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The VI International Conference “Complex Systems: Control and Modeling Problems”, was held
June 14-17, 2004 at Samara (Russia) by the International Association for Mathematics and Computers
in Simulation (IMACS), National Committee of Automatic Control of Russia, Samara Scientific Cen-
ter of RAS, Institute for the Control of Complex Systems (ICCS) of RAS at support of Administration
of the Samara Region and at participation Volga Region Academy of Telecommunications and Infor-
matic.

The Conference was funded to the project Noe T4254 of Federal Special Program “State Support
of Integration of High Education and Fundamental Science on 2002-2006.

The sponsors of the Conference were MagentA Corporation Ltd. (London, UK), JSC AutoVAZ,
Togliattikauchuk LLC, JSC Kuibyshevazot, JSC Togliattiazot and MEC Knowledge Genesis.

Organizers wish to thank the following for their contribution to the success of this conference:
European Office of Aerospace Research and Development (London, UK), Air Force Office of Scien-
tific Research (London, UK), United States Air Force Research Laboratory (London, UK).

Presented on this conference reports consider actual problems in the fields of:

System Analysis and Control Theory;

Complex Systems: Information Interaction Models;

New Information Technologies;

Multi-Agent Systems;

Regional Management;

Control and Measurement in Complex Technical Systems.

The conference was participated by the scientists from universities and research institutes of
Great Britain, USA, Germany and Belgium. The Russian participants represented Russian academy of
sciences, universities, research and development centers and enterprises.
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VI Mexnaynapoanasi koHpepeHus «IIpoGiemMbl ympaBieHus ¥ MOJACIUPOBAHHUSA B CIIOXKHBIX
cucrtemax» mposoamiack B I. Camape (Poccust) 14-17 urons 2004 rona MexxayHapOIHONW acCOLMAITH-
eil Mo MaTeMaTH4ecKoMy M KomibloTepHOMY MozeiaupoBanuio (IMACS), Poccuiickum Hanmonais-
HBIM KOMHTETOM [0 aBTOMaTHYECKOMY ympaBieHuto, Camapckum HaydHbIM LeHTpoM PAH, UHcTHTY-
TOM 1po0JieM yrpasienus cioxHbiMU cucteMamu (MITYCC) PAH npu noanepkke AQMUHHCTPALMA
Camapckoii obnactu ¥ ripu yuactuu [ToBomKCKoi rocyaapcTBeHHON akaJeMuH TeIEKOMMYHHKAIMA 1
HHPOPMATHKH.

Kondepennus momyumna ¢puHaHCOBYIO moanepkky PenepanpHoil meneBoil mporpaMMer «I o-
CyIapCTBEHHAS MOIAEPIKKa HHTETPALIMH BBICIIEr0 00pa3oBaHus U (yHIaMEeHTANbHOW Hayku Ha 2002-
2006 romer» o mpoekty Ne T4254.

B kauectBe crioncopoB Kon¢epenuun BoicTynmim kopropaius MagentA Ltd. (r. JlonmoH,
BenukoOpuranust), AO «ABroBA3», OOO «Tonbsrrukayuyk», 3AO «Kyiiosimesazor», OAO
«TompsarTHazor» u OO0 HIIK «I'eHe3uc 3HaHUI».

OpranuszaTtopsl BEIpaXaloT 0JaroapHOCTh 32 BKJIAJ B YCIELIHOE IPOBEICHNE KOH(EPEHIINH
CIIEAYIOIIMM OpraHu3anusM: EBporneiickoMy oT/eny a3poKOCMHUECKHX HCCIIEI0BaHUI U pa3paboToOK
(r. Jlonnon, BenukoOpuranusi), Otaeny HaydHBIX HCCIeOBaHWN BOEHHO-BO3IYIIHBIX — CHII
(r. JJornon, BemukoOpuranus), VccnenoBarenpckoit taboparopun BoenHo-Bo3mymHbIx cun CHIA
(r. JJornoH, BenmukoOpuranus).

Ha KondepeHun ObuH NpecTaBieHbl JOKIAbI M0 CIASIYIOMINM CEKIHSM:

CHCTEMHBIA aHAIU3 U TEOpUs YIIPABICHUS,

MOJCIN I/IH(i)OpMa].[I/IOHHOI‘O BBaHMOﬂeﬁCTBHH B CJIOKHBIX CUCTEMAX,
HOBBIC PIH(i)OpMaL[I/IOHHBIC TCXHOJIOTHH,

MYJIBTHAr€HTHBIE CUCTEMBI;

PCTUOHAJIBHOC YIIPABJICHUEC,

YHOpaBJICHUC U UBMEPCHUS B CJIOKHBIX TEXHUICCKUX CUCTEMAX.

B KoH(epenn npuHAIN y9acTHe YUYCHBIC W3 YHHBEPCHTETOB W HAYYHBIX yUpexaeHui Be-
mukoOpuranmu, CIIA, I'epmannu un benprun. OTedecTBEHHBIE YUEHBIE MPEACTABIIIN Poccuiickyto
aKaJIeMHIO HayK, BY3bl, HAY4YHO-IIPOU3BOJCTBEHHbIE OOBEIUHEHNS W NPOMBIIICHHbBIC MPEIIPUITHSL
CTpaHBI.
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Abstract

MexaHu4ecKie M3/eins THIIa MalIiH, TPAHCIOPTHBIX CPEJICTB, KOCMUYECKHX Kopabdiel n pobo-
TOB MOTYT pa3pabaThIBaThCsl HE KaK LIEJIbHbIE OOBEKTHI, @ KaK MHTEIEKTyalbHbIE CETH, YTO JIO-
0aBUT UM HOBOE CBOMCTBO - aJlalTUPyeMOCTb. JlaeTcst 1Ba MpUMepa MPUMEHEHHs HOBOTO MOAXO0-
Ja K IPOSKTHPOBAHWIO TEXHMYECKUX CHCTEM: MHTEIUIEKTYalbHBIH KOMIIPECCOp C MEepPEeMEHHOI
TeoOMETpHEH U CeMEeHCTBO POOOTOB IS HCCIEAOBAaHUN KOCMOCA.

Introduction

Traditionally, we avoid complexity. The aim was always to design well-structured systems,
which exhibit predictable behaviour. Artefacts such as large ships, aircraft and process plants have
elaborate control systems with explicit feedback loops that ensure that the artefact operates at an equi-
librium point. It is considered necessary to ensure that the behaviour is stable, which means that the
system, when disturbed, will return to its equilibrium, the sooner the better. The optimal efficiency of
the system is tuned to coincide with the equilibrium. Armies, state bureaucracies and large businesses
have also been designed as rigid organisations expected to obey commands of the leaders.

There are situations however where stability is undesirable. The classical example is a military
aircraft that frequently needs to execute a rapid avoiding manoeuvre. Here the propensity to return to
the equilibrium would make any effort to change the operating point more difficult and therefore must
be designed out of the system. In fact, whenever the environment is frequently and rapidly changing in
an unpredictable manner, the artefact should exhibit Adaptability, ie, the ability to rapidly adjust its
behaviour to the dynamics of its environment, rather than stability.

The principle that in a dynamic, unpredictable world Adaptation is more important than stability
applies equally to physical artefacts and social organisations.

To achieve a really effective adaptation we need to look for help beyond traditional control engi-
neering and management science, which appear to have reached their limits. A good strategy is, of
course, to imitate biological systems. To adapt to its environment living systems make use of Sensory
Perception (detecting and anticipating changes in the environment), Cognition (reasoning about per-
ceived changes and deciding on the best action) and Execution (controlling the implementation of
cognitive decisions) [1]. In situations that require a really fast response, the cognitive stage is short-
circuited. Instead of reasoning the system simply selects one of the patterns of behaviour which
proved in the past to be effective in similar situations. We tend to call this type of reaction “intuitive”.

Artificial Perception and Cognition systems, particularly advanced ones — like those in humans —
are quite difficult to design, the major problems being the collection and formalisation of the essential
domain knowledge and mechanism of reasoning under conditions of incomplete, unreliable or fre-
quently changing information. An additional problem is the sheer size of a centralised artificial
“brain” and a large number of fast communication channels required for very large artefacts such as
jumbo jets or manufacturing plants. A huge intellectual effort has been spent during the last fifty years
researching this area, under the name of Artificial Intelligence, albeit with patchy results.



Practical breakthroughs occurred only when the whole problem solving strategy was reviewed
and the decision was made to imitate groups rather than individuals — colonies of ants, swarms of bees
and, ultimately, human organisations. Note that societies (groups, teams) can be highly adaptive if
their organisational structures and cultures are characterised by:

e Significant autonomy of their members, which allows each member to choose whether to co-
operate with other members or to compete for limited resources

e Effective communication channels for a rapid exchange of information among all members

e Enforceable rules and/or cultural bonds, which keep the group together in pursuing common
goals without unduly limiting autonomy of individuals

For a group to be effective there is no need for individual members to be of exceptional abilities,
as long as there are ample opportunities for members to consult each other. For example, groups con-
sisting of members of limited intelligence, like colonies of ants, are capable of quite a remarkable ad-
aptation. This property is given the name Emergence, the creation of intelligent behaviour through the
strong interaction among a large number of members rather than through actions of each member.
Because of the paramount role of communication links between members of the group, such social
structures are known as Networks, and to emphasise the importance of the group intelligence, I refer
to them as Intelligent Networks [2].

Examples of social networks include: old-boy networks, drug-dealer networks, terrorist networks
and the new breed of virtual enterprises [3].

A social network is a perfect model for the design of the new generation of intelligent software,
known as Multi-Agent software, which has a similar configuration (a network with richly intercon-
nected intelligent nodes) and displays adaptability similar to that of flexible societies.

In contrast, social groups with strong hierarchical control, restricted lines of communications be-
tween members, and governed by rules and traditions demanding submission to the authority of lead-
ers are known to be rigid and to resist any change even when the change is imposed from the top.
Such groups show similarity of structure with conventional software technology, which consists of a
hierarchy (rather than a network) of passive software modules.

1 Designing Complexity into Engineering Systems

My contention is that physical artefacts, such as machines, vehicles, spacecraft and plants could
be designed as intelligent networks rather than integrated units. By giving them distributed intelli-
gence we make them adaptable to changes in their environments. Let me describe some of the projects
in which I was involved that fall into this category.

1.1 Intelligent Compressor

Axial turbo compressors are used in many areas of industry where large quantities of air or gas
have to be moved or compressed. Typical examples are in jet engines, large gas turbines, gas-line
pumping and in many process plants. All turbo compressors are limited in their performance by the
aerodynamic phenomena of stall and surge, where the flow of the gas becomes unstable and can re-
verse in direction. Stall and surge, if allowed to develop, can cause significant mechanical damage to
the compressor.

Present designs of axial compressors use fixed geometry rotor blades and fixed geometry stator
vanes, with a limited capability to vary vane angles against pre-set limits, using simple control algo-
rithms. The operating point for the compressor is designed to give an adequate safety margin from the
surge line, therefore avoiding the possibility of stall or surge in operation. This surge margin puts a
limit on both the work that the compressor can do and its efficiency. For example, large industrial
turbo compressors can absorb powers of the order of 50 MW, with annual operating costs of between
£5M and £20M, depending on the duty cycle and power charges applied. It is understandable there-
fore that the costs for even a small drop in efficiency due to a provision for pressure and/or flow with



adequate surge margin, is very significant. The avoidance of surge has important safety implications
in aerospace. Surge under extreme manoeuvres has resulted in the loss of aircraft.

Supported by a group of industrial organisations and experienced turbo-machinery designers, the
author’s team decided to tackle the problem of aerodynamic instability in compressors in a novel way.
The decision was made to reconsider the fundamentals of compressor design by removing the usual
assumption of fixed or partially variable geometry and to apply concepts from the intelligent network
paradigm.

As a result, a design of an axial compressor with variable geometry emerged, where an intelli-
gent agent individually controls each movable element. Agents are then connected into a network and
empowered to negotiate among themselves relative positions of movable elements with a view to
achieving a performance as close as feasible to the optimum under continuously changing aerody-
namic conditions. The overall behaviour of the compressor emerges from the interaction of agents.

The proposed intelligent geometry compressor will operate by using sensors to monitor the aero-
dynamic conditions at each movable element. Sensor information will be used by local agents, which,
through the process of negotiation, will make control decisions and instruct actuators to incre- men-
tally adopt the flow path geometry that ensures optimum performance for current acrodynamic condi-
tions.
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Figure 1 — A multi-agent model of an intelligent geometry compressor



Simulation results indicate that an axial compressor designed as a network of movable elements
could be operated over a significantly enlarged envelope without risk of stall or surge [4]. The project
has now reached the stage of experimental tests on a variable geometry compressor in Cambridge
University Turbomachinery Lab [5].

Utilising embedded processing power it becomes feasible to design into the compressor:

e Self-diagnosing (monitoring compressor conditions and identifying faults when they occur),

e  Self-repair by reconfiguration (isolating faulty parts and thus making them harmless)

e  Graceful degradation of performance (repositioning remaining healthy parts to achieve a reduced
but acceptable level of performance; also, in case of a serious failure of critical elements, such as
actuators, agents can revert to the fixed geometry mode of operation)

1.2 A Family of Space Robots

A robot was recently launched by a UK team to explore Mars. Unfortunately, it got lost. It dis-
appeared without a trace among speculations that it landed into a crevice on the Mars surface and lost
the communication link with the control station. This disaster could have been avoided by sending to
Mars a “network™ of smaller robots. In fact, just before the unfortunate Mars robot project started, I
joined another team of researchers, involving three universities and two spacecraft manufacturers
from the UK, concerned with the development of technologies for the autonomy and robustness in
space. Following the design principles described in [2] and briefly outlined in this paper, our team
concluded that a family of five much smaller intelligent robots would do a better job under uncertain
conditions in space than a single big robot. Each member of the robot family had a limited intelligence
and was potentially able to undertake simple tasks such as placing scientific instruments onto a correct
location and to provide a variety of services to other members of the family, e.g., cleaning their solar
cells if they get covered by the space dust and helping them to get out of cracks in the Mars surface.
Multi-agent control system provided intelligence to the robot family without having to rely on “world
model” of the Mars environment; just a manageable ontology. The cost and weight per unit perform-
ance for the family was estimated to be below the cost and weight of an equivalent single robot. In
addition, five smaller robots offered an important advantage in packaging for launch and delivery. The
results of this project were ignored with catastrophic consequences.

Conclusion

Only two practical examples out of many available are given here to illustrate the new approach
to the design of physical artefacts based on the premise that, for environments characterised by uncer-
tainty, it is advantageous to design complexity into artefacts rather than making them fully predict-
able.
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Abstract
The report includes some essential results of the institute for information transmission problems,
Russian Academy of sciences, in the domain of Bioinformatics.

BBenenue

Pa3BuTHe METONOB MHIYCTPHAIBHOTO CEKBEHUPOBAHHS U CBSI3aHHOE C 3TUM OBICTPOE HAKOILIE-
HHUE JOCTYIHBIX OaKTepHAaIbHBIX TEHOMOB JAENAeT HEOOXOANMBIM PAa3BUTHE METOJ0B KOMIIBIOTEPHOMH
00paboTKM TeHOMHBIX JaHHBIX. JTa 33/a4a MOCTABIEHA B KAYECTBE MPUOPUTETHON B T€HOMHBIX TIPO-
rpaMmax MHOTHMX cTpaH, B ToM uucie Poccuu u CIIIA (Hanpumep, B mporpamme MuHHCTepcTBa
Onepreruku Genomes for Life). B Hacrosiee Bpems 10CTYIHBI METObI KOMITBIOTEPHOM aHHOTALIUH
TEHOMOB Ha OCHOBE aHajn3a OEJKOBBIX FOMOJIOTHI M aKTMBHO Pa3BUBAIOTCS APYTME METOJbI ITOJTHO-
T€HOMHOT'O aHAJIN3a, B YaCTHOCTH, BBIICICHHE MO3UIIMOHHBIX KJIACTEPOB, (PMIIOTEHETHYECKUX MaTTep-
HOB U T.II., @ TAK)KE METObI METa0OINIEeCKOH peKOHCTpYKIMH. [TpoiomkaeT pa3BUBaThCS TAKXKE IKC-
NIepUMEHTAJIbHAsI TEXHUKA. B 4acTHOCTH, y)Ke NMPOMCXOAUT CIEAYIOINH HH()OPMAallMOHHbIH B3DHIB B
o0JracTy aHaIM3a SKCIPECCUH TE€HOB HA MUKPOUHIIaXx.

OnHolt M3 BeChbMa CYIIECTBEHHBIX 00JIacTe TEHOMHOTO aHAM3a SIBISAECTCS aHAIHM3 PEryJIsuu
reHoB. [lomuMo QyHIaMeHTaNbHOTO MHTEpeca Il MOHUMaHMS (U3HOJIOTHYECKHX ITPOLIECCOB, IPO-
UCXOJSIINX B OaKTEepUaIbHOHM KIIETKE, TAKOW aHANIN3 BaXKCH U JUIA CMEXKHBIX 001acTell KOMIBIOTEp-
HOW T€HOMHKH M TAKKE UMEET OO0JIBLIOE MPAKTHUECKOE 3HAUCHHE.

C Hay4HOH TOYKHU 3PEHHs, HHTEPECHO HE TOJIBKO MOHUMATh, 4/MO ENAET KIETKa — OTBET Ha 3TOT
BOIIPOC aéT MeTabOoIMYeCcKask PeKOHCTPYKIMSA, HO M K020d U Npu KAKUX YCI06UAX OHA ITO JeaeT, KaK
BKJIIOUAIOTCSl U B3aUMOJICHCTBYIOT OT/IENbHbIE MeTaboIHYecKue MyTH U (PU3HUOJIOTHUECKHE TIOJCHUCTe-
MBbl. BblenieHne peryssiTOpHbIX CHUTHAJIOB — €CTECTBEHHOE M HEOOXOIMMOE MPOAOJDKEHHE JII0O0ro
SKCIIEPUMEHTA [0 MAaCCOBOMY aHAJIM3y AKCIIPECCHH TeHOB. bonee Toro, 0e3 Takoro aHaiusa pesyibTa-
THI MTOJJOOHBIX SKCIEPHMEHTOB HEBO3MOXKHO MHTEPIPETHPOBATh, TAK KAaK OTCYTCTBYIOT JPYIHE CIIO-
COOBI BBIICJIUTH OTAEIBHBIE PETYIATOPHBIEC TOACUCTEMBI U OIIHCATh PETYJISITOPHBIC KACKAIbI.

Oxa3bIBaeTCs, YTO BO MHOTHX CIy4YasX aHAIN3 PEryJSIIUU JaéT BO3MOXKHOCTh YTOUHHTH (DyHK-
LMOHATBHYIO aHHOTALMIO T€HOB, MPOM3BEICHHYIO IPYIMMHU criocobamu. B wacTHOCTH, TakuM oOpa-
30M YacTO YHAETCS YTOYHHTH CHEHU(DUYHOCTH PETYIATOPHBIX M TPAHCIOPTHBHIX OENIKOB, a TaKKe
IpescKa3aTh HOBbIE (DEpPMEHTHI, yYaCTBYIOIINE B PaccMaTpUBaeMOM MeTaboIM4ecKoM myTH. Hako-
HEll, aHAJIU3 PETYJSIIUN COBEPIIEHHO HEOOXOIUM IPU CO3JaHMH IITAMMOB-TUIEPIPOAYLIEHTOB WU
IIPY BHEJPEHHUU B KJIETKY YY)KEPOJHBIX T'€HOB IJIsl CO3/IaHHs LITAMMOB C HOBBIMHU CBOMcTBamMH (Ha-
pUMep, B 1IEJIIX OMOJIOrn4YecKkor ourcTkr). Kpome Toro, MHOTHE peryiisiTOpHbIE CUCTEMBI SIBJISIOTCS
XOPOIIMMH MOTEHIUAIbHBIMH MHIICHSMH JUISl JIEKAPCTB KaK IIUPOKOTO, TaK W y3KOHAIPABIEHHOTO
JEUCTBHA.



BozHukaror aBa Tuma 3a1ad: BBIACICHHE PETYJIITOPHOTO CHTHANA, TO €CTh OOIIero CHUrHaia,
00eCTIIeYHBAIOIIEr0 COBMECTHYIO PadOTy TPYMITEI T€HOB, HHOTJIAa B CHJIBHO 3aIlyMJICHHBIX JaHHBIX; U
TTOUCK HOBBIX CUTHAJIOB JAaHHOI'O BUJAa B TCHOME, TO €CTbh HOBBIX I'CHOB, PETYJIUPYIOIINUXCA COBMCCTHO
C 3a/1aHHBIMHU. le/I 5TOM H606XOHI/IMO YUUTBIBATD, YTO PETrYJIATOPHBIC CUT'HAJIbI B HYKJICOTUAHBIX I10-
CJIEZIOBATEJILHOCTSAX OBIBAIOT JIBYX THIIOB — TPaHCKPHUIILUMOHHBIE (TO €CTh OT/EJbHbIE (hYparMeHTHI
JHK, ¢ KoTOpbIMH CBSI3BIBAIOTCS OCIKH-PETryJISITOPEI) M CUTHAIIBI, CBSI3aHHBIE C 00pPa30BaHUEM BTO-
puuHoii ctpykTypsl PHK.

3ajaya BBIIENICHNS! PETYJITOPHBIX CUTHANIOB XOpomo nu3BectHa. B MHcTuTyTe npobiiem nepena-
g nHpopMaru PAH paspabotan u 3amporpaMMHpOBaH BBEIYUCIUTEIHHO 3((EKTHBHBIN alITOPUTM
BEIJICICHUS] CUTHANIOB. TECTHPOBaHNE U CpaBHEHHE C JOCTYITHBIMH IIPOrpaMMaMH MTOKA3allo ero Mmpak-
TUYECKYI0 IPUMEHUMOCTE. BEIT pOBEIeH MacCOBBIN aHAN3 PETYISATOPHBIX OOJNACTeH B IBYX Bax-
HBIX TpyHIax OakTepuil: raMMa-npoTeo0akTepuu (FHTEPOOAKTEPHH-TIACTEPEIUIBI-BUOPHOHBI) U TpaM-
TIOJIOKHUTENbHBIE OakTepuu (OaruIbl-KiaocTpuann). s 3Toro O pacCMOTPEHBI OPTOJIOTUIHBIE
psiibl TEHOB (OTAEIBHO B KaKAOH (DMIIOTEHETHYECKOU IPyIIe), MOCKOJIBKY JJISl TAKUX TPYII MOKHO
MIPEAIoJIaraTh COXpaHeHUE PEryJIITOPHOTO CUIHANIA B POACTBEHHBIX T€HOMAX.

[TpoBeneH cpaBHUTENbHBI aHANN3 OAKTEPUATIbHBIX PETYJSTOPHBIX CHCTEM, BaXKHBIX C MPAKTH-
yeckoi Touku 3penus. B UIIIIN chopmupoBanack rpymmna y4eHbIX, KOTOpbIE B T€YEHHE HECKOIBKHX
JIeT BeIyT paboThl B yKa3aHHBIX HaIlpaBJIeHUAX. MHOIHe HaIIM MpeJcKa3aHus ObUTH MOITBEPKICHBI
SKCIIEPUMEHTAIBHO KaK KOJUIETaMH, TaK M HE3aBHCHMBIMHU HCclienoBaTelsiMU. Hamu mccienoBaHbl
CHCTEMBI YTUIIM3ALH [IMHKA U XKelle3a (MaTOreHe3), 0TBeTa Ha MEepEeHACETIeHHOCTh (CTPecC U MaTore-
He3), OTBETa Ha TEIUIOBOM W TUMEPOKCHIHBIA MIOK (CTPEcC), YCTOWYMBOCTH K TSDKENBIM MeTajliaM
(ctpecc). PaboThI o ABYM IOCIIETHUM HANpPaBICHUSM BEIHCh COBMECTHO ¢ KoJuleramu m3 Lawrence
Berkeley National Laboratory (USA). Ilpu 3TomM paccMmarpuBaliUCh €HOMBI, CEKBEHUPOBAaHHbIE B
Joint Genome Institute DOE USA B pamkax npoekta Genomes for Life (MuHuCTEPCTBO DHEPreTHKH
CIIIA). Yka3aHHBIE PETYISATOPHBIE CHCTEMBI 0COOEHHO BaYKHBI IS aHAIIN3a OAKTEPHA, IPUMEHIEMBIX
B CUCTEMAX OYUCTKH.

Mertonb! anamu3a PHKoBBIX curHanoB pa3paboTaHbl CyHIECTBEHHO ciiabee. MI3BeCTHO JUIIb He-
CKOJILKO ITPOTpaMM IOMCKa W3BECTHBIX IMAaTTEPHOB, U BCE OHHM HE MPUCIIOCOOJICHBI ISl aHAIN3a Pery-
JISITOPHBIX CTPYKTYpP. [IporpamMmsl qpyrux aBTOPOB ISl BBIIEICHNS! KOHCEPBATHBHBIX PETYISTOPHBIX
ctpyktyp PHK npakTndeckn He onmyOnrkoBaHbl. Hamu peann3oBaHbI 1Ba OAX0AA K BBIACIECHHIO Ta-
KHX CTPYKTYp. Bo-TlepBbIX, HCIIOIB30BaH TOT (DAKT, YTO PEryJISITOPHbIE CTPYKTYPhl KOHCEPBATHUBHEI B
POICTBEHHBIX TEHOMAX, M TIOATOMY MOTYT OBITH MpECKa3aHbI ITyTEM BEIPABHUBAHUS MEXTEHHBIX 00-
JacTell OPTOJIOTUYHBIX Te€HOB. Bepcust 3TOro aaropmTMa peann3oBaHa W YCIENIHO TECTHPOBAHA Ha
MozenbHBIX cuTyarmiax (Hanpumep, TPHK). Bo-BTopbIx, MOXKHO OCHOBBIBATHCSI HA OOIINX CBOHCTBAX
PEryJISITOPHBIX CTPYKTYp — UX CIIOCOOHOCTH NMPHHUMATh allbTEPHATHBHBbIE KOH(QOPMAIINH, BKIIOYA0-
M€ MOTCHIUAIBHBIA TEPMUHATOpP. DTOT aJTOPUTM Takke OBII pean30BaH W TECTHPOBAH HA psje
M3BECTHBIX CHCTEM (ATTEHIOATOPHI aMHUHOKHCIIOTHBIX ONEPOHOB ramma-nporeodakrepuii). [Ipu Tec-
TUPOBAaHUH yJAJIOCh HAWTH paHee HeONMCAaHHbIE aTTEHI0ATOPhl B HOBBIX T'eHOMax. 3aTteM 00e 3TH Npo-
TpaMMbI 6bIJ'II/I IMPUMEHCHBI JJId aHaJIn3a OPTOJIOTUYHBIX PSAJ0B I'CHOB M3 YKa3aHHBIX BbIIIEC U MHOTUX
JIPYTUX TAKCOHOMHYECKHX IPYIIII.

CpasaurensHblil oaxox k PHKoBo# perynsimu Obu1 ycnenmHo NpUMEHEH HaMy ISl aHain3a
HECKOJIBKMX METabOJIMuecKuX cucTteM. [Ipu 3ToM ypanock npejickasarb JMO0 YyTOYHUTH (PyHKIUH
psiga TEHOB, B OCHOBHOM TPAaHCHOPTEPOB, HO Takke W (pepMeHTOB. Brun Tpecka3aHbl COBEpPIICHHO
HOBBIE CHCTEMBI PETYISINHA OMOCHHTE3a BUTAMHUHOB (prnOo¢IaBrHa, THAMHHA M KOOaJaMHHA), B KO-
TOPBIX OJHA U Ta € allbTEPHATUBHAS CTPYKTYpa PETryIHUPYET IKCIPECCHUIO0 HAa YPOBHE TPAHCKPHUTIIIHH
B TPaMIOJIOKHUTENBHBIX OaKTEPHSIX U TPAHCIAINK — B IpaMOTpHULIATeNIbHBIX. Briepsrie Obu1a mpencka-
3aHa PEryJBIIUs 3a CYET HETOCPEACTBEHHOTO CB3BIBAHUS KOHEYHOTO NMPOIYKTAa METa0OIMYECKOrO
IyTH CO CTPYKTYPHBIM 3eMeHTOM B nuaepHoii oomacti PHK. HenaBHo 3TH npencka3anns ObLUTH He-
3aBUCHMO TOJTBEPIKAEHBI B OKCIIEPUMEHTE. MBI TaKke PacCMOTPENIH PEryJsilHi0 MeTadoin3Ma Me-



THOHWHA, JIU3WHA, apOMAaTHYECKUX M Pa3BETBICHHBIX AMHUHOKHCIOT Yy TPaMIOJIOXHUTENbHBIX H Tpa-
MOTPHIIATENbHBIX OaKTepuil.

ITomMumo aHaiM3a perysilud, BaXKHYIO POJIb B KOMIIbIOTEPHOM I'€HOMHUKE IIPOKAPUOT, U B 4acT-
HOCTH, B aHHOTAllUU T€HOB UI'PACT UCCICAOBAHNE MUKPO- 1 MAKPO3OJIIOIUH I'€HOB M LCJIBIX TCHOMOB.
B niepBoM ciydae ocoOblii HHTEPEC MPEACTABIIACT aHAIN3 THIICPBAPUAOCIIBHBIX YYaCTKOB [CHOB, I10-
CKOJIBKY TaKH€ YYaCTKU XapaKTEPHBI I TOBEPXHOCTHBIX OCIKOB MATOrCHOB. TeM cambIM, yU&T T'H-
IepBapra0eIIbHBIX 3MMUTOMOB BaXKEH KaK JJIs OLCHKH HAaIEKHOCTU MPUMEHICMBIX JHATHOCTHYECKHIX
CPEACTB U BAaKLMH, TaK U IPH CO3AaHUHM CHHTETHUYECKUX BAKIMH HOBOTO NOKoJjeHus. Ciexyer oTMe-
TUTh, YTO TaKHe OEIKH YacTO OKAa3BIBAOTCSA CHEHNU()UIHBIMH IJIS Y3KHX TAKCOHOMHYECKUX TPYIII, H
TOTOMY CIIa00 MOAJA0TCS OOBIYHOMY CPABHUTEIFHOMY aHAIU3Y.

Hamu ObT 3HAUMTENFHO YCOBEPIICHCTBOBAH W3BECTHBIN ANTOPHUTM IS BBIACTICHHUS THIICPBA-
puabenbHBIX y9acTKOB. OH MPUMEHEH K aHAIN3Y BHPYCHBIX TE€HOMOB.

Haxonern, mociiejHie ABE 3a/a4M CBSI3aHbI C MMPOOIeMaMHu MaKpOdIBOIIOIHMH. [IepBoit U3 HUX sIB-
JISIETCS COTyIacoBaHKUe (DUIIOTEHETHYECKUX JEePEBbEB, IOCTPOCHHBIX MO OTAEIBHBIM I'€HaM, U IIOCTPOe-
HHUE Ha 3TOW OCHOBE OOLIEro JepeBa 3BOJIIOIMU BHUIOB, YYUTHIBAIOIIETO KaK HETOYHOCTH B JEPEBbSX
T'€CHOB, TaK U @yHuaMeHTaanme ABJICHUA AYIUIMKAUU U MMOTCPU T'CHOB. 38./18.‘-13 corjilacoBaHus 1e-
PEBbEB M3BECTHA, XOTS M JIaJIeKa OT yJIOBJIETBOPHUTEIILHOTO pemenus. Hamu mpeasoxeH, 3anporpam-
MHPOBaH M TECTUPOBAH HOBBIH QJITOPUTM IJIsl pelieHus 3Toi 3agauu. C ero moMouipio MpoBeJeH Mac-
COBBII aHAIM3 MHOTHX JICPEBBEB T'CHOB, a 3aT€M IOJIYYCHHBIC PE3YJIbTAThl OBLIM HUCIOJIH30BAHBI IS
peIIeHNs] BTOPOX 3a/1auy — BBIICIICHHUS TEHOB, Y KOTOPHIX MOXKHO MOJ03pEBaTh TOPU3OHTAIBHEIN TIe-
PEHOC B XOJI€ WX SBOIIOIMOHHON HCTOPHUH.

3HAYNMOCTD SIBJICHUS TOPU3OHTAIBHOTO IIEPEHOCA B IBOJIONHMK OAKTEPHH CTajla SICHA TOJIBKO B
MOCTIeIHUE BA-TPH IoJia IOCTIe TOSBICHUSI MHOJKECTBA MOJHBIX TeHOMOB. TakK, MacCOBBI TOPU30H-
TaJIbHBIE MEPEHOC, MO-BHIUMOMY, OObsCHiET TepMmoduiuio psaa Oakrepuit (Thermotoga, Aquifex,
Thermoanaerobacter), a Takke MeTabOIMYECKYIO IIACTUYHOCTH psiia apxeil (B MEpBYIO OdYepens,
Methanosarcina). Kpome Toro, cieyer y4ectb, 4TO TOPH30HTAIBHBIN IEPEHOC UIPAET BAKHYIO, €CIIN
HE peuIaroulyro, pojib B TaKUX ABJICHUAX, KaK JICKapCTBCHHAas yCTOﬁqMBOCTb 1 BUPYJCHTHOCTD I1aTO-
T'€HOB, a TAKXKE CIIOCOOHOCTH OakTepHii K OMO/erpajalui CHHTETHYECKUX BelecTB ((heHOIIbl, KOMIO-
HEHTHI He(DTH) M OCAKICHUIO TSDKEJBIX METAIIOB, YTO BaXKHO ISl CHCTEM OMOJIOTHYECKO OYMCTKH.

Jlo cux 1op BbIJIENICHNE TEHOB, I003PUTEIBHBIX Ha TOPU30HTAIBHBINA EPEHOC, MPOU3BOIMIOCH
BpY4HYI0. MBI CO3/1aJIi CHCTEMY ISl aBTOMAaTHYECKOTO BBIJICJICHUS! TAKMX T€HOB, JUIS Yero pazpado-
TaJH aJrOpUTM, OCHOBAHHBIH Ha CIEAYIOUICH Hiee: TOPH30HTAIBFHO ITEPEHECCHHBIC TEHBI — 3TO UMEH-
HO T€ TeHBI, KOTOpPBIE CHIIbHEE BCETO MPENATCTBYIOT BIOKEHHIO AepeBa TeHOB B AepeBO BUIOB. brum
MTOJTyYEeHBI PE3yNbTaThl, MOKA3aBIINE MPUMEHHUMOCTb M YCTOHYHMBOCTH 3TOro mMerona. OcymiecTBieH
MacCCOBBIA aHAIN3 OPTOJOTUYHBIX IpymIl reHoB u3 6a3bl JaHHbIX COG, U COBMECTHO € KOJUIETaMH U3
National Center for Biotechnology Information (National Library of Medicine, NIH, USA) nposeneH
z[eTaanmﬁ AHAJIM3 TMOJYYCHHBIX MNPHUMEPOB M HUX CHUCTEMATHU3ALIUA. ITomumo BKJIaJila B (byH[laMeH-
TaJIbHYIO MPOOJIEMY SBOJIOIMH OaKTePHAIbHBIX T€HOMOB, 3TH PE3yJbTaThl BAXKHBI JJISI aHHOTAI[MH
T€HOMOB, ONUCaHUs PYHKIMH TeHOB. [103TOMYy MbI 00BEMHUIN UX C IPYTUMHU PE3yJIbTaTaMU I'€HOM-
HOT'O aHAJIN33a, B YACTHOCTH, C pe3yJIbTaTaMH BBIJCIICHHS PETyIIATOPHBIX CUTHAIOB. B camoMm nerne, BO
MHOTHX CIIy4asiX TOPHU3OHTAJIBHO NEPEHECCHHBIE T€HBI PEryJUpPYIOTCS COBMECTHO (HAlpuMep, Takas
CUTYyaIlVsl XapaKTepHA JUIsl CUCTEM YCTOMYMBOCTH K aHTHOMOTHKAM M TsDKEIBIM Metauiam). Tem ca-
MBIM, TaKOE€ COCIMHEHHUE PAa3HBIX IOAXOJOB MO3BOJSIET KaK YTOYHHUTH HCTOPHIO COOTBETCTBYIOIIHX
PETYIATOPHBIX CHCTEM, TaK W OBITH MCIIONBF30BAaHHBIM B IPAKTHKE U OOPHOBI ¢ pacpoCTpaHEHIEM
JIEKapPCTBEHHON YCTOWYMBOCTH Y TATOT€HOB W NPH CO3JAHWU HOBBIX IITAMMOB JJIsI OMOIOTHYECKOM
OYHCTKH.

B HacTosimee BpeMs cTaja OYEBHAHOW HEOOXOIUMOCTH aNTOPUTMOB (M KOMIIBIOTEPHBIX IPO-
rpaMM) aHaIH3a, HE ONMHPAIONIUXCSA HAa HAJTMYKE SKCIEPUMEHTAIBHO OXapaKTepH30BAHHOW 00ydaro-
1Iei BHIOOPKH, T.€. Ha OOJIBIIIOE YHCIIO U3BECTHBIX MPUMEPOB aHATH3UPYEMOTO siBjieHus. Jlo cux mop
HAJIMYKME TAKOW BBIOOPKHU OBLTO HEOOXOIMMO JJIsi BCEX JOCTYIHBIX aJITOPUTMOB aHalH3a OaKTepHasb-



HBIX TEHOMOB; IIPH TOM, YTO B OOJIBIIMHCTBE BaXKHBIX CIIy4acB a/JleKBaTHas BBIOOpKa HE MOTa (U He
MOXET) OBbITh MOJy4€Ha M3-3a OTCYTCTBHS JIOCTATOYHOTO YMCIA HAJCKHBIX NMPUMEPOB, TOHUMAHUS
BHYTPEHHUX 3aKOHOMEPHOCTEH SIBJICHUS U T.J.

B kayecTBe LEHTpalbHbIX 3a7a4 I'€HOMMKHU IIPOKAPUOT HAMM PACCMATPUBAIOTCS U B 3aMETHOU
CTETIeH! NPOJBHHYTHI PEUICHHs CIIEAYIOIIUE 3aa4ui, HallpaBICHHbIX HAa aHaJIu3 OaKTepUalIbHBIX Te-
HOMOB.

OcHoBHBIE pe3yabTaThl

Anzopummot 011 ananuza pezyiamopHovix cucHanos (1). Pazpaboran cpaBHATEIBHBIN MTOAXO K
3a[aue BBISBICHUS PETYIATOPHBIX YYAaCTKOB B OakTepHalbHBIX TeHoMaX. OH C ycmexoM IpUMEHEH
IIpH aHAJU3€E MEJIOTO Psa PETYISATOPHBIX CHCTEM: OTBETa Ha CTpecc (MHOKECTBEHHOH JIEKapCTBEHHON
YCTOHYMBOCTH, TEIUIOBOTO MIOKa, SOS-0TBETa, OTBETa Ha IEPEHACENIEHHOCTh), MeTabomm3ma (caxa-
POB, AMUHOKHCIIOT, BUTAMUHOB, KUPHBIX KHCIIOT) U IPYTHX. B TO ke Bpems, mpakTHKa IOKa3aja He-
JIOCTaTOYHOCTD CYIIECTBYIOIINX METOOB BRIACICHHS CUTHAA.

CyTb B TOM, 4YTO IIpHU aHAJIU3€ IN'CHOMHBIX AAHHBIX MNPUXOAUTCA UMETH ACJIO C 3arpsA3HCHHBIMU
BBIOOpPKAaMH, B KOTOPBIX CHT'HAJI MPHUCYTCTBYET TOJBKO B YaCTU MOCJIEAOBATEILHOCTEI M3 BBIOOPKH.
CyHJ,eCTByIOU_lI/Ie AJITOPUTMBI, KaK IMPpaBuUIOo, HE B COCTOAHHUU aICKBATHO aHAJIM3UPOBATHL TAKUEC JaH-
Hble. HaMu mpeasyio’keH W KOMIIBIOTEPHO Pean30BaH CYLIECTBEHHO HOBBII (O4eHb OBICTpHIN 1O Bpe-
MeHH pabOoThI, IPUMEPHO KBaJPAaTUYHBIA OT pa3Mepa JaHHBIX) paclapauicIuBACMbBIi aIrOpUTM, KO-
TOPBIH YCIIEIIHO penaeT 3Ty 3ajady A TakuxX BbIoopok ([anunosa u ap., 2001 — 3x1ech u nanee Bce
CCBUIKH OTHOCSATCSI K COOTBETCTBYIOIINM rofaM Activity reports Hamero MHCTATYTa; ©X MOYKHO TaK-
Ke HaiiTw Ha caiite UHCTHTYTa MK MOyYUTh T10 3arpocy Ha aapec director@iitp.ru).

TecTupoBaHHe 3TOTO ANTOPUTMA B PEATHHBIX CHTYaIUSIX (aHAIN3 IMYPHHOBOTO W apTHHUHOBOTO
PETYJIOHOB, CUCTEMBI KaTaOOJIUTHOM perpeccui) MOKa3ajao ero MpakTHIeCKy0 MPIMEHUMOCTb. 11po-
BEJICH MACCOBBIM aHAIM3 PEryJIATOPHBIX 00NacTel B rpymie raMMa-nporeoOakTepuil (SHTepoOaKTe-
PpHUH-TIaCTEPEIUIBI-BUOPUOHBI), a TakKe UISI TPAMIIOJIOKUTEIBHBIX OaKTepuil M3 TPyMIbl OaIiui-
KJIOCTpUIHiA. [ 3TOro paccMoTpeHbl BEIOOPKH OPTOJIOTHYHBIX T'€HOB (OTIENBHO M3 KaKAOH rpyI-
ITb1), TOCKOJIbKY UMEHHO JJIsl TAKUX BBIOOPOK MOYKHO IPEIoJIaraTh COXpaHEHHEe PETYJISTOPHOTO CHUT-
HaJia B pOACTBCHHBIX 'CHOMAX.

OTMeTHM, 4TO B 00€ 3TH IpymIsl OakTepuid BXOIST KaKk OMOTEXHOJIOTHYECKH Ba)KHBIE OPTaHM3-
Ml (Escherichia coli, Bacillus subtilis, Clostridium acetobutylicum, Lactococcus lactis), Tak u mato-
TeHBI (BO30YAUTEIIM YyMBI, XOJEPBI, Pa3IMYHBIX BOCHAJICHUN M KHUIICYHBIX WH(EKIUH, CHOMPCKOU
SI3BBL, @ TAKXKE CTPENTOKOKKH, CTA(HUIOKOKKH, TUCTEPHUHN H Ip.).

CpagnumensvHulil ananu3 peyiamopHbIX CUCIEM, 8AHCHBIX C NPAKMUYECKOU MOYKU 3penus (2).
[ToMrMO caMOCTOSTENTFHON HAYYHOH IEHHOCTH, aHAJIN3 PETYJIATOPHBIX CHCTEM Ba)KEH C NPaKTHYe-
CKOW TOYKH 3PEHUsI, TAK KaK OH MO3BOJISET MPEACKa3bIBaTh (DYHKIMU paHee HEONHCAHHBIX T'€HOB, a
TaK)Ke NMPOTHO3WPOBATH OTBET KJIETKH HA T€ WIM WHBIE Bo3xedcTBHA. OcOObBIl MHTEpec mpH 3TOM
MpEeACTABIIAIOT CUCTEMBI MATOICHHOCTU W OTBETA Ha CTPECC. HepBbIﬁ TUIl CUCTEM CYHICCTBCHCH IJId
MCAWIHHBI, a MOCICAHAA CUCTEMA — JJIA U3YUCHHA U YJIYUYIICHUA IITaMMOB, UCIIOJIb3YCMbBIX ITPU 61/10-
JIOTUYECKON OYMCTKH MMPOMBINUICHHBIX CTOKOB. Hamu HCCIICAOBaHbl PETYJIATOPHBIC CUCTEMBI, CPEIN
KOTOPBIX CHCTEMBI YTHJIM3ALUH JKeJIe3a U LIMHKa (T1aToreHe3), CHCTEeMbl OTBETa Ha TEIJIOBOW M THIIe-
POKCHJIHBIH IIOK (CTpecc), CUCTEMBI OTBETA Ha IIEPEHACEICHHOCTh (quorum sensing — cTpecc U maro-
TeHe3), CUCTEMbl YCTOMYMBOCTH K TSDKEIIBIM MeTajuiaM (cTpecc, KpaHe BaXKHO JUISL CUCTEM OYHCTKH).
Wzydena »Boironus MeTabOIMYECKOTO IMyTH OTBETa HA THIIEPOKCHUAHBIA IIOK M PaCIPOCTpaHCHHE
CHCTEM yCTOWMYMBOCTH K TSDKEITBIM METaJUIaM B PAa3IUMYHBIX TeHOMaX. Taxke mpoJoinKaeTcs n3ydeHne
MeTabonmm3Ma caxapoB (B TOM YHCIIE B IITAMMax, IPUMEHSIEMBIX B IHIICBON MPOMBIIUICHHOCTH) U
BUTaMUHOB (JIJ151 ONOTEXHOJOTUIECKUX IIITAMMOB).



Anzopummul npeockazanua pezynamopuvix cmpykmyp PHK (3). MHorHe peryisaTopHble cuc-
TeMBI B OaKTEepHaJIbHBIX TEHOMAaX OCHOBAaHBI Ha 00pa3zoBaHMU BTOpWYHBIX cTpykTyp PHK. Hamu pas-
paboTaHbl METOABI CHCTEMATHYECKOr0 aHajlu3a CTPYKTYp Takoro poja. [Ipu 3Tom ucnonb30BaHbI 1Ba
THTIA COOOPaKECHUH.

Bo-nepBbIX, peryyisTopHble CTPYKTYpbl KOHCEPBATUBHBI B POJICTBEHHBIX reHoMax. [loaToMy oHM
MOTYT OBITh MPEICKA3aHbI ITyTEM BBIPABHUBAHUS MEKTCHHBIX YYAaCTKOB U MOCTPOCHUS MOTCHIIHATb-
HBIX BTOpHYHBIX cTpykTyp PHK miist Bcero BeipaBHHBaHUS. Bo-BTOPBIX, MOKHO HCIOJIH30BAThH OOIIHE
CBOICTBA TaKMX CTPYKTYp — B YaCTHOCTH, 00pa30BaHNE KOHKYPHPYIOIINX LIITMIEK, U3 KOTOPBIX O/IHA
SIBIIICTCSL PETYJIATOPHONW (TEPMHHATOPOM TPAHCKPHUIIIUU WM WHTHOWTOPOM HWHHIIMAIINN TPAHCII-
1N ).

B mepBoM cirydae Hamm anropuTM OCHOBaHBI Ha ciedyromier naee. CHadama B KaKIoM (¢par-
MEHTE BBIACIISIOTCS HAOOPHI BCeX (HE MOXOXKUX APYT Ha Apyra W JOCTaTOYHO MOIIHBIX) INIIJIEK, 3a-
TEM BBIYUCISETCS CTEIEeHb MOXO0XKECTH JIFOOBIX JIBYX INMWICK U3 OBYX (JIFOOBIX) pa3HBIX HaOOpoB (B
nyxe anropurma CmuTa-YorepMaHa), K 3TUM IINIJIBKaM IPUMEHSEeTCS alropuT™ M3 1. 1 U, HakoHell,
u3 0TO6paHHI)IX TaKuUM 06pa30M IIMAJIICK CKIIaAbIBAIOTCS MEPEKPLITHA (MaKCl/IMaJ'l])HO ImonapHoO IMoxo-
KHe MEX]y co00ii 1 He OoJiee; BMECTO IMEPEKPBITUH MOTYT pacCMaTpuBaThCsl U APYTHE PETyJISTOPHbIE
BTOPHYHBIE CTPYKTYPBI). DTOT aJiTOPUTM OBUI YCIIEIIHO TECTUPOBAH Ha nocienoBaresbHoCcTsIX TPHK
KHICYHOW MAJIOYKH M HEKOTOPHIX aMHHOKHUCIIOTHBIX ONIEPOHAX, a TAKXKE JIPYTHX BTOPUYHBIX CTPYK-
Typax.

Jis pemieHns BTOpOii 3a1a9u pa3pabaTeiBaeTCs alrOPUTM, OCHOBAHHEIN Ha cienyromlei naee. B
nmocnenosarenbHocTH PHK miryTes Bce koHpUTypanuu (B 9aCTHOCTH, Taphl ONpeeIeHHBIM 00pa3oM
3aLETUIIONINXCS TTOTeHIUANBHBIX IIMTAICK W T.I1.) C Ka9eCTBOM, IPEBHIIIAIONIEM HEKOTOPHIH MOPOT.
Ero OpicTpoTa obecneunBaeTcs HOBOM HEeH: CHadara HAXOMATCS OINpe[esIeHHBIC YHCIICHHBIE Imapa-
METPbl BCEX YYAaCTKOB MOCIJIEAOBATENLHOCTH, & 10 HUM CTPOSATCS caMHM KOH(GUrypauuu B HOpSIKE
yObIBaHHA MX KadecTBa. DTOT ajrOPUTM OBUI yCIIEIIHO TECTHPOBAH Ha 3afjade aHalW3a psaa Omepo-
HOB aMHMHOKHCIIOTHOTO CHHTE3a raMMa-IpoTeo0akTepuil (TMCTHIMHA, W30JEHIIHA, TPEOHUHA, TPHII-
TopaHa) M 3aTeM BCEX IOCTYIHBIX CEKBEHHPOBaHHBIX Oakrepuii. COOTBETCTBYOIIAs KOMITBIOTEPHAsS
nmporpamma ObL1a IMPUMEHCHA, B YaCTHOCTHU, K OPTOJIOTUYHBIM pAaaM I'€HOB C KOHCEPBATUBHLIMU TEP-
MHUHATOPaMU B JIMJIEPHBIX 00JACTSX.

Cpasnumenwvnuiii ananuz PHK-060ii pecynayuu (4). Mbl IpyMeHWIN CPAaBHUTENbHBIA TOIX0]
JUTSL aHAJIM3a PETYJITOPHBIX CUCTEM, OCHOBAaHHBIX Ha 00pa30BaHUU albTCPHATHUBHBIX CTPYKTYyp PHK.
Brumn miccnenoBaHbl aTTEHIOATOPHI OTIEPOHOB METa0OIM3Ma apOMATHYECKIX aMHHOKHUCIIOT, CTPYKTY-
PBL, PETYIUPYIONIHE TPAHCISIIIO TeHOB pruOocoManbHbBIX OenkoB, RFN, THI snementst u B12, pery-
JUpytolie onocuHTe3 BUTaMUHOB prbogasuna (B2), Tuamuna (B1) u xobanamuna (B12) coorset-
ctBeHHO n MHorue apyrue PHK-oBbie mepeximrouatenu. 31ech HaMH OBUTH TOJTYYE€HBI MHTEPECHBIC
pe3ynbTaThl, B YaCTHOCTH, ObUI BIEpPBBIC ONMMCAH MEXaHU3M PEryJslud OHOCHHTE3a BHUTAMHHOB.
B 3HaunTensHON Mepe MBI aBTOMAaTH3HPOBAIM 3Ty paboTy, MCIIOJIB30BaB IPOTrPAMMBI, CO3/IaHHBIE B
pamKax 3agaqu 3.

Ananu3s zunepsapuadenvnovix yuacmkos 2enoe (5). [lpuodperenrie 6akTepusiMU ITaTOT€HHOCTH B
pe3ysbTaTre TOpU30HTAIBLHOTO MEPEeHOCca TeHOB MM MYyTalUii, TO3BOJISIOIINX 3aHATh HOBYIO 3KOJIOTH-
YECKyI0 HHUIIY, YaCTO MPUBOJUT K MOSIBJICHUIO MOIIHOI'O CEJIEKTHBHOTO JaBJIEHHS, CTUMYJIHPYIOIIETO
0TOOpP HOBBIX T€HETHYECKH M3MEHEHHBIX IITAMMOB. B CBSI3M ¢ 3THMM Ba)KHOE ITPAKTHUECKOE 3HAYCHUE
MMeeT BBISIBIICHHE THIIEPBapHa0eIIbHBIX YIaCTKOB B TeHaX BO30yauTenell MHQEKINOHHBIX OONe3HEH,
Y KOTOPBIX MOBHIIIEHHAS U3MEHYHBOCTh MOXKET OBITH CIEICTBHEM CEIEKTHBHOTO NABICHUS MMMYH-
HOW CHICTEMBI OpraHU3Ma-X03si1uHa. B TaHHOM ciTydae TOYHOE 3HAHHE ITOJIOKEHUS, CTPYKTYPHI U CTe-
IIEHH M3MEHYMBOCTH BapHaOEIbHBIX JMHUTONOB MMMYHOT€HHOCTH MO3BOJISIET, HANPHMEpP, CYIUTh O
HAJIS)KHOCTH HPUMEHSIEMbIX THArHOCTHUECKHX cpelcTB. [lonoOHas uHbOpMaIHsS MOXKET OKa3aThCs
MTOJIE3HOU M JUIs Pa3pabOTKH CHMHTETHYECKMX BAaKLIMH HOBOTO MOKoJIeHUs. HakoHer, MOBepXHOCTHBIE
6em<14 YHacCTO SABJIAKOTCA CHeLIl/I(bI/I‘leCKI/IMI/I 1A TAKCOHOMHWYCCKUX T'PYIIT U TIOTOMY cna6o noadarTCsa
CPaBHHUTEJILHOMY aHAIIU3Y.



HarnsnHoe nmpencraBieHre 0 pacpeneneHny KOHCEPBATUBHBIX U BapuaOeIbHbIX Y4aCTKOB I'eHa
MOKHO IOJTyYHUTh IIPH MOIIAPHOM CPAaBHEHHMH BBIPABHEHHBIX HYKJIEOTHIHBIX IIOCIEA0BATEIBHOCTEH 1
COMMOCTAaBJICHUU paclpeACJICHUs CUHOHUMHWYHBIX U HCCUHOHUMHWYHBIX MyTa].IHfl. Hamwu 3HaunTEIbHO
ycoBepieHcTBoBaH aiiroput™ Nei u Gojobori (USA). Bonee HarnsiaHyr0 KapTUHY MOYKHO IOJYYUTh
IIPU OJJTHOBPEMEHHOM CPaBHEHHWH HECKOJBKHX HYKJICOTHIIHBIX MOCIIEI0BATENLHOCTEH M MCIIOIB30Ba-
HUM Pa3IMYHBIX AJTOPUTMOB IIOCTPOCHHUS I'paUKOB T'€HETHYECKON BapHabeNbHOCTH. DTOT IMOJXO[
ObLT arrpoOMpOBaH HAMM Ha T€HOMax HECKONbKuX renarosupycos (CmupHoB E.B., 3y6os B.B., 1997).

B Hacrosiniee BpeMsi ZOCTYITHBI T€HOMBI MHOTHX IITaMMOB IEJIOTO psijia MEPCUCTUPYIONIMX ITa-
TOT€HOB: CTa(hUIIOKOKKOB, CTPEITOKOKKOB (T'MIIEPUMMYHHBIH OTBET Ha CTPENTOKOKOBYIO MH(EKLHIO
MPUBOANT K PEBMATH3MY), MUKOOAKTepuil (B TOM dYHCIE JBa INTaMMa BO3OyIUTENs TyOepKyiesa),
XJaMugui (ormyONMKOBaHa T'MIIOTE3a O TOM, YTO XPOHWYECKas XJIaMUAWiHas MHQEKIHs SBISETCS
BO)KHBIM KOMIIOHEHTOM B IATOreHe3e MH(papKTa MHOKapla), MaJSPUHHBIX IU1a3Mo31ueB. Mbl yco-
BEPIICHCTBOBAIN Pa3padOTaHHYIO paHee KOMIBIOTEPHYIO NPOrpaMMy, IIpeIHa3HauYeHHYIO0 U1 OLeH-
KU pacIpelesICHUs] MyTallui B OTKPBITBIX PAMKAX TPAHCIISILIUM.

Coznacosanue gunozenemuueckux oepesves (6). O0IIHE ANTOPUTMUUCCKUE TIPUEMBI, pa3pada-
ThIBa€MbI€ B paMKax IPeIbIAYIIUX MyHKTOB 1-4, ObUTM MPUMEHEHBI U ISl PelIeHust 0oJiee IUPOKUX
SBOJIFOLIMOHHBIX 3a/1a4.

OpnHol M3 TakMX 3a/a4 SIBJISIETCS] PEKOHCTPYKIHSI 3BOJIIOIMY BUIOB IO MOJIEKYJISIPHBIM (HIIore-
HETHYECKUM JEPEBbSM OTIEIBHBIX OCIIKOB.

JepeBbsi OenkoB - OYEHP TOJE3HBI pecypc, HO He BIIONHE aJeKBaTHBIA. Bo-TiepBBIX, OHH HE
CJIMIIKOM HaJeXKHBI: M3-38 OTCYTCTBHUS a/ICKBATHBIX SBOJIIOIIMOHHBIX MOJENCH HENb3sl y4ecTh Hepas-
HOMEPHOCTH B CKOPOCTSIX 3BOJIFOLMH B OTHEIBHBIX TAKCOHOMUYECKUX TPYIIax, IS pasHbIX OenKo-
BBIX CEMEHCTB U T.IL

Bo-BTOpBIX, Naxke eciau Obl MBI IOJYYWJIM NPaBHIIBHBIC JIEPEBbS TCHOB, BCE PAaBHO OHH IO OT-
JeTBHOCTH HE Jajy OBl IIOJIHOTO IPECTaBICHHs 00 BOJIIOLUH OPTaHU3MOB U3-32 IYIUTHKALUI TeHOB,
UX TOTEPh M TOPU3OHTAJIBHBIX MEPeHOCOB. [103TOMy BO3HHMKAET 3a/iaua MOCTPOCHHS JIEPEBLEB BUJIOB
Ha OCHOBE COIJIACOBaHMUs JIEPEBHEB T€HOB U y4eTa HEKOTOPBIX OOLIMX MPEICTABICHUH 00 3BOJIOINH.
Hamu nocrpoen (I'enbdann u ap., 2001; Betorun u ap., 2001) ObicTphlii anropuT™, KOTOPbIH TECTH-
pOBaJICS AJIsI TPYTII: TIO3BOHOYHBIX, OCHOBHBIX OEJIKOB MUTOXOHJPHI 9yKapHOT, KOMIUIEKCOB OPTOJIO-
rudeckux rpymn u3 6assl gaHHbXx GenBank (HanmonanmsHOTO 1eHTpa OMOTEXHOJIOTHYECKOH MH(Op-
manuu CIIA). OH ocHOBaH Ha clieyIolel ujee: cHadajla BBIIOJIHIIOTCS alreOpandecKue BIOKEHHs
Ka)XI0ro JepeBa 'eHOB B HEKOTOPOE HadallbHOE AEPEBO BHIOB, 3aTEM OLICHHBAIOTCS KayecTBa JTHX
BJIOKCHUI M, HAKOHEIl, IPOUCXOAUT IIOCIIE0OBATENbHAs JIOKalbHAs IePecTpoiKa TEKyLIero aepeBa
BUJIOB, IIPU KOTOPOH CyMMapHO€ KauecTBO BCEX ITHX BIJIOKEHHH yOBIBaeT BIUIOTH A0 (JIOKAJIBHOTO)
MHHUMYyMa. AJTOPUTM HMEET Te K€ OYeHb XOPOLIME BBIYHMCIHTENIBHBIC XapPAKTEPHCTUKH, YTO U B
HpeIbIAYIINX ITyHKTAX.

