNE C CEPBEPHOIT YacThio, web-0pay3ep, BcrioMoraTeabHbe
YTUIANTHI (IJIATHHBL, PEIAKTOPBI, PUIBLTPhI (DOPMATOB);
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3aKpbITasl KOPIIOpaTUBHasdA CEThb, O6’beJII/IH${IOIILa5{ KOMITbIOTEPbI KJIUEeHT-
CKOIf U CepBEpPHON YaCTU CUCTEMBI;

cepBepHas JacTbh CUCTEMbI, B COCTaBE: alllapaTHBIE CPEICTBA — KJIACTED;
obmecucremuniii ypoenb 110 cepBepHOil gacTu, cpeicTBa MOIIEPKKI
apaJsIIeJIbHOrO BhioHeHus porpamm; 110 web-cepepa; nuTeIIEKTY-
asibHasg KomroneHTa 110 cucrembl, BKIIOYAONIAs TOUCKOBBIE CPEJICTBA,
CpeJ/ICTBa aHaIn3a JaHHbIX, 0a3y JaHHLIX U 0a3y 3HAHUIL.

Nudopmamnmonnas 6a3a cUCTEMBI — CTPYKTYPUPOBAHHOE XPAHUJIUIIE
JIAHHBIX, 3HAHUN 1 WH(MOPMAIUH, OTHOCSIIUXCS K PA3JUYHBIM ACIIEKTaM HAYKH,
rexHosIorHi 1 nHHOBaIMA. OHA MOXKeT BKJIIOYATH B ce0sl HAyIHbIE MyOJIMKAINH,
MMATEHTHI, OTYETHI 00 MCCJIEIOBAHUSX, TEXHIIECKYIO JIOKYMEHTAINIO, JTAHHBIE
0 TpoeKTax, HHMOOPMAIMIO 00 FKCIIEPTAX W OPTraHU3AINIX, & TaK¥XKe JIPyTrue
peneBaHTHBIE pecypchl. B ToM uwmcie mapopMmanuonHasi 6a3a CHCTEMBI
[peHa3HAYeHA JIJIs XPAHEHUS

* PE3YJILTATOB YTeHUs] MHMOPMAIMN: €IMHUIHbIE JOKYMEHTHI, aKTyaJIb-
HbIE KOIIMH MCTOYHUKOB MHMOPMAINN, BepCUH (MCTOPUIECKUE CPE3bI)
HMCTOYHUKOB MH(OPMAIINY, CBEJIEHUS O BBIIIOJHEHHOM YTEHUH;

* JIAHHBIX, IIOJIyYEHHBIX B [POIECce aanTainuy (00yIeHus) HHTeJJIeKTYab-
HOI KOMIIOHEHTBI CHCTEMBI, — IPOMIIIN AHAJUTUKOB, TIONCKOBBIX MAIIUH 1
MCTOYHUKOB UH(DOPMAIIWH;

» mHGMOPMAIINH, OJIYYEHHOH B IIPOIECCe NHTEJIEKTYaJbHOTO aHaIN3a
CHATON MHGMOPMAIUH, — PE3YJILTATHl AHAJIN3A JOKYMEHTOB, TEMATUIECKIX
TO/IDOPOK, BBISBJICHHBIE CKPBIThIE OTHOIIEHUSI, CBSI3M U 3HAHUS.

CpecTBa aHamM3a U MPEJOCTABICHIA NHMOPMAIINN IPETHAZHAYEHDI JIJIs
MHTEJIEKTYaJbHON 00paboTKu MH(MOPMAIIMOHHON 6a3bl CUCTEMbI M BHENTHEH
naMOPMAIIH U TPEIOCTABICHIS AHAJIUTAKAM PE3YJILTATOB ITOH 06paboTKu.
Januble cpecTBa JOXKHBI 00ecIIeYnBaTh

BO3MO2KHOCTBb aHaJIn3a CMBICJIOBOI'O COACPzKaHUA OTACJTbHBIX JOKYMEHTOB
U TeMaTHYEeCKHUX HO,ZL60pOK, CBA3aHHBIX MAaCCHUBOB Ha IIPEAMET BBIJCJICHUA
SHAYUMBbIX KJ/IIOYEBBIX CJIOB, BBIABJICHUA CKPBITBIX OTHOIIIEHUNA U CBSI3€I7I;

BO3MOKHOCTH PabOThI ¢ nHMOPMaIreil Ha Pa3INIHbIX WHOCTPAHHBIX
A3bIKAX;

HaKOIJICHUE U IIOIIOJIHEHNE 3HAHUM, [TOJyYEeHHbIX B pe3yJIbTaTe aHaIn3a
nH(MOPMAIUH 10 UHTEPECYIOIIEel TEMATHKE;

[IpeIbsABJIEHAE 10 TPEDOBAHUIO PA3JINIHBIX (DOPM OJHOM U TOI Ke
nHOOPMAITIT;

obecrieueHre pa3InIHbIX PEXKUMOB UCIIOJIb30BAHUST IIPEIbABIISEMOIT
uH(bOpPMAaIUei — COBMECTHOE UCIIOJIb30BaHIe pabodeil IPYIIIOii aHAIUTUKOB
U/WIIM CHSITHE KOIMU JJIsd [IePeiavdyl 3aMHTEPECOBAHHBIM JIHIIAM.
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ArnmrapaTHbie CpeJICTBa CEPBEPHOIl YaCTH JIOJIKHBI 00eCIeanBaTh alllla-
paruyo mardopmy i 3ddekTuBHON peasm3ariun Beex dyukmuit [10
CHUCTEMBI.

Paccmorpennast Mozenib moprasia IpeocTaBIseT BO3MOXKHOCTH O OPraHu-
3aIUK KJIMEHTCKOI'O MECTa C IeJIbI0 yCTpaHeHns NH(MOPMAIMOHHO Heperpy3Ku
7 OIITUMU3AINHU JOCTYIIa K HEOOXOANMON NH(MOPMAITUN, OTCIC2KUBAHUS 1
I POTOKOJIMPOBAaHUA AeficTBUIl ITOIb30BaTeN el NJid OJIePXKAHNULA [IOpTaJIa
B pabodyeM COCTOSTHUM, OIEHKHU (P HEKTUBHOCTHA €ro pabOTHI U OTIEPATUBHO-
ro ycrpaHeHust c00eB, 00eCIIeYeHNI0 aKTUBHOIO JIOCTYIIA U OTOOPAXKEHUTO
nHGOPMAINN 13 MHOXKECTBEHHBIX MCTOYHUKOB JTAHHBIX.

MuresiekTyasibHast CUCTEMa CTPOUTCS C YIETOM CJIEIYIONUX 6A30BBIX
TpebOBaHMIA:

* MACIHITAOMPYEMOCTh;

orkpbITOCTh cucreMbl (API);

HaJI€2KHOCTD;

HE3aBUCHMOCTD OT AIAPATHON mIaTMOPMBL;

obrecucremuslii yposerb 110 cepBepHOil yacTu;

IIporpaMMHOe obecrederne web-cepsepa;

WHTeJUIEKTyaIbHast KoMioHeHTa 110 cucTembl, BKIIOYAeT TONCKOBBIE
CPEJICTBA, CPEJ/ICTBA UTEHUS JAHHBIX, CPEJICTBA aHAIN3a JAHHBIX, 0a3y
JAHHBIX U 6a3y 3HAHUI;

dopMUpOBaHTE CIIENUATN3UPOBAHHOIO OAHKA (POPMAJIM30BAHHBIX Pelle-
Huit 10 QYHKIMOHAJIBHBIM MOJIEIAM UH(MOPMAIMOHHBIX IIOPTAJIOB U UX
IIOJICUCTEM C YYETOM BBIJI€JIEHHBIX THUIIOBBIX KJIACCOB.

3aknoyeHne

Axrusuzanus pabor no dpopmuposanuio EHTII apisiercs KiroueBbIM
daxTopoM obecitedeHnsi KOHKYPEHTOCIIOCOOHOCTH, O€30IAaCHOCTH M TEXHO-
JIOTUYIECKOTO CyBepeHuTeTa. Kro peajusarust crrocobCTBYeT PACIIUPEHUIO
[IPUOPUTETHBIX HAIIPABJIEHUI HAYIHOIO U HAYJIHO-TEXHUIECKOTO COTPYIHUYIE-
CTBA Ha OCHOBE JIOJITOCPOYHBIX TTAPTHEPCKUX M PABHOIIPABHBIX MEXK Ty HAPOIHBIX
OTHOIIIEHUH TI0 HAIIPABJIECHUSIM, 00€CIEINBAIOIIAM PEIIEHNe CTPATETMIECKUX
3a/1a9 PA3BUTHUSI TOCYIAPCTBA.

B pabore paccmoTrpenst obiue TpeboBanus miis popmuposanns EHTII.
Cpestanbl orieHKH akTyajbHOCTH paboT mo coznanuio EHTII. O6ocroBana posb
MHTEPHET-TIOPTAJIOB KaK CPEJICTBA JIJIsl YIIPABJIEHUs] 3HAHUSIMU ¥ UHTEIDAIIIT
texnosoruit. Boisgsiensr Tpebosanusa Kk EHTII ¢ Toukn 3penns obecredenust
CeMaHTUIeCKOl nHTeponepabebHocTH. [IpuBeieHa KOHIIENTYATbHAS MOJIETh
MHGOPMAITMOHHOTO TTOPTAJIA.
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CkopocTHBIE acCOIIMATUBHBIE ONEePau U AJITOPUTMBI
yIIpaBJjieHus U 00paboOTKMU JIAaHHBIX JJis pacIipeieJIeHHbIX
U(PPOBBLIX CUCTEM, AEMCTBYIOMINX B YCJIOBUIX
HeOoIIpe/1eJIEHHOCTU

o =
Tennasmuit leopruesna Creropa
WNHetntyT npobnem ynpasneHus umenn B. A. Tpanesnukosa PAH, Mockea, Poccusn

g_qsl‘,etsu,ra,@*m,m',l.'ru

AxHoTauunsi. PaccMoOTpeHBI acconMaTUBHbBIE OMEPAITUNA U UCTOIb3YIONINE X
aJITOPUTMBI JIJIsT CKOPOCTHOM CeTeBOit 06pabOTKU JAHHBIX M YIPABJIEHHUS B pacIpejie-
JIHHBIX IU(POBBIX CUCTEMaX C HEIPEIBUIEHHBIMU JIEHCTBUAMU OOHEKTOB CUCTEMBI,
C HEM3BECTHBIMH BPEMEHEM M MECTOM IIOSABJIEHNS B CHCTEME Pe3YJIbTATOB NI OTKA30B,
C HEOXKUJAHHBIM BO3I€CTBUEM BHENIHEH CpeAabl. DTU OMEPAIlUU U aJITOPUTMbI
MTO3BOJIMTA CO3/IATh M3JIaraeMble B CTAThE CIOCOOBI aCCONMATHBHOIO B3aMMOIEHCTBHUS
00bEKTOB (0 KAYECTBEHHBIM TPU3HAKAM, 6€3 MCIIOJIb30BAHAS 4JIPECOB OObEKTOB 1
JIAHHBIX) W PACIIPEJIEJICHHbIE ACCONUATUBHBIE ONEPAIMU C OJHOBPEMEHHBIM yIaCTHEM
B KasKJIOU OMEpaIuu TPYIIbl 00bEeKTOB. BhIoHEHNE olepaluil He yBeININBaET
BpeMsI Iepesladu JaHHbIX. /I yCKOpeHusT peaKIuy CUCTEMbI Ha, HEIIPEIBUICHHDbIE
BO3JIEMICTBUSI MIPEJJIOXKEHBI TPHU BHUJIA AJAITUBHBIX CTPYKTYP CBsI3eil OOBEKTOB
C pa3HO# CKOPOCTBIO peaKIy Ha Bo3AeicTBus. Bce cBaA3M mepecTpanBaioTcs
OJTHOBPEMEHHO.

KntodeBble cnoBa u cpasbl: acconuaTUBHOE B3aUMOo/IeiicTBue, 6e3apecHble
omeparny, OJHOTAKTHAS CHHXPOHU3AIUA, PACIPEIeIeHHbIe N(PPOBbIE CUCTEMBI,
pacupeziesieHHas oOpaTHasl CBsI3b, AKTHUBHBIE OOBEKTHI, aJJAIITUBHBIE CTPYKTYPBI

Ons untuposanns: Crerropa .. Ckopocmnvie accoyuamuervie onepauuu u
AN20PUMMDL YNPABAEHUA U 00PABOMKYU OGHHBIL OAA PACNPEIENEHHDIT UUPPOBHIT
cucmem, Jeticmeyowur 8 Ycaosuax neonpedeaenrocmu // IIporpaMMHbIE CHCTEMBIL:
reopus u npuioxkenusi. 2025. T. 16. Ne 2(65). C. 81-109. https://psta.psiras.
ru/read/psta2025_2_81-109.pdf
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Beepenne

B mpemmaraemoit crarbe paccMOTPEHBI CKOPOCTHBIE ACCOIMATHBHDBIE
OllepaIi, aJropuTMbl OOpabOTKHU JIAHHBIX U YIIPABJIEHMUsI, IIPEIHA3HAYEHHBIE
JIJIsI UCIIOJIb30BAHKs B PaclpejieleHHbIX ¢ POBbIX cucreMax. IIpenosaraercs,
9TO 3TU CUCTEMBI COCTOST U3 AKTUBHBLIX HUQPPOBBIX OOBLEKTOB — I'PYIIIL
KOMITBIOTEPOB, AKTUBHBIX KOMIIOHEHT TAKUX KOMIIBIOTEPOB MJIN (PUIUIECKUX
YCTPOMCTB, UCIOJIB3YIOIINX BCTPOEHHBIE KOMITBIOTEPHI.

AKTUBHBIN 0O0BEKT pas3pelaeT cOOCTBEHHDBIE IIPOOIeMbl 0e3 00palleHus
K ApyruMm obbekTam. OHAKO U y9acTHUA OObEKTOB B PEIIEHUN COBMECTHBIX
3a/1a9 KaxK/Iblli aKTUBHBINA O0bEKT J0JI2KEH MHTEHCHBHO B3aUMO/IEiCTBOBAThH
C IpyruMu OOHEKTAaMU JIJIsI OIEHKN COCTOSTHUSI TOCTEIHNX U BHIPAOOTKN COB-
MECTHBIX JEHCTBHIf. DTO MOBLIIMIAET NHTEHCHBHOCTD B3aNMOIEHCTBUSI 0O HEKTOB
qepe3 CpeJICTBA CBI3H, 3aMelJIslsl STUM B M3BECTHBIX CHCTEMAaX CKOPOCThb
peaknuu Ha coObITusi. OOBEKTHI JEHCTBYIOT B YCJIOBUAX HEOIPEIEIeHHOCTH,
KOTOpAasi CO3/IaeTCs 3apaHee HEM3BECTHBIMU BHYTPEHHUMU WJIA BHEIITHUMU
COOBITUSIMHU, MOSBJIAIONIMMUCI B HEU3BECTHOE BPEMsI B HEM3BECTHBIX MECTaxX.
Kak ciieacrBue, nmporpaMMHbIE CPeJICTBa JOJZKHBI B JIUHAMHUKE OTCJIEXKUBATH
COCTOsIHHE BCEX O0OBEKTOB CHUCTEMBI U C BO3MOXKHO MEHBIIEH 3aIeprKKOMi
pearupoBaTh Ha BO3HUKAIOIIUE COOBITHSI.

HeompeieieHHOCTD yCIIOXKHSAET WK HE JIOMYCKAET 00pAIeHrne K 00beKTaM
[0 CTATUYECKUAM aJIpecamM, 9TO CHUXKAET PEaKTUBHOCTH CUCTEM, OCODEHHO
cucTeM, paboTAIOIUX B PEKHUME KeCTKOro peasbHoro spemenn (2KPB).

s yckopennsa peaKTHBHOCTHU CTATbsl MTO3BOJISET 3aMEHATDL aJIpeca
HabopaMu IIPU3HAKOB, XapPaKTEPU3YIOINX OObEKTHl U JAaHHbIE B HUX, U
IIPUMEHATH paboTalonye ¢ TPU3HAKAMU PACIPeeJIEHHbIE ACCOIMATUBHBIE
omepanuu. Kaxast acconuaTuBHast ONEPANns [P BLIIIOJHEHUN YIPABICHUS U
BBIYHCJIEHU OJHOBPEMEHHO 00pabaThHIBAET MHOYKECTBO MPU3HAKOB—API'YMEHTOB
oreparuu, oObIYHO He TPeOysl JIOMOJHUTETHLHOTO BpeMeHn Ha 00paboTKY.
Y005l IOIIEPKHYTH OJITHOBPEMEHHOE yIACTHE B ACCOIMATUBHON OllepaIinu
MHOKECTBA JJAHHBIX, B PSJI€ MECT Oy/IeM TAKWe OIE€PAINA HA3BIBATE T'PYIIHOBBIMU.
HeomnpeneneHHOCTh B JIEHICTBUSAX aKTUBHBIX 00bEKTOB TpedyeT, YTOOBI CTPYKTyPa.
CBsI3eil MEXK/1y HUMU OBICTPO M3MEHSIACh B OTBET HA BO3HUKAIONIUE COOBITHS.
Wnage roBopst, cucrema JOKHA OBITH ANTHBHOM, C TIEPEMEHHON CTPYKTYPOIf,
9T0 00eCIIednBaeTCs B CTaThe. TeXHUIeCKHe JeTaju CTPYKTYP TaKUX CHCTEM
OJPOBHO M3JI0XKEHBI B cTaThe 1], opuenTHpOBaHHON Ha PaspaboTUYNKOB
TEeXHUYICCKUX CPEJCTB.

Hosast craThst ocHOBaHA HA PE3yJIbTATAaX ITOH CTATHU, HO OHA OPUEHTHPO-
BaHa Ha co3/iaTesieil aJrOpUTMOB U IIPOIPAMM, UCHOJIb3yEMBIX B YCJIOBHUAX
HEOIIPeIeIEHHOCTU. TeXHUYIeCKne TeTAn B Hell CBEIEHBI K MUHUMYMY U
Or'PAHUYEHBI §2, MJLIFOCTPUPYIONIUM PEATUBAIIIO IPeIIaraeMbIX OIEePAIHi
B OBICTPO IIEPECTPANBAEMOI CTPYKType CBsi3eil 00bEKTOB.
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HpI/IBeJleHHbIe B CTaTbe pelieHnud MMEIOT CJIeIYIoNe OCHOBHbIE 0CODEHHO-
CTHU.

(1) IIpumenena rpymma CrIoCOOOB B3aMMOIEHCTBUsT AKTUBHBIX OOHEKTOB
B CTAIMOHAPHBIX U MOOMJIBHBIX CUCTEMAX, ITO3BOJISIONIAs 00 bEKTAM
OBICTPO PEarnupoBATH HA HENPEIBUICHHBIE COOBITHS.

(2) YupasieHue B3aUMOACHCTBIEM 00BEKTOB IIOJTHOCTBIO JEIEHTPATH30BAHO
C IIEPEXOJIOM U3 ACHUHXPOHHOT'O COCTOSIHUSI B CHHXPOHHOE MOCBLIKON
YKa3aHHBIMU O0'bEKTAMH €JMHCTBEHHOIO CHHXPOCHIHAJA (OHOTAKTHASI
CHHXDOHU3AIINS ).

(3) CpemcTBa ceTeBOro B3anMOAeHCTBUST JTHOO MOJTHOCTHIO PACIIOIOKEHBI
B 00beKTax, JuO0 BHE OOBEKTOB COCTOSIT U3 PETPAHC/ISITOPOB CUTHAJIOB,
He COEPIKAIMNX JIOTHIECKAE SJIEMEHTHI.

(4) Ilpumenenb! pacipeiesieHHbIE ACCONUATHBHBIE OIIEPAIii, KOTOpbie 6e3

BHEIITHET'O BMEIIaTeIbCTBA WHUIMUPYIOT 00beIMHEHEe aBTOHOMHBIX

00bEKTOB B CHHXPOHHO JEHCTBYIONIYIO CHCTEMY 00BbeKTOB. Kaxkmas ore-

parysi OJTHOBPEMEHHO 00pabaThIBAET MHOXKECTBO JAHHBIX, MOCTYHAIONIIX

OT y4YaCTBYIOIIUX B OIEPaIuid 00bEKTOB.

~

B coBokynrocTn §1-§4 pemaior o6IIyio 3a/1ady: MEePeBOAT PACIPEIeIeH-
Hble ACUHXPOHHO JIEHCTBYIONNE UMPOBLIE OO0BEKTHI B €JIMHYI0 CUHXPOHHYIO
CETEBYIO CTPYKTYPY CO CKOPOCTBHIO PEAKIINN Ha HEIPEIBUICHHbIE COOLITHS
GJIN3KON K CKOPOCTH PEAKIIUU B COCPEJIOTOIEHHBIX CHCTEMAX.

JJist OlleHKY HOBH3HBI [IPEJJIATAEMbIX PEIIEHUI NHTE/IEKTYaIbHbIH TTONCK
mybsmmkaruit B lnTepHeTe BhIIesm 3a mociequane 5 jer 16 mybmukarmii,
KOTOPBIE MOYXKHO Pa3/IeJIUTh HA JIBE IPYIIIIHIL.

B crarbax [2,3,12,14] upuBesieHsl peleHus, BAULAIONINE HA OPraHU3AIUIO
TEXHUIECKAX CPEJCTB cUCTeMbl. VI3 Hux obImuil mHTEpec NpeCTaBIIAIOT
pabotsr |2, 3], ncnonpsyomue FPGA, KoTopble TTO3BOJIAIOT TIEpeCcTPanBaTh
CTPYKTYPY CBs3€#l B CHCTeMe IPHU IIepexojie OT OTHON pemraeMoil 3a1adn
K japyroit. 3Bectro Muoro apyrux mybaukanuit ¢ npumenennem FPGA s
rex ke 1eseir. OTMeTHM, YTO B IpeiaraeMoil CTaThe MepecTpoiika BOZMOKHA
B XOJI¢ PeIlleHusI KOHKPETHOH 3a/1a4N BBIIIOJTHEHIEM eJMHCTBEHHON KOMAHIbI.

B ocranbHbIX HallgeHHBIX cebliKax [4-7,9-11,13] paccMoTpeHbl anroput-
MHUYECKHUE U MIPOIPAMMHBIE PEIeHUs KaK JIJIsT KOHKPETHBIX PaCIpeIeIEHHBIX
CHCTEM, TaK U JJIs KJIACCA PACIIPEIEJIEHHBIX CUCTEM B IIEJIOM.

Ormerum pacrpesiesieHHble cucteMbl ¢ ydactueM WU [5, 6]. Smech
BBINIOJTHAETCST B3aNMO/IeficTBIE EeHTPaIbHOM 06a3bl nanubix VU ¢ ynamenasiMu
pacupenenenabiMu torpedbuTensivu V. Co BpemeHeM, ¢ paciimpeHueM
TEXHUIECKUX BO3MOXKHOCTEH yIAJIEHHBIX MOTPeOUTE el TaKast CBA3D JTOTIOTHUTCS
CBsI3bI0 MeXK Ty pacupeneientbivu cucremamu U, B [4] nan 0630p obecriedenust
OTKa30yCTOHYNBOCTH pacipejieleHHbIX cucreM. B [7,9,13] paccmorpero obiee
TeKyIIee COCTOsHIE Pa3pabOTOK PACIIPe/IEIEHHBIX CUCTEM U OY/IYIIie TeHIEHIIN.
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B [8] pacemorpeno npumenenne DataFlow mis cssizu ynasnennsix Edge-cucrem
co cpezcrBamu obsaunbix Beraucsennii. Crareu [10,11] Boiaensiorcs cpenn
OCTaJIBHBIX CTaTeil TeM, UYTO PACCMATPUBAIOT PACIIPEIEIEHHbIE CUCTEMbBI
yIIpaBJIEHNUsI, KaK [IPAaBUJIO, TPeOyIoIye coDII0IeHs TPeOOBAHU KECTKOIO
peanbHOro Bpemenn. Crarhs [13] paccMaTpuBarOT COCTOSTHUE MCCIIE0BAHMIIM
B obsacTy KubepduU3NIecKux cucTeM MUPOKoro Buaa. B [10] pacemMorpensr
HCCJIEOBAHUS CBEPXOOJIBIMNX CUCTEM YIIPABJIEHUS.

OcHOBHOE OTIMYME TIPEJIATAeMON CTATHU OT IIPUBEJIEHHBIX B 0030pe
COCTOUT B pa3paboTKe IMUPOKOro Habopa CPeJICTB HU3KOIO yPOBHS:

¢ TpexX CTPYKTYpP B3aUMOJIeHCTBUsI 0O'bEKTOB,

* CKOPOCTHBIX OIE€paldil I HeOOXOIAMOTO PACIIPEIEJEeHHBIX aCCONUATHBHEIX
onepanui,

 HEOOXOIMMOTO [Tl HUX CHENMAJIBHOTO TIPEJICTABICHNs] JAHHBIX (JIOTHe-
CKUX TITKAJT).

