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r Datacenter modularity is a new term in data processing. The given article aims at making distinction between the\
modular, mobile, modern and traditional datacenter, and reviews solutions available in the market.

The present research provides a systematic view of the currently existing data center technology solutions, as well
as the major factors influencing the cost and possible engineering pitfalls and determining basic rules of calculating and
evaluating their cost and further maintenance. The concept of energy efficiency is studied here, as well as its influence on
the primary cost of a data center, its maintenance cost, and thus its final cost. The conditions for the modular solutions
for data processing centers emergence have also been studied here. Classifying and identifying key features allows
precise positioning of the applicability of existing technologies. For this purpose, the paper provides major features of
the applicability limits of available technologies, while technological solutions from different vendors are evaluated for
containing engineering systems. The received estimations are presented in a convenient and comparable tabular form
and.

The research results are provided in the form of a summarizing table allowing comparing the features of each solution
in several aspects: form factor, complete solution, modularity, flexibility, further development in several key engineering

lutions.
\ Solutions Y

Key words: datacenter, modular datacenter, IT industry, information technologies.

Introduction

he «Datacenter world» today is a numerous set
of products and solutions providing end-user

with the computational and storage resources.

computer systems and associated components, such as
telecommunications and storage systems. It generally
includes redundant or backup power supplies, redun-
dant data communications connections, environmen-
tal controls (e.g., air conditioning, fire suppression)

Some people treat the datacenter as «High level» serv-
ices such as Cloud term SaaS, which is quite different
in fact. A datacenter is defined as a facility used to host

and security devices [1]. The diversity of meaning of
the term «datacenter» confuses the understanding of
the topic.



Datacenters do not provide any other services except
IT and telecommunication equipment hosting. But the
most common view of a datacenter is «something I can
connect to» or «something which does the data process-
ing for me». The truth is somewhere in between. Both
approaches to datacenters can be applied if we say that
a datacenter is both an infrastructure to host computers
and computers with the network it self. In order to clari-
fy the view of the topic we define a datacenter as follows:

A data center is a highly technological facility to host
computer technologies and data storage to ensure the
continuity and reliability of data processing.

In other words, a datacenter is the physical layer sup-
plying computer equipment with power and network
wired connections. This notion is used in consideration
for the purposes of this article.

1. What a datacenter needs

In general, the aim of a datacenter facility is to host
the computing equipment, data storing and telecommu-
nication equipment.

Basically, all requirements for datacenters come from
the business. These demands are directly or indirectly
linked to requirements of the I'T equipment/systems.

These requirements can be ranged by their reliability,
sustainability, maintainability, power consumption, data
floor space etc.

In the early days of the IT the datacenter design was
fixed and depended on the IT equipment for which a
datacenter was designed. «Computer room» was the
word to describe infrastructure supplying power and
cooling for specific IT hardware. As computer industry
grew, server rooms became more and more univesal and
could host different types of IT hardware. The diver-
sity of IT equipment today causes headaches for data-
ceter designers. And datacenters are becoming more and
more flexible.

The source of the requirements (inputs) changes the
datacenter design and the design process itself. Two fol-
lowing examples will show you how datacenter design
can vary and be sophisticated depending on the source
of the requirements.

Example 1: indirect requirements

One big international company is planning to deploy
the Enterprise Resource Planning (ERP) system. The
company has 200K employees accessing the system. The
company also intends to improve the documenting and
the internal processes by implementing remote desktop
environment based on the IaaS services.

8

This requires a number of IT equipment, data stor-
age and telecommunication infrastructure installed in
the datacenter. Designing these systems requires a cer-
tain amount of computing resources and data storage,
as does designing the telecommunication (network) part
the system. This kind of the requirements can be eas-
ily transformed to ones for datacenter facility infrastruc-
ture. The designer of a datacenter selects infrastructure
components on the basis of a fixed set of «consumers» of
datacenter capacities.

The datacenter, designed and set up in this example,
is specially developed for the specific needs (inputs) of
the equipment hosted in it. This is an «ideal» example of
datacenter design from the designer’s point of view.

This is an example of how indirect business shoul de-
fine a datacenter. The company’s direct requirements
are reflected in its IT system.

Example 2: direct requirements
The second example comes from direct business
needs — a commercial data center.

The company is planning to build a datacenter to pro-
vide basic services like location of goods.

The requirements in this example can only be de-
scribed though the number of crates (e.g. floor space)
and the planned power capacity, otherwise the designer
will not be able to choose appropriate cables, sockets,
network cabling and etc. Also no information was pro-
vided about the required reliability of the infrastructure.

Details
The specifics of the data center allow seeing the kinds
of criteria which are simpler/harder to reach.

4 The data center today (based on the IT needs) can
be described by the folloThe floor space footage;

4 The power density per square feet;
4 The power efficiency;

4 The reliability (or expected uptime);
4 The lifetime.

The floor space and power capacity are defined
straightforward in both examples. Power efficiency is
more valuable for commercial DC, we assume. Reliabil-
ity can be defined simply in the first example and be-
comes a complicated question in the second one.

Most of the customers coming into the datacenter can
say: | want to have a Tier 3 [2] level of uptime for my
servers and PUE less than 1.2 [3, 4, 5]! In the examples
above the reliability of the last datacenter can be higher
than that of the first one and much higher than that of
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Fig. 1. Historic and projected head load by equipment type.
Source: D. Floyer, «Network Go GrEEN»>, Wikibon, May 07, 2011 (http://wikibon.org/wiki/v/Networks_Go_GrEEN)

the third (XaaS seems to be more redundant). What is
the reliability standard you should choose for your ap-
plication? What is reliability standard the designer has to
take into account in the absence of the customer whom
he can ask about it in the last example?

Lifetime

Lifetime of the IT equipment is nearly three years
[6]. The requirements of the new IT equipment do not
change in the form-factor. But these parameters will be
completely different in terms of network ports number,
power consumption per unit (see fig. 1), etc. So after 3
years the data center equipment shall be renovated.

The lifetime of the facility technologies, like cooling
or power distribution, is close to 10 years after the instal-
lation.

We are well aware that in this case it is practically hard
to justify the investment, if the equipment has served for
three years only [2].

More details. Flexibility

As you already can see, the first example becomes less
and less simple in the design as we start thinking farther
than three years.

Design is much more detailed in the first example. All
plugs, network cords, places, spaces are predesigned, hence
we have to provide IT system and IT hardware design.

In the case of unpredictable IT hardware demand, the
cabling infrastructure, power distribution infrastructure
of the datacenter should be flexible enough to easily
adopt to new IT equipment.

Keeping in mind the «life time issue», the flexibility
in capacities, in network connections, in space layout,

there tends to be an ultimate solution for the datacen-
ter.

This can be true. Is the datacenter design flexible
enough to make the final step of the datacenter growth
completely different than designed initially? If it is pos-
sible, can the datacenter be modified by the capacity
reduction or changed after several years of operations
without the critical load interruption?

Power

The necessity to modify the datacenter design also
comes from the technical characteristics of IT equip-
ment to be placed in it. As mentioned above, the life-
times of the IT equipment and datacenter facility infra-
structure differ significantly. The latter one is three times
more than the former one. At this point we expect the
datacenter requirements will have to be substantially
changed every three years because of the I'T equipment.
The regular server in the early 2Ks consumed 50W; mod-
ern server consumes at least 300W [7, 8]. The regular
servers seven years ago had one or two Ethernet interfac-
es and most of them were connected to one port, today
servers have three interfaces at least (one is for manage-
ment) and most of them are connected to the datacenter
network [9]. So we can say once every three or five years
we face a significant change[2].

Timeframe

We spoke before about power demand, space capaci-
ties and possible change in three or five years. What if
the change comes earlier? Is there a reason to have this
change? The growth of IT is very rapid all over the world.
This enhances the computer and automation system

BUSINESS INFORMATIGS Ne3(29)-2014
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growth and change, IT growth and changes, datacenter
facilities grow and change, one after another. There are
a lot of examples when a data center becomes outdated
before it starts working, because IT requirements of the
company changed too fast.

The usual time frame of the datacenter development is
6months for design and one year to buy and build it. Can
one imagine how many changes I'T world can face with
in the one year and a half? A new iPhone is released ev-
ery year with half its version new. A new Microsoft Win-
dows appears approximately every 1,5 years [10]. This
can be the planned growth you can predict. But can you
predict the future?

Power efficiency

One of the data center characteristics is caused not by
IT, but by the money limit. The power consumption of
the IT equipment (see fig. 1) and the price per kilowatt
are growing rapidly. Both facts lead to the basic answer:
we have to save money!

The efficiency of the data center is described by the
proportion between the power consumed by the data
center and the power supplied to the IT equipment.
These characteristics are called PUE and calculated by
the formula:

P

PUE — total ,
T
where PIT is the amount of power consumed by IT

hardware.

The number theoretically can be as low as 1. The data
center power efficiency is better as PUE number is lower.

Drivers

There is always a solution when the requirements are
identified. Modular datacenters come to cover the above-
mentioned needs [4]. There is also a specific use of such
solutions, but this will be covered later in this article.

To recap above mentioned, we should say the demands
which drive the datacenter technology development are
the following:

4 reliability;

4+ flexibility;

4 deployment time;

4 mobility;

4+ power efficiency.

2. Terms

Keeping in mind examples and requirements dis-
cussed above, we must define mobile, modular, modern
and traditional types of data center.
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We could say mobile and modular types are modern,
while modern is not only mobile and modular.

Traditional

The traditional approach to building a data center is
to construct concrete/brick solid building and bring all
necessary infrastructure in. Everything is fixed and can-
not (or is very expensive to) be changed.

Modern

The modern data center reflects the modern needs
of flexibility, deployment time, mobility, reliability and
power efficiency. Which cannot be achieved in a «con-
crete» building. And of course, a modern data center
can be a «concrete» solid building, but very efficient as
it must be today.

Mobile

The data center can be dissembled and moved to an-
other place. Such kind of solution is highly prefabri-
cated. And most of the times it is reliable as the con-
sequences of «factory made product». Mobile solutions
address the deployment time issue. The TCO of con-
tainerized solution can be as little as the lifetime of the
IT hardware filled in the container. Should it be lifetime
issue solution? Mobile can also be modular.

Modular
If necessary, flexibility can be the main driver for the
modular approach of the datacenter design.

Flexibility of all the components in the data center and
the flexibility of the investments are the major character-
istics of the modular solutions.

A modular data center (as the word suggests) consists
of modules. The modules are the infrastructure compo-
nents of the datacenter. Modules give the possibility of
«on-demand» growth of the datacenter. These modules
can also be highly prefabricated, reducing the delivery
and installation time.

3. Modular containers

The above-mentioned demands have their solution.
Containerized datacenters are coming in to the market.
This chapter describes five world known and real opera-
tion-proven solutions of this kind.

In this and the following chapters we intend to de-
scribe the existing modular solutions briefly. The ta-
bles describing the solution show which component of
the data center is included, which is not included, and
which is partly included (checked in both rows).



Microsoft AST Modular

Microsoft modular datacenter’s key feature is the vir- AST started with the containerized datacenter and
tual computing environment. The solution is based on | hen came to the modular datacenter infrastructure.
integration of I'T and networking equipment in one con- | AQT today has a set of modular products and solutions
tainer. The container is produced and shipped to the [12]. IT container has integrated uninterruptible power
customer fr.om the factory where all the systems inside it supply. Availability of water-cooled block container, di-
are prefabricated and tested [10]. rect and indirect cooling block container allows choos-

The centralized power supply with autonomous power | ing the appropriate cooling solution for certain site and
generating and cooling supplies have to be ready on site | weather conditions. Power container and vestibule con-
to allow container installation. tainer complete the containerized modular data center

The centralized systems can be modular in units, but | solution.
not easily modular in distribution. The backbone distri-

bution system of power and cooling has to be prebuilt on Table 3.
site and has the «end situation» capacity. This requires
. . AST Modular
more investments at the first growth stage and restricts
the change of the end state capacity and sometimes the
stage of growth. E 5| B 5| o
7 @ 3 Z s = 2
S| | a| 2|8 | &8
Table 1.
Microsoft MDC Included vV v]v v v
2| = - Not included
= e = > @
ele| 3|28 E|¢&
S | i »n | = x a | © Huawei CDC
Included v v v v v 20 feet or 40 feet sea containers [13]. The key feature,
Not included v v v v bes'lde low price, .1s the indirect free—coolmg mcorpor'at-
ed into the container. The solution also has the «cooling

container», «tambour» and power container which can

SUN MD . o
The first well-known modular datacenter was SUN be stacked to the «d.ata container» providing the modu-
lar data center solution.

Project Black box. The modularity of this solution meant
the ability to bring the computing resources to the place

where they were necessary. Sun Project Black box in- Table 4.
cluded up to 280 servers built into a ISO-standardized Huawei CDC
shipping container. Sun Microsystems was purchased
by Oracle in 2010. Now the project is named Sun MD
s20 [11]. It unifies infrastructure and IT hardware moni-
toring and controls. The power and cooling for the IT
equipment has to be supplied by site infrastructure. The
solution is applicable for fast deployment where IT de-
mands are not vast and can fit into one or a couple of | Notincluded

Office

< | UPS

X | Fire

< | Security
X< | Cooling
<\ | Power

Included

< | N | Network

<

containers.
Table 2. | HPPOD
SUN MD HP Performance Optimized Datacenter (POD) 20c
is based on the superstructure of special design [14]. It
> | = = does not use the «traditional» ISO shipping container,
= =3 = = (-] . . . .. . .
@ | o | B R S| & which restricts entrance openings, inside interior etc.
= [} -] [ — . . .
S| & |a| = o a | © The block size is the same because of transportable di-
Included viliv]|]v]v v mensions. High temperature chilled water close-cou-
. pled heat removal provides higher energy efficiency but
Not included v v v 4 . . .
requires the cooling plant on site.
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Table 5.
HP POD
2| = =
»| | 5| 2| 5| 8|8
o — > [T o 5 -
- [ (7] = (X) (-9 [—]
Included v v v v v v
Not included 4 4
4. Modular
solutions

All of above-mentioned solutions use containers of
fixed size. Most of these solutions require the site infra-
structure for power and cooling to connect to.

The container solution is the best choice in case of
accidental or partial IT demand.

The free choice in power and cooling infrastructure,
the necessity of interconnection between the «building
block» using the containerized design, the fixed data-
floor space and server rack dimensions restrictions are
the drawbacks of containerized solutions and limit their
usability as the basis of large datacenters.

Examples of that are the AST NON ISO Modular
Data center and Colt Modular Datacenter.

AST Modular

AST NON ISO Modular datacenter is based on the
same set of cooling, power, IT room building blocks as
its containerized solution. But the outside is different.
The cooling is provided by modules of different capaci-
ties and sizes. Availability of IT room block of two sizes
(25’ and 45’) allows to assembling the data room accord-
ing to the customer’s needs.

Table 6.
AST Modular
NON ISO
2| = =
w| | 2| 2| 5|88
S| | 8| 2| 8| 2|8
Included 4 4 4 v v v v
Not included
Colt

The Colt modular data center is one of the contain-

center space and power. [15] Most of the construction
blocks are produced at the factory. The customer selects
the floor space block (server rooms) of his datacenter.
Then Colt is able to provide the block-to-block growth
of the datacenter.

Table 7.
Colt Modular
DC
2| = =
»| | 3| 2| 5| E|&
[ = > [T o ) -
- [ (7] = [X) (- [—]
Included v v v v v v v
Not included
Conclusion

There is no «general» description of modular data-
center today. You can see from examples above many
directions of modularity in technologies. The means
of modularity, noted in the article of J. Rath «DCK
Guide to the Modular Datacenter» [16], are the fol-
lowing:

4 deployment;

4 consumption;

4 financing.

The modular datacenter differs from traditional at
least by flexibility and modularity in the deployment
process. At the same time modular datacenter does not
not require to be mobile, but can also be constructed
from mobile blocks.

The author’s definitions of pure modular datacenter
are:

<> step by step growth of basic capacities: space,
power, cooling;

<> changeability of the capacities during the DC op-
erations;

<> flexibility in easy IT demand adaptation.

We include all the described above features of mo-
bile and modular solutions into one table to make
the comparison easier. Table § allows comparing the
advantages and disadvantages of each solution. Does
the solution include Power and Cooling or is this re-
quired on site? Is it possible to modular growth of
the power inside the container? Further develop-
ment availability and the flexibility are also shown

erized solutions. Colt has the growth «block» of data-
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Table 8.
Modular datacenter comparison
Solution Modular Growth Flexibility
= 5 =
5 £ 8 5 | 2| s s | £ | g s | £ | 2 s | 2| s
2 5 s = S s = s 8 = S = € S =
S 3 | &| 8| &|&| 8| &|&| 8| 8| 2|8 &
Oracle Sun MD ) o) 0] ] 0] (@) (] (@) (@) O O O O
Microsoft ) ) (@) ) ) (@) ® (@) (@) O O O O
AST 1SO () o o (] o [ J o o o (@) o o o
Huawei CDC () o ( o ) o o o o O o ® o
HP POD ([ ) [ ] (@) ] ] (@) o (@) (@) (@) (@) (@) (@)
AST NON ISO () o o [ ] [ o o o o ® o o o
Colt o o [ J o o o o o ® ® ® o o
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( Hacmoswasn paboma cmagum neped coboil ueab cCUCmemMamu3uposams Cyuecmeyiouue 6 mupe mexHoio2u4eckue pee-
Husi 6 obnacmu yenmpog obpabomxu 0anHbiX. B cmamve paccmompenvl 0CHOGHbIE hakmopbl, eausiouwue Ha CMOUMOCHY U
UHIICCHEPHYIO CAONCHOCMb 0ama-ueHmpos u onpedensioujue 0a308vie NPAGUAA (POPMUPOBAHUS U OUEHKU CIMOUMOCIU UX
co30anus U nociedyrwuiel 3Kcniyamayuu. Paccmompeno nowsmue sHepeoIppexmusHocmu u eeeiusHue HA NEPeUHHYIO
cmoumocms 0ama-yeHmpa, CMoumMoCcmb €20 KCHAYAmauuy U, Kak ciedcmeue, COBOKYRHYI0 CIMoumMocms éaadenus. Takce
paccmompenvt nPeonoCbLIKU NOAGACHUS MOOYAbHbIX PeuleHUl 045 ueHmpos 06pabomku dauHbix. Cucmemamu3ayus u onpeoene-
HUe KAI04e8blX OMAUMULL U 0COOEHHOCMEL NO360ASI0M MOYHO NO3ULUOHUPOEAMb NPUMEHUMOCTb CYUeCMEYHOUUX MEXHON0UI.
s 3moeo 6 pabome u3104ceHbl KAKOUegble 0COOEHHOCMU U OnpedeneHbl 2PAHULbl NPUMEHUMOCIU CYUeCMEYIOUUX MEeXHOA02UIL,
a mexHoA02UMecKUe peuleHus pPAasHbiX Npou3gooumencii OUeHeHbl HaA Npeomem YKOMNACKMOBAHHOCMU UHNCEHEPHbIMU
cucmemamu. IloayuenHbie oyenku npueedeHst @ YOOOHOM 045 CONOCMABACHUS MAOAUMHOM 8Ude.

Hmozom pabomoi sieasemcest 0000ueHHAs MAbAUYA, NO360AAI0UAS CPABHUMb BOZMONCHOCHU KANCO020 PeUIeHUS 8 HECKO1b-
KUX ACheKmax, eKkAo4ds Gopm-(haxmop, 3aK0HUEHHOCMb peuleHus, MOOYAbHOCHb, 2UOKOCHb, B03MONCHOCMb PA3GUMUSL NO

KHeCICO/IbKMM KAIO4€6bIM UHNCEHEPHbIM DEeULeHUAM.
\ J

N

Kimouenbie c10Ba: 1IeHTp 00pabOTKY JaHHBIX, MOLYILHBIN LIEHTp 00paboTku JaHHbIX, U T-nHmyctpus, nHdopma-

IITMOHHBIC TEXHOJIOINHA.
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r E-trade systems are widely used to automate sales processes. Inefficiencies and bottlenecks in the sales processes lead\
to business losses. Conventional approaches to identifying problems require much time and result in subjective conclusions.
This paper proposes an approach for the analysis of e-trade system processes based on the application of process mining
techniques. Process mining aims to discover, analyze, repair and improve real business processes on the basis of behavior
of an information system recorded in an event log. Using process mining techniques, we have analyzed process running
in an online ticket booking information system. This work has shown that process mining can give insight into the e-trade
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applied approach and showed how it could be used to the investigation of a wide spectrum of e-trade information systems.
During the case study we mostly used a software framework named ProM, which includes a substantial number of plug-
ins implementing process mining methods. Using software for automatic process analysis and discovery, one should be
careful with the interpretation of particular methods’ output. Pitfalls and difficulties of applying process mining techniques
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1. Introduction

rocess mining is a new and fast-growing research

area in the field of Business Process Management.

The idea of process mining is to discover, analyze
and improve processes by extracting knowledge from
real-life event logs of an information system [1, 2]. Such
event logs are usually produced by most modern informa-
tion systems. There are only two requirements for process
mining: (1) there is a notion of a process, and (2) there is
an event log that keeps recorded behavior of a process in a
structured form. The event log has to contain information
about process steps (events) together with timestamps
and, perhaps, additional information (actors, resources).
If both of these requirements are met, it is possible to ap-
ply a wide range of process mining techniques, includ-
ing those implemented in ProM Framework [3]. Process
mining includes (1) process discovery, (2) conformance
checking, and (3) process enhancement [1]. Discovery
aims to learn a process model from an event log, i.e. to
derive a process model from observed behavior recorded
in event log. Conformance checking answers the question
whether the modeled behavior matches the observed be-
havior. Model enhancement comprises model improve-
ment, extension, and optimization based on information
obtained from event logs.

This paper describes an application of process mining
to the analysis of e-trade system processes. This analysis
is crucial for finding process bottlenecks and improving
an information system. E-trade systems are widespread.
Typically, a today’s e-trade system consists of a server
that processes the requests and a set of client software
applications or a web-based client interface generating
requests. When one wants to buy something (goods or
services), they use a web site (in the open system case)
or a client application (in the case of internal corpora-
tive system) to browse the list of available offers, then
they form a request and send it to the server. An applica-
tion at the server site receives this request and processes
it in a number of ways using a particular process scheme.
Eventually, a staff member should be involved in approv-
ing the request or preparing a ready supply.

The analysis of business process models, like the ones
considered here, is far from trivial. In most cases, infor-
mation systems have a rather complex structure, and in-
volve a lot of services and people. Frequently, there is no
explicit process model describing the system behavior.
Developers and analysts often rely on an implicit model
of the process, which is not well correlated with reality,
i.e., real-life behavior is very different. When something
goes wrong in such a process, it is a sophisticated task to
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get insight into the problem and solve it. Since e-trade
information systems generate event logs, process mining
techniques can be used for analysis and improvement
of such processes. Moreover, the recording of all trade
operations is typically regulated by law. Using process
mining methods, one can investigate the functioning of
an information system, obtain models of real processes,
analyze these models, locate inefficiencies, and propose
improvements.

The paper presents a real case study involving an on-
line e-trade system that was analyzed using process min-
ing techniques.

Process mining has been applied in many other do-
mains. For example, several papers have been published
on process mining of healthcare processes, cf. the papers
by Mans, van der Aalst et al. [5], Kirchner, Herzberg, et
al. [6], and other works [7, 8, 9]. Another interesting ap-
plication for process mining techniques is business pro-
cess auditing [10, 11, 12, 13, 14]. There are also papers
that consider using process mining in insurance [15].
Even maritime vessel behavior has been analyzed using
process mining [16]. Process mining is a new rapidly de-
veloping area, thus applying process mining in real-life
situations is of particular interest both for practice and
further research.

Process mining uses many heuristics, and the direct
application of process mining methods without any pre-
processing usually is not helpful. The results of applying
process mining strongly depend on the problem defini-
tion and questions asked. One has to be very precise with
conditions and software settings to obtain relevant out-
come (see [18]). Selection of appropriate techniques ac-
cording to the subject area is an important preliminary
step of analysis. Note that while dealing with a specific
problem, one has not only to play with the parameters
but also to extend existing methods.

The rest of the paper is organized as follows. Section
2 contains a general description of the problem. Section
3 presents analysis of the studied online e-trade infor-
mation system. Finally, section 4 gives some conclusions
and further research directions.

2. Online ticket
booking information system

In this paper we consider a case study aimed at find-
ing inefficiencies in a typical e-trade information system
process that deals with booking travel tickets, and at pro-
posing changes that would possibly lead to higher turn-
overs. To achieve these goals, various data analysis and
process mining techniques were used.



The system is a portal designed to provide ticket book-
ing services. It is a website that allows the users to search
tickets according to a number of criteria (destination
city, date, carrier, class of service, etc.). The resulting
tickets are offered to the user. After booking, the user
can purchase the reserved ticket by paying with a credit
card or in cash. There is also an additional service when
purchasing tickets: the user is advised to buy travel insur-
ance. The server processes the requests and stores all the
data, including event logs of the system behavior. Thus,
we can apply process mining techniques.

Usually the average number of purchases per unique
site visitor is used to evaluate the effectiveness of this
kind of portal. The metric value for the portal is low-
er than the average value for similar projects in Russia,
according to the information received from experts of
the portal owner company. Thus, there are problems or
bottlenecks in portal functioning. The portal owner had
the feeling that potential clients left the travel portal af-
ter starting browsing and filling the forms without com-
pleting purchase of a ticket. The goal was to confirm or
to refute this idea, and, in the latter case, to answer the
question why this happens.

Event data gathered by the portal were used as input
for this study. Initially, a period of one month was ana-
lyzed. Two tables provided by the portal and containing
information about its functioning were used as input for
creating an event log. The main fields of these tables are
listed below (7ab. 1, Tab. 2). Each event in the log re-
lates to an activity (a step in a process) and belongs to a
process instance (a case). Table 1 contains cases, and Ta-
ble 2 is filled with types of events recorded by the server.

Table 1.
Cases

D record serial number (page D)

SESSION_ID

client session ID

ACTION_COUNT number of actions on a page

ORDER_STATUS status of an order for which the user entered data

3. Analysis
of the system behavior

At the start of this research, the owner of the portal
had no strictly formalized process model for the system,
only a general description and a vague scheme of how it
should function. Therefore, it was necessary to design a
model. One preliminary step was needed before: to ob-
tain and preprocess the event log.

Table 2.
Events
D entry serial number
PiGE_0
OBJECT gﬁga%tsi,gﬁcture object that the client submitted to
WINDOW window
PAYMETHOD payment type
CONFIRM_SUBMIT «book» button
ACCEPT acceptance of the fare conditions
SURNAME surname
NAME name
DOCNUMBER document number
BIRTHDAY date of birth
EXIST_DOCEXPIRE expiration
DOCEXPIRE valid until
FARE_DETAIL link to information about the fare
FF_CARD_NUMBER_ADD | link for adding a frequent flyer card number
FF_CARD_NUMBER frequent flyer card number
C_PHONE_NUMBER cell phone
C_EMAIL g-mail
INSURED_PERSON adding insurance
action on an object; possible options:
ACTION LOAD, UNLOAD, CLICK, CHECK, UNCHECK, FILL,
SELECT, CLEAR

The two tables containing information about the
portal functioning were considered as an event log. In
order to apply process mining techniques, it was nec-
essary to have a single log file in a specific strictly for-
malized format [19]. Thus, the tables were merged to
a single file by using the unique field identifiers and
«PAGE_1ID» field.

The preprocessing of the event log was performed
using MySQL RDBMS [20], as well as ProM frame-
work with additional software tools [19]. First of all, it
was necessary to identify those fields which constitute
events (i.e., event class identifiers in the information
system). The combination of fields «<OBJECT» + «AC-
TION» was chosen, as it identifies all the unique user
actions. Taken separately, these fields do not complete-
ly describe an event in the portal information system.
The user may perform different actions on the same
object («click», «clear» and «fill»), at the same time the
same action can be performed with regard to different
objects (e.g., «pressing the left mouse button»). How-
ever, the pair of these fields uniquely characterizes an
event (for example, «pressing the left mouse button on
«submit» button»).
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The event log was filtered in various ways before be-
ing analyzed. The significant and insignificant parts were
identified. The timestamps of the log events were ana-
lyzed. It was important to filter out all the actions of the
portal administration team, which was done using the se-
lection based on user IP addresses. In the next chapter we
will show statistical characteristics of the booking process.

3.1. Preliminary analysis

We analyzed an event log containing the records of the
portal operation over a short period of time. As an event
classifier, the pair of primary keys «<ACTION» and «OB-
JECT» was chosen. «<SESSION ID» field was selected as
a trace classifier. The total number of events in the log
was 84760 (50 different classes of events), and the total
number of unique traces was 16818.

The ten types of events that are the most frequent-
ly represented in the log are shown in Fig. 1. It can be
seen, that about 40% of all events available in the log are
events of page loading and unloading. Importantly, the
number of unloading events does not match that of page
loadings. This effect is caused by cutting off the events
that are outside the considered timeframe.

One can see that for 7564 traces (i.e., about a half), us-
ers attempted to select a payment method. Only in 4909

traces out of all launched (16818) users tried to submit a
filled form to the server. Other traces can be considered
unfortunate for the seller. Several traces without com-
pletion are the traces with a cut-off, but not all of them.
This means there are problems with stability of the web
site. Users have problems during filling and submitting
forms.

The five most common classes of events in the log af-
ter removing «WINDOW LOAD» and «<WINDOW UN-
LOAD» events are shown in Fig. 2.

The distribution of final events in the user traces is
noteworthy. Fig. 3 shows the statistics for the five most
frequent final trace events. One can see that only half
of the sessions (49.85 %) end with attempts to submit
data to the server. Approximately 17 % of customers fi-
nalize browsing the site after pressing «select a payment
method» button («PAYMETHOD CLICK» action),
which indicates the inadequacy of the payment options
provided.

Another common event occurring prior to unloading
the page is the event of displaying the fare conditions
(«FARE_DETAIL CLICK>» action). In 367 cases, the
visitors left the portal after viewing the fare. This value
is not too large (it is obvious that some users will not be
satisfied with the proposed fares).

Fig. 1. The most frequent events in the log

Fig. 2. The five most frequently occurring events after removing the page loading and unloading events

BUSINESS INFORMATICS Ne3(29)-2014



Class
CLICK+CONFIRM_SUBMIT
CLICK+PAYMETHOD
CHECK+INSURED_PERSON
CLICK+FARE_DETAIL
UNCHECK+NSURED_PERSON

Occurrences (absolute)

Occurrences (relative) |

3242 49, 854%
1124 17.,284%
544 8,365%
367 9.644%
332 9,105%

Fig. 3. The final events

Event classes

Fig. 4. Characteristics of the event log after removing the loading and unloading events

The most of traces contain two exact events. These
are traces consisting of «WINDOW LOAD» and «WIN-
DOW UNLOAD» events. It takes from 30 seconds to 1
hour between the two events. Such traces must be asso-
ciated with the users who only browse various offers, as
well as with the web crawlers, which, of course, have no
effect on booking.

Fig. 4 shows characteristics of the event log after re-
moving the page loading and unloading events (and cor-
respondingly the traces consisting only of opening and
closing the portal page). Thus, the real average number
of events in a trace is 8 (6 plus the two events for opening
and closing of the page). Below we consider the filtered
event log consisting of 52000 rather than 84000 events.

By using process mining it is possible to identify fac-
tors affecting the user’s desire to use portal’s services and
buy a ticket on it.

Fig. 5. Typical traces (sequences of activities)

One of the potentially problematic areas of the website
is its reliability. When working with the portal event log,
the following fact was identified: many users repeatedly
(up to 9 times, Fig. 5) produce the action of submitting
a completed form to the server, which is designated by
«CONFIRM_SUBMIT_CLICK» event (such behavior
was observed in more than a half of the cases). This be-
havior indicates a problem with bandwidth and connec-
tion efficiency of the channel between the user interface
and the portal server/database. As a result of such purely
technological problems, many users may leave the at-
tempt to submit data to the server and therefore refuse to
buy tickets using the portal.

3.2. Fuzzy model
of the ticket booking process

The general scheme of users’ ccess to the portal can
be represented by a fuzzy model. The fuzzy model is a
directed graph, its vertices corresponding to the events
(i.e., user actions). The arcs denote the time dependen-
cies. If some user action is preceded by (not necessarily
immediately) another action, this dependence is denot-
ed in the graph by an arc from the preceding action to
the following one. To derive a fuzzy model Fuzzy Miner
Plugin for ProM framework was used [3].

The model contains information about the frequen-
cy of events occurrence and other characteristics. Fig.
6 shows an example of diagram fragment where «SUR-
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NAME FILL» and «WINDOW LOAD» vertices cor-
respond to the actions of completing «Name» field and
loading the page, respectively. For each node a relative
frequency of occurrence of an event in the log is shown.
For the arcs a relative frequency of existence of a tem-
poral relationship between two events in the log was de-
rived. The indicated «correlation» (see Fig. 6) is calcu-
lated on the basis of event name similarity and matching
of common attribute values.

SURNAME-FILL
Complete
0,222

WINDOW-LOAD
Complete
1,000

0,191
0,331

Fig. 6. A fragment of the fuzzy model of the complete event log

The fuzzy model contains only the elements with nu-
merical characteristics above a certain threshold value.
This makes the model more compact and allows consid-
ering only significant elements and connections which
define patterns in the analyzed process.

PAYMETHOD-
CLICK
Complete
0,452

WINDOW-
UNLOAD
Complete

1,000

Cluster_54
6 elements
~0,063

Cluster_65
31 elements
~0,055

WINDOW- CONFIRM_

Cluster_56

UNIOAD SUBMIT-CLICK
Complete Complete 93'8'838‘5
0,888 0,282 :

Fig. 7. The simplified fuzzy model of the complete event log

The fuzzy model (Fig. 7), as supported by a ProM
plug-in, helps to group the sets of events into clusters
and to hide excessive details.

On the basis to the generated models, we can conclude
that among the most common user actions, that precede
(but not necessarily immediately) the closing of the por-
tal page, are the actions of opening the portal page, se-
lecting a method of payment and confirming the book-
ing of tickets.
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PAYMETHOD-CLICK
Complete
1,000

WINDOW-UNIOAD
Complete
0,786

Fig. 8. Dependence of closing the portal page on viewing
information about payment methods

By filtering out the traces containing accomplished
orders from the log (i.e., KORDER_STATUS» attribute
value is set to «finalized»), we can make assumptions
about the reasons for users to leave the portal. On a frag-
ment from the detailed fuzzy model (Fig. § we can see
that the relative frequency of the identified relation be-
tween the actions of closing the portal page and choos-
ing a payment method is calculated as 0.321.

However, to obtain this and other dependencies more
explicitly it is necessary to filter out (sanitize) the log by
removing all traces containing only two events of open-
ing and closing the portal page.

A fragment of the fuzzy model built for the traces that
contain more than two events is presented in Fig. 9.

This fuzzy model allows us to conclude that for the
given event log in 36.7 % of cases the closing of the por-
tal page (not necessarily immediately) is preceded by a
reservation confirmation, in 32 % of cases — by viewing
the payment methods, in 12.9 % of cases — by the ad-
dition of insured persons and in 8.1 % — by reading the
terms of payment.

CONFIRM FARE INSURED,
SUBMIT- DETAIL- PAY(’E"LEEHKOD' PERSON-
cLICK cLicK e CLICK
Complete Complete 0452 Complete
0,282 1,000 ' 0,282

WINDOW-UNIOAD
Complete
0,888

Fig. 9. A fragment of the fuzzy model built
for the traces with more than two events
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This suggests that for the case of unfinished ticket ac-
quisition, the most frequent activities before leaving the
portal are (1) reservation, (2) viewing payment methods,
(3) adding insured persons, (4) reading the terms of pay-
ment.

3.3. Heuristic model
of the ticket booking process

Frequency characteristics of the log can be repre-
sented using a heuristic model. The heuristic model
is a directed graph whose vertices correspond to the
events. For each vertex (event) the number of traces
that contain this event is indicated. Two graph verti-
ces are connected by an arc if the corresponding two
events in the event log follow one another directly. For
each arc its frequency parameter (a number of traces
containing the corresponding dependency) is given.
The heuristic model contains the arcs with the fre-
quency characteristics exceeding a certain threshold
value. Heuristic miner was used to obtain a model of
this type [17].

We can see that after a user has opened the portal page,
in 58.37 % its closing is performed (Fig. 10).

Qutputs of WINDOW-LOAD (co...
(Comnections .Y
(Frequency Y
WINDOW-UNLOAD (c.. 8764 58.37%
SURNAME-FILL (comp.. 1707 11.37%
PAYMETHOD-CLICK (. 1205 8.03%
INSURED_PERSON-... 862 5.74%
INSURED_PERSON-... 840 5.59%
FARE_DETAIL-CLICK.. 637 4.24%
GENDER-CLICK (com. 633 4.22%

Fig. 10. The frequency characteristics of outgoing links
of the page opening action

This model can determine a user’s actions preceding
closing the portal page. The easiest way to do this is to
derive a model from an event log containing neither the
traces with «finalized» order status, nor the traces that
are formed only by two events: opening and closing the
portal page. A fragment of the heuristic net filtered ac-
cording to these constraints on the event log is presented
in Fig. 11.

Note that the most frequent events immediately pre-
ceding the user’s leaving the portal page (Fig. 12) are the
following:

\YYY

PAYMETHOD-CLICK
Complete

N\

WINDOW-UNIOAD
Complete
4406

tt

Fig. 11. A fragment of the heuristic net for the filtered event log

4 verification of payment method («PAYMETHOD-
CLICK») — 43,14 %,

4 confirmation of booking («<CONFIRM_SUBMIT-
CLICK») — 38,29 %,

4 acceptance of the fare conditions («<ACCEPT-
CHECK») — 33,88 %,

4 removal of an insurance policy («(INSURED_ PER-
SON-UNCHECK») — 20,47 %,

4 filling in the e-mail field («C_EMAIL-FILL») —
16,97 %,

4 adding an insurance policy («<INSURED PER-
SON-CHECK») — 12,43 %,

4 reading the information about the terms of payment
(«FAIR_DETAIL-CLICK») — 11,47 %.

