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The XVII International Conference “Complex Systems: Control and Modeling Problems”
(CSCMP’2015), was held on June 22-25, 2015 in Samara (Russia) by the International Association
for Mathematics and Computers in Simulation (IMACS), National Committee of Automatic Control
of Russia, Samara Scientific Centre of Russian Academy of Sciences, Institute for Control of
Complex Systems of Russian Academy of Sciences (ICCS RAS) with the participation of the Volga
Region University of Telecommunications and Informatics and Smart Solutions Company (Samara,
RF).

The Conference was funded according to the project Ne 15-08-20411 of Russian Foundation for Basic
Research.

The conference reports were presented on the following sections:

Resources Management at Machinery Plants;

Aecrospace Flights Control;

Management Processes in the Society (in Social, Economical and Political systems);
Information Technologies in Control and Management Systems;

Theory of Optimal Control and its Applications;

Ergatic Systems and Technogenic Medium;

Control in Complex Technical Systems;

Measuring, Control and Diagnostics in Extreme Conditions.

The scientists from universities and research institutes of Bulgaria, Czech Republic, Germany, Great
Britain, the Netherlands, and Portugal participated at the conference. The Russian participants
represented the Russian Academy of Sciences, research institutes, universities, research and
development centers, enterprises and governmental authorities.
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XVII Mexnynaponnass koHdpepenuus «[IpoGiembl yrpaBieHHs U MOJEIHPOBAHUS B CIOXKHBIX
cucremax» (ITYMCC-2015) mposogmnace B T. Camape (Poccust) ¢ 22 mo 25 wrons 2015 roma
MexayHapoaHOW accolanyeif MO MaTeMaTHYeCKOMY M KOMIBIOTEPHOMY MOJAEIMPOBAHUIO
(IMACS), Poccuiickum HarmonanbHbIM KOMHTETOM IO aBTOMaTHYECKOMY yIpaBieHuio, CaMapcKkum
Hay4HBIM IeHTpoM Poccuiickoit akanemuu Hayk, MHCTHTYTOM NpoOJieM yNpaBlICHHs CIOXHBIMH
cucremamu  Poccuiickoit akamemmun Hayk (MIIYCC PAH) mnpum ywactum IloBomkckoro
TOCYZapCTBEHHOTO YHHBEPCHUTETa TEJIEKOMMYHHKaUMi ¢ HMHO)OPMATHKH, a Takke HaydHO-
MIPOM3BO/ICTBEHHOM KoMItaHnu «Pa3ymusle pemenus» (r. Camapa).

Kondepennusa mnomyurmina ¢GUHAHCOBYIO MOAnepk Ky Poccuiickoro ¢oHma ¢yHIaMeHTanbHbIX
nccrnegoBanuii (mpoekt Ne 15-08-20411).

Ha KOH(I)epeHHI/II/I ObUIH MpEACTAaBJICHBI JOKJIAAbI IO CIACAYIOIHUM HAITPABJICHUAM!

e VmpaBieHHE pecypcaMH Ha MAIIMHOCTPOUTENbHBIX MPEAIPUITHAX;

e VmpaBieHHEe KOCMHUUYECKUMH NOIETaMU;

ITpouecce! ynpasieHus B 0011ecTBE (B COIMAIBHBIX, SKOHOMUYECKUX
1 TIOJIUTUYECKUX CHCTEMAX);

WudopmannonHble TEXHOIOTHH B YIPaBICHNH;

Teopust ONTUMAIBLHOTO YIPABIECHUS U €€ IPUIOKECHHUS,
OpraTudecKre CUCTEMbI M TEXHOT€HHbIE CPEJIBI;

VYrpaBieHUE B CIIOKHBIX TEXHUUECKHX CUCTEMAX;

I/I3MepeHI/I$I, KOHTPOJIb U JUAarHOCTUKA B DOKCTPEMAJIbHBIX YCIOBUAX.

B xoH(epeHINY MPUHSIIM ydacTHe Y4eHble U3 YHUBEPCUTETOB M HAy4YHBIX yupex/eHuit bonrapuu,
BenukoOpuranun, ['epmannu, Hunepnannos, [Topryrammu, Yemckoit pecriyomuku. OTedecTBeHHbIE
y4deHble peAcTaBiIsu Poccuiickyto akaieMuto HayK, HAy4HO-UCCIIEA0BATEIbCKIE HHCTUTYTHI, BY3Bl,
Hay4HO-TIPOU3BOJICTBEHHbIE OOBEAWHEHUS! M TPOMBINIICHHBIE MPEANPHATHS CTPAHbl, OpPraHbI
roCyJJapCTBEHHOH BIACTH.
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Abstract

As the rapid development of digital technology caused a step-wise increase in complexity of our
socioeconomic environment, it became obvious that we are evolving towards a richly intercon-
nected, complex global society and no nation or any other constituent element of this Global Vil-
lage will be able to exist and prosper independently. Also, there is ample evidence that under
new conditions traditional management approaches are not longer effective. Complex political,
administrative and business organisations are capable of self-organisation and therefore they can
adapt to changes in their environments without any external management intervention. Does self-
organisation inevitably lead to self-management?

Introduction

Complexity is an inherent property of many systems that constitute the environment in which
we live and work, namely, ecological, biological, thermodynamic and social systems (including po-
litical, administrative, economic, business and socio-technical systems). Until recently levels of com-
plexity of social systems were low and consequently complexity was largely ignored. However, with
the rapid development of digital technology the situation has changed, particularly when the Internet
transformed the world into a “global village” and linked regional and national markets into a single
“global market”.

Many researchers have contributed to the understanding of complexity, notably Prigogine [1, 2],
Kaufman [3], Holland [4] and many others. As always at the onset of a paradigm shift there are sev-
eral competing “schools” of complexity science.

This paper is based on pioneering work on developing experimental science and art of Manag-
ing Complexity [5] but it goes beyond that and asks a question: Will self-organisation inevitably lead
to self-management?

Let us start by reviewing the definition of complexity, re-examining the demarcation between
deterministic, random and complex systems and revisiting the co-evolution of technology, economy
and society.

What is complexity?

Complexity is a property of open systems that consist of a large number of diverse, interacting
components, often called agents. Complex systems can be distinguished from other systems by the
seven features: connectivity, autonomy of agents, emergent behaviour, nonequilibrium, nonlinearity,
self-organisation and co-evolution.

Connectivity - Agents are interconnected. Complexity of the system increases with the number
of links that connect agents to each other. Complexity also depends on the strengths of links. The



weaker the links between agents, the easier is to break them and form new ones, which increases sys-
tem complexity.

Autonomy of Agents - Agents have certain freedom of behaviour (autonomy), which is always
limited by norms, rules, regulations, and/or laws. The increase in autonomy of agents increases com-
plexity and if all constraints on agent behaviour are removed the system switches from complex to
random behaviour. Inversely, if autonomy of agents is reduced (by tightening of laws and regula-
tions), the system complexity will decrease, and in the extreme, the system will become determinis-
tic. Complex systems have no central control.

Emergent Behaviour - Behaviour of complex systems emerges from the interactions of agents
and is not predictable and yet it is not random. Uncertainty about the outcome of agent interactions is
always between 0 and 1.

Nonequilibrium - Complex systems are subjected to perpetual change experienced either as a
succession of discrete disruptive events or as a slow, imperceptible drift into failure. Frequency of
disruptive events varies with complexity. In systems of high complexity disruptive events occur so
frequently that the system has no time to return to stable equilibrium before the next disruption oc-
curs. When complexity levels are very high the system is said to be at the edge of chaos because the
uncertainty of behaviour is close to 1.

Nonlinearity - Relations between agents are nonlinear. Nonlinearity may amplify a small, in-
significant disruptive event and cause a catastrophic outcome (an extreme event), the property called
butterfly effect. Butterfly effect increases with complexity. In complex systems outcomes are, as a
rule, consequences of numerous interacting causes, and therefore the cause-effect analysis is inappro-
priate.

Self-organisation - Complex systems have a propensity to react to disruptive events by
autonomously self-organising with the aim of eliminating or, at least, reducing consequences of the
disruption, the property called adaptation. Self-organisation may be also caused autonomously by a
propensity to improve own performance, the property called creativity or innovation. To initiate and
perform adaptive and creative activities the system must be intelligent. Intelligence, adaptation and
creativity are properties exclusive to complex systems and their levels increase with complexity.

Co-evolution — With time, complex systems co-evolve with their environments. Co-evolution is
irreversible.

Complex versus Deterministic and Random Systems

The term deterministic implies that uncertainty is equal to zero, whilst the term random means
that uncertainty is equal to one. Complex Systems have uncertainty value between zero and one. Low
complexity systems have uncertainty close to 0 and their behaviour differs little from the behaviour
of deterministic systems. Highly complex systems with uncertainty close to 1 are “at the edge of
chaos” and their behaviour is characterised by features such as self-organisation, generation of un-
predictable extreme events and co-evolution.

The distinction between complex and deterministic systems is very important and has philoso-
phical repercussions. For centuries eminent philosophers and scientists have believed that the world
is deterministic — that it behaves in accordance with natural laws in a predictable manner and that any
uncertainty of outcomes is a result of our lack of knowledge how the world works. In other words, for
supporters of determinism the world is complex only for those who do not understand it.

A more plausible alternative view has been put forward recently by Prigogine [1, 2]. The world
is inherently complex and it evolves with time. Future is not given; it emerges from the interaction of
billions of activities performed by constituent agents, including people, animals, plants as well as
natural forces such as climate, erosion, volcanic eruptions, and solar spots. Only certain limited parts
of the world can be represented by deterministic models, such as Newton\s laws.



Co-Evolution of Technology, Economy and Society

Historically, complexity of social and economic systems increased in steps, driven by the ad-
vances in technology and at each step the impact on the way we live and work was dramatic.

During the transition between the agricultural and the industrial societies the rapid migration of
the population from the countryside to the cities, to take advantage of new employment opportunities,
increased the social connectivity in the increasingly dense cities and, as a result, raised the level of
social complexity. The massive movement of population caused well-documented disturbances as a
rigid, traditional social order based on land ownership was replaced by a chaotic transition, which
then settled into a new social order based on ownership of capital.

The current transition from the industrial to the information society, which began after the end
of the World War 2 with the invention of computers, is particularly notorious by the very steep in-
crease in social complexity caused by the rapid spread of digital technology, which offers unparal-
leled social connectivity (social density) but this time without any need for the population to move.
Now we can form communities of interests across the globe. Distances do not matter anymore.

Thanks to digital technology, participants in the information society interact faster, more fre-
quently and with greater number of correspondents than ever before. In the year 2013 approx. 3 bil-
lion people have used the Internet, which is more than 40% of the total number of people on the
planet and, according to the Time News Feed, up to 6 billion people had access to a mobile phone.
An astonishing increase in connectivity causing an accelerated growth of complexity.

As connectivity increased we have experienced a very important shift from nation-centred in-
dustrial markets to the global economy dominated by knowledge-based services. In the industrial
economy money could buy any knowledge needed for business. In the knowledge economy the
knowledge how to solve complex problems can attract investments that are required to start and sus-
tain an economic activity. Pioneers of the knowledge economy, founders of knowledge-based com-
panies such as Apple, Google, Amazon, Microsoft and Facebook, are the new economic elite. The
shift of mass manufacturing from the developed to the developing countries is a part and parcel of
globalisation. However, the replacement of mass manufacturing by knowledge-based services as the
main wealth creation activity occurred only in the countries where there exists expertise in advanced
IT and a large number of high-class knowledge workers: researchers, designers and decision makers
in financial services, IT, engineering, consulting, construction, architecture, entertainment, media,
etc.

Big monolithic corporations are the product of the Industrial economy, which was characterised
by stable markets generating steady demands for identical, mass produced goods. Big corporations
were designed to be rigid and permanent and they thrived in the era when the Economy of Scale was
the key success factor. The new complex global market is the enemy of anything big and rigid. The
new critical success factor is Adaptability and therefore we can safely assume that large corporations
will not have an easy future, with the exception of those that manufacture uniform products exempli-
fied by nappies or nuts and bolts.

However, big corporations have a remarkable ability to survive and many will re-invent them-
selves and continue in a more appropriate format. The organisational structure that is the most suit-
able for delivering to perpetually changing markets is a network of self-contained production units,
each having a unique expertise (knowledge resource), often referred to as Virtual or Digital Enter-
prise.

The concentration of data on financial transactions, on communication with friends and business
associates, and on individual mobility in huge “clouds”, by organisations such as Google, raises im-
portant questions on individual privacy. It is only natural to expect that those who have knowledge
about us will try to use this knowledge to manipulate our behaviour. Knowledge is power. Who will
exercise this power acquired by accumulation of digital data about every aspect of our life? Will a
private company (possibly in collusion with a government intelligence service) manage to acquire



sufficient quantity of data to establish monopoly of knowledge? Or, can we expect that the process of
natural selection will ensure the distribution of knowledge? It is safe to be an optimist. Evolution
favours complexity, which implies diversity and distributed decision making rather than centralisa-
tion, although the process is slow and by no means smooth.

Fig. 1 shows the emerging global network as all texts, images and videos/films are digitised (the
Internet of Documents), more and more people are connecting through mobile devices and the Inter-
net (the Internet of People) and objects of practical importance to humans are furnished with elec-
tronic tags enabling them to communicate with each other bypassing their users (the Internet of
Things).

Fig. 1 Global Network supporting Global Village

Co-Evolution of Nations, Regions, Cities, Businesses and Social Organisations and their
Environment

In a richly interconnected, complex world, which is slowly but inevitably becoming the Global
Village, no nation, region, city, corporation or business, big or small, can exist, operate and grow
independently. The pull from the other Global Villagers to participate and share is too strong to resist.
Co-evolution of constituent agents and their environment leads to the truly global, complex society,
which is a dynamic ever-changing network of organisations and individuals rather than a monolithic
giant.
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Figure 2 illustrates co-evolution of technology, economy and society within every constituent
unit of the global village, combined with the co-evolution of constituent units and the global whole.

Society invests into technological innovation; new technology affects the exchange of products
and services, which in turn changes society. This process takes place within a nation and between
nations, perpetually increasing global connectivity and, consequently, global complexity.
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Fig. 2 Co-evolution of organisations and their technological, economic and social environments

Surviving and Prospering in a Complex World

Many of us have been brought up in Newtonian deterministic tradition and feel comfortable in
well-defined stable situations. We crave simplicity and predictability. As it happens, complexity of
the environment in which we live and work is relentlessly increasing and it now intrudes into every
aspect of our existence. The increase in complexity is disruptive; by making our well-established
systems and processes ineffective, it forces paradigm shifts opening up opportunities for creating a
new order in society, politics, law, policy, education, research, business, design, engineering and
elsewhere.

To take advantage of new opportunities it is necessary for individuals and organisations to de-
velop the so called “complexity mindset”, which, in a nutshell, consists of believes, principles and
methods that define the relation between an individual or an organisation and the ever changing
world to which they will have to adapt. A new scientific discipline entitled Managing Complexity
contains a growing collection of concepts, principles and methods for successfully living and work-
ing under conditions of complexity [5]. Some of the key concepts and principles are briefly outlined
below.

By definition we don’t have control over our environment and therefore we cannot control its
complexity. The best strategy for coping with external complexity is to develop capacity for adapta-
tion, which implies designing complexity into our processes and structures remembering that only
complex systems can self-organise and adapt.



Adaptability is the most important success factor in the new reality. To be adaptive means to be
able to achieve desired goals under conditions of frequent occurrence of unpredictable disruptive
events, which are a hallmark of complexity. Adaptability is achieved by rescheduling affected re-
sources to eliminate or, at least, to reduce consequences of a disruptive event before the next one oc-
curs.

Key requirements for adaptability are:

. Distributed rather than centralised decision making
. A sufficient redundancy of resources to enable unpredictable rescheduling
. Availability of technology capable of
. Early detection of disruptive events
. Real-time rescheduling of affected resources
. Continuous improvement of performance to avoid a drift into failure

It goes without saying that to be adaptive an organisation must be complex. And perhaps the
most difficult shift in our worldview that we have to make is to accept that complexity can be very
useful. There is a well-developed science and art of designing complex adaptive systems. This is
largely a trial-and-error process, informed by experience in designing and managing large-scale com-
plex adaptive systems, as described in some detail in [5]. It is sufficient here to note that the level of
complexity of systems/organisations, which we design or control, can be adjusted by changing
autonomy of constituent agents and agent connectivity. Increasing agent autonomy and connectivity
will increase organisational complexity and consequently its adaptability.

Complexity and Management

Management of a social system (a business, an administration, a city, a region or a nation), is
concerned primarily with determining goals and then obtaining and allocating required resources to
achieve these goals. Resources required for achieving social, political, administrative, or business
goals, change with time (see above). In the 21" century key resources are:

. Knowledge

. Capital

. Human resources
. Physical resources

Traditionally, of course, there was always a division of labour — some worked, others managed
— and that was true at all levels. At the national, regional or city levels the role of decision making
(management) belonged to politicians and administrators, whilst professional managers managed
businesses and social organisations.

But how do we manage a complex system, which self-organises when disturbed or when it de-
tects that it drifts into a failure? The simple answer is: self-organising systems cannot be managed in
a traditional sense because self-organisation is, in fact, self-management by stakeholders through a
process of negotiation. Centralised, separate management hierarchy is incompatible with complexity.

The Concept of Self-Management

Every constituent agent (component) of a complex system has certain autonomy and therefore a
power to decide, albeit in consultation with other affected agents, when and how to act. Contrary to
the traditional “command and control” type of management, agents do not wait for instructions; they
initiate consultation with other agents based on their observation of system behaviour [6].

Let us consider a case study of a very large taxi company in London [7], which operates in a
highly complex traffic environment. The company purchased a multi-agent real-time scheduler for
taxis capable of supporting devolution of many decisions to drivers, including: when to start and
when to stop working, which assignment to accept and which to refuse and whether to ask for an ap-
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propriate assignment on their way home at the end of their working day. The devolution of decision
making, although modest, considerably increased profitability and improved motivation of drivers.
More case studies can be found in [5].

Conclusions

There are two important trends, which demand attention of politicians, administrators and man-
agers. The first is the rapid increase in connectivity among political and social organisations, busi-
nesses and technology, which opens up new opportunities for improving prosperity of every nation,
region, city and every commercial or social organisation. The second is the rapid decrease in effec-
tiveness of conventional management methods under conditions of increased complexity of society,
economy and technology and the slow but unstoppable acceptance of the new concept of self-
management.

It is time to start developing complexity mindset.
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Abstract

In the paper, a general mathematical model of multi-agent formations with decentralized multi-
mode control is introduced. The desired dynamic behaviors of formation are formalized as dissi-
pativity and practical stability properties. Unlike known definitions of the formation stability
problem, the proposed formalizations take into account incompleteness of measurements of
proper and relative agent’s motions, control constraints, uncertainties and exogenous perturba-
tion. On the basis of the vector Lyapunov functions, sufficient criteria for a set of the mentioned
dynamical properties as a mission stability property are derived with some application to the
multi-mode formation control design for autonomous underwater vehicles.

BBenenne

PaccmarpuBaercss MOAXOA K YIPABICHUIO IPYNIHMPOBKaMH ((popMarusaMM), OCHOBAHHBIN Ha
KOHLIENIMHN «Inaep-BeoMblid» [1]. OmHOH W3 BaxHBIX MpoOJeM ympaBieHUs (GopMalusIMH
JIBIDKYIIMXCSI OOBEKTOB sIBJIsIETCs oOecrieueHne TpedyeMoil IMHAMUKHY TPH HAJTMYMK HABUTAIIMOHHBIX
U JIPYTUX OLIMOOK M3MEPHUTENBHBIX YCTPOWUCTB, OTPaHUYEHHI Ha PECYPCHI YIIPABICHUS U Pa3IHYHOIO
pona Bo3MymieHui. OpHako, B OOJBIIMHCTBE MCCIEAOBaHUH (cM., Harpumep, [2-8]) ncnonb3yrorcs
JVHEIHBIE MOJENN, OOBIYHO TIPEJIOJIaraeTcsi JIOCTYHHOCTh H3MEPEHHIO BCEX IEPEMEHHBIX
COOCTBEHHOTO JIBHXKCHHUSI OOBEKTOB M, 4YTO OCOOCHHO CYIIECTBEHHO, I1apaMETPOB JBHKECHHS
OTHOCHTENBHO JTHJEPOB. SIBISETCA aKTyaJbHBIM M0 BO3MOXKHOCTH IOJIHBIN Y4eT peallbHbIX yCIOBHI
(YHKIIMOHNPOBAHUS.

IIpy BBIMOTHEHHMU CIOXKHOM TPYNIOBOM MHCCHM MOXKET H3MEHATHCA TakKkKe CTPYKTypa
(opmaruy, Hampumep, BCIEICTBHE COBEPLICHHS CIIOXKHOTO MAaHEBpa, IIPEIONAraroliero
MIEPECTPOCHUE, BHIOBITHS WM NPHCOCAWHEHUS] HOBBIX arcHTOB, W MO3TOMY CHCTEMa YIIPABICHUS
TPyNHoON HEOOXOJMMO CTAaHOBHTCS MHOTOPEKHMHOW, KOTJa IIPH CMEHE peXxuMa, BOoOIIe TroBops,
MOTYT M3MEHATBHCS M DPEryJATOp, W XapaKTepUCTHKH OObekTa ymparieHus. JKemaemas JUHaMUKa
(dopmalu B pa3NMYHBIX PEKUMAaxX IPH 3TOM MOXKET OIPEACIATHCS Pa3HBIMH JTHHAMHYECKUMHU
CBOMCTBaMH, TaK WJINM MHa4Ye, UMEIOIINX CMBICT YCTOMUYMBOCTH (aCUMIITOTHYECKON M IPAKTUYECKON
YCTOWYHMBOCTH, AWCCHNIATUBHOCTH). IIpM 3TOM KOHEYHOE COCTOSHME TEKYLIETO pPeXuMa JO0JIKHO
HaXOJUThCSI B paboueil o0nacTW HavajgbHBIX COCTOSHHMU ITOCIEIYIONIEro, 4ToObl B JalibHEHILEM
obecrieunBasiach BO3MOXKHOCTh «IPABHJIBHOTO»  BBITIOJIHEHUS! TOCIIEAHEr0, U JJIsl 9TOrOo IOJIe3eH
«MHCTPYMEHT», MO3BOJSIIOIIMN HE TONBKO MPOBEPSITh HAIUYME MCCIELYyEeMOro IUHAMUYECKOIO
CBOMCTBA B OTJEJIBHO B3STOM PEKUME, HO M OLICHUBATh KOJIMYECTBEHHO NOKA3AaTENH JUHAMUYIECKOTO
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KAauecTBa, IMPOBEPSAsS HAa UX OCHOBE YCIOBMS COIVIACOBAHHOCTU. B craTbe NpHUMEHSETCS METOJ
aHaJM3a HeJIMHEHHBIX CUCTEM, OCHOBAHHBIN Ha BEeKTOPHBIX (pyHkumsix JlsmyHosa (BDJI) [9,11].

AJIEeKBaTHBIM OINHMCAaHUEM MHOTOPEKUMHBIX CHUCTEM YIIPABJICHUS SIBISIIOTCS CHUCTEMBI C
MEPEKITIOYCHUSAME HIIM THOPHUIHBIC CUCTEMbI, aKTUBHO H3y4yaceMbIe B mocieaHee Bpems. OqHuM w3
OCHOBHBIX amMapaToB HCCICIOBAHUS YCTOMYMBOCTH TaKHX CHCTEM, SIBJSIOTCS 0O0mue (YHKIUU
JIsmyHoBa, 0ZJHAKO U3BECTHBIE PE3yJIbTaThl IPUMEHUMBI IMOKA JAJISl aHaIu3a JOBOJBHO Y3KOTO Kilacca
CUCTEM, TMPEUMYILIECTBEHHO JUHEeHHbIX. B nuTepatype paccmarpuBaloTcs U HEIMHEWHBIE
MMOCTAaHOBKHM, B 4YacTHOCTH, B [12] ¢ momombio oOmmx QyHKumid JlsmyHoBa wucciemyercs
YCTOHYHMBOCTH 0000IIEHHO OTHOPOTHBIX HENWHEHHBIX THOPUIHBIX CUCTEM, HO 3TOT aImapaT Tpedyer
KOHCTPYKTHBH3AIIUH ITOCTPOeHUs (pyHKIwI JIAITyHOBA M OIIEHOK TUHAMHYIECKOTO KauecTBa.

B nmoxmanme marorcs MaTemaTHdeckas MOIENb (OPMAMH W OINPEHCICHUS e KEeIaeMOro
MTOBEICHNSI B YCJIOBHSAX HEMONHOTH MH(OpMAINM, OrpaHMYCHWH Ha YIPABICHUS, MOTPEUTHOCTEH
W3MEpHTENIeH, WCIONHUTEIBHBIX OpPraHOB W Ip. JJIEMEHTOB CHCTEMBI YIIPAaBICHHS OOBEKTOB,
BO3MOXHBIX CTPYKTYPHBIX HW3MEHEHHH, a TakkKe MpH HaIWduu Bo3MylleHWi. I[lpuBomsartcs
ocHoBaHHble Ha BDJI ycnoBusa ucciaeayeMblx CBOMCTB MHOTOKOMITOHEHTHBIX KaCKaJHBIX CHCTEM C
OTNMCAaHNEM TEXHOJIOTHH CUHTE3a HEJIMHEHHBIX CUCTEM YIIPABJICHUS ¢ HeompeaeneHHocTsMu [13] u ee
MPHUJIOKCHUE K YIIPABICHUIO TPYIITUPOBKOM 00BHEKTOB TPH 0OCICIOBAHUH TLIOCKOH 00JIacTH.