B crarne mokazama 3(ppeKTUBHOCTD ITUX CPEJCTB HA KOHKPETHBIX JACTHBIX
mpuMepax. VX moJe3HOCTh Ha PEeaIbHBIX OOJBIMUX 33/1avax HYXKIAeTCS
B OTJEJIbHBIX OlleHKaX. He paccMOTpPEHO Cco3/1aHne Ha OCHOBE TPUBEIEHHBIX
6a30BBIX ACCOIUATUBHBIX ONEPAIMil HOBBIX MaKpPOOIIEPAIHil, OPUEHTHPOBAHHBIX
HA KOHKPETHBIE 00JIACTH MPUJIOKEHUIA.

B HOBOIi cTaThe 10 CPABHEHHUIO €O cTaTheil [1] MaTepuas 1o cKOpOCTHBIM
ACCOIUATUBHBIM OIEPAIIAM U aJIrOPUTMaM 0OpabOTKU JAHHBIX U YIPABJICHUS
YaCTUYHO NepepaboTaH, J00aBIEHBl HOBBIE PEIeHHs], Y/IaJeHbl BTOPOCTEIIEHHbIE.
ViaajaeHbl TEXHUIECKUE TOIPOOHOCTH, HE MPEJICTABIISIONINE HHTEPEC JJIsT
paspaborunkoB npuiaoxkenuit. Pazmensr §1, §7-§9 monHocThIO coepKaT HOBBIIA
marepuaji. [lepepaborano BBejeHue.

Cocras crarbu cienyromuii. B §1 nipejcrasiensl TpeboBanust K B3aW-
MOJIEHICTBHIO PACIIPEJIEIEHHBIX OOBLEKTOB U 00JIACTH UX TpuMeHeHus. B §2
MIPUBEJIEHBI TPU BUJA CTPYKTYDP B3AMMOAEHCTBYIOMNUX OOBEKTOB C PAa3HOM
CKOPOCTBIO peakimu Ha, coObiTusi. B §3 onucan nereHTpaJn30BaHHbIH TIepexo/]
00'bEKTOB B CHHXPOHHOE COCTOsIHUE, a B §4— CHHXpOHU3aIUsl JelCTBUI I'PYIIIIbI
00BEKTOB-TIPUEMHUKOB. B §5 mokazan 3amyck nepuojmdeckoil CHHXPOHU3AIIN
OJTHOTAKTHON cuaxponn3armeii. [Ipusesentbie B §6 jlormdeckue mMKaIbl 1
pacIpeiesieHHbIe TPYIIIOBbIE Omepanuu paboTalT OJHOBPEMEHHO C MHOYXKECTBOM
OOBEKTOB JAHHBIX. Y IPABJICHUIO B3aMMOIEHCTBHEM OOBEKTOB, HAXOISAIINXCS
B pas3HbIX Kjacrepax nocssieH §7. B §8 paccMoTpeno npuMeHeHre CeTeBbIX
KapT JijIsi CAHXPOHHOI'O CKOPOCTHOI'O B3aMMOJIENCTBUSI OObEKTOB, a B §9—
BJiAsiHME 6Ee3a/IPECHBIX ONEepAInii Ha CBOMCTBA PACIIPEJIEJIEHHBIX AJITOPUTMOB.
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§1. TpeboBaHus kK B3anmopeiicTBuio pacnpegesieHHbIX 00bekToB,
obnactn nx npumeHeHns

1.1. CospemeHHbie TpeboBaHNS K B3aUMOAENCTBUIO pacnpegeneHHbIX
YNpaBASOWNX N BbIYUCIUTENbHBLIX LU POBbIX CPEeacTs

CyIecTBEHHO pacHIupsieTcst 00JIaCTh 3a/a9, PEIIaeMbIX CUCTEMaMU
B3aUMOJIEHCTBYIOMINX AKTUBHBIX OOBEKTOB, JJIsi KOTOPBIX HOJIyIeHUe
pellleHunst 3a/a9u 103Ke 3aJ[AaHHOI0 'PAHUYHOIO MOMEHTA BPEMEHU
uezponycrumo (pexkum 2KPB) wim cyiecrsenHo yXy/uaer BO3MOKHOCTH
cucrembl. O6bEKTHI JOIKHBL OBITH CTAITHOHAPHBIMEA U MOOUTLHBIMHE.
I'pynmam 06beKTOB U3 11. 1 IPUXOIUTCS pearupoBaTh Ha HElpeIBUeHHbIE
CcOOBITHUSI C 3apaHee HEM3BECTHBIMU MECTOM, BPEMEHEM IOSIBJICHUSI,
crennduKoil COOBITHIT 1 OOITelt 71T BCeil TPYIIBI, peakiiei Ha COOBITHSI,
dopmupyemoii B quaamuke. OTCiOna, TPAHUIHBII MOMEHT U JIJTATETLHOCTh
[IPOIIECCA COBMECTHOI'O PEIIeHMsT UCXOIHO HEU3BECTHBI U OIIPEIEJISIOTCS
B JIMHAMUKE.

Pearnposars Ha coOOBITHSI BCst CHCTEMa M BXOJISIIIE B HE€ TPYIIIBI 00BEKTOB
JIOJIZKHBI KaK Ha eUHOE IeJI0€, BBIITOJIHITh U 3aBEPIIaTh COBMECTHBIE
JIefiCTBUST OJTHOBPEMEHHO WJIH C 33 IAHHBIME BPEMEHHBIMU 33 1eP>KKAMU
MeXKIy obbekTaMu. Tak Kak B 1. 2 HEM3BECTHBI ajpeca OOHAPYKUBIIAX
CcOOBITHE OOBEKTOB, TO OOBEKTAM HEOOXOIMMO B3aUMOJIEiCTBOBATH
aCCOIUATUBHO, UCIIOJIb3Ysl TOJIBKO XapaKTEepHbIE JJisi 00bEeKTOB HADOPBI
[IPU3HAKOB.

JLj1st yCKOpEHUsT peaKIMU Ha COOBITHUS CBEJIEHNUS O COOBITHN, OOHADY KEHHOM
JIIOOBIM 00'BEKTOM, JIOJZKHBI KaK MOXKHO ObICTpee ObITh JIOCTABJIEHBI BCEM
obbekTam. ChopMupoBaHHas I'PYIIIOH 00bEKTOB Peakius Ha COOBITHUSI
TaKKe JI0JKHA OBITh OBICTPO [TOCTABJIEHA BCEM O0BEKTAM-HCIIOJHUTEISIM
peakmnuu.

st obecrievdennst OBLICTPOI peaKIu Ha COOBITUS B YCIOBUAX . 1—4
HEOOXOIMMO OPTaHU30BATh CHHXPOHHOE B3aUMOJIEHCTBIE OOHEKTOB,
wieHTUMUIUPYS TPYIILY He MEePEeUUCIeHHEM aIPECOB OOBEKTOB IPYIIILL, &
B I[€JIOM, COBOKYITHOCTBIO [TPU3HAKOB, BBIIEJISIIONINX KOHKPETHYIO I'PYIIILY
cpequ npyrux rpymi. [TosTomy HEOOXOIUMO B OT/IEJIBHBIX JEHCTBUAIX
OIIEPUPOBATH ¢ MHOYKECTBAMU O0'HEKTOB KaK € €JMHUIHBIME 00HEKTaMH.
Kak orMeueno Bbillie, onepaluy IMOUCKa U 0OPabOTKU JIAHHBIX C OJHOBPE-
MEHHBIM CHHXPOHHBIM yYaCTHEM B OIEPAIlNN MHOXKECTB PACIIPEIeIeHHBIX
B cucreMe OObLEKTOB U JIAHHBIX Jlajiee OyJeM Ha3bIBATH IPYIITOBBIMA
WM aCCOIMATHBHBIMU OIEPAIASIMEU, TIOTIePKUBasi, YTO B Oll€paIlin
OJTHOBPEMEHHO yYIaCTBYET I'PyIa 00bEKTOB, XapaKTepu3yeMast He UX
pacnosioxkeHneM (aJpecamMu), a COBOKYIHOCTBIO TIPH3HAKOB—ACCOIUAIUIA.
OiHOBpeMEHHOE U OBICTPOE MAHUITYJINPOBAHNE MHOYKECTBAME COOOIIEHHMIA,
ITOCBLIIAEMBIX TPYIIIAMH PACIPEIEIEHHBIX 00bEKTOB, YBEJIUINBAET
Harpy3Ky Ha CBS3BIBAOIINE OObEKTHI CETEBBIE CPEJICTBA U BBIIBUTAET
K HUM HOBOE TpeOOBaHme: Ha BXOI JIIOOOTO 00HEKTa TOJI?KHBI OTHOBPEMEHHO



86 I'.T". CrELOPA

IIOCTYTIATh COODIIEHNSI, CHHXPOHHO IIOChLIA€Mble IIPOM3BOJIBHOM IPYIIIOi
00HEKTOB.

11 3TOr0 mocTymnaroIme cooOMeHnsT JIOXKHBI ObITh 00beTNHEHBI
B eIMHOE COOODIIeHNe, CoepKalee COODIeHnsT IPYII 0ObEKTOB TO0UepeI-
HO WJIN KaK OJHO KOPOTKOE COODINEHNEe C COBMEIEHNEM OTHOMMEHHDBIX
Pa3psAIoB TPYIILI coobmmennii. [l yCKOpeHus B3anMOASHCTBIS TPYIIIT
00BEKTOB YKeJIATETHHO COBMEIATH IIePeIady coobIeHuit ¢ 06paboTKoit
JAHHBIX B COOOIIEHUSIX HEIIOCPEICTBEHHO CETEBLIMU CpeACTBaMU, 6e3
3aJePXKKU IMPOIECcca IePeIadmn.

Tpebosanus 1-6 xapakTepHbI [/ MHOTUX BUJIOB 3a/1ad, pemmaeMbix B 2KPB,
¥ MHOTMX BHUJIOB 33J1a4, HE UMEIOIINX YKeCTKUX BPEMEHHBIX OIDAHUYEHMUIL,
HO ¢ OOJIBITION HEOIIPE/IEIEHHOCTHIO B BLIOOPE IOCIIE0BATEILHOCTH IIAr0B
perernst. COOTBETCTBYIOIIUE IPUMEPHI JaHbI B 1.2.

1.2. OcHoBHble obnactu, npegbasnsaowme Tpebosarns ns 1.1

ITepeuncnennnie B 1.1 TpeboBaHUs XapaKTEPHBI IIPEXKIE BCETO T
paboraromux B 2KPB pacnpeneieHHbIX cUCTEM YIpPaBJIEHHS U CHUCTEM
UHOOPMUPOBAHUS O COCTOSHUN BHEIIHEH cpefbl. B 9THX cucremax, Tpebyronmx
OBLICTPOIT peaKITuu, KaKIBIA CJIeIYIOMUil mar geficTBuit 00beKTa BO MHOTUX
CIyYasgx 3aBUCUT He TOJHKO OT €r0 COCTOSHUSI, HO U OT HEM3BECTHOTO [IJIsI HETO
COCTOSTHHS JIDYTUX OOBEKTOB. B JIpyrux 00/acTsiX IpuMeHeHUsl (M POBBIX
CHCTEM BpPEMEHHBIE OTPAHMYEHUsI MeHee 3HAUUMBI, HO MOTPEOHOCTD B PEITCHUN
3a7a4q 6e3 obpalleHns K aJpecaM 00bEKTOB WM MECTaM XPaHEHUs JTaHHDBIX,
Tak>Ke BOCTpeOOBaHA IITUPOKO.

Cpeu obsiacreit, T/ie 10JI€3HBI ACCONMATHUBHDIE PENIEHNUs, OTMETHM MHOTHE
3a/1a9M C IpUMEHEHNeM IBPHUCTUKH, JIIOOble 3a/Ia9i C B3aUMO/IeHCTBHEM
IIEPEMEHHOI'0 COCTaBa O0BEKTOB MJIN JIAHHBIX, B KOTOPBIX BBIOOD OYEPEJIHOIO
IIIara pelreHus 3aBUCUT OT COOBITHI, BOSHUKAIOIINX HA TEKYIIEM U IIPE BTy X
marax. Mlcrnoap3oBanue apecoB CyLIECTBEHHO 3aMejdeT PabOTy CHCTeMBbI UIn
Jlazke IPAKTUYEeCKN HEBO3MOXKHO B 33J1avdax ¢ ObICTPO M3MEHsIEMBIM U 3apaHee
HEM3BECTHBIM COCTABOM YYACTHHKOB. ACCOIMATHBHBIE B3ANMOEHCTBHS YCKODS-
IOT OIIPE/IeIeHNe MeCTa U BPEMEHH IOJIyYeHHs OXKIJTAEMBIX ITPOMEXKYTOYHBIX
pe3y/IbTaToB BhIUUC/IeHUi B 3aa4ax DataFlow.

Cirestyer 0cob0 MOIEPKHYTH OTIINYIHE TIPEJIOKEHHBIX B CTATHE PAC-
[IpeJIeJIEHHBIX aCCOIMATUBHBIX CHCTEM OT M3BECTHBIX COCPEI0TOYEHHBIX
CUCTEM, HAIPUMED, accorumaTuBHOro cynepkomibiorepa STARAN, koropbrit
Boimyckajica B CIITA B pasubix mojudukarusx, Hadannaas ¢ 1970 roga 10 KoHIA
Beka [15] u omepaTUBHO YIPABJISAI CJAOKHBIMU CHCTEMaMU. PacrpesieleHHbIM
ACCOIMATUBHBIM CHCTEMAM IIPUXOJUTCS NHTEHCUBHO HCIIOJIb30BaTh CETEBBIE
CPEJICTBa B3aUMOIEHICTBUS OOBEKTOB, KOTOPhIE CYIIIECTBEHHO OTPAHMINBAIOT
apaJsieIbHOe B3anMOIeiicTBIe OOBEKTOB. Y MEHBIIEHAIO CETEBOTO OTPAHIIEHUS
[TOCBSIIEHA 3HAYUTE/IbHAST 9aCTh CTATHH.
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B cnenyromux maparpadax mpuBegeHbl OCHOBHBIE apXUTEKTYPHbBIE 1
CTPYKTYPHBIE pelleHrs, OPUEeHTHPOBAHHLIE Ha, yI0BIeTBOpeHne TpeboBammii 1.1
c opueHTaIuel Ha obyiactu u3 1.2

§2. CrpyKTypbl CUHXPOHHOrO B3aMMOLENCTBUSA pacnpegesieHHbIX
obbekToB

B §2 paccmarpuBaiorcst Tpu BUIa CTPYKTYP, MO3BOJSIONIAX BCEM 00b-
€KTaM CHHXPOHHO MOJIyYaTh COODINEHUS OT BCEX OOBEKTOB U BBIIOJIHSTH
WX acCOIMATUBHYIO 00paboTKy. BUabl CTPYyKTYyp MMEIOT pa3Hyo TOTHOCTD
CUHXPOHU3AINHU, TIPOILYCKHYIO CITOCOOHOCTH, CKOPOCTD IIEPECTPONKN BCEX
CBsi3ell B cuCTEMe, CJI0XKHOCTh peasm3aryn. Kak cieJcTBre, STu CTPyKTYPbI
OPUEHTUPOBAHBI HA UCIOJIH30BAHUE B CHCTEMAX, CYIIECTBEHHO OTJIMIAIOIIIXCS
B TpeOOBaHMAX K MPHUBEJIEHHBIM ITapamMeTpaM. Bee npejcraBiieHHbIe BUIbI
CTPYKTYP OPUMEHUMBI JIJIsi CHCTEM, K KOTOPBIM MOXKHO OOPAIaThCsi aCCOIU-
atuBHO. B 2.1 paccmarpuBaercst CTPYKTypa B3auMOJIECTBUs ¢ HauboJiee
BBICOKUMHU TPEDOBAHUSIMU K CKOPOCTH B3aMMOJIEHCTBUsT OObEKTOB.

2.1. HeogHopopgHasi CTpyKTypa B3anMoAencTBust C rpynmnoim
PETPaHCNSATOPOB

Opranusanusi cTpyKTyphl gaHa Ha pucyHke 1. CTpyKTypa OpueHTHpOBaHa

PucyHok 1. CrpykTypa ¢ MaKCUMaJIbLHBIMU TPEOOBAHUSMU
K IIapaMerpaM B3auMOJIeHCTBUsI

Ha CBsI3M 00'bEKTOB, KOMIIBIOTEPHI KOTOPBIX pabOTAOT B YKECTKUX BPEMEHHBIX
OIPAHMYEHUSIX W BBIOJHAIOT 33/[a9r ¢ OOJIBIIAM YPOBHEM HEOIPEIEIEHHOCTH.
O6beKTbl OOMEHUBAIOTCST ONITUYECKUMU CUTHAJIAME 110 OECIIPOBOIHBIM KAHAJIAM,
OIITOBOJIOKOHHBIM ¥ CMeIaHHbIM. CTPYKTypa HEOJTHOPOHAs: OObEKTHI
B3aMMOJIEIICTBYIOT Y€pe3 PeTPaHCISTOPHI CUTHAJIOB. Bee yerpoiicTBa cTpyKTyphl
crammonapHbl. Ha pucynke 1 O; u Oy 1Ba NpOU3BOJIBHBIX 00bekTa u3 N
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00BbEKTOB CTPYKTYPHI, RT — rpyIia peTpaHCcIITOPOB OITHYECKUX CUTHAJIOB,
[TOCHLTIAEMBIX OOLEKTAMH.

Kaxkaprit 00beKT MOXKET BBITIOJTHATH COBMECTHO (DYHKITUU UCTOUHUKA T
[IPUEMHUKA COODIIECHNUH, [TepeIaBaeMbIX ONTHIeCKUME curHajiamMu. O6beKTh
UMEIOT TlepenaTdnk 1's u npueMHUK Rs onTudeckux curaajos. Ecim o6bekT
JieficTByeT KaK MCTOYHUK, TO ero 1's nepemaer B RT curHasmbl coobmenus. Ecim
O0OBEKT JIeiCTBYyeT KaK IIPUEMHUK, TO ero 1's mepemaer B RT HempepbIBHBIHI
curuaJj, kotopeiit RT Bo3BpaTuT B RS MOILYTMPOBAHHBIM CUTHAJIAMU UCTOYHUKA,
nocJjasuiero coobmenune B RT.

B kaxkaom oObekTe ecTh KOMMYTATOP CHUIHAJIOB, MEPEKJIIOYAIOIIHI
CBSI3U MCTOYHHWKA U MPUEMHUKA OOBEKTA C JIIOOBIMU PETPAHCISITOPAMUI
u3 rpynnbl RT. JIjig BBITIOHEHHWST YKA3aHHBIX JIEHCTBUI PETPAHCIATOD
coziepuUT perpopeduiekTop (Karador), KOTOPBI MOCTYNAINMHA B HETO CUTHAJ
ot Ji000ro 0ObEKTA BO3BpAIAeT TOMY 00beKTy. Jljist CBsi3u IpyIiiia HCTOTHUKOB
U TPUEMHUKOB HAITPABJISIET CUTHAJIBI B BBIODAHHBIA UMU PETPAHCIISATOD
10 OYepe/Id UJIM COBMEIAs OJTHONMEHHbBIE Pa3PSIIbL.

Ncrounuk noceuiaer coobrnenne, nepe/iaBast euHAILY CUTHAJIOM Ha YacToTe
f1, HOIb — Ha yacrore fy. [Ipuemuuk 1y1st mpueMa COODIEHNS NCTOTHUKA
MOCBLITIAET B PETPAHCIATOD HEMPEPBIBHBIN CUTHAJ HA YACTOTE * fi JJIs TIpHEMa
eIMHUIIBI U * fy JUIs IpreMa HOJisd. PeTpaHCisiTop NPUHUMAET CUTHAJIBI
HCTOYHUKA, [IEPEBOUT UX B JIEKTPUIECKUE CUTHAJIBI U MOILYJIUPYET UMK
COOTBETCTBEHHO HEIIPEPBIBHBIE CUTHAJIBI IPUEMHUKA, * f1, U * fo, OTIpaBsis
9THM coo0IIeHne TpueMHnKy. Pa3uniia B qactotax f u *f mo3Bosisger o0beKkTam
[PUHUMATE CUTHAJIBI TOJIBKO OT PETPAHCIIITOPOB. DHEPIUU CUTHAJIOB HCTOTHIKA
JIOJIZKHO OBITH JJOCTATOYHO TOJIBKO JIJIsl IPHEMA UX PETPAHCIIATOPOM, IIPUEMHUKA
[IOJIyYat0T CUTHAJIBI, 3aTpadnBasi CBOIO SHEPruio. e/ SHeprus uCToOYHnKa,
JOoCTaTO4YHa IJjId AefICTBUA MOAYJ/IATOPa B PETPAHCIAATOPE, TO IIOCIeIHUNA
MOXKET OBITH TACCUBHBIM yCTPONCTBOM.

Baxkunie (byHKL[I/IOHaJII)HbIe BO3MOXKHOCTH:

(1) IIpousBosibHbBIE TPYTITBEI 00HEKTOB-UCTOYHUKOB MOT'YT CHHXPOHHO CM. §3
[I0CJIATh OTJIeJIbHBIE CUTHAJIBI U COOOIIeHust B perpancasTop RT —
BTOPHUYHBIH UCTOYHUK JIJISI BCEX IIPUEMHUKOB, CJIEIANMX 33 JaHHbIM RT.
TouyHOCTH CHHXPOHU3AIUN 3aBUCUAT TOJIBKO OT OIMINOKN TEXHUYECKUX
CPEICTB, U3MEPHIONINX PACCTOTHNE MKy OObEKTOM, HAWJLY Il
pe3yJIbTaT ¢ OIUOKOMH MOPSIIKA MUKOCEKYH/IbI TIpejocTaBieH B [16,17].

(2) CurxpoHH3aIUs COOOIIEHNI HE 3aBUCUT OT PACIIOJIOKEHUS 00BEKTOB U
RT u noszBossieT co3/1aTh psii OBICTPHIX PACIPEIEIEHHBIX IPYIITOBBIX
omeparnuii, KOTopble BBIIOJHAIOTCI I'PYIIIOil 00bEKTOB 32 BPeMsI, He
3aBUCSIIEE OT KOJTUIECTBA YIACTBYIOIIUX B OllepaIinu 00bLEKTOB.

(3) Cunxponnasi cOOpKa cOOOIIeHuit rpyIbl 00beKTOB B obmmit RT,
00 beUHEHHAs C NPUBEJIEHHBIMH HIUKE I'DYIIIOBBIMU OIIEPAITUSIMU,
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CyHIeCTBeHHO yCKOpHeT IIOMCK JIaHHBIX B 6OJII)HII/IX MaCCUuBaX U UX
006paboTKYy.

CTpyKTypa 103BOJISIET IKOHOMHO OOPOTHCsSI ¢ OTKA3aMH PETPAHC/ISITOPOB
RT — eIMHCTBEHHBIX PACIIOJIOKEHHBIX BHE OOBEKTOB CETEBLIX 0ObEK-
TOB. [Ij11 3aMeHBI M OJTHOBPEMEHHO OTKA3aBIINX IMPOU3BOJIbHBIX RT
JIOCTATOYHO MMETh TOJLKO M pe3epBHBIX RT .

(4

~

(5) Coepunenusi B cTpyKType Ha pucynke 1 (u crpykrypax u3 2.2 u 2.3)
ITO3BOJISIIOT HA PA3HBIX YIACTKAX HCIOJb30BATH OECIPOBOHBIE U BOJIO-
KOHHO-OIITHYECKUe CBA3HU. Takas peajin3alius IO3BOJISET PACIOJaraTh
OecIIpOBO/IHBIE KAaHAJIBI B HanOoJiee OJIArONPUATHBIX YCIOBUAX. B KoM-
IIBIOTEPHBIX IIEHTPaX OeCIPOBO/IHAS HCIOJIHUTEIbHAA JaCTh CTPYKTYPBI
Ha PHUCYHKe 1 MOKeT pacIojaraTbCs B OJHOM MM HECKOJBKUX I'epMeTHd-
HBIX [EHTPAX KOMMYTAIUU (COMEPKANIMX KOMMYTATOPbI, HCTOYHUKHY,
IPUEMHUKU CUTHAJIOB ¥ PETPAHCIISTOPEI). Y IPaBIISIONas CPEICTBAMA
KOMMYTAIUN YaCTh CPEJICTB Oy/IeT IPHU 3TOM HAXOJIUTHCS B 00bEKTAX
U COETMHATHCSA ¢ KOMMYTHPYIOIIEH 9acThI0 BOJIOKOHHO-ONITHYIECKIMI
KaHaJaMH CBA3M.