Each case needs to be considered individually. Check-
ing the method of payment occurs in most cases imme-
diately after the user opens the ticketing page (Fig. 13).

Furthermore, the user usually presses the button to se-
lect a payment method more than once, and after select-
ing a payment method leaves the portal page.

Inputs of WINDOW-UNLOAD (co...

(Connections ¥
" Frequency ¥
PAYMETHOD-CLICK (... 1888 43.13%
CONFIRM_SUBMIT-C... 1685 38.29%
ACCEPT-CHECK (co... 1491 33.88%
INSURED_PERSON-... 901 20.47%
C_EMAIL-FILL {compl... 747 16.97%
INSURED_PERSON-... 547 12.43%
FARE_DETAIL-CLICK ... 509 11.57%
GENDER-CLICK (com... 402 9.13%
C_PHONE_NUMBER-.. 128 2.91%
INSURANCE_AGREE... 107 2.43%

IKI2 IR ARTE PROACR oo NGk

Fig. 12. Events immediately preceding the closing of the portal page
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Fig. 13. The frequency
characteristics of input
and output dependencies
of the payment method
selection event

PAYMETHOD-CLICK (com... 3401 62.25%

54.00%

PAYMETHOD-CLICK (com... 3510
WINDOW-LOAD (complete) 1621 28.91% WINDOW-UNLOAD (compl... 1967 35.91%
C_PHONE_MUMBER-FILL... 496 5.84%

Fig. 14. The frequency
characteristics of input

and output dependencies

of the fare terms acceptance
event

WINDOW-LOAD (complete) 1043 53.69%

9136%

WINDOW-UNLOAD (compl... 1734
C_PHOME_MNUMBER-FILL... 730 37.4% ACCEPT-UNCHECK (com... 164 8.64%
ACCEPT-UNMCHECK (com... 100 5.12%
FF_CARD_MUMBER-FILL ... 45 231%
C_SMS_NOTIFICATION-C... 29 1.49%

Fig. 15. The frequency
characteristics of input
and output dependencies
of the adding/removing
insurance policies event

48.28%

'5533%

WINDOW-LOAD (complete) 1041 WINDOW-UNLOAD (compl... 1148

INSURED_PERSON-UNC... 868 40.26% INSURED_PERSON-UNC... 872 42.02%

DOCEXPIRE-FILL (comple... 247 11.46% C_MNAME-FILL {(complete) 55 2.65%
C_MNAME-CLEAR (complete) 8 0.39%

Fig. 16. The frequency
characteristics of input
and output dependencies

of the filling e-mail field event
DOCEXPIRE-FILL (comple... 476 60.56% WINDOW-UNLOAD (compl... 858 89.56%
C_MAME-FILL (complete) 140 17.81% C_PHOME_CODE-SELEC... 59 6.16%
EXIST_DOCEXPIRE-UNC... 84 10.69% C_EMAIL-FILL {complete) 41 4.28%
C_EMAIL-FILL (complete) 36 4.58%
FF_CARD_MNUMBER-FILL ... 34 4.33%
EXIST_DOCEXPIRE-CHE.. 16 2.04%
INSURANT_ADDRESS-FIL. 4 0.51%

It was verified that for all the traces with the «reserva-
tion made» order status a reservation confirmation event
precedes an event of closing the portal page. For other
traces occurrence of a reservation confirmation event did
not lead to an accomplished order or was accidental (i.e.,
it immediately followed the portal page loading event).

The event of accepting the fare conditions («ticking»)

leads to the user leaving the portal page. There is an-
other variant: the events of rejection/acceptance of the

fare terms occur in cycle, which also leads to the user
leaving the portal page (Fig. 14). The acceptance of the
fare conditions is preceded by loading the portal page or
a standard set of events of filling the form.

The events of adding/removing insurance policies for
passengers in most cases lead to the leaving the portal
event (Fig. 15).

In most cases, after filling the e-mail field user leaves
the portal without specifying the phone number (Fig. 16).
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Inputs of FARE_DETAIL-CLICK (...

Outputs of FARE_DETAIL-CLIC...

Fig. 17. The frequency
characteristics of input

(Connections.____....................Y @Cennections.LLLLLLLLLLLLE) o output dependencies
of the reading information
(Erequency ¥ (Frequency ¥ about payment terms event
WINDOW-LOAD (complete) 538 TTa% WINDOW-UNLOAD (compl... 500 T631%
FARE_DETAIL-CLICK (co.. 158 227% FARE_DETAIL-CLICK (co.. 158 23.69%

Reading the terms of payment in many cases immedi-
ately precedes closing the portal page (Fig. 17).

3.4. Workflow model
of the ticket booking process

On the basis of the fuzzy and heuristic models, as well
as from the results of a detailed study of the event log
and the portal web site, a formal model of ticket booking
process was developed.

The formal workflow model provides insight into the
structure and complexity level of the process. This model
reflects possible ways of a user’s interaction with the por-
tal. For example, entering first name, surname and date
of birth can occur in any order (surname-name-date,
date-name-surname, name-surname-date). Checking
this model against the event log [21, 22] showed that
the process of browsing the site has a highly linear struc-
ture. Overall consistency of the developed model with
the event log was only about 20 % (whereas ideal models
have consistency of 90-93 %).

The event log was filtered so that 40 % of the most
common events remained. It is possible to build a much
more accurate (but not ideal) model corresponding to
the actions of portal users reproduced in the most ses-
sions of the portal.

The most common user strategy, according to the log,
is: to enter name, date of birth and document details, to
enter frequent flyer program data, to uncheck ordering
an additional insurance policy, to enter contact infor-
mation (phone number, e-mail address), to accept the
terms of service, to select the payment method and to
submit data to the server. Conformance checking shows
that this scheme fully corresponds to about 46 % of the
traces in the system event log.

This means that rather a substantial part of the sys-
tem traces fall out of the scheme. For example, as
shown earlier, there are quite a large number of traces
that contain duplicate user actions, multiple clicks on
the same element, etc. On the other hand, there are
traces containing only page loading and unloading
events. Quite a large percentage of the traces consist

of three events: page loading, clicking on the button
of payment method selection, and page unloading.
On the whole, the button of payment method selec-
tion was used in the vast (over two thirds) majority of
the valid log traces. The log shows that a large number
of traces (about a third of approximately 46 % cor-
responding to the given scheme) contain the event
sequence «clicking on the payment method selec-
tion button» and «unloading the page». This indicates
that attention should be paid to the provided payment
methods.

When checking the conformance of the model and
the event log, it was revealed that about a third of traces
(46 % of valid traces) contain an insurance cancellation
event. Indeed, when the page is loaded «order additional
insurance» is checked. Many people refused taking this
insurance and unchecked the box.

3.5. Analysis results

The analysis of the general model shows that portal
users most often change their mind about ordering tickets
when selecting a payment method, which is mainly related
to the different ticket prices of portal acquiring for bank
cardholders and the other users. In addition, many users
leave the portal after viewing the fare conditions and pay-
ment terms that may not be suitable for them. Users may
not decide whether to add or remove insurance for passen-
gers and eventually also leave the portal. Another rea-
son for users to leave the portal should be noted: after
specifying their e-mail address in the contact informa-
tion section people are hesitant to specify their phone and
close the portal page.

A reassessment and, perhaps, a change (or an addi-
tion) fo payment methods have been recommended to the
portal owner. The analysis also shows the need to revise
the fares policy in order to increase the number of tickets
purchased.

As a result of the research, a hypothesis has been gener-
ated as to why the portal is inefficient and recommenda-
tions on how to change the ticket e-trade information sys-
tem to reduce the amount of unfinished cases (see Tab. 3).
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Table 3.
The recommendations

1. | To update the content of the portal.

2. | To change the scheme for offers displayed.

3. | Toimprove the hardware performance.

4 To increase the bandwidth of the channel between the user
" | interface and the portal server/database.

5. | To better the functionality (i.e., to improve the purchase scheme).

6. | Toreassess the payment methods.

7. | Torevise the fares policy.

All the recommendations have been presented to the
portal owner. After making the proposed changes, a
new accumulated data log has to be submitted to fur-
ther study. Both logs, the old and the new ones, can be
the basis for the use of additional process mining meth-
ods, more detailed analysis and identification of hid-
den patterns of the services acquisition process.

4. Conclusions

In this work we have analyzed a ticket e-trade system on
the basis the observed behavior. The analysis approaches
are quite general and can be reused. Moreover, we think
that the revealed problems are typical for the modern e-
trade systems. The crucial question for e-trade systems
is: how to increase the number of purchases? An answer
to this (not the only one) is the following: to exclude rea-

sons for users to leave the e-shop without any purchase.
Process mining, as a very powerful approach for analyz-
ing processes, could help to obtain new insights into real
business processes information system involved.

When analyzing processes, it is essential to enlist the
services of a domain expert. Evaluation of the situation
requires interpretation of the results. Without adapta-
tion and a wise selection of methods for a specific case,
the results derived by software are meaningless. Some
methods (fuzzy modeling, for example) can give only
vague and rough estimates of a process. One should
treat them with care and turn to more precise models if
necessary. Another key step is interpretation. One has
to be very careful in order to interpret the result in the
right way. For instance, accuracy of the evaluation re-
sults strongly depends on software, data, and settings
used.

The assumptions made during the study can be used
for changing processes in the e-trade system to achieve
better performance or to optimize costs. Thus, using
process mining techniques, one can substantially sup-
port business process improvement, whereas conven-
tional approaches are more time consuming and more
subjective.
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7 \
Cucmembl 21eKMPOHHOU MOP208AU NPUMEHSIOMCS NOBCEMECMHO 6 agmomamusayuy mopeoeiu. Hesggexmuenocmo u
Y3Kue Mecma 6 npoueccax 31eKmpoHHbIX npooaxc 6edym Kk Kommepueckum nomepsam. TpaduyuonHblie no0xodsl, NpUMeHs-
emble 045 8bis6AeHUs npobiem npu bINOAHEHUU NPOUeccos, mpedyom 60AbU020 KOAUHeCMEa 8PeMeHl U CUALHO 3A8UCSM
om cy6seKmueHbIX OyeHoK. B cmamuve npednosicen HO8bill nOOX00, 0CHOBAHHYIL HA NPUMEHEHUU Memo0o8 process mining.
Memoou! process mining npednasHaversl 045 u3gaeuerus, AHAAU3A, UCHPABACHUS U YCOBEPUIEHCIMB08AHUS OU3HEC-NPOUECCo8.
IIpu smom ucnonv3yemes UHGOPMAyUs 0 pearbHOM ROEEOeHUU UHPOPMAYUOHHOU CUCIEMbL, 3ANUCAHHAS 8 MAK HA3bI8ACMOM
JcypHane cobvimuii. B Oannoli pabome ananusupyemcs Ou3HeC-npouecc, UCNOAHAEMbIU UHPOPMAUUOHHOU CUCMEMOl
OHAQUIH-OPOHUPOBAHUS U NPOdaXcu 6unemos. Pazobpan KOHKpemHblil npumep NpaKmu4eckK020 npUMeHeHuUs: NPeosoNCeHHO20
nooxoda. I[loxasansl pe3yromamol npumeHeHuss memoouk Process mining oas aumasuza uHOpMayuoHHOU cucmembl
21eKmpPoHHOU mopeosau. OCHOBbIBASACH HA SMUX Pe3YAbMAmMax, 6bl0GUHYMbL SUNOMe3bl U NPeONoNCceHbl nymu 04s yCo-
6EPUICHCMBOBAHUS  OU3HEC-NpoYeccos, o0becneuusarowjue yayduleHue 3IKOHOMUMECKUX NoKazamenei @yHKUUOHUPOBA-
HUsl UHQOPMAUUOHHOU cucmembl GPOHUPOBAHUsS U npodadxcu Ounemos. Pexomendayuu, cgopmyauposannvle no umoeam
AHANU3A 110208 COObIMULL CUCMeMbl, NPUBOOIMCS 6 IMOU pabome 045 UAMOCMPAYUL DEANbHBIX 803MONCHOCMEH, 661200 U
Hedocmamkoe npumeHeHus process mining. [Ipednojcennblii no0xo0 obobuaemes 04 NPUMEHEHUS K WUPOKOMY CHeKmpy

G J
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AHATING [JAHHBIX V1 IHTEJTTIEKTYAJIBHBIE CUCTEMBI

UHDOPMAYUOHHBIX CUCMEM INeKMPOHHOU mopeoeau. B pabome ucnoav3osanace npoepammuas cpeda ProM, cocmoswasn u3
MHOJCECMBA NOOCUCEM, Pearusyiouux pasiuiHsle Memodsl process mining. HHcmpymenmosl asmomamu4ecKoeo aHaiu3a
110208 COObIMULL He0OX00uMbL 0451 peuleHUss NOCMAGAeHHbIX 3a0a4, 00HAKO Heo0X00uMo u3becamv OWUOOK, C8A3AHHDIX,
npedcde 6ceeo, ¢ HeNMPAGUALHOU UAU HEMOYHOLU UHMepnpemayuell pe3yaibmamos pabomost Memooos. B cmamove nokazamol
803MOJICHbIE MPYOHOCMU U NO0BOOHbIE KAMHU, B03HUKAIOUUE NPU pelueHuly NPAKmu4ecKux 3a0a4 ¢ UCNONb308aHUEM PrOCeSS
mining.

KimoueBbie cjioBa: process mining, M3BJieYeHUE U aHAJIU3 MTPOLIECCOB, aHAIU3 MPOLIECCOB, AHAIU3 JAHHBIX, CUCTEMbI
3JIEKTPOHHOM TOPTOBJIN.
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/ N
a The paper addresses the problem of linear barcode generation for face images. The history of the problem and possible\
approaches to its solution in mobile oriented systems are discussed.

Two methods are presented: the first one is based on intensity histograms, and second one is based on intensity
gradients, calculated over images using their original features. Then these features are averaged over limited number of
intervals, quantized in the range of decimal digits from 0 to 9 and converted into standard barcode. Structure of barcode
generation system is proposed, and description of its blocks is presented.

The methods have been tested by using «Face94», «Face Sketch FERET Database» databases, as well as a database
composed of different age faces. The tests have demonstrated invariance of barcode in respect fo changes in local sizes of
face images, in tilt in the XY plane, to changes in the view, mirror rotation about vertical axis, as well as changes in facial
expressions and age-related face changes.

Therefore, the presented methods constitute novel solutions to practical applications in real conditions of dynamical
parameters changes in face images. Moreover, both methods require neither big computational resources, nor using of
special software packages for image processing, allowing generation of linear barcode in real time systems. A generated
standard barcode contains information about a person’s face and can be used for indexing, identification, recognition,

d hi le.
kan searching for people Yy

Key words: face images, barcode, real time systems.

Introduction and have established wide and everyday applications.

Reading of barcodes is fast and simple by using special-

arcode encoding techniques are used for vari- | jzed tools, and comprehension of their content poses no

ous goods identification, in finance documents, | problem, because decoding is solved in the frame of list
payments, advertising materials and services, | search.
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DATA ANALYSIS AND INTELLECTUAL SYSTEMS

Standard barcode for people identification was pro-
posed for the first time ever in the patent [1] only in
1999. It was assumed that identification took place when
making electronic payment — i.e. in real time, by using
the unique barcode printed on his hand and read by spe-
cial head.

But this technique of people identification with bar-
code has not found wide application, despite imple-
mentation of biometrical standards for anthropometric
identification, and biometrical methods of people iden-
tification have better ability than people themselves.
Barcode printed on skin, however, are now advertised
as fashionable tattoo [2]. Barcodes printed on skin does
not contain any biometrical characteristics of a person
[2]. But we can expect with certainty that if a barcode
contains some biometrical characteristics, it will be ac-
cepted not only as «fashionable token» but also as us-
able way of people identification. It is hard to imagine
the way of identification using barcode hidden under the
clothing, or on the body in hardly accessible place and
uncomfortable for reading, as presented in Fig. 1.

Fig. 1. Examples of tattoos [2]

An ideal solution will be to generate a barcode only
when it is needed, and in real time — e.g. based on face
or voice. In such case identification can be made «from
distance» — and not observable by an individual, not re-
quiring any activity and storing generated code on his/
her skin.

Assuming that such task can be solved in principle,
obtained solution can be used to encode a face image or
voice in the form of barcode. Such codes can be used in
mobile biometrical systems of access control AC, por-
table interface systems «man — computer» for user iden-
tification, for people recognition in video monitoring
systems recording face or/and voice.

This paper will focus on one of possible informa-
tion sources: face or voice, i.e. face images, presenting
a problem leading to solution, it implies encoding face
image with a barcode. In practice of using face image

as the source of biometrical information in the form of
barcode a problem is associated with dynamical change
of image parameters in real conditions (e.g. tilt and di-
rection of face region in the image, image intensity and
facial expression). This means that basically it is impos-
sible to represent a face image using invariant features,
which don’t depend on dynamic changes in mentioned
parameters. As a result, the lack of invariance leads to
generation of unstable barcodes, independent of its
form. In AC systems variability of input face images is
not big, because of using stable image exposition con-
ditions (face illumination, controlled rotation and face
expression, etc.), also in this application obtaining stable
barcodes is problematic.

For these reasons the problem of stable representa-
tion of face images with barcodes has remained relevant,
practically since the first application of a computer sys-
tem for people recognition based on their face images,
also for intensively developing mobile systems, using
new technology base — tablets and smartphones.

1. Short review
of existing approaches

10 years after submission of the patent [1],
psychologists S.C. Dakin and R.J. Watt noticed in their
paper [3], that all information about human face is
contained in horizontal lines, like eyebrows line, eyes
line and lips line. In addition, they have shown that
this information can be successfully represented as a set
of white and black lines (i.e. as some kind of barcode,
named «biological barcode» by the authors), paying
attention to some invariant characteristics of «biological
barcode of human face».

Example of this representation of face region is shown
in Fig. 2, where: a — original face image; b — variant of
extracted face characteristics; ¢ — «biological barcode»
of human face; d — variant of standard barcode, repre-
senting required solution.

However, in the paper [3] and further publications of
these authors (e.g. [4]), they have not presented any algo-

Fig. 2. Ways of representing face region [3, 4]

\
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rithm for generation of similar barcodes, and concluded
that representation of face region only using thick white
and black bars cannot be the exact model of a specific
person face. Such model constitutes precise «biologi-
cal barcode of face», at the same time it represents «very
rough approximation» of specific person face, what is
visible in Fig. 2, comparing its «c» — «d» parts.

Approximate character of this representation is asso-
ciated with the morphology of human face — it is very
difficult to detect border hair/forehead, border lines
of eyebrows and their specific features, borders of eyes
lines, border of nose line and lips and even more diffi-
cult to describe these by using thick straight lines. More
precise representation requires thinner and more com-
plicated set of lines. It is possible that human face and
corresponding barcode could looks like presented in Fig.
2d, as was suggested in [5].

Within five years the most important experimental
investigation concerning face representation with bar-
codes has appeared [6]. The authors have presented an
algorithm to generate face barcode HCC2D, encom-
passing advantages of two-dimensional code HCCB
(High Capacity Color Barcode) and two-dimensional
code QR, distinguishing high density of information
concentration. In the framework of real time and mobile
systems, using tablets and smartphones, the algorithm
proposed in [5] has little chance to be implemented in
the near future. Such conclusion can be supported by
two serious flaws of the algorithm for generation of two-
dimensional color barcode HCC2D:

4 the algorithm [6] implements a rather complicated
process of singular (key) points searching in face im-
age and the algorithm for describing its neighborhood
by using SIFT (Scale Invariant Feature Transform) and
SUREF (Speeded Up Robust Features) procedures;

4 the result of singular (key) point search with SURF
algorithm is not invariant in scale, requiring in conse-
quence decomposition of an original face image into
pyramid of multiscale regions and multiple run of
SURF method for each region of the pyramid (making
the whole algorithm of key points searching even more
complex).

Consequently, the algorithm presented in [6] for gen-
eration of two-dimensional color barcode HCC2D re-
quires high throughput computer system, supported
with dedicated image processing software packages.

Finally, representation of face image by two-dimen-
sional code (i.e. HCC2D) is a departure from the con-
cept of linear «biological barcode» [3] and will not be
considered further in this paper.

30

The closest to the concept of linear «biological bar-
code» is the algorithm presented in monograph [7, pp.
170 and 214]. Fig. 3 illustrates the concept of this algo-
rithm.

Fig. 3. Diagram of forming binary codes [7]

At the first phase the intensity gradient for symmet-
rical (mirror) located windows slides over a face image
in top — down direction, as shown in segment a. Then
the difference between current values of gradients and
their mean values is calculated, and obtained differ-
ences are coded. Differences of gradients, which are less
than mean value, are coded as «0», and those, which are
greater than mean value, as «1», resulting in binary like
code, representing each original image. The form of re-
sulting code is similar to «biological barcode» [3]. These
results are shown in Fig. 3 segments 3: b — current gradi-
ent values and its mean value; ¢ — «biological barcode»
for original image.

This approach [7] has the drawback, namely we can-
not obtain the same binary code for face images of the
same person, but taken in different exposition condi-
tions. Such changes include small, but «eye» perceptible
changes in face region size, its tilt (in plane XY), face ex-
pression and difference in intensities of some face areas
caused by local shadows. This flaw makes application of
the mentioned approach impossible in situations with
dynamical changes in face image expositions described
above, and consequently in transforming face images
into the corresponding code.

General appraisal of presented methods of transform-
ing face image into binary code suggests, that they can
be used only in case of classification of generalized class
of <human face images» among other classes of images,
not containing faces, as was stressed by the authors of
[3, 4].

This paper proposes two possible approaches for rep-
resentation of a human face in the form of linear bar-
code of type EAN-8, EAN-13 (or UPS) in conditions
of perceptible dynamical changes of face image param-
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eters. Both approaches require neither big computa-
tional resources, nor specialized software packages for
image processing, making possible their applications
for generating linear barcodes in real time within mo-
bile systems.

The paper is organized as follows: section 2 presents
the structure and function of the barcode generation
system, section 3 presents structure and functions of the
barcode generation system corresponding to input face
image, section 4 describes the algorithms used to gener-
ate a barcode based on face image intensity histogram,
section 5 is devoted to the barcode generation algorithm
based on face image difference gradients. Results of test-
ing of the proposed algorithms and examples of gener-
ated barcodes are presented in section 6. The paper ends
with short commentaries and bibliography.

2. Barcode
generation system

The structure of the barcode generation system is
shown in Fig. 4; it is composed of of four basic blocks:
1 — input image preprocessing; 2 — feature extractor 3 —
feature encoding; 4 — barcode generator; system input
and output.

System input receives an image and produces a stan-
dardized barcode corresponding to an input image. Tak-
ing as an example the AS system, we formulate the input
image requirements.

The reason for selecting this application is that in AC
systems a person standing in front of the camera is asked
to fulfill recommendations concerning stable exposition
conditions — i.e. taking the front view with neutral face
expression. These requirements are necessary in order to
obtain a stable barcode. In practice, however, it is hard
to meet these conditions, and we are forced to allow
some variations in face images input to the AC system.
An example of allowed variations is presented in Fig. S5a
(taken from source [8]).

These variations concern: face area size, tilt in XY
plane, face expression, as well as intensities in some re-
gions of face (caused by local shadows or spectacles).

As mentioned, block 1 (input image preprocessing)
executes two basic tasks. The first one is input image
analysis with its parameters estimation — size, range of
colors and deflection of eye line from horizontal line.
The second one implies rotation in XY plane, and cor-
rection of image size and intensity equalization, if nec-
essary as a result of the analysis. Such problems are dis-
cussed, e.g. in monograph [6].

Often in bimodal AC systems input data include image
and voice. Then face expression changes while uttering
some control word, sentence or during conversation. An
example of images in mentioned situations is presented
in Fig. 5b. Ensuring stable image encoding in cases pre-
sented in Fig. 5 and 6, depends on selected features for
face representation. This task is solved in block 2 (fea-
ture extractor). At least, two approaches are possible.

" '
Processing
UNIT
3 -
> Feature
CODER

2 —
Feature
EXTRACTOR _I
Barkode EAN-8
Barcode
GENERATOR [

Fig. 4. Structure of system

Fig. 5. Possible changes of face image
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The first approach involves representation of the whole
input image using a set of features that ensures imper-
ceptible influence of face expression. The implementa-
tion may be based, for example, on intensity histogram
of input face image. As shown in [7, 9], the histogram
gives high efficiency of image retrieval in big databases
and frequently is the only facility in CBIR applications
(Content-based image retricval).

The second approach is feature extraction using only
3/4 of the top part of a face image, excluding the part
below the middle of the nose/mouth segment (shown
in Fig. 5b). The top part of face is not influenced by ut-
terance, ensuring stability of representing its features.

In both approaches block 3 addresses the encoding
task using by the necessary number of decimal digits.
This is achieved by averaging the features to a limited
number of quantization intervals and quantizing these in
the range of decimal digits from 0 to 9. This stage elimi-
nates the influence of dynamic change of input image
parameters, which have not been taken into account at
the earlier stages, on encoding result.

In this case the task of block 4 is trivial — to change the
encoding result obtained in block 3 based on algorithm
of a standard barcode generation [10]. Generation of a
standard barcode includes evaluation of code checksum
produced in block 3 and transformation of this code into
a binary matrix, representing input image in graphic
form of a standard barcode.

The approaches presented in this paper enable to gen-
erate linear barcodes based on face images in EAN-8§
format and can be used to obtain other linear barcodes,
e.g. EAN-13 and UPS [10].

3. Barcode generation
based on histogram

We assume that an input image with GRAY scale has
got size MxN. Our task is to represent this image in the
format of EAN-8 barcode.

To generate EAN-8 barcode we have to calculate the
intensity histogram of an original image and to convert
it into a code consisting of 7 decimal digits. Therefore,
for the histogram calculation we have chosen the initial
value of the parameter bins > 7. Let bins = 8, then the
histogram of the input image evaluated originally for 256
intensity levels (from 0 to 255) will be averaged exactly
in 32 intervals. As a result, we obtain a histogram H with
the values of H(b), forb=1, 2,...,8.

The next stage implements the preliminary encoding
of histogram values:

32

H(b)= fscale (H(b)/ max(H)], b= 1,...,8,

where: f[-] — the nearest integer value (removing the
remainder); scale — scale factor, 9 < scale < 10, is not an
integer.

In this case values of histogram are quantized in the
interval decimal digits from 0 to 9. As a result we have
got the decimal number encoding with 8 digits. Subse-
quently, the formation of EAN-8 barcode involves only
seven digits, for example, from the 1st to the 7th, or from
2nd to 8th.

Then the result is converted into the final EAN-8 bar-
code, consisting of 8 digits, and the 8th digit identifies
the checksum for the first 7 digits. For this purpose we
apply the standard algorithm, as in [10].

In conclusion, please note the following: evaluation
of input image histogram requires neither big computa-
tional resources, nor special software packages for image
processing. This enables to generate a barcode with «his-
togram method» by using the mobile systems. Moreover,
most of them have built-in face area detection function,
as well as barcode reading programs. Such program can
be easily adopted for synthesis of barcode based on given
decimal number.

4. Barcode generation
based on difference gradients

This method is based on intensity difference gradients
of an input image, averaging of gradients on the limited
number of intervals, quantizing the result in the range of
decimal digits from 0 to 9 and transformation into stan-
dard barcode according to a table.

Let an input image with GRAY scale have the size
MxN. Original feature extraction for the given input im-
age is based on the calculation procedure of intensity
difference gradient of two symmetrically located win-
dows with height H > 1 pixels and length equaling the
width of an input image. Windows are shifted over a face
image with step §> 1. Windows move only in vertical
direction from top to bottom; and for each step the dis-
tance (e.g. euclidean distance) between corresponding
fragments of image is covered by the windows. Shift-
ing of windows starts in practice on the border «hair/
forehead» and finishes on lower border of nose, or just
beneath nose. Difference gradients in windows, trans-
formed into distance, enhance jumps in intensity on the
border hair/forehead, borders of eyebrow line, eye line
and the line nose/lips — i.e. along the lines of «biological
face code». Calculated distance values represent integral
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Fig. 6. Clarification of gradient method

characteristics of the least variable part of a face under
the condition of discernible dynamical changes of face
image parameters.

The idea of forming difference gradients and their en-
coding by using the windows is clarified in Fig. 6, where
we use the following descriptions:

The total number of shift steps is 7= LA, where L —
code length, and A — smoothing interval.

Generation of the barcode in EAN-8 format, L = 7,
and the parameter A> 2, generally chosen from the con-
dition of border intersection

T=LA<(M— H). (1)

The value of T should, for instance, touch the lower
border of nose or be between nose and mouth, in or-
der to exclude the lower part of a face, thus eliminat-
ing the influence of face expression on stability of gen-
erated barcode. From the other side, if the value of
T> (M — H), then it will be necessary to increase the size
of input image in order to meet the condition (1). In-
creasing is executed in block 1 at the stage of image size
correction, as described above.

Now we can determine the distance d(7) between these
windows:

d(t):||IJ,_D,||’VI:1a23"7 T’ (2)
and normalization result:
d(®=d(H)/max(d), t=1,...,T. (3)

The results obtained in (3) are averaged within interval
A and quantized in the range of decimal digits from 0 to
9 using scaling factor scale:

d(l)=fT

scale &

C))

N d Al -+ ), [=1,2,.., L,

Jj=1

where: f[-] — the nearest integer value (removing the re-
mainder); scale — scale factor, 9 < scale < 10, is not an
integer.

The result calculated according to (4) from output of
block 3 is fed at input of block 4, where the final barcode
is formed, consisting of 8 digits. To this end we have used
the standard algorithm described in [10].

The result calculated in (2)-(4) is shown in Fig. 6:
b — normalized values of distances and their threshold-
ing in averaging intervals 4 (broken curve); ¢ (upper in-
dex) — representation of thresholding result in the form
of 7 digits barcode; ¢ (lower index) — resulting barcode.

5. Experiments
5.1. Tests of <histogram method»

The test is composed of 4 computer experiments: two
with «Face 94» face database [8] and two with CUFSF
database (CUHK Face Sketch FERET, [12]); and ex-
tended modification presented in [13].

The experiments with «Face 94» database have used
100 classes each containing 20 images, and EAN-8 bar-
codes have been generated. Input images of size 200x
180 pixels have been transformed into GRAY format.
No other image analysis and rotation operations have
been carried out to obtain horizontal orientation of eyes
line, although, as mentioned above, parameters of im-
ages were not very stable, as required, e.g. in case of AC
systems. The barcode generation process has been con-
trolled by selecting the following parameters: bins = 8§;
scale=19.

A portrait with number 1 was selected from each class,
and barcode was generated for the first seven values of
the histogram. Then barcodes were generated also for re-
maining nineteen portraits of each class (from number 2
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Fig. 7. Test results using «Face94» database

to 20) by using the same encoding control parameters.
The test results for all 100 classes gave 670 related image
pairs, having the same code. These related pairs belong
exclusively to their class, giving 6 to 7 images per class. It
isimportant to note that face expressions related to speech
presented no hindrance to generate the stable barcode.

These test results are shown in Fig. 7 and present: a
and b — input images (1st and 20th in class 100); b — his-
togram, consisting of first 7 values (dark strips) and the
value of checksum (light strip); ¢ — barcode.

Further 6 tests — checking the stability of generated
barcodes obtained for reduced size images — reduction
by 10%. For example, if the size of an input image is 200
x180 pixels, the size of smallest one is — 80x72 (40% of
input image). The total number of generated barcodes
for 6 tests amounts to {661, 671, 665, 673, 675, 620} also
with complete lack of doubling between classes. These
results have shown that barcodes generated using inten-
sity histograms in all conducted tests have no doubling

errors. The pair number of identical barcodes chang-
es slightly in each test, confirming the stability of this
method. We can note that the barcodes have not been
changed with mirror rotation of test images around the
vertical axis as well as rotation by 90° (right/left). This
«invariance property» of intensity histogram makes this
method applicable in real life with different variants of
people images (we can call these conditions as «mobile
photography»).

Experiments involving sketches were conducted with
100 classes of database [13]. Each class contained 10
sketches, the first one is the original sketch from CUFSF
base [12], remaining 9 are its modifications. The modi-
fied sketches differ from the original — these have differ-
ent size of the face area, shifted up or down of the central
part of face, disturbed symmetry of the face area. With
mentioned modifications the phase correlation between
the original sketch and its modifications is on average
close to 0.2 that confirms the importance of these modi-
fications [13]. Control parameters for barcode genera-
tion had the values bins = 8; scale = 9. Control barcode
was generated from original sketches, and their 9 modi-
fications were used for the test. The tests results for to-
tal 100 classes gave 524 corresponding pairs of sketches
(from 900 tested), which had the same barcodes. These
corresponding pairs belonged exclusively to their respec-
tive classes, amounting to 5 or 6 sketches per class. In the
experiment four pairs of classes had identical barcodes,
and this can be attributed to «non-specific texture» of
images, showing the sketches. However, selecting histo-
grams with bins> 8 and using barcodes EAN-13, prob-
ability of doubling is practically excluded.

Fig. & illustrates the result of the second experiment
for sketches.

Here the following parameters are shown: a — the
original sketch from CUFSF database [12]: 5 — a modi-
fication of the first image (changes in the size of the face
area with effect similar to «fish eye»); ¢ — the intensity
histogram is shown in the form of 0012211111234598
consisting of 16 decimal digits (this histogram is identi-
cal for two presented sketches); d — variants of EAN-8

d e

for the first values for the latest values
of the histogram of the histogram

c
Histogram for bins = 16
0012211111234598
10 :
SR

1 5 10

oo1202115 12340598 4

6

1

Fig. 8. Result of experiment with CUFSF database
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barcode evaluated on the first seven values of the histo-
gram; e — variants of EAN-8 barcode evaluated on the
last seven values of the histogram. These results show
that changes in the sketch parameters had no influence
on the stability of generated barcode.

But in real conditions we can expect some problems
with application of the histogram method. In case of AC
systems, which use separate lighting of face, and in case
of certain face database, the histogram method provides
very stable generation of a barcode in real time.

5.2. Tests for
«gradient method»

Two experiments have been carried out for these tests:
one — by using «Face 94» face image database [8] and
the other — by using database of composed faces, rep-
resenting face changes with human age [14]. «Face94»
database consists of 100 classes, 11 images in each class,
for which EAN-8 barcode was generated. Input images
were transformed into GRAY format and scaled to the
size 112x92 pixels. Images were not preprocessed in or-
der to obtain the standard position of eye line or scale of
anthropometric face characteristics.

In test 1 portrait number 1 was selected from each
class, and its barcode was generated by using the follow-
ing control parameters of encoding process:

(H=23;S=1; L=7; A=8; T="56; scale=9.5}. (5)

Then the barcode was generated for the remaining ten
portraits of each class (from number 2 to number 11) by
using the same parameters of encoding process. As a re-
sult of testing all 1000 pair images were obtained, more
than 700 related image pairs having the identical bar-
codes. These related image pairs belong exclusively to
own classes. The example result for conducted test is il-
lustrated in Fig. 9.

It is shown: a and b — the first and last image used
in class 100; ¢ — phase correlation between correspond-
ing distance vectors (confirming nearly 100% of their
similarity); d — normalized and quantized values of the
distances presented in barcodes graphics; e — barcodes
for two images. Correlation, as additional verification
means, has been introduced into the test on purpose. We
can note that in spite of variation in face expression, the
same barcodes were obtained.

Fig. 10 illustrates the result of barcode generation for
images with different face expression.

Here we have 2 pairs of images and corresponding bar-
codes generated in standard EAN-8.

Class/Number
100/11

9 986 4 57 6 (¢

Class/Number
100/1

c

Corelation = 0.96

12345678
Barcode EAMN-G €

998b457 6

0 20 40 56

Fig. 9. Result for gradient method

We can observe the following: changes in face expres-
sion, changes of face area size, and changes in eyes area
(open and closed eyes) have no influence on the gener-
ated barcode. The same results are obtained in extended
test 1.

The next test aimed at checking the stability of the
generated barcode after mirror rotation of input image,
its preservation after additional dynamic changes of im-
age parameters — local face size, tilt in XY plane, image
rotation, changes in face expression and presence of lo-
cal shadows caused by local lighting. The obtained re-
sults are illustrated in Fig. 11.

Earlzo-" ﬁlT— Barcode EAT -5
rTasa7ra93 777675796

Fig. 70. Example results for images with different face expression
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Fig. 11. Example results for images with mirror symmetry

Face images for each class (from number 2 to num-
ber 11) were mirror rotated about vertical axis, and
the barcodes were also generated for such images.
Here we can see that mirror rotation has not changed
the barcodes.

The goal of the last test is to check the stability of the
generated barcode with face «aging». The experiment
was conducted with 38 composite faces, representing
changes with human age [14] from 20-24 up to 61-64
years. The following encoding parameters were used:

{H=22; L=7;A=17; T=49; scale=9.7+9.9}, (6)

and the parameter scale could have any value in the in-
dicated interval. We can note that independent of face
aging, for all of them we have get the same barcode.

The final results are illustrated in Fig. 12. Fig. descrip-
tion: in column a and b — faces in age of 20-24 u 60-64
years; in column ¢ — phase correlation change and simi-
larity index for the whole range of image changes (face

a b

Face Image 1 Face Image 38

08

0.6

04

0.2

Age 20-24 years

Age 60-64 years

ages), and d — normalized and quantized values of the
distances, presented in barcodes graphic and standard
barcode for input images.

