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ON RECONSTRUCTION OF IMAGES

Souren Alaverdyan

Abstract: This paper considers the problems related to processing of optically registered non-focused
images in frequency domain, by the use of the two principal theorems of the domain: Kotelnikov
[Kotelnikov, 2000] an Wiener [Ahmed & Rao, 1980] theorems, concerning signal and image processing.

Keywords: Filtration, frequency domain, image, Inverse, Wiener filtration

ACM Classification Keywords: .4 Image Processing and Computer Vision, 1.4.5 Reconstruction

Introduction

Methods and solutions of image processing problems (quality increase, reconstruction, segmentation,
etc.) are subdivided into two principal classes — transforms in space domain, based on transformations
of image describing matrices and elements (pixels), and frequency transformations, based on image
transforms in spectral domain (Fourier transforms).

It is well known that there doesn’t exist a general theory to solve the problem of image quality
improvement. Thus, it could be that the algorithms for optically registered image improvement don’t
work to improve image quality when registered in other ways (X-ray or gamma-ray, by radiolocation,
etc.).

In this paper the optically registered non-focused images processing problem is considered in
frequency domain, based on two principal theorems concerning signal and image processing - by
Kotelnikov [Kotelnikov, 2000] and Wiener [Ahmed & Rao, 1980; Pratt, 1982]. There exist large number
of different publications and algorithmic realizations [SmartDeblur, 2015] solving these problems but
some technique arising during the algorithmic realizations still remains open. For example, even if it is
known the dispersion of inducing noise of impulse function, there appear an iterative time consuming
process during the Wiener and inverse filtration processes.

One of the reasons of appearing iteration is the requirement on images to be stationary in the Wiener

theorem. Also if the mean square value for image is the least, this fact can't be the quality characteristic
of being images the best.
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Evaluation of the number of the required iterations is a sensitive characteristic of the algorithm and its
termination, but this is a separate problem not considered in this paper.

While registered, often there appear distortions of different type on the image, depending on
characteristics of registering devices (sensitivity), technical situation or location and also peculiarities of
the image area being registered. On images obtained by optical devices there can be violations of focal
distance; there can appear diffusions when moving objects are registering, etc.

We consider the image as a function of two variables f(x,y) which is the projection of three dimensional
field on to the two dimensional field of view, where (x,y) is a coordinate of any point of plane and f(x,y)
is the light intensity in the point (x,y).

We'll consider the problem of optically [Chen & Yong, 2010] registered distorted images reconstruction
in spectral area. Because of optical systems focus on the falling light and that can be expressed by the
Fourier transformation, then as it is known, the image reconstruction problem reduces to the solving of
integral equations of second order.

Image reconstruction

Let g(x,y) be the given/registered image and f(x,y) be the reconstructed image. Then the following
equation takes place

g(x,y) = ff f(u, v)h(x,y,u, v)dudv, (1)

where the function h(x,y,u,v) is called image registering system’s impulse response (output value
corresponding to unit impulse) [Chen & Yong, 2010].

To solve this equation we'll give some assumptions.

Definition. The system is called space-invariant, if its impulse function response depends on the
difference between input (x, y) and output (x, y) plane coordinates:

h(x,y,u,v) =h(x—u,y—v).
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For such system the equation (1) may be represented as

g(xy) = f f(u, v)h(x — u,y — v)dudy, 2)
which is usually called the convolution. Equation (2) can also be represented as

gx,y) = f(x,y) *h(x,y). (3)

Since f(x,y) is a function of image describing the range of vision, and g(x,y) is a function of the
registered image, we can see that h(x, y) is a noise describing function.

In general case linear filtration algorithms are realized by transforms of type (2) having the following
discrete representation

i+r/2  j+r/2

gij = Z Z fiothicisryimjary,, 1€ [T/, M+ T/ € [T/ N+ T/ (4)
Kk=i-r/2 1=j—1/2

M is number of image rows, N is number of image columns, the sum includes points of rectangle with
the center at (i, j) and the edge 2r + 1. Before applying the calculation of the transform (4) all parts of
image should be already widened by the rectangular areas of width r/2 (using zeros or repeating the
boarder values).

In spectral domain the linear filtration algorithm is also based on convolution theorem, so instead of
calculating by formula (4) it can be realized by the following formula:

G(u,v) = F(u,v)H(u, v), (5)

where G, F, H are Fourier transforms of functions g, f, h. Note, that complex multiplication is realized by

all u, v frequencies.
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Now we'll represent the mathematical model of the system:
f(x,y) - reconstructed image function (undistorted),
h(x, y) - noise causing function,
n(x,y) - total noise,
g(x,y) - distorted registered image (fuzzified, unfocused).

So we have the following representation of the process:

gxy) = f(x,y) *h(x,y) + n(x,y). (6)

It is required to find the impulse characteristic function which will be for the system the best

reconstruction function f by means of square distortion value

M-1 N-1

1 "
o = W Z Z(fi,j—fi,j)z — min

1= ]:

The problem solution for linear stationary processes was given by Wiener. The proof and the detail are
in given in [Ahmed & Rao, 1980]. The best approximating filter's spectral representation of function
f(x, y) represents as [Ahmed & Rao, 1980]

1 [H(u, v)|? - Gv)

F(uv) = :
H(u,v) [H(u, v) | + Sut V)/Sf(ll v) 7

where S, (u,v) is the spectral density of additive noise and S¢(u, v) is the spectral density of the
function f(x,y). In general case these values are unknown. The ratio S, (u. v)/S¢(u.v) is the inverse
value of the signal-noise value. Its value in time domain is considered acceptable if it is in the interval of
30 - 40 decibels.

The noises induced by focal distance violations on the images registered by the optical devices mainly
depend on the light dispersion, a problem described by the following two Gaussian functions:
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1 _X2+y2
h(xy) =5——e 2%,
1
hxy) = w2 T YIS

0, ifx*+y?=r2

If the image doesn't include an additive noise then n(x,y) = 0 and formula (7) represents as

which is called an inverse filter.

Inverse filters

In the model above, because of some device errors during the image registration under some
frequencies the value of denominator H(u,v) of equation (8) becomes equal to 0 causing an
indeterminacy situation. In such cases, the spectral value corresponding to this value of image is set
equal to zero. As a result, on the filtered image there appear obvious horizontal or vertical (sometimes-
curved) phenomena.

To reduce such occurrences we offer to realize in spectral domain the low-frequency interpolation:

ut+w  v+w

Fluv) = z Z Sijj ) 9)

i=u-wj=v-w

Where

( sin(2mfi) sin(2mfj

F(,j) (i ) (]_ ]), ifi>0,j>0,
sin(2Tfj
anF(i,j)g, ifi=0,j#0,
Si]' = < J
’ __sin(2Tfi) o )

ZthF(l,])f, ifi#0,j=0,
AT2E2F(i, ), ifi=0,j=0,

\ 0, in other cases

fe (0; 0,5), 2w + 1 — length of kernel.
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From Wiener’s theorem it follows that the minimum of the mean square distortion value doesn’t depend
on the type of orthogonal transformation. Therefore for speeding up the calculations other orthogonal
transformations also can be used: cosine, Walsh, Haar etc. In this case Wiener’s filtration is called

suboptimal. Here we bring an example of suboptimal filtration.

Let the covariance matrices of the image and noise has the following appearance.

1 p p2 __.pn—l
1. n-2

Cimage = p P » Choise = K- 1
pn—lpn—z p 1

where 0 < p < 1 is the correlation coefficient of the first-order Markov process, k is constant number
and [ is an identity matrix. In this case Wiener’s filtration is considered suboptimal and instead of
interpolation formula (9) could also be applied one-dimensional interpolation formula.

v+w
F(uv) = Z sj,
j=v—-w
sin(2mf;
(FQn P ( ) ifj > 0,
5= i 2mfF(u, ]) ifj =0,
0, ifj <o,

where f € (0;0,5).

There are many internet investigations and program realizations of this problem.

We think, the system SmartDeblur-1.27-win is one of the best program realizations, but its

mathematical apparatus is not presented in the work.

The program realization of method (5) - (9) presented in this paper has been fulfilled.

The result of the system work is given below.
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ile: 0 Lena_blur5.jpg Energy center File: 0 Lena_blur5.jpg Energy center

Radus 7 Radius 7

Dispers, 0.6 Dispers. 0.6

Figure 1. a. input image (blur o = 5) b. restore image Inverse filter, iteration = 6

a) Input image, that includes the gauss noise with dispersion o = 5 and radius r = 5;

b) The result of the developed system, f = 0.45 is used.

File: im 256 blur 7 9.jpg Energy center File: im 256 blur 79.jpg Energy center

Radius 7

Radius 7

Dispers. 0.6 Dispers. 0.6

Figure 2. a. inputimage (bluroc = 9,r = 7) b. restore image Inverse filter, iteration = 5

a) Input image, that includes the gauss noise with dispersion 0 = 9 and radius r = 7;

b) The result of the developed system, f = 0.45 is used.

In the above two figures it is implemented a Gaussian blurring on the original images with appropriate
mentioned parameters, which gave as a result the images in Figure 1a and Figure 2a. Those images
then considered as an input images for inverse filtering. Figures 1b and 2b are the images
reconstructed via inverse filter.
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Conclusion

In case of decreasing the power spectral density of the image, which is typical for high frequencies,
denominator of the inverse filter given by formula (8) tends to zero

ey = (Re(H(u, v)))z + (Im(H(u, v)))z - 0. (10)

During the implementation of the filtering it is usually considered F(u, v) = 0 [Ahmed & Rao, 1980] in
such cases, which could cause horizontal and vertical smoothing on the reconstructed image.
In the paper for inverse filter's singular (10) values it is obtained a new method for calculation of

spectral values of reconstructed image, which is given by interpolation formula (9). The experimental
examples show good results, the horizontal and vertical smoothing are disappearing.
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MATHEMATICAL METHODS FOR ANALYSIS OF SOFTWARE-DEFINED NETWORKS

Tkachova Olena, Issam Saad, Mohammed Jamal Salim

Abstract: Methods and mathematical tools for formalization analysis and verification of Soffware-
Defined Network protocols are suggested in the paper. E-networks apparatus and linear temporal logics
are proposed to be used as mathematical tools for modeling and analysis. These mathematical tools
can be transparently used to analyze critical requirements and properties of Software-Defined Networks
implementation - OpenFlow protocol. The suggested methodology is based on the modeling approach
and sequence analysis of changes of OpenFlow protocol elements states. Apparatus of E-networks
models the element states of SDN implementation. Such approach allows taking into account the
asynchronous nature of complex processes in OpenFlow protocol and performing stateful inspection.
The use of models of E-network allows analyzing such properties as reachability, boundedness,
liveliness, find loops and deadlock.

The given mathematical method also allows finding difference between specification and designed
networks. The method is based on the verification of temporal logic within the context of relationships of
satisfaction. Using temporal logic formalisms allows to analysis and verify inconsistent of specification’s
requirements. For this purpose formalism was designed that allows checking out the requirements form
different specification versions of OpenFlow protocol.

Keywords: Openflow, FlowVisor, slice, E-network, temporal logic

ACM Classification Keywords: C.2.1 Network Architecture and Design - Network communications

Introduction

The paradigm of Software-Defined Network (SDN) is designed to simplify the process of data transfer
and network infrastructure management [Open Networking Foundation, 2012]. One or more controllers
manage multiple switches, responsible for the transmission of packets between network devices in
SDN architecture.

The management protocols in the modern information networks must perform multiple simultaneous
tasks for the successful functioning of the network infrastructure: from the routing and monitoring data
to the access control and load balancing on network elements. According to SDN concepts, the
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specified network protocols provide orchestration and choreography between management elements.
OpenFlow protocol is used for implementing a wide variety of network tools and protocols. There is
including routing circuits witch and packet-switched traffic over the same switch, in-network load
balancers, wireless sensor networks and optical network [Software-Defined Network, 2012].

While OpenFlow provides powerful means for specifying control-plane logic and protocols, the resulting
networks may not satisfy necessary safety conditions and QoS guarantees [OpenFlow Switch
Specification, 2012]. The value of service fields in OpenFlow protocol may be different depending on
the requirements of the network infrastructure and services, operating in a network. OpenFlow protocol
has no final realization to date. OpenFlow based on a number of different specifications that have
significant differences between them.

Numbers of inconsistencies may occur in the process of development and implementation of SDN,
leading the emergence of critical errors in the operation of the network. To eliminate errors and
checking correct operation of the protocol is necessary to carry out its full analysis in the early design
stages. These flaws could be extremely damaging if not detected before system deployment, especially
in applications like vehicular control networks.

The use of formal methods in the context of the OpenFlow analysis and verification problems allows to
clearly describing the set of properties that should be possessed in protocol, check their feasibility and
compliance.

The advantage of formal methods is that the formalism of orchestration and choreography of
processes, which corresponds to the correct operation of the protocol OpenFlow, can be used in the
subsequent development as prototypes. Using prototypes allows to reduces time and costs of
development.

OpenFlow. Main requirements and formalization

OpenFlow is an emerging standard for Software-Defined networking that enforces a clean separation of
the data and control planes. The key elements of the protocol are OpenFlow switch and controller.
OpenFlow switch acts as the custom side, controller acts as a central control unit. An OpenFlow switch
routes data plane packets based on flow tables: ordered lists of rules guarded by a pattern to be
matched over a packet header. These rules are installed by a controller, which is connected to each
switch via a secure, dedicated link. The controller handles packets sent to it by OpenFlow switches and
installs flow rules in the flow tables. The functionality of the controller determined completely by the
application that it is being used to implement, but all controller programs must communicate with
switches only by installing flow rules [Architecture SDN, 2014].
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SDN provides a powerful, scalable infrastructure that used to tailor networks to specific tasks. To date,
the concept of SDN used for building distributed network of educational institutions (,campus” network),
data centers, and distributed intelligent networks (networks with distributed data repositories). Example
of Software-Defined Network topology (control plane level) shown on Figure 1.

API

SON cont roller1 Swi1

SDN Controller 3

N m

ﬁ\@

w1 - sve2

SON Controler 2 +

|

FlowVisor

Sw21
Sw?

Figure 1. Example of Software-Defined Network topology

SDN network configuration (controller and switches states) has dynamic parameters. Their correct
interaction depends on the number of factors: the formation of the same type of routing tables that
supports the same version of OpenFlow protocols, application of the same network operating system
on controllers (NOX or POX), using the same packet processing mechanisms and other [Gude et al,
2008].

Each network represents as set of number parameters and their attributes. Transmission of information
from node A (belonging to the field vision Sws), a node B (belonging to the field of vision Swo) can be
defined as a formulation:

3
FI(T):(SDN,,C,)—1—(SDN,, 2)%(SDN3,C3),
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SDN; — network configuration, C; - temporary controller state, where i=1, 2, 3, etc.; j - message (instant)
state.

Control plan according to SDN structure is based on the software, in particular on software
implementations and OpenFlow controller switches (Sw). All SDN network design and planning beyond
physical connectivity can be done in software, specifically in the design of the OpenFlow controller
program. This allows for significantly expand network processing and routing functionality introduces
the possibility that (like any other software program) logical or design errors could lead to unsafe or
incorrect behavior.

Regardless of the structure and scope of the network infrastructure must be complied all requirements
that match a specified level quality of service (QoS). The requirements that we will analyses such
properties as:

— No losses in the process of routing and packet forwarding;
— No loops: any packet that enters the network will eventually exit the network;

— Network liveliness: all network elements involved in the transmission of data must be available
and active;

— Correct work: all network conditions to ensure correct operation of the protocol to be achieved,;

— Correct data paths formation: the search for the optimum data path, taking into account
changes in the routes of transmission and mobility of end users;

— Safety: no unauthorized processes in the operation of the protocol;

— Quality of Services.

The first three requirements ensure reliably function, correct operation of the network (protocol
OpenFlow), and ensure the provision of services. Correct formation data paths, data safety and
providing the specified quality of service properties are individual for each SDNs: software
implementation dependent OpenFlow switches and controllers, as well as the version of the protocol
OpenFlow.

Overview of implemented SDN solutions [OpenFlow Switch Specification (Series), 2014] showed that
the majority of errors occur is due to different interpretations of OpenFlow standards.

In order to analyze and verify the properties expressed above, it is necessary to represent formal
methods that makes it possible to solve problems and eliminate errors. Specifically, in order to specify
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correct behavior of systems (or any set of defined algorithms), it is first necessary to define
mathematical formalisms.

The firstly, it is necessary to choose a set of processes P (include terminal processes Py), that is
defined in the OpenFlow specification and correspond to network elements Sspn (where Sspn - state

changing). Correspondence processes and states can be represented as a function f:P — S, .

Since SDN, is dynamic in nature, each entity OpenFlow protocol S'spn from set S: S’spn €{S}, is
correspond to individual set of processes P’, P’ € {S}. Logical system that determines interaction of
OpenFlow elements and the sequence change of their states (f,Sg,,,P) allows performing step-by-

step verification services of protocol.

The required parameters guaranteed if and only if the requirement below is met:

(f’SSDN’P)spec = (f, Sson s P)rnog (1)

During the development and implementation of SDN is necessary to verify correspondence and
consistency requirements [Wiatkowska et al, 2011]. Formal verification specification consistency of
commands and rules can be represented as follows:

(f’SSDN ”D)Ispec = (f’SSDN ’P)ﬂspec (2)

SDN by nature are complex distributed systems. The number of network elements may vary
considerably. Model approach is used as part of the formal submission for this class of systems. Its
advantage is clear formalization of the elements and their interactions, and the accounting structure
(topology) and behavioral properties of processes.

Using E-network tools for modeling process of OpenFlow protocol

For modeling OpenFlow protocol is proposed to use the mathematical apparatus of E-networks [Losev,
2002). E-networks have several advantages: allows the modeling of synchronous and asynchronous
nature. Markers invariants takes into account the peculiarities of the protocol OpenFlow. OpenFlow
operation defined by a set of attributes specified E-network.
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E-network can be applied to tasks of different levels of abstraction: at the level of change in the
OpenFlow switch routing tables (FlowTable) and its interaction with the SDN controller, routing data
analysis, which are determined by switching rules. All network conditions and commands execution are
modeling by transitions when using the E-networks, change switches and controller state displays
positions.

The disadvantage of E-networks is absence of possibility to identify controller workload, and some of
the characteristics related to time of execution (delay, executing time, packet arrival time). However,
within of tasks, this factor is not taken into account.

As an example, the E-model network that depicted on the Figure 2. This model corresponds to the
initial stage of the exchange of control messages between the controller and the switch [Software-
Defined Network, 2012].

The State ,Switch learning (porti)” corresponds to the new message that arrives on the switch ports
(porti). State ,Don't find” corresponds to the process of forwarding new control packet to controller.
Switch forwards the message to the address that is specified in the destination source-forwarding table
(state ,Forwarding data”). State ,Change table” corresponds to the processing of messages (change
counters, priority destination). State ,Change Command” corresponds to the transfer of the processed
packet switch, which can be carried out directly or using FlowVisor.

The packets can be delivered to the switch that initiated the connection is established or all switches in
the network in accordance with the OpenFlow specification. State ,Receive all ports” defines this
possibility in the given E-network model.

Consider the E-network transitions. Transition Py corresponds to the process of a new message arrives
(packet) of data devices. The transition P+ is a managed; it corresponds to a process of ,learning” the
switch. A control r(x) predicate contains information about the data listed in the forwarding table. Next
rule must be met: message is forwarded to the controller only in the case when switch could not find
any matches in the flow table. The process P2 contains preconditions perform: it made the transfer
destination or the subsequent processing of the message fields. Transitions P3z and P4 corresponds to
the process of packet processing controller. Transition Ps corresponds to the transfer of the same route.
Transition Ps corresponds to encapsulate the packet by FlowVisor. Transitions P; and Py corresponds
to processing a packet that is received from the controller in accordance with an instruction set: entry in

the forwarding table modification Tf(f,, (Modif,t)) and packet drop Tf(Drop).

idin
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Figure 2. E-network model for OpenFlow initialization process (control plane)
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Using temporal logic for analyzing and verification OpenFlow protocol

OpenFlow specifications are represented by verbal methods and UML [OpenFlow Switch Specification
(Series), 2014]. The main task of formalization is mapping verbal description of protocol behavior in
terms of temporal logics. Let us consider two formalisms for describing properties of modeled SDN
systems: Linear Temporal Logic (LTL) and Computation Tree Logic (CTL). LTL formulas are capable of
expressing temporal properties of existence the set of model states. The first four parameters that are
defined above (no losses in the process of routing and packet forwarding; no loops, network liveliness)
are expressible as LTL formulas over a predicate that is true if and only if the corresponding model
state is enabled [Jackson, 2002].

As has been noted, the development and modification of protocols may experience a whole series of
defects in contrary to the requirements specification. Each temporal logic formula must be specified in
terms of relationship satisfaction. This action will verify each temporal logic formulas for consistency
requirements (|=) [Clarke & Emerson, 1981].

Definition 2.1. The formula is defined between state s and an element of the formula @, which must

be true in this state (s|=¢). The formalism s|=¢ is true if and only if all of the true state. The formalists
are associated by attitude of satisfaction:

S|=p < pe Label(s);

Definition 2.2. Two temporal logic formulas are inconsistent, if there are no such conditions for which
formulas are mutually exclusive. Consistency is verified on the way the formulas and formulas for state.

For example, the two statements are ,reserved channel cannot be blocked” H.reserv |= Gactive and
Lafter imeout reserved channel is blocked” H.reserv |=time —out — —(active) .
Each SDN controller manages only its logical part of network and cannot affect the operation of the

other network part. The separation of the network into logical networks (isolation or slicing) is quite
time-consuming task.

FlowVisor is implemented as an OpenFlow proxy that intercepts messages between OpenFlow-enabled
switches and OpenFlow controllers. FlowVisor defines a slice as a set of flows running on a topology of
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switches. For this purpose, FlowVisor sits between each OpenFlow controller and the switches.
FlowVisor, like any software networking solution has its own parameters and characteristics.

FlowVisor modification and configuration sections depend on the logic of the program code, network
characteristics and version of the specification. To date, FlowVisor functionality supported OpenFlow
version 1.1 only, the implementation of other versions often contain errors due to inaccuracies in the
specification.

As example, we consider the slice creation process. Perform analysis of all interaction process between
FlowVisor and controllers. Each slices restricted by affecting flows in their flows pace. The FlowVisor
performs message rewriting to transparently ensure that a slice only has control over its own flows and
cannot affect other slices flows. Not all rules can be rewritten to fit to a slice: the FlowVisor will only
make rules more specific.

Slices configured in accordance with specific rules that depend on the requirements for virtualization
and specifications of protocol.

Basic FlowVisor rules for each slice are [FlowVisor, 2009]:
— Data (control information) is read-only and forward;
— Modification of the data is permitted;

— Data should be discarded.

Usually slices are configured in accordance with the rules and policies laid down at work SDN.
However, some of the rules, depending on the specification may overlap, which is contrary to the rules
of traffic isolation. As an example of FlowVisor bandwidth slicing, consider the interaction between the
SDN controller (S) and FlowVisor (Fl). The process depicted on Figure 3. FlowVisor and controller have
two type of buffer: input and output buffer. In our example we are looking for interaction between Flow
Visor’s output buffer (out) and controller input buffer (in).

SDN controller S sends a message m to Fl. Firstly controller puts the message in the output buffer.
FlowVisor receives messages by removing them from your input buffer in [FlowVisor, 2009]. For this
example, the temporal logic alphabet consists of a set of atomic propositions: message exist in the
buffer ,in” and message exist in the buffer ,out”: AP = {(m, m1, ..., mn) € out}, ={(m’, m’y, ..., m’n) € in}.
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SDN Controller (S)

buffer S.out

Figure 3. Example SDN Controller-FlowVisor interaction

The formulas of temporal logic for FlowVisor slice isolation can be represented as noted below:

,The message cannot be in both buffers at the same time”:
G(m:out A—m:in) (3)
,FlowVisor do not lose messages”:
G(m:out — F(m :in)) (4)

LJAfter receiving confirmation that the message has been delivered to the recipient, there is its removal
from the buffer .out™



International Journal "Information Technologies & Knowledge" Volume 9, Number 2, 2015 121

G((m:out Am:in)U—(m: out)) (5)
,Messages sequence is stored in the slice™
G(m:out A—m':out AF(m':out) = F(m:in A—m":in) AF(m":out))) (6)

The composed of the following rules to check for consistency. Rules are true throughout the interaction
between FlowVisor and SDN controller and correspond to the formulas (8 - 11):

S.out |=G(m:out A—=m:in) & S.out |=m:out AS.out |=—m:in; (7)

S.hannel |= G(m :out — F(m:in)) < m:out #(m:in); (8)
S.out |=G((m:out Am:in) — F—(m:out)) &

< Sout |=(m:out Am:in) AS.out | —(m :out) 9)

S.hannel |= G(m : out A—m":out AF(m": out)
= F(m:inA=m":in) AF(m":out))) &

S miout A—m'out AF(m':out) #(m:in A—m":in) AF(m":out) (10)

Formula 8 and 10 contain a contradiction:
< S.out |=(m:out Am:in) AS.out |#—(m:out) and
S.out |=G(m:out A—m:in) < S.out |=m:out AS.out|=—m:in.
Thus, the use of temporal logic allows detecting contradictions in the original specification. The cause of

the loops and packet drop is the absence of mechanisms for timely warning SDN controller of
overcrowding and lack of control commands.

Conclusion

The basic principles and properties of Software-Defined Network are described in the paper. Such
properties as liveliness, lack of deadlocks and looping must be executed for correct work of SDN. We
analyzed problems that lead to emergence of contradictions and the conflicts in work of the protocol.

The main problems are distinctions of functional requirements in different versions of specifications and
incorrect representation of specification requirements. The suggested method is based on the modeling
approach and sequence analysis of changes of OpenFlow protocol elements states. The E-network
tools were used as a method for modeling and analyzing the SDN properties and their components.
The formulas of temporal logic were used for the analysis of the specification in relationship satisfaction
context.
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Two processes of OpenFlow operation were considered: the process of new flow initialization and
logical slice formation. Analysis of the E-network model for logical slice formation shows the place
where deadlocks and loops can accrue. The sequence of action (formulas 8-9) leads to apparent of
loop.
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PODCASTS: A BRIDGE FROM E-LEARNING TO M-LEARNING

Larisa Savyuk, Oleksiy Voychenko

Abstract: For educational organizations offering e-learning, intensive flow of technological innovations
may be considered as both blessing and curse at the same time. On the one hand, many challenging
tasks, such as creation of multimedia content, become easier with new technologies and tools, so e-
learning creation, support and delivery is currently affordable in sense of investments and human
resources as a part of common educational practice. On the other, large scale technological changes,
such as transfer to a new platform, require meticulous analysis of potential benefits and drawbacks due
to the need for personnel training, compatibility problems or unexpected development costs.
Introduction of mobile learning as an option for distance learning delivery is a typical example.
Nowadays e-learning services are available globally, so high technical quality and pedagogical
soundness of learning offers are the issue of survival for educational organization. Technology
innovations, as m-learning, cannot be ignored, taking into account wide availability of not only mobile
devices but also mobile applications and services. Smartphone’s and tablets are widely used by the
youth for various forms of communication, including email, Skype and specific apps, for playing games,
or for internet access to news, data and content - browsing/skimming, listening to favorite music or
watching HD video. Therefore, e-learning organizations have no other choice than offer m-learning for
their customers - a learning content in a mobile-accessible mode - as it enhances flexibility, extends
"learning hours" by time spent on commuting, waiting, and unexpected breaks, and thus makes e-
learning offer more attractive. Several approaches to introduce m-learning are known, and each of them
has both benefits and drawbacks further discussed in the paper. Thus each organization has to make
its own decision based on short- and long-term analysis of its resources, personnel skills and
qualifications, potential audience, and many other factors. There is no universal method to evaluate all
of them, and related error cost may be significant. Moreover, due to specifics of mobile devices and
environment in which mobile learning takes place, as well as some implementation issues, mobile
mode may be rather an option for e-learning delivery and cover some but not all learning experiences
offered in a course. Therefore, introduction of m-learning should not be costly or time-consuming, and
should not require changes of the established e-learning processes. Considering that m-learning is a
new delivery method, we decide to offer it in a trial mode to evaluate customers' readiness and
preferences and adjust related mechanisms and resources accordingly. Based on the analysis of the
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approaches and requirements to mobile delivery, we suggest generating of podcasts as a first step in
m-learning implementation. Further, the implementation of podcasts is described and its relevance is
discussed.

Keywords: e-learning, m-learning, podcasting, LMS, content

ACM Classification Keywords: D. m Miscellaneous

Introduction

Nowadays highly qualified specialist cannot work a lifetime using once obtained knowledge. Almost any
knowledge in rapidly developing areas after a while no longer meets the requirements [Savyuk, 2014].
To stay qualified a person has to constantly go through trainings, acquire new knowledge, get new
professional skills, etc.