1 ®opmanuzauus xeaaeMoi TuHaMuku Gopmanmii

[TycTh B KaXXIOM M3 PEXUMOB, TPEOYIONIMX 00pa30BaHMs WM MOJJIEPKaHUsS KOH(HUTYpaLUH,
OTHOUICHUS «JIHJIEP-BEIOMBII» MEXy 00BeKTaMH B ()OPMAIIUH SIBIISIETCS] OZTHOCTOPOHHUMU (JIHICP B
KaXJIOH Tape He MOXKET paccMaTpHBaThCs B TOHM e Iape Kak BEAOMBIH) W KpOME TOTO HU OJUH
00BEKT HE MOXKET OBITh BEJOMBIM B Iape ¢ 0OBEKTOM, JJIsI KOTOPOTO OH ONOCPEAOBAHHO SBIISUICS
auaepoM (OPHEHTHPOBAHHBIN rpad) HA3BaHHOIO OTHOIIEHMS HE COAEPKHUT 3aMKHYTBIX KOHTYPOB).
Toraga MOHO IOBEIEHUE TPYNIIMPOBKU MOYKHO OIIMCBIBATH CIIENYIOLIEH CUCTEMOM

Xg=fOO-(tng:ug(tsxg)spg(t’xg))’ u(L)T()EYS—, pg()eng3

(1

O __ (e (e (e o o o o

X _f;‘ (t$xi ’S.Ii’u[ s Pi (t,X ))s teT g[()?OO)

o
3nech x7eX7 < R" — Bekrop cocTosHHS i-To o0bekra, X’ =colx — MONHBIA BEKTOp
1
N® .

cocrosaus cucremsl, X7 € X7 =[[L X7, i=0,N? (ungexc 0 cooTBeTcTBYET IMAEPY (pOpMaIUK);

o € — MHIEKC pexuMa QyHKIUOHUpOoBaHus, N — 4KMCcIo areHToB (popManur (3a HCKIKOYEHHEM

nuzepa) B pexxume o ; it i =1,N° J7 — HOMepa JIHMIEpoB I [ -T0 00BEKTA B PEKUME O ,

o _ o o _ O (e .
57 = p(}L s7, s =s;(Xj) — HepeMeHHbIC [ -T0 00BEKTa, XAPAKTEPU3YIOLIHE ero COOCTBEHHOE
A

o _
i

IBIKeHHe (KOOPIMHATHI, YIIbl, CKOPOCTH W 1p.); u; =u; (t,z{,r°,pe;) — YIpaBjieHHE i -TO
00BbeKTa B peXUMe O ; z; =2z; (X{) — BEKTOp U3MEPEHHsI COCTOSIHUS i -TO 00beKTa; 7,” (sl.",s;”_) -
COBOKYITHOCTh M3MEPSEMBIX TIEPEMEHHBIX, OMPEIENSIONINX B3AMMHOE OTHOCHTENHLHOE JIBUKEHHE | -
ro oO0beKkTa Kak BEJIOMOrO M €ro JHAepoB;, po. = po(t,z7,r°)ePg — TOIPeIHoOCTH,
HECTAOHMIIBHOCTD, HEOTPEIENEHHOCTH U3MEPHUTEINEH, MCTIOHUTEBHBIX OPIaHOB U JIPYTUX SJIEMEHTOB
CHCTEMBI yIpaBieHust i -ro o0bekTa; p;f (£,x°) € P° — HEOompeleNeHHOCTH CaMoro i -ro 00beKTa,
BHEIIHUE ¥ MHBIE BO3MYLICHUs; Y ( — MHOXKECTBO YIpaBIeHHH uepa GopMaluu, 3a/I1a101Iee ero
JIOTyCTUMBIE ~ MAHEBDBI,  SBJSIONIMECS TNPHYMHON  HENPEPHIBHOTO  HAPYUIEHHS  KEIAeMON

koH(purypanuu, 1§ — MHOXECTBO BO3MYIIECHHUH, ICUCTBYIOIIMX HA JIHIEPA.
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IIpu cnenaHHBIX MPENIONOKEHUSIX O CTPYKType (opMmauuii mocie MOAXOIAIIEH HyMmeparun

o0bektoB Oymer J7 < {0,i—1} (B wactaoctu, J; = {j;} — singl, j; € {0,i —1}, ecnu 0ObeKT Kak

BeﬂOMLIﬁ HUMECT JIMIb OAHOTO JIMACPA; KOrJa BCC Jl-o- OJTHOSJICMCHTHBEI, rpa(b OTHOIICHUI «JIUACP-

BEJIOMBIi» HMEET CTPYKTYPY AEpEBa).

MOXHO BBIICIUTH OCHOBHBIE PEXHMMBI: «cOOP» TPYIIIIBI; HEKOTOPBIH CTallMOHApHBIN pabounii
PEKHM; TEpecTpoeHne, BOCCTAHOBIICHWE WM 0Opa3oBaHHME HOBOW KoH(purypammu. B kxaxmom u3
PEKHUMOB KellaeMoe ITOBE/ICHHE eCTECTBEHHO (hOPMATIM30BaTh OO KaK CBOHCTBO AMCCUIIATHBHOCTH
[14,15], mmbO0 mpaKTHYECKOW YCTOWYMBOCTH CO CBOMMH TpPeOOBAaHMSAMH K ITOKa3aTelsiM,
OIIPE/ICIIIONIMM 3TH CBOMcTBa. Hampumep, K cTaOMIM3upyoMeMy YIPaBICHHIO B 3aBUCHMOCTH OT
pexXHMa MOXKET HPENBABIATHCS OAHO M3 CIEAYIOIUX TpeOoBaHMH: 1) MHHUMH3UPOBATH OIIMOKH
CTa0WJIM3alMM TPYNIBI [0 3aBEpIICHHU IEPEeXOJAHBIX MpoleccoB (pabouuit pexum); 2) mpu
3aJJaHHBIX TpPeOOBaHMAX K TOYHOCTH MAaKCUMH3UPOBAaTh 00NacTh NpHUTsHKEeHHS (oOpasoBaHue
(opmarun); 3) 3a JaHHBIA MPOMEKYTOK BPEMEHH YMEHBUINTh KOHEUHbIE OTKJIOHEHHUS OT JKEJIaeMOH
koH(purypauuu (nmpomax) 10 TpeOyeMbIx 3HaueHHH (BoccTaHoBieHue (opmarun) u ap. [Ipu cmene
PEKHUMOB JJOJDKHA 00ECIIEYMBATHCS UX COTJIACOBAHHOCTD.

JUIst KayKJIOTO PeXIMa o BBeeM oleHounsie Gyrkmn pf (4,,x°7) e R, pC(t,x°) e R4
o o odro o o
u p7(t,x%) € R,’ Kak «Mepb» OTKIOHEHHS TPYMINBI OT JKETAeMOH KOH(HUIypauun B HaYalbHBbI,
TeKymid ¥ (QUHAJIbHBIC  MOMEHTHI ~ BPEMEHH  COOTBETCTBeHHO.  Torma,  momaras
P? =Y{ xTIIj x Hfi ((P? xP,]), NONy4nM ONpEJeIeHNe HXEIaeMoro IoBeleHns (opMaluy Ha
paboumx pexUMax B BUJIE TMHAMHYECKOTO CBOHCTBA (0] , 07 , P ) - Ouccunamuenocmu (A °):
— —d o — — —
A% =38% e R%°(5°+5%) 3B° e RV (B°° B°) F&° € R%“(£°° £°) 317 20 (¢° <77)
2 t,eT" Vx% e X% pf(t,,x") <8 Vp® e P’ Vx%(,1,,x°, p°
VieT, pltx°(t,..)<e% & Vi;2ty+1% p7(t;,x(t;,...)) < ﬁ”l

T.€. CYLECTBYET CTPOTO MOJIOKHTEIBHBI BEKTOp 6°+ 87, TAKOH UTO, €CIIN HAYAIBHBIC OTKIOHEHHS
(opmanui o QYHKIMH p; He MPEBOCXOOAT 5, TO BO BCe BpeMs ABIKCHHUs TeKymue (ha3oBbie
cocTosiHus 10 GYHKUMH o] HE MPEBOCXOJAT KOOpAMHAT BekTopa £°° &7, a mo QyHkuun p7 3a
BpeMs He GolblIee, ueM 77 , ONAAloT B «TPyOKy TOYHOCTHY, ONpeaensemMyio BektopoM [S°° B,
U Jajiee He BBIXOISAT U3 Hee.

3aech: Rf ={ye RF: y >0}, Fi ={ye RF: y >0}, rae R* YHOPSAJOYEHO MOKOOPIUHATHBIM
OTHOIIIEHNEM JacTHYHOTO Topsinka; 7 =[0,+0), T 09 _ MHOKECTBO HAYaIbHBIX MOMEHTOB BpEMEHU
B peXuMe o , T’o =[t,,+©); £ — cMemaHHOe IOKOOPANHATHOE OTHOLIEHHE YaCTUYHOIO MOpPsAAKa B

Rf (HampuMep, cTporoe Mo OJHMM KOOpIMHATaM M HECTporoe Imo Ipyrum). @urypupyromune B

2o _pdi0 -0 _pd So _ pd
onpenenennu Bektopel B° e R/, €79 e R}, 6% € R[* (HEKOTOpbIE KOMIIOHEHTHI MX MOTYT
ObITh M OECKOHEUHBIMM) 33/1aI0T KOJIMYECTBEHHBIE TPeOOBaHMS K OLEHKaM TOYHOCTH, (Da30BbIC

OrpaHUYEHHs B pabOvMX peKMMax M TpeGOBaHWs K pasMmepam obuactu auccunatuBHocTH D (7))

(MHOXeECTBa HadaJIbHBIX COCTOSHUI x’ e x% JUISL ITaHHOTO f, € 7% , TIP KOTOPBIX BBIMOJHIETCS
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BTOpas YacTh 3aKIIOUMTENBHOTO yTBepkaeHus (2) cpodictBa A ). Uucno 7° ompenenser

MAaKCHMAITBHO JOITYCTHMOE BPEMsI IIEPEXOIHBIX IPOLECCOB ¢ P (£5,X"7) < 57 .

CgoiicTBO A © 0OXBaTBIBAET W OIpEEICHHE JUCCUIIATHBHOCTH, B KOTOPOM 3aKIIOUHTEIBHOE
yTBEepKIIeHHE U3 (2) 3aMEHEHO Ha CIIEAyIOoIIee

3) [w €T, (X7 (t,.)) < % & lim pf (6,x° (t,...)) < ﬁ"} ,
t—>0

pUYeM TpeaenbHoe COOTHOMEHHE B (3) MOXKET CUATAThCS PABHOMEPHBIM I10 to,xoa

Ilpu B° =p4° =0 u BO3MOXKHOCTH 3amaBaTh &° =&° MPOU3BOJIBHO MAaJbIM IOJIy4aeTcs
CBOHCTBO (pg , 0, »P7) - acumnmomuueckoi ycmoiuuocmu (AX ), nutepecHoe as pabodmx

PeXUMOB, Korga Jnuaep (opMaluyM CTPEMHTCS JBUTAThCs MO MPEANMCAHHON CTalMOHApHOU
TPAeKTOPHH, JIMIIb OTpaOaTHIBasi OTKIOHEHHUS OT Hee, a BO3MYLICHHs Ha OOBEKTHI, MOTPEIIHOCTH
CHCTEMBI YIPaBICHUS NPEHEOPeKNMO Majibl, MO0 Kak NpeaBapHuTeIbHas 3a1ada IpH 00eCcIIeueHUH
JHUCCUIIATHBHOCTH.

CBOHCTBO mpaxmuueckoii ycmouuueocmu, TpeOyemoe sl HAdadbHBIX U IEPEXOIHBIX
pPeKHUMOB  («cOOp», TepecTpoeHHe, BOCCTaHOBJIEHHE (opMali WIH  pEeKOHHUTYparus),

BBINOJIHSEMBIX Ha KOHEYHOM OTpe3ke Bpemenn 7° = [t7 ,t‘;] , OTIpeieNnseTcs Kak

o _ o dyo . go, <o o _pdro . p0o no o do . 0o =0

[IX% =36° e R{"™ :0°+6° 3P° eRy 1 p°° B° &% eR," 1% ¢

@) Vg €T vx% e X% : pg (17 ,x%7) <57 VpT e P° Vx% (15 ,x"7, p%)
o (o o o o o o o (o8
VieT” p,(t,x°(1,..)<e” & py(ty,x°(t17,.))<p 1

T.c. PaBHOMEPHO OTHOCHTENBHO 3aJaHHs HAYalbHOTO MOMEHTa BPEMEHH f; , €CId Tph ¢ =1
OTKJIOHEeHHs GopMaiyy o GYHKIMH O OTPAHUYEHBI CBEPXY BEKTOpoM 5° € Rfoa , He MEHBILINM
MOKOOPIAMHATHO, YE€M 3aaHHbIA BEKTOP & © , TO B KOHEYHBIH MOMEHT BPEMEHU t? OHH TI0 (PYHKIINH

p7 orpanmdensl BekTopoM £°° 7 u Bo Bee Bpems JBIKeHHA 77 TeKylue $pazoBble COCTOSHUSA
o gyskuun pd He mpeBocxonsT Bektopa £7° £7 .

dopmanu3yeM Telepb JkelaeMoe HoBeleHMe (OpMalUM 1P BBIIOJHEHHMM  Bceii
MHOTOPEKXUMHON MHCCHH. I1ycTh B MOMEHT MEPEKIIOUEHHs PeXKUMa COCTOSHUA Xx°,x° B HOBOM U

CTapoM pEeXHUMax ¢,0 CBA3aHBI COOTHOUICHUEM
s _ o (U o o
5) X =w,(x")eX Vx° e X°.
By,ueM Ha3bIBaTh Mmuccuei M KOHCYHYIO WU GGCKOHe‘IHyIO TI0CJI€A0BATCIIBHOCThH {O'j}
(j=0,J, J<®) pexumMoB o ;€ Y, Uil K&XKJIOTO U3 KOTOPBIX JIBUKEHHE OMUCHIBAECTCS CUCTEMOM
o; o;
(1) m MOMeHT OKOHYAHUSA ¢ /v’ SIBIIETCH HAYAIBHBIM £’ s CIIEAYIOLIETO.

(e

IIpu stoM cumraercs t,’" €T 9941 Ecnm kemaeMbIM s pexuMa o ; SIBIIICTCS CBOMCTBO

o O o (o [o o
[I£"/, ero mpomoKUTENBHOCTh & / moxmaraercs 3amaHHoU (87 =tf’ —1t,’); €CIIM Ke TaKuM

“ [ to
CBOWMCTBOM SIBJSICTCS TUCCHITATHBHOCTH A/, TO MPOJOJDKHTEIBHOCTh ¢ / peXUMa MOXET OBITh
CKOJIb yromHo Oomjpmiod (B T.4. OeckoHeyHOH, korma j=J <o0), W BO BCAKOM CIIyyae
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v o (on
MIPEIoIaraeTcsl JOCTATOYHOW IS TOTO, YTOOBI CHCTEMa JNOCTHrana TpedyeMoil TouHocTd [/ u3

o o
2),re. 7277,
OGoznaunm P 7 10 wm3 ceoiicte A° wm IIZ°, kotopoe TpeOyeTcs B peXUME O .

EcrecrBenHo cunrarh mMuccnto M yenewHoi (yCToi4uBOI), eciu IS KakIOro ee pexuMa o

o e} o
HUMECT MECTO HYKHOC CBOMCTBO P/ nu NEPEKIIOYCHUA TAKOBBI, YTO MNPU MEPEXOAEC Ha CICAYIOINU

(j+1)-if pexum cucrema OKas3bIBAa€TCS Ui HETO B HAYAIBHOM COCTOSHHUM, JOIyCTHMOM

v O )
TpeGoBanusmu coiictea P /" . B cootserctBuu ¢ (5) u popmynamu cgoiicte A 7, TIZ° s storo
JIOCTaTOYHO B MX 3aKJIIOUNTENbHBIE YTBEepKAeHH (2), (4) no6aBuTh

(o [ O O [
& (pg (g Wy o (X7 (] ) <57,
O_j_'+1
[Mony4aembie nocyie Takoro go0asnenus Gopmyisl 6yaeM o6o3Hadars P/

CBoiicTBO ycmotiuugocmu muccuu (MY ) ompenenseTcs Toraa CIeAyIOIHIM 00pa3oM

(6) ME =P® &P &..P71 &P % npuJ <oo; MZ =&, P mpnJ =,

3 MHcciaenopanue nuHaMuku popmanuii merorom BOJI

B nmpuxnazHbIX HCCIENOBAHHAX Ba)KHO HE TOJBKO MMETh BO3MOXHOCTh HMPOBEPKH HAIWYUSA
JKEJTaeMbIX CBOWCTB, HO M BBIYUCIATH KOJMYECTBEHHBIC OIIGHKH JWHAMHYECKHX IIOKa3aTeseH,
XapaKTepu3yoUMX 3TH CBOMCTBA. [ MHOTOpeXHMMHBIX (OpPMalMii 3TH OIIEHKH OKa3bIBAIOTCS
BOCTPEOOBaHHBIMH TaKXXe IPH TPOBEPKE YCIOBUI COTIacOBaHHOCTH pexuMoB. [Ipemnaraercs
NIPUMEHATh METOJ, OCHOBAaHHBIM Ha Hcroib3oBaHun B®JI, xopomo 3apekoMeHOBaBIINKi ceds B
MHOTOYHCIICHHBIX TPUIOKEHISIX [9-11], 0cOOCHHO B 00J1aCTH KOCMHYECKOM TeXHUKH [16,17].

C wWcnonb3oBaHMEM pE3yJIbTATOB 3THX pPabOT M pPE3yNbTATOB IO KadeCTBEHHOH TEOpUH
KBa3UMOHOTOHHBIX au((depeHanbHpIX  ypaBHeHW [18] 3meck TOIy4aroTcs TEOpPEeMBI O
JIOCTATOYHBIX YCIOBHAX M3Y4aeMbIX CBOHCTB JUCCHUIIATUBHOCTH, ACUMIITOTHYECKOH W MPAKTUIECKON
YCTOHYMBOCTH TSI MHOTOKOMITOHEHTHBIX CHCTEM C KacKaJHOW (TPEyrolIbHOW) CTPYKTYpOH CBA3EH
00BEKTOB

(7) Xi:F}(tsxspi):F;(tansgiapi)s t€T9

rie x, € X, cR", p;eP, x! eX] cX,;, x=colx, e X=[[X,cR", i=1,N, iizgojlxi,
Jedi
J; < {l,i—1} — MHOXECTBO MHIEKCOB IIOJCHUCTEM, CBSI3aHHBIX ¢ i-0H, J, =&, T =[0,00) wm

T =[ty,t]. Nnnexc pexxuma o 371Ch U Aanee It KpaTKOCTH OIyCKAeTCs.

BBenem Hexoropsie o0o3HaueHus. Ilycts g(¢,y) — kBa3uMOHOTOHHO HeyObIBarontas [9,10,18],

MOJTyHEIPEphIBHAS CBEPXY M0 Yy, U3MEpHUMas 10 ¢ W HHTETPaIbHO OTPAHMUYCHHAs B KOMIAKTaxX

—k
byuaxmus T, xR+ — R* Taxas, uro g(1,y)= col g;(t,y;,y;), tae T.=T wnma T, =[0,t, —¢,],
i=L,N :

—k.
y= coly,y; e Rik=2k,y, =coly;; g(t,0)>0. CornacHo pesynbrartam us [10,18] cucrema
i=1,N Jjedi -

Oll-pemennii ypaBHeHHs Yy = g(f,y) MOXET HCIOJIb30BaTbcsi Kak cucrema cpaBHeHus (CC).
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— —k
O60o3HAYMM: gi(y)=limsupg(t,y'), Qf = {y eRs:g"(y)= O}, reT =10, o)
y'=y

27

0 T 0 —k © T T —
2*(y) = lim g (%), 0 s{yeR+:g (y)=0}; Ef@=ly, 221 g7 (2 <0,

T—>0
EF@) =y 22, g7 (417) <0f: K@=y, 22 :V4eO1] $(hy.z) < E @),
—k
3nece z= col z; e R+, @;(4,y;,z;) — HenpepbiBHas, HeyObIBaromast mo A €[0,1]  dynkuns
i=1,N
takas, 4t0  ¢,(0,y;,2,) =2;, ¢,(l,y;,2;)=y; (manpumep, ¢ =z; +A(y; —z;)).
Teopema 1 (0 (py,P., P ) -AUCCUIIATUBHOCTH). [Iycmb cyujecmeyiom HenpepoleHbie, LOKAIbHO

qunwuyegvle no X; eekmop-@yukyuu v;(t,X;): T x X, —>Ef’ yoogremeopsiowue Vi =1,N
VCI0BUSIM

D) viltg:x}) < a;(polty,x")) Vig eTy, ¥x" e X7

2) p,x) <b(V(1,X), pr(t,x)<b(W(t,x)) VieT, Vxe X, 2de a;,b.,b, — neyowisarowue

12 7co

Heompuyamenvhuvie gyuxyuu, lima;(#7) =0, v(t,x)= col v;(t,X;);
PN i=1,N

3) v;(taxap) = li_m é(vi(t + Ataxi + AtE(taX:pz)) - vi(tzxi)) S gz(t _tO:V(tax))

At—0,

vty €Ty, Vt,X,p; € Tt0 xXxP;
4) cywecmgyem mouka z € Q°, onn xomopou YVi=1,N mnoocecmsa Ki0 (z) He nycmol, Ons uezo

6 cyuae, K020a yHKYUU g? (y;»2;) cyboughgepenyupyemol no y; 6 mouke z; (8 yacmmocmu,

8bINYKAbL), docmamoyHo, umobwvl  nozumuenvie mampuyst G (z) ¢ onemenmamu
PN e PN o
gl =(g;") (z;,€"), p,v=1k;, 20e (g/*)(z;,e]) — npouszsoonas i -moii KOMROHEHMbL

0 k;
g;" 6 mouxe z; no nanpasienuio koopounammozo opma e; 6 R, Gvuiu 2ypsuyesuimi.

Toeoa cucmema (7) obraoaem c8oticmeom ouccunamusHocmu A .

YcmoBus 1), 2) cBomaT 3amady K aHanm3y auccumatuBHOCTH B CC, 94TO B CBOIO OdYepens,
MIPOBOUTCS 110 AaHAJIOTHH C T0OKa3aTeabCcTBaMH TeopeM 2.3, 2.5 u ciencteuit 2.1, 2.3 u3 [18].

B oriunume oT Teopembl O AMCCHIIATUBHOCTH W3 padoThl [14] chopmynupoBaHHas Teopema,
YUUTBIBAIOIIAs KACKAIHYIO CTPYKTYPY CBSI3CH MOICHCTEM, SIBIIACTCS CYIICCTBEHHO OoJiee ymoOHOMH
JUIS TIPAKTHYECKOTO KCIONIb30BaHMs. Bo-mepBbIX, B Hell ymporrnaercss Beioop B®DJI, mockonbky
nokaneHble BDJI v;(7,X;) MOTyT Temeph Il KaKAOH IOACHCTEMBI CTPOUTHCS HE3aBHCHMO, a BO-
BTOpPHIX, MPOBEpKa OCHOBHOTO ycIoBHA 4), 00ECIeYMBAIOIIETO TUCCHMATHBHOCTD CHCTEMBI
CpaBHEHHsI, MOCTE OTHICKAHWS TOYKU Z, KAK MUHUMAJIBHOTO DEIICHUS CHCTEMBI go(y) =0, TOXE
MO>KET OCYILECTBILATHCS HE3aBUCUMO AT KaXKIoi k, -MepHoii mogcucreMsl y; = g;(¢,y;,Z;) .

Teopema 2 (00 OICHKAax B CBOWCTBE JUCCHUIIATUBHOCTH). B yciosusx meopemvl 1 6 Kauecmee
oyenku [ «npedenbHblx COCMOAHUU» No QyHKyuu P, (OYeHKU nNpedenbHou MOYHOCmU 6

3aKuouumensHomM ymeepoicoenuu euoa (3)) moocno npunsime eexmop 3 =b,(n), 2oe neQ”,
n=coln <z, n=infK”(h), K;(h) — cessnvie mnoocecmea ¢ E(h), cooepacawue K,(z)
i=1,N

(maxas mouxa 1 npu yciosuu 4) ecezoa cyujecmayem).
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B kauecmese enympenneii oyenxu obnacmu ouccunamugnocmu D(ty) no ¢ynkyuu p, moorcHo
d .
83Mb  «NAPALIENENUNEO» Hé(to) ={x"ex’: £o (to,xo) <0}, ede S€R. — moboi eexkmop

makotl, Ymo npu HeKOMmopom yO 2 a(0)= col a;(5) ona eepxnezo peuienus y*(t) ypasHeHus
i=1,N

y= gO(y) c y*(O) = y0 8 KaKou-mo MOMeHM 8pemMeHU >0 b6yoem y* (t*) eK(z)= Hi]ilKi (z) (s
yacmuocmu, y0 € K(z) ).

Jlna ecex npoyeccos c po(to,xo) <0 na ecem npomedxcymxe T, oyenkou no p, ciayvmcum

eekmop & = b, (tn[latgily*(t)) , a Gonee mouno — gynkyus & (1 —ty) =b,(P(t)), 20e () — sepxnee

pewenue CC  y=g(t,y) ¢ y(0)= yO ; 8peMs O00CMUNCEeHUs 3A0aHHOU MOYHOCHU ﬂ* > f
(6pemenu T, o komopoeo p ;(t,x(t,...)) < ﬂ* npu t =ty + T*) He npesviulaen 3HAYEeHUs Tt

maxozo, umo b, G N< A

Bo3MOXXHOCTh 3((PEKTUBHOTO HaXOXAEHHS BCEX KOJMYECTBEHHBIX OIICHOK ITOKa3aTelew,
OTIPEIEISIIONINX JAUCCHIIATUBHOCTD, OYEBHIHO, IIO3BOJSIET NMPUMEHHUTH TEOpPEMY M Ul BapHaHTOB
9TOTO CBOMCTBA C 33/laHHBIMU TPEOOBAaHHMSAMH Ha OLEHKY TOYHOCTH, (pa30Bble OrpaHHUYECHUS WiH (1)
Ha BHYTPEHHIOIO OIIEHKY 00JacTH IuccunatuBHOCTH. [locnenHee yTBepKIeHHE TEOPEMBI ITO3BOJISIET
MIPOBEPHUTH BBIMOJIHEHUE OTPAaHUYCHHS HA BPEeMsl TIEPEXOHBIX MPOIIECCOB B BapuaHTe cBoicTBa D ¢
3aKIIFOYATETBHBIM YTBEP)KICHHIEM (2).

Kak crieicTBre Mosy4atoTest JOCTATOUHBIC YCIOBUS ACUMIITOTHYECKOH YCTONYUBOCTH.

Teopema 3 (o (py,p..ps)—AL ). Ilycmo cywecmsyiom eexmop-@ynryuu  v;(1,X;),
yooegremeopsiowue yciosusm 1) - 3) meopemut 1, a maxaice ycnoguio
4)  g;t0,00=0 npu ecex i=1,N u muoocecmea Kl-0 (0) ne nycmwr (mampuyer G;(0) —

2ypsuessl, Ko2od g?(y[,O) cyoougepenyupyemel no y; 6 mouxe 0 ).

Toeoa cucmema (7) obradaem ceoucmeom acUMRMOMU4eckol ycmouuugocmu AY .

Ilo anamormm c Tteopemoi m3 [19] QopMyIHPYIOTCS 1OCTaTOYHBIE YCIIOBHSI CBOWCTBA
MIPaKTHYECKOH ycToHYnBOCTH cHCTeMEI (7).