All 38 images have the same barcode. This experiment
has shown that in the framework of difference gradient
and with parameters (6) the barcode remains unchanged
with face aging modeling.

Conclusion

The paper has discussed the problem of generating
linear EAN-8 barcodes from facial images. The his-
tory of the problem has been presented, and possible
approaches for mobile systems have been formulated.
Two methods have been proposed: the first one is based
on the intensity histogram as invariant features, which
represent the original image of a face, and the second
one relies on intensity gradients calculated over images
using their original features also representing the char-
acteristics of face images. Testing has been performed
at the stage of the computer simulation. The tests have
been conducted by involving «Face94», « CUHK Face
Sketch FERET» bases and the base of composite faces
simulating aging. The test results have shown that the
proposed methods ensure the stability of the generated
barcodes in case of mirror reflection of the original im-
age, when there are scale, pose and facial expression
variations and when there are shadows on facial images
from local lighting. Furthermore, the method gener-
ates the standard barcodes directly from the facial im-
ages, and thus contains information about a person’s
face. In this case the generated barcode can be used for
indexing, identification, recognition, and searching for
people, and proposed by the methods determined by
the direction of further research and applications of
barcodes in practice. B

c d
8 9865675

Index SIM

12345 678

Wrpux-kog EAN-B

89866867

38

Fig. 12. Barcodes for face aging
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7 N \
7 B cmamue obcyncoaemces 3a0aua gpopmuposanus AuUHeUH020 WMpUx-Ko0a no uzobpaicernusm auy. Ilpedcmasaena ucmopuﬂ\
3a0a4u u 803MONCHbIE NOOX00bL K ee PeuleHUIo ¢ OpueHmayueli Ha MoOUAbHbLe CUCEMbL.

Jlns pewenus 3a0auu npedaodceHsl 084 Memooa: nepevlii Memoo OCHO8AH HA SUCMOSPAMMAX SPKOCMU, 8MOpOl — HA
DA3HOCMHBIX 2PAOUEHMAX APKOCMU, NPeOCMABASIOUUX U300paxcenus auy, 6 gopme ucxodusix npusnakos. anee 6 kaxcoom
Memooe smu NPU3HAKY YCPEOHAIOMCS HA 02PAHUMEHHOM YUCAe UHMEeP8An08, K6AHMYMCs 8 OUanasone 0ecIMUMHbIX Yugp om
0 0o 9 u npeobpasyromes 6 cmandapmHwiil wimpux-kod. [Ipedaroxcena cmpykmypa cucmemsi oOpMUpo8aHUs WMpUx-Kooa u
npu8ooOUmMcs OnUcanue 0CHO8HbIX 610K08.

Tecmuposanue évinosnero Ha 6azax «Face94», «Face Sketch FERET Database» u 6a3e KOMNO3UMHbBIX AUY, PAMUYHBIX
603pacmosg. B pamkax mecmoé nokasano, Ymo c@opmupoBaHHbli WMPUX-KOO He UBMEHAemCs Npu U3MeHeHUU N0KAAbHbIX
Pa3mMepos Aul, HaKA0HA 8 naockocmu XY, usmeHeHus paKypca u 3epKkanbHo20 H080POMA 80KpYe 6epMUKANbHOU OCU, A MAKice
NpU UBMEHeHUsX Peuegoii MUMUKU AUY, U 803DACHIHbIX USMEHEHUSX AUY,.

Taxum o6pazom, npednoxceHHvle Memoodbl NPedNaearm Hoeoe peuleHue 0 NPAKMUKU UCHOAb308AHUS 6 DeanbHblX
VCA08UAX — OUHAMUKU U3MEHeHUs napamempos uzobpaxcenuti auy. Ilpu smom ob6a nooxoda He mpebyrom 60AbUIUX
BbIMUCAUMENbHBIX 3AMPAM, A MAKHCe UCNOAb306AHUS CHeUUANUSUPOBAHHIX NAKEMO8 NPOSPAMM NO 06padomie uzo0paxiceHul,
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/ N
r B nHacmosuee épems paccmampusaiomest pazHooopastwvie nooxXoobl K UCCACO08AHUIO 8DEMEHHBIX PA00E 6 acnelcme\
ux npoerozuposanusi. Ilo MHenuio aemopos, unmepec npedcmagnsem nooxo0 KAACMEpHO20 AHAAU3A, 6 KOMOPOM
00BeKmoM UCCAe006aHUSL SBASIeMCS MHONCECIBO BPEMEHHbIX PSA008, NOPONCOCHHbIX PABAUMHBIMU UCMOYHUKAMU.
IIpocmpancmeo Kaacmepuzayuu cmpoumcst Ha 0CHO8e 0000UJEHHbIX YHUBEPCANbHBIX XAPAKMEPUCIMUK 8DEMEHHbIX
PA008, Kaxcoas u3 KOmopbix s64siemcs Koopounamoti 3moeo npocmpancmeda. OOHOMY 8pemMeHHOMY pAdy 6 maKom
NPOCMPAHCMEEe COOMBEMCMEyenm Mo4Ka 6 KOOPOUHAMAX YHUBEpCanbHbiX Xxapaxmepucmuk. I[lpumenenue memo-
008 KAQCMEPHO20 AHAAU3A NO360ASem Gbl0eIUMb GPEMEHHbIe PAOdblL, OAU3KUEe N0 MempuKe NPOCMPAHCmed, d 04
NOAYYEHHbIX KAACMepo8 G03MOJCHO peuleHue 3a0a4i O 6bl00pe DPAUUOHAAbHO20 Memooa NpPOSHO3UPOBAHUSL.
ITlocmpoenue cneyuanbHo20 Mempu4ecKoe0 NpoOCMPaHCMEa 0451 AHAAU3A BPEMEHHbIX D008 eAsemcs 006eKmom
uccnedosanus OawHoi cmamou. Ilpedmemom uccre008aHUs SAGATIOMCA KOOPOUHAMbL 3MO020 NPOCMPAHCMBA —
0000UeHHble XapaKmepucmuKy 8peMeHHbIX ps0os. Aemopamu 6 pside npedvidyusux padom yiice Oviau 66edeHbl 06e
KOOpOuHamol Mako20 NPOCMPAHCMBA — CAONCHOCMb 6peMenHo20 psida no Koamozopogy u eapmonuueckas
CAOACHOCMD B8pemMeHHo20 psda. Hacmoswas cmamvs nocesuwena paspabomie HO80U 0000ueHHOU Xapakmepu-
CIMUKU 8PeMEHH020 PA0a ¢ UCHOAb308AHUEM annapama KOMOUHAMOPUKU CA08 — Mepe CUMBOAbHO20 PA3HO00PA3UsL.
Ilpumenenue nooxooa cumeonbHO20 KOOUPOBAHUS NO380Asem HOAYHUMb NpPeoCmasneHue BPeMeHHbIX psdos 6
npocmpancmee ¢/108 HeKomopoeo 8vlopanHoeo asgasuma. Hccaedosanue noayueHHo20 npeocmasieHuss Memooamu
KOMOUHAMOPUKU 108 NO360/5€M NOAYHUMb OUEHKY SHMPONUU CO8U08 KAK (DYHKUUID OAUHbL CKOAb3AUe20 OKHA.
Ha ochose uccaedosanus ocobeHHoCmel Nepeoll KOHeYHOU pAasHOCMU 5moll (YHKUUU npeotdeaemcs mepa
CUMBOABHOR0 PA3HO00pA3Us epemMerH0e0 psoa. Illpedroxcennas 0000UeHHAS XAPAKMEPUCMUKA Modcem Oblmb
UCNONB308AHA 0451 NOCACOYIOUIe20 BbIAGACHUS XAPAKMEPHLIX 0COOEHHOCMEll 6PeMEHHbIX P08, 6 YACMHOCMU,
Kak 00Ha u3 oceil npOCMpancmea KAacmepu3ayul.
L J

Kirouesnie cioBa: BPEMECHHBLIC PAOLI, 0000I11IcHHbBIE XapakKTEPpUCTUKN, CUMBOJIMYECKUE OIMMCaHUsA, OLI€EHKA SHTPO-
TIMU CJIOB, M€pa CUMBOJIBHOI'O pa3Hoo6pa3H9[.

! PaGoTa BbIMTOMIHEHA ITPpH rToanepskke rpanTa POD®U 13-07-00516.
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1. BBenenue

JHUM U3 IEePCHEKTUBHBIX MOIXOI0B K UCCIIe-
JIOBAaHWIO BPEMEHHBIX PSIIOB B ACTIEKTE MX TTPO-
THO3UPOBAHMUS SIBJISIETCST TTOIXOJT KJIACTEPHOTO

aHanu3a [1, 2], MpuBOAAIINIA K BBISIBJICHUIO IPYIII Bpe-

MEHHBIX DSIIOB, OOJIafaloONIuX OJM3KMMU CBOMCTBA-

mu. KnactepHblit aHam3 6a3upyeTcs Ha MOCTPOESHUU

CIIeLIMAIBHOTO METPUYECKOI0 MPOCTPAHCTBA, OCH KO-

OpAMHAT KOTOPOI'O COOTBETCTBYIOT O000OLIEHHBIM YHU -

BepCAIbHBIM XapaKTepUCTKAM BPEMEHHBIX DSIIOB.

B TakoM mpocTpaHCTBe KOHKPETHOMY BpPEMEHHOMY

psIIy COOTBETCTBYET KOPTEX — TOYKA AAHHOIO IIPO-

crpaHcTBa. [Tocnenytomumii KJacTepHbI aHATNU3 TIPU-

BOJIMT K BBIIEJICHUIO KJIACTEPOB, 3JIEMEHTaMUN KOTOPBIX

SIBJISIIOTCS] BpEMEHHbIE PsIibl, OJIM3KKE 110 BHIOPaHHOM

MeTpuke. s MoydeHHbIX KJIACTEPOB MOXET ObITh

pelieHa 3aaya 0 Ha3HaYeHUSIX METOIOB TTPOTHO3UPO-

BaHUS: TaKOM TOIXOJ MOXKET CIIOCOOCTBOBATh ITOBHI-

LIEHKMIO TOYHOCTH MPOTHO30B 3a CYET BhIOOpA METo/a,

YUUTHIBAIOLIETO CIIELU(UKY BPEMEHHBIX PSIOB, IIPU-

HaJuIeXalIuxX TaHHOMY KJIacTepy.

C TOYKM 3peHMsI aBTOPOB HaMOOJIBIIMIA WHTEpec
MPEeICTaBAsIeT MMEHHO IIOCTPOCHHE CIEIUaJIbHOIO
METPUYECKOr0 IIPOCTPAHCTBA, KOOPAMHATAMU KO-
TOPOIrO SIBJISIIOTCSL  O0OOIEHHbIE YHUBEPCAJIbHBIE
XapaKTepUCTUKU BPEeMEHHBIX psaoB. B acmekre 1mo-
CTpOCHUSI TPOCTPAHCTBA KJIACTEPU3ALUU aBTOpaAMU
B Npeablaylux padoTax M mokiaaaax [2, 3, 4] Obuin
BBEJIEHbl HEKOTOPbIE KOOPIAMHATHI TAKOTO MPOCTPaH-
CTBa — CJIOXKHOCTb BpeMeHHOro psina 1mo Koimoropo-
BY M TapMOHMYECKasl CJIIOXKHOCTb BPEMEHHOIO psja.
HacTosas ctaThsl OCBsIIieHa HOBOI 0000IeHHO
XapaKTepUCTUKE BPEMEHHOTO psiia — Mepe CHUMBOJIb-
HOTO pa3HOOOpa3us.

ConmepXaTellbHO TIpeiaracMas oOOOIICHHAs Xa-
paKkTepUCTUKA OTpaXkaeT rpaHMIly HabII01aeMOro pas-
HOoOOpa3us MOACJIOB Hajl (pMKCHPOBAaHHBIM ajdaBUTOM
B CJIOBe, MPEACTABJSIONIMM CO00il CMMBOJIBHBIN KO
paccMaTpruBaeMOoro BpeMeHHOTO psiia. Mlcrmob3yeMblii
IIpYA 3TOM allllapaT OCHOBaH Ha METOIaX CHUMBOJIMYE-
CKOI TMHAMMKU ¥ CUMBOJIMYECKOM KOIMPOBAHUM 3HA-
YeHMI BpEMEHHOTO psifa.

2. CuMBoJIMYECKad TUHAMHKA
H KOMOMHATOPHKA CJIOB

B maHHO# cTaThbe IS UCCIIEAOBAHUS BPEMEHHBIX
PSIIOB TIPEUIOXKEHO KCITONB30BaTh MOAX0M, OCHOBAH-
HbII HA METOAAaX KOMOMHATOPUKHU CJIOB M aHAJIM3€ DH-
TPOIUM, B aHAIU3e MHGPOPMALIMU, NTPEICTaBJICHHON B
BHJIE CJIOB HaJl KOHEUHBIM aI(haBUTOM.

KoMbuHaTopuka cjl10B — TEpMWH, BBEIECHHBIN B
IUPOKOe oOpallleHue TPYIIoi MaTeMaTUKOB, IIy-
OJIUKYIOIINX PE3YJIbTaThl CBOMX MCCIENOBaHUN TOM
niceBnoHuMoM M.Lothaire [5]. OTuM TepmMuHOM 00B-
€IMHSIIOTCS] HaMpaBJIeHUsI UCCIeNOBaHUMN, CBSI3aHHbBIE
OOIIMMU MOIX0AaMU, KOTOPbIE paHEe OCTaBaIUCh pa3-
OpOCaHHBIMU TIO PA3TMYHBIM OOJIACTSIM MaTEMATUKHU U
UHOOPMATUKU, OT TEOPUU YUCET U TEOPUU IMHAMUYE-
CKHX CHUCTEM JO0 aHAJIN3a €CTECTBEHHBIX SI3bIKOB WJIU
OMOJIOTUYECKUX MTocieoBaTebHOCTell. B koMOMHaTO-
pUKE CJIOB HUCCIIEAYETCS BHYTPEHHSSI CTPYKTypa CJIOB.
[T1omoTBOPHOCTH 3TOTO TIOAXO/AA TPOSIBUIACH B 3h-
(bexTUBHOM MTPUMEHEHUU METOMIOB U3 OTHO MpPEeaMET-
HOI 00J1acTH B Apyrux o6JactsaX. TUMUYHBIMU TpUMe-
pamu SIBJISTIOTCSI TPUMEHEHUST B Teopuu (popMabHbIX
SI3BIKOB M aBTOMATOB [6], Teopuu rpynm [7], Teopun
xaoca [8], dbpakTanbHOM aHanu3e [9], CUMBOIMYECKOM
nuHamuke [10] u aHanu3e BpeMEHHBIX PSAIOB, OMOUH-
dbopmatuke [11, 12], TMHTBUCTUKE U HEKOTOPBIX APY-
TMX 00JaCTSIX.

AHaJIN3 BpeMEHHBIX PSIOB WM OYCHb JJTMHHBIX ITOCITC-
moBartenpHOCTeH (Harpumep, JHK [11, 13]) Takke TecHO
CB$I3aH C 3aJa4aMy CUMBOJIMYECKON TUHAMUKU [14].

CUMBOIMYECKOM TMHAMUKON HAa3bIBAIOT Pa3deI Teo-
PUM TUHAMHUYECKMX CUCTEM, B KOTOPOM JIJIsT OITMCAHMS
MOCJIeA0BATEIbHOCTE U3MEPEHUN COCTOSIHUSI CUCTe-
MBI UCITOJIB3YIOTCSI CUMBOJIBI M3 HEKOTOPOTO ayihaBu-
Ta. [lociienoBaTeIbHOCT COOTBETCTBYIOT TPAaeKTOPU-
aM u3ydaeMoil cucteMbl. Haubonee sbdekTUBHBIMU
METOIbl CHUMBOJIMYECKON AUHAMUKM OKa3bIBAIOTCS B
HCCJIeIOBAHNM AETEPMUHUPOBAHHBIX CUCTEM, B KOTO-
PBIX M3-3a OrPaHUYECHHBIX BO3MOXHOCTE M3MEPEHMUS
BO3HUKAET CXOJACTBO CO CJIyJaliHBIMU IPOLIECCAMU.
OnucaHue TUHAMUKU TIOJy4YaeTcsl B TEpMUHAX TOTO-
JIOTMYECKNX aHAJIOTOB MapKOBCKUX MPOIECCOB — Ma-
TPUILl BO3MOXHBIX IEPEXOMOB MEXIY COCTOSIHUSIMU
CHUCTeMBI. 71T TIOCTPOCHMS TAKOTO OIMCaHUS He00X0-
JUMO BBLIOpaTh ajgaBUT, Hanboee MOIXOASIIINAN IS
MpeacTaBAeHUsT pa30MEHUsT MPOCTPAHCTBA COCTOSTHUIA
CHCTEeMBI Ha 00JIaCTH, COOTBETCTBYIOIINE N3MEPSICMBIM
3HaueHusM. CJI0KHOCTb CHCTEM €CTeCTBEHHO OLIEHU-
BaTh YKCJIOM Pa3TUYHBIX KOHEUHBIX CJIOB, BXOISIIUX B
JIONyCTUMbIe OECKOHEUHBIE MoceI0BaTeIbHOCTU. [luist
KOJIMYECTBEHHOI OLIEHKU 11€71eCO000pa3HO MPUMEHSITh
METPHUYECKYIO 3HTPOIHIO 10 KoJIMOTropoBy MM TOITO-
JIOTUYECKYIO SHTPONUIO. JIJIsl OLIEHKU CIIOXXHOCTH MH-
JTUBUAYATbHBIX TPAEKTOPUI CUCTEMbI MOXHO CTPOUTH
OILICHKM Ha OCHOBe cJoXHOCTU 1Mo Kommoropoy. C
nomolbio Tecta Konmoroposa-MapTtuHa-Jleda Mox-
HO IPUHUMATH PEUICHUS O TOM, SIBJISIETCS JIN UHIVBU-
IyaJIbHasl TPACKTOPUS CIIydauHOM.
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B kauectBe mpuMepa MOXHO MPUBECTU 3a1ady pac-
MO3HAaBaHUSI BTOPUYHOM CTPYKTYyphl OenkoB [15],
KOTOpas 3aKioyaeTcs B clieAylolieM. belok MoOXHO
TPEICTABIATh KaK OMHOMEPHYIO TOCIIEN0BATEIbHOCTD
aMWHOKUCIIOT WM KaK OJHOMEPHYIO MOCIEN0BATEb-
HOCTh XapaKTEepHBIX JIOKAJIbHBIX KOHbUrypauuii. B
HacTosiiee BpeMsi OOIIETTPUHSITHIM SIBISIETCS TOTYIIe-
HUe, YTO MEpBUYHASL CTPYKTYpa OJHO3HAYHO OMpeje-
nser BropuuHylo. [Ipu 3TOM 3amaua ompeneneHus
BTOPUYHOU CTPYKTYPBI (CTPYKTYPBI JIOKAJIBHBIX KOH-
durypauuit) popmyaupyeTcd Kak 3agadya npeoopaso-
BaHUs CJIOB B ajdaBUTe UMEH aMUHOKKCIIOT B CJIOBa
Haa anhaBUTOM JIOKATBHBIX KOH(UTYpaluii ¢ moMo-
B0 KOJOB CKOJIB3SIIIETO 0I0Ka.

B maHHOI1 paboTe paccMOTpeHa 3a1aya aHaiau3a oec-
KOHEYHBIX MOCJIeIOBaTeIPHOCTEN (BPEMEHHBIX PSIIOB)
Ha OCHOBE WX IOCTaTOYHO JJTMHHBIX KOHEYHBIX OTPE3-
koB. [IpensioxkeH MeTO/ OIIEHKN SHTPOTMITHBIX XapaK-
TEPUCTUK, TTOJIE3HBIN IS BbIACICHUS TPU3HAKOB B 1Ie-
JISIX TIOCTEeAyIoLIe KitlacCuUKalluiu BPeMEHHBIX PSIOB.

3. IlocTanoBKa 3a7a44

OOBEKTOM HCCIEA0BaHUS SIBISIETCSI BDEMEHHOM PsiJl
(TTpOU3BOBLHON TIPUPOIBI)

V:{(-f;’ti)’.f;ERl,izl,...,n}’ (1)

rae f, — 3HaYeHWe XapaKTePUCTMKM HaOJI0IaeMOro
npolecca B MOMEHT £, 1 — 4UCJI0 HabmoneHui (0T-
CUETOB).

IIpenMeToM wucCcienoBaHUs SIBISIETCS TMOCTPOEHUE
00O00OIIEHHON XapaKTepUCTUKU psaa, OTpaxarollei
pa3HooOpa3ne HabMomaeMbIX 3HaYeHUid. B aToii mo-
CTaHOBKE MbI (POPMYTUPYEM CIISIYIONINE 3a1a41 OTHO-
CUTEJILHO psiga V:

4 3ajady CHMBOJIBHOIO KOAMPOBAHMUS 3HAYEHUM
BPEMEHHOTO psia;

4 3a7a4y OCTPOCHUS (PYHKIIMU OLIEHKHM SHTPOIIUU
CIBUIOB;

4 3a1a4y ompeaesieHHs] Mepbl CMMBOJIBHOTO pa3-
HOOOpa3ust BpeMEHHOTO Psijia.

JanpHeiliee W3J0XEHWE ITOCBAIIECHO OIMCAaHUIO
pelIeHnii chopMyIMPOBAHHBIX 3a1a4, TTPEITOKCHHBIX
aBTOpaMu.

4. CuMBO.JIbHOE KOTHPOBAHHE
BPEMEHHOIO0 psAaa nmo 3HAYCHUAM

TpeboBaHre yHUBEpPCATbLHOCTU MPOCTPAHCTBA KJla-
cTepu3allMyd Hajaraet, O4YeBUAHO, U TpeboBaHUS K
00O00IIIEHHBIM XapaKTEPUCTUKAM BPEMEHHBIX PsIIOB,
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KOHKPETHbIE 3HAYEHUSI KOTOPHIX MHTEPHPETUPYIOTCS
KaK KOOpIMHATHI TOYKM, IIPEACTABISIOLICH HaHHBIA
BPEMEHHOM Psill B OCSIX 3TOro mpocTpaHcTBa. [Ipobie-
Ma YHHUBEPCAIM3allluM CBI3aHa C TeM, YTO pas3UJHbIC
BPEMEHHBIC PSIIbI UMEIOT Pa3IMYHYI0 TOYHOCTh U3Me-
peHuii (4Mcio 3HaYamX Uudp B 3HAYEHUU [ ) U pas-
JIMYHBIK MaclTad no 3HaueHusIM. PelieHue npo6aeMbl
aBTOPBI BUMST B €AMHOM MacCIITaOMPOBAaHUM 3HAYEHU I
HabmogaemMoit yHKIMKM Mpolecca U MOCTPOSHUU Ha
3TOM OCHOBE CTPOKM CUMBOJIOB, OTPaXKalolllel IMHA-
MUKY YHUCJIOBBIX 3HAUYEHUI UCCIIeayeMOoro psa.

B wensix Ttakoro macmutabGMpoBaHUST MBI BBOIUM
paszOuenue x,, i=1, ..., m 1ManasoHa pasmaxa Bapbu-
pOBaHMS 3HAYEHUH f OT X, = {1:11113 Jf, o x, = max I
IMoCKONBKY 3HAYEHUSI BPEMEHHOTO Dsia MOTYT I10-
MacTh B TOYKM pa3OMEHUsI, Mbl pacCMaTprvBaeM MHO-
XecTBa [x;,X,,,)= {x| X,SXx<X }, KOTOpBIE Jajnee
OyneM HasbIBaThb mnojycerMeHTamu. OmnpeneneHue
Yycjia M TPaHWI] TIOJIyCETMEHTOB IOCTABIISIETCSI OM-
KPUTEPUATTbHBIM METOIOM TOCTPOCHUSI TUCTOTpaMM
[16]. TTompoGHOE M3IOXEHKME 3TOTO METOoAA 1O OTHO-
MIEHVI0 K CUMBOJBHOMY KOIWPOBAaHWIO TMPUBENECHO
B [3]. YUuciao monmy4eHHBIX 3TUM METOJOM IOJyCer-
MEHTOB OTpeesisieT MOIIHOCTh ajdaBuTa KOIUPOBa-
HUS. 3aMETUM, 4TO MOCJEIHUN 3JEMEHT pa30oueHUs
SIBJISIETCSI, OYEBUIHO, CETMEHTOM. BBIOOp CUMBOJIOB
ancaBuTa, 10 CYTU, HEe TIPUHITUTINAJIEH, HO MBI B JaJTb-
Heliiiem OyneM UCIOb30BaTh MPOIMMCHbBIE CUMBOJIBI
JJaTUHCKOro asndasurta. anee KaxXnblii MOJTYCETMEHT
KOIIUPYETCSI COOTBETCTBYIOIIMM CHUMBOJIOM ashaBu-
Ta, U MBI MOJTy4yaeM MpeJCcTaBIeHUEe BPEMEHHOTO psina
B BUJE CTPOKM CHMBOJIOB, Harpumep (st ajcdaBuTa
> =1{A, B, C, D}): «BABCDEEEDDCCCBBAABB.....»
[Tpu aTOM YMCIIOBOE 3HAUEHME Psila KOTUPYETCS CUM-
BOJIOM ITOJTyCETMEHTA, B KOTOPOM OHO HaxomuTcs. s
BPEMEHHOTO psiJia, COIEpXKallero » HabIIoAeHU, Mbl
TOJTy9aeM ero TIpeCcTaBIeHNe B BUIE CTPOKH U3 # CIM-
BOJIOB Han andasutoM 2. IToxydyeHHass CTpOKa CUM-
BOJIHOTO KOZla 3HAYEHUI MOXET OBITh OCHOBOW U IJIST
peleHus 3aJa9 CHMBOJIEHOTO KOIMPOBAHUST BPEMEH-
HOTO psiia TI0 TeHACHUMSIM, 00JIee MoapoOHO cM. B [3].

i+l

OTMeTHM ellle OTHO MPEUMYIIECTBO IPeIIaracMoro
MOAXO0a CUMBOJIbHOIO KOAUPOBaHMUS. 3a PEIKUM MUC-
KJTIOYeHWEM 3HAYE€HUsI B OTCUETAaX BPEMEHHBIX PSIOB
HE SIBIISIOTCA TOYHBIMA. OTHUMM M3 TaKUX UCKITIOUe-
HUI SBJISIOTCS, HaIIpUMeEp, PSIAbl KypcoB BamtoT. s
3HaUYCHUM, WMEIOIINX ITOTPEITHOCTh M3MEpeHUI, B
MaTeMaTUIECKON CTAaTUCTHKE IPUHSATO CTPOMUTH IIO-
BepUTeJIbHbIE MHTEepBaibl. Vcrmonb3yeMblii aBTopamMu
OMKPUTEPUATBEHBIN METON TOCTPOCHUS THCTOTpaMM
KaK pa3 ¥ oIlpeAesisieT IMIUPUHY MOJIyCeTMEeHTa THCTO-



TpaMMEI, a, CIIEHOBaTeIbHO, U <«IIMPUHY» 3HAYCHUI
JUISE KOIUPYIOIIETO 3TOT ITOJIYCeTMEHT CHMBOJIA, Ha
OCHOBE JIOBEPHUTEIIBHON BEPOSITHOCTU IUISI CPETHETO
3HaueHus [16]. Taknum 06pa3oM, MOIXOH CUMBOJIBLHOTO
KOIMpOBaHMS GoJiee JOCTOBEPHO OTpaXKaeT UCCIeaye-
MBI TIPOIIECC C TOYKW 3pEHUST MaTeMaTUIeCKOil cTa-
TUCTUKU.

5. ®yHKUUsA OIEHKH
SHTPONHHU CABHIOB

C 1enpl0 TIOCTPOECHUS TpeiaraeMoOil MeEphl pas-
HOoOOpa3usl MoayYeHHasi CAMBOJIbHBIM KOJAWPOBAHUEM
BPEMEHHOIO psila CTpOKa IToJBepraercsi odbpaboTKe,
TEePBBIM STAIOM KOTOPOIA SIBJISIETCS OLIEHKA SHTPOIUHU
CJIOB. DTa OLIEHKa HMCIOJIb3yeTCs KaK B CHMMBOJIMYE-
ckoii nuHamuke [10], Tak u B OGuonHMbOpMaTUKe IS
OLIEHKU CJIOXKHOCTY HYKJIEOTUIHBIX TEHOMHBIX TTOCIe-
JoBartesbHOCTeH [17].

OlieHKa SHTPOITMHU CJIOB CTPOUTCSI CICAYIOIINM 00-
pasom [18]. dukcupyercs minHa IOACIOBA M U all-
daBur X, U magee paccMaTpPUBAIOTCA BCE MOJCIOBA
IIMHBL m Hal andaBUTOM 2. MHOXECTBO PasIMUYHbIX
ITOZICIIOB €CTh Y., MOLITHOCTh 3TOr0 MHOXeCTBa M=|Y."|
€CTh 0011Iee YHCIIO TTOACIIOB, OYEBUIHO, YTO0 M=Kk". [I71s1
paccMaTpUBaeMOTO 3HAYEHUsI 71 BBOAUTCS IIPOU3BOJIb-
Hast HyMepaiuys MOJCIOB [ = 1, M ¥ BBOZSITCS CYETUMKH
4KCIIa TOJICIIOB C;, KOTOPBIE H3HAYATBLHO OOHYJISIOTC.
M3HavanbHO MO3WIIMOHMPOBAHHOES B Hayaje aHaIM-
3UPYEMOro CJIOBA JUIMHBI #, OKHO IIMPUHBI 71 CIBUTra-
eTcs KaXIObIi pa3 Ha OOWH CUMBOJ. TakmM 00pa3oMm,
MBI UMeeM # - m+ 1 TO3UIINii OKHA, W JJI KaXKI0TO ero
MOJIOKEHMSI PACIIO3HAETCsl IOACIOBO, MOJYYeHHOE B
okHe. Eciii Mbl HaOmonaeM B TeKyIel MO3UIIMY OKHA
LIMPUHBI M TOACIOBO, KOTOPOE UMEET HOMED I B IIPU-
HATOW HYMEpaLKK, TO 3HAYEHUE CUETYMKA C, YBETMIM -
BacTCsl Ha eAuHULY. [10 MONyYeHHBIM 3HAYCHUSIM C;,
i =1, M W paccuuTbIBaeTCs OLEHKa SHTpOnuu cjioB C
T10 clieayoleit popmyie:

¢ =3¢ )logM( 4 ) )
" SHln-m+1 n—-m+1

3ameTuM, 4TO NpUMEeHeHWe OCHOBaHUs M y Jora-
pucdMa TPUBOAUT aBTOMAaTUIECKM K HOPMUPOBKE 3Ha-
yeHuii C(m) — 3HayeHre () 03HAYAET, UTO BCE MOACIOBA
JUIMHBI M OMWHAKOBBI U COCTOUT M3 OTHOTO M TOTO Xe
noxacyioBa ((pyHIaMeHTaJbHOE OTCYTCTBHME Pa3HOO-
opasust). IIpocto mokasarh, 4To 3HaueHue C (m) =1
COOTBETCTBYET PABHOYACTOTHOCTH BCEX BO3MOXKHBIX
MONICJIOB B MCXOJHOM cloBe. Ha ocHOBaHWM OLIEHKU
SHTPOMHUU CIOB MBI cTpouM ¢yHkuuio C(m) = C
apryMEHTOM KOTOPOW SIBJISIeTCS JJTMHA TOACIOBa M, C

obyacTbio onpeneneHust: 1 < m< n. @yukums C(m) Bbi-
YUCIICTCS IPpU (UKCUPOBAHHOM # CIIBUTOM OKHA IIIH -
PUHBI M 110 UICXOIHOMY CJIOBY 110 hopMyiie (2) 1 yBeau-
YeHNEM Ha eIMHUILY ITMPUHBI OKHA TIPY U3MEHEHUU M
oT 1 10 n. B cOOTBETCTBMU ¢ IPUHSATOI B CUMBOJINYE-
CKOIt AMHaMuke TepmuHosiorueit [10] 6yaem Ha3bIBaTh
C(m) byHKIMEH OIIEHKY SHTPOIIUY CIBUTOB.

6. MOHOTOHHOCTD (DYHKIIMH OIIEHKH
3HTPONMHU CABUIOB

JI1st janbHEMIIero MocTPOeHUsI MpejiaraeMoilt Mephl
BPEMEHHOTO psila PacCMOTPUM TOBeleHUe (QYHKIUU
OLICHKM 3HTponuu caBuroB C(m) Kak QYHKIINY ITUHBI
noaciaoBa m. OUeBUIHO, YTO MPU M = n Mbl HabJI01a-
€M BCEro OIHO MOICIOBO, COBITaJAOIIee ¢ MCXOTHBIM
cjioBoM, U, B cootBeTcTBUHU € (2) C(n)=0. [Ipu m =1
makcumym C(m) OyneT paBeH eAUHULIE B Caydae, eciiu
JacTOTa CUMBOJIOB ayihaBUTa B CAMBOJIBHOM TIpEACTaB-
JICHUU BPEMEHHOTO psila OMUHAKOBA.

IMokaxeMm, 49TO TIpU MaNbIX 3HAYCHHUSAX m (IIH-
HbI TioacioBa) yHkuusi C (m) SBASIETCS MOHOTOH-
HO yObIBaloleit. Jlanee Mbl chopMyJupyeM ycCaoBUE
Ha «Manoct> m. Iycrs andasur T ={s.s,,...,s, },
e k — MOLIHOCTD andaBuTa, ¢, — KPaTHOCTb BXOXIIe-
HUS TOICNoBa w, = (@,a, ... q, ), TIe @, € X, B paccma-
TpuBaemoe cioBo. Ilpu mavHe mojacioBa m YHKLUS
OLIEHKM DHTPOIMUM CIBUTOB B COOTBETCTBUU C (2) MO-
JKeT OBITh 3arMcaHa B BUIC

log,, |1\ C(m)=3 H,(m). (3)
C

i i-1

C
H, (m) = :
n—m+1
I1pu yBenuyeHuu AJIMHBI TTOACAOBa HA 1, m — m+1,
113 KaXJI0r0 MOJIC/IOBa JUIMHBL m — w, = (a,a, ... a,,) 06-
pasytoTcst rozcioBa ksl m+ 1 —w, = (a@, ...a,,s, ),
Wi = (a]az "-amsz)’ o W = (ala2 ...amsk), MPU 3TOM,
BO3MOXHO, HEKOTOpbIE U3 HUX OyIyT UMETh HYJIEBYIO
KpaTHOCTb, Mo3ToMy B dyHkuuio C (m) Tipu JIvHE
noacioBa m+ 1 BMecTo i-ro ciaraemoro B (3)

C n—-m+1
H:(m) = - log),
n—-m+1 ;
BOMJIET c1araeMoe
k-1
C; n—m
— y
H,(m+1)=Y 10g 1y, J

=0 = i

TIe 4epes cij MbI 0003HAYWIIN KPaTHOCTb BXOXICHUS
I104CJI0Ba W,.j.

DTO craraeMoe JOCTUraeT MakKCMMyMa, KOIia Kpat-
HOCTH BCEX 00Pa30BABLIKXCSI [TOICTIOB W, OIMHAKOBEI,
¢; =¢lk, j=0,,...,(k—1), To ecTb ero 3Ha4YeHUE HE
MPEBHIIACT BETUYMHBI
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AHATING [JAHHBIX W IHTEJIJIEKTYATIbHBIE CUCTEMbI

c k(n—m
Hi(m+1)max :n__mlog(Mk) g N

i

n—m
IMpu M -k = k™' < ——— BBITIOHSETCS HEPABEHCTBO
C
! 1/(m+1)

n —_—
108 vk <108 1y o )

CJIEOJOBATCJIbHO,

1+1/(m+1)
< (n—m)

log( M
-m

H,(m+1)

max<
1 (n—m)

1+—)log,, | —=

: A+ ogy c’_

log,, (Mk)

(n—m) _

1 - M .
|41 n-m c

n—-m+1

1

m(m+2) n—m+1( ¢

(m+1)°  n-m \n—m+1 Bl T

MO3KHO MOKa3aTh, 4TO TP # > m”> + 3m
m(m+2) n—m+1 -

1
(m+1)2

n—m
CJIEOOBATCJIbHO,

H.(m+1),, <H,(m).

max

TakuM 00pa3oM, TpPU AOCTATOYHO MAaJIOM UIMHE
TOCI0OBA M IO OTHOIICHMIO K JUIMHE CJIOBa # (T.e. TIpU
m’> +3m < n) 3HaueHUe (PYHKLUUU OLEHKU SHTPOIMUU
CIOBHUTOB YMEHBIIIAETCS TIpH Iepexone oT m K m+ 1,
cnepoBaTenbHO, C(m) KaK QYHKIIMS 1IeJI0UYUCICHHOTO
aprymeHra sBisiercsl (yHKIMEH, crajamlleii oT Ha-
yanapHoro 3HayeHus C (1), koTopoe nMpu OOJBIIUX # U
OJIM3KMX YacTOTax CMMBOJIOB ajdaBuTa, KaK MpaBuio,
osm3ka K equHuue, 1o C(n) = 0.