(6) OTMmeTuM, B CTPYKTYDE OINTHYECKHE PETPAHCIATOPHI ¢ peTpopediieKTopa-
MU ¥ KOMMYTATOPBI IPUMEHSIIOT B psifie 00/1acTeil, HAIIPIMED, B CPEICTBAX
cBa3u [18,19], Ho He npuMeHsIOT B KOMIboTepax. Jlajee ucronb3yorcs
U JIpyTre U3BECTHbIE TEXHUYECKNE CPEICTBA, TAKXKE OTCYTCTBYIOIIIE
B KOMITBIOTEPaX. TeXHUUECKHe JeTaan JaHbl B [1].

2.2. MNpocTas HeoaHOPOAHAA CTPYKTYPA C OAHUM PETPAHCISATOPOM

IIo cpaBHeHUIo €O CTPYKTYpOii 2.1 CTPYKTYypa Ha PUCYHKE 2 MpeTHA3HAYEHA,
JJTst TPYTII 00BEKTOB, KOTOPBIM JIOCTATOYHA IIPOILYCKHAS CIOCOOHOCTD OIHOTO

o~
~—
.

\1rj __— Perpancastop RT
e 4
//

~—
~

e

R
./ ——— ObBbexTHI O;

®-

PucyHok 2. HeomgHopojHast CTpyKTypa ¢ OJIHUM PETPAHCIATOPOM

RT. JIns obMeHa COOOIIEHHSMH MOTYT HCIIOJIB30BATBHCS OITHYECKHE U
pasnocurnaisl. Hammane omroro RT mpuBesio K yIaJaeHUIO KOMMYTATOPOB,
HEeOOXO/IMMBIX B CTPYKTYpPe Ha pucyHke 1.

IIpu obmene onrudeckumu curHastamu RT MOXKeT HCIIOIB30BATH PETPO-
pedekTop, HO JOCTYIIHO U OObIYHOE codeTanne: R MpUHUMAET CUTHAJIBI
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00bEeKTAa-UCTOTHUKA, TIEPEBOIUT UX B IJEKTPOCUTHAJIBI, KOTOPHIE JIEHCTBYIOT
Ha T€HEePaTOpP ONTUYECKUX WU PAIMOCUTHAJIOB, HAIIPABJISAEMbIX 00bEeKTaM-
IIPUEMHUKAM.

Kaxk u na pucynke 1 9acTOTBI CUTHAJIOB 00HEKTOB-UCTOHUKOB U TTPHEMHU-
KOB Pa3JINYHBI JIJIs yCTPAHEHHS II0MeX IIPUEMHUKAM OT CUTHAJIOB II€PEeIATINKOB.
Hasmume equHCTBEHHOTO PETPAHCASITOPA MO3BOJIAET UCTOYHUKAM UCIIOIL30BATH
HEHAIIPaBJIEHHbIE CUTHAJIBI /I OJJHOBDEMEHHO! PACCHIIKK COODIIEeHuil rpyIe
00'bEKTOB-IIPUEMHIKOB.

2.3. OpHopogHas cTpyKkTypa B3ammopeicTeus obbekTos Oe3
peTpaHCcAsTOpoB

B o1HOpO/IHOIT crCTEMe PETPAHCIISITOP OTCYTCTBYET M OO'bEKTHI B3aNMOJIEli-
CTBYIOT HEMOCPEJICTBEHHO, MOTYT OBITh CTAIIMOHAPHBIMEU U MOOWJIBHBIMU. 371€Ch
CYIIECTBEHHO M3MEHIIOCh HOHSATHE OJHOBPEMEHHOCTH CODBITHIT 10 CPABHEHUIO
C HEOAHOPOJHBIMU CTPYKTYDPAMU.

B pazmenax 2.1 u 2.2 cobbITusi CIUTAIOTCH OIHOBPEMEHHBIMU, €CJIU
COBPEMEHHbBIE TEXHOJIOTUN HE MO3BOJISIIOT PA3JNYIATh MOMEHT UX IMOsABJICHUS,
YTO O3HAYAET OMUOKY MOPSIKA TUKOCEKYHBI [17]. Iyt O/IHOPOJHBIX CHCTEM
COOBITHSI OMHOBPEMEHHBI, €CJIM OHU TOSIBJISIFOTCS B IIPEJIeIaX WHTEPBAJIA
Bpemenu 7', PABHOTO BPEMEHU IIEPEHOCA CUTHAJA MEXKIy HanboJiee B3aNMHO
yIAJIeHHBIMU B3auMOIeficTBy oMMy o0bekTamu. Pazdpoc Bo BpeMeHr HadaJIa,
CHHXpOHU3anuu oobektaMu jgocturaer T = L/c, rne L — MakcuMaJsbHOe
paCCTOSHIE MEXKIY 00BbEKTaMU, ¢— CKOPOCTH CBETa. 1aKasi HeOlPeIeIeHHOCTh
MaJIO BJIMSIET Ha OOBIYHBIN OOMEH JJIMHHBIMUA COOOIIEHUSIME, HO 3HAYUTEIHHO
3aMe/IJIsieT BBIIIOJIHEHE KOPOTKUX PACIIPEIe/IeHHBIX OIepaliyii B CKOPOCTHBIX
CHCTEMAX.

OpHako P yMEHBITEHUN Ppa3MepOB CUCTEMBI OJHOPOJIHAS CTPYKTYPa
B3aUMOJIEICTBUsI B MHOI'MX IIPUJIOYKEHUSIX 3aMeHsieT CTPYKTyphl u3 2.1 u 2.2.
OOGmmuit uror §2: B IPUBEJECHHBIX TPEX CTPYKTYPaxX MepegaBacMast MexKLy
JIIOOBIMU 00BEKTAMU NHPOPMAIIHS OJHOBPEMEHHO MOCTYIAET K I'PYIIIe 00bEKTOB,
HEIIOCPEJICTBEHHO WU 1epe3 perpaHcyaTop. CoobIneHus], MoChLIaeMble
110 KOHKPETHBIM aJIpecaM, BUIHBI BCeM OObEKTaM U aCCOIMUATHBHO MOTYT
BBI3BATH HE3AIJIAHMPOBAHHDIE, HO HEOOXOIUMBIE JIeHCTBUS I'PYII OOHEKTOB.
CoobieHnst MOryT OBITH O€3aIPECHBIMHU, HAIIPABIEHHBIMI OO'bEKTAM, MMEFOIIIM
TOJIBKO XapaKTepPHble HAOOPHI TPU3HAKOB.

§3. Oeuentpanusaums Bxoaa 06bEKTOB-UCTOHHNKOB B CUHXPOHHOE
cocTosiHue

B paznene §3 menenrpasnusanysi UCKIIOYALT TPUBJIEIEHNAE BHEITHETO WA
BHYTPEHHET'O IEHTPA YIPABJIEHNUS K BBIIOJIHEHUIO [IEPEXO0/a I'PYIIIBI 00'bEKTOB
B CHHXPOHHO€ COCTOsIHHE.
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3.1. Ha4yanbHblii CUHXPOHHBIA BXOA, O0BLEKTOB B CTPYKTYPY CBSI3U

Bxop B miporiecc CMEXpOHU3AIME OJIMHAKOB JIJIsT BCEX CTPYKTYp u3 §2.

OObeKTHI, He TIepeIAoNIne B TEKYIIIIl MOMEHT CUTHAJIBI B CTPYKTYPY

B3aUMOJIEHCTBUS, ISl OJIyHYeHUs IIpaBa CUHXPOHHOI'O JIOCTyIa K CTPYKType
BBIIOJTHSIOT CJIEIYIONINE JIEUCTBUSI, KOTOPBIE HJITIOCTPUPYET PUCYHOK 3.

(1)

(2)

s — I
1/ [r— s
s> T Sn
I
S+ *S
I

Pucynok 3. Ilpuniun meneHTpan30BaHHOrO BX0/Ia B CAHXPOHI3M

Ha pucynke 3 Tpu mpomn3BOJILHBIX 00BbEKTa U3 TPYHIILI 1 OO HEKTOB
OKHMJIAIOT MOMEHT OTCYTCTBHUSI CUT'HAJIOB B ceTd ([ay3y) U MOChLIAIOT
B CeTh CUTHAJ § 3asBKU HA BXOH B CMHXpOHU3M. CHUTHAJ § TIOCTYIAeT
B CeThb JIFOOBIM M3 JOCTYIIHBIX B CeTU C110co00B. [yinTe/IbHOCTh cUrHAJIA
S BeIOUpaeTCcs He MEeHbIe BpeMeHn 1’ TlepeMereHus CUTHAIA MEXK Ty
HauboJiee B3AMMHO Y/IAaJI€HHBIMU B3aUMOJIECTBYIONUMU OO bEKTAMU.
B meomnopoaHoit cetu curnas orupasisiercsa B R1T', B OMHOPOIHOM ceTn
HeToCpeICTBEHHO BceM obbekTaM. [Ipu mammauu RT untepsaa T MoxKeT
OBITH 3aMeHEH Ha mHTepBaj 17t BpeMeHU MepeMeIeHns] CUIHAIa MEXK LY
RT u naubosee yiaieHHBIMUA OT HETO OObEKTAMU.

CurnaJisl § 06bEKTOB B HEOIHOPOIHBIX U OJHOPOIHBIX CHCTEMAX O00b-
€MHATCs C YaCTUIHBIM COBMEIIEHUEM B OOIIMIi €/ [MHCTBEHHBI (1pu
BBIIIOJIHEHUU YKA3aHHOIO YCJIOBU Jisl jyiureabnoctu T') curnas S,
MMOCTYTAIONINI KO BceM oObekTaM. MoMeHT 3aBepInenusi B 00beKTe
curtaja S ¢opmupyer curHasi *S, KOTOPBIil CJIYKUT JJisi OOBEKTA
CHTHAJIOM Hadasa BXoja B cuHXpoHU3M. [Ipuxos Kk o0bekTy curaasa *S
HAYMHAET B HEM IIPOIECC OJHOTAKTHON CHHXPOHU3AIINN, KAK TOKA3AHO

B 3.2

3.2. CuHxpoHu3auus JeicTBUii rpynnbl 00 bEKTOB-UCTOYHUKOB

Paszmen 3.2 cocrout n3 Tpex pazzenos. B pazmene 3.2.1 paccMOTpeHbt

BapHUaHThI OIIPEe/IeHNs YIAJEeHHOCTH 00beKTOB-uCTOYHUKOB 0T RT. B pasje-
Jie 3.2.2 — CHHXPOHHASI JOCTABKA COOOIEHUI IPYIIIbl 00 bEKTOB-UCTOYHUKOB
B RT. B pazzeine 3.2.3 — KOppeKTUPOBKA UCTOUHUKAMHU TPYIIIIHI TEPEIABAEMBIX
MMU COOOIIECHUIA.

3.2.1. Onpegenenune ynaneHHoctn obvektos ot RT

Pucynok 4 uuiocTpupyet 11€ib IpOIlecca CUHXPOHU3AINH IeficTBU
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o6bekToB O1—03 OTHOCUTEILHO perpaHncisiTopa RT.
O,

_— 0O;

O - RT
Pucynok 4. Cunxponusanus 06beKTOB-UCTOYHUKOB

3meck 00bekThI O; PACIIOIOKEHBI ITPOU3BOJIBHO OTHOCUTEILHO RT | n
TpebyeTCs OIPEETUTDh UX YAAJeHHOCTh 0T RT') KoTOpasi Mo3BOIUT 0ObeKTaM
MIOCBLIATH CUTHAJIBI B RT OJHOBPEMEHHO WJIU C 33 [aHHBIM OTHOCHUTEIBHBIM
caBuroM Bo Bpemenn. Hanbosiee TouHas CHHXPOHU3AINSA JTOCTUTAETCS IIPU
[IPUMEHEHUN CTAIMOHAPHBIX 00beKTOB, RT U I100YepeHOrO U3MepPEeHUs
VIAJeHHOCTH KaxK10ro o0bekta or RT'. HanbosibInyo TO9HOCTS /1aeT n3MepeHe
VJIAJIEHHOCTHU C MIPUMEHEHUEM cpeJicTB u3dMepenus crargapra [EEE 1588-2019
[16]. I3Mepenust OCTATOYHO BBIIOJIHATD PEIKO, TOJIBKO € yYETOM W3MEHEHUs
BJIMSIHWSI BHEIITHEI CpeJibl Ha CKOPOCTDH ITEPEHOCA CUTHAJIOB.

TloodepemHoe M3MepeHUE TPEAIOIATACT HAJUYUNE YIIOPSTOIEHHOCTH
06bekToB. [Ipn HATUYIUN a/1pecoB OOBLEKTHI YIIOPSAA0YIAT JEHCTBU C YIETOM
CTapIIuHCTBa 3HadeHuil ajgpecos (6.2). Ilpu orcyTeTBun aipecoB 00beKTHI
HCIOJIB3YIOT HAOOPHI KAYECTBEHHBIX [IPU3HAKOB, XaPAKTEPHBIX JJIs TEKYIIETO
cocrosinust 00beKTa. B 3TOM ciiydae MOXKeT He BBIIEIUTHCS €IMHCTBEHHBIHN
00BEKT U JIefiCTBUS IPOJIOJIKATCSA HE C OTIEIbHBIM OOBEKTOM, & C MHOYXKECTBOM
00bexToB. JJobaska K HAGOPY IPU3HAKOB CJIy9IaiiHOrO Yucja (BMECTO ajpeca)
[IO3BOJIUT BBIJAEJUTDH OJUH OOBHEKT.

3AMEYAHUE 1. Pempancaamopovl, UCnoab3yemovie 066exmamu 0ii 63a-
UMOJETCMeus, 8 omAUYUE 0OM 00BEKMOB, He UMENIM UHOUSUIYANLHBLT
OMAUNUMEALHOIT HABOPOS NPUSHAKOE, HO NOPAIKOGHLE HOMEPA UM NPUCEOUMD
MooicHo. Tloamomy 60 MHORUL CAYMNAAT NOUCK 2PYNNBL 83AUMOICTCMEYIOULUT
005EKMO6 MONCHO CYUECMBEHHO YCKOPUND, C6EOSA €20 K NOUCKY UCTONLIYEMO20
obsexmamu obuwezo RT (cm. 6.3).

SAMEYAHUE 2. B cmamuve obsexmo, u RT ne ucnoavayrom waco
¢ 00UHAKOBBIMU NOKA3AHUAMU, YCTNAHOBAEHHBLMU GHEUHUMY CPEJCTNEAMU.
Iycmv makas 603MoxHCHOCTID ecmib, 0bsekmu. Henodeuschos u R1T, omnpaeass
cuehan 'S HawaAa CUHTPOHUIAUUL, CONPOBOHCIAEM, €20 3HAMEHUECM CE0E20
3Hauerus omevwema epemeny. Tozda npu nosywenuy cuenana 6ce 00sexmbl,
BHIYUMAA U3 CBOE20 OMCUEMNA BPEMENHY Omecyem, noayuennovii om RT,
odrospemerro onpedeasm ceor ydasennocmov om RT.
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3.2.2. CuHxpoHHas goctaska coobuyenuii rpynnsi obbektoB 8 RT

Nwmest 3Hauenue yraajgenHocTd 0T R1', 00beKTHI-MCTOYHUKY JIJIsI CHHXPOHI-
3aIlUU TIOIILJIIOT CBOU COODIIEHUsI OJIHO 38 JIPYTMM B BUJIE €IMHOIO COODITIEHUSI
nJjm B BUJI€ KOPOTKOT'O COO6HI€HI/I§{7 IIOJIYy9E€HHOI'O COBMeEIleHNEeM O/JJHOMMEHHbIX
pPaspsa0B I'pyIIbl coobmiennii. st 3Toro Kaxkapiii 06 beKT O; B MOMEHT
nostydenust curaasia *S or RT noceiiaer B RT coobienue ¢ 3ajepxkKoit D;,
rne D; = 2(T*—T;) + a, T* wHTEpBaI BpeMeHN, He MEHbIEe BPEMEHH JIOCTABKY
curuaja B RT cambiM yraeHubiM oT RT obbekTaMm, T; — BpeMs mepegatn
curaasna ot O; Kk RT. Dtu JeficTBUs IPEBPAIAIOT TPOU3BOJIBHO OTCTOSIINE OT
RT obbexTsl B paBHOY1ajleHHbIE. Bapbupyst «, 00BbEKT IIPU HEOOXOIMMOCTH
BHOCHT JIOTIOJIHUTEJIbHBIN CBUT npuxona curnajia B RT. B pesynbprate 00bHeKTHI
IPUMYT OZHO coobienne RT', cocTosInee U3 yIOPsI0IYEHHBIX BO BpEMEHN
coobrrennii 06beKTOB, nian npu & = () IPUMYT OJHO KOPOTKOE COOOIIeHme
C COBMEIIEHNEM OJTHOMMEHHBIX PA3PSJIOB B COOOIIEHUSIX 00HEKTOB.

3.2.3. KoppekTtuposka obbekTamMu OfHOBPEMEHHO NEPeAaBaeMbix COObLIeHNI

[Ipumenenne o mo3BOJIsIET 0OBEKTAM TaKKe BHOCUTD M3MEHEHUS B COOOIIe-
HUS APyruX 00BbEKTOB, KOTOPBIE IIEPEJAIOTCH CUHXPOHHO B BHUJE €IUHOTO
coobrennd. [lycTh g0 Havaa eIUHOTO COOOIMIEHNS YIACTBYIOIIUM B €TI0
co3maHnn 0ObEKTaM M3BECTHA CTPYKTypa coodbmmenuit oobekTon. Kaxxkmomy
00BEKTY TAKKe M3BECTHBI TIO3UIUN B €IMHOM COODITIEHUH, B KOTOPbIE O0BEKTY
pasperiieHo 6ecKOHMJINKTHO BHOCUTh U3MeHeHus. [[pu BBITTOJTHEHN BCEX
YKa3aHHBIX YCJIOBUIl OOBEKTHI CMOTYT U3MEHSITDH 00IIee COODIeHne, IPIuIeM
00BEKTHI, HADJIIOTAIONINE 38 PeTPAHCAUPYomuM coobienne RT', momygar
HHOOPMAIINIO O BCEX TPYIIIOBBIX W3MEHEHUAX. Pe3ybraT: 00bheKThl COKOHOMST
BpeMsi TPYIIIIOBOIO U3MEHEHUsI, 38 CUeT UCKJIIOUeHNs (POPMUPOBAHUS I'PYIIIIBI
aJpecHBbIX coobieHnit oobekTamu. K crnocobaMm mepexoma B CHHXPOHHOE
COCTOSTHE OTHOCHUTCSI TAKYKE OITOBEIEHNE CUCTEMbI OOBEKTOB O 3aBEPIIECHUN
IPYIIIBI ACHHXPOHHBIX JeificTBuii (cM. 3.2.4).

3.2.4. Onosewjenne o 3aBepLueHnn rpynnoii 0bLEKTOB aCUHXPOHHBIX
AencTBuii

[Tycts rpynmna Oa 00bEKTOB BBIOJHIET JEACTBUSI, 3aBepIiaeMble 00beKTa-
MH B HEM3BECTHBIE 3apaHee MOMEHTHI BPpEMEHU, U TpedyeTcs KaK MOXKHO
OBICTpEE OIIOBECTUTH BCe OOBEKTHI O MOMEHTE 3aBepIIeHUs JeHCTBUl BCeMu
obbekTamu. st 3Toro Kaxkiapii obbekr-ucrounuk u3 Oa, HadnHas JaeiicTue,
noceutaer B RT NPUEMHUKOB CUTHAJ U, TIOJ00HO curHady s (em. 3.1), m
CHHUMaeT ero B MOMEHT 3aBeplieHusi jeiicrBus. CUTHAJJIBI U IIOCTYIAIOT
K 00beKTaM-IIpUEMHUKAM B BHJIE COBMEIEHHOro curtaJia U, 1momobHoro S.
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B MoMeHT cHSITHSI TIOC/IEIHETO CUTHAJIA U TOSBJIsIeTcs curHaal U, aHAJIOrmIHbII
*S, KOTOpPBIl MHMOPMUPYET OOBEKTHI O 3aBEPIIEHNN BCEX aCHUHXPOHHBIX
neficreuii. [IpuBenenubie feiicTBust HanboJI€e CYIIECTBEHHBI IIPU PEIIEeHUN
3aza4q 1.2, nuMmeromux O60JIBITYI0 HEOIPEIEEHHOCTh B MOMEHTE ITOJTy I€HUN
pemenus. eiicTBAS BBIIOIHSIOTCS OBICTPO, TAK KaK HE TPEOYIOT IIPUBJIEICHUSI
[EHTPa YIPABJICHUs, U 33J€PKKa B ITOCTYILJICHNX KO BCeM OObEKTaM CUTHAJIA
*U pasna T win 2Trt. Onoperienne B 3.2.4 neficTByeT B PACIPE/IETEHHBIX
CTPYKTypax u3 §3 Kak CTapT-CTOIMHBIN PEXKUM B3AMMOJAEHCTBHAS 0ObEKTOB,
110/100HBIIT OAPbEPHON CUHXPOHU3ANNA: IPUX0 K 00bekTy curnaiga U —crapt
pexkuMma, npuxof; curaaja U — ero 3aBepIlieHue.

Homomsenue. 13 Tpoek Buja «rpyimia 06bekToB— R1T —rpymia 06beKToB»
MOTYT CO37[aBaThCsI IEMIOYKH, 110 KOTOPBIM OYIyT MEePEMENaThCs Pe3yIbTaThl
obpaborku coobirenuii. Bce mepemerienrsi MOTYT BBIIOJIHSITBCS Iepe3 PABHBIE
ITPOMEXKYTKU BPEMEHU. DTO HEIKOHOMHO, €CJIM Pa3Hble O0BEKTHI BBIIOTHSIIOT
CBOIO 9aCTh 00pabOTKM 3a pa3Hble MHTEPBAJIBI BpeMeHu. [IpuMenenne curaion
*U yurer peasibHbIE 3aI€PIKKH.

§4. CunxpoHusauuna geicTeuii rpynnbl 00bEKTOB-NPUEMHNKOB

IIpuemunku curuanos R ompesiensioT CBOIO YAAJIeHHOCTh BO BDEMEHH OT
RT, Berauciaa D) ananormano D;, 94To IO3BOJIIET UM, IIOJIyYUB COOOIICHUE
MCTOYHUKOB, BBIIOJHATH TpeOyeMble IeliCTBUS OJHOBPEMEHHO.

Kaxk1b1it IprueMHUK ¢ HOMEPOM i IIPEIBAPUTEIHLHO OIPEIENSIET 38 IEPXKKY
D; = 2(T*—T;) 4+ a. Tlonyuns B coobImeHnn KOMaHLy, Kax bt npueMank O;
IPYIIBI celaeT 3a1epKKy D) 1 BBIIOJHAT KOMaHIY IpH ¢ = () OJHOBPEMEHHO
WIN C PA3HLIMU 3aJePKKaMU MIPHU 3aJaHUN 00bEKTaM Pa3HbIX 3HAYCHUI (.

BerimosiHenre KOMaHIbI MOYKET 3aKJ/II0YATHCST B HEIIOCPEICTBEHHOM BO3/IEii-
CTBUU HA UCIIOJHUTEIHHOE YCTPOICTBO WK B 3aIrycKe depe3 jito60it RT cucrembr
OYEepeTHOTO CUHXPOHHOTO TAlla PEIleHns] 33JIa9h. 3/IeCh ITAIl TPEJCTABIISET
coboil He TPOJIBUKEHNE TI0 OOBIYHOMY KOHBeIepy C 3apaHee M3BECTHBIM ITyTeM
00pabOTKN «U3EUsI»: CUCTEMa OBICTPO MEPECTPANBAECTCS, OO HEKTHI MOTYT
OKHUJIATH yCTAHOBJIEHUS] HOBBIX CBaA3ei (cM. 6.3), M Ha CIeyromem sTare
06paboTKa JAHHBIX OYIET BBITOJHATHCSI HEM3BECTHLIMU 3apaHee 00bEKTaMHU.

§5. 3anyck nepuogunyeckoit cMHXpoOHU3aUUM OAHOTAKTHOMR
CUHXPOHU3ayme

Opnorakraast cnaxpornsamus (OTC) mo3BossIa He B3aUMO/IECTBYFOIIIM
MezKJly co0O0ii B HEKOTOPOM IPOMEXKYTKE BPEMEHH OOBEKTaM MEPEHTH B PEKUM
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CHHXPOHHOI'O B3aMMOJIEHCTBUS 1IpU TI0JTyIeHun curHana S wiu *U u, B acTHO-
CTH, MOXKET MHUIIUMPOBATH 3aIlyCK WM BHECEHHE U3MEHCHUHI B IEPHOJUIECKYIO
cuaxpormsanuio (IIC) neiicTBuit 06bEKTOB.

Bzaumogeiicrsue OrC u I1C monesno, ecin IIC mocraTodno moaaep:KuBaTh
B TeUEHNEe KOPOTKOI'O MPOMEXKYTKa BPEMEHH, OT J0JI€fl CEKYHIIBI 10 HECKOJIbKUX
MuHyT. [Ipy yyacTun BO B3auMOIEHCTBUU KOMIILIOTEPOB 38 TAKUE MHTEPBAJILI
MOKET BBIMOJHATHCST OOJIbIIOE KOJIm4IecTBO onepanuii, [lo Toil npuunHe u npu
OOIBINION HEOIPEIEIEHHOCTA B COOBITUIX YACTO He TpeOyeTcs JIuTeTbHasT
nomgaepxkka I[1C, n moctaTodno mcmoab3oBarh caemaytomnme maeitcrsus OTC.