Teopema 4 (o (pg,pe,pp)—1E). Iycme cywecmeyrom  eexmop-gynryuu  v,(1,X,),

yoosnemeopsiowue ycrosusm 1) - 3) meopemor 1 (npu T, =[0,t, —1,]), a maxowce ycnosuio

4) b.(maxy() =& &, bt —t,)=/ B, rme P(t) — BepxHee pelICHHE CHCTEMEI
o : .

y = g(t,y) c HauanbHBIM yciosreM 3(0) = a(5), ot 5 - HEKOTOPBIHA BEKTOP U3 Rf" .
Torna cucrema (7) ob6mamgaeT CBOMCTBOM MPAKTHUECKON ycToHunBoCcTH [1X .

Teopema 5 (00 yCTOWYMBOCTH MHCCHH). [lycmb MHOXMCECBO X DA3IUYHBIX PEHCUMOS,
6x005ux 8 Muccuro M, KOHeuHo, 0151 Kajicoo20 pexcuma ¢ € X 8 3a8UCUMOCIU Om mpedyemo2o

ceoticmea (A° wmu TIZC ) evinoanensvt ycnosus meopem 1 umu 4 ¢ BOJ v°(£,x°) u oyenxamu
00NYCMUMbIX HAYANLHBIX cocmosiutl 8° , a makaice credyiouue:
Ly VoW
5 pod x")<bS (v (1§, x ) Vig e TS, VX" € X%, b — neybbisaiowan dynxyus;
6) V(5w (x7)<d (VO (15,x7))  Vi5 €Ty, VX7 € X7, ecnu pedcum & modicem 6 muccu
M nepexuouumocs na ¢ € (W, — ynryus (5) uzmenenus cocCmosnus npu nepekioyenuy

pedwcumos), d ., — neybvisaiowas Gynkyus;
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7)  bi(d (V7)) <5, 20e vi =37 (7)), ko20a ceoticmeom cucmemvi (7) 6 pevcume G AGIACMCA
A%, u v =377 ~17), ko20a smo — ceolicmeo TIZ?; 37(t) — eepxnee pewenue CC,
onpeodeienHoe 8 NOCIEOHUX YCo8usx meopem 2, 4 (npumMenumensHo K pejcumy o ).

Toeoa muccuas M ycmotiyusa (obnaoaem ceoticmeom MZ  (6)).

TeopeMbl pacmupsIOT TEOPETHIECKOe 0OOCHOBAHME TEXHOJOTHH CTPOTOTO aHAIM3a M CHHTE3a
HEITMHEHHBIX pPO0ACTHBIX CHCTEM CTa0WIM3alMiM C TOMOIIbI0 cyOnuHelnsix BOJI [9,20,21],
pPEaNn30BaHHYIO B HECKOJIBKMX BEPCUSX IAKETOB IPOTrpaMM, NOCIENHAS U3 KOTOpPhIX — nakeT «BDJI-
PEIAYKTOP» [22]. Texnonorus mnpeanojaraeT MNpeACTaBICHHE MOJENU CHCTEMBl B OJHOM M3
TUNOBBIX (hOPM, HANPHMEpP, JOCTATOYHO IMUPOKUI KIACC HEIMHCHHBIX MHOTOCBSI3HBIX CHCTEM C
HEONpeIeICHHOCTSIMH, IMHAMKKA KOTOPBIX (BMECTE C HAOIIOIaTeNsSIMU COCTOSTHHSI, BOSMYIIEHUSIMU H

JUHAMHUKON  DSIIEMEHTOB  CHUCTEMBI)  ONHUCHIBaeTcS  (MpH  HEMPEPHIBHOM  YIPABICHHN)
muddepeHManbHBIME ypaBHEHHSAME BUAA!

®) (J; + AT (L)X = (4 + A4 (L)) X + (B + AB () uy + HO,(8,%,,X,,u;, P;),
) u; = ¢(0;..) €R™, 0, = Cyi(m;,..) € R™, 1, = Dix; € R, x; €R", p, eP.

1
3,HeCB () = (taxi’pi)7 A‘]i () ’ AAi () ’ ABi () > cDi () - (byHKI_[I/II/I, 3aJlaromue
HEONPE/ICIEHHOCTH U HEJMHEHHOCTH 00BbeKTa, BHEIIHWE W JPYyrHe BO3MYIUEHHS, a TaKKe CBS3H
MEX]y MOJCUCTeMaMH, JJIsi KOTOPBIX HPEArosaraloTcs 3aJaHHbIMHU JIUIIb OTpaHUYeHus: Vp; € P,
-1 0 0 0 0 ;
|Ji A O =7, | A4, () [< 47, | AB; () |< By, |®;()[<®; +0,(16, ) e R™,
— ®x 9
0, =0,x;,+0X; eR", (O — HeyObBawomas, IOJIyHENPEPbIBHAs CBEPXY BEKTOP-(PyHKIMA,
0;(0)=0 (HepaBeHCTBa MEXIy MaTpuIaMHd (BEKTOpaMH), MOMAYJIH ITOHUMAIOTCS  KakK

nosnaemenTHele); 4;, B;, H;, C., D;, J,-O, A,»O, Bio, 0,, 9,, (D? — TIOCTOSIHHBIE MATPHLbI U
BEKTOPBI COOTBETCTBYIOIIUX pa3MmepHocTei; i=1,N.
Oyaxunn ¢ (o;,...), W;(1;,...) 3aAAOT XapaKTEPUCTUKH HCIOIHUTEIBHBIX OPTaHOB U

M3MEpHTENIEeH ¢ YIETOM HX IOTPEITHOCTEeH, HEONpEeNeIeHHOCTH, HeCTAOMIPHOCTH, HEJIMHEHHOCTEMH,
OTPaHWYEHHOCTH CHTHAIOB (M JApyrux (akTOpoB) H CUHTAIOTCT (YHKIMAMH  Kiacca

SN(&y,¢,K g,Kg) [9,21], comepkamiero MHOTHE THIIOBBIE HEJNMHEHHOCTH, HETUHEWHOCTH

CTaHIAPTHOTO WM PACHIMPEHHOT'O CEKTOPOB TEOPUH abCONIOTHON yCTOHYMBOCTH M ONPENEIIeMOro
COOTHOLIEHUSMH BHJA

(10)  min{K(£-&) - K21 &K < (&) < max{K (£ + &)+ KT 1€ [-K £}
HapaMeTpLI Kjacca K§ , Kg 3a4ar0T COOTBETCTBEHHO HOMHWHAJIbHBIC 3HAYCHUA U JOITYCTUMbBIC

HEOIIPEICICHHOCTY, HECTAaOMJIBHOCTh DIEMEHTOB MaTpHLbl Kod(pduuueHtoB ycuneHus, <&,
OTIpEeJIeTISIET IOy CTHMBIE TIOTPELTHOCTH, 30HBI HEUyBCTBUTEIILHOCTH, KBAHTOBAHKE I10 YPOBHIO U JIp.,
BEeKTOp & XapakTepH3yeT OrpaHMYeHHOCTH (HACBHIIIEHWE) YIpaBIEHUs WIM pabodero auarnasoHa
U3MEpUTENIEH.

OCHOBHBIMH SBJISTFOTCS 337a4H MCCIICAOBAHUS HanOOJIee BaXKHBIX C MPUKIATHONW TOUKH 3PEHUS
JIMHAMUYECKUX CBOWCTB JAUCCUIIATUBHOCTH, ACUMIITOTHYECKOM, IKCIOHEHLIUATBHON U IPAKTUUECKON
YCTOWYHMBOCTH, aHAJIN3 KOTOPHIX BKJOYACT (KAaK IJIABHYIO IIE€b) BBIYMCICHHE BCEX OCHOBHBIX
KonndecTBeHHBIX oneHoK (KO), xapakTepu3yromux 3TH CBOUCTBA:

e TOYHOCTU JOJrOBPEMEHHOW cTabuim3anuu (B CBOWCTBE A ) WIM TOYHOCTH IONAAaHUA B
ueseBoe cocrosiaue (B cBoiicte [12) mo «mepe» p, (ouenku Bexkropa f3);
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e  BO3MOXHBIX (ha30BBIX COCTOSHUI MM 00IaCTU JOCTHXKUMOCTH IO «Mepe» O, (OLEHKU BEKTOpa
& ni QYHKIMH £(¢) ), BpeMEHHU PEeTyIMpPOBaHMs /10 3aJaHHOM TOYHOCTH f > [ ISl IPOLIeCCOB

13 3aJaHHOI'O HAa4YaJIbHOT'O MHO>KECTBA Hé‘ 5
L4 obyactu JUCCHUIIATUBHOCTHU D , [NPUTAKCHUA A wm ApYyTUX AOITYyCTUMBIX (C TOYKH 3PCHUA
MOCICAYIOIIETO BBITIOJHCHHSA KaKOro-TO CBOMCTBa WIIH OLICHKU, HAIPpUMEP, OLICHKU «HpOMaXEl»)

061acTeil HavaIbHBIX COCTOSHHUIA B BH/IE HAMOONIBIINX «Iapauieenunesosy [1° ¢ 3aiaHHbIMH
HAINpaBJIeHUsIMU BEKTOPOB O

e  [I0Ka3aTenel IKCIOHEHLMAIBHOTO 3aTyXaHUs POIIECCOB;

® U IpyI'UX KOJMYECTBEHHBIX OILICHOK MPAMBIX ROKaA3ameneil OUHAMUYECK020 Kauecmad.
«Mepbl» HauaIbHBIX, TEKYIIUX U (UHANTBHBIX COCTOSHUI yI00HO 3a7aBaTh B BUJIC

0 0
(11) pO(X ):| R()X |9 pc(x) :| ch‘a pf(x) :| fo|9
rae Ry, R., Ry —MaTpHIbl COOTBETCTBYOIHX Pa3MEPHOCTEH, R, MMEET IOJIHbI PaHr.

HUcnonezyemsre mist uccnenoBanust BOJI crpositest kak cyOnmuHeHHbIe GYHKIN

(12) V() =ISx; Y= col || S/x||;, 1<k <m, i=1,N,
jzl’ki

rie S; — B ofmem ciydae KOMIUIGKCHas (m;xn;)-MaTpuua padra n; <n;, S/ — ee

rOpU3oHTaNbHBIE (7 X ;) -010KH, Y nj =n;, j=1,k;, | -||; — HeKOTOpast HOpMa B 7;; -MEPHOM
J

MPOCTPAaHCTBE; B YacCTHOCTH, S; — HeocoOeHHas (n; x n;)-MaTpuna, npeodpasyromas MaTpHILy

J

= 71 . .
L, =J; (A,»+B,»KiUiCiK,-,7iDi) «HOMUHAJBHOW» JIMHeapu30BaHHON cuctemsl (8)-(9) x moutn

JIMaroHaJbHOMY WM JpYroMy KaHOHHYECKOMY BHIY, V — OIepanusi arperupoBaHust (110 THITY
HOPMBI) «OJIM3KHX» T10 MOJYJIIO CTPOK [9,21].
CC, orBeuarontas BDJI (12), naxoaurcs B sBHOH (opMe U nMeeT BUJ

. _ _ k. T
Vi =Py +Giq;(y,.y)+R=g,(y;,,y;)) eR",i=1,N,

rae P, — mosutuBHas Matpuna, G;, R, — HeOTpUIaTeNlbHBIE MaTpula W BEeKTop, ¢;(y;,y;)) —

HeyObBatomas, cyonuddepenuupyemas mo y, ¢ynkoua, ¢;(0,0)=0. SIBHble JUHEHHBIE

BBIPa)KEHUS BBIBOAATCA Taioke it GyHKuuil a;,b,,b f,bo, CBsI3BIBArOINNX 3HadeHUs «mep» (11) co

3HaueHussMu BDJI (mampumep, ai(p(xo)) = SRy | p(xo)), a Kpome TOro miid GyHKUMH d_, B
TeopeMme 5, cBs3biBaromux 3HadeHust BOJI npu nepexitouenusx. B urore nonyuarorcst 3¢ GeKTuBHbIE
MpoIeIypsl aHau3a Hy>XHbIX cBoicTB CC u moctpoenus KO.

BakHpIM Ka4ecTBOM NpejaIaraéMod TEXHOJIOTHH SIBJISIETCSI BO3MOXKHOCTb CHHTE3a CHUCTEM C
TpeOyemoil auHaMuKoW. 3amauu cuHTe3a (OPMYJIMPYIOTCS Kak 3a/1add BbIOOpa IapaMeTpoB B
IrOpUTMax yrpasieHus (B T.4. 0OpaTHON CBS3M B JIMHAMHUYECKHX PETYJIATOpax M HalJoaaTensx),
ONITUMHU3UPYIOIINX OILEHKY OCHOBHOTO JUISi pPaCCMaTPHBAEMOT0O PEXMMa IMOKa3aTelsl MPH 3aJaHHBIX
OTPaHMYCHUSIX Ha HEKOTOPBIC U3 OCTAJBHBIX OLEHOK. [0 camoil IOCTaHOBKE IMOydYEeHHBIE CHCTEMBI
OKa3bIBAIOTCS] POOACTHBIMH.

Tak, gns paboumx pPeKUMOB B KadeCTBE OCHOBHOH, ONTHMH3HPYEMOW OICHKH €CTECTBEHHO
MIPUHUMATh OLIEHKY TOYHOCTH CTaOMIM3AINH, YTO IPHUBOAUT K CIEAYIOIIECH 3a1at1e MaTeMaTHIECKOTo
NPOrpaMMHPOBAHMS: HATH 3HaYeHUs napameTrpoB ¢ € Z cuctemsl (8)-(9) (B xauectBe ¢ OOBIYHO

BBICTYTAIOT 3JIEMEHTHI MaTpHUIbl 00paTHBIX cBA3eil C; W, BO3MOXKHO, SJIEMEHTHI IPYrUX MaTpul, Z
— 00J7acTh JOMYCTUMBIX 3HAYEHHH MCKOMBIX IIapaMeTPOB), MHHHMH3HMPYIOLIUX KpHUTepuil
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Jr= a’B, rtme aeR .’/ — BEKTOp 3aJlaHHBIX BECOBBHIX K03(duuueHTos, npu yciosuu D #

(HemycTOTHI 00JIaCTH AWMCCUIIATHBHOCTH); MM Oo0Jee CHIBHOM TpeOOBaHHU °cD, roe 1M1° —
3aJJaHHBIN «Iapajienenumnen.

Jns pexumMoB 00pa3oBaHMS WIM BOCCTAaHOBJIEHHS (DOPMalMM MMEIOT CMBICT Takke 3ajada
CHHTE3a MapaMeTpPOB YIPABJICHUS MO KPUTEPHIO MUHUMYMa BPEMEHH PEryJMpOBaHUs JI0 3aJaHHOMN
TOYHOCTH U3 33JJaHHOTO MHOXKECTBA HayaJbHBIX COCTOSIHUN MM 3a/lada HAaXOXJIEHHs IapaMeTpoB,
o0ecreunBaONIMX MaKCHMAIBHBI pa3Mep OO0JIaCTH JIONMYCTHMBIX HauyaJIbHBIX OTKJIOHEHHH IIpH
3aJ]aHHBIX TPEOOBAHUAX K TOYHOCTH KOHEYHOTO COCTOSIHUSL.

I'maBHOE OTNIMYME W JIOCTOMHCTBO pa3pabdOTaHHON TEXHOJNIOTHMH 3TO, C OJHOH CTOpPOHBI,
CTPOTOCTh PE3yJbTAaTOB, TAPAHTUPOBAHHBIN XapakTep MOMy9aeMbIX CYKICHUH U OLIEHOK, a ¢ JPYToH,
— KOHCTPYKTHBHOCTb, BO3MOXXHOCTh JOBECTH HCCIIEIOBAHUE «I0 4YHCIa». VIMEHHO B OTHOIICHHUH
TOYHOCTHU YHCIIOBBIX pe3ysbTaToB anmnapar BOJI oka3piBacTCsl NPENIOYTUTENBHBIM IO CPABHEHUIO C
JPYTMMH CTPOTMMH KaueCTBEHHBIMH METOJaMu. BakHO, 4TO paccMaTpuBacMble 3aJayd
(OpMYJIUPYIOTCSI HEMOCPEICTBEHHO B TEPMHHAX WHXXCHEPHBIX TPeOOBaHWI K cHCTeMe (IIPSIMBIX
noKasaTesiell TMHaMHYECKOTO0 KauecTBa), pe3ysbTaThl Takke Hoiydarorcss B 3Tod Qopme. [locne
TIPUBE/ICHHUS MOJIENICH K CTaHAApTHOMY BHIY IOCIEAyomue mocrpoeHus u Beraucienus (BOJI, CC,
KO) BbIMONHSIOTCS B 3HAYUTENBHOW Mepe aBTOMAaTHYeCKH. OJTO IIO3BOJISIET SKPaHHUPOBATH OT
HCCJIEZI0OBATENS UCTIONb3YEMbIE CIIELUAIBHBIE, JOCTATOUHO CI0XKHbBIE B MATEMaTHYECKOM OTHOLICHUU
METO/IBL.

4 l'[pvmmlceﬂne K 3aaa4e CKaHMPpOBaHUA IUIOCKOM 00J1acTH

[TokaxkeM nprUMeHEHHE ONMUCAHHOW TEXHOJIOTMM, aHHOHCHUpOBaHHON B [13], mns aHanmuza u
CHHTE3a CHCTEMBI YIIPaBIICHHWS TPYIIHPOBKONH aBTOHOMHBIX POOOTOB B 3ajgade 0OCIeIOBaHUS
IDIOCKOM TMOJBOMHOW OOJIACTH TyTEM €€ MHOTOKPATHOTO CKAaHHUPOBAHWS BCTPEYHBIMH Kypcamu
(«Tyma-obpatHOY») Ipu TpeOOoBaHUN 00ECTIEUCHHUS C 3aJJaHHON TOYHOCTBIO KOH(PHUTYPAIIUH TPYIIIHI BO
BpeMsi pabouux XOJOB. BblAensiorcst cieayrolue y4acTKH JBWXKEHHs TPYMIbL: pabodyHe Y4acTKH
CKaHMWPOBAHUS, YYaCTKH IEPECTPOCHUS] M BOCCTaHOBIeHHs (opmauuu. B mpeamnonoxeHuu, 4to
HABUTAI[MOHHOW CHCTEMOW, MPUEMJICMON IS OTCICKUBAHHUS PACUCTHOIrO JBHIXKCHHsS, 00JazaeT
TOJIBKO JIUAEP TPYNIMPOBKH, & OCTAIbHBIE €€ YJIEHbI MOI'YT U3MEPSATh JIUIIb B3aUMHOE MOJIOKEHHE
(TMCTaHIMIO W YrOJ MeJieHra) OTHOCUTENFHO JINepa Wi ApYT Ipyra, yIpaBieHHe ISl TTOCIeIHNX
Ha YyYacTKaX BOCCTAHOBIICHHWS KOH(GUTYpAaIlMid W CKAaHHPOBAaHUS OylIeM CTPOUTHh IO MPHHIUITY
«JTUJIeP-BEJIOMBIID), a Ha yUaCTKAX MEPECTPOCHUS — KaK IMIPOTPaMMHOE.

Bynem cuuTath, 94TO B TpoIecCe BEHIIONHEHHS OOCIEAOBATEIECKOW MHCCHH YHCIO arceHTOB U
JUACP OCTAIOTCS HEM3MEHHBIMH, ITapaMeTphbl NBIDKEHUS JHCpa IOJHOCTHIO OMpPEICNCHBI, TaK YTO
CHHTE3 yIpaBlieHUs1 TPeOYEeTCsl IPOBOIUTS JIUIIb JUIsl BEJOMBIX 00BEKTOB.

B kauecTBe MaTeMaTHUECKOW MOJIEITH TPYIITEI HA IPOTPAMMHBIX YYACTKaX IPUMEM

(13) X; =vcosd,, y;,=v;sing, 4= i=0,N,
mv; =u; +r, + p;, Jl-a)i=u,»¢+ri¢+pi; i=1,N,

Iae X;, y; — KOOpJUHATHI LIEHTPa Macc 0; i -ro 00beKTa B HEKOTOPOIl HEMOABMIKHOM J1eKapTOBOH
cucreMe KoopAauHat (MHAEKC i =0 COOTBETCTBYET JMAEPY IPYMIIbI), V; — CKOPOCTh (aOCOIOTHAs)

LIEHTpa Macc i -ro 00BbEKTa, ¢, — yrosl Mex/Iy HalpaBIeHHEM BEKTOpa CKOPOCTH U OCbI0 X (Kypc i -

ro o0BEKTa), @; — yIrJoBasi CKOPOCTb; m; — Macca, J; — MOMEHT HHEPIHH [ -TO 00BEKTa; U; , u? —

1 1
JVHEHHOEe M YTJIOBOE YNpaBJeHHUs (TAra W MOMEHT); 7 =7 (v;,...), r,»"j :;3¢(wi,vi,...) — CHJIBI

CONPOTUBIICHUsI JBWXKEHHIO; p;(...), pfj (...) — cuaBl M MOMEHTBI, paccMaTpHBaeMble Kak
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BO3MYIICHHUS (MHOTOTOYHEM 00O03HAaueHa COBOKYIMHOCTHh IMEPEMEHHBIX, BKIOYAs f, OT KOTOPBIX
MOTYT 3aBHUCETh HA3BAHHKIC BEITMYUHEI).

Jnst onucaHusi AMHAMUKU TPYIObl HA Y4acTKaX, [JIe YIPaBICHUE CTPOHUTCS MO MPUHIUIY
«IHAep-BEIOMBIiT», OyIeM HCIOIb30BaTh MOJENb, Moiaydaemyro u3 (13) moOaBneHnmeM Kk Hel
KMHEMATHYECKUX COOTHOIIEHMUIA

5 =v; cos(¢ji — ¢, +35;)—v;c0875;,

(14 . . . T
5;0; = 5;0; +v;8ing; — v, sin(¢; —¢4; +9;), i=1N,

OIIPEICNIAIONINX [BIKEHHE BEJOMBIX OTHOCHTENIBHO CBOMX JHAEPOB. 31eCh O; — Yol MEXAy
BEKTOPOM CKOPOCTU U HalpaBIeHHEM Ha jJujaepa (MeNeHr), S; — PacCTOSHUE MEXy LEHTpaMU Macc
00BEKTa U ero Jijepa (AUCTaHIMsA), j; — HOMEp JuAepa A i -ro 00bekTa (Ul KaKIO0ro BeIOMOTO

BO3MOXEH TOJIBKO OAMH JHAEP). 3AECh U Aajiee HHIEKC PeKUMa ABWKEHHUS TPYIIIBI OIyCKAeTCs, TaK
Kak B KaXIOM U3 PEXKHMOB C TOYHOCTBIO JO IEPECTAHOBKM HOMEPOB OOBEKTOB MOJEINb,
ONHUCHIBAIONIAs JUHAMUKY (hOpMALMH, OJUHAKOBA.

be3zoTHOCHTENBEHO N3y4aeMoro pexuma OyJieM rojiarath, 4To KaXIblii BEIOMBIH 0OBEKT MOXKET
U3MEpATH JIMIIb HEKOTOPbIe IapaMeTphl COOCTBEHHOTO IBIDKEHHS Takue, Kak Vv;, ¢;, @;, a TaKKe
[apaMeTpbl OTHOCHTEIBHOIO ABIDKEHUS CBOMX JIHIEPOB S;, O;. TakuM oOpa3oM, yIpaBieHUE
Ka)JI0T0 00BEKTa TPYIIUPOBKH SBJISIETCS TOJTHOCTHIO aBTOHOMHBIM M HE MIPEAIoJiaraeT Kakoro Juoo
oOMmeHa uH(pOpMaIyei Mex Iy 00beKTaMu (HarpuMmep, Ui CKPBITHOCTH). BbIxonsl u3mepurenei (c

YYETOM UX OIHUOOK, HECTAGUIBHOCTH | JIp.) 0003HAYMM COOTBETCTBEHHO Y€pPe3 V;, ¢, @; U T.1., UX
COBOKYITHOCTB — 77; .

Peoicumvr cmabunuzayuu. B pexumax ckaHupoBaHus (pabo4nxX) M TMPEIIIECTBYIOUIMX UM
pexxumax oOpazoBaHus («cOOpay) MM BOCCTAHOBIICHHUS TPYIIIbI, IPEANONATAIONINX CTA0HIH3ALUIO
(dopmaruu, ynpasiacHue OepeTcst B BHIIE

_ [ [
Up = Ujs +Uje, Up =ujg +uje

roe u;, =u,.(t,n;), u¢ = u¢ (t,n;) — KOMITCHCHPYIOIIME ClIaraeMble YIpaBieHHs, (HOpMHUpyeMbIE C

LEIbI0 MPEOJIOJICHUsI CONPOTUBIEHUSI U MapUpOBAaHUS BO3MYILEHUH HAa OCHOBE HM3BECTHOW 4YacTH
OTIPEICTIIOIINX UX 3aBUCUMOCTEH TaK, 4TO

\u, =+ p) <Py ufy = + p)) 1< p!* (p).pf° - const = 0);

(15)  u, =®,(0;), ul=d??)

A

— COCTaBJIAIOIINE YIIPABJICHUS, CO30aBa€MbI€ UMEHHO C LEJIbIO CTa6I/IJ'II/I33LII/II/I q)OpMaI_[I/II/I; o;, O'? -

BXOJHBIE CUTHAJIBI HCIIOMHUTEIBHBIX OPTaHOB TATH M BpaIlaioiero Momenra. Ilpeamnonaraercs, 4to,
UCXOJSl M3 W3MEPHUTENbHBIX BO3MOXKHOCTEH, CTAOMIM3UpYIOLIee YyIpaBieHue (OPMHUPYETCS 10
npuHOuny oOpaTHoi cBs3u kak [1/l-perynsaTop ¢ ucnonb30BaHHEM HAOJIOIATENEH EPBOTro MOpsIKa
JUTSI TIOJTYYCHHSI OIICHOK OTHOCHUTENIBHBIX CKOpOCTel. Takum oOpasom,

o, = ki A3, + k,5AD, +LE 12l of =KIAS + ks AS, +192, +1552,
(16) As W.(As;), AS, = PP (AS), 2 Yi(z,), z¢ =\Pf¢(z,¢),

2 = —a,(z; - AS)), z¢=—a¢(z¢ AS); As;=s,—s., AS, =5, -6,
rie s: ,5; — 3aJIaHHBIC 3HAYCHUS TUCTAHIIMIA U YIJIOB IEJICHTa B JKETaeMoi KOH(pHUTypaiuu.
Cumraercs, 4YTO C YYETOM BCEX IIOTPEIIHOCTEel, HEeOoNpeneNeHHOCTeH, HeINHeHHOCTEH,

HeCTaOMILHOCTH XapaKTCPUCTHUK KBAaHTOBAaHUA, TUCTEPE3UCA, OIPAaHUYCHHOCTH YIIPABJICHUA HIIU
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JUalla30HOB  m3Mepurened u  ap.  ¢aktopoB B (15), (16) @, eSN (al-o,g,-,l,Ai),
®f ¢ SN(c? ol 1,A%), W, e SN(As?,Asi,1,0), W e SN(ASY,AG1,1,0), Wi eSN(z",0,1,0),
¥ e SN(z/°,0,1,0) . 3mech SN(...) — knacc menmueiinocteit (10).