As a reply to this challenge raised new paradigm - Lifelong Learning - learning throughout life when
professional activity is combined with educational activities, which means to work and study at the
same time. This area is primarily concerned with adult education. Modern adult learning has its
specifics.

The traditional solution to this problem is the use of distance learning technologies [Voychenko &
Synytsya, 2011]. However, technological changes lead to an increasing demand for educational
services in a mobile format.

Efficient m-learning often requires redesign of content, activities, interface, as well as access rules to
cope with different presentation frame, non-learning environment challenges and input specifics. At
initial stage of m-learning, an e-learning organization should evaluate its own potential as well as
expected benefits from mobile delivery to select an appropriate approach.

Thus each organization has to make its own decision based on short- and long-term analysis of its
resources, personnel skills and qualifications, potential audience, and many other factors.
Implementation of m-learning solution may be a costly and sophisticated process

E-learning and m-learning

The appropriate use of modern technologies for mobile learning still generates a large number of
questions. One important aspect in the implementation of mobile learning in the educational practices of
the institution is a clear understanding of the fact that at this stage of technological development the
mobile learning is not a competitor to the traditional distance learning but rather its organic complement.

As an analogy, we may consider a comparison of a Smartphone and a laptop: the majority of students
and actively use both, depending on the problem, but cases of complete rejection of a laptop in favor of
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a Smartphone or vice versa never occur. In most cases, both devices are used in a complementary
manner. For example, photographs taken by a Smartphone then are loaded on a laptop for further
processing in an image editor, and audio files are copied from the laptop to a Smartphone for listening
them at any time.

Returning from this analogy to the problem of determining the place of mobile learning in the
educational process and the selection of the optimal strategy for its implementation, it is easy to notice
that the most popular services of mobile learning will be in situations when access to a PC (laptop) is
difficult or not possible. For example, when driving the use of a laptop is rather problematic, while a
Smartphone may be successfully used for listening learning audios.

Another important issue is the understanding of Bring your own device (BYOD) policy [Wikipedia, 2013]
in terms of m-learning. Students, especially adult ones are more likely to use their owned mobile
devices for all tasks including learning rather than purchase new ones for particular learning purposes.
So when planning the implementation of m-learning it is important to provide maximum interoperability
of offered con-tent/services with wide range of learnrs’ devices.

There are a few approaches usually considered for m-learning implementation: adaptation of existing
delivery methods to serve mobile devices, creation of mobile applications for a particular platform
(native apps) or web apps.

Adaptation of e-learning solutions to mobile devices is offered in latest versions of LMS, such as
MOODLE. In general, this is rather complicated and costly task, as it requires creation of mobile
interfaces and modification of both LMS interface and learning content. Change of interface alone does
not solve the problem, as learning content created for “traditional” computers may be displayed
incorrectly or be missing on mobile devices. Courses designed according to the slides metaphor are
intended for some range of screen sizes, so adaptation would require reconstruction of the content or
dropping some part of it.

Interactive courses or their elements based on Adobe Flash technology do not work on Apple iOS
mobile devices, and only some non-interactive fragments like videos could be converted into MP4 for
mobile delivery. So, this approach in some cases leads to need of substantial changes in learning
content and still gives no warranty that it would work well on the majority of mobile devices used by the
learners.

Native apps for mobile devices are more popular as an efficient m-learning instrument, allowing
learners to use the whole functionality of their mobile devices. Based on the features of a certain
platform and device, they usually offer interactive activities and engaging content. However, their
creation requires specific programming skills, and resulting product is deliverable to the chosen platform
only. In contrast to corporate training, educational organizations usually rely on BYOD (bring your own
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device) or rather “use your own device” principle and thus should be able to serve their audience using
various platforms — at least Android, iOS, Windows Phone and may be more. The amount of resources
necessary to deliver an hour of training depends on the number of supported platforms and availability
of tools to replicate typical scenarios, but even in case of a single platform e-learning content production
is more efficient and easy due to availability of authoring tools and producers’ skills requirements.

Web apps are an alternative to native ones based on HTML5 technology that ensures that the product
will run on different platforms and behave in a similar way. It is also easier to find qualified developers,
as HTML5 is gaining popularity. Cross-platform applications rely on browser’s interpretation of HTML5
and do not have access out-side the browser environment, for example to media gallery, camera,
gyroscope, etc. The last two approaches are similar in a sense that programming efforts in creating a
learning app exceed that of instructional design, so high expenses may be justified by creation of
unique learning experience rather than repackaging existing learning content.

Podcasting

A podcast is a sequence of digital media fragments called episodes that are published on some
resource (website) and available for download or streaming for the sub-scribed users.

Podcasting is based on the RSS format with a specific element "enclosure" describing media content (a
document, video or audio file) of an episode.

Podcasting is a popular service for sharing information and news on a range of topics, such as sport,
politics, healthcare, entertainment etc., so learning podcasts clients may have already been subscribed
to other types of podcasts. According to Apple, subscriptions of podcasts on iTunes reached the 1-
billion mark last year and a study by Edison Research shows that 39 million Americans listen to some
podcasts monthly [Weiner, 2014].

Here we consider three basic content types for podcasts: text, audio, video. There is a lot of free
software available for creating and modifying digital content of these types.
While text processing is not a problem in the most cases, the production of audio and video content

may be confusing for some users.

We recommend focusing on the simple approaches like creating media content using the disposal
Smartphone. Use of particular software depends on the Smartphone platform but the general approach
is almost uniform.

There are many services allowing authors to create and host their podcasts.
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Probably the most popular one is Soundcloud (www.soundcloud.com). However it has certain
limitations. As it becomes clear from its name, the service is dedicated for dealing only with audio
content. Users are not allowed to use in their podcasts content other than audio files.

Moreover free accounts provide hosting for only 180 minutes of audio that is in most cases insufficient
to host an educational podcast with audio recordings of several lectures. Paid options extend hosting
capacity, but even in this case such solution seems to be reasonable only in case of providing just
single authored audio-only pod-cast.

Another popular service is Archive.org. It allows hosting any kind of content and does not limit users in
a disk quota used, but some users report problems with access to podcasts hosted there from iTunes,
the most popular podcast player.

Another problem is file management as Archive.org is aimed to keep all previously uploaded data; the
deletion of previously updated digital content may cause some difficulties.

Amazon Simple Storage Service (S3) provides good set of features to host podcasts. It charges
reasonable prices for its service. However, the total cost depends on popularity of the content (number
of downloads), which is probably appropriate choice for companies and individuals promoting
commercial content like music or talk shows but does not seem to be a good choice for educational
institutions. As it can be seen from a short overview above, most of the podcast services are not free,
and many of them set some limitations.

If a podcast service supports only certain type of media, organization would need to use two services to
distribute both audio and video materials, and text documents still need to be cared of.

The organization may choose to install its own server for generating necessary pod-casts instead of
using available cloud services; however, it involves both initial investments and ongoing costs for
administration of the server, content management, users support, etc.

Selection of free podcast players’ software is available for all major mobile platforms as well as for PCs.

Podcasts may be considered as one of the first successful technologies used for mobile content
delivery in a form of audio information. Its potential for learning was built on a long-term practice of
broadcasting through educational video and audio channels and users’ habits of downloading music or
audio books to listen during commuting to school or university.

Figure 1 illustrates options for learning content access from various devices.

Experiments with podcasting in education were inspired by the idea of giving students access to the
learning resource which could be re-played and operated by the student in contrast to a real lecture or
tutorial. Indeed, the research findings indicate benefits of podcasting perceived by the students, such
as increased flexibility in time management, ability to listen to the missed lecture, get back to important
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fragments, or stop the audio while checking associated information [Tynan & Colbran, 2006; Evans,

2008].
Educational
Institution

LME N

¥

-
s

Fodcasts f ]

¥

- -

— mLhS

® Iative apps

¥

Mobile apps

TS
\@/

Figure 1. Options for learning content access from various devices

Conclusion

Suggested approach to introduce m-learning elements as a part of m-learning development strategy for
educational organization met all requirements. It does not involve additional investments or operational
costs, staff training or significant changes in routine procedures of the tutors. It does not require a
preparatory stage or involvement of external experts. It extends access options for existing learning

materials and thus eliminates issues of uneven opportunities.

The use of podcasts from mobile devices may be a good indicator of the audience’s overall interest to
m-learning, and willingness to extend learning habits. A pilot project based on podcasts may be a
reliable source of information concerning mobile devices used by the students and practice of their use.
Statistics and a short questionnaire can save a lot of efforts by helping identify what type of learning
content would be most popular on mobile devices without jumping into development, transformation or

adaptation of the course for mobile delivery.
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INTELLECTUAL SEARCH ENGINE OF ADEQUATE INFORMATION IN INTERNET
FOR CREATING DATABASES AND KNOWLEDGE BASES

Oleksandr Kuzomin, Bohdan Tkachenko

Abstract: Modern Web is more comparable to boundless universe of information. Sometimes it is very difficult
fo find relevant information in Web because of a variety of information and "unfair play" by some of webmasters.
Even popular and powerful search engines like Google, Yahoo, Yandex and Bing sometimes cannot provide relevant
information. In this work we are trying to find new methods, algorithms and approaches to make Web search faster

and more efficient.
Keywords: information retrieval, content analysis, document indexing, information storage, search engine, crawler

ACM Classification Keywords: D.2.11 Software Architectures, H.3.1 Content Analysis and Indexing, H.3.2 Information

Storage, H.3.3 Information Search and Retrigval

Introduction

We created cluster for informational retrieval and analysis. It collects information across the Web and stored in our
database. It can collect information in parallel with unlimited number of nodes, so it is easy to scale crawler. Then it
processes collected information and creates knowledge base. It determines keywords and entities from text of each
and every document, as well as dates, addresses and names. It also stores all the previous versions of documents,
S0 you can search them even when document is not more available in Web. All this information helps to distinguish

relevant and irrelevant information.

Crawling Web and Storing Documents

To make crawlers really independent and fast we used the following approach: Crawler asks from Queue for next
URL and then Crawler downloads this URL and puts it to Documents Storage. Then it just asks for the next URL.
When new URL appears at Documents Storage, initial processing is started [Miner, 2012]. Initial processing extracts
all URLs from the document and puts new ones in the Queue, so Crawlers later will download these URLs too. So
this approach allows us to download as many documents as possible independently. This algorithm is shown on

Figure 2.
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var redis = require( 'redis');
var request = require( 'request');
var client = redis.createClient();
var storage = require('./storage client');
function getNextURL() {
client.brpop([ 'queue’', 0], function (listName, url) {

request(url).then(function (data) {
storage.put(url, new Date, data);
i
}):
}

getNextURL();

Figure 1:

Queue is implemented on basis of Redis. Redis is a very fast and reliable key-value store and it is very useful in our

case. Below is a part of Crawler’s code (Figure 1).

There is also another interesting part - Documents Storage. It is not just a URL -> Document storage. It also has
versioning features, so it can store different versions of documents. It is actually stores just differences between
documents, so stored documents need less storage and, as a result, we can store more documents on our servers.
We implemented a special version and document-oriented. It uses minimum amount of storage and in the same

time it can rapidly deliver requested document.

Initial processing step is quite easy. It extracts all URLs with simple regular expression query (Figure 3).

Indexing documents and making Knowledge base

Old search engines were very slow because every time when user was making query, search engine searched
this text in each and every document. But modern search engines are making indexes when document appears in
the system. So we are using the same approach here. When new document appears in our Documents Storage,
independent subsystem, called Indexer is processing these documents, fetching different data and metadata from
it.

Basically, it splits document by words and makes index for each and every word in a document: later, when we need
to find some word in our Documents Storage we can just look up in Index Storage for this word and quickly find
ALL documents with this word with the positions where this word can be found in the document. It is enough to find

documents, but we need more information to rank information and return only relevant information for user.

So, on this step we also collect additional information:

1. Distance between each word in a document

When user makes query like "cheap flights to Germany" he means that he wants to take a cheap flight to any city
in Germany. If we will just show him pages that have words "cheap", "flights", "Germany" then we cannot guarantee

that first results will be relevant, because there are a lot of pages that have these words, but they are scattered along
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the document. In this situation we need to know a distance between all words in document, so we can first show

documents where is words are close to each other.

2. Context

Context is several words before and after each word. We need context for each word for different purposes: 1) when
showing results of search we also want to show a context, so it is much simpler for user to understand if it is relevant
result for him; 2) we want to extract phrases which include this words. It is useful for some queries where we can

have "perfect match" of users query.

3. Keywords

Keywords are very important because they can show the main idea of a document. Often keywords can already
be found in page metadata as webmasters and SEO professionals put them there [Manning, 2008]. But we also
parsing document to find the most frequent used words in document. Then we filter simple words to get only list of
terms. Each keyword has its own weight. Weight is bigger if keyword appears more frequent. Visual representation

of keywords weight is shown on Figure 4.

4. Entities

We are checking each keyword in our knowledge base to find according entity. Entities are not plain words, they
represent words in the same way as human understands them. When we are talking about some entity we assume,
for example, a color, a material or a substance of this entity. If it is country then we know it's size, population and
history dates [Takhirov, 2012]. All this information is very useful in our search. When user queries about some
entity and some entity property then we can even give him answer right above the search results. For example, for

query "what is the population of Ukraine" we can detect that we have entity "Ukraine" and this entity is "country" and
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country has property "population” and we also have exact property value in our Knowledge Base, so we already can

answer user "45 million".

5. Author

It is also very important, because when we know author of a document, then we can first show, for example,

documents with favorite author of a user or to show documents with researchers in a zone of interest of a user.

There are several ways to detect an author of a document:

e Document metadata (in head of HTML code)

<meta name="author" content="Bill Gates" />

o Direct match in text
Author: Bill Gates
Published on ... by Bill Gates

o [ndirect match in text

My name is Bill Gates and | want to tell you a story about...

e Quotes in other documents
Citations: "You must be the change you wish to see in the world. - Gandhi"
URLs to document: "New article by Bill Gates - http://..."

e Social networks

For example, someone wrote an article and said in Twitter "My new article about search engines - http./..."

Of course, some of these methods are note very reliable, but in sum several methods can give pretty good results.

6. Geolocation

Very often users want to get local result first. For example, if user is making query like “pizza" then probably he
wants to see pizza restaurants nearby. So we need to detect a location of every document and then rank result
by distance to the user (Figure 5). We can do this by detecting IP address of a resource and then using GeolP
database we can detect the location. But, this location will not be very accurate. But, luckily, websites like pizza
restaurants often have exact address information on a separate page or in the header of the page. So we can use

this information to get most accurate location of a resource.

7. Zone of interest

We are trying to sort each document by zones of interest and save this information in metadata. So when our user
is photographer then probably he wants photography and art-related results, but when user is engineer then on the

first place he wants results that are related to engineering [Gauch, 2003].
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Figure 5:

To detect zone of interest of user we are recording all his searches to make prediction of his zone of interest. We

are also using his profiles in social networks and his public messages in social networks.

To detect zone of interest of a document, we are using top keywords and entities of a document to find best zone of

interest of this document.

On Figure 6 we can see results for sample document. Each blue dot is a keyword. They appear on a plot by their
usage frequency and by distance to each other. So we can select three groups of keywords and assume that these
three groups are zones of interest. Next we can try to find existing zone of interest with such terms and if such zone

is not exists then we can create new one.

Improving the knowledge base

We need to have frequently updated and fact-oriented knowledge base to detect entities in our document. Luckily
there are several existing open knowledge bases. We are using them as the basis for our knowledge base and also
we are expanding this knowledge by knowledge that we got from Web. Currently we are using following knowledge

bases:

Wikipedia

DBpedia

Freebase

Wikidata
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We are also using facts from these knowledge bases to filter knowingly false statements to rank document that are

using such statements with low rank. Our knowledge base is updated only when all given statements are knowingly

true and only one or two statements are not defined yet. This information is supported by later when other resources

publish the same statements. It is like voting for some statement by other authors. So if authors think that information

is correct, they can approve it in their documents and it will update knowledge base.

Conclusion

In this paper we researched models, methods and approaches that we are using in our search engine. We described

architecture of a crawling system which can run in parallel independently. Our system also collects metadata

information from Web pages which is used to find relevant pages quickly. We also created knowledge base that

uses popular open knowledge bases and it can also automatically populate with new knowledge.
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SOCIAL SEARCH ENGINE AND INTELLECTUAL DATABASE OF
PEOPLE

Oleksandr Kuzomin, Mariia Tkachenko

Abstract: Social networks are the core of modern Web. Nowadays almost every person have pages in
several social networks. Social networks are very structured, so it is possible to make advanced queries for
data in social networks. Special algorithms can make Web search more powerful using social information.
We developed this social search engine as a part of our Tempus project for Business-Alumni. It searches

for alumni in Web by list of alumni from universities.

Keywords: information retrieval, content analysis, document indexing, search engine, crawler, social

networks, social search, alumni

ACM Classification Keywords: D.2.11 Software Architectures, H.3.1 Content Analysis and Indexing,

H.3.2 Information Storage, H.3.3 Information Search and Retrieval

Introduction

We created social search engine. It collects people public information across the Web and stores it in our
database. It uses different social networks as as source of information, as well as our own crawler that
searches for social information on websites that are not social networks. It also saves links to all posts,
publications, public messages and photos of found persons. So when performing search it is easier to

understand is it correct person, when you see messages by this person.

Using APIs of well-known social networks

All big social networks have their API that allows third-party applications to use social networks using
predefined classes and methods [Russell, 2013]. In our system we actually need three types of queries:
1) find person by name;

2) get all posts and photos of given person;
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3) get person’s friends.

As we designed it to find alumni, then item 3 becomes very handy. Alumni often add each other to their
friends, so if we request his friends, probably we can find there another alumni that we are looking for.
If we are looking for some group graduated then we can start from 1-3 persons and using social graph

(Figure 1) to find the rest.

And we actually targeting at 3 types of information: 1) personal information (name, age, birth date, etc.);

2) posts, messages; 3) photos.
Also we can divide social networks by two groups: personal and work.

Major social networks APIs that we are using:

Social network | Personal information | Posts | Photos | Personal usage | Work usage
Facebook + + + + +

Twitter + - + + +

Google+ + + + + +

VK + + + +

LinkedIn + + - - +

MoiKrug + - - - +

YouTube - + - +

Instagram - - + +

GitHub + - - - +

We created modules for each social network that uses API of this network. All this modules have the
same program interface, so we can simply query all social networks one-by-one. When user queries for

some person, our system responds with results from all data sources plus our own crawler results.

Named entity recognition

To search people over the Web we implemented named entity recognition subsystem. It can find people
names on web pages. Named entity recognition involves the supervised training of a statistical model
or more direct methods like dictionary matching or regular expression matching. We use named entity
recognition algorithms to recognize names in texts that processing. The ability to recognize previously
unknown entities is an essential part of our system. Most of existing systems are rule-based. It means
that recognition is limited to pre-defined rules [Nadeau, 2007]. So such system should be able to add new

rules. Basically, there are three learning methods to add new rules:
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Figure 1:

1. Supervised learning

The idea of supervised learning is to study the features of positive and negative examples of named entity
over a large collection of annotated documents and design rules that capture instances of a given type.

This method is the simplest, but it requires significant human resources and it is not very suitable for
automatic system. In our system we use this method, but only when we need to make some corrections

in our database (i.e. add non-common name).

2. Semi-supervised learning

It is relatively recent method. It also requires human interaction, but only at start. You need to provide
starting data, like some common names. And then system will try to find similar names and add it to the
database. When new names were found, system looks further for new names, but with bigger database,
so it is able to find more new names. Function that extracts name parts is shown on Figure 2. It expects
to have array of initial names (i.e. ["John", "Bill", "Mike", "Gates", "Queen"]) in input and text to extract

names.
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function extractMNamesParts(text, startNames) {
var words text.split(' ');:
var newNames [1:
for (var i 0; 1 = words.length; i++) {
if (startNames.indexOf |(words[i]) =1) {
continue;
}
if (i = 0) {
if (/7[A-Z]/.test(words[i-1])) {
newlames . push{words[i1i=1]);

}
}

if (i < words.lengh - 1) {
if (/7 [A=Z]/.test{words[i+1])) {
newlames .push{words[1i+1]);

}

return newNames;

Figure 2:

In addition to some lexical rules this method becomes quite powerful. For example, if phrase starts with
Mr. then probably after goes name (Figure 3). Or if word ends on -ov, -ko then there is a possibility that
this word is family name in some post-soviet countries. Figure 4 shows algorithm of extraction of such last
names.

We use this method in out application and it gives satisfactory results. The good thing is that we already
have lists of alumni from universities, so it is good starting point for this method.

3. Unsupervised learning

This method is based on clustering. It makes rules based on information gathered from clusters of
information. This methods are deeply dependant on natural language analysis and forming of universal
rules that are suitable in all situations.

Recognition and storage of personal information

Luckily, personal information is well-structured, so it can be easily recognized. Every person has such
properties as name, age, birth date, live place, etc [Charu, 2011]. All this properties are well-described
in open knowledge bases. We use FreeBase to get this information. We are using NodedS as primary
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var PREFIXES = [ 'Mr.', 'Mrs.', 'Ms.', 'Dr.' ]:
function extractTitledNames (text) {

var words = text.split(' ');

var names = [];

for (var i = 1l; i < words.length; i++) {
if (/" [A=E]/.test(words[1])) {
continue;
1

if (PREFIXES.indexOf(words[i - 11}) {
names.push (words[i]);
} else if (i > 1 && names.indexOf(words[i - 1]}
k& PRETIXES.indexOf (words[i - 2])) {
names.push (words[i]);

return words;

Figure 3:

var POSTFIXES = [ fkoS/, fovi/, /fevs/ 1;

function extractPostSovietLastNames|(text) {
var words = text.split(' "):

return words.filter(function (word) {
if (/" [R=E])/.test({word)) |
return word;
}

for (var i = 0; i =< POSTFIXES.length; i++) {
if [POSTFIXES[i].test(word)) {
return true;
}

}

return false;

[
-

Figure 4:
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var freebase= require('freebase');
freebase.description( 'person’', {})

Figure 5:

language in our system and it has freebase package that allows us easily query FreeBase (Figure 5).
Non-recognized information is also saved to a database and it is reviewed by supervisor.

We expecting that property title would be close in text to property value. Currenly our system recognizes

such formats:

e Exact match

Property name: Property value

e Exact match with HTML tags
<b>Property name:</b> <span>Property value</span>
<h4>Property name</h4> <p>Property value</p>

e HTML tables
<table> <tr> <td>Property name 1</td> <td>Property name 2</td> </tr> <tr> <td>Property value
1</td> <td>Property value 2</td> </tr> </table>

Property name 1 | Property value 1

Property name 2 | Property value 2

Once information was recognized we store it at SQL database. SQL fits good for our purposes because
data is well-structured. After data appeared in our database it becomes very simple to find any person.
You need only to write SQL query.

Conclusion

In this paper we researched models, methods and approaches that we are using in our social search
engine. We researched which data we can extract from social networks and how we can use it. We also
described methods and algorithms of named entity recognition and recognition of names in texts. We also

described approach of recognition of personal information using knowledge bases.
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HEKOTOPBIE METOAOJIOrMYECKWUE NOAXoabl
K NPOBJIEME «NMOHUMAHUA NOHUMAHUA» (HACTD 2)

Anatonun Kpucunos

AHHOmayus: B noCMaHoBO4YHOM  NfiaHe  PaccMompeHbl  Memodoro2uYecKue  80NpOChi
onucaHusi/uccnedosaHusi NOHUMaHUS Kak npouecca U Kak obbekma: YPOgHU, cmpykmypa U
MeXaHU3MbI NOHUMaHUSI, pofib UEHHOCMHOU opueHmauyuu, no0xodbl K hopManusayuu npoyecca u K
NOCMPOEHUI0 KO2HUMUBHOU MOOesu.

Knrouesbie crnosa: noHumaHue, e20 MexaHu3Mbl U 3manki, KO2HUMUBHas Modenb, UeHHOCMmHast
opueHmayus.

ACM Classification Keywords: F.2 Analysis of Algorithms and Problem Complexity: 1.2.6
Understanding Problem — Formalisms and Methods. H. Information Systems — H.1 Models and
Principles

Poct Hay4Horo 3HaHua XX Beka ObICTPO CTUpaeT rpaHn mexay
oTAenb-HbIMKU Haykamu. Mbl Bce Gonblue cneynanusupyemcs He no
Haykam, a no npobnemam.

B. BepHaackui
...Xotenocb 6bl ccopmynupoBatb pad  apryMeHToB AnA
NOHUMAHUA HeoOXO0AMMOCTU NPEOAONEeHUA YyBCTB CMUPEHUA U
Oeccunua. CoBpeMeH-Hble Hayku, M3yyawoliue CROXHOCTb MMUpa,
ONpoBEepraKT AeTEPMUHU3M: OHW HAaCTaUBaIOT Ha TOM, YTO NpMpoaa
co3upatenbHa Ha BCeX YPOBHAX ee opraHusauuu. byaywee He aaHo
Ham 3apaHee. ...Mup eCTb KOHCTPYKLMSA, B NOCTPOEHUN KOTOPOMN Mbl
BCE MOXEM NPUHUMATb y4acTue.
U. Mpuroxux

XXI Bek OyaeT BeKOM rymaHWTapHbIX HayK unu ero He Oypet
BooOwwe. MblI AoMmKHbI NOHATL cebsi, B NPOTMBHOM Cly4ae Mbl He
CMOXeM fAanblle UCNOoNb30BaTh pe3ynbTaTthl APYrux HayK. Ho Mbl
JenaeM Bce BO3MOXHOe€ W HEeBO3MOXHOe, YTOOblI cebs He
NOHWUMATb.

NeBu-Ctpocc
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BBopgHble 3ameyaHus

COBEpLUEHHO ECTECTBEHHO, YTO MOHUMAHWMI, SBASAIOWEMYCS OAHOW U3 KIOYEBLIX (DYHKLMIA W
0cobeHHOCTEN MO3ra, NOCBALLEHbI MHOTWE ThICAYW UCCNEA0BAHNA U NevaTHbIX paboT. Tem He MeHee,
W Ha CEerogHs — «TailHa cws Bennka ecTby. Kak paboTtaer mo3r? Kak BO3HMKAIOT accouuaTuBHble
cBA3N? Ha 4emM OCHOBaHO ObICTpOe («CXBaTbiBAHWEY) UMM MELNIEHHOE NOHUMaHWe? Kak BO3HMKaT
nNpaBusIbHbIE UMK HenpaBuibHble peleHns? Kak opMupyroTes 1 NOHUMAaKTCS CMblichbl? Kakosa posb
WHTYULUMK? ABNSETCS N OHa anbTepHaTUBOM Noruke? KakoBbl MexaHu3mbl NOHUMaHUs? Ha atv u
nopo6Hble BOMPOCHI M CErOAHS €LLe HeT CTONPOLEHTHO YAOBETBOPUTESbHBIX OTBETOB.

B HacTosiwen paboTe He CTaBMTCA 3ajada paccMOTPETb 9TOT MPOLECC WAW KaTeropui C
ncUXonornyeckunx,  PUIocoPCkux  unu  U3MONorMyeckux  nosmumin. B wHgopmatuke, B
KMOEPHETUYECKUX UCCNefoBaHUsX, B MHOTOYUCIIEHHbIX paboTax Mo WCKYCCTBEHHOMY WHTENNEKTY He
pa3 obpaLanuck, ¢ 6ANbLINM UM MEHBLUMM YCMEXOM, K MOAENMPOBAHMIO Pa3nnyHbIX (PYHKLMA MO3ra,
BKNKYAs W pasHble acnekTbl MOHUMMaHMA. B KakoM-TO CMbICRie MOXHO cCKasaTb, YTO YCUMus
CneuuanucToB N0  MOLENMPOBaHMIO Ha MPOTSXKEHWW OECATUNETU Obinu  HanpaeneHbl Ha
nocrefoBaTeNbHYI0 «AEUHTENNEKTYann3aumio» MbICIUTENbHON AEATENbHOCTW, MOCKOMbKY MHOrve
cunocodbl B cepeanHe XX Beka CHMTanM, YTO €CriM MOXHO «3anucaTb anropuTM», «3aluuTb B
MaLLWMHY» Kakoe-TO NpaBuno, TO, CTano-ObiTb, B HEM HUYEro TBOPYECKOrO YXe He OCTaeTcs.
Pasymeetcs, 310 He TaKk. dopmanusauus Tex MW MHbIX (YHKUWA, HaZeneHwe KoMMnbloTepa
onpeseneHHbIMIU, CKaXeM, aHamUTUYeCKUMU BO3MOXHOCTSMM, - He MOAPbIBAET, HE YMeHbLuaeT
CNOCcOBHOCTU YenoBeka MbICNTL. AHamnorus: nonata WM MONOTOK HE MPUBENW K AUCHYHKLUU PYKH
yenoBeka.