7. Mepa cUMBOJILHOTO
pa3Hoo0pa3us

HMHtepec npeacTaBisieT U3yyeHUe XapakTepa yobiBa-
Hug 3HaueHuil C(m) c poctoM aprymeHTa. [TockonbKy
¢yakuus C (m) — «yOBIBaIOIIasl IO COBOKYITHOCTI»,
paccMOTpUM MHBEPCHYIO KOHEYHYIO Pa3HOCTh (hyHK-
muu C(m):

AC(m)=C(m)=C(m-1),m=2,n. 4)
ITo onpenenenuro C(m) 3HaueHuss AC(m) orpaHmIe-

Hbl, 1 0 < AC (m) < 1, Ho moBeneHne AC(m) MOXET ObITh
JOCTATOYHO CJIOXKHBIM. [TpeIoa0XuM, 4TO HauaIbHOE
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3HaueHue C(1)=1, T.e. cuMBoJIbI al(paBUTa KOAUPOBA-
HUS BPEMEHHOTIO psila UMEIOT CJIa00 OTIMYAIOLIYIOCs
YaCTOTHYIO BCTpeyaeMocTb. Torma OJM3KHE K HYJIO
HavaipHBIe 3HaueHUs AC(m), XapaKTepu3yeT HaIlry
CHMBOJIbHYIO TIOCJIEHOBATEILHOCTh KaK ITOCIeIOBa-
TEJIbHOCTb, 00JIaIAIOIIYIO TOCTATOYHO OOraThIM pa3HO-
obpa3uem noncioB. OgHako Gynkus C(m) He MOXeT
JIOJITO «AepXaTh eIWHUILY». OTpeaeanM ITOPOTrOBOE
3HAYEHHE 71, TIPU KOTOPOM TEOPETUYECKU (DYHKIIMS
OLICHKHM SHTPOIMY COBUTOB €IIle MOXET ObITh paBHOM
equHuIe. ITOCKOIBKY B CABUTAIOIIEMCSI OKHE IIHPH-
HBI /M TIPY MOLIHOCTH ajdaBUTa KOIUpOBaHUs K = |Z|
MOXeET HaOIogaThcss MakcuManabHo M = |2'”| =k"
pPa3IMYHBIX ITOACIIOB, @ BCETO B CJIOBE IUTMHBI # MBI
nMeeM # - m+ 1 TTO3UIINiT OKHA, TO MAKCUMAJILHO BO3-
MOXHasl JJIMHA TIOACJIOBa MPU KOTOPOM €Ill€ MOXHO
HabJogaTh MOJHOE pa3HOOOpa3ue IMOACIOB, ONpeae-
nseTcs U3 ypaBHeHuss M = k™ =n—m+1, 4To C ydye-
TOM UEJOYMCIEHHOCTA H TPUBOAUT K YPaBHEHUIO
m= Llogk (n—n%+1)J. B mpearnonoxeHuu, 4To m<< A,
3HAYEHUE Ml = LlogknJ. B okHe mmpuHb 71 + 1 Mak-
cUMaJIbHO HabJomaemMoe pa3HooOpasue ciloB B k pa3
MEHbIIIe TTOJTHOTO pa3HoOoOpa3us B ajdaBUTE MOIIIHO-
ctu k. [ToaTOMY MBI OXXKHMITaeM Pe3KOTo IaaeHUS 3HaUe-
Hust GyHkuuu C(m) ipu m = m + 1, 1, ClieqoBaTeIbHO,
pe3koro ckauka AC(m) paxe Ijis TcCeBIOCTydailHOM
MOCJIe0BATEIbHOCTA CHMBOJIOB MCXOIHOTO CJIOBa,
obnagamliero KoHedyHou miauHoi. Takum oOpasoM,
HaJIM4Iure SIPKO BBIPAKEHHOTO MAaKCHMMyMa y (DYHKIINU
AC(m) ipu m < m O3HAYaeT, YTO HAYMHasg C JaHHOIO
3HAYCHUS M pa3HOOOpa3ne MOACIOB PE3KO YMEHBIIIN -
JIOCh, ¥ UCXOOHOE CJIOBO 00JIamaeT omnpeaeecHHO pe-
TYJIIPHOCTBIO WITH TIEPUOINIHOCTBIO.

Ha ocHoBe 3Tux paccyXaeHMii aBTOpPbl W BBOMAST
Mepy CUMBOJIBHOTO pa3HOOOpa3Msl BPEMEHHOTO psina
4, (V') B BUlle OTHOILIEHNS 3HAYEHUST APTYMEHTa (yHK-
1 AC(m), DOCTaBJISIIOIIETO €€ MAaKCUMYM K MaKCH-
MaJIbHO BO3MOXHOM IIMPMHE OKHA, COXpaHSIONIEH
TOJIHOE pa3HOOOpa3ue MOACIOB. B aTux mensix onpene-
JuM MakcuMyM GyHKmuu AC(m), 1 0603HAYUM 4Yepe3
m’ apryMeHT 3TOro MakcumMyMa

m" = arg max AC (m).
1<m<n

TeM caMbIM 3HaueHUe m OIpeselseT MOJOXEeHUe
CKayKa KOHEUYHOI pa3HOCTH. PaccMoTpuM OTHOIIIEHUE
u,(V)=m’ /i . Ono Hopmuposaro B [0,1], 1 Masbie
3HAYEHUsI CBUIETEILCTBYIOT O PaHHEM HACTYILICHUU
noTepu paszHooOpasust M OOJbIIEKH <«IIPOCTOTE» MC-
CJIEyeMOTO CJIOBAa. YUUTBIBASK MPUHIUT TTOCTPOEHMS
Mepbl, Mbl OKOHYATEJIbHO MOJIydaeM Mepy CUMBOJIbHO-
ro pa3HOOOpa3us BpeMEHHOTO psiia u, (V) B Bue

bUSHEG-HHDOPMATHUKA Ne3(29)-2014 r.



- argmax AC(m)

m 1<m<n .
u (V)= i logn] (5)

31ech aBTOPbl ITOHUMAIOT MEPY CUMBOJILHOTO pa3-
HOOOpa3us Kak (yHKIIMOHAJ, T.e. KaK MHIWBUIYaJIb-
HYIO MepYy Ha OJHO3JIEMEHTHBIX IIOAMHOXECTBax. 3a-
METHM, YTO B COOTBETCTBUU C (4) IJIST TIEPUOANYIECKUX
CJIOB C MaJIBIM MIEPUOAOM C POCTOM [UIMHBI CJI0Ba (4UC-
Jla OTCYETOB MCXOJHOI'O BPEMEHHOIO Psifa) 3HAYCHUE
4, (V') GyneT yMEeHbIIATELCS, YTO COOTBETCTBYET JIOTHKE
BBEIECHHOM Mepbl — ISl JIMHHOIO IePUOIUYECKOIO
CJIOBa C MaJIBIM TIEPUOIOM CUMBOJIbBHOE pa3HOOOpa3ue
OYEBUIHO MaJIo.

8. MoneabHblii npuMep

[MpuBeneM MoOIETbHBIN TIPUMEDP BBIYUCIICHUS TIPEN-
JIO)KEHHOW Mepbl CHUMBOJIBHOTO pa3HOOOpa3us st
OECKOHEYHOM Mepuoanyeckoi crpoku (ABBAAB),
B andapute X = {A,B } . BeruucieHHsie o dopmysiam
(3) u (4) 3ravenus pyukuumit C(m) u AC(m) nipuBene-
HbI B maba. 1.

Tabauya 1.
3HaueHus (PYHKIIMA OIIEHKH SHTPOIHUH C/IBUTOB
U ee KOHEYHO# Pa3HOCTH /I MOJEeJIbHOM CTPOKH

m C(m) AC(m)

1 1,000

2 0,959 0,041
3 0,862 0,097
4 0,646 0,215
5 0,517 0,129
6 0,431 0,086
7 0,369 0,062
8 0,323 0,046

CooTBeTcTBYIOIIME TpadduKy MPUBEACHBI Ha puc. I 1
2. O6e hyHKIUU SIBISIIOTCS (PYHKIMSIMU 11EJIOUNCIIEH-
HOTO apryMeHTa, HO MbI ITOKa3bIBaeM MX KaK KyCOYHO-
JIMHEWHBIC IS HAIJISITHOCTU OTOOpaXKeHUsI TeHICH-
L.

3aMeTUM, 4TO IMOCKOJIbKY MOJCIIBHOE CJIOBO UMEET
nepuon 6, To, HaUMHAsL ¢ OKHA IIMPUHBI 3, MBI Ha-
6JI0JaeM BCEeTo 6 pa3IMUHbBIX MOJACIOB, a MOCKOJIbKY
% ={A, B}, To nonHoe pa3Ho0Gpa3ue MOACIOB YBEJIU-
YUBACTCS BABOC MPH YBEIMICHUM IIMPUHBI OKHA Ha
enuHuy. Takum obpa3om, Iipu m =3 Mbl HaOII0daEM
6 moacnoB U3 8 BOBMOXHBIX, a Ipu m =4 — Bcero 6

1.200

1.000

0.800

0.600

0.400

0.200

0.000

Puc. 1. Tpadwk (yHKLMN OLHKN 3HTpONMI caBuroe C(m)
ANt MOZIENbHOI CTPOKN

0.250
0.215
0.200
0.150

0.100

0.050 0.046

0000 m—7——F—— —
o 1 2 3 4 5 & 7

[deFm

Puc. 2. Tpadmk yHKUMIA KOHEYHOI pasHocTn AC(m)
[N MOJIENIbHOM CTPOKM

MOJCAOB U3 16 BO3MOXHBIX, U MAKCUMYM (DYHKIIUU
AC(m) dukcupyer MmoTepio pa3HOOOpa3usi B OKHE
mMUpUHBL 4. 3HaAYeHUE TIPETTIOXKESHHON MEPHI 3aBUCUT
OT JUIMHBI CTPOKM B COOTBETCTBUH C (5). 3HaUCHUS B
maba. 1 paccuuTaHbl OJIsI 6ECKOHEYHOTO CJIOBa, OJ-
HaKo TpU OOJbLIUX IJIWHAX, HAallpUMEp, MpU 1 =
1033 »aTu 3HAaUYeHUI U3MEHSITCI He3HAUYUTeJIbHO. I
Takoit ctpoku m =4, a m = 10 u 3HaueHUE Mephl
u, (V)=0,40.

9. 3akmouyeHue

[IpencraBneHrie BpeMeHHOTO psifia, TTOJTyYeHHOE Ha
OCHOBE CHMBOJINYECKOTO KOAMPOBAHUSI TOJTYCETMEH-
TOB C WCIOJb30BAaHUEM OUKPUTEPUATLHOIO METONa
TMOCTPOEHUSI TUCTOTPAMM, SIBJSIETCSI OCHOBHOM ISt
MOCTPOEHUST (DYHKIIMU OLEHKU SHTPOIMU CIBUIOB
C(m), apryMeHTOM KOTOpPOW SIBJISIETCS IIMPUHA OKHA.
[Moctpoenune xoHewHo#t pazHocTu AC(m) TIO3BOJSIET
U3YyIUTh OCOOEHHOCTH Pa3HOOOpPa3usl TMOACIOB B UC-
CJeIyeMOM CJIOBEe, a MAaKCUMYyM 3TOU pa3HOCTU CBU-
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JETETLCTBYET O MaleHNU Pa3HOOOpa3us Kak B CMBICIIE
OTKJIOHEHUSI OT PABHOMEPHOCTU YacTOT TMOJACIOB, TaK
1 B CMBICJIE COOCTBEHHO HaOJII0aeMOoTro pa3Hoo0pasus
nozacyioB. Ha ocHoBe nccnenoBanus moseaeHus: GyHK-
1 AC(m) aBTOpbI BBOASIT ME€PYy CUMBOJIBHOTO pa3-
HOOOpa3usl BpeMeHHOro psna u, (V) Kak OTHOILIEHHE
3HaueHus aprymeHTa yHkimu AC(m), TocTaBsonIe-

ro e MaKCUMYyM, K MaKCUMaJIbHO BO3MOXHOM IIMPUHE
OKHa, COXpaHSIOIIei MoJIHOe pa3HOOOpa3ue MOICIIOB.
ITo nmpuHLMIIAM TIOCTPOEHMSI, MANIbIe 3HAYECHUS U (V)
COOTBETCTBYIOT «IIPOCTBIM» BPEMEHHBIM pSaM C Be-
POSITHO XOpOLIEi BO3MOXHOCTbIO HX IMPOTHO3UPO-
BaHUsI, a OoJyiblIME, OJIM3KKE K €AMHULIE, 3HAUEHUS —
psiiaM C BbIpaxk€HHO# XaOTUYHOCTHIO. M

Jlureparypa

1. I'padyct I1. Crioco0Onl OLIEHOK CXOICTBa BpeMEHHBIX psifoB // HayuHblie Tpyasl MexmyHapoaHOil KoHpepeH-
uun «Teopust BeposITHOCTEM, CaydaiiHble MPOLIECCHI, MaTeMaTU4YeCcKasi CTaTUCTUKA U MPUJIOXKEHUS», MUHCK,
BI'Y, 15-19 centsopst 2008 r. Munck: beropycckuii rocymapcTBeHHBIN yHuBepcuteT, 2008. C. 23—24.

2. ViupsHoB M.B., CmetanuH FO.I'. O6 omHOM MOAX0/€ K MOCTPOEHUIO KJIIACTEPHOTO MPOCTPAHCTBA BPEMEHHBIX
PSIIOB: KOJIMOTOPOBCKasl M rTapMOHMYecKas CIOKHOCTh // Proceedings of the International scientific-practical
conference «Information Control Systems and Technologies» (ICST 2013). Odessa, 2013. C. 30-36.

3. VaeguoB M.B., Cmetanun FO.I'. [Tonxon K onpeneneHUIo XapaKTepUCTUK KOJIMOTOPOBCKOM CI0XHOCTH Bpe-
MEHHBIX PSIIOB Ha OCHOBE CUMBOJILHBIX oncaHuii // busnec-uHdopmarmka. 2013. No2 (24). C. 49-54.

4. CwmeranuH [O.T., YapganoB M.B. IIpocTpaHCTBO 0000IIEHHBIX XapaKTEPUCTHK IS KiTacCU(PUKAIIUU BpeMeH-
HBIX PSIIOB. XapaKTepHUCTHKA TapMOHUUYECKOU CIOXHOCTH // IIpoGiaeMbl aBTOMATH3alliM U YIIPABICHUS B
TexXHU4YecKnX cucteMax: COOpHUK cTaTeit MexXXIyHapoTHOI HaydHO-TeXHMUYecKoi KoHdepenuwu / [Tox pexn.
I.T.H., mpod. M.A.Illlepbakosa. Ilenza: Uza. I1T'Y, 2013. C. 125-128.

5. Lothaire M. Algebraic combinatorics on words. Cambridge, UK: Cambridge University Press, 2002. 455 pp.

6. Xonkpodt ., Morsanu P., Yabman JIx. BBeneHue B Teoprio aBTOMAaToB, SI3bIKOB M BhryuciaeHuit. M.: 13-
JaTelbcKrii JoM «Bumbsamce», 2008. 528 c.

7. Morse M., Hedlund G. Unending chess, symbolic dynamics and a problem in semigroups // Duke Mathematical
Journal. 1944. No.11. P. 1-7.

8. Cumuny D. XaoTuueckue Iepexoabl B JeTEPMUHUPOBAHHBIX U CTOXaCTUYECKUX cucTeMmax. M.: ®du3MaTiur,
2007. 208 c.

9. AdpaiimoBuy B., Yranbae 3., Ypuac X. @pakrajabHble pa3MEepHOCTH ik BpeMeH Bo3BpalieHus [lyaHkape.
Mocksa, UxxeBck: MHCTUTYT KOMIIBIOTEpHBIX MccaeqoBanuii, R&C Dynamics, 2011. 292 c.

10.Lind D., Marcus B. An introduction to symbolic dynamics and coding. Cambridge, UK: Cambridge University
Press, 1995. 495 pp.

11.MaremaTtuyeckue MeTOIbI AJIs aHanu3a nocieaoBareabHocteit JJHK. M.: Mup, 1999. 349 c.

12.T'amoB I'. KomOuHaTopHbBIe MPUHILIUIIBL B reHeTUKe // [1pukiagHas KomOuHatopHas Matemaruka / [lox pen.
D.bekkenbaxa. M.: Mup. 1968. C. 288-308.

13.Tacunn 1. CTpoku, iepeBbs U OCIEA0BATEILHOCTU B aniropuTMax: MH(bopMaTKa 1 BEIMUCIUTETbHAsI 0110~
norus / Ilep ¢ anrn. CII6.: HeBckuii quasnexkt; BXB-IletepOypr, 2003. 654 c.

14.boysH P. MeTonsl cumBonueckoit nuHamuku. M.: Mup, 1979. 245 c.

15.Pynakos K.B., Topuux W.}O. O6 or60ope nHGOpMaTUBHBIX 3HaYE€HWI MTPU3HAKOB Ha 0a3e KpUTepUEB pa3pe-
IIMMOCTH B 3a7a4e paclo3HaBaHUsI BTOPUYHOM cTpyKTyphl Oenka // JAH. 2011. T. 441, Ne 1. C .1-5.

16.Ilerpymun B.H., YiabsaHoB M.B. bBukputepuaibHblii METOI IOCTpOeHUsI ructorpamm // MHdopMaLMOHHbIE
TEXHOJIOTVY 1 BEIYUCIUTEIbHBIE cucTeMBl. 2012. Ne 4. C. 22—31.

17.0pnoB FO.JI. AHanu3 peryasaToOpHbIX TEHOMHBIX MOCJIEI0BaTEIbHOCTEN C MOMOILIBIO KOMIBIOTEPHBIX METOIOB
OLIEHOK CJIOXXKHOCTHM FeHETUYEeCKHUX TeKCTOB // Jlucc. Ha coucKaHue y4. CT. KaHn. 6uoj. Hayk. HoBocnubupck,
2004. 148 c.

18.0pnosB 10.JI. KoMmnbioTepHas peanusaiiys OleHOK CJIOKHOCTU TeKCToB // Marepuaiibl Poccuiickoit KoHbe-
peHIM «JIMcKpeTHBIM aHaMu3 U ucciiegoBanue onepamuii» (JAOP), Hopocudbupck, MHcTuTyT MaTeMaru-
xu CO PAH, 28 utons — 2 mong 2004 r. HoBocubupck: M3n-sBo Mactutyra matematnku CO PAH, 2004.
C. 225.

46



MEASURE OF SYMBOLIGAL DIVERSITY:
COMBINATORIGS ON WORDS

AS AN APPROACH TO IDENTIFY
GENERALIZED CHARACTERISTICS

OF TIME SERIES

Yuri SMETANIN

Chief Researcher, Dorodnitsyn Computing Centre, Russian Academy of Sciences
Address: 40, Vavilova street, Moscow, 119333, Russian Federation

E-mail: smetanin.iury2011@yandex.ru

Mikhail ULYANOV

Professor, Department of Applied Mathematics and Systems Modeling,

Institute of Communications and Media Business,

Moscow State University of Printing Arts;

Professor, Software Management Department, School of Software Engineering,

Faculty of Computer Science, National Research University Higher School of Economics

Address: 20, Myasnitskaya street, Moscow, 101000, Russian Federation
E-mail: muljanov@mail.ru

7 N
a Currently various approaches to time series analysis are being investigated in terms of their forecasting. In the authorsN
opinion, an approach to cluster analysis, which research object constitutes sets of time series generated by various sources, is of
particular interest. The clusterization space is constructed by using generalized universal characteristics of time series each of
which is a coordinate in this space. In such space for each time series there is a corresponding point in the coordinates of universal
characteristics. Application of cluster analysis methods enables to identify time series that are space metric, and for the obtained
clusters it is possible to solve the problem of choosing an efficient method of forecasting.

Construction of a special metric space to analyze time series constitutes the research object of this article. The research subject
is this space coordinates — generalized characteristics of time series. In their previous articles, the authors have already defined
two coordinates of such space: the Kolmogorov complexity of the time series and its harmonic complexity. This paper focuses on
elaboration of a new generalized characteristic of time series by using combinatorics on words technique: a measure of symbolic
diversity. The application of the symbolic coding approach enables to represent time series in a space of words in a selected
alphabet. Investigation of the representation generated by combinatorics on words methods enables to estimate the entropy of
shifts as a function of the length of the sliding window. A measure of symbolic diversity of time series has been proposed based on
investigation of specifics of the first finite difference of this function. The proposed generalized characteristic may be applied for
further identification of specific features of time series; in particular as one of the axes in the clusterization space. )

/

\

Key words: time series, generalized characteristics, symbolic descriptions, words entropy assessment, measure of
symbolic diversity.
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/ N\
r IIpedmemom uccredosanus seasemces bankosckas cucmema Poccuu. Ileav pabomvr — cosdanue MameMamu—\
uecKoi Modeau, NPeOHA3HAYEeHHOU 05l OUCHKU 8epOSIMHOCU OAHKPOMCME OAHK08 N0 NPUMUHE OM3bl6A AULUECH3UU.
Hucmpymenm coz0anuss mModeau — GHNAPAM  HEUPOHHLIX cemell, 00y4aeMblX HA MAMepuaiax @OUHAHCOBOI
omuemnocmu Ilenmpanvnoeo Oanka Poccuiickoit ¢hedepayuu. [loepewnocms mecmuposanus (0600weHUs)
00YHEeHHOU U ONMUMUBUPOBAHHOU HeliponHoU cemu cocmasuna 6,3%. Hccaedosanus modeaupyemoii obaacmu, —
bankosckoi cpepor PD, — ebinonneHbl nymem NpoeoeHuUs SUPMYANbHbIX KOMNbIOMEPHLIX SKCNEPUMEHMO8, 6
X00e KOMOPbIX BbIMUCACHUSL C NOMOULbIO HEUPOHHOL Ccemu NPoU3G00UAUCy NPU USMEHEHUU 00H020 U3 NAMHAOUAMU
BXO0HBIX NAPAMEMPO8, XAPAKMEPUYIOUWUX OAHKU, 8 MO 8PeM KAK 0CMAAbHbIe NAPAMEMPbL COXPAHANUCH HeU3MEH-
HbMU. B wacmuocmu, uccaedosanocy eausHue Ha 6epoSMHOCIb OAHKPOMCmMEa 6anKa Ko3gguuyuenma 00120Cpo4-
HOU AUKBUOHOCMU, 8UOQ OPeAHU3AUUOHHO-NPABOBOU (hOpMbL, NOKA3AMeNs: pazmepa KPYNHbIX KpeOUumHbiX pUcKos,
Mecma peeucmpauuu banka. B pe3ynbmame coenan 6v1600 0 mom, ymo nogwluleHue Kodgguyuenma 00120CpOHHOI
AUKBUOHOCIU CHUNICAEN 8EPOSMHOCIb OAHKpOmcmea 0aHKa, 00HAKO, HAYUHASL C ONPEO0eNeHHO20 YPOBHSL, 3A8UCAULe20
om dpyeux napamempos KOHKPemHo20 OAHKA, NO8bluleHUe OAHHO20 NOKA3ames Y8eiutueaem GeposmHOCHb e20
oanxpomemea. CyuecmeenHoe éIUsSHUE HA YCHeWHOCHb (DYHKYUOHUPOBAHUS OAHKA 0OKA3bIGAem 0peaHU3AUUOHHO-
npasosas ¢hopma 6anka, a maxyice mecmo eeo peeucmpayuu. OOHAKO MO 61UsIHUE HEOOHO3HAYHO U 8 Kadicoom
KOHKPEMHOM CAYHae MONCEm NPOSIBASMbCS NO-PA3HOMY, 8 3A8UCUMOCIU OM MHOJCECIBA Opyeux napamempos 6anka
u e2o desimenvHocmu. [lpuseden npumep npumeHeruss Mamemamu4eckoli Modeau 045 paspabomru pekomendayuti no
&CHMMCBHLI}O 8eposmHocmU OAHKPOMcmea 00H020 U3 OAHKOE. )

KmoueBsie ciioBa: 0aHK, JIMIICH3MsI, 0AHKPOTCTBO, JIMKBUIHOCTD, aKTUBBI, KAIIUTAJI, IIPOTHO3, MOAEIb, HEHPOH-
Has CeTb.
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1. Beenenue

KTYaJbHOCTh IIPOOJIEMBI TTPOTHO3UPOBAHUS
GaHKPOTCTBA MPEOTIPUSITHI, B YACTHOCTHU, OaH-
pOTCTBA OAHKOB IIPUBEIA K TOMY, UTO CETOTHS
B MHpE CYIIECTBYET OOJIBIIOE KOJIMIESCTBO PA3IMUIHBIX
MeToOuK. B To Xe BpeMs, 0 MHEHUIO CIIeIIAAIICTOB,
HE CYIIEeCTBYeT €OWHOIO OOIIETIPUHITOTO METOMa.
Kpome Toro, Kak oTMe4aroT MHOTHE POCCHICKHE aB-
TOPBI, MHOTOYHCJICHHBIE TIOTBITKI IIPUMEHEHMST MHO-
CTpaHHBIX MOJIEJICH TTPOTHO3MPOBAHUSI OAHKPOTCTB B
OTCYECTBCHHBIX YCIIOBUSIX HE TIO3BOJIMIIN TOJIYIYUTh J10-
CTaTOYHO TOYHEIC PE3YIbTATHI.

Llenpro HacTosIIIEH pabOTHI SIBISIETCS CO3MAHKUE Ma-
TEMAaTUYECKOM MOJIEIN, NPEeIHA3HAUYCHHOM [IJISI OLICH-
KU BepOSITHOCTU 0aHKPOTCTBA OAHKOB MO IIPUYUHE OT-
3bIBa JIMIeH3nU. Kakue 3aKOHOMEPHOCTH CYIIIECTBYIOT
MEXIY BEpOSITHOCTBIO OT3bIBA JIUIIEH3UM U TTapaMeTpa-
MU 0aHKa, 4eM pykKoBoucTByercs LleHTpanbHbIil 0aHK
Poccuiickoit ®enepaumnu (LIb PPD), orsbiBasg auLeH-
31K OAaHKOB — MOXHO Y3HaTb, €CJIU IMPOaHAIM3UPOBATh
ero (pMHAHCOBYIO OTYETHOCTh. [lepCreKTUBHBIM WH-
CTPYMEHTOM [IJISI BBISIBJIEHUSI CKPBITBIX B CTaTUCTHUYE-
CKO#l MH(pOpMaLIMK 3aKOHOMEPHOCTE U TOCTPOCHUS
Ha UX OCHOBE MaTeMaTMYeCKMX MOJAEJICH SIBIISIOTCS
HEMAPOCETEBBIE TEXHOJIOTUM.

HeiipokoMIibloTepHBIE W HeENpOCeTeBbIe TEXHOJIO-
TMU — 3TO OfHa U3 Haubojee 3(pPeKTUBHBIX CTpaTe-
TU UCKYCCTBEHHOTO UHTe/UIeKTa. OHU HACIEenyloT OT
CBOETO MPOTOTUIA — MO3Ta, €ro MoJjie3HbIe CBOWCTBRA:
CMOCOOHOCTh U3BJIEUEHUS 3HAHUI U3 CTATUCTUYECKUX
JAHHBIX, CITOCOOHOCTH 0000IIEHNS UX B BUJIE 3aKOHO-
MEpPHOCTENl MOIEIUPYEeMbIX MPEAMETHBIX OOJacTei,
CBOMCTBO WHTyuMLIMU [l], KaK CIOCOOHOCTH JejaTh
MpaBWIbHbIE MPOTHO3bl U MPUHUMATh BEPHBIE pellie-
HUS B TeX cllyyasiX, KOTJa OObIYHAs JOTWKA OKa3bIBa-
ercst 6eccunbHol. Kak yoeauTeabHO MoKa3bIBaeT Halll
cobcTBeHHBIN omnbIT ([2, 3], www.PermAi.ru), xoporo
CMPOEKTUPOBAHHBIE U MPABWIBHO 00yYeHHbIE HEUPOH-
HbI€ CETH SIBJISTFOTCSI MOIITHBIM MHCTPYMEHTOM, MO3BOJISI-
FOIIMM BBISIBJISITh 3aKOHOMEPHOCTH TIPAKTUYECKY JTFOOBIX
MpeIMETHBIX 00JIacTeil M CTPOUTH aleKBaTHbIC MaTeMa-
TAYECKIE MOMIEIN B TIPOMBIIUICHHOCTH, B 9KOHOMUKE 1
Ou3Hece, B MOJMTOJIOTNH, B KPUMUHAJIMCTUKE, B MEIV-
LIMHE, B 9KOJIOTH, B UICTOPUICCKIX HayKaX, CITOPTE 1 JIp.

Bo3MOXHOCTY MpPUMEHEHMSI HEHUPOCETEBbIX TEXHO-
JIOTHi1 B TPOTrHO3UPOBAHMUM OAHKPOTCTBA MPEATIPUSTUI
MUCCIeJ0BAIMCh B paboTax psiga 3apyOeXHbIX aBTOPOB.
Tak, B pabote [4] paccMOTpeHBI pa3TUYHbIC OIXOABI K
MOCTPOEHUIO MOJEJIE MPOTHO3MPOBAaHUS OAHKPOTCTBA
npennpusatuii B TaiiBane. B pe3ynbrate ucciaenoBaHus
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ObLI clenaH BbIBOI O TOM, YTO HEMpOHHas ceThb 00Jia-
JaeT Takoil Xe 3(P(HEKTUBHOCTBIO B OIIEHKE BEPOSIT-
HocTu (puHaHcoBoro kpaxa, kak CRIS (composite rule
induction system), u 6oJiblieil 3¢pHEKTUBHOCTHIO, YeEM
JIOTUT-MoJeb. Pe3ynbTaThl paboThl [5] IeMOHCTPUPYIOT
0oJjiee BBICOKYIO, YeM Mojelb Ha ocHoBe MDA (MHO-
JKECTBEHHBIN ANCKPUMUHAHTHEIN aHanmmM3) 3()(GeKTUB-
HOCTb HEMPOHHBIX ceTeil. Cpeau UxX MperuMyILIecTB yKa-
3bIBAETCSI CIIOCOOHOCTh MPOTHO3MPOBATh OAHKPOTCTBO
Ha OoJtee paHHUX cTanusx. B padore [6], TocBsIIEHHOM
MPOTHO3MPOBAHUIO IIIATEKECITOCOOHOCTH POCCUMCKUX
TIPEANPUSITAIA, TTOMIEPKUBACTCS IIPEUMYIIECTBO HEM-
pPOCETEeBOTr0 METOIa B CiIydae HEJIMHEHHOIO XapaKTepa
CBSI3EM MEXIY ITOKA3aTESIMMU.

2. MaremMaTnyeckas MoCTAaHOBKA 3aJa4H

IIpu mocraHoBKe 3agauyu Obljla BBeIEHA TMIIOTE3a O
TOM, 4TO MeXny (UHAHCOBO-IOPUIMIECKUMHU I1apa-
MeTpaMU 0aHKa M BEPOSTHOCTBIO OT3BIBA €TO JIMIICH-
3UM CYIIECTBYIOT HEKHE 3aKOHOMEPHOCTH, KOTOphLIE,
BIIPOYEM, MOTYT HapylaThCs, HAIpUMEp, B CIIydasix
KOPPYIIIINHY, peiIepCcKOro 3axBara 1 Ip. beiio BBemeHO
MPpeAnoIoXeHUe, YTO TaKMX ciiydaeB B Poccun oTHOCH -
TEJIBHO MaJIO, ¥ 9YTO OHU JOJKHEI OTOOpaXKaThCs B CTa-
TUCTUYECKON MHMOpMALIMK B BHUIE OTIEIBHBIX BEIOPO-
coB. B KauecTBe BXOAHBIX MapamMeTpoB HEHpPOCETEeBOM
MaTeMaTUIeCKOM MOMIEIN OBUIM BBEIOpAHBI KPUTEPHUU,
KOTOpBIE SIBJISTFOTCSI HAan0oJ1ee IIMPOKO PaCIIPOCTPAHEH-
HBIMM, BKJIIOYEHHBIMU B obU1IMaIbHble HOpMaTuBhl L1
P® nms1 6aHKOB U, B TO Xe BpeMsl, JOCTYITHBIMU. Beero
OBLIO MCITOJIB30BAaHO 15 BXOMHBIX MapaMeTPOB:

X, — IOCTaTOYHOCTb COOCTBEHHBIX CPEACTB;

X, — KO3 GUIMEHT MTHOBEHHOM JIMKBUIHOCTH;

X, — KOO GUIMEHT TEKYLIEH TMKBUTHOCTH,

X, — KO3 GUIMEHT T0JITOCPOYHOM JTUKBUTHOCTH,

X, — TOKa3aTe/ib MaKCMMAJIbHOTO pa3Mepa pPUCKa Ha
OITHOTO 3aeMILMKA WJIM TPYIIITY CBSI3aHHBIX 3a€MILUKOB;

X, — TOKa3arejib MAaKCUMaJIbHOTO pasMepa KPYIHBIX
KPEIUTHEBIX PUCKOB;

X, — TIOKa3aTe/Ib MAaKCMMAaJIbHOTO pasMepa KPEeInTOB,
0aHKOBCKUX rapaHTUI U MOPYYUTEIbCTB, MPEIOCTaB-
JIEHHBIX 0AHKOM CBOMM YyYaCTHUKaM (aKIMOHEPaM);

X, — TIOKa3aTeJlb COBOKYITHON BEJMYMHBI PUCKA TI0
vHcaliaepaMm 6aHKa;

Xy — rnokasaTejlb MCIOJb30BaHUS COOCTBEHHBIX

CpencTB (Kamuraja) 0aHKa IJIsT MpUOOpEeTeHUST aKIIni
(moseit) Ipyrux PUANYECKUX JINLL;

X,, — PEHTabEeTbHOCTh aKTUBOB;

X,, — TOJl BHECEHHUS B KHUTY FOCY1apCTBEHHOI peru-
CTpaluu;

X,, — MECTO perucTpannm 6aHka,



X,, — paBoBasi (hopma;
X,, — Pa3Mep YCTABHOTO KaIUTaa;
X, — Pa3sMep aKTUBOB.

Cpenu BXOIHBIX TApaMeTPOB MOJIEIM UMEIOTCST Kaue-
CTBEHHBIE (PAKTOPBI, XapaKTepU3YIOIINEe MECTO PErH-
CTpanmu 6aHkKa (x,,) ¥ er0 OpraHu3alMOHHO-TIPABOBYIO
(dopmy (x,;). DT MoKasaTe 1 ObUIM 3aKOAMPOBAHBI Clle-
IylolnuM oopasomM. Eciu 6aHK 3apeructpupoBaH B Mo-
ckse unu Cankr-IletepOypre, To mapameTpy x,, IpUcBa-
WBaeTCs 3HaueHue «1», ecyi e OH 3aperuCcTPUPOBaH B
Jpyrux ropogax, To «0». Ecau 6aHK 3aperncTpupoBaH
kak OAO, To mapameTpy X, IPUCBAaMBAETCS 3HAYECHUE
«I», 000 — «2» 1 3A0 — «3».

BreixomHas TiepeMeHHas y TPUHUMAET 3HAUYCHUE,
paBHOE eIMHMIIE, €CITN y OaHKa OblIa 0TO3BaHA JIMIICH-
3Usl, U 3HaYE€HHUE HOJb, €CM 0aHK MPOIOJIKAET CBOIO
JeSTeIbHOCTb.

B kauecTBe MCTOUHMKA WHGpOPMALIMU 151 OOYyYEHMS
HEMPOHHBIX ceTeil ObUIM MCIOJIH30BaHbI JaHHbIE (hU-
HaHCOBO#M oTyeTHOCTH ¢ caiita 1IB P®. INpuunHamu
0aHKPOTCTB 0AHKOB, JAHHBIE KOTOPBIX OpaIvCh C caiiTa,
ObLIM: HECIOCOOHOCTb YIOBJIETBOPUTH TPEOOBAHUS Kpe-
JUTOPOB IO JEHEXHBIM 00513aTEIbLCTBAM W UCIOJIHUTD
0013aHHOCTD 10 yIUIaTe 00sI3aTeNbHBIX ILIaTexXel, Mo-
Tepsl JIMKBUIHOCTU, HEUCIIOJHEHUE OOS3aTEbCTB Ie-
pen KpeauTopaMu, Oe3leiicTBUE IO BOCCTAHOBJICHUIO
(UHAHCOBOTO TIOJIOXXEHUSI, OTCYTCTBUE aleKBaTHBIX
pe3epBOB Ha BO3MOXHBIC IIOTEPH II0 CCydaM, IIpemo-
CTaBJIecHUE HEAOCTOBEPHOI (PMHAHCOBOI OTYETHOCTH,
MpOoBeieHUE ONepaluii, CBI3aHHbBIX C MEePEBOAAMMU Jie-
HEXHBIX CPEJICTB B IOJb3y HEPE3UIACHTOB IO pa3iny-
HBIM COMHMTEILHBIM CIIEIKaM, HECOOIIONEHIE CPOKOB
HaripaBlieHUsT B POCMHMOHUTOPUHT COOOILEHUI 00
orepanusx, Moiexkaliux o0s3aTeJIbHOMY KOHTPOJIIO,
a Takke MPOTUBONECTBUE MPOBENSHUIO NHCIEKIIMOH -
HOM NTPOBEPKU U COBEPLLIEHUIO HAA30PHBIX ACHCTBUM.

Ha ocHoBanum 3T00 MH(pOopMauu 66110 cHOPMUPO-
BaHO MHOXECTBO, coiepxaiiee 111 nmpumMepoB, U3 KOTo-
pBIX 52 mpuMepa SIBJISIIOTCST JAHHBIMU 00aHKPOTUBIIIMXCST
0aHKOB, 59 TIPUMEPOB OTHOCATCSI K paboTarommmM OaH-
Kam. Bce MHOXECTBO MpUMEpOB pa30MTO Ha oOy4yaroliiee,
HCTIOb30BAaHHOE TSI OOYYEHMSI CEeTH, U TeCTUpYIoIIee,
MpeaHa3HaYeHHOEe ISl MIPOBEPKU €€ TPOTHOCTUYECKUX
cBoiicTB. EcTecTBeHHO, YTO TIpUMEPHI TECTUPYIOIIETO
MHOKECTBA IIPU OOYIECHHNH CETH He UCIIOIh30BAJIUCE.