[TpumeM B KauecTBe «HEBO3MYIICHHOI» (OPMAIMIO, IBUKYLIYIOCS C HOCTOSIHHONW CKOPOCTBIO
v', ¢ TpeOyeMBIMH JHCTAHIHSIMH s; W yIJIaMH TIeJIeHTa 51-*. Bri0opom cucTeMBI OTCHETa MOXKHO

CYNTATh, YTO B HEBO3MYILECHHON Gopmannu ¢ =0 u @; =0.

Torma B kauecTBe «MEPBD) HaAYaJIBHBIX OTKJIOHCHHUH €CTECTBECHHO B3ATh BEKTOP

_ 0 * 11400 N 0 F 10 F a0 050 o*NT SN+3
Py =col((fvg —=v L. ¢y . @g ) ,_CIO}V(\ s; =i Llvi =v LI Ll |16 =8 )T e R,
=1,

MHOXeCTBO BO3MOKHBIX HAYaIbHBIX COCTOSHHMA X ° mpencraenser (SN +3) -mepHOe

MHOroo0pasue B obem HPOCTPAHCTBE COCTOSTHUIA CHCTEMBI
X =X, x[1X, =R (X,=R’, X,=R’,i=1,N), B xotopom z; =0, z/ =0 u nepemenubIc
X Yis 858,06, CBSI3aHbBI 2N COOTHOLIECHUAMH sP=x, %) +(yiy -y,

(X = x)te(d —6) = (yim — i) -
Tekymue v GpUHATIBHBIC COCTOSIHUS CCTECTBCHHO OIICHUBATH BEKTOP-()YHKIIMSIMU

* T T _71
Pe(x)= C?l(| G =S Llsi LIS Llvi=v Ll ]), pr(x)= C?l(| sihlog D, i=1,N.
3anmaanM, HAKOHEII, OTpaHNYEHISI HA MaHEBPHI Tnaepa GopMarmm
v gy <al, [vg KW, lay el
[vo—v [Svy, @y @y, [volswy, |@yl<é&,

* vy
rne v >0 —3amaHHOE 3HAYeHNE HOMUHAIBHOW CKOPOCTH (hOpMaIH.

Kpome Ha3BaHHBIX HEOIPEAEIEHHOCTEHl M BO3MYIIECHHWH, y4TeM elle IapaMeTpHyecKne
HEOTpeIeICHHOCTH MacC 1 MOMEHTOB MHEPLUH 0OBEKTOB, IoJIarast

m,=m, +Am;(..), J;=J +A,(.), i=LN,

* *
rae m; , J; — W3BeCTHble (HOMUHAJbHBIE) 3HAuUeHUs, Am;, AJ;

; — HEONpPENEeIIeHHOCTH, BOOOIIE

roBOps, IEPEMEHHbIE, 3aBHUCSIIME, BOSMOXHO, OT V;, @; H Jp. (HampuMep, HEOIpeIeIeHHOCTH
HECOMBIX I'PY30B, IPHCOEIMHEHHBIX MacC XHUIKOCTH B CIIydae IOJIBOJHBIX 00BEKTOB), ISl KOTOPBIX
MPEeATIoNaratoTcst orpanudenus | Am,(...) [< m?, |AT; ()R ,-0 .

B wrore, mns pabouezo  pexcuma TONy4YaeTCs 3amada HCCIEIOBAaHHMS CBOMCTBa
JMCCHIIATHBHOCTH, COCTOSIIAs B OLICHKE JOIMYCTUMOM 00JaCTH HayaJbHBIX COCTOSHHUI MO (QyHKIMA
Py » OLCHKE MPEIENBHOI 00IaCTH, T. €. TOYHOCTH CTAa0HIM3aLUE (HOPMALUH [0 BEKTOPY P, , IHOO
JOCTIKMMOCTH TpeOyeMOoil TOYHOCTM NpH 3aJaHHOM YPOBHE [OIMYCTHUMBIX BO3MYILUCHUH U

HeollpeieleHHoCcTell, 1ubo cuHTe3a mapaMmeTpoB (Hampumep, k;, [, k-¢, l-¢, a, afj ),

1 1 1

o0ecrieunBarONIIUX HY)KHbBIE WM HAMTy4lIHe OL[CHKH.
AHanmu3 CBOWCTBa TNPAKTUYECKOW YCTOMYMBOCTH, XapakTepHOTO sl  peocuma cobopa-
60CCMAHO6IEHUs, COCTOUT B OIICHKE OOJIACTH JOCTM)KMMOCTU IO BEKTOpY p, B JIFOOOH MOMEHT

BPEMEHH HIIM O0JNAaCTH KOHEYHBIX COCTOSHMH («IpOMaxa») MO BEKTOpY O, A IPOLECCOB U3

HA4aJIbHOTO MHOXECTBA C 3a[JAHHOW OLIEHKOH IO p,, , OLIEHKE BPEMEHU PETYIHPOBAaHUS 10 3aJaHHOU
TOYHOCTH, JTMOO CHHTE3€ MapaMeTPOB YIPABICHHS, OOECICUMBAIONINX, HANPUMEP, W3 33JAaHHOTO
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HayvaJIbHOTO MHOJKECTBA JOCTIIKEHUE 3a 3a/laHHBIA MPOMEXYTOK BPEMEHH KOHEUHOTI'O COCTOSIHUS C
HAWITyIICH rapaHTHPOBAHHON TOYHOCTBIO 10 O/ .

[Tpu penreHny nepevrcieHHbIX 3aaa4 ypaBHeHus aikenus (13)-(14) npusonstces k Buny (8)-
(9) myrem wuX JHMHeapu3alMM B OKPECTHOCTH HEBO3MYILICHHOTO JBW)KEHHS C OICHUBAaHUEM B
Pa3J0XKEHUAX B PAJl WICHOB BBIIIIE IIEPBOrO NOPSIKA MAJIOCTH.

SIcHO, YTO TIEpEKIIOUCHHE YIPABIECHHS C peXuMa cOOpa-BOCCTaHOBICHUS (GOpMalMu Ha
pabounii peskuM sl KKIOTr0 areHTa rpyNniHpOBKY JIOJDKHO OCYIIECTBIATHCS HE MO3HEE MOMEHTA
€ro MoJX0/1a K 30He CKaHWpOBaHUs. Pabounii pexuM I KaXXJJ0ro areHTa He JOJDKEH 3aKaHIMBATHCS
paHbIlle, YeM €ro MpsSMbIE WIM ONOCPEAOBAHHBIC BeAOMble (s auaepa (opMmarmuu — BCsS
IPYIIHUPOBKA) BBIHAYT U3 30HBI CKAHMPOBAHMSI.

Ilpozpammuulii pesicum. YTIpaBIeHHE B peKUME IIEPECTPOEHHS BO3bMEM B BUJIE

_ ¢ _, 9 ¢ ¢
Up = Uy + U T U, Up = Uy, T UG+ U

rac uip , ug, — MpOTrpaMMHBIC COCTaBJIAIOIINE YIIPABJICHUA, PCATIU3YIOUINEC HeKOTOpLIﬁ 3aaHHBINA
¢

MaHeBp (NIPOrpaMMHOE JBWXKECHHE); U u{, — CTAOWIN3UPYIOLIUE CllaracMble YINpaBICHUs,

is >

IIPU3BAHHBIC OTCJICKUBATH MPOTPAMMHBIC NBUXXCHUSA, U; u¢

ic> “ic

— KOMIICHCHUPYIOIINE COCTABIIAIOIINE,

BBOJIMMBIE C TOM K€ LIENbIO, YTO U IS Paboyuero pexuma.
[IporpammHoe JBukeHHe (IEPECTPOCHHME) B paccMaTpUBaeMOW 3ajladye CKaHUPOBAHUS

*
paBO6L€M Ha TpU dTana: ralceHrue CKOPOCTU C €€ paCUCTHOI'O0 3HAYCHUA V B pa60qu pexumMe 10
CKOpPOCTH BO BpPEMA Pa3BOpPOTaA, OCHOBHOM 3TaIl — JIBHKCHHUE C pPa3zBoOpOTOM 00BbeKTa Ha yroJ 7 u,

*
HaKOHeIl, 3Tall BOCCTAHOBJEHHUS CKOPOCTH CHOBa J0 paboyero 3HaYeHHS V K MOMEHTY
MIEPEKITIOYCHUS Ha PEKMM BOCCTAHOBIICHHS KOH(UTypaLiH.

Byznewm cunrars, 4TO Y BBIONHEHHH Pa3BOPOTA JIMHEHHAsI CKOPOCTh V;, 00BEKTa MOCTOSHHA,

a YIJ0Basi CKOPOCTb U3MEHSAETCS 110 TPEYTOIbHOMY 3aKOHY

_ it — _ 2i(z; —1) -
(17) w,(t)=——, te[0,A47;]1=T;; w,t)="—"—=, te[i7;,1;]=T;,,
ip ﬂiTl' (Ad] i ip Tl-(l _ ﬂl) vt i
rae A4; €[0,1], 7, @ 0 — HekoTOpble mapamerpsl, 7; > 0 — BpeMs pa3BopoTa.
[IpounrerpupoBaB (17) M BOCIOIB30BABLINCH OYEBUIHBIM COOTHOLIEHWEM |y, |7; =27,

MMCIOLMM MECTO [PU PA3BOPOTE HA 77, MOJIYYNM BBIPQKCHHUE JUIsl M3MCHCHUS yIia ¢, (7).

ITonaras HavanbpHOE (xO 0 ¢0 ) W KOHEYHOE (xf / ¢/ ') MOJIOKEHHUST OOBEKTa Ha JTare

ip>Yip>Pip ip>Yip>Pip
pa3BOpOTa 33aHHBIMHU, U3 MIEPBBIX JIBYX yYpaBHeHHUIl cuctemsl (13) ¢ yueToMm MocTosHCTBA JIMHEHHOH
CKOPOCTH TIOJTyYHM CHCTEMY WHTEIPaJIbHbIX YPaBHEHUH
— f _ 0 — T. o — / _ 0 — T.

Xp = Xip =Xy =V, [ising, (dt, v, =y, =y, = v, [ cosg, ()dt,
CBSI3BIBAIOLIYIO HCM3BECTHBIC IAPAMETPEL V,, A; U 7;. 3a[1aB OJUH U3 HUX, HAIIPUMED, V;, , HETPYIHO
YHCJIEHHO PELINTh 3TY CUCTEMY OTHOCHTENIBHO OCTAIbHBIX ABYX.

Taxkum 0Opa3om, HalIsl cOTNIaCOBaHHBIE 3HAYECHUS TApaMETPoB V;,, A;, 7;, ¢ yaeToMm (14) u (17)

ip> i
OyZeM UMEeTh ClIeyIOIUH IPOrpaMMHBIH 3aKOH yIIpaBJICHUS
27, 27,
uf(t)=""F%, tely; ul()=-—""—, teTy; u,=0,
AT (1- )z
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MEPEBOAAINMNA 3a BpeMsl 7; IBIDKYIIMNCS C IOCTOSHHOM JIMHEWHOM CKOPOCTBIO Vip 00BEKT W3

33JJaHHOTO Ha4yaJIbHOTO ITOJIOXKEHHS (xgj, yg,) B 3aJaHHO€ KOHEYHOE MOJIOKECHHE (x;; ,y;f,) u

OJTHOBPEMEHHO OCYIIIECTBIISIONINIA Pa3BoOpOT Ha yroa 7 (| ¢I£ - ¢lg |= 7).
Ha 1 u 3 sramax, Ha KOTOPBIX TPOBOAUTCSA KOPPEKIMS CKOPOCTH, TPOTPAMMHOE IBHKCHHUE
OymeM CUMTaTh MPAMOIHHEHHBIM U IPOTPAMMHOE YIIPABJICHHE BO3bMEM B BHIC

(w,, —const), ul =0.

Uy = mw; ip

p p

*
O‘ICBI/I,Z[HO, OKOHYAaHHE pEXHMMa CKaHUPOBAHHsS, CKOPOCTb V , BPEMS U IIYThb TOPMOXKEHHS Ha
arare 1 JOJIKHBI OBITH COIIACOBAHEI Tak, YTOOBI IIpy¥ TOYHOM BBINIOJIHCHUW ABUKCHHUA K MOMCHTY

Hadasia pa3BopoTa 0OBEKTHI HMEH PACIETHOE MOJIOKEHHUE (xg,, y;,@g) H CKOPOCTB V;, . K MomeHTy

K€ OKOHYaHHS dTamna 3 u3 nojoxeHus v(¢,x) = col v;(¢,X;) 0OBEKTHI TODKHBI B Haeasie 00pa3oBaTh
i=1,N

=1,
pabouyio koHpurypamnmto. JelicTBUTETbHAS KOHGUTYparyss OyAeT YTOUHSATHCA B IOCIEHYIOIIEM
peXUMe BOCCTaHOBICHHS (opMammy, KOTOPHIH obecreumBaeT mMomagaHue OOBEKTOB B 00JACTb
JUCCUIIATHBHOCTHU PEXHMMa CKAHUPOBAHHS.
CTabunu3upyloye ynpasieHHs B PeKUME IIEPECTPOCHNUS, ECTECTBEHHO OpaTh B BUE

Uy = ®,(0y), oy =1, AV; ”g = CD?(U,—? ), O—g =k AV; + ki, A, +kiyAd;,

e AV, =W'(Av), AO, =Y (Aw), Ad =T!(Ad) — BHIXOZH HIMEpHTENEH CKOPOCTE
(IMHEHHOI ¥ YIJOBOI) M YITIOBOTO MONOXKCHHS 00BeKTa;  Av; =v; — v, (1), Aw; = o, — o, (1),

Ag; = ¢, — ¢,,(t) — OTKIIOHCHHS TEKYIUX CKOPOCTEH U yIia OT UX IPOrPaMMHBIX 3HaueHHH. CHHTE3
k

KOHEYHOTI'0 COCTOSTHUS col(x; — Xip, s Vi = Vip,» Viy» @i s ¢i/ ).

napaMmeTpoB / Kie» kiy MOXET IPOBONMTBCS, HANPHMED, MO KPHTCPUIO MHHHMyMa OIIMOKH

> Vv YMiwo

OO1miee 4nCIIO MOCIE0BATEIBHO BHINOIHIEMBIX PEKUMOB B PacCMaTpHBAEMOH 3a/1a4e MOXKET
OBITH CKOJb YTOMHO OONBHINM (HEOTPAHHYCHHBIM), YUCIO K€ PA3NWYHBIX PEXMMOB B MHUCCHH HE
Oonee IIECTH: CKaHHPOBAHHE B NPSAMOM M OOpaTHOM HANpaBICHUSAX, IIEPECTPOCHHE BJIEBO HIH
BIPABO M JIBa MOCICAYIONINX PEXKNMa BOCCTAHOBJIEHHsI KOHpUTypanun. COOTBETCTBEHHO, YHCIIO Map
CTBIKYEMBIX PEXKHMOB TOXXKE paBHO LIECTH. B ciydae cMMMeTpU4HOW (OpMalMu ¢ UASHTUYHBIMH
BEJIOMBIMHU 3TH YUCIJIA COKPAILAIOTCA 10 TPeEX.

UYnciieHHBIE pacdyeThl MPOBOAMIINCH JUIS TPYIIBI U3 TpeX poOOTOB (OAWH JIUJEP U JIBa BEJOMBIX

. * *
(i=1,2)) c mapamerpamu m; =150, J; =130, HeompeneneHHOCTIMU m? =1, Jl-0 =05,
OTpaHUYCHUSIMU HA HEIMHEWHOCTH U BO3MYLICHHMS plo = pg =1, pfﬁ 0= p;’ =05, MOTPEMIHOCTSIMU

HWCTIOJTHHUTENBHBIX YCTPOUCTB M HM3MEpHTENeH Gio =0.3, 5,9 =0.01 (mpuBenmeHHl JHIIL HamboIee
CYILLECTBEHHbIE ITapaMeTphbl BEJJOMBIX, KOTOPBIE COOTBETCTBYIOT MAJIbIM aBTOHOMHBIM HEOOHTaeMbIM

MOIBOMHBIM ammaparaMm). OrpaHHUYCHHS HAa MaHEBPHI JMAepa B pabodeM pEKUME — vg =0.05,

*
a)oo =0.05, wg =0.01, gg =0.01. Ins mpocTOThl CKOPOCTb CKaHHPOBAaHHMSA V U CKOPOCTb HpU

passopote v,

CpenctBamu nakera «B®JI-PEJJYKTOP» nna paccmarpuBaeMoi 3aiadd CKaHMPOBAHUS
CHHTE3MpOBaHa MHOTOPEKMMHAsI CHUCTEMa YIIpaBJICHHUs TPYNIHpOBKOHW. B pabouem pexume ais
HayaJbHBIX OTKIOHEHHH Qopmamuu 1o 425 M mo s; u 0.3 mo J;, mpu BcexX NOMYCTHMBIX

CUUTAIINCh OANHAKOBBIMHU, ITIO3TOMY 3Tallbl KTOPMOKECHHUA-PA3TOHA» OTCYTCTBYIOT.

HEOINpeIeICHHOCTSIX U BO3MYIICHHUSIX OHAa 00ecreYnBaeT omuOKu cradbuinsanuu He 6osee 1.44 M o
muctaniyy u 0.11 mo yriy.
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Pe3ynbpTaThl 4MCIEHHOTO MOJECIMPOBAHUS CHCTEMBI IIPEJCTaBIEHBI Ha pHCyHKe 1.
MHoOTrouHCIeHHbIE SKCIIEPUMEHTHI ITOKa3aIl IPUEMIIEMOE KaueCTBO CHHTE3UPOBAHHON CHCTEMBI.
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Pucynok 1 — Tpaektopuu IBMxeHHS pOOOTOB IPU CKAHUPOBAHUH IIOCKON 007IacTH

3akjiouenue

B pabore mpenmnoxena oOmras mMaTeMaTHdeckas MOIENb (opMaruii ¢ MeIeHTPaIH30BaHHBIM
MHOTOPESKUMHBIM yTIpaBIeHUEM. J[Ig THIIOBBIX pEXHMOB IBIDKCHUS TPYIIBI JaHO CTPOToe
ompeselicHne KelTaeMON JWHAMUKHA B BHIC CBOWCTB JUCCHNATHBHOCTH W IPAKTHYECKON
YCTOWYHMBOCTH, KOTOPBIE B OTIMYHE OT OOJIBIIMHCTBA M3BECTHBIX IIOCTAHOBOK 33J1ad YCTOMYMBOCTH
¢dopmanuii, OpPUCHTUPOBAHHBIX B OCHOBHOM Ha JIMHCHHBIC MOICIH, YYHTHIBAIOT HEMOJHOTY
W3MEPEHHUsT MapaMETPOB COOCTBEHHOIO W B3aWMHOIO JBH)KCHHS areHTOB, IOTPEIIHOCTH,
OTPaHWYCHHOCTh VIPABICHUS W W3MEPHUTEICH, HEONMPEACICHHOCTH OOBEKTOB ¥  BHEIIHUE
BO3MyIIeHHs. JIJI1 OMHMCaHUs KEIaeMOro IMOBEACHUS (OpMAIlMd B MHOTOPEKHMHOM JBHKCHUU
BBEJICHO MOHITHE YCTOWYHMBOCTH MuccHU. [lomydeHbl ocHOBaHHBIE Ha MeToje B®DJI mocrarounbie
YCIIOBHSI HA3BaHHBIX JUHAMHYECKHX CBOWCTB  (OpMamuii, CYIIECTBEHHO HCIIONB3YIOIIHE
CTPYKTYpHBIE 0COOGHHOCTH Trpada CBs3e MeEXITy MABIKYOIUMHCA oObekramu. OmucaHa
Oaszupyromasics Ha cyonuHeiiHbix BAOJI TexHOMOrust nccaejoBaHus ANHAMUKY HEIMHEHHBIX CHCTEM C
HEOIPEICIIEHHOCTSIMH C TPHWIOXKECHHEM K HCCISIOBAaHHIO ITUHAMUKHA (opMamuii W CHHTE3Y
CTaOMJIM3HMPYIOIIETr0 YIPABICHUSI TPYIIUPOBKON aBTOHOMHBIX POOOTOB B 3ajiaue CKaHUPOBAHHS
IJIOCKOH 00JIacTH.
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Abstract

The article substantiates, for the purpose to improve effectiveness of management processes in
society, the necessity to complement the classical Management Science dealing with
management of the "Systems World", by Evergetics - science of intersubjective management
processes in the "World of Everyday Life", which has in its field of vision regulatory processes
of problem situations involving heterogeneous actors, i.e. people with their individual intellectual
and volitional resources, value priorities, with the ability to communicate and reach a mutual
understanding among them. Heterogeneous actors, which consciousness appeals not to the
natural (physical) essence of the situation, but to its meaning, together, in on-line mode, produce
intersubjective knowledge of the problem situation, with the use of which they make decisions
about how to settle it. For actors — these "ordinary managers-theoreticians" — the scientists in the
field of management create methods and tools necessary to carry out their activities.
Heterogeneous actors define priorities for the development of the situation, formulate problems
to be solved, establish criteria and constraints under which these problems should be solved, i.e.
they answer the question "why?" and "what to do?" in order to settle the problem situation that
has arisen in their everyday life.

BBenenne

JIr000i YenoBeEK, B CBOEH nosceoHesHou JiCU3HU BCETJA HAXOMSIIMKICI B TOH WIM HHOU
CUTYyallMl, MOXET OKa3aThCs COBMECTHO C JPYIMMH JIIOJABMHU B HPOOIEMHOU cumyayuu, KOTopas
XapaKTepu3yercst TeM, YTO JIIOJbMH, «IOTPY)KEHHBIMI» B HEE, 0CO3HAETCSI HEYJJOBJIETBOPUTEIIHHOE
COCTOSTHHE JIeJI, HEONPEAeIEHHOCTh UX IIOJIOKEHNUS MM COLMAIbHAs HANPSHKEHHOCTD, HO OHU elIé He
3HAIOT, 4YTO HYXXHO JeJaTh JUIS W3MEHEHHMS CHTyallid B HEKOTOPOM, YCTpaWBalolleM BCEX,
HanpasJIeHUH. Torjaa W TMOSBISIETCS NOMpeOHOCMb 6 YNpaGieHuu cumyayuel 8 no8ceOHe8HOCHU,
TPAaKTyEMOM B TAKOM «CHTYAIIMOHHOM» KOHTEKCTE CKOpee KaK PEryJIMpOBaHUE CUTyalllH, CHIKCHHUC
YpOBHSL €€ HEONpPeAEIEHHOCTH CO CTOPOHBI 3aWHTEPECOBAHHBIX YYACTHUKOB CHUTyallud -
HeOOHOPOOHBIX AKMOpPO8, KaXKIBIA U3 KOTOPBIX, HMes CBOE COOCTBEHHOE, CyOBEKTHBHOE BHACHUE
CHUTYalll, TOTOB BBINOJHITH HEOOXOANMBIC MO3HABATENBHBIE M ACATCIBHOCTHBIE (QYHKIHUU IS €€
yperynupoBanus [1]. Takue akTopbl, KOMMYHHUIIMPYS U JIOTOBapUBasCh MEXIy cO0OM, Oonpenensor
NPUOPUTETHBIE HAIIPABJICHHUS Pa3BUTHUSI CUTyallH, (GOPMYJUPYIOT 3aJa4yd, TPeOYIOIHe peleHus],
YCTaHaBJIMBAIOT KPUTEPUHU U OTPAHUYCHUA, IPU KOTOPBIX AOJDKHBI PEHIATBCA OTU 3aJaydu, T.C.
OTBEYAIOT HA BOIIPOCHI «3aUeM?» U «UMO HYNHCHO Oerambv?y» ONa Ype2yaiupoeanusi npoOieMHou
cumyayuu, 603HUKWEN 8 UX N06CeOHesHOuU dcusHu [2].

HeonHopoaHble akTOpBI, HA HaYaIbHOW CTaJUM IIpOliecca YIpPaBICHHUS CUTYalMeH, «BHYTPH»
KOTOpPOH OHH HaXOJSTCS, 3aHUMAIOTCS HOCMAHOBKOU 3a0ay, OT PEIICHUS KOTOPBIX 3aBUCUT, Oy/eT 1H
CUTYyallUsl, CIOXHBIIASCS B «Mupe HOBCEOHeBHOCMU», BBIBEICHA W3 paspsaa mpobnemubix. Ha
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BOIIPOC O TOM, «Kak?» pemaTh IOCTAaBICHHBIC 3aJa4yl, OTBET OYyIOyT IaBaTh CHEIHANHCTHl W3
COOTBETCTBYIOIIMX IMPEIMETHBIX 00JacTei, sBistonecs «(QyHKIHOHEpAMU» W3 «MUPA CUCHEM».
Takum 00pa3oM, HEOJHOPOIHBIA aKTOp pacCMaTPUBACTCA B IOBCCJAHECBHOM MHpE Kak
«Hepacunenénnas Oyxo8Hasi U MenecHdas YeaoCmHOCHbY), a B K(MUPE CUCTEM» JIEHCTBYET TOJIBKO €ro
«npoexkyusry Ha Ty poib ((PYHKIUIO), KOTOPYH OH JOJ/DKEH HCIOJHATH B COOTBETCTBUU C
BO3JIO)KCHHBIMU Ha HETo 00s3aHHOCTAMU [1]. Pe3yibpTaTHBHOCTH pelICHUS 3aady B MHUpPE CUCTEM
OyZeT OIICHWBAThCS II0 TOMY, HACKOJBKO OIPABIAINACh OXUAAHUS aKTOPOB OTHOCHTEIBHO
W3MEHEHHS CUTYAIlMH B JKEIaeMOM JUTS BCEX HAINPaBIICHHH, T.€. CHOBA MPOU30UIET BO3BpPAT B MHP
MOBCETHEBHOCTH. EcCmM HOBOE TOJNOXCHHWE Jell BCEX YCTpaWBaeT, CHTYaIlls CUHTAeTCs
YperyIHpOBaHHOM, a €CII — HET, TO OMICAaHHAas MPOIEAYpa YIPABICHAS CUTYaIUEH IIOBTOPSIETCS.