Hamu IMOCTPOCHBI HECKOJIbKO BapHaHTOB (I)I/IJ'IOFCHGTI/ILIeCKI/IX JACPEBLEB JId BCCX OCHOBHBIX
rpynin MUKPOOPraHu3MoOB. Ha ocHoBe OoNTHMajabHOTO BIIOKCHHUS JACPCBLCB 6GHKOB B I€PEBbS BHUI0B
MIPOBEJCHA BEPOSITHOCTHASI PEKOHCTPYKLMSI HEKOTOPBIX COOBITHI, MPOMCXOAMBIINX HA MOJIEKYJISP-
HOM YPOBHE B IIPOLIECCE PA3BUTHS MHKPOOPTaHM3MOB, B YaCTHOCTH OLICHEHBI BO3MOXKHBIE JIyTIIMKa-
LIUH ¥ [TIOTEPH TeHOB (a TaKKe UX TOPU30OHTAJIBHBIN IIEPEeHOC, CM. 1. 7).

T'opuzonmanvuulii nepenoc 2enog (7). Oxazanocs, YTO aNTOPUTM U3 ITyHKTA 6 peHaeT u Apyryro
3aj1a4y - BBIJEJICHHE T'€HOB, U1 KOTOPBIX €CTh OCHOBAHHSA IOJ03PEBATh TOPH3OHTAJIBHBIH IIEPEHOC B
XO0Jle UX IBOJIOLMOHHON HCTOPUHU. A MMEHHO, 9TO T T'€HbI, KOTOPBIC CHIIbHEE BCErO MPEMSTCTBYIOT
BJIOKCHHUIO JAaHHOTO JepeBa I'CHOB B JIEPEBO BHIOB (€CIIM pa3peLICHHBIMH ONEPALMSMH SBISFOTCS
IYIUIMKAIUK U IOTEPH), T.€. Te TeHBI, KOTOPBIE SABISIOTCS, TaK CKa3aTh, apTe()aKTaMy STHX BIOKEHHH.
Takoll moIXoJ OCHOBAaH Ha TOM, YTO I'eH, IIEPEHECEHHBIIl U3BHE B I€HOM OPraHU3Ma Ha JOCTATOYHO
MO3IHEM 3Talle ABOJIIOLUH, HApyIIaeT COITIACOBAHHOCTH MEXIY AEPEBOM I'€HOB, COINEPKALIUM 3TOT
T'€H, U JIepeBOM BHJOB. Ha OCHOBE 3TOro aropuT™Ma IOJIy4eHbl PE3yJIbTaThl, KOTOpPBIE MMOKAa3alH 3a-
METHYIO YCTONUMBOCTB BBIAEISIEMOM TPYIIBI T€HOB MIPU Pa3IMYHBIX BapHaHTaX JepeBa BUJOB. 37eCh
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KpOMeE COBEPIICHCTBOBAHUS aJITOPUTMA M KOMIIBIOTEPHOH MPOrpaMMbl OBLTa TIPOBEIEHAa CTaTUCTHYE-
CKasl OILIEHKa JOCTOBEPHOCTH BBIACICHHUS TaKOW TPYMITBI TEHOB HALINM anroputMoM (Berormn u mp.,
2001). PazymeeTcs, BOIpOC O peaibHOM HAJIMYUKM T'OPU3OHTAIBHOIO MEPEHOCA MOXKET OBITh PEIICH
TOJILKO OMOJIOTOM-3KCIIEPTOM C YUETOM BCEX IKCIIEPUMEHTAIBHBIX JAHHBIX.

OTMeTuM, 4TO HEAOCTATOUYHOCTh CYIIECTBYIOIIMX METOJIOB aHaJIN3a FTOPU30HTAILHOTO IIepeHoca
XOpOIIO MIUTIOCTPUPYETCS MOJIEMHUKON, BO3HHUKIIEH BOKPYT KOMIBIOTEPHON OLEHKH JOJIM T€HOB 4e-
JIOBEKa, KOTOPBIE SIBISIOTCS PE3yJbTaTOM T'OPU3OHTAJIBHOIO IepeHoca W3 OakTepHalbHBIX T€HOMOB
(Andersson et al., Science, 2001, 292: 1848; Salzberg et al., Science, 2001, 292: 1903; Ponting,
Trends Genet. 2001, 17: 235; International Human Genome Consortium, Nature, 2001; 409: 860).
3amava M3ydeHHs TOPU3OHTAIBHOTO IEpPEeHOCa TeHOB IpecTaBisieTcs: (kpoMe e€ (yHIaMeHTaIFHOTO
3HAYCHUS) BEChbMa BAKHOU C MPAKTUIECKOH TOYKHU 3pEHUs, TaK KaK TOPH30HTAIBHBIN IIEPEHOC SBIIS-
€TCs OJHUM W3 OCHOBHBIX MEXAHH3MOB PACIPOCTPAaHEHHS B OAKTEPHAIBHBIX IMOMYJIIIUAX JEKapCT-
BEHHOU ycToitumBocTH. Kpome TOro, TeHOMHBIE HCCIIEIOBAHMUS MOKA3bIBAIOT, YTO JIOKYCHI, OTBETCT-
BCHHBLIC 3a BUPYJICHTHOCTD (OCTpOBKI/I HaTOFeHHOCTl/I), 4acTO OTJIMYAKTCA 110 CBOMM CTATUCTHYCCKUM
XapaKTEepUCTUKaM OT JIPYTHX 4YacTed TeHoMa M Tak)Ke BOSHUKAIOT B TEHOMax B pe3yJibTaTe FOpPU30H-
TaJILHOTO TepeHoca. HakoHel, yacTbiM OOBEKTOM TOPH30HTAIBHOIO MEPEHOCA SIBISIOTCS T'€HBI yC-
TOWYMBOCTH K TSDKENBIM MeTajulaM. B Xozie TeCTHpOBaHUS HAIIEro alrOpUTMa yXKe ObUT MIeHTH(H-
LIUPOBaH PsiJI MOTEHINAIBHBIX TOPU30HTAIBHBIX IIEPEHOCOB. B HacTosiiiee BpeMst MpoBOAMTCS Ooiiee
JIeTIbHBIN aHAIN3 STHX IPUMEPOB U TUIAHUPYETCS] CHCTEMATHYEeCKH PaCCMOTPETh BO3MOKHBIE TOPH-
30HTAJIFHBIC TIEPEHOCHI B CEMEWCTBAX T'CHOB, MIPEICTABICHHBIX B IIOJHBIX TeHOMAX.

Maccoebtit ananus pezyiamopHsIX CUZHATI08 RO Kilaccam opzanu3moe (8-9). Tlocne pemreHus
yKazaHHBIX BHIIIE 3a71a49 1-7 OymeT co3gaH HeoOXOIMMBI MaTeMaTHYSCKIH U KOMIIBIOTEPHBIH arma-
paT IJIs IPOBEICHUSI MAacCOBOTO MOMCKA M aHAJIM3a PETYIATOPHBIX CUTHAJOB B KJIACCaX OPTaHMU3MOB.
YacTH4HO OH YK€ CO3lIaH M MPUMEHEH K KJIacCaM MPOTEOO0AKTEPU M IPaMITOJIOKHUTEIBHBIX OaKTe-
pHii, YTO MO3BOJMIIO, C OJHON CTOPOHBI, IPOBEPUTH PEealbHBIE BO3MOKHOCTH Pa3pabOTaHHBIX HAMH
METOJIOB M IIPOTPaMM, a C JPYroil CTOPOHBI — ITOCIY KUJIO JIEy CPAaBHUTEIBHOTO M3yUeHUs1 Hanboee
Ba)XKHBIX KitaccoB Oakrepwuii. [Tocie 3aBepienne 3Toi paboThl HA MEPBBIN TUIAH BBIXOAUT IPHHIUIIN-
aNbHOW BOKHOCTH 3ajaua co3fanus «Pabouero mecra OMoMH(OpPMATHKa» - KOMIIBIOTEPHOW CPEeAbl, B
KOTOpo#i OyayT paboTaTh ¢ eqMHOOOPa3HBIMHM THIIAMHU IIPEACTABICHUS JaHHBIX ITPOTPaMMBI JJIsl BCEX
OCHOBHBIX 3aJ[ad TeHOMHUKH NpokapuoT. [Ipearnonaraercss MpUMEHUTh HAlM AJITOPUTMBI U IIPOTPaM-
MBI HE TOJIBKO JJISl OTKPBITHIX TEHOMOB, HO U JUISl psijia TEHOMOB, CBSI3aHHBIX C ITPOM3BOACTBOM.

CnHcok TuTepaTypsl

[1] Activity report-2003 of the institute for information transmission problems, Russian Academy of sciences,
Moscow, 2004. http://www iitp.ru.
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Abstract

B pabore omnmchIBacTCs KOHICNTYaldbHAS MOJEIb TCOPUU OOIICCTBEHHOTO BBIOOpa M BO3MOXK-
HOCTb MPUMEHEHHS STOW MOJIEIH JIJIsl aHAJIM3a U3MEHEHUH B 3aKOHO/IATENILCTBE U OOLIECTBEHHOM
nonuTHke. [IpUBOJATCS XapakTepUCTUKH MYJIbTHAr€HTHOW CUCTEMBI, UCIIOJIb3YEMOM Ui aBTOMa-
TH3AI[MH 3TOrO aHAJIU3a.

Introduction

The primary purpose of this article is to explore public choice theory as a conceptual paradigm
suitable for automating the analysis of legislative and political change using multi-agent systems. The
secondary purpose is to examine the suitability of multi-agent systems to the analysis of political
change.

Such a system of analysis, if created, would be very useful in anticipating the legislative, politi-
cal and economic cost of implementing change in public policy, government and economic regula-
tions. Cost information could drive financial feasibility analysis for change sponsors and provide
helpful cost benefit data to compare the results of change with the effort required to effectuate it.

Furthermore, a detailed model of the legislative process provides keen incites into two areas:

Area Incite

Actors and forces effecting political Identification of focus points to support or defend

change against political change

Process by which legislative change oc- Identification of potential legislative rules to mini-

curs mize the unintended consequences vote trading, spe-
cial interest group capture, etc...

A warning regarding skepticism: there is a strong implication within public choice theory that
actors and participants within a democracy seek to further their personal needs and goals and they will
use democratic institutions to do so. This theory does not seek to abolish universal values or deny that
they exist (such as patriotism, charity, etc...), as it recognizes that many things good for the nation,
one’s neighbors and society on a whole are also good for the individual; however, it firmly postulates
that unless a societal good can also be justified on an individual basis, it may not succeed as a driving
political force; e.g. the need for a balanced budget versus the need to increase pension payments for
retired individuals — seldom do pensioners vote to reduce their pension payments. Furthermore Public
Choice Theory looks at the competing nature of these individual needs in a political marketplace. The
consequence is that the theory explores potential failures in the legislative process. Such highlights
may be unattractive to those favoring exhaustive government regulation and intervention.
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The author hopes that the evaluative model he describes could be considered a modular one and
that alternative theories of collective action or public policy analysis could be used to drive an evalua-
tive multi-agent analytic system.

1 James Buchanan and Public Choice Theory

James Buchanan was awarded the Nobel prize in economics in 1986. The theory was formulated
in partnership with his intellectual partner, Gordon Tullock. The core elements of Public Choice The-
ory were jointly envisioned by Buchanan and Tullock between 1958-1959 and authored in 1959 and
1960 in their book: The Calculus of Consent: Logical Foundations of Constitutional Democracy.
Through participation in conferences and establishment of journals, such as Public Choice (edited by
Tullock), the theory began to build a following through the 1960s. By the 1970s a number of compel-
ling political analysis were implemented and several future government leaders adopted these theo-
ries. These theories would then be adapted during the period of great regulatory reform driven by
President Reagan in the 1980s, with the famous Gramm-Rudman law its best example. The law limits
annual spending by the US Congress and automates budget cuts if the limits are not met.

The key actors in Public Choice Theory are:

Electorate (citizens)

Politicians

Bureaucrats

Special Interest Groups

In addition, this author would seek to add one other actor or group of actors, traditionally defined

as part of special interest groups, these are:

e Large corporations (large institutional, often historic, business enterprises)

e Entrepreneurs (business leaders who rapidly re-assemble and re-create new enterprises, some
large, some small)

Whereas there may be risk to the integrity of the theory of public choice by fracturing assump-
tions of typical actors, in the author’s experience, Special Interest Groups often assume a life of their
own, independent of the organizations that found them and even continue to support them.

2 Principles of Public Choice Theory

Public Choice theory describes the behaviors of individuals within a political marketplace. It ex-
tends the traditional economic model of the marketplace to the public sphere and politics. In a democ-
racy, consensus must be established for legislative change to occur. The establishment of consensus
requires exchange of personal, political and economic capital. For example, if a politician wanted the
legislature to pass a law, he would make many promises and commitments in order to secure suffi-
cient votes from other politicians for the bill to pass and create the desired law. Fundamentally, these
promises and commitments equate to the same economic exchange that occurs in the marketplace.

An important note: to a certain degree Buchanan considers individuals and groups interchange-
able; he believes that the same personal interests that drive individual decisions are present in groups
within the marketplace and they will act in a manner consistent with their interests. This concept cre-
ates the formal connection between the individual in the marketplace and the group in the market-
place. This assumption is also essential to dispel Platonic or Rousseau like notions of a greater public
good that transcends individual needs. If individuals cannot avoid pursuing their personal require-
ments, they will act no differently in political groups.
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Within the political marketplace there are many actors. The actors fall into broad or general
categories. These categories will often have different if not opposed goals, motivations and strategies.
The uniqueness of the different type of strategies helps explain the results of the political process,
without which, the results would seem highly irrational. Therefore, it is best to consider the political
process to be a competition of different interests each pursuing unique strategies toward unique goals.
The ultimate result of the political process is either a blend of different goals built by consensus or the
ascendance, at great cost, of one categories goals above all others.

The dynamic of the political marketplace is best understood by examining the various partici-
pants (with the author’s extensions to Buchanan’s model):

Actor Goals

Citizen (electorate) Government services delivered at little or no cost to the voter.

Politician Re-election.

Bureaucrat Increased power through enlarged staff and increased budgets.

Special Interest Groups Obtain the passage of legislation to favor their particular values or
goals.

In addition to classical public choice models, the author believes that other classes of actor are
worth considering and lists them here purely for intellectual purposes:

Large Corporations | Seek market expansion and market protection through government in-
volvement

Entrepreneurs Seek to minimize government regulation to allow rapid and unfettered ac-
cess to new markets

With such divergent goals it is easy to see how a simple political proposal could find opponents
and supporters from the different groups noted above. Furthermore, there are a number of curious
interactions and phenomena that occur within and between groups:

o JVoter apathy

Most citizens believe that their individual vote is one of many and often has little direct impact
on the actual process of legislative democracy. Consequently, they decide that there is little to be
gained from active review of political activity. Moreover, the act of voting requires significant time
spent researching candidates and analyzing their positions, except for the most extreme cases, citizens
typically do not feel their vote makes enough of an impact to reward the study required for intelligent
voting. Curiously, apathy encourages the birth of special interest groups as the most effective means
of political impact by citizens.

e Bureaucratic Capture

In her article on Public Choice Theory (The Concise Encyclopedia of Economics), Jane Shaw
summarized the economist George Stigler’s observations that Bureaucrats are often compromised by
the very parties they are responsible for regulating. Although forbidden, bureaucrats are the indirect
beneficiaries of special interest group activity. Interest groups gain political influence through cam-
paign contributions to politicians and can use their influence to ask legislators to increase or decrease
the budgets of different regulatory departments. Organizational power becomes very important to
Bureaucrats as they do not operate in a profit seeking role. In real world observations, it is not un-
common to see members of industry — typically from the Large Corporations, leave private sector jobs
to become Bureaucrats, often regulating the markets of their former employers. Examples can be
found in the leadership of the Department of Commerce and the financial markets.

o Legislative Inefficiency

Politicians spend the public’s money. This is not the politician’s money, but OPM — Other Peo-
ple’s Money. Politicians are not rewarded for the efficiency in which they spend the public’s money,
as most voter’s have chosen apathy and do not monitor how the politician administers their trust. Fur-
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thermore, pursuing efficiency does not reward politicians. In fact, it is a costly activity which may
require they spend their political capital, but for which they would receive no personal reward.

Special interest groups seek to influence politicians’ legislative decisions. Their money can be
used by the politician in their re-election campaigns. Their role is the farthest thing from voter apathy,
for special interests actively monitor and publicize politician’s legislative records. Consequently,
there is little to protect a legislator’s opinion or position from a determined special interest group, ex-
cept other special interest groups who hold opposite opinions. When special interest groups compete
we see as two very determined and focused parties entering a bidding war for legislative favor.

o Log Rolling / Vote Trading

Vote trading is a very interesting phenomenon. In a democracy, consensus is required to pass
legislation. Vote trading demonstrates the reality that two different voting initiatives do not occur
independently in the legislative universe. It further demonstrates that political capital can be accumu-
lated over time into various debts and obligations that can then be exercised at a future date. What is
especially amazing, however, is the purely economic nature of political debts. Even the most vocifer-
ous of political enemies may collaborate and trade votes on a purely economic basis. By definition,
vote trading occurs when two opposing politicians agree to support each other’s legislative initiatives
due to the critical nature or influence of each other’s votes.

Perhaps the fact that politicians spend Other People’s Money allows them to focus on the politi-
cal gain of the specific legislation they are seeking to pass, rather than the actual governmental cost of
enacting both pieces of legislation, one of which the politician would normally oppose. Vote trading
allows each politician to enrich their claims for servicing their constituency when seeking re-election
and to effectively ignore the cost of the legislation they passed.

3 A Simulation That Changes Itself

Public Choice theory operates on two different levels. The first, explains how and why political
activity follows it own special circuitous path. The second, is a study of self-improvement. Public
Choice asks how can a democracy protect itself by adopting rules that limit the negative effects of the
democratic process.

Unlike the traditional simulation which models multiple scenarios with different factual data, a
public choice simulation will also model changes in the fundamental rules that rule the virtual market-
place within which it exists. Examples might be: legislative spending limits with automatic budget
reductions (ala Gramm-Rudman), line item veto granting the President the right to delete specific line
items of a bill (many of which are often political favors tacked on to a larger piece of legislation as
they would never survive the legislative process on their own merits), term limits for politicians, and
decentralization of bureaucratic responsibility (local communities rather than central governments).

To a certain degree a public choice simulation assumes there will be many similar legislative
transactions and events occurring over and over again. The point of uniqueness is most likely to be
found in the rule changes introduced into the simulation and the effect these rule changes have on
overall government spending, growth of government laws and national wealth.

4 The Simulation as a Game

When attempting to describe a simulation environment, one should describe a system where the
consequences and activities of one part of the system ultimately affect the rest. Due to the very com-
plex nature of government activity and the need to simplify it for an effective simulation, the author
has created a game that will act as a simple model for future multi-agent simulations. This simple
model will also help us understand that challenges that a multi-agent simulation will face.
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1)

2)

3)

4)

5)

6)

7)

8)

The following are the rules by which a game based on public choice theory may be played:
Each player chooses one of the standard roles described earlier (more research must be done to
clarify and explain the difference between special interest groups, large corporate and entrepre-
neurial classes). They are now bound by the goals and negotiating strategies of that class.
Each class has a series of success measurements assigned to it. For example, bureaucrats suc-
ceed by increasing the size of the staff or budgets, politicians succeed by buying political popu-
larity, special interests succeed by obtaining the passage of legislation that favors their interest
group and the electorate seeks to maximize both societal wealth and free government services.
Each turn, a card is drawn from a deck labeled legislative opportunities (also called bills). Each
opportunity has points (depending on the specific opportunity the points are either positive or
negative) assigned to it in several categories:
a) Political benefit for re-election (for politicians)
b) Changes in regulatory activity (such as more budget for bureaucrats)
¢) Changes in government services delivered to the electorate (more specifically a targeted
group within the electorate such as pensioners)
d) Which special interest groups are concerned with this legislation and the economic bene-
fit to their members
e) The budgetary cost of the legislation
f) The effect of the legislation on the national economy (does it lead to economic growth or
contraction for the economy as a whole)
Each player will either support or attack the legislation. Consensus amongst all players is re-
quired to determine the legislation’s fate. If the majority of players supports a bill, it passes.
If a bill passes, then
a) Points are awarded to each player according to their class; e.g. politicians receive points
for re-election, etc....
b) An overall national budget is maintained throughout the game. Each bill that passes will
either increase the money in the budget or decrease it.
¢) Similarly, each piece of legislation effects the national economy, either increasing the
gross domestic product (GDP) or decreasing it.
During the draw of any legislative opportunity, a player may decide if he will cooperate and
share the points available to other players of his class (e.g. when a politician vote trades) if the
legislation passes, or keep all the points for himself, denying any points to his classmates; e.g.
one politician gets all the points, leaving none for his opponents. In this circumstance the con-
sensus process used to determine if a bill passes or not (in step 4) is changed. Each player must
vote not only on the bill itself, but for which competitor’s version of the bill. Competition can
easily occur between different politicians, special interest groups and regulatory agencies (imag-
ine security and foreign trade disagreeing over restrictions on technology exports).
Every fourth turn a card is also drawn from the structural change card deck. These cards repre-
sent significant structural change that dramatically effect game dynamics. For example: some
changes may be designed to accelerate the speed at which legislation is passed — for game pur-
poses by instituting a time limit for consensus building and discussion (or perhaps requiring all
discussion to be performed in writing using pictures, etc...), while others may have fiscal re-
quirements that either modify bills budgetary cost or cause a potential bill to be rejected and re-
placed with another. One card example from this deck may be a special interest trump card (for
example imagine if green party interests automatically dominated political debate).
If at any time the GDP falls below a certain level, the economy collapses and all players lose.
If the various bills deplete the government’s budget, then the government is bankrupt and the
game ends.

16



10) Otherwise play continues for a proscribed number of turns, perhaps 16. Two bills are considered
each year and the game lasts for 8 years.

11) Whichever player has the most points at the conclusion of the game, wins.

12) Optionally, the players may agree to draw a single card from a third deck called Role Change.
This card is drawn at the beginning of the game. Each card in this deck has two pieces of infor-
mation, the first is the turn at which a role change occurs. The second piece of information is
covered and not revealed until the actual turn occurs. It which if not all players changes classes;
for example, a politician becomes a bureaucrat in the same way Gov. Ridge of Wisconsin be-
came the head of the department of homeland security or when a bureaucrat leaves government
to work for a special interest group. Players keep the points they had accumulated in their previ-
ous roles, but they must now score points and follow the strategy of their new class.

Conclusion

The preceding game description can be used as a starting point for the assembly of an ontology
of public choice simulation. The game creates a feedback loop through the measurement of govern-
ment budgets and societal wealth — finite measurements of legislation’s impact on society. Also, the
game illustrates that political gain may be achieved by one player by legislation that may in fact hurt
the national economy.

The greatest challenge in building a multi-agent simulation will be the evaluation of the impact
of legislation on the various classes of participants as well as state budget and national economy.
Economic philosophies can far too easily color the cost or benefit of one piece of game legislation
over another. Therefore, the arbitrary assessment of the value of legislation is the model’s weakest
point.

Consequently, the model may be more effective at analyzing the cost of legislative processes or
structural change more so than analyzing the impact of specific pieces of legislation.
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B 3AJAYAX TPOEKTUPOBAHUSA, OHEHKU 3OPEKTUBHOCTU,
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Knrwouesvie cnosa: ¢ynkyuonanvhas cucmema, eHewnee (KOHYENmMyaibHoe) npoekmuposanue, op-
MUupogauue 0OIUKA, HeONPedereHHOCb OeUCMBYIOWUX (AKMOopos, Kpumepuu NpuHsImus peuieHutl,
KpauHsis Mo4Kd, KOMAPOMUCCHOE peuleHue, QYHKYUs uHOUBUAYATbHOCU

Abstract
Some problems of complex systems design, validation and complement optimization are dis-
cussed, such as criterion multiformity, criterion indefiniteness, decisions subjectivity.

1 Kpurepnu npunsarus pemenuii. KpurepuanbHas U Apyrue BUAbI HeONpeaeJeHHOCTH

B ocHoBe mporiiecca GpopMupoBaHus OOJHKA M MPOrPAMMBI CO3JAHHS CIOXHON TEXHUYECKOMH

cucrembl (CTC) nexuT npoBeAeHHE HCCIENOBaHMH B TaKMX OTHOCUTEIBHO HE3aBUCHMBIX oOJjac-
Tax [1, 2] kak:

npumenerre CTC B COOTBETCTBHH C €€ 1IeJeBbIM Ha3HaYE€HHEM B cOCcTaBe (DyHKIIMOHAIBHOM CHC-
tembl (PC) [3]. UccnenyeTces ¢ ncronp30BaHEM KOMILUIEKCA ONEpalMOHHBIX MOAENeH, obecrie-
YHMBAIOIIET0 OLEHKY 3((heKTHBHOCTH M onTuMH3aLuio npuMeHeHuss ®C n/wim BXoasux B ee
COCTaB TEXHWYECKUX M OPTaHU3AIMOHHO-TEXHWYECKUX CHCTEM B OIEPAMAX PAa3IMYHOTO Mac-
mrada v pa3InIHON HHTCHCUBHOCTH;

pas3pabotka u nmpomsoactBo CTC. HccnenyeTcst ¢ HCHOIp30BaHUEM KOMITIEKCa MoJeneil (yHK-
LIMOHUPOBAHUS HAyYHO-IIPOMBIIIEHHON 0a3bl, MO3BOJSIOIIETO YCTAHABIMBATH COOTHOLICHUS
MEXKAY XapakTepUCTUKAMM HAyYHO-TIPOMBIIIJIEHHOH ©0a3bl M 00BeMOM M TEXHHUKO-
TEXHOJOTUYECKHM YPOBHEM BBIITyCKaE€MOM NMPOAYKIINH;

nojiepkanre KoHkypeHntocrnocooHoctn CTC paccmarpuBaeMoro kjacca Ha MHUPOBOM DBIHKE
HayKOEMKOW Npomykuuu. Vccaenyercs ¢ MCIONIb30BaHHEM KOMIUIEKCA ONEepallMOHHBIX MOJENEH,
KOMIUIEKCa MoJiesied (DYyHKIIMOHMPOBAHMSI HAayYHO-TIPOMBIIUICHHOW 0a3bl, KOMIUIEKCa Mozeien
KyIUIM-TIPOJIaXKH B YCIIOBHSIX KOOTIEPALMH U KOHKYPEHIINH;

yIpaBiieHHue pa3BUTHEM (DYHKIHOHAJIBHOW cucTeMbl. Mceienyercst ¢ HCIoNb30BaHUEM KOMILIEK-
ca MOJEJNeld OmpesieNeHHs pPAlMOHAIBHOTO KAadeCTBEHHOTO M KonndecTBeHHoro cocrasa PdC,
00ecIeunBaoIIero ONTUMHU3ANNIO 3TAOB KU3HEHHBIX IUKI0B CTC M3 CyIIecTBYIOIETo WIN M-
CJIEyeMOT0 B Ka4eCTBE NMOTEHIMAIBLHO BO3MOXKHOTO cocraBa PC. PammoHanbHbIE TUIaHBI GOp-
MHUPYIOTCSI Ha OCHOBE JOCTIDKEHHs OaynaHca Mexxy TpeboBaHmsAMH, npeabssisieMbix k CTC mo
pe3ynbTaTaM HCCIelOoBaHUN X (YHKIMOHMpPOBaHUS B coctaBe PC, U BO3ZMOXKXHOCTSAMH BBIIIOJI-
HEHUS 3THX TPeOOBaHMH, yCTaHABIMBAEMbIX B PE3YJIbTaTe MCCIEAOBAHUI MIPOLECCOB pa3padboT-
K1, NPOU3BOJICTBA, nojyiepxanust ¢pynkuuonuposanuss CTC B cocraBe PC mpu 3aganHoM (mpo-
THO3MPYEMOM) YpOBHE (DHAHCHPOBAHUSL.

[Tpunstne Hanbosee OTBETCTBEHHBIX PELICHUI, Kacalomuxcs obymka paspadarsiBaeMbix CTC,

MPOUCXOAUT HAa HAYAJIIbHBIX CTAAUAX HNPOCKTUPOBAHHSA - HA 3TAIIC TaK HAa3bIBAEMOI'0 BHCIIHCTO (KOH-
HeHTyaJ’IBHOFO) MPOCKTUPOBAHUA — U OCYLICCTBIIACTCA B YCIIOBHUAX HCONIPEACICHHOCTH. Mo>xHO TOBO-
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pHUTh 00 JKCIUTyaTallMOHHON, TEXHOJOIMYeCKOH, (PMHAHCOBOM, KPUTEPUATILHOW U JIPYTHX BHIAX He-
OTIPE/ICTICHHOCTH.

[Tox skcIuTyaTallMOHHOM HEONPEAEIEHHOCTHIO B JaHHOM CJIydae IIOHMMAETCsl IIPOrHO3HAs HEeoll-
peneneHHocTh Oyayiiero nmpuMeHenus npoektupyemoit CTC B coctaBe @C, a UMEHHO HEOIpeeieH-
HOCTb XapakTepa, 00bEMOB, YCJIOBHI1 BHIIIOJIHEHHS 1IEIEBbIX 3a/1au.

TexHosornyeckasi HEONpPEAEICHHOCTh 00YCIIOBIICHa TOTOBHOCTHIO HAyYHO-ITPOMBIIUICHHONW 0a-
3bl K peajM3alyy Ha 33JaHHOM BPEMEHHOM HMHTepBajie (MHTepBajle IUIAHHPOBAHMUS) COBOKYITHOCTH
KPUTHUYECKUX TEXHOJIOTHH, ONpPENeNsSIONIX TEXHUKO-TEXHOJIIOTHYECKUH YPOBEHb IPOEKTa 10 CO3/1a-
HUIO MEePCIIEKTUBHON TEXHUYECKOH CHCTEMBI, M TIPOSBIISICTCS HA ATare BHENTHETO MPOCKTHPOBAHUS B
OTCYTCTBUU H/WII HECBOCBPEMEHHOM IIOCTYIUICHHH TOCTOBEPHON MH(OPMAIUHN O JOCTIKUMBIX Xa-
PaKTepUCTHKAX KOMILICKTYIOMINX PAa3UYHBIX YPOBHEH, HEITPOPaOOTAHHOCTH KITFOYEBBIX TEXHOJIOTHH,
OTIPEICIISIIOIINX OOIHK MEPCIEKTHBHON CUCTEMBI, U JIp.

@DuHAHCOBAsA HEOIIPEICIIEHHOCTh CBsI3aHa C TE€M, YTO Ha ATalle BHEITHETO MPOSKTUPOBAHUS MOX-
HO TOBOPUTH TOJIBKO O IMPOTHO3HBIX OLEHKAaX BO3MOXXHBIX 061,eMa, nopsaaka, iCTOYHHUKOB (l)I/lHaHCI/I-
POBaHHMsI IPOEKTA MO CO3AaHHI0 HOBOW TEXHUKH.

KpurepuanbHas HeonpeeneHHOCTh 00YCIIOBIEHa TeM, YTO Ha JTale BHEIIHEro MPOeKTUPOBa-
HUSI OZTHO3HAYHO HE OIpEJEIICHBI T€ KPUTEPHH, KOTOPHIMH HA Pa3IMYHBIX 3Taax >KU3HEHHOTO IUKJIa
MIPOEKTUPYEMON TEXHHKH MOTYT PYKOBOJACTBOBAThCS JHLa, prHUMatomue peutenus (JIIIP), B 3aBu-
CHUMOCTH OT CHCTEMBI NPEIIIOYTEHUH 1 CKJIaJ(bIBAIOIIECHCS B Ka)KIOM KOHKPETHOM CIIydae CHUTyaluu
nHpopmupoBanHocTH JITTP.

MOXHO BBIACTHUTH JBE TPYIIBl KPUTEPUEB MPHUHATHS PEIICHWUH: KPUTEPHH CTPATETHYECKOTO
YIpaBJICHUS ¥ KPUTEPUH PALIMOHATBHOTO BEIOOpA TAKTHIECKUX PEIICHHUM.

ITox crparernyeckuMu pemIeHUSAMH B JTaHHOM CIIydae MOHUMAIOTCS PEIISHUs, ONpeIesiore
IUHAMUKY Ka4eCTBEHHOTO W KommdecTBEeHHOTo pa3BuTHs PC. COOTBETCTBYIOUINE KPUTEPHH OTpa-
KAIOT CTPEMIICHHUE K IIPEEIIEHO JOCTIKUMOMY
e  HapaluBaHMIO (YHKIMOHAIBHBIX Bo3MokHOcTed DPC (F) B TeyeHHe NepHoja IUIaHUPOBAHMS

(7") mpu nporHosupyemom obbeme accurHosanuii (C,,,,, ) Ha copepxanue u passurue OC -

KpUTEPHA MakcHMyma O0O0O0ImEeHHOH 3P PEeKTHBHOCTH ( F]1 = E —»maxmnpu ycinosun C<C,,,., ,

E - o6o6menHas >dpdexruBHOCTS WK npom3BoauTenbHOCT PC, C - oxmmaeMple pacxoabl Ha
conepxanne u pazsutue OC);

e cokpawenuto aepummra (E, ..., —E, 1 =1,T ) dynxunonansupix Bosmoxnocredt @C npu npo-

THO3MPYEMBIX 110 Tojanepuonam roianupoBanus (f=1,7) oObemMax acCUTHOBaHHU

(Cupoon -t =1,T) Ha coneprkanue u paspurie OC - KpuTEpUH MUHUMYMa IIPOBAIOB 10 d(dek-

t=1T, E

THO3MPYEMBIi ypOBeHb TpeOOBaHM K (QYHKIIMOHAIBLHBIM Bo3MokHOCTSIM DC B 1 -if oAnepuon);
®  COKpAILlEHHIO PAcXOJI0B Ha cojaepkaHue U pazsutue @C ¢ ydeToM 3aTpar Ha NpOrpaMMbl cOo37a-
Hus nepernektuBHbIX CTC, mpemaraempix s BKiIroueHus B coctaB @C, mpH yCIIOBUU MOAAEP-
JKaHUS QYHKIMOHAIBHBIX Bo3MOkHOCTel PC Ha ypoBHE, COOTBETCTBYIOIIEM ITPOTHO3UPYEMBIM

IOTPEeGHOCTSM — KPUTEPHil MUHAMyMa 3atpar Ha cojepxanue u passurue ®C (F} = C — min

E 1T V3
Ll<a,» t=LT, A, - nonycrumsiii aeduuur

t npoen ~ npo-

T .
THUBHOCTH (le = F21 ({Et npoen Et }1 )_> min IIpA yCJIOBUHA Ct < Ct npoen >

60 ET npoen
E

npu ycnosuu b0 E2E, ..,
t npoen

(hyHKIMOHAJIBHBIX BO3MOXHOCTEH).
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K uncny nambosnee pacpoCTpaHEHHBIX M YacTO HCIOJIB3YyEMBIX KPUTEPUEB ONTHMH3ALNH MPH-

meHerns CTC B coctaBe OC (kpuTepreB NPUHITUSA TAKTUIECKUX PEIICHUN) OTHOCSTCS CIICAYIOIIHNE
HMMEIOIINE HATYPAIbHOE WIIH CTOMMOCTHOE BBIPAKCHUE KPUTCPHUH:

KPUTEPUI MUHUMYMa CyMMapHOH UYUCIIEHHOCTH (Flz) WIH CyMMapHOH CTOMMOCTH (F32) pu-

BJIEKAaEMBIX /IS yYacTHsl B IUIAHUPYEMOM orepaluu pecypcoB (cui U cpeacts, B ToM uncie CTC,
paccMaTpruBaeMoro Kjacca), IIpH YCIOBUH BBIIIOJHEHUS (QYHKIMOHAIBHON CHCTEMOMW 3aJaHHBIX

00BEMOB 1IETIEBBIX 33/1a4 (Flz3 —>min npu yenosun E2E, . );

KpUTEPU MUHUMYyMa CyMMapHOW 4MCIEHHOCTU (F22 ) WIH CyMMapHOH CTOMMOCTH (F42) yTpa-
YMBAaEMbIX B XOJI€ TUIAHUPYEMOH ONEepaluy PECYPCOB IIPH YCIOBHHU BBIMOJHEHUs (YHKIHMOHATb-

o o 2 : .
HOM CHCTEMOH 3a/1aHHbIX 00BEMOB LeNeBbIX 32124 ( /5 4 — min npu ycnosun £ > E npoen )3

KPUTEPH MHUHUMyMa CyMMapHOTO OTHOCHTEIBHOTO YBEIWYCHHUS 3aTpar (F52 ) Ha BBIIIOJHEHHE

IIEJIEBBIX 33724 B CBSI3W C BO3MOXKHOCTBIO PEaji3aliy HepallmOHATBHBIX PEIICHIH U3-3a HEOoIpe-
JISIIEHHOCTH JCWCTBYIONMX (aKTOPOB MPH yCIOBHU BBIIIOTHEHHUS BCEU (OMPEAEICHHOW YacTH)
HOMEHKJIATYPHI [EJIEBBIX 32141

) KTy3 Ci = ?‘l/i&l)cu KTnpoeH _KTZB
F¢ = — 2P s min Tpu ycnoBun KT ;3 =KT,,,,, | —————<A|,
1=1 min C” KTnpozn
X,y )c)
KTnpmH 5 KT[B - YUCJIO TUIIOB LEJIEBBIX 3a4a4, COOTBETCTBEHHO INIAHUPYEMBIX IJIS BBIIIOJTHCHUS U

BBITMIOJIHSIEMBIX IIPU pacloaraéMbIx pecypcax;
C, - CTOMMOCTD BBITIOJTHEHHUS OJHOW LIEJIEBOH 3a7a4M /-r0 THIA IPU HEKOTOPHIX (HUK-

CHUPOBAHHBIX TCXHUYCCKUX W/ TAKTHYECKUX PCLICHUAX

min C, - MMHUMAaJbHasi CTOMMOCTh BBIITOJHEHHs OJHOW IIE€NEBOW 3a1aud /-ro Tuma, T.e.
x,y(x

CTOMMOCTD BBIITOJTHEHHS OJHOW LIEJIEBOM 33a4y Ul ONTUMAIBHOTO BEKTOPA TeX-
HUYECKHUX W/WIM TAKTHYECKHUX PEILEeHHI;
A - JOMYCTHMBIN TPOLIEHT HEBBINOIHEHMS IENCBBIX 334a4 U3 33JaHHOI HOMEHKIIa-
TYpHI.
KpPUTEpUil MHHIMYyMa HauOOJIBIIETr0 OTHOCUTEIFHOTO YBEIWUYEHHsS 3aTpar (F62 ) Ha BBINIOJIHEHHE
LEJIEBBIX 337a4 B CBSI3U C BO3MOXKHOCTBIO PeaIM3allii HepalMOHAIbHBIX PEIIEHUH U3-3a HEOIpe-
JIETICHHOCTH JIEHCTBYIONIMX (DaKTOPOB NPH YCIOBHH BBIIOJIHEHUS BCeH (ONpeneNeHHONW 4acTH)
HOMEHKJIATYPBI LIENEBBIX 33124

C,; —min C
2 1 x,y(x) 1 i [IPH VCIOBMH KT, = KT KTnpozu _KTIB
F/ = max —/———— —> min puy 3 — npoeH <A
[=1,KT 3 ml(ll C” KTnpazH
x,y(x

2 TIpeonoJienune HeompeaeJeHHOCTH AeCTBYIOIIUX (GaKTOpPOB

YuuThiBas HEOMPEIEICHHOCTh Ha 3TAIe BHEIIHETO (KOHIENTYAILHOTO) MPOSKTHPOBAHUS OCHOB-

HBIX JIEHCTBYIOMKX (DAKTOPOB, 1EIECO00PA3HBIM MPEICTABIACTCS MOIXO0/, MPH KOTOPOM 3aj1a4ya BbI-
6opa panuonansHOro odnmka CTC pemaercs mo cxeme: cHavyana GOPMHPYETCSI MHOKECTBO TakK Ha-
3BIBACMBIX KpPAHUX TOYCK, a 3aT€M C HCIIOJIb30BaHHEM (hOPMAIBHBIX W/WIH HEPOPMATHHBIX MPOIIC-
JIyp JOCTIDKEHHS KOMITPOMIECCA HA MHOXKECTBE KPAfHAX TOYEK OMpPEICIIeTCS OOIUK MPOCKTHPYEMOM
CHCTEMBI.
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2.1 ®opMupoBaHHe MHO:KECTBA KPailHUX TOUYEK

Kpaitasist Touka — 3TO BapHaHT OOJMKa MPOEKTHPYEMOH CHCTEMBI, ITOMYyYSHHBIH B pe3yJbTare
pelleHus] ONTUMH3aLMOHHOM 3a1aun, (opMasbHas MOCTAaHOBKA KOTOPOH MMEET OrpaHW4eHHbINH (J10-
KaJIbHBIN) XapakTep B CHJIy CIeIyIOMmuX o0cTosTenscTB. Bee nelicTBytomue (hakTopsl pa3ouBaroTCs
Ha JIB€ TPYNIIbI, IPUYEM B MEPBYIO IPYIITY MOTYT OBITh BKJIFOYEHBI TOJIBKO T€ (DAKTOPBI, KOTOpBIE Xa-
PaKTepu3yrOTCsl IPOTHO3HOM HEOIPeeIeHHOCTbI0. 3HaueHusl (PaKTOpOB M3 MEPBOM rpymnibl GUKCH-
PYIOTCSI, TEM CaMbIM CHUMAETCS COOTBETCTBYIOIIas HEOIpeaeneHHOCTh. st pakTopoB BTOPOI rpym-
IIBI JIONTyCKAeTCsl BapbHPOBAaHNUE MX 3HAYEHHH B Ipejesiax, ONnpeesieMblX 3a()MKCHPOBAaHHBIMH 3Ha-
YEHUSIMU (aKTOPOB IEPBOI IPYIIIIHIL.

i onpeeneHHOCTH MPoLeaypy GOPMHUPOBAHUS KPAHUX TOYEK PACCMOTPHUM NPHUMEHUTEIHHO
K CHTYyalllH, KOTJa IEepPBYIO TPYIITY (PaKTOPOB COCTABISIOT KPUTEPUN PAIMOHAIBHOTO BHIOOpa, KOTO-
PBIMH B IIPUHIIUIIE MOTYT MOJB30BATHCS pa3pabOTUHKH U IKCILTYyaTaHThI IPOEKTUPYEMOM CHCTEMBL.

Kpaiiasst Touka (BeKTOp 0OIMKOBBIX MAapaMETPOB MPOEKTUPYEMOIl CHCTEMBI), COOTBETCTBYIOIIAS
CJIOKMBIIEHCA B CHITy HPUHATHIX TOIMYIICHUN CUTyallMd WH(GOPMHPOBAHHOCTH, OTHICKUBAETCS B CO-
OTBETCTBUM C IIpaBUJIaMH.

(1) x"=arg m);n Fousp (x,y* (x)),

XE€X gon

(2) y* (x) = arg min Faxcm (X, y) N
Y€ (%)

don

3) Xy, = {x : f(x)S O},
@ 7,,(x)={r(x):gx y)< 0}

x, y(x) - BEKTOpa TEXHMYECKHX M TAKTWYECKUX PEIICHWH, MPHHUMAEMBIX Ha 3Tarax
COOTBETCTBEHHO Pa3pabOTKH U MPUMEHEHUSI IPOEKTUPYEMON CHCTEMBI;

Xy ()C) - palMOHAJIbHBIC IPpHU Z[aHHOfI IMOCTAHOBKE 3a/lauy 3HAYCHHUA BCKTOPOB TCXHU-
YCCKHUX U TaKTHYCCKUX pemeHI/Iﬁ;

X Son (x) - obnactu JOITYCTUMBIX TEXHUYECKUX U TaAKTUICCKUX pemeHHﬁ Ha 3Tamax co-

don?

Y,
OTBETCTBEHHO Pa3padOTKH M MIPUMEHEHHS IPOSKTHPYEMON CHCTEMBI;

S(x). g(x.y) - OrpaHuyeHus (BEKTOpA OrpaHUYEHHI) Ha TEXHUYECKUE U TAKTUIECKUE PEllie-
HHUS HA STanax COOTBETCTBEHHO Pa3pabOTKU M IPHMEHEHHsS MPOEKTHPYEMOi
CHCTEMBI;

Fousp (%9 Foms (x, ) - KpUTEpHH (PUKCHPOBAHHOTO JUIsl JAHHOM IIOCTAHOBKH 3a[a4y BHJA U3 YHCIA

KPUTEpUEB PalMOHAILHOTO BHIOOpa, KOTOPHIMH ITOTEHIMAIbHO MOTYT BOC-
II0JIb30BaThCs PaspaboTunk ( £y, ) u skcmiyaranr ( F,.,,) IPOSKTHPYeMOi

CHCTEMBI.

B pesynbpraTe pemeHuns cepur ONTHUMU3AMOHHBIX 3an1a4 Bua (1)—(4) hopMUpYyrOTCS MHOXKECT-
Ba KpalHUX TOYEK, HA KOTOPOM OTBICKHBAETCSI KOMIPOMHCCHOE PELICHHUE 110 BBIOOPY OOJIMKa MPOeK-
TUPYEMOM CUCTEMBI.

2.2 ®opmupoBaHHEe KOMIPOMHMCCHOIO PellieHUsI HA MHOKECTBEe KPAilHHX TOYEK

CBeZieM COBOKYITHOCTh (hPaKTOPOB, CBSI3aHHBIX CO BCEMHU BHIAMHU HEOIPEACICHHOCTH KPOME KpH-
TEpUaNIbHOM, K MHOXKECTBY pacyeTHBIX BapUaHTOB. J[pyrumu ciioBamu, npu (GOPMUPOBAHHH OOJIMKA
CTC Oynmem paccMaTpHBaTh MHOXKECTBO PACUCTHBIX BAPHUAHTOB U MHOXECTBO KPUTEPUEB PAIIMOHATH-
HOTO BEIOOpA.

HWrak, paccMaTpuBaroTCs
1) IIpocTpaHCTBO MPHHUMAEMBIX PELICHHUH (POCTPAHCTBO BHIOOPA):

R:{r:(x,y),xeX,er},
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- MHOXKECTBO TIpe/IaraeMbiX pa3paboTYMKaMK allbTePHATHBHBIX Bapu-
anToB obnuka CTC (3amaBaeMOe MHOXKECTBO), €CIIM PEaU3yeTCs MO/~

X=fo=( ) X0JI Ha OCHOBE CPaBHEHHs albTepHATHBHBIX Bapuantos CTC;

= =(x,%,,...,%
T, - MHOKECTBO CHHTE3MPYEMbIX B MPOIIECCE MOACITHPOBAHUS BAPUAHTOB

obmrka CTC (popmupyeMoe MHOMKECTBO), €CIIH PeaTu3yeTcsl MOIX0/

Ha OCHOBE HEMOCPEICTBEHHOTO CHHTe3a 00aMKOBBIX apameTrpoB CTC;
Y= {y =y, )} - MHOXkecTBO TakTudeckux pemenuit CTC.

2) IIpocTpaHCTBO YCIIOBHUH MPUHATHS pEeIIeHHH (IIPOCTPAHCTBO YCIOBUI BEIOOPA)
Q={zC)zez,cew},

Z =1z} - MHOKECTBO pacdeTHBIX BapHaHTOB ipu (opmuposanuu obmmka CTC;

w=1{c} - MHOXXECTBO KpUTEPHUEB PAIIOHAIIBHOTO BBIOOPA.

Jis onpeneneHHOCTH OyJIeM CUMTATh, YTO B KAYECTBE OIMPEICIIAIONINX PACCMATPUBAIOTCS JIBa
¢axropa: ycnosust npumenerns CTC u ycnous peanuzaiu CTC, T.e.
z= (u,v),u eU,veV

U= {u _ (u " " )} - MHOXKecTBO ycinoBuit npumenenust CTC (Tun onepanuii, xapakrep U 00b-
PR €M LETIEBBIX 337124 U JIp.);
v={=( o MHOXKeCTBO ycioBHid peanuzaiuu CTC uau MHOKECTBO BapHAaHTOB pea-
=V Vi,Vy, Vi

Jin3allu KPUTUICCKUX TEXHOJIOTHH.

[Ipouenypa npuHATHS KOMIPOMHCCHOTO PEIIEHHUS] COCTOUT B CIIETYIOLIEM.
3) CHaATHE HEONpEAETICHHOCTH IO YCIOBUSAM IPUMEHEHHS M peanu3aluu (eCnu 3alaH HOpsIoK
pacdeTHbIC BApHAHTHI - KPUTEPHN).

AC(x,y,z)

aubo | x ‘ (V Z,Z € Z), <O |+, CeW,eciu umeem mecmo

xpﬂu ’ ypau Z

cumyayus, npeocmasnenHas Ha puc.l.a

pay

. AC N AC IR &)
aubo | x X =arg min| alz xy +a, max (xyz) ,CeW,
Y [ pau’ypau’ ) ( paq’ypazg’Z)
eciiu umeem mecmo cumyayust, npe()cmaeﬂeHHa}l Ha puc. 1.6
AC = C(xaysz) - C(xpau 5ypau ’Z)
<xpal4 > ypau> = arg n;llyn C(x:y»Z)

C(x,y,z) - ACTIOJIb3yEMBIH B JAHHOM KOHKPETHOM Cllyyae KpUTEpHH pallioHaIbHOTO BBIOOpa
13 331aHHOM HOMEHKIIATypbl KPUTEPHUEB;
- pallMOHATIbHBIE 3HAYEHUS] BEKTOPOB TEXHUUECKUX U TakTndeckux pemenuit CTC.

xlmu Y pay

4) CHATHE KpUTEPHAIBFHON HEONPENEICHHOCTH (€CIN 3a/laH MOPSAAOK pacueTHBIE BAPHAHTHI - KPH-
TEpUH).

6o {xxe ﬂ{ M }} ecnu n{ pau }#(Z) m.e. umeem mecmo

CeW Cew

cumyayus, GHano2u4Hasl npe()cmaeﬂennod na puc.l.a

s

pay
AC x y, x y,
b0 x | x = arg mln 0‘12 +a, max
C(x pay > Y pay > ) au’ypzm’

eciu umeent mecmo cumyayust, AHaiocudnas npedcmaeﬂeHHod Ha puc. 1.6
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AC Xy Vs Z AC()C, Vs Z)

Boipaxenue ¢ Z +a, max 7—)
C(xpau’ypau’z) X pay s Y paysZ

BHJOB KPHUTEPHUEB, KOTOPBIE OTPAXXAlOT JBE KpalHWE MO3WIMU B MPHHATHH PEIICHUH: pe3yJIbTaT B

cpeHeM Y AC(x,,2)
C Clx

€HTOB o) U Q, 1160 TNIPUHUMAIOTCA 110 YMOJYaHUIO B COOTBETCTBHUM C PAHEEC NPUHATBIMU IIpaBUJia-

SIBIIIETCSl JIMHEHHOI CBEpTKOM HBYX

Y FapaHTUPOBAHHBIN Pe3yJIbTaT max AC(x,y ’Z) . 3HaueHus ko3¢ duIy-
¢ Clx

pau’ypau’z pau’ypau’z

MH, JINOO YCTaHABIMNBAIOTCS HEIIOCPEACTBEHHO MCCIIEIOBATEIEM, SKCIIEPTOM, JIULIOM, (hOpMUpPYIOIIEM
WA TPUHIMAIONIEM PEUIeHUs, U (PaKTHUECKH ONPEACIISIOT CTPYKTYPY KpUTEpHs, 0 KOTOPOMY IIPH-
HUMAETCsl KOMIIPOMHUCCHOE PEILICHHE.

C; C
G C
P:
) Xpaul 1‘pau2 1
— L Fi(CoCy
= e e e
Xe{X pamt} | X=X ban |Xe{X pama}
a) T T o) T T

Pucynox 1 — Cutyanuu npu NpuHATUA KOMIIPOMUCCHOTO PEILIEHMS.

3  VYu4ert ¢pakTopa cy0bLeKTUBHOCTH NPHU NPUHATHH pelleHHi

CocrosiHre BbIOOpa (MPUHATHS PELMICHNS) CKIIAABIBACTCS U3 YETHIPEX KOMIIOHEHT:
1) cyOBeKT, mpOM3BOIIIINN BEIOOD A : IeTeyCTpEeMIICHHBIN HHIANBH FITH CUCTEMA;

2) okpyxeHue BbiOOpa S € {S k=LK }: (YHKIMOHAIBHOE OKPY)KEHUE MHIMBUAA WIN CHUCTEMBI,
MIPOSIBIIIONINX BBIOOP;

3) mocTynHble COcOObI AEHCTBUA (oI =1,/ : CTPyKTYPHO pa3siM4YHbIE TUIIBI IIOBEACHUS CyObEKTa
B CTPYKTYPHO OIIPEAEICHHOM OKPYXKCHUM;

4)  BO3MOJKHBIC IPH TAKOM OKPYXKCHHH Pe3ynbTatl Q;,i =1,/ .
CymiecTBeHHBIE CBSI3M MEXIY 3TUMH KOMIIOHEHTAMH IOJHOCTBIO OTPAKAIOTCS B TPEX THIIAX

Mep, ABISFOLINXCS ITapaMeTpaMy [EJIeyCTPEMICHHOTO COCTOSIHUS:

®  BEpOSITHOCTH BBIOOpA (Pl) - BEpPOSITHOCTh TOTO, YTO CYOBEKT 4 OyAeT HMpOoayLUHpOBaTh CIOCO0
JeicTBus (Ci) B OKpY€HHU BblOOpa S

P =Plc|46S}i=11;

e 3pPeKTHBHOCTD crrocoba neicTBrit (EU) - BEPOSTHOCTH TOTO, YTO HEKOTOPBIH CIOCO0 AeHCTBUSL
C; Oyner npoayuupoBaTh ONpPEASNICHHBIH pe3yabTaT (J); B ONPEIeIeHHOM OKPY)XCeHUH S , €CIH
JTAaHHBIA CyOBEKT A BBIOEPET HMEHHO €T0

E; P{Q | BBIOWpaET CGS} :_I =1,J;
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e  yJeNbHas LIEHHOCTb (Vj) pe3yibTara (Q j) WK CTENEHb CTPEMIICHUS (DI j) cyobekTa 4 K pe-
3yJIBTATY (Q /-) OTHOCHTENBHO TOJIHOTO MHOXECTBA B3aMMOMCKITIOYAIOLINX PE3YJIbTATOB (Q 1-) B

CUTYyallMH CTPEMJICHUSI B OKPY)KEHHH BhIOOpa S - BEpPOSTHOCTH TOTO, 4TO A BBIOEpET cr1ocod
AeHCTBUMN, MMEIOLIHI MAKCHMAIIBHYIO 3 (GEKTHBHOCTb 110 O .

ITockonbKy criocoObl IEHCTBUI M Pe3yNbTAaThl 3aBUCAT KaK OT OKPY)KEHHUS, TaK M OT CyOBeKTa,
WHIUBUIYAIBHOCTh CyOBEKTa, €r0 JIMYHOCTh OMPENENeTCS TeM, KaK €ro BEPOSITHOCTH BbIOOpa (Pl),

3(1)(1)€KTI/IBHOCTI/I (EU) nu yZIeJ'ILHI)IG HOECHHOCTHU (V]) 3aBUCAT OT CBOﬁCTB CI/ITyaHI/II/I.
B =f[{Ci},{Qj},SkJ,
E; =glic 1o, 4 Si ).
V= h[{Cl. }’ {Q_,— }’SkJ-

JpyruMu cioBamu, €Cliv JiBa WHAMBHJIA HAXOJATCS B OJHOW M TOH K€ CHTyallMM BbIOOpa, pa3-
HHULIa Mem,uy HUMU OOJIDKHA HpOHBJ’ISITLCSI B BHAYCHUAX UX BepOHTHOCTeﬁ BLI60pa, 3(1)(1)€KTI/IBHOCTGI\/'I nu
yI[eJ'IBHLIX HCHHOCTCﬁ.

CyMMa HpOI/I3B€Z[eHI/II71 3TUX Tpex HapaMCTpOB paBHa JJIs1 JAaHHOT'O Cy6'b€KTa O)KI/II[aeMOfl yz[enb—
HOHU LIEHHOCTU (E V)

EV=32FE;V;.
i

Hockonbky Benmuunusl F;, Ey,V; ABIAIOTCS QYHKUMSAMHM CHTyallMu BbIOOPA, TO M OXKHMAAeMast

i ij o

yzenbHas IeHHOCTh OyzeT QyHKIMeH cuTyaluu Beioopa
v =xl{c:}0; 5]

B Takom ciydae JUYHOCTH (MHAMBUAYaJbHOCTH) CyOBeKTa ecTh (YHKUMsS 77, CBS3BIBAIOIIAS
OKHJIAEMYIO YAEIbHYIO LIEHHOCTh B JIIOOOW CUTyalluH BbIOOpA CO CBOWCTBaMH BO3MOXHBIX CIIOCOOOB
JIEMCTBUH, NX BO3MOXKHBIX PE3yJIbTaTOB M CYIIECTBEHHBIMHU IIEPEMEHHBIMH OKpYKeHus. T.e. TMIHOCTh
(MHAMBUTYaIBHOCTH) €CTh HabroaeMas (yHKIMS, OKa3bIBAIOIIAs, KaK MHIMBH] WM CHCTEMa Ipe-
oOpazyer mapameTpbl BEIOPaHHOM CUTYaIlMH B 0)KUAAEMYIO YICJIBHYIO IIEHHOCTh (CM. PUCYHOK 2).

3amady mocTpoeHus GYHKIUH HHIUBHIYATEHOCTH MOXKHO Pa3OHUTh HA TPH OTHOCHTEIIBHO He3a-
BUCHMBIX THIIA UCCIICOBAaHMI B 3aBUCUMOCTH OT TOTO, Kakasi OepeTcsi 3aBHCHUMasi lIepeMeHHas:
®  BEpOSTHOCTH BEIOOpA - M3yUCHHE MPUBBIYHOCTH (IIPEATIOYTEHHS CPEICTB);

e 3(heKTUBHOCTD BBIOOPA - U3yUeHHE 3HAHUS (1yBCTBUTEIBHOCTH K 3 HeKTHBHOCTH);
e  yIeJbHasg LEHHOCTD - U3y4YeHUe CTpeMIICHU (IPEeATIOYTeHUS Leseit).