Eciu 06bekThl He CHHXPOHU3UPOBAHBI, TO, ToJIyunB curaas S wiu *U,
rOTOBBIE K CHHXPOHHOII paboTe 00BHEKThI HEMEIEHHO HAYHYT CUHXPOHHOE B3au-
mogeiictBre. VX reHepaTOpbl CHHXPOCUTHAJIOB BKJIIOYATCH CHHXPOHHO 110 (ha3e
u OyJyT JIeficTBOBATh JI0 3aBEpPIIEHNs 3aaHHOro nHTepBaJia BoinoaHenus 11C.
Ecnu ectb 06bexThI, He roToBBIE K [IC, TO OHI HOJIKHBI CO3/IATH CUTHAJIBI
tuna U u *U, uro nHauner nepexosn Bcex o6bekToB B 11C.

Ecnu B cucreme ectb 00beKThI, Haxosmecs: B pexkume 11C; o oHE MoryT
cBonMu curHasgamu U 3ajiep:kaTh BXOJ HOBBIX 00bekToB B I[IC. AnbrepHaTuBa:
[Ipy BBICOKOM IipuopuTeTe 3ampoca Ha Bxoa B IIC ou Oymer pasperren, eciaun
naxopgmyecss B [IC 00beKThl MOI'YyT IPUOCTAHOBUTH CBOU TEKYIIWE JIeHCTBUSI.

Jloto/IHUTEJIBHO K TIOKa3aHHOMY JIeiicTBUsI 00beKTOB B nHTepBaJie [IC MoryT
OBITH JOMIOJTHUTEIBHO YCKOPEHBI CaeayoomumM oopa3oM. HTepBan neiicTBus
IIC pazgensiercs Ha bparMeHTHI, U TEPe]] TIEPEXOIOM B CJIeIyIoluii (pparMesT
OJIMH MJIU HECKOJIBKO OO'bEKTOB (IIPU IIPE[BAPUTEJBHOI COrJIACOBAHHOCTI
B BBIIOJIHAEMOIl IporpaMme) HeMeyieHHO, 6e3 curnasia *U uMeror nmpaBo
BBINIOJIHUTh BHE OYepeJid CBOU JIEHCTBUS.

B Takne MOMeHTBI OOBEKTHI, HE 3aTPAdYNBasl 3aBUCHIINEE OT Pa3MePOB
CHCTEMBI BpeMsi Ha OJTHOTAKTHYIO CHHXPOHU3AINIO, ITPOBOIAT COBMECTHBIE
JIeiCTBUsI, HAIIPUMED, TPYIIIOBYIO OMEPAIINIO.

Hanbrefiniee yupasieHie GefCTBUAME 00BHEKTOB B CUHXPOHHOM COCTOSHUH
TpebyeT UCIOIB30BATh JOIMIECKUe MIKAJIBI, pACCMOTPEHHBIE B §6.

§6. Jlornueckue wkanbl N pacnpegeneHHbie rpynnosbie onepauum
6.1. CrpykTypa nornyeckoi wkanbi

Jlormueckas mkasa (gasee st KpaTKOCTH — IIKAJIA) 9TO KOHCTPYKIIHS,
OIIPEJIEJIAIONIAs COCTOSTHIE 00bEKTa WM HAXOMAIIEHCS Y 00 beKTa IPYIIThbI
JIAHHBIX U UMEIOIAsl CJIEIYIOIe OCODEHHOCTH.

(1) Ikana opencrasisier cobOil MOCIEIOBATEILHOCTD IBONIHBIX PA3PI0B,
KOJIMYECTBO KOTOPBIX 3ABUCHT OT TPEOOBaHWIT KOHKPETHOW OIepaIiiy Ha
COODIIEHUAMU O0BEKTOB.
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(2) Ilpu mepeatie mKajga MEXIY 00bEKTAME €IUHUIA U HOJb IPEICTABICHBI
AKTUBHBIMY CATHAJIAMU PA3HBIX YACTOT. DyJIeM eInHUIly IepeiaBaTh
CUTHAJIOM C YacTOTOl f1, HOJIb— cUIHAJIOM ¢ YacToToil fo. [Ipu omHoBpe-
MEHHOI TIepe/iade HOJISI U €IMHUIIBI TIOsIBJISIETCSl CMECh CUTHAJIOB f1 U fj.
IIpu meobxomMMOCTH coOXpaHenusi 00bLEKTOM TaKOil CMECH aKTUBHBIE
€JIMHUIIA U HOJIb KoaupyroTces napoit outos 10 u 01 cooTBeTCTBEHHO.
Nuade 6yaer coxpaHeH OauH OUT ¢ eAWHUIEH TOIBKO s fi.

(3) Paspsiabl mikabl pasaessitoTcst Ha OJI0KU U3 Pas3IMmdHOrO, 3apaHee
U3BECTHOI'O KOJIUYECTBa pa3psinoB. CeMaHTUKa TaKUX OJIOKOB TAKXKE
n3BeCcTHA 3apaHee. B mpocreiiiieM ciydae KaxKJblit OJIOK COCTOUT
73 OJHOTO JBOMYHOTO pa3psiia, BBIAETAHHOTO OJHOMY M3 JIOTUIECKUX
ITapaMeTpoB, XapaKTEPHDLIX JJIsd COOOIeHus. B 3TOT pa3psii 3aHOCUTCs
€JIMHUTIA, €CJIU MapaMeTp MPUCYTCTBYET B COODINEHUH W 3aHOCUTCST HOJIb
B MIPOTUBHOM CJIydae.

ITapameTpsl Takke MOTYT UMETH UHUCIeHHOE 3HadeHme. Kaxk 1o
nudpe 9uciia B IIKAJE BBIIEISIETC 60K ¢ KOJIUIECTBOM ABOUIHBIX
pPa3psiioB, COOTBETCTBYIOIINM OCHOBAHUIO MCIOJBL3YEMOIl CHCTEMBI
cuncyienusi. Kaxast rakast mKaJja COJEPXKUT JUHUILY TOJBKO B paspsije,
COOTBETCTBYIOIIEM 3HAYEHUIO MU(PPHI, OcTaTbHbIE HOM. Hampumep,
nudpa ceMb B JIECITUIHON CUCTEME CUUCIEHUS OyJIeT IIPeJICTaBIeHa
mikaJsoit 001000000.

(4) U3 1. 3 ciieqyer, 9ro B 3aBUCUMOCTH OT KOHKPETHOU 00JIaCTH IIPUMEHEHUSI
IIKaJ B HUX MOKET OBITH BHECEHA JIOMOJTHUTETbHAT WHMOOPMAIIHSI,
OIIEPATUBHO BO3JIEHCTBYIONMAsS Ha OOBEKT WJIM COOOIIAIONAs O €ro
COCTOSIHUM.

IIokaxkem mcrob30BaHME MIKAJI B PACIPEIEICHHBIX BEIUUCIUTEIHHBIX I
YTIPABJISIONINX TPYIIIOBBIX OMEPAIUsX, UCIOIb3Ys pe3yabTarsl [1].

6.2. Pacnpep,eneHHble rpynnosbie BblHncauTtTesibHble onepayun

IIycTh paspsiabl MKaJjIbl COOTBETCTBYIOT JIOTHYECKUM IIPU3HAKAM, Xa-
PaKTEPU3YIOMUM COCTOsiHIE 00beKTOB. Eciin Ipu3HakK ecTb B 00bEKTE, TO
B COOTBETCTBYIOIINI €My pa3psi] BHOCUTCS €IUHUIA, WHaYTe — HOJb. IIIKaIb
00beKTOB CMHXPOHHO mocTynaoT B RT. Obmas mkasna ns RT nocrymna-
€T K IIPUEMHUKAM, KOTOPbI€ BBITIOJHAIOT HAJ HEl JIOTMYIEeCKHe TPYIIIOBhIE
oTepaIum.

Eciu 00bexT BbIosHSAET 110paspsianyto onepanuio AND, To st KOHKper-
HOTO pa3psifa OOIIeil MIKaIbl €ro 3HAYeHNE PABHO €IUHUIE TOILKO €CIH Paspsi
COJIEPXKUT f1 U HE COJEpXKUT fo, MHaYe pe3yabraT— Hojb; 1 OR 3nauenne
OIlepalyl PABHO HOJIIO, €CJIA PA3Psil COIEPKUT TOJBKO fi, MHAYE — €IUHUIIA;
miisg XOR 3Havenune omepanuu paBHO €IMHUIE, €CJIU PA3Ps, comepxkutT fi u fo,
MHAYE — HOJIb.
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Iutst IoncKa B MaccuBe YHCE MAKCHMAJbHOIO U MUHUMAJIBHOTO UUCJIa
BBEJIEM IIPEJICTABIICHUE NP B CHCTEME CINCICHUS ¢ OCHOBaAaHUEM 0OJIbIIe
ABYX: TMAMPY MPEJICTABAM IMKAJIONH C KOJIMYIECTBOM JBOWMYHBIX PA3PSIOB,
DPABHBIM OCHOBAHUIO CHCTEMbI. B Heil CO/EpKUTCs eIMHAUIIA B PA3psiJie, PABHOM
3HAYEeHUIO U(PHI, ¥ HOJIX B OCTAJIBHBIX pa3psgax. Hampumep, B JecaTuIHON
cucTeMe coBMelllenue mkaJj st mudp 7, 5, 4, 2 nact mkasmay 001011010.
W3 mee BUHO, YTO B COBMEIIEHUN yIaCTBOBAIN HANOOIbIIas nudpa 7 u
HaMMEeHbIIas 2. ITO yCKOPsIeT MONCK MaX W min 1Mo CPaBHEHUIO C TTOUCKOM
Jtst ubp B JIBOWYHOM CHUCTEME, TaK KaK MOTPeOYyeTCs MePeChLIaTh MEHbIIee
KOJIMYECTBO TIKAJ.

VMmeHHO KOIMYIecTBO KA, a He UX Pa3PsAIHOCTD 3aMeJJISeT OIEePAIlUN.
Kaxkayio mkasy MOXKHO IepejiaTh Ha BBICOKOW CKOPOCTH, HO JIO HAYAJIa
repefadn Caeayomei mudpbl Ynces O0bEKTHI JOJIZKHBI IOJIYIUTh OOIILY O
MIKAJTY JJTsI IPEBLIY e udPhl U ONPeIesnTh, OyIyT JIH OHU y9IacTBOBATH
B IIpOIlecce JTAJbHENIIEro OnpeeieHrs Max UjIu min.

PaccmorpuMm onepariuu cyMMupoBaHust, TPeOYIOIUe OJJHOBPEMEHHOTO
cyMMupoBaHust 60JbIoro KoaundecTsa nudp guced [1]. IIpumenum anaso-
ro-1u@poBbIe ONEPAINU CyMMUPOBAHUS M BBIYUTAHUS K IIH(PPAM YHUCEJ,
npescraBieHHbIX mKkagamu. Jlobasum B RT anasoro-mudpoBoit mpeobpasosa-
resib (AIIIT). OH nepeBesieT ypoOBEHD SHEPIUU OJHOBPEMEHHO MTPUXOAIINX
B RT curnasos B uncyio. Cnocobbl co3manust CTAOMIBHBIX TI0 SHEPTUU CUTHAJIOB
u3BecTHHI [20)].

Pacevorpum mpumep:

I[TpuMEP 1. B RT npuzxodum wrasra epynno, yudp 00ko2o u3 padpsdos
decaAmuNHOIT wuces, npurnamux om obsexmos— 010110010. Ixanra nokazvieaem
Haauvue yudp 8, 6, 5, 2 6 paspade. AIIIl npeobpasyem wxrary, Hanpumep,
6 030920070. 3decwv yugppor noxaswvieatom: AL noayuun 8 cuenana din
sHaveHus yudpor 8, 9 cuenaros das yudpo, 6, 2 oas &5 u 7 das 2. Kaorcdoti
obsexm odnospemero evinoanum nodcuem 3 X 8+9 x 6+2 x5+ 7 x 2 =102.
Heticmeys ananrozuumo ¢ dpyeumu paspadamu, o0seKm GoluuUCAUM CYMMY
NOAYHEHHBLT HUCEN.

'Z[OHOIIHQHI/IGZ BBIIIOJIHEHUE JBYX IIPUMEPOB BbIYUC/IATEIbHBIX onepaum‘/’l.

[TPuMEP 2. Cosdarue 2ucmoepamm 0z onpedeaerus 4acmomo, 6CMpPesa-
EMOCTIU OMOCALHBIT NPUSHAKOE 8 HAbOPAT NPUIHAKOE 2pYnnv, 065EKMO8.
Jleticmeysa A0KaAsbHO 06BEKMbL ONPEIEAAIOM KOAUMECTNEO NOABAEHUT 30-
OAHHVIT NPUSHAKOE 80 BCEX WKAAALL 006eKMa (UAU 360AHHOT UL “wacmu).
3amem obzexmuor nocvirarom 6 RT ¢ cosmewenuem 00HOUMEHHDIT Pa3pAdos
NOAYHEHHDIE ULKANDL, COOEPHCAULUE OUEHKU KOAUNECMEA NpudHaros. RT
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codeporcum AL u, xax nokasarno wa npumepe sviue, NPeodPA3YEM YpoeeHs
00WUT CULHAN08 8 UUPPDL, NO3BOAAOULUE OUEHUMD NOABAEHUE KOHKDEMMHBLL
npusHaros 6 epynne obseKMOos.

ITPuMEP 3. Corcamue u pacuwudposka daHHbBIT, NEPedasaemvir wepes
RT. Ha pucyrxe 5 noxadana nepedava 6 RT mpex wxanr ¢ cosmewenuem
00HOUMEHHBIT Pa3pAdos. 3dect wKkavl, Nepedasaemvie mpems 00seKrmMami,
obsedunatomen 6 RT u nepedaromes ecem npuemmukram 6 eude 06wet wKkavl,
KOMOPAA 6 NPUEMHUKAT, ONOARAOUWUTL 2PYNNoGvle NoPaspAdHvle 0Nepatul,
pacwudposuieaemcs passuuHo 6 aasucumocmu om suda onepayuu AND, OR,
XOR.

1710 0 0..0 1 0-wkananepBoro o6bLeKTa

1700 10..0 1 0-Broporo o6bekTa

17101 0..0 1 0-T1perberoo6bLekTa

110 01/00...0 1 0- obwas wWkana

100 0 0...0 1 0 pesynbrar ansa rpynnoBoro nopaspsigHoro AND
1101 0..0 1 0 pesynbrar Ansa rpynnoBoro nopaspsigHoro OR
01 010..0 0 0 pesynsrar ansa rpynnoeoro nopaspsaHoro XOR

Pucynok 5. Cxarue n pacmmdpoBKa IPYIIIOBLIX JIOTUYECKUX
oneparui

IIpuBenennsle 1Ba BuIa OnEpaInii He UCIOJIB3YIOTCH B KOMIIBIOTEPAX,
OPHUEHTUPOBAHHBIX Ha PEIIeHNEe KJIACCUYECKNX BBIYHUCIUTEIbHBIX 3aJla4, HO
CYIIECTBEHHO YCKOPSIOT pelleHre HOBBIX 331849 C BKJIIOYEHUEM IBPUCTHUKH.
BozmokHO, 3TH IpUMEPHI HHAIMAPYIOT CO3/IAHIE HOBBIX IPYIIIOBBIX OIIE€PAIHii.

6.3. PacnpepgeneHHble rpynnosbie Onepauumn ynpasneHns AeicTBusMmn
obbekToB

Omepanuu yrpaBjieHnst B OCHOBHOM TOIOOHBI BBIIUCIATEILHBIM OIIEPAITHSIM,
HO COJIEPKUMOE IITKAJ COAEPKUT MHMOPMAIINIO, HEOOXOIUMYIO st OBICTPOTO
yIIpaBJIEHUsI [IEPECTPONKON CTPYKTYPhI CBsI3€il B CUCTEME U IIPOIECCAMUI
B3aMMOJIEHCTBUST OOHEKTOB.

[Ipumepom TUNUYHOMN ONIepaIy YIIPABJIEHUS CIYKUT OIlepaIinst YCTPaHEHUsI
KOHMJIMKTOB JOCTYIIa HIpU OOMEHE COODIMEHUSIMU OOBEKTOB, UMEIOIINX
TIOPSIIKOBBIE HOMEPA.

IIperenayromuii Ha 1epegady cCOODIIEHMsI OOBEKT, OJLyIUB CUrHaj S
HAYaJIa CHHXPOHU3AINH, CO3/IaeT KAy C KOJMIEeCTBOM JBOUYHBIX Pa3pPsiOB,
PaBHBIM KOJTMYECTBY B3aWMOIEHCTBYIOMNX 00BHEKTOB. B mIKaje B pa3ps,
COOTBETCTBYIONINIT HOMEPY 00bEKTA, MOCIETHII BHECET €IMHUILY, OCTAIbHDBIE —
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mouin. ITIKaJIbI BCeX MTPETEHIEHTOB CHHXPOHHO, C COBMEIIEHUEM OJIHONMEHHBIX
paspsoB, nocrynaloT B RT'. Ternepb coBMerenHast, o0mmas /I IPETEHIEHTOB
IKAJIa COAEPXKUT eIUHUIILI B PA3PsIaX IPETEeHIEHTOB. 3asiBKU 00bEKTOB
Y/IOBJIETBOPSIIOTCST TIOOYEPEIHO C YIETOM CTAPIIHHCTBA PA3PSJIOB, COIEPIKAIIUX
€JINHUIIBI.

[TokazanHbIil crtocob ycTpaHeHNsT KOH(JIMKTOB MTO3BOJIIII IOCHLIKOM OIHOTO
COODITIEHNS CO TITKAJION YIIOPSI0YNTD pa3pelinenne KOHMINKTOB B TPYIITe 00b-
€KTOB, UMEIOIIUX ajpeca. Ho ero MOXKHO IpUMEHSATH 0oJiee MUPOKO, TTO3BOJIsIsI
6e3 azpecoB J0OOMY HADOPY MPU3HAKOB WJIN IIPOU3BOJIHHOMY COOOIEHUTO
BBIIIOJIHSATh (DYHKIMU YCTPaHEHUsI KOH(JIUKTOB, IIOJ0OHO IIPUBEJIEHHOMY BBIIIIE.

IIpm sTOoM HeT rapanTHu BHIOOPA €IMHCTBEHHOT'O OObEKTAa U IIPHUIETCS
repeifiTu K B3aUMOJEHCTBUAIO MHOYKECTB OOBEKTOB. Y MEHbBIIIEHHE PAa3MepPOB
9TOr0 MHOYKECTBA MOKeT ObITH JJOCTUI'HYTO YTOYHEeHHeM Habopa IIPU3HAKOB
00BEKTOB, BO3MOXKHO C JOOABKON K HUM CJIyYailHBIX duces] cM. 3.2.1 u 3areM
BBIOOPOM OO'bEKTa OIepalisIMI MaxX WU Min U3 OCTABIINXCS UJIEHTUIHBIX
00BEKTOB.

§7. YnpasneHue B3anmogeincTBuem o0bLEKTOB, HaXOAALLMNXCA
B pa3HbIX Knacrepax

Paccmorpum cieyrommye Bu/ibl B3aNMOIECTBUS B HEOJHOPOIHOIN CTPYKTY-
pe 2.1.

(1) O6beKTHI 0O'beIMHEHBI B €ITMHCTBEHHBIN KJIACTEP U PEIIaoT ODIILYO
JJIst OOBbEKTOB 3aJ1a49y C yYeTOM JUKTYEeMbIX 3aJladeil OrpaHudIeHnit
Ha B3aumoieiicrere. OcobOro BHUMaHUS TPEOYIOT OIPAHUYEHUs] 110 U3Me-
HEHUIO 00IIell CTPYKTYPHI cBsa3eil. KitacTep mMeeT IEHTD yIpaBjIeHusI
kiacrepoM (ITYVK) st paspeniennsi BOSMOXKHBIX CJIOYKHBIX KOH(DINKTOB
pu B3anMoJieficTBuu 00beKTOB B Kiiacrepe. OObeKThI B KjacTepe
coznaror mocryn K IIVK, ncnonsays curaanst S u *S (em. §3). IIVK
VIIOPSIIOYUT B3aUMOEHCTBIE OO'BEKTOB, TOCAAB UM KOMAaH]LY.

(2) OObeKTHI pacipeie/ieHbl Ha TPYIIe KJIaCTePOB U PElaoT OOIILY0 3319y

¢ B3aMMOJIeficTBHEM OObEKTOB M3 Pa3HBIX KjacTepoB. Cucrema nmeer

nenTp yupasienus cucremoii (IIVC), paspematonuii KOHOIUKTEL IPK

B3auMoeicTBIN 00beKTOB B pa3HbIx Kiaacrepax. LIYK u ITYC moxkHO

3aMEHATh B JUHAMUKE.

~

Paccmorpum jsefictBust 00bekTOB ¢ obpariennem K 1TYC.

Haxosiuiicst B 0JJHOM U3 KJIaCTEPOB OOBEKT JIJIsi OPraHUu3aIluu B3auMO-
neficTBust ¢ 0ObeKTaMu B JIPYTux Kjacrepax ooparmmaercs K IIYK cBoero
KJjiacTepa, KoTopbiit ooparurcs K LIYC u mocsieiHUil TOCHIIKON KOMaHIbI
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YIIOPSIIOYUT B3aUMO/IEHCTBIE 00HEKTOB U3 Pa3HbIX KjiacTepos. lerann opranu-
3aly B3aUMOJEHCTBUAA MOT'YT CYIIECTBEHHO PAa3J/IMYaThCA B 3aBUCUMOCTHU OT
BBIIIOJIHAEMOU O0beKTaMU 3a/atN.

Ommemum, B COOTBETCTBUU € TPUHIUIIOM (DOPMUPOBaHUST CTPYKTYPHI 2.1
YK u IIYC — moryT ObITh HE MOHOJIUTHBIM YCTPOWCTBOM, a CBsi3koil u3 RT u
O0OBEKTOB.

Hocrasnsemas or LIYC obbekTam KOMaHIa Ui PETYJIAPOBKA UX B3aMMO-
JeitcTBust, OyJAeT BKIIOYATD: ajapeca R, ajapeca UCIOIH3YEMbIX HCTOTHIUKOM U
MIPUEMHUKOM, Ha0OP MPU3HAKOB MCTOYHUKA W IPUEMHUKA, UMs KaHaJa bdapbep-
HO¥ CHHXPOHU3AIINN U JIPYTYIO CIIyKeOHyio uHbopManuio. Komanga moctynur
K 00bEeKTaM B Pa3HBIX KJIacTepax. lernepb 00bEKThI MOI'YT CBSI3BIBATHCS Uepe3
IIOMeITeHHbIE B KOMaH/Ie ajapeca RT', npeocTaBiieHHbIE [EHTPOM YIIPABJIEHUS.

PaccmoTrpum 6e3ampectoe B3amMomeiicTBie 00HEKTOB B CJIOXKHBIX CHCTEMAX.
IIpakTudeckn Bo Bcex pasfiesiaX CTaTbU PACCMATPUBAIOTCS JEHCTBUSA 00BHEKTOB,
y KOTOPBIX aJIpeca He MCIOJb3YIOTCS WM OTCYTCTBYIOT. Ajpeca 3aMeHSIOTCs
HabOpaMU ITPU3HAKOB, BBIIEJISIOMNX OObEKT WA I'PYIIy OObEKTOB C IIpUMe-
HEHUEM aCCOIMATUBHOrO moucka. [lonck JaHHbIX 110 HAOOpPAM TPU3HAKOB
BMECTO CKaHUPOBaHUS aJPeCOB CYIIECTBEHHO YCKODPsIET HE TOJBKO CaM IIOUCK,
HO U 00pPabOTKY JIAHHBIX ACCOIMUATUBHBLIMU OIIEPAIUSIMHU, BBIITOTHAEMbBIMI
3a BpeMsl, He 3aBUCHIIEe OT KOJINIEeCTBA YIACTHUKOB onepanun (Bech §6).
AcconpaTuBHbIe ONEPAIMA B COYETAHNN C OBLICTPOIl IEPECTPORKON CTPYKTYPhI
CBsI3eil TI03BOJISIFOT CO3/1aBaTh I'Padbl MPOM3BOJIbHBIX CBsI3€il MeXKIy 00beKTaMu
7 TIEPEeCTPamBATh UX C KaKI0i HOBOM KOMAHIOM OOpabOTKMU TAHHBIX.

Ienrper yupasaenuss IIVK u IIVC, ucnonb3ysi HaOOpHI IPU3HAKOB
pacIpeesieHHbIX 00bEKTOB U JAHHBIX B HUX, OTOMPAIOT JAHHBIE JJIsT COBMECTHOI
obpaborku. Paccmorpum mpumep.