HaoboporT, 3aberasi Bnepea, MOXHO CKasaTb, YTO OAHA M3 BaXKHbIX (PYHKLMIA (1 3a4a4) KOMMBIOTEPHBIX
Mogenen B paboTax NO MCKYCCTBEHHOMY MHTEMMEKTy — 3TO CTaTb MOLUHbIM WHCTPYMEHTOM [Ans
NCCMeOoBaHNA WHTENNeKTa ecTectBeHHoro. [lpn aTom, 3ameTm B CKoBkax, 4YTO 3TO CambiM
HenocpeacTBeHHbIM 06pa3oM CBSI3aHO C 3aJadel, BbIHECEHHOM B 3arofnoBOK HacTosilen pabotbl. B
aBTOPUTETHOM TONKOBOM crnoBape Bebctepa gaHo criegylowlee OnpedeneHue: WHTENNeKT — 3To
cnocobHocTb 0byyaTbea UM JocTuraTb NOHUMaHWA Bnarogaps onbity. (OTMETUM Mpu 3TOM, YTO

NOHATNE «NOHUMaHKE» 30EeCb HE paCKprBaeTCﬂ...)
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B pamkax pabotbl KDS TonbKO 3a nocneaHue rogbl 6bin 0CBELLEH LEeNbIn psf acnekToB, KacatoLMXCcs
Hawen npobnembl [1 — 6]; MOXHO Ha3BaTb elle psg paboT, No-pasHOMY CBSA3AHHBIX C 3TOW 3apayen
[7-21, op.].

lMockorbKy MOHMMaHWe TeCHbIM 06pa3oM CBA3aHO C CO3HAHWEM, MbILUMIEHWEM, CMbICMiaMW, — B
HacTosien paboTe onpedeneHHoe BHUMaHWe OydeT yaeneHo HeKoTopbiM 0bWwum Bonpocam U
npuHumMnam. 3atem kpaTko OyayT pacCMOTPEHb! YPOBHM M MEXaHW3Mbl MOHUMAHUS, POfb AUANIOTOBbIX
CXeM, CTPyKTypa ¥ BuAbl MOHUMaHWA. OTW BONPOCHI OyayT paccMOTPeHbl MOA YrOM 3peHUs
BO3MOXHOM nocneaytoLlen ¢opmanu3aumm psga acnektoB MNOHUMaHWS, C LEMNbl MOCTPOEHMS
KOrHUTMBHOW Moaenu. [onb3ysch BbipaxeHnem . BakoHa, MOXHO CkasaTb, UTO NPEANPUHUMAETCS

HavalibHaa NonbITka NPOHUKHYTH B «CKPbITbI_CXemMaTuaMy noHumaHusi. OcobbiM acnekTom, TecHO

CBSI3aHHbBIM C NPUBEAEHHBLIM NepeyHeM, SBMSIeTCS BOMPOC O TBOPYECKO NpMpoae NOHUMaHMS.

OTMeTUM, YTO OBHaAEXMBAKOLWMMN (hakTamy B TaKOM NOCTAHOBKE SIBMSIETCS TO, YTO YXKE LENbI psif
W3BECTHbIX WHAOPMALWMOHHBIX MOZeneit W MorpamMMHbIX MPOLYKTOB, MOMYYEHHbIX HELABHO M 3a
nocreaHNe OecaTUNeTUs], NPakTUYeCcK YMEKT OnepupoBaTh MOHSTUAMU, — 3TO (IPEeNMbI, HEKOTOpbIE

peLuatoLLme npasumna, MHKOC 1 ap.

UTo 30ecb UMEETCS B BUAY, NOYEMY 3TO BaXHO? HanomHuMm cregytowyio knaccudukauuio erenst. OH

BblaensieT TpU AYXOBHble hopMaLM B UCTOPUN Pa3BUTHS YENOBEYECTBA, TPI (DOPMbI MbILLNEHMS:

* — MblLWMeHMe B hopMe CO3epLaHmst; 3TO — UCKYCCTBO;
* — MbllrieHne B hopme NpeaCcTaBIeHNi; 3TO — Penurms;
*  — MblLUMEHME B (DOPME MOHATUN; 3TO — HayKa.

AMEHHO HayyHOro nogxoda, B YacTHOCTM, MOAXOAA CHUCTEMOMOTMYECKOro Mbl MOCTapaeMmcs
npuaepxvBatbcs. CriegyeT OTMETUTb 3[€Cb, YTO B PYCCKOM $I3blKe «MOHATME» U «MOHUMAHME» —
O[]HOKOPEHHbIe CrioBa. B onpe-aeneHHoM CMbICIE U3NOXEHHOE HIKE MOXHO NOHUMATb Kak HEKOTOPbIe

CTYyNeHn B «MOHUMaAHNN NOHUMAHUA.

HacTosiwas paboTa SBNSeTCa NPOLOIMKEHNEM 1 HEKOTOPOW AeTanu3aumen Matepuanos, JONOXKEHHbIX
Ha netHen ceccunm ITHEA 2014 ropa B BapHe «O npobrieme noHMMaHWS — METOAO0NOTMYECKUI 1
KOrHUTWMBHBIA acnekTbl (4acTb 1 — nepsble 5 CM)», U coobLueHns Ha oceHHel ceccn KDS-14 B Kuese
«HekoTopble MEeTOLONOrMYECKMe BOMPOCHI M3YYEHWUS MOHUMAHMS Kak OLHOM M3 6a30BbIX (yHKLNN

mMoa3rar.
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B cuny 006CTOATENLCTB MHOTVE NONOXEHUS M3NOXEHbI 30ECH KOHCMEKTUBHO.

1. YpoBHM paboTbl MO3ra U NPUHLMNLI MblwneHus — no Kaury.

B cBoe BpemsA W. KaHT Bblgenun TpW YPOBHA, TPU CTYNEHN pa6OTbI MO3ra B rnpouecce NoHNMaHusA n

MbILLJTEHNA B LIEJSTOM. o1 CTyneHu BbIrnagAT cnegyowum 06p330MI

MepBas CTyneHb — CNOCOBHOCTb NO3HaHMS/yCTaHOBNEHWS! OBLLEro B paccMaTpyBaeMOM NpOLEecce Uiu

npeamete. 1O — BbISIBNIEHWE UMW HOPMYNMPOBAHME NPaBUN, 3TO €CTb PACCYA04HAS LEATENbHOCTb.

BTopasi cTyneHb — 3T0 CNOCOBHOCTb noaBeAeHNs ocobeHHoro nog obuee. ATo CNOcobHOCTb Aenathb
CYXOEHMs.

TpeTbsl CTyneHb — 3TO CMOCOOGHOCTb ONpeaeneHns 0cobeHHOro (YacTHoro?) uyepes oblee. IT0

BblBEAEHME NPUHLNNOB, 3TO YXE Npsamasd yHKUMS pasyma.

PaccmaTtprBas 9T0T NoCnegHUi NyHKT NPUMEHNUTENBHO K CaMOMY MbILLeHUo, KaHT dhopmynupyeT Tpu
MPUHLMNA MbICIIUTENBHON LEATENBHOCTU B LENIOM U, Pa3yMEETCS, N0 OTHOLLEHWO K MOHUMaHMI0. 3T0 —

TPM TaK Ha3blBaeMble MakcuMbl KaHTa. OHu npefcTaBnsitoT coboii cregyioLlee:

* — nUMeTb COBCTBEHHbIE CY)KAEHWS, TO €CTb, MbICIUTb CamMmomy. OTO MaKCyMa MblLUEHus,

cB0OOHOrO OT NpeapaccyakoB, OT nponaraHibl, HaBA3bIBaHWUA U T. . — HE NPUHMMATb BCE Ha

BEPY.
* - MbICIUTb DS Ha MecTe ApYroro, TO €CTb, MOAENMNPOBATbL MblLUNEHWE APYroro, B TOM Yucne

— 4Yepe3 MOHMMaHMe. OTO YPe3BblYaHO BaXXHOE YMeHMe, Mbl UMEEM [eno C MakKCUMOW

LUMPOKOrO MblluneHnst. OHa WMEEeT, B YaCTHOCTW, O4YEHb BaXHYH0 Hay4HO-CoUUarnbHYy

KOMMOHEHTY — COrnacoBbiBaTb CBOW CYXAEHWA C COBOKYMHbIM YEJIOBEYECKUM pPa3yMOM.
3ameTum, aTa Makcuma COBEpPLLUEHHO HE NUCKNMKO4YaEeT OPUTMHANBHOIO MbILLTEHUS.
* - BCerga MbICIUTb B cornacum ¢ coboit; 3T0 MakcuMa NnocneaoBaTenbHoro obpasa Mbicrei.

MbI no cebe 3HaeMm, 4To 3TO 0AHa W3 Hanbonee TPyaAHbIX 3a4ay — NOCNEA0BaTENbHO MbICTUTDL
BCeraa.

Peanusauns aTvx ypoBHE 1 NPUHLMMNOB NPEACTaBNSETCS OYeHb BAXHOW ANs MOHMMaHUS npolecca
MoOHUMaHWs. Mano Toro, 3Ti Mo3uuuW, MOBUAMMOMY, Ype3sBblYalHO BaXHO WMETb B BUAY (TO €CTb
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MbITaTbCA UX Peann3oBath, X0Ts Bbl YaCTUYHO) Npu GyayLieM BO3MOXKHOM MOCTPOEHWUN KOTHUTUBHOI
MoZenu.

2. HekoTopble CBOMCTBA U 3afa4M KOTHUTUBHOM MOAENMN.

HasoBeM HekoTopble Gonee unu MeHee OYeBUOHbIE CBOWCTBA U KeNaeMble XapaKTepUCTUKN Takom
MOAEenu.

* — KorHuTBHas Mofernb AOIMKHA SBUTLCS AdMEKTUBHBIM MHCTPYMEHTOM NKBMAALIMN pa3pbiBa
MeXny M3BECTHbIM 1 MO3HAHHbIM, Befb 3HaTb HEYTO ELLEe He 3HAYUT 3TO NMOHUMATb.

* - Mogenb [JomkHa MOMOYb NPEOAONEHUI0 MPOTUBOPEUMA  Mexay OBbEeKTUBHLIM K
CYObEKTUBHBIM.

* - OHa fo/mKHa COXpaHsTb OCHOBHbIE XapaKTEPUCTUKN (OU3NYECKUX (HYBCTBEHHBIX) MOZENeNn.

* - OyeHb BaxHa B (OYHKLIMOHMPOBAHNM Takoi MOLENN POrb 3BPUCTUK 1 MOAENEN-TUNOTES.

* — CyluecTBeHHas XxapakTepucTuka — yMeHue onepupoBaTb NOHATUAMW (06 3TOM roBOPUNOCH
BbILLE).

* — AHanornyHo — ymeHue onepmpoBaTb CUMBOSIAMU 1 MOHUMATb UX CMbICHT.

* —OuyeHb BaxHbIM OydeT WMeTb B TakOi MOAENU KLEHTPbI KpUCTannmMaaLumy, HeKoTopble
KapkacHble (1 rmbkue!) CTpYKTYpbl AN peanusaLmm cMbICnoobpasoBaHns v Tak Janee.

K uncny 3agay KOrHUTMBHOM MOAENN, MOXHO OTHECTH, B HAaYarbHOM peaakLum, CneaytoLme:

* —MogenupoBaHwve, aHann3, UHCTPYMEHT cuHTe3a CroxHbix Cuctem;
* — /IHCTpyMeHT no3HaHus, uccnefoBaHns ECTecTBeHHOro MHTennekra;
* - /HcTpyMeHT 0By4yeHuns — B pasHbIX CMbICNax 1 cepax...

HaBepHsika MOXHO Ha3BaTb eLle LENblil Psia BaXHbIX COAEPXaTENbHbIX U METOLOMOrMYECKNX 3adau.
YkaxeM 30eCb Ha OfJHYy O4eHb BaXHY0 MeTa-3afady KOrHUTUBHOW MOZENU, 3TO — NOCTPOEHUE LLIMPOKOM
BanuaHoN HoocdepHon napaaurMbl. Hago aymats, 9Ta 3agava AaBHO Haspena.

I'Ipe>|<ne, YeM TOBOPUTb 00 aTamax, BO3MOXHbIX MExaHu3max W pa3HOBMAOHOCTAX MOHUMaHUA,
BbICKaXXeM pAn HEKOTOPbIX 06U.I|I/IX MNONOXEHMN, OTHOCALLMXCA K NMOHUMaHUO
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3. HekoTopble obwme coobpaxeHns 0 «<NOHUMAHUN MOHUMAHUAY.

MpuBeaem 3pech (6e3 paHXMPOBAHMS M KOHCMEKTUBHO) Psf MONMOXEHWA, OTHOCALMXCSH K Haliemy
npegmeTy. OTM coobpaXeHnst HOCAT OBLMIA XapakTep, HEKOTOpble U3 HUX BrONHE O4YEBMAHbI, HO
0b6x0auTb WX He cneayer.

A) MoHnmanve npeactaBnsieT cobon CUCTEMHBIN MEXANCUMNIIMHAPHDBIA OOBEKT (MeTomomnornyeckoe
3ameu.).

b) MoHumanue — ogHa 13 6a30BbIX PYHKLMI MO3ra (COODpaxeHne 0 TOM, K YeMy OTHOCUTCS U Kak
BaXHO).

B) MoHATUS «MOHMMaHWE» W «CMbICT» OYeHb TECHO CBSI3aHbl Mexay Coboil, MOXHO CkasaTb, YTO B
3HAYMTENBHOM YKChEe CryYaeB NMOHYMaHWe — 3TO BbISBNEHWE CMbICIIOB, CUCTEMbI CBA3EN, BMUChIBAHUE

B OnpefenieHHbIA KOHTEKCT U T. 4. (OHTONOMMYeCKui Noaxos).

I LlenecoobpasHo pasnuyatb MoHMMaHWe B cucTeme OObIAEHHOTO CO3HAaHMS, B Hay4YHOM MO3HaHWK,
y4ebe u ap.

[1) MoHMMaHWe — 3TO OCMbICIIMBAHNE HE TOMbKO S3bIKOBbIX 0Bpa30BaHMIA.

E) «3HaTb» W «noHMMaTb» — 3TO HE OAHO M TO Xe, (KaK W BnageHue Hasbikamu). OpgHako

ONpeaeneHHbIA KOHTEKCT NO3BOMSIET NOPOI FOBOPUTL O HUX NapannesnbHo.

)K) UpesBbl4ailHO WHTEPECHO UCCeaoBaTb MOHMMAaHWE KakK OMHAMUKY MO3HAHWS, Kak nepexod oT

HesHaHns K 3HaHuto, 1 ganee — Kk [oHMMaHWo UMeroLLmxcs ceegeHun o Mupe.

3) OueHb BaXHO pasnn4atb CTENEHN NOHUMaHWA, NONbITaTbCA HABECTW 30ECh KaKyto-TO METPOJIOTUIO.

) Becbma  npogyKTWBHbIM  SIBMSIETCS  PAaCCMOTPEHME  MOHUMaHWA  Kak  [esSTENbHOCTM
(MbICneaenTensbHOCT).

K) KonoccarbHyto 3Ha4uMOCTb UMeET (M Anst MOCTPOEHUS! KOTHUTUBHON MOAENW, W, pasyMeeTcs, Ans
cofepka-TeNbHOrO PacCMOTPEHWsi CaMOr0 MOHWUMAHWs) MCCNeAOBaHWe O4eHb rnybokod 1 eule
HEOCTAaTOMHO M3Y4eHHONW npobrembl — Npobnembl ANHAMWYHOTO WU HEMMHENHOrO B3aUMOAENCTBMS
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MeXay CyGbekToM M 0GHEKTOM MOHU-MaHWS, CO CKPbITbIMM 0OpaTHLIMM CBS3IMM (MONOXUTENbHBLIMM,

oTpuUaTenbHbIMK), Budpypkauusmm n T. 4.

Hapo gymatb, 9TOT nepevyeHb B 3aBMCMMOCTM OT 3afady MCCHenoBaHWs MOXeT OblTb OLLYTMMO
[OMOMHEH.

4. O HanpaBNEeHHOCTU W Pa3HOBUAHOCTAX NOHUMAHMS.

lpouecc NOHWMAHMS, OCMbICIEHWS (BbISBNEHUS CMbICNIOB B 0ObekTe unu npouecce) sBnseTcs,
pasymMeeTcs, BeCbMa CMOXHbIM, MHOTOMEPHBIM M MHOrO(aKTOpPHbIM. OQHOM M3 MNMCTPaLUuUiA 3TON
CNOXHOCTU SBNSIETCA [aBHEE BblCKasblBaHWe M3BECTHOro uccnegosatens k. A. Munnepa: «Het
NCKUXONOrMYeckoro npouecca bonee BaXHOMo U B TO Xe Bpems Bornee TPYAHOro ANl NOHUMaHUS, YeMm
MOHUMaHWe, U HUTAE Hay4yHas MCUXONOTUS He pasoyapoBbiBana B OOMbLUE CTENeHW Tex, KTo

obpaLiancs K Heil 3a NOMOLLbHOY.

Obpawascb k apyro obnact — K CMCTEMHOMY/CUCTEMOMNOMMYECKOMY aHanu3y, NpoBEAEM Camyto
o0Wyto, HavanbHyl [OEKOMMO3NLMIO MOHUMAHWS, Y4YMTbiBas XapakTep, MpuUpOAY, COAEpKaHwe,
HanpaBnEeHHOCTb 3TOro npouecca. B atom knmioye moryT ObiTb Ha3BaHbl, OYEBWAHO, CreayloLwime
TUNOMOTMYECKME PA3HOBUAHOCTM MOHMMAHMS: aHaNM3 1 ONucaHue (cuTyauun, 0ObekTa, AMHaMUKK...),
knaccudmkaums, oueHka. Moka peyb He MAeT 06 «MHCTPYMEHTaX» MM «MeXaHW3Max» NOHUMaHus, a

JIMLWb O HeKOT0p0I7I HanpaBJIEHHOCTH.

B aToM nepeyHe knaccudmkaums U OLeHKa peliatT cCOBCTBEHHO KOTHUTMBHbIE 3agayn. OnucaHwe,
BbISIBNIEHME CMbICMOB M LIEMOCTHOCTW, MOWCK aHaromi W MHTEepnpeTauuii — 3T0 3afayu, KoTopble
bnwke Kk aHanuTMyeckum. [pu 3TOM crefyeT WMeTb B BUAy, YTO MeXay nepeyncrieHHbIMU
npouedypamMn [aneko He Bcerga MOXHO YCTaHOBUTb XECTKMe rpaHuubl. TO €CTb, CKaxem, Ans
KnaccuduKaLMM 1 OLIEHKM HY)XEH aHanu3, ANs onucaHust noTpebyTcs OLeHKN U Knaccudukaums, —
O4YeHb MHOTOe 3aBWUCUT OT TOTO, Kakue Lenu (CO3HaTEeNbHbIE WIM MOACO3HATEMbHbIE) CTABSATCS B
npouecce noHUMaHns. OTMETUM, YTO 3TO OTAENbHAS cepbesHas 0bnacTb.

Pa3spaboTke «onucaTenbHbiX» (YHKUMA NOHMMaHWS B HEKOTOPbIX pasgenax Neuxonorun u
hunocoum NOCBSILLEHO 3HAYMTENBHOE KOMMYECTBO PalboT, — 3TO repMeHeBTUKa, MCCReAoBaHue
3aKOHOMEPHOCTEI 1 NPaBWUN UHTEPNPETALMM, UCTIONb30BaHME NPY NOHUMAHWM, MbILLTIEHUM TPAaNLMA,

— trado 3HauuT «nepegatoy.
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5. 06 aTanax U MexaHu3Max NoOHMMaHuS.

MpeacTaBnsieTcs 04eBUAHbLIM, YTO CTPYKTYpPa NMOHMMAHUS SIBMSIETCS BECbMa CHOXHOA. He npeTeHays
Ha WCYEPNbIBAIOLLYI MOMHOTY W CMpaBeAnMBOCTb MpEeAnaraeMoro KpaTkoro OnucaHust (Halm
NpeaCTaBNeHUss MOHEBONE TUMOTETUYHBI W «AHTPONOMOPMHbI», MOXET ObiTb, Mbl HaBA3bIBAEM
npupode 9T TEPMMHbI, (YHKUMM W CBSI3U?), PACCMOTPUM, TEM He MEHee, HEKOTOpyHo
MoCneAoBaTeNbHOCTL  MPOoLEedyp-Onepauuid Kak 3TanoB [EeNCTBUIA, BbINONMHSIEMbIX B MpoLecce
MOHUMaHUSI. TOHSITHO, YTO HEKOTOPbIE 3Tambl BbINONMHAKTCS NapannenbHo, HEKOTOPbIE MUHENHO WK
HENWHEHO NEepexoasT Apyr B Apyra, CYLIECTBYIOT BO3BpaThl, 06paTHble CBA3M (MONOXMTENbHLIE U
oTpuuaTenbHble), pednekcus u T. 4.

cxopHbIM  ABNSIETCA  HayanbHOEe 3HaHWe, BCA ramma o6meKyanypr|x I'IpeJJ,CTaBJ'IeHVIVI "

NpodhecCMOHanbHbIX 3HaHWA, KOTopas TeM WM WHbIM CMOCO6OM W B OMpeaeneHHoM obbeme
MOOMNM3yeTCs MpW BO3HWKHOBEHUM 3afayy MOHMMaHWs. Ha atoi 6ase MoxeT ObiTb COCTaBMEHO
HekoTopoe obuiee (BHELIHEE?) onucaHue Hawwero 0bbekTa unu cuTyaumn. BaxHbIM 3NeMEHTOM Takoro

ONMCaHMs  SBUTCS  BbISIBMEHWE BHELWHEW OOMWHAHTbI  Unn OETEPMUHAHTbI, VICXO,D,FILLI,GVI oT

oxBaTblBatowen cpeabl. Creaylowmii Wwar — ONWCAHWEe CTPYKTYPbl CUCTEMbI: BbISBNEHWE ee

9NIEMEHTOB, CBSA3EM MEeXAy HUMMW, WX OCHOBHbIX CBOMCTB. Ha 3TOW OCHOBe (M NapannenbHo) cnegyet

pacCMOTpETb OCHOBHbIE 3aKOHOMEPHOCTW W AWHAMWKY CUCTEMbI, €€ NnoBedeHWe BO BPEMEHU U B

npocTpaHcTee. MonyyeHHast nHhopmalwms ByneT UCnonb3oBaHa Anst BbISIBNEHWS! OCHOBHBIX NPUYMHHO-
CNeACTBEHHbIX CBA3eW B cucTeme, Goree TOro, ANl PACCMOTPEHNS cUCTEMbI Lieneit U TpeboBaHuil.

JTa npouegypa (BblﬂBJ’leHMe u,enelh) OOMKHA UMETBLCA B BUAY Ha NPOTAXEHUN BCErO npoLecca. Tenepb

BCE 3TO JOMKHO ObITb 1CMONb30BaHO ANs POPMMPOBAHMS (OCMbICTIEHUS) LIEMOCTHOrO NpeACcTaBNeHms

06 0o6bekTe. BaxHbIM KOMMNOHEHTOM (471 MHOTMX — [NABEHCTBYIOLMM) SBASIETCA BbISBNEHME
9CTETUYECKON CTOPOHBI (CTUNKM, HOPMbI, YPOBHU FAapMOHWK...) KaK B UccreayeMoM obbekTe, Tak U B
CaMOM MpOLiecce NOHMMAHWS.

B OTHOLLIEHUN MexaHU3MOB MOHUMaHKS (CaMO MOHATUE «MEXaHU3May SBNSETCS MeTahopuiecknm) Ha
Hayanb-HOM YpOBHE MOryT ObiTb Ha3BaHbl BMOSHE W3BECTHbIE AEACTBUS: NPOBEAEHNE CPABHEHMN C
W3BECTHbIM (MOHATLIM paHee), MOWCK accouuauwi W aHanorum, Oedykuus, uHTepnonauus, apyrue

nono6Hble Npoueaypb!.
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OyeHb WHTEPECHbIM U MPOAYKTUBHLIM CPEACTBOM MNOHMMaHWS M CMbICIO06pa3oBaHNs ABNSETCS
MeTadopa - KaK MHCTPYMEHT  MepeHeCeHWs/pacluMpeHmns/CTONKHOBEHUS  CMbICIOB,  MAEN,
npeacTaBneHnin. JTO0 OTAENbHOE MOMe3HOe HanpaBneHWe B WCCNEdOBaHUM UM MOAENMPOBAHMM
NOHUMaHNS. YKaXeM 30€eCb NNLWb HEKOTOPbIE 0BNACcTW «KOHLENTYanbHbIX CTPYKTYP» ANS NPUMEHEHUS
9(h(EKTMBHBIX KOPHEBLIX MeTadop: dusnyeckas obnactb, 0bnactb KymnbTypbl, WHTENMEKTyanbHas

06nacTb B LUMPOKOM CMbICIE, YNPaBReHHe, X COBMELLEHNE.

6. Mcnonb3oBaHWe LLEHHOCTHbIX YCTaHOBOK B npouecce NOHMMaHKUA.

BaXHbIM MeXaHU3MEHHbIM 3MeMEHTOM B Mpoueccax MOHWMaHUsS CredyeT npusHaTb Hamnuune
LIEHHOCTHbIX YCTaHaBOK, NPaKTUYeCKn BCEraa nNpuUCyTCTBYHOLLMX W, Kak NpaBuio, BCerga 0Co3HaBaeMblxX
Npu noHMaHun. Jta obnacTb paspabaTtbiBanack pasnuiHbIMK aBTopami. He BaaBasick rnyboko B a1y
ccepy, OTMETUM NULLb OCHOBHbIE TPYMMbl HOPMATUBHO-LLEHHOCTHbIX CUCTEM COLMANbHON NPaKTUKM W,
Kak CneacTBue, HEKOTOpble cneuuduyeckne Buabl MOHUMAHMS, OCMbICTIEHUS AEACTBUTENBHOCTM,

CBSI3aHHbIE C 3TUMM oBnacTamum.

K Takum rpynnam MoryT ObiTb OTHECEHbI: HEMOCPEACTBEHHAS MPaKTUYECKas AEeSTEeNbHOCTb, Hay4HO-
TEXHUYECKMe 3HAHUS U YMeHusi, cpepa ynpasneHus, obrnactb maeonorun, psg apyrux. B kaxgom
KOHKPETHOM Cny4yae WCCNEeA0oBaHNS MOHUMAaHUS UK ero MOLEeNMpoBaHus HeobxoanMmMo onMpaThes Ha
cneuu@uky HOPMaTWUBHO-LIEHHOCTHbIX KaTeropum [aHHoW rpynnbl. Hanpumep, ¢yHKUWOHaNbHas
HanpaBMeHHOCTb MOHUMAaHUSA: ANS Yero npefgHasHavyeHa AaHHas (paccmaTpuBaemas) KynbTypHas
LEeHHOCTb, TO €CTb BbIfBNEHWe cdep AEATENbHOCTW, C KOTOPbIMM MOXET ObiTb COOTHECEH
WHTepecyLMiA Hac npeameT. Vnu — BbISBNEHNEe UOEONOrMYECKUX XapaKTEPUCTUK, UK — CTPYKTYpHaS,
KOHCTPYKTMBHAS HANpaBEHHOCTb: ONUCaHNe KOHCTPYKTUBHBIX CBOACTB, AMHAMUYECKUX, POAO-BUOOBbIX

OTHOLUEHWIA, N0ABELEHNE paccMaTpPUBAEMOro Nog OBLMIA NPUHLMM, 3aKOH.

OnsTb-TakM BaHasi Tpynna LEHHOCTHbIX YCTaHOBOK CBsi3aHa MOYTM BCerga C 3CTETMYECKUM
OTHOLUEHMEM K [JeNCTBUTENBHOCTH, CO BCEMU TOHKOCTSIMM 3TOTO OTHOLLEHMS!, BbISIBNEHNEM CTUMEBBIX
XapaKTepUCTUK U T. .

7. Apuctotenn, Poma AKBUHCKUM 1 UHPOC.

UpesBbluailHO WHTEPECHBIM B npobnematvke u wumetowmxcs HapaboTtkax B asukeHun KDS
NPeaCTaBnseTCs MNpuBREYEHWEe K paccMaTpvBAEMbIM 3adayaM HEKOTOPbIX MPEeACTaBEHUA |

CYXOeHU, cogepxatumxcs B pabotax Apuctotenst 1 ®ombl AKBUHCKOrO, CTapaBLUErocst npucnocoomTb
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ero, ApWCTOTeNs, MOMOXEHNSI K XPUCTUAHCKOM Teonorun. OTO cTapaHuWe Oblno HanpasneHo, B
YaCTHOCTU, Ha TO, YTOBbl HECKOMbKO OTOMTM OT MAEanuCTUYECKUX NpeacTaBneHunii bnaxeHHoro
ABryCTWHa, OTPWLABLLErO LEHHOCTb YYBCTBEHHOTO MO3HAHUS W YTBEPXAABLUErO anpuUOpPHOCTb
4enoBeyeckoro 3HaHus. [leckatb, UCTUHA KMBET» B YENOBEKE, W JOCTATOMHO MPOHWKHYTb B €ro
BHYTPEHHWA Mup, 4TOObI mosHaTb ee. Ho BepHemcs k Apuctotento u AksuHaty. Cosgaetcs
BNeyatneHne, Y10 paccyxgeHuss oboux NogBOAAT K HEKOTOPOMY AOMOMHUTENbHOMY MOHUMAHWIO
noHaTus INFOS - kak HEKOTOPOro areHTa, AeUCTBYHOLLErO B MPOLECCE NOHUMAHUS.