Wrtak, QyHKIHIO TMYHOCTH MOYKHO HOJIyYHTb, €CIIH N3BECTHBI

e  (YHKUUSA TPUBBIYHOCTH ( 1 F) U1t cyOBeKTa crocoda eicTBUs (Ci) OTHOCHTEIIEHO pe3yibTaTa

(Qj) U JIOCTYITHOTO MHOXKECTBA CIIOCOOOB JIeHCTBUI {C} - 970 (DYHKIIMS, CBSI3bIBAIONIUE BEPO-

1

ATHOCTH BBIOOpa C JAPYTMMH MapaMeTpaMH CHTYallud BbIOOpa, T.€. yIOBIECTBOPSIONIAS COOTHO-
ICHHIO

P = feliC )7 L(E ).
rae L(Ei) - YPOBEHB 3(PPEKTUBHOCTU CIIOCOOOB JACHCTBHIL IO PE3YIIbTATY (Q j), npuyeM

0<L(E)<1,  YIE)=1:

e  (GyHKIUSA 3HAHHS ( k) cyObeKTa criocoba IelcTBus (C,-) OTHOCUTEJIBHO pe3yibTara (Qj) B OK-
pyxeHun S - 3TO (QyHKIMS, CBs3bIBaromas 3((GEeKTUBHOCT BBHIOOpa C IPYrMMHU NapameTpamu

CUTyaluu BI)I60pa, T.C. YAOBJICTBOPsAIOLIasd COOTHOIICHUIO
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DKij :fk(Vj|S) >
rae DK J CTEIeHb 3HAHMS, KOTOPBIM CYOBEKT PACIIOaraeT O Crocode IeHCTBUS (Ci) OTHOCHTEIb-

HO NMpEANOYTUTEIIBHOTO PE3YyJIbTaTa C yzxem,Hoﬁ LIEHHOCTBIO V' iz 1B OKPYKCHUUN B},160pa S.

Cumyayus évl00pa_ (npunamus peuwienus)

Cyovexm A , ocymecmensiowuil 6v160p Okpysicenue gvloopa Sy,
Jocmynnute cnocoowvl oeiicmeuit {C;}
Bosmoocnvie pesynomamot {Q;}

DynKyuU UHOUBUOYATBHOCIU: Ilapamemput yeneycmpemieHH020 COCMOAHUA:
Dynkyua npuebIUHOCHU ( f, F) - 9T0 pyHKIHS, Bepoamnocmp évi60pa - BEpOSITHOCTb TOTO, UTO
cyOBeKT A OyAeT MPOayIUPOBATh CIIOCO0 ACHCTBUSA

CBSI3BIBAIOIINE BEPOSTHOCTH BHIOOPA C APYTUMH T1a-
P P Py C; B OKpy>XeHUH BBIOOpA S

paMeTpamMH CHTyalluH BbIOOpa, T.€. YIOBIETBOPAIO-
11asi COOTHOIICHHIO,;

R = fllCaLE). n=rlicio;hs)

(Dyukuu}l 3HAHUA ( k) - 3TO q)yHKHI/Iﬂ, CBSI3BIBAIO- 3¢¢eKmu3H0cmb cnocoba deticmeuli - BEPOAT-

HOCTbB TOTO, YTO crtoco0 neifctust C; IpH yCIOBUU

€ero BeIOOpa OyIeT NpoJyUpOBaTh pe3yibTar O; B
OKpY>KEHUH S

m1ast 3ppeKTUBHOCTH BBIOOpPA C IPYTHMU ITapaMeT-
paMu CUTyaIuy BEIOOPA, T.€. yIOBJICTBOPSIONIAs
COOTHOILECHHIO

DK :fk(lesk)’

Eij = P{Qz’ Ci’{ci}’{Qj}’Sk}
E; —miney;
DK,-j = ——|S k,Vj =1
maxe;; —mine;;
Dyukyusn cmpemnenusn (YICIbHON ICHHOCTH) ( fv) Yoenvnan yennocme pezynomama unu cmenens

cmpemnenusn cybvekma A K pe3yismamy - BEposT-
HOCTB TOTO, YTO CyOBeKT 4 BBIOEepeT criocod aeiict-
BU, HIMCIOIINI MaKCUMabHYI0 3 (HEKTHBHOCTD 110

9
il {Q/ }, Sy }

V= P{C,- =arg mj:_;lx E;

- 9T0 (DYHKIIHMS, CBSI3BIBAIOIIAS yETBHYIO [IEHHOCTD
pe3yJibTaTa ¢ APYruMH IapaMeTpaMy CUTYaIuu BbI-
0opa, T.e. yIOBJIETBOPSIONIAsi COOTHOLICHHUIO

vi=/1, [{Et/ b {DF,-j b {DKzf ) {DUin{Qj 1Sy ]

i i

DU; - CTENCHH NPUBBLIYHOCTH, 3HA-
HUSI, TOHUMaHWSL.

Jluunocms (unousudyanvnocms) - HabMronaeMasi GyHKIHS /7 , TOKAa3bIBAIOIIAS KaK HHIUBH]I IIPeoOpasyeT

HapaMeTphbl CUTYaluy BEIOOpa B OJKMAAEMYIO yIEIbHYIO IeHHOCTh £V

EV=YYRE;V; EV=xliC}io}s

Pucynok 2 — XapakTepHUCTUKY JINYHOCTH (MHANBUYIHOCTH) CyObeKTa.

DTO cTeNeHb 3HaHUA 3a7aeTcsl POPMyIIoit

E; —miney,

DK, = S,V =1/>

maxe,; —mine;;
r7ie mine;;,maxe,; - HaMMEHbIIEe U HaMOOMbIIEE BO3MOXKHBIE d(dexTnBHOCTH C; 1O PE3yIIBTATY

Q;BS.

CreneHp 3HaHUS crioco0a JAEHCTBHI OTHOCHUTEIBHO KAaKOW-THOO Ielu B (PUKCHPOBAHHOM OKPY-
YKCHUU SBJIICTCS MEPOH YIIPABIISIOIINX BO3MOXKHOCTEH CyOBEKTa IS MOYYCHHSI TAHHOTO pe3yJibTara
OTHOCHTEFHO MAaKCUMAIIFEHO BO3MOYKHBIX YIIPABISIONINX BO3CHCTBUMH;
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e  (dyHkums crpemiieHus (yAeIbHON LIEHHOCTH) ( fv) CyOBeKTa K pe3yJsbTaTy (Qj), OTHOCHUTEIIEHO
MIOJTHOT'O MHOXKECTBA B3aUMOHCKIIIOUAIOLINX PE3YJIbTATOB {Qj} B CUTYallHU CTPEMIICHUS B OKpY-

JKEHUH BbIOOpa S - 3TO (DYHKIWMS, CBA3BIBAIOINAS YJEIbHYIO IEHHOCTh Pe3yibTaTa C JPyTrUMHU
rapaMeTpaMy CUTYalMu BBIOOpa, T.€. yIOBIECTBOPSIONIAs COOTHOIIECHHIO

vi=Jy [{Ey h {DFij ) {DKU WD Uy }HQJ s ] ’

rae DF;,DK;;,DU; j-creneHy NPUBBIMHOCTH, 3HAHMS, IIOHUMAHUSL.

B kauectBe MEPLBI CTCIICHU NNEPEMEHUYMBOCTU UHAUBUAA MO OTHOIICHUIO K HEKOTOPOMY PE3YJIb-
TaTy MOXKET paccCMaTpUBaThCsl IPOU3BOIHASL OT (DYHKIMH CTPEMJICHUS HHANBUIA K 9TOMY pe3yJbTaTy
110 3 PpeKTHBHOCTH JAHHOTO crloco0a AEUCTBUI B €ro MpoLyLIUPOBaHHH.

3HaHue o GyHKIMIX MHAMBUAYanbHOCTH JIIIP MoxeT ncronbs3oBaThes pyu GOpMHUPOBAHUH MH-
TErpaJbHOrO KPUTEPHS IPUHATHS KOMIIPOMHCCHBIX PEIICHHH OTHOCUTENHHO 00JIMKa NPOEKTHPYEMOi
CTC, a nMeHHO, IpH Ha3HauYeHNH KO3()(PUIIMEHTOB BaXXKHOCTH, C KOTOPHIMU KPUTEPHH W3 YHCIIA pac-
CMaTpPHBaeMBIX KPUTEPUEB YUUTHIBAIOTCS B MHTEIPAJIbHOM KPUTECPHH.
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Abstract

CucremMbl TPAaHCIIOPTUPOBKYU UTPAIOT CYIECTBEHHYIO POJIb B PEIICHUH MPo0sIeM, BOZHUKAIOIINX B
cllydae MPUPOHBIX KATaKIM3MOB, CTUXUHHBIX OeICTBUI U KaTacTpod. Takue COBpeMEHHBIC TEX-
HOJIOTMH Kak, Hampumep, MHTepHeT nenaoT BO3MOXKHBIM CO3[JaHUE MHTEIUIEKTYalIbHBIX CHCTEM
TPaHCIIOPTHPOBKU JUI PACHIMPEHUS UX BO3MOXKHOCTEH IJIi CBOEBPEMEHHOI'O pearupoBaHMs Ha
9TH KaTacTpo(bl. ITa CTAThs MPENCTABISIET NOAX0 K peann3aiu VHTepHET CepBUCOB IS TIPO-
KJIaJIKH MapIIpyToOB B OONBIINX CHCTEMaxX TPAHCIOPTUPOBKH, MCIIONB3Ys MPEHMYIIECTBA HICH
JIOTHICTUKY 3HaHU. JIOTUCTHKA 3HAHUH OCHOBaHA CHHEPTreTUYECKOW WHTErpallii 3HaHUH, Ipruoo-
PETEHHBIX U3 PaCIPEICIICHHBIX HCTOYHUKOB HEOOXOMUMBIX JJIS TOJyYSHUST HOBOTO WIIH JIOTIOJI-
HCHHS CYIIECTBYIONIECTo 3HaHMs. JlaHHAs CTaThsl MOKA3bIBACT MACIITAOUPYEMOCTh M pacIIHpsic-
MOCTb MPECTABICHHOTO MOIX0/1a MPH J00aBJICHUHN HOBBIX HCTOYHHUKOB 3HAHHH.

Introduction

Nowadays organizations have to restructure in order to respond to their rapidly changing envi-
ronment. This causes a growing recognition of the need for new kinds of organizational structures that
could be distributed, mobile and flexible and therefore exhibit characteristics of innovation, resilience,
and self-management.

One of the most widespread forms of organizational structures the form of networked organiza-
tion can be mentioned. Among the main advantages of the networked organization the following ones
are selected:

e scalability: new members can join a networked organization by establishing relationships with
some of its members,

e robustness: a networked organization will continue to operate even if some of the network nodes
stop,

e sensitivity and adaptability: when flexible enough the relationships between the organization's
units (the network's arcs) may be easily and quickly readjusted in accordance with changes in the
environment,

e intensive knowledge/skills/experience exchange between the organization's units resulting in
maximization of the knowledge potential of the organization.

As it can be seen new forms of organizational structures including networked and virtual organi-
zation rely on intensive usage of knowledge and therefore on modern information technologies deal-
ing with data and knowledge. Currently, knowledge often referred to as corporate knowledge in the
contexts of the business and manufacturing is the key resource in the modern era of information.

We will proceed with the following definition, taken from [1]:

Context: any information that can be used to characterize the situation of entities (i.e. whether a per-

son, place or object) that are considered relevant to the interaction between a user and an application,
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including the user and the application themselves. Context is typically the location, identity and state
of people, groups and computational and physical objects.

Growing importance of intelligent support of the knowledge customers causes a need for acquisi-
tion, integration, and transfer of the right knowledge from distributed sources located in an informa-
tion environment. This knowledge has to be delivered in the right context to the right person, in the
right time for the right purpose. These activities called knowledge logistics are required for global
awareness, dynamic planning and global information exchange in the information environment.

Transportation systems play an important role in coalition-based application implemented as
networked organizations. An intelligent transportation system may significantly enhance the transpor-
tation system abilities. Therefore the paper proposes an application of knowledge logistics based on
the concept of open services in a distributed environment as an intelligent service for creation efficient
routing plans (as one of the major tasks of transportation system management for responding disasters
and organizing evacuations) under given constraints and preferences.

1 KSNet-Approach for Transportation System Management

As it is mentioned above, the being described approach is devoted to the knowledge logistics
problem. It considers this problem as a problem of a Knowledge Source Network (KSNet) configura-
tion, in this connection it has been referred to as KSNet-approach.

1.1 KSNet-Approach to Knowledge Logistics

Knowledge logistics assumes dealing with knowledge contained in distributed and heterogene-
ous KSs. As a result of this, the approach is oriented to ontological model providing a common way of
knowledge representation. KSNet-approach proposes ontology-driven methodology to knowledge
source network configuration. This approach is described in detail in [2].

Knowledge sources (KSs) to be used comprise end-users / customers, loosely coupled knowl-
edge sources / resources, and a set of tools and methods for information / knowledge processing. In
the context of the paper the configured KSNet is thought of as a networked organization, where the
listed above constituents of the KSNet correspond to the organization nodes.

Because of distributed structure of networked organization, its behavior of open system, and ori-
entation on the Internet as the e-business environment the technology of Web-services for the ap-
proach implementation has been applied.

As a formal model for knowledge integration the ontology model with the knowledge representa-
tion formalism of object-oriented constraint networks was chosen. This allows simplifying the formu-
lation and interpretation of real-world problems which in the areas of engineering, manufacturing,
management, etc. are usually presented as constraint satisfaction problems (e.g., [2, 3]). As a con-
straint-based tool ILOG tool has been chosen [5]. The system implementing the approach inherited its
name; it is referred to as the system “KSNet”. The detailed description of the multiagent system archi-
tecture and its functionalities can be found in [4].

1.2 Health Service Logistics in Coalition Operations Other than War

Coalition operations other than war include a wide range of activities involving different people
and organizations. In classical war operations the technology of control is strictly hierarchical, unlike
operations other than war are very likely to be based on cooperation of a number of different, quasi-
volunteered, vaguely organized groups of people, non-government organizations, institutions provid-
ing humanitarian aid but also army troops and official governmental initiatives. Here many partici-
pants will be ready to share information with some well specified community [6].

All joint doctrine and tactics, techniques, and procedures are organized into a comprehensive hi-
erarchy as shown in (Figure 1). As a case study for the project the area of logistics was chosen be-
cause logistics problems can be widely used in a number of areas (e.g., other than war operations,
supply chain management, transportation systems, etc.) and it is of a high importance for completion
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of joint missions [7]. Focused logistics operations and/or Web-enhanced logistics operations address
sustainment, transportation and end-to-end rapid supply to the final destination. Here the distributed
information management and real-time information fusion to support continuous information integra-
tion of all participants of the operations are needed [8].

Joint Warfare

[ Personell ] [Intelligence] [ Operations ] [ Logistics ] [ Plans ] [ Systems ]

Figure 1 — Joint doctrine hierarchy (adapted from [7]).

Logistics support in coalition operations presents numerous challenges due to a variety of differ-
ent policies, procedures and practices of the members of the operations, e.g., difference in doctrine,
logistics mobility, resource limitations, interoperability concerns, and competition between partici-
pants for common support.

In [7], six major principles of joint activities logistics applying to operations other than war are
selected. They include:

e  Objective. There must be a clearly defined, decisive and attainable objective, and all the efforts of
each operation member have to be integrated into the total effort of achieving strategic aims and
cumulating in the desired end state.

e Unity of effort. There must be a close coordination of all the operation members provided leading
toward the main goal and every subgoal.

e Legitimacy. Legitimacy involves sustaining the people's willingness to accept the right of the op-
eration' leader to make and carry out decisions so that their activities would complement, not de-
tract from, the legitimate authority of the leaders.

e Perseverance. In coalition operations strategic goals may be accomplished by long-term in-
volvement, plans, and programs. Short duration operations may occur, but these operations have
to be viewed as to their impact on the long-term strategic goals.

e  Restrain. Coalition other than war operations put constraints on potential actions that can be un-
dertaken by the operation's members to achieve their goals.

e  Security. Security is a very important issue in coalition operations, especially in those related to
healthcare and involving military forces. The operation's leaders and members have to ensure that
they include security measures.

Coalition other than war operations may have different missions. E.g., they can be related to dis-
aster relief, noncombatant evacuation, humanitarian assistance, peace operations, and other. For the
project a task of disaster relief operation form the area of health logistics has been chosen; particu-
larly, it is devoted to mobile hospital configuration.

1.3 Knowledge Sources for Creation Routing Plans

For the task of the routing plan creation the following knowledge sources can be considered:
available suppliers (constraints on suppliers’ capabilities, capacities, locations); available providers of
transportation services (constraints on available types, routes, and time of delivery); factors influenc-
ing on route availabilities as the geography and weather of the considered region (constraints on types,
routes, and time of delivery, e.g. by air, by trucks, by off-road vehicles).

The problem of an automatic knowledge seeking is a future research. For the case study a list of
KSs containing information for the user request processing was prepared by an expert team.
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In the presented case study a fictitious Binni region [9] is considered. The aim of the used Binni
scenario is to provide a rich environment, focusing on new aspects of coalition problems and new
technologies demonstrating the ability of distributed systems for intelligent support to supply services
in an increasingly dynamic environment. The transportation system is presented by a weighted graph
of routes assigned with transportation time, costs and route type (highway, ground road, transportation
by a plane, etc.). This information is stored in an external database accessed remotely.

Each supplier is characterized by its location, capabilities (which products it can produce), ca-
pacities (how many products it can produce by a certain moment), schedule (when it products can be
picked up).

In the presented example the one-customer model is considered. The reason for this is that the
considered transportation task is a part of a bigger task of a portable hospital configuration described
in detail in [10].

In order to provide up-to-date transportation plans the system monitors the current situation in
the region. For this purpose an emulated news Web site has been implemented (Figure 2). A specially
designed wrapper reads news and finds which cities/areas are not currently available for transporta-
tion. Besides, it reads weather conditions and accordingly corrects transportation time and costs for
appropriate routes.

This list of sources is not fixed. The scalable architecture of the system KSNet allows seamless
attaching of new sources in order to get new features and to take into account more factors for tasks
solved.

WEWS.com: Home = Microsoft:Intennet: Explores =/10JIx
Fle Edit View Favorites Tools Help |','
. - > »
Qoback - O - [¥] [2] @0 | S search FrFavorites @ Meda £ Links @

NEWS SUMMARY At Least 11
us | Killed during

INTERNATIOHAL

$7 | —
MONEY Scope = Shelling in

WEATHER = Slafito

LOCAL HEWS Artillery shells crashed
ENTERTAINMENT in neighborhoods of

ESPN SPORTS Slafito, killing at least 11
SC1/TECH people in the heaviest
POLITICS barrage in days.

HEALTH

TRAVEL

Tornados over Zaribe

A series oftornadoes ripped
through Zaribe causing at least
38 deaths and extensive
damages

Tropical Storm Allison in
Suthertown

Significant damage reported in
Suthertown

@NEWS com | HEADLINES

+ Suthertown Carnival With Dancing

+ Opening Zaribe Media Center

* Ugwulu Minister seeks FTA during Anala visit

+ No More News Headlines

2 TR T—

Figure 2 — Emulated news Web-site.
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2 Knowledge Logistics as an Intelligent Web-Service

Open services is an emerging technology driven by the will to securely expose business logic
beyond the firewall. Through open services organizations can encapsulate existing processes, publish
them as services, search for and subscribe to other services, and exchange information throughout and
beyond the enterprise. Open services will enable application-to-application e-marketplace interaction,
removing the inefficiencies of human intervention.

As it was mentioned a networked organization environment is characterized as an open service
system (i) in which users, units and other resources come and go on a continual basis, and (ii) in
which entities provide services to each other under various forms of a contract (or agreement). The
key components of service oriented architecture are as follows: service owners that offer services to
service consumers under particular contracts. Each owner-consumer interaction takes place in a given
marketplace whose rules are set by market owner. The service owners and service providers interact
with each other in a particular environment context. The open service oriented model applied to the
system "KSNet" looks as shown in (Figure 3). The system acts as a service provider for knowledge
customer services and at the same time as a service requestor for knowledge suppliers.

Marketplace

1 System "KSNet" |

Contract N
ly) ,
Service Provider 1
Knowledge Service Requestor ! (repressen_ts s();stem KSNet 1
(represents Service Consumer) : as a Service Owner) 1
1 |
t Contract o nowledge Service 1
1 Requestor 1
Service Provider (represents system "KSNet" |
(represents Service Owner) : as a Service Consumer) 1
1 |
————————————— -l

Figure 3 — Open service oriented model of networked organization.

The conceptual scenario of Web services is shown in (Figure 4). A service requester sends a re-
quest for an appropriate service ("Find Service") to the UDDI Registry. The Registry returns a refer-
ence to an appropriate service provider to the requestor. Then, the requestor sends a request to the
service and receives the result from it.

In the system "KSNet" the Web-based open service model is used. The proposed scenario is pre-
sented in (Figure 5). The main specific is that the service passes the request into the system where it
goes through all the stages of the request processing scenario. When an answer for the request is found
it gets to the service and then it is passed to the requestor.

Service Requester Registry Service Provider

Register

Find Service

T
|
K
~
|

Reference to Appropriate Service Provider (

Request for Service

Service

<

- | ZE R R

Figure 4 — Conceptual Web service scenario.
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Figure 5 — Web service scenario for the system "KSNet".
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3 Implementation and a Case Study

The user represented by a Web-service client enters a request into the system via the developed
SOAP- based interface. It has been implemented using PHP [11] and NuSOAP Web Services Toolkit
[12]. This combination enables rapid development of such applications as Web-services. Below, an
example source code of the developed service is presented:

$s = new soap_server;

$s -> register(“sendRequest®);

$s -> register("getStatus”);

$s -> register("getResult®);

$s -> service($HTTP_RAW_POST_DATA);

Besides such input parameters as the customer location, suppliers to be visited, etc., the system
accepts such parameters as optimization preferences — what is more important: transportation time or
costs. The user may choose his/her preference and the implemented fuzzy logic module allows finding
more appropriate solution.

Presented example illustrates finding a routing plan for the same conditions but with different
user preferences, namely: minimize time, minimize time, then costs; minimize both time and costs;
minimize costs, then time; minimize costs. In (Figure 6-7) results for different choices are presented
and compared. For illustration of the results a map is generated that uses the following notations.
Green dots are the cities of the region. The city with red edge (Aida) is the city where the hospital is to
be located — the location of the customer. The cities with blue edges are the cities where suppliers are
located (Libar, Higgville, Ugwulu, Langford, Nedalla, Laki, Dado). Transportations routes are shown
as lines. The grey lines are routes that are not used for transportation in the solution, the blue lines
routes used for transportation, and the red lines are routes unavailable due to weather or for some
other reasons. E.g., the routes through the city of Zaribe are not available because of the flooding. The
colored trucks denote the routes of particular vehicles/vehicle groups.

Figure 9 represents a comparison of the routing plans created for different criteria. As it can be
seen while importance of one of the parameters increases (e.g., importance for costs increases from
left to right) the value of the parameter decreases (the red line with diamonds for the costs) and vice
versa (the green line with squares for the time).
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Conclusions

The paper describes the Web-service based approach to knowledge logistics and its applicability
to transportation system management. The scalable architecture of the approach enables its extension
in regard of knowledge/information sources number and, thereby, in regard of factors taken into ac-
count during complex problem solving. Implementation of the approach as a Web-service makes the
system accessible from virtually any Web-enabled device (PC, PDA, or even a cell phone). Hence the
knowledge base of the system can be continuously updated and the updated routing plans can be
transmitted to users (e.g., truck drivers) in real time.
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Abstract

Argumentation is offered here proving the necessity of enhancing the efficiency of applying the
understanding-based knowledge that reflects a joint experience and is objective and independent
of an individual consciousness, in spite of the subjective nature of the knowledge acquired by
autonomous heterogeneous actors. This problem solution is linked with the development of on-
tologies and tools for their control that facilitate the computer knowledge representation and their
multiple reuse. A practical importance is emphasized of the transfer from a fragmentary approach
used for the ontology construction to creation of systems of computer knowledge integration in
organizations ensuring the opportunity of making a concurrent, i.e. mutually agreed, collective
decisions. The advantages of a holistic approach to the actors' interactions coordination as com-
pared to a centralized and network coordination are also shown here. The research directions are
qualified related to the subject of acquisition, accumulation and application of understanding-
based knowledge that is of great practical importance for the support of decision-making process
in complex open systems.

BBenenue

DOBONIONMOHHBINA MMOAX0]] K YIPABICHUIO CIOXHBIMHA CHCTEMAaMH TIPENIOJaraet, 4To CUCTeMa He
SIBIIIETCSI CKOHCTPYHPOBAaHHOH (3aJaHHOW) allpHOPH M HE HMEET JKECTKYI0 (PHMKCHPOBAHHYIO CTPYKTY-
Py, @ HAXOIUTCS B MMOCTOSIHHOM Pa3BUTHH, B MIPOIlecce KOTOPOTO €€ LENOCTHBIE AIIEMEHThI THHAMHUYE-
CKHM B3aUMO/ICHCTBYIOT MEXAY COOOM, yCcTaHaBIMBasl U Pa3pbiBasi CBS3M I0J] BO3/ICHICTBHEM BHEITHHX
WM BHYTPEHHUX BO3MYyMIaloMKX (akTopos [1, 2]. B HEKOTOPOM HCXOIHOM COCTOSIHUH, KOT/IA CBSI3U
MEXKIY 2JIEMCHTAMU OTCYTCTBYIOT, Ka)K[l]:lﬁ U3 HUX (l)yHKLII/lOHl/IpyeT ABTOHOMHO, 1 CUCTCMbI KaK Ta-
KOBOH eie HeT. Opranuszanusi, OPMUPOBAHHE CUCTEMbI KaK LIEIIOCTHOCTH MTPOMCXOAUT P HOsBIIE-
HUM HeonpeoeieHHoCmy WA TPOOJIEeMHON CHTYallMd, UCTOYHUKOM KOTOPOH B COLMOTEXHHYECKHX
CHUCTEMaX 4Yalle BCETO SBJSCTCS HEMPEICKa3yeMOCTh WHAWBUIAYAIEHOTO MOBEICHHUS U COLUATBEHOU
JIesITeNFHOCTH YentoBeka [3]. Berymas Bo g3aumooeticmesue, 3MEMEHTBI CUCTEMBI, BKITFOYAIOIIHE B ceOs
JIUII, MPUHAMAIOIINX PEIICHUsS, — AKTOPOB, HAUMHAIOT BEIPA0ATHIBATh PEIICHHUS O TEX JCHCTBHSX, KO-
TOpBIe HY)XHO TPEANPHUHSITH B CIOXKUBIIEUCS CHUTyalld. TakuM o0pa3oM, 8 nmpoyeccax ynpasienus
KAH0Ye8YI0 POJib npUodpemaem opeanu3ayus KOMMYHUKAYUU.

CrpykTypa KOMMYHHKAITH BKIFOYaeT B ce0s [4]:

e  YYaCTHHKOB-KOMMYHHKAHTOB, HAJCJICHHBIX CO3HAHMUEM U BIIAICIOIINX HOPMAaMH HEKOTOPOH ce-

MHUOTHYHOU CUCTEMBI (S3bIKa);

o CUTYyallul0, KOTOPYIO OHU CTPEMATCA OCMBICIIUTDH U MOHATH,
o TCKCThI, BBIPAXKAOMUC CMBICJI CUTYalluH B A3BIKC,
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e I[N, IeNalONIe TeKCTHl HallPaBJIEHHBIMH, T.€. TO, YTO MOOYXAaeT CyOBeKTOB 00pamarscs ApyT

K Ipyry,

e Mpollecc MaTepHaIbLHON MepeIayl TEKCTOB.

Takum 00pa3oM, 6 npoyecce KOMMYHUKAyuY TOIHKECH OBITh NOHAM CMbLCL CIIOKUBIICHCS KOMMY-
HUKATHBHO-JICATCILHOCTHON CUTYAIlUH, MOCKOJIBKY NOHUMAHUE npedgapsiem BCSIKYI, B TOM YHCIIC
NO3HABAMENbHYI0, YEIOBEUYCCKYIO desimenvHocms. He mo3HaHue mopoxaaeT moTpeOHOCTh K IOHUMa-
HUIO, a, HA000POT, NOTPEOHOCTh B TOHUMAHUM BEJIET K MO3HaHMIO [4, 5].

OpmHaKo TpH YIIPaBICHAN OTKPHITHIMU CIOKHBIMU COLIMAIIEHBIMU MITH COMOTEXHUIECKUMHU CHC-
TeMaMu (TIPEATIPUATUSME, OTPACIAMH TMPOMBIIIICHHOCTH, PETHOHAMH U T.II.) 10 WCIOJB30BAHUS II0-
3HABaTEIFHBIX METOJOB, CBS3aHHBIX C OOBSCHEHHEM, NENI0 Yalle BCETO M HE TOXOIUT, MOCKOJBKY
pedb UAET O MPUHATHH PEIISHUH B pealbHOM MacmiTabe BpEeMEHH, KOTJa MMEETCsS BO3MOXKHOCTh
TOJIBKO HOHAMb CUMYAYUio, «yXBaTUTh €€ CMBICII», U COBEPILLIEHHO HENOCTATOYHO BPEMEHU [UISI OCY-
IIECTBJICHUS OOBSCHUTENBHBIX IMPOIERyp, MPEANONarafoluX PacKphITHE MPHYUHHO-CIEICTBEHHBIX
CBSI3€M, MOCTPOCHUE JIOTUUECKUX YMO3aKIIIOUEHUU U BbISIBIEHUE 3aKOHOMEpHOCTe!. MHbIMU clioBaMy,
B MpOIECCax YIpPaBIEHUS UCIIOJIB3YIOTCS, B OCHOBHOM, 3HAHUS, O6A3upyowuecs Ha NOHUMAanuu, KOTo-
pbie B OOJIBIIICH CTEIEHH OTHOCSATCS K pa3psily MHTYUTHBHBIX, SBPUCTHUCCKUX M IJI0X0 (hopMasin3ye-
MBIX, 2 HEe HAYYHBIC 3HAHUS, 00JIQTAI0NIHE MOTHOTON, JIOTHYECKOH CBSI3aHHOCTEIO, HEMPOTHBOPEUHBO-
CTBIO U MIPECTaBIsICMbIC OOBIYHO B BUJIC HAYYHBIX TCOPHUH.

Bce 3T0 HaxoaUT MOATBEPKICHUE HA MIPAKTUKE: «IbBUHAAY 00JI peuieHull PyKOBOIUTENEH pas-
JINYHBIX PAHIOB HPUHUMAEMCS 8 PE3YAbMame OnepamueHo20 NOHUMAHUSL CIONCUBLUELICS. CUTMYaYUU, &
HE MHCIIOJIb30BaHMSI TPAJULUOHHBIX HAy4YHBIX METOJOB, pEAJU3YyEMBIX IOCPEACTBOM JIOTUKO-
METOOJIOTHIECKHUX Tpoueayp o0bsicHeHus. [1o3ToMy ydeHsle OOBHHSIOT YIIPaBICHICB-IPAKTHKOB B
TOM, 4YTO OHM HEOIIPABJAHHO UTHOPHUPYIOT METOIBI U CPEACTBA, aBa€Mble HAYKOH, a JIMLA, IPUHU-
MarolMe PELIEHNUs, BUAAT B HUX MalIyl0 NPAKTUYECKYIO IOJIE3HOCTb, MIOCKOJIBKY MX IOIXOJbI K pe-
[ICHUIO 33134 JISKAT B MHOHM IUIOCKOCTH — B cepe MOHMMAHUS, & TOUHES — 63AUMONOHUMAHUSL, CBSI-
3aHHOTO C TIPUHSITHAEM KOJUICTHAIBHBIX PEUICHUI. A 3TH npobiembl — NOHUMAHUSL U 83AUMONOHUMAHUSL
6 npoyeccax NPUHAMuUs peuleHull — J0Jroe BpeMs He MPHUBJICKAIA BHUMAHUE CIICIIHATUCTOR B 00JaCTH
YIPaBJICHUS CIOXKHBIMU CHCTeMaMHu. M TOJNBKO B MOCIEIHUE TOJBI MOXKHO TOBOPUTH O MPOOYIHB-
[IeMCsl HHTEpece K HUM, KOTOPBIN BBIPA3MIICS B MOSIBIICHUH Pa0OT, B TOW WIIM WHOW CTEIICHH CBSI3aH-
HBIX C OHMOJO2UYEeCKUM AHATUZOM U CUHME30M TIPU YIIPaBJICHUU CIOXHBIMU cucTteMamu [6]. B3au-
MOCBSI3b TIOHSATHI «IIOHUMaHHUE» U «OHTOJIOTHD He CIydaifHa, IIOCKONBKY (procodust repMeHEeBTHKI
YTBEPXKIACT, UTO NOHUMAHUEe UMeem OHmoo2uyeckuil cmamyc [5].

MubiMu ciioBamy, B Ipolieccax NPUHATHS PELIEHUM UCIIONIb3YIOTCS BA TUIA 3HAHUMN:

e  HaydYHBIEC 3HAHUS, IPHOOPETaEMBIE C HCIIOIB30BAHNEM OOBSCHUTEIBHBIX IIPOLIEAYD;
e 3HaHUs, OCHOBaHHbIC HA TOHUMAaHUHU.

[TocnenHne 0OBIYHO HE OTHOCST K pa3psly HAYYHBIX, O0NagaromuX HeOOXOIMMOM JOCTOBEPHO-
cThl0. B TO ske camoe BpeMsi IMEHHO 3HaHHs, OCHOBAHHbBIE HA MOHMMAHUHU, YaIlle BCETO UCIOIB3YIOT-
Cs Ha MPaKTHKE B MPOIIeccax OMEepaTUBHOTO MPUHITHS pemeHuil. [103ToMy BO3HUKAIOT METO0JIOTH-
YECKUE BOIPOCHI, CBSI3aHHBIC C MPOTUBOIIOCTABICHHUEM HIIH COTJIACOBAHUEM «ITOHUMAIOIIUX» U «00B-
SICHSIFOIIMX» CXEM B [TO3HAHUM MHUpa YEJIOBEKOM, OHTOJIOTUYECKUM XapaKTepOM MOHUMAaHUs, B3aUMO-
ITOHWMAaHUEM HEOJHOPOHBIX aKTOPOB, MPHOOPETCHUEM U HCIIOJIH30BAHHUEM 3HAHUI, OCHOBAHHBIX HA
noHuManuu. JlaHHas CTaThsl MOCBSILEHA PACCMOTPEHUIO YKa3aHHBIX BOIPOCOB.

1 3nanmus, ocHOBaHHbIE HA 00bSICHEHHMH ¥ IOHNMAHNH

OOBbscHeHne cunTaeTcs (pyHKIMEH MO3HAHUS, PACKPBIBAIOIEH CYITHOCTh OJHOTO IpeaMeTa M
siBrieHHsI (0OBSACHIEMOTro) uepe3 apyroe (0OBSICHSIONIEe), HMEIOIIEr0 CTaTyC JTOCTOBEPHOIO U «OdYe-
BugHOTO». Il0 CBOEH JOTMYEcKON CTPYKType OOBSICHEHHE MPEINCTaBIsSET co00il paccyXOeHHWE WIn
YMO3aKIIFOYeHNE, TOCBUIKH KOTOPOTO COAepKaT HH(OpMAIHI0, HE0OX0AUMYIO UIi 000CHOBAaHHUSA Ta-
Koro paccyxnaenusi (ymosakiroueHus). OObsICHEHHE HAIpaBJICHO IPEXK/IE BCEro Ha yCTaHOBIEHUE
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MIPUYNHHO-CJICICTBCHHBIX 3aBUCHMOCTEH B U3y4aeMOM OOBEKTE C TIO3UIINI THOCEOJIOTHH, PACCMATPH-
BaIOIIEH MpOoIlecC MO3HAHUS C TOYKHU 3PEHUS OTHOILICHUH CyObeKTa (MccienoBarennsi) K 00BeKTy WIIH B
KaTeropuajbHON OINMNO3UIMU «CyOBEeKT-00beKT». B eBporeiickoil KynbType (GyHKUIUS OOBSICHEHUs
MIOCTETIEHHO 3aKpernuiach 3a HayuHviM 3Hanuem [4], KOTopoe MO 3TOM MPUYMHE MOMXHO paccMaTpu-
BaTh KaK 3HAHUE, OCHOBAHHOE HA OObACHEHUU.

[ToHnmanue, Kak npoleaypa NOCTHKEHHUS CMbICTIA, HE BITUCHIBAETCS B CyOBEKT-00BEKTHYIO I10-
3HaBaTeNbHYIO cxeMy [4]. deHoMeH NOHMMaHMs HE ONMPAeTCs Ha KJIACCHYECKYI0 THOCEOJIOTHIO C e
BHETIOJIOKEHHOCTBIO CyObeKTa OOBEKTY M HCIIOJIb30BAHHEM METOJla OOBSICHEHHS, OCHOBHBIM COJIEp-
YKaHUEM KOTOPOTO SBIIICTCS MOABEICHUE WHAWBUIYAIBHOTO ITOJ BceoOIIee, TO eCTh MOUCK 3aKOHO-
MepHocTeit [5].

OpHako TposicHeHHe cMbIcia ObITHsI, o M. Xaiinerrepy, BO3MOXKHO TOJBKO ITyTEM OCO3HAHUS
CMBICJIa CAMOTO BOTIPOIIAOIIETO, IOCKOIBKY OBITHE CTAHOBUTCS TOCTYITHBIM TOJIBKO Yepe3 YeIoBeye-
CKoe TpUCyTCTBHE. boimue «5» kak «ObITHE B MUPE» CMAHOBUMCA TIPUHIUIHAIBHO KOMMYHUKANUG-
HbLM, T.€. HHAWBULyaJbHOE ObITHE CONEPKUT ObiTHE Apyroro [4]. MHbIMK clioBaMH, €CIIH ISl KJIaCCH-
yecKkol (GuiIocopuy THNMYHA XapaKTepUCTHKAa WHIVUBHIYAJILHOTO CO3HAHMS 4Yepe3 ero HarpaBlieH-
HOCTb Ha 00BEKT, TO ISl BTOPO# 1MoJIOBUHBI XX BeKa LEHTPaIbHOW CTAHOBUTCS €r0 XapaKTepUCTUKA
yepe3 CTPEMIICHHE K JPYTOMY, T.C. CYObeKm-00beKmHble OMHOWEHUS 3aMEHAMC CYObeKm-
CcyObeKmMHBIMU.

OnuH 4esloBeK HE B COCTOSHUM TOHSTH MUP, T.€. 0CO3HaTh MHOT00Opa3Hue CMBICIOB U 3HAUYCHHUH
KYJBTypHO-UCTOPUIECKOTO MHpa, KOTOPOMY OH NPHUHAICKHUT. [I0CKONBEKY OH MOXKET TOHSTH €ro
JUIIG YaCTUYHO, YETIOBEK BOCIIPHHUMAET OT JPYTUX TO, YETO HE JOCTAET B €r0 COOCTBEHHOM OIIBITE.
Ha »Tom ocHoBanmu 3. I'yccepis BBel MOHSATHE HHTEPCYOBEKTHBHOCTH KaK CTPYKTYpPHI HHIUBHITY-
ITBHOTO CO3HAHMSA, OTBEYAONIEH (aKTy CyIIEeCTBOBAHUS APYTUX WHAWBUIOB [5], miu ocoboit oOIIHO-
CTH MEXIy MO3HAOIUMH CyOBEKTaMH, YCIOBHS B3aUMOICHCTBUS M nepeoayu 3HAHUSA 0OHO20 O
opyzozo [4].

Takum 00pazoM, «cywHoCmb CMbICIA OTKPHIBACTCS B €r0 KOMMYHHUKATUBHOM mipupone. I apan-
MoM €20 «00beKmueHOCmuY SIBISETCS HE TOT (DAKT, YTO OH aJIEKBAaTHO OTOOpa)kaeT peajbHbI MHp, a
TO, UTO OH AG/AEMCSL GbIPANCEHUEM KOLIEKMUBHO20 ONbIMA, NepedasaemMozo KyJIbmypol U cyujecn-
8yIOUe20 8 SMOM NIAHE HEe3A8UCUMO OM UHOUBUOYATILHO2O CO3HAHUAY [5].

B omimume oT TpaaMIMOHHOW TPAaKTOBKM NMOHMMAaHHMS KakK MPOLEAYpPhl OOHAPY>KEHHSI CMBICIIA
TEKCTa B MPOIIECCE er0 MHTEPIIPETALNH, PEKOHCTPYUPYIOIIEH N3HAYaIbHBIA €ro 3aMbICell, BO BTOPOM
monoBrHE XX BEKa NOHUMAHUe CTAII0 PACCMAaTPUBATHCS KaK 38PUCHIUYECKAs NO3HABAMENIbHAS NPoYe-
dypa, darowas npupaweHue 3HaHus, a He TOJBKO BOCCTaHABIMBAromas u3HadanbpHOe [4]. [TosToMy,
HapsAIy cO 3HAHUAMU, 0a3UPYIOIIUMICS Ha O0BSICHEHHH, MOKHO TOBOPUTH O 3HAHUSAX, OCHOBAHHbIX HA
NOHUMAHULL.

Crnemyer oTMeTHTh, 9TO Ha BocToke (Hampumep, B Kutae) 3HaHHE Taxke HE TpeciieIoBaO Ielb
00bsicHUTH MUp. L{enblo ObUI0 MOHUMaHUe MHpa, YTO, KCTaTH CKa3aTh, HE CIIOCOOCTBOBAJIO PA3BUTHIO
TOYHBIX HayK, Kak 3To ObuTO Ha 3amane. Kuralickoe ¢uirocockoe MBIILICHHE BCETa XapaKTepUu30-
BaJIOCh OTUCTIIMBO BBIPAKCHHBIM MPAKTUIIU3MOM, IMOCKOJIBKY 3HAHUC NPEAMETA BKIIIOYAJI0 HE TOJIBKO
€ro OIMcaHue, HO U NpeAICcaHNe K JeHCTBUIO: 00JaaTh 3HAHUEM 3HAUUT IIPEXkK/IE BCEro 3HATh CBOE
JIEIO.

2  OHTOJIOTHMYECKHUIt CTaTyC NOHMMAaHUA

MpbI TOBOPUM O MIOHUMAHWU KOMMYHUKATHBHO-JIESITEIIbHOCTHOW CHTYAIMH, B KOTOPYIO «IIOTPY-
JKEH» YEJIOBEK, IOJIaras, 4YT0 OH HE TOJIBKO M3YYaeT €€ «M3HYTPW» M B3aUMOJICUCTBYET C JAPYTHMMHU
JOIBMH, HO M OKa3bIBACT BO3JEiicTBHE Ha Hee [2]. DTa cpamleHHOCTD YelloOBeKa C OBITHEM U MPHUIACT
MMOHUMAaHHIO CBOIMCTBO €CTECTBEHHO CKIIAJIBIBAIOIIETOCS MPOLIECCa, MPEOoararolero mpex/ie BCero
«OHTOJIOTHYECKOE (a2 HE THOCEOJIOTHYECKOE) caMooIpeeNieHre cy0beKTa, Oymydu mpoOieMon mpak-
TUYECKOTO OTHOILICHHS M MPaKTHYecKoro pasymay [4]. [Ipexne yeM 0OBSICHUTH MHD, YEJIOBEK MOCTH-
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TaeT CMBICII IPOUCXOJSIIETO «MHTEIPHUPOBAHHOY», BOCIIPUHUMAS U OIHUCHIBAas MHUP KaK LEIOCTHOCTB,
TaKUM, KaKoil OH eCTb, He IpuOeras K MCHOJIb30BAaHUIO HHCTPYMEHTOB B BHZE Pa3HOOOPa3HBIX (op-
MaJIbHBIX TEOPHIid, KOTOPBIE CYXKAIOT U IPOOST HA OT/AENbHbIE COCTABIISIOIINE CIIEKTP €ro MpecTaBIe-
HUH 0 Mupe. IHBIMU CI0BaMU, nOHUMAHUE OP2AHUYHO CE:A3AHO C NOHAMUEM «OHMOA02UA», KOTOpast
TPaKTyeTCs KaK «OMHCAHUE M OPTaHU3alUs TOTO, YTO €CTh, MHOXECTBO BEIIEH, KOTOphIE CYLIECTBY-
10T, 1 KOTOpas ONpenenseT, Kak 3TU BELU B3aUMOCBsI3aHb [7].

OHTOJIOTMYECKUH cTaTyc MOHMMaHUs OblT onpeneneH M. Xaiiierrepom, KOTOPBIH MpeACTaBIIsIT
MIOHUMaHHE KaK CIeU(UIecKoe OTHOLIEHHE K JAEHCTBUTEIBHOCTH, B KOTOPOM YEJIOBEK BBICTYIAET
TONIKYIOIIAM ceOs ObITHeM (T.€. «ITOHHMAIOMKM OBITHEM»). Takas TpakTOBKAa NMOHUMAHUS 3aKpeIi-
jace 3areM B repmeHeBTuke I'. ['amamepa. I'epmeneBTuka craHoBurca y I'. 'agamepa oHTONIOTHEH,
OCHOBaHHEM KOTOPOH siBiseTCs s3bIK. [lomarast 3bIK B Ka4eCTBE Cpe/bl T€PMEHEBTHUECKOTO OIIBITA,
I'. Tagamep MCXOIUI M3 TOTO, YTO «SI3BIKOBBIM (M ITOTOMY MOHSITHBIM) SIBIISIETCSI CaM YE€JIOBEYECKHUI
onbIT Mupa. CaM MUp BBIpaKaeT ceOs B s3bIke» [4].

Oumonozuueckuii xapakmep NOHUMAHUS, ¢ KOTOPBIM MBI CTAJKHUBaeMcsa Kak B TEOPETHUYECKUX
UCCIIEIOBAaHUSAX, TaK U B IOBCEAHEBHOU XKU3HHU, nHpeosapsem 6CAKYIO Uell08e4ecKylo 0esimelbHOCMb B
kauecTBe npeanonumanus [5]. [loustue «npeononumanuey sBeneno M. Xaitnerrepom, KOTOPBIHA BbI-
pasuil B HEM pa3zeéepmul8aHile NOHUMAHUs KaK OHTOJIOTHYECKOTO ONpEIeJICHNs] YeTOBEUECKOTO OBITHS
[4]. JIroboii curyaruu, B KOTOPOH OKa3ajcs YelIOBEK, NMPEALIECTBYET HEKOTOpOE NpeAllOHUMaHHe,
BBIpaKEHHOE B (hOpME OHTOJIOTUI M MpecTaBIIsiioNiee co0oii 3HaHus, Ha 0a3e KOTOPHIX OCYIIECTBIIS-
eTcs MpoLeaAypa MOCTIKEHNST CMBICHIA CIIOXKHBIICHCS cuTyannd. Ha ocHOBE 3TOro MOHMMaHUS IpHU-
0o0OpeTaroTCsl HOBBIE 3HAHMSA, ITOTIOJIHSIONINE OHTOJOTHH, KOTOPBIE CTAHOBSTCS NPEINOHMMAaHWEM K
CIIEAYIOIEH CUTYalluy | T.1I.

3HaHUs, OCHOBaHHbIC HA IOHMMAaHUM M NPEACTaBIsieMble B (JopMe OHTOJIOTHH, JaHbI YEJIOBEKY,
KaK WIeHy COLMyMa, N3HAYalIbHO, allpHOPH, OIPENIEIIsis EMy CMBICIOBON MOPSIIOK, KOTOPBIA KaXeTCst
YEJIOBEKY €CTECTBEHHBIM BHUIECHUEM Mupa. [10aTOMYy Kadwcouiii 06vbexm U3 CBOETO OKPYKEHUS Yel06eK
MOdICem HAOenUumb CMbICIOM, B Pe3yJbTaTe 4ero (GOpMHUPYETCs MHOXKECTBO OHTOJIOTMH — ONMUCAHHH
00BEKTOB M OTHOILEHUH Mexy HUMU. [loHMMaHue 00beKTa WM CUTYallMU HE CTaTHYHO, & U3MEHSET-
Csl CO BPEMEHEM, [OATOMY TPaHCHOPMUPYIOTCS U OHIMONO2UU, 8 KOMOPLIX ompascaemcs, TakuM 00-
pas3oM, mexyujee cocmosiHue OCMbICNIeHUs OelcmeumenbHoCmu yeaogekom. Y MoCKoNIbKy B IpoLeccax
INPUHATUS PELICHUI NOHUMAaHUE MPOUCXOAUT B YCIOBHUSX KOMMYHMKALIUU aKTOPOB, HA NEpeAHUN
IUIaH BBIJIBUTAeTCs MpobieMa JOCTHKEHHs B3aUMOTIOHUMaHUST MKy HUMH.

3 BszamMomoHHMaHHe HECOTHOPOAHLIX AKTOPOB

B3anmonoHnMaHue 0OBIYHO TPAaKTyeTCs KAk CoryiacHe, oOmiee Il BCEX CTOPOH OTHOIICHHE K
KOMY-I00 WIIH 4eMy-1100. Eciu akTopel 0THOPOIHBI, T.€. UX MOBEACHUE U NMPEANOYTEHUS HICHTHY-
HBI B TIOOBIX CUTYalMsX, TO B3aUMOIIOHNMAHHUE 3aJI0’)KCHO B HUX M3Ha4danbHO. OHAKO eunomesa oo
OOHOPOOHOCMU AKMOPO8 AGIAEMCA OdNeKOU Om pedlbHOoCmU uodedanuszayuetl, a TPUMEHUTEIFHO K
HKOHOMHUYECKOIH TEOPUH OHA «CTOJIb Ci1ada, YTO JINIIL HEMHOTHE SKOHOMHCTHI JI0 CHX TIOp OTCTauBa-
10T ee» [8], MOCKOJIbKY B €€ OCHOBE «JICXKHUT HJiesl 0 MeTaM3MYECKOM €IMHCTBE YEJIOBEUECKHX JKela-
Huit» [9]. 3acmykuBaeT KpUTHKH M LIEHTPaIM30BaHHOE IUIAHUPOBAHHE, TIOTOMY UTO «YCJIOBHEM €rO
3G PEKTUBHOCTH SIBISETCS CTAllMOHAPHOCTh MHpPA, COCTOSILETO0 M3 OJHOPOJHBIX SKOHOMHYECKHX
areHToB» [8].

Bzaumononumanue neoOnopoOoHwix akmopos, UMEIOIINX Pa3IMYHbIe HHTEPECH! U MTPEITOYTEHUS,
SIBISIETCSI HEOTBEMJIEMOW XapaKTEPHCTHKOM Ipoliecca NEUEHTPATN30BAHHOTO IMPUHATHS PELICHHH.
31ech yxe B3aMMOIIOHUMAHUE MOJCEm PACCMAMPUBATNLCS He MOJbKO KAK CO2aacue uiu eOUHOMbIC-
aue (understanding), Ho u kax ceoeobpaszHoe «eOUHCMBO NPOMUBONOLONCHOCMEl», 0003HaATYaeMOE B
aHIMICKOM si3bike Kak “reciprocal understanding”: eciu oJiMH akTOp (SKOHOMHYECKHUI areHT) UMeeT
BO3MOXKHOCTb YAOBJIETBOPUTH MOTPEOHOCTH JPYrOro akTopa, TO JOrOBOPEHHOCTh 00 OKa3aHUH COOT-
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BETCTBYIOLIEH yCIYTH MOXKHO MHTEPIPETHPOBATH KaK JOCTIKCHHE B3aMMOIOHUMAHUS MEXIY HUMHU
[10]. Takum o6pa3oM, HEOAHOPOTHBIE AKTOPEI MOTYT HAXOIUTh B3aMMOIIOHIMAHHUE B IBYX CMBICTIAX:
e  comacus Kak OOIIHOCTH MO3MLMH (ToueK 3peHHs);

° €/IMHCTBA KaK «IIPHUTSDKEHMS PA3IMYHBIX» (2 HE OANHAKOBOCTH).

le/I 9TOM Jid peaiu3alru Mpounecca NJOCTHKCHUSA B3aMMOIIOHUMAHUSA MOTYT HUCIIOJIb30BATHCA
mpu cnocoba KOOpOUHAYUY 63AUMOOCUCMEUsL AKMOPO8 — YEHMPAIUZ0BAHHBIN, CemMeBoU U XOAUCMU-
yeckull. [{enmpanu3zoeannulii IOAXOM, CBSI3aHHBIN C XKECTKOW MepapXued M aJMUHHCTPATHBHBIM KO-
MaH/IOBaHHEM, UCXOAUT W3 TOTO, YTO KOOPAHMHAIIMS OCYIIECTBIICTCS MO NPUHIHUITY HPUMAmMA KOJ-
JIEKMUBHBIX UHMepecos TI0 OTHOIICHUIO K WHAWBUAYAILHBIM: MPABHUJIA TOBEACHUS aBTOPOB HABS3BI-
BalOTCS UM «cBepxy». Cemesas opeanusayus, Ha000pOT, TIPEATIONATAET YCTAHOBICHHIE IBYCTOPOHHIX
CBS3eH 10 OOOIOHOMY COTJIACHIO aKTOPOB 051 OOCTUICEHUs UX UHOUBUOYATbHLIX yenell. Kaxasiid
aKTOp KOOIIEPHUPYETCS C APYTHMMH aKTOPaMH HCKIIOYHTENBHO U3 COOOpakeHHH CBOEil COOCTBEHHOU
BEITO/bl. KONJIeKTHBHBIE WHTEPECH B pacdeT He MPUHUMAIOTCS. B3anmMonoHnMaHne MEXIy MmapTHe-
pamu gocturaercst b0 B Cilyyae COBNAJEHHS MX Lieneil (MHTepecoB), MO0 Tornaa, Koraa OfuH U3
HUX MMEET BO3MOXHOCTh YJIOBJIETBOPHUTH NMOTPEOHOCTH Apyroro. Ha ocHOBe Takoro B3aMMONOHHMA-
HUA 3aTEM YCTAaHABJIMBAIOTCA ABYCTOPOHHHUE CBA3U. le/I MoTepE B3aUMOIIOHUMAHUA CBA3U pa3pbiBa-
IOTCSL.

Xonucmuyeckuti no0xo0 K KOOpOUHayuu, 3aHUMAIOUIMN IMTPOMEKYTOUHOE IOJ0XKEHHE MEXIY
LEHTPAIN30BAHHBIM U CETEBBIM, MCXOJAUT W3 JIOMYLICHUs, YTO C643b YCMAHABIUBAEMC HE MEXKIY
IBYMsI aKTOPaMH, a Mexcoy akmopom u Koairekmugom (Tpymnmoit) akropoB. Ero mpuBepskeHIBI ycMaT-
PHUBAIOT B MEXaHU3MaX PEIICHUH, MPHHUMAEMBIX HA HHINBUAYAIFHOM YPOBHE, IPOOOPa3 KOJIICKTHB-
HBIX (OpM, ¢ KOTOPBIMH CBsi3aH HHAUBHL (akTop). [I03TOMY OCHOBHOW MPOOIIEMOH, CBSI3aHHOU C HC-
MTOJTE30BAaHUEM XOJIFCTUYECKOTO IMOJIX0/1a, SIBISETCS ONpEaesieHIe XapaKTepa OTHOIEHHH MEXAY aK-
TOPOM M KOJUIEKTUBOM akTopoB [8]. Hampumep, B [9] momuepkuBaeTCsi, 4TO 3aJa4a MaKCUMHU3ALUN
HAIIMOHAJIBFHOTO OOTaTCTBa JOJDKHA OBITH BOCIIPHHATA HAa YPOBHE Ka)KIOTO aKTOpa M HAMTH OTpaxe-
HUE B UHAMBUIYAITBHBIX QYHKIUAX MPEAIOYTCHHIMA.

XO0JIMCTUYECKHE HJCU B OKOHOMUKE OMPEACIIAIOT YCIIOBUA 3(1)(1)CKTI/IBHOFO HCII0JIb30BaHUA IIpaBa
COOCTBEHHOCTH, KOTOPBIC 3aKJIFOYAIOTCS B OTKAa3¢ OT YaCTH JTOTO MpaBa B MOJb3Yy KOJUICKTHUBA, IPE/I-
CTaBJICHHOTO TOCYIapCTBOM HJIM MYHUIIMIIATBHBEIME ciyx)0amu. K mpumMepy, 4ToObI HIMETh IIPaBO UC-
I0JIb30BaTh CBOH COOCTBEHHBIH aBTOMOOMIIb, HEOOXOIMMO COTJIACHTHCS C OIPAaHWYEHHEM CKOPOCTH,
MECT MAapKOBKH, Pa3HOOOPA3HBIX TEXHHYECKHX YCIOBHA M JaKe€ OTPAaHWYCHHEM THEH, KOTIa ero
MO>KHO MCTIOIL30BaTh [8].

WHBIME cIOBaMU, docmudiceHue 83auMONOHUMAHUS MEXKITy HEOTHOPOJAHBIMU aKTOPaMH TIPH XO-
JUCTUYIECKOM TIOIXOIE OCYUeCMBIAemcsa NymeM CONAueHUs 0 Npasuiax Koonepayuu, CHAXAIOIINX
HEOIIPEICIIEHHOCTh MOTEHIIHATFHON KOH(PPOHTAIIMK MEXIY aKTOPaMH IO TakOW CTETeHH, Ymo cma-
HOBUMCA 8O3MONCHBIM O€liCTNB08AMb 8 UHMepecax omoerbH020 aKmopd, HaUPaBICHHBIX HA YIOBJeE-
TBOPCHUE €TO Cy6'beKTI/IBHI)IX HYXI. Tem He MeHee BBCJCHHUC MPpaBUJI KOOICpaUKU HE UCKIIHOYACT
MOJHOCTBIO PUCKA KOH(POHTALIMH, TOCKOJIBKY KOOIEpalys He MOTJIONaeT HOJIHOCThIO HEOIpeaesIeH-
HOCTb. HpaByma MOI'YT JIMIIb CHU3UTH HEOINPCACICHHOCTL O HCKOTOPOI'o MPUEMJIEMOI'0 YpOBHSA B
Ka)XJJOM KOHKPETHOW CUTYalliy U Ha ONPEJCIICHHOM POMEXYTKEe Bpemenu [3].

Crnemyer OTMETHTb, YTO XOJMUCTHYCCKHIA CITOCOO KOOPAHMHAIIMK B3aMMOJCHCTBHS aKTOPOB HaW-
0oJiee pactpoCTpaHEH Ha MPAKTHKE, MOCKOIBKY IICHTPATH30BaHHBIA M CETEBOH MOIXOIBI «B YUCTOM
BHJE» HE UCTONB3YIOTCS. [103TOMYy B peanbHOI KU3HU MPUXOIUTCS MOCTOSHHO PElIaTh JOCTaTOYHO
CIIOKHYIO TIpo0IeMy HaXOXIECHHS KOMIIPOMICCA MEXKIY WHAWBUAYAIGHBIMA U KOJUIGKTUBHBIMU WH-
TepecaMu aKTOPOB.