ITPUMEP 4. Ilycmwv obsexmy A mpebyemcs ycmarosums 63aumodeti-
CMBUE ¢ HeudsecmHuMU emy obsexmamu B us dpyeux xaacmepos. Om
obsexmos B obsexm A mpebyem, wmobv, B codeporcanu mpebyemwvie A
cognadarousue Habopvl NPUIHAKOE UM UMENULUE OMAUNUA 6 Hux. Kpome
2moz0, A HeobToduMo 6bLACHUMD, ¢ Karxumu obsexmamu C odnospemerHo
s3aumodeticmeosanu obsexmuo, B, m.e. ykazamv me RT, xomopwe B u C
UCNOABIYIOM, COBMECTVHO. IMO 00UH U3 BAPUAHMOE NOUCKE 0OWHOCTNU 6
005eKmMax U JaHHLLT 0L JaALHETULE20 UL UCTLOADIOBAHUA 6 HOBVLL COYEMAHUAL.
Tax xax obsexmo. B Haro0amcs 6 pasnuvlr KAACMepax, mo Ycmarosumy
C HUMU C8A3b HENOCPEICMBEHHO, 0€3 UEHMPA YNPABAEHUA 00BEKM HE MOHCEM.
Kpome mozo, uckomvie 06BEKMBL MOAU USMEHANMD UCTOALIYEMbBLE UM RT'.
Hosmomy obsexm A obpamumcsa ¥ yenmpy ynpasaerus. Llenmp ynpasaerus
N0 NPUHAKGM HATLIEM UCKOMBIE 00BEKMbL, ONPEeJeAUM UCTLOALIYEMDBLE UMU
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RT, npumem pewernue o npedocmasseruu A docmyna x RT w coobwum
adpeca RT obsexmy A. asee swuiasasmov demanu A 6ydem camocmosmenvro
usu ¢ yuacmuem I[YC.

IIpusBenennnrii npuMep XapakTepeH I MHOIMX IIPUMEHEHUI acco-
IIIATUBHBIX ONEPAIU TTOUCKA U OOPAOOTKU JAHHBIX B PACIPEIC/ICHHBIX
cucTeMax.

§8. TpeboBaHus k ceTeBbiM KapTamMm NpU CUHXPOHHOM
B3anmMopencTenum obbLekTos

COBpel\rleHHbIe KOMIIBIOTEPbI aKTUBHO HUCIIOJIB3YIOT I/IHTepCI)efICHbIe (CeTeBbIe)
KapThl. B nomaBastomeM 6oJibImuHCTBE 3TO KapThl Ethernet, koropsie
JIEMCTBYIOT KaK BHEITHHUE 110 OTHOIIEHUIO K KOMIIbIOTepY ycTpoiicTBa. B o6bekrax
CHCTEM, PACCMOTPEHHBIX B CTaThe, TAKXKE JKeJIaTeIbHO UMETh CETEBbIe KapThl,
He BJIMAIONINE HA CTPYKTYPY o0bekTa. s obecrieyenus ykazanubix B §1
HOBBIX TPeOOBAHUIT K B3aMMOIEHCTBUIO OOHEKTOB PACIPEIETCHHBIX IIMDPOBBIX
CHCTEM B IIpEe/IbsBJIsieMble K KapTaM TPeOOBaHUS JOJZKHBI BXOJUTD CJIEYOIIHE.

(1) IIporokoutbl, peryaupyiomine B3anMOAEHCTBHE KapT MEXKIY COOOI,
JIOJIZKHBI OBITH JIETEPMUHUPOBAHHBIMI.

(2) B nepenaBaembre Mexk Iy KapTaMu COOOIIEHNS JOKHBI BXOIUTH KOPOTKHE
COOOIIEeHNS, TUITUIHBIE J[JIsi OOMEHOB B IIpeiesiaxX KOMITbIOTEpa.

(3) CkopocTh B3anMOJIEUCTBHSI O0HEKTOB J0JIZKHA OBITH OJIN3KA K BHYTPEHHE
CKOPOCTH B3aWMOJIEHCTBHUA B KOMIIBIOTEPAX 00bEINHIEMBIX 0OBEKTOB —
HECMOTPs Ha PACIPEIEIEHHOCTh CUCTEMA JIOJI2KHA JIefiICTBOBATH KaK
€IUHBIIT KOMIIBIOTEP.

(4) domKHbl TOIEePKUBATHCSA PACIPE/IEICHHBIE aCCOIMATUBHBIE OIIEPAIIUN.

(5) CereBast KapTa JIOJZKHA BOCIPUHUMATHCSA KOMITBIOTEPOM, KaK OJIUH
U3 CIENUAJIN3UPOBAHHBIX IIPOIIECCOPOB, U CKOPOCTDh €€ B3auMO/IeCTBUS
C KOMITBIOTEPOM HE J0JI?KHA OBITh HU2KE CKOPOCTHU B3anWMOJIeHCTBUS
MeXKTy cODO#l IPYyTruX MPOIECCOPOB KOMITBIOTEPA.

(6) IIpu MHOTO3TAITHOIT 06PAOOTKE TAHHBIX KAXKJIBII CJIETYIONIUI STAI
JIOI2KEH HAYMHATHCA KaK MOXKHO OBICTpee IocjIe 3aBepIieHus JeficTBIi
TeKymero srama. B 3.2.4 1y 9TOro Kaxkplit 00beKT, Ha4aB JeHCTBUS
Ha TEKYIIEM 3Talle, MOChLIAeT B OT/EJbHBIA KaHAJ HEIPEePbIBHBII
curaaJi U, BBIKJIFOYAaEMbIli B MOMEHT 3aBepIleHnsi OO beKTOM pabOThI
(burcupyercst obbexTamn Kak curta *U). omyuus curnan U, o6beKTHI
MOI'YT HAYMHATH CJIEYIOMIHii 3Tal. Eciu 00beKThl MOIyT JIJIs BCEX STAIOB
yKa3aTh OJIMHAKOBYIO JIJINTEJILHOCTb WX BBIIIOJIHEHHS, HE TIOTPe0yeTcst
ncrnosb3oBaTh curHassl U u *U.
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Bce ykazannble neficTBUS JIOJI2KHA OTCAEXKHUBATH CETEBasi KapTa
U TIOCBLJIATH B KOMITBIOTED 0O'bEKTa CUTHAJ O BO3MOXKHOCTHU HAYAJIA
CJIEJIYIOIIEro JTara.

[Tpyn HasmMu B Kapre naMsT, OObEKT YCKOPHUT JEeHCTBHs, [IPEBAPH-
TeJILHO 3arpy3UB B IIAMSTh JAHHBIE JJIs CJIEYIOIIEro 9Tala, KOTOPbIe
KapTa MepPeIacT CAMOCTOATETHHO.

B obmem ciyuae 1 09epeiHOro Tarma JaHHbIE B JTI000M PeTPAHCIITOD
[IOCTABJISIET HE OTJEIbHBIN 00BEKT, a IPYIIa 00bEKTOB-UCTOYHIUKOB U
[IOJIy4aeT IpyIa 00beKTOB-IIPUEMHUKOB.

(7) IlyakTer 1-6 oTHOCATCS K B3aMMOIEHCTBUIO0 OOBEKTOB, PACIOIOKEHHBIX
6mm3Ko Mexy coboit. Ho ecth morpebHOCTD Hambosiee OBHICTPO IO BBIJIE-
JIEHHBIM KaHaJIaM O0beUHSITH OObEKTHI, PACIIOJIOYKEHHbBIE B IIPEJIEJIaX
3aHUsI, MEXK/Ty BBIYUCIUTEIbHBIM IIEHTPOM M OPraHU3AIUsIME, TOTpednTe-
JISIMH €r0 YCJIyT. B 9THX cTpyKTypax CBsi3eil MOMyCTUMO UMETh MEHBIITYIO
CKOPOCTh peakIiinu Ha COOLITHSI, HO Oojiee OBICTPYIO, UeM 0DeCTieInBaeT
WNureprer. OqH0 U3 BO3MOXKHBIX PeIeHNl — B3aNMOJIEICTBUE TAKKe
OCYIIIECTBJISIOT CETE€BbIE KAPTHI, COXPAHSS JIOTUKY OJM3KON CBs3H, HO,
UCIIOJIB3YsT OT/IEIbHBIE KAHAJIBI, TO3BOJISIONINE HE 3aMe/[JIATh JIOKAIbHBIE
CBSI3H.

~

§9. Bnusanue 6e3apgpecHbix onepauuii Ha CBOWCTBA pacnpegesieHHbIX
anropuTmMoB

Bce pesyibraThl cTaThUn MMEIOT KOHEUHYIO I€JIh: MPEJIOKUATH Pa3padoTIm-
KaM aJI'OPUTMOB U IIPOrPaMM apXUTEKTYPHbIe U CTPYKTYPHBIE pelleHusT
B 00JIACTA KOMIBIOTEPHBIX CUCTEM, YCKOPSIOIINE PEITeHNe HOBBIX pacipe-
JIeJIEHHBIX 3a/a4, TpuBeJIeHHbIX B 1.1. Boerimeaum pe3ynbrarsl, Hanbosiee
COOTBETCTBYIOIIIUE 3TOU IIeJIN.

(1) Jocturuyra BbICOKasi CKOPOCTb PEAKIMHU CUCTEM Ha HeIpeIBUIeHHbIE
COOBITHSI — OCHOBHAS TIeJIb JielicTBuil B pexkume 2KPB. B apyrux cucremax
n3 1.1, paborarorux 6e3aapecHo, OBICTPOAEHCTBIE TaKKe TOBLIIIACTC .

(2) Pacupeneiientbie 00beKThI AKTUBHBI 1 pab0OTAIOT CHHXPOHHO: KazKIIbIi
00BEKT WMeeT IMPABO BJIMSATH Ha PabOTy JIPYIUX aKTUBHBIX OOBEKTOB,
BKJIIOYasi COBMECTHBIN ITepexoj B CHHXPOHHOE cocTosiire. CHHXPOHHOE
COCTOsIHHE MCKJIIOYAET MHOTME BPEMEHHBIE 3aJIePXKKHU, B YACTHOCTHU, IIPH
yCTpaHeHU! KOHMJIMKTOB MEXKJIy OObEeKTAMHU.

(3) B craTbe cTpYyKTYpBI CBSI3U OTIMYAIOTCS OT U3BECTHBIX BO3MOYKHOCTHIO
OJIHOBPEMEHHO MTOJKII0YATEH KAHAJIBI IPYIILI 00bEKTOB-UCTOYHUKOB
COODIIeHMIT K OJJHOMY O0IIEMY BXOIy IIPUEMHUKA COODIIEHMIt, 9T0 HeOOXO-
JIAMO JIJTsT BBITTOJTHEHUS PACIIPEIETIEHHBIX 0e3a/IPECHBIX aCCOIUATUBHBIX
omneparuii Kak OCHOBBI OOPHOBI ¢ HEOTIPEIEIEHHOCTHIO.
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(4) HJocTymHbl ObICTpasi OTIEHKA COCTOSTHUS BCeil COBOKYITHOCTA OOBEKTOB
CHCTEMBI U IIepeBOJl ee B HOBoe cocrosinne. O6paboTKa JIaHHBIX BbI-
MIOJTHSIETCS PACIIPEJIEJIEHHON acCOIMAaTHBHON onepanueil 6e3 3a1epKKH
repeJiavdy JaHHBIX.

(5) HocTmxkuma mepecTpoiika Bceil CTPYKTYPBI CBsI3eit MeKIy o0beKTaMn
B IIpejiesiaXx OHON accOIMaTuBHON omeparuu. [lepecTpoiika BBITIOTHIETCS
B MUKPOCEKYH/JHOM M HAaHOCEKYHJHOM JUalla30He, B 3aBUCHMOCTHU OT
B3aMMHOM y/IaJIeHHOCTU OObEKTOB CUCTEMBI.

(6) CoBMmertieHne OOBITHOM TEPEIAYN MAHHBIX C CHHXPOHHON 00paboTKO
JAHHBIX, BBIIIOJHAEMON PACIpPE/ICJICHHON acCOMATUBHON onepanueii u
OBICTPOIT MEPECTPOMKOI CTPYKTYPHI CBA3EH KOPEHHBIM 00Pa30M MTOBBIIIAIOT
JIJIL HOBBIX 33/1a4 IIPOIYCKHYIO CIIOCOOHOCTH CPEJICTB B3aUMOJIENCTBUS
00BEKTOB 110 CPABHEHUIO ¢ OOBIYHBIME CHCTEMHBIMHU CETAMHU (KAK CJIEIyeT
u3 3akoHa AMasa).

(7) B coBokymHOCTH PE3yJIBTATHI CTATHY [IPEBPAINAIOT OOBIYHYIO CUCTEMHYIO
CETEBYIO CTPYKTYDPY O0ObeINHEHNsI KOMIBIOTEPOB B PACIIPEIEIEHHBII
KOMIIBIOTED C OBICTPHIME 6€3aIPECHBIME ACCOIMATHBHBIMU OLEPAIIAMUA,
OJTHOBPEMEHHO 00PaAOATHIBAIOIIUMEI MHOYKECTBO JTAHHBIX, TIOCTYIIAIOIIIX
OT MHOYKEeCTBa OO'bEKTOB.

Kirouessie mrst . 1-7 perierust craTbu:

* JIAIITUBHBIE CTPYKTYPhI CO CKOPOCTHOM peopraHu3allneii;

« nepeada napada3HblX CUTHAJOB IPU B3aUMOIEHCTBUN OOBEKTOB;

* pacIpe/ieJIeHHbIE ACCOIMATUBHBIE OIIEPAIIH, OJHOBPEMEHHO PabOTAIOIIIe
C MHOYXKeCTBAMHU OOBEKTOB U JJAHHBIX B HUX;

e JIOTUYECKHE IIKaJIbl JJId IIPpeACTaBJICHUA JaHHBIX, O6pa6aTbIBaeMbIX
aCCOIUATUBHBIMU OII€PDAITHAMMH.

TIpeamozkeHubie penrennst MOTYT OBITH ITOJIE3HBI JIJIsT YCKOPEHUST PEIeHUsT
M3BECTHBIX MPHUKJIAIHBIX 387184 U JIJIS HOBBIX 33149, TIOPOK/IAEMBIX TIOSIBJICHUEM
AJTANITUBHBIX PACIPEICICHHBIX ITU(POBLIX CUCTEM, TPEOYIOMNX OBICTPOIi
pPeaKIn Ha HElpeIBUICHHbIE COOBITHS.

3aknoyeHne

Pesymbrarsl cTaThbu MO3BOISAIOT BBIIOJIHATH OBICTPBIE aCCOIMATUBHBIE
MIOMCK 1 0OpabOTKY JAHHDLIX, PA3MEIIEHHBIX B PACIPEICTICHHBIX I(PPOBLIX
00bEeKTax.

Paccmorpensr Tpu Buga CTPYKTYP B3aUMOIEHCTBUST OOBEKTOB C PA3TUIHbI-
MU TPeOOBAHUSMHU K CKOPOCTH PEAKINH 00bEKTOB HA BO3HUKAIOIINE COOBITHUSI,
TOYHOCTH CUHXPOHU3AIINNA COBMECTHBIX JeHCTBUIl 06 BHEKTOB U CJI0KHOCTH
peammzanuu (cm. §3).
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IlepBasg n3 Tpex CTPYKTYP, MO3BOJISET IIEPECTPOUTDH BCE CBIA3ZU MEZKTY
00 bEKTaMU CUCTEMBI IMOCBLIKOIl 0OO0beKTaM eJINHCTBeHHO# KoMaH bl [lepe-
CTPOIiKa BBIIIOJIHSETCS B IIPEJIEJIaX MUKPOCEKYH/IHOI'O U CYOMUKPOCEKYHIHOIO
MHTEPBAJIOB BPEMEHU B 3aBUCUMOCTHU OT B3aHMMHOU Y/IAJIEHHOCTH OOBHEKTOB.

CucreMbl MOTYT YIIPABJISITHCS TIOJHOCTBIO JTEIIEHTPAIN30BAHO, COTTIACOBA~
HUEM MEXKIy O0bEKTaMH COBMECTHBIX IEHCTBUIA.

IIpuBesensr ObICTPBIE ACCOMMATUBHBIE OIIEPAIINN, KAXKIAsd U3 KOTOPHIX
obpabaThiBaeT MHOXKECTBO JIAHHBIX, TIOCTYIAIONINX OJIHOBPEMEHHO OT PaCIpee-
JIEHHBIX OO'bEKTOB.

SHaunTe/bHAS 9aCTh BUIOB 00PaOOTKU JAHHBIX BBIIOJHSIETCS HEIIOCPE/I-
CTBEHHO B CETEBBIX CPEJICTBAX CUCTEMBI, HEe 3aJepKUBasl Mepelady TaHHBIX
MeXKIy O0bEeKTaMH.

IIpeyiaraembie penieHnss MOTYT OKa3aTh BJAUSHUE Ha KOHCTPYKITUHA
AJITOPUTMOB, OPUEHTUPOBAHHBIX HA ACCOIUATHBHYIO 00PabOTKY [TaHHBIX, TAK
KaK B PEIIEHUsIX CTAThU B IIPOIECCE TEPEeIadn COOOIeHnil 663 3aepKKI
repeavy BBITIOJIHSETCS MapaJjuie/ibHas 00paboTKa JAHHBIX B OJHOBPEMEH-
HO TIOCBLIAEMBIX MHOTUMHU UCTOUYHUKAMHU COOOITIEHUSIX, ITO CYIIECTBEHHO
OTPAHUYNBAET OTPUIATEIHFHOE BJIMsHUE 3aKOHA AMaa.

Homyckaercss B Ipejiesiax CUCTEMBI pa3jieleHne O0bEeKTOB CHCTEMBbI
Ha KJIACTEPDI, KAXK/IbIil U3 HUX PEIIAeT CBOIO YaCTh OOIIeil 3a/1aui aCHHXPOHHO,
HO B HEU3BECTHBIE 3apaHee MOMEHTHI BPEMEHH KJIaCTEPbhl B3aMMOJENCTBYIOT
JJ1sl TIPOJIBU2KEHNSI B COBMECTHOM PEIIEeHUN.

Jljist Takoro B3aMMOJIEHCTBYUST KJIaCTEPOB UCIOJIb30BAHO [1BA BUJA IIEHTPOB
yIIPaBJIEHHsI: [IEHTPa yupasieHus: KiacrepoM oobektos (IIVK) u nentpa
yupassieHust cucremoii kiacrepos (IIYVC). Kiacrepsl jist BbIIOIHEHUS
B3ammozeiicTBus obparmaTrcs kK ceouM LIYK, koropsre obpamarorcs k ITYC.
Tlocnemunit cormmacyer peiicreust IIYK, corytacyromux neiicrBusi 00bEKTOB
kjacTepa. [locsie 3T0ro HECKOJIBKO KJIaCTEPOB B3aUMOJIEHCTBYIOT MeXK Iy coboit
J10 MoMeHTa HOBOro obpairrenus K IIYC nm Bmermarenscrsa [TYC.

Bo MHOruX mpuMeHeHHSX MOYKHO IOJIyYUATH YKa3aHHbIE PE3YJIbTATHI, HE
BMEIINBadACh B CTPYKTYPY KOMIIBIOTEPa, TOJIHLKO Ha YPOBHE CIIEIIaJIbHBIX
CPEICTB paclpeesIeHHOTO B3aUMOAEHCTBHS, HAIIPUMED, CETEBBIX KapT.
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Abstract. Masks obtained using the deep learning model Mask R-CNN may
in some cases contain fragmented contours, uneven boundaries, false fusions of adjacent
objects, and areas with missed segmentation. The more detection objects in the image
and the smaller their size, the more often various types of defects in their masks are
encountered. Examples of such images include aerial photographs of cottage and garden
associations and cooperatives characterized by high building density. To correct these
defects, it is proposed to use a generative adversarial network model that performs
post-processing of the predicted Mask R-CNN masks.

A qualitative assessment of the model formed in the work demonstrated that it is
capable of restoring the integrity of contours at an acceptable level, filling in missing
areas, and separating erroneously merged objects. Quantitative analysis using the IoU,
precision, recall, and F1-score metrics showed a statistically significant improvement
in the segmentation quality compared to the original Mask R-CNN masks. The obtained
results confirmed that the proposed approach allows to increase the accuracy of the
formation of object masks to a level that satisfies the requirements of their practical
application in automated aerial photograph analysis systems. (Linked article texts in
English and in Russian).
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(a) Inaccurate (b) Partial lack (c) Merge masks of 2
segmentation of segmentation objects

FIGURE 1. Errors in generated object masks

Introduction

Detecting correct property masks in dense aerial images is a challenge
for deep learning models, Mask R-CNN, YOLO, and others. The main
reason is that buildings are located close to each other, which makes it
difficult to accurately separate objects, since their contours may intersect
or merge in the image.

This is especially problematic in high-detail settings, where small
architectural elements such as extensions, balconies, or common walls
between buildings may be perceived by the model as a single object.
In addition, complex building shapes, such as polygonal outlines or
non-standard structures, require deeper analysis and adaptation from the
model, which increases the likelihood of errors in mask generation. Several
examples of such masks are shown in Figure 1.

Another reason is the presence of external factors, such as vegetation
and shadows, which partially obscure objects in images. Trees, bushes,
or even temporary objects such as cars can cover parts of buildings,
creating gaps in the data available to the model. Shadows caused by
different shooting angles or time of day also distort visual information,
reducing contrast and making it difficult to distinguish clear boundaries
of objects. These factors lead to the model either underestimating the
area of an object, ignoring hidden areas, or overestimating it, including
extraneous elements in the mask. As a result, there is an increased need for
additional processing and improving the quality of predictions to ensure
the correctness of the final data.

The problem of refining the boundaries of objects is especially relevant
for the «Roskadastr» PLC information system (IS), where increased
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requirements are placed on the accuracy of spatial data. Traditional
post-processing methods, such as morphological operations or active
contour algorithms, are often not effective enough for complex cases
of dense development. In this regard, there is a need to solve the problem
of automatic correction of segmentation results, while maintaining the
topological correctness of objects.

The presented work proposes one of the possible solutions to this
problem, based on the use of a generative adversarial network (GAN) for
post-processing the segmentation results obtained using Mask R-CNN. The
main idea of the study is that the GAN architecture, properly trained on a
representative sample of development objects, typical for the «Roskadastry
PLC software package, will be able to effectively restore the integrity
of broken boundaries, eliminate internal gaps in masks, separate erroneously
merged objects and maintain the exact position of corner (turning) points
of buildings.

The research implementation consisted of the following stages:

(1) Formation of a representative and balanced dataset containing
correspondences of the original masks from Mask R-CNN to reference
masks extracted from files with object annotations and masks obtained
as a result of their expert correction.

(2) Development of a GAN architecture that takes into account the
features of dense development in cottage and garden associations
and cooperatives, requirements for the accuracy of boundaries for
cadastral registration and the need to preserve the topology of objects.

(3) Conducting experimental studies with an assessment of the qualitative
characteristics of the resulting masks and quantitative indicators
(ToU, precision, recall, Fl-score).

1. Overview of work on using GAN to improve objects detection

There is currently a significant amount of research devoted to the
use of generative adversarial networks (GANSs) to improve the efficiency
of image recognition and transformation.

The paper [3] discusses conditional GAN (cGAN) models that can
be used to transform images of one type into another. For example,
segmentation masks can be transformed into realistic images, or vice versa.
The described models demonstrate high accuracy of object segmentation
and improve the quality of their masks.
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The Pix2Pix model described in [4] and based on ¢cGAN is used to
synthesize high-quality images based on input data such as segmentation
masks. The paper shows that GAN can improve the quality of masks by
training on (mask, exact mask) pairs.

The study [5] presents the MaskGAN model designed for interactive
editing of face images using masks. The model improves the quality
of masks and allows manipulation of segmented areas of images.

In [6], a SegAN model with a multi-level discriminator and L1 loss
is proposed for medical segmentation. The model uses a multi-level
discriminator to improve the quality of masks, especially in tasks with
fuzzy object boundaries. The GAN model improves object boundaries,
reduces noise, and eliminates object detection inaccuracies.

The attention mechanism for generating masks in Attention-GAN
described in [7] is applied to transform objects in wildlife photographs.
The model can eliminate noise and detection inaccuracies while preserving
fine object details.

In [8], an image transformation method is proposed using CycleGAN
and cyclic loss during training. The model can be adapted to improve
segmentation masks, especially in tasks with inconsistent data. It eliminates
noise and detection inaccuracies while preserving fine object details.

The Boundary-Aware GAN model with a multi-level discriminator
described in [9] is designed to improve object boundaries in semantic
segmentation problems. The discriminator is trained to distinguish between
real and predicted boundaries. Improvements in object detection include
identifying clear boundaries, reducing noise, and eliminating inaccuracies.