Apu1CTOTENb FOBOPUT, YTO UCTOYHUK HALWIMX 3HAHWN — YYBCTBEHHbIN OMbIT KaK pesynbTaT BO3AeNCTBUSA
MaTepuanbHbIX MPeaMETOB Ha Halwu 4yBcTBa. YyBCTBEHHOE MO3HAHWE — OCHOBA MOHSTUMHONO,

a6CTpaKTHOI'0 MbILUNEHMS, NPeaMETOM KOTOPOro SIBNSETCA He HemaTepuanbHas AeMCTBUTENbHOCTb

WM HEKOTOpble BOXECTBEHHbIE credbl, @ BbICLIME 3aKOHbI, YNPaBMSIOWMNE eANHNYHBIM BbITUEM. Ons

nepeBofa OAHOM (BbICLIEN) CUCTEMbI MHOpMaLMV B APYryto, ANs nepexoda OT 9TUX BbICLIMX 3aKOHOB
K HalleMy NOHATUMHOMY MbILUNEHnI0 — Heobxoaum obbekT-nepesoguunk! Takum npeobpasosatenem
NH(OPMALIMM N MOXET BbITb «MHEOCY.

Heckonbko nHoe 00bSCHEHWE, HO C TEM Xe BbIBOAOM, Mbl HAXOAWUM y ®ombl AKBUHCKOTO: MO HEMY,
NO3HaHWe, NoOHMMaHWe eCTb nepexon BO3MOXHOCTH, I'IOTeHLI,l/IaJ'IbHOVI CMocobHOCTM — B aKT, TO €CTb
NOHWMaHME eCTb aKTyanusauus BO3MOXHOCTU. HO nosHaBaemast BEllb HMKOrga He MOXET ObITh

no3HaHa ucyepnbliBatowe. Takum 0bpa3om, No3HaBaeMblil (30ecb — = NOHUMAEMbI) OOBEKT LOHKEH
OTXKOECTBNATLCS C ONPEAENEHHON CTOPOHOMN BeLy, ¢ hopmoin obbekTa, roBoput AkuHaTt. [ng 3Toro
N3 €ANHWNYHOW BELLW B HALLIKM YYBCTBA JOMKEH MOMacTb €€ 0TneYaTok — 06pa3s unm nsobpaxenme. Itum

NPOMEXYTOYHLIM 0OBEKTOM, O4EHb BaXKHbIM B CUCTEMAX Nepeaayn u npeobpa3oBaHus MHopmaLmum, u
ABNISETCH HaLLl «MHOCY.

MoxeT nokasaTtbCsi, YTO 3TK coo6pa>|<eH|/|s-| Janekn OT NMpPakTUKK, 4To0 B HUX MHOroBaTo aﬁchaKTHOFO.

MpeacTaBnsieTcs BaxHbIM OTMETUTL 3[€Ch, 4TO 3TO rMybBokoe 3abnyxaeHue.

AHrnuinckas uccneposatenbHuLa, aBTop KHurM «O MbICIUTENBHON AesTenbHOCTU aeteiny Maprapet
[oHanacoH roBoput: «MMeHHO uHTEnnekTyansHas paboTa WMMeeT caMoe HEenoCcpeaCTBEHHOe
OTHOLUEHME K pearnbHOW MpakTUYeckol XuaHu. YUtobbl pasbupatbcs B peanbHOM Mupe C
MaKcuManbHOW KoMmneTeHUUen (34ecb W Janee — Hawe Bobigenexue, AK.), Heo6xoanmo yunTbIBaTh
CTPYKTYpY Bewien, HeoOXxoaumMo OBnaaeTb yMEHUAMM paboTaTb C cMCTEMAMK W ANA NOHUMaHUSA
Hayu1TbCs abeTparmpoBaTb POPMbI U CXeMbI» (TO CTb, NPOBOAUTL FYOUHHBIN CUCTEMHbIA aHanw3
W npoueaypbl MOHUMaHWS, Hay4YnTbCS BbIXOAWTb Ha MeTa-ypoBeHb, A.K.). MMapagokc B TOM-TO U
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coctomT, rosoput M. [loHanacoH, YTo «Hanbonee 3HauyMMble YCexy B NPaKTUYeCKOW AeATENbHOCTH
(B TeXHUKe, B 9KOHOMMKE) Obinn Obl HEBO3MOXHbI, ecnm Obl Mbl CTanM UrHOPMPOBaTb TPYAHYH
3agjayvy - fencTBoBaTh 6e3 onopbl HA MMP 3HaKOMbIX sBneHuny. I nanee: «BoT uctuHa, koTopyto
yenoBeK Kak OMonoruyeckuit BUA TONLKO HayuHaeT nocturatb. Ecnn Obl Ham korga-Hnbyaob
NPWLOCL OTKA3aTbCs OT 3TOW OeATEenbHOCTM, TO nnaTta 6bina Obl crvwkom Benuka» [18]. Y B.

JleHuHa: «Het 6onee npakTMYHON BELLM, YEM XOpoLLasg TEopUs».

B Hawem crnyyae BO3HMKAET Takoe OLLyLIEHWe, YTO WCCreaoBaHue npobnembl «uHpoca» ¢
MPUMEHEHNEM MNpUBEAEHHbIX Bbille COODpaXeHUin SBNSETCS [[OCTATOMHO MNOAOTBOPHBIM 1
MepCneKTMBHBLIM, B TOM YUCHE, U C NPAKTUYECKOI TOUKM 3pEHNS.

8. O gyanbHOM (MHOromMepHOM) XapaKkTepe NOHMMaHUS.

OyeHb BaXHOM XapaKTEPUCTUKOW NOHWMAHWA SBASETCA TO, YTO MOXHO YCMOBHO Ha3BaTb €ro
[BOMCTBEHHOM npupogon. (Boobuie rosops, 34ecb cnegosano Obl cpasdy paccmartpueaTh €ro,
NOHWMaHMS, MHOTOMEPHbIN, MOMUIOTMYECKNA XapakTep. Ho B nepBon pefakuun, npu OCTOPOXHOM
HaLLynbIBaHAW BO3MOXHbIX MyTeN MOLENMPOBaHUS, — HayHeM C ©Gornee npoCTOro OnucaHus, C
PacCMOTPEHNS AyanbHOTO XapakTepa noHWMaHus.) Cpasy ykaxem, YTo cama 3Ta [BOWCTBEHHOCTb B
paboTe mo3ra CyLecTBYeT B BeCbMa PasfMyHbIX acnekTax, npu 3TOM Kaxablil U3 HUX 3acnyxuBaeTt
BHUMaHWS NPW PELUEHNN UCCNEeSOoBaTENbCKUX 3adady M Npu MOAENMPOBaHNUK. 34eCb OCTAHOBMMCS Ha
HEKOTOPbIX Napax.

lMepBas U3 HWUX paccMaTpuBaeT BOMPOC BPEMEHHOW AucKpeTusauun npu pabote Mmoa3ra: TONMbKO N
AVCKPETHBIMW SBASKOTCS 3MIEMEHTapHble Lark Mo3ra npu Mobbix Buaax pabotbl. OTHOCWTENbHO
HeJaBHO 9TOT BOMPOC [fdaxe He craBunca. C pas3BuTMEM Henpoguanonorum, obHapyKeHUeM
«KaTeropuyeckon» paboTbl HEMpOHOB (NMMOO  «BKMIOYEHO», MO0  «BbLIKIMOYEHO») — BO3HUKIO
€CTeCTBEHHOe NpeACTaBfeHne O TOM, YTO BCA paboTa Mo3ra CTPOUTCS AMCKPETHO, aHanorosbIv
XapaKTep ee He MOXET UMETb MecTa. [1o4TK cpasy xe CTano MoHSATHO, YTO 3TO He Tak. OTHOCUTENLHO
MeaJfileHHO MeHsiiolmecs (HOHOBbIE XapaKTEPUCTUKM, M3MEHEHWE MOPOroB BO3DYXAEHMS, yCTanocTb,
9ndhopKs, pasnnYHbIN TUCTEPesnUC Npu TOPMOXEHUM W MHOroe Apyroe 06ecrneyvmBaT CMELIaHHbIN,
rmMBpuaHbI XapakTep paboTbl Mo3ra. BbisiBneHne aTux 0cobeHHOCTEN SBNSETCA BECbMA BaXHbIM NpU
nocrneaytoLLemM MOLENMPOBaHNN.

Kak paboTtalT pauuoHanbHble W MppauuoHanbHble MexaHuaMbl MOHWMaHus? Kak M korda OHu
fononHalT gpyr apyra? Kak COTpyAHWYatoT onepaTMBHas MamsTb M AonroBpeMeHHas? Yto
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3acTaBnseT BCMMbiBaTb AaBHO 3abbiToe? Kak n novemy cpabatbiBaeT UHTYyUUMA? ABNSETCS N OHa
NpsIMOiA anbTEePHATWUBOW NOTVKE UK 3TO ee poaHas cectpa? Kak COOTHOCATCA B AWHAMUKE anpuopHoe
W anocTepuopHoe 3HaHue? Korga M no Kakoil komaHge BKMvaetcs obpasHoe MblwneHne?
HaCKOSIbKO MOSTHO CeilYac MOXHO TOBOPUTb O MOCTOSHHOM (MMM BPEMEHHOM?) Auanore Mexay
nonyLwapusmn? Kakosbl AeTann U MexaHu3Mbl 3Toro obmeHa? Yem Gonblue BygeT Takux BOMPOCOB,
TEM MOMHee, Haao AyMaTb, Mbl CMOXEM OMWCaTh M 3aTEM MOLENMPOBATL MHTEPECYIOLLNIA HAC OOBEKT.
Kak B3anmogencTByoT M3BECTHOE W HEM3BECTHOE? — @ Beb OHW B3aUMOLENCTBYIOT... Mbl BUAUM, 4TO
34eck noka ropaszao bonblue BONPOCOB, YEM OTBETOB.

Moxanyit, cregyeT ykasaTb, YTO 3TW pasHble «AWarorkyeckue» COCTaBMsIOWME NOHUMAHMS
npeacTaBnslT coboit GoraTblil U NNIOAOTBOPHbIA MaTepuan Ans UCCNeA0BaHUS NOHUMAHWS 1 MOMbITOK

€ro MoaenmpoBaHusa.

9. NonbITka hopmanu3aumm npouiecca NOHUMaHUA.

Monpobyem npencTaBuTb MPOLECC MOHUMaHUS B (HOPMarbHOM Buae — B MEPBOM MPUBIMKEHMM.
Byoem paccmaTpuBaTh MOHMMaHWE Kak YCIOBHO MOCNEedOBaTeSbHbIM MPOLECC, OCTaBnAs noka B
CTOpPOHE TaKylo ero (popMy Kak «CxBaTbiBaHWe», 03apeHue, u3secTHoe «Aha-Ehrlebnis», ¢ ero

CUNbHBIMW NOJIOKUTESTbHBIMUA 3MOLMOHANbHbIMW CNEeACTBUAMMU. Wtak, 06o3Haumm yepes mi(t) HeKui

aMNeMeHTapHbIi YPOBEHb MOHUMAHWS, JOCTUTHYTHIA HA | -TOM Luare B MPOLIECCE PELIEHUs HEKOTOPOA

3ap1aun (Ha 06beKTe j) kak pesynbTaT OnpeAesneHHbIX NOrUYEckUX YCUHi:

mi(t) = I Fgpfo(r,b), yi(r), mmi dr, i=1,..r (1)

3aeck: M;(T) — ypoBeHb (06BbEM) MPEXHIX 3HAHII 11 MPEACTABNEHII, KyTbTYPHBIA/HAY4YHbIA PECYPC;
Yii(T) — 0GbEM BHAMAHWS, LM 1 LIEHHOCTHbIE YCTaHOBKM;

Q;(T, t) — napameTpbl npouecca noHMMaHus (rmy6uHa noucka aHanorui, A0NroBpeMeHHas

namaTb, MOOUNBHOCTb onepaTnBHOIO MbILWITEHUA, NPUBNEKAEMbIE MHCTPYMEHTHI, ,qp.);

aj(t) — ncuxonornyeckme, coumanbHbie U Apyrvie akTopbl, KOTOPbIE Mbl MOXEM W3BMEYb U3

nccnefoBaHWa (ompoca) M KOTOpble OnpeaeneHHbIM 0Bpa3om B COBOKYMHOCTU OTpaxaroT
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(3apatoT, ONPedenstoT, ..) HanpaBMNEeHHOCTb W Pe3yrbTaT «NOrMyeckoiny paboTbl Ha AAHHOM

Lare ¢ AaHHbIM 0O BEKTOM.

AHanorvyHo 3anmiwem yepes Cs(t) yposeHb (pesynbTar) NoHMMaHs kak uTor 06pa3HOro MblLLEHNS Ha
S — TOM Luare Ha TOM Xe | -TOM 0GbeKTe:

os(t) = J1i My {Bsi(1.0), zsi(7), pi(M} dr, s=1,...1 (2).
B 3TOM BblpaXeHuu, aHanorvyHo npepbliayiemy, Pi(T) — NpexHuin OnbIT 0BPaA3HOr0 MbILLMEHUS U
CUCTEeMbI I'IpeJJ,CTaBJ'IeHI/H;I; Zsj(T) — 0o0bem BHUMaHNA, LUEHHOCTHblIE W 3CTETUYECKUE YCTaHOBKM,

BNageHu1e MeTa-thopudeckim Mbilunexrem, ap.; Bsi(T,t) — napameTpbl (Mpustaku, ceoiicTea) npolecca
opmupoBaHus 1 ot6opa 06pa3oB C LENbl NOHATb AaHHbIA 0ObekT (06beMHOe W LBETOBOE
MblLLNEHE, CBOBOAHAA UMK MpU3eMNeHHast (haHTa3us, WAPOKNIA UMK CY)KEHHBI FOPU3OHT, BNageHue

CYHOHVUMMEN 1 OMOHUMMEN, CHOBA 06BEM KyNbTypbl U T. 1.)

HakoHeL, cnegyeT onpeaeneHHbiM 06pasom BbipasuTb B3aUMOLENCTBUE, «AMarnoroBoe» MnoBefeHue
obeunx onepauun, T. €. NOTMYECKOro 1 06Pa3HOro MblLUMEHNs. 3anuLem 3TO B CXOAHON hopMe:

Ame = [ [ty {mit), cs(8)}, 1,8=0,1,..r  (3)

Pa3ymeeTcs, COBEpLUEHHO SCHO, 4TO 3[4€eCb BO3HMKAET TbMa BOMPOCOB. Kak B3auMOZEMCTBYHOT
noAbIHTErpanbHble KOMMOHEHTbI BO BCEX TPeX BblpaxeHusx? Kak dukcupoBaTb MOTUBALMM W
LleHHOCTHble yCTaHOBKM? Kak pacleHuBaTb aHanorum u accounaumun? Kakumm moryt BbiTe npeaens!
WHTerpupoBaHna? KakoBbl NOPOrM N MHAMKATOPbI NIOrMYecKoro 1 obpasHoro «cpabatbiBaHna»? Kakue
MOXHO Ha3BaTb TUMOMOMMM WHOMKATOPOB MOHMMaHWA? U elle oveHb MHOro MHoro. OgHako 34ech
npeanoxeHa noka naes HavarbHbIX LWaroB B MOCTPOEHUM KOTHUTONOMYECKO MOAENM, ONUcaTeNbHOM
N AMHAMWUYECKO MOLENMN HEKOTOPbIX OCHOBHBIX YEPT U KOMMOHEHTOB NOHMMAHUS, KOHKPETHas 3adava
O4eHb MHoroe nposichut. Kpome Toro, B psae pabot no KDS 3a mocnegHve rofbl MOXHO HaMTy
Hemasno OTBETOB W NOAXOA0B K HAMEYEHHbIM BOMPOCcaM — Mepa cooTHeceHHoCTM B. C. [loHueHko, naen
06 otpaxeHum I'. C. BopoHkosa, noHsTue nHoca K. MapkoBa u elle Lenbin psg apyrvx nybnvkauui.
Takoro pofa MOAenuMpoBaHWe He NpPeACTaBfseTcs MNPOCTbIM, OQHAKO OTHOCWUTENTbHO BHSATHYH W
0603p1Myt0 MOAENb YXKE MOXHO MbITaTbCH CTPOUTD.
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10. O npocTpaHCTBE NOHMMAHMSA

Xenas 6onee nonHoO NOHATb, 6onee eMKko NPeACTaBUTb MOHATUE «MOHWMAaHUEY, LenecoobpasHo
Bblpa3nUTb 3TO MNpPEACTaBNEHME MNPOCTPAHCTBEHHO, TO €CTb BBECTU MOHSTUE «MPOCTPAHCTBO
NoHMMaHus». Torga okaxetcd  6onee ecTECTBEHHbIM MNpUBMNEKaTb U OMEPUPOBaTb C TaKUMU
MOHATUSAMM, KaK TPAEKTOPMS MOHUMaHWUSI, PaCCTOSHUE MeXay BepLUMHamMu rpadha, ypoBeHb NOHUMaHUS
n ap. Bugumo, uenecoobpasHo BBECTU MOHSATUS «CTPYKTYPHOE PacCTOSIHUEY, «PacCTOSIHUE CXOACTBAY,
«CTeneHb COOTBETCTBUS/COOTHECEHHOCTWY», OLEHWUBAIOWEE CMENeHb Passumocmu  CmpyKmypb!
NOHUMAaHUSI, aHANOMNYHO — ANS (PYHKLUMA U T. 4.

Takoe npefcTasnexue Byaet NPOAYKTUBHBIM, HaNpUMep, NOTOMY, YTO B HEM OKaXeTCH BO3MOXHbIM
OnpeaensiTb «TOYKYy COOPKM», BbIACHATb OTHOLIEHWS CUCTEMbI CO CPEedoW, TO €CTb OTCexXuBaTb
OVMHAMUKY TpaHWy 1 rybuHbl NOHWMaHMA AaHHOr0 obbekta (Mpu NPOBEAEHUM  MEepBUYHOM
CTpyKTypu3aumm). [lanee, MOXHO roBOpuUTb 0 Kayecmee cBsizeil. B coe Bpems b. ®ynnep Been Ans
creyuanbHbIX KOHCTPYKUMA HOBOE noHsATUe tensegrity, oT cros tense u integrity — «HanpsxeHHoe
€OMHCTBO». AHAanorMyHoO, MOXHO TFOBOPUTb O TEHCETPUTHbIX CBHA3SX, TaKWX, KOTOpble B HaLlEM
NpoCTpaHCTBE  00pa3ylT LENOCTHble  CTPYKTYPbl, MEpeBOAs  «YnpyrocTb» B «KECTKOCTbY,
XapaKkTepnsyioT 06beM U «CTabUNbHOCTbY, YBEPEHHOCTb NOHUMAHKS.

3pecb peyb MaeT 0 NPOCTPaHCTBE MOHMMaHUS Kak 06 onpeaeneHHon, OCTaTO4YHO OBLLEN CUCTEMHON
KaTeropum, kak B MaTemMaTuKe roBOPSIT O NPOCTPAHCTBE YNUCEN, KaK B TEOpWM pacrno3HaBaHus obpasos
— O MNPOCTPaHCTBE MPKU3HAKOB, OMUCLIBAKLUMX KMAcChl, Kak B YNpaBMEHWW — O MPOCTPAHCTBE
BO3MOXHbIX peLleHni. B pabotax 3amevatenbHoro matematuka M. . KpeilHa MOXHO HasBaTb, noO
KpalHen Mepe, [Ba KOHCTPYKTMBHbIX HanpaBneHus, KOTOpble NPEeACTaBMATCA CodepKaTerbHO
NOAXOASALLMMI 1 NPOAYKTUBHBIMW B HALUMX 3adavaXx. TOT UHCTPYMEHTAPUIA — TEOPUS ANACTUYHOCTM U
TEOpUS ONepaTopoB AN NPOCTPAHCTB C UHAEMUHUTHON MeTPUKOM. CrMCOK 3TOT, pasyMeeTcs, MOXET
ObiTb NMPOAOMKEH: rpadbl C NPUNOXEHUAMM, TEOPUS MATPOMAOB, METOAbl (paKTanbHOMO aHanuaa,

TEOPUsi Pa3MbITbIX MHOXECTB, CrraiiHbl, anrebpa KOHGNUKTOB U T. 4., U T. .

Bblwe wna peys 0 (POPMMPOBAHMM MPOCTPAHCTBA, B KOTOPOM OKAXETCS BO3MOXHbIM CTPOUTH
KOrHUTWBHYO MoZenb. 10 NoBoay 3TOro NpoCTpaHCTBa M BOODLLE B KOHTEKCTE 06Cyxgaembix npobnem
W 3ajay cregyet Takke COPMyNMpPOBaTb PsA BOMPOCOB, OTBET Ha KOTOpble (T. €. NOCTpOeHue
mo0enu), ynyylas Hawe MOHUMaHue NOHUMaHWs, Mor Obl BbiTb YBMAEH (MW NOCMPOEH) B 3TOM
NpOCTpaHCTBE. Hanpumep, NoHATb, 4eM B CUCTEME (T. €. HA CMCTEMHOM S13bIKE) 3aAatoTCs MOpPOru,

KpuTepun?
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Ha YkpauHe B 70-e rogbl B WHCTUTYyTE KMOEPHETMKM ANS OMNUCAHMA CNOXHbIX COLMarbHO-
9KOHOMMWYECKNX CUCTEM (Hanpumep, 3KOHOMUYECKMX CUCTEM C PaCLUMPEHHBIM BOCMPOU3BOLCTBOM)
YCNeLHO Bbinu NpUMEHEHbI MHTErparnbHble YpaBHEHNS ¢ sapom ®pedrornbMa, B KOTOPbIX PasfinyHbIe
coctaensowpe 6onee WnM MeHee afeKBaTHO OMUCLIBANMK pasnnyHble JONKW (M HasHaveHue!)

BHYTPEHHETO NPOAYKTa CUCTEMbI.

6.BmecTo 3aknioyeHus

MpuBeaeHHble B Npeabloylyux naparpagax coobpaxeHust U BOMPOCbI MOTYT paccMaTpuBaThCs Kak
9NeMeHTbl HEKOTOpO# WMCCMEeNOoBaTeNbCKON MPOrpaMMbl MU W3y4YeHUM MpoLecca MOHUMaHWS Kak
TaKOBOrO M €ro MOLENMpOBaHNM.

OuyeBWaHO, YTO CO3AaHME HOBOW COLMANbHO-9KOHOMMYECKON CUTYaLMK, Pa3BUTUE HOBOWM AKOHOMWKM,
CBS3aHbI C TEM, YTO 06LLECTBO HAy4MNOCh UCMOMb30BaTh TO CaMOE Ka4yecTBO YenoBeka, KOTOPbIM OH
OTNIMYAETC OT BCEX OCTaNnbHbIX CYWECTB Ha 3emrne, — NOHUMaHue U yMeHue O0nepuposamb
cumeoniamu [14]. 3Ta MOLIHAs KOMMOHEHTA COLMaNbHO-9KOHOMUYECKOro MmoTeHumana obuiecTsa ¢
HEKOTOPbIX MOp CTana B MacCOBOM MOPSAKE aKTyanuaupoBaTbCs. Pe3ynbTaTom M SBUMOCH TO, YTO
[ONONHUTENbHAs CTOMMOCTL B AEATENBHOCTY COLMyMa Ha4ana BO3HMKaTb B MPOLIECCE reHepupoBaHms

W «MPOMBbILLSIEHHOIO» UCMONb30BaHNUSA 3HaHULU.

[4e NPOMUCXOOMT AMANEKTUYECKOE «CHATUE» ATOW CIOXHOCTU? [TOHATHO, YTO MErkom >KM3HW Ha 3TOM
nyn He Bypet. Hago aymatb, YTO OTBETHI MOMYT ObiTb HaWAEHbI MPU TPAMOTHOM, 3(HEKTUBHOM
COBMELLEHUN METOLOMOrMYECKON W OHTONOTMYECKOM KOMMOHEHT WCCNEdOBaHWS, Kak pesynbrar
nocnegoBaTeNbHON COAEPKaTENbHON NMOCTAHOBKA LiENen, — B MOCTPOEHUM CMOXHBIX MOAENEN OYeHb
Ba)XXHa nowuaroas paboTa, peBW3Nst pesynbTaToB, WX OCMbICIIEHHOE COMOCTABMEHWE C LENsMu U
NPaKTUKOW.
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Some Methodological Approaches to the Problem of "Understanding the Understanding"
(Part 2)

Anatoly Krissilov

Summary: Certain methodological questions of description and research such a complex object (and
process!) as “‘comprehention/understanding” are described: the levels, structure, mechanisms of
comprehention, the role of orientation appreciated, some approaches to the process formalization and
to the cognitive model construction.
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OT PEAJIbHOIO MUPA K OB BEKTAM UHOOPMATUKA U MATEMATUKK

AHatonun MepXXBUHCKMK

AHHOmMauus: AKueHmupyemcs 6HUMaHue Ha CnocobHOCMU (hU3UYECKUX OOBEKMO8 K 3MUCCUU
HEKOMOpPo20 MamepuanbHo2o cybcmpama ((homoHos, anekmpoHog u 0Op.), obecnevugarouje2o
¢hopmuposaHue pearbHbIX OmpaxeHuli 06bekmos 6HEWHe20 Mupa HE MmOMbKO 8 nhamamu
KOMnbomepa, HO U 8 OKpyXatowel cpede, 80 8CeX neMeHmax 3MEeKMPOHHbIX UMU ONMUYECKUX
yacmel mawuH. [TpednoxeHa KOHUENUUS 3eMeHmapHbIX MamepuarbHbIX Hocumenel ompaxeHud -
cmamuyeckux u OuHamuyeckux ukcenel. McxoOHble cocmosiHusA ukceneli 06pa308-Uu30bpaxeHull
usuyeckux 06bEKMO8-NPOMOMUNO8 paccMampugaomes Kak UHOpMayuoHHas cybcmaHyus -
OCHOBa nocredyrowe20 hopmMuposaHusi uepapxuu UHpopMayUOHHbIX 06bekmos. PaccmompeHsi 0se
napaduembl MameMamuKku, —OMAUYaUWUecs UCMOYHUKOM  NOPOXOeHUs U  CYWHOCmaMU
Mamemamuyeckux 06bekmog: MeHmasnbHas napaduema, UCXOOHbIe NOHAIMUS, akCUOMbI, KOHUenyuu
Komopol npednoXxeHbl MameMamukamu U CO2/1aco8aHbl CO CMPYKMypol CO3HaHUsi Yeroeeka, U
MaWuHHas napaduema, UCXOOHbIe NOHAMUS, KOHUenyuu, MemoObl 8e8e0eHbl pa3pabomyukamu
cpedcme UHGhOpMamuKu UCX00s U3 8bI6PaHHbIX MeXaHU3MOo8 (hOPMUPOBaHUS U MEeXHOMoauu
0bpabomku UHEhOPMaUUOHHBIX 06LEKMOS.

Knroueebie cnoea: obbekm, ompaxeHue, UKCENb, UH(HOPMAUUOHHas cybcmaHyus, MauwuHHast
Mamemamuka

ASM Classification Keywords: Teopus uHgbopmayuu, @unocogus u memodonoaus UHhopMamuku

BBepeHue

HecMOTps Ha OrpoOMHbIA MpOrpecc B 00MacTu BbIMUCAMTENbHBIX MaWwWH W MHAPOPMALMOHHBIX
TexHonornin (UT), cylecTByloT TeopeTuyeckue npobenbl, KOTopble TPebyloT CBOEro paspelleHus.
HegocTaTouHO pasnuyatoTcst Hayku uHgopmaTuka W knbepHeTuka. He ycTaHOBMIOCH onpegeneHune
npeameta MHMOpMaTUKN. B HekoTopbix Yy4yebHMKax npeameToM WHGOPMaTUKM OObSBNEHbI HE
WH(OPMALMOHHbIE — TEXHOMOrMW, a annapaTHoe UM MNporpaMMHoe  obecrevyeHne  CpeacTs
BblYMCIIUTENBHOM TeXHUKK (BT), a Takke cpeacTsa ux B3aMMOLENCTBUS Mexay cOBOK 1 YeNoBEKOM
[MunenkoB, 2008]. OpHako B COBPEMEHHbIX CPEACTBAX WHGOPMATUKX Hapsgy C LMgpoBbIMU
KOMMbIOTEPAMU  CYLLECTBEHHOW  COCTaBMAIOWEN annapaTtypbl SBMSETCA  aHanoroBas 4acTb
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N3MepuTENbHbIX NPUBOPOB, PaaMo- W 3BYKONIOKATOPOB, AATYMKOB (HU3MYECKUX BENMYMH U Ap. JTO
CBMAETENbCTBYET O TOM, YTO €AWHas KOHUEeNnuwsi Teopun WHAopMaLuW, OXBaTbiBaloLjasi Takke
MPOeKTUPOBaHMe W ucnonb3oBaHue BT, pagno- TeneselyaHwsi, paguo- M TMAPONOKaLMM, CPencTs
yNpaBieHUs W OUarHOCTVKM TEXHONOrMYECKMX NPOLLECCOB HAa OCHOBE KOMMbIOTEPOB HE MPUHSITa.