4 IlpuoGpereHne u UCHOJIL30BaHNe 3HAHNI, OCHOBAHHBIX HA NIOHMMAHUHU

3HaHI/I$I, OCHOBAHHBIE Ha IMOHUMAaHWH, UT'PAIOT KIIFOYEBYIO POJIb B HayKax 00 HUCKYCCTBEHHOM —
TCXHHUYCCKUX, SJKOHOMHWYCCKUX, COLIMAJIbHBIX U T.II. Cneun(bmca TaKUX WHXCHCPHBIX 3HAaHUM COCTOUT
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B TOM, YTO B OTJIMYHE OT €CTECTBCHHOHAYYHBIX 3HAHUH, «M3BJICKAEMBIX» HCCIEOBATEISIMU U3 OOBEK-
TOB TO KJIACCHYECKON CyOBEKT-OOBEKTHOI CXeMme, OHHM NPHUOOPETAIOTCA HCCIICAOBATEIISIMHE-
WH)KEHepaMH (aKTOPaMH), BHIMOJIHSIOUIMMH 1103HABATEIbHO-CO3UAATENbHYI0 (DYHKIHUIO, C HCIOJIb30-
BaHHEM CyOBEKT-CyOBEKTHBIX OTHOIIEHHH [11]. AKTOpBI HEOAMHAKOBBI, HE BIIMCBHIBAIOTCS B KAKYIO-TO
KECTKYIO OJHOPOJIHYIO CTPYKTYPY M HE MMEIOT €JMHOOOPa3HOrO MOHMMAaHHS CIIOXKHUBIIEHCS CUTya-
WY, T.C. B ITUPOKOM CMBICJIC SBIISIOTCS HEOJAHOPOTHBIMU. TOrIa MOHITHE «PEaTbHBIN MHPY BKIIFOYA-
€T B ce0sl TIPEKIC BCETO CYyMMY NpeOCmagieHull aKkmopos 0 camux cebe u o opyaux, 00 ux cOOCTBEH-
HOH MO3uLUH, 0 MUpPE, B KOTOPOM OHM AeicTBYI0T [12]. [ToaTOMY «aeLeHTpaTu30BaHHasi SKOHOMHUKA
nMeeT CYObEeKTHBUCTCKYIO TPUPOIY: OHAa (POPMHPYETCS B pe3yNbTaTe B3aMMOACHUCTBHSI Pa3IMIHBIX
CcyOBEKTHBHBIX Hadam» [8].

MHuoroo0pa3ue 3HaHUI HEOJHOPOIHBIX aKTOPOB 00pa3yeT «paccessHHOe 3HaHue» [13]; mpudem
camo noHsTHE «3HaHue» D. XaleK TpaKTOBall KaK «CHoco0 CyIeCTBOBAaHHS Pa3BUBAIOIICHCS MBICIIH,
KOTOpast P CTOJIKHOBEHUH C HOBBIMH 0OCTOSATEIBCTBAMH MTO3BOJISIET OTCIEHOMY HHXEHEPY OBICTPO
HaXOJUTh HOBBIE peuieHus» [14]. B cBoux ¢yHnameHtanbHbix padorax @. Xaiiek (eiie B cepeanHe
IIPOIIJIOrO BeKa!) paccMaTpUBAll pblHOK KAK CUCMEMY PACNPOCMPaneHus 3HaHUA, TI03BOJISIIONIYIO UC-
0JIb30BaTh TaKOH 00beM MH(POPMAIIMH, MOIy4YEeHHE U IiepepadoTKa KOTOPOro HEBO3MOXKHBI B paMKax
CHCTEMBI IIEHTPATM30BAaHHOTO IUIaHKpOBaHus. cXoast U3 TOro, 4To 3HAHUEe aKmopo8 NOCMOSIHHO Me-
Hsemcs u npeobpasyemcs, ©. Xaiiek paziuuan cobcmeenHo 3Hanue u npoyecc e2o npuodopemenus [8).

Paspurtue obmecrsa @. Xaiiek npeaCcTaBisl KaK MPOIECC YBOIONUK M B3aUMOJICHCTBHUS «CIIOH-
TaHHBIX TTOPAIKOBY - COUUAIBHBIX HHCTUTYTOB, MOPAILHBIX TPAAUIINHA U MPAKTHK, CKIIAABIBAIOIINXCS
Ha OCHOBE TPHHIIMAIIOB CAMOOPTAaHHM3ALWH, TOJArasi, YTO KOOPOUHAYUs OesimelbHOCMU aKmopos B
paMKax «CIIOHTAHHBIX MOPSAKOBY» OCYIIECTBIIACTCS IyTEM COONIOJCHUS YHUBEPCATBHBIX Npasui no-
8€0eHUsl C OOHOBDEMEHHbIM NPed0CMABIeHUeM KaXCOOMy aKmopy onpedeneHHol agmonomuu [4].
Takum 06pa3oM, OH OCTYIHPOBAI XOIUCTHYECKUI MOIX0A K KOOPAWHAIIHN.

Onupasich Ha U3JIOKEHHYIO PETPOCIIEKTHBY MOXHO CHIENATh BBIBOZ O TOM, YTO B YHMOMSHYTBIX
paboTax TepMHH «3HaHWE» 0003Ha4YaeT 3HAHWE, OCHOBAHHOE Ha MMOHUMAaHUH, KOTOPOE HUCXOIHO MPH-
oOpeTaeTcst aBBTOHOMHBIMU HEOTHOPOIHBIMU aKTOpaMHu (K B 3TOM CMBICIIE 3HaHHE CYOBEKTUBHO), HO B
pe3ysbrare B3auMOJICUCTBUSI aKTOPOB C IIOMOILBIO HEKOTOPOH «CHCTEMbI PACIIPOCTPAHEHHUST 3HAHUS
(HampuMep, pBIHKA) POXKIACTCS HOBOE 3HAHWE, BHIPAXKAIOIICE YXKE KOJUICKTUBHBIA OMBIT U CYIIECT-
BYIOIIEE B 3TOM IUTaHE OOBEKTUBHO, HE3aBICUMO OT WHAWBUAYAILHOTO CO3HaHUs. W eciim 00paTUThCs
K peallbHOW JEHCTBUTEIHHOCTH, TO CICIyeT IPU3HATH, YTO UMCHHO TaKas MOJICb paOOTHI CO 3HAHMUSI-
MH, OCHOBaHHBIMHU Ha IOHMMaHHUH, pean3yeTcs Ha npaktuke. OgHaKo 3¢exmusHocms npuobpeme-
HUS U UCNOAb308AHUL MAKUX 3HAHUL OCMAEmCcs 4pe38blyatiHo HU3KOU, TIOCKOJBKY 3TH IPOIETYPHI
OCYILIECTBIISIIOTCS HHTYUTHBHO, 3BPUCTHUYECKU H TUIOXO0 (hPOPMAIN3yEMBI.

BaxHpIM I1aroM Ha IMyTH PELICHUS STOW MPOOJIEMBI SBUIIACH Pa3paboTKa oHmono2ull u cpeocms
ynpasaenus umu [15, 16], KOTOpbIe MO3BOJSIOT MPEACTABIATH 3HAHUSI B KOMITBIOTEpaX ¥ MHOTOKPAaTHO
uX NpUMeHsATh. OIHAKO, 3TOr0 0Ka3aloch HEIOCTATOYHO, TOCKOJIBKY MPU 3TOM HEOOXOANMO NEepenTH
OT ()parMEHTapHOTO MOCTPOCHUSI OHTOJIOTMH K CO3J[aHUIO B OPraHU3alMsAX CHCTEM KOMIIBIOTEpPHOI
WHTErpaluy 3HaHWI, 00eCIeYnBaIOIINX BO3MOMXHOCTh COTJIACOBAHHOI'O, OCHOBAaHHOI'O Ha JIOCTHXKE-
HUUW B3aUMOIIOHUMAHUS, IPUHITHS KOJUJIETHAIbHBIX pelieHud [17]. B opranuzauusx IoJKHbBI HAYaTh
paboTaTh HHXKEHEPHI [0 3HAHWSM, pa3padaThIBAIOIINE OHTOJIOTHH, OTHOCSIINAECS K OTACIBHBIM aKTO-
paMm, ¥ OHTOJIOTHH, OTPa)KaroIie KOJUICKTUBHBIC HHTEPECHI TPYII HEOJHOPOJHBIX aKTOPOB. JloIkeH
OBITH pa3paboTaH MEXaHWU3M MPHOOPETEHNUS 3HAHU, OCHOBAHHBIX HA MIOHMMAHUH, YIUTHIBAIOIIIHA FX
IUHAMUKY, a TaKXKe CO3JaHBI CPENICTBA AOCTYIa K HAKOIUIEHHBIM 3HAHUSAM, 00ECIICYMBAIOIINE BO3-
MOKHOCTB UX MPUMEHEHHsSI pa3INIHBIMU KaTEeTOPUSMHE TIOJIB30BaTelNeil B porieccax MPUHATHS pelle-
HUH.

CaezieHHe C MOMOIIBIO MHPOPMAIIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTHH B €IUHYIO pa3BH-
BAIOIIYIOCS CHCTEMY 3HAaHHUI, OCHOBAaHHBIX Ha MMOHWMAaHMH, [TO3BOJISIET HHTEPIPETUPOBATH €€ KaK He-
KOTOpYIO0 HHXeHepHyro Teoputo [18, 19], oTinyaroniyrocs OT KJIACCHYECKOW TEOpUH, O KOTOPOH
OOBIYHO CYJSIT KaK O KOHIENTYaJIbHOH cucTeMe, o0iaatolieil BHyTpeHHEll HePOTHBOPEYHBOCTHIO U
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YZIOBIIETBOPSIOIIEH HEKOTOPOH COBOKYITHOCTH MCXOAHBIX akcoM. OJTHAKO, €CITU meopus aopecyemcs
K OMKpbIMbIM CUCIEeMaM, COCTOALIMM W3 HEOJHOPOIHBIX 3JIEMEHTOB, HEOOXOIUMO CTPOUTH €€ Ha
base onmono2uiecKux npeocmagienui, T.e. Hy’HO «OOpaTUTLCS K HPUHYUNY ONUCAMENbHOCHU, OTKa-
3aBIIUCH OT YUCTO AKCHOMATHYECKOTO MIPUHITUIIA TOCTPOEHUs TEOPUH, KOTOPBIN B AEHCTBUTEIBHOCTH
HalleJIeH JIMIIb Ha TO, YTOOBI OrpaguTh TeX, KTO €My CJIEAYET, OT BOJHYIOUIMX BCTPEY C PEaIbHBIM
mupom» [8]. C 3TOH TOUKM 3peHHs M3JI0KESHHBIE MPUHIUIBI MOTYT OBITh IPUMEHEHBI IIPH CO3JaHUH
TEOPUH YIPABICHUS OTKPBITBIMU CIOXKHBIMH COLUOTEXHUYECKUMH U 3KOHOMUYECKMMU HEOJHOPOA-
HBIMU CHCTEMaMH.

3akiao4uenue

[ToBbimenne 3¢pGEKTUBHOCTH NMPHOOPETEHUS U UCIIOIb30BaHNS 3HAHUH, OCHOBAaHHBIX Ha MOHU-
MaHHH, B NIPOLIECCaX MPHHATHS PELUICHUH ABISIETCS OAHON M3 HanboJiee akTyalbHBIX ITPOOJIEM yIIpaB-
JICHUS! CJIOKHBIMU CHCTEMaMH. OTU 3HAHHS BBIPAKAIOT KOJJIEKTUBHBIM OMNBIT M CYIIECTBYIOT 3TOM
IUIaHE OOBEKTUBHO, HE3aBUCUMO OT MHIMBUAYaJIbHOTO CO3HAHMUS, HECMOTPS HA TO, YTO OHHU, Oymydn
pUOOpETaeMbIMU aBTOHOMHBIMH HEOJHOPOAHBIMU aKTOPaMH, UMEIOT CyOBbEKTHBHOE HMPOUCXOXK/Ie-
HHUE.

Jl1g KoOpaMHAIMK B3aUMOJEHCTBUS aKTOPOB MOTYT MCIOJIB30BATHCS TPU MOAXO0a — LIEHTPAIIH-
30BaHHbIN, ceTeBON U xonucthuueckuil. lleHTpann3oBaHHbII NOAX0/, CBSI3aHHBIN C JKECTKON UepapXu-
e ¥ aIMMHUCTPAaTUBHBIM KOMaHJIOBaHUEM, UCXOJHUT U3 TOTO, YTO KOOPAMHALIUS OCYLIECTBISIETCS 1O
MIPUHIMIY TPUMaTa KOJUIEKTUBHBIX HHTEPECOB 110 OTHOLIEHHIO K MHANBHyanbHbIM. CeTeBoii crocob
MIPEAyCMaTPUBACT YCTAHOBJIECHHUE IBYCTOPOHHHMX CBS3€H aKTOPOB Ha OCHOBE MX COOCTBEHHOW BBITO-
JIbl, @ KOJJIEKTUBHBIE MHTEPECHI B pacdeT He MPUHUMAIOTCS. XOJIUCTHIECKUH MOAX0]] K KOOPAHHAINT
UMEET MPEHMYIIECTBO TEPes IEHTPATN30BAHHBIM M CETEBBIM, ITOCKOJIBKY MCXOIUT M3 AOIYIICHUS,
YTO CBSA3b YCTaHABIMBACTCS HE MEXIY ABYMs aKTOPaMH, a MEXIy aKTOPOM M KOJIEKTUBOM (IpyI-
IIOW) aKTOPOB: B MEXAHU3MAaX PEICHUH, IPUHIMAEMbIX Ha MHIUBHIYaJIbHOM YPOBHE, YCMAaTPUBACTCS
poo0pa3 KOJUIEKTUBHBIX (POPM, C KOTOPBIMH CBsI3aH HHIUBHI (aKTop). [Ipr 3TOM OCHOBHO# mpooOJIe-
MO}, CBSI3aHHOM C HCIOJIb30BAHUEM XOJHUCTHUECKOTO TOAXO0/a, SBISETCS HaX0XKICHHE KOMIIpoMHcca
MEXAY MHAWBUIYaTbHBIMH U KOJUIEKTUBHBIMH MHTEPECAMH aKTOPOB.

Pemenne npoGiembl noBbieHHs 3()()EKTUBHOCTH MPHOOPETEHUS] W WCIOJIb30BaHUs 3HAHHM,
OCHOBaHHBIX Ha IIOHMMaHMH, TIpeIonaraeT pa3paboTKy OHTOJOTHI M CPENICTB YIPABJICHHUS UMH, KO-
TOpBIE TO3BOJISIIOT NPEJCTAaBUTh 3HAHHMS B KOMIIBIOTEpaX W MHOTOKPAaTHO MX IPUMEHSTh. BakHO
HUMETh B BHJLY, YTO NPHU 3TOM JOJDKEH OBITh OCYIIECTBJIEH Iepexo] OT (pparMeHTapHOro IMojxoja K
MIOCTPOEHUIO OHTOJIOTHH K CO3/IaHMIO B OPTaHM3alMAX CHCTEM KOMIIBIOTEPHOW MHTErpaliy 3HAHWH,
o0ecreunBaroNIIX BO3MOKHOCTD COTJIACOBAHHOTO, OCHOBAaHHOT'O Ha JOCTIDKCHUH B3aNMOIIOHUMAaHUS,
MIPUHSTHUS KOJJIETHANIBHBIX PEIICHUH.

CBenieHHe ¢ NMOMOIIBIO HH(OPMAIIMOHHO-KOMMYHUKALMOHHBIX TEXHOJIOTHH B €IUHYIO Pa3BHU-
BAIOIIYIOCS CHCTEMY 3HAHHH, OCHOBAHHBIX HAa NMOHMMAaHHMH, OTKPHIBAET HOBBIE BO3MOXHOCTH CO371a-
HUSI TEOPHHU YIIPABJICHHS CIIOKHBIMH COLIMOTEXHUYECKUMH U SKOHOMHYECKUMH HEOJHOPOJHBIMHU CHC-
TeMaMH, KOTOpas JOJDKHA JaTh OTBETHI Ha CJIEAYIOIINE BOIPOCHL:

e  Kakumu croco6aMu JOIDKHBI TPUOOPETAThCsl 3HAHUS, OCHOBAaHHBIE HAa TIOHUMaHUU?
e  KakoBBbI METOIbI OIIEHKH U TIOBBIIICHHS CTENIEHN UX JOCTOBEPHOCTH?
e  KakuMm 00pazoM JI0JDKHA OBITH OpraHU30BaHa CyObEKT-CyObEeKTHas MPOLeypa IPUoOpeTeHNs U

W3BJICYEHUsI 3HAaHWH, OCHOBAaHHBIX HA IIOHUMaHUH, U3 aKTOPOB U U3 0a3 TaHHBIX?

e  KakoBbI c1IOCOOBI IIPE/ICTABICHHS B KOMIIBIOTEPAX 3HAHMH, OCHOBAaHHBIX Ha TOHUMAHHUN?
e  C moMOmIBIO0 KaKUX IPOTPaMMHBIX CPEICTB STH 3HAHUS MOTYT OBITH 3 (EKTHBHO MUCIIOIE30BAHBI

B TIpoleccax MPUHATHA KOJUIETHAIIbHBIX PEIICHUH?

e  KakoBBI METOABI W CPEACTBA MOCTPOCHUS SBOJIOLNHOHUPYIOIMX 0a3 3HAHWH, YYUTHIBAIOLIMX

JMHAMHKY 3HaHUH, OCHOBAHHBIX Ha IOHMMAaHHH, B CIIOKHBIX OTKPBITBIX CHCTEMax?
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[TosryueHre OTBETOB Ha 3TH W APYTHE BOIIPOCHI, OTHOCSIIUECS K IMPoOIeMaTHKe IproOpeTeH s,
HAKOIUICHHUS M WCTIOJIH30BAaHUS 3HAHUI, OCHOBAHHBIX HA MOHUMAHHH, SIBIISIETCS MIPEIMETOM HAYYHBIX
HCCIIEeIOBAaHUHM, UMEIOIIUX BAKHOE MPAKTUUECKOE 3HAYEHHE JUISl TOJIEPKKU MPOLECCOB MPUHSATHUS
pElIeHHId B CJIOKHBIX OTKPBITBIX CUCTEMAX.
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Abstract

Peaknyist UMMYHHOW CHCTEMBI OPTaHH3Ma HA BTOP)KCHHE UYy>KEPOJHBIX OEIIKOB paccMaTpHBaeTCs
B KauyecTBE IMOJOXHUTEIHHOIO MpUMepa paboThl MEXaHHU3Ma 3alIUThl CJIOKHOW CHCTEMBI OT WH-
(dopmarmonHoit ataku. Onucanbl cnenupUUecKre COCTABISIONIME 3TOro mporecca. OHU MOCITy-
JKUJTH 1a0JIOHOM JUIS CO3JaHHUsI MaTeMaTH4ecKol Mozend. B 1enom 3TOoT MexaHu3M paccMaTpu-
BaeTcs Kak IUKINYECKOe, HENMHEWHOe, OTPULATeNIbHOEe 3aMbIKaHHEe ¢ 00paTHOH cBA3bI0. BBIsAB-
JICHBI OCHOBHBIE YCJIOBHUS IBYX KpaifHUX PE3yJIbTaTOB TAKOTO HAMaACHUS — CMEPTH KOO MOJTHOTO
BoccTaHoBieHHs. ONMucaHo MpaBUIIo, O KOTOPOMY HeH30€KHO MOIHOE BoccTaHoBieHue. [Ipen-
CTaBJICHa XPOHOJIOTUS HEJaBHEH MH(OPMAIMOHHOW aTakd Ha MEXIYHApOIHOE KOMITBIOTEPHOE
C000MIECTBO, M YCTAHOBJICHO CXOJICTBO OTACIBHBIX CTA/INI HAMaICHHUS HA KOMIIBIOTCPHYIO CETh U
HA UMMYHHYO crcTeMy. OCHOBHOI BBIBOJ] COCTOUT B TOM, YTO YIPAaBJISIONICE MPABUIIO, obecre-
YHBAaOIIEe 000POHOCITOCOOHOCTh KMMYHHON CHCTEMBI, MOXET OBITh C YCIIEXOM HCIIOJIb30BaHO
IUISL OTPA)KEHHSI HallaZIeHU Ha KOMIIBIOTEPHI.

Introduction

Modern immunology provides a detailed but rather qualitative description of the active response
of the immune system to any entity invading the organism and recognized as an antigen by the im-
mune cells. In a similar way that a malicious computer program is constructed from the same instruc-
tions as legitimate software but sequenced in a fashion that makes it malicious, an antigen is con-
structed from the same building blocks as the cells of the host but differently sequenced. In many
ways, the effects of an antigen on a biological organism are similar to those caused by some informa-
tion attacks on computer networks. This is the major reason for considering the active response of the
immune system, honed to perfection by million-year evolution, as an ideal mechanism for protecting
computer networks from information attacks.

The specific immune response is the main mechanism enabling the immune system to destroy
cells of the intruding antigen. The outcome of this process (recovery, chronic infection or lethality)
greatly depends on the time between the infection and detection of the antigen, and growth rates of the
antigen cells and immune cells competing for the limited resources of the host. After the antigen has
been defeated, the residual concentration of specialized fighter cells slowly decreases providing high
immunity to similar infection. We attempt to describe the active response mechanism of the immune
system in terms of a negative-feedback closed-loop system and establish nonlinear differential equa-
tions of its particular components thus resulting in a mathematical model of the immune response.
Subjected to analytical techniques offered by modern control theory, this model will enable us to es-
tablish the conditions for three possible outcomes of such interaction, full recovery, chronic infection,
and lethality, and to formulate a control law assuring the full recovery outcome.

We will demonstrate that an equivalent of every stage of the immune response could be observed
in our experience with computer epidemics. Consequently, the model of the immune response, de-
scribing the principle of operation of a successful defense mechanism against information attacks, has
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great potential for the analysis and synthesis of defenses for a computer network. The control law syn-
thesized using the methodology of advanced control theory to assure a full recovery outcome for the
immune system can be reformulated in terms of the characteristics of computer networks and inter-
preted as a set of instructions to a network manager.

While computer networks became one of the critical and increasingly vulnerable components of
the national infrastructure, our research addresses this reality presenting a methodology for the analy-
sis and synthesis of the information security systems for computer networks that emulates the geneti-
cally optimized mechanism of active immune response. It is said that the immune response is geneti-
cally optimized for its biological environment; although this is different from a computer network, this
difference narrows with every recent advancement in nano-technology and synthetic protein-type
computing media that will result in large-scale integrated computer networks whose operation will
resemble the living tissue. The presented effort presents an innovative approach to mathematical mod-
eling, computer simulation, analysis, design and control of complex systems resulting from these
emerging technologies, and provides the visualization and important insight into the interrelation of
physical phenomena behind their operation.

This work is a logical continuation of the research conducted by the authors under the Air Force
funding. In 2001 they engaged in the project BASIS (Biological Approach to System Information Se-
curity) aimed at the analysis of the aspects of the specific immune response that have the potential for
the implementation in the new generation of computer network security systems [1, 2, 3]. This project
has resulted in the “engineering view” of the immune mechanisms and prompted several new concepts
in computer security. First, utilizing the modern findings of immunology the concepts such as formal
protein and formal immune network were formulated presenting a novel approach to modeling the
immune system. The capability of the immune system to make a distinction between the “self” from
“non-self” with high degree of dependability by determining the binding energy between proteins was
emulated using the methodology developed in matrix analysis. The computational approach involving
the concept of binding energy was proposed as Immunocomputing for the implementation in novel
computing media and application for the solution of a wide class of computationally intensive prob-
lems [4].

The second BASIS-inspired concept was the detection of malicious codes by detecting its “gene
of self-replication”. Indeed, a high percentage of information attacks are perpetrated by deploying
computer viruses and worms, which result in very costly and destructive “epidemics”. Spread of mali-
cious codes is achieved by the built-in ability to self-replicate through the Internet and computer me-
dia. Since most legitimate codes do not self-replicate, and the number of ways to achieve self-
replication is limited to the order of fifty, the detection of malicious codes could be reduced to the
detection of the “gene of self-replication” in the code in question. This research effort is on the way
and, according to current results, is highly successful [5].

1 Anatomy of the active immune response

The specific immune response is the main mechanism enabling the immune system to destroy
cells of the intruding antigen. This is accomplished by multiplying, on demand, fighter cells that are
uniquely equipped for counteracting this particular antigen by carrying its genetic sample. The im-
mune system is prepared to counteract practically any antigen as it contains cells that specialize in at
least 10" various genotypes. However, the actual ability of the immune system to destroy an intruder
depends on its ability to generate specialized fighter cells at the necessary rate, i.e. to actively respond
to the intruder.

Active response of the immune system includes several stages. It starts from the intrusion of the
antigen cells in the biological organism. Intruding cells quickly multiply and their concentration expo-
nentially increases thus increases the probability of a physical contact of an antigen cell with a special-
ized immune cell capable of recognizing it as an antigen. The initial concentration of these specialized
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cells depends on the previous exposures of the organism to this antigen (i.e. acquired immunity). The
detection of the antigen triggers the process of exponential proliferation of immune cell-fighters spe-
cialized to destroy the antigen cells. Multiplying antigen cells and multiplying immune fighter cells
compete for limited resources of the biological organism. It could be seen that the outcome of this
process (recovery, chronic infection or lethality) greatly depends on the time period between the mo-
ment of infection and the moment of detection of the antigen. When the proliferation of the antigen
cells goes too long before detection, its cells consume a greater share of the resources of the host thus
preventing the fighter cells from sufficiently multiplying, leading to lethality. A high initial concen-
tration of specialized fighter cells (after the organism has been immunized for a particular infection)
facilitates early detection of the antigen and prevents it from overwhelming the immune defenses.
After the antigen has been defeated, the residual concentration of specialized fighter cells slowly de-
creases providing high immunity to similar infection. It could be seen that at certain conditions, parity
between proliferating antigen and fighter cell could be achieved leading to chronic infection.

2 Mathematical model of the immune response

The mathematical model of immune response reflects the basic concepts and phenomena of im-
munology and describes the dynamics of the immune process at the organism level. The individual
components of a living organism’s immune response are not essential to the analysis of the dynamics
of the response to an antigen attack, therefore only the basic mechanisms of the protective reaction of
an organism without distinction between cellular and gumoral responses will be reflected. Included in
the generalized definition of protective cells are the components of cellular/lymphoid systems as well
as the gumoral/immunoglobulin system. This includes leukocytes, lymphocytes, antibod-
ies/immunoglobulin and cellular structures that are capable of neutralizing a given antigen. Antigen is
defined as any organism or material alien to a targeted system that is capable of causing an immune
response. Based upon these preliminary assumptions the mathematical model of the immune response
presents a combination of the following components.

Limited resources of the organism: Proliferation of the antigen cells as well as the immune cells
in a living organism is possible only if there are available resources. Antigen and immune cells com-
pete for these resources while consuming them. These resources are being restored by various proc-
esses within the organism and are maintained at some level that slow decreases due to ageing.
Mathematical model of the immune response will include a non-negative variable providing a quanti-
tative representation of the vital resources of an organism. A single-loop control mechanism responsi-
ble for maintaining the level of resources and special parameters regulating the rate of ageing will be
introduced in the model.

Initial concentration of specialized immune cells: The concentration of the specialized immune
cells prior to attack will be emulated by a constant, in the case of “normal” low immunity, or slow
decreasing exponential, in the case of high immunity acquired after previous infection by the same
antigen.

Proliferation of the antigen cells: The initial concentration of the antigen cells will be repre-
sented by some amount in the moment of infection representing the severity of infection. Antigen
concentration dynamics after the moment of infection corresponds to models of population growth.
One of the elementary models of a population growth was introduced by T. Maltus based upon the
tendency of a population to increase in a geometrical progression. In nature, many life forms are capa-
ble of propagating in a geometrical progression, however, factors such as competition for resources,
disease, and death (natural and forced) present obstacles for the sustaining growth. Ferhulst first intro-
duced the mathematical form of an S-shaped growth curve also referred to as the Ferhulst logistical
curve. The inclinations of S-curve grow exponentially in the beginning then gradually flatten towards
zero. At large time values the curve converges to a horizontal line represented by which describes the
equilibrium value of a population size.
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The equation, which describes the rate of change in concentration of an antigen after the moment
of infection, could be developed using one of the equations of natural dynamics [10]. In the case of
antigen introduction, a cascade increase in the concentration of antigen takes place due to absorption
of vital resources of the host. In the beginning, the amount of available resources does not influence
the rate of increase of antigen until the concentration of the antigen exceeds some threshold. Upon
reaching this level, the resources of the host organism will not be sufficient to sustain the cascade
growth of the antigen, therefore, the growth rate of the antigen will gradually decrease to a minimum
level. The given process can be described by a nonlinear logic function that reflects only the presence
or absence of resources sustaining the increase of the antigen concentration.

Detection of the antigen: Detection of the antigen is the event visualized as the first physical con-
tact of the antigen cell and the specialized immune cell “equipped” to recognize this antigen. It could
be seen that the probability of this event increases with the increase of the concentrations of both the
antigen cells and the specialized immune cells. Prior to the moment of infection, the concentration of
the specialized immune cells could be viewed is a slow decreasing exponential function, practically a
constant. It is the multiplication of the antigen cells that causes the increase of the probability of the
antigen detection with time making this event inevitable over some period of time. One could assume
that the detection time can be defined as the time period during which the probability of detection
reaches some sufficiently high value. It could be seen that in the case of elevated immunity of the or-
ganism, i.e. high initial concentration of the specialized immune cells after previous attack by the
same antigen, the detection time is shorter then in the case when the organism has never been exposed
to the antigen. Shorter detection time also causes immune defenses to be activated at an earlier stage
of the antigen multiplication process that significantly increases the chances of the multiplying im-
mune cells to successfully compete for the limited resources of the organism.

Interaction between the antigen and immune sells: From the point of infection, antigen cells are
destroyed by the specialized immune cells that results in the reduction of the antigen cell concentra-
tion. Consequently, the differential equation of the concentration of the antigen cells would reflect the
following phenomena,

a) Multiplication of the antigen cells affected by the available resources of the organism;

b) Resources of the organism affected by the proliferating antigen and immune cells;

c¢) Neutralization of the antigen cells by immune cells dependent on the concentrations of both
cells, the probability of a binding between an antigen and an immune cells, and a number of immune
cells participating in the neutralization of one antigen cell [11].

The probability of a binding also depends on the concentrations of the antigen and immune cells
and the resources of the organism [12].

Dynamics of the concentration of the immune cells: The concentration increase of the immune
cells is triggered by the detection of the antigen and takes place only when there is a surplus of re-
sources. The rate of increase is also dependent on the availability of resources. This reality is well
known in immunology: low initial immunity level resulting in long detection time and/or large amount
of the antigen introduced at the moment of infection allow the antigen cells to consume a large share
of the resources of the host thus preventing the immune cells from proliferating at the necessary rate.

When developing the equation that describes the dynamics of concentration of the immune cells
in the presence of antigen, it is necessary to take into account that the organism concentrates its re-
sponse primarily in the region where most of the antigen cells are located. With a small antigen con-
centration, there is a weak stimulation of lymphocytes. If the antigen concentration is large, many
lymphocytes may reach the end of their ability to propagate [12].
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The differential equation of the concentration of the immune cells reflect,

a) The cascade growth of the concentration of immune cells binding with an antigen stimulated
by the presence of an antigen;

b) The decrease of the concentration of immune cells as a result of interaction with antigen;

¢) The dynamics of the available resource of the organism.

Finally, the mathematical model of the immune response system can be defined as a system of
nonlinear differential equations interrelating three time-dependent variables that represent

a) Vital resources of the host organism,

b) Concentration of the antigen cells

¢) Concentration of the specialized immune cells.
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Figure 1 — Simulation model of the immune response.

The incomplete list of parameters and constants of the mathematical model includes
rate of natural ageing of the organism (resource reduction),
coefficients of an organism’s recovery rate,
amount of resources of the organism per unit of antigen cell concentration,
amount of resources of the organism per unit per unit of immune cell concentration,
rate of cascade growth of the antigen concentration due to availability of resources,
rate of the concentration change of the antigen due to unavailability of resources,
reduction of the antigen concentration due to the interaction with immune cells,
rate of growth of the immune cell concentration under the availability of resources,
rate of decrease of the immune cell concentration when resources are unavailable,
reduction of the immune cells concentration due to the interaction with the antigen.

A preliminary version of such a model established under the Air Force funding [1] and imple-
mented in simulation environment providing the means for the quantified visualization of particular
components of the immune response. It is understood that the model is lacking some details and the
choice of its parameters is not fully supported by literature. Nevertheless, the model allows for simula-
tion analysis of the conditions leading to three possible outcomes of the antigen attack on the living
organism.

3 Outcomes of the immune response

The immune response is modeled as a continuous dynamic process [1]. The biological variability
or casual statistical fluctuations was disregarded thus the model represented average values of the ap-
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propriate variables. The qualitative side of the particular phenomena was reflected by the choice of
coefficients (gains).

3.1 Primary and secondary immune response with the full recovery outcome

This outcome results in the elimination of the entire population of the antigen cells and is ex-
pected when the organism's resources are sufficient for supporting the necessary rate of multiplication
of the immune cells. After the initial infection, the antigen cells multiply undetected by the immune
system. This period is referred to as the incubation period of the disease. The length of this period can
vary as antigen may lie dormant waiting for some “trigger event” to awaken it. Once detected, there is
an additional period of time during which the immune cells and antigen multiply without significant
interaction: at the beginning stages of the antigen attack the immune system concentrates its efforts on
creating appropriate cells to respond to the newly discovered infection. When the concentration of
antigen reaches some level, the second phase of the immune response, the growth phase, begins with
the occurrence of the antibodies in the blood whose concentration increases over a several day period
to the highest possible level. This is the most active phase of the immune response to an antigen. At
this phase, the concentration of antigen cells begins to decrease as a result of the annihilating by im-
mune cells. In addition, the growth of the concentration of immune cells slows the rate of multiplica-
tion of the antigen cells that ultimately results in the elimination of antigen.

After the population of antigen is nearly suppressed, the final phase of the immune response be-
gins. This phase is referred to as the attenuation of the immune response. It ends with the residual
level of specialized immune cells being much higher that prior to the antigen attack resulting in the
high (acquired) immunity of the organism to this particular antigen.

During all three phases of the primary immune response, populations of antigen and protective
cells are consuming resources of the organism causing their level to decrease, especially during the
period of the greatest concentration of antigen and immune cells. It important that the resource level
does not become the factor limiting the multiplication rate of the immune cells that becomes the con-
dition for the full recovery outcome.

The secondary immune response occurs with a repeated infection of an organism by the same an-
tigen. Then due to high initial concentration of the specialized immune cells (high immunity) the anti-
gen is detected virtually immediately and all stages of the immune response take place very fast with
very little impact on the resources of the organism.

The simulation analysis results illustrating the full recovery outcome of the immune response are
shown below.
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Figure 2 — Primary and secondary immune responses with full recovery.
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3.2 Failure of the immune response: lethality or chronic illness

A severe infection in combination with low initial immunity and insufficient immune response
results in lethality or chronic illness. This case exhibits very late immune response or aggressive
growth of antigen leading to high antigen concentration consuming most of the resources of the organ-
ism thus causing significant pathological changes in an organism and consequent failure to sustain or
intensify the immune response. In either case, the multiplication rate of the specialized immune cells
becomes insufficient for the suppression of antigen.

The simulation study conducted on the preliminary model of the immune response [1] facilitates
convincing visualization of the complex phenomena of the immune response (see below). It could be
seen that in the first case the lethality is caused by a high volume of the antigen introduced in the or-
ganism, and in the second case by low resource level of the organism in combination with low initial
immunity. It should be noted that the moment of death is recognized as the instance when the resource
level of the organism becomes equal to zero. Note the graduate decline of the antigen after the death
of the host.
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Figure 3 — Immune responses resulting in lethality.

The chronic illness outcome of an immune response could be also easily modeled and visualized
using the existing model as a situation when the rate of multiplication of the antigen and immune cells
and the restoration of the resources of the organism reach equilibrium. This situation is well known in
immunology and medicine.

It should be emphasized that three major components of the immune response, the antigen
growth, the growth of the immune cells, and the dynamics of the organism resources for an obvious
closed-loop chain of transformations that constitutes a highly nonlinear, time-dependent, multivariable
negative feedback system that does confirm to advanced analysis and synthesis theory developed in
modern controls.

The refinement of the presented model and detailed analysis of specific situations known in
modern immunology are being conducted. However, the described model cannot be fully exploited in
immunology. It is difficult to assign values to the various parameters and to adjust the responses.
Many of the parameters are locked in the complexity of the immune system and parameters are simple
fundamentals of nature. In a system of computer networks, at any scale, each parameter can be esti-
mated. Simulations would provide network planners with an accurate estimate on how to harden net-
works and services. Furthermore, unlike a biological system, the response can be tuned to provide the
desired outcome.
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4 Control of the immune response

The resultant mathematical model of the immune response facilitates the understanding and nu-
merical simulation of major interactions between the components of the immune system and the in-
truding antigen. Subjected to analytical techniques offered by modern control theory and numerical
analysis, this model enables us to establish the conditions for three possible outcomes of such interac-
tion, full recovery, chronic infection, and lethality, and to formulate a control law “enforcing” the full
recovery outcome. The control law developed for the closed-loop system represented by the model is
visualized as a mechanism capable of modifying the properties of the underlying biological phenom-
ena in order to assure the full recovery outcome. It could be seen that the full recovery outcome can be
assured by
e  high intial immunity (i.e. the enhanced ability to detect the intruding antigen),

e high rate of multiplication of the specialized immune cells, and

e maintaining the resource level of the organism necessary to sustain the high rate of multiplication
of the immune sells. Since these characteristics are defined by the appropriate numerical values of
the parameters of the mathematical model, the control law could be expressed by the definition of
the respective model parameters as functions of the current level of the antigen concentration.
Unfortunately, this control law implies the modification of major biological mechanisms and as
such cannot be recommended to a physician and can be applied only to the simulation model of
the immune response.

However, the main value of this model justifying the effort of its development is that it provides
a description of a highly successful active response of a complex system utilizing a very large number
of semi-autonomous agents. Consequently, describing defenses of a computer network against infor-
mation attack in terms of this model provides the means for the analysis of this complex process and
allows for the adoption of the established control law leading to the only desirable outcome, the full
recovery. Unlike the immune system, characteristics of a man-made computer network are very likely
to be adequately represented by the model parameters.

5 Anatomy of an information attack on a computer network. A recent example

The following chronology of events, describing one of the recent internationally known informa-
tion attacks, is presented to emphasize its similarity to the chain of events observed in the immune
system defending the biological organism against antigen.

In August and September of 2003, the W32/Blaster worm and its variants targeted computer sys-
tems running various Microsoft Windows operating systems. Before the onslaught, there came plenty
of warnings with recommended actions for system administrators and computer owners to prevent
potential infection from a yet unknown (and non-existent) assailant. On July 16, 2003, Microsoft re-
leased a security bulletin (MS03-026) with a critical severity rating and a software patch to update
affected systems. According to Microsoft, the security hole would allow a remote potential assailant to
“run code of attacker’s choice.”

On July 17, 2003, many news outlets covered the newly discovered vulnerability as the first dis-
covered flaw in the Windows Server 2003 platform and indicated that previous versions of the operat-
ing system were also affected. Microsoft indicated that this security hole would allow for hackers to
seize control of the target computer, steal data, damage files, or potentially eavesdrop on communica-
tions [Fox News July 17, http://www.foxnews.com/story/0,2933.92212.00.html - “Microsoft Admits
Flaw in Windows Software”]. People running the installed operating systems were urged to install the
software patch to correct the problem.

August 11, 2003 was when the first attack from the W32/Blaster worm was detected.
CERT, a well established center for reporting software vulnerabilities and virus/worm
related incidents, issued advisory CA-2003-20 detailing the discovery, but offered little advice
on how to eliminate infection or prevent infection on non-patched systems. Headlines followed
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with Fox News reporting “Internet Attack Disables Thousands of Computers” on August 13 and the
Department of Homeland Security issuing an Internet worm advisory on August 14
[http://www.dhs.gov/interweb/assetlibrary/Blaster Worm Advisory.PDF]. Within three days of the
initial detection, the major anti-virus companies issued updates to their virus detection software to
detect Blaster, CERT, Microsoft, and the Department of Homeland Security had listed methods and
techniques to prevent infection or to repair a compromised system, and over 188,000 computer sys-
tems worldwide were infected [Network World Fusion http:/www.nwfusion.com/news/2003/
0812blastinfect.html - “Update: Blaster worm infections spreading rapidly”]. Even though the vulner-
ability was known for approximately a month before the actual infection, severe damage occurred.
High profile users, such as the Maryland Department of Motor Vehicles and the U.S. State Depart-
ment, were among its victims. Soon after the release of Blaster, the mutants, using similar means for
infection, began to propagate.

The Blaster worm infects a host by exploiting a buffer overrun in Microsoft’s DCOM RPC ser-
vice. A carefully crafted packet is sent to a host using TCP port 139. This packet results in a buffer
overflow that causes code transferred through this connection to begin executing. Upon execution, a
copy of Blaster is obtained from the infecting host and is installed on the newly infected machine. At
this point, the infected host executes Blaster and begins to infect other hosts using the same technique.
Part of the payload of the worm is a TCP SYN flood against the very servers at Microsoft that distrib-
ute the needed software patch to permanently immunize a system from Blaster.

Before the assault, except for the systems that had received the corrective patch or were behind
properly configured firewalls or were naturally immune to Blaster, there was no mechanism to detect
an attempt to infect any given target machine. Detection of the attack only occurred after infection by
the computer operator and only after the new host machine spread the infection to a number of other
hosts. In other words, the initial concentration of immune detectors was quite small. As more ma-
chines became infected, the concentration of antigen increased. This continued until computer opera-
tors noticed unusual activity, reported it and the response began. This is referred to as the threshold of
detection.

As Blaster spread, available resources were consumed. Ultimately, these resources were unin-
fected vulnerable hosts, bandwidth to the Microsoft update servers, bandwidth of compromised ma-
chines and the number of operators available to respond to the infected machines. Furthermore, al-
ready infected machines became victims of Denial of Service (DoS) attacks caused by future attempts
to infect. These machines typically stopped responding or forcibly reboot.

The response began with organizations releasing information about the new worm and methods
to prevent infection. Antivirus manufacturers released updates to their definition files that would de-
tect and stop Blaster from infecting a vulnerable host or prevent a host from infecting future machines,
however, the “protected” machine would still hang or reboot after an unsuccessful attempt at infec-
tion, preventing further legitimate use of the system. The installation of the updated definition files
ultimately rested in a valid subscription to the definition files or a specific action on behalf of a com-
puter operator. Furthermore, Microsoft released information on how to prevent infection of an un-
patched host. The consequence of the prevention measures was that some heavily used remote ser-
vices would become crippled.

With each newly developed or implemented defense technique, the effective concentration of
fighter cells increased. The cost of the response included both manpower and bandwidth. Each in-
fected machine required an operator to physically recover it. The recovery process involved obtaining
the patch from Microsoft, requiring bandwidth, and a period of time where the machine, while obtain-
ing and installing the patch didn’t malfunction as a result of another attack.

Within a few weeks of the first infection, hundreds of thousands of machines were affected. The
response took several days, during which mutants of Blaster began circulating. Many machines be-
came permanently immune during this period, with the proper software patches installed. However,
many machines existed in “safe” environments, out of the reach of Blaster, until some event in the
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future re-exposes them to risk. As an example, one of the responses to the worm was to firewall off
the network services that Blaster exploited. It can be realized that these are only temporary, and in the
future, the firewall protection can be eliminated. This slow denigration of defenses is one of the com-
ponents of the natural aging of the computer network.

The primary reason that Blaster was able to perform as much damage as it did is a direct result of
a long delay period between the initial infection and the response. A large number of machines be-
came infected consuming a large quantity of resources that could have otherwise gone into fighting
off the worm. This results from a primarily human detection mechanism and a Auman protection
mechanism. After all, if all of the systems were inoculated (with the software patch), there would not
have been an infection. Or, if an alternative mechanism could have challenged the initial infection
similar to ones proposed in [5] and [8], this delay period could have been seriously reduced.

6 The computer network considerations

The parameters obtained for the model of the immune system can be extended to computer sys-
tems and networks of computer systems to model the effects of various attack mechanisms. The prime
difference, however, between a computer network and a living organism is that each of these parame-
ters needs to be established for a particular attack mechanism and a specific service or group of ser-
vices. The mechanisms of immune responses described by the immune model are relatively uniform,
with many of the same cellular groups performing common functions. Furthermore, resource avail-
ability is relatively uniform for any given attacker and any given response. For consistency, extension
of a biological immune response model to a specific information attack on a computer network will
require a specific set of parameters.

The level of available resources within a computer network can be comprised of many different
elements and referred to as the throughput of the computer network. This is an aggregate parameter,
composed of at least one and potentially many parameters. Within a computer network, there are a
number of components that can be consumed by both that attacker and the response mechanism. Ex-
amples of these components are processing capability of the various networking components, band-
width, queue depths, machine and process throughput and latency, etc.

A simple example is a TCP/IP SYN flood attack, which is a form of denial of service (DoS) at-
tack. The point of the assault is to render the server attached to the network offline. This is accom-
plished by filling the half-open TCP connection queue with phony connection requests. The important
components of the network resources are the TCP connection queue depth and CPU time required to
analyze each connection to verify authenticity of the host attempting the connection. A more compli-
cated example is an Internet worm, the likes of Code Red or W32.Blaster, which, through their repli-
cation and subsequent infection disable host after host. In this case, the required resources is com-
posed of valid “uninfected” hosts, human resources available to apply the appropriate patches, net-
work throughput for the spread of infection, and time to apply the appropriate fix before the host com-
puter is disabled.

The relative concentration of detector cells and responders for the attack mechanism can be rep-
resented by the ratio of computer operators to the number of machines on a network with properly
configured and updated anti-virus software to a complex mechanism analyzing every packet ex-
changed on a network. As in the biological immune system, many of the detection mechanisms in the
computing world are forms of signature detection. As in a biological system, the detectors are free to
roam and detection occurs when the detector happens upon an antigen, to reduce overhead, network
packets may be sampled or only checked against a specific signature and allowed to pass. In this case,
the detector concentration can simply be the number of signatures within a large set applied to each
packet at a specific checkpoint.

The concentration of the antigen represents, in computer terms, the frequency or depth of the at-
tack. As in the biological immune system, this is an attack specific parameter. This can be the number
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of machines infected with a computer virus, the number of half open TCP/IP SYN requests per sec-
ond, level of bandwidth consumption by malicious activity, number of e-mail messages processed per
second, etc.

In an immune system, there is a parameter that describes the threshold of detection, which repre-
sents the concentration of antigen at which detection occurs. This parameter is inversely proportional
detector concentration. For example, if a virus or worm attacks and is previously unknown, at a mini-
mum, it is simply related to the number of trained computer operators which directly observe the at-
tack.

The coefficients of an organism's recovery rate represent the restoration of resources as a result
of immune activity and due to normal recovery. There is no simple analog to this parameter in a com-
puting network. This can be viewed as a complex interaction of computer administrators ensuring
clean and well-protected systems along with properly sized and maintained network connections.

The ageing of the immune memory ultimately relates to the human factor of the network. At any
given point in time, a computer system may be considered well protected, however, in the passage of
time, various exploits in installed software are uncovered, holes in networking protocols are exposed
and new viruses are developed. Unless the network is continuously undergoing updates, these weak-
nesses accumulate until some later event triggers an update. This phenomenon was demonstrated by
the heavily publicized attack from the W32.Blaster worm. A patch, which repaired a previously dis-
covered software deficiency, was available a month before the worm infected its first host.

During an attack and the subsequent immune response, the concentration of antigen undergoes
cascade increase. Only after detection does the immune response begin. At this point systems adminis-
trators begin the first portion of the response, isolating infected machines, reinforcing existing defense
mechanisms, isolation of clean networks to preserve integrity, installation of detection and repair
software and infected systems recovery. Once mobilized, the response also undergoes cascade in-
crease and continues until all affected systems are recovered and computer network systems perform-
ance is recovered.

It can be argued that in a computer network, ultimately, resources to repair and restore a network
system are unlimited. Money and manpower are the prime resources and in the end will always suc-
ceed. Therefore, death of the network does not happen in the same sense as a biological organism. In a
biological organism, when death occurs, it is final. In computing systems, true death is only the per-
manent loss of information. However, serious disruptions in computing services in high demand time-
sensitive applications can and do cause loss of equipment, valuable resources and even human lives.

Knowing how to relate the parameters of a computer network to the biological immune system
allow for modeling of various attack, detection of bottlenecks and assessment of vulnerabilities of the
computer network. Furthermore, deficiencies in current network defenses can also be identified.

The control law established for the model of the immune response could be reformulated in
terms of parameters of the computer network and implemented in automatic regime and/or through the
actions of the network manager, providing a numerically justified basis for the reconfiguration of the
network subjected to the information attack.
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Abstract

For the solution of a common problem "synthesis-type" we shall consider actually the task of the
type of complex technical systems (CTCs), when the set of CTC alternative types with known
characteristics of the external layout is preset, and it is required to generate from them rationally a
park which is capable to execute the preset combination of target tasks. Such task arises always
during the solution of the synthesis CTC common problem on one of the stages (steps) of the in-
house iterative cycle, and frequently in independent practical cases, when it is required to give
recommendations on the expediency of developing a new CTC type, proposed for creation, or on
continuation of manufacture and operation of CTC already in operation. The methods of solving
the task of type are proposed.

1 IlocTtaHoBKa 3aga4u

g pemenns oOmelt mpobiaeMs! "cuHTE3-THIAX" [1] paccMOTpPUM COOCTBEHHO 3agady THIaXkKa
cnoxHbIx TexHuueckux cuctem (CTC), xorma 3aman Habop amsTepHaTtuBHBIX THIIOB CTC ¢ u3BecT-
HBIMH OOJIMKOBBIMH XapaKTEPUCTUKAMH U TPeOyeTcst U3 HUX C(OPMHUPOBATH PAIIMOHAIBLHBIM 00pa3oM
MapK, COCOOHBIN BBIMTOJIHAUTH 33JaHHYI0 COBOKYIHOCTH LIENEBBIX 3amad S . O4eBHIHO, YTO MHOXKE-
CTBO S JOJDKHO MOCTYIATh HAa BXOJ MOJEIH C 00JIee BHICOKHX HEPAPXUUCCKUX YPOBHEH, HaIpuMep,
st CTC, kak pe3yabTaT MOJCTUPOBAaHUS (B TOM YHUCIE M SBPHCTUYECKOT0) OMEpaldy HCIIOIb30Ba-
HUS 3TUX CHUCTEM, H MOKET KOPPEKTHUPOBATHCS 3aKAa3YMKOM IO Pe3yibTaTaM PEIICHHS 3aJadd '"CUH-
Te3—TUMax".

Bri6op kpuTepus ONTUMAIEHOCTH MPEACTABISIET COO0M CaMOCTOSITEIbHYIO MPOOIeMy, KaK H3-
BECTHO, HEMOATAIONIyIocs popmanm3anui. CI0KHUBIIHECS B TEOPUH CHCTEMHOTO aHaJi3a U MCCIeI0-
BaHU OIEpPaIiii 00IIIe MMOAXO0IBI K 3TOH mpodiieMe AUKTYIOT CpeIy HEMHOTHX 00s3aTeNbHBIX Tpebo-
BaHHUU K KPUTEPHIO TPeOOBaHUE JOCTATOYHO MOJHOTO (POPMATBHOTO OTPAXKEHHS CYLIECTBEHHBIX CBSI-
3¢l ONTUMH3HPYEMOH CHCTEMBI C CHCTEMaMH 0ojiee BBICOKOTO MepapXH4ecKoro ypoBHsA. Ha stom
YPOBHE OIPENEIISTIOTCS [IEJIeBhIC 3a1a4l MHOXKecTBa S . B CBOKO ouepenpb, ONTUMU3UpyEeMast CHCTEMa
oToOpakaeTcs B MOJICITH BEPXHETO HEPAPXUIECKOTO YPOBHS PSIIOM MTApaMeTPOB, KOTOPBIE U TOJDKHEL,
IO CYIIECTBY, JI€Ub B OCHOBY IIpH (HOPMUPOBAHNN KPUTEPHUS ONTUMATHHOCTH.

J11 KOHKpETHBIX HCCliefoBaHuiA 1o ontuMansHOMy cuHTe3y CTC B kKauecTBE KpUTEPHUS ONTH-
MaJIbHOCTH MOXKHO PEKOMEH/I0BATh HcIoib3oBanue croumoctu Cy morpebroro mapka CTC, nobu-

BasiCh €6 MHHUMYMa IPU YCJIOBUH BBIIIOJHEHHS BCEH 3a/laHHOM COBOKYMHOCTH S(f) 1eneBbIX 3aja4

napka

K
(1) Cy=3Cy, —min mpu S(1)=S (1),
k

*
rae S (¢) - 3a1aHHas COBOKYITHOCTb LIETIEBBIX 3aja4, pemaembix napkom CTC;
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Ny (D)
Czk = ZC,([ (t, N )+ Ck(, )+ Ck, (t,Ny,t,)+ CKW (t,Ny);
i=1

C, (t,N,) -croumoctp i-oro obpasua CTC k-ro Tuma mpH NPOM3BOACTBE CEPUM pasMepoM N, ;

N, -cymmapsoe yucio CTC k -ro Tuna (Bcero Tunos K ), BXOAAIIUX B MapK;

Cy, (1) -3atpatsl Ha paspaborky (HUOKP) CTC £ -ro Tumna;
C, (t,N,,t,)-3aTparel Ha d3kciutyatauuto nmapka N, CTC k-ro Tuna B TeueHHe BPEMEHU f,;
C. (t,N,)-3aTpaTbl Ha KalIUTAIBbHOE CTPOUTEIILCTBO.

Ecim  ompenmeneHO  MHOXKECTBO — IeneBBIX  3amad, pemaembix CTC  k-ro  Ttmma

K
s ={n; @1,7), jel, 0<I<L, 0<7<T} Takoe, uro |Js,(¢)=s(¢), T0 morpeGHOe I HX
k=1

BbINoJHEHNs cymMmMmapHoe uncio N, CTC MOXHO, 04€BHIHO OAHO3HAYHO, ONPENEIIUTh, 3HasI TEXHHU-

yeckue Bo3MokHOCTH Kakaoi CTC, onpenensemple ee 00JTUKOBBIMH XapaKTePUCTHKAMH.

Pacniomaras nadopManuei o 1eneBbIX 3a1adax, BO3MOXKHBIX anbTepHaTtuBax CTC, MOoXHO mpH-
CTYNHTH K PELICHUIO 3a1auk onpeneneHus paunonansHoro tunaxa CTC. IIpu aTom Bce BO3HHKarO-
ue CUuTyaluu MOTyT 6I)ITb OTHECCHBI K OﬂHOﬁ 13 CICAYIOIUX TUITIOBLIX 3aJia4.

I . Cmamuueckasa 3a0aua munayyca (BCe paccMaTpUBaeMble BEJIMUMHBI HE 3aBUCIT OT BpeMe-
HU ¢ ): 3aaH CyMMapHbIi 00beM 1IeJIeBbIX 33a4 S , KOTOPBIN JIOJDKEH OBITh pellieH (GOpMUPYEMbIM
napkom CTC B xoJie psia TUIOBBIX omnepanuid. 3agaH Habop ajapTepHaTHBHBIX BapuantoB CTC X,
NpUYEM TeXHHYECKHE, 3PPEKTUBHOCTHBIE M SKOHOMHYECKUe xapakTepucTuku 3tux CTC u3BecTHbI.

Heobxonumo onpenenuts panuoHanbHblil coctaB mapka CTC, obecrneynBarONuil BHITOTHEHHE
3aJaHHOTrO 00beMa IIeJIeBbIX 3a7a4 NP MUHUMAaJIbHBIX CYMMAapHBIX 3aTpaTax Ha pa3paboTKy, cepHid-
HO€ TPOM3BOJCTBO M KCIUTyaTallMio B TEYEHHE MPHUHATOTO MHTEPBaja IUIaHUPOBaHUA Af (WIH B Te-
yeHue motHoro ku3HeHHoro mukia CTC) Bcex Bxomsmux B mapk CTC.

1l . Cmamuueckaa 3a0aua munaxca ¢ namampiro: B ornmnune ot 3agaun [ , rae Bce CTC cum-
TAIOTCSl BHOBb pa3pabaThIBACMBIMH, 3/1€Ch HPEAINOJIAraeTCs, YTO K MOMEHTY (hOPMHUPOBAHHUS PAIIAO-
HaAJIHOTO Tapka B dKcrutyatauuu uMeercss Habop Y CTC crapbix THIIOB, ITPOM3BOACTBO KOTOPBIX
yIKe MPEeKPaLIeHO WK elle MPOJIoKAeTCsl. B COOTBETCTBHM € 3THM NPH BBIYUCICHUH KPUTEPUATBHOM
¢yskmmu (cymmapHbix 3atpar) mist 3tuX CTC yYuThIBarOTCS TOJNBKO 3aTpaThl Ha IKCIUTYyaTallHio U
CepHUifHOE IPON3BOJICTBO (€CIIM OHO IPOJOIDKACTCS).

1l . lunamuueckan 3adaua munaxyca: Ilpencrasnser codoi tuHaMUUecKuil (BO BpPEMEHH ILIa-
HUpyeMoro nepuoja) anaior 3anaun I/ . [locranoBka 3amaun [// moMuMo 9HCTO (HOPMAITEHOTO BBE-
JISHUsI IBHOW 3aBUCHMOCTH OT BPEMEHHU BCEX BEJIMYHH, BXOIINX B OMMCAHUE 3a[[a4d, O3HAYALT IIe-
peXox OT 3aJadil MHOTOMapaMEeTPUIECKON ONTHMU3AINN K HEKJIAaCCHYECKON BapHallMOHHON 3a/1a4e U
TpeOyeT yka3aHus Hauala aktuBHoro ucnonssoBaHus CTC (t.e. ¢, - MoMeHT nepedopMupoBaHus

napka CTC) [1]. PaceMoTprM mocie10BaTeNbHO METOIBI peIIeHus cpopMyTUPOBAaHHBIX 3a/1a4.