OpHako, B OTJIMYHE OT OMUCAHHOW «UACaTH3MPOBAHHOW) CXEMBI YIIPABIICHHS, CYIIECTBYOMIAs
MPaKTHKa YIpaBIeHUS B JKU3HMW OOmEecTBa (haKTHUECKH BCE CBOOUT K JEATEIIEHOCTH OpPTaHOB
TOCYJapCTBEHHOTO W KOPIIOPATHBHOTO YIIPAaBIICHHS, KOTOpHIE OepyT Ha ce0s, B TOM 4YHCIEe, U
MMOCTAHOBKY 33/]1a4, KOTOPbIC TPEOYETCs PELIUTh AJIs YPETyJIUPOBaHUS MPOOJIEMHBIX cuTyaruit. OHH,
KOHEYHO, MPHUBJCKAIOT JKCICPTOB, CUCTEMHBIX AHAIMTHKOB, MPEICTABHUTEICH OOMICCTBEHHOCTH U
T.IL., HO IPUHSATHUE PELICHHs O TOM, YTO JENaTh, OCTABISIOT 32 co00i. [TogoOHBIM e 00pa3oM OHH
JICHCTBYIOT, OIICHHWBAs PE3YJIbTaThl MPAKTHYCCKOTO BHEAPCHUS MPHUHATHIX pemeHuid. [lomyuaercs
MPOTHBOPEUHE: JF00U (HEOOHOPOOHble aKMOpbl), 0CO3HAIWUe ceOs 6 NPOOIeMHOU CUumyayuu u
COBMECMHO NPOOYYUpyiowue e€ CMbICI, OKA3bIBAIOMCS. OMMOPSHYMbIMU OM NPUHAMUS PeuleHUl,
Kacarowuxcs NOCMano8Ku 3a0ay no ype2yauposanuo CUmyayuu U OYyeHKY pe3yavmamos ux peueHus..

B Takux ycmoBusX, KOrIa PyKOBOIIINE OPTaHbI, HAXOMAIIMECS HE B KU3HEHHOM MHpE, a B
MHpE CHCTeM, HAONIOHas CHUTYalldi0 «CO CTOPOHBD», OepyT Ha cebs «Opa3mpl TpaBICHUSNY,
«OTOJBHUTAsl B CTOPOHY» JIIOJCH-aKTOPOB, CIIOCOOHBIX «HAa MECTax» aJeKBaTHO OLIEHUTH MPoOIeMy U
MIPEJIOKHUTH TIOIXO/IbI K €€ PEeLICHHI0, TOBOPHUTH 00 3()(EeKTUBHOCTH yrpaBieHus He nmpuxoautcs. U1
JIENI0 371eCh HE TOJNBKO B CIIOKMBIICHCS NTPAKTHKE YIPABJICHUSA, 2 B TOM, YTO B OCHOBE HM3JIOKEHHOTO
TPaIUIMOHHOTO TO/AXO0Ja K OpPTaHU3allM{ IPOLIECCOB YIIPABICHUS JEXKAT Kidccuueckue HayuHble
npeocmaenenusi 00 «ynpasienuu cucmemamuy [3], KOTOPBIC «8bIHOCAM 3a CKOOKU» Jodell u3
cumyayuu 6 noeceOHe6HOCmu, He TPUHHMAas BO BHHMaHWE UX CyOBEKTHUBHBIC B3IJISJbl HA MHP,
IEHHOCTHBIC MPUOPHUTETHI, HHTEIUICKTYAIbHBIC CIOCOOHOCTH M MHOTOE JIPYroe€, YTO XapaKTepU3yeT
MX KakK JIMYHOCTH. DTH NpeAcTaBieHus BocxoiaT k Hayunoit pesomronuu XVII Beka, kotopast B
MHTEepecax MpuoOpeTeHusi 00bEKTUBHO-UCTHHHOTO 3HAHUS, a0CTParHpOBABIIUCH OT CyOBEKTOB Kak
JUYHOCTCH, TpakToBajJa MHpP HAyKH Kak c¢epy TONBKO TEIECHBIX BEIICH W «COCTOsIa B
OCBOOOXKIICHUH 3HAHWSI OT STHYCCKUX IICHHOCTEH» [4].

B nmagame XX Beka, onmpaschk Ha 3Td uaen, M. BeGep ompenenun KIIFOYEBBIMI NPUHIAIIAMHI
CO3/IaHHON MM MOJENN OIOPOKPATHIECKOTO YIPABICHUS «MEXaHUCTUIHOCTE» U «00E3TIUESHHOCTDY,
MIPEBPAIIAIOIINX JIFOJEH B «BUHTUKI OIOPOKPATHIECCKON MamIIHEL. [|JIs1 3TOT0 JKHUBBIC JIOAU U3 MUpa
MOBCETHEBHOCTH TPaHC(HOPMHUPYIOTCS B aOCTPAKTHBIE «IJIEMEHTBI» CaMBIX Pa3HOOOPA3HBIX CHUCTEM,
KOTOpBIE HCCIEAYIOTCS, MOJEIUPYIOTCS, MPOCKTUPYIOTCS, CO3MAIOTCS, MOAUGHLIUPYIOTCS |
IKCIUTYaTHPYIOTCS, T.C. HE YKM3HCHHBIA MHp, @ MHP CHCTEM CTAHOBHUTCS MPEAMETOM BHUMAHUS
KJIaCCHYECKON Teopuu yrpapieHus. OIHAKO ONTHUMH3ANUsA TaKUX «0eCCYyOBEKTHBIX» IEHHOCTHO-
WHBaPUAHTHBIX CHCTEM C ENBIO MOIYYCHUS HEKOTOPOTO «CUCTEMHOT0 3(h(hekTay BOBCE HE O3HAYACT,
YTO CHUTyalHs B TMOBCEIHEBHOCTH (C TOYKM 3PCHUS HAXOIAIIMXCS B HEH IIOJCH) U3MCHHTCS K
Ty4IIemy.

3/1eck YMECTHO OTMETHTH, YTO O MPOTHBOPEUISIX MEXKIY KHU3HECHHBIM MHPOM H MHPOM CHCTEM
mucan 1O. Xabepmac B cBoelt pabore [5], momaras, 4TO B OTIHYHE OT KOMMYHHKATHBHO
CTPYKTYPHPOBAHHOTO JKU3HEHHOTO MHUpa - c(hepbl YaCTHOW W OOIIECTBEHHOW JKU3HHU, MHP CHUCTEM,
BKJTIOYAOIIUI B ce€0sl ITOACUCTEMBI SKOHOMHUKH H TTOTUTHKH, ABJSETCS (POPMATBFHO OPTaHU30BAHHBIM.
W HecMOTps Ha TO, YTO COBPEMEHHBIE OOIIECTBA, OCTPOCHHBIC HA JEMOKPATHYECKAX MPUHIINIAX,
YTBEP)KIAIOT IPUMAT JKA3HEHHOI'O MHpa HaJ TMOACHCTEMaMH, 110 €ro MHEHHIO, IPOHMCXOIMT
KOJIOHU3AYUSL HCUBHEHHO20 MUpa: UMIIEPATHBbl aBTOHOMHBIX ITOACHCTEM, COPOCHB HIECONOTHYECKHE
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MTOKPOBBI, 3aBOEBBIBAIOT, TOJOOHO KOJOHW3AaTOpaM, MNPHUIISANIMM B TEPBOOBITHOE OOIIECTBO,
YKM3HEHHBI MHUP W3BHE U HAaBSA3BIBAIOT EMY IPOLECC ACCUMUIISIIHID).

Hcxost U3 M3JI0)KEHHOTO, CJIEAYEeT BBIBOJ, UYTO HAYKA O NPOYECcax ynpaeienus 6 odujecmee
Q0IICHA UMEMb 08e COCMABIAIOWUE: KIACCUHLECKYIO HAYKY, 3AHUMAIOWYIOCS YIPAGIeHueM 8 Mupe
cucmem, u HayKy 0 npoyeccax ynpaeienusi 8 N08CeOHe6HOCmU, B TIOJIE 3PEHHUsS KOTOPOW HaxXOASTCs
MPOIECCHl  PEeTyJIUPOBaHUS  MPOOJCMHBIX  CHTyalWid, BKJIIOYAIOIIAX  4YEJIOBEKA C  €ro
WH/IUBUIYAITGHBIMA UHTCIUICKTYAIBHBIMA M BOJICBEIMH PECYpPCaMU, IIEHHOCTHBIMH MPHOPUTETAMHU, a
TaKXke CHOCOOHOCTHIO KOMMYHHUITUPOBATH U JOCTHUTaTh B3aMMOIIOHMMAHUS C JPYTHMH JIFOJbMH. B
JIAHHOW CTaThe pPACCMATPHBACTCS BTOpas COCTABIIIOIIAS, KOTOPas CBA3BIBACTCS C CO3JaHHEM
IBEPreTHKH - HAYKH O MPOIECCax NHTEPCYObhEKTUBHOTO YIIPABJICHHS B TIOBCEHEBHOCTH.

Konuenuusa mHTepcy0beKTHBHOIO YIIPaBJIeHUS

CraHOBNCHNE W pa3BUTHE HHAYCTPUAIBHOTO OOINECTBA, KaK H3BECTHO, O3HAMEHOBAJIOCH
9KCHaHcueil BeOEpOBCKON «WIeambHON OIOpOKpaTHM» BO Bce c(hepsl TOCYyTapCTBEHHOTO U
KOPIOPAaTHBHOTO YIPABJICHUsI M €ro KOHIEMIMH «UHCTPYMEHTAJIBHOI'O pa3yMmay» B OOIIECTBEHHOE
co3HaHMe. Mojienb LenepaoHaIbHOTO «IKOHOMHYECKOTO YEeIOBEKay», KAIbKYJIMPYIOIIETrO0 TOJIBKO
CBOIO BBITOAY WU H3ACPIKKHU, HO KOTOprﬁ HC 3alyMbIBACTCA O KaKHUX-TO HPAaBCTBCHHBIX Hp06neMax,
crana obmenpunsaroi. [lo muenuro M. XopkxaiiMepa, «mbluiierue Jice menepb NPU36AHO CLYACUMb
KaKkou-yeooHo yenu - nopoyrou unu 6nazcou. OHO WHCTPYMEHT BCEX COLHUAIBHBIX JICHCTBHIA,
yCTaHaBJIMBaTh HOPMBI COLIMAIBHOM MM YaCTHOW JKM3HU €My HE JJaHO, MO0 HOPMBI yCTaHOBIICHBI
IpYTHUMU ...Bcé pewaem «cucmemar-«eiacmoy [6]. A B paborte «/lManekTuka NMpOCBEUICHUSY,
HalMCcaHHOH MM coBMecTHO ¢ T. AnopHO, yTBepkaaercs, 4Tro Te (OpMBI, KOTOpbIE MNpUHsIIA
panvoHaNM3anysl CO3HAHUWS, TPHUBEIM K yTpaTe OOMIECTBOM CIOCOOHOCTH K Ppa3yMHOMY
obocHoBaHHMIO Leneit. «Jlyx pacuéTiuBocTY, 0 KOTopoM roBopui M. Bebep, nopasisi paszindeHue
MOpAIIBHBIX IIEHHOCTEH [4].

IIpy 3TOM NPOMCXOOWIO YTBEPXKICHHE CHCTEMHOIO IOAXOAAa B Hayke 00 yHpaBJICHUH
(management science), 0OBSBUBILET0, YTO OKPY)KAIOIasi HAC JECUCTBUTENBHOCTh - 3TO «CHUCTEMBbI,
cocrosie u3 cucrem» [3]. BHumaHue ucciemoBaTeneil crano KOHIEHTpUPOBAThCA Ha Mpobiemax
MHpa CHCTEM, a HE MHUpa IOBCEIHEBHOCTH, IOCKOJBbKY H3y4YalllCh, KaK MpPaBUIIO, MPOLECCHI
yIOpaBieHUs] B OpraHu3alMsAX, Kak B CHCTEMaxX, MpEACTaBIIONMX COO0OH  «aHcaMOIu
B3aMMO/ICHCTBYIOIINX YeloBedeckuX cymectB» [7]. Koraa sxe peub 3axonuiia o HemsiX yrnpaBJieHus,
TO PacCMaTPUBAIUCH «ITPOIIECCH BOSHUKHOBEHUS IIeJIel B OpraHU3alysiX, KaKk OHH M3MEHSIOTCS CO
BpEMEHEM W Kak opraHusaunusi cieauT 3a Humm» [8]. Ho 3T menm Moryt He TONBKO He
COOTBETCTBOBaTh, HO W IIPOTHBOPEUYMTH TEM ILEJSIM, KOTOPbIE HY)KHO JIOCTHraTh B IIpoleccax
PETyINpOBaHNUS KU3HEHHBIX MPOOJIEMHBIX CUTYaIHii B TOBCEAHEBHOCTH.

Jleso B TOM, 9TO CHCTEMHBIH MOJXO0JI, KaK 3TO YTBEp)KAAeTcs B [3], «IIOMOTAET PyKOBOAUTEIIO
YSICHUTD CYIIHOCTH CIIOXKHBIX MPOOJIEM M MPUHHUMATh PEHICHUS Ha OCHOBE YETKOTO IPEICTABICHUS
00 oxpykaromeit ooctaHoBke». OgHaKo peub UAET 00 0OCTaHOBKE, OKPYKAIOIIEH PYKOBOIAMTEIN, a
HE 0 TOW CUTyaIuu, KOTOpas 0JbKHA OBITh yperynupoBaHa. B mydiiem ciydae pyKOBOAUTEIh MOKET
«TI03HABaTh» CUTYAIUIO «CO CTOPOHBI», HO OH HE MOXKET €€ «OCO3HABATh», OCKOJIbKY IJISI 3TOTO OH
JIOJDKEH IIOTPY3UTHCS» B MUD IOBCEIHEBHOCTU. Be/ib «IIOBCEHEBHOCTD CYTh «MECTO» COXpPaHEHHs
YEJIOBEUECKHX CMBICIIOB, TTOCIIeTHEE YOCKHIIE PACTIaIaloIeHCst TMYHOCTH B COBPEMEHHOM MHUpE, T.K.
B JIpyTUX 00JACTSIX KHU3HU JIIOH YXKe MepeaoBepiiin (pern(puurpoBain) CBOM HHTEPECH SKCIEpTaMm,
KOMITBIOTepaM, OIopoKkpaTaM u T.1. BHe MHpa MOBCeIHEBHOCTH (T.€. B MHPE CUCTEM — IPUM. aBTOPA)
MIPOMCXOIUT «BHEIIHSSH» JUISl YEJIOBEKA MI'Pa, K KOTOPOI OH HE UMEET HUKAKOTO OTHOLICHHS» [6].

Tonbko numa, oco3Haromme ceds yJacTHHKaMU MPOOIEMHON CHTyalud B TOBCETHEBHOCTH,
MOHSBINUE €€ CMBICI, MOTYT CYJUTh O LEISX, 3a/a4aX, KPUTEPHUAX U OTPAaHWUICHUSX, IIPU KOTOPBIX
9TH 3afa4d MOTYT pEIaThCs. A 3TO O3HAYAET, YTO OHU OOJJICHbI PACCMAMPUBAMbCA B HAYKE O
IpoLeccax yNPaBICHUs B OOIIECTBE He KAK 00e3IUYEHHbIE «IJIeMEHMbL CUCTEM», d KAK JICUBbIE NI00U
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— He0OHOPOOHbIE AKMOPbL, KAXKIIBIA U3 KOTOPBIX UMEET CBON CYOBEKTHBHBIN B3IIII HA MUD, Oyaydu
CIIOCOOHBIM BBINIONHATh M IIO3HABATENbHBIC, M AESATEIHLHOCTHBIE (YHKIMU IIPU ypETyJIUPOBaHUH
npoOyieMHOI cuTyanuu. bojiee TOro, HEOJHOPOIHBIM aKTOP MPOLYLHUPYET CMBICH NPOOIEMHOM
CUTYaIlH C Y4ETOM CMBICIIO00pa3yOLIel IESTENbHOCTH IPYTUX aKTOPOB, TAKXKE OCO3HAIOIINX CceOst
B 3TOM CUTyalllH.

Takylo CTpyKTypy WHIMBHIYJIFHOTO CO3HAHUSI, OTBEYAIONIYIO (DaKTy CYIIECTBOBAHHS APYTHX
nHIuBHI0B D. ['yccepns Ha3Ban unmepcybvekmugHocmyvio, a B pEHOMEHOIOTHYECKOH COLMOIOTUH
A. Illtonta MHTEPCYObEKTUBHOCTh YKa3bIBAET HAa BHYTPEHHIOIO COIHMAIBHOCTh WHIMBHIYaJIBHOTO
CO3HAHMA. AKTOPbI KOMMYHHIMPYIOT MEXIy co00i 1 00pa3yroT cooOmecTBa, B KOTOPBIX B PEXNUME
on-line BEIpa0aTHIBAIOT UHMEPCYObLEKMUBHbIE 3HANUSA O CHUTYAIlH, C WCIOJB30BAHUEM KOTOPBIX
NPUHUMAIOTCS pElIeHHs O crnocobax e€ yperylimpoBaHUs, T.€. HEOZHOPOAHBIE AKTOPEI
OCYIIECTBIISIIOT ~ UHmMepcyOvekmugHoe ynpasienue [9] W BBICTYyHalOT B POIM  «OOBIOEHHBIX
YIIPaBICHIEB-TEOPETHKOBY, YIACTBYIOIINX B IIPUOOPETEHNN 3HAHUN HapsILy C MPOQeCcCHOHATbHBIMU
HAayYHBIMH PaOOTHUKAMH-YNpaBICHIIAMH, CO3JAIOIIMMH JUIi aKTOPOB METOAbl U CPEACTBa,
HEOOXOAUMBIE Ul OCYUIECTBICHUS WX AEATENbHOCTH. TONBKO C TOMOIIBIO TaKOTO «TaHIAEMay
OOBIZIGHHBIX M NPO(ECCHOHANBHBIX YIPABICHIIEB-TCOPETUKOB MOXKET OBITh CO3llaHa HayKa o
npoleccax yIpaBieHUsT B OOIIECTBE, ITOCKOJIBKY JIIOOOH IpeACTaBHUTENh COIMyMa HE TOJIBKO
MO3HAET, HO U TBOPUT OKPY’KAIOIIYIO €T0 JeHCTBUTEIBHOCTD.

Crnenyer OTMETUTb, 4YTO IIPEACTaBICHHE OO0 «OOBIIEHHOM TEOPETHKE» HaXOIUTCS B
COOTBETCTBUM C COLMOJIOIMYEeCKOM KoHuenuued O. ['maneHca, cormacHO KOTOPOM «KaXKAbld diIeH
o0IecTBa SBISIETCSl MPAKTHKYIOIIUM COLMAIBHBIM TEOPETHKOM», a COLMOJIOTH, B OTJIMYHE OT
yu€HbIX, paboTalomux B cepe eCTeCTBO3HAHUS, IOJDKHBI MHTEPIPETHPOBATH COLHAIBHBIN MUP,
KOTOPBII y)kKe HHTEPIPETUPOBAH HACEIAIONINMH €T0 akTopamiu [10].

IIponecc WHTEPCYOBEKTHBHOIO YIPABICHHWS HAYMHACTCS C CAMOOPIaHU3ALUU: aKTOPbI
MOCTETICHHO (HE OJTHOMOMEHTHO) OOHApYyKHMBAIOT HE yCTPAUBAIOIICE UX MOI0KEHHE A, BCTyNasi BO
B3aUMO/ICHICTBIE MEX/y COOOM, M B KAKOI-TO MOMEHT BpEMEHH (PUKCUPYIOT, YTO B OKPYKAIOIIEM HX
JKM3HEHHOM MHpe (B TOBCEAHEBHOCTH) CIOXHJIAach mpoOinemMHas curyauus. Kaxapli M3 HHX
OJTHOBPEMEHHO MOXXET HaXOIUThCd U B MHPE CHUCTEM, T.€. MOXKET BXOIUTh B COCTaB OIHOM HIIU
HECKOJBbKUX cucteM. CaMoopraHu3anus akToOpoB HAIOMUHAET MPOLECC KPUCTATUIN3AMY METalIa U3
pacmiaBa, KOTOPbIM HAYMHAETCsl C HEMPOTHO3MPYEMOIO MOSIBJIECHUS LEeHTpa Kpucramausanuu. Ilo
AHAJIOTUH C 3TUM IIPU POPMHUPOBAHNH MHTEPCYOBEKTHBHOTO COOOIIECTBA MHUIIMATUBY OepET Ha ces
OOVH W3 AaKTOpOB, MNpHCTyHaoommui (06e3 KakoH-TMO0 KOMaHABI «CBEPXY») K KOOPAWHAILNH
KOMMYHHKATHBHBIX IEHCTBHH JPYTHX aKTOPOB.

ITockonbKy akTOpBI SBISIOTCS HEOJHOPOJHBIMHU, OHH JOJDKHBI CO3[aTh OOBEIMHSIOIIYIO HX
«mnatdopmy 3HaHUHY. C 3TOU LENBI0 OHHU BHIPA0ATHIBAIOT HHTEPCYOHEKTHBHBIE KOHBEHIIMOHAIHHBIE
(mo A.IlyaHkape) 3HaHHSA, IOCTHTas JOTOBOPEHHOCTH B PaMKax IISITH TUIIOB HMHTEPCYOBEKTUBHOCTH -
CEMAaHTHYECKOH, HSMIMPUUECKOH, JOTMYEeCKOH, oOmnepanuoHaibHOW U HopMmatuBHOH [9, 11].
CemaHTHYeCKass MHTEPCYOBEKTUBHOCTH IpPEIOiaraeT JAOCTHKCHHE SICHOCTH M OOIIEero COTJIacHs
OTHOCHTEJIbHO HMOHSTUH U MOCTPOECHHBIX U3 HHUX CY)KICHUH. DMIMpHUYECKass HHTEPCYOBEKTUBHOCTD
Mpru3HaéT HeoOXOoAMMOIl OOOCHOBAaHHOCTh CYXICHWH (akrtamu W HaOmoaeHusMH. Jlormueckas
UHTEPCYObEKTHBHOCTh CUYHMTAET PALMOHAJIbHO OOOCHOBAHHBIMU TaKHE BBICKA3bIBAaHHS, KOTOpPBIE
SIBJISIFOTCSI pE3YJIbTAaTOM JIOTHYECKOTo BhIBoJa. OrnepalrioHaibHas HHTEPCYObEKTUBHOCTh UCXOAUT H3
BOCIIPOM3BOAMMOCTH 00pa3loB AEHCTBUS WK paccyxleHns. HopMaTuBHas MHTEPCYOBEKTHBHOCTD
MIpeArnoaraeT OOMEeNnpUHITOCT, HOPM U TTPABWJI TIOBEICHNS M OLICHKH.

Ha ocHoBe pa3paboTanHOl «1aTdOpMbl 3HAHUID aKTOPBHl HAYWHAIOT MCKATh ITyTH BBIXOAA U3
npoOJIEMHON CUTYalllH, AOTOBAPUBATHCSA O TOM, KaKHE 3aJaud, M0 KaKUM KPUTEPUSIM U TPH KAKHUX
OTPaHWYCHUSX HEOOXOAMMO peIaTh Ul yperylIupoBaHusl cuTyaruu. HecMoTpss Ha pasnmuuHble
MO3UINN, UHTEPECH! U IIEHHOCTHBIE NIPHOPUTETH HEOAHOPOJIHBIX aKTOPOB, MPU MPHUHSITUU PELICHUH
[0 YNOMSHYTBIM BOIIPOCAM 8 Hpoyecce UHMEPCYObEKMUBHO0 YNPAGIeHUs OO0CMU2Aemcs Uux
83aUMONOHUMAanUe U KOHCEeHCyc, T.€. 00llee Cornacue, MoTydeHHoe Oaroaaps CONDKEHHUIO MO3UINI
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aKTOPOB MPH MIPOBEJECHUH NIEPETOBOPOB. ToUHEE, JOCTUTHYTHIH KOHCEHCYC - 3TO HE €MHOTIIACUE, OH
HE 03HAYAET, YTO «BCE - 33», OH O3HAYACT JIUILb, YTO «HUKTO HE IPOTHUBY.

Takum 00pa3oMm, MHTEPCYOBEKTUBHOE YIPABJICHUE HAUYMHAETCS C OCO3HAHHUS COOOLIECTBOM
HCOJHOPOAHBIX AKTOPOB HpO6J1€MHOI>II CUTyallul B TIMOBCCIHCBHOCTU M 3aKaHYUBACTCSA IMPUHATUCM
peuleHui 0 TOM, KaKue 3aJadd M IIPU KaKUX YCJIOBUAX JOJDKHBI pelIaThbCs Ul yperyaupOBaHUs
9TOH cuTyanuu. 3aTeM 33/1a4d MepefaloTcs B MUP CUCTEM, TJ€ OHH (POPMAN3YIOTCSl U PELIAIOTCS C
NIPUMEHEHHEM METOJIOB U CPEICTB KIIACCHUECKON TEOPUH YIPABICHHUS, B PE3YJIbTATE YErO CHUTYaITHS
Kak-To u3MeHsercsi. OCYIIECTBISIONME MOHUTOPUHI CHTYallud akKTOpbl MOTYT NpHU3HATh €€
YPETyJIMpOBAaHHON, HO MOTYT MTOCYHUTATh, YTO 3TOTO HE MPOH30ILI0. Toraa B MUpe MOBCETHEBHOCTH
CTaBSATCS HOBBIE 33/1a4H (WM KOPPEKTHPYIOTCS CTAphIe), MOCIIE YeT0 CHOBA BKIIIOYAETCS MHUP CHCTEM.
WHpIMM cnioBaMHM, TpoLEcChl YHpaBJIeHHs B OOmIecTBE pPa3OMBAIOTCA Ha [BE COCTABIISIOIINE:
MHTEPCYOBEKTUBHOE YNPABICHWE B IIOBCEJHEBHOCTH (B JKM3HCHHOM MHPE) M KIACCHUYECKOE
YIPaBICHUE B MUPE CHCTEM.