[IpoexTupoBaHue, ONTUMU3ALUS, OOYUYEHUE, TECTH-
pOBaHUE HEMPOHHOU CETU M 3KCIIEPUMEHTHI Hall HEeli-
POCETEeBOM MaTeMaTUYE€CKOU MOJEIBIO BBITIOJIHSIIACH C
TOMOIIIbIO HelipomakeTa [2]. OnTuManbHas CTPYKTypa
HEWPOHHON CeTU TMpeacTaBisyia coOOM MEepPCeNnTPOH

[3], uMeroMit MATHAALIATL BXOAHBIX HEMPOHOB, OAVUH
CKDBITBI CJIOW C MIATHIO HEHPOHAMM U OJIUH BBIXOJHOM
HelipoH. B kKadyecTBe aKTMBALIMOHHBIX (DYHKUMIA HEM-
POHOB CKPBITOTO CJIOSI M BEIXOMHOTO HEepOHAa MCITOJIb-
30BaJIMCh CUTMOUAHbIE (yHKLIMHU [3].

ITocne oOyyeHusI, MPOrHOCTUYECKUE CBOICTBA CETU
MPOBEPSUINCH HA TECTUPYIOIIMX NpuMepax. M3Havajib-
HO CpefHeKBaapaTUYHAs OLIMOKA TECTUPOBAHMS HEl-
poHHOI1 ceTu coctaBuia 13,5 %.

B npoiiecce o0yyeHUsT U TeCTUPOBAHUS HEHPOCETH
ObLUIM OOHApYyKEHBI BHIOPOCHI, BBISIBIICHHBIE C MTOMO-
mbio Metoguku [7]. CyTb 3TOMf METOOUKU COCTOUT B
MOOYEPETHOM UCKIIIOUEHUH TIPUMEPOB 13 00ydatole-
0 MHOXECTBa U HAOJIIONEHUHU 3a MOTPEIIHOCThIO Hell-
poceTr, 00Yy4eHHOM Ha 3THX ype3aHHBIX MHOXKECTBaX.
Ecnau mpumep o0ydJaroIiero MHOXKECTBA SIBIISIETCS BBI-
OpoCOM M BbIMAAaeT U3 3aKOHOMEPHOCTHU, XapaKTep-
HOM IS UCCAEAYEMOI TpeaAMETHOM 00JacTh, TO e€ro
yIajJeHre U3 00yJaroIiero MHOXKECTBA IIPUBOINT K T1a-
JEHUIO TIOTPEITHOCTH OOYYEeHUST CETU M TTOBBIIICHUIO
ee 0000IIaIoIIUX CBOMCTB, TOraa KakK MCKIIOYEHUE
OOBIYHBIX IIPUMEPOB CYIICCTBEHHOTO BIMSHUS Ha Ka-
YECTBO CETH, KaK MPaBUJIO, HE OKa3bIBAET.

B uucno BBIOPOCOB, OOHAPYXXEHHBIX C MOMOILBIO
3TOI METOAWKMU, MOMAIN JaHHBIE O MATU OaHKaxX, cpe-
I KOTOphIX: «CeMOaHK» U «AHKOpP-0aHK». JlaHHBIE O
nepBoM 0aHKe ObUIM KBalW(UIIMPOBAHBI HEMPOHHOM
CEeThIO KaK BbIOPOC, MO-BUAMMOMY, B CBSI3U C TEM, UTO
y HEero Oblla OTO3BAaHa JIMLEH3Us, HECMOTPS Ha TO,
YTO OAaHK MMEJ XOPOIIre MOKAa3aTen JOCTATOYHOCTH
KanuTtaia U Kod3Gh@UIIMEeHTbl JUKBUIHOCTU. BTopoi
6aHK, Ha000poT, He moaBeprcst caHkuusaM LIb PD ne-
CMOTPS Ha TO, YTO UMEJT JOBOJIbHO HU3KME NTOKa3aTesu
JIOCTaTOYHOCTY KaIm1Tajla U CaMbIil MaJIeHbKUIA pa3Mep
YCTaBHOTO KaluTajia U3 BCeil BEIOOPKM.

ITocne ynaneHus: oOHapy>KeHHbIX HEMPOCEThIO BHIOPO-
COB CpeIHEKBaIpaTUYHAas OIIIMOKa TeCTUpOBaHUS (0000~
LIEHMsT) CHU3MIIACh 10 2,6%. [1puyeM HOMOITHUTETBHOE
TECTUPOBAHUE HEWPOHHBIX ceTell Mo Metoay multi-fold
cross-validation [3] He moka3aiu CKOJIbKO-HUOYIb 3aMeT-
HOTO YBEJIMICHMS IIOTPEITHOCTY TECTUPOBAHMS.

OO0yJeHNe, ONITUMU3ANMS U TeCTUPOBAHNE HEMPOH-
HBIX CeTeil MPOBOAMJIOCH COIIACHO METOOWKE, TpH-
HaToit B [lepMcKoli HaydyHOI1 11IKOJIE UCKYCCTBEHHOTO
nHTesuekTa ([2-3], www.PermAi.ru).

3. UccaenoBaHue npeaMeTHOI 001acTH

ITocne npoBepku pazpabOTaHHOU HEMpOCceTeBOM Ma-
TeMaTUYeCKON MOJeNM Ha aJeKBaTHOCTb U TOYHOCTD,
€€ MOXXHO MCITOJIb30BaTh IS MCCIEIOBAHMUS TIPEAMET-
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Tabauya 1.

ITapameTpsl ucciieAyeMbIX 0AHKOB

batik X1 XZ X3 X4 X5 XG X7 XS Xg Xﬂ) Xﬂ X12 X13 X14 X15 y
1. Baskpor 101992 (3024|306 | 0|1 [10 |0 [199%2 | 1 | 1 | 150000000 | 1695047 | 0,99
2.HeGawkpor | 10 [ 19 | 92 {30 [ 24 [ 306 | O | 1 | 01|03 | 1992 [ 1 | 1 | 550000000 | 18991000 | 0,09

HOM1 00J1acTH. DTa 3aava pelrajach MyTeM IIPOBEACHMS
BUPTYaJIbHBIX KOMITBIOTEPHBIX 3KCIICPUMEHTOB, B XOJIE
KOTOPBIX BBIYMCIEHUS C TTOMOIIbIO HEMPOHHON ceTn
MPOU3BOAUIUCH MPU U3MEHEHUM OJHOIO U3 BXOIHBIX
IapaMeTpoB, B TO BpeMsl KaK OCTaJIbHble MapaMeTphl
«3aMOPaXUBAJICH», T.€. COXPAHSUIMCh HEU3MEHHBIMMU.

3.1. Bausnne ko3¢ punuenta
JI0JITOCPOYHOM JMKBUIAHOCTH

PaccmarpuBanvch XapakTepuCTUKU [BYX OaHKOB,
TEePBHIN M3 KOTOPBIX M3HAYAIBLHO KJacCU(pUIIMpOBaI-
¢ Kak OaHKpOT, a BTOPOil OaHK — KakK He OaHKpOT.
3HauyeHUs MapaMeTpoB paccMaTpUBaeMbIX OaHKOB
npuBeneHbl B maba. 1. Kak BUIZHO U3 mabauybt, 0GaHKU
CYLIECTBEHHO OTJIMYAIOTCS MOKa3aTeeM KHCIO0JIb30Ba-
HUST COOCTBEHHBIX CPEACTB (Kamurtana) st mpruodpe-
TEHUS aKUUiA (T0JIEH) NPYrUX IOPUIMIECKUX JIUIL (X,),
PEHTAOETbHOCTHIO aKTUBOB (X,,), PA3MEPOM YCTaBHOTO
KaruTana (x,,) ¥ pasMepoM aKTUBOB (X, ;).

BeposiTHOCTb Npu3HaHNs 6aHka 6aHKPOTOM
1.2

SN\ —
04 Ne "

0.2 1

0 T T T T T
40 50 60 70 80 9 100

Koadh(uLMEHT [0NrOCPO4HOI NMKBUAHOCTI

—e— baHK 6aHkpoT
—m— baHK He 6aHKpoT

Puc. 1. Bingrue KoadhduumeHTa A0AroCpO4HON NINKBUAHOCT
Ha BEPOSTHOCTb NPU3HaHWS 6aHka 6aHKPOTOM. MapKepom YBENNYEHHOI0
pa3mepa 0TMEYeHO PeanbHoe COCTOSHNE CCNeayeMblX 6aHKOB

AHaIU3Upysl pe3yJbTaThl MCCIELOBaHUM, IIpEN-
CTaBJIeHHBIC Ha puc. I, MOXHO 3aKJIIOUYHUTh, YTO 3Ha-
yeHne KOG GUIIMEeHTa TOJTOCPOYHOMU JTUKBUIHOCTH
OKa3bIBAET CYLIECTBEHHOE BIUSTHUE HA BEPOSITHOCTH
npu3HaHug OaHKa OaHKPOTOM, IMPUYEM KpPUBBIE
nuMmeloT U-o6pa3Hyto ¢opmy. IloBeilieHre Koahdu-
LIMEeHTa JOJTOCPOYHON JUKBUIHOCTH A0 ONpeaeieH-
HOTO YPOBHS CHMXaeT BEPOSTHOCTh OaHKPOTCTBA.
OnHakKo ¢ onpeaeeHHOTO MOMEHTA JalbHeHIIIee o-
BBIIIICHWE TaHHOIO MOKa3aTelsl YBeIMYMBAET BEPO-
STHOCTh 0aHKPOTCTBA. ONTUMAaIbHBIM MOKa3aTejleM
JIOJITOCPOYHON JMKBUAHOCTUA IJI M3HA4YaJIbHO Ha-
nexxHoro 6aHka siBisiercd 3HaueHue 40, a mig 6aHka
6aHkpora — 50.

HyxHo ormMeTuTh, uTo BhIBOA 00 U-00pa3Hoii (pop-
M€ 3aBUCHUMOCTH IOATBEPXKIACTCS U TECOPETUUCCKUMM
ucciienoBaHUsIMU. CIUIIKOM BbICOKasi TUKBUIHOCTh
CHMXKaeT MPUOBLILHOCTD OIepaluii 6aHKa, MOCKOJIb-
Ky 00J1bliIast YaCTh JEHEXHBIX CPEACTB OaHKa HE MHBE-
CTHPYETCS C ILIEJIBIO TTOIYICHHUS TOXOHO0B. DTO BICUET
HeOoIoJydyeHne OaHKOM ITOTeHIUAIbHOW TPUOBLIA
U, KaK CJeACTBUE, MEHee YCTOHYMBOE (DMHAHCOBOE
COCTOSIHHE.

C npyroit CTOpOHBI, CIMIITKOM HU3Kasl JUKBUIHOCTh
CBsI3aHAa C pUCKOM Jnedosita 6aHKAa BCIAEACTBUE He-
BO3MOXHOCTHU YAOBJIETBOPUTH B HEOOXOAMMBbIE CPOKU
¢rHaHCOBBIE TPEOOBAHUSI BKJIATUYMKOB, KPEIUTOPOB U
IpYyTrux KiareHToB. HampuMep, HEBO3MOXHOCTh OaHKa
BO3BPATUTh OCIIO3UT U/WJTN MeKOAHKOBCKHIA KPEINUT,
a TaKkXXe TIPOBOJMTDH OMEpalluy M0 pacyeTHbIM cueTam
KJIMEHTOB B HEOOXOMMMBIEC CPOKU SIBJISIETCSI OMHOM 13
HanboJjIiee YacThIX IPUYMH OT3hIBA JIMLIEH3UIT y OaH-
KOB.

Tabauya 2.
ITapamMeTpsl HcciIeayeMbIX OAHKOB
BaHK XW X2 XS X4 XS Xﬁ X7 XB X9 X10 Xﬁ X12 X13 X14 X15 y
1. baHkpot 25 1 50 | 60 | 28 | 14 ] 200 | O 1 0 | 02 [ 1994 0 2 200000000 1220000 0,997
2. He Gankpor | 14 | 50 | 60 [ 60 | 14 | 200 | O 0 0 [ 02 [ 1991 0 2 300000000 21991000 0,0
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MATEMATUSECKWE METOLbI W AJIT OPUTMbI PELLIEHVA SALAY BUSHEC-MH®OPMATVIKA

BepostHocTb
MPU3HAHUS
0aHKa
6aHKPOTOM

BaHk 6aHkpoT

BaHk He 6aHKpoT
000 P

3A0

(OpraHu3aLmoHHo-NpaBoBas (hopma

Puc. 2. BnusiHue opraHn3aLuoHHO-NpaBoBoi (OPMbI Ha BEPOSITHOCTb
NpU3HaHWUs 6aHKa 6aHKPOTOM

3.2. Biausnue oprann3anoHHO-TIPaBoOBoi opMbl

PaccmarpuBanucek aBa 6anka. IlepBbiii 0aHK M3HA-
YaJbHO KJIacCM(PUIMPOBAJICSI KaK OAaHKPOT, BTOPOM
0aHK — Kak He 6aHKpoT. OpraHM3aIMOHHO-TIPABOBAS
dopma oboux 6ankoB — OOQ. ITapameTpsl paccma-
TpUBaeMbIX OAHKOB IIPUBEACHBI B maoa. 2.

Kak BumHO u3 puc. 2, tae NMpUBEIEHBI PE3YJbTaThl
HUCCIIeIOBaHUM, Mg W3HAYaJIbHO HOPMaJIbHO (DYyHK-
uvoHupytoniero 6anka (aas Hero y=0) nM3MeHeHUe
OpraHM3allMOHHO-TIPABOBO1 (hDOPMEI HE OKA3bIBaeT Cy-
IIIECTBEHHOTO BJIIMSTHUS Ha TIPU3HAHWE eTO0 OaHKPOTOM.
Hnsa paccmaTpuBaeMoro 0aHKa OaHKpoTa (IJiss Hero
y=0,997) cyiiecTByeT onpenejieHHass 3aBUCUMOCTb, a
MMEHHO: 0aHK, cyiuiecTBylomuii B popme OO0, umen
Obl MEHBIIIYIO BEpOSITHOCTh 0AHKPOTCTBA, €CJIU Obl ObLIT
3apeructpupoBaH B popme OAO.

BeposTHOCTb Npu3HaHIs 6aHKa 6aHKPOTOM

1 —e
0.8 0.83 //
08 —e— baHK 6aHkpoT /
0.4 T—— —m— barK He GarkpoT /
0.2

0 00 T T T T

300 400 500 600 700

[Nokasatenb MakcManbHOro pa3mepa KpYnHbIX KPEAUTHbIX PUCKOB

Puc. 3. BnusHue nokasarens MakcMarnbHOro pasmepa KpynHbix
KDEAMUTHbIX PUCKOB HA BEPOSATHOCTb MpKU3HaHIS OaHKa 6aHKPOTOM

3.3. Bimsnue nokasarenst
MaKCHMAJIbHOIO pasmMepa
KPYIHBIX KPEIUTHBIX PUCKOB

PaccMoTpeHbl aBa 6aHKa ¢ OAMHAKOBBIM MOKa3aTeeM
MaKCUMAaJIbHOTO pa3Mepa KPYIHbBIX KPETUTHBIX PUCKOB,
OTJINYAIOIINECS TI0 OCTaJIbHBIM BXOIHBIM (haKTOpaM.
ITapameTtpbl 6aHKOB TIIpuBeneHbI B maobn. 3. [1o pesynb-
TaTaM HCCJIENOBAHUM HEUPOCETEBOM MAaTEeMAaTUYECKOM
MOZeN, TIPUBEACHHBIM Ha puc. 3, MOXHO CHEJIaTh BBI-
BOI, O TIPSIMOM 3aBUCHMOCTH MEXIY ITOKa3aTeaeM MaK-
CHMAJIBHOTO pa3Mepa KPYIHBIX KPEAUTHBIX PUCKOB U
BEpPOSITHOCTBIO TIPU3HAHMST 0AHKPOTCTBA KaK IS M3HA-
YaJIbHO HOPMAaJIBHO (YHKIIMOHUPYIOIIETo OaHKa, TaK 1
JIJ1s1 0aHKa, MPU3HAHHOTO OAHKPOTOM.

3.4. Bimsinne MecTa perucTpanun 0aHkKa

PaccMmoTpeHbl xapaKTepucTUKu Tpex 0aHKOB, 3HaUe-
HUS MapaMeTPOB KOTOPBIX MPEACTABICHBI B maobn. 4, a
pe3y/bTaThl UCCIIeJOBaHUI — Ha puc. 4.

Bank Nel wm3HaYaJlbHO KiIacCUGUIIMPOBAJICS KakK
HOpPMAaJIbHO (PYHKLIMOHUPYIOLIMIA, U CMEHA MecTa pe-
rUcTpauuu 6aHKa He MOBJUsIa Ha BEPOSITHOCTD TPU-
3HaHUS ero 0aHKPOTOM.

Bank N2 m3HavyanbHO paccMaTpuBajcs, Kak 3ape-
TUCTPUPOBAHHBII B peTMOHAaX U ObLJT MpU3HAH OaHKPO-
toM (y=0,87). CMeHa peructpaiuv baHka Ha MocCKBy
n Cankr-IletepOypr m3MeHMIIa KaTeropuio JaHHOTO
0aHKa Ha HOpMaJIbHO (PYHKITMOHUPYIOIIHIA.

bank Ne3 obGmamaer TeMu Xe XapaKTepHUCTHUKaMU,
4to 1 6aHK Ne2, kpome mapamerpa x, (KosdduimeHT
JIOJITOCPOYHON JIMKBUIHOCTH). DTOT MMapaMeTp O0aHKa
Ne3 nuxe Ha 43%. Ha puc. 4 MOXHO BUIETD, YTO JaH-
HBII 0aHK sBjsieTcs 6aHKpoToM B MockBe U CaHKT-
IleTepOypre, a B perTMOHaX OH OAHKPOTOM He SIBJISIETCSI.

Takum o0Opa3oM, B pe3yjbTaTe BbIMOJIHEHHBIX UC-
CJIeOBaHUI MOXHO caenaTh 3aKJIYEHUE O Cyllle-
CTBOBAHUM CBSI3U MEXIY MECTOM pErvMcTpaluvu 0aHka
¥ BEpPOSITHOCTBHIO MPU3HAHUS ero 0aHKpoToM. OIHAKO
IPY 3TOM CTOUT YYMTHIBATh BIUSHUE APYTUX (HAKTO-
poB. Ecinu y 6aHKa xopolire noka3aTenan (pruHaHCOBOi
ycroitanBocty (bank Nel), To oH ocTaeTcss HOpMaJIbHO

Tabauya 3.
ITapameTpsl HcclieAyeMbIX 0AHKOB
BaHK X1 X2 X3 X4 X5 XG X7 X8 X9 X10 X11 X12 X13 X14 X15 y
1. baHkpot 10 |24 |1 60|20 [ 10 [ 300 | 19 | 1 0 [ 0 [ 1991 1 2 200000000 1220000 | 0,83
2. He 6ankport 12196330 14 (300 (|14]0 0 |01 1989 1 1 3400000000 21991000 0,0

BbUSHEG-HHDOPMATHUKA Ne3(29)-2014 r.
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Tabauya 4.

Bxoanbie napamMeTpbl 0aHKOB U pe3yabTaThbl HCCJICA0OBAHUSA

5 aHK X1 XZ XS X4 X5 XG X7 X8 X9 X1 0 XT 1 XW 2 X1 Bl XT 4 X1 5 y
o 16 | 45 | 76 | 90 [ 14 | 72 0 1 0 0,5 1989 0 1 40000000000 25000000 0,0
aHK Ne
16|45 |76 9 |14 ]72|0 1 0 | 05 | 1989 1 1 40000000000 | 25000000 | 0,0
S 135 |64 [70] 9 [21]18]0]0 0 1991 0 1 16000000000 | 10000000 | 0,87
aHK Ne
1355 |64 [70] 9 [210]18]0]0 0 1991 1 1 16000000000 | 10000000 | 0,11
. 1355|6440 ] 9 [21] 18] 0] 0 0 1991 0 1 16000000000 | 15000000 | 0,34
aHK Ne
13 | 55 | 64 | 40 9 21 18 0 0 0 1991 1 1 16000000000 15000000 | 0,99
npu3HaHus 6aHka 6aHkpotoMm ¢ 1 o 0,62. AHamornd-
HO, U3 puc. 5 clienyeT, 4TO YMEHbBIIIeHIEe TIOKa3aTe s C-
1 MOJIb30BaHUsI COOCTBEHHBIX CPEACTB (KamuTajia) 6aHka
08 JJIS1 IpUOOpeTeHusT akuuii (Ioseit) Apyrux opuande-
05 CKUX JIMLL (X,) € 18 10 9 IPUBOAMT K CHUXKEHUIO BEPOSIT-
' HocTh GaHKpoTcTBa 6aHka ¢ 1 1o 0,66. M HakoHell, Kak
04 Bark Ne3 BUIHO M3 TaOJULBI 6, OMHOBPEMEHHOE N3MEHEHHUE BCEX
0.2 o N2 TpeX MapaMeTpoB (X,, X;, X,) B YKa3aHHBIX BbIILE MpPeie-
0 e JIax TT03BOJISIET CHU3UTh BEPOSITHOCTh OAHKPOTCTBA OaH-
) Btk Net Ka «Komexc» 10 Hys1.
[pyrve roponé Mockea, CankT-TeTepbypr

Puc. 4. BnusHue mecta peructpauuin 6aHka
Ha BEPOSITHOCTb NPU3HAHKS ero 6aHKPOTOM

(GYHKIMOHUpYIOIIMM Npu cMeHe MockBbl (CaHKT-
IletepOypra) Ha apyroit ropoxn. Ecnu permoHanbHbIi
06aHK npusHaH 6aHKpoToM (bank Ne2), To 110 pe3ynb-
TaTaM WCCJICAOBAaHMSA HEHPOHHON CeTH, OH MOXKET
VJIYYIIUTh CBOE TTOJOXEHUE, ECIU MO3UIMOHUPYETCS
B MockBe unu B Cankt-IletepOypre. OgHako MOXKeT
ObITb 1 Ha0OOpOT. HanmpuMep, B cuTyanuu, eciu 0aHK
XapaKTepu3yeTcsl HU3KUM KO3(M(GULMEHTOM I0Jro-
CPOYHOI JTUKBUIHOCTU M YCIIEIITHO paboTaeT B peruo-
He (bank Ne3), To B Mockse u B Cankr-IletepOypre
TaKoW OaHK MOXET CTaTh OAHKPOTOM.

3.5. IIpumep pa3padOTKH peKoMeHIALMiA
N0 CHHZKEHHIO BEPOSTHOCTH OAHKPOTCTBA DaHKA
«AKIMOHEPHBIiT KoMMepyecKmii 0aHk «Koaekc»

XapaKTepuCTUKa TapaMeTpPOB pPacCMaTpUBAEMOTO
OaHKa MpuBeleHa B maba. 5, U3 KOTOPOW BUIHO, YTO
0aHK SBJISIETCSI OAHKPOTOM.

Kak cnenyet u3 puc. 5, ymeHbllIeHUe KO3(pduULIMeHTa
JIOJITOCPOYHOM JTMKBUIHOCTH (X,) € 82,5 10 55 MPUBOAMT
K CHIDKCHUIO BEPOSITHOCTH ITPU3HAHMS OaHKPOTCTBA C 1
10 0,65. M3 31010 XXe pucyHKa BUIHO, YTO YMEHbILIEHKE
TMOKa3aTessi COBOKYITHOM BEJIMYMHBI pPUCKA MO MHCAWIe-
paM (x,) ¢ 2 10 0 TIPUBOAUT K CHUXKEHUIO BEPOSATHOCTH
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Puc. 5. BnnsHue napametpos 6aHka «Kogekc»
Ha BEPOSTHOCTb NPU3HAHIS 60 BaHKPOTOM.
Mapkepom yBenn4eHHoro pasmepa
OTMEYeHbl PeanbHbIe 3Ha4eHNs MapameTpoB 6aHKa



Tabauya 5.

ITapameTpsi 0anka «Kogekc»

XW XZ XS X4 XS XG X7 XS X9 X1 0 X1 1 X1 2 X1 3 X1 4 X1 5 y
27,8 55,3 67,3 825 | 23 218,6 0 2 | 18 0 1994 1 1 80000000 733755 1
Tabauya 6.
ITapameTpsi 6anka «Koaekc» nocje KoppeKTHPOBKH
XW XZ X3 X4 X5 X6 X7 XS X1 0 X1 1 X1 2 X1 3 X1 4 X1 5 y
27,8 95,3 67,3 9% | 23 218,6 0 0 0 1994 1 1 80000000 733755 0

4. 3akmoueHue

I[IpuMeHeHMe MeToda HEHPOCETEBOrO MOIEIMpPOBa-
HUS TIO3BOJIMJIO CO3MaTh CHUCTEMY, C BBICOKOM TOU-
HOCTBIO OIICHWBAIOIIYI0 BEPOSITHOCTH OAaHKPOTCTBA
0aHKOB IT0 MSATHAIIATH BXOMHBIM MmapameTpam. C mo-
MOIIIbIO BBIUMCIIUTENBHBIX 3KCIIEPUMEHTOB Hajl pa3-
pabOTaHHO MaTeMaTUYeCKO MOMAENbIO BBISBICH
psil 3aKOHOMEPHOCTEN UCCieayeMoil TpeAMETHO 00-
JlacTu — 6aHKOBCKOM cuctembl Poccun. B yacTtHOCTH,
clieJ1aH BBIBOJ, O TOM, UTO TMOBBIIIEHUE KO3 (PULIMeHTa
JIOJITOCPOYHOU JIMKBUAHOCTU IO OMPENeIeHHOIro MO-
MEHTa CHUXKAET BEPOSITHOCTh OAHKPOTCTBA OaHKa, Of1-
HAaKO C OIPEeIeICHHOTO YPOBHS MOBHIIICHNE TaHHOTO

nokKasaTessl YBeJIMYMBAET BEPOSITHOCTh OaHKPOTCTBA
O6anka. OnTuMabHOE 3HaUYeHUM KO3 puireHTa a0J-
TOCPOYHOM JIMKBUIHOCTH UISI KaXXKIOTO KOHKPETHOTO
0aHKa MOXET OBITh OINpenesieHO IMyTeM BLIYMCICHUI
C TIOMOIIbIO pa3pabOTaHHON HEMPOCETEBOI CUCTEMBI.

BrrunciaureabHBIe SKCIIEPUMEHTHI TTO3BOJIMIIM yCTa-
HOBUTb, YTO OpraHU3alMOHHO-MpaBoBas (hopma OGaH-
Ka, a TAaKXKe €r0 MECTO PETUCTPAIlNM OKA3bIBAIOT CYIIe-
CTBEHHOE BJIMSIHME Ha COCTOSHME 0aHKa, OMHAKO 3TO
BJIMSIHUE HEOMHO3HAYHO 1 B KaXKIOM KOHKPETHOM CJTy-
yae MOXET MPOSIBISATHCS MO-pa3HOMY, B 3aBUCUMOCTHU
OT MHOXECTBA IPYTUX IIapaMeTPOB, XapaKTepU3YIOIINX
OaHK. W
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a The object of research is the banking system of Russia. The study purpose is to build a mathematical model to estimate\
probability of bank bankruptcies due to license revocation. An instrument to build the model is neural networks to be trained on
financial statements of the Central Bank of the Russian Federation. The testing error of the trained and optimized neural network
has constituted 6.3%. The studies of the modeled area — the banking system of the Russian Federation — have been carried out
through virtual computer experiments. The neural network calculations have been made by changing one of fifteen bank-related
input parameters with other parameters remaining constant.

In particular, the impact of long-term liquidity ratio, the type of business legal status, the exposure to large credit risks and
bank place of registration on bank bankruptcy probability has been investigated. As a result the conclusion has been formulated
that the increase of long-term liquidity ratio reduces the bank bankruptcy probability. However, starting with a certain level,
depending on other parameters of a specific bank, the increase of this indicator increases the probability of its bankruptcy.
Essential impact on successful bank performance is exerted by bank’s business legal status, as well as the place of its registration.
However, this impact is ambiguous and may manifest itself differently in each individual case, depending on many other bank
parameters and its operations. A case study involving the mathematical model application to formulate recommendations to
kreduce bankruptcy probability of a bank is given. J

Key words: bank, license, bankruptcy, liquidity, assets, capital, forecast, model, neural network.
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7 N\

B cmamve npednoxcen nooxod Kk paspabomie memoduku obocrHosanus uneecmuyuil 6 MT-npoexkmul 3a cuem
YCMAHOBACHUS UX 83aUMOCES3U ¢ OusHec-Opaiigepamu Komnaruu. llpedcmaensisi coboi pakmopsl nogvluieHus
UeHHOCIU KOMHAHUU, OU3HeC-0patiéepbl NO380A5I0M Onpedeaumy, KaKum 00pazom cmpameeutecKue npeumyuecmea
om peaausauuu M T-npoekmos éiusiom Ha nokazamenu npeonpusmus. /lepeso 6usHec-0paieepos bazupyemcs Ha
modeau Val IT, omobpaxcas uepapxuro HeCKOAbKUX (UHAHCOBbIX (DaKmopos nosbiuieHUs: 000A80UHOL FKOHOMUYE-
CKOll cmoumocmu, U OONOAHAEMCS HeCKOAbKUMU UHOUBUOYANbHbIMU Ol UHOYCMPUI U KOMIAHUI He(UHAHCO8bIMU
gaxmopamu (maxKumu, KaK 6HYMpPeHHss ONMUMU3AYUs, CNOCOOHOCMb K uHHosauusm). Taxum nymem obeche-
yugaemcs 0CH08a 045 OnpedeaeHUs CIMPAameeutecKol Yeaecoo0pasHoCmu UHBECIMUPOBAHUSL 8 NPOEKM.

Ilodo6HbLE MemoO GopmMyauposanuss NOMEHUUANbHbIX 6bl200 om UHGOpMAauuoHHbix mexHonroeui (UT) 6
MepMUHAX OU3HeCa CMAHOBUMCA OOHUM U3 KPUMepUe NpUHAMUS peuleHull 00 UHBeCMUYUaX U JOnoaHsem uoero
xonyenyuu Value-Based Management. B pabome obocHogbieaemcs, 4mo 00CMAMO4HbIL YPOBEHb NOKPbIMUSL
npoexmom 0Ou3Hec-0paiieepos KOMNAHUU CHOCOOeH 6 psade cay4ae8 KOMNEHCUPOBAMb He2amueHoe 3HaYeHue
oxcudaemvix uUHaHcoebix 6bi2o0. lIposedeHHblil aHau3 603ModicHOCHell 000cHo8aHUs uHeecmuyuil 8 U1 deraem
B03MOICHBIM NOCMPOEHUE MAMPUYbL NPUHAMUS DEUeHUN HA 0CHO8E OUEHKU PUCKA, KOAUYeCMBEHHbIX noKazamenell,
a makaice coomeemcmeus npuopumemam Komnanuu. Peasusayus gopmupyemoix 6 pabome npednodicenuii npu3eana
obecneyums OOAbULYIO NPOPAYHOCMb UHBECMUUUL, a makice eapmonudayuro ousneca u HT. Obecneuusaemcs
Yy4em ocobeHHocmell busHeca u bonee KoMnAeKCHAs oueHKa aggekma om énoxncenuii ¢ UT, yumo Huseaupyem pucku
HeBepHOIl OueHKU pocma deHedcHoeo nomoka. LlpednoicerHblil n00xo0 ycneuwHo anpobuposar 045 OyeHKU nopmaepens
Knomeﬂuua/zbﬂbtx HT-npoexmoé 6 kpynHoii npouzeodcmeentoll komnanuu 6 Poccuu. y
\ Z

KmoueBbie cioBa: nHbopMmamonHbie TexHoaorun (MUT), mHBecTuinm, 000CHOBaHHUE IMpoekTa, IeHHOCTs UT,
noprdens UT-poekToB, OusHec-apaiiBep, apdektuBHOCT UT.

1. Benenue TIPEATIPUSITAN TIONTBEPANIIN, UYTO «ITUPOKOE MCIIOJb-
30BaHUE TEXHOJOTU CMIOCOOCTBOBAIO CO3MAHUIO NTO-
TMOJTHUTEIBHON OW3HEC-LIEHHOCTU», a TaKXe OTMe-

TWJIH, YTO MT-HOHpaL&I{CJ’[CHVIH CTaJIu MOJHOLICHHBIM

2011 romy B xypHane Harvard Business Review
[18] ObLIM OIMYyOJMKOBAaHBI Pe3ybTaThl OMpoca

PYKOBOIUTEJICH BEAYIINX MUPOBEIX KOMITAHUIA.
CornacHO pesyabTaTaM onpoca, 72% pyKOBOAMUTENEH

(hakTOpOM BIAMSHIS Ha KOHKYPEHTHBIC ITPEUMYIIICCTBA
1 OpUOBLIb KOMITAHWM, KOHKYPUPYS 3a MHBECTUIIMU
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Jaxe C IMpoeKkTamMu B cdepe OCHOBHOTO MPOU3BOI-
ctBa. Bce 3Tu cBHMIETeNbcTBAa KOHKYPEHTHOM MPUPO-
Jbl MHBECTULIMOHHOIO Tpoliecca MOATBEPKAAIOT, YTO
paccMoTpeHUsl oTaadyu oT BelmomHeHust UT-npoekra
¥ BBIOOpA CaMOTO MPOEKTa 1T PeaiM3allii BHE TIPH-
BSI3KM K JOCTHTaeMBbIM OM3HEeC-BBHITOOAM M OM3HEC-
1esssM HemoctatouHo. M yxxe ceityac (mo pesyjabraTaM
npoBeneHHoro uznaHusgMu Information Week u CIO
Insight maciradbnoro onpoca UT-gupexkropos [10]),
YEThIPE M3 MATU KOMITAHWI OTMEUYAIOT YacTyIO0 HEBO3-
MOXHOCTB IIpeAcTaBiIeHUs BoIron oT MT-1poekToB B
KOJIMYECTBEHHOM BBIpaXXeHUM, a Tpu 4derBeptn MT-
JUPEKTOPOB TOBOPSIT O HEMOJHOM OXBaTe OW3HeC-
BbITO OT U T-TIpOEKTOB TEKYIIIMMU METOIAMU OIICHKH
WHBECTULIUN.

CoriacHo OlleHKe TMPaKTUK OLIEHKM U YIpaBICHUS
Beirogamu ot UT mpeanpusituii mMajaoro u cpeaHe-
ro ousHeca, onyoaMKoBaHHBIM Tpodeccopamu Edith
Cowan University n Brunel University [9], oTcyTcTBUE
eauHON Mogmenu ympasieHust WT-wHBecTUIUAMUT!
TMPUBOIUT K HECKOJIBKIM ITOCTICACTBUSIM:

4 oTKa3 ot BaoxeHuit B UT-uHppacTpykTypy, CHU-
JKAIOIIUX MPUOBLIBHOCTh KOMIIAHUU B JOJTOCPOYHOM
Mepuoe;

4 «<MHTYUTHUBHOE» U CIIOHTAHHOE MHBECTHPOBaHNE;

4 HeNpUHSITHE BO BHUMaHUE OCOOEHHOCTEl OM3Heca
M OTPaCJIeBOM CrielM(UKH, a 3HAYUT, U ITOTEPS] KOHKY-
PEHTHBIX IIPEUMYILECTB.

Hcxoms u3 chopMyaIUpOBaHHOM IPOOIEeMATUKH,
HeoOxoauMa MeToArKa OOOCHOBaHWSI UHBECTULIMI B
WUT, yuutbiBawolas cTpaTeruio u (akTopbl MOBBILIE-
HUSI LEHHOCTHU KOMMAaHWM MpU OIpeaeeHUun OU3Hec-
Boirog oT UT-mipoekToB, YTO U 00YyCIaBIMBAET aKTy-
aJIbHOCTh UCCIICIOBAaHUS.

Leny nccnemoBaHus — pa3paboOTKa KOMIUJIEKCHOI
Mmetonuku obocHoBaHust WU T-mHBecTMMii 111 00e-
CIeYeHUS yueTa OM3HEC-TIPUOPUTETOB IIpU (hOPMUPO-
BaHuu noptdens U T-npoekTos.

HccnenoBaHue OBUIO BBIMTOJHEHO C YYETOM [BYX
OCHOBHBIX OTPaHWYCHUIA:

<> OTKa3 OT pacCMOTPEHMUSI METOIOB 3KOHOMMYECKOI

olleHKY 3 (PEKTUBHOCTH B TIOJIB3Y €€ OIIEHKU C TOUYKHU
3pEHUS CTpaTeruu OU3Heca;

<> orpaHMYEHUE aHATNU3A PE3YJIbTATOB IIPAKTUUECKO-
ro IpUMEHEHUS TIPEIIOKEHHO METOIUKY KaueCTBEeH -
HBIMU TTapaMeTpaMM Ha OCHOBE IMPOBEIESHHBIX UHTEP-
BBIO C PYKOBOACTBOM KOMITaHUI.

B kauecTBe mpeAnochbUIKM pPabOThl BBICTyIAeT
YTBEPXKIEHUE O TOM, YTO I1I€JIeCOOOPA3HOCTh WHBE-
cTUpoBaHUs B KOHKpeTHbIe MU T-MpoeKThl MOXET OBbITh
OMpeAeseHa MPU UX PACCMOTPEHUU C TOYKMU 3PEHUS
(hakTOpOB pa3BUTHS OM3HECA, PA3TMIAIONIUXCS IS
pa3IMYHbIX KOMITAHUMA U MTHIYCTPUI.