2 Pemenue 3amay

2.1 Meroa peunleHusi CTAaTUYECKOM 3a1auM TUNAXKa (3agaya [)

Kak wn3BecTHO, yJauHblii BEIOOp €IUHUI] U3MEPEHUs! JUIS NMapaMEeTPOB MOJEIU MOXET CYIIeCT-
BCHHO prOCTI/ITb pemeHI/le 3aa4u. B YaCTHOCTH, OKA3bIBACTCA yIlO6H])lM n B 6OJ'II)IJ_II/IHCTBG cnyqaeB
BO3MOXKHBIM U3MepsITh mapk CTC u BO3JIOKSHHBIH Ha HETO 00BEM IIEJICBBIX 33]a4 B OJJHUX U TEX JKE
€IMHUIAX. JTO TO3BOJISIET MPUBECTH 3aady / K CTaHZAPTHOM BHIY 3a/la4d MaTEMaTHYECKOTO IPO-
IrpaMMHPOBAHUS C JIMHCHHBIMH OTPAHUYCHUSAMHU. B KadecTBe TaKWX CIUHHII U3MEPCHUS MOXHO BBI-
Opath, HanpuMmep, dkBUBaNIeHTHBIE dTanoHHble CTC [2]. s Kakqon HeneBOi 3aJaqd MOXKET OBITh
omnpeneneno norpedHoe komuuectBo CTC mannoro tuma. Eciu paccMOTpeTh CTaHIAPTHYHO THIIOBYEO
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3agady, BeinonHsieMyto CTC, To MOXHO NepecuuTaTh MOIyUYEeHHOE NOTPEeOHOE KOJMUYECTBO B KOJINYE-
ctBo CTC, BBIIOJHAIONIMX MHHUMAIBHO LIEI€CO00pa3HbIi 00beM ¢ y4eTOM COOTBETCTBYIOLIMX IIO-

Tepb, €CIU pelaeTcs KOH(IUKTHas 3a1a4a. [Iog00HBIH Mepecyer MO3BOJSET 3alHUcaTh CIEAYOLee
n n K

ypaBHenue Ganmanca: ».s; < Y. > X; , I S;- KOIMYECTBO MOUIEKAIMX BBITOTHEHUIO LIENEBBIX 3a-
=1 ==l

Aad i-ro tuma (BCEro 71 THIOB LENEBbIX 3aja4); X, -kommdectso CTC j-ro tumna (Bcero K TumoB

CTC), BbiensieMbIX JJIs1 PEIIEHUS [IeNIeBbIX 3aa4 [ -r0 THIIA.
OO1m1ee ypaBHeHHE OaaHCa SBISICTCS CICICTBHEM YaCTHBIX OaJaHCHBIX YPABHCHHUIA:

K
(2) s;<Xxy, i€ln
j=1

B kauectBe nepBoro npubmmkeHus K Mogenu tunaxka CTC (3amaga / ) MoxxeT OBITh chopMyITH-
pOBaHa cliefyrolias TPaHCIOPTHAA 33/1a4a JINHEHHOTO MIPOrpaMMUPOBAHUS:
HaWTH BEKTOP X, JIOCTABISIOIINH MUHUMYM JIMHEHHON Qopme

K n
3 xcC j )y Xij
j=1 Ti=l
TIpH OrpaHudeHUIX (2) 1

“4) x

i

>0, ieln, jel,K,

rae C;-CyMMapHBIC 3aTpaThl Ha Pa3pabOTKy, IPOU3BOACTBO M dKciulyarauuto oxgHoro CTC j-ro

Tuma. OTa 3ajaya SIBISIETCS BBIPOXKACHHOM, MOCKOIBKY B HEW OTCYTCTBYIOT OTPaHMYEHHUS BHIA

n —_
2.%;<x; 20, j=1,K, T0 ecTb OrpaHu¥eHus Ha "eMKOCTb CKIaNoB", M HMEET OUEBH/IHOE pellle-
i=1

{0, j#EY .

HHE: X;; =

i . iel,n, jel,K,rae eqMHCTBEHHBIN UHACKC 7 HAXOIWUTCS U3 COOTHOIICHHUS

Sis j=7

C.=minC IE [lomyueHHOE pelIeHHE HE SBISETCS TPUBHAIHHON PEKOMEHIAINEH KOMIUIEKTOBATH
jelbK

napk u3 eauHcTBeHHOro Haubonee aemieBoro turna CTC, mockonbky B OanaHCHBIX ypaBHEHHUsX (2)

HCKOTOPBIC X;; SIBISFOTCS 3aBEJOMO HYJICBBIMH, 9T0 3Ha4HT, 410 CTC COOTBETCTBYIOLIETO j -r0 THIIA

HE B COCTOSIHUM BBINIONHUTD 33/1ady i -TO THIIA, HATIPHMED, B CHITy HEIOCTATOYHOH MOIITHOCTH CHCTE-
Mbl. [TomydeHHast CTPYKTypa ONTHMAIbHOTO PEHICHHUS MO3BOJISIET TAKXKE OLECHUTh BO3MOXHOCTh H3-
MeHeHus pauuoHanbHoro tunaxa CTC npu Bapuaiuu neneBsix 3agad. Beenenue (n+1)-oii 3anauuy,
OYEBH/IHO, HE MOXKET MOBJIEYb 32 co00M HcKItoueHHe ogHoro u3 Tunos CTC u3 panroHaIbHOro map-
ka. [Ipu sTom Brmogenne m-ro tuma CTC B panmoHAIBHBIA IMApK BO3MOXKHO, €CIH BBITOTHICTCS
cootHourenue C x :mkin CeXyir e <CpXp, > ae [ -nnnexe tuno CTC, yxe BKIIOYCHHBIX B

n+l,m

mapk. AHaJOTHYHO MOXKHO 3amucats ycnosue BrmodeHus (K +1)-ro tuma CTC B panee chopmupo-
BaHHBIH pallMOHANBHBIN MApK; P 3TOM JIOJDKHO BBITIOJIHATHCS XOTS OBl OJTHO M3 CIIEIYIOLIUX COOT-

iel,n. Mopnens (3)-(4) npencrasiser TeM HE MEHEE MOJIEINb

Howenuit: Cyxg,; =minC x, ;.
nel,

LK

MIEPBOTO (€CIM HE HYJIEBOTO) MPHOIMKEHHS, TOCKOJIBKY B HEW HE YUNTHIBACTCS HAJTMINE OYEBUIHOMN
sapucumocTH Cj(x;), 00yCIOBICHHOI IposiBlIcHHEM d(deKTa cepuiHOCTH (3aBUCUMOCTH 3aTpAT Ha
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CTC ot pa3MepoB ero cepuitHoro npouspozctsa). CooTBeTCTBYOIIAs dKCIUMKanus Moaenu (3)-(4)
MIPUBOJUT K cIeIyolei 3a7ade HeMMHEHHOTO0 MaTeMaTHYECKOro MPOrpaMMUPOBAHUSL:
HaAWTH BEKTODP X , TOCTAaBISIOMNA MHHUMYM (DyHKIIH

K K K
(5) G = ZCZj(xj): zcj(xj)zxij
j=1 Jj=1 J=1

npu orpanuueHusx (2), (4).
CcdopmynupyeM B BUE JIEMM HECKOJIBKO TIOJIOKEHUH, OITyCKasi JI0Ka3aTelbCTBA.
Jlemma 1. Uenesast yHKuus (5) BOTHYTA 10 IEPEMEHHBIM X ; .
Temneps HETPYIHO BUAETH, YTO 3a/1a4a (5) OTHOCUTCS K Kiaccy 3ajad cernapadesbHOro nporpam-
MHPOBAHHUS, U TIPH €€ PEILICHUN MOXXET OBITh MCIIOJIb30BaHa OJJHA U3 BEIYMCINUTEIBHBIX TIPOLENYp Me-
TOJa JHHAMHYECKOTO NporpamMMmupoBanus. [Ipu sToM cdopMyaupoBaHHOE HIDKE MPEIIOKEHHUE I10-
3BOJISIET CYIIECTBEHHO COKPATHTh 00beM HEOOXOIMMBIX BEIYHCIICHHUH.
Jlemma 2. OnTHManbHOE penieHne 3aa4n (5) IMeeT B

(6) x!«jz{o’ S ieln, jelLK.

Sis J=T

Hpyrumu cnoamu, ucnonszoBanue CTC pa3nu4HOro Tuma Ajsl perieHus OJHON U TOH ke 1ene-
BOH 3amaum HeuenecooOpa3Ho. JleMma 2 oKa3bIBaeTCsl BeChbMa IIOJIE€3HOH, IIOCKOJNBKY OHA SIBIIACTCS
OCHOBaHMEM JUI OTKa3a OT paCCMOTPEHMsI CMELIAHHBIX CTpaTeruil npu ucnons3oanun CTC ms pe-
HIeHusl OTAENBHBIX 3ajad. Bemem cienyroee crenuanbHoe ynopsipodeHue neneBblx 3amad CTC.
Bynem cuuTarh, 4TO 3JI€MEHTHI MHOXKECTBA S PAHXUPOBAHBI IO CTEHIEHH BOSMOXHOCTH MX BBINOJI-
Hernus pazanaabMA CTC OT mpOCTHIX K CIIOXHBIM. B 4acTHOCTH, 3a7ady, MOMyYHUBIIYIO HHACKC [ =1,
B COCTOSIHUM BBINIOJIHUTH BCe ajbTepHaTuBHBIC BapuaHTel CTC, a 3amady, MOMyUYUBIIYIO HHACKC [ =1,
TOJILKO HECKOJIBKO HanboJiee CIOXKHBIX M IOporux u3 paccMmarpusaembix THoB CTC. Beenenue yrmo-
PANOYEHHS LIENIEBBIX 3a4a4 MOPOXKAAeT M COOTBeTcTBYyomee pazouenue tunoB CTC Ha n Kiaccos.
[pu srom CTC, npunaanexanye i -My Kiaccy (OHM MOTYT OBITb W Pa3JIMYHBIX THIIOB), B COCTOSIHUH
pewmars JIt00yI0 j -10 3a7ady NpH j <i W He B COCTOSIHWM cJeJarh 3To npu j >i. Kak cienyer u3

JIOKa3aHHO JIEMMBI 2 B PallMOHAIBHBIN MapK BOMIYT TOJIBKO MO OJHOMY IPEICTABUTENIO OT KaXK0r0
knmacca CTC, moaToMy B manpHEHIIeM BMECTO 0003HAUYCHHS X Oyzer ucmonp30BaTh 0003HAYCHHE

X . HpI/I‘IeM, KOHCYHO, HE UCKIIIOYACTCs, YTO IJIsd PCIICHUA Pa3JIMYHBIX 3aa4 B palliOHAJIbHOM ITapKe

OynyT ucnons3oBatbcs CTC ogHOTO M TOro ke THna. B 3THX mpeanoioskeHusx U3 4acTHBIX OasaHc-

n n —_
HBIX YpaBHEHHUH MOXKeT OBITh IIOJTy4YeHa cucTeMa » x; > ».s; , j € l,n, uian B pazBepHyToii Gopme
i=j i=j
X+xytx3+..+Xx, 1 +x, 28+ +s3+..+5,1+S,,
Xp+ X3+ +X, | +X, 28 +853+..+5,1+5,,
X3+t Xx, 1 +x, 283+..+8, 1+,

Xy 1+X,28,1t5,,
X, 2 8,.

B cooTBeTCcTBUY C IPUHATON B AMHAMIYECKOM MIPOTPAMMHUPOBAHIH MIPOIIETyPOU BBEAEM HAPSILY
¢ paccMaTpuBaeMoi 3afadeil / mociiegoBaTeNbHOCTH 3amad [ ® kel,n. Kaxnas u3 sanaua P
bopMyupyeTcs CIEAYIOIUM 00pa3oM: HalTh pauuoHanbHell mapk CTC X ®) =()?1(k),...)_c,£k)), BbI-

HOJ'IHS[IOHII/Iﬁ BaﬂaHHLIfI 00BeEM OCJICBBIX 3a1a4 S(k) = (Sl +8) teet Sk) npu MUHUMAJIbHOM 3HAa4CHUU

60



K
i — > (k) (n)
neneBor pynkuu Cy = ZlCzl_ (x;"") . HousarHo, uro 3anaun I n I cosmagaior. Chopmyampyem
Jj=
TeNepb OCHOBHOW pe3yJIbTaT, MO3BOJIIIONIMN TOCTPOUTH MPOCTON HIATOBBIM aJITOPUTM HAXOXKJICHHS
peuieHus 3agaun [ .
Jlevma 3. OnruMaibHbI BEKTOp X B 3amade [ SIBISICTCS pelleHreM (yHKIHOHAIBHOTO ypaB-

nerus Cy (¥) =min Cyg (X*7,0,...0,5, +... +5,).

JpyrumMy CIIOBaMH, DAlMOHAJIBHBIM [@pKa X MPEJACTaBiIseT COOOM OJMH W3 BapUAHTOB

%D o,...,0, S +w+s,), kel,n. Jlemma 3 cBomuT 3amauy / K PEUICHUIO MOCIIENOBATEIBHOCTH

3amay [ w v 2) i (") B ¢poro ouepep, 3amada [ (n-1) CBOJHTCSA K ITOCJIEIOBATCILHOCTH 3a1ad

IV 1™ 1% Teneps moxer 6biTh (OPMATBHO ONHMCAH ANTOPHTM (THIIA BBIYHCIHTEIBHBIX
npouesyp AMHaAMUYECKOIo IPOrpaMMHUPOBaHKs), KOTOPBI 1aeT pelieHue 3a1aud / 3a 7 I1aros.
Aneopumm nocnedosamenvHo2o noovema:
Ilepevuit weaz. Pemaercs 3anava [ M. 30 s, ¢ =cg (s1)-

Bmopoit wae. Pemaercs 3amaya 1% ¢y =minfc; + ¢35 (sy),¢c5,(s) +5)]. Hmeem

X9 =(kY,s,),ecmn ¢, =c, +c5 (s,) wmm X =(0,8,+5,), ¢y =c5 (57 +5,).
@ s, 2 =¢ tes, (8 (2)01222212

i-it waz Pemwaercs sagaua [ ¢; = min [¢; +c5 (Spy +eet5;)]. 3meCh MpHHSATO, YTO

ke0,i—1

Cy,=0. IIycts HCKOMBIH MUHAMYM JTIOCTUTACTCS npu k=k;. Torna

~G) o~k
70 =& ‘),0,---505Sk,.+1 Fots;).

n-ii waz. Pemaercs samaua 1" =1 ¢, = min [c, +c5 (S;4q +...+5,)]. 30€Ch NIPUHSTO, YTO
ke0,n—1 "

Cy=0. [Iycts HCKOMBIH MUHHUMYM JIOCTUTACTCS npu k=k,. Torna

¥ =EF%),0,..0 3 6

X =(x""",0y000,0, 5, ,; +w.+5,). OTOT AIrOPUTM MOXKET MCIOIB30BATLCA M IPU PELIEHUH Ooee
n

CIOXHBIX 3amad I u 11 .

2.2 Meroa pemenusi 3axauu I7

B panee cuenaHHBIX NPEAINONOXEHUAX ycnoBus BelnonHeHus napkom CTC 3amanHOro oonema
LIEJIEBBIX 3a/1a4 3aIICBHIBAIOTCA B BUJIE CIIEAYIOIIEll CUCTeMbI OalaHCHBIX YpaBHEHUI

MEX Yyt tety, X, 285+ . tS,,

Vot Xgtewty, +X, 28 +u+s,,

>s

y?‘l + x?‘l - n:

Kpome Toro, B COOTBETCTBHH C (PM3UYECKUM CMBICIIOM 331a4H JIOJDKHBI BHIITOJIHATHCS HEPABEH-
cTBa
(7 x20,0<y,<8.

3agaua /I mpencraBiseT co0Oil CleAyIONIYIO 3a/ady HEJIMHEHHOrOo MaTeMaTHYecKOro Ipo-
IpaMMHUPOBAHUS: HaWTH BEKTOPBI XY, JIOCTaBIISIIOLINE MHUHUMYM ¢$yHKIUHN

n n
Cy = zczj (x;)+ ZCzj (v;) UpH yKa3aHHBIX BBILIC OIPaHHYCHISIX. B MaTemaTndeckoM miaune 3a-

J=1 J=1
nada /I CylecTBEHHO CIIOXKHEe 337a4i / B TOM OTHOIIECHHH, YTO CTPYKTYpa LeJeBoi QyHKIuM yxe
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He SIBJISIETCS TaKOM MpOCTON. XOTA KCIUTyaTallMOHHBIE pacxoasl Ha ogHoTUnHble CTC nMUHEHHO BO3-
pacrarot ¢ yBenuueHueM uucienHoctn CTC, Hanmuue orpanuueHuii (7) U 00yClIOBIEHHAs UMH HEO00-
XOJIMMOCTh MCIOJIb30BAHUS JIJIs1 BHIIIOJIHEHUSI OJJHOW M ToM ke ueneBoit 3agaun CTC pa3nuyHbIX TH-

TIOB IIPHBOJAT K TOMY, 4TO (DYHKIIHS ZCE (y;) craHOBHTCA KycOuHO-nuHeiHOi. Tora
Jj=1
a1y, mpu y; <9,
ayd +ayy, npu G <y, <9,

ayd +tayy; tazy; npu 9, <y; <G,
Czj (J’j):

J
208+ @y mpu 8 <y <9
inl

J+l

TJIE @ -yIeNbHbIE IKCILTyaTallMOHHbIE PacXobl H @) < @y < a3 <... n CTC ucnons3yroTcs B 9T0M
ke mopsiake. Taknm obpasom, Cy (y;) mpeacraBisier cO60 MOHOTOHHO BO3PACTAIOLLYIO KYCOYHO-
J
maneiinyio gynkumo. Pynkums Cy (x;), Kak u B 3a7ave [ , ABIAETCS MOHOTOHHO BO3DACTAIOWIEH
J

BOTHYTOH (pyHKIIMEW CBOETO apryMeHTa.

Merton peuieHus 3anad [/ OmupacTcs B OCHOBHOM Ha BUJIOM3MCHCHHBIC C YUCTOM CICHUBUKU
CTC pe3ynbTathl paboThl [3] U MpencTaBiIseT cOOOH KOMOWHAIIMIO aJITOPUTMOB PEIICHHUS YETHIPEX
YaCTHBIX cillydaeB 3a1auu /1 :

1. Ciyuaii orcyTerBus B cocrase mapka CTC, yxe cocTosIMX Ha 3KkcIuTyaranuu (1.e. §; =0).

2. Cmydail oTcyTCTBUS HOBBIX anbTepHaTHBHBIX BapuantoB CTC (t.e. x; =0). OTa 3a1aya sB-

JSIeTCsl, 10 CYIIECTBY, 3a/adeil menepacmpenencHus. s ee pemeHns UCIONIb3YIOTCS alTrOPUTMBI
MIOCJIEI0BATENILHOTO CITCKa U ITOAbEMA.

3. OpnomepHas 3aada [/ . DTo TMOJIE3HBIN YacTHBIN ciydail mpu n =1 . 31ech BepHa cienyro-
11ast JIieMMa.

Jlemma 4. PaumonanbHbli coctaB mapka X,Y B 3amade [/ npu n=1 mnpencramiuser coOoi

oxuH 3 m+2 BapuaHros (s;,0),(s, —a,,a;),....(s;—,,2,), (0,5;). 30eCb m -4KCIO TUIIOB
CTC, yxe HaXOAAMMXCS Ha SKCINTyaTalluy ¥ YHOPSIOUCHHEIX B ITOPSAKE BO3PACTAHHS 3aTpaT Ha JKC-

LTy aTaluio.
4. OpnHoanbpTepHAaTUBHAS 3aMada [/ . DTO ciaydai, KOr/ia B HAJIMYHH BCETO OJHA ajbTepHATHBA

u3 BHOBb paspabarbiBaeMbix CTC, T.€. 31€Ch x = (0,050005 X, 500s0) 1 Cy = C2 (x,)+ ZC2 ;).
j=1
Ha ocHOBe M31105KEHHBIX BBIIIC MOJIOKCHUN MOXKET OBITH MMOCTPOCH alITOPUTM PEIICHUS 3TOH 3a-
JIa4{ TUTIA TTOCIIEIOBATEIHHOTO CITyCKa, AHAJIOTUIHEIA OMUCAHHOMY paHee aJTOpUTMY PEIICHUS 3a/a-

gn [ . ChopmynupyeM mocaeI0BaTeNbHOCTE 3anaq /1 ® ke I,_n . Kaxcas us sagau 1/ hopmymu-

pyercs CIIEYFOIITIM obpazom: HalTH PpaIOHATBHBII cocraB mapka CTC
70 = =(x (k) "‘),...,x,g“,y;“) S BBITIOJTHSIOITU I 3aJJaHHBIN 00beM LIEJIEBBIX 3a1a4
s® = (s +8y + et 5;) npu MUHHMAJTBHOM 3HAYCHUU KpUTECPHATTEHON (hyHKIHU

=3 Gy,
j=1

OmHOBpEMEHHO BBEIEM B PACCMOTPEHHE U TOCIEI0BAaTEIFHOCTE 3amad 1] <k>,k € l,n. Kaxnas
w3 sagau  I[°F> dbopMmynHpyercs CICHyOIUM 00pa3oM: HalTH panuoHambHbI mapk CTC

(k) _(~<k> ~<k> ~<k> ~<k>)
b

Vi s X, 5V, BBINOJIHSFOIIIUHA 3aJaHHbBII 00BeEM LEJIEBBIX 3a7a4
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gk = (Sg +Spp +eeet8,) pu MUHHUMAaJIbHOM 3HAYECHUU LIeJICBOU hyHKIMN
n
~ 1
G =Yc¢s G j<k> ¥;). Monstro, uto 3amaun 17 11" u II coBnagaror. GopmanbHOe 060CHO-
N J
J=k

BAaHHUC aJIrOpHUTMa PCIICHUS 3ala9n 1l naer CJICAyrouas JeMMa (IlOKa3aTeJ'IBCTBO OHYCKaCM).

Jlemma 5. Pauponansueiii napk CTC Z B 3amaue II COBHAnaeT ¢ OQHUM U3 71 CIEAYIOLIUX Ba-

<n—-1> ~<n> ~<k-1> ~<k> k
) ) 2 )

~ ~ ~<K>
Z N ¢ GE",7%), tae 2 HAXOJUTCA KaK pelleHUe

puaHToB: (Z

seeey

dynxumonansHoro ypasuenns Cs* (Z5*”) = min C;k g (E:k 7).
tek,n

Crnenyer otmeruts, uto napk CTC 7 <k> oOpariaer Bce OajlaHCHBIE YpaBHEHHUS, KpOMe k -TO, B

cTporue HepaBeHcTBa. Mcromb3ys 3TOT akT, MOKHO JOKa3aTh JeMMmy 6.

Jlemma 6. Cpenyt KOMIIOHEHT X <k> BEKTOpa <k umeercs He Gomee OJIHOM ITOJIOKUTEIBLHOM.

Ha ocHOoBaHuM 1eMMBI 6 MOKET OBITH NpEAJIOKEHA ClIeayrolas nmpoucaypa OTbICKaHUA BEKTOpa
~<k>

z . yHaJ'II/IM H3 BCKTOpa Z<k> BCC KOMIIOHCHTBI X; 3a HCKIIOYCHHCM OHHOﬁ X Pemenne OJHO-
<k>
aﬂLTepHaTHBHOﬁ 3alauu I]t MOXET OBITH JIETKO IMOJYUYCHO € IOMOUIBIO BBILIC MPUBCACHHOI'O aJlr'o-

k>

pUTMa. 3aMeTHM, YTO eCJM JUIsl apka 2 BBINOJHAIOTCS OGanaHcHble ypaBHeHHs (7), TO OH COBIIa-

~<k
JAa€T ¢ OJHMM M3 BapUAHTOB IapKa Z< >, te k,l’l , d MMCHHO C TEM U3 HUX, JJI1 KOTOPOTO CIipaBEAJIn-

Bo dyHKIHOnaNBHOE ypasuenne Cs* (Z<7)=min C;k ).
tek,n

2.3 3apaua /I - nunamudeckasn 3agava tunaxka CTC

B xauecTBe MeTozAa pereHus 3Toi 3amaun npemiaraercs J pas (J -4ECI0 MHTEPBAJIOB IJIAHU-
POBaHUS B pPacCMaTPUBAEMOM IIEPHUOJIE BPEMEHHU) IIPUMEHATh U3JI0KEHHbIE BBIILIE METObI K IIOCIIE0-
BAaTEJIbHOCTH CTaTHYECKHX 3a1ad [/; , B KOTOPBIX B KaUeCTBE MCXOIHbIX JaHHbIX, OIMCHIBAIOLINX JOC-

TUTHYTOC COCTOAHUC ITapKa, UCIIOJIb3YIOTCS PE3YyJIbTAaThl PCIICHU A npem,lz[ymef/i 3aJa4yun 1 i1 Taxoit

IOJIXO/]] TTO3BOJISICT MOIYYUTh CyOONITHMAIBHOE pelieHne. B kadecTBe rpaHuI] NOAMHTEPBAJIOB IEie-
c000pa3HO paccMaTpHUBaTh BO3MOXKHBIC JAThI MOCTYIUICHNS B 9KCIUIYaTaIMIO aJbTEPHATUBHBIX THUIIOB
CTC.

3aMeTnM, 9TO MOZEIH PAlMOHAIBHOTO THUIAXa MOTYT PACCMaTPUBATHCS KaK MAaTEMaTHYECKHI
anmapar, JAlolui MOoNe3Hyr0 HH(GOPMAIHMIO [T IPHHATHS COOTBETCTBYIOIINX PEIICHUH, a UX NpH-
MEHEHHE MOXKET OBITh MPOJYKTHBHBIM TOJBKO B CIy4ae WHKEHEPHOI'O aHAIM3a, KaK MCIOJIb3YEeMBIX
UCXOJHBIX JIJaHHBIX, TAK U MOJYYaeMbIX Pe3yIbTaTOB.
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METO/IbI CTPYKTYPHOM TEOPHUH B 3AJJAYAX CUHTE3A CUCTEM
YIPABJIEHUA C PACOPEJAEJIEHHBIMHA TAPAMETPAMU

J.51. Panonopt

WucTtuTyT npobneM ynpaBieHus CI0KHBIMU cucteMamu PAH
443020, r. Camapa, yn. Canosas, 61, Poccus
ten. (8462) 32-26-77, ¢axc (8462) 33-27-70

Kniouegvie cnosa: cmpykxmypnas meopus, CUHmMe3, a10pUmmbl YRPAGIEHUs, CUCeMbl ¢ pacnpede-
JIeHHBIMU NAPAMEMPAMU.

Abstract

Problem of the synthesis of the distributed parameters systems is considered by structural theory
methods. Control algorithms and algorithmic structures of systems with feedbacks are determined
for the concentrated and distributed control actions.

BBenenne

[Iupokuit Kpyr ynpaBisieMbIX IIPOLIECCOB B CaMbIX PAa3JIMUHBIX 00JACTIX TEXHUKH OTHOCHUTCA K
YHCITY CIIOXKHBIX AMHAMHUYECKHX O00BEKTOB C pacrpenesieHHbiMU napamerpamu (OPIT) [1]. Axryains-
Has 3ajaya CHHTe3a cucTeM aproMarmyeckoro ynpasienus (CAY) mpocTpaHCTBEHHO-
pacnpeneneHHbIMU yrpasiasieMbiMu BennuuHaMu OPII oTnmyaeTcs, o CpaBHEHHUIO ¢ COCPEOTOUYECH-
ueiMu cuctemamu (CCII), cymectBeHHol crienudukoii, 00yCIOBIEHHOH, BO-TIEPBBIX, HEOOXOAUMO-
CTBIO UCIIOJIB30BAaHMS B 3aMKHYTBIX KOHTYpax PEryJMpOBaHHs NMPOCTPAHCTBEHHO-3aBHCUMBIX CHI'Ha-
710B 00paTHBIX cBs3el 1o Beixoxy OPII B memsix ¢popmMupoBaHKs COOTBETCTBYIOIINX PACIPEICIICHHBIX
WJIN COCPEJOTOUYCHHBIX YIPABIISIOMNX BO3JCHCTBUN M, BO-BTOPBIX, TPYAHOCTSIMU peaH3allii HeoO-
XONMBIX U3MEPHUTENBHBIX U PEryTHPYIOIINX yCTPOHUCTB.

[IpocTpaHcTBEeHHAs pacHpeeNICHHOCTh YIPABISIEMBIX BEIHMYMH U OOPATHBIX CBS3EH MPHBOIAT K
MIPUHINIHATGHEIM OCOOCHHOCTSIM, TPEOYIONIMM JaJeKO HE TPUBHAIBHOTO PA3BHUTHS M3BECTHBIX pe-
synbraroB Teopun CCII B nensix pazpadotku criocodo noctpoenus CAY OPIL.

D¢ dexTHBHBIM annapaToM A PELIeHHs 3TOH MPoOIeMbl MOXKET CIIy>KHTh COBPEMEHHAs CTPYK-
TypHast TEOPHS PACIPEIEICHHBIX CUCTEM, 0a3upyIoLascs Ha COOTBETCTBYIOMNX 0OOOMIEHHUAX MOHS-
THI1 00bEKTa yIpaBJIeHHs, IEPEAATOYHON QYHKINU JUHAMUYECKUX 3BCHbEB U MX COeAMHEHUH [2-4].
B Hacrosimeii pabote Ha 3TOW OCHOBE MPEAJIATAIOTCS PETYJSPHBIC METOJIBI CHHTE3a aJTOPUTMOB
ynpaeienust B CAY OPII npyMeHHTENFHO K TUIOBBIM MOJIENISIM PAacIpeeleHHbIX 00beKTOB [4] U
Pa3IMYHBIM BHJAM YNPABISIONIMX BO3JECHCTBHH, B TOM YHCIIE, C yYETOM MPAKTHYECKUX BO3MOXKHO-
cTell pean3anuy TpeOyeMoro xapakTepa UX IMPOCTPAHCTBEHHOTO paclpe/Ie/ICHHS.

[Tomrygaemblie pe3yIbTaThl PacIpOCTPaHAIOTCS Ha 3ama4un cuHTe3a CAY pacmpenencHHBIX 00b-
€KTOB CIIOXKHOW CTPYKTYPBI.

Bech anann3 nmpoBOANTCS B IETEPMUHUPOBAHHON MOCTAHOBKE [UIS MICATM3MPOBAHHOTO BapHaH-
Ta, MPELyCMaTPHBAIOIIETO BOSMOKHOCTh OCYILECTBIICHHUS MOJHOIO M OE3MHEPLHUOHHOTO M3MEpPCHUS
TEKYILEero coCToAHMA BHonHe Habmomaemoro OPII, x0T B JeHCTBUTENBLHOCTH OOpaTHBIE CBA3H I10
pacmpezneneHHoMy Bbixoxy OPII MoryT ObITh MOJTydeHBI JIUIIb ¢ HEKOTOPOH MOTPEHIHOCTHIO TOIBKO
MyTeM MX KOHCTPYMPOBAHUS C IMIOMOIIBIO COOTBETCTBYIONIMX HAOJIIOAATENeH 110 OLIEHKaM COCTOSIHUS
00BEKTA IPH €r0 BCETIa HenoHoMm n3MepeHud [5-8].

JlocTaToYHBIM OCHOBAaHWEM /ISl TAKOH MaeaM3anvy (IPUMEHHUTENHFHO K MOJAIBHOMY OIHCa-
uuto OPII [4]) siBisieTcs ©3BeCcTHAS TeopeMa pa3ieieHUs, COTTIACHO KOTOPOU 3a7ady MOCTPOCHHS CUC-
TEMBI yIPaBJICHUsI C OOPATHBIMHU CBSI35IMH 110 OLIEHKaM COCTOSIHHSI MOXKHO Pa3feiIuTh Ha JIBE HE3aBH-
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CHMBIE pYT OT Jpyra 3aJadd CHHTE3a Peryisaropa ¢ oOpaTHBIMU CBA3SMH HEIOCPEICTBEHHO IO ca-
MHM HaOJIOJaeMbIM IIEPEMEHHBIM COCTOSIHMSA U MPOEKTUPOBaHUA HaOmonaTens ¢ TpeOyeMbIMH IH-
HaMHUYECKUMH CBOMCTBaMH, 3(P(EeKTHBHO (YHKIMOHUPYIOIIETO B YCIOBHSX BO3ICHCTBHS HOMEX
[5, 6].

1. AJroputr™mbl 4 cucTeMbl ynpapiaeHus TunosbiMu OPII
¢ pacnpene/JieHHbIMH YIPABJISIOIMMH BO3/AeiiCTBUSIMH

Bynem paccmarpusats Taosoit OPII, onvckiBaeMblii OTHOCHTENIBHO YIPaBIsieMOi (DYHKIHH €To
cocrosauusa Q(x,?), x €[xy,x,], =0 IPOCTPaHCTBEHHO OJHOMEPHBIM JIMHEHHBIM M CTALIUOHAPHBIM

ypaBHEHHEM BTOPOTO IMOPSIIKA B YACTHBIX MPOM3BOAHBIX CO CTAHIAPTHBIMU OHOPOJHBIMH I'PAHUY-
HBIMHU ¥ HYJICBBIMUA HAYaJIbHBIMU YCIOBHUSIMHU JJISI CTAHIAPTH3UPYIOIIETO PACpeIeICHHOIO BXOIHOTO
BozneictBust w(é,t), & €[xy,x,] [4].

3neck x u & - npocTpaHcTBeHHbIE apryMeHThl O(X,¢) u W(&,f) COOTBETCTBEHHO, U ! — BPEMSI.

Iepenarounas Gpyukuus W(x,&, p) Takoro oObekTa OT €ro Bxoga w(&, p) K BBIXOLY Q(x, p) 3aBU-

csmas OT Tpex apryMeHTtoB, BMecto oxHoro it CCII, npencrasuser coboil n3o0pakeHHe Mo Bpe-
MeHHOH mepemeHHOU ero gyHkiwm ['puHa [2] 1 MOkeT OBITH TIOTy4eHa B (JOpPME CIEIYIOIIETO pa3-
JIO)KeHUs] B OECKOHEUHBIH psj M0 COOCTBEHHBIM (YyHKUUAM @, (4, ,X) KpaeBoH 3ajaud, MOJEIU-

pytomeit noseaenue OPII [4]:

(D) W Ep)= S Wiy (2) 0 (s 3) 01 (11 E) F(E)

n=1

2
r

3nmecs p — oneparop Jlamaca; Hn gy © _ COOCTBEHHBIE UHCTIa M BecoBas (YHKIMS KOHEYHOTO HH-

TerpajbHOro npeodpazoBanus Q(x,t) ¢ sapoMm @(L,x), u

1

(2) VVln(p):ﬁa
Ap” +Aip+p,

rae A u A, — nocTosiHHbIE KO((UIUEHTHI IIPU IIPOU3BOHBIX a2 Q/@t2 u 0Q/ Ot COOTBETCTBEHHO B

YpaBHEHUSIX OOBEKTA.

O6o06mennas crpykrypHas cxema CAY tumororo OPII, mocTpoeHHO! MO MPUHIIUAITY OTKIIOHE-
HUsI, TpHOOpETaeT CTaHAapTHHIN BUI (PUCYHOK 1), OIHAKO KapIMHAIBHO OTIMYAETCsl MPH 3TOM OT
ananoruvHo# cTpykTypsl 1t CCII mpocTpaHCTBEHHO-pACIIPECICHHBIM XapakTepoM HH()OPMAITHOH-
HBIX CHTHAJIOB B 3aMKHYTOM KOHTYpE.

et L8P

W, &, & D)

Pucynok 1 — CtpykrypHasi cxeMa 3aMKHYTOH CUCTEMBI PaCIpeIeJIEHHOIO yIIpaBJIeHUs
pacnpezneneHHbM Beixogqom OPIT
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Perynsitop, npeacTapisitonuii co00i HEKOTOPBIN pacnpelesieHHbIl 010k [2-4] ¢ nepenaTo4HoN
¢bynkmuennt Wppr(x,&, p) , yIUTHIBAIOIIEH XapaKTEPUCTHKH AATYMKOB OOpPaTHOM CBS3W U PETYIHPYIO-

IIMX OPTaHOB, GOPMHUPYET pacIpeICICHHOE YIIPABIISIOINIEe BO3ICHCTBIE szy (¢, p) Ha BxoJe 00beKTa

B (YHKIMM OTKJIOHEHHS YIPaBIIEMOro pacipeieieHHoro Bbixoga (Q(x, p) OT €ro 3aJlaHHOrO CO-

CTOSTHUS Q*(x, p) . Bropast cocraBmsromas w, (&, p) cranmaprusupyrouieii dyakunn w(&, p), yuu-

THIBAIOIIAS BIMSHYAE TPAHUYHBIX U HAYaJbHBIX YCIIOBHH, MOJICIIUPYET BO3JCHCTBHE IO BHELTHUM BO3-
MYILICHHSIM.

3ajaya COCTOWT B ONpEJENICHUH NepelaTouHOl (YHKIMH peryisTopa, oOecreunBaromei Tpe-
OyeMble cTaTHYecKue U fuHaMuueckue cBoiictBa CAY, 1 MOCTPOCHUH CTPYKTYPHBIX CXEM 3aMKHYTOH
CHCTEMBI, PETH3YIOIINX HalIEeHHBIE AITOPUTMBI yIIPABICHHS.

CornacHo M3BECTHBIM IPABHJIaM CTPYKTYPHBIX NpeoOpa3oBaHMH Ul COCOMHEHHH pacrpeje-
JeHHBbIX 0710K0B [2-4], nepenaTounas ¢pynkuus W, (x,&, p) 3aMKHYTOH cuCTeMbI (PUCYHOK 1) oT 3a-

. ~ ~
jarouero Bozneicteus QO (x, p) K pacnpenesneHHoMy Bbixoay (Q(x, p) SBISETCS PELLIEHUEM UHTE-
IPabHOTO ypaBHEHMS:

(3) Wx(x,f’P)"‘ fWH(x,V,P)Wx(st,P)dV = WH(x’f’p) >

Xo

rae Wy (x,&, p) = IW(XJLP) Weer (1,6, p) dn.

X0
OrpannumnMcs gajee CirydaeM, KOT[a peryisaTop OmuchiBaeTcs psaoM Buaa (1) wmm (mpaktude-
CKM BCerja) 4acTU4HON cymMMoll N < oo ero nepsbix wieHoB [3]. Torna

N
(4) WPEF (x, g’ p) = z W2n (p) Dy (/un 7x) Dn (/un ’ 5) r(éj) >

n=l1
rne N<oo, u Wzn (p) — HCEKOTOPBIC MOMJICKAIIUE OIPCACICHUIO PCAIN3yCMBbIC ,Z[pO6HO-

pamnmoHanpHBIE (YHKIMN KOMILIEKCHOTO apryMeHTa, HampuMmep, Tamna (2) ¢ ApyruMu KodpurmeHTa-
MH.

Hcnonb3yst CBOMCTBA OPTOrOHAJIBHOCTH W OPTOHOPMHPOBAHHOCTH COOCTBEHHBIX (YHKIIMH
o, (1, ,x) [2-4], MOXHO 1OC/I€ IOACTaHOBKHU BbIpaskeHui (1) u (4) B (3) u IpocThIX IpeodpazoBaHuil

MTOTyYUTh TOYHOE pelieHne ypaBHeHus (3) B ABHOM (opme:

N Wln(p)WZH(p)
5 /4 LR =
5) L(x,&, p) nZ::l1+Wln(p)W2n(p)

~ o g3
IMockonpky BeIx0m O(x, p) 00BEKTa CBSA3BIBACTCA C 3aaroIuM Bo3aeicteueM O (&, p) omepa-

¢n (:un ,)C) (pn (/un b g) r(§)°

LUeH MPOCTPaHCTBEHHON KOMITO3UIMHU [2-4]

©) Ox,p)= [ W, (06, p) D" (& p)dE |

X0

TO 1ocie nojacranosku W, (x, <&, p) B Gopme (5), Oy1eM UMETh:

() 0 p) = W, (2) Oy (s D) P (fs)-
n=1
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31ech

M (DWo(P) .
(8) W, (p)=31+ W, () W,,(p)’ Y
0, n>N,

a 5: (4,, p) €CThb KOHEUHOE UHTETPaIbHOE IIpe0Opa3oBaHue (#-51 BpeMEHHas MOJIa) é* &, p):
~ M et
@ Oy (s P)= [O & P) @1, ) () dE
%o

pu4YeM Q*(f, p) BOCCTAHABJIMBAETCS MO M3BECTHBIM 3HAUYECHUSM MOJI Q: (u,,p) B dpopme Gecko-
He4Horo psja [3, 4]:

10 0" )= 10, (110119
AHaNOTUYHOE TIPEICTABIICHHE é(x, p) B dopme psama suga (10):
(A1) O p)= 30, (41 20,119
IJI€ MOJIBI 5;4 (u,,p) GyHKIMU COCTOSHUA é(x, p) onpexensores nogooHo (9), MPUBOIUT TOCHEe
cpaBHeHus BoIpaxkeHu# (7) u (11) k OeCKOHEUHOI cucTeMe paBeHCTB:

(12) O, (s ) =W, (D) O, (U Yo 11 =12,

OTH paBEeHCTBA 03HAYAIOT, YTO KaKAYIO U3 N MepBbIX BpeMeHHbIX MoA O, (4, , p) yHIpaBIsieMo-

TO BBIX0Jla 00BEKTa MOKHO paccMaTpHBaTh B 3aMKHYTOH CHCTEME B KaueCTBE BBIXOJHOW BEIMYHHBI
«QIIEMEHTApHOT0» 3aMKHYTOI'0 KOHTYpa PEryJIMpOBaHHSA CO «CBOel» mepenatoyHoll ¢yHkuumed (8),
bopmMupyeMoit 1Sl «31eMeHTapHOro» oobekra W), (p) «MHIUBUAYalbHBIM» peryiasropoM W,,(p), u

«CBOMM» aBTOHOMHBIM BXOJHBIM BO3ICHCTBHEM I10 BEIMYHHE COOTBETCTBYIOIIEH BPEMEHHON MOJBI
e g
O (u,,p) pacupenenensoro 3aganus Q (&, p), HE3aBUCUMO OT JIPYIMX BXOJOB U BBIXOJOB TaKHX

KOHTYPOB (PHCYHOK 2).
U3 paBenctB (12) Takxke cieayer, 4YTO CHCTEMa HE MPOITYCKAaeT, B COOTBETCTBUU C (8), MOJBI

é: (u,,p) 3amaHus Q*(ﬁ, p) mns n> N . Beixon 00beKTa HE CONEPIKUT 3TUX MOJ B CyMME psa

o %k
(11) mpu BoznetictBun Q (&, p) , 1 OHHU OKa3bIBAIOTCS, 110 CYILIIECTBY, HEPETYIHPYEMBIMH.
3ajaroniyie BO3JCHCTBHS U CUTHAIIBI OOPATHBIX CBA3EH B KaKIOM M3 HE3aBUCHMBIX KOHTYPOB pe-

TyIUpOBaHUs (MM Cpa3y pa3sHOCTHBIE CUTHABI 5; (s p)— 5" (#,,p) 1O OTKIOHEHHIO
é*(f, p)— Q(f, ) ) IOIDKHBI OBITH HOIYYSHBI O MH(GOPMAIMK O 33JaHHOM U TEKYIEM COCTOSHUSIX
00BbEKTa C TOMOIIBIO CIICHUATH3NPOBAHHBIX BBIYUCIUTEIBHBIX YCTPOMCTB (aHammM3aTtopoB [7])
H 0 Hy (wmn cpasy H,p), NPEACTaBISIOWUX CO00M COBOKYNHOCT N MHTErpaTopos Buia (9).
CyMMaTopsl Z(QV) u Z(Qg) BOCCTaHABJIMBAIOT paclpeie]IeHHbII BbIX0o 00bekTa B hopme psiaa (11).
Curnanel Ha BbIXOJAX peryiaaropo W,,(p) (pUCYHOK 2) IpeicTaBisAioT co0oil Mozbl

ﬁyn (4, ) PpaclpeelICHHOTO YNPAaBIAIOLIEr0 BO3IEHCTBUS \/T/y (&, p) [4], 1O KOTOPBIM OHO JOJKHO
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OBITh BOCCTAHOBJIEHO C BECOBBIMH MHOMKUTEISIMU @, (4,,¢) Ha BBIXOJE CIELUATIBbHOIO CyMMAaTopa

>, (cunresaropa [7]), paboTaromiero 1o anropurmy, nogooHomy (10) u (11):

_ N __
(13) Vvy(é,p)=gl%n(ﬂn,p)tpn(#n,é).

Crpykryphas cxema peanusyemoit CAY ¢ aHanuszatopom H,, U CHHTE3aTOPOM >, TOKa3aHa
Ha pUCYHKe 3.

Bri6op perymsatopos W,,(p) B KaXAOM U3 KOHTYPOB PEryJIMpOBaHMsA MOJ BbIXOAa OOBEKTa
MOJKHO TPOBOIUTH MO OOBIYHBIM MeToamkaMm cuHTe3a 3aMKHYThIX CCII m3 ycnoBmii oOecriedeHus
JOITyCTUMON CTaTHUECKOM TOYHOCTH MPU BO3ACHCTBHM BO3MYIIEHHUI (B BUAE MOJ ﬁgn (u,,p) co-
crasisiroet W, (£, p) cranmaprusupyomero Bxoga w(&, p) (pucyHkH 1, 2)) 1 jKeraeMoro moBeze-

HUSI B TMHAMHUYECKHUX PEeXHMMax paOoThl. Y CIOXKHSIOMNM OOCTOSTEIBECTBOM 3/1ECh SIBIISIETCSI HEOOXO-
JIMMOCTB OTpe/ieNIeHHs TpeOyeMBIX ITOKa3aTeIel KauecTBa C yIeTOM XapaKTEPUCTHUK HEYNPaBIIsEMbIX

cocraBmonmx  Q(x, p), KOTOpBIE CO3MAIOT HEKOMIICHCHPYEMBIE CHCTEMOW (B  YCIIOBHSIX

W,(p)=0, n>N B (8)) OTKIOHEHUs OT 3aJ[aHU Q* (¢,t), ymenpmaromuecs ¢ pocrom N. [Tocnen-

Hee 00CTOSTENbCTBO MOXKET CIIY)KUTh OCHOBaHHMEM A1 BbIOOpa uucia N yIpaBisieMbIX MO 00bEKTa.

YcroituuBocts cuctemsl ynpasienus OPII (1) ¢ perynsitopom (4) B niesiom obecriednBaercs, ¢
OJTHOM CTOPOHBI, JIMIIb MPH HAJMYHU JTOCTATOYHOTO 3araca yCTOMYMBOCTH B KaXKJOM M3 aBTOHOMHO
YIPaBISIEMBIX KOHTYPOB, YTO, B CBOIO OYE€pE/ib, BHIIIOJIHSACTCS B YCIOBHUSAX OTCYTCTBHS HEOTpaHHYEH-
HOTO MPHOJIMKEHUS K TpaHuie o0nacTu ycroiunBocty nmpu N — oo [2], a, ¢ Apyrod CTOPOHBI, TpH
COXpPaHEHHH YCTOMUYMBOCTU Pa30MKHYTBIX KOHTYPOB DETYJIHUpPOBAHHUSI BCEX OCTAIbHBIX MOJ A
n>N,ecmu N <o,

2. AJIrOpUTMBI U cHcTeMbI ynipapieHust TuosbiMu OPII
¢ (PUKCHMPOBAHHBIM XapaKTepOM NPOCTPAHCTBEHHOI'0 pacipene/eHus
YIPAaBJISIOIUX BO3/eHCTBUI

ITockoJIbKY 3aKOHOMEPHOCTH HPOCTPAHCTBEHHOI'O PACHPEIEIICHUs YIPABISIOIUX BO3ACHCTBUN
YaCTO JUKTYIOTCS KOHKPETHBIMHM BO3MOXKHOCTSIMH MX pealu3allii Ha 00BbEKTaX YIpPaBJICHUs BIIOJIHE
ONpPEEICHHOT0 KOHCTPYKTUBHOI'O UCIOJIHEHUS, TO TUMIMYHOM MpH NMpakTHueckoM noctpoenun CAY
OPII sBnsieTcsa cutyanus, Korga 3T 3aKOHOMEPHOCTH OKa3bIBAIOTCS 3apaHee 3aJlaHHBIMH COOTBETCT-
BYIOIIMH MTPOCKTHBIMH PEIICHUSIMH 00BEKTa M HE COBIAIAIOT C TPEOYeMbIMU 3aBUCHMOCTSIMH BHA
(13). B takoM ciydae pacmpesesieHHbIE YNPaBISIOMINE BO3ACHCTBUS 3aBEOMO (DUKCHPYIOTCS, Kak
npaBuiio, B (opme

(149 (EN= 20,000,,(0)

C M3BCCTHBIMH pacnpeieneHusaMu ¢, (5), m=1,s, s =1, yame Bcero, MPOCTEHIICrO BUJA, HANPH-

Mep, 3aIaHHBIMH B KJIaCCE KyCOYHO-IIOCTOSHHBIX (DYHKIWI WM JIOKANbHBIX BO3ICHCTBHH, MOJCIH-
pyeMbIx nenbTa-QyHKImuaMu [7]. B aToi cutyanum 3amada ceogutcs k cuHTe’y CAY ¢ 5 cocpenoro-

YCHHBIMH YIPABICHUAMH U, (1), m=1,s, B (14) B ycnosusx coxpanenust ynpasisiemoctd OPII npu
TN0700HBIX Orpannyenusx. Jlis GOopMUpOBaHUS KakKAOTO BO3NEHCTBHA U, (p) TpebyeTcs «CBOM»

peryisatop W, per(x,&, p) ¢ nepenaroynoit GpyHkuueit

(15) W, ppr (0., D) = Wi (6, )@, (x), m=1,5.
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31ech pacnpe/ielicHHbIH &-0JI0K ng (&, p) [2, 4] bopmupyeT Ha BBIXOJIE KAXKIAOTO M-TO PETYIITOpa

COCPENOTOUEHHBIN CUIHAT Sym (p) , oTIMCHIBaEMBIi TPOCTPaHCTBEHHOW KoMmo3umuei Buma (6) [4]:

(16) By (p)= (W20 G D" ) - O .
Xo
B utore pacrpeieiieHHbIi PEryisTop B CXeMe PUCYHKa | TOJDKEH UMETh MEPEAaTOYHY0 (DYHKIIHIO
(1D Wigr (o) = X W &P)0, (2,
U TOTJIa 3a/1aya CBOJUTCS K OMPEIEIICHUIO0 BCEX ng &, p), m= l,_s Bribepem 3TH OJIOKH TaK, 4TOOBI

Beipakenue (17) npunsiio Bug (4) st N =5 :
(18) WPEF(x’é:’p) = ZVVI: PE]"(p)¢)n(/unsx)¢)n (:un’g)r(é:) »
n=1

rie W,,* per(P) BBIIONHAIOT POJIb pEryisiTopoB W,,(p) B (4).
Ecin npeacrasuteb Bee @, (x) pasioKeHUAMA B GECKOHEUHBIC Psijibl [0 COOCTBEHHBIM (yHK-
wsM @, (4,,x) ¢ kodbunuenramu @, (4,) , 10106HO (10)-(11), n OrpaHUYUTECS B EPBOM IIPHU-

OMDKEHUH YIETOM TOJBKO § TIEPBBIX WICHOB 3TUX PAIOB, TO paBeHCTBO cyMM B (17) u (18) cBogmres
K BBIIIOJTHEHHIO S PABEHCTB

(1) 3G U)W o Es D)=, i (D)0 11y EVFE)s m=T,5 ,
m=1

KOTOpbIE MOXKHO PAacCMaTpUBATh KaK CHCTEMY § JMHEHHBIX YPaBHEHHH OTHOCHTEIHFHO HEM3BECTHBIX
* *
W, (&, p) TpH 3a/IaHHBIX Tepe1aTouHbX QyHKUHIX W, ppr(p) .

[Ipu HeocoOeHHOI KBaapaTHOW MaTpuiie © cuctems (19)
20)  ®=[g,, ()]s mn=1s

Ul 00BEKTa, YNPaBIIEeMOro IO 3aJaHHOMY COCTOSHHUIO, €€ pelleHHe ompeneinserca (GopmyaaMu
Kpamepa B hopme nmuHEHHONH KOMOMHAINH:

* S D* * P
(21) Wém(g’p): z% nPEI"(p)¢n (ﬂ]1’§)r(§)9 m= I’S 5
n=1

*
rae D — onpenenurens matpunsl ©, u D,, - anredOpandeckoe JIONOIHEHHE 7-TO JIEMEHTa /M-To

cronbua D.
Teneps, cornacHo BbiBojaM 1.1, cuctema ymnpasienus OPII nomkHa cTpoUThCS B BHUIE COBO-

KyITHOCTH HE3aBHCUMBIX KOHTYPOB PEryJIUpOBaHus s MOJ o0bekTa Q, (4,,p), n=1,5, C IOMOIIBIO
* P o
aBTOHOMHBIX PeryistopoB W, ppr(p), n=1,s, 1 ocTaeTcs ML HAHTH aIropuT™M (HOPMHUPOBAHUS

JICCTBUTENILHOTO YIPABIISIONIEro Bo3jeicTBHA (14) MO BBIXOJHBIM CHIHAIaM 3THUX PETYJISTOPOB,
UCIIONB3Ys cooTHOIIeHHUs (21).

Kaxnoe ynpasnenne Uym (p) Ha BBIXOIE OJIOKA W;m (¢, p) ommcwBaeTcs BeIpaxkeHueM (16), xo-

Topoe nociie noacranoBok (10), (11), (21) u uHTErpUpOBaHUs C Y4ETOM OPTOHOPMHPOBAHHOCTH COO-
CTBEHHBIX (DYHKIMH PUHUMAET CIIEAYIOIINHA BUII:
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D* * :* ~ D
nPEr(p)[Qn (4,,0)- 0, (u,,,p)} m=1s .

(22) Sym(p)=n‘2:1 2

% *
IlocKombKY BBIXOIHBIC CHTHAIBL W), (44,5 p) PEryIsTOpOB W, ppr(p) CBS3BIBAIOTCS C CHTHAIAMU Ha

UX BXOJ]aX COOTHOIICHUSMU (PUCYHOK 2):

(23)  Wy(tys D) = Wy pir(P) [Qi(un 0)-0, (1, ,p)} ,n=ls,
TO BMecTO (22) OyaeM UMeTb:

D,,
D

H, CIIeIOBATENIbHO, pacnpe/eieHHoe yrpaeieHue (14) onpeaensercs: CyMMOn

5;n(;unsp)s m=1l,s,

4) ()=
n=1

*

~ N N D -
25 w(sp= Z{Z . Wyn(#n,p)} Pym(X) -

m=l n=1 D

B utore ctpykrypHas cxema CAY oTinuaeTcsi OT CXeMbl PUCYHKa 3 JIUIIb YCTPOUCTBOM CHUHTE-
* v
3aTopa X,,, KOTOPBLil BBIIONHSET OIEPAlMI0 B3BELIEHHOTO CyMMHpPOBaHUs (24) BBIXOJOB aBTOHOM-

HBIX PEryJIITOpoB M (hOPMHpPYET 3aBEJOMO peali3yeMoe yIpasisioniee Bo3aeicTeue Ha Bxoae OPIT
COTJIaCHO ANITOpUTMY (25).
B mnpocreiiiem gacTHOM ciydae s =1, IIMPOKO pacrpoCTpaHEHHOM Ha MPAKTHKE, MOXXHO BbI-

OpaTh eAMHCTBECHHEIN perymsiTop Wpg-(x,&, p) Bupa (15) ¢ &£ -6mokom W; (¢, p) B dopme, og00-
Ho#1 (4):

* * N
(26) W (& p)=Wrpr(P) 2 kn®y (45E) 7(S) 5

m=1

*
rae k, — HEKOTOpble BECOBbIE MHOXKMTENIM, U Wppr(p) — MoOIulekKallas ONPENEIeHHIO IPOOHO-

paLoHaNbHas NepefaToyHas (GYHKIHUs, XapaKTepH3YIOLIas CTaTHYECKUe M AMHAMHYECKHE CBOWCTBA
perymsaTopa (26). AHanu3 o cxeme 1.1 IpUBOIUT 31€Ch K PaBEHCTBY

. N
N = WPEF(p)zkn I/Vln (P)(ﬁy (/un) N =,
@7) Xk 0, (#y5p) =———— > kO (ts D) 5
" L+ W per (P) Y kWi (P) @, (12,) ™
m=1

rae ¢, (4,) - MOAbI PaslIOKCHHS B OecKOHeUHbIH psAx mo cucreme ¢, (u,,x) GYHKIUH @, (x)=
=@, (x) mpu s=1 B (14).

Ecnu npusATh 31€CH k), N :1,_N, PaBHBIMH 3HAYCHUSM COOCTBEHHBIX (DYHKIHMII B HEKOTOpPOU
touke x° e [x0,%]:
28) k=0, (u,sx" ) n=1N,
To ipu N — 00 paBeHCTBO (27) mpuoOpeTaeT ciaeayIomuil BUa:
Weer(p) W (x5 p)

L 0" (", p).
1+ W (D)W (x°, p)

29) 0(',p)=
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3nech
30) WO, p) =S, (0) @, (14,) 9, (14,5 x°)
n=l

€CTh TepefaToyHast QyHKIHMS OT COCPEIOTOYCHHOTO YIPABICHUS Ey( P) K BBIXOIY OOBEKTa B TOUKE

x=x" [4], MPECTABISIIONIETO COO0M B TAKOM Cllydae pacipeieieHHbli x-05ok [2-4].

IIpn W;EF (p)>>1 B cuiy (29) ¢ TpeOyeMoii TOUHOCTBIO BBIIOJHACTCSI PABEHCTBO

B 0G°,p=0"(",p).

H, CIICIOBATEIIbHO, Ha BRIXOAE CUCTEMBI C MIOTPELIHOCTHIO, ONPEeNsieMOil BHIOOPOM KOHEYHOTO YHCiia
N u mapametpoB peryastopa Wpy-(p) yCTaHaBIMBACTCS 3aMaHHOE 3HAUEHHE (YHKIHMH COCTOSHHS
OPII B BEIGpanHO# Touke x = x° .

HpI/I 9TOM HNPOCTPAHCTBCHHOC PpaCHpCACICHUC BbIXOdad OPI1 OJJHO3HA4YHO (bHKCPIpyeTCH €ro
CBOICTBaMH HE3aBHUCHMO OT YHOpaBJIAOIUX BO3,HCI7[CTBPII7[ peryiaAaTropa, coriacHO COOTHOIICHUIO

W (x, p)

~ 0
mQ(X D).

(32) O(x,p)=

kv ~ *
B wactHOM cityyae JIOKanbHOTO XapaKrepa BO3ACHCTBIS U, (p) B TOUKe X € [xo,x;] pacmpene-

neHue @, (x) npencTasisieT coboi NepefaTouHy o (YHKIHIO IEPEXOHOrO X-611oKa [2-4]:
(33) 9, ()= () S =)+ Yo (W) (x =), Y’ +y73 > 0.

* *
3nece O(x—x;) U 8'(x—x;) — NPOCTPAHCTBEHHAs AebTa-(QYHKLHS, COCPEIOTOYCHHAs B TOYKE

*
X =X, WU eec mepBas IPOU3BOAHAS, a ¥, (x) U W¥,(X) — MHOXHTEIH, ONpeieliieMble KOHKPETHBIM Xa-

paKkTepoM KpaeBOM 3aJayM, OIMCHIBAIOIICH MOBeNeHHE 00BEKTa, 1 MECTOM IPHUIIOKEHHUS JIOKAITBHOTO
BO37eHCTBUA [4].

* o v
Ecmm X COBHAAACT C OAHOM M3 I'PAHUYHBIX TOYCK X, HJIH X; IIPOCTPAHCTBCHHOU O6J'IaCTI/I, 3a-

HUMaeMOi 0OBEKTOM, TO MBI ITOJy4acM HauOoJIee MMPOCTO PEATN3YEMYIO CUCTEMY ePAHUUHO2O YNpPA6-
nenus. B aToM cityuae Juid TUIIMYHOTO BapHaHTa | = const, ¥, =0 [4] Oyznem umets B (27)

(34) ay(#n):‘/’1(0;1(#,19751*)”(3‘T)~

Uucno N peryiaupyemblx MOJ U apaMeTphl PeryJssTopa W}:EF (p) TpHU JOKATBLHOM COCPENOTO-

YEHHOM BO3/ICHCTBUM MOTYT OBITh MPEABAPUTEIHHO HAWICHBI, UCXO U3 TPeOyeMOi TOYHOCTH IO~
nep>kanus 3aganHoro cocrostuust OPIT (Hanpumep, B ycraHoBuBIIeMcs: pexnume padbotel CAY) ¢ yye-
TOM BO3JIEUCTBUS BOSMYILEHHUI U HA HEPETYJIUPYEMBIE MOABIL.