Ho ecnm xmaccudeckas Hayka o0 YIpaBJICHHM BCET/a YCIEIIHO pa3BUBAlach, TO HayKa O
Ipoueccax yrnpaBJIC€HUA B IMOBCEAHCBHOCTU, KaK IMPaBUJIO, BbINlagala U3 MOJIA 3PCHUA yqéHBIX, U HE
BBI3BIBACT 60]'[])]]101"0 HUHTEpECa N0 CUX IIOp. Bot uto mo OTOMY IOBOAY ITUIIETCA B «Hogeitmem
COIIMOJIOTHYECKOM cJioBape» [6]: «lIpobremamuxa u memamuxa NO8CeOHe8HOCMU (0ObIOeHHOU
HCU3HU NH00eN), KaK Npasuno, USHOPUPOBANACL U MPEemUposaldact KAax Jexcawds 6He HAYUHOU
Qucyunaunapuocmu... A.lllory BBEN JaHHBIA TEPMHH JUIS TOHSITUIHOTO  CXBaTHIBAaHUS
UHTEPCYOBEKTUBHOM pEalbHOCTH, 3HAYMMOW JUIS COIMANBHBIX AaKTOPOB  (JeATenei) Kak
penpe3eHTalusl HEpacwWICHEHHOH IIEIOCTHOCTH MHpa 4YelOoBEYecKoro Obtus... Pasmensembie
«BCEMH» B TOBCEIHEBHBIX CHTYaIMsIX 3HAYECHHS OOpa3yloT MHUpP NEPBUYHBIX THUIIM3MPOBAHHBIX
(aHOHUMM3MPOBAHHBIX) 3HAYCHUI, ONIEPUPOBAHNE KOTOPBIMH U MTO3BOJIIET COBMEIIATH IIEPCIEKTHBEI
JesiTeNiel (aKTOpOB), NEHCTBYIOMUX KaK «OOBIAEHHBIE CONMONIOTHY... 3a mpeaeraMu (IepBUIHOTO)
MHpa MOBCEIHEBHOCTH HAXOIATCS (BTOpHYHBIE) 007acTH MpodecCHOHATN3NPOBAHHBIX «KOHEYHBIX
CMBICJIOBBIX C(bep», 3HAYCHHUA KOTOPBLIX AOCTYIIHBI B MOJHOM MEPE TOJIBKO BOBJICUEHHBIM B OTH
chepsl  CHEIMANIN3UPOBAHHBIM B HHX  JedresisiM  (aKkTopamM) ¥ «HENpO3pauHbD s
«HETIOCBSAILEHHBIX».

Co3aHue HayKd O MpOLEeCcaX HMHTEPCYOBbEKTUBHOTO YIPABJICHUS B TOBCEIHEBHOW XH3HU
o0I1IecTBa UMEET HE TOJIBKO TEOPETHYECKOE, HO M BaKHOE NPAKTHYECKOE 3HAYCHUE, 00YCIIOBIEHHOE
HPEeXJE BCEro YNOMSHYTOH «KOJIOHM3alMeH >KU3HEHHOTO MHpa CHUCTEMaMHU», O KOTOPOH Iucail
10. Xabepmac [5]. CucteMbl TrocopraHoB W Ou3Heca, peajM3yIOIIME MPOLECCHl YIPaBICHUS C
MIOMOIIBIO BJIACTH M JIGHET, Bo3jaras Ha ce0s pemeHne MpoOJieM, CBSI3aHHBIX C ITOBBINICHUEM
Ka4ecTBa XM3HHU JIIOJEH B MOBCEAHEBHOCTH, TEM HE MEHEE OYECHBb YAaCTO UCXOAAT U3 CBOSKOPBICTHBIX
COO0pakeHUH - KapbEepPHOTO POCTa COTPYAHMKOB, MOBBIMICHUS YPOBHS MX JOXOAOB W IPHUOBLIH,
COXpaHeHHs «ceOs BO BiuacT» W T.I. CHCTEMbI, CO3[JaBaeMble MOHAYAIy Ul YOBIETBOPEHHS
noTpeGHOCTel 00IIecTBa, CO BpEMEHEM HAauMHAIOT JeHCTBOBATh B CBOMX MHTEPECAX, BEIPA0ATHIBATH
U JUKTOBaTb CBOU «IPaBUJIa WIPB», «HATAKUBATHY» KOPPYNIMOHHBIE OTHOIIEHMS, «Pa3yBaTby»
mraTel ¥ T.A. 1lo3TOMy HMHTEpCyOBEKTHBHOE YINpaBICHUE, NMPU3BAHHOE €CIIM HE YCTPaHWUThb, TO
MHWHUMH3UPOBATH HOZ[O6HI)IG HETaTUBHLIC NIPOSBJICHUS B O611J,eCTBeHHOﬁ JKHU3HU HyTéM BKIIFOYCHUS B
MIPOLIECCHl YIPaBJICHUSI «IIPOTHBOBECA» - 3aMHTEPECOBAHHBIX JIIOJEH W3 MHpa IOBCEAHEBHOCTH,
JIOJDKHO HMMETh COOTBETCTBYIOIIMH Hay4HBIH (yHznameHT. C 3Toi 1enpio W co3maéres Hayka o
Ipoleccax NHTEPCYObEKTHBHOTO YIIPABICHHS B OOIIECTBE - 9BepreTrka [2, 12].

JBepreTuka

OBepreryka, co3aBaeMas, Kak U KJacCHM4YecKas Hayka 00 ynpaBlieHHH, Npo(ecCHOHATbHBIMU
Hay4HBIMH paOOTHHKAaMH B 00JIaCTH YIpPaBJICHHsS, TEM HE MEHEE UMEET NPUHIUITHAIBHOE OTJIINYNE OT
He€: 96epeemuKy Kak HayKy 0 npoyeccax uHmepcybbeKmugHo20 YRpasieHus 6 00wecmeae «meopsimy
makdice U GKIIOUAEMble 8 HEE «HenpogecCUoHanbly - HeOOHOPOOHble akmopbl (YIOMSHYTBIC BBIIIC
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«OOBIICHHBIE YIPABICHLBI-TEOPETUKI»), KOTOPBIE CAMOCTOATENLHO Ha OCHOBE on-line co3laHHOM
UMM MHTEPCYOBEKTUBHON TEOPUH NPHUHUMAIOT PELICHUS O TOM, 110 KAaKOMy IIyTH CTOMT MOHTH W
Kakue 3a/1a4d peulath JJIsl YPeryJMpoBaHUs MPOOJIEMHOW CUTyallMH, CMBICI KOTOPOW OHH JKe U
NPOAYLUPYIOT. Yuénvie paspabamvisaiom memoodvl u cpeocmsea O aKmopos, KOTOpble CO3HAI0T
uHTepcyOobekTHBHYI0 ad hoc Teopuio [9] NMPUMEHHUTENBHO K YHHKalIbHOMY OOBEKTY - CHUTyalluH
(xyaccnyeckasl HayKa, Kak HM3BECTHO, CTPOMT CBOM TEOPHM IJISl YHHBEPCAIBHBIX OOBEKTOB «HA
BEKa»).

311ech MOKHO MIPOBECTH aHAIOTHIO C JKa30BOM MY3bIKOH. /I)ka30BbIif KOMIIO3UTOpP («y4YEHBIN»)
COYMHSIET MY3BIKAIbHYIO TeMy M CO31aéT €€ apamKMpOBKY UII OPKECTpa, B COCTaBE KOTOPOTO
UMEIOTCS  MY3BIKAaHTBI-UMIIPOBU3aTOpPHl  («HEOTHOpPOIHBIE  akTope»). Ilocie  Toro  Kak
HMIIPOBU3ATOPHI, OBJIA/IEB TEMOH, TAPMOHNEH M OCOOCHHOCTSIMU apaHXHPOBKH, BBICTYIIAT BMECTE C
OPKECTPOM, TIOJyYHTCSl 3aKOHUEHHOE DKa3oBoe mnpowmsBeneHue. OIHAKO NMPU COXPAHEHHH TEMBI,
apaHXHPOBKM, COCTaBa OPKECTpa W MMIPOBHU3ATOPOB MHPH MOCIEAYIOMINX HCHONHEHHSAX OymyT
3By4aTh pa3Hble MY3bIKAJIbHBIC MTPOM3BEICHUS, TOCKOJIBKY MMIIPOBU3AIMU OYIyT OTIMYAThCS OJIHA
ot apyroii. Ilpenckasarh, Kak MPO3BYYUT B OYEpPENHOM pa3 JpKa30Bas KOMIIO3UIIMS, MMPAKTUUECKH
HEBO3MOXKHO. AHAJIOTMYHO HEJb3sl MPOTHO3MPOBATH MPOIECCH MHTEPCYOBEKTHBHOTO YIPABICHHS
CUTyallUsIMU B IOBCEHEBHOCTH, B KOTOPBIX JIEHCTBYIOT aKTOPBI—«UMIIPOBU3ATOPBD).

['MaBHBIMM  «IEHCTBYIOIIMMH JIMIAMW» B OJBEPreTHKE, TaKUM o00pa3oM, SIBISIFOTCS
HEOJHOPOAHBIE aKTOPBI, KAKABIH U3 KOTOPBIX SIBISAETCS CYOBEKTOM, PACCMATPUBAIONINM CHTYAIHIO
He B e€ IPOCTPaHCTBEHHO—BPEMEHHBIX IapaMeTpax, a Kak HOcUTedb cMbicia [13]; ero co3nanue
aneyuIMpyeT He K MPUPOIHOM CYIIHOCTH CHTYAllMH, a K €€ CMBICITY, OCKOJIbKY 3/1eCh «...MHUDp 3aJlaH
YeJOBEKY HE BEIIHO—HATYpaMCTHYECKH, a JyXOBHO—CMBICIOBEIM 00pa3oM Kak II€HHOCTHas
CYIIHOCTh, NOJJIeXKallas MOHUMAHHWI0O M HUCTONKoBaHWIO» [14]. OmgmH akTOp HE MOXET
HIPOIYLPOBaTh BCE MHOT0OOOpa3We CMBICIOB, TO3TOMY OH BOCIPHHHUMAET OT JAPYTHUX aKTOPOB,
OCO3HAIOIUX cebs B TOH K€ CHUTyallMH, TO, 4YETO0 HE JOCTaéT B €ro COOCTBEHHOM OIIBITE.
Cuvicnionoposxcoarowas 0esmenpbHOCmy aKmopa oKa3vleaem uaHUe HA 6Cé UHMEPCYObeKmugHoe
coobujecmeo, 8 pe3ynomame 4ezo co30aémcs obuee CMvlcI080e NPOCMpPancmeo.

B. ®panxn [15] paccmaTpuBan cTpemiieHHE 4YelIOBeKa K IOHCKY CMBICIA KaK BPOXKAEHHYIO
MOTHBAIlIOHHYIO TEHJICHIIUIO, MPHUCYIIYI0 BCEM JIIOJSM M SIBISIONIYIOCS OCHOBHBIM JIBHUTaTeNIEM
MOBeACHUS W pa3BUTUS JWYHOCTH. OH MHcan, 4YTO BOCHPHUSTHE CMBICIa €CTh «OCO3HAHHUE
BO3MOXKHOCTH Ha (DOHE JEHCTBUTENBHOCTH, WM, TPOIIE TOBOPS, OCO3HAHHE TOrO, YTO MOXHO
cAeyaTh MO OTHOLIEHUIO K JaHHOW cutTyauum». A.JI3Hrne yrtounsin [16]: «Ta eoszmoosicnocms,
KOmMopas no ceoeti YeHHOCMU U 3HAYUMOCMU BblOCIAeMCs HAMU KaK HAULYYWas 6 OaHHbIX
obcmosmenscmeax, Hecém 6 cebe NOIHOMY AKMYANbHO20 OblMUs, U €Cmb CMbICI MeKyue2o
Momenma... CMBICI - 3TO BCET/Ia pEATMCTHYHBIA, COOOPa3HBIH 00CTOATENHCTBAM ITYThY.

Onmpasce Ha BBeIEHHOE MOHATHE cMBIcTa, B. @panki B [15] m3nmoxnin cBo€ mpeacTaBieHne o
HEHHOCTSIX. «ECTh CMBICIBI, KOTOPbIE MPHUCYIIH JIIOJSM ONpeAeIEHHOTro o0IlecTBa, U Jaxe Oolee
TOTO - CMBICIIBI, KOTOpPBIE PAa3JeISIFOTCS MHOKECTBOM JIFO/IEH Ha MPOTSKEHUH UCTOPUH. DTH CMBICIIBI
OTHOCATCS K YeJIOBEUECKOMY ITOJIOKEHHIO BOOOIIE, YeM K YHHKANbHBIM CUTYalHsAM. DTH CMBICIIBI U
€CTh TO, YTO MOHHMAETCs 0] HEHHOCTSIMU. TakuM 00pa3zoM, yeHHOCHmU MONCHO ONpedeiums Kax
VHUBEPCANUU CMBICAA, KPUCMALIUYIOWUECS 6 MUNUYHBIX CUMYAYUAX, C KOMOPbIMU CMAIKUBAEMCS
0bwecmso unu oadice 6cé uenosewecmeo. ObaagaHue LHEHHOCTIMH OoOJerdaer s 4eJoBeKa IOHMCK
CMBICTIa, TaK Kak, 110 KpaitHel Mepe B TUIIMYHBIX CUTYalusIX, OH N30aBJICH OT NPUHSTHUS PELICHUI».

A.JIsurne, wucnonb3ys gaHHble B. @paHKiIOM ompeneneHHs CMbICIa M LEHHOCTH,
chopmynmpoBas B [16] MOHATHE OTBETCTBEHHOCTH. «OmeemcmeeHHOCmsb - 3TO MOH OTBET Ha TOT
CMBICJI, KOTOPbII BXOAUT B PE30HAHC C MOEW BbICIIEH LIEHHOCTBHIO. [I03TOMY OTBETCTBEHHOCTb HE
HMMEET HUYEro OOLIETo ¢ 00S13aHHOCTAMH, KOTOpPBIE KTO-TO Ha MEHs BoziaraeT. OTBETCTBEHHOCTb -
nposiBiicHne cBOOOABI. E€ Henb3s MOAMEHNUTh COOIOAEHUEM NPENMCAHUH, 3aKOHOB, PYKOBOASIINX
yKa3aHUH ¥ MHCTPYKIUH 10 3KcIuryarannd. OTBETCTBEHHOCTD - BRIPRKEHUE MOEH MPUBI3aHHOCTHU K
YeNoBeKy, Hjee WIK APYrou 1eHHOCcTH. OTBETCTBEHHOCTh - POSIBIICHUE OTHOLICHUS!»
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YscHeHHe CHCTEMBI IIEHHOCTEH, OOpeTeHHe CMBICIIa M OTBETCTBEHHOCTH HEOIHOPOIHBIMHU
aKTOpaMH SIBJIIIOTCA aKTYaJIbHBIMH IPOOJIeMaMH 3BEPreTHKH, NPHU3BAaHHOH BOOPYXHUTH AaKTOPOB
COOTBETCTBYIOIIMMH METOAaMU U cpeacTBaMu. C OITOH TOUKU 3pEHHUS 28ep2emuKy MOXNCHO
paccmampusams Kak CyOvbeKmHo- U YeHHOCHHO—OPUEHMUPOBAHHYIO HAYKY O NPOYeccax Ynpaesienus
6 obujecmee, C85A3aHMYIO @ OoabWEl CMeneHu ¢ peweHuemM  NioXo — QOopManu3yemuix
COYUOYMAHUMAPHBIX NPOONeM YNPAGIeHUs, 8 OMAUYUE OM KIACCUYEeCKOU HAyKu 00 YnpaeieHuu,
omoarouell npednodmenue npu peueHuy 3a0ay cmposum mamemamudeckum memooam. Obe smu
Hayuuble OUCYUNIUHBL COBMECIHO 00PA3VIOM MENCOUCYUNTUHAPHYIO eOUHYIO MeOpUio YRPAGIeHUs.
BaxHBIM JUIS SBEpreTHKH HAIMPABICHHEM HCCICIOBAHUN SBISCTCS OPTaHW3alds B3aWMOJCHCTBHSA
aKTOpOB, 00ECTICUNBAIOIIAs JOCTIKCHIE B3aNMOIIOHIMAHHS ¥ KOHCEHCYCa TPH MPUHITHU PEIICHUH
OTHOCHTEIIEHO YCTPaWBAaIOMIUX BCEX CIIOCOOOB YpPErYIHPOBaHUS MPOOJNEMHBIX cuTyanuil. [lpu
peIIeHnH 3TON 3aJa4dll SBEPreTHKH B Ka4eCTBE METOHOIOTHYECKOTO (yHAAMEHTa IMPEACTaBISETCA
1enecooOpa3HbIM HCTIONIB30BaHUE TEOPUH KOMMYHHKaTHBHOTO AeiicTBus F0. Xabepmaca [17].

KoMMyHHKaTHBHOE AEHCTBUE HMCXOAWT M3 HEOOXOIMMOCTH HAXOXKICHUS M HCIOJIb30BaHUS
palMOHANIBHBIX MEXaHH3MOB Ul MOWCKA MyTeW K JOCTHXeHHIO corjacus. IIpu sTom B kauyecTBe
HEOTHEMJIEMBIX JIEMEHTOB B3aWMOEHCTBUS JIFOJICH TpennonaraeTcs NPUMEHEHHUs] TaKUX TOHSTHH
KaK B3aMMOIIOHMMaHHEe, KOHCEHCYC, apryMEeHTaluu 1 ap. Ho Tr1aBHOE COCTOUT B TOM, YTO CYObeKm-
aKmop OCMbICIUBACm C8OU JICUSHEHHbIL Nymb 6 acnekme Ojaaea, a He yeaecoobpasznocmu [18]
(kcTaTH CcKazaTh, OT T'PEYECKOTO CJIOBA «IBEPreT», O3HAYAIOUIETO «OJIaroJeTeNb), W MPOHCXOIUT
«aBepreTukay). Cam FO. Xabepmac mumret B [17]: «51 roBopto 0 KOMMYHUKAaTHBHBIX JEHCTBUAX, €CITH
IUTaHbl JEUCTBHS aKTEPOB KOOPIMHUPYIOTCS HE IIOCPEICTBOM OSTOLEHTPHUYECKON KalbKYISLUH
ycrexa, a depe3 akThl B3aWMOIOHMMaHHA. B KOMMYHHKAaTHBHOM JAEHCTBOBAaHHUHM OpPWEHTAIUS Ha
COOCTBEHHBIM yCIIeX HE SIBIISIETCSI TEPBOCTEIIEHHOW [UI YY9aCTHHKOB, KOTOpPBIE NPECIEAYIOT CBOU
WHAWBUIYANbHBIC SN IIPH TOM YCIIOBHH, YTO OHH MOTYT COTJIaCOBBIBATH TNIAHBI CBOMX JICHCTBUI Ha
OCHOBE OOIINX OIpEAeIICHN CUTyaum». BO3HUKAIOT cOOOIIECTBa, B KOTOPBIX HOPMbI U YeHHOCU
€c80000HO  BblpabamvlealOmcs, a He Haeazvlealomcs. TeM caMbIM  palMOHAIM3UPOBAHHBIHN
KM3HEHHBIH MHUp (TTOBCEJHEBHOCTH) JENaeT BO3MOXXHBIMHM Takue B3aUMOJCHCTBUS, KOTOpPBIC
PYKOBOJICTBYIOTCSI HE HOPMAaTHBHO MPEIIMCAHHBIM COIJIACHEM, & apeyMeHMUpO8anHo 00CMueaembim
Koncencycom [6].

KoMMyHUKaTHBHBIH pa3syM, TakuM 00pa3oM, «IpeanoiaraeT Takyto MO3UIHI0, TIPH KOTOPOH MBI
paszensieM yeHHOCmU U HOPMbl KaK UHmMepcyObeKmugno 3Hauumvle. VIHANBUIL MOKET TPU3HABATH
mo00e 3HaHWE, BOCHPHUATHE, MOHUMAaHHEe CYOBEKTUBHO «HUCTHHHBIM» s cebst camoro. Ho ecrmu B
TOW WM WHOW CUTYallMd WIM B TOM WJIM MHOM COOOMIECTBE 3TO 3HAHWE, BOCHPHUATHE, TOHUMAaHHE
MPUTA3aET Ha TO, 9YTOOBI CTATh MHTEPCYOBEKTHBHO 3HAYMMBIM, OHO MOKET OBITh IPU3HAHO TaKOBBIM
(TO ecTh HOPMOI) TOJBKO TPU YCIOBHH, YTO BCE YYACTHHKH TAHHOW CUTYallMd WA COOOIIecTBa
COTJIACHBI MPHU3HATH 3TO KaK HOPMY M BBIPAXKalOT CBOE COTJIACHE B IPOIECCE apryMEHTHPOBAHHOM
JIMCKYCCUH, UMEIOIIEH 1eNIbI0 HAliTH B3auMoInoHUMaHue. MHTepcyObeKTUBHASL TIEPCIIEKTHBA, TAKUM
o0pa3zoM, MHpeArnojaraeT, YTo HU OJUH M3 CyOBEKTOB B3aUMOJCHCTBUSI HE MOXKET EAWHOIUYHO
YTBEpXKIaTh CBOM 3HAYCHMS WM BEPLIUTH CBOIO BONIIO B CHUTYAIlMH, I/Ie 3aTParuBalOTCs HHTEPECHI
JIPYTUX y4acTHUKOB» [19].

B koHuenmmu KoMMyHHWKaTHBHOW panuoHaimbHOCcTH HO. XaOepmaca 3ajokeHO yOexIeHue B
KOHCOMUOUpYIowel  cuie  apeyMeHmupo8aHHo20  OUCKYpcd, KOTOPBI JOJDKEH NpPEeooJieTh
pa3HOTIIaCUs HEOTHOPOJHBIX aKTOPOB M JOCTHYH PALIMOHATHHO 0OOCHOBAHHOTO COTJIAIICHHS MEXKIY
HuME. OIHAKO 3Ta KOHIEMIHS MMOIBEPrajiach KPUTHKE 32 HEOOOCHOBAHHBIN HIealli3M, HEJOCTATOK
MparMaTu3Ma, HeBHIMAaHHE K MEXaHW3MaM CHJIBl U BIIACTH, TOCIOJCTBYIOMIMM B OOIIECTBE, W T.II.
Tem HEe MeHee, HENIB3S OTPUIATh «KOHCTPYKTHBHOCTH WACH KOMMYHHUKATHBHOH paIliOHAIFHOCTH B
KadecTBe HEOOXOJMMOTO IIEHHOCTHOTO OPHEHTHpa COBPEMEHHOTO CO3HAHMWS, ITOJOOHO TOMY Kak
HECOBITAICHUE PEaJHHOTO MOBEICHHS JIIOJCH C HPaBCTBEHHBIMH MAEaIaMd U HOPMaMH HE OTMEHSET
3HaYUMOCTH nocnenuux» [20]. B aToM cMbicie 3Bepretuka, Kak CyOBEKTHO- M I[€HHOCTHO—
OpPHEHTHPOBaHHAs HayKa O Ipolleccax YIpaBieHHs B OOILECTBE, HallelieHa Ha HOGblUleHUEe DOJU
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KVIbmypbl (8 WUPOKOM CMbICIe) 8 JHCUSHU 0Oujecmsa u mpanchopmayuro yerepayuoHaibHO20o
«IKOHOMUYECKO20 Yell08eKaA» 8 KOMMYHUKAMUBHO PAYUOHAILHO20 «4enoseka Kyaibmypsiy [12].

3akJjrouenue

Pe3zepBbl noBbIIeHNsT 3((EKTUBHOCTH MPOIIECCOB YIPABICHUS B OOLIECTBE CIIENyeT UCKAaTh HE
B MOJIEpHHM3ALMH «OOE3JIMUCHHBIX» OIOPOKPATUUECKHX MEXaHW3MOB, HOCTPOSHHBIX Ha OCHOBE
LIEHHOCTHO-VHBapHaHTHOW KJIAaCCHYeCKOW Hayku o0 ympaBiieHWH, (QOKycHpylolel cBO€ BHUMaHUE
Ha mpo0OsieMax MHpa CHUCTEM, a B CaMMX JIFOJSX M3 MUpPa MOBCEIHEBHOCTH, B KaXK/IOM YEJIOBEKE, B
HCHOJb30BAHUU €r0 HUHTEUIEKTyaldbHBIX M BOJNEBBIX pecypcoB. C 3ToH wnenb0 U co3paéres
9BEpPreTHKa — HayKa O MpoIeccax MHTEPCYOBEKTUBHOTO YIIPABICHHS B MIOBCEAHEBHOCTH, B KOTOPOH
KITIOUEBYIO POJIb UTPAeT COOOIIECTBO HEOAHOPOAHBIX AKTOPOB, KKIBIM M3 KOTOPHIX HMEET CBOIO
CyOBEKTHBHYIO IIKaJly LEHHOCTEH, Oco3HaéT cebs (BMecTe C APYTMMH akTOpaMH) «BHYTPH
MpoOIEMHOI CHTyalliM B MOBCEIHEBHOCTH M T'OTOB BBIMOJIHATH HEOOXOIMMBIC TTO3HABATEIbHBIE U
JeATeIbHOCTHBIE (DYHKINH IS YPEryTUpOBaHHs CUTYaINH.

VIMeHHO Takue aKTOpbl, KOMMYHHUIIMPYS M JIOTOBapUBasCh MEXAy co0OH, OmpeaensioT
HalpaBJCHUS Pa3BUTHUS CUTyaluH, GOPMYJIHPYIOT 3aJaud, TpeOyolue pPElIeHNUs, YyCTaHABIUBAIOT
KPUTEPHUH M OTPAaHUYEHHS, IPH KOTOPBIX IOJDKHBI PEIIAThCS ITH 3a4a4H, T.€. OTBEYAIOT Ha BOIPOCHI
«3a4eM ?» U «4TO HYXKHO JIeNaTh 7» JJIsl yperyJInpoBaHus NMPOOJIIEMHOM CUTyallly, BOSHUKIIEH B UX
MOBCE/IHEBHOW XM3HU. HeoqHOpoaHbIE aKkTOpbI, BbIpaOaThIBAIOIIME COBMECTHO B pexume on-line
MHTEPCYObEKTHUBHBIE KOHBEHIIMOHANBHBIE (110 A.IlyaHkape) 3HaHHSI O CUTyalllH, BBHICTYNAIOT B POJIH
«OOBIJICHHBIX YIPABIICHIIEB — TEOPETUKOB» B TaHAEME CO CIEHUAINCTaMU B OOJACTH yNpaBJIeHUS,
CO3JAfONIMMHU JUISi aKTOPOB METOABI M CpPEACTBA, HEOOXOMWMBIE JUIS OCYIIECTBICHUS WX
JESTENTbHOCTH.

OBepreruka, fABISIACH CyOBEKTHO- M IIEHHOCTHO—OPHUEHTHPOBAaHHOM HAyKOHl O Iporeccax
MHTEPCYObEKTHBHOIO YIPABICHUS B IOBCEIHEBHOCTH, (OKyCHpyeT CBOE BHMMaHHE Ha 3Tamax
MIOCTaHOBKH 3a/1a4, BHITEKAIOIINX U3 MPOOIEMHON CUTYaIUH, U OLEHKH TOT0, HACKOJIbKO N3MEHMIIACH
CHUTyallisl B pe3yJbTaTe pemeHus 3Tux 3aqad. C 3Tol TOYKH 3peHHs IBEPreTHKa CBs3aHa B OOJIbILEH
CTEIEeHHU C IUI0XO0 (HOPMATH3YEMBbIMU COLIMOTYMAaHUTAPHBIMU MPOOJIEMaMH yIPABJICHUsI, B TO BpeMs
KaK KJaccHdeckas Hayka OTHAE€T MIpeANOuTeHHE NPH PELICHUH 3a/Jad CTPOTHM MaTeMaTHUECKUM
Meromam. OOe O5THM HaydHble IMCHMIUIMHBI JOHOJNHSIOT JApPYr Jpyra, o0pa3ys COBMECTHO
MEXAUCIMIUIMHAPHYIO €ANHYIO HayKy O Tpolleccax yIpaBieHUs B O0IIECTBE.