Wcnonbayemoe B UT noHsTre uHopmaumnoHHbin 06bekT (MO) oveHb wwupokoe. Tem He MeHee,
nvetowmecss onpegenednss MO, kak u 6onee 20 onpedeneHwin NOHATUS MHOpMaLus”,
NPMBSA3bIBAKOTCA aBTOPaMM 0ObIYHO K TEKYLMM MU0 3aKMIOUMTENbHBIM CTaAUsAM XU3HEHHOMO LMKNa
/O 1 He yunTbiBaOTCA 0COBEHHOCTM HaYarbHbIX CTaguin ero hopMmupoBaHns [BoiwmnHckmi, 2013].

[MoHATUS MH(hopMaLMOHHble MaLnHbI, VH(OPMALMOHHO-BLIMMCIUTESbHBIE MALUMHBI MPAKTUMECKN HE
NCNONb3YeTCs B TEXHUYECKOW nuTepatype. MpogomkaeT Mcnonb30BaThea yCTapesLUnid TepMuH IBM.
Cpencrtea B3aMMOAENCTBUS C BHELUHUMM 0BbEKTaMU COBMECTHO C KOMMbIOTEPHOM YacTbio MOryT BbITb
onpegeneHbl kKak HhopmaunoHHble MawwuHel (M) [MepxauHckuia, 2013]. CyTb dhopmupoBaHus
peanusauuu nHopMaLMoHHbIX 06bekToB B M coctonT Bo B3anmoaencteusx IM ¢ maTepuanbHbIMm
obbektam (MO) ¢ nomowlbto Hocutenen B3ammogencTBuin. CyllecTBytollas npuBs3ka 6a30Bbix
NOHATM Teopum BT K CxemoTexHWdyeckum anemeHTam HwkHero yposHs (M, WNW, HE, AUM n
WHTEepencam aneMeHTam) Mo3BOMSET passuBaTb TEOPUKO CTPYKTyp OBM W apyrux AMCKPETHbIX
YCTPOWCTB, HO HE AOCTATOMHA ANS ONMCaHWS B3aWMOLENCTBUS BCeX CPefcTB uMHgopmatuku u MO.
[MpuBsizka 6a30BbIX NOHATUA TEOPUM MHEOPMATUKIA U KNDEPHETUKA NPEUMYLLECTBEHHO K AeATENTbHOCTY
cyObekTa, K BEPXHEMY YPOBHIO MEPAPXWW 3HAHUI 1 YOANEHHOCTb A3blka 06wweHns UM ot dusnyeckoro
YPOBHS  B3aWMOLENCTBMIN OOBEKTOB  YNpoLlaeT MOArOTOBKY MOSb3oBaTenieid, HO  OCHOXHSAET
naeHtudukaumo cytm IM n knbepHeTUYecKkMx CUCTeM, NMPOLECC WHTErpauun MX Teopuu, aHanwus
B3aMMOCBSA3eil OObEKTOB M METOAOB MH(OPMATUKXM M MaTeMaTuku. HecMoTps Ha W3BECTHOCTb
onpegenenus ,VHhopmaums — otpaxeHne peanbHoro mupa” [Amutpues, 1989; Kynukosckun, 1997],
MPUrOAHOrO Kak Ans 06bEeKTUBHOTO, Tak U CyOLEKTUBHOTO MOAXOA0B, CerogHs npeobnafaeT MHeHue,
yTo (pyHAaMeHTanbHOe onpefeneHne MOHATUS  MHopMmaums  oTcyTcTeyeT. [lpencTaBsnsercs
HEKOPPEKTHbIM U CBefeHUe WHGOPMATUKM K KOMMbIOTEPHOWM Hayke (aHrmosi3blYHbIA BapuUaHT 3TOro
TepmuHa - ,Computer science” [MHdopmaTuka, 2019]).

MHOro3HauHbl NOHATMS CUrHar, HOCUTENb W NePeHOCUMK. [MOHATME CUrHan TPaKTYeTCsl Kak HOCUTENb
CUrHana, OiHako 1Ccnornb3yeTcs W BbIpaXeHWe ,HecyLyas ecTb, a curHana Het”. MepeHocumk curHana (B
BMAE konebaHuin aNeKTPUYECKoro Toka, Paano- UM CBETOBO BOMHbI) 06bIYHO MMEHYETCS HOCUTENEM.
OpHako TEPMWH HOCUTEMNb MOXET OTHOCUTBCS M K 3NEMEHTY MAlUMHHOM NaMsATh W K peknaMHOMY
nuctky 6ymarn. HeogHO3Ha4HOCTb MOHATUIA pa3MblBaeT CMbICT TekcToB. B cBfsn ¢ atum
npeacTaBnseTcs LenecoobpasHeiM rnybxe NOAOMTM K onpefeneHnio atux noHstuin. Obpatumcs K
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nepeon Tabnuue nepuoanyeckon CuUCTEMbl anemeHToB Tabnuue Menaeneesa, onyGrvkoBaHHOW B
1906 r. [PoauoHos, 2001]. B Hel Tabnuua HauMHaeTCs C HYNEBOW IPynnbl 1 HYyNEBOro psaa. B atou
Tabnuue NpucyTCTBYET HYNEeBOW psf U Hynesow cTonbeL, B KOTOPbIX NPUBOAATCS 3nemMeHTbl X 1 Y -
KaK 3NIEMEHTbI TOHKOW CybCcTaHUmMM, B NPOTMBOBEC dneMeHTam rpyboit MatepuanbHonW cybcTaHumm B
BMAe aTOMOB B ApYruX syenkax Tabnuubl. AneMeHT X, Ha3BaHHbIN, HBIOTOHWIA, NPEACTaBNANCS Kak BCe
obpasyowas CywHOCTb, cnocobHas npeaaBaTb 3JHEPrMO HA PacCTosiHUE, W He CnocobHas K
XMMWUYECKMM B3aUMOLENCTBUSIM, T.€. HE SBMANCSH XUMUYECKUM dneMeHTOM. CyLLecTBYHT pasnnyHble
LOMOMHEHNS HYNeBOro psida Kak OMUCaHMs CYLHOCTW OTBEPrHYTOrO0 MWUPOBOro admpa. [unotesa o
CYLLECTBOBAHUM dneMeHTa Y (Ha3BaHHOMO KOPOHMEM), PaBHO KaK W APYrMX 3NEMEHTOB Ierye
BOAOPOAA, CYMTAETCS MOTepsBLUEN aKTyanbHOCTb Yyxe nocne pabot Pesepdopaa, Mosnm u Bopa
[PoonoHos, 2001]. Tem He MeHee, B BeK CTaHOBMEHUS WH(OPMALMOHHOW MNOCTacM Mupa,
LOMOSHAIOLLEN MaTepuanbHY0 MNOCTack, CTarno O4EBUAHBLIM, YTO TaKMe HOCUTENMW 3MEKTPOMArHUTHbIX
B3aMMOZEWNCTBUIA KaK 3NEKTPOHbLI 1 (POTOHbI He TONMbKO 0becneynBatoT uanYeckne B3aUMOOENCTBIS,
HO W SBRSKOTCA (hyHAAMEHTANbHLIMM YYaCTHUKaMK MHAPOPMALMOHHBIX npoueccoB. ChopMmUpoBaHHbIE
W3 HUX MOTOKW XapaKTEepu3ylTCA He TOMbKO SHepruen, Kak 0606LIEHHON XapaKTepuCTUKON
MaTepuanbHONW CYLLHOCTW, HO U CTPYKTYPOW, KOTOpas OTpaXaeT CTPYKTYPHble CBOWCTBA MaTepuu
[MapkoB, 2014]. YuutbiBas BaXHyl posib 3MEKTPOHOB U POTOHOB B U3MEHEHWSX W MaTepuansHOM 1
WH(OPMALIMOHHOW  peanbHOCTX, OHM  3aClyXMBAKT CMELManbHOr0 PacCMOTPEHUs Ha npegMert
pononHeHus ummn tabnuuysl Mengeneesa [1. W. (Tabnuua 1) kak HOCUTENSIMW B3aMMOAENCTBUIA B BUAE
9NEKTPOMArHUTHbIX, rPaBUTALMOHHBIX U APYTUX NOMEN.

Kaxabld 13 3TanoB WUCTOPUYECKOTO PasBUTUS YeSlOBEKa XapaKTepusyeTcsl CBOMMM 3anpocamu Ha
PELUEHNEe BCE YCNOXHALWMECS 3aday YCNOXKHSIOWMXCS KapTUH MUKPO-, MaKpo - W Meramupa
MeTOA4aMK MaTemMaTukn. AHanu3 MeTodOB MO3HAHWS W 3BOSHOLUMM MaTEMATWKKM NO3BOMWI BbIOENUTD
Takue WCTOpPUYECKME TWMbl MaTEMATWKW: NpeMaTeMaTtiika, CO3AaBaBLUasica Ans NpakTUYeCcKux 3adad
PasNYHbIX LMBUNM3ALMA; rpeyeckas, CO3A4aHHas WCX0As M3 WHTENneKTyanbHbIX noTpebHocTen;
eBponeickass, MO3BOMMBLLAS Ha OCHOBE MaTemaTtudeckux dopmyn cBa3atb  Mexay cobown
TEOPETUYECKYID (DU3NKY C SKCMEPUMEHTArbHOM;, MUPOBas, CO3AaHHas 4SS UCCNEA0BaHUS CrOXHbIX
cuctem [Jleeny, 2009; TypuuH, 2000]. T[losiBneHne KOMMLIOTEPOB W  COBEPLUEHCTBOBAHWE
NH(OPMALIMOHHBIX TEXHOMOTMIA NPUBENO K pa3paboTke OrpOMHOMO 4ucna MaTteMaTU4eckux MeTodoB
Hay4HOro OMMCaHWS COOTBETCTBYHOWMX npeameTHbIx obnacten (Ma0) cerogHAWwHen KapTuHbl Mupa
[3Bepes, 2007]. Bo3HMK HenpoCTOit BOMPOC O CyLHOCTSX MaTematuyeckux obbektoB (MMO) n mx
CBSA35X C 0ObekTaMn peanbHOro Mupa. [Ans oTpaxeHus B3aMMOCBSA3M 00bEKTOB MaTEPUanbHOrO Mupa
W MaTeMaTVKK UCNONb30BaHbI NOHATUS ,HaBM0LaEMbIN MHTENNEKTYanbHbIA 06bEKT”, ,MMEHOBAHHbIE K
- 1 ¢ - yucna’, ,n-hopmbl’, ,PErynsapHoOCTH, NonyyeHHsle Ha ocHose (aktos” [Jlesny, 2009]. Bece xe
CBSA3U C pearnbHbiM MUPOM hopMann3oBaHbl He bbinn, paboTa He 3aBepLuMach NOCTPOEHNEM 3AaHMS
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MVIpOBOl7I MaTeMaTVku, Ja W 3agaya Takas He CTaBunach. M3BecTHoe onpepenexHune OCHOBaHWiA

MaTeMaTUKK Kak ,COBOKYMHOCTW MOHATMM, KoHuenuuin n metogos [BC3, 1977], ¢ NOMOLLBIO KOTOPbIX

CTpOATCA pas3fnyHble MaTemaTuyeckue ANCLUNNUHBDI,

a TaKKe KOMMJIEKC MaTemMaTu4yecCknx u

(PMNOCoCKUX TEOPUA U HANPaBMEHUN, NOCBSALLEHHbIX UCCNEO0BaHMIO STUX OCHOBAHWA, LOMNYyCKaT

OTPOMHOE YMCII0 KOMBUHALMIA.

Tabnuua 1. MNognuHHas, He peaakTuposaHHas Tabnuua [. W. MeHgeneesa ,lepuogmnyeckas cucrema

anemeHToB no rpynnam v psgam” (O. N. Mengenees. OcHoBbl xumun. VIl nsganve, C6., 1906 r.)

Ps- bl H T 0 B
Abl
0 v Vi Vil Vil
0 | HbtoTo-
HWNA
1 [Koponuin
2 | Tenuit Yrnepon ®T1op
He 40 c12,0 F19,0
3 | Heon KpemHuii Xnop
Ne 19,9 Si 28,2 Cl 35,45
4 | AproH TutaH MapraHet| PKeneso KoGanbT Hukens
Ar 38 Ti 48,1 Mn 55,1 [Fe559 Cob59 Nib59
5 lepmaHui Bpom
Ge 725 Br 79,95
6 [KpunToH LinpkoHui Pytennit Poguit Mannaguia
Kr 81,38 Zr 90,6 Ru Rh  Pd106,5
101,7  103,0
7 OrnoBo Won
Sn 119,0 1127
8 [ KceHoH Liepwit
Xe 128 Ce 140,2
9
10 Ocmuit Vipnanit  MnatuHa
Os 191 Ir193 Pt 1948
K
12 Topiiit
Th 2325
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OTO YMCIIO MHOXWUTCA BapuaHTaMu CMbICIIOB, BXOASLUMX B onpefeneHune TepmuHoB. Onpegenexus
BMOOB MaTeMaTuKM OKa3blBAKOTCA HECTPOTMMM; BO3HWKAKT OrPOMHOE KONMMYECTBO passerios
MaTeMaTKM UM BOMPOC: CYLECTBYeT O@HA WM  HEecKonbko Matematwk? [epmaH Bennb
NECCUMUCTUYECKM OLEHWUT BO3MOXHOCTb AaTb OOLIENPUHATOE onpefeneHve npeameTa MaTemaTuki
[Bypbaku, 1950]. C nosiBneHMeM HOBbIX CPeACTB opManu3aum W UHTEpnpeTauun, HOBbIX
WHAOPMALMOHHBIX W MaTEMATUYECKUX TEXHOMOMMIA BO3HUKAET CTECTBEHHAs NOTPEBHOCTL U3MEHUTD
OCHOBaHWA MaTeMaTWKu, BBECTM pasHble 0asncbl B 3aBMCUMOCTM OT LENeln 1 BO3MOXHOCTEN
peanusauuy abcTpakumn u 0606LieHni, 0BBEKTUPOBAHHOTO YNPAaBIEHNS UM B PasHbIX SA3bIKOBbIX
cpepax v napagurmax [3sepes, 2004]. Mpu aToM fOmMKEH ObITh YUTEH (hAKT YCNOXKHEHUS KaK CaMnX
MaO, Tak u MeTo4oB NPEACTABNEHNS 3HAHMI B cucTemMax 06paboTku 3HaHuiA. B npeanaraemoin pabote
BBEAEHO abCTpaKkTHOE MOHATUE MHOPMaLUMOHHBLIN 06BbekT (MO) B cmbicne [MepxauHckuia, 2013] un
npoBoauTcs aHanu3 ceasen um anHamukn MO, MO n MmO. Tak kak Xapaktep B3auMOAENCTBUMM
CYLLECTBEHHO 3aBMCMT OT Mmaclutaba 06bekToB (U - MUKpoMMp, m- Makpomup, M- meramump), TO
pacCMOTPeHWe 34eCb OrpaHNYEHo NpoLeccamm, NPOUCXOAALLMMM B MaKpOMUPE.

1. MaTepuanbHble 00beKTbl M huanyeckne NPUHLMNBLI (hOPMUPOBAHUA OTPaXKEHUN

CeoucTBa MaTepuanbHbIX 06HEKTOB

MsbicnienHbili  0bpa3  makpomupa. OpraHbl YyBCTB  4YenoBeka, AOMNOSHEHHbIE  Pa3NUYHBIMM
WHCTPYMEHTaMW MO3HaHUSI, NO3BOMAKT €r0 CO3HAHMIO NPEACTaBUTb PearbHbIi MUP Kak COBOKYMHOCTY
B3aVMOZJENCTBYIOLMX B NPOCTPAHCTBE U BpeMeHn 06bekToB. CTaTuka M AyHamuka TUX 0ObEKTOB —
BaXHeiwwne kateropun ObiTns. CTaTnyeckuii OBBEKT XapakTepU3yeTCsl CBOWCTBOM, CYLIHOCTbHO W
coctosHneM [AHgoH, 1999]. [JuHamuyeckue OBBEKTbI XapaKTEpU3YKTCA TakKAMW MOHATUAMU Kak

AENCTBe, NpoLecc 1 senexune. BaxHelwue csoticmea oanHO4HbIX MO:

e (Csolicmeo 2eHepayuu — CNocoBHOCTb CO3AaBaTb MOMA W BONMHbLI Pa3NNYHOIA MPUPObI
(3NeKTpu4yeckne, MarHuTHble, aKycTMYeckue 1 [p. Mons) WNWM reHepupoBaTb MOTOKM
MaTepmanbHbIX YacTuL;

e (solicmeo paccesiHusi — CnoCOBHOCTb 0OBEKTOB paccenBaTh BOMHbI M MaTepUanbHbIE NOTOKM,
B YACTHOCTW, NPENOMNSATb U OTpaxaTb UX;

e (Ceolicmeo npesiomeHusi — CoCOOHOCTb M3MEHSITL HaMpaBNeHNEe ABUKEHNS BOSH UMW NOTOKa
yacTuu;

e (Cgolicmeo ompaxeHus — CMoCcOOHOCTb OTpaxaTb BOMHbI W MaTepuanbHble NOTOKM, B
pesynbTaTe Yero M3MEHSIETCA HanpaBlieHe UX PacnpoCTPaHEHMS;
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e (Ceolicmeo noenoweHus — CnocobHOCTb OOBEKTOB YaCTUYHO WM MOMHOCTLIO MOrMoLwaTh
BOMHbI ¥ MaTepuanbHble NOTOKM. Hanpumep, Npu NOTMOLEHUM SMEKTPOMArHUTHBIX BOMH WX
SHeprus npespawaetcs nnMbo B TEnnoByl dHEpPrMo, NMBO B SHEPTMO  HOCUTENeMn
ANEKTPUYECKNX 3apsLoB; NPK 3TOM TaKKe MOrYT pa3BMBaTbCS CHOXHbIE MPOLECCH aTOMHOMO
nmbo XMMUYECKOTO B3aUMOAENCTBUS, n3meHsitoLme cTpyktypy MO, Hanpumep, 3acBeunBaHue
YyBCTBMTENbBHOM K 0BNYYEHMIO NNEHKMN (MBMEHEHUS COCTOSAHUS 0ObEKTA).

B MakpomMupe BO3MOXHbI cneayowme npaktnyeckme cnocobbl BbIAENEHNS U NO3HaHUS cyTn (CTpoeHVIFI
" CBOI;ICTB) OTAENbHbIX MaTepuarbHbIX 00bekToB CEeHCOpaMUn MHCTPYMEHTAlbHbIX CUCTEM:

A) HenocpedcmeeHHbim 8030elicmauem HEKOTOPbIX Ten (TBepablX, XUAKMX Unu ra3o00pasHbix) Ha
nccnepyembin obpasel nyTeM KX COMPUKOCHOBEHMS WM CTONKHOBEHWS C Apyrumu obbektamu,

HabnioaeHnem pe3ynbTaToB N U3y4EHNEM 38K0HOMepHOCTel7l B3aMMOLENCTBMS.

Puc. 1. UccnegosaHne 06bekToB nyTem ux GombapanpoBsku.

b) AHanusom nomokos yacmuuy, co3naBaeMblx uccnegyemMbiM 0B6beKTOM, 1 B3aUMOAencTeIs obbekTa
C MoTokamW yacTuy. Hanpumep, W3MepeHWe KOnMW4ecTBa MOCTYNWBLUENA XMOKOCTU, U3MEpeHue C
MOMOLLbIO 13BMpaTenbHbIX CEHCOPOB HamMyMs M KONMWYECTBEHHOTO COCTaBa HEKOTOpbIX 06pasuoB

ra3os.

Puc. 2. AHanu3 noToka YacTuL, 1cnyckaembiX 06bEKTOM
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Mpu BO3OENCTBAM BO3MOXHbI, MOAWM(UMKALMS BellecTBa B HAHOCMONX, W3MEPEHWe KonM4yecTBa

BTOPWYHbIX YaCTWL, X CNEKTpa, 3HEPrui, Macc 1 NPOCTPaHCTBEHHbIX PacrpeaeneHui.

B) AHanusom nonel, cosgaBaeMbix uccrnegyeMbiM 0BbekToM B CBOBOAHOM MPOCTPaHCTBe, W
B3aUMOJEeNCTBIS Uccneayemoro 06bekTa ¢ nonsamu, co3naBaeMbiMu ApyriuMm o6 bekTamu.

&

Puc. 3. AHanu3 nonen Bokpyr obbekTa

Hwxe BMECTO TepMWHa ,MEpPEeHOCHMK BO3AEUCTBMS” B CMbICME, MOKa3aHHOM Ha puc. 1, 2 n 3,
npeanaraeTcs MCnonb3oBaTb TEPMUH: KOMMYHUKam - BELLECTBEHHbINA, SHEPreTUYeckuii nn nonesou
MOTOKW, CMOCOBHbIE OCYLIECTBNATL BO3LENCTBUE HA peyunueHma SneMeHTamu CTPYKTYpbl MOTOKa
[MepxBuHckui, 2012].

Onpegenexve 1. KomMyHukam - 310 noToK NOGOM MpUpPOLbl (SHEPreTUYecknii, MatepuanbHbli,
WH(OPMALIMOHHBIN), MPOUCXOXAEHUS (MONE3HbIM, NapasuTHbIM) WK Ha3HaveHWs (TeCTUPYHOLLWA,
TEXHOMOTMYECKNiA), CyTb KOTOPOrO ONPeaensieTcs CnocoOGHOCTAMM MEPEHOCUTb  OTPaKEHWUS U
g03delicmeosamb Ha OOBEKT.

®opmuposaHue ompaxeHull 8 Hexusebix 06bekmax. MaTepuanbHbIn 0OGBEKT MOXKET paccMaTpuBaThCs
B MnocTacu n3n4eckoro HoCUTeNs ompaxeHus (curocodckas kateropus), kak pesynoTara npotecca
"oToBpaxeHns", 03HaYaloLEro B 3TOM Cnyvyae BOCNPOW3BEAEHUE MPU3HAKOB, CBOWCTB W OTHOLLEHMIA
HEKOTOPON MaTepuansHOM HEeOAHOPOAHOCTH (0BbekTa-npomomuna) B COBOKYMHOCTb 3/1EMEHTOB
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ApYroi MatepuarnbHON HeoOHOPOAHOCTU (obbekTa-ompaxeHus). Mpumepsl duranyeckoro npouecca
"oTpaxeHns" B npupoge - OpMMpOBAHME TEHM [epeBa, BOCMPOW3BEOEHME U300paxeHs
OCBeLLEeHHOro obbekTa Ha 6enoit MOBEPXHOCTY HENPO3paYHOM MEPEropoakoi C Y3KUM OTBEPCTUEM

(puc.4).

ObnacTb 0bpa3sa -
n300paxeHus

Puc. 4. Smucens kKoMMmyHKKaTa u hopmmpoBaHue n3obpaxeHns obbekta OTBEPCTUEM B HENPO3PAYHOK

neperopogxe

Mpu paccTosHWM OT CBEYN [0 NEePeropoakit MHOro GOMbLIEro AMaMeTpa OTBEPCTUS YUCHO MUKCENen
CChOPMUPOBAHHOTO M30BpaXeHNs OnpeaenseTcs OTHOLIEHNEM Pa3MepoB CTOPOH JKpaHa K AuameTpy
0TBepCTUA. APKOCTb MUKCENA ONpeaensaeTcs APKOCTbI0 COOTBETCTBYIOLLEr0 3reMeHTa 0TobpaxaemMoro
06bEeKTa U MOXET paccMaTpuBaThCs Kak MHAYLMPOBaHHOE COCTOSHUE NMUKCENs B OTNWYME OT Cryyas,

KOrAia ero COCTOsIHUE YaepKMBaEeTCs NOce NpeKpaLleHns BO3AEACTBMS.

B MCKyCCTBEHHbIX YCTPOMCTBAX B OTBEPCTUM NEPEropoaku yCTaHaBnMBaeTcs NuH3a (06bekTus). Torga
B KaXOYH0 TOYKY 1300paxeHus nonaaatoT nyuu pacnornoXeHHble He TOMbKO Ha MPAMOW, COEAUHSOLLNNA
paccMaTpuBaeMble 3neMeHTbl MPOTOTUNA W U300paXeHUs, HO M BCE Nyyu, nonagarline Ha NUH3Y
(puc. 5).
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Obnactb 0bpas
N300paxeHns

Puc .5. Gmucens kommyHukaTa n hopmmnpoBaHmne n3obpaxeHns obbekta 06bEKTMBOM

Bnaropaps aToMy CyLleCTBEHHO yBENMYMBaAETCS SAPKOCTb M300paxeHus. B criyyae npoekTMpoBaHus
n306paxeHns Ha MaTpuLy (hOTO3NEMEHTOB, pasnnyaemble HEOAHOPOLHOCTU OTpaxaeMoro obbekTa
(BenMYMHA dneMeHTa HEOLHOPOAHOCTY W CMEKTP U3MNYYEHNs) ONPEAENsIoTCS NIMHENHbIMU pa3mepamu
W CNEeKTParnbHON YyBCTBUTENBHOCTLIO POTOINEMEHTA. [1pn 3TOM APKOCTb NEMEHTA, Kak HenpepbiBHas
BENWNYMHA, C MOMOLLI0 aHanoro-LudpoBoro npeobpasosatens 0bbI4HO NpeobpasyeTcs K ANCKPETHON
opme, bonee ynobHoOW Ans onepauuii CoBpeMeHHbIX TexHomorun 0bpaboTkn NO.

AHanornyHble MpoLecchl MPOMCXOAAT Npu  (POPMUPOBAHWMM  WM30OpaXeHNst B CKaHWPYHOLLEM
9neKkTpoHHOM Mukpockone [[depkay, 1974]. Tonbko B 3TOM cryyae nepemeLLaeTcs 3NeKTPOHHbIA NOTOK
B MpOLECCe CKaHMPOBaHWS, a AETEKTOP OTPaXEHHbIX 3MEKTPOHOB HenoasuxeH. B obuwem cnyvae
ompaxeHue Bygem paccMaTpyBaTh Kak BOCMPOU3BEAEHNE B MHOM (DOPME M3MEHEHMI (0COBEHHOCTEN)
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OLHOM CUCTEMbI B U3MEHEHMSX (0COBEHHOCTAX) APYron. 3 U3NOXeHHOro creayloT ABa NpakTUYEecKnX

cnocoba 13yyeHus ceolicme obbekTa:

e [laccugHbili cnocob, Mpu KOTOPOM MCCReAyrTcs COBCTBEHHblE MONMSt WM MOTOKM YacTul,
n3nyyaemble 06beKTaMm;

o AKkmueHbIli cnocob, Npu KOTOPOM WCCRegylTCs pesynbTaTbl B3auMOZEnCTBMs obbekta C
nonsiMM, NOTOKaMM  YacTuy obnyvalowmx OBBEKT U, HAKOHEL, HenoCpeaCTBEHHbIM
BO3Je/CTBMEM [PYroro Tena.

MOXHO NpUBECTU NPUMEPBI UCNONb30BAHNS KOMMYHUKamoe Takke Ang hopM1poBaHus 130bpaxeHuii
nyTeM U3MEHEHMUS XapaKTEPUCTUK NOBEPXHOCTU MaTepuanbHbix 0OBEKTOB; HAaNpPUMEP pacTBOPUMOCTH
YyBCTBUTENbHOTO CrIOS MPW 3NEKTPOHHOM NNOO WMOHHOM NuTOrpacuit, W3MEHEHUS OTpaXKatoLLnx
CBOWCTB Oymary npu BO3OENCTBUM HA Hee CTPyM YepHun npuHtepa. Popmupyemoe W3 (POTOHHOMO
noToka M300paxeHne Ha ceTyaTke rnasa yenoBeka MOXeT Grarogaps COOTBETCTBYHLMM (DU3NKO-
XMMUYECKUM  MeXaHu3MaM (DUKCMpOBaTbCA B NaMmsaTu yenoseka. OmpaxeHue Takke MOXET
accounmMpoBaTbCs C HEKOTOPbIM CMbICTIOM 00bekma Wnu OMPaxeHusi W MNOAMEHSTLCH UMEHEM,
KOTOPOE MCNONb3yeTcs NpU NPUHATUM PELLEHUIA U MbiwneHnn. MNpouecchl hopMUpoBaHNSs, CO3aaHms,
cbopa, 06paboTku, HAKOMNEHUSI, XPAHEHMS, MOUCKA, PACNPOCTPAHEHNS N UCTIONBb30BAHNS OMpPaXeHul
HWxe ByayT paccmaTpuBaTbCs Kak UHEHOPMaUUOHHbIE NPOUECCh, KOTOPbIE MOFYT CyLeCTBOBaThL U B
KMBOM U1 HEXMBOM MUPE M HE3ABMCMMO OT Hannymus Nonb3oBaTenei.