[epenatounast GpyHKIMS pa30OMKHYTOH CHCTEMBI B COOTBETCTBHMH C BbIpaskeHHEM (27) IpH BBI-
6ope k, , corsacHo (28), 3aIMCBIBAETCS B BUJIE

. N
B3) Wy (P) =Wy (P) Z Wi ()P bt ) (1" -

*
Ecnu nipu rpaHUYHOM yTIpaBIeHUH B ycloBUAX (34) mpUHATH 311eCh x0 = X; , TO TIepeAaToOqHast

¢byHnxuus (35) uMeeT 3aBeA0MO I0JI0XKUTENbHbIE KO3 duuuenTs! npu Beex W, (p) :
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* N * *
(36) W (D) = Wpir (D) X W10 (D) P (fyy 551 )7 (X1 )

m=l1
B TakoMm ciyvae mis xapaktepHoro Bapuanta 4 =0 B (2) 3aBeIOMO 00eCIICUNBACTCS YCTOWYH-
BOCTh 3aMKHYTOH CHCTEMBI PH JIF000M K0d(D(DHUIHECHTE TTepenadn k;EF MIPOMIOPIIMOHAIFHOTO Pery-
JATOpa W;EF (p)= k;EF :
[lo maHHBIM TepenaToYHBIM (QYHKLIUSIM C IIOMOLIBIO TUIIOBBIX YAaCTOTHBIX METOJIOB MOYKHO
OKOHYATEJIBHO BBIOpATh PErylsiTop W;EF (p) , obecrieunBarOIIMii KeaaeMblil 3arac yCTOWYMBOCTH U

HEOOXOMMbIE TIOKA3aTeNn KaueCTBa MePEXO0/IHbIX MPOLECCOB Ui BCEX YIPABJISEMbIX MOA. Y CTOWYH-
BOCTh BCEH CHCTEMBI B IEJIOM, KaK U ISl PAaCHpeACTICHHBIX YIPaBJICHUH, 00ECTIEINMBACTCS TONBKO B
Clly4ae YCTOWYMBOCTH PA30MKHYTBIX KOHTYPOB PETYJIMPOBAHUS BCEX OCTAIBHBIX MOJ O0BEKTA.

3. AJropuTMBI H CHCTEMbI YIPAaBJIeHHs pacipeleleHHbIMH 00beKTaMu
CJIOKHOM CTPYKTYpPbI

[peanonoxum, yro nepenatounast GyHkuuss OPII noctaTodyHO CIIOXKHOHM CTPYKTYpBI, OIHCHI-
BaeMOro B OOIIEM cCllydae HEKOTOPOHW CHUCTEMOI JMHEHHBIX YpaBHEHHWH B YaCTHBIX IMPOM3BOIHBIX
[1, 2, 4], npencraBuma B mos1o0HOi (1) hopme pa3noskeHns B CXOIAIIUICS B OECKOHEUHBIN PSA:

G W& p) = S (P)6r (1) 6, () F(E),
n=1

rue W,,(p) omimyarores, BOOOLIE roBOpsi, OT mepeaatodnsix Gpyukumii (2), a @,(x), n=1,2, — He-
KOTOPOE CEMEHCTBO OPTOrOHAJIBHBIX M OPTOHOPMHPOBAHHBIX C BecoM 7(x) Ha oTpeske [xg,x]

GYHKIUH, He 00513amenbHO CO8Nadauux ¢ coocmeeHnbiMu QyHkyuimu oovexma. Ecim Takoe omm-
canue cioxHoro OPII Haiineno, To 3a1aua CHHTE3a pacipeeiIeHHOro perystopa suaa (4)

N .
(38)  Wper(x,&,p) = Zlen(p)@n () 9,(£) 7()

n=
pelIaeTcs mo cxeme, IpeIyIoKEHHOH B I1. 1, MOCKOIBKY BCE TOTYYCHHBIC BBIIIE B I1. 1 BHIBOJIBI HCTIOJH-
3yI0T IPUMEHUTENBHO K COOCTBEHHBIM (DYHKUUAM @, (L4,,X) TOIBKO CBOMCTBO UX OPTOrOHAJILHOCTH
¥ OPTOHOPMUPOBAHHOCTH, COXPAHAIOIIEECS YIS CEMENCTBA @, (X), U 3TH BHIBOJIBI HE 32BUCAT OT KOH-
kperHoro Buga W, (p). B utore, CAY o6wexramu (37) OIATh CTPOUTCS IO CXEMaM PUCYHKOB 1-3
KaK COBOKYITHOCTb N HE3aBHCUMBIX KOHTYpPOB yTIPABIICHHS 3BEHBIMHU Vf’ln (p) c momoIuIbI0 aBTOHOM-
HBIX PEryJIATOPOB Vf’z (D) n= 1,_N , €CIIH TIPEJIIOI0KHUTE, YTO (DYHKIIUS COCTOSTHUS 00bEKTa Q(x, p)

~ %
(BrTrOUas 3amaHHyto BennauHy O (X, p) ) MOXKeT OBITh MPEACTABIICHA €€ PA3JIOKEHIEM B OECKOHEU-

HBIH psig 110 cucteMe @, (x) , aHanorudso (9)-(11):

n=l1

(39)  Op)= 30,03, Op(p)= [ O(x: p) G (x)r(x)dx ,

0

1 oJ00HBIM 00pa3oM OyZieM UMeTh AJI BXOJHOTO CTaHAAPTU3UPYIOIIETO BO3ACHCTBUSA

(40)  W(&,p)= iﬁn(p)@n((;); W, (p)= flﬁ(f,p)@n(f)r(é)dé-
n=l X

0
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AmnanornysaeiM myteMm Ha moaenu OPII Buaa (37) pacnpocTpaHsioTCs pe3ynbTaThl, MOTyYCHHBIC
B 1. 2. Takum o0Opa3zom, npoOiiemMa CBOJMTCSI K IMPEACTABICHUIO MEPeNaToOYHOl (YHKIHH 00beKTa
CJIO’KHOHM CTPYKTYpPBI B «TUTIOBOW» (hopme (37).

Ecnu teneps W(x,<&, p) 3anucsiBaetcsi B hopme (37), To, oneparys MpocTpaHCTBEHHOW KOMIIO-

3ULIMHK JUIsE BXOA-BbIXoAHOTO cooTHoweHust OPII [2-4] npuBoautcs K BULY:

@) O p) = [W(xés pYTE pYAE =3 Fn (0) Ty (2) (1)

o n=l1

CpasnauBas (39) u (41), HaxonuMm coBmanaromee ¢ xapakrepuctukamu tumoBoro OPII (pucy-
HOK 2) COOTHOILICHHUE!

@2) 0, (») =W, (D)W, (P)s 1 =125,

coriacHo Kotopomy W, (p) mpezncraBiasieT coO00i nepenaTouHyto GpyHKIuo

3) (=22 1,
w,(p)
IO 72-bIM cocTaBysromuM psiioB (39) u (40).
CornacHo TPHHIMIY CYNEPIO3UIUK Ul JIMHEHHBIX OOBEKTOB, KaXIas W3 COCTAaBISFOIINX

én (p) @, (x) psana (39) omuceiBaercs perneHneM ypasueruit OPIT kak peakiysi Ha COOTBETCTBYIOLIEE

cnaraemoe W, (p)®,(&) BxomHoro Bosneictsust (40) B cuity paBenctBa (43). Takue peleHus: npu
COOTBETCTBYIOIIEM BBIGOpE ceMelcTBa @, (X), KAk [PABUIIO, MOTYT ObITh HAHCHBI H3BECTHBIMH Me-

tonamu [2-4, 9]. Toraa mo HUM HaxOASTCS NepenaroyHble PyHKUUU (47), U, B COOTBETCTBHUHU C COOT-
HoureHusiMHU (39)-(42), 0OBEKT B LIEJIOM OKa3bIBAETCsI MpecTaBUMbIM B (hopme (37) IpH BBITOJIHEHUH
yKa3aHHBIX BBIIIE MPAKTUYECKH MaJOCTECHUTEIbHBIX JOMYyIIEeHUH. B Ooiee CIOXKHBIX CHTYaIUsX C
MIPOCTPaHCTBEHHO-MHOTOMEPHBIM BBIXOZOM OOBEKTa ONHMCAHHBIH Mojaxon K cuHTesy CAY moxer
OBITH peanu3oBaH myTeM npeacrasinenus W(x,&, p), Weer(x, &, p), O(x, p) n w(&, p) B dopme ux

Pa3JI0KCHUH B KPATHBIC PSIBI IO COOTBETCTBYIOIIUM CUCTEMaM OPTOTOHAIBHBIX (DYHKIIUH.

K anamornyHsIM pe3ysibTaTaM MPUBOJIUT METOJI MPOCTPAHCTBEHHO-YACTOTHON JEKOMITO3ULIUU
npu cunre3e CAY temrnepaTypHbIM MOJIEM B MHOTOCIIOMHON Cpejie, OMMChIBAEMbIM CUCTEMON ypaB-
HeHu# TemtonpoBoaHocTH [10].
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Abstract

B pabote obcyxnaercs HCHONB30BAaHUE HEKOTOPHIX 3(QEKTUBHBIX METOJOB YIPAaBICHUS IS
peleHus npo6eM, KOTOpble MOTYT BO3HHKHYTh B MEXIYHApPOAHBIX TEXHHYECKHX IPOEKTaX.
CHavana OMMCHIBAIOTCS MPOOJIEMBI, 3aTEM HCCIEAYETCs PSA BO3MOXKHBIX JEHCTBUH 1O UX pellle-
Huo. Co3faeTcs TMIOTeTHYeCKast MPOeKTHAs MOAENb «KaK ecTb». Ha mpoekTHyro cucremy Ha-
TIPABJISICTCS BIMSHIE YETHIPEX Pa3INYHBIX (JaKTOPOB M aHATU3HPYETCS PEaKIUsi CUCTEMBI Ha 3TH
Bo3eticTBrs. OIEHUBAIOTCS CHIIBHBIE U CI1a0ble CTOPOHBI IIPOM3BEACHHBIX H3MEHEHUH ¢ HCHOINb-
30BaHueM aHanuTHyeckoro Metona SWOT. IlpemioskeHa peopraHu3anus OU3HEC-TPOLECCOB C
KCIIOJIb30BaHUEM DPE3yJIbTaTOB, MOMY4YeHHBIX Ipu nomou SWOT-ananu3a, U co3aHa MOJeEINb
«KaK JIOJDKHO OBITBHY.

Introduction

A hypothetical international engineering project is taken into consideration [1]. The project has a
complex organization structure and contains multilevel management systems that include:
Owner’s engineering coordination and project ownership office
Project management office including a central project engineering management
Local engineering and project management offices
Design institutes and engineering companies offices
Construction contractors offices and on-site field support
Construction subcontractors offices and contractor engineering support
Local, regional and national governmental regulation (certification) offices
These organizations are geographically dispersed and can often be located in different countries
and separated by great distances. Making the situation even more complex is the fact that all partici-
pants involved in the project have their own hierarchical organizational structures. Therefore, col-
laboration in mutual engineering and construction processes is refracted via prism of management
structures within each organization. As a result, there is the potential for a number of issues that can
affect the project execution. In order not to be too lengthy, this paper discusses only a few of these
issues that can impact a project, as shown in Section 2. Yet this approach should convey some very
important ideas. The initial state of the project is fixed in the AS IS model. A sensitivity analysis of
the AS IS model allows understanding system reactions to the introduction of different technological
and organizational impacts (changes) that need to be managed. This sensitivity analysis creates a basis
for application of BPR and the creation of a TO BE model. Discipline specialization, creation of inde-
pendent engineering teams (holons [2]) is an effective way for project efficiency improvement. Inte-
grated multidisciplinary models, integrated databases and concurrent engineering form a basis for ef-
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fective engineering execution. Concurrent engineering is the earliest possible simultaneous work of
experts from various disciplines using set of multidisciplinary physical models, in order to achieve
high quality, functionality and manufacturability in the shortest time, for a minimum cost. Concurrent
engineering is primarily an expression of the desire to increase the competitiveness by decreasing the
product lead-time, while improving quality and cost.

Decentralization of decision-making happens as a result of introducing these techniques.
A corporate information system (CIS) based on the process approach to management [3] has to be
designed for the project in accordance with all of these project execution characteristics. These topics
are developed within the body of this paper and a conclusion is made at the end. So, here is a closer
look at these issues.

1 Problem description and goal of this paper

The issues for the hypothetical project are as follows:

e Dissociation, sluggishness and doubling of functions in hierarchical structures and among partici-
pants lead to inefficiency, time increase and cost.

e  Production at the lower levels of the hierarchies depends upon the pertinent department heads
(managers) and form “castes” that establish information channels from one function to another
and religiously blockade all unsanctioned communication or data exchange. The data in such
situations is transferring via interdepartmental paths, which contain barriers and fences, and ex-
perience further obstacles on higher levels. These barriers from one department to another and
from one level to another are inefficient and thus increase time and costs.

e Interaction with governmental structures in different countries is a complicated problem that is
often better known to the managers of local engineering and construction companies. These man-
agers together with local governmental authorities can form another “caste” that may pursue their
own goals that are different from project’s ones.

e Communications and data exchange is very complicated in such projects. When engineers and
technical specialists from different departments, from different companies, from different coun-
tries and from different cultures are cooperating in design and construction of one system or ob-
ject, effective data exchange information system is vital.

Engineering in the AS IS model leads to many design errors that have to be corrected at the con-
struction stage, because unfortunately they have not been recognized until this stage. The cost-time
diagram, Figure 1, shows this.

3,00
2,50 +
2,00 +
1,50 +
1,00 +
0,50 +
0,00 1 1 ‘ ‘ 1 1 1 1

— Engineering (AS IS)
= Correction (AS IS)

Cost

Time

Figure 1 — Relative cost-time relationship for AS IS mode
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In this example, detailed engineering works are finished after five months; construction begins after on
four months. However, in the AS IS model, engineering works were continued during a project cor-
rection period and many discrepancies in engineering are discovered during construction. The cost of
correcting such discrepancies is very high due to the mobilization of expensive construction resources,
experience rework and delays awaiting resolution of engineering issues.

This paper seeks to analyze the issues described, and to offer a process (BPR) for determining
needed changes and the steps to achieving implementation of BPR. Likewise, the process used to ac-
complish this can be posed as an introduction of a process approach to international engineering man-
agement practice. Also, this process will allow the solutions of problems such as those mentioned
above and will thus increase the efficiency of international engineering project execution.

To achieve this goal, we have to solve the following tasks:

e Accomplish a sensitivity analysis of the AS IS model for the changes that will occur after intro-
duction of new technologies and methods into the project execution.

e Implement the re-engineering of business-processes (BPR) to achieve the best practice and to
creation the TO BE model.

e  Make conclusions of the findings and plan further activities.

2 Sensitivity analysis of AS IS model

The AS IS model is created to describe a hypothetical model with potentially realistic situations
that can occur within international engineering projects. The model is created with realistic situations
so that a useful analysis can be done. Let us fix the situation like it was described in the introduction
and provide several possible technological impacts to this state. The reaction to the impacts is the sub-
ject of our analysis. The following impacts will be presented: (1) introduction of extranet into man-
agement practice, (2) utilizing concurrent engineering methods and practice and integrated project
execution (3) flattening of organizational structure (4) decentralization of decision-making within
framework of project goals and overall criteria established by owners, creditors and top project man-
agement.

2.1 Impact of extranet being used by management

A project web site is set up and organized with extranet standards, creating a good means for ef-
fective data exchange such as project goals, scopes definitions, drawings, specifications, standards,
design basis, project execution plan, organization charts, announcements, online meetings, videocon-
ferences, schedules, budgets, progress reports and more. This technique allows putting into practice
virtual (distributed via the internet) engineering and combining geographically dispersed offices into
one virtual office. This approach gives an opportunity for the orchestration and coordination of the
various engineering discipline teams that work in different offices. This “virtual office” operates al-
most as a real “face-to-face” office, yet enables people from different geographical locations to work
together. The strong and weak sides of this approach, opportunities and threats are presented in ta-
ble 1.

Table 1 — SWOT table for introduction of the extranet:

Strong points: Direct links to project data, fast Weak points: Possible complex structure of
access to the changes made in other disciplines, access authority, need for org chart flattening
possibility to communicate directly with all par- and decentralization of decision-making
ticipants from the various disciplines, seeing process, reluctance by individuals to partici-
many things in writing without chance of misin- pate and communicate via internet can slow
terpretations via conversations yet allowing con- | progress, possibility of playing political
ferences and discussions when appropriate games and throwing responsibilities “over the
fence” to someone else
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Opportunities: Reduction in cost of expatriots Threats: Possibility of control lost due to di-
living in-country where work may be taking place | rect horizontal links, technical malfunctions

at offshore engineering offices, wider participa- can disrupt progress, vulnerability to in-
tion of quality due to eliminating inconveniences | country governments that may control inter-
of extended travel and being away from home, net and telecommunication links

reduction of travel costs

2.2 Impact of using an integrated design model of facilities - drawings and engineering “Deliver-

ables”

Authors stressed in Globalization Problems in International Engineering Project Management,
Engineering and Management Journal, Kazakhstan, 2002 [1] that in order to work globally, it is very
important to have an integrated model. It’s obvious that effective management needs reliable informa-
tion about the current state of a project. For geographically dispersed projects, where many managerial
groups, design institutes, engineering companies, vendors, construction contractors and subcontractors
take part, an integrated project model has to be created combining the total scope of the project and all
known project design considerations. It should encompass all considerations such as geographical,
environmental, governments, logistics, communication, process, power supply, owners, developers,
commercial, engineering disciplines, main equipment (mechanical, electrical, control systems, tele-
communications, architectural), land requirements, socio-political, socio-economic, cost, contracting
plan, project organization structure, coordination procedures, work process diagrams, and more. Much
of the technical portion can be defined in a design basis, which can be a significant portion of the
model, itself. And, the model should become a “working document” in that as the project progress, the
model evolves and becomes more perfect. The drawings and technical documents needed for permit-
ting and construction certainly move toward a detailed and final state. (Note that the discussion of a
model or any of the main topics mentioned in this paper could be a part of an entirely separate presen-
tation, so this discussion is abbreviated.)

Such a model has to appear at earliest design stage and be developed with the project staff and
cover through commissioning, start-up and turnover. An integrated model and an integrated database
provide a united vision of the designed facilities and allow working in parallel within the various pro-
ject groups and sub-groups. All project participants can make their own input and have access to in-
puts made by others.

One thing that is taking place within the model is that all project participants are working within
consistent parameters of document format and software, so that as drawings and technical documents
develop, there is a “one project” look to the project. But this is not just an appearance. It is a consis-
tency that translates into clear communication and understanding. It also makes the “deliverables”
more user friendly and thus more effectively useful, thus improving construction and other usage effi-
ciency. This translates into lower overall project cost.

Today, there exists all the means needed for creation of integrated models, and implementation
yields the possibility of having quick and effective access to databases and shared information.

Table 2 — SWOT table for the introduction of an integrated model:

Strong points: Clear understanding of overall project, | Weak points: Complex structure of the
momentary check of new impacts from one discipline | model, need accurate project profile of
by other disciplines, direct links to project data by all | standards definition, need for access
participants, fast access to the changes made in other | authority, access needs to have an effec-
disciplines, confirmed sharing of knowledge tive definition for all participants, need
for the flattening of the organization
structure and allowance for all to use the
model, need to have management of the
model
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Opportunities: Reduction in cost of interdisciplinary
coordination, overall project schedule reduction, pro-
ject quality improvement, clarity and proof of engi-
neering progress

Threats: Possibility of departmental
concerns for loss of control due to direct
horizontal links in some of the engineer-
ing organizations

2.3 Impact of flattening the organizational structure

In general, flattening of organizational structure leads to a reduction in the direct and even the
indirect cost of management. To increase efficiency of management, efficient methods and work
processes have to be implemented, for example those mentioned in subsections 2.1 and 2.2 above.
Not only methods such as these are good, but also the hierarchical management system has to be
formed as a holistic one [4]. To help achieve this, holons can be created which are self-organized, self-
sufficient groups of specialists that can solve posed problems. All needed authority and responsibility
have to be delegated to these groups. As long as project groups stay within project design bases and
guidelines, decision-making processes can be decentralized in the project and the solution of only stra-
tegic problems could be left for centralized management. To put this into practice, BPR has to be im-
plemented and an up-to-date computer system with united and integrated information has to be ap-
plied. In other words, the implementation of this change, can be done if extranet usage and project
modeling is done as described in subsections 2.1 and 2.2 of this paper. One last consideration for flat-
tening or decreasing the levels of management within the project organization is that sound, skilled
and experienced people should be chosen within the project management and engineering organiza-
tion. Ultimately, the project will only be as successful as the people within the project organization.
Skill and experience can often make up for deficiencies elsewhere, but this is not to diminish the need
for good project methods and work processes.

Table 3 — SWOT table for the impact of flattening the organizational structure:

Strong points: Distribution of the discipline tasks be-
tween the most effective discipline teams, organizing
the work process on the basis of supply / demand, high
professional solutions reached

Weak points: The need for and increase
in interdisciplinary communication, the
need for special technology (extranet,
integrated model, integrated database) to

be implemented

Threats: Risk of control loss due to ab-
sence of hierarchy in management struc-
ture

Opportunities: Reduction in cost of decision-making,
reduction in overall schedule due to quicker decision-
making, reduction in cost of project management per-
sonnel

2.4 Impact of decentralization of decision-making

The AS IS model performs decision-making in a central engineering and project management of-
fice, which segregated geographically from the offices where the detailed engineering is actually tak-
ing place. On a global project, these detailed engineering offices are often dispersed across cities, re-
gions and even countries. In many cases, these dispersed engineering offices are capable of solving
engineering and technical problems, but are not empowered to do so and such is the case in the AS IS
model. These dispersed engineering offices and institutes are also comprised of multi-disciplines and
specialists that are experienced in making significant decisions as well. Almost all engineering solu-
tions involve or impact other disciplines, which is the nature of integrated design. These engineering
and technical organizations, though set apart from a group of managers at a central decision-making
office, have the resources to grasp the issues, understand the problem, offer viable solutions, and im-
plement the needed actions. The SWOT analysis shown below considers the possibility of decision-
making process being decentralized and authority delegated from a central engineering office to the
appropriate engineering teams best equipped to resolve the pertinent problems.
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Table 4 — SWOT table for the impact of decentralized decision-making:

Strong points: Distribution of the decision-making Weak points: The need for an increases
processes between the most effective discipline teams, | efficiency in interdisciplinary communi-
greater selection of resources for matching the problem | cation - special technology may be re-

with experienced specialists quired for communication and coordina-
tion (extranet, integrated model, inte-
grated database)

Opportunities: Reduction in cost of decision-making, Threats: Risk of loss of control by over-

reduction in overall schedule, possible quality im- all project management due to delega-

provement, stronger team-building and “ownership” of | tion of decision-making away from cen-

engineering and design decisions and activities tral office

2.5 Summary of sensitivity analysis results
The SWOT analysis of the AS IS model reaction to the impacts described above leads to the fol-

lowing conclusions: There are possibilities to increase efficiency of business (work) processes in pro-
ject management and project execution. To realize the potential impact, BPR is needed for develop-
ment and implementation of an effective TO BE model.

3 Re-engineering of business-processes and TO BE model creation

The goal of business-process re-engineering (BPR) is to fundamentally change the way the or-

ganization operates. Information technology shouldn’t be “changed for change’s sake” or rationale for
deploying different software tools. It has to be revolution through evolution and improve the company
global business in a variety of ways, including the following:

Customer responsiveness - We have to stay as close to customer as possible. Many globalization
obstacles have to be overcome to do this.

Faster time to market - The race belongs to the swift. By eliminating needless or redundant proc-
esses, using extranet tools for engineering, a company can streamline the operations to bring
products and services to market faster than before. Therefore, in general, projects must be com-
pleted as fast as possible.

Building barriers to competitive entry - Integrated models and databases provide innovative
means to stay close to the global customers and create effective deterrents to competition.
Enhanced innovation - Improvements in operations offer the potential to enable organizations to
innovate in new ways quickly and continuously.

There are numerous approaches to BPR. One of the potential techniques is presented below and

it includes six stages as follows:

1)
2)

3)

4)

Build Awareness - A situational assessment and problem statement have to be done, related to
operational performance, customers, employees, competitors, industry and market trends.

Create an AS IS model - Find and observe the flawed, sub-optimal, non-value-added processes
that are stifling desired results. “What needs to be changed” needs to be defined.

Envision alternate approaches - Once the problem has been diagnosed, a BPR team should ar-
ticulate a new strategic direction for processes and associated measurements as well as evaluate
new business alternatives. Costs of BPR have to be estimated. Benefits like organization affected
(customers, development, services), type of benefit (cost reduction, increased revenue), timing of
benefit (immediate, first year, future) have to be estimated too.

Redesign the business process - An overview of solutions must be made as well as a vision
statement and estimation of goals. A TO BE model has to be created. Solution details have to be
defined like changes to the organization (people, culture, and training), changes to the work
processes, changes to support systems, changes for computer applications, etc. Also, the solution
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alternatives (even the do nothing scenario) have to be analyzed. Critical assumptions and risk as-

sessments have to be done as well as a SWOT analysis or some other analysis technique.

5) Implement the TO BE model - This stage involves not only the new processes in a new man-
agement and Information Technology (IT) infrastructure, but also training and adoption as well.
Both IT and management change implementation should be done in parallel, following a joint
plan.

6) Re-evaluate new potential - Tuning new processes, and continuously building the organizational
learning into business processes is a key stage of the BPR life cycle.

One of the key elements of BPR is the development and implementation of information systems.
Some of the main ideas used in corporate information systems are developed using the process ap-
proach to business management. The authors have presented such ideas in a previous paper (see refer-
ence [2]). Reduction in project engineering costs will come as a result of BPR and the implementation
of a Corporate Information System (CIS) containing an integrated database. This relationship of costs
(and costs reduction between AS IS and TO BE models) is depicted in Figure 2 below. The curve
represents the expected monthly cost of engineering. Note that for illustration purposes there are no
units on “Cost” and “Time” but the idea is that implementation of BPR as mentioned in this paper will
reduce the engineering cost of the project not only during the normal detailed “Engineering” stage, but
also in at period which follows when “Correction” is made to account for mistakes, oversights and
poor engineering quality. This “Correction” occurs during the construction period and only shows the
engineering costs. The impact upon construction and procurement costs are much greater, but not
within the scope of this discussion. To further clarify, the “Correction” shown in the chart is referring
to activities such as correcting during the construction stage for inadequate engineering and design. It
can be viewed as a time period when the project is under construction and either the engineering was
adequate and the engineering cost was as expected as in the TO BE model, or the engineering and
design was found to be lacking and the engineering cost increased during the construction (“Correc-
tion”) stage.
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Figure 2 — Cost-Time curve after BPR

In general, the reason that there are significant cost reductions in the TO BE model is that there
is higher quality project engineering and design due to implementation of concurrent engineering
which utilized an effective extranet usage, an integrated design of facilities, a flattened organization
structure, decentralization of decision-making, and a CIS for more effective management.
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1)
2)
3)

4)
5)

Conclusion

Problems that arise during international project development are highlighted.

An AS IS model is created and “fixed” for a sensitivity analysis.

Four impacts (changes) are applied separately to the AS IS model and reactions to these impacts
are described.

A SWOT analysis is presented for each Impact (change).

A BPR technique is proposed to achieve strong points revealed in SWOT analyses and to de-
velop a TO BE model.

Authors plan to develop results into methods for international project management.
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Abstract
Self-development, self-regulation and purposefulness models mechanisms, which information co-
operation is defined by complex open systems evolution strategy are considered.

BBenenne

ITporecchl 3BOMIONMYU B CIOKHBIX, OTKPBITHIX CHCTEMaX 00YCIaBIMBAIOT UX Pa3BUTHE, IOBHIIIIE-
HHE pa3Ho0Opa3us MOBEACHNUs, 00pa30BaHUE HOBBIX CTPYKTYD, yJIydIlICHHE KauecTBa (pyHKIIMOHUPO-
BaHus. OHM 00ecTieunBarOT aanTal{io0 CYIIECTBOBAHHS CUCTEM BO BHEIIHEH, U3MEHSIOILEHCS cpejie.
[Tpomecchl IBOMIOIMHN SIBIISFOTCS PE3YJITATOM HH(POPMAIMOHHOTO B3aUMO/ICHCTBUS TPEX CUCTEMHBIX
MEXaHM3MOB Pa3BUTHSL: 1I€JICHANPABIICHUS, CAMOPETYJIMPOBAHUS I CAMOPa3BHUTHSL.

Lenenanpasienne peanu3yercsi BHEIIHMM BO3JCHCTBHEM, OOECHECUMBAIOIIMM H3MEHEHHE CO-
CTOSTHMSI CHICTEMBI B JKEJIaeMOM HAIpaBJICHUH pa3BUTHS. MeXaHN3M CaMOpPEryJIMpOBaHUs oOecredn-
BaeT yCTOHYMBOCTH, CTAOMIBHOCTD (DYHKIIMOHMPOBAHMSI CHCTEMBI HA OCHOBE OTPHLIATEIBHON 00pat-
HOH CB#3M, BeIpaOaThIBarONICii BHYTPEHHHE YIPABIISIOIINE BO3ACHCTBHUS, YMECHBIIAIOMINE OTKIOHCHUS
OT JKeJIaeMOT0 HAIPaBJICHUS Pa3BUTHS M KOMIICHCHUPYIOIIUE BIMSHUE BCEBO3MOYKHBIX ITOMEX M BO3-
MytmeHnid. CaMopa3BUTHE 00yCIIaBIMBACTCS MEXaHI3MOM TOJIOKHUTEIBHON 00paTHOI CBsI3M, BRIpada-
TBIBAIOLIMM LIEJIH, ONpPEAe/IieMble BHYTPEHHUMH, CTPYKTYPHBIMH M (DYHKIMOHAIBHBIMH XapaKTepH-
CTHKaMU cucTeMbl. [Ipu 3TOM BHYTpEeHHHE LIeJIH CUCTEMBI, KaK MPaBHJIO, HHBIC, YeM BHEIIHHUE IIeNH,
(bopMHUpyeMBble MEXaHM3MOM LIEJICHAIIPABICHHOTO Pa3BUTHSL.

[Tpn He3aBHCMMOM, aBTOHOMHOM JICWCTBUU KaXIIbIi MEXaHMU3M YIPaBICHUS UTPAET NPUHLIUIIH-
aJIBHO Pa3IMYHYI0 PoJib B (PyHKIMOHMpOBaHHUHU cucTeM. L{eneHanpasienue onpeaeseT reHepalibHyIo,
CTPaTEern4ecKylo HaIllPaBICHHOCTh Pa3BUTHUS CHCTEMbl. MeXaHH3M CaMOpPEryJMpOBaHUs CTAOWMIN3HU-
pyeT noBesieHHe, oOeclieunBaeT afanTalio K M3MEHEHUSIM, YMEHBIIAET MHOT00Opa3ue COCTOSIHUI
CHCTEM, IPUBOAUT K Pa3pylLICHHIO, A€30pTaHU3ALNH CTPYKTYp. MeXaHU3M caMOpa3BUTHS IIPHUBOIUT K
pocty MHOT00Opasus, K 00pa30BaHUIO M OPTAaHWU3ALUH HOBBIX CTPYKTYD M CYIIECTBOBAaHHIO HEYCTOM-
YHBOCTH, KaK OOIIECHCTEMHOTO CBOMCTBA.

1 bazoBas MO€/Ib MEXAaHU3MOB 3BOJIOIIMOHHOTO Pa3BUTUSA

B kauecTBe npoTOTHIIA Pa3BUBAIOLLIEICS, SBOIIOLMOHHON CUCTEMBI, XapaKTEPU3YIOILEHCs B3au-
MOJEHCTBHEM TpPEX BBIMICHEPEUNCICHHBIX MEXaHU3MOB YIPABICHUS, PACCMOTPHUM 3KOHOMHYECKYIO
MaKpOCHUCTEMY C arperipOBaHHBIM KaHUTaJIbHBIM pecypcoM. ba3oByro Monesb AUHAMUKH 3KOHOMH-
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YEeCKOW CUCTEMBI 3allMIlIeM Ha OCHOBE OajiaHca (PMHAHCOBBIX MOTOKOB B JopMe MOANU(DHUIIUPOBAHHOTO
ypaBuenus Comnoy [1].

(1) Y+I=II+N,

rae Y — mpoayKIus, Ipou3BeAeHHAs CUCTeMO, / — BHEUTHHE (PHAHCOBOE BO3ACHCTBHE (BHEIIHUE
uHBECTHLIMH), [/ — TOTpeOseHHas mpoayKnusi, N— (pUHAHCOBBIE CPEACTBA, WAYIINE HA Pa3BUTHE
(BHyTpeHHHE UHBECTHUIIIH).

[TpousBenenHass npoAyKuus Y mpu cTaOWIIBHOM ypOBHE arperMpoOBaHHON TEXHOJOTHH MPOM3-
BOJICTBEHHO# JICATENILHOCTH OINpeJelisieTcsl IBYX()AaKTOPHOH MNpPOU3BOJICTBEHHOH (yHKIMeH Tuna
Ko66a-/Iyrnaca [2]

Q) Y(@)=4-K*()-IP@),

rae K(t) — ncrons3yemble KanmuTalibHBIE PECYpehbl, L(?) — TpyIOBBIE PECypchl, 3aJIeHiCTBOBAaHHBIC B
MIPOM3BO/ICTBEHHOH JIESTEIBHOCTH A, @, [ — napaMeTpbl MOJeTH (IIOCTOSIHHBIE), XapaKTepU3YIOIINe
3 PEKTUBHOCTH arpernpoBaHHOI TEXHOIOTHH, ¢ — BPEMSI.

[otpebnenne /7 B (1) monaraercst MpOMOPIMOHAIBHBIM ITPOU3BEICHHON MPOTYKIINU

(3) l=pY,

rie p — koadduimeHT notpedieHus.
CunTaercs, 4To BHYTPEHHHE MHBECTHIIMU N HUAYT HA BO30OHOBIICHHUE N3PACXOMOBAHHBIX Kalld-
TaJbHBIX PECYpPCOB M Ha yBeIWYeHHE KanuTana [1]

@ Kik-wN,
dt

rne a — koddduimeHT BEIOBITHS (PacX0I0BaHK) KarnTaja.
CoBokynHoCcTh cooTHouteHuid (1)+(4) cBoautcs k omHoMy AupdepeHInaTbLHOMY YPaBHEHHUIO
OTHOCHTENBHO KallUTaJIbHBIX pecypcos K(?)

(5) K'=(1-p)Al’K* —aK +1.

YpasHenue (5) sBisercst HeKoTopoit Monudukanmeit monenu Conoy [1], u omuceIBaeT BOJIIO-
LU0 YKOHOMHUYECKOW CHCTEMBI IPU B3aMMOJCHCTBHU BHEIIHETO BO3JECHCTBUS U BHYTPEHHUX MEXa-
HU3MOB CaMOOpTaHM3aniy. [lepBbI WieH mpaBoi 4acT ypaBHEeHHUS (5) XapakTepH3yeT MEXaHU3M
CaMOpPAa3BUTHSA, PEATH3YEMBIi TIOJI0KHUTEIEHON 00paTHOM CBA3BI0. BTOPOIf WiieH 0TBEYaEeT MEXaHU3MY
CaMOpEeTyJIHPOBaHMs, OOECIIEUNBAIONIEMY yCTOHYMBOCTDh (DYHKIIMOHHPOBAHUS CHCTEMbI Ha OCHOBE
OTPUIIATENEHOM 00paTHOU CBSA3U. TpeTHil WieH ONMIChIBAcT BHEIIHEE YIIPABIIAIONIEE BO3ICHCTBHE.

[Tonoxwm B (5), 9TO YUCICHHOCTD TPYAOBBIX pPecypcoB L(f) n3MeHseTCs HEeCYIIECTBEHHO 3a aHa-
JU3UPYEMBII ITepro BpeMeHH 7, M ee MOXKHO NMPHOIIKEHHO IMOJIOKUTH ITOCTOSTHHOM, paBHOM Cpe-
HEMY 3Ha4EHHIO

~ 1T
(6) L=—|L@t)dt.
gl

B sTOM ciydyae Moaens 3BOMIONMH SKOHOMHUYECKOH CHCTEMBI (5) 3amuIieM B CIEAyIOIIEeM BHUIE
OTHOCHUTENIBHO KalUTaJIbHOIO pecypca cuctemsl K

(7) K'=bK*-aK+1,

rne b=(1- p)AL?r.

Jagum ciexyrolnyio pacIIMPEeHHYI0 HHTEPIPETaLHio MOITy4YeHHOro ypaBHeHHs (7)., YUuThIBas
CUMMETPHYHOCTH (2) oTHOCUTENbHO K W L, paccykaas aHaJIOTHYHBIM 00pa3oM, MOJIYyYUM, YTO MTOBE-
JIEHHE APYroro — TPYAOBOTrO pecypca L(f) — omuchiBaeTCsl TakUM ke Kak (7) ypaBHeHHeM. B coot-
BETCTBUH C 3TUM OYyJIEeM CUUTaTh, YTO 3aBUCHMOCTH (2) MOXKHO TaKKe HMCIOJIB30BATh JUIS ONMCAHUS
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(bYHKIHOHUPOBAHHS PA3BUBAIOIICHCS, IBOJIOIMOHHON CHCTEMBI TIPH BO3ACHCTBUU MHBIX (PAaKTOPOB
(pecypcoB): TIPUPOIHO-CHIPHEBBIX, TOIUTHBHO-3HEPTETHUCCKNX, HH)OPMAIIHOHHBIX, HHHOBAIIMOHHBIX,
u apyrux. [TonoxuM jajiee, 4T0 COBOKYITHOCTh PECYPCOB IBOJIIOIMOHHON CHCTEMBI MOXHO HHTETPH-
POBaHO OXapaKTEPU30BaTh OJJHUM arperupoBaHHBIM 0000IIeHHBIM pecypcoM X. Ero BennunHa moiy-
YaeTcs IyTeM CBEPTHIBAHUS ONpPEEICHHBIM 00pa30oM 3HaYE€HHI OCHOBHBIX, 0a30BbIX (hakTopoB. IIpu
TAaKOW WHTEpHpeTanuu OyaeM CYHUTaTh, YTO ypaBHEHHE (7) MPHUTOAHO IS ONHMCAHUS JTUHAMHUKH
00001IeHHOTO pecypca X IBOTIOIMOHHON CHCTEMEL.

B COOTBETCTBHH C MPUBEIECHHBIMU PACCYXKICHUSIMU 3aruiieM ypaBHeHue (7) B CISIYIOIIEM BU-
e

(8) X' =bX“—aX+I.

[Hanee ypasuenue (8) Oynem cumrtarh 0a30BOH arpernpoBaHHON MOEIBIO, YCPEJHEHO OIMCHI-
BalOIIEH MpOLECCHl IBOMIOIMH B OTKPBITHIX, Pa3BUBAIOIINXCS CUCTEMax. XapaKTEpUCTUKH W Tapa-
MeTphI 6a30BOi Mozenn OyAeM MHTEPIIPETUPOBATH CICTYIONNM 00pa3oM.

Benmunny Y OymeM cuntaTh 000OIICHHOW KOOPAMHATON, MHTETPAIFHO XapaKTEPHU3YIOLIEH Co-
cTosiHUE (MMOTEHIMAaN) cucTeMbl. [Ipu 3ToM 3aBUCHUMOCTh Y OT 0000mIeHHO pecypca X OTBedaeT Io-
CTOSIHHOM OTHOCHTENBHOH (Jorapru(MUUYECKON) 4yBCTBUTEIBHOCTH COCTOSIHHS CHCTEMbBI K H3MEHe-
HUIO PECYPCHBIX BO3neHcTBHiE — a = X dY/Y dX = const . VI3 3T0TO ClEMyET, 4TO 00OOIIEHHBIE

KOOD/IMHATA U PECYPC CUCTEMBI CBS3aHBI 3JIEMEHTAPHBIM COOTHOmIEHMEM Y = BX%, rme B — mac-
mTabHBIN 1MoKa3arens. O4eBUIHO, JIETKO 3aIHcaTh YPaBHEHNE IBOIIONUH ISl KOOPIMHATH COCTOSHUS
Y, omHako oHO OoJee TPOMO3AKOE M MeHee yOoOHOe Ul aHallu3a, U B KadecTBe 0a30Boil Oynem wc-
MTOJTE30BaTh MOJIEIb (8).

Ilepsrrit wieH B mpaBoi dacTu (8) OMUCHIBACT MEXaHW3M (OPMUPOBAHHSI BHYTPCHHUX LENeH
cuctemsl. [lapameTp b ABisgercss 00OOIICHHBIM MOKA3aTeNeM, HHTETPAILHO XapaKTEPH3YIOLIUM HH-
TEHCUBHOCTb 00Opa30BaHUsI BHYTPEHHHUX LIEJIEBBIX YCTaHOBOK. Bropoii uinen (8) obecrieunBaer cTadu-
Jr3anuio mpoueccoB. OO00IIEHHBIN TapaMeTp ¢ XapaKTepUu3yeT WHTErpalibHbIe M3/IEPKKH Ha J00bI-
4y, puoOpeTeHue, npeodpa3oBaHue W MCIOIb30BaHUE BCEX BHJIOB PECYPCOB CHCTEMBI U OOBEIUHE-
HUe (arpernpoBaHue) UX B 0000IIEHHBIH pecypc X. [ — BHEUIHee LesIeHaIpaBIIsioniee BO3eHCTBHIE.
Bynem cumnrath, 4TO arpernpoBaHHbIE XapaKTEPUCTHKH CUCTEMBI X(7) 1 Y(?) sBISIOTCSA HAOIIO1aeMBbl-
MH B MOTYT OBITh KaKHM-THOO CIIocO00M m3MepeHEl. [1o dakTrmueckum 3HaueHusM X(?) u Y(t) nanee
MOTYT OBITh UICHTU(HULUPOBAHBI IAPAMETPHI MOJIETH ¢, d, b.

YpaBHenue (8) 3anmcaHo B HENPEPHIBHOM BpeMeHH. JlaHHbIe HAOMIOACHHH, KaK IPaBHJIO, CyIIe-
CTBYIOT JJIs1 HEKOTOPOH IOCJIE0BATEIbHOCTH MOMEHTOB BpeMeHH! (JIeT WM Apyrux eaunui). C yde-
TOM 3TOT'O OOCTOSTENHCTBA 3aITUIIIEM YpaBHEHHE (8) sl JUCKPETHOTO BPEMEHH f = 1l

9) X, =bX?-(a-1DX,+1=f(ab,],a,X,), n=0,1,2....

n+l T
rae f(e) - GyHKOMA MOCIEI0OBaHNSA, XapaKTEePHU3yomas 3aKOH JUCKPETHOTO N3MEHEHHS TOCIIe[0Ba-
TENBHBIX COCTOSTHHUH ABOJIOIMOHHON cucTeMbl. Jlamee Oymem cumTarh, 9to ypaBHeHusMH (8), (9)

MOJKHO OITUCATh MPOIIECCHI IBOIIONHUY HEKXUBOU M KUBOH MPHUPOIBI M OOIIECTBA B TEXHUUECKUX, IP-
TaTUYECKUX, CONMATBHO-IKOHOMHYECKUX M SKOJIOTHICCKUX Pa3BUBAIOIINXCS CHCTEMAX.

2 IIpouecchl IBOJIOLHMHU COTJIACOBAHHOTO PA3BUTHS

Hccnenyem BO3MOXKHBIE CTPATETHH JBOJIOLUOHHOTO PAa3BHTHUSI CUCTEM, ONMCHIBAEMBIX YpaBHE-
HusMH (8), (9), B 3aBUCUMOCTH OT WHTEHCUBHOCTH B3aUMOCHUCTBYIONINX MEXaHH3MOB CaMOPETYJIIH-
POBaHUs, CAMOPA3BUTHSI M IEJICHAPABICHHOTO BO3AeHCTBYs. Ha mepBod cTamuu M3y4uM CIICHAPHU
PABHOBECHOTO SBOJIIOIMOHUPOBAHUS TUHAMUYCCKAX CHCTEM M YCJIOBHUS UX CyIICCTBOBaHHS. PaBHO-
BECHBIC COCTOSHUS, KOTOPbIC 0003HAaUMM uepe3 X*, Y* | oTBeYaroT CTallMOHAPHBIM perneHusM (8), (9)
py ¢ (M 1) — .
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CrenoBaTenbHO, X * ABIAIOTCS KOPHAMH alreOpanyeckoro ypaBHEHUs

a
(10) aX* -bX -1=0.

Pemenus (10) onpenensitoT paBHOBECHBIE COCTOSHHS SBOJIIOIIMOHHBIX CHCTEM KaK (DYHKIIMU Xa-
PaKTEepUCTHK MEXaHHW3MOB CaMOPETYJIHPOBAaHUS g, CAMOPa3BUTHS « U b u neneHanpasienus I. [Ipu
M3BECTHBIX 3HAYCHUSIX MapaMeTpoB a, ¢, b, I Berumcienue Beandunbl X* no (10) Moxer ObITh TIpOBe-
JIEHO Pa3TUYHBIMU YHCICHHBIMH METOJAaMH. Y CIOBUS HAJIMYUS KOHCTPYKTHMBHO HMHTEPIIPETUPYEMBIX
pemennit (10) — BeIIeCTBEHHBIX, MOJIOKUTENBHBIX X* — ONPENeNsIoT YCIOBHS CYIECTBOBAaHHS PaB-
HOBECHBIX COCTOSIHUH IBOJIIOIMOHHBIX CUCTEM.

[To comepkaTerbHOMY CMBICITY BEIMYMHA JIOTapu(PMUYECKOW (DYHKLIUHM 4YyBCTBUTEILHOCTUH
SIBJISIETCSI TIOJIOKHUTENILHOM BEJIMYMHOW, MEHbILeH eAnHULbL. M eHTudukaus 3Ha4eHnid o B MHOTO-
YHCJICHHBIX KOHKPETHBIX CUTYAIMsIX MOKa3bIBACT, YTO €€ 3HAUCHUS, KaK IPaBUIIO, JISKAT B AUANIa30HE
0,3+0,8 [4], [S]. Hanee, mis mosy4eHus] Ka4eCTBEHHO 0003PUMBIX pelleHu nojoxum a=0,5. OTMe-
TUM, YTO IIPHU 3TOM CTPYKTYpHBIE CBOICTBa NPOLIECCOB IBOJIIOLMHM HEU3MEHHBI B JMAlla30HEe U3MEHe-
Hu# 3HadeHnid € (0,1).

[Monyyas B 9TOM ciydae aHanuTHdeckoe perrenue (10), Halinem, 4TO paBHOBECHBIE COCTOSHHUS
CHCTEMBI CYLIECTBYIOT B 00JIaCTH 3HaYEHHH TTapaMeTPOB:

b2
1) I>—.
(1D 4a

IIpu 5TOM BenmmunHa 00001IIEHHOTO pecypca X * paBHa:
(12) x" = %(bz +2al +byb? +4a1).
a

PaBHOBeCcHOE cocTOsTHEE CHCTEMBI Y * XapakTepu3yeTcst 0000IeHHOH (ha30BON IEpEMEHHOM:

(13) Y e (bip s dar ).
(b7t

2a(1-p)

Coortnomenus (12), (13) onpenessroT 0JHOTOYCUHBIC ATTPAKTOPHI, MPUTATHBAOIIUC (WU OT-
TaJKUBAIOIIUE) BPEMECHHBIC TPACKTOPUN JUHAMHYCCKIX CHCTEM.

[Ipoanamu3upyem XapakTep BONIONMOHUPOBAHUS CHCTEM B OKPECTHOCTH aTTpakropa (12). B
COOTBETCTBUU C (9) IMHAMHUKA TPOIECCOB OJHO3HAYHO OMPEACISICTCS CBOMCTBAMH (DYHKIHH TOCTIC-
noBanus f(a,c,b,1,X). B 3aBUCHMOCTH OT NIOBe/IeHHS f BBIJEIMM JBa KJlacca MPOLECCOB C pa3iny-

HBIMH CTPYKTYPHBIMH CBOMCTBaMHU.
* v
Ipu of / 0X >0 ¢yHkums nociegoBaHus ONpeEeIsieT TEHICHIUIO TPOTPECCHBHON BOJIONNH,

T.€. TIOCTOSTHHOTO pocTa 0a30BbIX MoKa3arenel GyHKIMOHMPOBaHUs CUCTeMBI X* u Y* Bo Bpemenu. B
9TOW 00JIaCTH BCE TPHU PA3IMYHBIX MEXaHU3Ma 3BOJIIOLNUU — CAMOPETYJIMPOBAHUS, CAMOPA3BUTHUS U
LieJICHANPaBJICHHs] — COTJIACOBAHBI, COATaHCUPOBAHBI MEXY COOOH, U B CHCTEME MPOTEKAIOT IIIAJIKKE,
MOHOTOHHBIE ITPOIIECCHI TOCTHKCHUST PABHOBECHOTO COCTOSTHUS.

Ha pucynke 1 mpuBeneHbl BpeMEHHasI TPACKTOPHUA W (PA30BEIA MOPTPET MPOIECCOB 3BOFOIUAN
JUTsi 00JIACTH COTJIACOBAHHBIX MEXaHM3MOB yrpaBiieHus. [loBeileHne HHTErPATIbHBIX TPACKTOPUH TIPH
9TOM OTBe4aeT (a3oBOMY MOPTPETY «YCTOHUUBBII y3em». Takue mporecchl COracoBaHHOTO 3BOIIIO-
LIUOHHOTO Pa3BUTHsSI CYLIECTBYET JIMIIb B HEKOTOPOW OOJIACTH MPUTSHKEHHS OJHOTOYEHHOIO aTTpaK-
topa (12). Dra obnacte siBisiercs, o TepmuHonorun H.H. MouceeBa «kxananom spostouuu» [6, 7],
OTIPEEISIIONIMM CYIIECTBOBAHUE CTPYKTYPHO-YCTOWYMBBIX CTPATErHil SBOJIOLMOHUPOBAHHS Pa3BH-
BaIOIINXCS CUCTEM.
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FpaHHL{eﬁ KaHajla COrJIaCOBAaHHOI'O 3BOJIIONMOHHOI'O PAa3BUTHA SABJISICTCA YyCJIOBUEC af/(')X = 0.
HpOBOI[ﬂ COOTBETCTBYIOIIUC BBIYUCIICHUS B (9), JJI TpaHUll 5TOT0 KaHaJia 3BOJIIOIHU B IIPOCTPAHCTBE
rapameTpoB «, b, I IoJTy4rM OIMcaHue:
+o, 0<ax<l

(14) I=< 2-a b
——, l<a<x
(1-af 4

0.8

0.6 q

0.4

0.2 + 0.2

0 0

13 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 0 0.2 0.4 0.6 0.8 1

Pucynok 1

Jpyroii rpanuIel kaHana sBisieTca moBepxHOCTh (11). Ha pucyHke 2 mpeacTaBieHBI CeYeHUS
SBOJIIOIIMOHHOTO KaHaJla COTJIACOBAHHOTO Pa3sBHUTHS B IIOCKOCTSX YIIPABISIOLIMX MAPaMETPoB a, b U

b=4.0 >0, I=0.25

Pucynoxk 2 — Kanan cornacoBaHHOTO pa3BUTHSL.

W
l

\
\
N

Bunno, 4To coriiacoBaHne pa3iMYHBIX MEXaHW3MOB IBOJIONMH Hanboiee 3ddexkTHBHO ocyie-
CTBIISICTCS] B 30HE MaJIbIX MHTEHCHBHOCTEH caMOpeTyaupoBaHus. IIpu 3TOM ¢ CHIDKEHHEM a pa3Mepbl
obmacT cOalaHCHPOBAHHOTO PA3BHUTHS MOCTOSHHO YBEIWYHMBAIOTCS, CTAHOBSICh OECKOHEUHBIM P
a — 0. ITHTEeHCUBHOCTH IieJiertoyiaranusi / 1 caMopa3BUTHsL b HEMOHOTOHHO BIIMSIFOT Ha Pa3Mephl 3TOH
30HBI, M CYIIECTBYIOT HEKOTOPbIE SKCTPEMANbHbIC 3HAYCHHs | U b, IPH KOTOPBIX pasMepsl 00IaCcTH
COTJIACOBAaHHOTO Pa3BUTHUSI MAKCHMAIIbHBI.

3 PaBHOBecHoOe, aJaNTHBHOE, IBOJIOIIUOHHOE PA3BUTHS

*
Ipu of / 0X <0 ¢yHKIWMS MOCIeIOBaHHS ONPEACIICT TCHACHI[MH HETATUBHOTO SBOJIIOIUOHU-
POBaHUs TUHAMUYCCKON CHUCTEMBI. B 3TOM ciydae yBenmucHHe 0a30BOTO pecypca, UCIOIb3yeMOro
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CHUCTEMO X, IPUBOAUT K YMEHBIICHHUIO MOCIEIYIONIETO MMOCTYHAIOIIETO B PACIIOPSHKEHNE CHCTEMBI
pecypca X,+; U, CIIENOBATEIbHO, K CHUKEHUIO ITIOTEHIMAIA CUCTEMBI V. ;. MexaHu3M caMoOpraHusa-
U paboTacT B HAIPABJICHUM, POTHBOIOIOXHOM IICJICHANPABIICMOMY Pa3BUTHIO, U BHYTPCHHUC
ey, (GopMHUpPyEeMbIe KOHTYPOM CaMOpa3BUTHS, MPOTHBOPEYAT BHEIIHUM IICJICBBIM BO3JICHCTBHSIM.
CrieHapuu SBOJIIOLIUY B 3TOM CJIy4ae OTBEYAIOT aJalTallMOHHBIM MTPOIECCaM OTHICKaHUSI KOMIIPOMUC-
COB MEX]y MPOTUBOIOJIOKHBIMU TEHIECHIUSIMU Pa3BUTHSL.

M3y4nM yCITOBHSI CXOUMOCTH TOCJIE0BATEIFHOCTH KOMIIPOMHUCCOB. B 3aBUCHMOCTH OT TITyOH-
HBI TIPOTHBOPEYHN KOMITPOMECCHI MOTYT pPEalli30BaThCA B Pa3WYHBIX Gopmax. M3BectHo [3], uTO
MIPOIIECCHI, OMHCHIBAEMBIE JWCKPETHOW PEKYPPEHTHOHW IMOCIEeNOBATEIbHOCTEIO (9) CXOmATCS, eciu
BEITIOJTHSCTCS YCIIOBHE:

< of (a,a, 1, X)

(15) -1 o

<1.
X=x"

HepasenctBo (15) ompenernser ob6macTb CyIIECTBOBAHNS YCTOWYHBBIX PABHOBECHBIX IPOIIECCOB
B DBOJIIOIIMOHHBIX CHCTEMAaX, CXOMAIINXCS K OMHOTOUeYHOMY arTpakropy (12). Kmacc ctparernit yc-

o *
TOMYUBOTO, COTTIACOBAaHHOTO, BONIIOLIMOHHOTO pa3BUTHA, oTBedaoummx (15) mpu of / 0X >0, Obin

HCCIIEZIOBAH BBIIIE, M €r0 YCIOBUS CYIIECTBOBAaHU ompesenaiorcs cootHomenusmu (11), (14) a tax-
xe a =0, oTBeHaromuMK npaBod yactu HepaBeHcTBa (15). I'paHuibl o0nacTu NMpPOTEKaHUSI CXOJs-

IMXCS aaNTalOHHBIX IPOLECcCOB MpH Of / dX" <0, B coorserctBuE ¢ (15) OmpeensIOTCs NeBOit
yacThio HepaBeHcTBa (15) Of / X" =—1 u moBepxHOCTBIO Of / X" =0 (14). IpoBoxs cOOTBETCT-
ByIoImye BeraucieHus B (9) npu of / X" =-1, TTOTyYUM CIIECAYIOIIEee BRIPAKSHHE IS JICBOH TPaHU-
LB 9TOM obnactu ¢ Of / ax" <o.

o, 0<a<?2,

(16) 1=< 4-a b? .
278 2 2<a<w
(2-af 4

Takum 00pa3oM, yCTOWYMBBIA KOMIIPOMHCC MEXKIY HPOTHBONOJIOKHBIMH LEISIMA CAMOOPIaHH-
3allMK ¥ LEJICHANPABISIEMOTO PA3BUTHS PealU3yeTcs B 00JIaCTH, 3aKIIIOYEHHBIMUA MEXy TpaHULIaMH

(14) u (16).
KOH(i)I/IpraL[I/II/I 30H CYHICCTBOBAHUA 3TOI'O 3BOJIOMOHHOTO KaHaJla IPpUBEACHLI HAa PUCYHKE 3

10 0 1 b

Q

\

Pucynok 3 — Kanan paBHOBECHOTO aIalITAllIOHHOTO PA3BHUTHSL.

OTueTIMBO BUJHA CTPYKTYpH3alHs OOEHX TpaHHIl KaHala COIVIACOBAHHOI'O JBOJIOIMOHHOTO
Pa3BUTHS U PE3KOE CY>KEHUE €r0o pyclla IPU YBEIIMYEHUH 4.
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Ha pucynke 4 npencraBieHbl BpeMEHHasi TPaeKTOpHs M (Da30BbIi HOPTPET MPOLIECCOB IBOIIOIUU
JUISL 3TOTO citydasi. BUumaHO, 9T0 B 3TOM KaHaje 3BOMIOLMH MPOIECChl CAMOOPTaHM3aIUN PeaTu3yroTCs
B opmMe KoyieOaTeNbHbIX, CXOMANIMXCS PSKUMOB. [loBeIcHIE HHTETPATBHBIX TPACKTOPUN OTBEYACT
($ha30BOMy HOPTPETY «YCTOHUYMBBIA (POKYC», U CTAIIMOHAPHBIM PABHOBECHBIM COCTOSIHUEM SIBJISICTCS
OJIHOTOYEYHBIN, YCTOMUUBBIN aTTpaKTop.

0.6 + 0.45
0.4 4
0.5 +

0.35
0.4 0.3

0.25 4
0.3 + 024
0.2 + 0.15 +

0.1
0.05 4

01+

0+

Pucynox 4

4 Tlpouecchl 3BOTIONUM HUKIUYECKOT0 PA3BUTHUS

’ o *
[Tpn GONBIIMX paccoriiacoOBaHUSAX BHYTPEHHHX M BHELIHMX LEJIed CHCTEMBI pu Of / oxX <-l1,

MIPOTHBOPEUHS MEXKAY Pa3lNYHBIMA MEXaHH3MaMH 3BOJIOLIMOHHOTO Pa3BUTHUS HACTOJBKO BO3pacTa-
10T, YTO OKa3bIBAIOTCSI HEPA3PEIIUMBIMU B KJIACCAX PABHOBECHBIX COCTOSIHUN. CTallMOHapHBIE pelle-
HUsl ypaBHeHHS (9), OTBEHalOIMe OJHOTOUYEYHOMY aTTPaKTOPy, OKa3bIBAIOTCS HEyCTOWYMBBIMU. [1pn

of / X" =-1 pemrenust pa3BeTBILTIOTCS [3, 8] mpoucxoaut Oudypkausa, U U3 OOHOTOYEUHOTO atT-

TpaKTOpa poKIaeTcs AByXTOYeUHBI. CHCTeMa IIepeXOHUT B APYroil KaHal 3BOJIOLHUOHHOTO Pa3BUTHUS
B OKPECTHOCTH 00pa30BaBLIEI0Cs IBYXTOUYEYHOTO aTTPaKTOPA.