B xauectBe Merojonoruueckoro (QyHaaMeHTa SBEpreTHKH IeJeco00pa3sHo HCIIOJIb30BATh
TEOPHUI0 KOMMYHHKaTHBHOTO MAEHCTBHUS, KOTOPOE HMCXOIUT M3 HEOOXOIMMOCTH HAXOXKICHUS H
HCHOIb30BAHUS PAOHAIBHBIX MEXAHU3MOB JUIsl IOMCKA MyTEH K JOCTHKEHHIO cornacus. [Ipu atom
HEOTBHEMIIEMBIMH 3JIEMEHTAMH B3aUMOJEHCTBUS JIIOACH MOJIaraloTCsl B3aMMOIIOHUMAHNE, KOHCEHCYC,
aprymeHTanus u 1p. Ho riaBHOE COCTOUT B TOM, YTO CyOBEKT OCMBICIMBAET CBOW KU3HEHHBIH MTyTh B
acriekTe Omara, a HE I[eJIeCOO0pa3HOCTH, a MO3TOMY IBEPIre€THKA HAIleJeHa Ha IOBBIIICHHE POJH
KyJBTYpPBI B )KU3HU 00IECTBa U TpaHC(HOPMALUIO LENePAIOHAIBHOTO «IKOHOMHUYECKOTO YSIOBEKa»
B KOMMYHHKAaTHBHO PallHOHAIBHOI'O «4YEJIOBEKA KyJIbTYPbI».
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Abstract

The article is dedicated to the problem of resource management in large rocket-and-space enter-
prises describing directions of information technology implementation for effective project and
production operation. Moreover, it shows that increasing enterprise efficiency demands reform-
ing project management and changing IT product and technology paradigm.

BBenenue

BEI30BEI COBPEMEHHOTO MHPA, TMPOSIBIISIOIINE ce0s B pacTymIel CIOXHOCTH PelIaeMbIX 3aaad,
anpHOPHON HEOTPEJEIICHHOCTH M BBICOKOW AMHAMHUKE M3MEHEHUH CIpoca M MpEeAIoKeHHs, 3acTaB-
JSIFOT NEpeCMaTPUBATh CIIOKHUBIIMECS TOAXOABI K YIIPABICHHUIO U pe(OPMHUPOBATH MPENIPHUSITUS AT
TMOBBILICHUS (P PEKTUBHOCTU ESTEIBHOCTH.

B paborax mo ympasnenuro [1] Bce uwame oTMmedaercs, YTO MPUYMHBI MHOTHX aKTyaJbHBIX U
3HAYUMBIX NPOOJIEM MEHEIKMEHTa MPEANpPUSTHH CIeIyeT UCKaTh B YPE3MEPHO pa3pacTarouieMcst
WCIIOJIb30BAHUH TIPHUHIIMIIOB «HJIEabHOI» OIOPOKpaTHH, CO3JaloNiell MHOTOYPOBHEBBIE HEpapXUH
BJIACTH ¥ OOBIYHO UTHOPUPYIOLIEH 3HAHUS M JINYHBIE KAYECTBA UCTIOTHHUTEICH.

B naHHO# cTaTbe paccMaTpHBAETCS ONBIT M IIPEUIOKEHUS 110 Pa3BUTHIO MH(OPMAIIMOHHBIX
texHonoruit (UT) B OAO «PKK «3Oueprus» (nanee — Kopnopaiys), OnichIBatOTCSI OCHOBHBIE LIEIH,
3aJ]a4y ¥ O’KuaeMble pe3ynbTaTsl BHeaApenus UT Ha npeanpustun.

1 Henu pa3Butus

B ycnoBusix coBpeMEHHOW HOBOW SKOHOMHUKH, B OCOOEHHOCTH, Ha (hOHE Pe3KOro o0OCTpeHHMS
MEXIYHAPOAHBIX OTHOIICHMI B IMOCIEAHEE BPEMsI MHOTHE OTCUECTBEHHBIC KPYIHBIC MPEITPHATH
a3pPOKOCMHUUECKOI OTpaciM HaAYMHAIOT MCKaTh HOBBIE IIyTH CBOEr0 pe(OPMHUPOBAHMSA IS IOBBIIIE-
HUs 3 ekTuBHOCTH.

Kak oTrmedaroT MHOTHE aHAIWTHKH, KIIOUYEBBIMH MPOOIeMaMH POCCHICKON a3pOKOCMHYECKON
MIPOMBIIICHHOCTH SIBIISIFOTCS] HE «TEXHOJIOTHYECKOE OTCTaBaHWE U MU3HOC OOOPYJOBaHUS, a yCTapeB-
1IMe BEPTUKAILHO-UHTEPUPOBAHHBIE OM3HEC-MO/IENN M HEXBATKa KIIFOYEBBIX KOMITETCHIHI [2].

OcHoBHBIMU cTpaTernueckumu 1ensmu passutus UT B Kopnopanuu sBnsrores:

1) TloBbimuenne >3ppekTUBHOCTH AesTesbHOCTH Kopriopauuu npy yrpaBieHHH IPOEKTaMu I0 pas-
paboTKe, TPOU3BOCTBY M IKCILTyaTallly CIOXKHBIX U3/IEINH;
2) VYiydiieHWe KadecTBa pe3yibTaToB, MPOJYKTUBHOCTH M ynoOcTBa paboTsl ¢ KopnopaTuBHEIMU

CHUCTEMaMHU JUIs NOJIb30BATENEN BCEX KATETOPHA;
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3) OO0ecreueHne BBICOKOM ONEPAaTUBHOCTH, THOKOCTH, MPOU3BOAUTEILHOCTH, HAJIE)KHOCTH B 0€30-
MACHOCTH Pa0OThI KOPIOPATHBHBIX CUCTEM;

4) BHepapeHue NepcreKTUBHBIX HHOOPMAIIMOHHBIX CUCTEM M TEXHOJIOTHI B paboTy MoApa3aeNeHuit
KOPIIOpAaIyy Ha BCEX YPOBHIAX;

5) Ilo3ranHOE€ MMIOPTO3aAMEILEHUE CTPATErMYECKH BAKHBIX IIPOrPAMMHBIX IIPOAYKTOB HA OTEUECT-
BEHHBIC HHHOBAIIMOHHEIC Pa3pa0oOTKy;

6) CokpaiieHue 3aTpar Ha pa3pabOTKy HOBBIX M MOAJCPKKY IKCIUTYaTalldd CYIIECCTBYIOMINX KOp-
MTOPATHBHBIX CHCTEM.

2 Kpartkuii aHaJIu3 TeKylero noJioxxeHust

3a nmocnexnee Bpems B 2007 — 2014 rr. B Kopniopannu 6pi1a 3aokeHa OCHOBa 00MIeKOpIIopa-

TUBHOIM MH()OPMAIMOHHOHN MIaTGOPMBI IJIsl BEACHUS JOTOBOPOB, KaApOB T.J., KOTOPAsk BKIIOYAET B

ceOst cIeayIOIne CUCTEMBI [UISl YIPaBJICHHS IPEIIPUSITHEM:

1) VYmnpasnenune pecypcamu (ERP): IC «3Bepect», 1C, Oracle e-Business Suite.

2) VYmnpasnenue xxu3HeHHbIM 1ukiIoM u3nenust (PLM): PTC Windchill, PTC Creo.

3) Jpyrue: nHpopMalnrOHHbIE CHCTEMBI JJIsi OM3HEC-aHalIn3a, KOPHOPAaTHBHOW OTYETHOCTH, IMOp-
tanbhbie pernenus: KCOJI va 6a3e Documentum, KCBA Ha 6a3ze Oracle BI, cnenuanusuposan-
HBIE CUCTEMBI JUIS TIOIZICPIKKH COTIPOBOXKICHNS IIPOSKTHOM AESTEIBHOCTBIO U JIp.

BHezpenue 3TuX crcTeM MO3BOJIIIIO Ha JIeNie aBTOMAaTH3UPOBATh Pl PyTUHHBIX QyHKIuWi yuera

W KOHTPOJISI [UIsl aIMHHUCTPATHBHO-YIIPABIEHYECKOTO TIEpCOHaNa, BKIIIOYasi OT/AEN KaapoB, Oyxrai-

TEpUIo M Apyrue oommx ciayx06. OgHaKo 1Mo MHEHHUIO Mojb3oBaTesne, obmas 3¢ dexkTHBHOCTS BHE-

JIPEHHS YKa3aHHBIX YUYETHBIX CHCTEM IO cooTHomeHuro «lleHHocTs / 3aTpaTs» sBIsETCS, KaK Ipa-

BWJIO, CpETHEH MM HU3KOM, TaK KaK 4acThb KOPIIOPATUBHBIX CHCTEM MajlO0 MCIOJB3YETCs ISl pealb-

HOTO YIPaBIJICHUS pECypcaMu B IPOEKTaxX M TpeOyeT NopabOTKH NN 3aMEHBI.

Ilo pesynpraram anammsa HCHONB3yeMBIX B Kopropamun HHPOPMAIMOHHBIX CHCTEM MOKHO

CZIENaTh CIEAYIONINE KIIOUEBHIC BBIBOJIBI:

1) CyuecTByonye CUCTEMbI PEATU3YIOT JHUIIb YUeTHbIE ()YHKIMH BEJICHHS [TPOSKTOB M MaJIO IPHU-
MEHSIOTCSI IPOEKTHBIMH orcamu;

2) Pa3paboTaHHBIE CHCTEMBI OBUIM OPUEHTUPOBAHBI HA YCTAPEBAIOIIYI0 «3aTPaTHYI0» YKOHOMHUKY
Kopnoparuu;

3) [Ilonb3oBarenu HE yIOBIETBOPEHBI HATMYMEM MHOTOYHMCIEHHBIX Pa3sHOPOAHBIX CHUCTEM, KOTO-
pbBle, IO UX MHEHHIO, HE YYHUTBIBAIOT CIIOXKUBILYIOCS OM3HEC-TIPAKTUKY PadOTHI IO MPOEKTaM B
Kopnoparuy 1 TpyJHO TPHUMEHNMEBI Ha TIPAKTHKE;

4) KopropaTuBHbIE CHCTEMBI HE TOAJAECP)KUBAIOT pabOTy B peaJbHOM BPEMEHH, UTO BEAET K 3a-
JIEp’KKaM B ITPUHITUH PELICHUI;

5) JlaHHBIE B KOPIOPATUBHBIX CHCTEMAaX SIBISIFOTCS HETIOJHBIMU U HE JAIOT KOPPEKTHYIO, HaJexk-
HYIO ¥ JOCTOBEPHYIO KapTHHY BEICHUS MIPOCKTOB;

6) MHorue cucTeMbl MOPaIbHO YCTapein U HE UMEIOT COBPEMEHHOro MHTepdeiica, yJ0O0HOro s
10JIb30BATEIEH.

JIJiss KOCMHYECKOM OTpaciy, B KOTOPO# oOecreueHre KayecTBa paboT M HAJACKHOCTH HU3ICITUI

SBJISIETCSI MIEPBOCTENEHHOM 3anaueii, BHenpenne UT nmst oGecriedeHns: CKBO3HOTO IMKJIa KOHCTPYH-

POBaHHMS ¥ IPOU3BOJICTBA U3/ICNUIL SBISETCS KDUTHUECKH BaYKHBIM.

3 Kparkuii ananau3 coBpeMenHbIX TpeHaoB UT pa3Butus

[Ipomueccs! ynpaBieHUst ¥ HETIOCPEICTBEHHOM IpeIMETHON pabOThl HA COBPEMEHHBIX KPYITHBIX
NPEATIPUATHSAX, B OCOOCHHOCTH, 3apYOEKHBIX, CETO/IHS YK€ COBEPIICHHO HEBO3MOXHO IPE/ICTABUTh
6e3 MPUMEHEHHNS CaMBIX NIEPEIOBBIX HHPOPMAIMOHHBIX TEXHOJIOTHH.

OcnoBusie TeHaenn UT pazsutus npennpustiii [3] B COBpeMEHHOM MUpE ITOKa3aHbl Ha pH-
cyHke 1.
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Pucynok 1 — Tennenuu passutust U'T coBpeMeHHBIX PeINpUSTHH: pOCT NPOAYKTUBHOCTH C POCTOM 00BEMOB
JTaHHBIX TIPH UCTIONIB30BAHUH HOBBIX TEXHOJIOTHH (3e7eHas TuHus) u 6e3 Hux (KpacHas) [4]

Bo Bcem mupe ceiiuac B ctagun GopMUpOBaHUS TPSIyIINi OyAyluii HOBBIH OONMK pa3BUTHIX
MIPOMBIIICHHBIX MPEIIPUATHHA, TaK Ha3bIBaEMBIX MpennpusaTuil mokoneHns Industry 5.0 (Ha3BaHHBIX
TaK MO aHAJOTHU C CO37[aBaéMbIM B HACTOSILEE BPEMs HOBBIM ITOKOJIEHHEM IPOTPaMMHBIX CHCTEM
kiacca MaTepHeT-5.0), XapakTepu3yeMbIX TOTAIBHBIM BHEAPEHHEM HH()OPMAIMOHHBIX TEXHOJIOTHH
Ha COBEPIICHHO HOBOM YPOBHE.

ITo ananoruu ¢ pa3ButHeM MHTEpHETA MOKHO YTBEPKAATh, YTO OOIHMK COBPEMEHHBIX MPEATIPH-
ATHH OyIeT MEHATHCS ONpPEACICHHBIMU CTAAUSMHU CIIETYIOUIHMM 00pa3oM:

. WuTepHeT - 1.0 — maccuBHOE XpaHUIIHIIE TOKYMEHTOB;

. WuTepHert - 2.0 — noaaep)kka KOMMYHHKALIMK MEXAY T0JIb30BaTeIIMH (COIIHATIBHBIE CETH);
. WuTephert - 3.0 — cemanTudeckuii MHTEpHET NOKyMeHTOB (Semantic Web);

. WutepHeT - 4.0 — MIHTepHET MpOrpaMMHBIX areHTOB, AEHCTBYIOLUX OT JIMIA U MO Mopyde-
HUIO MOJIB30BaTEICH;

. Hutepner - 5.0 — UnTepHET Beleil, KOTOpble BOCIPUHUMAIOT CPey, IAHUPYIOT U BBINOJN-

HSIOT paboTy.

Jst moanep>KKu HOBOM METOJONIOTHH YIpaBJIeHHs npoektamu B Kopropamun Haubonee Bax-
HBIMH W TIEPCIICKTUBHBIME TPEICTABISIOTCS HOBBIE MH()OPMAIMOHHBIE TEXHOJOTUH, MPEICTABIICH-
HBIC Ha PHCYHKE 2.
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Pucynok 2 - Kitouebie nHpOpMaIMOHHbIC TEXHOIOTHH [UIsl YIPABICHHS IPOSKTaMK

JlaHHBIE KITIOYEBBIE TEXHOJOTUU OyIyT BO MHOTOM IIPEIONPEACIATh Pa3padOTKH OyIyIuX MH-
(hopMaIOHHBIX cUcTeM B Ommxaiime 5-10-15 ner:
1) TMapamnenbHble BEIYUCICHUS.
2) OOBEKTHO-OPHEHTHPOBAHHOE TPOTPAMMHPOBAHHE.
3) MynbTHAreHTHBIE TEXHOIOTHH.
4) Cemanrnyecku HTEpHET.
5) ApmantuBHOE KOHCTPYHpPOBAHHE U IIAHWPOBAHHE.
6) IlonmmaHue TEKCTOB.
7) Bomblne naHHbIe U A00bIYA 3HAHHH.
8) CerenenTpuyuecKuii MOIXO.
9) HHTepHeT Bellel U TOBCEMECTHBIC BBIYHCIICHUS.

4 OcHoBHble 3a1auyn UT pa3Butus

Jnst mocTiKeHNs IOCTaBJIEHHBIX BhINIE 1esieid ocHOBHBIMY 3anadamu UT passurust B Kopriopa-
MU SIBJIIOTCS CIICTYTOLIHE:

1) DKoHOMHKa peaJbHOTO BpeMeHH IpH yrpasieHnn npoektamu (ERP — konTyp).
2) Cksoznas nmoguepxka XKL uznenus: ot naen — no yruwmmsanuu (PLM — koHTYD).
3) becmosnas unTerpamnus ERP 1 PLM (cBs3b KOHTYpOB).

B kauecTBe ocHOBHOTO cTparernueckoro Hampasinenus UT nogpasnenenuit Kopnopauuu npea-
JaraeTcsi Co3aHue PaclpeeeHHON HHTEIIEKTYallbHOIH CHCTEMBI YIIPABICHUS pecypcaMu KOpIiopa-
uun (UCY PB / «3ddexTuBHOE npeanpusitre») A MOIACPKKU TPHHATHS PELICHUI B pealbHOM
BPEMEHH, KOTOpast ObI CTPOMIIACH «IIOBEPX» CYLIECTBYIOIINX TPAAULMOHHEIX cucTeM (PucyHOK 3).
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WutemnekryansHast cuctema UCY PB / «DddekTuBHOE MPEIpUsiTHE»
JUTSL TIO/IZICPIKKH TIPUHSTUS PELICHUI B pealibHOM BPeMEHU

. T~

ABTOMaTHU3MPOBAaHHAS CHCTEMA YIIpaBIIe- ABTOMaTH3UPOBAHHASL CHCTEMA MTOIEPKKH
Hus pecypcamu kiacca ERP JKU3HEHHOT0 LMKJIa Kiacca PLM
(xazmpsl, cTpaTernyeckoe, pUHAHCOBOE U (TIpoexTHpoBaHUE U MOICTUPOBAHNE H3/E-
OIICPATUBHOC INIAHUPOBAHUE, TOKYMCH- J'II/Iﬁ, TCXHOJIOI'MYECKas MOJAroToBKa Ipoun3-
TOOOOPOT, ONIEPATUBHBIN yUET, OyxXraj- BOJICTBA, cTaHku ¢ UIIY, TpancnoptupoBka,
TEPCKHUH U HAJIOTOBBIN y4eT, 3aKyTKH, 9KCIUTyaTaIVs], YTHIIM3aLUs U3IEIUd U ap.)

CHaOXXeHue, CKJIal, COBIT | T.JI.)

Pucynok 3 - O0miast CTpyKTypa CUCTEMBI YIpaBJIeHHS PabOTOI KOpIopauu

[Mpennaraemas cucrema MCY PB / «DddekTiBHOE MpeanpusTie» 10 CBOeEMY Kilaccy IepBoHa-
4ajbpHO OYyJET SIBJIATHCS aBTOMATH3MPOBAHHON CHCTEMOM VISl MOJEPIKKH IIPUHSATUS PELICHHH, B KO-
TOPYIO MO3TANHO OYIyT BCTPAMBATHCS METOABI M CPEJICTBA MHTEIUICKTYyaJIM3alHH YIPaBICHYECKOH
JIeITEIIbHOCTH, CBSI3aHHBIE C OIIEPATUBHBIM BBISIBICHUEM M aHAIIM30M IPOOJIeM, ONepeKaroIinuM IIpo-
THO3UPOBAaHUEM DPa3BHUTHs CHUTYaIMH, pa3pelieHHeM KOHQIIMKTOB IO LIEJIAM, 3a7adaM U pecypcam,
MOJICTUPOBAaHUEM BapHUAHTOB PEIICHUH, HAKOIUIEHUEM B 00pabOTKOH JaHHBIX AJIS BBISBICHHUS CKPBI-
TBIX 3aKOHOMEPHOCTEH U T.1.

Hens coznanmst ICY PB — noBeimienue kadectBa U dpdexktuBHOCTH padotel Kopnoparmm 3a
CUeT mepexofa K COTIIACOBAHHOMY MPHUHATHIO PELICHUH 110 YIPaBICHUIO PECypcaMH Ha BCEX dTarmax
KI3HEHHOTO ITUKJIA U3ICITHH.

B stux nensx UCY PB co3maercs kak ceTenieHTprudeckasi cucreMa («cucreMa CUCTEM» ), TIOCTO-
STHHO aCHHXPOHHO pabOTAaIOINX U COTVIACOBAHHO B3aMMOJICHCTBYIOMUX 1Mo puHiunam P2P (Peer-to-
Peer, uto o3navaeT «Kax bl ¢ KakapiM» U «PaBHBII ¢ paBHBIM») yepe3 0011y HHGOPMAIIMOHHYIO
muHy Kopropamuu juis peanu3anuy II0AX0/I0B HapajuleNIbHOM pa3paOOTKH CIOXKHBIX H3/enuil (0T
anri. Concurrent Engineering - npotusocrout «Hucxomsmemy») [5-7].

IlepcniexkTHBHAsA apXUTEKTypa MHTEUIEKTYaJbHOI CHCTEMBI YIPAaBICHUS NPEANPUITHEM B pe-
ansHOM BpeMenu (MCY PB) na 2015-2025 rr. npeacraBieHa Ha pucyHke 4.

Kimtouesoit wacteio ICY PB nomxkna crate basa 3nanmii Kopriopanuu (B3), no3Bosstomast Ha-
KaIuIuBaTh, CUCTEMaTH3UPOBATh M MCIOJIB30BaTh 3HAHHUS 00 OpraHU3alny, W3S U TTOPsAKE IIpo-
BeJleHHsT paboT, HOMEHKIIAType YacTel, MoApa3eNieHIsIX U COTPYIHUKAX, Pe3yIbTaTaX UCTIIBITAHUN U
T.J.

B kaxmplii MOMEHT BpeMEHH BCEM y4YaCTHHKaM JOJDKHA ObITh JocTymHa Kubep-¢pmsmdeckas
moaens uznenus (KOM), nanpumep, nosnHas BupTyansHas Mojaeias MKC, napaiiensHo «JIeTsimas» ¢
U3JIeNIeM B KOCMOCE MJIM CO3/1aBaeMasi Ha 3emile.

Ipunnun neiictus cuctembl ICY PB BritouaeT B ceOst HENPEPHIBHBIN ITUKIT PabOThI U3 Clie-
JYIOIIMX IIaroB:

Peaxmus Ha coObITHE

Pacnpenenenue pecypcos
[TnanupoBaHue U epeIIaHUPOBaHUE
OnTuMu3anus pacirucaHue
MOHHTOPHHT U KOHTPOJIb UCIIOTHEHUS
CornacoBaHHe C TTOJIE30BATEISIMH
[eperrannpoBanme 1o TUIaH/pakT
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. OOyueHue U3 orbiTa
B kauecTBe nepBoro mara npeajgaraeMasi apXuTeKTypa CTpOUTCs Ha 0a3e CyLIeCTBYIOIUX U pa-
ooraromnx ERP n PLM cucreM, B KOTOpble NOOABISIOTCS CUCTEMBI aJalTHBHOTO IJIAHUPOBaHUS
pecypcoB (ASP) u cucrembl noJiep Kk NpuHATH petnenuid (DMS).
B cBowo ouepenp, mpennaraemasi apxutekrypa ASP cuUCTEMBI MOXKET CTPOUTHCS Kak JBE
B3aMMOYBSI3aHHbIE CHCTEMBI JJIs a1alITHBHOTO IJTAHUPOBAHMS IIPOEKTOB ¥ MPOU3BO/ICTBA.

3. PyKkoBOACTBO
RHeRe 3. Cepsuchbl

M0 1 1em. ueHTpbl Kb MO u uexa 39Ma

MopTan
Koonepauun

3. 3HaHuA

Basa 3HaHuK e

CHCTEMbI

3. MocTasku

Wmetovpmecs ERP+PLM cicTemsl

e . 3.
3N, Py, 31, Py Tem 37, Ben. lMpeanaraemblid NOPAJOK BBOAA CUCTEM: 3N, Hav.gexa
npoeKTa LeHTpa KOHCTPYKTOP
. 1- Ouepegp (2015)

3.
Texxonor
M 2- Ouepegs (2016)

an. . 3 - O4epeap (2017) 3. Macrep 301, Pabouwii 3N. OTK
3. Boexnpes e M. Wrxerep
i 4 Wmetowmeca cuctems! (2014)

Pucynoxk 4 - IlepcriekTUBHAS apXUTEKTypa HHTEIIEKTYJIbBHOH cucTeMbI yrpaBienus Kopropanueit Ha 2015-
2025 rr.

|

[Ipu 3TOM Kajkpast Takas CUCTEMa TaKKe CTPOMUTCS KaK CETEIEHTPHUYECKask «CHCTEMa CHUCTEMY,
KOTOpasi COCTOUT M3 B3aUMO/EHCTBYIOIIMX TUIAHUPOBIIUKOB PA3IMYHBIX YPOBHEH: CTPATETHUECKOTO
(YKpYITHEHHOT0) IUIAaHUPOBAHUS, ONIEPATHBHOTO IUIAHWPOBAHMS IOIPA3ACICHUH U NMPOESKTHBIX O(H-
COB, a TaK)Ke B OyIyleM — JIMYHBIX TJIAHUPOBIIUKOB COTPYAHUKOB.

5 ®ynkuuu UCY PB pas ynpasaenusi Kopnopanueii

[Ipennaraemasi cucrema Mo3BOJIMT PYKOBOJACTBY M coTpynHHkaM Kopropainmu npuHumars 0o-
Jiee aKTUBHOE y4acTHe B Ipoleccax MPHHATHS PEIICHUH Ha BCEX YPOBHSIX M OJHOBPEMEHHO BUJIEThH
Ha oOImel «Imia3Me» WM WHIMBHIYaIbHBIX KOMIBbIOTEpaX, IJIAHIIETaX U COTOBBIX TeleoHax Ipo-
rpecc pa3paboTOK MO KOPIOpanny, NOApa3AeICHUAM 1 IPOEKTaM, a TAKXKe JINYHBIN BKJIAJ KQXKIO0TO B
pe3yIbTaT ¢ JII000H CTETIEHbIO JETATN3AINHN C TOYHOCTBIO 32 KBApTAJ, MECSI], HE/IENIO U JICHb, BKIIO-
yast IOTOKH Ba)XKHBIX COOBITHH, ABMKEHHE 1O paboTaM, IMOKa3aTeNy B TMHAMUKE U3MEHEHHH KaK Ha
Oupsxe U T.A.