The paper [10] explores the application of GANs for binary semantic
segmentation on imbalanced datasets. The authors propose a new
architecture and approach to training GANs to improve the quality
of object mask prediction under conditions of strong class imbalance. The
main focus is on the problems of low prediction accuracy for the minority
class, loss of fine object details, noise, and artifacts in the predicted masks.
The authors demonstrate that GAN can improve the quality of masks due
to more accurate modeling of object boundaries and restoration of fine
details.
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The article [11] describes the Power-Line GAN (PLGAN) model for
segmentation of thin and long objects against a background of complex
textures and noise. The main goal is to improve the accuracy of power line
detection, which is important for infrastructure monitoring, mapping, and
environmental analysis. The key ideas proposed in the paper include
adapting GAN for thin object segmentation, improving detail, handling
imbalanced data, and smoothing edges using active contours and spline
interpolation.

The problem of unbalanced data distribution between the source
domain (a set of images) and the target domain in the tasks of semantic
segmentation of aerial photographs is considered in [12]. The authors
propose a method for training a model without using labels for the target
domain. For this purpose, a GAN is used that adapts the stylistic features
of the source domain to the target one. The main goal of this work is to
improve the segmentation accuracy on the target domain, minimizing the
influence of differences between domains, such as changes in lighting,
shooting angles, or object textures. The authors note the following
improvements achieved using the proposed approach: better generalization
of the model, eliminating the influence of differences between domains,
preserving fine details, and reducing noise.

In [13], the application of cGAN to the task of semantic segmentation
of medium-resolution satellite images is investigated. The authors focus
on improving the accuracy of object extraction in such images, which
often suffer from noise, lack of detail, and complex textures. The main
goal of the work is to demonstrate how ¢cGAN can be used to improve
the quality of segmentation compared to traditional approaches such as
U-Net or DeepLab. Particular attention is paid to the tasks of land use
monitoring, urban planning, and environmental change analysis. The
improvements achieved by the proposed approach include high accuracy for
minority classes, sharp object boundaries, preservation of fine details, and
noise removal.

In [14], the authors propose a new approach that uses GAN to
improve the quality of predicted masks by more accurately modeling object
boundaries and restoring fine details. The main focus is on tasks related to
the analysis of high-resolution images such as aerial photographs, medical
images, and urban landscapes. The aim of the work is to show that using
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GAN can significantly improve the accuracy and detail of object instance
segmentation compared to traditional methods such as Mask R-CNN or
DeepLab. Improving the detail and smoothing the contours of masks are
the main results of this work.

2. Dataset generation

The dataset used in the experimental studies is a set of (predicted
mask, exact mask) pairs. The predicted mask is a binary mask of an object
obtained using the Mask R-CNN model. The exact mask is a binary mask
formed from a polygon of the same object extracted from a json file.

The types and quantities of objects presented in the dataset, as well as
the features of forming json files for image files, are described in [1]. For
polygons of objects missing from the json files, the corresponding exact
masks were formed (corrected) manually. This made it possible to create
a representative and consistent dataset, including both automatically
generated and manual masks. All masks in the dataset were reduced to
a size of 256 x 256 pixels. Larger mask sizes lead to a sharp increase
in computational load and, accordingly, computation time, smaller ones
lead to uneven contours of predicted masks, after increasing their size.
Increasing to the size of an image with real estate objects is necessary
at the stage of visualization of the result in order to combine the mask
of the object and the image containing it.

3. Model creation and exploration
3.1. GAN architecture features

GANS consist of two main components, a generator and a discriminator,
which operate in an adversarial mode. The main goal of a GAN is to train
the generator to produce data that is indistinguishable from real data.

The generator takes random noise (usually from a normal distribution)
as input during training and transforms it into some data, such as an
image. The generator’s task is to produce data that looks real. To do this,
it learns to minimize the losses that occur when the discriminator tries to
detect a fake. The main generator architectures are the following:
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DCGAN (Deep Convolutional GAN) [15] is simple and effective, but
may produce less detailed results on complex data. The generator uses
transposed convolutions to gradually increase the image resolution. It
starts with a random vector (latent space) and successively increases
the dimensionality of the data to the target resolution.

U-Net [16] is suitable for tasks where it is important to preserve spatial
details, such as segmentation or mask enhancement. The generator
is based on the U-Net architecture, which includes an encoder for
dimensionality reduction and a decoder for image restoration. It uses
a skip connection mechanism, which allows preserving fine details.

StyleGAN [17] provides high detail and control over style, but requires
large computational resources. Allows control over different levels
of image detail (e.g. overall shape and textures). The generator is
divided into two parts for style matching and synthesis.

The discriminator evaluates the quality of the generated data. The
goal of the discriminator is to help the generator generate more reliable
data (images) by providing correct error signals. The main discriminator

architectures are:

PatchGAN [3] is effective for tasks where object boundaries and fine
details are important. It analyzes the image by small local areas
("patches") instead of the entire image. Each patch is classified as
real or fake, which allows focusing on local details.

Multi-level discriminator [18] improves the quality of generation due
to a more comprehensive assessment of the data. It uses multiple
discriminators, each operating at different levels of resolution. This

allows evaluating both global and local image characteristics.

Conditional GAN (cGAN) [19] is the most effective for tasks that
require directed generation, such as translating images between
groups. The discriminator accepts additional information (such
as class labels or conditional data) along with the image, allowing
control over the type of data generated.
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Considering the features of the above-described generator and discrimi-
nator architectures, the U-Net and PatchGAN architectures were chosen to

improve the accuracy of small real estate masks, respectively.

3.2. Model creation

The generator, implemented on the basis of the U-Net architecture,
implements two main stages: compression (downsampling) and expansion

(upsampling).

The compression stage reduces the spatial resolution of the data. Each
of the 5 groups of elements reduces the image size by 2 times and consists
of a convolutional layer (Conv2d) with a kernel size (kernel size) of 4x4,
a stride (stride) of 2 and a padding (padding) of 1. Then a BatchNorm2d
layer can follow with the activation function LeakyReLU and a coefficient
of 0.2.

Dilation elements, on the contrary, increase the spatial resolution
of the data. There are also 5 expansion elements in the proposed generator.
Each such element increases the image size by 2 times by performing
a transposed convolution (ConvTranspose2d) with a kernel size of 4x4,
a stride of 2, and a padding of 1. Then a BatchNorm2d layer follows
(except for the last block) with the activation function ReLU (except for
the last block, which uses Tanh to limit the output to the range [-1, 1]).

The organization of the GAN generator is shown in Figure 2.

The expansion element combines its output data with the data from
the corresponding image compression element via skip connectors. This
allows preserving details and improving the quality of generation. The
generator output is a single-channel image of the same size as the input.
The compression and expansion elements of the level 1 generator described

above are shown in Figure 3 and Figure 4, respectively.


https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.BatchNorm2d
https://pytorch.org/docs/stable/generated/torch.nn.LeakyReLU
https://pytorch.org/docs/stable/generated/torch.nn.ConvTranspose2d
https://pytorch.org/docs/stable/generated/torch.nn.ReLU
https://pytorch.org/docs/stable/generated/torch.nn.Tanh
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FiGure 2. GAN generator

As noted above, the discriminator based on the PatchGAN architecture
analyzes the image by small local regions (patches). Each patch is classified
as real or fake, which allows focusing on local details. The discriminator
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F1GURE 4. GAN generator extension elements

takes two input images: the predicted image (generated by the generator)
and the real image (in our case, they are accurate object masks). Then
these images are concatenated by channels. The next few convolutional
layers (Conv2d) with a kernel size of 4x4, a stride of 2, and a padding of 1
reduce the spatial dimensions of the data.
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FiGure 5. GAN discriminator

Starting from the second layer, BatchNorm2d is applied with the
activation function LeakyReLU and a coefficient of 0.2. The last layer with
the activation function Sigmoid calculates the probability that the input

data is real. The structure of the discriminator is shown in Figure 5.


https://pytorch.org/docs/stable/generated/torch.nn.Sigmoid
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The generator uses the standard loss function for binary classification
problems BCEWithLogitsLoss and L1 Loss to minimize the pixel difference
between the generated and real masks. The first of these functions is used
to “fool” the discriminator, the second helps the generator create masks
that are close to the real ones in pixel values. An important parameter
for L1 Loss is Ap1, which controls the importance of the pixel difference
between the generated and real masks. This allows you to balance between
“fooling” the discriminator and the accuracy of detail reproduction. The

generator loss function is BCEWithLogitsLoss.

Training GANSs is associated with certain problems, such as instability
of the training process, mode collapse, and low generation quality, which
require the use of special methods to address them. One such approach is
spectral normalization, which limits the spectral norm of the weights
in the generator and discriminator layers, thereby stabilizing training and
preventing gradient explosion [20]. Another method is to use a gradient
penalty, which adds regularization to the discriminator outputs, providing
a smoother distribution of values and improving model convergence
[21]. Self-attention, which allows the model to take into account global
dependencies in the data, is also widely used, which is especially useful when
working with high-dimensional images [22]. However, since restoring simple
binary masks is a relatively simple task, and as the results of the study
of the GAN model described above showed, the use of these approaches

in this case is redundant.

3.3. Model Study Results

The GAN model was developed and studied using the PyTorch
framework in Google Colab Pro. The Jupyter notebook (MIT License) is
available at this link— = Jupyter, The main accuracy metrics were studied for
different values of learning rate, number of epochs, and batch sizes. The

accuracy metrics of the GAN generator were studied at Ap; = 100, since


https://pytorch.org/docs/stable/generated/torch.nn.BCEWithLogitsLoss
https://pytorch.org/docs/stable/generated/torch.nn.L1Loss
https://pytorch.org
https://colab.research.google.com/drive/1igt6a635oLyULkqBtCcbEOLVyCC8CQ_S
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FI1GURE 6. GAN generator accuracy metrics for \p1=80

at this value their curves have a sufficient degree of smoothness, which
indicates the absence of explosive or decaying gradients. In Figure 6,
Figure 7, and Figure 8 show the accuracy metrics curves for Ap; = 80, 100
and 120.

Table 1 present the results of studies of the main accuracy metrics IoU,
TIoUO0.5-95, Precision, Recall and F1-Score. As the studies have shown,
the use of GAN can significantly improve the accuracy of real estate

segmentation masks obtained using the Mask R-CNN [1] model.

Let’s look at some examples of improving real estate masks obtained
using the Mask R-CNN model. Figure 9 shows masks predicted by the
Mask R-CNN model and improved masks generated by GAN. Based
on the accuracy metrics, it can be concluded that using GAN can
significantly improve the quality of masks by correcting errors such as

contour discontinuities, noise, and inaccuracies in the boundaries of objects.
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TaBLE 1. Evaluation of accuracy metrics for predicted GAN masks under different values of model

training parameters

Learning | Batch | Learning TIoU Precision | Recall | F1-Score | IoU0.5-95 (Pred) | IoU0.5-95 (Pred)
Speed Size Epochs | (Pred) (Pred) (Pred) (Pred) (Mask R-CNN) (GAN)
le—6 10 500 0.87 0.92 0.91 0.91 0.67 0.90
5e—6 10 400 0.85 0.90 0.89 0.90 0.65 0.88
5e—6 20 350 0.84 0.89 0.88 0.88 0.64 0.87
le—5 10 300 0.83 0.88 0.87 0.87 0.63 0.86
le—5 20 250 0.84 0.89 0.88 0.88 0.64 0.87
5e—5 8 200 0.79 0.84 0.83 0.83 0.59 0.81
5e—5 10 300 0.82 0.87 0.86 0.86 0.62 0.85
5e—5 16 250 0.81 0.86 0.85 0.85 0.61 0.84
4e—5 8 150 0.80 0.85 0.84 0.84 0.60 0.82
4e—5 16 200 0.78 0.83 0.82 0.82 0.58 0.80
le—4 8 100 0.75 0.80 0.78 0.79 0.55 0.78
le—4 16 150 0.77 0.82 0.81 0.81 0.57 0.80
le—4 20 200 0.78 0.83 0.82 0.82 0.58 0.81
2e—4 8 80 0.70 0.75 0.73 0.74 0.50 0.73
2e—4 16 100 0.72 0.78 0.76 0.77 0.52 0.76

MAE=NG;

SMSVIN NOILVLNANDHS J0 ADVHNDDOV HHL HAOUdNI OL NV ONIS)

qcl
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F1GURE 9. The results of GAN enhancement are shown under
the Mask R-CNN predicted real estate object masks

An example of improving object masks on an aerial photograph, where
the complexity of the task increases due to the high density of objects and
their diversity, is shown in Figure 10.

When generating masks using GAN, the problem of uneven and
stepped edges often arises, see Figure 9. This is due to the specifics of GAN
operation, which is associated with the discreteness of pixels when forming
images and the complexity of accurately reproducing small details of object
boundaries. To improve the contours of segmentation masks, various
morphological smoothing functions can be applied, which allow you to
eliminate noise, fill in gaps and make object boundaries smoother.

One of the basic approaches is to use morphological opening and
closing operations with a given structuring element (for example, a square
matrix (5 X 5). Opening helps to remove small noise artifacts, and closing
fills small gaps inside the mask. For additional smoothing of contours, you
can apply Gaussian blur (GaussianBlur), which softens sharp transitions
between the background and the object.


https://docs.opencv.org/4.x/d9/d61/tutorial_py_morphological_ops
https://docs.opencv.org/4.x/d9/d61/tutorial_py_morphological_ops
https://pytorch.org/vision/main/generated/torchvision.transforms.GaussianBlur
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(b) The masks are improved by GAN generator

Ficure 10. Improvement of objects masks
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(a) Real estate (b) Jagged edges (c) Aligned edges (d) Resulting mask

Ficure 11. Eliminating mask aliasing using the Douglas-
Peucker algorithm

Another effective method is to use active contours (snakes), which
adaptively adjust to the shape of the object by minimizing the elastic energy
and smoothness. To achieve even smoother contours, spline interpolation
can be used, which approximates the original contour using cubic splines,

ensuring uniform distribution of points and smooth boundaries.

Another effective way to eliminate aliasing is to use the Douglas-Peucker
algorithm, which specializes in simplifying polylines and smoothing contours
[23]|. The peculiarity of this algorithm is its ability to analyze each point
of the mask boundary and evaluate its significance for the overall shape
of the object. Points that make a minimal contribution to the contour
configuration are removed, which allows you to get smoother and more
natural boundaries without losing key geometric features. An example

of using the Douglas-Peucker algorithm is shown in Figure 11.

These methods or their combinations allow in some cases to improve
the quality of masks, making them more suitable for subsequent analysis or
visualization. As studies have shown, the use of morphological smoothing
methods and improvement of mask boundaries using the Douglas-Peucker
algorithm in post-processing of masks makes it possible to increase the
accuracy of their formation by an average of 5-7%, which is especially
important for computer vision tasks and segmentation of objects on aerial

photographs in particular.


https://en.wikipedia.org/wiki/Active_contour_model
https://docs.opencv.org/4.x/d3/dc0/group__imgproc__shape
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Conclusion

In this paper, a GAN model was proposed and investigated to improve
the accuracy of segmentation masks obtained using the Mask R-CNN
model. Experiments have shown that the use of GAN can significantly
improve the quality of detected real estate masks by correcting errors such
as gaps in masks, noise artifacts, and jagged edges. The improvement is
achieved by using the L1 loss function to minimize pixel differences between
the target and generated masks, as well as by using a discriminator that
contributes to more realistic mask generation.

The results of the studies demonstrate an improvement in accuracy
metrics such as IoU, Precision, Recall, and F1-Score for the improved
masks compared to the original Mask R-CNN predictions. The average
I0U0.5-95 value increased by an average of 30-35%, which confirms the
effectiveness of the proposed approach. It was additionally noted that the
use of morphological operations and contour smoothing methods will
further improve the smoothness and accuracy of mask boundaries.

The obtained results are of great practical importance and will be used
in the «Roskadastry PLC IS for automatic conversion of raster images with
real estate objects into vector maps. This will improve the accuracy and
speed of digital map generation, which is especially important for cadastral
registration and territory management tasks. The proposed approach can
be adapted for other applications related to image processing and computer
vision, where high accuracy of object segmentation is required. The study
conducted in the work confirms the prospects of using GAN to improve
the quality of real estate masks, which allows it to be effectively used to
automate the processes of data analysis and transformation in geographic
information systems. Further research can be aimed at optimizing the
model parameters, introducing new methods of mask post-processing and
expanding the scope of GAN.
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AHHOTauusl. Macku, IoJTyYeHHbIE C HCIOJIBL30BAHUEM MOJIETH TIyGOKOro obydeHust
Mask R-CNN, B psifie cily4aeB MOTYT COAEP>KaTh (pparMeHTUPOBAHHBIE KOHTYPbI, HEPOBHbBIE
PaHMIbL, JIOXKHBIE CPAIUBAHKIS COCEIHUX OOBEKTOB M YIACTKHU C IPOIYIIEHHON CerMeHTanueii.
Yewm Gosiblite O6BEKTOB JETEKTUPOBAHUS HA U300ParKEHUHU U MEHBIIIE UX Pa3Mep, TeM
0oJiee Yalle BCTPEYAIOTC PA3JIMYHOIO BUIA HENOCTATKU UX MAcCOK. [IpuMmepamu Takux
U300paKeHUt MOTYT SBJIATHCS a3PO(POTOCHUMKHA KOTTEPKHBIX U CAJIOBBIX TOBAPHIIECTB U
KOOIIEPATUBOB, XaPAKTEPU3YIONUXCA BBICOKON IIOTHOCTU 3acTpoiiku. Jjist Koppeknmu
YKa3aHHBIX HEJOCTATKOB MPEJIAraeTCsd UCIOIb30BATH MOJIE/b MeHEPATUBHO-COCTAZATEILHON
CeTH, BBIIOJIHAIONLYIO TocTobpaborky npeickazanubix Mask R-CNN macox.

KauecrBennas ornenka cdopMupOBaHHON B paboTe MOZAEIH [IPOJAEMOHCTPUPOBAJIA, YTO OHA
criocobHa Ha IPUEMJIEMOM YPOBHE BOCCTAHABJIUBATH I[E€JIOCTHOCTH KOHTYPOB, 3AIIOJIHIET
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Bsepenne

BoisiBiierre TOUHBIX MACOK 0ObEKTOB HEABUKUMOCTH Ha a9POPOTOCHIMKAX
C TJIOTHOM 3aCTPOUKON TPEJICTABIIAET ONPEJIETIEHHYIO CJIOYKHOCTD JIJISI MOjeseit
rirybokoro obydenusi, Mask R-CNN, YOLO u npyrux. OcHOBHOIT TpUYUHOMN
SIBJISTETCSI OJIM3KOE PACIIOJIOXKEHNE 3JIAHU JIPYT K JAPYTY, 9TO 3aTPYyIHSIET
TOYHOE pa3jiesieHne 00bEKTOB, IIOCKOJIbKY UX KOHTYPBI MOTYT ME€PECEKAThCS
I CJIMBATHCS Ha M300PaKEHUN.

DT0 0COGEHHO TTPOHIEMATHIHO B YCJIOBUSAX BBICOKON JTETATU3AINHT, TJIe
HeDOOJIBININE JIEMEHThI apXUTEKTYPbI, TAKHE KaK IIPUCTPONKHU, OAIIKOHBI
i o0Iue CTEHBI MEXKTY CTPOEHUSIMU, MOT'YT OBITh BOCIIPUHSITHI MOJIEJIBIO
KaK eIUuHbI 00bekT. Kpome Toro, cioxuasa ¢opma 3JaHUil, HaIIpuMep,
MHOT'OYTOJIbHBIE OYE€PTAHUS UM HECTAHIAPTHBIE KOHCTPYKIUNA TpedyeT oT
Mo/l 6oJtee TIIyOOKOTO aHAJIN3a U aalTAINN, YTO YBEJIUINBAECT BEPOITHOCTH
omuboK 1pu (GOPMUPOBAHUN MacOK. HeCKOJIbKO MPUMEPOB TAKUX MACOK
IIPUBEJIEHBI HA pUCYHKE 1.

(a) Herounas cermenrtarus (6) YacTudaHoe OTCyTCTBHE (6) CousiHre MacoK
CerMeHTaInn 00BEKTOB

Pucynok 1. Ommbku npu GpopMUPOBaHUHM MAacOK OObEKTOB

Emgé onmoii npuunnoii sBiIs€TCA HAJIMYAE BHENTHUX (DAKTOPOB, TAKUX KAK
PACTUTEJIBHOCTh U TE€HH, KOTOPBIE YACTUYHO CKPBIBAIOT OOBEKTHI HA CHIMKAX.
JlepeBbsi, KyCTApDHUKU WK J1a’Ke BPEMEHHbIE OO'bEKThI, TAKME KAK aBTOMOOWJIN,
MOI'yT IEPEKPBIBATh YaCTU 3JaHUN, CO3/1aBasd Pa3PBIBbI B JAHHBIX, JOCTYIIHBIX
Mozenu. TeHu, BbI3BAHHBIE PA3IUYHBIMY YIVIAMU CHEMKU WU BPEMEHEM
CYTOK, TaKKe MCKAXKAIT BU3yaJbHYI NHMOPMAIUIO, CHUXKasi KOHTPACT U
3aTPYAHSS BbIJE/ICHIE YeTKUX IPAHUI] O0BEKTOB. ITU (DAKTOPHI IPUBOJIAT
K TOMY, YTO MOJEJIb MOXKET JIMOO HeIOOIEHNBATD ILIONA/lb O0bEKTA, HTHOPUPYS
CKDBITBIE YYACTKH, JTHOO II€PEOIIEHNBATE €€, BKJII0Yas TOCTOPOHHUE SJIEMEHTHI
B MacKy. B pesy/ibraTe moBbImaeTcsi IOTPEOHOCTH B JOMOTHATEIBHON 00paboTKe
U yJIYyYINEHNN KA9eCTBa MIPeACKa3aHnil, 9T00bl 00eCIeInTh KOPPEKTHOCTD
HUTOT'OBBIX JIAHHBIX.
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[Ipobiriema yrouynenus: rpanul; 00bEKTOB OCOOEHHO aKTYyaJbHA I HHGOP-
manponnoii cucrembl (UC) TIIK «Pockagacrps, rue K TOYHOCTU MPOCTPAH-
CTBEHHBIX JAHHBIX IIPEIbsIBJISIIOTCS OBBIMIEHHbIE TPeOOBaHMsI. 1 pauinoHHbIe
MEeTO/IbI TOCTOOPADOTKH, TaKHe KaK MOP(MOJOTHIECKUe OMEPAIINN WA AJITOPUT-
MBI AKTUBHBIX KOHTYDOB, YaCTO OKA3BIBAIOTCS HEIOCTATOIHO 3(PMOEKTUBHBIMU
JJIsT CJIOXKHBIX CJIyYaeB ILJIOTHOM 3aCTPOUKU. B CBsI3M ¢ 9TUM BO3HHKAET
HEOOXOIMMOCTD B PEIIEHNN 33a9i aBTOMATUIECKOTO0 KOPPEKTUPOBAHUST
PE3yJIbTaTOB CEIMEHTAINN, COXPAHSISI IPU TOM TOIIOJIOTHIECKYIO IIPABUILHOCTh
00HEKTOB.

B mpejicraBiienHoit pabore mpearaeTcs 0JJHO U3 BO3MOXKHBIX DereHui
9TOH 3aJa9u, OCHOBAHHOE HA IMPUMEHEHWHU I'€HEePATUBHO-COCTI3aTeTbHOMN
cern (GAN) 1151 mocTo6paboOTKU Pe3yIbTATOB CErMEHTAIINH, TI0JIy T€HHBIX
¢ nomoursio Mask R-CNN. OcHoBHast uznest ncciieZ0BaHus 3aKJI09YAETCS B TOM,
qr0 GAN-apxuTekTypa, JOJKHBIM 00pa30M 00yUYeHHAs Ha Pelnpe3eHTaTHBHON
BBIOOPKE 00DHEKTOB 3acTpoiiku, xapakrepHoit mis IITIK «Pockamactpy, cmoxker
3¢ PeKTUBHO BOCCTAHABIMBATD IEJIOCTHOCTDh HAPYIIEHHBIX I'PAHMUIL, YCTPAHATH
BHYTPEHHUE Pa3PbIBbl MACOK, Pa3/Ie/isiTh ONMOOYHO CAUBIINECS OOBEKTHI 1
COXPaHATH TOYHOE II0JIOYKEHUE YIVIOBBIX (IIOBOPOTHBIX) TOUEK 3IAHMIA.

Peanuzarusa ucciaenoBanmit cocTosiia u3 CAEIYIONUX ITAIIOB:

(1) PopmupoBaHmE PEIIPE3EHTAOETHLHOTO U COATAHCUPOBAHHOTO JATACETA,
COJIEPZKAILETO COOTBETCTBHA MCXOAHBIX Macok oT Mask R-CNN srajioHHBIM
MaCKaM, U3BJIEIEHHBIM U3 (DANIOB ¢ aHHOTAIIUSIMEI 00HEKTOB U MaCKaM,
[OJIyYEHHBIE B PE3YJIbTATE UX FKCIEPTHON KOPPEKIHH.