2. YyeT cTpaTern4ecKux NpHOPUTETOB KOMIAHIH
NpH pa3pad0TKe METOAUKH 000CHOBAHUS
WNT-unBecTnumii

JIrobasg kommaHusl, BHE 3aBUCUMOCTU OT OTpAC]IH,
MMEET 1IeJIbI0 CBOEH NMEesSITeIbHOCTU MOJydeHUE OIlpe-
JEJICHHBIX BBITOJ, ABJIAIOIIMXCA MO CYTH (yHKLMEH
Pa3IMIHEIX (PAKTOPOB: OHU MOTYT OBITh IIPEICTABIICHBI
B BUJIE POCTa BBIPYYKHU, POCTa MApPXXKMHAJTEHOCTH OM3-
Heca, MO0 TOBEIICHUS 3(POEKTUBHOCTH OCHOBHOM
IeATeIBHOCTH (TIPY JOITYIIEHWH, YTO B paccMaTpHuBae-
MBbI€ TIpPUMEPBI HEe OYIyT BKIIOYCHBI HEKOMMEPUYECKIE
OpTaHM3allUM W MIPEOIPHUSATHAS, He WUMEIOIINE aKINO-
HepHOro KarmTaina). Jlanee mas 0603HaYeHUsI TTOH00-
HBIX (paKTOPOB ITOBBIIICHUS LIEHHOCTH KOMITAHUM OY-
JIeT IPUMEHSThCSA TEPMUH «OU3Hec-apaiiBep» (business
driver). Ilo ompezneseHUI0O OTHOIO U3 CaMbIX U3BECT-
HBIX cjoBapeil B obiactu texHosoruii, Technopedia?,
OM3HeC-ApaiiBep MOHMMAETCsl KaK «pecypc, Mpolecc
WY YCJIOBHE, HEOOXOAMMBIE IIJIsT 00eCTIeUeHUST pocTa 1
pa3BUTHS OM3Heca» [15]. DTOT TepMUH TaKKe IMIUPOKO
HCITOIB3YeTCS KPYITHBIMU MEXIYHAPOIHBIMU KOMIIA-
HUSIMM, B 4aCTHOCTHU, Accenture®, OIHUM U3 JUIEPOB
B orpaciim UT-koHcantunra [14]. B iutepaTtype Takke
BCTpeYaeTCsd CHMHOHUMUYHOE ITOHSITHE <«IICHHOCTHBIN
npaiiBep» (value driver), pa3paboTaHHOE KOHCAJITHHO-
rosoii komnanueir McKinsey* misg onmcanust akro-
POB MOBBIIICHUS LIECHHOCTU KOMITAaHUM (€€ JOXOTHOCTU
u pocta) [8].

! 3neck u nanee B padote nox repMuHoM «UT-uHBeCcTULIMU» OyieM MOHUMATh <MHBECTUPOBAHME TEHEXHBIX
cpenctB/kanutana B UT-TexHOIOTUHM C LIENbIO TTOTyIeHUsT TPUOBLTI/BO3BpaTa OT MHBECTHUIINII B BUIE TTPO-
LIEHTA, 10X0Ja UJIY NOBBILIEHNUS LIeHHOCTH», JaHHOE U3BECTHBIM B MUpe pecypcoM dictionary.reference.com.
B cBoto ouepens, UT-uHBeCTULINM OCYIIECTBISIIOTCS B TIPOEKTHI, peanusyemble U T-nemapraMmeHTaMu KOM-

naHui

2 http://www.techopedia.com/. Technopedia — onuH 13 KpyMHEHUIINX B MUPE PEMO3UTOPHUEB MH(BOPMAIIK B
06J1acT! TPOrPaMMHOTO U arnapatHoro obecrniedeHust, U T-nipolieccoB U MpoeKToB
3 http://www.accenture.com/. Accenture — MeXIyHapoaHasi KOMITAHUSI, OKA3bIBAIOIAsl YCIYTH B OOIacTh

YIPaBJIE€HYECKOTO KOHCAJITUHTA, TEXHOJIOTUI U ayTCOPCUHTA.

4 http://www.mckinsey.com/. McKinsey & Company — BemyIiast MeXIyHapOoIHasi KOMITAHUSI, TPEIOCTABIISIO-

1rada yCcJiyru B obaacTu YIpaBJICHYECKOIro KOHCaJITUHTa
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Ilo pesynbTaTam aHanu3a pe3yJbTaTOB HECKOJIbKUX
uccaenoBaHuii [7, 14, 17] npencraBisieTcsi BO3MOXHBIM
BBIICJIUTD IB€ OCHOBHbBIE KaTeTOpHM OM3HEC-IpaiiBEPOB:
¢uHaHCOBBIE U He(PUHAHCOBBIC (OIpenesisieMble CTpa-
TeTMe W pPBHIHOYHOM ITWHAMMKOW). PUHAHCOBEIC
nIpaiiBepbl — (PaKTOpPBI 3KOHOMUYECKOTO yCIIeXa Ipei-
MPUATHSI, HATIPsIMyIo (MaTeMaTHJeCKW) CBS3aHHBIE C
KJTIIOYEBBIMU CTaThsIMU (DPMHAHCOBOM oT4yeTHOCTU. He-
¢rHaHCOBBIE OM3HEC-IpaliBephl — (haKTOPHI ycrexa B
KOHKYPEHTHOI cpeze, BaxXKHBIC VIS BIIANEIbIIECB U Py-
KOBOJICTBA OpraHU3alMn, OMOCPENOBAHHO (JIOTUYECKU)
CBSI3aHHBIC C LIEHHOCTBIO M YCIEITHOCTBIO KOMITAaHWH.
WmMeHHO B TOM, YTOOBI peaiu3yeMble MPOEKTHI B COBO-
KYIMTHOCTA BHOCWJIM MaKCHUMAaJIbHBIN BKJIaJ B Pa3BUTHE
Om3HeC-ApaiiBepoB (1 MOBBIIICHNE CTOMMOCTH KOMIIa-
HUW), ¥ 3aMHTEPECOBAHO PYKOBOICTBO KOMITAHHM.

Ha ocHoBanum uccienoBaHusi, mposeneHHoro Oana
Velcu [12] npeactaBisieTcsi BO3MOXHBIM BbIIEIUTH
HauboJiee pacnpocTpaHeHHbIe Bbiroabl oT U T-uHBec-
TULIMIA, YCTAHOBUB UX CBSI3b C OM3HEC-pe3yIbTaTaMMU.
DTO MO3BOJIUT pean30BaTh CHOPMYIUPOBAHHOE IS
METOOVKHU TpeboBaHME 0 (DOPMUPOBAHNYN TTOHUMAHMST
CTpaTeTMH Pa3BUTHS OM3Heca M OIpeaesieHus (haKTo-
POB, IOCPEICTBOM KOTOPBIX MH(POPMAIIMOHHBIE CHUCTE-
MBI BIMSIIOT Ha IMOKA3aTeIM KOMITAHUU.

[anee B paboTe mpemaraeMblii MOIX0J paCCMOTPEH
0oJee AeTaabHO.

3. TpeOoBaHus K METOANKE 000CHOBAHUSA
WNT-unBecTHIMII U KPUTEPUSIM
ee 3thdexkTHBHOCTH

B miepBy10 0uepenpb, OImpeae IuM OCHOBHEIE ITPOOJIEMEL
obocHoBanug U T-uHBeCTHIINIA, C KOTOPBIMM CTaJIKM-
BaloTCs poccuiickre koMmaHuu. [1pu 3ToM B KauecTBe
WCXOOHOM 0a3bl OydyT MCIONL30BaThCS PE3YAbTaTh
ncciaegoBaHus B oodmactu apdexkrnBHoct UT, mpo-
BelIeHHOTO paboyeli rpymmoii mpoekrta [ T-value.ru’® [1].
B wacTHOCTHM, pacCMOTpPUM CITMCOK HauOoJiee JacTo
HCIIOJIb3YEMBIX METOIOB OLIEHKU 3 HEKTUBHOCTU UH-
BECTULIMI (BBIIEJICHHBIX HA OCHOBE aHaJIM3a JHaHHBIX
6omee yeMm 300 pocCHMUCKMX KOMIAHMIT) IS KaXKIOM
TPYIIIBl 3aMHTEPECOBAHHBIX JIMIL TIPEATIPUITHS (Ha-
MpUMep, UHBECTOPOB U MeHeIkepoB). Cpeau yromsi-
HYTBHIX B ucciaenoBanuu IT-value.ru nmpoGjeM Mo KOH-
KPETHBIM MCIIOJIb3YeMbIM KOMIIAHUSIMU METOAMKaM
olieHKM BbIrog oT U'T MOXXHO OTMETUTH ClIeayIOIIreE:

4 METOIMKA OIPEIeICHHUSI COBOKYITHON CTOMMOCTHU
BITaJIcHUST HE TTIO3BOJISIET OLIEHNUTH KaK MH(MOPMAaIINOH -
HbIE TEXHOJIOTUM BIUSIOT Ha pa3BUTUE OusHeca [1];

4 IokazaTelqu OLIEHKM aeHexHoro motoka (ROI,
NPV, IRR u npyrue) umeroT BBICOKYIO BEPOSITHOCTb
OLIMOKM B OLICHKAX;

4 OIICHKA BBHITOJ Yepe3 CpaBHEHHE C aHAJIOTMIHBI-
MU IIpoeKTaMu (OeHIMAapKUHT) He TTO3BOJISICT TIOHSTD,
KaK 0COOEHHOCTU MpPEIIaraeMoro npoeKTa BIUSIOT Ha
noKa3aTe i KOMITAaHWU, U SIBJISIETCS] CYObeKTUBHOM 110
CBOEI CyTH.

OCHOBBIBasICb Ha BBILIENPUBEACHHBIX ITpodJIeMax
Pa3IMYHBIX METOIUK OLIEHKHU BBITOHA, CHOPMYIUPYEM
TpeboBaHUs K pa3pabaThbIBaeMOil METOIMKE OO0OCHO-
BaHus UT-uHBeCcTUIINIA ¥ KPUTEPHUH ¢¢ TIPOBESPKU Ha
COOTBETCTBUE TaHHBIM TPEOOBAHUSIM.

Tabauya 1.

Onpenenenne TpedOBaAHMI
K MeToauke ooocnosanug UT-uuBecTunmii

Tpe6oBanus Kpurepuit
K MEeToauKe NpoBepki
BbigeneHuble R COOTBETCTBUA
npo6nemb! UT- METoANKHN
o 3aABNEHHbIM
WHBECTHLIH Tpeb6oBaHusm
MoctpoeHue
METOLMKI lAcnonb3oBaHue
Ha 0CHOBE B OCHOBE METOANKY
Ogcggggﬁrgcﬁam cneuncukm noaxo/a, y4uTbIBaw-
Guateca cTpateruv LLEro cneuudmnky
11 PUCKOB O13HEC-MOZENN 1
KOHKPETHOr0 PUCKOB KOMNAHMU
npeanpusTus
Bbicokast OLLINOKa OLIEHKN
pPOCTa IEHEXXHOr0 MOTOKA,
BbI3BAHHOI0 MHBECTULINSMM
8 UT. CTaHaapTHble dopmUpoBaHIe Bosmaow:ggTeﬁ
10Ka3aTeni OLEHKM NOTEHUMANbHbIX onpegenenns
JIEHEXHOr0 NOTOKA BbIrog ot UT B Hed?l/IHaHCOBbIX
MPUMEHSIOTCS Ansl BCeX TEPMUHAX OTEHLMATbHbIX
TINOB UHBECTULWIA 11 He On3Heca BBIFO] AN
Y4UTBIBALOT CRELNUKY 11 CTparerum 6u3Heca
T (B 4acTHOCTM, HAnK4Ie
CUCTEMHbIX/KOMMIEKCHbIX
3(h(hexToB)
OugHKa BbIroz Yepes Hanu4ne
CPaBHEHue C aHanoramu m&wgg;gsme BO3MOXHOCTEN
npeacTaBnseT coboil BI04 onpeaenexns
yX0f] 0T 0COBEHHOCTEIA IDOKT B 11eN1ec006pasHoCT
KOHKDETHOTO OLieHIBae- NOpTEDENS BKMHO4EHIS HOBOTO
MOr0 NPOeKTa 1 ABNseTcs UT-AHBECTALM NpoeKTa B nopnpgnb
CYObEKTUBHOI NT-nHBECTULNIA

3 IT-value.ru — HayYHO-UCCIIEAOBATEIbCKUI TPOCKT, Y4aCTHUKAMU KOTOPOTO HA OCHOBE aHaI3a MHOXECTBA
paboT MrpoBOTO YpoBHS B 00actu addextuBHocTn UT chopmynrpoBanin HeCKOIbKO (hyHAAMEHTATIbHBIX
TUIOTEe3 A7 POBEPKYU Ha MPAKTUKE B YCIOBUSIX POCCUNCKON CTIeLU(PUKHU.
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MATEMATUSECKWE METOLbI W AJIT OPUTMbI PELLIEHVA SALIAY BUSHEC-MH®OPMATVKN

Hcxons U3 naHHBIX TpeOOBAHU BO3MOXKXHO MOJIEIN-
poBaHUE 1 pa3pabOTKa METOOWKH, ITO3BOJISIONIEH 00e-
CMEUUTD yUeT OM3HEC-MIPUOPUTETOB TITPU (HOPMUPOBAHUU
noptdens UT-poekToB Ha OCHOBE Pa3pabOTKU KOM-
TUIEKCHOM MeToauku obocHoBaHus WT-uHBeCTULIMIA.
Ilo mHdopMaI 00 MCITONB3YeMbIX KOMIIAHUSIMHU Me-
TOOMK OLIEHKY MHBECTULIMIA [3, 16, 19] A1 gaibHENRIIEro
HUCCAeIOBaHUSI U J0pabOTKY Oblia BbIAEJIEHA METOAUKa
Val IT, pazpaboraHHass MexayHapoaHOI accoLiMauyein —
HuctutyToMm KopriopatrBHoro yipaeiaeHuss UT ISACA/
ITGI. Ona pekoMmeHmoBaHa K MPUMEHEHUIO OpraHu3a-
LWSIMU B PsIIE CIydaeB, B YaCTHOCTH, KOTIA MHBECTUIINN
B T He COOTBETCTBYIOT OM3HEC-CTpaTernu UIu He Jat0T
oxumaemMoro 3ddekTa, MO0 eCIM OTCYTCTBYIOT Mexa-
HU3MBI IIepecMOTpa MopTdesis MIPOEKTOB U UX «3aMOopa-
KMBaHMS» B CJTydae He0OXOIMMOCTH [2].

KpaeyroibHBIM KaMHEM METOIWKM SIBIISICTCSI y4ET
YETBIPEX KPUTEPHUEB IIPH BHIOOPE TIPOCKTA I Peau-
3aI1N:

4 COOTBETCTBUE MTPOEKTA CTPATETMU KOMITAaHUW;

4 3HAYCHUST OXKMIaeMbIX (PMHAHCOBBIX TIOKA3aTEleH;
4 epeueHb OXMIAEMbIX HE()MHAHCOBBIX BBITON (M3-
MEHEeHUsI Ha ypoBHe (DYHKIMII/ omeparuii/ Momenu
Ou3Heca, aCCOLIMMPOBAHHBIE C PeATU3allieil POEKTa);
4 [IPUEMJIEMOCTD ISl KOMITAHUM YPOBHS pUCKa Mpo-
eKTa.

Beco npouecc obocHoBanus UT-nHBeCcTULIMI B AaH-
HOM CJIy4yae MOXET OBbITh IpeACTaBIeH B BUIE €IUHOI
Jlornyeckoit enouyku. I1o pesyabratam obciienoBaHUs
MpeanpusaTUs U coopa JaHHBIX COCTaBISIETCSI MaTpUIla
C MSTHIO CTOJOLIAMU, KOTOpAsl MpU3BaHa JaTh OTBET Ha
BOITPOC, KaKHe U3 ITPOEKTOB IPUHUMATD K pealn3alliu.
OHa oroOpakaeT BCe€ BO3MOXHbBIE COUETaHUSI KOMOU-
HaLlMi «J1a — HET» MO YeThIpEeM KPUTEPUSIM (ITpuemMie-
MOCTb YPOBHSI pMCKa MpOEKTa U T.A.) U JJIs1 KaxJa0To
M3 HUX JAeT B IISITOM CTOJIOLE pellleHe, BKII0YATh JIU

MPOEKT B OOIIYIO IIpOrpaMMy MpoeKToB. dparMeHT 1mo-
JOGHOI MaTPUIIBI, B OPUTHHAJIE cofepKalieit 16 cTpok
(10 4uMcly BceX BO3MOXKHbBIX KOMOMHALIMI OTBETOB) U
OCHOBaHHOI1 Ha pe3yJibTaTax ¢¢ MPUMEHEHUS B COTHSIX
KOMITaHW#, IPUBENEH 6 maba. 2.

HemnocpencTBeHHO 1St TPUHATHS PEIIEHUST TIO KOH-
KPETHOMY MPOEKTY BO3MOXHO COCTaBJIEHUE MOTOOHOM
MAaTPUIBI C OTBETAMU T10 MPOEKTY (HArpumep, «aa —
Ja — Ja — a») U COIOCTaBJIeHUWE 3TO KOMOMHAIIUMU
¢ maba. 2, 4TOOBI U3 TIpeAjaracMoro peiieHus B pe-
3yJIbTUPYIOIIEM CTOJIONE Y3HATD, CIEAYET JIU Peain3o-
BBIBATH JIU MPOeKT. OMHAKO JAaHHBIM TTOIXOM HE TIpe-
JlaraeT BapuaHTOB (hOPMYJIUPOBAHUS HE(DUHAHCOBBIX
BBITOZl (B OCOOEHHOCTU, B TEPMMHAx Ou3Heca) U SB-
HBIM 00pa30M He OMpeensieT KpUTEPUU COOTBETCTBUS
npoekTa crpareruv. MiIMeHHO TT03TOMy B KauecTBe CO-
BeplIeHCTBOBaHUS mpuBeneHHOM B Val IT marpuiibr
npuHsiTUS petieHus 06 U T-mpoekTax rpeamnoaraeTcst
HCITOJIb30BaHUeE iepeBa OU3HeC-ApaiiBepoB KaK CIOCOo-
0a onpeneneHus He(UHAHCOBBIX BBITOM U CTETIEHU CO-
OTBEeTCTBUSI cTpaTeruu. KpaiiHe BakHO OTMETUTh, UTO
OCHOBOM [Is1 BKJIIOYEHUSI B METOJUKY CUCTEMBI yueTa
MIPUOPUTETOB OM3Heca (mepeBa OM3HEC-IpaiiBepOB)
MOXeT OBbITh BbIOpaHa apyras (otauyHas ot Val IT) 6a-
30Basi METOMIOJIOTHS, UCIIOIb3yeMasi KOMITaHUeH, eclu
TPUA 3TOM OHa OYIET COOTBETCTBOBATH C(HOPMYIUPO-
BaHHBIM KPUTEPUSIM aJeKBaTHOCTU MeTonuku. Jlanee
MOCJeI0BaTeIbHO C(HOPMYTUPOBAHBI U OMTUCAHBI KOM-
TIOHEHTHI METOUKHU TSI 0OecTiedeHusl yueta TpeboBa-
HUIi, TPUBEIEHHBIX 6 maba. 1.

4. Onucanue NOTeHIUANbHBIX Bbiroa oT UT
B TePMHHAX OM3HECA M CTPaTernu

B cooTBeTCTBUM ¢ BBIAEIEHHBIMU TpeOOBAHUSIMU,
OIMUILIEM MPOLECC MOCTPOEHUS MOAEIU, OCHOBBIBASICh
Ha paHee MPeICTaBICHHOU MepapXUueCKOU CTPYKTY-

Tabauya 2.

AIanTUpOBaHHAS MATPHULA NPUHATHS PEICHUS
00 UT-unBecTunusax (Ha ocuose VallT, ¢pparment)

Pe3ynbrar ananu3a aaHHbix UT-npoekra

Pewenue
Mpuemnem nu gns Mpuemnem nu ypoBeHb Yetko nu onpenene- CoortBercTByer 06 UHBECTHPOBAHUN
KOMNaHuW YypoBeHb PUCKA | OXUAAeMblX (hMHAHCOBLIX | Hbl HethuHAHCOBbIE | MU NPOEKT CTpa-
npu peanu3auuu npoekra? nokasareneii? BbIFOAbI OT NpoeKTa? | Terun 6usneca?
BKNO4UTL NPOEKT B NOPTCENb
MPOEKTOB, ECNN PACCHUTAHHAS
[a Na Na [a BENNYMHA PUCKA HIDKE
BENMYMHBI PUCKOB
peasnn3yemblx NPOEKTOB
(0TKa3 0T BK/KO4EHWS NPOEKTa
fla Her fa Her B NOPT(ENb NPOEKTOB
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pe ¥ TmpakTukKax (OpMYIMPOBAHUS CaMHUX OIepally-
OHHBIX (DaKTOPOB YCHEIIHOCTM KOMITAaHWUM, IIPHBE-
IEHHBIX B ITyOJUKAIIMM KOHCAJITMHTOBOW KOMIIAaHUM
McKinsey [7]. UMeHHO B Hell mpeacTaBieHa pa3pa-
6otanHas McKinsey KoHLleNIUS yIpaBJIeHUs, OCHO-
BaHHOTO Ha uHeHHocTax (Value-Based Management,
VBM). Bribop 3TOro momxona ObUI OCYIIECTBICH Ha
OCHOBE aHajiM3a HECKOJbKUX MCCIeNoBaHUMN (Mpeu-
MYIIECTBEHHO KOHCAJITMHTOBBIX KOMIIaHMI1), Hanbo-
JIe€ 4acTO IO CPABHEHMUIO C IPYyTMMU ONEPUPYIOLIUX
TepMUHAMU «OU3HEC» U «LIECHHOCTHBIX» IpaiiBepoOB U
MPUHINIIAMA WX BbIIeNIeHnsI. OTMETUM, YTO OCHOB-
HBIM KpUTEpHEM JISI TIPUHITUSL PELICHUS SIBISETCS
paHee YIOMSIHYyToe TpeOoBaHUE K HATUYUIO BO3MOXK-
HOCTEeW oImpeneeHrus] He(UHAHCOBBIX IMOTEHLMAb-
HBIX BEITOJI IJIsI OM3Heca.

Ilepexonst K paccCMOTpPEHHBIM B TIPOIIECCEe aHaIM3a
WCCIIeAOBaHUSIM, OTMeTHUM, 4to Stewart&Co[l1] KoH-
LIEHTPUPYETCS] TIPEUMYIIIECTBEHHO Ha DPAacCMOTPEHUU
ToKaszaTesIsl SKOHOMHYECKONM M00aBICHHOM CTOMMOCTHU
(economic value added, EVA) B KauecTBe OCHOBHOTO 3Jie-
MEHTA onpenesieHus LeHHoct KoMianuu. BCGS, ee
OIIMH TJIO0AJTbHEIN WTPOK pBIHKA OM3HEC-KOHCAJITHUHTA,
HCTIOJIb3YeT OCHOBAaHHYIO Ha YeThIpeX (PMHAHCOBBIX KOM-
noHeHTax Metpuky CFRO!’, ucxonsiiyio 13 rurnoTessl o
TOM, UTO Ha PbIHKE HamboJsiee BaxkHa CIIOCOOHOCTh KOM-
MaHUU TeHEPUPOBATh IEHEXHBIE TTOTOKM [5].

Hawn6oee MHTEpeCHBIMU U MIPEACTABIISTIOIIIMEI BO3-
MOXHOCTh IS Pa3BUTUSL MAEU BBITON IJIs OM3Heca,
BBIpAKEHHEBIX B HE(MHAHCOBEIX TEPMHHAX SIBIISIIOT-
cs momxonbl L.E.K. Consulting® 1 McKinsey. IlepBas
KoHuenuus [17] BelaeasieT Tpyu BUAa ApailBepoB: apaii-
Bephl pocTa, 3PPEeKTUBHOCTU 1 (PUHAHCOBOI COCTOSI-
TEJIbHOCTH, CBSI3BIBAsI MIX C OTIpEeIeICHHBIMU 3aMHTEpe-
COBaHHBIMU CTOPOHAMM B OpraHu3aluu (MapKEeTUHT
W TIPOJaXM, OIepalui W IPONYKIHs, (MHAHCH U
OyxraJiTepusi COOTBETCTBEHHO). ClenylonuM IIaroM
L.E.K. npemnaraer pazpaboTKy «KapThl ApaiiBEPOB»,
OTPEACNIIONMNX IS Pa3IAYHBIX <«KOHTPOJIUPYEMBIX
KoMITaHuei (pakTopoB» (CTOMMOCTh MaTepUaaoB, KOH-
TPaKTHI Ha TEXOOCITY:KUBAaHNE M PEMOHT) COOTBETCTBY-
JolIMe «ApaiBephl LIeHHOCTH» (pacxoasl Ha TOuP (Tex-
HUYeCKOoe 00CTy>XKMBaHWe U peMOHT)). OnHaKo gfaHHas
MOJIeNIb MPEUMYILIECTBEHHO KOHIICHTPUpPYETCsS Ha 3a-
TpaTax, He pacCMaTpHuBas CTPATCTHUECKIE aCTICKTHI.

Hakomnel, B pabore McKinsey [7] mpeayiaraercs uaest
JIBYX YPOBHE (DaKTOPOB MOBBIILIEHUS LIEHHOCTE KOM-
MaHUM: OOIIUX M1l BCEX OpraHM3allMii ¥ WHIYCTPUIA
OITepallMOHHO-(PUHAHCOBHIX (DAKTOPOB ITOXOTHOCTHU
u pocta (1-i1 ypoBeHb), a TakKkKe CHeIUMUISCKUX IS
pa3HBIX KOMITAaHWI TIPUOPUTETOB 0Oo0Jiee BBICOKOTO
ypoBHA metanu3annu (2-if ypoBeHb). COOTBETCTBEH-
HO, COINIAaCHO AaHHOMY Toaxomy cooTBercTtBue MT-
WHUIIAATHB CTPATETMUYECKOMY ITJIaHY Pa3BUTUS KOM-
MaHWKM IOCTUTACTCS Yepe3 BBIACIICHUE KPUTUUICCKUX
(bakTOpoOB ycIiexa M CBSI3M KOHKDPETHBIX WHUIIMATUB
¢ tuMH (akTopamu. UMeHHO HaHHBIA Hepapxude-
CKUIi MOAXOJ IPEACTaBIseT IIMPOKUE BO3MOXHOCTHU
JUIST JAbHEMIIETO pa3BUTHSI B CTOPOHY BBIIEIEHUS Ha
OIHOM M3 YpOBHEil CTpaTern4yeckmx, HeHMHAHCOBBIX
Ou3HeC-ApaiiBepoB, MOBBIIAIOIINX LIEHHOCTh KOMIIa-
HUH.

BrigenMM OCHOBHBIE UCTOYHUKU MHGPOPMALIU TS
oIpe/ieJIeHUs] TOrO, KaKre MMEHHO OM3HeC-IpaiBephI
CIIOCOOCTBYIOT Pa3BUTHUIO KOMITAHMU (BBIPAXXEHHON B
noaxone VBM B Bulle 5KOHOMUUYECKOI H0OaBIEHHO
CTOMMOCTH). B TiepByI0 ouepenb, B XoIe MPeIIIeCTBY-
JOIIIETO MOJEIMPOBAHUIO OW3HEC-aHaIM3a JOJIKHBI
OBITh PACCMOTPEHBI:

4 TOIO0BOIT OTUeT (1/WTH YTBEPKACHHAST CTPATETHS),
collepxKallliasi aKTyaJlbHble CTPATEeTMYECKHUE LIeJU KOM-
TaHWN;

+ YTBEPXKACHHBIC TOKa3aTe/IN ACATCIbHOCTU KOMIIa-
HHMH B LICJIOM 1 HOI[paBI[CI[eHI/Iﬁ KOMITaHWU,

4 VHTEPBBIO C PYKOBOOUTEISIMU KOMIIAHUU, TTOI-
TBEp>KAAIOIINe COOTBETCTBHE NeATETEHOCTH KOMITAHNT
IEeKIapUPYEMBIM LICJISIM M/ VUTN aKTyaJTU3UPYIOIINe 1X;

4 UHTEPBBIO C PYKOBOJICTBOM OM3HEC-TIoApasiesie-
Huii 1 UT-genaprameHra.

Kak yxe ObLIO OTMEUEHO, ITOCTpPOSHUE JepeBa
OM3Hec-ApaiiBepoB MPOU3BOAUTCS HA OCHOBE MOIEU
LICHHOCTHBIX ApaiiBepoB VBM [16], moaTomMy mnepBbIM
YPOBHEM Bcerga OyayT CIyXuUTb «JloXOOHOCTb» (MOn
3JIEMEHTaMHM KOTOPOTO SIBIISTIOTCA «BhIpyuka» m «3a-
TpaThl»), a Takxke <«Poct/pacuiipeHue KoMITaHUM»
(BEIpaXaromeecss apaiiBepamu <« HBeCTMPOBaHHBIN
KarmuTan» U «CpernHeB3BElIeHHAs] CTOMMOCTD KaruTa-
Jga, WACC»). OtMeTuMm, uto KoHuenuuss VBM mnpen-
roJjlaracT W JAIBHEUIIYIO JeTaTN3alldio TUX (aKTO-

¢ http://www.bcg.com/. BCG (Boston Consulting Group) — ofHa 13 BeAYIINX MEXIYHAPOIHBIX KOM-
MaHUii B 00JTACTH CTPATErNIECKOro OM3Hec-KoHCcanThHTa, ocHoBaHa B CIIIA B 1963 romy.

7 CFROI, 1oxoqHOCTh MHBECTULINIA Ha OCHOBE JE€HEXHOro moToka (cash flow return on in vestment)
— VHTErpajbHbIl TOKa3aTeslb, BKIIOYAIOLINI TaKWe KOMIIOHEHTHI, Kak BasloBble WMHBECTHUIINH,
BasioBsiit eHexHbIi MOTOK, HeaMopTusupyembie aKTUBbI, DKOHOMUYECKHIA CPOK KU3HU AKTHBOB.

8 http://www.lek.com/. L.E.K. consulting — oHa 13 BeIyIIMX MEXIYHAPOIHBIX KOMIIAHUI B 00JIaCTH
CTpaTernyeckoro OM3Hec-KOHCANTHUHTa, ocHOBaHa B JIoHmoHe B 1983 romy.
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poB. KoMITaHUM MOTYT CaMOCTOSITEIbHO OMPEAEIsTh,
Kakue MMEHHO 3JIEMEHTBHl OHW CUMTAIOT OoJyiee Baxk-
HBIMM JUJT cBoero Ou3Heca. K mpuMepy, MeTayutypru-
yeckasi KOMIIaHMS IS JpaiiBepa «3aTpaTbl» BBIIETUT
«[IponsBonacTBeHHBIE M3AEPKKU» U «HoBBIE TexXHOTIO-
I'MU» Kak Haubosiee 3HaUUTeJIbHbIE CTaTbU PACXOOB U,
COOTBETCTBEHHO, BaXXHBIE TSI ONITUMM3ALINK TIPU T10-
MOII MH(HOPMAITMOHHBIX TEXHOJIOTH. A KOMIaHUsI-
MOOWJIBHBIN omepaTop M apaiiBepa «BvIpyuyka» MO-
KET OompeneanuTbh «MapKeTUHTOBbIe aKTUBHOCTU» W
«[TpuBneyeHre HOBbIX ADOHEHTOB» KaK HauboJiee Bax-
Hble (DaKTOPHI, BIUSIONIME HA BHIPYYKY U OOIIYIO TO-
XOOHOCTh Ou3Heca. YTo KacaeTcs OuU3Hec-IpaliBepoB
Kkareropuu «MHBeCTUpOBaHHBIN KanuTad» U « WACC»,
TO OHU TPEACTABIISIIOTCS HaubOoJee BaXKHBIMU IS
KPYITHBIX aKIIMOHEPHBIX KOMIIAHU, JUISI KOTOPBIX B3a-
MMOOTHOIICHUSI C UHBECTOPAMU UTPAIOT KPUTUUYECKYIO
poJIb.

Kak yxe ObUIO OTMEUYEHO, i1 OOeCTeuyeHus: Kop-
PEKTHOCTU MOJAEIU BaXHO HaJIW4YuMe BO3MOXHOCTEH
OMpeAeneHrs] MOTeHUUATbHBIX BBITOM JJIs OM3HEca B
HedMHAHCOBBIX TepMMHax. [loaToMy mpeacTaBiser-
Cs1 BOBMOXHBIM PAaCIIMPUTh MPENJIOXEHHYIO MOJEb,
BBIIEIUB OTIAEIbHO Ipynmny GakTopoB «ONTUMHU3ALINS
OusHec-cTpateruv». Ha ocHoBe aHanu3a paHee MpU-
BEIEHHOTO CITKCKAa UCTOYHUKOB UH(MOPMALIUY JIJIST BbI-
OpaHHOM JUIST TECTUPOBAHUSI MOJAEIU MPOU3BOJCTBEH-
HOU KOMIIaHUY OBLIY BBIACJICHBI TAKWE APaiBEPhl, KaK
«9(pHeKTUBHOCTh B3aMMOJIEHCTBUSI C KOHTpareHTa-
MU», «OPDOEKTUBHOCTh aHATUTUKU» U «CoBeplleH-
CTBOBaHME CUCTEMbI UH(POPMUPOBAHUS aKIIOHEPOB».
ITonoGHBIN BEIOOP OOBSCHSETCS CTPEMIICHUEM aHAIM -
3UpYyEeMOil KOMITAaHWUM B OJIvKalillieil mepcrneKTUBe op-
TaHW30BaTh MyOIMYHOE pa3MellleHre aKIIUi, a 3HaUuT,
Ha TMEepBbIA MJIaH BBIXOASAT KOPPEKTHOCTh U CBOEBpE-
MEHHOCTb MPeIOCTaBIeHUs BCel OTYETHOM MH(pOPMa-
1IMHY, a TaKXe B3aMMOOTHOIIIEHUS C MOTEeHIUATbHBIMU
WHBECTOPAMMU, TOCTaBILMKAMU U TTIOTPEOUTEIISIMU.

Ha ocHoBe BbIIeJIEHHBIX MPUOPUTETOB KOMITAHUU
B KauecTBe CJIEAYyIONIero stamna paboThl MpeajiaraeTcs
MepeiTu K ApYyruM akTUBHOCTSIM Metoauku Val IT, a
MMEHHO — aHalIu3y Chneluu@UKu CTpaTeruu U pUCKOB
KOMITaHUU.

5. IlocTpoeHne MeTOIUKH
C YY4ETOM crieH(pUKH CTPATETHH
1 PUCKOB KOHKPETHOTO NpeNnpUsATHS

Panee B McclienoBaHMY YXKe ObLIY ITPUBEACHbBI OCHOB-
Hble KPUTEPUU BBIOOpA MPOSKTOB ISl peaiM3aliku 10
metonuke Val I'T. Ormetum, yto aBTopamu Val IT npen-
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JlaraeTcs repeBoj BCEX KPUTEPUEB B LIKATY «Ia — HET»
IUIS. JOCTYDKEHUSI MaKCHMAaJIbHOM OTHO3HAYHOCTU MX
noHuMaHus1. COOTBETCTBEHHO, UTOTOBBIN CIHUCOK BO-
MIPOCOB, HA OCHOBE KOTOPBIX MPEACTABISICTCS BO3MOXK-
HBIM OIPEAEIUTH 11eJ1eCO00Pa3HOCTh peaanu3aliu Mpo-
eKTa, OyIeT BBIIISIAETD CAEAYIOINM oopa3oMm [16]:

<> [premseM Jin [UTI KOMITAHAY YPOBEHD prcKa (ITpr
(TIpu peanu3auuy MpoexkTa)?

<> IIpueMieM i1 ypoBEHb OXUIAEMBIX (PMHAHCOBBIX
nokasatesiein?

<> YeTKO /11 oMpeieieHbl HeUHAHCOBbIE BBITObI OT
npoekTa?

<> CoOTBETCTBYET JIM ITPOEKT CTpaTernu busHeca?

OpnHako pa3zpabotunku metonguku Val IT Ha ocHOBa-
HUU MPOBEICHHOIO aHAJIM3a KPYIMHEUIINX KOMITAHUMI
B MUpPE OTMEUaIOT, YTO MPU OMNpeaeeHUN 0XK1UIaeMbIX
JNEHEXXHBIX MMOTOKOB, HEOOXOMUMBIX MJISI TOCTHKCHUS
1IeJIeBbIX MTOKa3aTeeil MpUuObLIY, KOMITAHUU IMTPOBOAST
CYMMUPOBaHHUE 10 OTAEIbHBIM IIPOEKTaM ISl OLICHKU
COBOKYITHOWM NpUOBLIM pealu3aluu mnporpammbl. B
cayJae, €CIM IOTCHIIMAIbHBIC TPOSKTHI HE MOCTUTA-
IOT KPUTUYECKOTO 3HAUEHMS MoKazaTesiel (Harmpumep,
nojoxuteabHoro NPV), pazHully 10/ KHBI KOMIIEHCH -
poBaTh He(pMHAHCOBLIE BhIrOABI. B ciydae, eciu mo-
TeHLMAJIbHbIE TIPOEKThl HE JOCTUTAlOT KPUTUYECKOTO
3HAUYEHUs ToKaszaTesiel, MPUHITUE PEIIeHUS MOXKET
(1 mOJXHO) 0a3MPOBATHCST HA «CTETICHH COOTBETCTBHUS
CTpaTeruv KOMIIAaHUMW», C YYETOM Beca 3TOro IokasaTe-
Jis1. OmHAKO B CWITY TOTO, 4TO MeToauKa Val I'T saBistercs
BEPXHECYPOBHEBOM, NAJbHEUIIEW NETAIA3ALAN TIPUH-
1una omnpeaesaeHust JaHHOTO KPUTEPUST He MPUBOIUT-
cs. B pesyabpTaTe Kaxmasi KOMIIAaHUS MCITOIb3YEeT CBOU
HapabOTKU, PETYJISIPHO UX U3BMEHSISI U KOPPEKTUPYSI.