[l pyKOBOAUTEIICH IPOEKTOB M PYKOBOJCTBA KOPIOPALMU MOSBUTCS BO3MOXKHOCTB MOJIy4aTh
«0baaHc» 1O OTIePaTHBHOMY IPOTPECCY PEIICHHUS 3a1a4 B MPOEKTaX Ha KaKIBIH 1eHb (Kak B OaHKe) C
OJJHOBPEMEHHBIM OIIEPEKAIONIUM IIPOTHO3UPOBAHUEM U MOACBETKON MPOOJIEMHBIX CUTYyaIuil, U BBI-
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paboTKOI Mep 0 UX Pa3pelleHuIo, BKII0OYas IepepacipeiesieHue 3aa4, BOBJIEUEeHHE HOBBIX pPecyp-
COB, CBEpXYpOUHBIE U JIp. B 3THX 1emnsx takas cucteMa IOJDKHA OBITh CIIOCOOHA «BJIAAETh» TEKYIIEH
CHUTyallliell ¢ 3aKa3aMu U pecypcaMu Ha OCHOBE JIJAHHBIX BO3MOYKHO M3 JIDYTHUX CHCTEM, ONEPaTHBHO
pcarupoBaThb Ha J'IIO6I:Ie BA>XHbIC J1JIA BBIIIOJIHCHUS I1JIAHOB CO6I)ITI/IH, OInepeKaroum 06p330M BbIAB-
JIATH BO3MOKHBIC HpOGHeMI)I o pecypcaM WJIKM PUCKU WX BO3HUKHOBCHUA, MOPOKAATH BApUAHTHI
peLIeHul sl peakMy Ha COOBITHS MO XOJy Pa3BUTHsI CHTYalld, COMOCTABIATH 3TH BapHaHTHI U
PEKOMEHIOBATh PEIICHHUS TT0JIb30BATENSIM, TIOAEPIKUBAst POLIECC UX COTIIACOBAaHHS, CTPOUTH THOKHE
IUIaHBI TI0 UX WCIIOJHEHUIO, BECTH MOHUTOPHHI WCIIOJHEHHS CO3/IaHHBIX IUIAHOB M IIEPEeCcTpanBaTh
9TH TUTAHBI [0 MEPEe PACXOXKICHHS IUIaHa U (aKTa, OLCHUBATh KaK JOCTHIaeMbIC Pe3yJIbTaThl, TaK
BO3MOXHBIH yIiep0 OT HECBOCBPEMEHHOT'O IIPHHSATHUS PEIICHUH, BEOYIUX K H30BITKY ¥ IPOCTO WITH
neULUTY pecypcoB, ¢ yUETOM MOCTABICHHBIX MMOJPa3IeICHHISM Lielei, NpeNouYTeHHH U orpaHnye-
HUM, 1 1axxe o0ydJaThcs KaXIblid IeHb U3 pe3ynsTara (PucyHok 5).

o
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Pucynok 5 - UCY PB: HenpepbIBHBII €3KeIHEBHBINA LUKII YIPaBJICHHUs KOpIOpaLuen

JIaHHBII LUK COOTBETCTBYET HENMPEPHIBHOMY LIUKIY YNpPaBIIEHHUs «BOCIPHUATHE — IUIAHHUPOBA-
HHE — UCIIOJHEHHE) JII000T0 KMBOTO OPraHU3Ma.

6 Oxuaaemble pe3yJabTAThl

Peanu3zanmst pacCMOTPEHHOHM CTpaTeruyl IO3BOJMT YK€ Ha MEpPBBIX IArax MOJYYHUThb CIIEIyI0-

L€ OCHOBHBIE PE3YJIbTATHI:

1) TloBeimenue kadectsa u 3dpdexrruBHOCTH VT MpoayKTOB M yCIIyr Aist KOHEYHBIX I10JIB30BaTENeH
IIPY CHIDKCHMH 3aTPaT Ha COJIEp KaHHUE M PA3BUTHE CYIIECTBYIOIIUX CHCTEM.

2) Brexapenue NepcreKTUBHBIX HHTEIUIEKTYIBHBIX CHCTEM MOJNEPKKH MIPUHSITHS PEIICHUH B IIPO-
eKTax pa3paboTKH, MPOU3BOICTBE U IKCIUTYATAI[MH M3/IEINI PAKETHO-KOCMUYECKONH TEXHUKH.

3) IloBelmeHHE OMEPATUBHOCTH, MPO3PAYHOCTH, THOKOCTH M 3(p(PEeKTHBHOCTH B yNpaBIICHHH ITIPO-
eKTaMu.

4) CHmWKeHHe TPYJOEMKOCTH YIIPaBJICHUs MMPOEKTaMH co3ianus u 3kcruryatanuu PKT 1 ymensbIe-
HHE HEraTUBHOTO YeJIOBEUECKOTo (hakTopa MpH pacrpeielieHHH PeCypCcoB.
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5) CokpaieHne CpoKOB MPOEKTUPOBAHMS M MPOW3BOACTBA HM3ACITHH M TIOBBIIICHHE MPHOBLIN IO
MIPOEKTaM KOPIIOPAITHH.

6) Co3naHue JIMHEHKU MPOAYKTOB M COOCTBEHHOW MaciiTabupyeMol MpOrpaMMHOHN II1aThOpMBI
JUIsl pa3pabOTKK ¥ Pa3BUTHUsI POTPAMMHBIX CHCTEM YIIPaBJICHHS KOPIOpaIHeii.

7) Tlpeppamienue UT 1ienTpa (Kak 3aTpaTHOTO) - B MHHOBAIIMOHHBIA LIEHTP, pa3pabaThIBAOIIUN U
TUPKUPYIOUUH HOBBIE PELIEHUSI [0 OTPACIIH.

3akJjouenue

CoBpeMeHHbIE 0COOCHHOCTH Pa3BUTHSI NMPEANPHUATHH Poccun 3acTaBisioT MCKaTh HOBBIE ITyTH
MOBBIIICHUS 3(PPEKTUBHOCTH YIIPABICHUS TPOCKTAMH.

B nacrosmeit cratee npeanoxena UT crparerus passutusas OAO «PKK «3ueprus», opueHTH-
pOBaHHAs Ha BHEJIpEHHE HanOojee MEepCIEeKTHUBHBIX MHTEIUICKTYAIbHBIX TEXHOJIOTHH IS TOBBIIIE-
HUA 3G PEKTUBHOCTH YIIPABIECHHUS PECYpCaMy U MOAJIEPKKH KU3HECHHOTO IMKJIA U3JISNUH IIPU peatu-
3alMU IPOEKTOB CO3JAHUS HOBBIX M3JEIHI PAKETHO-KOCMUYECKON TEXHUKH.

JlaHa oreHKa OXXHMIAeMBIX PE3yNbTaTOB U JOCTUraeMbIX MPEUMYIIECTB peajH3alud Ipeisio-
JKEHHOUW CTpaTeruu.
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Abstract

The ARUM platform makes use of Multi-Agent Systems (MAS) that build schedules in real time
based on the information collected from a wide variety of resources including legacy systems,
data generated by workers, sensors, MAS themselves, etc. To bring the necessary information
enterprise integration platforms that supports different paradigms in order to guarantee fast de-
livery of business value, maximal coverage of systems accepted by the platform, and security.
Innovative solution described in this paper is based on TIE Smart Bridge (TSB), - a lightweight
cloud-based integration bus, and TIE Smart Integrator (TSI), - a schema mapping and data trans-
formation tool that intensively use Semantic Web technologies in order to overcome limitations
of syntactic based approaches. The solution is delivered as SaaS and business functions are pack-
aged as a set of microservices to speed up a time-to market. This paper focuses at one part of the
ARUM platform, namely data transformation and integration aspect of it.

Introduction

ARUM (Adaptive Production Management) is a collaborative project within the European
Commission (EC) “Factory of the Future” initiative and is funded under the 7th Framework Pro-
gramme. The project addresses the development of innovative Information Communication Technol-
ogy (ICT) solutions to handle new challenges in production and ramp-up of complex and highly cus-
tomized products. Its focus is the developments of mitigation strategies to respond faster to unex-
pected events and the implementation of systems and tools for decision support in planning and op-
eration. ARUM project has received funding from the European Union’s Seventh Framework Pro-
gramme for research, technological development and demonstration under grant agreement no.
314056.

Production data is usually distributed across various heterogeneous data sources such as legacy
systems, event producers, sensors, planning and scheduling tools, etc. Thus, in order to pave the road
towards sensing enterprise, there is a need for a robust communication layer, which allows seamless
data exchange and integration. An extra challenge of this project lay in the fact that any MAS needs a
massive information flow up-front for initial set up and then continuously during an execution to
make its work effective. This is a well-known so-called “knowledge bottleneck” problem, but, in the
case of ARUM, velocity and volume of data are also playing an important role since a schedule for
workers that is based on e.g. the out-dated number of screws, connectors, etc. would have no value.
And to make it even more challenging, providers of business tools in ARUM requested platform pro-
viders to support ontologies and triple stores for the convenience of their communications among
each other and with other data sources. This solution also helps business services such as planners
and schedulers to focus on their primary functionality and delegate all the rest to the platform. This
paper is focused on the enterprise service and data integration aspects of the proposed platform.
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The rest of the article is organized as follows. The next section explains the typical usage sce-
nario. Section 2 sheds a light on the various types of integration approaches and how they supported
in ARUM platform by TIE solutions. Section 3 provides an overview of the innovative semantically
driven mapping tool that is used for data transformation and integration within the ARUM project but
which is stemmed from another EU project STASIS. Finally, “Conclusions” section draws the sum-
mary of the work.

1 ARUM in action: usage scenario

A typical ARUM scenario starts when a factory-floor worker sends a message via a specialised
mobile application to the ARUM platform regarding finishing the current task. This message is ac-
cepted by the platform using REST API and the appropriate data entry will be added or updated.
Other devices or software services that are connected through RESTful APIs or use native drivers,
e.g. ODBC or JDBC, can get access to this new state right away. But this is not it, since ARUM has
to support ontologies TIE has developed a publish-subscribe end-point (pub/sub) that accepts queries
in SPARQL — a W3C standard for querying Web ontologies and triple stores. ARUM Ontology Ser-
vice is subscribed to this end-point with many queries following its internal logic and requests from
its main clients, namely planners, schedulers and other knowledge-based tools. Although, in theory
any service can subscribe to this pub/sub point, the only one practical subscriber at the moment is the
Ontology Service. This is done as a part of implementing the focused responsibilities of the services.
Ontology Service focuses on providing a clean API and language understood by knowledge-based
systems, it intensively manipulates knowledge in a triple store, searches for implicit relationships
using different inference mechanisms and it is ready to reply to complicated analytical queries. The
data warehouse focuses on effectively performing data integration from multiple sources and does not
provide analytical capabilities out-of-the-box. This differentiation helps avoid the trade-off between
performance and providing a consistent unified ontological view over the diverse and dispersed data
silos.
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TIE Smart Integrator is described in section 3 in more details. Here it is important to understand
that its role is in creating mappings between various data sources and then performing the transforma-
tions of data based on those mappings. Within the ARUM context and in order to satisfy the needs of
knowledge-based systems, TSI was enriched to deal with transforming data into Web Ontology for-
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mat OWL and thus when SPARQL request arrives, it is 1) rewritten into one or more SQL queries, 2)
data is retrieved from the target systems, and 3) transformed using existing maps into the destination
format. All those three steps are implemented via microservices and they can be executed in parallel
when possible. Implementation of a scale out strategy here also helps in increasing the throughput of
the system and decreases its latency. The similar situation exists between ARUM DWH and legacy
systems. TSB is used to subscribe or to pull legacy resources through its gateways. When data is
emitted by any of the data providers, TSB starts an appropriate workflow that contains necessary
transformations, and data is finally pushed into the DWH.

TSB and TSI can be provided within the Cloud as Software-as-a-Service (SaaS) and they can
help in integrating business services dispersed all over the Internet running on their own distributed
Virtual Machines (VM) and Virtual Environments (VE such as Docker) with a diversity of operating
systems. Thus, the proposed solution speeds up and facilitates delivery of the new value for the busi-
nesses by quickly setting up a foundation for communications in heterogeneous distributed environ-
ments that require intensive data exchange among context bubbles but run on various platforms and
speak different vernaculars.

2 From SOA to REST and back: data value chain to its full potential

At the moment, there are two major paradigms for enterprise and application integration com-
peting on the market, which many researchers and practitioners consider mutually exclusive: namely,
Service-Oriented Architecture (SOA) and REST. The former one is built on top of the Enterprise
Service Bus (ESB) integration pattern, functional decomposition, SOAP messages, and star topolo-
gies [1], [2]. It is usually associated with large investments in IT infrastructures in terms of time and
funds.

In contrast, REST integration style capitalizes on the existing Web infrastructure [3]. It supports
P2P communications, lightweight protocols and message formats, and it does not require large up-
front investments especially when combined with the microservices paradigm. The success and rapid
growth of the Internet is often provided as a proof for opting for the REST style. REST web services
are used by many large players such as Amazon, eBay, Netflix to name just a few, for delivering new
business functions fast (sometimes within a few days) through exploiting existing polyglot infrastruc-
tures along with a decomposition of functionality and delivering this functionality in form of single
purpose applications often called microservices [4].

Both of the approaches facilitate the loose coupling (time and availability aspects, location
transparency, asynchronous calls) of communicating components if done right but SOA can outreach
sources and services outside of HTTP boundaries that is not possible for REST Web Services because
RESTful integration is done using HTTP as a transport and application protocol. Thus, it cannot
communicate over other protocols such as TCP, SMTP, JMS, IIOP, etc. where traditional SOA has
all its merits.

Within the realm of Internet of Things and Knowledge-based systems such as Multi-agent sys-
tems (MAS) there is a plethora of independent services and data sources that reside on various plat-
forms spanning from legacy monoliths to notebooks, and tablet PCs. The legacy nature of many of
the involved systems such as MES, ERP, CRM, HR, etc. also means that those systems most of the
time do not have Web Service interface and cannot communicate via HTTP protocol. They also need
transformation of their messages since they often talk in EDI/EDIFACT, iDoc, XML, XLS, SQL, and
many other dialects incompatible to each other. Integration with legacy and off-the-shelf monolith
systems is important because tons of valuable data are already there and those systems are tightly
integrated into the enterprise business processes and they will not be replaced anytime soon, if ever.

However, REST often is the only way to integrate with the applications and sources that reside
in the Cloud environments, e.g. for integration of smartphones, tablet PCs, sensors, wearables and
other emerging devices. Cooperation via interaction of all those systems (hardware and software) is
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the intrinsic characteristic of the ARUM platform and thus support of both integration paradigms is a
must.
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Figure 2 — ARUM platform: conceptual architecture

The bare bone of the ARUM platform is a so-called Intelligent ESB (iESB), which is a combi-
nation of Enterprise Service Bus, e.g. TIE Smart Bridge (TSB), with added value services that realise
the specifics for production planning and managing of the platform. All ARUM added-value services
that constitute the complete iESB are deployed in the cloud and can benefit from using the dynamic
discovery and elasticity along with a polyglot persistency and polyglot service execution environ-
ments. This became especially valuable when ARUM had faced a need of integrating new wave of
services and data providers that reside on the hand-held devices of the shop floor personnel such as
tablets or notebooks used by workers and managers next to the working stations.

TSB was selected due to its successful history of business brokerage acknowledged by Gartner
in their quadrant for Integration Brokerage and a successful in different size commercial projects and
a rich set of out-of-the-shelf functionality for integration with a wide spectrum of legacy systems as
well as with services and data providers that hosted in the Internet cloud. TSB relies on TSI for doing
explicit declarative maps that describe how elements of a source schema correspond to elements of a
destination schema. Transformation engines use those maps in the data exchange and integration sce-
narios. Both of these tools can be exposed and used via REST APIs, and altogether this solution
paves the road between two integration paradigms, SOA and REST.

3 TIE Semantic Integrator: managing heterogeneity with Semantic Web technologies

Within the ARUM context TSB is using a powerful semantically enriched tool for mappings
and data transformations, called TIE Smart Integrator (TSI). TSI can be used for integration of data
coming from variety of resources in different formats and this step is executed as one of the major
routines by TSB via replying to the requests coming from business services.

Figure 1 shows the basic data flow from legacy systems to the business services via TSB that
include a transformation step in the middle, legacy system gateways on the left hand side and two
examples of interfaces for business services on the right hand side.
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Figure 3 — TIE Smart Integrator: Semantic Entities (SE) on the left and right sides (green and blue colours) with
a complex mapping that goes via a so-called Methlet (specific transformation rule)

TIE Smart Integrator (TSI) [5] (see fig. 3) performs transformation between two given data for-
mats, namely between the source and the destination schemas. TSI project aims at addressing many
of the problems that occur in the traditional syntax-based mappings and also both introduces the con-
cept of user-driven semantics and to promote a neutral standard mapping format which can be taken
advantage with existing transformation tools and technologies. This way TSI can be classified as one
of the modern user-centred ontology-based semiautomatic annotation tools. The main difference of a
TSI approach lies in a fact that it offers a usage of “folksonomy” (end-user defined categorization
system) without a necessity of establishing a real common ontology prior to be able to do any map-
ping. In order to achieve a semantic mapping, TSI is using the following main steps (in order they
used within the normal TSI workflow): 1) Import Schema Information; 2) Identify Semantic Entities;
3) Map Semantic Entities to each other; 4) Generate Mapping File compatible with a data transforma-
tion tool of choice; 5) Deploy generated mapping file into data transformation engine of choice.

TSI provides implementations for importing and automatically converting syntactical schema
files into a content neutral format (called STASIS Neutral Format - SNF). For example, these inputs
can be an XML schema specification (XSD), or a relational database schema (SQL), or even Micro-
soft Excel files marked-up in a specific way (schema importers from noSQL data sources).

STASIS has created a completely content neutral representation for schemas that internally is
based on OWL and is referred to as the ‘STASIS Neutral Format’ (SNF) in the project. This way
schema is extendible and could be read, manipulated, analysed and reasoned over with help of exist-
ing semantic web tools including RDF/OWL reasoners.

Instead of focusing on syntactical mappings, TSI concentrates on identifying semantic entities
and mapping those semantic pieces. For this purpose, TSI/STASIS has defined the idea of allowing
users to define so-called “STASIS Semantic Entities” (SSEs). These SSEs represent elements with a
semantic meaning for the user. These semantic entities are the essence of the TSI/STASIS approach.
They allow users (e.g. catalogue manager, business analyst, engineer) to define that they believe
should be a semantic element and then they connect their syntax elements (being derived from their
schema files) to those semantic entities using a graphical editor. SSEs are not limited in size, for ex-
ample they can be as ‘small’ as a work order identifier or as large as a whole working station or a
shop-floor for Airbus 380, although most will be more elemental. While the example that has been
given is a rather simple, TSI supports the specification of more complex relationships between ele-
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ments. For example, TSI reuses the concept of so called Methlets — functions, which allow users to
connect their syntax elements to semantic entities by using logical expressions, concatenations, basi-
cally using any type of logic that a user wants to apply while transforming specific schema elements.
Those links are referred to as ‘complex links’ in the TSI terminology and are fully supported in the
TSI/STASIS specification and partially in the current implementation.

All semantic elements within TSI are expressed in Ontology Web Language (OWL) in order to
benefit from existing libraries for ontology processing. Obviously, technological details are hidden in
the background without involving users. The usage of a standards-aware semantic end-point gives
TSI another significant advantage over traditional mapping tools as TSI participants may reuse se-
mantic entities, mappings or schema definitions. It allows TSI to make mapping suggestions by reus-
ing mapping information from earlier semantic links.

Once a user has performed all other steps, they may create the actual mapping between their
data schema and the data schema of a partner. In order to do so, they will search and select two sche-
mas (SNF entries in TSI/STASIS terminology). This results in a display of all semantic entities that
have been defined in each SNF. TSI allows users to map their information schemas to the schema of
another partner system by simply connecting their Semantic Entities. This allows users to create
mappings in a more natural way by considering the meaning of elements rather than their syntactical
structure.

When a user decides that a mapping is satisfactory the next step is to generate and export a
mapping file compatible with a data transformation engine of a user choice. Deployment of mapping
files on a transformation engine of one’s choice is the final step of the process.

Conclusion

This paper reports on the ARUM approach to knowledge-driven distributed service-oriented
platform. The work presented here demonstrates how the industry can benefit from using both the
enterprise integration paradigms and the Semantic Web technologies based on the case taken from the
European R&D project ARUM, funded from the EU FP7, that aims at solving hard planning prob-
lems during production ramp-up of complex and highly customized products such as new aircrafts
with the help of Multi-Agent Systems. This class of systems, in order to build accurate prognosis and
advices, requires massive volumes of data that should be ingested from legacy systems, mobile de-
vices, sensors, and cloud services.

The ARUM team took up this challenge by having started with a traditional SOA approach and
then gradually extending it with the REST style of integration in order to support new types of data
sources and to open the door to the promising polyglot microservices that can help deliver business
functions faster by fine-grained functional decomposition and the usage of standard ways of commu-
nication.
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Abstract

This paper presents a strategic planner that assists the decision-makers to take strategic decisions
on short term to respond faster and efficiently to unexpected events in the ramp-up production of
complex and highly customized products, namely in situations of peak of demand, late change
requests and immature technology. This tool combines the flexibility of multi-agent systems with
the optimization capability of mathematical optimization solvers. The application of the strategic
planner is illustrated by playing iterative what-if games supporting implementation of mitigation
strategies addressing a real use case of a peak demand of a specific product.

1. Introduction

The ARUM (Adaptive Production Management) project [1] is addressing the challenging prob-
lem of the production planning and control in the ramp-up production of complex and highly custom-
ized products, particularly in small lot sizes, as in aircraft and shipbuilding industries. In fact, the
daily occurrence of unexpected events creates significant risks during the initial phase of the produc-
tion of a series, e.g. in situations of peak of demand, late change requests and immature processes and
technology. This problem becomes hardly to be handled when the products are made in short series,
since learning from these events becomes difficult and slow.

Having this in mind, the challenge is to consider innovative real-time decision-support tools that
provide optimized solutions to respond faster and efficiently to these unexpected events, incorporat-
ing in a short notice the learning from these unexpected events. An example of such tools is the stra-
tegic planner that supports the decision-makers to take strategic decisions by producing and analysing
alternative planning solutions for situations where unexpected events may provoke strong impact on
the running plans. The traditional approach for the production planning problem considers a classical
mathematical solver that runs an optimization method for a particular problem formulation using the
current context [2]. In spite of the optimization levels, this approach lacks the responsiveness to
achieve solutions in short term, which is crucial in industrial environments that are usually subject to
condition changes. An alternative is to consider a distributed approach, e.g. using the Multi-Agent
Systems (MAS) paradigm, to implement the optimization method, allowing to achieve better flexibil-
ity, robustness and responsiveness. However, the optimization level reached is degraded.

This paper introduces a hybrid approach for the production planning problem, combining the
maturity, robustness and optimization provided by a classical solver and the flexibility and respon-
siveness provided by MAS solutions. The application of the proposed strategic planner is illustrated
by playing iteratively the tool for a real use case related to the peak production demand for a specific
product, allowing to foresee in advance the best strategy to mitigate the demand increase.
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The rest of the paper is organized as follows: Section 2 overviews the current architectural ap-
proaches to develop strategic planning solutions and Section 3 presents the architecture of the agent-
based strategic planning tool as part of the ARUM system. Section 4 describes the implementation of
the planning tool and the case study scenario used for experimental validation. Section 5 illustrates
the use of the strategic planning tool by playing what-if games simulation for a case study scenario of
a peak product demand. Finally, Section 6 rounds up the paper with the conclusions.

2. Existing Approaches to Strategic Planning Decision

The production planning problem is traditionally faced by using a mathematical optimization
solver. The solver is a software application that runs an optimization algorithm to solve a mathemati-
cal problem determining the optimum solution for given constraints. Solvers may implement different
optimization algorithms, ranging from linear programming to meta-heuristics, such as local search
methods and evolutionary algorithms, being possible to choose the algorithm according to the prob-
lem type. Several solvers are currently available, e.g., IBM ILOG CPLEX Optimizer, Xpress Optimi-
zation Suite, MOSEK, Gurobi Optimizer, KNITRO and Choco (see [3] for a comparative analysis).

These solvers are usually mature and robust computational applications that provide optimal so-
lutions for the strategic planning problem. However, the majority of these solutions are commercial
and lacks flexibility in situations of iterative rounds. In fact, in situations of re-parameterization of
constraints and criteria, the decision-maker must manually introduce the new parameters making this
solution to be hardly managed and very time consuming (i.e. sequential achievement of solutions).

An alternative is to implement the optimization method for the production planning using a dis-
tributed approach, e.g. considering the MAS principles. MAS paradigm [4] advocates the use of a set
of distributed and autonomous entities, called agents, to solve complex problems. In such solutions,
the agents representing the system components (e.g. orders and resources) interact with each other
trying to achieve an optimized solution in a more robust, flexible and agile manner. Examples of the
application of MAS principles in the production planning are [5-7].

In addition to the robustness and responsiveness, other potential advantage of the MAS based
solver is the possibility of adaptive re-scheduling that increases the reaction time in case of small
changes in the input data. This allows the strategic planner to analyze more exploratory options in a
given time frame. In spite of these benefits, this approach presents several disadvantages, namely the
need to develop the solver from scratch, the missing maturity of the approach, the non-optimal solu-
tion reached, and the missing scalability of MAS technology for a huge size of the problem search.

An alternative solution is to consider the best features of the previous described approaches, i.e.
integrating a classical mathematical solver into an agent based infra-structure. This hybrid approach
combines the maturity, robustness, stability and optimization of the solver with the MAS principles to
explore the achievement of alternatives solutions for the strategic planner. Some works considering
these ideas are reported in the literature, e.g. [8-9].

3. Agent-based Strategic Planning Architecture

A hybrid approach combining a mathematical solver and a MAS infrastructure is used to design
the strategic planning addressing the ramp-up problem of production of small batches of complex and
highly customized products. The main innovation regarding the similar approaches is centred on us-
ing the MAS principles to provide a what-if game simulation to explore different Degrees of Freedom
(DoF), e.g., the different possibilities to expand the capacity to accommodate the demand fluctuation.

The MAS infrastructure is established to manage the exploration of alternative planning solu-
tions supporting the decision-makers to take strategic decisions. This ecosystem comprises the fol-
lowing classes of agents, as illustrated in Figure 1 [10]:

e  Resource agent (enterprise, facility or production line according to the scope), representing the
physical resources in the enterprise, being responsible for the interaction with the decision-maker
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(to insert simulation data and visualization of alternative planning solutions) and to initiate the
production planning process.

e  Scenario agent, responsible to generate scenarios for the production planning, exploring different
DoF.

e  Planning agent (strategic, tactical or operational according to the scope), responsible to calculate
the solutions for a planning problem (formulated as a mathematical model), considering a certain
scenario and applying an optimization method. This agent integrates a commercial solver, e.g.,
IBM ILOG CPLEX Optimizer, which implements optimization algorithms, e.g. the Mixed Inte-
gral Programming technique.

e  Simulation agent, responsible to assess the achieved production plans through simulation to an-
ticipate the stochastic behaviour in the production system.
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