YuuTbiBas BaXHEMLLYI0 PONb (POTOHOB M 3NEKTPOHOB B 3TUX Mpoueccax, Kak COCTaBMSHOLLMX
npoLeccoB (PopMMPOBaHMS MHGOPMALMOHHBIX OOBEKTOB U UX B3aUMOAEWCTBUA C MaTepuanbHbIM
MWUPOM NPEACTaBNSAETCA YMECTHbIM UX MOMELLEeHne B HyneBoM psaay Tabnuubl .M. Mengeneesa.
EcTecTBeHHO He B Ka4yecTBe aTOMOB BELLECTBA, a B KA4YECTBE 3MIEMEHTOB MHOW (PyHOAMEHTaNbHOM
MaTepuanbHON CYLHOCTU KOMMYHUKamo8 — NepeHOCYUKOB B3aMMOLENCTBUM B paMKax Makpomupa,
0CTaBasACb NpW 3TOM 3NEMEHTaMK CTaHAAPTHOW MOAENM dNEMEHTapHbIX YacTul, HO yxe B pamkax

MUKpOMUpA.

9manbi obpawieHus uHgopmayuu. Ha puc. 6 npuBegeHa CXema TeXHUYECKMX CpPefcCTs,
06ecneynBaroLLnX HEKOTOPbIA HECTNOXHBIA KM3HEHHbIA LMK OTpaxeHWs BblbpaHHOTO 06bekTa-

npomomuna.
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Puc. 6. K xu3HeHHOMY LKy OTpaxeHus

OCHOBHble CTafUM XW3HEHHOTO LMKNA OTpaxeHus (puc. 6), KOTopble MOryT OTHOCUTBCH K
obbekTuHoMy (cTagum 1-7) nubo nparmatuyeckomy (nonb3oBaTenbckomy, ctaguu 8-10) atanam,
COCTOAT B CNEAYIOLIEM:

Omuccusi  BblbpaHHbIM  0BbekToM-npomomunom 1 KOMMyHukama B CBOBOAHOE (puanyeckoe
MPOCTPaHCTBO, (hopMuposaHue BOKpYr obbekTa-npomomuna 06nactm WHAOPMALMOHHOTO Nons B

COOTBETCTBMM (DYHKLMeN Nnpeobpa3oBaHns Qo 1 @1 Ans obpasa-usobpaxeHusi 0GbEKTUBOM 2.

Peuenyus  (BocnpusiTue)  HEKOTOPbIX  (DU3NYECKMX  NapaMeTpoB  MHPOPMALMOHHOMO  Nons
(MHTEHCMBHOCTb, CMEKTP, BEKTOP pacnpoCcTpaHeHms...) obnactu nsobpaxeHus n npeobpasoBanue ¢z K
copme, yaobHon ans aanbHenwen obpaboTtkn; Hanpumep, npeobpasoBaHne ceHcopamu 3 U3nyveHus
A B 3NEKTPUYECKUMN TOK | .

[Tepedaya 0bpa3a Ha paccTOSHUE CUCTEMOWN CBSA3M, COCTOSILLEN W3 nepeaaTtymnka 4; NuHWK CBA3N 5 1
npuemMHuka 6. OBbIYHO OCYLLECTBASETCS KOAMPOBaHWE CUrHAroB (NpuBeaeHue K opmaty yaobHOMY

Ana nNMHnun CBFlSVI), janee nx 3anoMnHaHne n pa3MmHOXeHue.

B pesynbTtate npeobpa3oBaHuii Qo ... Qs OTPAXKEHUI BbIBpaHHOTO 06bEKTa-NPOTOTUNA B (hOPMUPYEMOE
oTpaxeHne X MOryT OblITb BHECEHbI NMOMEXM.
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ObpaboTka oTpaxeHus X BKIHOYAET YCTPaHEHUE U3BbITOYHOCTH, YAANeHWe LYMOB 1 BTOPOCTENEHHbIX
petanen, "pacnosHaBaHue" oToBpaxeHWs (OTHECEHWe OTpaXeHus K Kakomy-Hubydb —Knaccy),
norunyeckyro 06paboTky 1 npouecchl "naeHTUdMKaLmn" BoIopaHHOro o0bbekTa, AobaBneHne JaHHbIX 1
opmupoBaHne 06paboTumkom 7 Bonee CROXHbIX WHAOPMALMOHHBIX CTPYKTYp Y, KoTOpble
BOCMPUHUMAIOTCA peluaTenem 9 ans NpuHATUS PeLUEHNA.

Ha nparmatuyeckom 3aTane OCYWECTBNSAETCA UHmMepnpemayus ompaxeHus Y C  LUenblo
opmupoBaHus oTobpaxeHus I, KOTOpoe BOCMpUHUMAETCA pewwartenem 9 (MM MoxeT ObiTb Kak
4enoBek, Tak U MawwuHa). [pn 3TOM CylecTBEHHYHD ponb okasbiBaeT mogens Ma0 8, umetowascs y
cybwvekta 9. Bug yHkumm npeobpasosaHus uHtepnpetatopa 10 y onpeaensieTcs, B YacTHOCTM,

Takumm pakropamu [Kynukosckuin, 19971

1) [oroBOpeHHOCTb MeXay pa3paboTuMKOM CUCTEMbI W MONb3oBaTeneM O XapakTepuctukax I,
Hanpumep, BbIOOP eanHNL M3MepeHUn CBOCTB 0BbekTa-npoTotuna 1 1 atanoHa 11;

2) OcoBeHHOCTH CUTYaLMM KOHKPETHOrO NONb30BaTENs U UMEILLENCS MOAENM LienecoobpasHblx
opMarnbHbIX b0 HehopManbHbIX AeNCTBUN CybbekTa 9 (YenoBeka Ui MHEOPMaLMOHHO-
BbIYUCIUTENBHON MALLWHBI).

B obwem cnyyae uHmepnpemauyusi ompaxeHus I’ = w(Y) o3HayaeT npoueaypy npeobpasoBaHus
oTpaxeHus Y B YTBEPKOEHWS O HEKOTOPbIX W3MEPEHHbIX CBOWCTBaX 0ObekTa-npomomuna
(3HayeHmsX), OMO3HaHHbIX hakTax UMM NOHATUAX, B (DOPMMPOBaHWe Mogenu obbekta (CMbicna) unu

cpenbl (KOHTEKCTa).

Peanusayusi WHGopMauuy MOXET COCTOATb B CMELMUYECKOM  U3MEHEHUM  aKmyamopom
(peanusaTtopom 12) Opyroro martepuanbHoro o6bekTa CormacHO COofepXaHuo oTpaxeHus. Ecnm B
TpakTe nepedayn UMEETCS NUHWUS CBSA3W, TO OTpaxeHus obbekTa-npomomuna 0BbIMHO UMEHYHTCS
coobwennamn [Kynukockuin, 1997]. Otpaxenuns, cdopmmpyemble B VIC Ha pasnuuHbIX CTagusx
XM3HEHHOTO  UMKna, YyaobHee onpedensTtb  KOHKPETHbIMU  MOHATUSMM,  XapakTepu3yHLMMM
OHTONMOMMYECKUN CTaTyC ompaxeHus obbekTa-npomomuna. Hanpumep, MHMDOPMALUMOHHOE mofe,
obnactb 00pasa-usobpaxeHus B WHGOPMALMOHHOM MOfe, UCXOAHble [AaHHble, 0bpaboTaHHble
[aHHblE, peanu3oBaHHble AaHHble M Op. B cnyyasx OTCYTCTBMS NWMHMM CBA3M UMM (hOPMUPOBAHMA
HEKOTOPbIM CYOBEKTOM CO0bWEHUS 38yKa WKW MeKCma, He3aBMCUMO OT (hOpMbl MpeACTaBnEHUS
Byoem nonb3oBaTbCs 000OLIEHHBIM MOHATUEM: UHGpOpMaUUoHHbIL 06bekm (O) [MepxsuHCKuiA,
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2013]. WO - abcTpakTHas CyLHOCTb, OTBREYEHHAs OT KOHKPETHbIX CTafguil XW3HEHHOTO LMKNa
OTPaXeHus.

Onpepenenve 2. MHghopmayuoHHbIU 06eKM - 3TO COBOKYMHOCTb COCTOSHWIA 9NEMEHTOB HOCUTENS
obbekta - ompaxeHusi, OTODpaxaloWwero COCTOSHWE MaTepuarnbHoro obbekta-npomomuna wnm
apyroro M0 (8 MM unun BHeLwHeM HocuTene).

OnpepeneHne 3. O6bekmueHass UHghopMayusi — OTpaxeHne OOBLEKTOB-NPOMOmMUNO8 B BUAE
HEKOTOPON MaTepuarbHON HEOAHOPOAHOCTH 3NIEMEHTOB 06bekTa-ompaxeHus [MepxauHckuia, 2012].

[PUMEHUTENBHO K puC. 6 B cryyae MopgHoro oTpaxerus, koraa MOM n OO akeuBaneHTHbI, TEPMUH
UHGhopMay s, HE3aBUCUMO OT CTaZWMW XU3HEHHOTO LMK, POpManbHO NPeAcTaBnseT OfHy U Ty Xe
CYLLHOCTb 1 NpUrogeH k ntobon opme oTpaxeHus. Mpu yaoBneTBOPUTENBHON PaboTe TEXHNYECKUX
cpeacts 1 - 8 oTpaxeHue I' B onpeaeneHHOM KOHTEKCTE COOTBETCTBYET XapaKTepucTukam obbekTa-
npoToTuna nnbo ero peanbHbiM cBoncTBaM |. VIO, co3naHHble YeNOBEKOM, TakKe WHTEPNPETUPYIOTCS
M, cuctemamn U nnu Yenosekom B COOTBETCTBUN C UMetoLencs y Hiux mogensio MgO. B obuem
cnyyae uMMn MoryT ObiTb He TOMbKO 3HAYeHWe CBOMCTBA 0OBLEKTA, OnpeaensieMoe HeKOTOPOW
(PM3NYECKON BENMYMHON, HO 1 OMO3HAHHBIN (haKT, MOHATIE, HEKOTOPbIN KOHTEKCT NpeaMETHOI 0bnacTtu
(MaO) [Manaruh, 2012]. B Takon TpakToBKe, HE3aBUCUMO OT popMbl NpeacTasnenus VIO, MoxeT bbiTb
AaHo onpegeneHne CyobLeKTUBHON MHOpMaLK:

Onpepenexve 4. CybbekmueHas uHghopMayusi - 9TO CMbICNIOBOE CoAepxaHne OOBLEKTUBHON
WHGopMaLmMK Kak pe3ynbtaTt uHTepnpetauyu MO (COBOKYMHOCTM COCTOSIHMI 06beKTa-0TOOPaXeHus) B
COOTBETCTBMM C HEKOTOPbLIM MPaBWIOM €ro uHTepnpetauuu. Mpu 3TOM B pesynbTate UHTEPNpeTaLum
MOXET: a) hopmmupoBaTbCs 06pa3 obbekTa-NpoToTUNa (3HaYeHe); 6) ono3HaBaTLCA HEKOTOPbLIN (PaKT;
B) (hopMUPOBATLCS HEKOTOpas MoAenb 0bbekTa (CMbICn) Unn cpefbl (KOHTEKCT). B obLiem cnyyae:

Onpegenenve 5. MHopMayusa - 3TO OTpaXEHUE MaTepuanbHbiXx O0OBEKTOB-NPOMOMUN08 Wnu
pe3ynbTaToB AEATENbHOCTY YeNOBeKa B BUAE COBOKYMHOCTW COCTOSHMIA IM nnn Hocutens.

bonee kopotko MO — 3T0 oTpaxeHwe peanbHoro mupa. WHgopmauus — 3T0 WHTepnpeTauus B
HeKOTOpoM KoHTekcTe cogepxaHus MO. Otnnymne noHatii 2 1 5 B Tom, Yto cyTb VIO xapaktepusyetcs
€ro COOCTBEHHOM CTPYKTYPOW COCTOSHMIA, a MHpOpMaUms Xapaktepuayet apyron obbekt. U3
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W3MOXEHHOTO CriedyeT MHBAPUaHTHOCTb MPUBEAEHHOrO OnpeaeneHus W ans CyObekTMBHOMO U Ans
00bEKTMBHOIO NoAXoAaMm.

2. 9neMeHTapHbIe MaTepuanbHbie HOCUTENN OTPaXeHUN U MHOPMALMOHHDbIE 00LEKTbI

Cmamuyeckue u OuHamu4veckue ukcenu. MaTepuanbHble HEOAHOPOAHOCTW W CTPYKTYPbI
KOHKPETHOro obbekTa-ompaxeHuss B MM Ha HuxHeM ypoBHE 0BbIMHO MpeacTaBneHbl OAHOMEPHBLIMU
ANeMeHTaMU: NUKCENsMU, 8OKCeNamu, nepuodudeckumu KonebaHuamu Hocumens. B Bonee crnoxHbIx
CNy4yasx CyWHOCTW NpeAcTaBneHbl TakMMKU KOMMOHeHTaMu hardware, kak peructp wnu matpuua
9MEMEHTOB MaMsATK, COCTOSIHMSA KOTOPbIX, 3aMETUM, HE 0BHAPYXMBAKOTCA OpraHami YyBCTB YESIOBeKa.
B nutepatype, K coxaneHuto, OTCYTCTBYeT 000OWAOWMA TEPMUH, UMEHYIOLMIA 371eMEeHMapHbIL
MamepuarbHbii Hocumesnb ompaxeHul (AMHO), HesaBMCMMO OT TOrO, YTO SBMSETCS HOCUTENEM
OMPaxeHusl, OfQHO- UM MHOTO3HAYHbLIN ANEMEHT NamsTh, HEKOTOPLIN annapaTHbIi NpeobpasoBaTenb
W KommyHukam. 10 aHanormm ¢ TepMUHaAMW nuKkcefb (HauMEHbLUWA MaTepuasnbHbIA SNEMEHT
BM3yanusaumn) W ceHcesb (0T Sensor element - WyBCTBUTENbHbIN ONEMEHT) A1 UMEHOBAHUS
KOHCTPYKTMBHOTO ~ 3riEMEHTa  OTODpaxatolx HEeOAHOPOAHOCTE BMECTO HeygobHoro IMHO
npegnaraetca obobwamwmin - TepMuH  ukcenlb  (ixel — Npou3BOAHbIA  OT  icon-element)
[MepxsuHckui, 2013]. B 3aBMCUMOCTM OT B1Aa HOCUTENS UKCET MOXET BbITb peanu3oBaH (puc. 7) kak:

— Annapamubili anemeHT hardware, pearvpywlmii Ha Bo3aencTsue (H-ukcen); Hanpumep,
9NEeMEHT NamsTh, UHBEPTOP, SMUTTEPHbLIN MOBTOPUTENb, TPUITEP, SNEMEHT AMMHHON NUHUK.
KoHCTpykumm H-ukceneli MOryT BKMKOYaTb BCMOMOraTerlbHble 3NEMEHTbI: 3alUUTHbIE Crowu,
NOBbILLEHNS HAAEXHOCTM W Ip.

— [uHamuyeckuli aneMeHT nepeHocYmMka CurHanos, pabotatowien dyHKUmoHansHon Lenn VM
(D-ukcerns).

CTpykTypa auHammudeckoro ukcens (D-ukcers) onpenensietcs CTPYKTYpou KOMMyHUKama (Hanpumep,
(POTOHHOrO MOTOKA) M Cpeabl Nepeaayn (Hanpumep, OAHO- UM MHOTOMOZAOBOTO ONTOBOMOKHA).

HuHamudeckue ukcenu - umnynbCbl N6O Bonee cnoxHole CTPYKTYpHblE 06pa30BaHNs KOMMYyHUKama
0ns nepegayv ompaxeHud.

Onpegenexve 6. AnnapamHble ukcenu (H-ukcenu) — npocTedwue YHKUMOHAMbHbIE 3MEMEHTbI
hardware M unun cpegbl, CNocoBHbIE M3MEHSTb CBOE TEKyLiee COCTOSHWE NOL BMWSIHUEM BXOAHbIX
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MaTepuanbHbIX BO3LENCTBUN -

BXOAHbIX KOMMYHUKamoe

COOTBETCTBEHHO €ro TeKyLLeMY COCTOAHNIO.

- W 3MUTMPOBATb KOMMYHUKambl

Onpegenexve 7. fJuramuydeckue ukcenu (D-ukcenu) — anemeHTbl KoMMyHukama uenu VM, cTpyktypa

KOTOpPbIX onpedendaeT BO3MeNCTBUe H-UKCens-UcmoYyHuKa Ha H-UKCGﬂb-Ompa)KeHUG 1 ero u3MeHeHue.

V|HCbJ'II-08HT:
\
KommyHuKaT 1 Veera |2 KoMMyHMKaT 2
—>» (OnemeHt |—
a) hardware)
NHpnoaHT
v v
BxogHoui (SRR EEIXOAHON
MNOTOK !  WkcenbD i MOTOK
---------- - (KommyHukam) i-4-----»

N

_

Puc. 7. KoHuenTyarnbHble KOMNOHEHTbI annapaTHOro 1 AUHAaMUYECKOrO MKCENs

Ecnu ukcenu ¢ NOMOLLIbO KOMMYHUKama B3aVIMO,£I,el7ICTBy}OT C BHELWHUM MaTepuarbHbiM MUPOM, TO 3TO

akmyamopbl NMbO CeHCopbI; ecnn B3auMoZeNCTBYOT B npeaenax WM, 1o ato @-npeobpasosatenu

(annapatHble gopmepnb!  [Tnywkos, 1987]), peructpbl K

ap. LenecoobpasHoctb BBeaeHus

WHBAPWAHTHOIO MOHATUA annapaTHbM H-ukcenb B TOM, 4TO OHO MO3BOMSIET WUCMONMbL30BATL €0 AN

onucaHnst nepegayn MHopmaLun B KNGEPHETUYECKIX CUCTEMAX, KOTOPbIE BKIKOYAKT He Tonbko UM,

HO 1 KOMMOHEHTbI HE XUBbIX MatepuanbHbIX CTPYKTYP U XNBbIX OPraHu3MOB. Kpome TOro, B OT/iM4KE OT

NOHATUSA ,HOCUTEND", H-UKCENb MOXET paccMaTpMBaTbCs He TOMbKO Kak anemeHT VIM unu cpeael, HO 1
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KaK anemeHT o0bekTa-npomomuna . Mpn 3TOM reoMeTpuYeckie pasmepsbl 1 Apyrue CBOUCTBA UKCESS,

KaKk MaTepuanbHoro anemeHTa obbekTa-npomomuna, W IMUTUPYEMOrO UM  KOMMYHUKama,
€CTECTBEHHO, OTNIMYAKTCS OT aHanornyHbIX XapaKTEPUCTUK uKcensi obbekTa-ompaxeHus. Vikcenm
MOTYT paccMaTpuBaThCsl Kak 3nemMeHTHasi 6asa HU3LIEro YPOBHS, HA OCHOBE KOTOPOW MOryT ObliTb
MOCTPOEHbI MHEOPMALMOHHBIE YCTPOINCTBA, MEXaHWU3MbI 1 MALLINHbI.

3. TGOpETMKO-MHO)KeCTBeHHbIe 0T06pa)|(e|-m;| cTaTtuku oobekTos MNa0 JNIeMeHTapHbIMU

oToOpaxarowWwmummu oobLeKTamm (MKCensamm)

YCTaHOBMEHO, YTO B BUAMMON BCENEHHOW BCErAa UMEET MECTO BO3AEMCTBME HA OOBEKTbI HEKOTOPbIX
W3NyYeHun, N Kaxabli 0ObEKT MaTepuanbHOrO MMpa MOXET UMETb CBOE WH(OPMALMOHHOE Mosie W
OOHO UMW HECKONbKO OTPAaXEHMM, COCTaBNSIOWMX MHGOPMALMOHHBIA MUp. TakuMm 06pa3om, MOXHO
cunTaTh MCTUHHBIM YTBEPXAEHWE, YTO MMP OOBEKTUBHO CyLLECTBYET B BUAE ABYX COCTaBMSIOLMX:
MaTepuanbHOr0 Mupa UM COOTBETCTBYIOLLErO emy Mupa OTPaXeHWd Unu WHGOPMALMOHHOTO Mupa
(Puc. 8).

NHpOopMayuoHHbIU Mup

(b, m, M)

MaTepuanbHbIi MUP
(M, m, M)

Puc. 8. MatepuanbHas n nHopmaumoHHas cybcTaHumm BbiTs (MaTepuanbHoro Mupa n Mupa
OTPaXeHWit)

Mpouecc nepguyHo20 otpaxeHus Y=A(X) onpeaeneHHbiX CBONCTB 06beKkTa-npoToTMna (CPM3NYECKNX
BEMUYMH NAOTHOCTMW, YNPYrocTW, OTpaxatolen crnocobHOCTW, CKOPOCTH, ..., OBBEKTOB Makpomupa)
COCTOMT B POPMMPOBAHNN COCTOSIHUI UKCenel 1 XapakTepU3yeTCs 3HaYEHNSMU BENUYNH B HEKOTOPOA
obnactu (nepeuyHbIMK  yTBEPXKAEHMAMM). COCTOSIHUSI KOHKPETHOTO 0OBLEKTA-OMpaxeHuss MoryT
(hOpMMPOBATLCS, HanpuUMep, B BUAE SPKOCTM OOHOMEPHBIX MUKCenen Ha nucte nucyein bymarn. Mpu
Bonee CNOXHbIX BUAAX OTPAXEHWA MOryT (POPMMPOBATLCA COCTOSIHWS HYNb-, OOHO-, ABYX-, TPEX- UM
MHOTOMEpHbIX  UKCesiell  TEXHUYECKUX CPefcTB MHOPMATUKM U CPaBHMBATLCA C  3TarioHamu

oTOOpaXaeMbIX BENYMH.
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Co3faHne KOMMbIOTEPOB, pa3BUTUE ,MUPOBOW’ HAyKM U ,MUPOBON’ MaTeEMaTUKM MO3BOSMIIN
MOZenupoBaTb MHOTME COCTaBNSIOWME CTATUKA U OUHAMUKN ObITUS, MPOrHO3MPOBATL €r0 pasBuTHE.
MaTepuanbHbIn MUp, €ro PU3NYECKIE, BCE YCIOKHSIOLLMECH TEXHUYECKME N SKOHOMUYECKME CUCTEMDI
CTanm OnuCbIBaTbCA TUNaMK U KONNYECTBOM OBBLEKTOB C ONMPeAeneHHbIMIW CBOMCTBAMU, UX CBA3SMM.
CosokynHocti VIO ¢ ycTONYMBOI CUCTEMOW B3aUMOCBS3EN B HEKOTOPOW CTPYKTYpe (hOpMansHO CTanu
NPeacTaBnATbCA TEOPETUKO-MHOXECTBEHHON CTpykTypoi {<S,T1,T2,...,Tn>}, rae S — MHOXecTBO
nHamemaos, T1, T2,..., Tn — oTHoweHus [AHaoH, 1999]. CocTas, OTHOLWEHNS OCHOBHbIX Kateropuit MO
n MO yHMBepCcyma [OCTAaTOMHO HarnsgHO MOryT ObiTb OTOOpaxeHbl AeneHnem mMatepuanbHONn U
NH(OPMALIMOHHOW CyOCTaHLMA Ha KnacTepbl MCXOAHbIX UKCesel OOBbEKTOB M3BECTHBIX KAaTErOpuin u ¢
YCTOSIBLUMMUCSA UMEHaMK. [TpuMep opraHu3aLmum Takux KnacTepoB B BULE HEKOTOPOW TOMOMOrMYECKOM
CTPYKTYpbl NpuBeaeH Ha puc. 9.

B kaTeropun obbektoB maTepuanbHoro mupa {R} BbigeneH knactep 06bekToB {Rima}, BKMIOYAKOLWNNA
UH(OPMaYUOHHbIE MallUHbl, WX 3NEMEHTbl W JXMBble OpraHu3mbl. BobigeneH knactep  {Ra}
MaTepuanbHbIX HOCUTENEN OTPaXEHWM He3aBUCKMO OT MX MecToHaxoxaeHus. Knactep Rn MoxeT
coaepxatb knaccbl 06bekToB {Ra+}, rae - MHAEKC Knacca HocuTenei. Hanpumep, knacc ecTeCTBEHHbIX
00bekToB RaF, MCKYCCTBEHHbIX 0OBEKTOB KyrbmypanbHo2o [Lozovski, 2003] mupa Raw (KHuWrw,
KapTuHbI, (POHOTPaMMbl), MalUWHHbIE HOCUTENW R, HOCUTENM OTPaXeHWN B OpraHu3Me YenoBeka
Rau. OTensHO BblaeneHbl reHHble Hocutenu. Kateropum ompaxeHuli 06beKTOB MaTepuanbHOro mmupa
cocraensoT knacc MO e paHee paccMomMpeHHOM CMbIcrTe.

COBOKYMHOCTW UCXOAHBIX UKCE/TbHBIX OTPAXEHUI MOTYT ObiTb NPeACTaBNeHbI nepapxueit I-06bekmos B
BMAE HEKOTOPbIX CYLYHOCTEN, Hanpumep, 0BpasHbIX (icon), CUMBOIbHLIX U BepbanbHbIX ompaxeHud
cratuknm u, auHamuku MgO. U3 MHOXecTBa BO3MOXHbIX kaTeropui knactepos MO {f} Ha puc. 9
NPWBEAEHBI TaKMeE:

o Kareropus akTyarnbHbIx OTpaxeHun {Ira} 06bEKTOB MaTepuanbHoro mupa {R};

o Kateropus {ly} OTpaxeHWN MEHTanbHOW AEATENbLHOCTW XMBOTO OpraHu3Ma (Mupa MbICren),
BKMIOYALMX Takke CuUHTe3npoBaHHble MO 1 A3blkoBble 00BLEKTHI, He SBMsoLMEcs
OMPaxXeHUsMU peanbHblXx OOBLEKTOB MaTepuanbHOro Mupa. B kateropum  BblaeneHbl
CO30aHHble 4enoBekoM Mamemamuyeckue obbekmbl (MmOQ), onpeldeneHHble UMeHeM U
mekcmom  {lwo}, modenu {luop}, OTOOpaxalLiMe HEKOTOPYK CYWHOCTb CpeacTBamu
MaTemaTiku (B TOM YnCrne MOAENM NPeaCTaBneHns 3HaHWn), lypp.- MaTeMaTnyeckue MeTogsl,
oToBpaxaroLime HEKOTOPYH0 AMHAMUYECKYIO CYLLHOCTb, HAaNPUMEP, METOA PELLEHNS 3a4aun.
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MarepuajibHbie HocuTesi uHpopmanun {R 4}

[Tpupoanbie TeHn Mentaneabie | MckyccTBennbie {R 4.}
{Rar} {Ram} Mammnnsie {R )

—_—

Omoobparicenus  mamepuanvhovix 00vekmog {Ip,}

Omooparicenuss MEHMATbHOU

|

I

I

I

Hugpopmayuonnvie oestbHocmu (npooykmot™) {1y} I
Oobvexmot 1 |
Mamemamuyeckue o6bekmsi {1y} | |

Icon (obpaswi), Mooen Unop} :
Cumeonvhvie, I
Bepbanvhule Memoowt pewtenusn 3a0ayu {Iypp} I

Bupmyanonvie** I

|
L______-__

(DH-az!)ezambt «Hocumenv—HO» {1p4}

*Co3aHHbIE B pPe3yJIbTaTe JEATEILHOCTH CyObeKTa
* * Co3aHHbIe B TEXHUYECKUX CPEJICTBAX

Puc. 9. TeopeTnko-MHOXECTBEHHOE NPeCTaBNEHNE KNACTEPOB UKCE/EN CTaTUKL MaTepuansHOro 1
WH(OPMALIMOHHOTO MUPOB

4. COOTHOLLEHNA MaTepuanbHbIX, MHGPOPMALIMOHHBIX U MaTeMaTUYECKUX 0OBLEKTOB

He TpuBManbHbIM BLIBOAOM M3 puc. 9, OTOOpaxalowero cOCTaB M COOTHOLIEHWE OOBLEKTOB
MaTepuanbHoro M MHGOPMALMOHHOTO MWPOB, NPEACTaBNSEeTCS YTBEPKAEHME, YTO MHOXECTBO
COCTOSIHWIA  ukcenell 0b6bekToB-oTpaxeHuit Y=A(X), opMUpyeMbIX Ha OCHOBE MaTepuanbHOK

cybCTaHUMM, MOXeT paccmaTpuBaThbCsl, Kak HekoTopas UH¢hopMayuoHHasi cyb6cmaHyusi. B 3Toil
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UHghopmayuoHHol  cybemanyuu Y MoOryT ObiTb  BblgeneHbl MO pasnuyHbIM - NPU3HaKaM W
CUCTEMATU3NPOBATLCS UCXOAHbIE MHOPMaLUMOHHbIE 06bekTbl (MNO) n BTopuyHble MO, obpasytowime
uHgbopmayuoHHoe npocmpaHemeo (UMM). OuesnaHo, uto MO ectb ucxogHas anemeHtHas 6asa MO
(cywHocTeit) 6onee BbICOKUX YPOBHEN: MHGOPMALMOHHBIX MOLENEN €CTECTBEHHbIX W TEXHUYECKUX
Hayk n maTtemaTuku. Ecnm ucxogutb 13 nocnegoatenbHocTu opmmupoBanus MO aTux Hayk, TO MX
B3aMMOCBSA3N BbIrMAAAT kak Ha puc. 10.