MMeHHO Ha cMcTeMaTU3alluIo U OTIPeIC/IEHUE OIITH -
MaJIbHOT'O cI10c00a 000CHOBAHMSI COOTBETCTBUS CTpa-
TErMYeCKUM IIPUOPUTETAaM HallpaBjieHa IpeIIoKeHHAs
paHee KOHLIEMLUs AepeBa OM3HeC-ApaiiBEPOB HAa OCHO-
Be monean VBM. Tenepb, 4ToObI OTBETUTH Ha BOIIPOC
«COOTBETCTBYET JIM MIPOEKT CTPATETUM ?» HEOOXOIUMO
OIpPEeIe/INTh, K KaKUM OM3HEeC-IpaiiBepaM KOMITAaHUU
OTHOCHTCS TTOTeHIIMATbHBIN ITPOEKT M KAKOBA CTEIIeHb
MPUOPUTETHOCTU UMEHHO 3THUX OM3HEC-ApaiiBepOB.

PaccMoTpuM maHHBIE pacCyXIEHMS Ha IIpUMeEpe.
Kak B HEKOMMEpPYECKMX OpraHM3alMsiX, TaK U B ApY-
TUX KOMIIAaHMSX 0CO00e BHUMAaHUE yICISETCsS MHTENI-
JIEKTYaJIbHOMY KaIlMTajly, OTHOIIEHUSIM C KJIMEHTaMU
¥ TIOCTaBIIMKAMU, W JaXe MPOCTO a0CTPAKTHOM «MH-
HOBAllMOHHOCTU» mpeAnpusatus [12]. Dro 3HaAuwuT,
YTO KOHKYPEHTHOE IIPEMMYIIECTBO, OTIMYalolee
yCIIEIIHbIe KOMIIAHUM, MOXET OBbITh pealM30BaHO 3a
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cuet nopaepxuBawomux nx UT-npoektos. [Ipu aTom
WUT-uHBecTULINM, TTO3BOJISIONINAE TTOBLICUTDL YIOBIIET-
BOPEHHOCThb KJIMEHTOB WU CHUXEHUE ceOecTOMMO-
CTU TOBapa 4epe3 MOHMKEHUEe 3aTpaT Ha TPpaH3aKIIHIo,
MpeacTaB/sOT cO00i1 BMOJIHE OLIEHUMBIE BBITOIbI, CO-
OTHOCUMEBIE C OM3HEeC-IpaiiBepaMu.

PaccTraHoBka TIpUOPUTETOB UIST JAHHBIX ApaiiBe-
pPOB U oIpeleieHue HauboJjiee BaXXHBIX CPEeAu HUX B
KOHKPETHOM CHUTyalliM — BaXXHBIM 3JIEMEHT BEIOOpa
MEXIy HECKOJBbKMMU MPOEKTaMU JUISl peanu3aliuiu,
KOTOPBII OIpeAeeHHO SBISIETCS OTACIbHOW TeMOM
IUIST TIPOJOJDKCHUS MCClieoBaHMsI. B KadecTBe 6a3o-
BOIO METOJa OIpeAecHUs MNPHOPUTETOB IPOCKTOB
TpearaeTcs NCITOIb30BaHNEe CHCTEMBI BECOBBIX KO-
adpduumentoB OuiibepHa [4]. JJaHHas cucTeMa Mpu-
CBaMBaeT KaXIOMY IPOEKTY YPOBEHb 3HAYMMOCTH Ha
OCHOBE BBISIBJICHUSI OTHOILIEHWI MEXIy IIPOeKTaMu
(cTporoe/HecTporoe TpeanodTeHue b0 Oe3pasiu-
Y1e) U NCITOIb30BaHUS IPOCTEHINeHt apruMeTHIeCKOM
MPOTPECCUU IJIS TTOJIYYSHUSI UTOTOBOTO B3BEIICHHOTO
koaddumuenTa. Tak kak oneHka no PumbepHy OT-
BeYaeT MaKCUMYMY SHTPOITMHY MH(OPMAIIOHHOM Heo-
MpeaeIeHHOCTH B OTHOIICHNN O00BbEKTa UCCICIOBAHMS
(TIpOEKTOB) U SIBJISIETCS HENIPOTUBOPEUYMBOIA, OHA MO-
JKeT UCIOJIB30BaThCS IS PAHKUPOBAHUS II0 JIFOOOMY
13 (paKTOPOB OLIEHKH.

st Bcex KOMOMHAIMI BO3MOXKHbBIX BapuaHTOB Val
IT npennaraercst onpeaeaeHHOE pellleHre B 00JacTu
nHBecTuLMi. Tak, B ciiydae, eCIM ypOBHU pUCKa U Du-
HaAHCOBBIX TTOKa3aTeJieil SBISIOTCS IpUEMIIEMbIMU, HO
MPOEKT HE COOTBETCTBYET OOIlIeil cTpaTernu OuszHeca,
PEKOMEHIYETCST «OTKJIOHUTh MPOEKT, €CJIU TOJBKO BbI-
TOJBI HE CMOTYT OBITh JOCTUTHYTHI B KPaTKOCPOYHOM
nepuope 6e3 oKazaHUsI HEeraTUBHOTO BIMSIHUSI Ha OU3-
Hec» [16].

6. OnpenesieHue eIMHBIX KPUTEPUEB
BKJIIOYEHHS MPOEKTA
B cymecTBywommii moprdess UT-unBecTrmii

CdopMupyeM UTOTOBYIO MATPUILy MPUHATUS pellie-
HUS W OIICHKM MPOEKTa Ha OCHOBE aHaJIN3a NCTOYHM-
KOB NaHHBIX 0 Ou3Hec-TpeboBaHusx K UT, a Takxke
npuopuTeTax KoMnaHuu. OCHOBOI ee (POPMUPOBAHMS

OydyT CIY>XKWUTb YEThbIPE BBIAEJICHHBLIX B IMPEIbIayIleM
pasgene dakrTopa M TPUHATHS pelneHuir oo UT-
MpoekTax Ha ocHoBe MeToauku Val IT [16].

PaccMoTpuM mnpumep IPOM3BOACTBEHHON KOMITa-
HUM, B KOTOPOI ObIJIa BIIEpBBIC alipoOMpOBaHa JaH-
Hast METOAMKA, B BUJIE TPEX MOTEHLIMAIBHBIX ITPOEKTOB
o peanuzaluu: «EQUHBIA LEHTp OOCTy>KUBaHUS»,
«PaguouacrorHast uaentudukamus (RFID)! mig nmo-
BBIIIIEHUS] TOYHOCTH OOpPaOOTKM JTaHHBIX W KOHTPOJIS
NPOAYKLMW», «BUpTyasbHOE IPUCYTCTBUE HA PACCTOS -
HuH (TenenpeseHc)» ' (maba. 3).

Tabauuya 3.
Marpuua coorsercTBust UT-npoekros,
Ou3HeC-BbITO]1 M IPaiiBepoB

bushec-
bu3Hec-BbIroabl apaitgepbi
06ecneyeHune IDDEKTUBHOCTL
; BbICOKOKA4YECTBEHHOO B3aVMOLENCTBNS
Egg’ﬁ;fmgg:x KJIMEHTCKOTO CEPBUCA, | C KOHTPareHTamm,
CHUKEHME 3aTparT Ha onepaLyoHHble
06paboTKy TpaH3aKLWiA 3aTparhbl
PaoaCTOT s AsToaTvsaus
(RFID) a1 TO4HOCTb y4eTa NpOLIECCOoB,
11 NpeaoTBpaLLieHne MOBbILLIEHNE
MOBbILLEHMS TOYHOCTH 0TePb DOM3BOTUTENb-

06pabOTKIN [aHHbIX U1

KOHTPOMSt NPOAYKLMNA HocT

CHmKeHMe KOMMOHEHTA

BuptyansHoe ToproBeble, 06LL1e
npuUcyTCTBYUE (Egv‘m z?l;p;; 11 AIMUHICTDA-

Ha paccTosHMN KOMHIUPOBOK TMBH%% ?é(a/_{pam
(Tenenpesexc) U\ TIDUENIOB) ( )

B cooTBeTcTBUM ¢ paHee OMMCAaHHBIM MPUHLIMUIIOM,
JIJIsT BBIOpAaHHOI MPOU3BOACTBEHHON KOMMAHWU, Bbl-
XOJSIe Ha PBIHOK aKIWii, OU3HEeC-IpaiBephl ObLIU
copMyIMpPOBaHEI M COOTHECEHBI C IIpeljiaraeMbIMU
K peanuzauuu WT-unsectuuusmu. Ilpoekr «Eau-
HBII LEHTP OOCIYyXHBaHMUS» HeoOXomuMm ISl 00e-
clieyeHus 0oJiee HU3KOM CTOMMOCTHM TpaH3aKLMu (3a
CUET YCOBEPILIEHCTBOBAHHBIX MEXaHU3MOB 00pabOTKU
3aBOK 1 HECKOJIbKUX JIMHUM MOAIEPXKKHU), UTO CHU-
JKaeT orepaluMoHHBbIe 3aTpaThl. B cBOlO oyepenb, 60-
Jiee ONepaTUBHBIA M KAaUYECTBEHHBIN KJIMEHTCKUM cep-
BUC OTHOCUTCS K 3((HEKTUBHOCTU B3aUMOAEHCTBUS C

° PamnouacrorHast uneHtudukauus (RFID, radiofrequency identification) — GecKOHTaKTHasi TEXHO-
JIOTUSI, TIO3BOJISTIONIAST HAHOCUTh METKU Ha M3MIeJIUs UTSI TIOCTIEeAYIONIeTo pacio3HaBanus. OTinuue
RFID oT TpaIMLIMOHHBIX TEXHOJIOTMil B BO3MOXHOCTH CUMTBIBAHUSI COTEH METOK OIHOBPEMEHHO
naxe 6e3 MPsSMON BUIMMOCTH, BBICOKOW OIEPATUBHOCTH, MOJTOBEYHOCTH HAHECEHHBIX METOK U

CJIOXKHOCTHU UX KOIMUPOBAHMS.

" TenernpeseHc (telepresence) — KOMMYHUKAMOHHAsS TEXHOJIOTHSI, obecrieunBaroias 3¢ ekt «Bup-
TYaJIbHOTO MPUCYTCTBUS» 32 CUET JIEMEHTOB MHTEPAKTUBHOTO B3aMMOJEHCTBUS U MEpeiaul BbICO-

KOKa4eCTBEHHOTO M300pakeHus1/3ByKa.
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Tabauya 4.
Anam3 UT-npoekToB
Ha OCHOBE MATPHIIbI IPUHATHSA perieHnii, gparMmeHT
H 1 N0
Mpuemnem nu Mpuemnem nu Yerko nn CooTtBercTBYET NN
poe AN KOMNaHUK YPOBEHb onpepenexbl NPOEKT CTpaTerun
YPOBEHb PUCKA 0)XXMAAEMbIX HethuHaHCOBbIE 6usHeca?
npv peanusauun thunancoBsbix BbIr0Abl (Ha ocHoBe pepeBa
npoekra? nokasareneii? OT npoekra? 6u3nec-apaiisepos)
EQAMHBIN LEHTP 06CNY)XNBAHWSA JIE! Ja - Na
PaanoyactotHas uaeHTudmkaums (RFID)
QNS NOBbILLIEHUS TOYHOCTM 06PABOTKIA Ja Her Ja Her
JaHHbIX 11 KOHTPONS MPOAYKLIMA
BupTyansbHoe NpucyTCTBINE HA PACCTOSIHMN
(TenenpeseHc) fla Her fla fa

KoHTpareHTamu. MHBecTU1IMU B TpoeKT «PaguroyactoT-
Has UACHTUDUKALMST» TTO3BOJISIT YBEIMUUT TOYHOCTD U
OIEePaTUBHOCTh 00PAOOTKU JAHHBIX, TOCTUTHYTh MOBBI-
IIEHUS] MPOU3BOJUTEIBHOCTU M aBTOMATU3alMKA TPO-
neccoB. HakoHell, TpeTuii mOTEHUMAIbHBINA POEKT, —
«BupTtyanpHOE TIPUCYTCTBIE HA PACCTOSIHUU (TeJeTpe-
3€HC)», — CHIMKaeT KpaliHe BLICOKME B MEPUO/ MOAro-
TOBKM K ITyOJIMYHOMY pa3MEIleHUIO aKLUii KOMIaHUU
0011I1e ¥ aTMUHUCTPaTUBHbIE 3aTPAThI.

COOTBETCTBEHHO, B 3aBUCHMOCTM OT TOIO, KaKue
IpaiiBepbl OYIyT OTMEUEHBI HauboJee PUOPUTETHHI-
MM Ha OmmKaimmii mepuon (HaIlpuMep, OXWH TOI),
MOXXHO BBIIEJIUTH T€ IMPOEKTHI, JJISI KOTOPHIX JaXe He-
JIOCTAaTOYHO TIPUEMJIEMBIi YPOBEHb PaCcCUYMTAHHBIX
(UHAHCOBBIX IMOKa3aTeieit He OYAET SIBISTHCS MPEeTsIT-
CTBUEM JJ1s1 PUHAHCUPOBAHUS.

PesynpTupytonias MaTpuila TPUHSITUS PEIICHUS
0 11eJ1IecO00pPa3sHOCTH peaiu3allii paHee BbIICICH-
HBIX MPOEKTOB MpuBeacHA B maba. 4. Ee mocTpoeHuto
MpEAIIeCTBYeT IOC/IeOBaTebHAs peaJn3als BbI-
JIEJIEHHbIX KOMIIOHEHTOB, PACHIUPSIOIIUX METOAUKY:
onpeesicHue CTpaTermyeckKux MPUOPUTETOB KOMIIa-
HWMU B BUJE iepeBa OU3HeC-ApaiiBepOB U COMOCTABIIe-
HHME C HUMU KOHKPETHBIX TTpoekToB. MiMeHHO 3a cuer
9THUX JIBYX aKTUBHOCTEl Ha OCHOBE JiepeBa OM3HeEC-
JIpaiiBEpOB BO3MOXHO MOCTPOEHUE MSITOTO CTOJOLA
MaTpPHUILIBl — COOTBETCTBUSI ITPOEKTA CTPATETUH.

MMeHHO mocje IMOCTPOCHMUSI MTOrOBOM MaTpu-
OBl IJIS BCeX ITOTeHIWAIbHBIX WHBECTHIIMUA CTa-
HOBUTCSI BO3MOXHBIM (opMupoBaHue TOPTDENs
oneHnBaeMbix MT-mpoekroB. Tak, mpoekT «Bup-
TyaJbHOE IIPUCYTCTBUE Ha PaCCTOSIHUM (Tesenpe-
3€HC)», HECMOTpPSI Ha BBICOKOE COOTHOIICHHE 3a-
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TpaT W BO3MOXHBEIX (PMHAHCOBBIX BBHITOH, IPUHST
K pealu3aluu B CHJIY NPUOPUTETHOCTU I KOM-
MaHUM OW3HeC-IpaiiBepoB, K KOTOPHIM OH OTHO-
cutcsd. B maHHOI cuTyauuyd TpUHUMAKOIIWNA pe-
meHue MT-KOMUTET MOXET NMOCYUTATh IS ITUX
WHBECTUIIUA JOCTATOYHBIM TIOKPBITHE Pa3HUIIBI
C KPUTHMYECKMMHU (DUHAHCOBBIMM IOKa3aTeJIsIMU
(NPV < 0) u onoOpuTh OpoOEeKThl B CUJIY UX COOT-
BETCTBUS MpPUOPUTETAM OM3Heca KoMIlaHuM. PaHee
OT NAHHBIX MPOEKTOB TPEIIOIAaraJoch OTKa3aThCs.
IMpoext EaqnHoro LieHTpa oOCHYy:KMBaHUSI MPUHAT K
peanm3anuy B CHJIY CBOCTO MOJTHOTO COOTBETCTBHUS
HEOOXOIMMBIM KPUTEPHUSIM, a MPOEKT IO paauoya-
CTOTHOM MACHTU(UKAIINN, HATIPOTUB, OTKJIOHEH (10
KpaliHeil Mepe, BpEMEHHO).

7. Anaym3
Pe3yJbTATUBHOCTH METOAUKH

B utore pazpaboTaHHass Ha OCHOBE JepeBa OM3HeC-
IpaiiBepOB METOOMKA ITO3BOJISICT PEIINTH BBIIEIICH-
Hble paHee MpoOiaeMbl (maba. 5) U, YTO BaxHO, 0e3
MPUBSI3KA K TOMY WJIM MHOMY METOIY KOJMIECTBEH-
HOU OIIEHKM WHBECTUMLIMI (a 3HAYUT, U Oe3 3Ha4YM-
TEJIbHBIX OTPaHMYCHUN B JaJbHEHIIIEM MPpUMEHEHUHN
KOMITAaHUSIMU).

I'oBOPST 0 JOCTOMHCTBAX M OTPAaHUYEHUSIX METOIUKU,
KpaiiHe BaxKHO YIIOMSIHYTb, YTO, KaK 3aMedyaeT OIMH
M3 POCCUICKMX MCCIIenoBareieii mpoojeMbl 000CHO-
BaHus uaBectuuuii B UT I1. Comnormos [3], 4ToOBI Ta-
PaHTHPOBATh aleKBAaTHBIE PE3YIbTAThl MIPOBOTUMOTO
aHa/n3a, TpeOyeTCs BBIINOJIHEHUE IBYX BaXHBIX YCJI0-
BU — HaJIWYIUS CTPATETUH PA3BUTHS IIPEANIPULITHS, a
TaKXKe 3aMHTEPECOBAHHOCTU PYKOBOJCTBA B IIPOBEIC-
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Tabauyas.

ITokpbiTHE IPOGJIEM pa3padOTAHHOI METOIMKOI

Kpurepuit npoBepku COOTBETCTBUS pa3paboTaHHO METORUKU

3anBMeHHbIM TPe6oBaHUAM

MokpbiTHe Npo6neM KOMNOHEHTaMM Pa3paboTaHHON METOAUKK

Vcnonb3oBaHie B 0CHOBE METOANKI NOAXOAA, YYUTbIBAOLLETO
cneLudnky 61U3HeC-MOJENM 1 PUCKOB KOMMaHM

lcnonb3oBaHue B ka4ecTse 6asbl Ans Aopabotki metoamku Val IT,
COMePXALLIel KpUTEPUM CTPATErNYECKOro COOTBETCTBIAS,
(DMHAHCOBbIX/ HEDVHAHCOBbIX BBIFOZ U YPOBHA PUCKOB NPOEKTa

Hanuune BO3MOXHOCTEN OnpeaeneHns HethHaHCOBLIX
NOTEHLMANbHBIX BbIr0Z Anst 61U3HeCa

MoTeHumansbHble Bbirodbl 0T UT B TepMuHaX 6U3Heca MOPMYyNMPYHTCS
MpK NOCTPOEHIN Uepapxuu BU3HEC-apaiiBepoB Ha ocHoBe Modenn VBM,
YYUTBIBAIOLLIEN CTPATErnyeckme NPUOpPUTETLI KOMNaHUN

Hanudne BO3MOXHOCTel onpeagnenus LienecoodpasHoCT BKMKOHEHNS
HOBOr0 NpoeKTa B nopTdens UT-uHBecTULMi

AnanTpoBaHHas MaTpuLia NPUHSTUS PeLUeHns 06 NT-MHBECTULNSX

HUU OLIEHKU U TOTOBHOCTU BOCIIPUHUMATh €€ PE3YJIb-
TaTbl. DTO MOXET rapaHTUPOBATh KaK JOCTOBEPHOCTh
NOCTyNaloMX s aHajlu3a UCXOAHBIX JaHHBIX, TaK
U BO3MOXKHOCTD JaJIbHEHIIEN peaii3allMy MOATOTOB-
JIEHHBIX PEKOMEHIAlMi U UX NpUMEHEHUEe Ha IpakK-
THUKE.

8. 3akmouenue

INpennaraemas MeToaMKa MPUHSITUS pellieHUI 00 NH-
BecTuLIUSIX B UT-TIpoeKThl 1151 OTpeAeieHUus] YCIAOBUiA
€¢ ONTUMAaJIbHOTO MCITOJIb30BaHUS ObUTa IPUMEHEHA Ha
MpPAaKTUKE B OMHOM M3 KPYIMHEUIINX POCCUMCKMX IIPO-
M3BOACTBEHHBIX KOMITAHWM, BBIXOMSIINX Ha MEXIY-
HapOIHBIN PEIHOK 1 TTepecMaTpUBAIOIINX B CBSI3H C 3TUM
COOBITHEM CBOIO CTpaTernio. PaHee KoOMIIaHWS OTMeYa-
Jla, 4YTO paHee OCHOBHOI TEXHOJOTMYECKON MPUUMHOMN
peanuzanuu U T-npoekToB ObLIM 3aMeHa yCTapeBIINX
cucTeM U oTpeOHOCTD B anrpeiiae. [1o mepBbIM pe3yiib-
TataM IIpOeKTa BHEAPEHUS IPEUIOKCHHOW METOIMKH
obocHoBaHMs1 U T-uHBeCTULIMI HA TIEPBBI IJIaH BBIXO-
AT COOTBETCTBHE TEKYIIIUM IIPUOPUTETAM CTpPATETUH,
TakXke JIeTKOCTb JaJlbHEHIIEeN MOACTPONKHM JaHaadhTa
CHCTeM ITof TpeOoBaHUs Ou3Heca. Takke OTMEUYEHO,
YTO TaKue MPOEKThI, KaK pa3BepThIBAaHKE Ha MPOU3BO/I-
ctBe cety Wi-Fi, 6butn ObI HEBO3MOXHBI B OMKaiiei
MepCIIeKTHBE O¢3 NCITOIb30BaHMUSI OCHOBAHHOM Ha Aepe-
Be OM3HEC-ApaiiBepOB METOOUKI 00OCHOBAHMSL.

Takum 00pazoM, MpeaToXKeHHas: METOIMKA MO CBO-
el CyTH IOIOJIHSIET CYIIECTBYIOIIME METOAUKU OLIeH-
ku u Beiobopa MT-npoekToB misl peaau3alun 3a CYEeT
MOCTpOeHUsI JiepeBa OM3Hec-IpaliBEepoB KakK CIocoba
yueta OM3HEC-TIPHOPUTETOB KoMmaHuu. OHa MOXeT
MPUMEHSITbCSL KOMIAHUSMU KaK CaMOCTOSITeJIbHbBIN
MHCTPYMEHT OOOCHOBaHUS HE(PUHAHCOBBLIX BHITOH OT
NT-unBecTuLnii, a TaK:Ke COBMEIIATHCS ¢ OOBIYHBIMU
KOJIMYECTBEHHBIMU METONaMU OLEHKM (PUHAHCOBBIX
rokazaresieit mpoekToB. OmHaKO OTMETUM, 9TO MOI00-
HOe coueTaHue TpedyeT KOPPEKTHOTO OIpeAesIeHHUsI CO-
OTHOIIICHHS Beca (PMHAHCOBBIX U HE(OMHAHCOBBIX BBITOT
— 1 METOAMKa Ha OCHOBE JiepeBa OM3HeC-apaiiBepoB HE
MpU3BaHa 3aMEHSTh pacyeT KOJMYECTBEHHBIX MapamMe-
TPOB TIPOEKTOB, ITO3BOJITIONINX IUIAHUPOBATh (PMHAH-
COBYIO JA€SITeJIbHOCTh KOMIIAHUU U TTPOBOAUTH MOHUTO-
PYIHT JTOCTIDKEHMS TUTAHOBBIX TTApaMETPOB.

B kavecTBe nepcnekTUB padoThl BO3MOXKHO JaJIbHEM-
1ee pa3BUTUE MATEMAaTUYECKOW MOJAEIU IpUOpUTE3a-
K1 OM3HEC-IpaiiBepOB IJiI NMPUHSITUS pelleHuid 00
OYEPETHOCTU U CPOYHOCTA WHBECTULIUM, a TaKXKe BbI-
JIEJIEHUE YPOBHSI MHAYCTPUIA B IMPOLIECCE NETATNU3ALMN
JepeBa OU3HeC-IpaiiBepoOB KaK MPOMEXYTOUHOTO 3BEHA
Mexay Moaenbio VBM 1 HU3KOYpOBHEBBIMU JIpaliBepa-
MU KoMNaHuu. Peanuszalius METOAMKU B IPYTUMX KOM-
TaHUSIX, A TAKXKE €€ OLIEHKA U COBEPIIECHCTBOBAHUE HA
OCHOBE TOJYYaEMBIX PE3YJIbTATOB IMO3BOJISIT MOBLICUTD
3G GEKTUBHOCTD ACSITEIBHOCTA KOMITAHUY B 1I€JIOM. M
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7 N\
r This article presents an approach to developing a methodology for IT project investment feasibility estimation through\
establishing a link to company business drivers. Representing the factors enhancing the company value, business drivers enable to
identify how strategic benefits from IT project implementation influence enterprise performance indicators. A business driver tree
is based on the Val IT model, displacing the hierarchy of several financial factors that increase economic value added and being
complemented by several industry- and company-specific nonfinancial factors, such as «internal optimization » and «ability to
innovate». Thus an underlying basis is provided to evaluate strategic feasibility of project investment.

Such method of formulating potential benefits from information technologies (for IT) in business terms is regarded as a criteri-
on for investment decision-making and complements the Value- Based Management concept. The paper argues that in a number
of cases the adequate level of company business drivers coverage by a project can compensate for the negative value of expected
financial benefits. The analysis of IT investment feasibility opportunities enables to build a decision-making matrix based on risk
assessment, quantitative indicators and alignment with company priorities. Implementation of the recommendations formulated
in the paper is intended tto ensure a higher IT investments transparency and to achieve harmonization of business and IT. It also
enables to take into account business specifics and to carry out a more comprehensive appraisal of IT investment-related effects
that mitigates the risk of inaccurate cash flow estimation. The proposed approach has been successfully tested in assessment of a
u;otential IT projects portfolio at a large Russian manufacturing company. Y

Key words: information technologies (IT), investments, project feasibility, IT value, IT projects portfolio, business
driver, IT efficiency.
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/ N
4 B cmamve paccmampueaemcs 3a0a4a OyeHKU U AHAAU3A PUCKOE MPU pa3patomke U peanu3ayuu npoepaMszx
NPOOBUINCEHUS NPUKAAOHBIX NPOSPAMMHBIX NPOOYKMOB8, NOKA3AHA UeAecO00PA3HOCMb UCHOAb308AHUS O PEUleHUs
3a0auu mamemamu4eckoeo annapama Heuemiux cucmem. Chopmyaupoeana mapkemuHeo8as Uyeab npoepPamMmbl
KaK «0ocmudiceHue naaHoe020 odsema npooadc 6 onpeoeseHHOM UHMep8ane 8pemMeHy NPU 0epaHuHeHUsX Ha Orooicem
npoepammols. Yuumovléas A6HYH N0SUMECKYI0 83AUMOCEA3b MeNCOY UeAsMU NPOepamMmbl U B03MONCHLIMU DUCKAMU,
onpedenerbl MpU 8UOA PUCKOB: CPbI8 NAAHOBbIX CPOKOB Peanu3ayuu npoepaMmbl, Cpbie NAGHOBbIX 006eM08 npooadic,
npeeviuienue 6r0dicema npoepammel. Ha ocHose amanuza aumepamypol 6blisiéneHbl HPUMUHBL (PUCKOOGpasyoujue
gakmopbel), cnocobcmeyruiue 603HUKHOBCHUID PUCK08, NPe0NodCeHa KAACCUDUKAUUS PUCKO0OPA3YIuUX GaKmo-
D08, UX Ka4ecmeeHHble U KOAUMeCmeeHHble Xapakmepucmuku. Paccmompen peanshblii npumep nocmpoerus Hevemkou
MOoOenu OUeHKU U aHAAu3a PUCKO8 NpPU 8blg00e HA DPbIHOK 6e0-0pUeHMUPOBAHHOU 2e0UHPOPMAYUOHHOU MEXHOA0UU
2EHEPaNbHO20 NAAHA npednpusmus. BoiOenenvr 00UHHAOUAMb BXOOHBIX AUHSGUCIIUYECKUX NEPEMEHHbIX (PUCK
000pasyrouwux Gakmopos), GIUAIOWUX HA DPUCKU NPOSPAMMbL U MPU BbIXOOHbIX NEPEMEHHbIX (CMeneHb GAUsHUsA
haKmopoe Ha umoeoswiii PUck NPoeKma, CmeneHb npesbileHUss Or0Xcema NPOeKma U cmenenb 00CMUNCEHUs NAAHA
no obsemy npodaxc). Ilocmpoerst 0se 6azvl Npasu: NPasusa nepeoil 6azvl UCNOAL3YIOMCS sl OnpedeneHus cmene-
HU GAUSHUSL (PAKMOPO8 HA UMO0208blll PUCK, NPAGUAA 8MOPOU 0Aa3bl UCNOAB3YIOMCS 045 OnpedeseHUss CeneHy PUCKo-
BAHHOCMU OCHOBHBIX Uenel npoepammsl. Ha ocrose areopumma neuemroeo vi600a Mamoanu nosyueHvl YucieHHble
XapaKmepucmuky Kaxcoo2o u3 puckos U npeonodiceHvl CUeHapuu no peasuposanuro Ha Hux. TloayuenHoie pe3yaomanol
8 NPaKmu4eckom nAaHe noae3nsl pykogooumenim manvix HMT-Komnaunui, a makice MapKemonoeam, npu peuleHuu

3adau npooBUICEHUsI HOBbIX MOBAPOE HA NPOMbIULICHHbIE DLIHKU.

g J

KmoueBsie c10Ba: Ki1accrUKams prUCKOB, OIICHKA PUCKOB, YIIPABJICHUE PUCKAMU ITIPOTPAMMHBIX IIPOSKTOB, PH-
CKOOOpa3syoImuit (hakTop, KaYeCTBEHHOE OIMMCAaHNe PHCKa, KOJTMISCTBEHHOE OIMMCaHNe pUCKa, KaTeTOPUH PUCKOB,
METOII HeYEeTKOI JIOTUKH, alTOpUTM MaMIaHH!.

1. BBenenue (yHIaAMEHT 1J1s1 CBOETro YCTOMYMBOIO (PUHAHCOBOTO

MOJIOXKEHMS HE TOJbKO B KPaTKOCPOYHOM, HO U B AOJI-
axngast U'T-komnaHusi, pazpadaTbiBasi pbIHOU-

HBIN porpamMMHbIi TiponykT (ITIT) crpemuTcst
0OEeCIIEYUTh €ro Haanef/’Imy}o KOMMepIIra- paccMaTpuMBarOTCA B paMKax pa3pa6OTKI/I n peajiunsa-
JIM3ALMIO U TUPAXUPOBAHUE, TEM CaMbIM 3aKJIaabiBasi | 1uu rmporpaMmbl npoasrkeHus 111 Ha peiHOK. C TOY-

TOCPOYHOM IepcriekTrBax. Kak mpaBuiio, 3T BOIIPOCH
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KU 3peHUST MAPKETUHTOBOTO MOIXO0/A 1IeJIb IPOrPaMMBbI
MPOABIZKEHUSI MOXKHO OIPEISTUTh KaK «IOCTUXKCHHE
omnpenesieHHoro oobeMa npoaax II1 B onpeaeneHHOM
WHTEpBaje BpEeMEHU IIPU OrPaHWYCHUSIX Ha OIOIKET
pexiiaMHOll KoMmnaHuM (Tporpammbl)» [1]. TIpouecc
MPOABIDKEHUsSI TIPOTPaMMBI IIPEAIiojaraeT M3ydeHHe
PBIHKA TTOTCHIIMAJILHBIX MOTPEeOUTENIeid U BBIOOP €ro
IIeJIEBBIX CETMEHTOB, OIpeneicHIe Hanbdojee Ipruopu-
TEeTHBIX Ou3Hec-monesneit mocraBok III1 oTaeabHBIM
rpymniaM (ceTMeHTaM) ITOTpeOuTeleii, BEIOOp OM3HEC-
MOJIEIM OpraHU3alli B3aMMOACHCTBUS C MOTpeOuUTe-
JISIMU yepe3 Haubosiee 3(GEKTUBHBIE KaHATBI U WUH-
CTPYMEHTBHl KOMMYHMKaLUi. CIIOXHOCTb peaiu3aliii
MPOrpaMMEBI 3aKJTIOYAETCS B BBICOKOM KOHKYPEHIIUM
Ha poiHke [111, orcyrcTBUM 1160 HU3KOM YPOBHE KOM-
MEeTeHUNI pa3pabOTYNKOB IO BOIIPOCAM IIPOIBILKE-
HUs U TpoIax, HU3KOH pe3yIbTaTUBHOCTU peKIaM-
HO# ¥ BBICTABOYHO-SIPMApPOYHON NEeSITeIBHOCTU U T.1.
[lepeuncieHHble OCOOEHHOCTH ITO3BOJISIIOT OTHECTHU
npouecc mpoamkeHust I1I1 K BBICOKOPUCKOBAHHOMY
Ou3Hecy, MOATOMY MHpU pa3paboTKe IporpamMMbl BO-
MPOCH NISHTU(PUKALINI 1 OIIEHKM prcKoB BEiBoaa ITI1T
Ha PBIHOK, a TaKXKe IMPUHSITUS OTHOTO M3 BO3MOXHBIX
CIicHapWeB pearupoBaHUsI Ha PUCKHU (TIPUHATHE, YKITO-
HEHMe, Tiepenada, CHUKEHNE) SIBJITIOTCS KITIOYEBBIMH.

2. Nnentuukanns pucKoB
U PUCKO00Opa3yomux ¢akTopos

B nutepatype noHsiTHE prcKa MpejuiaraeTcsl paccMma-
TPUBATh C TPEX TOUEK 3peHUS [2]: prCK KaK BO3MOX-
HOCTb YTPO3bl OM3HECY; PUCK KaK HEeraTUBHOE COOBITHE,
He TT03BOJISIONIee JOCTUYD B IIOJTHOM Mepe LN ITPOeK-
Ta; pPUCK KaK HEOMNpPeaeIeHHOCTh MEXIY BOSHUKAIOIIN-
MM HEOJIATONPUATHBIMUA CUTYallUSIMA U BO3MOXKHBIMH
JEUCTBUSIMU 10 UX YCTPAHEHMIO. YUMUTHIBASI B SBHYIO
JIOTMYECKYIO B3aMMOCBSI3b MEXIy LIEISIMU W BO3MOX-
HBIMU PUCKAMH, COIAEPXKAIIYIOCS B 3THX OIpenese-
HUSIX, MOXHO TIPEITOJIOXKUTh, YTO MPU peanu3aluu
nporpamMMmbl mpoaBrkeHus [111 MoryT BOSHUKHYTH TpU
ThMAa (KaTerOpun) pUCKOB:

4 CpbIB IUTAHOBBIX TTOKAa3aTeseil Mo 00beMy ITPoAaX;

4 CPBIB IUTAHOBBIX CPOKOB PeaM3alliy IIPOTPaMMEL;

4 TIIpeBBIIICHUE OIOKETa IIPOTPaMMBI.

IMosiBneHre Kaxmoro U3 pucKOB BO3MOXHO IPU Ha-
JIMYUW TIPUYMH (TTPOLIECCOB WJIM SIBIEHUI), CIIOCO0-
CTBYIOIIMX €0 BOBHMKHOBEHUIO M MOSICHSIOIINX, ITO-
YyeMy HacTyIUleHue pucka HeusbexxHo. Takue siBIeHUs
MPUHSITO HA3bIBaTh puUcKkoobpasyrouumu paxmopamu [2].
Jns kinaccudukaiy puckooodpasyronmx (akToposB 0y-
JIeM HCTIOJIb30BaTh MepapXUIeCKMil METOM Ki1acCU(Ka-
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. Ha repBoM ypoBHE B KaueCTBE OCHOBaHMS KJlac-
cubUKaIIM MOXHO BBIIEIUTH BHEIITHUE U BHYTPEHHUE
akropsl. [lposiBieHre BHEIIHUX (DAKTOPOB OOyCIaB-
JIMBAaeTCsl KaK IMOJIMTUKOM rocyaapcTBa B OTHOIICHUM
6uzHeca Mabix M T-KoMmaHuii, Tak ¥ pa3TMIHBIMUA CH-
TyalMsIMU Ha (PMHAHCOBOM M TIPOAYKTOBOM PBIHKaX, B
TaKKe Ha phIHKE TPYIOBBIX pecypcoB. B KauecTBe ocHO-
BaHU IS KilaccuUKAIMu BHYTPEeHHUX (aKTOpPOB
MOXHO MCITOJIb30BATh 3JIEMEHTHI TIpollecca pa3paboTKu
W peaM3alvy MporpaMMBbl: TIporpaMMa Kak KOHEYHBII
MPOAYKT, TIEPCOHAN, TEXHOJIOTUU peaTu3alluu MPOayK-
Ta, TEXHOJIOTUU YIIPABICHUS TIPOILYKTOM.

IIpoBeneHHBIN aHAIU3 JTUTEPATYPHI MTO3BOJIMI BhISI-
BWTD CJIeAyIOIee MHOXECTBO BHEIITHUX U BHYTPEHHUX
(akTopoB pucka nporpammbl npoasuxeHus I1IT [2-9].

K BHYTpeHHUM TIepBUYHBIM (hbaKTOpaM pHCKa IPo-
TpaMMBI TTPOJIBYKEHUSI OTHOCSITCS CJICAYIOIIHE.