XapaKTepUCTHKU JABYXTOYCYHOTO aTTPAKTOPa HAXOMATCA KaK HETIOJBIKHBIE TOUKH JIBYXKPATHO
UTEPUPOBAHHOTO JIMCKPETHOTO 0TOOpaXkeHus (9), T.. KaK pelIeHUs ypaBHEHHS

(17) X" = f(f(ab, [, X*)) = f*(ash,[,X").

JIBYyXTOYEYHBIH aTTPAKTOP SIBJISICTCS YCTOHYUBBIM B 00JIACTH, JIEBOH IpaHUIEH KOTOPOU SIBIISET-
sl TIOBEPXHOCTh MOTEPH YCTOHUYMBOCTH OJHOTOYEUHOro arrpakropa (16), a mpaBasi rpaHuLa, aHaJO-

* v
ruano (15), oThICKMBAeTCA U3 yCnoBHS Of / 0X =-1. B aTOoM KaHaje 3BOJIIOLMH JABYXTOYCUHBINA

aTTpakTop (opMHpyeT MPOCTOH, YCTOMUMBBINA, mpeaenbHbld nuki [8, 9]. CooTBETCTBYMOLINE €My
CTPaTEruy 3BOJIIOLIMOHHOIO PAa3BUTHS OTBEYAIOT CXOAALIMMCS IpolieccaM TUHAMUYECKON caMoopra-
HU3aIUN — YCTOWMYMBBIM aBTOKOJIEOATEIBHBIM PEXUMaM.

[Iporeccs! HBOMIONUKM UMEIOT XapaKTep IMUKIMIECKOTO pa3BUTHSA — (a3a pocTa M MOABEMA Xa-
PaKTEPUCTHK CUCTEMBI CMEHSETCSI 3TAlloM CIajia, yMEHBIICHNUS TOKa3aTeNel, 1 Tak Jauee. DBOJIOH-
OHHBIE NPOLECCH U (pa30BbIe MOPTPETHI COCTOSHUI CHCTEM B 3TOM KaHajle HUKJINYECKOTO JBOIOLH-
OHHOTO Pa3BUTH IpUBEIEHB! HA pucyHKe 5. KoHdurypanum rpaHui kaHana aHaJOTHYHBI PacCMOT-
PEHHOH BBIIIE 00JIACTH PAaBHOBECHOI'O, aJalTallMOHHOTO Pa3BUTHS, IIPHU ATOM JHana3oH XapakTepH-
CTHK MEXaHH3MOB 3BOJIIOLUM, B KOTOPOH CYIIECTBYET ATOT KJAacC 3BOIIOLMOHHBIX CTpaTeTHi,
YMEHBIIIAETCsl.

IIpu nepexojie uepes HalIEHHYIO IPaBYIO IPaHUILy YCTOMYHBOCTH STOrO KaHaJIa YBOJIIOLUH, OT-
BEYAIOIIEMY YBEIMYCHHIO ¢ ¥ / M YMEHBIICHHIO b, TPOMCXOANT cieaytommast ondypkanus, 1 U3 AByX-
TOYEYHOTO aTTpakTopa GOPMHUPYETCS YETHIPEXTOUeUHBIH. Ero XapakTepucTuky HaxoAsTCs KaK pere-
HUSI ypaBHEHUSA
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(18) X* = f(f(f(f(ab, [, X W) = f*(a,b,1,X").

CootsetcTBytomue arTpakTopy (18) 3BOMONMOHHBIE TPOIECCH OTBEYAIOT JBOWHOMY IPEIENTb-
HOMy LUKIy. Ha pucyHke 6 mpuBeeHBI MEpexoaHbId mpouece M (a3oBBI MOPTPET, OTBEYAIOIIUE
TaKOMY KaHaJTy HUKIHYECKOTO IBOJIFOLIMOHHOTO Pa3BUTHSI.

14 ¢ 154

? I : PN
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Pucynok 5
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Pucynok 6

[Tpn nanpHeleM Bo3pacTaHuu a U [ ¥ yMEHBUIEHUH b TIPOUCXOJMT cienyromas onudypkarms,
oOpasyercsi BOCbMUTOUYCUHBIH aTTPaKkToOp, 3aTeM HoBas OMdypKamus ¥ NIECTHAALATHTOYCHHBIA ar-
TPAaKTOp M TaK Jajiee. DBOJIOUMOHHBIC MPOLECCHl MPU 3TOM OTBEYAIOT OOJIBIIEMY MHOT000pPa3HIo
CaMOOPTaHU3YIOUIMXCS PEKUMOB [IUKIMYECKOTO Pa3BUTHSI C BEICOKUM YHCIIOM CTETIEHEeH CBOOOBI U C
CIIO’KHBIMH TIPEIEIIbHBIMA IIUKIIaMH.

5 KanaJ XxaoTu4eckoii 3BOJTIONH

[Ipn 3HaUMTETPHON KPATHOCTH NPENENIBHBIX [IHKJIOB COCEAHNE BETBH NMEPUOJHUECKUAX ATTPAKTO-
POB HaXOIATCs BeCbMa OJIM3KO APYT K APYTY, ¥ MIpU ManeHmux (QIyKTyanusax H300paxkarone TOUKH
COCTOSTHMM CHCTEM CIIy4aliHbIM 00pa3oM IMEepeXo/IsT ¢ OHOW BETBU Ha APYrylo. B cucreme HauMHAIOT
MIPOTEKaTh HEYCTOMYMBBIC, C BBICOKON CTEMEHH HEOIPEAEIEHHOCTH IPOLECChl CaMOOpPraHU3alUuU
SBOJIIOLMOHMPOBaHMs. Ha pucyHke 7 mpuBeZeHbl BpeMEHHasi TPaeKTOpus U (ha30BbIi MOPTPET, OTBE-
Yalolue TakoM cUTyalMu. BUIHO OTCyTCTBHE 3aKOHOMEPHOCTH M NPOTHO3UPYEMOCTH MPOTEKAHUS
IpoueccoB. Takoi KaHall HBOJIOIMOHHOIO Pa3BUTHUSI OTBEUAET CTPAHHBIM aTTPAKTOPaM C KOHEUHBIM
9HCcIIOM cTerieHel cBoOoan! Tuma Jloperma [10]. B aTom ciaydae mpoTHBOpeUrs B3aNMOACHCTBYFOIITIX
MEXaHM3MOB 3BOJIIOIMM — CAMOOPTaHU3alMU M IIeJICHANpPABJICHUS — OKAa3bIBAIOTCSI HACTOJIBKO
OOJIBIINMH, YTO HEPA3PELINMBI B paMKaxX PEryJIipHOTO IMIOBEICHUS CUCTEM.

3arem 4HCIIO BETBEH B Kackane Oudypkannii CTAaHOBUTCS OECKOHEYHO OOJBIINM, MPOLIECCHI CTa-
HOBSTCSI TIOJTHOCTBIO Xa0THYECKHMH, OTBEYAOIINE CTOXACTHYECKUM, (hpaKTaTIbHBIM, OECKOHEUHOMED-
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HBIM aTTPAKTOPOM (PUCYHOK §). DBONIOLMOHHPOBAHHE CHCTEM OKAa3bIBaeTCS HeENpelcKazyeMbiM. B
CHCTEME HACTyIaeT Xaoc, IPH 3TOM OH SIBJIICTCS CTPYKTYpPHPOBAHHBIM, C JETCPMUHUPOBAHHBIMHU 30-
HaMu camoopranuzanuu [8-12].

—————

o)
7)) |
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Pucynok 7
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Pucynox 8

6 TpanchopMmauusi KAaHAJIOB IBOJIOLHUOHHOI0 Pa3BUTHSA

ITpouecchl mepexoja CUCTEM U3 OJHOIO KaHaJla 3BOJIOLMOHHOTO Pa3BUTHUsI B APYroil MpoUCXO-
JIT TI0 Pa3HBIM CleHapusiM. [l aHaIM3a BIMSHUS KaKIO0T0 U3 MEXaHW3MOB 3BOJIIOIIMU Ha XapakTep
MIepEeX0J0B MOCTPOMM paclIMpeHHbIe (a30Bble MOPTPETHI, Tlie OJHOI U3 oceil OyayT ocobble, Impe-
JeTIbHBIE TIPU /1 —> 00 3HAYECHHUS KOOPAUHATHI COCTOSIHUS Y, a APYroi — Kax bl 13 0000IIEHHBIX Ha-
pameTpoB a, b, I ipu GUKCHPOBAHHBIX BETMYMHAX ABYX JAPYTHUX.

OO1eccTeMHON 3aKOHOMEPHOCTBIO IPOLIECCOB JBOJIOIMHU SIBIISICTCS TIOBBIIICHHE CHCTEMHOMN
3¢ PEKTUBHOCTH HMCIOIB30BaHUsS pecypcoB( Bo3pacTaHue b) W yBeIMUCHHE 3aTpaT Ha MPHOOpETeHnE
pECYpCOB — POCT a.

Ha pucynke 9 npuBenen pacmmpeHHbIH Ga3oBblii HOPTpET B KoopauHaTtax Y, a. Buano, 4ro on
nMeeT BuA On(ypKanMOHHOW AWarpamMMbl, rpadUIeckd WIDTFOCTPUPYIOMICH BETBICHUS OCOOBIX CO-
CTOSIHUHM CHCTEM.

Ha pucynke 9 npuBeneHsl Takke MOMyUIEHHBIE ITyTEM pEaln3alii YUCICHHBIX YKCIIEPHMEHTOB
WHBEPCHBIC 3HAUCHUS MoKazarens JIamyHoBa L, KOTOpbIE MIPUHSTHI B KaYECTBE XapaKTEPUCTHUKU ycC-
TOMYMBOCTH BPEMEHHBIX TpaeKTopuii [9]:

M
(19) L(a,b,I) = lim 1. > lnw
m—oo M m=0 oX X=Xy,

rae X, pe3ylbTaT Peaau3aliiid YUCIEHHOrO 3KCIEPUMEHTA IS m-T0 MOCIEeN0BaTEILHOIO 0TOOpaKe-
Hust 3aBucumoctu (9) X, = /" (a,b,1, X)), X - HaUaIBHOE COCTOSHIE, M - IHCIIO SKCIICPHMEHTOB.
W3 GudypKandoHHON TUarpaMMbl BUIHA TTOCIIEI0BATEIEHAS CMEHA ITPH BO3PACTAHUM A Pa3HBIX KaHa-

92



JIOB DBOJIIOL[MOHHOTO Pa3BUTHS: COTJIACOBAHHOTO; PABHOBECHOTO, a[JallTUBHOTO: IIMKIMYECKOr0; Xao-
THUYECKOTO. B 11e1oM, 3TOT clieHapuil 9BOJIIOIIMOHHOTO Pa3BUTHS OTBEYAET TEOPUU YHHBEPCAIBHOTO
nepexoja k xaocy ®etirendbayma [11, 12].

ol
09 1.1 1.3 L5 1.7 1.9 2.0 2.3 2.5 2.7 2.9 3.1 3.3 o - #

Pucynok 9

Ha pucynke 10 npuBeieH clieHapHii SBOIIONHMOHHOTO Pa3BUTHS B KoopanHarax Y, b. BunHo, uto
OH TaKKe XapakTepusyercst OM(ypKalMOHHON IUarpaMMOW, OHAKO B 3TOM CIIydae pa3BETBIICHHUE
COCTOSTHMH, OpraHu3anys Kackanaa ondypKrannii ¥ XaoTH3amys SBOIIOMOHUPOBAHMS TIPOUCXOIST IPH
YMEHBIIEHHH b.
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Pucynoxk 10
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CueHapuii SBOJIIOLIMOHHOTO Pa3BUTHUS B 3aBUCHMOCTH OT MHTEHCHBHOCTH BHEIIHETrO, HAIpaB-
JISIOIIETO BO3/AeHCTBYA / IpUBeieH Ha pucyHke 11.
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Pucynoxk 11

BupHo, 4to oH Takxke nmeeT xapakrep oudypkarronHoi nuarpammel. [Ipu ymeHbieHuu / B He-
KOTOPO, BIIOJIHE ONPEJEICHHON TOUKe IIPOUCXOAUT KaTacTpoda (B CMbICIIC MATEMAaTHYECKOH TEOpUH
katactpod Toma [13]). B paccmarpuBaemoii curyarum karactpodoit sBisercs ckianka YutHu [14],
U B TOYKE KaTacTpo(bl CCTEMa MTHOBEHHO TEPSIET CBOIO I[EJIOCTHOCTh, MTPEKPAIAeT CyLICCTBOBAHHE,
pacchlnaercsl.

3akjouenue

[TpoBeneHHBII MOAEIBHBIA aHAIN3 BBIIBUI MHOT00Opasue CliEHAPHEB SBOJIONMOHHOTO Pa3BH-
THSL U TEOMETPHUIO KaHAJIOB HBOJIOIMH CIOKHBIX PAa3BHUBAIOIINXCSI CUCTEM, B IIEJIOM, COOTBETCTBYIO-
KX MapajnrMe yHUBepcaibHoro sBosronnonusma H.H. Mouceesa [6, 7], u onpeznensomumx oOre-
CHCTEMHBIE, TI100abHBIC 3aKOHOMEPHOCTH CTPATErHil 00eCeYeHHsI YCTOHYMBOIO Pa3sBUTH (sustain-
able development) n mogaepKaHUs «yCTOMIUBOTO HEpaBHOBECU» (sustainability).
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Knroueswie croea: cucmemnas 3gpgpexmusnocmo yHKyuoHUposanus, nokazamenu 3QgpexmusHocmu,
CPAGHUMENbHBLIL AHAU3, NPOU3B0OCmeeHHble QyHKkyuu, memodonozus Data Envelopment Analysis
(DEA), memoo ananuza uepapxuii (Analytic Hierarchy Process)

Abstract

We analyzed models and methods socio-economic systems effectiveness generalized, multi-
criterion estimations construction based on different means of aggregation local criterions of
functioning efficiency, formal structures and expert conclusions.

BBenenne

Baxneimmmu 3aauaMyu MOJEIMPOBAHUS M YIPABICHHUS CIOXXHBIMH CUCTEMaMH SIBJIIOTCS IIO-
BBIIICHHE CHUCTEMHOH 3((EKTUBHOCTH HX (QYHKIMOHHUPOBAHUSI — ONTHMAJIbHOE HCIOJIB30BaHUE
HUMEIOLIMXCS B PACTIOPSDKEHUH CHCTEMBI PECYPCOB ISl TOCTHXKEHHSI BHICOKMX KOHEYHBIX PE3yJIbTaTOB.
B 9T01i CBSI3M aKTyalbHBIMH SIBJISIIOTCS pa3paboTKa U MPUMEHEHHE MaTeMaTHYeCKUX MOJISNIEH 1 CHc-
TEMHBIX METO/IOB OLICHHBaHMS 3(P(HEKTUBHOCTH, TIPOBEICHHS CPABHUTEIHLHOTO aHaIN3a, COMOCTABIIe-
HUSI HCCIIETyeMbIX 00BEKTOB, ONpEe/IeNIeHHs U BbIOOpa MpropuTeToB. OOBEKTaMH, ISl COBEPILICHCTBO-
BaHMS KOTOPHIX BO3MOXKHO KOHCTPYKTHBHOE NPHMEHEHHE 3THX METOJIOB, SBIISIFOTCS PAa3IMYHbIE 110
KJaccy, Macmrady ¥ COCTaBy IIPOU3BOJCTBEHHBIE, COLIHAIBHBIC 1 SKOHOMHYECKHE CHCTEMBI.

B craree B KauyecTBe 0a30BOi OyneM paccMaTpHBaTh MHOTOMEPHYIO NPOH3BOJICTBEHHO-
HKOHOMUYECKYIO CHCTEMY, UMEIOLIYIO 7 — BXOAHBIX (PAKTOPOB (COOTBETCTBYIOIIUX PECYPCOB) U M —
BBIXOJHBIX BEJIUYMH, XapaKTEPH3YIOWIMX BBITYCK NpOAyKuuH. KaIylo M3 BXOIHBIX M BBIXOIHBIX
BEJIMYMH OyZieM CUHTATh JIOKAJIbHBIM YAaCTHBIM KPUTEPUEM KadeCTBa, BHOCSIIMM COOTBETCTBYIOIIUH
BKJIaJl B 0000IIEHHBIH 1oKa3aresb 3(GEeKTUBHOCTH. B COOTBETCTBHUHU € ATHM, INI00aIBbHBIA KPUTEPUil
Ka4yecTBa SIBJISAETCS MHOTOKPUTEPHAIBHBIM, IPEACTABISIONUM KOMIIO3MIHUIO (00BbequHEeHNE) n+m
YacTHBIX KpUTepueB. [Ipu 3TOM BBIXOIHBIE XapaKTEPUCTUKHU CBSI3aHBI MPSIMOM, a BXOJHBIE 00paTHOM
3aBUCHMOCTBIO ¢ 0000IIEHHOM CHCTEMHOM 11€1€BOH (DYHKIHEH.

CymiecTBYIOT pa3iIMyHbIe CIIOCOOB! MMOCTPOCHUSI MOAENIEH U MOTY4YEHHsI CHCTEMHBIX OLICHOK (-
¢dexrrBHOCTH. OZJHN OCHOBAaHBI HA IPUMEHEHUH TOJBKO (POPMAIBLHBIX MAaTEMaTHYECKUX ITOIXO/I0B —
METOJIOB TEOPUH TPOM3BOACTBEHHBIX (YHKIMH, Maremarudeckoro mporpammupoBanus (Data
Envelopment Analysis). [pyrue ucnonp3yroT, HapIgy C MOJCTBHBIMH KOHCTPYKIHSMH JOIIOITHH-
TEIBHO KCIIEPTHBIC OLIEHKH, HAIlpUMep, MeToT aHanmu3a uepapxuii (MAN).
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KomruiekcHoe npuMeHeHHe COBOKYMHOCTH 3THX METOJIOB MO3BOJISIET (OpMUPOBATh 000OIIEH-
HbIe, TII00aNBHBIE KpUTEPUH IP(HEKTHBHOCTH, IIPOBOJUTH COIOCTABICHHIE CIIOKHBIX CUCTEM, OIpe/e-
JISITh PUOPUTETHI U HAMTPABIICHHUSI OYIYIIIETO PA3BUTHS UCCICIYEMbIX 00OBEKTOB.

1 Mopean oueHkH 3(pPeKTUBHOCTH HA OCHOBE aNNapaTa MPOU3BOACTBEHHBIX (pyHKIMIi

B cnywasix ecnu croxHasi cucteMa IpeCcTaBiIseT co0oH mporecc npeoOdpa3oBaHHsi HEKOTOPOTO
MHOXKECTBA BXO/HBIX (DaKTOPOB — PECYPCOB B KOMIUIEKC BBIXOHBIX XapaKTEPUCTHK — KOHEYHBIX IIPO-
JIYKTOB, T.€. SIBJIIETCS NMPOU3BOACTBEHHON CHCTEMOM, TO OHUM M3 HanboJiee pacipoCTpaHEHHBIX BH-
JIOB MaTeMaTHYECKUX MOJeJel st onucanus (yHKIMOHMPOBAHHS M aHaIM3a 3P(PEKTHBHOCTH STHX
CHCTEM SIBIIICTCS KJTacc MPOU3BOACTBeHHBIX (pyHKImA ([1D). DTOT KOMIUIEKC MOZIETeH IpeACTaBIsIeT
c000if TOCTaTOYHBIN MHCTPYMEHTAPHUI I ONpEeNICHIs Pa3IMIHbIX ITapaMeTPOB pacCMaTpUBACMOMN
CHCTEMBI, TaKUX KaK: HeoOXOAnMble 0OBEMBI IPOU3BOACTBEHHBIX PECYPCOB, d3(h(HEKTUBHOCTh MX HC-
MOJTb30BAHMS, BO3MOXHOCTD B3aHMMO3aMEILCHNU, ONpe/ieNieHUe NOMOJHUTENFHO HEOOXOMUMBIX pecyp-
COB U, B KOHEUHOM CUETE, IPOrHO3MPOBAHNE BBIXOIHBIX XapaKTEPUCTHK CUCTEMBI.

B o6mem Bune [1® nmpeacrasiser codoit GopMann3oBaHHOE OMMCAHUE CBA3M MEXKIY MHOMXKECT-
BaMHM HCIIOJIb3YEMBIX PECYPCOB U BBIITyCKaeMO# npoxykiuu [1]:

(1) FXY,A=0,
rue:
X — BEKTOp BXOJHBIX PECYPCOB;
Y — BEKTOp BBIXOJHBIX BEJIMUYMH, BBITYCKAEMBIX IPOYKTOB;
A — Bexrop napamerpos [1D;
F — omeparop, omuceiBatommii 6a30BbIe CBOWCTBA W 3aKOHOMEPHOCTH HCCIEIYyEMOW SKOHOMHYECKON
CHCTEMBI.
Beipaxxenue [1® (1) MoxHO 3amucaTh B siBHOH (hopme, pa3peii€HHON OTHOCUTENBHO Y

2) YAX, A).

B (2) f — ¢bynkuus, ompenensronas 3aBUCUMOCTh BBIITyCKa MPOAYKIIMU OT BXOJHBIX PECYpPCOB.
VYpaBHenue (2), ommuchIBaroliee NpOTeKaHWe MPOU3BOICTBEHHBIX ITPOIIECCOB B CIOXKHOW CHCTEME, SIB-
JISIeTCS. MHOTOMEPHOHM NPOW3BOJCTBEHHOH (yHKumeir — MII® [2]. dyHKkumoHambHas MOJEb CIIOXK-
HBIX CUCTEM, OMUCBIBAEMBIX ITUM KJIACCOM MOJIENIEH, TPE/ICTaBIIeHa Ha pUCYHKE 1.

Xy Mo | Yy,
: —
ST >

Pucynok 1 — @ynkiuonansHas Mmojess MIID.

[IpyuMeneHne Mofesel 3TOro Kjacca MO3BOJAET ONPEAEIUTh XapaKTePUCTHKH 3P HEKTUBHOCTH
IIPOM3BOJICTBEHHOTI'O Ipoliecca Yepe3 cooTBeTCTBYomMe napamerpsl 11D 1 Bo3MoxkHOE TPOrHO3UPO-
BaHHE 00BEMOB BBIITYCKA MPOLYKIHHU C YIETOM H3MEHEHHS BXOAHBIX XapaKTEPUCTHK CHCTEMBI.

Paccmorpum npumep moctpoenus [1® n ananmmza cocraBa GpakTopoB CUCTEMHOW 3(PQEKTHBHO-
CTH Ha OCHOBE IIOKa3aTeled 3JIacTUYHOCTU. B kauecTBe 00BbEKTa HCCIIENOBAaHUSA, MATEMATHYECKOTO
MOJICTIMPOBAHUS U OlleHnBaHus 3(PpdeKkTHBHOCTH (PyHKIMOHMPOBAaHHS BHIOEpEM PETHOHAIBHBIN IPO-
W3BOJICTBEHHO-TeXHOIOrHuecknii komiuiekc Camapckoit obmactu (PIITK). Monenupyemslii 0ObeKT
OyzneM paccMaTpuBaTh Kak €AWHOE Iesioe, 0e3 yuéra ero cTpyKTypsl, popMBl U crtoco0OB OpraHu3a-
LUU NIPOU3BOACTBEHHBIX OTHOLIECHHI.

[Ipou3BoaCTBEHHBIE PECYPChI OyIeM TPENEIbHO arperupoBaTh, U XapaKTEPHU30BaTh JBYMs MaK-
POSKOHOMHYECKUMH MOKa3aTESIMU: KOJIMYECTBOM OBEIIECTBIEHHOTO, MPOIIIOTO TPyAa (OCHOBHBIMHU
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MIPOU3BOICTBEHHBIMH (oHmamu — K) U BKJIaJOM )KHBOTO TpyAa (YMCIEHHOCTBIO TPYIOBBIX PECYPCOB
— L). Ucxonuple JaHHBIE AJIS TOCTPOSHHS BO3BMEM M3 CEPUU CTATHCTUYECKUX €KETOAHUKOB [3,4] u
pabors! [5]. ConocTaBUMOCTh 5KOHOMHYECKUX XapaKTEPUCTHK B PA3JIMYHBIX IEPHOJIaX 00ECTIeYHM HX
epecyéToM K €IMHOMY YPOBHIO IIeH 1990 r. Ha OCHOBE (PaKTHYECCKHMX IIEH U MPUPOCTHBIX OICHOK
MoKasaTeJied IMHAMUKH [TPOU3BOICTBA.

B kadecTBe 0a30BOI MOJENIM MCHONB3YeM HEOJHOPOAHYIO MPOU3BOJICTBEHHYIO (pyHKIMIO K0oO-
6a-Jlyrmaca:

(3) Y()=A4-K@®)*-L@®)’, a+B =1,

rae A — koaddurment macurrabaoi a3pdexkTHBHOCTH, o U 3 — (PaKTOPHBIE 3TACTHYHOCTH, XapaKTepH-
3yIOLIME BKJIaJ COOTBETCTBYIOLIMX PECYPCOB B BBITYCKE MPOIYKIIHH.

IToctponm komrmekc mozeneit Ha ocaoBe 11D Buna (3), mpu MoenupoBaHUH OyeM YIUTHIBATH
TpH NIEPUOJA PA3BUTHSI SKOHOMUYECKOW crcTeMbl: o0t — ¢ 1965 mo 2001 rr.; nepseiii — ¢ 1965 no
1990 rr.; BTOpoit — ¢ 1990 o 2001 rr. Pe3ynpraTel MoaenupoBaHus MPEACTAaBICHBI HA PUCYHKE 2.

.6-10
1.534x10°,

1.4-10"

1.2-10"

8000
6000

4000

3.632610°, 5000
loc4 196 198 1970 1972 1974 1976 1978 1980 1952 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
1.965x10%, tgrtqtan tg2

2.001x 1014

—[— peanbHBIHA BBIITyCK NIPOLYKUUHU Y (ThIC. py0. B COOCTaBUMBIX IIEHAX);
— —— pacuér o MozenH () Ha BCEM HMHTEpBaJe HCCICIOBAHUS;
— PACYETHI 110 MOJEIH ( ) AJISI IEPBOTO ¥ BTOPOTO HHTEPBAJIOB).

PHCyHOK 2-— TpaeKTOpI/II/I BbIITYCKa ITPOAYKIIUU B SKOHOMHUYECKOU CHCTEME (CFHa)KeHHLIe IIaHHI)Ie).

Ha pucyHke 2 HarmsiiHO BU/IHA CXOJIMMOCTh MOJIENIBHBIX M PEaNIbHBIX TPAeKTOPUH (DyHKIMOHH-
poBanust PIITK Camapckoii obnacTi. AHJIN3 KauYeCTBEHHBIX XapaKTEPUCTUK MOJEIIEH MOoKasal, 4yTo
aNmpPOKCHMATHBHbIE CBOHCTBA MOJIC/IH Ha IIEPBOM MHTEpBaje J0CTATOUHO Xopoume: R’=0.9956, a na
o0leM HHTEpBAle ONM3KM K YIOBIETBOPHTENBHBIM: R°=0.9304, 4TO CBHETEILCTBYET O BBHICOKOM
CTETICHN a/IEeKBAaTHOCTH IMOJYYEHHBIX Mozeneil. Ha Bropom mHTEpBaje MOEIb MPaKTHYECKH HETpH-
TOJIHA JUISl OIHCAHKS HCCIETyeMbIX Mpoeccos: R’=0.7689.

3HauYeHUAMH 3JTaCTHYHOCTH BBIIYCKa 10 KaIUTaIy O, SBISIOTCS — Ha o0meM uHTepsaie — 0.59,
Ha iepBoM — 0.66. DTH 3Ha4YCHUS, B IIEJIOM, COOTBETCTBYIOT COBPEMEHHBIM JAaHHBIM 00 3()()eKTHBHOM
IIPOTEKaHHUHU MPOLECCOB B IKOHOMUYECKOH cucteMe [2, 6]. BenuunHa o Ha BTOPOM MHTEPBAJIE UMEET
3HaueHne MUHYC 3.19, 94TO CBHIETENBCTBYET O JECTPYKTUBHOM XapaKTepe MPOTEKAIONINX MPOLECCOB
B SKOHOMMYECKOHM CHCTEME B JAHHBIN NEPUOI.

3HaueHHs 3IACTHMYHOCTH BBITYCKa IO TPyAy [ Ha oOIIeM M IEepBOM HHTEpBanax COCTABIISIOT
1.39 u 1.17, cooTBeTCTBEHHO. DTH HaHHBIE CBUACTENBCTBYIOT O MpeoOiragaromeil poiu TPYIOBBIX
pecypcoB B MPOMU3BOJCTBEHHOH AEATENBHOCTH, M O HEJOCTAaTOYHOM BKJIAJE KAaIHUTAIBHOTO (hakTopa.

98



WHbIMH ciOBaMu, XapakTep NPOU3BOICTBEHHOIO Mpoliecca siBiseTcs Tpyno3arpaTHsiM [7]. Ha Bro-
pOM MHTEpBaJie 3HaYCHUS [3 TakKe MPUHIUMAIOT OTpHUIATeNbHbIe 3HadeHus (MuHYyC 0.95), uTO Xapak-
TepU3yeT HEYJOBIETBOPUTEIBHOE UCIIOIb30BAaHNUE TPYAOBBIX PECYPCOB.

Ha ocHoBe uaentudunupoBanaoii mogenu I[1® (3) ompenensercs 0000mEHHas cucteMHast 3¢d-
¢dexruBHOCTH PIITK, B emoM. OOmiast 21acTHYHOCTD BBIMYCKa IO 3aTPa4€HHBIM BXOJHBIM pecypcam
A=0+f moka3bIBaeT MHTErpajbHYyI0 d()(PEKTUBHOCTh MCHOJIB30BAHUS 00EUX PECYpPCOB. 3HAYCHUS MX
Ha oOlIeM u nepBOM MHTepBasiax paBHbI 1.98 u 1.83, uTo cBuaerenbcTBYeT 00 A3PPEKTUBHOCTH HC-
M0JIb30BAaHUHU PECYPCOB C pacIIUpeHreM MaciiTada npousBoactsa [1]. OTpunaTenbHoe 3HaUCHUE A Ha
BTOPOM HMHTEpBajie — MUHYC 4.14 TOBOPUT 0 mpolieccax Aerpajialiiid B )KOHOMHUECKOH CUCTEME.

B3BemnBas BKJIaZbl OTHOCUTENIBHBIX U3MEHEHUN PECYpPCOB K'=K/K,, L'=L/L, ¢ HOPMHPOBAaH-
HBIMH 3acTHYHOCTSIMH p=0/(a+f), 1-p=P/(o+P), HalAEM BeNMUYMHY MHTETPAILHOIO MAacIITaOHOTO
s¢dexra M 0T COBMECTHOTO HCIOIB30BAaHUS BOBICUEHHBIX JONOIHUTEIBHBIX KATUTAIBHBIX U TPYIO-
BBIX PECYPCOB B IPOM3BOJCTBEHHBIN mpouecc [7]:

4 M=K7.L0”,

AHaJIOTUYHO B3BEIINBAsi OTHOCUTENLHYIO IPOU3BOIUTENBHOCT KAXJOI0 U3 PECYPCOB, OTYYUM
0000IIEHHBIN MTOKa3aTeNlb TEXHOJIOTHIECKOH 3(h(EeKTUBHOCTH PON3BOJICTBA [7]:

« \P *1_P

Y Y
(5) R=|—| = .
K L

*
rne Y =Y/Y; Ko, Ly, Yo — HauanmpHbIC 3HaUCHUSI (PAKTOPOB.
Ha pucyHke 3 npuBeieHbI 3HaU€HHsI HHTETPajbHOTO MaciitabHoro addexra — M, 06001mEHHOTO TO-
KazareJs TeXHomornaeckoi aekrnBHOCTH — R M apamerpa oTHOCHTENbHOM 3 dexTuBHOCTH R/M.

4456,

Yq

1

F

Pz
.

R

5
1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

1.965%10°, Y 2.001x10°,

"
—{-Y ; mmm——R; - - - M; cronbuaras auarpamma — R/M.
Pucynok 3 — Ouenku napamMeTpoB cocTaBa (akTopa 3ppeKTHBHOCTH.

W3 pucynka 3 BuaHO, 9T0 B mieprox 1965 - 1990 rr. 0000mERHbIE TOKa3aTeNId KaK MacIITAOHOM,
Tak ¥ TexHonorndeckor addexrusaoctu PIITK mocrostHHON pocnu. IIpu 5TOM TexHOJIOrHYecKas
a¢dexTHBHOCTh R Heckonpko mpeBsimana MacmTadbayro M. B 1990 romy, 3a cuér coBepiieHCTBOBa-
HUSI IPOM3BOICTBEHHBIX TEXHOJIOTHH MPOU3OIIIIO YBEINUCHNE BBITYCKa MPOIYKIUH B 2,5 pa3a, a 3a
cuét MacmTabHoro ¢akrtopa B 1,8 paza.

Ha nepuoge ¢ 1990 no 1998/99 rr. Benuuunbl R 1 M nazpatot, nocne 1999 roxa cnajx cMeHsiercs
poctom. Tak Ha konen uHTepBasia — 2001 r. U3 00OLIEr0 yBEIMYEHUs! BBITYCKA, U3MEHEHHS 33 CUET
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TEXHOJIOTHYECKOM COCTABIAIONICH MPOU30ILIO B 2,2 pa3a, a 3a CUET paclIMpEeHHs MaclITaboB IPOU3-
BojcTBa B 1,6 paza.

OtHocuTenbHas 3()()EKTHBHOCTh COBEPIICHCTBOBAHMS TEXHOJIOTHYECKHUX IPOIIECCOB B (opme
OTHOWICHUsI TEXHOJOTHYECKOro (akropa K MacmtabHoMy — R/M, HeCKONBKO OOJIbIE €IHHUIIBI
(cpennee 3Hauenue 1,096), 3a uckiarouenuem 1994, 1995, 1996 u 1998 rr., e JOMUHUPOBAHUE Mac-
mTabHOTO POCTa OOBSCHIETCS OOJIBIIECH CTETICHBIO CIIafa TEXHOJIOTHIECKOro (haKTopa.

Taxum obpazom, st PITTK Camapckoii obactu B mepuog ¢ 1965 o 2001 rr. usmenenus: 00b-
€MOB BBIIIyCKa KOHEYHOH NMPOIyKINHU IIPOUCXOAMIN, KaK 32 CUET PaCIIMPEHHsT MacuITaboB IPOU3BO/I-
CTBa, TaK M IMOCPEICTBAM COBEPIICHCTBOBAHMS TEXHOJIIOTHUYECKUX MTPOIIECCOB, C HEKOTOPHIM Npeodia-
JTaHWEM BKJIaJla MOCIEIHNUX.

Bugno, 9To anmapaTt mpou3BOACTBEHHBIX (DYHKIMH MO3BOJISIET TOCTPOUTH OCTATOYHO aJEKBaT-
HbIE MaTEeMaTHYECKUE MOJENIU pEealbHbIX IPOU3BOJICTBEHHO-9KOHOMHUYECKHX CHUCTEM M IOIYy4aTh
000011IEHHBIE, arPErHPOBaHHbIC OLCHKU 3()(EKTUBHOCTH UX (YHKIIMOHUPOBAHHUSL.

2 Mopenu OLeHKH CPABHUTEIbHOM Y(pPeKTHBHOCTH HA OCHOBE METOA0JI0T U
Data Envelopment Analysis

B mpenpiaymem paszgene ObUIM pacCMOTPEHBI BOIIPOCHI MOZEIMPOBAHUS U OLIEHUBAaHUS 0000-
mEHHOHN 3(h(EKTHBHOCTH MTPOM3BOACTBEHHO-3KOHOMHYECKMX CHCTEM Ha OCHOBE IPOM3BOJICTBEHHBIX
(bYHKIMH.

PaccMoTpuM HMHOHM 1TOJX0J MHOTOKPUTEPHAIBLHOTO OIIEHMBAHHS CPaBHUTENBHOH 3(dexTrBHO-
cti — merogoioruto Data Envelopment Analysis (DEA) [8, 9]. Ero cymecTBeHHBIM JOCTOWHCTBOM
SIBISIETCS] MUHUMAJIBHOE MIPUCYTCTBHE CyOBEKTHBHOTO (hakTOopa MpH (POPMHUPOBAHWN HWHTETPATBHBIX
OIeHOK 3¢ ekTHBHOCTH.

[Toxxon mo3BoJIsiET OOOCHOBAHHO, C YYETOM 3HAYUTEIHLHOTO YHCIIA BXOAHBIX M BBIXOIHBIX Mapa-
METPOB, B KaYECTBE KOTOPBIX MOTYT BBICTYIIaTh SKOHOMHUYECKHE, TEXHOJIOTUYECKHE, TEXHUUECKHE U
JOpyrue KpUTEpHH, HaXOOUTh OOOOMIEHHbIE OLEHKH 3((GEKTUBHOCTH HPOLECCOB M IIPOU3BOACTB B
KOMIIEKCE €JMHON MPOU3BOJICTBEHHO-I)KOHOMHYECKOH, OPraHN3allMOHHON CHCTEMBI.

Meroast DEA sBisitoTcst 060011eHeM pacyéToB MCIOIb30BaHUS BXOAHBIX PECYPCHBIX BO3JICH-
CTBHI Ha MHOTOMEpHBIN citydail. [{jiss MHOrOMEpHOro pON3BOICTBEHHO-9KOHOMHUECKOTO 00BEKTa C
m BXOJHBIMU | k BBIXOIHBIMU napamerpamu: X={X;, Xy, ... X} B Y={Y;, Yo, ... Yy}.

KomriekcHblit 0000mEHHBIH TToKa3aTens 3P HEeKTHBHOCTH [UIsl KaXKAOTO #-20 00BbEeKTa B 6a30BOM
Bapuanre Metona DEA dopmupyercs cienyromum oopazom:

Uy Yln +uy, Y2n + U, Y3n et Uy, 'Ykn

(6) f,=max

UisV i €G Vin 'Xln Vo 'XZn V3, 'X3n Teeet Vi an

B (6) u;, u v;, — BecoBble KO3()OHIMEHTEI, YIOBIETBOPSAIONIME CUCTEME OIPaHUYEHHH, onpese-
JISFOIMX 00J1acTh 3HaueHuit G:

Uy Yy g, Yoy Yz, - Yyy et iy, - Yy
Vln 'Xll +V2n 'X21 +V3n 'X31 +...+an 'X

<1

ml

Uy, Yip +iy, Yoo g, Yo +etuy, - ¥y

<1
Vi, Xin+Vy Xoy +V2, » Xap et v, - X
(7) 1n 12 2n 22 3n 32 mn m2 - {1’2."1{}; j= {1,2".m}.

uln'YlN+u2n'Y2N+u3n'Y3N +'"+ukn'YkN <1
=1

Vin 'XIN +Vo, 'XZN +V3, 'X3N toetVy, 'XmN
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Cucrema cootHouienwuii (6), (7) mis n={1, 2, ... N} onpenensier N 3a7a4 MaTeMaTH4eCKOro Ipo-
rpamMMupoBanus. Pemenue kaxnoi n-ou 3agaun (n = 1, 2, ... N) anst n-o2o oObekta n1aér 3HaYCHUE
COOTBETCTBYIOLIEr0 0000mEHHOr0 NoKa3arens 3PpQeKTUBHOCTH f,, PaH)KUPOBaHHOE Ha €AWHHUYHOM
untepBaie [0, 1], ¥ COOTBETCTBYIOIIUI eMy Ha0Op BECOBBIX KOIDMOUIUCHTOB u,={u;, Uz, ... Uy} U
Vi={Vin Vau .. Vi), MAKCUMU3HpYIOIHH dyHKIMOHAN (6). Boob1ie ropops, 3TH Beca iy, U vj, OyayT
Pa3IMYHBIMU ISl PA3JIUUHBIX /1-bIX CUCTEM.

OTMeTnM, 4TO, B O0IIEM CiTydyae, pelieHHE 3a/1aud MHOTOKpUTEpHAILHOHN onTtuMu3zannu (6), (7)
UMEEeT He eMHCTBEHHOE, a IIEJI0€ MHOXECTBO PELICHUH, yIOBIETBOPSIONINX 33JaHHBIM OTpaHUYCHH-
sim (7) [10]. Ilpu aTOM, OHOM U TOU K€ OTHOCHTENBHOM 3(h(HEeKTUBHOCTH MOYKET OTBEYATh HEKOTOPOE
MHOKECTBO PELICHHH KaK B IPOCTPAHCTBE BXOJHBIX M BHIXOJHBIX IAPAMETPOB, TaK M B IPOCTPAHCTBE
BecoB (yHKuMOHANa. CIegoBaTeIbHO, Pa3InyHble OOBEKTHI C PA3NIMYAIOIIUMHUCS XapaKTePUCTHKAMH
B Merosie DEA MoryT nMeTh 0JTMHaKOBbIe 0000LIEHHBIE [TOKa3aTeNH 3PPEKTUBHOCTH.

PaccMoTrpuMm periieHue 3amadu onpeAeieH s CpaBHUTENBHOM oTpacieBol 3h()EeKTHBHOCTH TPO-
M3BOJICTB, BXOMSIIMX B COCTaB MPOMBINUICHHOTO Komiuiekca Camapckoit oOmactu. OreHky Oymem
IIPOBOJIUTH HA MHTEpPBaje, COOTBETCTBYIOLIEM IepexoAHOMY nepuoay pa3Butus: ¢ 1990 mo 2001 rr.
Hcrounukom uHpopmanuu SBISIIOTCS opunnalibHbIe Mateprainbl CaMapcKoro o0JIacTHOTO KOMUTETa
roCyJapCTBEHHOM CTaTUCTHKH [3].

B kauecTBe MO/IENBEHOTO HPE/ICTABICHUS OLICHUBAEMBIX IPOM3BOJICTB BOCIIOIb3YEeMCSl IPUHATON
paHee IMOoCTaHOBKOH — pucyHOK 1. Kakayro oTpacib MpOMBIIUIEHHOCTH peTHOHa OyZeM paccMaTpH-
BaTb B BUJIE NIPOU3BOICTBEHHO-DKOHOMHYECKON CHCTEMBI, OCYIIECTBIIIONIECH MpoLece npeodpa3osa-
HUSI OCHOBHBIX BXOJHBIX pecypcoB: kamuTanbHbIX (K) 1 TpynoBsix (L), B arperupoBaHHBI KOHSUHBIN
mpoaykrt (Y).

B coorBerctBuu ¢ meromonorueit DEA, GpyHKIMOHA OLEHKH CPaBHUTENBHON 3(PPEKTUBHOCTH
IPEJICTaBUM B BH/IE B3BEIIEHHOTO OTHOIICHUS BBIXOJHOW XapaKTEPUCTUKH — 00BEMHOTO MOKa3aTels
BBIIIyCKa MPOAYKLUUHU — Y K CyMME B3BEILEHHBIX PECYpPCOB: KanuTalbHbIX — K 1 TpyaoBbeix — L. Takum
00pazoM, KpUTEpHUH OLICHKH OTPaceBOH CPaBHUTEIHHON A3PPEKTUBHOCTH TPUMET BUIL:

u, Y

n n

g) [, =max
®) ! u’verln'Kn+v2n'Ln

>

rae Y — o0beM MPOIYKIMH, MPOU3BEACHHONW B OoTpaciu, mipa. pyo. (wist 1998 — 2001 rr. — miH.
py6.); K — GoHIBI OCHOBHOTO BHJIA JACATEIBHOCTH (Ha KOHEII rojia, Mo 0aTaHCOBOH CTOMMOCTH; MJIP/I.
pyOuieit); L — 4ynciieHHOCTh TepcoHana OCHOBHOM JIESITEIbHOCTH, THIC. YENIOBEK; U, Vj, V) — TIOJIOKH-
TEJIbHBII BECOBBIE KO PHUIIUECHTHI.

Paccuntaem 3HaUEHHS OLIEHKH CPaBHUTEIBHON 3P (PEKTHBHOCTH OTIEIBHO ISl KaXKI0TO ro/ia 1o
COBOKYITHOCTH JIEBSITH PETHOHAIBHBIX IPON3BOJCTB. B coorBeTcTBUM ¢ Merononorueit DEA ms ka-
KON OTpaciy B KaXKAOM TOAy cPopMyImpyeM 3aJady MaTeMaTHYECKOrO MPOrpaMMHPOBAaHUS BUIA
(6), (7) u peumm e€. Taxmm obpa3om, HaxoxaeHne DEA-omeHOK OTpaciieBoOil cpaBHUTENBHOW (-
(hEeKTUBHOCTH B COOTBETCTBHU C (DYHKIIOHAIOM (8) CBOAMTCS K PELICHUIO ACBSITH ONTUMH3AIMOHHBIX
3a[a4 Ha JBEHAIIaTH UHTEpBaJaX UCCIICIOBAHN.

Pesynbratel pacuéroB DEA-oneHok cpaBHUTENbHOU 3(P(PEKTHBHOCTH KOMIUIEKCOB BH3YallbHO
Npe/ICTaBIeHbI Ha rpadukax pucyHka 4.

[To pesynbpraTam pacyéToB BHJIHO, YTO MaKCHMAJIbHYIO CpPaBHUTENBbHYIO 3(deKkTHBHOCTH Ha
BCEM MPOMEXYTKE MCCIEJOBAHUS HMeENIa OTpacib MUINEBOM MPOMBIIUIEHHOCTH. DTOT OTpacieBoi
MIPOM3BO/ICTBEHHBII KOMIUIEKC 3aHUMaJ YEeTBEPTOE MECTO 110 BaJIOBOMY BBIITYCKY NMPOAYKIIMU BO BCE
rozs! (3a uckmodenueM 2000 T.), HO UMeJI TOYTH Ha TOPSAOK MEHBIINE 3aTPaThl OCHOBHBIX (DOHIOB.
B cooTBeTcTBHM ¢ 3THM, B3BEIICHHBIE HHTETPAJILHBIE 3aTPaThl PECYPCOB Y HETO HAaUMEHBIIHE 110 OT-
HOIICHHUIO K JPYTUM KOMILIEKCaM, a €r0 OTHOCHTENbHAS 3(P(PEKTHBHOCTh (PYHKIIMOHUPOBAHHUS MaK-
cuMmanbHas. Bee qpyrue KOMIDIEKCH MMETTH MEHBIIYIO CPaBHUTENBHYIO (D (EKTHBHOCTD B pa3IHIHbIC
TOJIBI AaHAJM3UPYEMOTO TIEPHO/IA.
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Ha pucynke 5 npuBefeHbl HHTETPAJIbHBIE OLECHKH 3((QEKTHBHOCTH (YHKLIHOHUPOBAHUS IIPO-

MBIIIJICHHBIX KOMITJICKCOB 3a BCC I'OJIbI.

1. AnexTpoanepreTara 5. MaumnocTpoEnme 1 meTannoobpaboTra
L i I [— ] I
——— 1 p i * I
i i~ ——_ I 1
o1 1 e 1 1 ‘ ! ]
I 1 i 1 1 ] : 1 I
L B e 180 tam tem ot 18M @85 1@E 0 18% 18 1eW AW 20
Z. Tannwenaa npomEWnERROCTE B Necaan w Gatasamuan e
| | | | | | | I | | P ot
a | [ | g |
T ] ry B
] I i 1 1 1 ! Py I
I I 1 1 1 1 1 1 T 1 i T
B a e 1 s am - o
0 tt tem tem tass  taes e taw e e A 2t Dt tER e e 1 15 e e X 200t
3. UreTan meTannyprna 7 TR OMEWNE RO CTE GTROKTENE HEX MaTEpHANDF
I : T T T T
I a 1 1 1 i
w0 et mm o ten 1M fas fem tep e @ a0m 0 10 e em tem 1M @S 19l 1w @@ eE JO 300
4. XMMANEENAA H HE PTERMMHIECEZ] NP OMELNERHOCTE B N&Mias npomHunERHocTE
4 ! I .
i1 T
L T R L R
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Pucynok 4 — UnciieHHbIe 3HAUSHUsI OLICHKU OTPACIICBOIl CpaBHUTENBHOH 3 deKTHBHOCTH

0 01 02 03 04 05 06 07 08 09 1

Mwes asn NPOMbILWNEHHOCT b 1

3nekTpoaHepreTuka

|0.85

|0.85

Tonnue Has NPOMbILWNEHHOCT b

LiseTHas meTannyprus

|o.73

|0.68

Xumuueckas n HquTEXVIMVNBCKaﬂ NPOMBbILWNEHHOCT b

OTpacrb MalWWHOCT poeHust  MeTannoobpaboTku

i0.59

NecHas, nepesoobpabartbiBaollas 1 Lenmono3Ho-6yMaxHas 0.59

NPOMBbILWNEHHOCT b

|o.47

npOMbILL’J'IeHHOCTb CTpOUTEernbHbIX Martepunanos

Nérkas NpoMbILWNEHHOCTb l043

Pucynok 5 — Coxnslii peiitunr Benymmx orpacieir PIITK Camapckoit obnact.

Bunna nH(MOPMaTHBHOCTH MOJYYEHHBIX 000OIIEHHBIX OLCHOK CPaBHUTEIHLHON 3((PEKTHBHOCTH
WCIIOJIB30BaHMSI KOMIUIEKCAMU MMEIOIIUXCS B MX PACTIOPSDKCHUH PECYPCOB.

Takum oOpazom, mpuMeHEHHBIH MeTon DEA, peammsyrommii GpopMann3oBaHHYIO MPOLEAYPY
CBEPTHIBAHUS M3BECTHBIX JIOKATBHBIX KpUTEpreB dH(HEKTUBHOCTH B TI00ANBHBIN 03 HCIOIB30BAHMUS
JOTIOJTHUTENBHOM, KaK MMPaBHIO, CyObEeKTUBHOM HH(POPMALMK O paHTraX YacTHBIX ITOKa3aTeNeH, sBs-
eTcst paboTOCIIOCOOHBIM ISl ITOJTy4eHHs OOBbEKTHUBHBIX 3aKIIIOueHHH 00 00001mEHHON 3 (heKTHBHOCTH
HPOU3BOACTB.
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3 OkcnepTHbIe MOJIeJIM OLCHKHM HA OCHOBE MeTO/a aHAJIN3a HepapXui

B mmpoxom kpyre 3aad 0600IEHHOTO OLIEHUBAHUS SBIAIOTCS HEU3BECTHBIMU CaMH IIEPBUYHbIE
JIOKaJbHBIE MoKa3aTesid () (PeKTUBHOCTH. BO3MOKHBIM MOJIX0JOM B TaKOW CHTYAlMH SIBIISICTCS TIPH-
MeHeHHe pa3pabdoranHoro B Hauaine 1970 rosa amepukaHckuM mateMaTnkoMm Tomacom Caatu Metona
aHanm3a uepapxuii (Analytical Hierarchy Process) [11, 12].

OTOT METOJI MOY4HI IHPOKOE PACIPOCTPAHEHHE U aKTHBHO MPUMEHSETCS! B PAa3IMYHBIX OTpac-
JAX IS PeIleHMs] NMPUKIAIHBIX 33/a4 MHOTOKPHUTEPHAIBHOTO OLICHWBAHMS Ha OCHOBE 00OpabOTKH
CyOBEKTHBHBIX 3KCIIEPTHBIX CY)KICHHUH B (popMe MapHBIX cpaBHEHHH. MeTo/ pUMeHsIeTcst K pa3iind-
HBIM TI0 CBOEH CYIIHOCTH M XapaKTEPHCTHUKAM CHCTEMaM M 00beKTaM. Tak M3BECTHBI MOCTAHOBKH U
pelIeHns 3a1a4 PaHKMPOBAHMS M BEIOOPA BO3MOKHBIX PHIHOYHBIX aJbTEPHATUB (IIPOLYKTOB U YCIIYT),
MIPOBEACHUS] MApKETHHIOBBIX HCCIIEIOBAaHMM, ONPEACICHHUS 3HAYNMOCTH COBOKYIHOCTH (DakTopoB,
CTpaTeruil pa3BUTHsL, PACIPENCICHUS PECYPCOB, U T.1.

B ocHOBe MeTo/1a JISKUT Mpolieypa AeKOMIIO3UILIUK CJI0KHON MPoOJIeMbl — NPE/ICTaBICHUE € B
BUJI€ CTPYKTYPHUPOBAHHOTO HabOpa KOMIIOHEHT WJIM KPHUTEPHEB, B3aMMOCBS3U MEXIY KOTOPHIMHU
(opMHUPYIOTCSl B HEPapXUYECKOM BapHaHTe IpeAcTaBiieHus. [Ipi 3ToM BepUIMHOW HepapXHU SIBIISET-
cs1 o01ast 1esb — JKeJIaeMoe COCTOsIHUE cucTeMbl. ClieyIoIui ypoBeHb IpecTaBiseT co0oil neranu-
3aIMo o0mIeH ey B Buje Habopa KpuTepreB, KOMIIOHEHT MJIM CHJI, OKa3bIBAIOIINX BIMSHKE Ha JI0C-
THO)KeHHE 0003HAYEHHOTO pe3yibraTa. Ha caMoM HI)KHEM YpOBHE HEpapXWH IPEICTABICHBI BO3MOXK-
HBIC JTBTEPHATUBBI, CTETICHb IPHOPUTETHOCTH (3HAYNMOCTH) KOTOPBIX TPEOyeTCs OLIEHUTb.

B metozne ocymecTBisieTcs Mporeaypa MapHOTO CPaBHEHHS OTICNIBHBIX KOMIIOHEHT HEpapXwu
MEXIy co00H. Pe3ynbTaTel 3KCIIEPTHOTO OIEHWBAHUS MPEACTABIAIOTCA B BUAE HA0Opa MOIOKUTENb-
HBIX 00OPAaTHOCHMMETPHUYHBIX MAaTPUI] TAPHBIX CPAaBHEHUH BHJIA:

all alz .o aln

Ay Ayy  eee Oy
9 4= !

Ay Gyy e Gy

B (9) xaxnplit 277€eMEHT MaTPULBI @;; ONPEETAeT CyObEKTUBHOE MHEHHE KCIIEPTA OTHOCHTEINb-
HO 3HaYMMOCTH OLIEHHBAEMOH i-0ti KOMIIOHEHTBI HEPAPXUH OTHOCHTEINIBHO j-01.

Martpums! Buaa (9) cocTaBiSIOTCS I CPABHEHUS BaKHOCTH JIEMEHTOB KaXKAOTO HIDKECTOSIIIe-
IO YPOBHSI HEPaPXHH OTHOCUTEIBHO BbINIecTOsIEro. OLUEHKH 3JIEMEHTOB UePapXUK MPOU3BOISATCS B
COOTBETCTBUM C JEBATHOAIBHOM IIKaJ0i OTHOCHTENILHON Ba)KHOCTH, IPHU DTOM JUIsi OLICHUBAHUS 7
KOMITOHEHT Heo0xoanmo copMupoBath n(n—1)/2 cyxaenuit. Ha ocHOBe MaTpuIl 3KCIIEPTHBIX CYXK-
JICHUH BBIYUCIISIFOTCS JIOKAIbHBIC TIPHOPUTETHI (3HAYMMOCTH (PAKTOPOB) IO KaXKJOH OTIENBHOM Mat-
pHIe, 1 KpUTEPHUN KadecTBa IKCIIEPTHBIX OLICHOK.

JlokanpHbIe TPHOPUTETH! hopManu3ytoTcst B MeTone MAMU B BHie HOpMaIM30BaHHOTO TJIAaBHOTO
cOOCTBEHHOTO BeKTOpa MaTpHunbl. LIupoko pacnpocTpaHEHHBIM MPHOMIKEHHBIM CIOCOOOM HAXOX-
JICHNS1 COOCTBEHHOTO BEKTOpA SIBISIETCS MOJXOJ, OCHOBAHHBIM Ha HaXOXICHWU CPETHETO T€OMETPH-
YeCcKOro. B COOTBETCTBMM C HMM KOMIIOHEHTa COOCTBEHHOT'O BEKTOPA i-0uf CTPOKHM HAaXOIWTCS IO

dopmyie:

(10) b, =%a;xa,*x...xa, .

3aTeM Bce KOMIOHEHTHI b, COOCTBEHHOTO BEKTOPAa HOPMAIN3YIOTCS] Ha €IMHHUILY IIyTeM UX JeTe-
HESL Ha CyMMY 2.b; — U 9TH 3HAYCHUSI ONPEICISIOT JOKAIBHYI0 3HAYUMOCTh OTHOCHTEIIBHO OLICHHBAC-
MBIX 3JIEMEHTOB.

Kputepuu xauecTBa pabOThI SKCIIEPTOB OTHICKMBAIOTCS HA OCHOBE pacyéTa MoKaszaTeNnei coriya-
COBaHHOCTH CYXJCHHUH JUIs Ka)KI0H MaTpUIIbl HAPHBIX CPAaBHEHHUH 110 MAKCUMAIbHOMY COOCTBEHHOMY
3HAYEHHIO MaTPHULBI.
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Ecnu kayecTBO CyX/JeHHI1 SKCIIEPTOB HEMTPUEMIIEMO — OLICHKH HECOTJIACOBAaHHBI MEXIY CO00i —
TO CJIEAYET MePecMaTPUBATh CYKICHUs SKCIIEPTOB [0 COOTBETCTBYIOILEH MaTpHLE.

3aBepUIAIOIMM ATAallOM METOJIa SIBJISIETCS HAXOXK/ACHHE HWHTErPabHBIX OOOOIIEHHBIX OLEHOK
3HAYUMOCTH aibTepHaTUB. [Iponenypa cBepThIBaHHS JIOKATBHBIX PHOPUTETOB 3aKIIIOYAETCSl B HAXO-
JKIICHUU B3BEIICHHBIX CYMM II0 BCEM DJIEMEHTaM OJJHOTO YPOBHS, YYMTHIBAIOIINX BeCOBBIE K0d(du-
LUCHTHI (BEKTOPA IPHOPUTETOB) BBIIIECTOSINETO YPOBHS Hepapxuu. Tak B ciiydae ¢ TpEXypOBHEBOH
nepapxueil B COOTBETCTBHU C BECOBBIMHU KOI(P(PHUIIMEHTAMI KPUTEPHUEB BTOPOTO YPOBHS IPOU3BOIUT-
csl cBEPTKa MO KaXIOW M3 aJIbTEPHATHB TPEThero ypoBHs. Haiins, Takum oOpazom, 3Ha4EeHUS TIJIO-
OaNbHBIX NMPUOPHUTETOB, JENACTCSI OKOHYATEIBHBINA BBIBOJ O CPAaBHUTEIBHOM 3HAYMMOCTH OLIEHHBAC-
MBIX QJIBTEPHATHB.