MaTtemaTuka

ECTeCcTBEHHbIE, TEXHUYECKME W Ap.HayKu

NHpopmaTmka

MatepuaneHblil MUp

Puc. 10. K B3aumocBsA3un MatepuanbHbiX, MHDOPMALMOHHBIX 1 MaTEMaTUYECKUX 0OBEKTOB

OtmeTM 0cobEHHOCTb hopmmpoBanus WM, koTopasi MOXET BNMATL Ha NOAXOA K €r0 onpeaeneHuto.
Bbilue yka3biBanocb, YTO COBOKYMHOCTSMU uKkceneli MoryT ObiTb NpeAcTaBNeHbl Kak 3NeMeHTbl

MaTepMaJ'leOI7I 4acTtun O6'beKTOB-OmQa)KeHUl:I, TaK 1 ANeMEeHTbI MaTepuanbHbIX 06bEKTOB-NPOMOMUNos

(XapaKkTepuayeMblx COCTaBOM U COCTOSIHMEM UKcenell obbekTa-npomomuna). 310 UNMCTPUPYeTCs
TEM, YTO, KaK W3BECTHO, Haubonee TOYHbIM OTOBpaxeHWeM MaTepuarnbHOro 00bekTa BO BHELUHEM
MaTepuanbHOM MUpe ecTb ero MatepuarnbHas Konus.

®opmanbHo k WM moryT 6biTb OTHeceHbl He Tonmbko MO, xpaHswme OTpaxeHus 0ObLEKTOB
MaTepuarnbHOro Miupa, Ho 1 Bce MaTepuanbHble 06bekTbl. OgHako pacnpoctpaHeHue noHsTus UM Ha
BCE MaTepuasnbHble 0OBEKTHI MPUBOAMUT K Ype3MepHON MHTerpauum noHsTus. Moatomy nog UMM Bee xe
cneayeT cuuTaTb NPOCTPAHCTBO, COAEpXallee MaTepuanbHble HOCUTENW aKTyanbHbIX OTPaXEHW
peanbHOro Mupa, T.e. akmyasbHoe UHhOPMaUUOHHOe NPOCMpPaHcmeo.
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AHanusnpys CTpYKTypbl CpeAcTB WH(OPMATUKM MOXHO NokasaTb, YTO 3ajauu WMHMOPMAaTMKM
peLarnTcs ¢ nomoLlbio Tpex Buaos VM, otnuyarowmxcs R n | kKaTeropusimMm UCTOYHWUKOB BblBpaHHbIX
BXOOHbIX W BbixogHblx WO, roe R- matepuanbHble 00BLEKThI, - MH(OPMaLMOHHbIE OOBLEKTDI
[MepxBuHckui, 2013].

R-I mawwHbl - hopMUpYIOT CcTaTUyeckne Wunn AuHamudyeckue 00pasbl MaTepuanbHOro Mupa
(naHHble). OTO BXOfHas aHanoroBas 4YacTb CPEACTB PaAMONoKaLuW, TMAPOAKYyCTUKW, ONTMKW,
N3MEPUTENbHBIE W KOHTPONUPYIOLME  YCTPOMCTBA  COCTOSIHUS  R-OGBEKTOB  (ECTECTBEHHbIX,
WNCKYCCTBEHHBIX W XMBbIX).

BbixogHble MO R-/ mawwH ectb MO 06bekTbl eCTECTBEHHbIX, TEXHWYECKUX U Apyrux Hayk. [-/
MaLLnHbI - onepupytoT ¢ MO. Ha HkHeM ypoBHE — TOMBKO C KO4aMM, C MOMOLLbIO KOTOPbIX MOTYT ObiTh
NpeAcTaBneHbl 3HaKW, YHKLUMM 1 6onee CnoxHble 0ObeKTbI. /-R- MaLUUHbI - YCTPOMCTBA peanuaauum
WH(opMaLmMK (BbIBOAA, UCMOMHUTENBHbIE YCTPOUCTBA).

B pesynbrate TpaH3akuuMm /-R MalMH Ha WX BbIXOAE OKasblBalTCA WM  CYLIECTBYHOLLME
MaTepuanbHble 00beKTbl C  M3MEHEHHbIMM COCTOSHWUAMM MMM  BHOBb  CCPOPMMPOBaHHblE (B
COOTBETCTBMM C WCXOAHbIM | — OOBEKTOM M MOCTaBMEHHbIMM 3afadamu). 310 MOryT ObiTb
CEPBOMEXAHW3MbI, CTaHKW C MPOrpaMMHbIM  YNpPaBREHUEM, YCTPOMCTBA HAHECEHUS PUCYHKOB,
MeauacpeacTsa.

Mamemamuka npepoCTaBnSeT YHUBEPCANbHbIA A3bIK HAYKM W TEXHUKM, KaK cheuuanbHbiX BUAOB
[EATENbHOCTY, HanpaBfieHHbIX Ha BbiSBMEHWEe OBLMX 3aKOHOMEPHOCTEM MUPO3haHus (Hayka) W
peanu3aumio No3HaHWi, Kak YacTHoOro (TexHuka). Matematuyeckue o6bekTol (MMO) cospatoTes nyTém
naeanusauum YenoBekOM CBOWCTB MaTepuaribHbIX 06BLEKTOB Unu xapaktepuctuk gpyrux MmO. 3to:
yncna, MHOXeCTBa, OTHOLUEHUS MOpsgka, rpynna; MOHATUS, CBA3aHHble C  abCTpakTHbIMM
9NeMEeHTapHbIMU FeOMETPUYECKUMI (Urypamm: ToUKa, NpsiMas, NPOCTPAHCTBO, (DYHKLMS; YpaBHEHNS,
CBSI3aHHble C CUTyaUMeWn; BEPOSTHOCTb, CBA3aHHas C AMHAMMKOM npoueccoB B Hekotopon [1g0;
yTBEPXAEHNS 1 cnocobbl paccyxaeHun. Ceasam Ha puc. 10 cooteeTcTBYET Takue yposhu NO: N0
HWxXHero ypoHs, MO cpedcts WHGoOpMaTuKk1, Modenen 06bekToB MaTepuanbHoro M1pa, NEPBUYHBIX
MmO, maTemaTnyeckux moaenen u METO0B.
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MpeacTaBneHne Mupa B BUAE EOMHWYHBIX M MHOXECTB MaTepuarnbHbIX 3NIEMEHTOB MUpa U WX
OTPaXeHWA B BUAE WHGOPMALWMOHHOA CYOCTaHLMM MO3BONSIET MpU CUCTEMAaTM3aLMn  BXOAHbIX U

BbIxoAHbIX MO BblgenuTs kateropun MO, oTnnvalowmecs no TakuM npuaHakam:

[MpoucxoxdeHue NO:

e /O om UCMOYHUKO8 MamepuasibHo20 Mupa: OBbeKT-MPOTOTMM, MHGOPMAaLMOHHOE Mone,
obpas-nsobpaxerue; NO, chopMUpOBaHHbIE TEXHUYECKUMU CPEACTBAMMW MOA YNpaBneHNEM
HEKOTOPOW NPOrpamMbl: AaHHblE, Modenb 06bekTa, 06bekT-omobpaxeHue, mogens a0, 6a3a
[iaHHbIX, 6a3a 3HaHwWi;

e /0, chopMmpoBaHHble YENOBEKOM Ha OCHOBAHWW NpedblayLWero onbiTa W/MAM HEKOTOPOro
Habnogaemoro Mupa: KoHuenumus, obnuk, gaHHble, mogenb obbekta, mogens g0, 6asa
AaHHbIX, 6a3a 3Hanun, KC MNgO.

CyTb co3gaHHbIx MO, B yacTHOCTY:

o Mamemamuyeckue 06bekmbl — abCTpakTHble OOBLEKTHI, ONpederieHHble WMEHEM (Mnu
CMMBOJIOM) 1 TEKCTOM, 0ObIYHO B BUAE XapaKTepU3YIOLLMX ero CBOMCTBA akCuoM,;

e Modenu 0bbekmog 8HelWwHe20 mupa, chopmmupoBarHble 13 NO umnmn MmO:

e Modesnb KoHKpemHo20 06bekma, CHOPMUPOBAHHAS TEXHUYECKUM CPEACTBOM, Hanpumep,
B BU/IE TOYEYHOTO PUCYHKa;

o A6cmpakmHble Modenu, oTobpaxatoLne camble 0bLLME YePTbl XapaKTepHbIX 0ObEKTOB;

o Uepapxuyeckue cmpykmypb! u3 MO, pa3paboTaHHbIE YenoBeKoM, 0TobpaxaroLLne cocTas
00beKTOB, CBA3M U cOCTOsIHME HekoTopoi Ma0.

Mopaenu 0bbekToB BHYTPEHHET0 MMUpPa YEroBEKa:

e Mogenb HeipoHa, kaK CTPYKTYPHO-(PYHKLIMOHAMNBHOWM €ANHULbI HEPBHON CUCTEMBI;

e Mogenb Ayxa — KaK UHMunmpytoero Ha4ana, kak OCHOBbl CO3HaHUA.

CrnoxHocmb 8bibpaHHbIX €OUHUYHBIX Cmpykmyp: BUT, uudpa, 3Hak, icon-06beKT, MaccuBbl U HAMHOMO
bonee CroxHble CTPYKTYpbl, OTOBpaxatolyme HEKOTOpble CMbICMbI, ¥ KOTOPbIE MOXHO OTHECTW K
NCXOAHBIM, TOYHO onpegensieMbiM MO cTaTukn MHPOPMALMOHHOMO MUpa (3nemMeHTHOM 6ase).

OtmeTnm pasnuune mexay MO, SBnatoLwLmMMcs oTpaxeHMemM MaTepuanbHoro o6bekta-npomomuna wnm
apyroro MO B M unu Hocutene (B Buae BUTOB WK KOHKPETHOM COBOKYMHOCTW COCTOSHUI ukcerel), n

MmO ob6bekmom, XxapakTepuUCTUKA KOTOPOrO He 3aBUCST OT KOHKPETHOW ero peanusauuu. Hanpumep,
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6ant, kak MMO - 310 8 - NO3MUMOHHBIA KOO (C KOHTPOMbHbIM Pa3psaoM — 9-MO3WULMOHHBIN).
Copepxumoe xe banta — ato NO.

Hapsgy C  TpaguuuoHHbIMM  anrebpanyeckuMi  onepauusMi  BaXHEAWMMKU  onepaLmusMu
WH(OPMALIMOHHOM M MaTeMaTUYeckon Teopuit sBnstoTcs abcmpazuposaHue WO, B pesynbrate
KOTOPOro co3aaetcs abCTpakTHbIN 0OBEKT, N UHMepnpemayus abCTpakTHOro 06bekTa, B pe3ynbTate
koTopon chopmupyetcs peanusaums koHkpetHoro MO [AngoH, 1999]. Uto kacaeTcs HanpaBneHuu
PasBUTUS MaTEMATUKU, TO OHM CyLLECTBEHHbIM 06pa3oM OMpeaenstTCca pasBUTUEM MPUINOXKEHWN, B
KOTOPbIX 1CNONb3yeTcs hopMaribHO-NorMYeckue CpeacTBa MaTemMaTki, U MeTOLbl PELLeHUs 3agau.
YcnoxHenue M40, npuknagHbIX 3agay 1 COBEPLUEHCTBOBAHWE METOAOB PELUEHNS NPUBENN K NEPEX0ay
OT MaTEMaTUYECKOro MOLENMPOBAHUS OTHOCUTENBHO NPOCTLIX OOBEKTOB K cO3aaHMo Mogenen u 6a3
[aHHbIX, 0TOBPaXaloLWMX C MOMOLLBI0 MHOTOMEPHbIX CTPYKTYp AuHamuky MaO (B TOM yucne cpeacts
WHopmaTuki), 0a3 3HaHWA, OTpaxawwWwmx 3akoHbl (PYHKUMOHMpOBaHMe obbekToB a0 u
obecneumBatoLLyX paclLMpPeHne KNaccoB peLiaemMblx 3agau.

5. Qunammuka KO n MmO B rnodansHon UC

HuHamuyeckue 0ObEKTbI, XapaKTepuayemble TakuMu MOHATUAMW Kak LeACTBMe, NPOLECC W SBNEHWE,
ONMUCLIBAIOTCSH, B YACTHOCTK, ANddepeHLManbHbIMN YPaBHEHUSAMM A3blka MaTEMaTUYECKOTO aHanusa.
BaxHble xapakTepucTuku nmpouecca - Bpemsi Nubo KOnM4ecTBO NEPexXOdoB W3 OLHOW CUTyauuu B
apyryto. lpoyecchl 8 usuyeckoli cemu obbekmog - MOryT BbiTb NpeacTaBneHbl NoanpoLeccamm
HENOCPEACTBEHHbIX U OMOCPEACTBOBAHHbIX  (DU3MYECKUX  B3aWMOZEWCTBUW,  MpaH3aKyusMu
ONOCPEACTBOBAHHbIX B3aMMOAENCTBNA OOBEKTOB M MPOLLECCAMU B CETW TOM UINM MHOW KOHAMrypaLmm ¢
ysactem UM (pewenue 3apay cybbekToB). CBA3b MOHATUNA, OTpaXatowux BCE YCMOXHAKLMXCA

tuanyeckne ctagum npoLiecca, npuseaeHa Ha puc. 11.

Bygem ucxoauTb U3 TOro, YTO B NparMaTYeckoM niaHe Hayka, Kak cjepa OesTenbHOCTM YenoBeka,
€CTb CUCTEMa MaTepuanbHbIX U MHKDOPMALMOHHBIX PECYpCoB A1 CO3AaHUs, B YaCTHOCTW, MOZenen,
oTOBpaxarowmx u CTaTUKy W AWHAMUKY peanbHbiXx 06BEeKToB, HeobXoauMas Ans OTKPbITUS 3aKOHOB,
penctayowmx B M0 1 TEXHONOTMM WX COBEPLUEHCTBOBAHWS. Mup TexHOMornin MOXeT BKMKYaTh
NPOEKTHbIE OpraH13aLui, NPOU3BOACTBEHHbIE CUCTEMbI, TEXHOMOrMYeckue nuHUM [MepXBUHCKMI,
2000], obecneynBatoLLye XU3HEHHBIN LK pa3paboTku. Mpyu CUCTEMHOM NOAXOAE COBPEMEHHbIN MUP

3eMnsH MOXET ObITb NpeacTaBneH B Buae rnobanbHoN MHGOPMALMOHHO CUCTEMBI, Kak Ha puc. 12.
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Puc. 12. Mup - kak rnobanbHas nHgopmaumoHHas cuctema: MNagO — npegmeTHble obnacTy;
Wck I-O — uckyccteeHHble MO; Uck R-O — nckyccteeHHble MO
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CBsizn mMexay MatepuanbHbIMU KOMNOHEHTaMu 0TOOpaxeHbl B BUAE CTPenok. HanpasneHue cTpenok
0003HayaeT, YTO BbIXOAHOM NPOAYKT OOBEKTa, W3 KOTOPOrO BLIXOAMT CTpenka, SBASETCH BXOLHbLIM
npoaykTom o6bekTa, B KOTOpbIN BXOAWT cTpenka. C kaxaon ctpenkomn cessaH MO 1 nepeHocawumin ero

KOMMYHUKam.

Bo B3anmogencTsum R-I-MMpoB y4acTBYIOT YenoBeK, TEXHOMOrMYEeCKe CUCTEMbI, HayKa, BaXHeNLIEN
4acTblo KOTOpPOM SBRSAKOTCA WH(opmaTuka M MaTematuka. OCHOBHble WCTOYHWKWM MHQOpMaLmu:
CEHCOpHbIE YCTPONCTBA CPEACTB MHGOPMATUKK, 3HAHUS NPoeccroHarnoB cooTeeTcTByowwmx Ma0, u
TEKCTbI, onucbiBatoLme 3HaHus o Ma0. 3HaHns 06 obbekTax MaTeMaTUKM NPEACTaBNSIOT U3BECTHbIE
MaTematuyeckue CTpykTypbl bypbakn - AnreGpamdveckne CTPyKTypbl, (OTpaxarowme CBOWCTBA
komnoauym 0BbekToB), TononorMyeckne CTPYKTYpbl (CBOWCTBA, CBSI3aHHbIE € MOHATUSIMY
OKPEeCTHOCTW, mpefena, HenpepbiBHOCTH) M CTpykTypbl nopsigka [Bypbaku, 1950]. Ot CTpyKTypbI
yAoOHbI ANs NOCTPOEHUS MepapxXun CTPYKTYp OOBEKTOB M OTpaXatT WX CBOMCTBA HEKOTOPbIX
06bekToB MaTemMaTuki Ha Gonee BbICOKOM YPOBHE, YeM Teopun MHOXeCTB, [Mapkos, 2014].

Cnepytowmin ypoBeHb abcTpakumm — Teopus kateropuit [Fonabnart, 1983]. OgHako NpUMEHNTENBHO K
CMCTEMHOMY NOAXo4y nNpu aHanu3e MatepuanbHbiX K WHGOPMaUMoHHbIX M0 3T  NOHATUS
COCTaBMAOT KONAM3MI0 C 06LLENPUHSATLIM NOHATUEM MEPBOrO YPOBHS abcTpakumm: CTpykTypa obbekTa
— COBOKYMHOCTb €ro 3NIEMEHTOB 1 CBA3EM MEXAY HUMW. [TpUMEHMTENBHO K MparMaTnyeckum 3agadvam
MaTepuarnbHoOro 1 MHAOPMALMOHHOMO MUPOB YA0OHEE MoMnb30BaTbCsA MOHATUEM apXxumekmypa — B
obLem cryyae KOHLENLyN B3aMMOCBSI3ei KOMMOHEHT CAIOKHOMN CTPYKTYPbI Pa3fnyHbIX YPOBHEN.

B Hawem cnyyae apxuTekTypy MaTemMaTUKu OnpederiuM Kak COBOKYMHOCTb KOMMOHEHT MaTeMaTukm,
obecneynBatoLLyx peann3aLmio OCHOBHbIX OYHKLMIM MaTeMaTuki. K OCHOBHBLIM (hYHKLMSM MaTeMaTuKm

Byaem oTHOCUTS:

* Onucavne obrmka obbekta wmm MgO [BanbkmaH, 1997], B 4acTHOCTW, C NOMOLLbHO
AecKpunTuBHbIX cped [Peabko, 2013];

* PewweHune npsamoit n obpaTHoi 3agad B 10, BO3HMKAIOWMX B aKTyaNbHbIX CUTYaLMSIX;

* MogenupoBanue obbekTa 6o Ma0 € Lenbio NPOrHO3MPOBaHUS UX Pa3BUTUS;

* CoBepLUEHCTBOBAHNE MaTeMaTUYECKMX CPEACTB CO34aHWst MeHTarbHbIX [MepXBUHCHKII,
2009] 1 MaLLMHHBIX MOZEenei MaTepUanbHOro U BUPTYanbHOro MUPOB.
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KomnoHeHTbl 1 onpedenisiemMas  uMU  apXumekmypa MaTemaTtuku opManbHo MoryT  6biTb
NpeacTaBneHbl, B YaCTHOCTW, 6XO0OHbIMU Obbekmamu, CyuHOCMAMU YHKUUU U KOMNOHEHM,
8bIX00HbIMU 06beKmamu, CBOWCTBA KOTOPbLIX OnpederieHbl B paMKax 3fieMEeHTapHOW, BbICLIEN unu
cneuuarnbHOM MaTeMaTk W MHEOPMATUKA. XapaKTepHble BbIXOAHbIMM OOBLEKTbl - MHOXeECTBa,
(YHKLMK, PYHKLMOHATbI (YMcna).

C y4YeToM CyLIECTBYIOLIMX PA3AENOB COBPEMEHHOM MaTeMaTWKM, apXuUTeKTypa MOXeT ObliTb
NpeAcTaBneHa KOMNOHEHTaMMU W B3aMMOCBA3AMM, NPUBEAEHHLIMM Ha puc. 13.
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Mamemamuka meopemuyeckas u npaemamuyeckas. 3afjadm meopemuyeckol WUnu  yucmou
MameMamuKku CBOLOATCA K [0Ka3aTeNbCTBY MaTeMaTUYecKuX YTBEPXAEHWA, OMUCLIBAKLLMX CBA3M
Mexay knaccamum MmO, T.e. K BHyTpUMaTemMaTUyeckum 3apavam. [Mpumepbl YUCTON MaTeMaTuku -
anrebpa ¥ reomeTpusi, WCYUCNEHWE BbICKA3bIBAHWA, TEOPUM CUCTEM W KaTeropui. 3agaven
npazMamu4yeckoll MaTeMaTUKU SIBMSETCA UCCNeAoBaHWe MaTeMaTUYecKnX MOLENEN, OMUChIBAOLLMX
€CTECTBEHHbIE SBMEHWUS, BKIOYAs A0KA3aTeNbCTBO CYLECTBOBAHUS M CMOCODbI  HaxoXngeHus

KOHKPETHBIX YACIEHHBIX PEeLIEHN PasnuyHbIX NPUKNagHbIX MaTeMaTuieckux 3agad [Jlesuy, 2009].

BbmucnumenbHas Mamemamuka — MatemaTtuyeckas AancuuniivHa, ndyyarowasa Metoabl YNCINEHHOro
peleHna maTemMaTudecknx 3afdavy nyTeM HaxoXAeHusa anroputMa TOYHOro Wnu I'IpVI6]'II/I)KeHHOFO
nony4eHna pesynbtata ¢ NOMOLLbHO KOHEYHOW NocneaoBaTeNbHOCTH ANeMeHTapHbIX apmd)mmqecr(le

onepau,mﬁ. Bknioyaet TEOPUI0 YNCITEHHbIX METOAOB PELLUEeHNA TUMOBLIX MaTeEMaTU4ECKUX 3aaau.

Knaccuyeckass mamemamuka — cornacHo nnbbepTy Knaccuyeckas MaTemMaTiika HENpOTUBOPEUMBa, €€
TEOPUM NOJTHbI, €€ KOHCTPYKLMM NPOAYMaHb! M NPU3HaHbI MaTEMATUYECKUM COOBLLECTBOM, NPEKPacHO
paboTaeT B npakTuke (anrebpa, reoMeTpus, MaTemaTyeckas noruka).

CneyuarnbHasi MameMamuka - TEOpUM CUCTEM, KaTeropuin, KBaHTOBasi TEOPUSI BbIMUCIIEHWUA U Apyrve

pa3genbl COBPEMEHHON MaTeMaTUKN

ModenuposaHue u npoekmuposaHue. HekoTopble S4pOM MaTeMaTUKM CYUTAOT MaTeMaTuyeckne
mogenu [Oxnonkos, 2010]. Mogens - duanyeckas, MHGopMaLMOHHas Nbo MaTemMaTiyeckas cucTema,
afekBaTHO oTobpaXxaroLlast CBA3W 1 OTHOLLEHMS KOMMOHEHT, Kak MPOCTENLLMX, TaK U CaMblX CIIOXHbIX

00BEKTOB 11 NPOLIECCOB.

Bbigenum uHgopmayuoHHble Modenu — Moaenn o0bekTa UMK CUCTEMBI, MPEACTaBNEHHbIe B Biae
WHOPMALK, ONKCHIBAIOLLEN CYLLECTBEHHbIE AMNS AAHHOTO PacCMOTPEHUS NapameTpbl U NepeMeHHble

BEJTIM4UHbI KOMMOHEHT, CBA3X MEXAY HUMW, BXOAbl 1 BbIXOAbI.

Mamemamuyeckue Modenu  paccMaTpuBalOTCS  Kak  COBOKYMHOCTM  COOTHOLIEHWIA  (dhopmyn,
HEPaBEHCTB, YPaBHEHWIA, NOMMYECKMX COOTHOLLEHWI), ONPEdENsIOWMX XapaKTEPUCTUKN COCTOSHUIA

CnCTemMbl B 3aBUCUMOCTW OT €€ MNapaMeTpoB, HavanbHbIX yCJ'IOBI/IVI, BXOAHbIX N BbIXOAHbIX BENMUYMH
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[MonuyaHoB, 1988]. Takum obpasom, ntobas mMatemartudeckas Modenb npeacraenser cobon Habop

MaTeMaTU4YECKIX 3aBUCUMOCTEN, CBSA3bIBAOLLMX MexAay coO0i Habop nepeMeHHbIX.

ModenuposaHue — ognH 13 cnocoboB No3HaHUS OKPyKatoLero mupa u peleHns 3agad a0, Asbiku
MO3HaHMA, YNpaBneHns U MOLENMPOBAHWUS — MOTYT BKMOYaTb A3bIKOBbIE CPEACTBA, OTHOCALLMECS K
Pa3NYHbIM  KOMMOHEHTAM MaTeMaTuku. Hanpumep, 3agayn  KOMMbIOTEPHOTO  MOAENMPOBAHMS
TEXHOMOTMYECKOro npoLecca C UMbl NPUHATAS PeLleHnin Npu ONTUMKU3aLMWM napameTpoB 0bbekTa
MoryT TpeboBaTb pa3paboTkM HECKOMbKMX B3aMMOCBSA3aHHbIX YacTHbIX MOAenei MoZenmpyeMoro
obbekta (TeopeTUyeckol HEenpepbIBHOW, YMCMEHHOrO pEeLUeHWs, Ha $3blke MPOrpaMMUPOBaHMS |
HECKOSTbKWX 3TarnoB MOAENMPOBaHMS TEXHONOrnyeckoro npouecca) [MepxeuHckui, 1996].

[MpoekmuposaHue — MHOTOCTaAWMAHLIA NpoLecc (OPMUPOBAHUS W COBEPLUEHCTBOBaHWS 0OMMKa
oObekTa B HEKOTOPOW CUCTEME KOOpAWHaT, Heobxoaumon ans ero peanusauunn [BanbkmaH, 1997).
[MpoeKTupoBaHue BKIoYaeT eLe bonblue Mogenen — ChopMyIMpOBaHHbIX Ha A3bIKe B3aUMOLENCTBUM
MO: TexHonornyeckoro MHCTpymeHTa M R-06bekToB. Hammune Ha BXOAax M BbIXOAax MOAenei Kak
MmO, Tak u WO no3sonsieT OTHOCUTb MOZENMPOBaHME HE TOMbKO K MparMaT4yeckom 4acTu
MaTeMaTKK, HO M K MHpOPMATHKe 1 SpYruM Haykam.

KomnbtomepHass mamemamuka — COLEPXMT TpaaMLMOHHbIE MeTOofbl pelleHus 3agad brainware-,
software- 1 hard-ware ¢ NOMOLLbI0 KOMMbIOTEPA U OTANYAETCS TaKUMU OCOOEHHOCTAMMK:

e ®opmaTbl KOMMLIOTEPHBIX MaTEMaTUYECKUX OOBEKTOB BEPXHENO U HUXHErO YPOBHEMN 3afaHbl
paspabotunkamu MM ncxoas 3 ocobeHHocTemn TexHonorum 06paboTkm;

*  Mexay KOMMbHTEPHbIMA YucramMu (PUKCMPOBAHHLIMM, LienbIMK, C MraBalowwen TOYKOW) M
MaTeMaTU4eckuMi Yncnamm He MOXET ObiTb TOYHOrO COOTBETCTBWS, CyLLECTBYET TOMbKO
OTHOLLEHMEe ,CO0TBETCTBUA”;

* KomnbloTepHble uucna obpabatbiBaloTcs  0COObIMW - apUdIMETUYECKMMM  ONEpaLUSMU.
OcoBeHHOCTb apudMeTUYeCKUX OnepaLuii B TOM, YTO anropuTMbl ONepaLuin YMHOXKEHNS
[EeneHns JOCTaTOYHO CMOXHbI, MUKPOMPOrpaMMbl Ornepauuid, Kak U dnemMeHTbl npouleccopa,
MOryT coaepxatb owunbku paspabotumkoB [MepxeuHckuin, 1977]. OTn  owmbkn u
HEMCNPaBHOCTU XapaKTepHbl ANS PeAKO BCTPEYAlLMXCH COYEeTaHU onepauui M KOAOB
[aHHbIX, OMArHOCTUPYEMbI CIIOXKHBIMM TECTaMu, KOTOPble Takke MOryT cofepxaTtb OLWbKu
pa3paboTuYnKoB.
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KomnbfomepHaﬂ MamemMamukKa BKITH04aeT NMOUCK, pa3pa60T|<y 1 aHanuna:

— CTpyKTYyp, CBOWUCTB anropuTMOB M NPOrpamMM, YAOBNETBOPSIOLLMX CMELNPUYECKM YCTOBUSIM,
HaknagblBaeMbiM paboTon Ha KOMMbIOTEPE;

— HoBbIX MPUHUMMOB M METOAOB KOMMbIOTEPHOrO MOAENMPOBAHUS CIIOXHBIX CUCTEM, B
YaCTHOCTW, peLLeHN 3aaa4 METOLOM BEPOSITHOCTHOTO MOAENMPOBAHUS;

— Teopuit 53bIKOB NPOrPaMMUPOBAHIS Pa3NINYHOTO YPOBHS: (MALLMHHbIE, S3bIK CUMBOMMYECKOTO
KOAMPOBAHMS, YHWUBEPCAmbHblE W MPOBNEMHO-OPUEHTUPOBAHHbIE SI3bIKM MPOrPaMMUCTA,
NPOrpamMMM1pPOBaHIS BbICOKOTO YPOBHS);

— CucTeM nporpamMMMpoOBaHWst - CpeacTB Anst pa3paboTkM HOBbIX MPOTPaMM Ha KOHKPETHOM

AA3blKe nporpaMmmMmnpoBaHng.