Paspaborka apxurektypbl GAN, yunThiBaiormieil 0cCOGEHHOCTH IIOTHOM
3aCTPONKHA B KOTTEJ?KHBIX U CAJIOBBIX TOBAPHUIIECTBAX U KOOIEPa-
TUBaX, TPeOOBAHUS K TOYHOCTHU I'PAHMUIL JIJIs KAJACTPOBOIO yUeTa U
HEOOXOIMMOCTb COXPAHEHUS TOIIOJIOIUU OOBEKTOB.

[TpoBenene IKCIEPUMEHTATLHBIX UCCIEIOBAHNUIT C ONEHKON KAIeCTBEHHBIX
XapaKTEePUCTUK MOy IaeMbIX MaCOK M KOJUYIECTBEHHBIX MMOKa3aTeeil
(IoU, precision, recall, Fl-score).

—
N
—

—
W
~

1. O630p pabot no ucnonszosanuto GAN gns ynyudwenus
pe3ynbLTaToB pacno3HaBaHUA 00bHEKTOB

B nacrosimiee Bpemsi cyImecTByeT 3HAUUTEIBHOE KOJIUIECTBO HAY THBIX
WCCIICIOBAHUMN, TIOCBANIEHHBIX TPUMEHEHUIO TeHEPATUBHO-COCTI3ATEIbHBIX
cereil (GAN) st nosbimenus 3pGEKTUBHOCTE PACIIO3HABAHMS U300DAKEHUI
7 UX TPaHC(POPMAIIHH.

B pa6ore [3] paccMaTpuBarOTCS MOIENN YCIOBHO-COCTSI3ATENBHBIX Ce-
reii (conditional GAN, ¢cGAN), KoTOpbIe MOI'YT OBITH IIPUMEHEHBI JIJIst
peobpa3oBaHusl N300paKeHNl OJTHOrO TUlla B Apyroii. Hampumep, Macku
CErMEHTAIMN MOTYT OBITH MPeoOpa30BaHbl B PEAJTUCTUIHBIE H300PAZKEHNS,
nnu Haobopor. OnucanHble MOJIEIN JIEMOHCTPUPYIOT BBICOKYI TOYHOCTH
CerMeHTaInn OObEKTOB U YJIYUIIAOT KAYeCTBO UX MAaCOK.
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Mogens Pix2Pix, onucannas B [4] u ocnoBannas Ha ¢cGAN, ucmosnb3yercs
JUIsl CHHTE3a BBICOKOKAIECTBEHHBIX M300DaKeHNH HA OCHOBE BXOAHBIX JAHHBIX,
TAKIX KaK MACKU cerMeHTanuu. B crarse nmokasano, 1o GAN MoxeT yirydmuTs
Ka4eCTBO MACOK IIyTeM O0yJeHHsI Ha apaX «MaCKa-TOYHAsi MACKa».

B uccnenosanuu [5] upencrasiena momesnsr MaskGAN, npennasnadeHnast
JIJISI MHTEPAKTUBHOTO PEIAKTUPOBAHNSA M300PaKeHUl JIUI] C UCIOJIH30BAHIEM
Macok. MojiesIb yaydnaeT KadecTBO MaCcOK U MO3BOJIIET MAHUITYTUPOBATH
CEIrMEHTHPOBAHHBIME O0JIACTAMY N300PaKEHUIl.

B [6] upemnaraercs mozens SegAN ¢ MHOrOYpPOBHEBBIM JUCKPUMUHATOPOM
u L1-orepsiMu 71t MeIUIMHCKOM cermenTanyu. Mosenb ucmosib3yer MHOTO-
YPOBHEBBIN JUCKPUMUHATOD JJIs YIIYUIIIEHUS KAa1eCTBA MACOK, OCOOEHHO
B 3aJla9aX C Pa3sMBIThIMU rpanuriamMu 06bekToB. GAN-Mmozens yiy«dmaer
rpaHuIlbl OObEKTOB, CHUKAET YPOBEHDb IIyMa U YCTPAHSIET HETOYHOCTU
JIETEKTUPOBAHUsT OObEKTOB.

Mexanu3m BHUMAHUS JJis TeHepann Macok B Attention-GAN, ommcannbii
B [7], mpumensiercs nuis Tparcdopmanum 06beKTOB Ha hoTorpadusax TUKOM
pupoiel. Mojiesb TI03BOJISIET YCTPAHATD IIYMBI U HETOYHOCTH JIETEKTHPOBAHMS,
COXpaHsisl MEJIKUE JIeTajil OO'bEKTOB.

B crarbe 8] npesaraerca meTo npeobpa3oBanus U300PAKEHUHi ¢ UCIOIb-
goBanueM CycleGAN u rukmaeckux noreps npu obydennu. Mojesnb MoxKeT
OLITH AJIAITHPOBAHA, JIJIs YIIYUIIEeHNsT MACOK CEIMEHTAIINM, OCOOEHHO B 3a/a9ax
C HECOOTBETCTBYIOIIIUMU JJTaHHBIMU. OHa ycrpaHdaeT MIyMbl 1 HETOIYHOCTHU
JIETEKTUPOBAHUSA O0BEKTOB, COXPAHAS UX MEJIKUE JIEeTAJIH.

Monens Boundary-Aware GAN ¢ MHOrOypOBHEBBIM JIUCKPUMHHATOPOM,
onmcaHHada B [9]|, NpeqHASHAUEHA NI YIIy9IIEHUs] TPAHUT, OOBEKTOB B 33aTaxX
CeMaHTUIECKOi cerMeHTaryu. JIncKkpuMuHATOp 00y9aeTcss PasiniarTh peaJib-
HBIE U [IPEJICKA3aHHbIE TPAHUIILI. YJIydIIeHUs JIeTeKTUPOBAHNS 00 bEKTOB
3aKJII0YAIOTCA B BBISIBJICHIN YETKUX I'PAHUIl, CHUYKEHUM YPOBHS IIyMa U
YCTPaHEHUU HETOYHOCTENA.

B craree [10] uccnenyeres npumenerne GAN sist GuHAPHOI ceMaHTHIECKO#H
CEerMEHTAITNN Ha HecOAJAaHCHPOBAHHBIX JaTacerax. ABTOPBI IpeJIaraioT
HOBYIO apXHUTEKTYPy U Moaxon K o0ydenuio GAN s yaydIlnenns: KadecTBa
[pe/ICKa3aHnsT MaCOK OObEKTOB B YCJIOBHSIX CHJIBHON Pa3basaHCHPOBKHU KJIACCOB.
OCHOBHOE BHUMAHUE YJeJIsieTCsl TpobJIeMaM HU3KOW TOYHOCTH [MPEJICKA3aAHUS
JIJIsl MUHOPUTAPHOIO KJIAcCa, OTepe MEJKUX JieTajiell 00beKTOB, IIyMy U
apredakTaM B IPEJICKA3aHHBIX MacKax. ABTOPBI geMoHcTpupyioT, uro GAN
MO3BOJISIET YJIYUIIUTH KAYeCTBO MACOK 3a CUIET 60jIee TOYHOTO MOJIEIMPOBAHUS
rpaHuI, 0ObEKTOB U BOCCTAHOBJIEHUSI MEJIKUX JeTaJlel.
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B pabore [11] omuceiBaercst Mogens PLGAN (Power-Line GAN), npen-
Ha3HaYEeHHAs JIjIsT CETMEHTAIINN TOHKUX W JJIUHHBIX 00bEKTOB Ha (hoHe
CJIOXKHBIX TEKCTYp u IryMa. OCHOBHAS IeJlb — YJIyYIIMTh TOYHOCTD BbIIEJICHMS
JIMHUHA 3JIeKTpoIiepead, ITO BaXKHO IS MOHUTOPHUHTA UHQPPACTPYKTYPHI,
KapTorpadpupoBaHus W aHAIIN3a OKPYXKAoIeil cpeapl. B cTaThe mpeIIoXKeHbl
KJ04eBble uien, Briodas aganrannio GAN s cerMeHTanuy TOHKHX
00BEKTOB, YIYUIIeHNE JAeTAJIN3aIIN, 00pabOTKY HecOaTaHCHPOBAHHBIX JaH-
HBIX U CIJIA2KHBAHUE KOHTYPOB C MCIOJIb30BAHUEM aKTUBHBIX KOHTYPOB U
CILJTAH-UHTEPIIOIAIINN.

IIpo6ema mHecHaIaHCHPOBAHHOTO PACIIPEIC/ICHNAS JAHHBIX MEXKIY UCXOI-
HBIM JIOMEHOM (COBOKYIIHOCTH M300DarKeHuii) U IeJeBbIM JIOMEHOM B 3a/auax
CeMaHTHYIECKOW CerMeHTanuu aspodOTOCHUMKOB paccMarpusaeres B [12].
ABTOpHI npejgiararoT MeTo 00ydeHus MOJIeU 6e3 UCIOIb30BaHUsT PA3METKU
JUIs TiesieBoro goMena. st sroro ucnoibsyercs GAN, Koropas agamnrupyer
CTHJIMCTUYECKHE OCOOEHHOCTH MCXOJHOTO JOMeHa K IejieBoMy. OcHOBHas
IeJIb 3TOH PabOThI— YIyUIIUTh TOYHOCTH CEITMEHTAINN Ha LEJIEBOM IOMEHeE,
MUHUMU3NUPYS BJIMSHAE PA3INYUil MKy JOMEHAMM, TAKMX KaK M3MEHEHUs
B OCBEIIEHNH, PAKYPChl CbeMKHU UJIM TEKCTYPhI OObeKTOB. ABTOPBI OTMEYAIOT
CJIETYTOIIHIE YIIYUIIIeHUsI, JOCTUTHYTHIE C TIOMOIIBIO IPEII0KEHHOTO TOIX0IA:
Jrydrne 0b600IIeHnsT MOIEIH, YCTPAHEHNe BINSHIS PA3TTINi MEKIY JTOMEHAMM,
coXpaHeHre MeJIKUX JeTajeil U CHUKEHUE IIyMa.

B crarpe [13] uccnenyercst npumenerne cGAN jist 33189 ceMaHTHIECKOH
CEerMEHTAINN CIIy THUKOBBIX M300paXKeHuil cpeJiHero pasperinennsi. ABTOpbI
GOKyCUPYIOTCS Ha YJIY4IIEHUH TOYHOCTHU BBIJIEJIEHNST 0O'bEKTOB HA TAKUX U300-
PasKeHUsIX, KOTOPble YacTO CTPaJaroT OT IIyMa, HeJOCTATOYHOM JeTaJIu3allu 1
CJIOXKHBIX TeKCTyp. OCHOBHAsI 11eJ1b pabOThI — IIPOJIEMOHCTPUPOBATE, KaK
¢GAN moxkeT ObITh UCIIOJIL30BAHA JJIS IIOBBIMIEHNS KAYeCTBa, CEIMEHTAIINN
IT0 CPABHEHUIO C TPAIUITMOHHBIME mojxo1aMu, TakuMu kak U-Net nan DeepLab.
Ocoboe BHUMaHNE yAessieTcs 3a1a9aM MOHUTOPUHIa 3€MJIEI0Ib30Ba NS,
FOPOJCKOTO IJIAHUPOBAHUS U aHAJIN3a U3MEHEHUI B OKPYKAIOIIEH cpejie.
ViIydlieHusiME, JOCTUTHY THIME C IIOMOIIBIO IPEIJIOXKEHHOIO IIOIX0A, ABJISIOTC
BBICOKasI TOYHOCTH JIJII MUHOPUTAPHBIX KJIACCOB, YETKUE IPAHUILI OObEKTOB,
coXpaHeHrne MeJIKUX JleTajeil 1 yCTpaHeHue IyMa.

B [14] aBropsl npeIaraloT HOBBIH MOAX0J, KOTOPHI ucnoassyer GAN
JJIsT YJIYYIIEHNsT KA9ecTBa, IPEeJICKa3aHHbIX MaCOK 3a CYET 60jiee TOYHOTO
MOJEJIMPOBAHUs I'PAHUI] OObEKTOB U BOCCTAHOBJICHUS MEJIKUX JIeTaJjIeid.
OcCHOBHOE BHUMaHUE YIEJIAETCsI 33/1a9aM, CBSI3aHHBIM C aHAJIM30M U300pasKeHuii
C BBICOKUM pa3peHIeHI/Iel\/I, TaKNX KaK aSpOd)OTOCHI/IMKI/I, MeJUITUHCKHNEe
n300paXkeHust U ropojickue JauamadTol. [legb paboThl — MmoKa3aThb, ITO
ncnonbzoanne GAN MOXKeT 3HAYUTEIHLHO HOBLICUTH TOYHOCTD U JICTAJA3AIIAIO
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CErMEHTAIUN SK3EMILIAPOB O0bEKTOB 10 CPABHEHUIO C TPaIMIIUOHHBIMUI
meromamu, TakuMu Kak Mask R-CNN wim DeepLab. Yiydmenue neranusanun
U CIVIAYKUBAHUE KOHTYPOB MACOK SIBJISIIOTCSI OCHOBHBIMU PE3YJILTATAME ITON
paboTHI.

2. ®opmupoBaHue Habopa faHHbIX

Vcnonb30BaHHBIN B 9KCIIEPUMEHTAJIBHBIX UCCJIEJIOBAHUSIX JATACET IIPEJI-
craBsigeT coboil COBOKYIHOCTD nap (IpejcKa3anHas Macka, TOYHAs MacKa).
IIpenckazannast Macka 3TO OMHApHAS MacKa 00bEKTa, MOJydIeHHAs C UCIOIB30-
BaruneMm mozenun Mask R-CNN. Tounas macka mpejcrapjsier coboit OMHapHYIO
MAacKy, ¢(hOPMUPOBAHHYIO U3 HOJMIOHA TOTO 2Ke CAMOT0 O0BEKTa, U3BIEIEHHOIO
u3 json-daitia.

Turbel 1 KoJimyecTBa OOBEKTOB, MIPEJICTABJIEHHBIX B JaTaceTe, a TaK¥Ke
ocoberHoCcTH (hopMUPOBaHUS json-dailioB K daitiaMm ¢ n300paKeHUsIMA,
ormmcansl B [1]. st orcyTeTByomux B json-daiiyiax moJIuroHos 06 bEKTOB,
COOTBETCTBYIOIIUE UM TOYHBbIE MACKH (POPMHUPOBAJIUCH (KOPPEKTHPOBAJIUCH )
BPYYHYIO. DTO MO3BOJIIIIO CO3/IATh PEIPe3eHTa0eIbHBIN U COIVIACOBAHHBIN HAOOD
JIAHHBIX, BKJIIOYAIOMNI KaK aBTOMATUYECKU CTE€HEPUPOBAHHBIE, TAK U PYUIHbIE
Macku. Bee Macku maracera ObLIM IPUBEIEHBI K pa3mepy 256 X 256 nukcesieit.
Bospimmit pazmep Macok IPUBOAUT K PE3KOMY YBEJIMYEHHUIO BBIUUC/IATEIbHOM
HAI'pPy3KU U, COOTBETCTBEHHO, BPEMEHU BBIUUC/IEHUN, MEHBIITHNA — K HEPOBHOCTSIM
KOHTYPOB TPEJCKA3AHHBIX MACOK, TIOCJIE YBEJIMIEHUS UX Pa3Mepa. Y BeJIMIeHne
JI0 pa3Mepa m300parKeHusT ¢ 00bEKTaMI HEJABUKUMOCTH HEOOXOINMO Ha JTAITe
BU3YAJIM3AINN PE3YJIBTATA C IEJIbI0 COBMEIIEHIST MACKU O0bEKTa U COJEPIKAIIETO
€ro M300PaKEHUsI.

3. ®PopmuposaHmne U nccnegoBaHue Moaenu
3.1. OcobenHoctu apxutektypoi GAN

GAN cocrosdT U3 JIByX OCHOBHBIX KOMIIOHEHT: M€HEPATOPA U JUCKPUMUHA-
TOpa, KOTOpble paboraioT B cocTsizaresibHoM pexkume. OcHoBHas nenb GAN
3aKJIF0YAeTCsl B OOYYEeHUN TeHepaTopa CO3JaBaTh JaHHbBIE, HEOTJIMIYUMbIE OT
peabHBIX.

Teneparop B 1polecce 00ydenus NPUHAMAET CIydYaiHbli 1yM (06BIIHO
U3 HOPMAJILHOIO PACIPEJIE/ICHNs) B KAYeCTBE BXOIHBIX JAHHBIX U Ipeobpasyer
€ro B HEKOTOPbIE JaHHbIE, HATIPUMED, U300paskeHusl. 3a/1a9a NeHepaTopa —
chOpMUPOBATH JAHHDBIE, KOTOPBIE BBITJISLIST KaK peasbube. s aroro o
00y4aeTcss MUHUMUA3UPOBATD IOTEPU, BOSHUKAIOIIHUE IIPU MONBITKE JIUCKPUMHE-
HaTOpa OIMPEJIEJIUTH MOAJEIKY. OCHOBHBIME aApXUTEKTYPAMU T'e€HEPaTopa
SIBJISIIOTCST CJIE Ty FOTINE:
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DCGAN (Deep Convolutional GAN) [15]. IIpocroii u apdekTuBHbBIi, HO
MOZKeT BBbIJaBaTh MEeHee JeTaJIu3UPOBAHHbIC Pe3yJIbTaThl Ha, CJIOXKHBIX
maHubIX. [eHepaTop UCHOIb3yeT TPAHCIOHUPOBAHHBIE CBEPTKH JIJTsT
[IOCTENEHHOIO YBEJUYEHsT paspeneHust n3obpaxkerusi. Hauunaer co
cirydaifHOro BekTopa (JIATeHTHOIO IIPOCTPAHCTBA) U IIOCIIE0BATEIBHO
YBEJIMIUBAET PA3MEPHOCTD JIAHHBIX JI0 TEJIEBOr0 Pa3penieHusl.

U-Net [16]. oxxoaur mj1st 3814, re Ba2KHO COXPAHUTD IIPOCTPAHCTBEHHBIE
JleTaJId, HallpuMep, CerMeHTallis WM yJIydIiIeHne MacoK. [ enepaTop
ocHOBaH Ha apxurekType U-Net, KoTopast BKIIOYIAET SHKOAEP JJIs
HNOHUKEHUs] PA3MEPHOCTHU U JIEKOJIEP JIJIsi BOCCTAHOBJIEHUS N300PAYKEHUSI.
Hcnonb3yer MexaHu3M npoiryckos (skip connections), 4ro nossosisier
COXPAHATH MEJIKUE JETAJIN.

StyleGAN [17]. Boicokas nerajusaiiys 1 KOHTPOJIb HaJ[ CTUJIEM, HO Tpebyer
GOJILIINX BBIYMCINTENBLHLIX pecypcoB. 1103BoJIsIeT KOHTPOJUpPOBaTh pas-
JIMYHbIE YPOBHU JIETAIU3AIMU U300pazkenus (Hanpumep, ooy dopmy
u tekcrypbl). [enepaTop pasjeiieH Ha JBe YaCTH JJisl COIOCTABJIEHHS
CTUJIE U JIs CUHTE3A.

JucKpuMHUHATOD OIEHMBAET KAYECTBO CreHEPUPOBAHHBIX JAHHBIX. 3271244
JIUCKPUMUHATOPA — IIOMOYb T€HEPATOPY T'€HepUpOBaTh 0oJiee PaBIONOI00HbIE
JaHHble (M300payKeHNs1), MPEIOCTABIIsIS KOPPEKTHBIE CUTHAJBI OITHOKH.
OcHOBHBIE aPXUTEKTYPHI JUCKPUMUHATOPA!

PatchGAN [3]. Dddextuen ms 3a1ad, rje BaXKHBI TPAHUIBI OOHEKTOB 1
MeJIKHE JeTasn. AHAIU3UPYeT H300pakeHue M0 HeOOJIBIIIM JIOKAIBHBIM
obnacTsaM («Irardam» ) BMECTO Bcero usobpazkenus. Kaxkibiil mard
KJIACCUMDUIUPYETCA KAK PeasIbHbIi UIH IOJJE/bHBIN, YTO II03BOJISET
dokycupoBaTbcd Ha JIOKATIBHBIX JeTaJIAX.

Mnozoyposneswiti duckpumunamop [18]. Yiydimaer ka4ecTBo reHepanuu
3a c4ér 6oJIee KOMILIEKCHOH OIEHKHU JaHHBIX. VICIOAb3yeT HECKOILKO
JINCKPUMUHATOPOB, KaXKJbIil N3 KOTOPBIX paboTaeT Ha PasHbIX yPOB-
HSIX pa3penieHnsi. ITO MO3BOJISAET ONEHNBATH KAK IJI0OAJIbHBIE, TAK U
JIOKAJIbHBIC XapaKTePUCTUKN N300pasKeHusl.

Conditional GAN (¢cGAN) [19]. HauGonee acbdpexrusen ms 3a1a4, rie
TpebyeTcs HAITPABJIEHHAS T€HEPAIlrsi, HAIIPUMED, [ePEeBOI M300parkeHuit
MeX/Iy ux rpymnmnamu. JIucCKpuMuHaTOp IPUHUMAET JOMOJTHUTEILHYIO
undopManuo (HAIPEMED, METKH KJIACCOB MJIM YCJIOBHBIE JAHHBIE) BMECTE
¢ M300parkeHmeM, 9TO TMO3BOJITET KOHTPOJUPOBATEH TUII T€HEPUPYEMbBIX
JIAHHBIX.
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Y4aurbiBas 0COOEHHOCTHU OIMCAHHBIX BBIIIE APXUTEKTYD MeHepaTopa u
JAUCKPUMHUHATOPA, AJId IIOBBINICHUA TOYHOCTHU MaCOK MEJIKHUX O6’beKTOB HeaBu-

skumoctr Obun BeIOpanbl apxurekTypbl U-Net u PatchGAN coorBercTBenHO.

3.2. ®PopmuposaHue mogenu

T'eneparop, pean3oBaHHbIl Ha ocHOBe apxuTeKTyphl U-Net, peamusyer

JIBa, OCHOBHBIX sTana: czkarue (downsampling) u pacmupenune (upsampling).

OTall CKATHS yMEHBIIAET IPOCTPAHCTBEHHOE paspelneHne JaHabix. Kaxias
U3 5-TH TPYIIIT 3JIEMEHTOB YMEHbBINAET pasMephbl n300parkeHus B 2 pa3a u
cocronT n3 ceéprounoro ciost (Conv2d) ¢ pasmepom siapa (kernel size) 4x4,
marom (stride) 2 u momosnaernem (padding) 1. 3a HUM MOXKeT CJIeIOBATE CJIOH

BatchNorm2d ¢ ¢pyuxmnumeii akrusaruu LeakyReLU u koaddunmentom 0.2.

DJiIeMeHTBI pacIIupeHnusi HA0OOPOT, YBEJUINBAIOT IIPOCTPAHCTBEHHOE
paspellenre JaHHBIX. DJIEMEHTOB PACIIUPEHUs] B IIPEJJIATAEMOM IeHEPATOPE
Toxke 5. KaxkIplif Takoit 9JIeMEHT yBEJININBACT pa3dMephbl M300parKeHnst B 2
pasa 3a CuYéT BbINOJHEeHHs TpaHcnoHuposanHoi ceéprku (ConvTranspose2d)
¢ pasmepoM siipa 4x4, marom 2 u gonojaHerueM 1. 3aTeMm ciemayer Cioit
BatchNorm2d (kpome nocsuennero 6ioka) ¢ dyukiueit akruparun: ReLU
(xkpome mocsiesiHero GJI0Ka, rje ucrosb3yercd Tanh it orpaHudeHus BBIXO/IA

B jquanas3oH [-1, 1]). Opranusanus resmeparopa GAN nokasasa Ha pucyHKe 2.