1. Ilpodyxm: HemocTaTOK (DUHAHCUPOBAHUS MEpO-
MPUSITUNA MO MPOABMKEHUIO ITPOTPAMMBbI; HECTAOWIIb-
Hoe (MHAaHCUPOBAaHUE MEPOIIPUSITUI 1O MPOABIKEHUIO
MpOrpaMMBI; HepealbHbIE CPOKH BEIXOA Ha IJIaHUpYe-
Mble 00BEMBI TTPOAAXK; OIIMOKU B pacuyeTax TPYyI0eMKO-
CTU M (PMHAHCOBEIX 3aTPaT Ha pa3pabOTKy M IPOIABITKE-
HHUE; HEIOCTaTKM B IIAHUPOBAHWU TIPpY pa3pabOTKe U
peanu3aluy IporpaMMbl, MOSBIEHUE «3a0bITHIX» PA0OT.

2. Ilepconan: nepuT TPYAOBBIX PECYPCOB; BHICOKAS
TEKYYeCTh KaJIpOB; OTCYTCTBUE OIIbITA, HEOOXOAUMOTO
IUIS1 pa3pabOTKU Y peaiu3allii IIPOrpaMMBbl; pa3pbiB
B KBaIM(UKALMUA CHEHMAJIUCTOB pa3HbIX obacTei
3HAHWI; HEIOCTaTOYHAsI TTOAAEPKKA ITPOrPaMMBI dJjie-
HaMU KOMaHJIbl; caboTaX OTAETbHBIX YJIEHOB KOMaH-
IIbI; HEIOCTAaTKN BO BHYTPEHHEI opraHM3aiuu padoT;
HeyMeHUe paboTaTh B peaJlbHOM BPEMEHM.

3. Texnonoeuu peasusayuu npodyKma: HENOJTHbIE WU
HeuyeTKUe TpeOboBaHMST K MH(MOPMAITMOHHBIM TEXHOJIO-
TUSIM TIPOJBUKEHUST; HENOCTATOUHAS 3PEIOCTh TEXHO-
JIOTWiA, MPUMEHSIEMBIX TIPHM TIPOIBWKEHWU; BBICOKAS
CKOPOCTb yCTapeBaHMsSI TPUMEHSIEMBIX TEXHOJIOTHIA;
OIIMOKM TTPY BHIOOPE ITPOTPaMMHO-arapaTHOM I1aT-
(bopMbI U cpeacTB MPOABUKEHMS; HEAOCTATOUHBIEC HA-
BBIKY BJIAJICHUS UCITOTHUTEISIMU MHMOPMAIIMOHHBIMU
TEXHOJIOTUSIMU TIPOABMKEHMUSI; OIIMOKM BHIOOpA KaHa-
JIOB U MHCTPYMEHTOB KOMMYHUKAIIUIi; HEOCTATOUHAS
MpopaboTKa KOMMYHUKAIIMOHHBIX COOOIIIEHMIA; OTCYT-
cTBUE 3 HEKTUBHOTO B3aUMOIEHCTBUS C TOTEHIIUATb-
HBIMU TTOTh30BaTEJISIMU.

K BHemHUM TICPBUYHBIM (l)aKTOpaM pUuCKa IIporpam-
MbI IPOABUKCHUA OTHOCATCA CICAYIOIIUC.

1. Tocydapcmeo: 3MeHEeHe HOPMATUBHO-TTPABOBBIX
MeXaHU3MOB BeleHUs OusHeca B UT-orpaciau; us-



MATEMATUSECKUE METOLBI W AJIT OPUTMbI PELLIEHVA SALIAY BUSHEC-MH®OPMATVKN

MEHEHME HOPMATUBHOIO pEryJMpoBaHUs OM3HeC-
MPOLIECCOB Y IMOTEHIIMAIbHBIX MOTpEeOUTENEe; OTCYT-
CTBHUE YCTOSIBILIECHCS 3aKOHOTBOPUYECKOM ITPAKTUKU 11O
3allMTE aBTOPCKUX U MMYllleCTBeHHbIX TpaB I1I1; uz-
MEHEHWE 3KOHOMUYECKOW CHUTyalluhd B TOCYHApCTBE,
OTpaciiv, perMoHE.

2. QDunarcosbiii pbiHOK: KOJIEOAHUST KYPCOB BaIIOT;
HM3MEHEHHE CTABOK I10 KPEAUTAM.

3. PeiHox mpyoa: OTCYTCTBUE Ha PBIHKE HEOOXOIU-
MBIX CTIEI[UAJTUCTOBR.

4. IIpodykmogulii poiHok (nompebumenu). HETIOTHOTA
M HETOYHOCTH OIICHKM IOTPEOHOCTEH ITOTCHIIAIb-
HOTO pPBIHKA; HECOOTBETCTBUE (DYHKIIMOHAIBHBIX Xa-
paktepuctuk I1I1 moTpedHOCTIM MOTpeduTENEii; cia-
6oe BiausgHue BHeapeHus I1I1 Ha coBepilieHCTBOBaHUE
OM3HEeC-TIPOLIECCOB KOMMAaHUI MOTpeOuTeseii; Heco-
BMECTUMOCTb Tpemiaraemoro npoaykra ¢ I1IT xom-
NaHU-NoTpeduTeseil; HECOOTBETCTBUE OOILECUCTEM-
HeixxapaktepucTuk [ 111, umeromumcsa ynorpeduresneit,
MPOrpaMMHO-aIIapaTHBIM CPeACTBAM M KOMMYHUKA-
LYSIM; OLIMOKKU MPU BbIOOpE MOTPEOUTENbCKUX MPEI-
TMOYTEeHMI TIOJIb30BaTeNNell; OLIMOOYHBIN BBHIOOp Iie-
JICBOTO CEeTMEHTA; OINMOOYHBIC IIPOTHO3EI 0O0BbeMa
Mpoaax; HeCOOTBETCTBHE PHIHOYHOM meHbl I1I1 Bo3-
MOXHOCTSIM TTOTEHLIMATbHBIX OTpeOUTENEH; YXyIIIe-
HUe (PMHAHCOBOI CUTYallUy KOMITAHUH, SIBJISTIOIINXCS
MOTCHINAIBPHBIMUA ITOTPEOUTENISIMUA; HEBOCTPeOOBaH-
HocTh I1I1 pBIHKOM; CKPEITOE MPOTUBOCTOSTHUE CIIe-
LUAaJIMCTOB-ToTpeouTeneit BHeapeHuto I1I1; Huzkuit
YPOBEHb ITOATOTOBKHU IIOJIb30BaTE/IC Y TOTEHIIMAIb-
HbIX TToTpedureneit II1.

5. Ilpodykmosulil poiHoK (napmuepvl, KOHKYPeHMbl):
MOSIBJICHNE Ha PBIHKE HOBBIX aHAJIOTWYHBIX MTPOAYK-

TOB; HeTpelncKa3dyeMoe TIOBeAcHUEe KOHKYPEHTOB;
nuckpenutaius I1I1 co cTOpoHBI KOHKYPEHTOB; IMU-
patckoe pacrnpoctpaHeHue konuii I111; HeHanexxHas
paboTa ayTCOPCUHIOBBIX KOMITAHUI; U3BMEHEHUE LIEH
Ha yCJIyTH CBSI3W; U3MEHEHWE 1IeH Ha pa3MelleHNe pe-
KJIaMBl.

O4YeBUIHO, YTO MPMBEIECHHBIN IEepPeYeHb PUCKOO-
OpasyoIrx (pakTopoB He MPeTeHIyeT Ha a0COJIOTHYIO
KOPPEKTHOCTD U MOJHOTY. BMecTe ¢ TeM 3T cBeeHMS
OymyT TOJIE3HBI MEHeIKepaM IPOSKTOB MpPU TIepBUU-
HOM OTOOpe (haKTOpPOB, BIUSIOIIUX Ha Pe3yJIbTaThbl
KOHKPETHOTO IIPOEKTa.

ConepxaTenbHOe ONMUCaHue KaXaoro (pakropa mpo-
BOIMUTCS 10 CXEME: «YCJIIOBMSI BOBHUKHOBEHUSI —> I10-
CJICICTBUS TIPOSBICHUS — BIUSHUEC Ha pe3yIbTaT»
(maba. 1).

3. KauecTBeHHOE M KOJIMYECTBEHHOE
onucaHpe puCKooopasyoumx (pakropos

s mpoBeaeHUsT KOJIMYECTBEHHON OLIEHKM U aHa-
J3a BIUSHUS (akTopa Ha pPe3yabTaThl peai3alliu
TpOrpaMMBI  TIPOABIDKCHUSI HEOOXOIMMO OIIPEICINTh
BEpOSITHOCTB ITPOSIBIICHMST (DaKTOpa ¥ YPOBEHBb HETATUB-
HBIX TTOCJEICTBUI OT Hero (yiepba, yObITKOB, OTEPH).
YuuTbiBast BHICOKYIO CTEIIEHb HEOIIPENeICHHOCTH, O -
caHMe pUCKOOOpasyIMX (aKTOpOB IIeJIecO00pa3HO
MPOBOINTH B KAYSCTBECHHBIX IIKAIAX, a IS UX KOJIMYe-
CTBEHHOM WHTEPIIPETAllMM MCITOIb30BaTh MHTEPBAIIb-
Hble oLleHKU (maba. 2). OLeHKNU BEpOSATHOCTU U BO3-
JIIEACTBUMA B BUAE MPOLIEHTOB OTKJIOHEHUS OT LIEJEBBIX
ToKazareJsieil IporpaMMbl IIPOABIKEHUS TOKHBI OBITh
TPOBEACHBI ITO KAXKIIOMY M3 PE3YIHTaTOB IIPOTPaMMEL.

Tabauya 1.

Onucanie pucKooopasywiux (pakTopos

Ycnosue

daKTopbl

MocneacTeus Bo3peiicTBHe Ha Lenu

1A3MeHeHe HopMaTBHOTO
1| perynupoBaHns G1u3Hec-npoLeccos
Y NOTEHUMANbHbIX NOTPE6UTENEN

MpuHsTHE 3aKOHOB MO perynu-
POBaHII0 OU3HEC-NPOLIECCOB
B 06nacti npumeHeHns M

HeobxoammocTb [10pabdoTok

(yHKLmoHana N YBenu4erue 61omKeTa npoekTa

2 [NosiBNEHIE HOBBIX AHANOMNYHBIX BbIX0Z HA PbIHOK HOBbIX

NpoAyKTOB aHaNOr14HbIX NPOYKTOB

Ycunexue KOHKYpPeHLn CokpatlieHue 06bEMOB NPOAAK

QOTCYTCTBIE Y KOMAHAbI NPOEKTa
3 HEoBX0AMMOro 0MbiTa N0
npozaswxeHuto 1M

OwwmbKn Npu peanuaaumin
NPOeKTa

CpbIB CPOKOB Pa3paboTKit.
YBenu4eHue OromxeTa npoekTa
CokpalLeHue 06beMOB NPoAaX

HeobxoanmocTb A0paboToK NpoekTa

CHWXeHME HE0BX0aMMOro
YPOBHS MH(HOPMUPOBAHIS
LIeneBoi ayautopum

OwnbKY BbIGOPA KAHANOB 1
NHCTPYMEHTOB KOMMYHIKALWIA

HecooTBETCTBUE NNaHOBbIX U haKTh-
YECKMX MOKa3aTenei pesynbTaTiBHO-
CTIA NPOTPaMMbl MPO/BIKEHUS

CokpalLeHue 06beMOB NPOAAX
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Tabauya 2.

KosnmyecTBeHHOE OlIeHUBAHKE PHCKOOOPa3yomuX (hakTopos

Moka3artenu ‘ Lkanb!
ManoseposiTHo Bo3moxHo BepostHo (04eHb BEPOSTHO
BeposTHOCTb HacTynnexHus
aKTopa
(bakTop <03 02-06 04-08 507
Bo3MoXHbIe NoTepy B 0Gbemax HesHaunTenbHble YMEpeHHble KpuTnyHblg Karactpoduyeckue

NPOZAX, YBENMYeHe GlompKeTa

MPOEKTa . Motepu meHee 15 % Motepu ot 10 1040 % | Motepn ot 35 % v meHee 70 % | [TMotepn 6Gonee 65 %
Huskas | Hwxe cpeaHero CpenHsist YMepeHHO-BbICOKast Bbicokast
CreneHb BO3aeNCTBNS (hakTopa
0-3 1-5 3-7 5-9 7-10

IToporoBeie 3HaUECHUS BEPOSATHOCTHA HACTYIUICHUS
c¢akTOpa U BO3MOXHbBIE MOTEPU OT €ro MPOSIBICHMUS
OIPEAC/ISUIMCh C YYETOM DPBIHOYHON KOHKYPEHIIMU
MIPOTrPaMMHOTO IIPOAYKTa U PeKOMEHOAIINIA 10 BEIOOPY
IIIKaJI BIMSTHUS PYCKa Ha LIeIU IIPOeKTa, IIPUBEICHHBIX
B [2; 10].

OTCyTCTBME TOYHBIX CTATUCTUYECKUX KOJIUYECTBEH-
HBIX OIICHOK ITEPBMYHBIX PUCKOOOpa3yoIInX (haKTo-
pOB, HaTMYKE (DAKTOPOB, OIICHKA KOTOPBIX CYIIIECTBYET
TOJIBKO B KA4eCTBEHHOI1, INOO B MHTEPBAJIBLHON KaTe-
ropuu, NpuBJeYeHUE IIs1 OLIEHKU (haKTOPOB IKCIIEp-
ToB [11], OOBEKTUBHO TpPeOYIOT MCMONb30BaHUE IS
9THX IIeJIeii MaTeMaTUYECKOTO alllapara TeOpUH He-
YyeTKou Jjoruku [12].

4. UtoroBas oleHKa pUCKa
NPOTrpaMMBbI MPOIBUKEHUS
1 BbIOOP CTpaTerun pearnpoBaHus

PaccMoTpuM HedeTKylo MOMAEIb MPUHSTUS pele-
HUI TO YyHOpaBJICHUIO PHCKAMHU IIPOTPpaMMBI IIpO-
IBIDKEHUS Ha PBIHOK BeO-OpMEHTHPOBAHHON Teo-
WHGOPMALIMOHHON TeXHOJIOTUU (OopMUpPOBaHUS U
MOHUTOPHUHTA 3JEKTPOHHOTO TeHEpaJIbHOTO IUIaHa
WHXeHepHOoM wuHppacTpykTypel [13]. B KkaudectBe
LIEJIEBEIX CETMEHTOB pPBIHKA BBIOPAHBI MPEATIPUSITHS
METAJUTyPTUM ¥ He(DTEXMUH, TIe Pa3pabOTIYNKH yKe
UMeNu OomnbIT BHeApeHUs momooHbIx ITI1. CtoumMocTh
I1IT ompenensieTcss UCXOasl U3 PBIHOUHOTO OKPYXKe-
HUSI, ¥ HE MOXET IMPEBHIIIATh CTOMMOCTH aHaJIOTHY-
HBIX TIPOTPaMMHBIX IPOAYKTOB, IPEACTABICHHBIX Ha
pbiHKe. CorjacHO MapKeTHHIOBOM 1LIeJU IPOrpaMMbl
OpOABMXKEHMS 3aJaHbl 00bEMBI IIpOAaXX U OIOIXKET
nporpaMMEl. TpeOyeTcst OLIEHUTh PUCKU pean3aliu
MIPOTPaMMEI ITPOIBVKEHUS ITPOrPAMMHEIX ITPOIYKTOB
B BBIJICJIEHHBIX CEIMEHTaX pPbIHKAa U BHIOPATh OJHY U3
BO3MOXHBIX CTpaTeTUil IO YOpaBICHUIO PUCKAMU:

MPUHSITHE PUCKa, YKIIOHEHUE OT pHCKa, ITiepeaada pu-
cKa, CHUXKEHUE PUCKOB.

Iman 1. Unentuduxkaums puckoodpasymommx hak-
TOPOB.

B xayecTBe BXOMHBIX JMHIBUCTUYECKUX II€PEMEH-
HBIX MOJIEIIN SKCIIepTaMU OBbLTA BEIOPAHBI M OITMCAHBI
cJiemylolne epBUYHbIC pUCKOOOpasyole GakTophl,
BIMsIONIME Ha pouecchl mponsvkeHus ITI1:

M3MEHEHWE HOPMATHUBHOTO PEryJIMpPOBaHUS
OM3HEC-TPOLIECCOB Y IMOTCHLMAIbHBIX IOTPEOUTE-
nent (x,);

— KoJiebaHusl Kypca BaoT (X,);

— IOSIBJIEHME Ha PbIHKE HOBBIX aHAJIOTMYHBIX IIPO-
AYKTOB (X,);

— nuparckoe pacnpoctpaHeHue komuit ITIT (x,);

— HEeCOOTBETCTBHE (PYHKIIMOHAIBHEBIX XapaKTepH-
cruk IMIT norpeGHOCTAM noTpeduTeneii (x;);

— HeIOCTATOUYHBIC HABBIKM BIIaIcHUS UCTIOTHUTEISI-
MM UH(MOPMALIMOHHBIMU TEXHOJIOTUSIMU TTPOIBUXKE-
HUA (X,);

— OIIMOOYHBIN BBIOOP LIEJEBOTO CETMEHTA (X,);

— OIIMOKMW B pacueTax TPYAOEMKOCTH M (pUHAHCO-
BBIX 3aTPaT Ha Pa3pabOTKY U MPOABMKEHUE (X,);

— OIIMOKHU MPU BBIOOpPE MOTPEOUTETBCKUX TIPEATo-
YTEHMH (X,);

— OIMOKY BEIOOpA KaHAJIOB M MHCTPYMEHTOB KOM-
MyHUKALWi (x,);

— HemOoCTaToOYHas IpopadoTKa KOMMYHUKAITMOH-
HBIX COOOIIEHMIA (X,,).

DparMeHT OMMCaHUS PUCKOOOPA3yIIINX (PaKTOpOB

npeacTaBiaeH B maba. 1.

Iman 2. KauecTBeHHas U KOJWYECTBEHHAsl OLIEHKa
pucKoobpasyonmx ¢GakTopoB.

B cooTBeTcTBUM ¢ maba. 2, Tpy 3aJaHUU TMHTBUCTH -
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Tabauya 3.
O1neHKa nepBUYHBIX PUCKO0Opa3yomux ¢akTopos
daktop X, X, X, X, X, X X, X, X, X X,
BeposTHOCTb HAcTyneHus 1 3 1 1 1 3 1 3 2 2 3
Cvna Bo3pelicTeus (hakTopa 2 3 3 3 2 3 4 2 1 2 2
Tabauya 4.
Marpuia HeyeTKUX MpaBuI
Karactpochuyeckas CpeaHssa YMepeHHO-BbICOKas YMEepEHHO-BbICOKast Bbicokas
Cuna Kputninas Hwxe cpeaHero CpenHss CpeaHss Bbicokas
BO3[ENHCTBUA
thaktopa YmepeHHas Hwxe cpeaHero Hwxe cpenHero CpeaHss YMepEeHHO-BbICOKas

He3HauuenbHas Hu3kas

Hu3kas Hwxe cpeaHero CpenHss

ManoseposiTHas
CteneHb BAuAHuA (hakTopa

Ha UTOrOBbIii PUCK

YECKHUX MEPEeMEHHBIX, XapaKTepU3YIOINX (paKTOPHI pH-
CKa, UCITOJIb30BAJINCH CJEAYIOIINE TePM-MHOXECTBA:

— DI XapaKTepMCTHKKM BEPOSITHOCTH HACTYILICHMS:
T1 = {Manoseposmmno (1), Boamosxcro (2), Beposmno (3),
Ouensb eeposmuo (4)};

— JUIS XapaKTepUCTUKU CUJIBI BO3AEHCTBHS (paKkTOpa
Ha utoroBblii puck: 172 = {He3nauumenvuas (1), Yme-
pennas (2), Kpumuunas (3), Kamacmpoguueckas (4)} .

B Taba. 3 npencraBieHbI SKCIIEPTHBIC OLICHKN BEPO-
SITHOCTH HACTYIUICHUS MEPBUYHBIX (PaKTOPOB M CHJIBI
HMX BO3IEICTBUS Ha UTOrOBbIA pHCK. McXomHbIMU
MAHHBIMU [JIs1 OLEHKM 3KCIepTaMU BEPOSITHOCTH Ha-
CTYIUICHUSI PUCKOOOPa3yIoIIX (PaKTOpOB M CHJIBI X
BO3IEMCTBUS Ha LEJM IPOEKTa SIBJISETCS OIKMCaHue
MPUYMHHO-CJIEACTBEHHBIX CBsI3ei IMPOSIBICHUS (haK-
TOPOB, TIPEACTABICHHBIX B maba. 1.

Oman 3. i'Torosas oligHKa pucKa IporpaMMbl Mpo-
IIBVDKEHUSI M BBIOOD CTPATETUM pearipoBaHMUs.

st BeIYMCIIEHUsT OyIeM WCIOJIb30BaTh aJITrOPUTM
HedyeTKoro BeiBoaa Mamaanu [14].

[ns ompenejeHus] CTENEHU BO3AEUCTBUS (PAaKTOPOB
Ha WUTOTOBBIA PUCK MPOABMXEHUSI MPOAYKTA IIPU 3a-
MAHUW JIMHTBUCTMYECKOM TepeMeHHoi «CTerneHb
BO3JIECTBUS (DaKTOpa Ha UTOTOBBIN PUCK» OyIeM UC-
TOJIB30BaTh TepM-MHOXecTBO 13 = {Huskas (1), Huxce

BoamoxHast

BeposTHas (04eHb BEpOSTHas

Bo3MoXHOCTb peanu3auun haktopa

cpeoneeo (2), Cpeonss (3), Ymepenno-evicokas (4), Boi-
cokas (5)}.

B maba. 4npencraBaeHa MaTpuiia COOTBETCTBUIA BO3-
MOXHOCTH TIPOSIBJICHUSI TIEPBUYHOTO (DAKTOpPA M CUIIbI
€ro BO3/ICICTBUSI Ha UTOTOBBIN PUCK.

WHTepnperanysi MocieAcTBUN HACTYIUIEHUSI Mep-
BUYHBIX (DAKTOPOB U BO3MOXHBIE YOBITKM (CHUXKEHUE
o0beMa MpoJax U yBeJIuyeHue O1oIkeTa mporpaMMbl),
BBIMIOJIHEHHAsI HA OCHOBAHUM maoba. I W OLIEHOK 3KC-
MepTOB, NpeACTaBIeHa B maoba. 5'.

Tabauya 5.
ITocaencTBust HacTymIeHus GakTOpoOB pUcKa
CteneHb CHixeHne YBenu4exue
dakTop BNUSHIS 06bema Npofax, OtomKeTa,
(hakTopa pucka % %

Huskast HesHaquTensHoe | HesHaduTensHoe
xl

CpenHsis HesnauntenbHoe | HesHauutenbHoe

Bbicokas YmepeHHoe HesHauuensHoe

Huskas HesHayutenbHoe | HesHayuTenbHoe
X, CpenHss HesHayutenbHoe | HesHayuTenbHoe

Bbicokas YmepeHHoe HesHauutensHoe

! 3aech 1 ganee NpeaACTaBJICHUEC HETIOJTHBIX JAHHBIX HE CHUXKAET HAITIAAHOCTU NMPUBEACHHOIO IIpUMEpa.
ABTopLI CTaTbM IO Tp€6OBaHI/I}0 MOTYT NPEACTAaBUTb BCE PAaCUCTHBIC JTaHHBIC.

bUSHEC-UHDOPMATHUKA Ne3(29)-2014 r.

/3



MATEMATUSECKWE METOLbI W AJIT OPUTMbI PELLIEHVA SALIAY BUSHEC-MH®OPMATVKN

Bri6op cnoco0a pearnpoBaHus HA PUCK

YBenuuyenue 6roaxera

Tabauya 6.

1 2 3 4
1 MpuHstTne MpuHsTne CHixeHue YKNOHeHue
CHuxeHune
06LeMa NpoAaXx 2 CHinxerve CHDKEHME YKNoHeHue YKNoHeHue
3 CHUKEHe YKnoHeHve YKnoHeHue Mepenaya
4 YKnoHeHue YKnoHeHue [lepenaya [lepenaya

st onmuvcaHUsT BBIXOMHBIX IepeMeHHBIX «CHIKe-
HUe o0beMa MPoJaX» U «YBeludeHue OIoaKeTa Mpo-
rpaMMbl» OyleM MCIIOJb30BaTh TEPM-MHOXECTBO
T4 = { He3nauumenvnoe (1), Ymepennoe (2), Kpumuunoe
(3), Kamacmpoguueckoe (4)}.

B ma6a. 6 orpaxeHa npenyioxkeHHast SKCIepTaMu 3a-
BHCHMOCTb CITOCOOOB pearupoBaHUsl Ha PUCK OT CTe-
MEeHU BIUSHUS pUCKA Ha O00BbEM MpOJAX U OIOMKET
MIPOrpaMMBI.

J71s1 OLeHKM CTETNEeHU BIUSIHUSI PUCKOOOPA3YIOIIUX
(hakTOpPOB HA UTOTOBBII PUCK, BO3ZMOXHOTO CHUKEHMUST
o0beMa MPOAAX U YBEIWYEHUS OI0KeTa MPOTrpaMMBbl
Ha OCHOBAHWU JaHHBIX mabs. 4 n 5 chopMupoBaHbBI
JIBe 0a3bl MpaBWJI HEUETKOTO BbIBO/IA B BUIIE:

€CJIM TTOChLIKA @, [1/1Iv MOChUIKA aj] TO 3aKJIIOYEHME b, .

ua) 11
1
] a
1 1
I
06 1 !
1
1
:
1
02 [
1
1
0 — a
0 0.2 0.6 1
MarioBeposiTHO - - BEPOSATHO
............. ~ BO3MOXHO ~ 04eHb BEPOSITHO
(@) 1 g mm g g 7"
| / B
/
i /
0.6 /
0.2
"\
0 T a
0 10
HI3Kas BbILLE CPEAHEro
-~ HIDKE CPEHEr0  — — — BbICOKas
cpeaHsst

®dparMeHTHI 6a3bl TPAaBUII TIPEACTABICHEI B maba. 7.

Tabauya 7.

HeueTtkue npaBusia Moaenu (pparMenr)

Mocbinka

«BO3MOXHOCTb peanuaamm
hakTopa X, » Manoseposmua
W «<CUNa BO3AIICTBIAA (DaKTOpa X, »
Kpumuunas

3akniouenue

CTeneHb BNAHUS (hakTopa
Ha UTOTOBbIA PUCK —
Hudxce cpedHe2o

«BO3MOXHOCTb peanu3auuy dak-
T0pa X, » O4eHb 6epoAmHa N
«C/ina BO3AENCTBIA (haKTOpa X, »
Kamacmpoguueckas

CTeneHb BANAHNS (hakTopa
Ha UTOTOBbIA PUCK —
8blCOKasA

«CTeMNeHb BNNAHNSA X » HU3Kas

yBEINYEHINE BIOKETA NPOTPaMMBbl

He3HavumenbHoe
«CTeneHb BINAHNA X CHIDKEHIe 06bema npoaax
B8bICOKAA Kpumu4yHoe
u(a) 1 R -
S 6

1
E 1
|
06 :
1
1
:
1
0.2 1 !
1
1

0 T — a
100

HE3Ha4uuTeNlbHad - - - - - KpUTN4HASA
............. = YMEepeHHas KaTaCTpOdJW'leCKaﬂ

(@) 1

HE3Ha4MTENbHOE

............. - yMepeHHoe

KpUTIYHOE
KaTacTpodu4eckoe

Puc. 1. DYHKUUN NPUHAANEXHOCTI TEDM-MHOXECTB Mogenu: a— 71, 6 -T2, B—T3, r—T4

74

bUSHEC-HH®DOPMATHKA Ne3(29)-2014 r.



[ ettt

©
—

HI3Kast
HIDKE CpeaHero
CcpeaHan
BbILLE CPe/Hero
BbICOKas

Puc. 2. DYHKUMA NPUHAANEXHOCTU HEHETKON NEPEMEHHOI
«CTerneHb BO3AENCTBUSA PUCKOOOPA3yHoLLMX (DAKTOPOB
Ha TOrOBbIN PUCK»

Ha stane gasz3uguxayuu 66111 moaydeHbl QyHKIIAU
MPUHAIJIEXHOCTU I BXOAHBIX U BBIXOMHBIX Iepe-
MEHHBIX HeUeTKO# Monenu. Beidbop ¢yHKLUI MpuU-
HaIJIEKHOCTH MPOBOIMJICS 3KCIIepTaMU B COOTBET-
CTBUM C PEKOMEHIALUMSIMU, IMPUBEAeHHLIMU B [15].
ITo BUIy TMCKPETHBIX PSIAOB, MOTYYEHHBIX ITOCIE 00-
pabOTKM SKCIEPTHHIX TaHHBIX, allIIPOKCUMHUPYIOIIH -
MU PYHKIOUSIMU JUIST OIMMCAHUS TepM-MHOXecTB 11,
T2, T4 BBIOpaHBI Z-TapMOHMYCCKUI cIutaitH, ['ayc-
coBa (pyHKIUSA, S-TapMOHUYECKHUI cIIaiiH (puc. 1),
IUIST TepM-MHOXecTBa 13 — TpeyroyibHble (hyHKIIUU

(puc. 1).

Ha stane aepeeayuu nist Bcex mpaBul Mmoaeau (maba.
7) OBLIM BEIYMCIIEHBI UICTUHHOCTHBIC 3HAYCHUS TIpe/I-
MOCHUTOK. B MTaHHOM MpuMepe 3T0O MUHUMYM U3 BCEX
BO3MOXHBIX 3HAYEHMII COOTBETCTBYIOIINX (DYHKIIMIA
MpUHALIEXKHOCTU (min-konsionkyus) [12]. dus moay-

ua) 1
0.8

0.6
0.4

02

0 0.2 0.4 0.6 0.8 1

YeHUS 3HAYCHMST BHIXOMHOM HEYETKOU IepeMEHHOM B
aJITOPUTME MCITOIb30BaICSI MUHUMU3UPYIOIIUIA JIOT Y-
YeCKUil BLIBO, (min-axmueusauus).

Ha srane akkymyasayuu no npoBeIeHHBIM Ha MPEabl-
JIyILIeM Ll1are BbIYMCICHUSIM MOJyUYeHbl: HEYETKHE MHO-
JKECTBa JJIS1 BHIXOAHBIX MEPEMEHHbBIX — «CTEMeHb BO3-
JIEeWCTBUS pUCKOOOpa3ytolux ¢hakTopoB Ha UTOTOBBIMI
puck» (puc. 2), «CHUXeHHEe 00beMa MPOIaXK», «yBEIH-
YeHHue OromKeTa IIporpaMMel» (puc. 3).

BrimtoHeHMe 3Tama deghaszsuguxayuu TIpeaInonaract
HCTIOJIb30BaHUE METO/A IIEHTPA TSKECTH IS TTOTyde-
HUSI YMCJIEHHBIX OLIEHOK BBIXOJHBIX MTepeMEHHBIX [14].
J11s1 mepexoa OT Ka4eCTBEHHBIX KATErOPUiA OIMCAHUS
M OLEHKM K KOJHWYECTBEHHBIM OYyIeM HCIIOIb30BaTh
JEeCSTUOAJTBHYIO IITKAITY.

Pe3ynmbraThl pacyeTOB MOKAa3ajy ClIeayolee:

4 «CrerneHb BO3IEUCTBUSI pUcKooOpasylomux dak-
TOPOB Ha UTOTOBBIN PUCK» MPOTPAMMBbI ITPOABIKEHUS
Oonm3ka K cpeaHeir u pasHa 3,817. IlpeHeOperaTh 3a-
BUCHUMOCTBIO TaKOW CWJIbl BO3AEWCTBUS HE CIEAYET U
B aJbHEHIleM peKOMEHIYeTCsl MCCIeN0BaTh CTeNEeHb
BJIMSTHUS BBIIEICHHBIX (haKTOPOB Ha OTAEJbHBIE MEPO-
MIPUSITHS IIPOTPAMMBI.

4 «CHmmxeHMe 00beMa TIPOIaXK» MOXKET OBITh OIICHE-
HO Kak («yMepeHHoe») U paBHO 0,246. CieayeT oXu-
JaTh, YTO MPU HACTYILJIEHUHU PUCKa 00BEM MPOAaX MO-
JKET YMEHbBIIUTHCA Ha 25%.

4 «YBenmueHue OI0IKeTa IPOrpaMMbl» MOXKET OBITh
OIIEHEHO Kak («He3HauuTedbHOe») W paBHO 0,045.
BromxeT mporpaMMbl TPOABUXKEHMSI MOXET MOTpedo-
BaTh yBeJINUEHHUs Bcero Ha 5%.

B 1ienoM mo pesysibTaTaM pacueToB, CIEHYSI PEKO-
MEHIALMIM 9KCIEPTOB II0 YIPABICHUIO PUCKAMU
(maba. 6), MOXHO TTIOPEKOMEHAOBATh PYKOBOIUTEIISIM
MPOTrPaMMHOTO TIPOEKTa MPHUHSITL CTPATETHIO CHITKE-

HUs pyucKa.

wa)
0.8

06
0.4

0.2

Puc. 3. OYHKUUN NPUHAANEXHOCTA BbIXOAHBIX NEPEMEHHbIX. a — «CHIDKEHME 06bema NpoaaxX» 6 — «YBenuyeHue OrmxeTa»
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5. 3akmouyeHune

[MoygyeHHBIE Pe3yJabTaThl B IMPAKTUYECKOM IUIaHE
MOJIe3HBl pyKoBomuTeasiM Manblx MT-KommanHmii, a
Takke MapKeToJjioraM IIpU peIlleHWHU 3amad IPOIBH-
JKE€HUsI Ha TIPOMBIIIJICHHBIE PHIHKA HOBBIX TOBApOB.
IIpenmoxeHHbIE B CTaTbe MHOXECTBO PHCKOOOpa-
3ylomux (akTopoB U MOAEJb OLIEHKU PUCKOB MOIYT
HCITOTb30BaThCsI KOMAHIOM MPOEKTa MPH CaMOCTOS -
TEJTEHOM TIPOIBMKCHIH TIPOTPAMMHBIX IIPOAYKTOB, HE
npuberas K ayrcopcuHry. Mepapxuyeckass CTpyKTypa
KjnaccuuKaluyu AejaeT €€ OTKPbITONH. MeHeakephl
MOTYT TOOABJISITh B Hee HOBBIE DJIEMEHTEHI, IIPHCYIITNE
KOHKPETHOMY IIPOEKTY, IIPU 3TOM SJIEMEHTEI MOTYT JIO-
0aBJIITHCS Ha JI0OOM YPOBHE UEpPAPXUU.

Hcronp3oBaHre MaTeMaTHUECKOTO alrapaTa HedeT-
KOI JIOTMKU TO3BOJIIET 3KCIepTaM paboTaTh C Iepe-
MEHHBIMU, OIMCAHUSI KOTOPBIX CYILECTBYIOT TOJIbKO
B MHTEPBAJIBHOM BHJIE (B KAY€CTBEHHBIX KATETOPUSIX)
0e3 1mepexona K CpeIHUM 3HAUYEHUSIM WM K paHraM.
[MocTpoeHHast MOJe/b He YyBCTBUTEJIbHA K KOJIUYE-
CTBY BXOIHBIX JAHHEIX: TIPY YBEIMUCHUN WJIN YMEHbB-
IIEHUM KOJMYECTBA PUCKOOOpasyolux (akTopoB
COOTBETCTBEHHO YBEJIMYMBAETCS WM YMEHBIIACTCS
KOJIMYECTBO TIPaBWJI BEIBOAA, JIOTUKA MOJIEIY IIPU 3TOM
HE MEHSETCsA. DTO MO3BOJISIET UCIIOJIB30BaTh MOJCIIb
JUISL OLIEHKM PMCKOB HE TOJIBKO IIPOrPaMM ITPOIBIKE-
HUSI Ha PBIHOK MTPOTPAMMHBIX ITPOIYKTOB, HO ¥ PUCKOB
IporpaMM IpPOABMKEHUSI HOBBIX TOBapoB. W
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7 This paper discusses the issue of risk assessment and analysis in development and implementation of a software promotion\
scheme, and demonstrates feasibility of fuzzy analysis as a mathematical tool for this purpose. It formulates the marketing goal
of the scheme as being «to achieve the target sales within the specified period of time under a limited budget». Given the clear logical
connection between the goals of the scheme and the associated risks, the paper identifies three types of risks: failure to meet
scheme implementation schedule, failure to meet target sales, failure to stay within the budget. Based on analysis of available
publications, risk-contributing factors have been identified, a classification of such factors and their qualitative and quantitative
characteristics have been offered. A real case study of building of a fuzzy risk assessment and analysis model for market launch
of a Web-oriented geo-information technology for an enterprise master plan has been considered. The analysis has identified
eleven input linguistic variables (risk-contributing factors) having impact on scheme risks and three output variables (degree of
factors’ impact on the total risk of the project, budget overrun rate and target sales achievement rate). Two databases of rules
have been built: the rules of the first database are used to determine the degree of factors’ impact on the total risk. The rules of the
second database are applied to determine the risk exposure of the main goals of the scheme. The authors have used Mamdani’s
fuzzy inference algorithm to calculate values of each of the risks and to offer their risk response scenarios. In practical terms the

Kresults are useful for heads of small IT companies and marketing experts in promotion of new products in industrial markets. Y
\ /

Key words: risk classification, risk assessment, software projects risk management, risk-contributing factor, qualitative
description of risk, risk quantification, risk categories, fuzzy logic method, Mamdani’s algorithm.
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