MartemaTuka VIM Kpome MatemaThkM KOMMbITEepOoB, OY4EBWUOHO, AOIMKHA BKMOYATb WU MaTtemaTuKy

KOMMYHUKamos N OTHOCALLMXCA K HUM TEXHUYECKNX CPEACTB.

KommyHukamHass mamemamuka, OMEBUOHO, JOSKHA BKMKYATb CPEACTBA OMUCAHUA U METPOIIOrvi
npoueccoB B3aumogeicteus M u MO C nomowblo KOMMyHUKamos, 3KCepUMEHTanbHble 1

TeopeTn4yeckne mogesnu:

* [eHepauum u pacnpoCTPaHEHUS KOMMYHUKamos, B T.M. 9NEKTPOMArHUTHbIX BOMH W
MeXaHW4eckux konebaHui, B pasnuyHbIx cpeaax;

» BsaumopgeicTaus kommyHukamog ¢ 06 beKTamMu KOMMYHWKALIMOHHOTO NpoLecca;

* OopmupoBaHns 1 06paboTKM MOTOKOB LMGPOBLIX CUrHanoB MnyTeM npeobpasoBaHns

KOMMYHUKamoeg B aHaloroBbIX 1 AUCKPETHbIX yCTpOVICTBaX.

MoTtokn MO n MmO mexay KOMMOHEHTamm rnobanbHOM WHGOPMALMOHHOM cucTeMbl Ha puc. 13
unncTpupytotes TonwmHon ctpenok (MO — Tonctole, MMO — TOHKWE) W onpegeneHbl Crieayowmm

obpasom:

1 - OTpaxeHuss CywHoCTM BbiOpaHHbIX OOBLEKTOB peanbHOro Mupa, (OpMUPYEMblE B

NHAOPMALOHHOM Mosie U BOCMIPUHUMAEMbIE CeHCopamm R-| MallmnHbI.

2 - OTpaxeHus CyLHOCTEN U CTPYKTYPHbIX OTHOLIEHMA (uanyecknx obbekToB a0 Ha a3bike
OLLyLLEHMI YenoBeka. [oTokM oTpaxeHuit 1, 2 COCTaBNAOT UCXOAHYH MHGOPMALMOHHYH CyBCTaHLmIO.

3 - MO, chopmupoBarHble R-l MalumHoM B pesynbTate onbiTa, B hopmare |-| MaLlnHbI.
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4 — 110, chopMmpOBaHHbIE YEMNOBEKOM B pPE3YNbTaTe OMbiTa, HAKOMMEHHBIX 3HAHWA NMOO MEHTanbHOM
(MHTennekTyanbHOM) AeSTENbHOCTM Ha HEKOTOPOM (hOpMarnbHOM B0 eCTECTBEHHOM A13bIke B (hopMe,
NPUrogHoM Ans aanbHenwen 06paboTku (AaHHbIE U MPOrpamMMmbl).

5, 6 - MmO, co3gaHHble NyTéM ugeanu3auun CBOWCTB peanbHbix umu apyrux MmO o6bektoB B
COOTBETCTBUM C 3aKOHaMM MbILLNIEHNS U 3aN1CK 3TUX CBOWCTB Ha A13blke nporpammmpoBanms (5) nubo

Ha HEKOTOPOM hopmarnbHOM A3bike (6).

7 - basoBble noHsTusa R-I, I-R u I-I- npeobpasosatenen, IO Teopum KoMMyHUKamos, CUrHanoB, Yncen

W Npeobpa3oBaTenei HKHErO YPOBHS.

8 - MmO, koTopble UCMOMNb3YHTCSH B OMUCAHWWM UCXOQHBIX CBOWCTB MH(DOPMALMOHHBIX MALLMH U WX
KOMMOHEHT, (6T, pa3psg, peructp, onepauus, namsTb, 3HaHUS O KOMNOHeHTax hardware, software,

branware).
9110 - WO, cozpnaBaemble B NpoLecce Co3naaTenbHON AeSTENbHOCTH.
11 1 12 - 3meHeHus R-06beKTOB B NpoLiecce BOMMOLLEHNS AaHHbIX Ha A3blke BO3AENCTBUI.

13 — N0 Ha a3bike UM (nHponormyeckme mopenn MaO, MMUTALMOHHBIE). TeXHUYeckue 3afaHus.

A3blkn npoekTuposaxus. Mogenu npeobpasosanus MO B komMnbloTepax.

14 — WHcTpymeHTanbHble CcpeactBa M S3blkM MoAenupoBaHus. MeTtogbl BbIMMCIEHUA, MOAENH

npuKknagHble.

15 — 3agaum BbIMMCNEHWI U BbIMMCIIUTENBHbIE (YWCIEHHBIE), METOAbI PELleHNs MaTeEMATUYECKMX

3ajay4 B YUCIIEHHOM BUAE.

16, 17 - UcxogHble MMO 06bekTbl MEHTabHON MaTeMaTUK (MaTeMaTnyeckne NOHATUS), OTHOLIEHUS

Mexay 0bbekTaMu MOAENM, NapaaurMbl, METOAbI U CPeACTBa MaTeMaTHKM.

18, 19 — BbluncnutencHble Mogenu, onpegensieMble 3agaqamt MOAENMPOBaHMS N 0COOEHHOCTAMY

KoMnbtoTepoB. MeTogbl MaLMHHON MaTeMaTUKX.

20, 21 = N0 v MmO obbekTbl Ha s3bike VIM. [eckpuntueHble cpeabl [Peabko, 2013].

22 — PesynbTatbl MOLENMPOBAHNS M NPOEKTUPOBAHUS HA OCHOBE MaLLMHHON MOA€enn obbekTa.
23 - Teopusi KOMMYHUKamMo8 UH(POPMALMOHHbIX MaLLWH.

24 - 3HaHus 06 M 1 U (anemeHTbl, CTPYKTYpbl, MPOLECCHI, METOLOSI0TMM, METATEOPUM).

25 - Mogenu 06beKTOB, METOAbI M CPEACTBA PELUEHMS BbIYACIIMTENBHBIX MPUKIALHbIX 3a4au.

26, 27 - Mogenwu 06beKTOB, METOAbI 1 CPEACTBA PELLEHUSI MaTEMATUYECKNX 3a[au.
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28 - Megua 06beKTbI-0TPaKEHUS.

29, 30 — McyucneHusi MaLUMHHOW 1 MEHTANbHOW MaTeMaTuK.

31 — Mogenwn 06bekToB, MeToAb! 1 CPEACTBA PELIEHNS NPUKNAAHBIX 3a4aq (MHXEHepUs).
32 - VHbopMaLMOHHbIN NPOAYKT, MPOrPaMMHbIV NPOAYKT.

33 - [porpaMMHOe 1 anropuTMMyeckoe obecneyeHme.

6. MeHTanbHas ¥ MaWMHHAA MaTeMaTUKK — BaXKHeMLIMe COCTaBNsAoWNe MMpOBOVI MaTeMaTUuKu

PaccMOTpeHHOe UKCenbHOe NpeacTaBneHne hU3NYECKIX OTPaXKEHNI 0OBEKTOB NO3BONSIET NO-HOBOMY
pearnun3oBaTb CUCTEMHbIN NOAXOM K HEKOTOPbIM acneKTam He TOMbKO MHAOPMATHKM, HO U MaTEMATUKY.

WHgpopmayuoHHas cybemaHyus (n.3), Ha Haw B3rNsg AOCTAaTOMHO OMNpedeneHHas OCHOBa, Kak
WH(OPMALMOHHOTO MUpa, Tak U Mupa MatemaTukn. OBbekTbl MHAMBMAYYMbI Wunnm mHOxectBa KO
9TOM CcyBCTaHUMM CyLLEeCTBYIOT B UCXOQHOM HENPEPLIBHOM MONEBOW W Aanee B UCXOAHOW UKCENbHOU
opme, onpeaensemon popmupoBaTtenem oTpaxeHus. 3ateM 06bEKTbI PENPE3EHTYIOTCS ANIEMEHTaMM
CTPYKTYp 60nee BbICOKMX YPOBHEN: WMEHOBAHHLIM YMCMOM, LMGPOBON, 0OPa3HON, CUMMBOIILHOW,
aTpubyTHOM; TEKCTOBOW, NPeANKaTHOM, MaTeMaTYeCKon hopMam.

Mpeactasnenne MmO kak nogknaccoB WO, chOpMMPOBAHHBIX YENIOBEKOM UMM TEXHUYECKUMM
cpeacTBamu, NoABOAMT K A) naee OTHECEHWS KOMMOHEHT, onepupytowwmx ¢ MO, k nHdopmatuke, v k b)
ABYM NapagurmMam mMatemaTuku, OTiMYaowmuxcs popMasibHbIM annapaTtoM, UCTOYHUKAMU NOPOXAEHNS

W BbIXOAHbIMU CyLHocTAMU MMO, - MeHmarnbHol U MawuHHOU:

— MeHmanbHas mamemamuka. Ee ngeonorvs OCHOBaHa Ha pesynbTaTax MbICIMTENBHON W
NPaKTUYECKON AEATENBHOCTU Yeogeka Ha A3blke hopManbHON NOMMKM U HA OCHOBE aKCUOM
00 anemeHTax, NpUpoaa KOTOpPbIX Yxe He onpefeneHa (uaeanbHble 06bekTbl). PaspaboTka
MoZenei NpUKNagHOM MaTemaTUKW XapakTepu3ytTCH CTPYKTYPHOW M napameTpuyeckon
naeHTudmkaumen, TpeboBaHMAMM K TOYHOCTU U CMIOXHOCTU OnncaHus npouecca. MeHTanbHas
MaTeMaTuka Kaccuyeckasi OPUEHTMPOBaHA Ha pa3paboTky Mogenei CTaTvkn M OUHaMUKM
BHELUHEr0 MMpa, METOOOB peLUeHMst 3adad, TEeOpuid, COrMacoBaHHbIX CO CTPYKTypamm
NPOLIECCOB MbILLMEHMS U CO3HAHMSA YenoBeka. [IByxnonyluapHas CTPyKTypa Mo3ra YenoBeka
npueena K (HOPMUPOBAHMIO ABYX MEXaHW3MOB MbILMIEHNS — accoLMaTUBHO-06pasHoro M
NOTMYECKOTO  MbILLMEHNs  (MpegMeTHoro,  0BpasHOro,  CMMBOMIMYECKOTO UM 3HAKOBOTO
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Mbiwnenui). OgHo nmonywapuwe nydie cnpaensetcs ¢ 0bpaboTkon 06pa3oB MHOMBMAOB U
ctatuku g0 peanbHOro mMupa (M3OMOPMHBLIE 1 FOMOMOP(HbLIE Npeobpa3oBaHs), Apyroe C
00paboTkoM  3HAKOB,  aCCOLUMMPYEMbIX  C  CyTbl0  AWHAMWUYECKMX  MPOLIECCOB.

CnoxuBLuMecs HasBaHus BbmyucnumensHaa u KomnbomepHas MaTeMaTuki OQHOTO KOpHS,
NCNONb3YKT MepBUYHble (hOpMbl OTOBPaXEHWA peanbHOro mupa (Yacna, 6utbl, undpbl).
OpHako KOMMbIOTEPHYK MaTeMaTuKy CBSA3bIBAIOT C HANMYMEM WHCTPYMEHTOB MOATOTOBKM W
PELLEHMII MaTeMaTUYECKVX 3aZay C NOMOLLbIO KOMMBIOTEPOB. KOMNblomepHas Mamemamuka —
9TO COBOKYNHOCTb METOAOB W CpeAcTB, 0becneunBaioWwmx MaKCUMarbHO KOMMOPTHYK W
ObICTPYI0 NOATOTOBKY anropuTMOB 1 NPOrpaMM AN PeLLeHns MaTemaTniecknx 3agady noboi
CMOXHOCTM, NpU 3TOM B NofaBnstowem OOMblWWHCTBE CMy4aeB C BbICOKOA CTEMEHbIO
BM3yanu3aumm Bcex 3TanoB pewenus [Bukunegus, 2015]. XapakTepHbiM NpU3HAKOM
BbIYMCIINTENBHOM MaTEMATUKKN ABNSIOTCA METOAbI PELUEHNS BbIMUCAMTENBHbIX 3a4a4, NO3TOMY
BbIYMCIINTENBHYKO MaTeMaTuKy ECTECTBEHHO OTHECTU K MeHmanbHOU MaTemaTuke, a

KOMMbIOTEPHYIO — K MaWwUuHHOU Mamemamuke.

MawunHas mamemamuka. Ee BxogHble OOBEKTbI M XapaKTepHble CYLHOCTU HaBsi3aHbl
OrPaHUYEHHON pa3psAAHONA CETKOM U PELLEHMAMM, MPUHATLIMM paspaboTumkamm cepuitHbix M
N3 TEXHONMOMMYECKMX COODpaXeHWn NpOM3BOACTBA KOMMbOTEPOB. [lpuHATHIE  MOAenu
(DYHKUMOHMPOBAHMS 3MIEMEHTOB, CTPYKTYP M WHTEpPeicoB anmapaTHbIX M NPOrpaMMHbIX
BbIYMCIINTENEN KOMMbIOTEPOB U CETEBbIX CPEACTB PasfNYHbIX MOKONEHWN, €CTECTBEHHO,
OnpeaensnmMcs He OCOBEHHOCTAMM MHOMOBEKOBOrO pPa3BWTWUS CO3HAHWS 4enoBeka, a
BbIOpaHHbIMKU MexaHuamMammn gopmmupoBanns MO, ocobeHHOCTAMM TpeboBaHW akTyanbHbIX
nonb3oBaTenen K BHEWHWM xapaktepuctukam WM. WcxogHble 0BObekTbl  MalUvHHOM
MatemaTuku — a1o, npexae Bcero, IO HWKHUX YpOBHEW, NOMyyYeHHble U CHOPMUPOBAHHbIE
KOHKPETHBIMU TEXHUYECKUMI CPEACTBAMU Ha HEXMBbLIX MaTepuasibHbIX HOCUTENSX. ITO BUTbI,
yucna, MaTpuLibl, CUMBOSTbI M KOMMOHEHTbI Bonee CROXHbLIX CTPYKTYpP BbluucnuTenen [Jepkay,
1986], sisbikm m OC koHkpeTHbix MM wn cuctem WK, koTopble, €CTECTBEHHO, AOMKHbI
OTHOCUTBCS K MAaLUMHHOW MaTemaTuke. SOpo TEOpeTUYecKon MalUMHHOW MaTeMaTuku elle
[OIKHO OChOPMUTBLCH UCXOOS M3 copepxaHus dopmaros, onepauuic 1 gyHkumn UM,
cneunduky MalwmHHBIX A3bIKOB HWKHErO W CpPeaHEro YpOBHEW, S3bIKOB NPOrpaMMMpOBaHMS,
KNacCcuyecknx W MalUMHHbIX METOOB pelleHus 3agad. K sapy npuknagHoW MalUMHHOM
MaTeMaTuKi eCTECTBEHHO OTHECTW MOZENN (hyHKUMOHUPOBAHNS annapaTHbIX 1 NPorpaMMHbIX
CPEACTB  BblYUCIMTENEN KOMMBbIOTEPOB UM CETEBbIX CPEACTB, NPUKMagHbIX  CPeacTB.
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CTPYKTYpHbI aHanu3 W OHTONOTUS KOMMNbIOTEPHOW MaTeMaTWkn AOMKHbI 6asnpoBaTbCs He
TONbKO Ha MHOXECTBE KIaCCUYECKUX MOHATUI MaTeMaTUKU, HO M Ha CYLIHOCTSX UCXOAHBIX U
BbIxoaHbIX MO, dopmupyembix MM, a Takke obbekTax Bu3yanusaum MallMHHOIO npoLecca,
Heobxognmon npu ero otnagke. CeroaHAWHIO KOMMbIOTEPHYID MaTeMaTUKy, BKIHOYatOLLYHO
Habop MporpamMMHbIX CPEACTB PeLleHnst onpeaeneHHbIX KNaccoB 3adad, Hanpumep, CUCTEMbI

Mathcad, ecTeCTBEHHO OTHOCWTbL K KaTEropun MalMHHON MaTeMaTUK.

Kaxpas u3 APXUTEKTYPHbIX KOMMOHEHT MaTeéMaTuKu OOJIKHa ObITb HaNoONMHeHa COOTBETCTBYHOLLNMU
Modensamn, codepXaHne W CMbICIT KOTOPbIX HamnoJsIHEH CTPOro onpeaendemMbiMM NpU3HaKkamu,

Hanpumep:

*  MbiCneHHble 0ObEKTMBHbIE NPOCTPAHCTBEHHbIE W BPEMEHHbIE MOLENN OTPAKEHWUS CTATUKM,
oTnuyatoLmecs maclwtabom matepuansHoro mupa (-, m-, M-mupa); B 4aCTHOCTH, OTPaKEHUS
obbekTa-MHAMBMAYYMA UMK CUCTEMbI OOBEKTOB MaTepUanbHOro MUpa;

*  CumBonbHble 1 noruyeckune mogenu teopuu MaO:

* Marepuanbtbix g0, BkntovatoLime 3akoHbl B3aumogenctanii MO;

*  HopmaumoHHbix M0, Hanpumep, Teopus kaTeropumn (CBOMCTB OTHOLWEHU Mexay MmO, He
3aBWCsLLMe OT BHYTPEHHeN CTPYKTYpbl 06bekToB [[onabnatt, 1983)).

e YCTaHOBMBLUMECS A3bIKM MATEMATUKM (A3bIK norvku, anredpbl, Apyre opMancHble A3bIKK);

* XapakTepHble oTpaxeHus R- u |-Mupa — OTHOLLEHUS U (hopMasbHble TEOPETUYECKME MOLENN
CTaTWKW U AWHAMWKW cucTembl R- 1 |-06beKTOB B BUAe OQHOMECTHbIX (06pasbl), ABYMECTHbIX
(ER-mopenw), TpexmecTHbIX ((OYHKUWMM) W MHOTOMECTHBIX (MHC(OPMALMOHHBIE MOAENN)
npeankaTos;

*  CKOHCTPYMpOBaHHbIE MH(OPMALMOHHbBIE MUPbI, TUNOTE3bI;

» 3agauv 1 xapakTepHble pelLeHns 3agad aktyanbHbix M70;

* MeToabl v pesynbTaThbl peLUeHNs 3adad, AokasaTenbCTB, NPaBLONOAOOHbIX BbiCKA3blBaHMM
cooteeTcTByOWMX M40; MeTodbl aBTOMAaTM3aLMW peLLeHns 3agay;

* XapakTepHble CTPYKTYpbl, HAaNpUMep, NOpOXAaloLLmMe MaTeMaTuyeckme CTpykTypbl bypbaku -
Anrebpawyeckue CTPyKTypbI; Tononornyeckne CTpykTypbl; CTpYKTypbl nopsiaka.

OTMETHM, NOCKOMbKY NPOLECC OTPaXXEHWs! UMEET MEeCTO NMpu (POPMUPOBAHNM MOHSTUIA 1 ECTECTBEHHBIX
W TyMaHUTapHbIX HayK, TO MaTemaTuka M ryMaHWTapHble Hayku MOTyT COCTaBNsiTb hOpMarbHyl U
HedhopMarnbHyl0 YacTi BEPXHEro 3aTaxa 3gaHus Hayku. [MpUMeHUTEeNbHO K B3aMMOCBSI3AM  Hayk
WHChOpMaTHKa MOXET MPETEHA0BaTb Ha PONb M paccMaTpuBaThCs Kak CBS3YHLLEE 3BEHO 0OBLEKTOB
MpUpoabl M S3bIKOB ECTECTBEHHbIX M ryMaHUTapHbIX Hayk. B kubepHeTuke 3apaum MHGOpMaTUKK
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(dhopmmpoBaHus, TpaHCMOPTMPOBKW, 0BpaboTkM 1 peanu3auum MHAOPMaLUM) JOMNOMHEHb! 3aaaqamu
ynpaBneHuss Kak WHMOPMALMOHHbIMK, TaK MaTtepuarnbHbiMu npoueccamn. B VW atm sapaum
[OMOSHEHbI CPeACcTBaMM aBTOMATM3aLMN MbICIIUTENBHOW AEATENBHOCTU U NPUBIIEYEHNEM K PELLEHUIO
3apay 6a3 3HaHui.

®aKT HanUuus OBYX OTINYAIOWMXCH NapagurM 1 CYLIHOCTEN MaTeMaTK1 ,MeHTanbHas U MaluHHas”
Mo3BONSET pa3denbHO NPOrHO3WUPOBATh HanpaBMneHne PasBuTS UX NPUKNaaHbIX MOAENeEN U CTeneHb
BrM30CTM MaWWHHOW W MeHTanbHou Mogenel. CormacHo u3sectHoMmy Tesucy [nagyHa B.I.
JHGopmMayuoHHbIe Modenu cywHocmel peanbHo20 mupa 00mKHbI 6bimb 0bwuMu 019 Yyernoseka u
komnstomepa” [[nagyH, 2000].

3aknoueHue

Ha ocHoBe aHamu3a B3aMMOLEWACTBWA MaTepuanbHblx 06BEKTOB M ceHcopoB WM  pa3suTto
npeacTasneHne  (OpPMUPYEMOro Criost WUCXOOHbIX OTPaXeHWd MaTtepuanbHbiX OOBEeKTOB  Kak
UHgbopmayuoHHoU cybcmaHyuu (0CHOBbI nocneaytoLlero opmuposanus nepapxumn M0). Vexoos v
MaTepuarnbHO-MHPOPMALIMOHHOMO NPeaCTaBneHns NpeaMeTHoN 0bnactu NpeanoXeHbl KapTUHbI Mypa
B BuOe: A) HEKOTOpPOW TOMOMOrNYECKOW CTPYKTYPbl KaTEropum BepXHEro YpoBHs; B) rnobanbHou
MaTepuanbHO-MHOPMaLMOHHON  cucTeMbl.  PaccMoTpeHbl  0COBEHHOCTW  B3aMOAENCTBUMM
MaTepuarnbHOro, MHPOPMALMOHHOTO U MaTEMaTUYECKOTO MUPOB.

[pUMeHNTENBHO K Xu3HeHHoMy uukny WO obbekta BBeAeHbl MOHATMSA, ONpefensiowme ero
OHTONOrMYECKN CTaTyC: MHpOPMALMOHHOE none 06bekTa-npoToTuna, obnactb 0bpasa-n3obpaxeHns
B MH(OPMaLMOHHOM MOMe, UCXOAHble AaHHble, 0bpaboTaHHble AaHHbIE, Peanu3oBaHHblE LaHHbIe.
BeepeHo obobwatowiee nonstue: WO - CyWwHOCTb, OTBMEYEHHAs OT CTaguM XW3HEHHOrO LMKNa
oTpaxeHusi. Mpeacraenenne opmupoBanns ucxogHblx MO, kak pesynbrata SMUCCUN HOCUTENEN B
WHOpPMaLMOHHOe none, Nbo kak pesynbTata AeSTENbHOCTY YernoBeka, N03BONSEeT MHPOPMATUKY Kak
HayKy CBA3aTb M0 BXo4aM C MaTepuaribHbIM MUPOM U YEMOBEKOM, @ C ApYroi CTOPOHbI C MaTeMaTuKoi
W eCTECTBEHHbIMU HayKamu. [1okasaHo, 4TO YacTb (DYHKUMIA COBPEMEHHOWN MaTEMATUKN — OTPaXeHue
00beKTOB, B3aUMOLENCTBIN W peLLeHne CUTYaUMOHHbIX 3agay 6epeT Ha cebs uHdopmatuka. OpHako
Hanbonee obwue meTodbl peanu3aumn 9TUX YHKUWA, abecTpakTHOe npedcTaBneHuWe Bcerga
OCTaHyTCA 3a (hyHLAMEHTASbHOM HayKOW ,MaTeMaTika’.
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Ha ocHoBe VIH(*)OpMaLI,I/lOHHOFO M CMCTEMHOro NoaxoaoB npensioXeHbl NPpUHLNNBI NOCTPOEHNA U CBA3N

KOMMOHEHT apXUmeKmypb! COBPEMEHHOI MHPOPMATUKN 1 MaTEMATMKY:

Ba30Boi OCHOBOW MH(OPMATUKN SBASIETCH UCXOOHAs WHGOPMALMOHHAs cybcTaHumMs B Buae
NPOCTENWNX  UKCEeNel-ompaxeHuli, Ha OCHOBE KOTOPbIX BbIAENATCH WUCXOAHbIE W
CUHTE3NPYIOTCA 1 CUCTEMaTM3NpYoTCs BTopuyHble NO;

Mamemamuyeckue obvekmbl (MmO) — abcTpakTHble 0OBEKTHI, ONpefeneHHble UMEHEM W
TEKCTOM, - YacTHbI cnyyait MO, co3aaHHbIX YeNoBEKOM;

MawuHHoe modenupogaHue U NPOEKMUPOBaHUE — BaXHEWNLWNE KOMMOHEHTbI AEATENbHOCTY
yenoBeka. BxogHbIMM 06 bEKTaMK 3TOr0 TBOPYECKOro npoLecca sBnsTces Kak MO, Tak n MmO;
B 3aBMCMMOCTW OT COOTHOLLEHMS 3TUX OOBLEKTOB M CyTM MpoLecca 3T apXMTEKTYpHble
KOMMOHEHTbI MOryT ObiTb OTHECEHbI Kak MUPY WMHGOPMAaTUKK, Tak U MPUKNagHON MUPOBOW

MaTemMaTuKku.

BblgeneHbl onpefeneHbl napagurMbl MatemaTuku, oTnnyarwmeca WUCTOYHUKOM MNOPOXAEHNA WU

cywHocTamu MmO — meHmarbHas i MaluHHas.

MawunHas mamemamuka - Hayka o MmO, pa3paboTtaHHbiMu TBopLamu M npu Beibope (opm
n MexaHu3moB chopmupoBaHus IO B npouecce coBepLUeHCTBOBaHMS CTPYKTYp MM, Hayka o
MaLUVHHBIX MOAENSX OTPaXEHWNA PearibHOro MMpa ¥ MaLMHHOM PELUEHUM 3afay C MOMOLLbHO
NM:

MexmanbHas mamemamuka - Hayka 0 MmO, kak pe3ynbmamax MeHmanbHol U
npakmu4eckol AesimenbHOCMU Yerogeka, cgolicmeax NOCMPOEHHbIX U3 HUX CMPyKmyp,
OMHOWEHUSX MeX0yY HUMU U Memodax peweHusi meopemuyeckux U npuknadHbIx 3aday.
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From Reality to the Objects of Computers Science and Mathematics

Anatolyi Merzhvynskyi

Abstract: Focuses on the ability of physical objects to the issuance of some material substrate
(photons, electrons, etc.), which provides formation of the real reflections of the external world objects
not only in computer's memory, but also in the environment, in all elements of electronically or optical
machines parts. Here proposed the concept of elementary material reflections carriers - static and
dynamic Ixelles. The initial state of Ixelles shape-images of physical prototype objects are considered
as informational substance - the basis of the subsequent formation of information objects hierarchy.
Reviewed two mathematics paradigms, differs in origination source and essence of mathematical
objects: a mental paradigm, the original concepts, axioms, concepts of which are offered by
mathematicians and agreed with the structure of human mind, and the machine paradigm, the original
ideas, concepts, methods are inputted by computer science developers based on chosen mechanisms
of formation and information objects processing technology.
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