DJIeMeHT pacIIUpeHusi OObeUHSIET CBOU BBIXOJIHbBIE JIAHHBIE C JIAHHBIMEI
U3 COOTBETCTBYIOIIETO €My 3JIEMEHTA CXKATHUSI N300PAKEHUST [TOCPEICTBOM
CKUI-KOHHEKTOPOB. DTO TO3BOJISIET COXPAHSITE JETAJIN U YIIyIIIaTh KAIeCTBO
rerepainu. Ha Bbixosie reneparopa (popMupyeTcs: OIHOKaHAILHOE N300pakeHne
pasmepoM, paBHBIM BxOHOMY. OIMCAHHBIE BBINIE 3JEMEHTHI CXKATUS U
paciupennsl reHepaTopa 1-ro ypoBHe!l mpUBeJEeHBI Ha PUCYHKax 3 1 4

COOTBETCTBEHHO.


https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.Conv2d
https://pytorch.org/docs/stable/generated/torch.nn.BatchNorm2d
https://pytorch.org/docs/stable/generated/torch.nn.LeakyReLU
https://pytorch.org/docs/stable/generated/torch.nn.ConvTranspose2d
https://pytorch.org/docs/stable/generated/torch.nn.ReLU
https://pytorch.org/docs/stable/generated/torch.nn.Tanh
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1x1x256x256

downsamplingl

W(64x1x4x4)

downsampling2

W(128x64x4x4)

downsampling3

W(256x128x4x4)

downsampling4

W(512x256x4x4)

downsampling5

W(512x512x4x4)

upsamplingl

W(512x512x4x4)

upsampling2

W(1024x256x4x4)

Concat

upsampling3

W(512x128x4x4)

skip HeCIE]

upsampling4

W(256x64x4x4)

N Concat

upsampling5
W(128x1x4x4)

1x1x256x256

output

Pucynok 2. T'emeparop GAN

Kaxk y2ke ObLJI0 OTMEYEHO BBIIIIE, JUCKPUMIHATOD HA OCHOBE apXUTEK-
Typbl PatchGAN ananuszupyer nzobpazkenue mo HeOGOIBITUM JIOKATHHBIM
obsactsim (maruam). Kaxkerit nata kiaccudumpyeress UM Kak PeasbHbIH



1x1%256%256

Conv

W(64x1x4x4)

1x64x128x128 1x128x64x64

W(128x64x4x4) W(256x128xdx4)
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1x256x32x32

W(512x256x4x4)
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1x512x16x16

Conv

W(512x512x4x4)

BatchNormalization BatchNormalization BatchNormalization BatchNormalization BatchNormalization

scale(512)

scale(128) scale(512)

scale(64) scale(256)

B(64) B(128) B(256) B(512) B(512)
mean(64) mean(128) mean(256) mean(512) mean(512)
var(64) var(128) var(256) var(s12) var(512)

LeakyRelu LeakyRelu LeakyRelu LeakyRelu LeakyRelu

1x128x64x64 1x512x8x8

(@) (6) (8) (2) (9)

downsamplingl downsampling2 downsamplingd downsamplingd downsamplingb

1x64x128x128 1x256x32x32 1x512x16x16

PucyHok 3. Quementn! cxxatus reneparopa GAN

1x512x16x16 1x1024x32x32 1x512x64x64

1x256x128x128 1x128x256x256
ConvTranspose

ConvTranspose ConvTranspose

W(512x512x4x4) W(1024x256x4x4) W(512x128x4x4)

ConvTranspose

W(256x64x4x4)

ConvTranspose

W(128x1x4x4)

BatchNormalization BatchNormalization BatchNormalization

scale(512) scale256) scale(128) ;
BG512) B256) B(128) BatchNormalization
mean(512) mean(256) mean(128) scale(6d)

var(s12) var(256) var(128) Bl6a

mean(64)
var(64)

1x1x512x512

1x512x32x32

1x64x256x256

Relu Relu
1x256x64x64 1x128x128x128

(output ]
(@) (6) (8) (9)
upsamplingl upsampling?2 upsampling3  (e) upsamplingd  upsamplingb

Pucynok 4. Dnements! pacmupenus reseparopa GAN

WIH TIO/IJIEJIBHBIN, 9TO TO3BOJISET (DOKYCHPOBATHCS Ha JIOKAJIBHBIX JETAJISAX.
JMCKpUMUHATOD MTPUHUMAET JBa BXOJHBIX M300PaKEHUS: MPEICKA3AHHOE
n300pakeHne (CreHepIpOBAHHOE TeHEPATOPOM) M peasibHOe M306pakeHue (B
HAIIIEM CJIy4ae OHU IIPECTABJSIOT CODOM TOYHBIE MACKH OO'bEKTOB).3aTeM
9Tu n3o0pakeHnus OObLEINHSIIOTCA 110 KaHasjaaM. [lociiemyrornime HeCKOIBKO
cBéprounbix c10éB (Conv2d) ¢ pasmepoM siapa 4x4, marom 2 u JonosiHeHneM 1
YMEHBIITAIOT ITPOCTPAHCTBEHHbBIE Pa3MePhI JTAHHBIX.
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Hauwnnas co Broporo cios npumensiercst BatchNorm2d ¢ dbyuknmeit
aktuBanuu LeakyReLLU u koaddunuenrom 0.2. Tlocieguuit cioit ¢ dpyHKuei
akTUBay Sigmoid BBIYUCIISIET BEPOSTHOCTH TOTO, YTO BXOJHbBIE JJAHHBIE
SIBJISIIOTCS peabHbiMu. CTPYKTypa JUCKPUMUHATOPA MPUBEJICHA HA PUCYHKE 5.

1x1x256x256

1x1x256x256
Concat
Conv
W(64x2x4x4)
B(64)
LeakyRelu
Conv

W(128x64x4x4)
B(128)

LeakyRelu

Conv

W(256x128x4x4)
B(256)

LeakyRelu

Conv
W(512x256x4x4)
B(512)

LeakyRelu

Conv
W(1x512x4x4)
B(1)

Sigmoid

1x1x30x30

Pucvynok 5. Huckpumunarop GAN


https://pytorch.org/docs/stable/generated/torch.nn.Sigmoid
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B reneparope ucnosb3yercs crangaprHasi (DyHKIHsT TOTEPD I 33029
ounapuoit kiraccuduranun BCEWithLogitsLoss u L1 Loss st MuanMuszanun
MMIKCEJIbHON PA3HUITHI MEXK/Y CT€HEPUPOBAHHBIMU U PEAJTBHBIMU MACKAMU.
TlepBas u3 sTux QYHKIUNE UCIIOIB3YeTCs i «0OMaHa» JUCKPUMUHATOPA,
BTOpasl IOMOraeT I'eHePATOPY CO3/IaBaTh MACKU, KOTOPbIe OJU3KU K PeasbHbIM
10 TIMKCEJIbHBIM 3HadeHnsM. Bakabim napamerpom npu L1 Loss sBasercs Apq,
KOTOPBIl yIIpaBJ/isieT BaXKHOCTHIO IMUKCEIbHON PA3HUIBI MEXKJIy CreHEPHUPOBAH-
HBIMHU U PEAJbHBIME MACKAMU. DTO MO3BOJISIET OAJTAHCHPOBATH MEXKJLY «OOMAH»
JIMCKPUMHUHATOPA ¥ TOYHOCTBIO BOCIIpOU3BeeHus AeTaseit. OyHKIus moTephb

reneparopa— BCEWithLogitsLoss.

Ob6yuenne GAN cBa3aHO € ONPEIEIEHHBIMA TTPOOIEMaMU, TAKUMH KaK
HECTAOUILHOCTD IPOIECCa O0YyJIeHNUsl, KOJIAIC MOJ, U HU3KOE KAJeCTBO I'eHe-
panuun, 9T0 Tpe6yeT OpuMeHeHUs CIIeINaJIbHbIX METOJ/IO0B JIJId UX pelleHud.
OIHUM W3 TAKHUX MTOIXO0B SIBJISETCS CHEKTPAJIbHAS HOPMAJIM3AIHA, KO-
TOpasd OrPAHUYNBACT CIIEKTPAJIbHYIO HOPMY BECOB B CJIOAX IeHepaTropa U
JUCKPUMHUHATOPA, TEM CAMBIM CTAOUIN3UPYs O0yUIeHUEe U TPEeTIOTBPAITAsT
B3pbIB rpajueToB [20]. JApyroit MeTo 3aK/II0YAeTC B UCIOJIb30BAHAN
mrpada 3a rpaguent (gradient penalty), KOTOpBIil 106ABIISIET PErYIISPU3AIMIO
K BBIXOJIaM JUCKPUMHUHATOpA, obeciiedanBasi 60Jiee TIaBHOE PaCIIpeeeHIe
3HAUEHUl U yaydmias cxoaumocTb Mogenn [21]. Takzke mupokoe IpuMeHeHre
HAIIE MEXaHU3M CAMOBHUMAHUS (self—attention), O3BOJISIONINIT MO/IeJIN
VIATBIBATH [JI00AJbHBIE 3aBUCUMOCTH B JAHHBIX, ITO OCOOEHHO MTOJIE3HO TPH
paboTe ¢ BBICOKOpa3MepHbIME n300pakeHusMu [22]. OHAKO, TOCKOJIBKY
BOCCTAHOBJIEHUE MTPOCTHIX OMHAPHBIX MACOK SIBJISIETCS OTHOCUTEIBHO ITPOCTOR
3a7a4ell, I KaK MOKa3aJl Pe3yJIbTaThl UCCIeJOBAHNS ONNCAHHOHN BBIIIE MOJIEIN

GAN, HCIIOJIb30BaHUE 9TUX IIOAXOA0B B JAaHHOM CJiy4dae fABJIACTCA UIJIUIITHUM.

3.3. Pe3ynbtatbl uccnegosaHus mogenu

dopmuposanue u nceaenosanune mMonean GAN mpoBoAMIOCH ¢ UCIOIL30Ba-
nueM dpeiimBopka PyTorch B cpesie Google Colab Pro. Jupyter-uoyTbyk
(munensus MIT) jioctynien 1o 3moit ceblike: — JUPYter, VceeoBaHrst OCHOBHBIX
METPHUK TOYHOCTH OBLIN BBLIIOIHEHDI JJIS PA3/JINYHLIX 3HAYEHUII CKOPOCTH

00yUeHMsI, KOJUIECTBA IT0X U pa3MepoB Oarda. MeTpuku TOUHOCTH reHepaTopa


https://pytorch.org/docs/stable/generated/torch.nn.BCEWithLogitsLoss
https://pytorch.org/docs/stable/generated/torch.nn.L1Loss
https://pytorch.org
https://colab.research.google.com/drive/1igt6a635oLyULkqBtCcbEOLVyCC8CQ_S
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GAN wuccniegoasuch 1npu Ar; = 100, IOCKOJIBKY IIPU TAKOM 3HAUYEHUU UX
KPHBBIE 00JI3IAI0T JIOCTATOYHON CTEMEHBIO TVIATKOCTH, YTO CBHUJIETEILCTBYET 00
OTCYTCTBUU B3PBIBHBIX WJIM 3aTyXaOIUX rpagueHTos. Ha pucynkax 6, 7 u 8

[TOKa3aHbI KPUBbIE METPUK TOYHOCTH 1yt 3HadeHuit Ar; = 80, 100 u 120.

0.8

0.6

3HauyeHnst MeTpuK

0.4

—e— |oU (Gen)
—e&— Precision (Gen)
—o— Recall (Gen)
—e— F1-Score (Gen)

0 50 100 150

0.2

anoxa

Pucynok 6. I'paduru merpux Tounoctu reseparopa GAN mis
Ar1=80

B rabuure 1 npuBeieHbI pe3yIbTaThl UCCIE0BAHUN OCHOBHBIX METPUK
Tounoctu loU, IoU0.5-95, Precision, Recall u F1-Score. Kak nokaszaJin
IPOBEIEHHBIE MCCeM0Banus, ncnoab3oBanne GAN 1m0o3BoJIsIeT 3HAYUTETHHO
YIYUIIATH TOYHOCTH MACOK CEIMEHTAIMN OO'bEKTOB HEJABUKUMOCTH, TIOJIy Y€HHBIX

¢ ucnosb3zoBanueM Mogean Mask R-CNN [1].

PaccmoTpuM HECKOTIBKO TIPUMEPOB YIIYUIIEHNST MACOK OO'bEKTOB HEJIBUKI-
MOCTH, TOJIy9eHHbIX ¢ ucrnojb3oBarueM mogenn Mask R-CNN. Ha pucynke 9
MoKa3aHbl MacKu, npejckazanubie Moyenbio Mask R-CNN, u ysy«mnennbre
Macku, crenepupoBanabie ¢ moMorbio GAN. [lo 3HAYeHNSIM METPUK TOYHOCTH
MOXKHO CJIeJIaTh BBIBOJI, 9TO ucnob3oBanne GAN 103BoIsIeT 3HATNTEHHO
VIIy9IIATh KAYeCTBO MACOK 38 CYET KOPPEKIMH OMNOOK, TAKUX KAaK Pa3pPhIBBI

KOHTYDOB, IIIYM U HETOYHOCTU B I'DAHUIAX OOBEKTOB.
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Ar1=100
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PucyHok 8. I'padurn merpux Tounoctu reneparopa GAN s

Ar1=120
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Tapmuua 1. Ouenka MeTpuk TOYHOCTH Jjis npejacka3anHbix GAN Macok B 3aBUCHMOCTH OT HIapPaMeTPOB

00yYeHUsT MOJIEJIN

Ckopocts | Pasmep Smox IoU Precision | Recall | F1-Score | IoU0.5-95 (Pred) | IoU0.5-95 (Pred)
obyvenusi | Garua | obyuenmsa | (Pred) (Pred) (Pred) (Pred) (Mask R-CNN) (GAN)
le—6 10 500 0.87 0.92 0.91 0.91 0.67 0.90
5e—6 10 400 0.85 0.90 0.89 0.90 0.65 0.88
5e—6 20 350 0.84 0.89 0.88 0.88 0.64 0.87
le—5 10 300 0.83 0.88 0.87 0.87 0.63 0.86
le—5 20 250 0.84 0.89 0.88 0.88 0.64 0.87
5e—5 8 200 0.79 0.84 0.83 0.83 0.59 0.81
5e—5 10 300 0.82 0.87 0.86 0.86 0.62 0.85
5e—5 16 250 0.81 0.86 0.85 0.85 0.61 0.84
4e—5 8 150 0.80 0.85 0.84 0.84 0.60 0.82
4e—5 16 200 0.78 0.83 0.82 0.82 0.58 0.80
le—4 8 100 0.75 0.80 0.78 0.79 0.55 0.78
le—4 16 150 0.77 0.82 0.81 0.81 0.57 0.80
le—4 20 200 0.78 0.83 0.82 0.82 0.58 0.81
2e—4 8 80 0.70 0.75 0.73 0.74 0.50 0.73
2e—4 16 100 0.72 0.78 0.76 0.77 0.52 0.76

ITI

GOdRMOHUY "¢ U
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PucvyHok 9. Pesyaprars! yiaydienns ¢ nomompbio GAN moka-

3aHbI 101 ipeackazanubiMu Mask R-CNN mackamu o6beKTOB
HEeJABUKUMOCTHU

IIpumep yirydmenns MacoK 0O0bEKTOB Ha adpodOTOCHUMKE, Ha KOTOPBIX
CJIOXKHOCTD 3191 BO3PACTAET M3-38 BBICOKON IIJIOTHOCTH OOBEKTOB U UX
pa3HooOpa3us npuBeeH Ha pucyHkax 10.

IIpu reneparu Macok ¢ momotbio GAN gacTo Bo3HUKaeT mpobiema
CTYIIEHYATHIX KPaEB, CM. PUCYHOK 9. DT0O 00yC/I0BI€HO crienuduKoil paboTh
GAN, koropast cBg3aHa € JUCKPETHOCTHIO TUKCeNel mpu (hOPMUPOBAHIT
n300parKeHuii U CJIOKHOCTHIO TOTHOIO BOCITPOU3BEICHUS MEJIKUX JIeTajIeit
rpanui;, 06beKTOB. st yurydIieHns KOHTYPOB MACOK CEIMEHTAIUU MOTYT
OBITH IPUMEHEHBI PA3IUIHbIE PYHKIIMUA MOPQOJOrTIECKOrO CrIIaXKUBaHUS,
KOTOpBIE TTO3BOJISOT YCTPAHUTD IIIYM, 3aIO0JHUTE TPOOENBI U CIENATH IPAHUITBI
00BEeKTOB OoJIee TJIaIKUMMI.

O M 13 6a30BBIX TOAXO0B ABJISIETCS UCIIOJIb30BAHUE OIepaluii MOp-
POSTIOTHIECKOTO OTKPBITAA W 3aKPBITUS C 33 JaHHBIM CTPYKTYPUPYOIIAM
asleMeHTOM (Hanpumep, KBaaparnoit marpuneii (5 X 5). OTKpeiTue moMoraer
Y/IAJIUTh MEJIKUE TIyMOBBIE apTE(AaKThI, & 3aKPHITAE 3AIIOJTHSIET MEJIKNE
Pa3pBIBBI BHYTPU MAacKH. JIJIsT JOIOJHUTEIHHOTO CIJIazKUBAHUS KOHTYDPOB


https://docs.opencv.org/4.x/d9/d61/tutorial_py_morphological_ops
https://docs.opencv.org/4.x/d9/d61/tutorial_py_morphological_ops

1.B. BunokyproB

(6) Macku ynyuniensl remeparopm GAN

Pucynok 10. ¥Yayumienune Macok 00b€KTOB HEIBHKUMOCTH
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MOKHO npuMenuTh [ayccoBo pasmbitue (GaussianBlur), koropoe cMsruaer
pe3Kue mepexobl MexK Iy (DOHOM U OObEKTOM.

Tak>ke 3 HEKTUBHBIM METOJIOM SIBJSIETCST MCHOJb30BAHNE AKTUBHBIX
KOHTYDOB (snakes), KOTOpbIE aJIAITUBHO HOJCTPAUBAIOTCA 0], (GOPMY 0OBEKTA
3a CYET MUHUMU3AIUN SHEPTUU YIPYTOCTH U TIaJKoCTH. JLjisi ToCTHKEHUs erne
boJiee TIaJIKUX KOHTYPOB MOXKET ObITH IPUMEHEHA CILIaiH-UHTEPIIOJISIIIUS,
KOTOpast alllPOKCUMUPYET UCXOMHBIN KOHTYP C TIOMOIIBIO KYOUIECKUX CILIANHOB,
obecrieunBasi paBHOMEPHOE pacipeieeHne TOYeK U IJIaBHOCTb IPaHUIL.

Emié ogaum u3 93¢ dekTuBHBIX c0COO0B yCTPAHEHUS CTYIIEHIATOCTH SIBJISI-
eTcs ucnosb3oBanue ajgropurma yrmaca-Ilekepa, KoTopblil crienuaan3upyercs
HA YIPOIIEHUN MOJUIMHAN U criiaXKuBaHun KOHTYpoB [23]. OcobenHOCTH
JIAHHOTO AJrOPUTMA 3aKJIIOYAETCS B €r0 CHOCOOHOCTH AHAJIU3UPOBATEH KAXKIYIO
TOYKY I'DAHUIBI MACKHU U OIEHUBATH €€ 3HAYUMOCTH Jijisd 00IIeit (hopMbl
obbekTa. TOUKM, KOTOPbIEe BHOCST MUHUMAJIbHBIN BKJIAJ] B KOH(MUI'Y PAIIAIO
KOHTYPa, YIAIAIOTCS, YTO HO3BOJIAET HOIYIUTH OoJiee IIJIABHBIE U €CTECTBEHHBIE
rpaHuIlbl 0e3 moTepr KJIIOUEBBIX reoMeTpudecKux ocobennocreit. [Tpumep
ucroJsib3oBanne aaropurma Jlyrinaca-Ilekepa npusenén na pucynke 11.

(a) O6beKT (6) Macka co (6) YcTpanenue (2) Macka 6e3
HEJBUYKUMOCTH CTYIIEHYATOCTHIO CTYIEHYATOCTH CTYIIEHYATOCTU

PucyHOK 11. VcrpaneHus: CTyIeHIaTOCTH MACKU C UCIOJIH30Ba-
aueM ajropurMa yrimaca-Ilekepa

OTH METOJIbI WU UX KOMOMHAIIWS [TO3BOJISIIOT B Psijie CJIydaeB yJIydIlnTh
Ka4ueCcTBO MACOK, Jiesiast UX 00Jiee IPUTOHBIME JIJIS TIOCJIETYIOIEro AHAIN3a U
Busyasm3anuu. Kak mokasasin mpoBeIEHHbBIE UCCIeI0BAHNUS, UCIOIHh30BaAHUS
METOJIOB MOPQOJIOTUIECKOIO CIVIAXKUBAHUST U YJIyUIIeHUs] TPAHUI] MaCOK
¢ ucnob3oBanueM ajropurMma lyrmaca-Ilekepa B mocTobpaboTKe MacoK, m1aéT
BO3MOXKHOCTD IIOBLICATH TOYHOCTH UX (POPMHUPOBAHMSA B CpeIHeM Ha H—7%, 9To
0CODEHHO BayKHO JIJIsI 33129 KOMIILIOTEPHOTO 3PEHUS U CerMEHTAIN OO'beKTOB
Ha a3pOPOTOCHUMKAX B IaCTHOCTH.


https://pytorch.org/vision/main/generated/torchvision.transforms.GaussianBlur
https://en.wikipedia.org/wiki/Active_contour_model
https://en.wikipedia.org/wiki/Active_contour_model
https://docs.opencv.org/4.x/d3/dc0/group__imgproc__shape
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3aknoyeHne

B mannoit pabore ObLIa npemjioxkKeHa u ucciaegopana mogeab GAN,
Ipe/IHA3HAYEHHAST J1JTsi TOBBIIMIEHNsT TOYHOCTUH MACOK CErMEHTAINH, MOJTY YeHHBIX
¢ ucnosszoannem mozesn Mask R-CNN. DkcrepumeHTs IOKa3a/M, 9TO IPU-
verenrie GAN 1103BoJIsIET CYIIECTBEHHO YIIyYIIUTh KAYECTBO JETEKTUPOBAHHBIX
MaCOK OObEKTOB HEJIBUKMMOCTHU 32 CYET KOPPEKIIUU OIMNOOK, TAKUX KaK
Pa3pbIBBI B MacKaX, MIyMOBbIe apTedaKThl 1 HEPOBHBIE KOHTYPBI. YJIydIlIeHHEe
JIOCTUTAETCS 33 CUET MCHOIB30BaHus (DYHKIMU moTephb L1 st MUHUMU3AIIH
MMAKCETbHBIX PA3JIMIUil MKy TeJIeBBIMU ¥ CTeHEePUPOBAHHBIMU MACKAMM,
a TakrKe 3a CIET paboThl JUCKPUMHUHATOPA, KOTOPHIH CIIOCOOCTBYET Oostee

PEAIMCTUYHON MeHepaIlii MacCOK.

PesysbraTsl MpoBeIEHHBIX UCCIEIOBAHUIT JEMOHCTPUPYIOT YJIydIIIeHAE MeT-
puk Tounoctu, tTakux Kak loU, Precision, Recall u F1-Score, qys yoydmenabix
MacCOK 10 cpaBHeHmto ¢ ucxomgabiMu mpeckaszanansvu Mask R-CNN. Cpennee
sragenne [0U0.5-95 ysesmamnochk B cpeanem Ha 30-35%, 9T0 momTBepXKIaeT
3 HEKTUBHOCTD TPEJIOKEHHOTO TOaX0a. JIOMOTHITETEHO OBLIO OTMEYEHO,
9TO UCIOJIb30BaHUE MOPMOJOrNIECKUX OMEPAIil 1 METOIOB CIJIAXKUBAHUSI
KOHTYPOB ITO3BOJIUT JOIOJHATEIBHO YIIyYIIUTh TJI3JIKOCTh U TOYHOCTH TPAHUIY

MaCOK.

[TosryueHnble pe3yIbTATHl MMEIOT BaXKHOE MTPAKTHYECKOEe 3HAYEHNE U OyIyT
ncnoas3oanbl B IC ITIIK «PockagacTp» s aBTOMaTHYECKOr0 Ipeobpa3oBa-
HUSL PACTPOBBIX N300parKeHN ¢ 00bEKTAMHU HEJBIKUMOCTH B BEKTOPHbIE KAPTHI.
DTO MO3BOJIUT MOBBICUTH TOYHOCTh U CKOPOCTH (POPMUPOBAHUST UMD POBBIX
KapT, 9TO OCOOEHHO BaXKHO JJIsI 33/1a9 KaJACTPOBOI'O yYeTa U yIPABJIEHUS
reppuropusiMu. [Ipe1yi02KeH b TOAX0IL MOYXKET OBITH aIAITHPOBAH JJIsA IPYTHX
[IPUJIOXKEHU, CBA3AHHBIX ¢ 00pabOTKOM M300paKeHMiT U KOMIIBIOTEPHBIM 3pe-
HHeM, T1e TpeOyeTcst BHICOKas TOTHOCTh CerMeHTaInn 00bekToB. [IpoBenéntoe
B paboTe UCCIIeJOBAHNE MTOTBEPK AT NepCHeKTUBHOCTEL npuMenenns GAN
C TEJIbIO YIIydIleHusT KA9eCTBA MACOK OObEKTOB HEIBMXKUMOCTH, 9TO TO3BOJISIET
ero 3HEeKTUBHO UCHIOJIB30BATH IJIs aBTOMATU3AINY [IPOIECCOB aHAJIN3a 1
peobpa30BaHusi JAHHBIX B NeOMH(MOPMAIMOHHBIX cucTeMax. JlaabHeiie
UCCJIEI0OBAHUSI MOI'YT OBITh HAIIPABJIEHBI Ha ONTUMHU3AIIUIO [IAPAMETPOB MOJIEJIH,
BHEJIPEHME HOBBIX METOJIOB IIOCTOOPabOTKU MACOK U pacliupeHue 06JiacTi

npumenenust GAN.
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