Paccmorpum npumenerne meroqa MAW it 3agaun oLleHHBaHUS KOHKYypeHTococoOHocTr. Ha
OJHOM W3 NPEANpPUATHI aBHALIMOHHOr0 MamnHocTpoeHus: CaMapckoi obsacTi ObLIa IIPOBEACHA HKC-
HepTHas OleHKa (haKTOPOB KOHKYPEHTOCHOCOOHOCTH NPEeNNPHUATHSA 10 CIEyIoLIel cxeme:

1. BbIOpaHBI U cOTJIacOBaHBI MOKa3aTeNM KOHKYPEHTOCIIOCOOHOCTH Ha OCHOBE CYIECTBYIOIICH

CHCTEMbI HHIMKATUBHBIX TIOKa3aTeei.
2. TlpoBeneHa CTpyKTypH3aLusl Mmokaszaresieil 1 (akTopoB KOHKYPEHTOCIIOCOOHOCTH B BUJIE He-
PapXHU4ecKOi CTPYKTYPHI.
ITpoBeneHo sKcTIepTHOE OIIEHMBAHNE 3HAYUMOCTH (PAaKTOPOB KOHKYPEHTOCIIOCOOHOCTH.
Peanm3oBana Maremariyeckas 00pabOTKa pe3yIbTaToB aHKETUPOBAHUSL.
5. Haiinensl 0000mEHHBIE 3HAYUMOCTH (HaKTOPOB KOHKYPEHTOCHOCOOHOCTH, ONpEAEIICHBI YHC-
JICHHBIC 3HAYEHHS PAHTOB M 3HAYNMOCTH TOJyYEHHBIX OLICHOK.

HcxonHoit nHGOpManmeil 11 TpoBeAEHHS NCCIEOBAaHNS SBIIACh CHCTEMA OLICHOYHBIX TOKa3a-
Teslell KOHKYpPEeHTOCIOCOOHOCTH npeanpustua. Ha cienyromem stane ObUIO MPOU3BENEHO MOCTPOE-
HHE HepapXuH 1 (HOPMHUPOBAHKIE CXEMBI IIPOBEACHNE UCCIIEIOBAHNS — PUCYHOK 6.

bl

‘ KonkypeHTOCTIoCOOHOCTD ‘

s

I'pymma
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Pucynok 6 — Mepapxust cHCTEMBbI OIICHKH (DAKTOPOB KOHKYPEHTOCIIOCOOHOCTH.

Bouto BblENEHO NeBSTH (PAKTOPOB KOHKYPEHTOCIIOCOOHOCTH: MAapKETHHT, MPOHU3BOACTBO, TEX-
HOJIOTHS, SKOHOMUKA, (PMHAHCHI, IEPCOHAJI, KaueCTBO, PA3BUTHE M MHHOBAIMU U c(epa yIpaBIeHHUS.
B kauecTBe 3KCIEPTOB, OCYIIECTBILIOINX PAHKUPOBaHHE (PAaKTOPOB KOHKYPEHTOCIIOCOOHOCTH OBLIH
BBIOpaHBI BEAyIIHE MEHEIKEPhl MPeApHATH. PaHKUpoBKa 3KCIIEPTOB HE NPOBOAMIACH, a CTEIEHb
3HAYUMOCTH HMX CYXKJICHHUH OIpelersiiach Ha OCHOBE OLIEHOK Ka4eCTBa — OTHOILLIEHUI COTJIaCOBaHHO-
cti. B ciyuae ecnu HecorllacOBaHHOCTH MpEBBIIIANA JIOMYCTUMBIH YPOBEHb, TO TPH CHHTE3€ TIJIO-
OaBbHBIX IPUOPHUTETOB HCTIOJIL30BAINCH ITOHIKAIOIINE BECOBBIC KO3 OUIMEHTEHI.
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Kaskzplit sxcnepT npoBEN NomapHOe CpaBHEHHE 3HAYMMOCTH (CTETICHH BIMAHMSA) IEBATH (akTo-
POB Ha 0OIIYI0 KOHKYPEHTOCIIOCOOHOCTh MpeNIpHATHA. Pe3ynbTaThl arperupoBaHus UX 3aKIIOYCHHUI
TI0 OITMCAHHOI METOJIUKE B TJI00aIbHBIE KDUTEPUH OLICHKH ITPEACTABIICHBI Ha JJHarpaMMe pUCyHKa 7.

25%

20%

20%
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Pucynok 7 — Pe3ynbTaThl OLEHKH ITTOOANBHBIX IPUOPUTETOB 10 (JaKTOPaM KOHKYPEHTOCTIOCOOHOCTH.

[Monydennbie 06001IEHHBIE OLIEHKH (PaKTOPOB KOHKYPEHTOCIOCOOHOCTH BBIACIAIOT Haubosee
HavMeHee 3HAUYMMBbIC ITOKa3aTell, TAal0T BO3MOXKHOCTh CTPYKTYPHUPOBAHUS MX JJIsl PA3INYHBIX IIEJICH.
Tak, Bce (akTOpbl MOXKHO pa3AeivTh Ha TPU TPYMIBI PHOPUTETOB: «IPHOPUTETHASD (OLEHKH OT
20% no 13%) — kadecTBO, ynpaBieHHE, MApKETHHT; «cpeaHss» (oueHkH Ha ypoBHe 11%, 10%) —
TEXHOJIOTUS, THHOBALMH, (PMHAHCHI; «HU3IIAs» (OLEHKH MeHee §%) — MepcoHal, 3KOHOMHKA M IIPO-
n3BOJICTBO. KauecTBEHHON MHTEpIIpeTanuei, MOMyIeHHBIX OLICHOK, SBJIAETCS BO3MOXKHOE «Oiaromno-
JIy9YHOE» IMOJI0KEHHE EN B TPYIIIaX CPEAHETO U HU3KOTO NIPUOPHUTETOB M HANOOJIEE OCTPOH MITH aKTy-
aIbHOM CUTYyalUel B IPUOPUTETHON IPyIIIE.

K ximoueBbIM 0cOOEHHOCTSIM paccMOTpeHHOro MeTona MAMU oTHOCHTCS TO, YTO, BO-IIEPBBIX, Be-
COBBIE KOA((UIUEHTHI OLIEHOYHBIX KPUTEPUEB OMNPEIEIAIOTCA B X0/ pealu3aluy ajaropuTMa map-
HBIX CPaBHEHUIi, a HE 3aJal0TCs allpuopH. Bo-BTOPBIX, paccMaTpUBaeMBblil MOJX0]] TTO3BOJISAET ITOJY-
YaTh OLEHKW Ha Pa3HBIX YPOBHSX MEPapXHH, YTO CYLIECTBEHHO OOJieryaer 3aaady CHCTEMHOTO Olle-
HUBAHUSI B Cllyyae OOJIBILIOr0 KOJINYECTBa alIbTEPHATHB.

OTMeTHM, 9TO paccMOTpeHHBIH MeTo MAW xopomo coriacyercs ¢ METOI0M MHOTOKPUTEPH-
aNBHOTO OICHUBAHUS cpaBHUTENbHON 3 dexTnBHOCTH — Data Envelopment Analysis. Tak B pabore
[13] mpenuaraercst Ha IpeABAPUTEIHHOM ATalle TOCTPOCHUS (PYHKIIMOHAIEHOW MOJIEIH OICHKH CpPaB-
HUTENBbHON 3((EKTUBHOCTH CHadajla OLEHWBATh 3HAYMMOCTh HabOpa BXOIHBIX M BBIXOIHBIX Iapa-
MeTpoB MeTotoM MAW u TOMBKO IMOTOM HCIIONB30BAaTh alrOpUTM pacuéra B cooTBeTcTBUHN ¢ DEA-
METOIHUKOM.
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3akiao4yenue

B craTtbe paccMOTpeHB! pa3IndHbIe METObI 0000IIEHHOT0, MHOTOKPUTEPHATIBHOIO OLICHUBAHNUS,

OCHOBAHHBIC KaK Ha JCTCPMUHUPOBAHHBIX U CTATUCTUYCCKUX MOAXO0AaX, TaK U Ha METOJax 3KCICPT-
HBbIX Cy)KJIeHPIfI. KOHCprKTI/IBHoe MMPUMEHCHUEC ITHUX MMOAXO0J0B, OCHOBAHHBIX HAa IMMOCTPOCHUU (1)yHK-
IMUOHAJIBHBIX WU CTPYKTYPHBIX Moz[enef/i HCCIICYEMbIX O6L6KTOB, [TO3BOJISET BELISBISATE U 00OCHOBEI-
BaTh HanOosee 3(1)(1)€KTI/IBHLI€ HallpaBJICHUS COBCPUICHCTBOBAHUA KOMILJICKCHOI ACATCIbHOCTH IIPO-
HU3BOJACTBCHHO-DKOHOMHNYCCKUX CUCTCM.
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Abstract

In the given paper a synergetic approach for analysis of realization efficiency of scientific projects
in different scientific organizational structures is considered. Nonlinear models of implementation
of one or two scientific projects for two and three performers with different relation variants be-
tween them are investigated.

BBenenue

HccnenoBanne MpouneccoB yNpaBiIeHHsS B OPTaHU3ALMOHHBIX CHCTEMax MPEACTAaBISIET KaK TEo-
PETHYECKHH, TaK U MPAKTUIECKUH nHTEpec. CI0KHOCTh HCCIEIOBAHMS 3THX MPOIIECCOB 00YCIOBICHA
BO-TIEPBBIX, HAJTMIMEM YEJIOBEKA KaK 3JIEMEHTa CHCTEMBI, TOBEIEHHE KOTOPOTO SBIISIETCSI HCTOYHHKOM
Pa3IMYHOTO POJa HEOIpeNEeTIeHHOCTEH, BO-BTOPHIX, CIIOKHOCTBIO OTHOIIEHUH (OT APY>KEeII0OHOTO 10
KOH(UIUKTHOT'0) MeXIy CyObeKTaMH, H3MEHEHNE KOTOPBIX BeIeT K M3MEHEHHUIO CTPYKTYPBI OpraHHu3a-
IIMOHHOHM CHCTEMBI, B-TPETbUX, HEONPEAEIECHHOCTBIO YPOBHS CJIOHOCTH HAYYHOH IPOOJIEMBI, I
pelIeHUs] KOTOPOH U MOCTPOEHA OpraHU3alIOHHAs! CUCTEMA.

HccnenoBanue TUHAMUKN OPraHU3AlMOHHBIX CHCTEM HAa OCHOBE HEUETKHMX KOIHUTHBHBIX KapT
TI03BOJISIET BBISIBUTH BIIMSHUE MHOTHX BHEIIHHX (PaKTOpOB Ha 3((EKTUBHOCTH (YHKIIMOHUPOBAHUS
CHCTEMBI, Jy4lle MOHATH MpoOIeMy, pacKpbITh BHYTPEHHHE NpoTuBOpeums cucremsl [1]. OmgHako
JIMHEWHBbIE KOTHUTHBHBIE MOJENIH HE MO3BOJIIIOT BBIABIATH U aHAU3UPOBATh T€ CBOMCTBA CUCTEMBEI,
KOTOpBIE SIBISIFOTCA PE3YJIbTATOM HEIMHEHHOrO MOBEICHMS 3JIEMEHTOB M HEIMHEHHOIrO XapakTepa
OTHOUIEHUH MEXTy HIMH.

HccnenoBanus B HEMMHEHHBIX OPICHCTEMax MPOIECCOB YIPABICHHS KaK IIPOIECCOB caMoopra-
HU3aIUHU [eIecO00pa3Ho MPOBOANTh Ha OCHOBE JOCTHM)KEHWH CHHEPTeTHKH, KOTOpas OXBAaThIBACT
ITOYTH BCE COBPEMEHHBIE OTpaciiv 3HaHUH [2, 3, 4].

B naHHO#t cTaThe paccMaTpUBAETCsl CHHEPreTUUECKHUI TOAX0/ K aHanu3y 3QEeKTUBHOCTH pea-
JIM3alUM HAay4YHBIX MPOEKTOB B Pa3JIMUHBIX HAYYHBIX OPraHU3alMOHHBIX CTPYKTypax. Mcciemyrorcs
HEJIMHEHbIE MOJIeNN pPealn3alui OAHOTO U ABYX HAyYHBIX IPOEKTOB IPH BYX U TPEX UCIOIHUTEISIX
C Pa3IMYHBIMU BapUaHTaMH OTHOIIEHUI MEXy HUMH.

1 AmnHaau3 B3auMojieiicTBUs YYaCTHUKOB IIPOEKTA IIPHA €ro peaju3dannuu

HpI/I H3Yy4YCHUU MMPOUECCCOB YNPABJIICHUA B CJIIOKHBIX HEJIMHEHHBIX JUHAMHYCCKHUX CUCTEMaAX fAB-
JIACTCA BAXXKHBIM BBISIBJICHUC POJIM IMOJOXUTCIBHBIX U OTPHULIATCIbHBIX O6paTHBIX CBsI3CH B (bOpMPIpO-
BaHUU Pa3IMIHBIX (I)OpM JABHXCHHUSA CUCTCMBI, €€ CBOfICTB, B TOM YHCIIE€ €€ CIIOCOOHOCTH K JOCTHXKC-
HUIO BBICOKOI'O YPOBHS CaMOOpraHH3alyu. OtnnuuTenabHas 0COOCHHOCTD n3y4acMoro moaxoaa K
YIIPaBJICHUIO B OPTaHN3AMMOHHBIX CUCTEMAX 3AKIIIOYACTCA B TOM, YTO B HUX PCATTNIYETCA CHHEPICTH-
YECKUU TNPpUHLMUIT YTIPABJICHUS, KOrda JOCTHXKEHUE LEIN OCYLIECTBJIACTCA HE 3a CUET KECTKOI'o OT-
CJIC’)KUBAHMS COCTOSIHUS O0BEKTA YIIpaBJICHUs, KaK 3TO IPOUCXOAUT B CICAAMINX CUCTEMAX, a 3a CUCT
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TaKOl OpraHM3alMy B3aUMOJCHCTBUS YHaCTHUKOB MPOEKTa, KOTOpas ¥ oOecreunBaet ero 3¢ QpexTus-
HYIO peau3aLuio.

IIpu 3TOM 1IENTE UHAUBUAYAIBHON NESATEIbHOCTH YYaCTHUKOB MIPOEKTA 3aKJII0YAeTCs B TAKOH Op-
TaHM3alUU UX COBMECTHOH eATebHOCTH, IIPU KOTOPOH yJaeTcs NoAAep)KaTh pUTMUYHOCTD U ITOCTO-
SIHHBII TEMIT BBITIOJIHEHHsI paboT no HayuHomy npoekty (HII), obGecnieunBaromue peannzamuio npo-
€KTa B HaMEUeHHbI cpok. Ecnu opraHu3anus COBMECTHOHN AEATENBHOCTH YYaCTHUKOB IPOEKTa IO-
cTpoeHa Hed((EeKTHBHO, TO HAOJIIOAACTCS XaoC B TEMIIaX pealM3alliy MPOEKTa, B TEMIIaX BHIOJIHE-
HUsI pabOT ydacTHHKAaMH TPOEKTA. JTOT XaoC MOXKET OBITh JIMKBUIUPOBAH TOJIBKO 3a CYET IleJIeHa-
MIPABJICHHOTO MEPECMOTPa OTHOIICHNH MEXAY YYACTHHKAMHU MPOEKTa M UX WHIUBHIYaJIbHOTO MOBE-
JICHNUS1, KOTOPBIE BBICTYTIAIOT B CHCTEME B KA4ECTBE ITAPAMETPOB MOPSIKA.

B pabote paccMOTpeHBI HECKOJIBKO THIIOB HEIMHEHHBIX JHHAMHYECKHUX MOJEIEH OpTraHHM3aIH-
OHHOTO YIPaBJICHUS TIPOLIECCOM peal3allii HaAydHOro IpoeKkTa. Bece Mopenu alekBaTHO OTpakaroT
Ka4eCTBEHHYIO CTOPOHY B3aMMOJEHCTBUS YIACTHUKOB IIPOEKTA.

[TepBast MOzEb OMUCHIBAET MPOLIECCHl B3aUMOJICHCTBIS HayuyHoro pykosoxurens (HP) u nayu-
Horo corpyanuka (HC) npu peanunzanmn HIT u umeer cnexyromuii BUI:

Y = —a)Y + kj, XY — b XZ +u,,

(1) X =—a,X +ky XY —b,YZ +u,,
Z =—cZ+ XY.

3neck Z — temn BeimoiaHeHHus padoT o HII, a ¥ u X coOTBETCTBEHHO TEMITHI BHINTOJIHEHUS paboT
o HIT Hay4HBIM pyKOBOJIUTENIEM M HayYHBIM COTpYAHUKOM. IlapaMeTpsl a, a; OTpaxaloT (paxkTopsl,
crabunmmsupytoniie HHIUBIAyansHyIo nestensHocts HP m HC. Koaddummentsr k), k»; oTpaxkaior
B3aMMOCOAEHCTBHE MEXIY YIaCTHUKAMU IPOEKTa U 00Pa3yroT B CHCTEME IOJIOKUTEIBHYIO 00PaTHYIO
cBs3b. [lapamerpsl by, b, oTpaxarT (HaKkTOPHl, CTAOMIM3UPYIONINE MPOIecC MOAIEPIKKNA TEMIIOB BEI-
MONHEeHUs NpoekTa B 1enoM. KoapduuueHT ¢ oTpaxkaeT BIMSHHE CTEHNEHHU CIOXHOCTH IIPOEKTa M
TPYAOEMKOCTH €r0 BBINOJHEHUSI Ha CTAOMIIM3ALIUI0 TEMIIOB BBINOJHEHUs poekTa. [lepemeHHbIe Uy, Uy
OTPaXaroT BKJIaJ, BHOCUMBIH yYaCTHUKAMH B TOJIEPKaHHE TEMIIa BHITIOJHEHUS PAabOT MO HAyYHOMY
MIPOECKTY.

[IpennonoxuMm, 9to XY ecTh oOIee yCHINE MHTCIUICKTyanbHOU aestensHoctd HP u HC, Ha-
IIpaBJIEHHOE, BO-TIEPBHIX, HA oOecrieueHre TeMIa BoinoiaHeHus padbot no HII, Bo-BTOphIX, Ha OKa3aHue
B3aUMOIIOMOIIH ApYT Apyry. IIpuuem B O€CKOH(IMKTHON CHTYaIlH 3Ta ITOMOIIb TAKOBa, YTO yCHIIU-
BaeT Temmbl BomosHeHUsT pador HP n HC, a npu KOHQIUKTHOW CUTyalMu — CHIMKAET 3TH TEMIIBI.
Kpome Toro, B Mmogemsix nesirensHocT HP 1 HC yuuthbiBaeTcst ©IX COBMECTHOE BOCIIPHSITHE TIPOLIEC-
COB YIpPaBJICHUS B BUIC CTAOMIM3HPYIOMIEH OOpaTHOM CBS3H MO TEMITy BEIIONHEHUS paboT mo HIIL.
[pu >ToM crta obpatro# cBsi3u mist HP onpenensiercss HC, a mis HC — ero HP.

R
08 R lemor o hBEBE

Pucynox 1 — ®a3oBsrit mopTpeT u nepexomHast GyHKINS B YIPaBIsIEMOH OprcucTeMe
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Ha pucynkax 1-3 mpexacraBiieHbl pa3InuHble (pa3oBble IOPTPETH M COOTBETCTBYIOIINE UM IIepe-

XOJIHbIE TIPOLECCHI MTOBECHMS CHCTEMBI B IIIOCKOCTH (Z, Z ) TIPH Pas/IMuHbIX 3HAYCHHSIX TAPAMETPOB
cucrembl. Ha pucyHkel mokasan mporiecc MoJiepxaHusi MOCTOSHHBIX TEMIIOB BBIMOJIHEHUS IPOEKTa
pu coriacoBaHHOM B3aumozericTun napTaepoB (HP u HC). Temn Z ympapnsieM 10 BXOIHBIM Iepe-
MEHHBIM U] U Uj.

Ha pucynke 2 nmoka3aH npouecc, KOTAa B CUCTEME BO3HHUKAET CPBIB THIA «CKIAIKU», IEPEBOAS-
IIMH CHCTEMY C BBICOKOTO YPOBHsSI Ha 0oJiee HU3KHWH YpOBEHb TEMIIOB BBIIIOJIHEHHS MPOEKTA. DTOT
CPBIB POUCXOJNUT HM3-32 HU3KOH MHEPIMOHHOCTHU BBIIOJIHEHHUSI CAMOTO NMPOEKTa Kak 00BEKTa yIpas-
JICHUS U BBICOKOM MHEPLIMOHHOCTHU AEATEIbHOCTH HCIOIHUTENEH.

Ha HekoTopeIx pexumax pabOTBHI CHCTEMbI HAOJIONAETCsl BOSHUKHOBEHHE aBTOKOJIEOATENBHBIX
npoueccoB. Ha pucyHke 3 moka3aH CpbIB CHCTEMBI C IEPEXOAOM B aBTOKOJIEOATEIBHBIA PEXKUM.

il
#Y Plot Hé”ﬁ/@m‘ﬁgl
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Pucynok 2 — CpsIB B opreucreme
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PucyHnok 3 — CpbIB ¢ Iepexo/I0M B aBTOKOJICOATECIBHBIA PEKUM

Hanee xommaectBo HC B Momenu OpIIO pacmmpeHo A0 AByX. MaTeMaTmdeckas MOIETh TaKon
OpPTCUCTEMBI HIMEET CIEIYIOUTIHA B
Y = —agY + ko XY + koy X, Y — by (X, + X5 )Z +ug,
X, = —a X, + koYX, —bYZ +uy,
X, = —ay X, + koYX, — b, YZ +uy,

Z=—cZ+(X,+X,).

2)

B aroit Mmogenn HP paboraer ¢ xaxxapim HC B otnensHocTH, a HC Mexny coboii He KOHTaKTH-
pytot. Ecniu Tpebyercst yaects B3anmMozeiictere Mmexxay HC, To B ypaBHeHus 2 u 3 cucteMsl (2) HE0O-
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XO/IUMO BBECTH wWieHbI k12X X, U ky X1 X, cooTBercTBeHHO. Dddext ot aestenpHoctn HC Bocnpunu-
MaeTcs CyMMapHO, a MPH y4eTe UX B3aUMOACUCTBHS B YpPaBHCHUU 4 CUCTEMBI (2) TOJIKEH MOSBUTHCS
wieH X\ X;. B 9TOl Mozenu Takke MOXHO JOCTHYb PEXHMMA IOJACPKaHUs IIOCTOSIHHOTO TEMIIa BbI-
noiaeHus padot no HII. Ipu ocnabiaenun cTaOUIM3UPYIOIIMX CBSI3EH 3[IeCh TaK)Ke BO3HHKAET XaocC B
MOJ|/IepKaHNK TEMITOB BBITIOJIHEHUS TpoeKkTa. Bo3HHKHOBeHHE KOH(IMKTHBIX cuTyauunii mexay HP u
HC npuBoaut x 3HauuTensHOMY (B 3+5 pa3) CHHIKEHHIO TEMITOB BHIIIOJIHEHUs paboT. B aToii cucreme
TaKXe MOTYT TOSIBIISITECSl aBTOKOJIeOaTeIbHbIE PEXKUMBI (puc.4) 1 KojeOaHus! TUIIA «CTPAHHOTO)» aT-
Tpakropa (puc. 5). Ilpn HanM4IMy 3ana3nblBaHus B KaHAJIaX CTaOWIM3MPYIONIeH 0OpaTHOI CBSI3H BO3-
HUKAIOT 00Jiee CII0XKHBIE (POPMBI XaOTHUECKHUX JIBIKCHUH.

JRT=TE =0l x]

AT Hlot

10 - - - - lem|locpp BB B E

Ao

Pucynok 4 — ABrokosnie6aTenbHbIN PEXKUM B OPrCUCTEME
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Pucynok 5 — «CtpanHBIi» aTTpakTop

B kauecTBe TpeTheil Mojienu OblTa PACCMOTPEHA OPICHCTEMA, B KOTOPOW peaau3yrTes JBa mpo-
€KTa [PU TPEX yYaCTHHKAX MTPOEKTA.

Y = —apY + kg, X,Y + ko X, Y — by X, (Z, + Z) = by X+ (Z, + Z5) + iy,
X, = —ay X, + koYX, — B YZ, +uy,

() X, =—ay X, +hygYXy —bYZ, +uy,

Z, =—aZ, +(X, + X,)Y,

7, = —cyZy + (X, + X,)Y.
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B »10it Momenn He yureHo B3aumoneiicTBue mexay HC, Ho o6a HC ygacTByioT B peanuzanuu
000ux MPOeKTOB. B 371011 oprcuctemMe Taxke MOXKHO 3a CYET OpPraHU3ALMU B3aUMOCOACHCTBHUS MEXKILY
YYaCTHUKAaMH IPOEKTa 00ECHEeYUTh TaKOW PEXuM ee paboThl, MPH KOTOPOM OOECIIeUMBAETCS IMOJI-
JIepKKa TpeOyeMbIX TEMIIOB BBINOJIHEHHS padoT MO KakaoMy Mpoekty. Ha pucyHke 6 moka3zaHbl BO3-
MOXKHBI€ THITBI Xa0ca B JIaHHOH CHCTEME.
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PI/ICyHOK 6 — XaoTuueckue JABMOKCHHUSA B CUCTEME ITPU HAJIMYUU YUCTOT'O 3ar1a3AbIBaHUA

Ha PUCYHKC 7 moka3aHa OIHa U3 CXEM MOJCINPOBAHUA OPICUCTCMBbI.
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Pucynok 7 — Cxema MoJieIMpOBaHUsI OPTCUCTEMBI
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HccnenoBanusi, MpoBeICHHBIE HA TAHHBIX MOJIEIISIX TTO3BOJISIIOT CAEIATh CIETYIOIINE BHIBOABI.

1) 3a cdeT COOTBETCTBYIOWICH OpraHM3aIlM OTHOLICHWN MEXIy yYaCTHHKAMH IMPOEKTa MOXHO
JOCTHYb YNPABISIEMBIX PEXHMOB IMOJIEPKAaHHS KEJTaeMbIX TEMIIOB BBIIOJIHEHHs PabOT IO Ha-
YYHBIM IIPOEKTaM.

2) Jna crabwimzanuu TemrioB BeinoHeHHs: pabot o HIT nosmkHEI OBITH COOMIONCHBI CeayIOmne
YCIIOBHSL:
® HMHEPUHUOHHOCTH MHJMBHIYAILHOH JEATEIBHOCTH YYaCTHUKOB ITPOCKTA JOJDKHA OBITH 3HAYH-
TEJIFHO HIKE MHEPLHUOHHOCTH N3MEHEHHSI TEMITIOB BBIIIOJIHEHHMS paboT 10 MTPOEKTY;

e uHEpUHOHHOCTH AearensHocTn HC nomkHa OBITH MEHBINE, YeM HHEPIHUOHHOCTh JESITEIHHO-
ctu HP;

e B CHCTEME JIOJDKHO OTCYTCTBOBAaTh YMCTOE 3alla3/bIBaHKE B Iiepegade HHPOPMALUH U APYTUX
pecypcoB MEXy Y4aCTHUKaMHU MPOEKTa;

e B cUCTeMe Cuila CTaOMIM3UPYIOIIUX CBA3EH NOMKHA OBITH OOJNBIIE CHIIBI CTHMYJIHPYIOIINX
(nmonoxwurensHbIX) cBsizeit Mexxay HP u HC, nanpaBneHHO#H Ha B3aMMOIIOMOLIb JAPYT JAPYTY.

3) K aecrabunmzupyromum (akTopam, BBI3BIBAIOIINM JETEPMHUHUPOBAHHBIA Xa0C B MOJIEPKAHIH
TEMITIOB BhINoJHeHHs padboT o HII, MokHO oTHecTH cieyromue:
® HH3KHE 3HaYCHHs CTAOWINM3UPYIOUMX (HaKTOPOB: IPHU MajbIX 3HAYCHUSIX by, by, by, by, cuc-
TeMa TepsieT CTaTUYECKYI0 YCTONUNBOCTE;

e OosplnMe 3HAYECHUS CTUMYIHpYomux ceszeit mexxay HP n HC, xotopsie 00pasyrot B cucre-
M€ ITOJIOXKUTETbHBIE OOpPaTHBIE CBS3N;

e 0osbIIasi MHEPIMOHHOCTH JIESITEIFHOCTH yYaCTHUKOB IPOEKTA MO CPAaBHEHHIO C MHEPLINOH-
HOCTBIO M3MEHEHUs TEMIIOB BBINOJIHEHHS paboT MO MPOEKTY, YTO IPHUBOJUT K BO3HUKHOBEHHIO
aBTOKOJIE0aHUH U Jake K HEYCTONUYMBOCTH CUCTEMBI,

e HaJIMYME YUCTOTO 3ala3JbIBaHUs B KaHallaX 0OpaTHOH CBs3Y;

® BBICOKasl YyBCTBHUTEIILHOCTD K BO3JICUCTBHIO ()AKTOPOB BHEIIHEH CPEbI.

JlanpHeine uccaeoBaHus HAalIPaBJIeHbI Ha yCIOXKHEHUE HEIMHEHMHON MOJIeNIu B CTOPOHY yBe-

JIMYEHUs] KaK KOJIMYECTBA 3JIEMEHTOB B CHCTEME, TaK M MapaMeTpPOB, XapaKTEPU3YIOIIUX COCTOSHHE

KaXI0T0 U3 yYaCTHUKOB IPOEKTA.

3akjouenue

CuHepreTH4ecKui 1moxo/1 03BOJISIET UCCIIEA0BATh B HEIMHEHHBIX TMHAMHUYECKUX OPICHCTEMAax
IIPOLIECCHI YNPABIECHUS, TOCTPOSHHBIE HA MPUHIIUIIE CAMOOPTaHU3ALUK CHCTEM, M BBIABUTH BCE BO3-
MOXHBIE aTTPAKTOPBI U (POPMBI IBIKCHHMS CHCTEM, A TAKXKE TTOJIyYHTh yCIOBHS, IIPU KOTOPBIX CHCTE-
Ma II0TIa/IaeT B JKEJIaEMbIH aTTPaKTop.
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Abstract

A new enterprise competition strategy related to permanent enterprise learning is suggested. The
sources of learning enterprise concept are revealed. The relationships between learning and intel-
ligent enterprises are considered. Some well-known learning procedures in psychology and artifi-
cial intelligence are discussed. Main functions and types of enterprise learning are studied. Formal
approaches to selecting behavior strategies for learning enterprises are introduced. At last, a
methodology of constructing learning enterprises is developed.

BBenenue

B coBpemeHHOM OM3HEce THIMMYHBIMH UCTOYHHKAMH IOJIYYEHHs KOHKYPEHTHBIX MPEHUMYIIECTB
SIBJISIFOTCS: HOBBIE TEXHOJIOTUH (B OCOOCHHOCTH, HH(POPMAIMOHHbIE 1 KOMMYHHUKAIIMOHHBIE TEXHOJIO-
T'MH); HOBBIC PHIHKH (WJIM HOBBI CEIMEHT PBIHKA); N3MEHEHHS «IIPABIJI UTPBD HA PHIHKE; HOBBIC 3a-
MIPOCHI TTOTPEOUTEIICH; HaKOHEL, HOBBIE CTPYKTYpPBl M CTpaTerud HOBeneHMs npeanpusituid. B [1-4]
OBUTH PacCMOTPEHBI TaKHe MHHOBAIMK OPTAaHW3ALMOHHBIX CTPYKTYpP MPEINPHUITHI KaK TOPU30HTAIIb-
HBIC, pacIIupeHHbIe, (paKTaibHbIC, XOMOHWYeckne mpennpuarus. Kpome toro, B [1, 5] 6pum moz-
pOOHO HCCIe0BaHbl BOIIPOCH! IIOCTPOCHUS MHTEIIEKTYalbHBIX Npexnpusituii. OHAKO, OpraHn3aim-
OHHOE NOBEJCHIE H3MEHACTCS apalIeIbHO ¢ MO (UKaLel CTPYKTYpBl OpraHU3aluH.

Llens HacTosiel pabOThI 3aKIIFOYACTCSl B MCCIIEIOBAHMH HOBBIX CTPATErMil OpPraHW3allMOHHOTO
MOBEACHUSI MPEANPHUSATHHA, CBS3aHHBIX C ITOSBIICHHEM OOydaromuxcst npeanpustiid. [Ipu sTom wuc-
MOJIB3YETCsl KOHIETIHS «IKOOMOIOTHUECKUX OpraHU3aluil» KakK «COIHO-DKOHOMUYECKHX OpraHu3-
MOB, JKUBYIIMX U PA3BUBAIONINXCS B CIOKHOM, TUHAMUYECKO# cpene» [6]. [maBHas nmpobiiema co3na-
HUsI 00y4aroIMXCs MPEANPUATHH 3aKII0YaeTCs B NEPeXoie OT TPAIAUIMOHHBIX CIOCOOOB M CPEICTB
WHIMBUYAIEHOTO ¥ TPYIIIOBOTO 00y4eHUs! K 00yUEHHUIO €CTECTBEHHBIX M NCKYCCTBEHHBIX OpraHH3a-
LY.

Cornacao M. [lopTepy, BBIOCISAIOTCS TPH KJIacCHYeCKHe KOHKYPEHTHBIE cTpaTeruu [7]: cTpare-
TS TUACPCTBA TI0 M3JEpXKKaM, crparerus auddeperunanmu u crpaterus ¢poxycuposanus. Ctpate-
TS IMAEPCTBA 0 W3ZEpKKaM IIPEATNoaracT moAepkanne 0oaee HU3KUX H3Eep)KeK 10 CPAaBHEHHIO C
KOHKypeHTamu. OCHOBOH cTpareruu AuddepeHranyy IBuseTcs IpUIaHue TOBapy OTINYUTENIBHBIX
CBOMHCTB, KOTOPbIE Ba)KHBI [UIS NIOKYHATeNsi U OTJIMYAIOT JaHHBIM TOBap OT MPEATI0KEHUNH KOHKYPEH-
TOB. XOTs Ui 3TOr0 OOBIYHO TpeOyIoTCsl OoJiee BBICOKME M3ACPIKKH, ycreuHas nuddepeHunanms
MI03BOJISIET KOMIIAHUM JIOOUTHCS PEHTa0EeIBbHOCTH OJ1aroapsi TOMy, YTO PhIHOK TOTOB IPHHATH OoJiee
BBICOKYIO LieHy. HakoHen, cTparerust poKkycHpoBaHHs O3HAYaeT CIEIHANN3AIMIO0 HAa HYKAaX OJTHOTO
CerMEHTa WIM KOHKPETHOH TIpyImbl IIOKynareneil 0e3 CTpeMyileHHs OXBAaTUTh BECh DPBHIHOK.
B ee ocHOBe JIEXHT CTpeMIIEHHE YIOBICTBOPUTD NMOTPEOHOCTH BHIOPAHHOTO 1IEJIEBOTO CErMEHTA JIyd-

* Pa6ora BbINOJHsIIACH npH noepikke PODU, npoektst Ne 02-01-81037 u Ne 04-07-90440.
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11e, 4eM KOHKYpeHThL. Takasi cTparerdst MOXET ONMHUpaThesl Kak Ha auddepeHuranuo, Tak 1 Ha Ju-
JIEPCTBO IO U3/IEPIKKaM, HO TOJIbKO B paMKaxX OTAEIBHOTO 1IEJIEBOTO CErMEHTA.

B manHOl paboTe onmucaHa HOBasi CTPATETUs MOJIyUYCHHsS] KOHKYPCHTHBIX MPEUMYIIECTB B JIOXY
9KOHOMHKH, OCHOBaHHOW Ha 3HAHWSX [S]: cmpamezus nepmaneHmno20 o6yyenus npeonpusmusi, CBs-
3aHHasl C HENPEPHIBHBIM HAKOIICHHMEM M MHTEHCHBHBIM HCIOJIB30BAHUEM KOPHOPAMUBHO20 Onbima (a
B IIEJIOM, HHTEJUICKTYAIBHOTO KanuTana). PaccMOTpeHBI OCHOBHBIC MPUHIIUTIB U TTPOOJIEMBI TTOCTPOC-
HUS O0YJAOIIIXCS ¥ CAMOOOYUArOIIUXCS OPTaHU3aITHIA.

1 Hcroku KOHLIENUIUH cAMO0GYYAIOIMXCS TPeInpUATHIA

B ocHOBe mocTpoeHusi 00y4YaroIUXCsl IPESANPUSITHIL JISKAT MOJCIU OP2AHUBAYUOHHO20 HAYYe-

Hust, T.e. (POPMHUPOBAHHS HOBOIO OIBITA B TMPOLECCE B3aUMOJCHCTBHSI OPraHM3allid CO CPeoi

(cm. Hampumep, [8]), n mpemnoxernHas B 1990 r. I1. Cermxem B ero kaure «llsaTas AUCIUTLTAHAY»

KOHIIeNIUS camoodyuaroweticsa opeanuzayuu [9, 10]. Tlocnennas pa3BuUBaeT MOIXOA CUCTEMHOW TH-

Hamuku JIx. @oppecrepa ¥ yKas3blBaeT ISITh OCHOBHBIX B3aHMMOCBSI3aHHBIX JHCUHILUIMH, BBICTYIIAIO-

IIMX KaK HeoOXOJUMBIC YCIOBHUS 00pa30BaHus spa oOydJaromieics opranu3anuu: 1) GopMupoBanue

POo(ECCHOHATIBLHOTO OTBITa M JIMYHOI'O MAcTePCTBA; 2) MOCTPOCHHUE M PEOPTaHU3alMs BHYTPECHHHX

(MEHTAJILHBIX) MOJICIICH BHEIHEH Cpelbl U CaMOW OpraHu3aluy; 3) Co3IaHue OOIIel KapTHHBI Opra-

HU3AI[MOHHOTO Pa3BUTHS, TIOCTPOCHUE «00pa3a MOTpeOHOTo OYAYIEro» MPeArpHUsTHs; 4) OCYIIECTB-

JICHHE TPYIIIIOBOTO OOYYCHUS; 5) CHCTEMHOE MBIUICHHE (TIATast M 00BEINHSIONIAS TUCIUILIIHA).
CornacHo I'. CaiimoHy, 110]T HAyYeHIEM TTOHUMACTCS JIF000C U3MCHEHUE B CUCTEME, TIPUBO/IAIICE

K YIAYYIICHHUIO PELICHUS 33[a4ull MPU €€ TOBTOPHOM TMPEIbSBICHUH WU K PELICHUIO IPYroH 3a1adu

Ha OCHOBE BCe TeX ke 3HaHui. OpraHu3aliOHHOE HAYYCHUE HAIPABJICHO Ha MOBBIICHHE (P PEKTUB-

HOCTH JIeTENIbHOCTH TPEINPUSITHS, €ro IpHUcIiocobsieHne K cpene pyHKirmonnposanus. OHO Tpemno-

Jlaraet aKTUBHOE OBJIA/ICHHE HOBBIMH CTPATETUSIMU M CIIOCOOaMHU JIeSTEIbHOCTH.

KakoBblI ke IrllaBHbIE XapaKTePUCTHKU CaMOOOy4aroIuxcs npeanpusituid? Ha Hai B3, K ux

YHCITy OTHOCSTCS:

®  CHOCOOHOCTh OPTaHU3AIMOHHON CTPYKTYphl K aBTOHOMHOMY (DYHKIIMOHHPOBAHHIO B OBICTPO
MEHSIOIIEHCS cpeie Oiarojapsi KOPIOPATHBHOMY OIIBITY, ONEPATHBHOMY BOCIPHUSATHIO H3MCHE-
HUH U UCTIOJIb30BAHUIO MPOTHOCTUYCCKHUX CTPATET U ;

e (opmupoBaHHE, HAKOIUICHHUE, pAa3BUTHE, 0000IIEHUE U MPOIYKTHBHOE HCIIOIB30BaHUE CBOCTO U
Qy)KOTO OTBITA; HATHYHME CICIHATBHBIX CPEICTB, 00CCICUNBAIONINX «WH(POPMANMOHHYIO TIPO-
3pavyHOCThY» W LUPKYISIHIO 3HAHUN MEXKIY MOAPa3JClICHUSIMH NPEANPUATHS, & TaKKEe MEXIY
MPEANPUATHEM U €ro apTHepaMH (II0JIy4eHHe 00paTHON CBS3M OT KIIMEHTOB U MOCTABIINKOB);

® MPOBEJACHHE IMPOLEAYP «ITAIOHHOTO TECTHPOBAHMS) MM «COMOCTABICHUS C 00pa3iomy»
(benchmarking), T.e. cpaBHHTENbHASI OLIEHKA MPOJIYKTOB, YCJIYT, METOIIOB M CPEICTB IMPEIIPH-
STHUSI TI0 OTHOLICHHIO K HauboJiee CHIIbHBIM KOHKYPEHTaM MJIM MHUPOBBIM JIUJIEpaM B JaHHO# 00-
JIACTH; MOCTPOSHHUE Ha 3TOW OCHOBE «00pa3a OyIylIero MpearpHusTHs»;

®  TIPUOPUTETHOE KCIOJH30BAHUE CTPATCTHI PA3BUTHsI YCIOBCUCCKUX PECYPCOB, CTUMYJIHPOBAHUE
MMO3HABATEIFHOW MOTHBAIlMM W CO3JAaHWC KJIMMaTa, OJIarOMPHUSITCTBYIOIIEIO CaMOOOYYCHHUIO,
TPYMIIOBOMY OOYUCHHIO M PA3BUTHIO TBOPUCCKOTO MOTCHIIMATIA COTPYIHUKOB;

®  OCYIIECTBICHHUE CONMAIBEHOTO IMOBEICHHSA, T.e. ()OPMHPOBAHUE y COTPYTHHKOB OOIIMX IIEHHO-
CTCH, eMUHBIX MHTEPECOB U CTPEMJICHHH, COBMECTHBIX HAMEPCHUI W B3aMMHBIX O0S3aTEITBCTB,
CBSI3aHHBIX C NaNbHEHIel cynp00i MpennpusTHs; paclpoCTpaHEHNE CBOCH OpraHW3aIlOHHON
KyJIbTYpPbl Ha TAPTHEPOB (IIOCTABILUKOB, MOIPSIYUKOB, KIIUCHTOB);

®  BXOXICHHE B pa3lIMUHbIC OPraHU3ALUOHHBIC OOBCIMHEHHS U aJbSHCHI, YMEHHE W3BJICKATh U3
3TOT0 YKOHOMHYECKYIO BBITOJY.

[To mHbOpMaIKM M3BECTHBIX aMEPUKAHCKUX KOHCYJBTAHTOB B OOJIACTH CTPATErMYEeCKOro Me-

HemxkMenta u 6usneca J[x.K. bennera u M./Ix. O’Bpaitena (cm. [9, 11, 12]), eme B 90-e roasr XX

BEKa OOBSBHJIM O CBOEM CTPEMJICHHHM CTaTh CaMOOOYYAIONIMMHUCS MPEANPUATUSIMHA U CACTATH KOH-
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KpeTHbIE LIarW Ha 3TOM IYTH TakWe KpyNHbIE TpaHCHAIMOHAJbHBbIE KOMIAHMU Kak Xerox, Kodak,
General Electric, Motorola, Wal-Mart. Tak npe3unenT komnanuu Motopona b. ['anBuH yTBepxkaer,
YTO OCHOBHBIMH CIIOCOOAMH TTO/IEPKaHUsI KOHKYPEHTOCTIOCOOHOCTH (PUPMBI B SKOHOMHUYECKHX Cpa-
KEHUSIX OyAyILIero BUISTCS: a) ONIepaTHBHOE paclio3HaBaHUE U OBICTPOE YIOBIETBOPEHUE TIOTPEOHO-
cTell KJIMEeHTOB; 0) ajmanranus K MOCTOSHHO MEHSIOIIEHcs cpele; B) IOBBINICHHE KPEaTUBHOCTH,
TBOPYECKOT0 MOTeHIMa a KoMmanuu. COOTBETCTBEHHO, KOMITaHWEeH MoTopoIa co3/1aH YHUBEPCHUTET,
rae yxe nodrtu 10 jer nmpoBOANTCS SKCIIEPUMEHT 10 HENIPEPHIBHOMY OOpa30BaHMIO COTPYTHHKOB B
TEUYEHHE MX XHM3HHU, Ha KOTopoe Tpaturcs 4-5% cpeacTs ot obmiero poxona ¢upMel. ImaBHbIC Lemu
00ydeHNs] TaKOBBI: 1) OOBSCHUTH KaXKJOMY COTPYIOHHKY B3aMMOCBSI3M MEXIYy OCHOBHBIMH OM3HEC-
IporeccaMy KOMITaHUH, TaK YTOOBI OHa paboTaja Kak eqUHBIN OpraHu3M; 2) Oiaromaps IeJeHaIpaB-
JICHHOMY (POPMHPOBAHHIO U HAKOILICHHIO WHTEIUICKTYaIbHOTO KaluTaia (B 4aCTHOCTH, KOPIIOPATHB-
HBIX 3HAHWH) BCAYECKH pa3BHBaTh aKTHBHOCTh M aBTOHOMHOCTH KOMIIAHMM B HMHTEpecax ObICTPOro
CaMOCTOSITENILHOI'O OCBOEHHS €10 HOBBIX PHIHKOB U pa3pabOTKH HOBBIX TEXHOJIOTHH.

OcHoBHBIE TPUHLMIEI oOecrieueHus: YPPEKTHBHOCTH OPraHU3alMOHHOTO OOYYEHUS TNpEIIpH-
SITUH TaKOBBI:
o0y4arscst ObICTpee, YeM KOHKYPEHTHI;
00yuaTbcst ObICTpee, YeM U3MEHSETCS BHEILHSASA Cpea (NpuHyun onepesicaioueco 00yueHus);
00y4aThCst BHYTPHY OpraHu3anuy (COTpyAHUKaM APYT y Apyra ¥ B paMKax paOo4ux IpyIi);
o0yd4arscst 3a IpeesiaMy OpraHu3anuy (y IOCTaBIINKOB U ITOTpeOUTENei)
00yJaThCs 10 BepTUKAIH (OT BEPIIMHBI O OCHOBAHUS OPTaHU3ALINH);
NPOTHO3MPOBATh Oy.yIlee, CO3aBaTh CLCHAPHH B 00y4YaThCs 110 HHAM;
NPU3HABATH OIIMOKH KaK HEOThEMJIEMbIH aTpuOyT 00y4YeHHs U IPUMEHATh 00y4eHHe B peabHOM
JeATEeIbHOCTH.

2 O coOTHOMICHUSAX MEKAY CaMOO0YyYAIOIIUMHUCS
U HHTEeJUIEKTYAJIbHBIMHU MPeANPUATHAMHE

C o/iHOM CTOPOHBI, JUIsl PACKPBITUSI COOTHOIICHHH MEXIYy WHTEIIEKTYyalbHBIMH M CaM000yYaro-
LIMMUCS TIPEINPHUATUSIMA IIPUBEIEM OIPEAEICHIE TIOHATHS «OPTaHU3alOHHbIA HHTEUIEKT» KaK Ha-
6opa criocobHocTel opranuzanuu (cM. Takxe [1, 5, 13]). [lo HammeMy MHEHUIO, TEPMUH opeaHu3ayu-
OHHUBIIl UHMEIeKM 0XBATBIBAET CIIOCOOHOCTH OpTraHM3aLlNH:
®  HamIpaBJICHHO KO60IOYUOHUPOBANb BMECTE CO CBOCH CPEIOM, T.€. YCIEIIHO a0anmuposamscs K

W3MEHEHHSAM BHEIIHEH CpPEeAbl, aJICKBaTHO, pEarnpoBaTh Ha JI00YI0, B OCOOCHHOCTH, HOBYIO CH-

TYaIuio MyTeM HaUISKAIINX KOPPEKTUPOBOK HOBEOEHUs;
®  0Oyuameca U camoobyuamucs, T.€. npuobpemams, HAKaNaAUBAms W UCHOIb3068aMb OIIBIT (3HAHUSL,
VMeHUs, HABbIKU); NOHUMAMb CBA3U MEXIy (pakTaMu IeHCTBUTENBHOCTH AT BBIPAOOTKU NEHCT-

BUM, BEQYIIUX K JTOCTUKEHUIO IIOCTABJIEHHON LIENH;

e  (QopMHpOBaTH HOBBIE KOIEKMUGHbIE (Cemesble) CMPYKmypbl, CIIOCOOCTBYIOIINE IOBBIIICHHIO

KHMBYUYECTH OpraHU3aLUH;
®  CTPOWTH aJCKBATHBIE MOOeNU GHEWHel N GHYympeHHell cpedbl, BKIIOUasi MOJIEIT CBOETO TEKYIIETO

1 OyIyInX COCTOSIHUH, B OCOOEHHOCTH, MOZIEh OTpeOHOTO OYyayIIero;
®  OCYMIECTBIIATb caMOynpagierue CBOUM nosedeHueM U pa3eumuem;

e 3PPEKTHBHO MoOUIU308amb pecypchl, HEOOXOAUMEIC Tt oOectiedcHrs dPPEKTHBHOCTH U KOH-

KYpEeHTOCIIOCOOHOCTH.

Takum 00pa3oM, OpPraHM3AIMOHHBIA HHTEIEKT (B HIMPOKOM CMBICIE) pacCMaTpUBACTCS Kak
MHOTOMEpHasi, MHOTOYPOBHEBasl M AMHAMHYECKas CHCTEMa, NPelCTaBIAIomas co00i COBOKYIHOCTD
CTPYKTYp, 00ECIIEUNBAIOIINX BBITOJIHEHHE ONpeAeseHHbIX (GyHKIMH. COOTBETCTBEHHO, OpraHHU3aI-
OHHOE caMo0Oy4eHHEe NPEACTaBIAeT COO0O0H OTAENBHBIM ACIEeKT OPraHU3aLMOHHOTO HMHTEJUIEKTa, a
camMo00y4aroIuecs: IpeANpUsATHS MOTYT TPAKTOBAThCS KaK CIICHMANBHBIN CITydail MHTEIIEKTYa IbHbIX
MpEIIPUATHIHA.
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C apyroit cTOpOHBI, MPUPOJIa OPraHU3AIMOHHOTO MHTEIUICKTa MPEANPUITHS PACKPBIBACTCS Ye-
pe3 mporeaypsl ero ¢opmupoBanus. MHTEIEKT BBICTYNAET KaK CPEJCTBO MOCTPOCHHS «0a30BOr0O
MOBEICHYECKOT0 perepTyapay NpeInpHusIThsl, KOTOPBIA CTPOUTCS OJjarojaps OIpeAeieHHbIM 00Yy-
YAIOLIUM TPOLIEyPaM.

B uenoM, opraHn3aliMoHHOE MOBEACHHE MPEANPUSTHS MPEAIoIaraeT OpraHu3allMOHHbIE U3Me-
HEeHUs1, 00YCIIOBIICHHBIX HAJIMYUEM CIICITYIOLIMX OCHOBHBIX COCTABILSIIOLINX: OP2AHU3AYUSL, €€ GHEUIHSISL
U 6HYMPEHHss cpeda, pecypcol (KaUTal), 63aumodelicmaue OPraHu3aluy CO CPEJIOH, MPEIIoIarar-
1Iee CYIIECTBOBAHUE CPEJICTB BOCIPHATHS M NEpBUYHOU nepepaboTku mHpopmanuu u3 cpensl (pe-
yenmopos) U CPECTB BO3ICHCTBUA Ha cpeny (3¢hgpekmopos), namsame.

OpraHu3annoHHOE TIOBEICHHE €CTh aKTHBHAs (hOopMa MPUCTIOCOOICHHS MPEANPHUSTHS K CPEIE;
JUISL TOTO, YTOOBI OHO OBLIO aJIEKBATHO Cpejie, HE0OXOMMO, YTOOBI Cpe/ia OTPakallach OpraHU3alueH.
[TamsTh OpraHU3aIMy O3HAYAET €€ CIIOCOOHOCTh (PUKCHPOBATh U XPAaHUTH HH()OPMAIIHIO O CBOEM CO-
CTOSTHMM M COCTOSIHUU CPE[Ibl; 110 CYTH, OHA XapaKTEPU3yeT €€ CTENeHb 3aBUCHMOCTH OT HPOILIOro.
[MamsiTh, BKIIIOYAIONIAs HEKOTOPbIH KOHKPETHBI MEXaHU3M KOAWPOBAHUS, XpAaHCHUS U Tepeaun HH-
¢dbopmanuu, HeoOxomuMa i1t OPMUPOBaHHS M30MPATENFHOM pEaKklMy OpraHU3aliy Ha Pa3IH4yHbIe
BO3JICHUCTBUS.

BHemnsis cpefia opraHuzaiiy mnopasaeisercs Ha Makpocpely U MUKpocpeay. Makpocpena or-
penensiercsi SJKOHOMUYECKUMH, COLMABHBIMHU, MMOJUTUYECKHMH, TEXHOJIOTHUeCKUMH (akTopamu. B
CBOIO O4Yepeilb, MUKPOCPEa OXBATBIBAET rOCYJaPCTBEHHBIE YKOHOMUYECKHE CTPYKTYPHI, KIHEHTOB,
MOCTAaBUIMKOB, MOCPEAHUKOB, KOHKYPEHTOB. BHyTpeHHss cpeia BKIIOYaeT cdepbl NMPOU3BOJCTBA,
MapKeTHHTa, GUHAHCOB, YIIPABICHHUS [IEPCOHAIIOM U TIp.

OOyuenne n camMooOydeHHe BBICTYIIAIOT KaK Ba)KHEHIINE XapaKTEPUCTHKU KOMNIEKCHO20 Nose-
OeHus. OpTaHM3AINH (IOCTUTIIEH CTaIuM OPTaHW3MHUYECKOTO pa3BUTHA [14]), KOTOpoe BKIIIOYAaeT B
cebst Takue OpMBI (SAMHUIIBI) MOBEACHUS KaK pe@hieKc, UHCIMUHKM, COOCTBEHHO uxmeniekm (B y3-
KOM CMbIciie). PeakmusHoe nosedenue OpraHu3aliiy, Onuparolneecs Ha pedIieKchl, CBI3aHO C BbIpa-
0OTKOI1 CBOEBPEMEHHBIX OTBETHBIX PEAKLUI HA BO3JEHCTBHS Cpebl (HAIPUMED, 3aKa3bl TOBAPOB HIIH
JIECTBHUS KOHKYPEHTOB). MHCmMUunKmueHoe nogedeHue OpraHu3aluy CBsI3aHO C ee MPUCIIOCO0IeHHEM
K OIpEeJeNICHHbIM XU3HEHHBIM YCJIOBHSM, HAIpUMeEp, aJarnTalueid K 3aJaHHOMY COCTOSIHHIO CPE[bl,
YTO IPEIIoJIaraeT KOOPAMHAIMIO PAa3IMYHBIX MOACHUCTEM OpraHu3alyd. HCTUHKTHI CYMTAIOTCS Te-
HETUYECKH 3aKpeIIeHHBIMH (hOpMaMH MOBEACHHs, OOIIMMH JUIsl TaHHOTO Kilacca OpraHu3aluii; OHH
00pazyroTcsi B IIPOLIECCE IBONOIMOHHOTO Pa3BUTHS U MTPAKTHUECKH HE 3aBUCST OT ONBITa KOHKPETHOM
OpraHU3aLHUH.

Cumyayuonnoe nosedenue OPraHN3aNN TECHO CBSI3aHO C YIPABJICHHEM JKU3HEHHBIM LIUKJIOM €€
MIPOXYKINH (TOBApOB) M MPEIIOJIAraeT YMEHHE T0OMBATHCS TIOCTABJICHHBIX Ieyield. B wactHOCTH, TIO-
CTPOCHHE a0anmueHo20 nosedenust OPraHu3alii 03HAYACT YCTAHOBICHUE MPHHIUIOB (YHKIIMOHHU-
pOBaHHUS B JHHAMHYECKOM, TIOXO OIPENEIICHHON U OBICTPO MEHSIOIICHCS cpelie, a pealn3aliisl noo-
PadcamenvbHo20 nogedeHusi OPraHu3alri CBsA3aHa ¢ (OPMHUPOBAHHEM HOBBIX CIIOCOOOB MOBEICHHS
MyTeM UMHUTALUK JEHCTBUI Ipyroi opraHuzauuu. Mmnyiscuenoe nogedeHue OpraHu3aluy 03Ha4aeT
OBICTPOE BBIMIOJIHEHHE JISHCTBHUN 101 BIUSHUEM BHEITHUX OOCTOSTENBCTB.

Hakoneu, unmennexmyanvioe nogedenue OpraHuzalii HEOTACIUMO OT €€ CIIOCOOHOCTEH oTpa-
KaTh U MPOTHO3UPOBATh MOTPEOHOCTH PBIHKA, OCO3HABATh M KOHTPOJIMPOBATH CBOM MOTHUBBI, yIIPaB-
nsTh 3HaHMsAMH. OHO TakXke npearoaraeT GOPMUPOBAHUE CTPATErUil OPraHU3alMOHHOTO Pa3BUTHUS
(HanpuMep, CTpaTertii MOoIyYeHUs] KOHKYPEHTHBIX MPEUMYILECTB, CTpaTeruii 00beJUHEHNS U T.I1.) U
MEXaHH3MOB BBIOOpa BApHAaHTOB B3aMMOJICHCTBHS CO Cpenoil. B paMkax MHTENIEKTyalbHOTO MOBE/e-
HUSI OPTaHHM3aLMi MOTYT PacCMaTpUBATHCS COLMAIbHOE, HOPMATUBHOE, POJICBOC U JIpyrue (HopMbl
TIOBEACHMS.

PasnudHbIe BUABI 1 MOJIENN TIOBEACHUS KUBBIX M MUCKYCCTBEHHBIX CHCTEM ONMCAHBI B [15-17].

Takum 00pa3oM, B MOBEJACHYECKOM aCIEKTe WHTEIUICKTYaIbHBIC MPESIIPHUSITUS MOTYT OHHUMATh-
csl KaK oJHa u3 BhICIIMX (opM camooOy4aromuxcs npennpusituit. [Ipumepamu apyrux, 6osiee HU3-
mux GopM caMOoOOyUaIOIIMXCsl OPraHU3alMi, CIYKAT PeaKTHUBHbIC, HHCTUHKTHUBHBIC, UMITYJIbCUBHbIE
OpraHH3alHH.
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3 OcHoBHbIC (PYHKIINU U BH/IbI 00y4CHHS H CAMOOOy4YeHHs PeNPUATHIH

B wuHTepecax mocTpoeHus oOmiel MOAeTH caMOOOYYeHHUS MPENpHATHH NEepBOHAYAIBHO pac-
CMOTpPUM OCHOBHBIE (PyHKLIMH caMOOOYYEeHHUS! M COOTBETCTBYIOIIME BH/bI OPTaHU3AI[IOHHOTO ITOBE-
nenust (tabmuna 1). OyHKIMAME caMOOOyUYSHHUsS! TPEINPHUSITHS SBISIOTCS: (DOPMHPOBAHUE OIIBITA;
OTpa)XCHUE BHEIIHEH CpeJbl U CaMOT0 MPEATIPUSTHS; CAMOPETYJIMPOBaHHE HA OCHOBE MHTEHIMH (MO-
THBAILIUH); ONIPECICHUE CTPATETUH OBEICHHS MITH ITyTeH Pa3BUTHSI.

I'maBHOM QyHKIMEH caM000yUYeHUS NPEANIPUATHI SBISETCS (OPMUPOBAHKE W YIPABICHUE KOP-
HOPAMUGHBIM ONbIMOM, B KOTOPBIH BKIIIOYAIOTCS KOPIIOPAaTHBHBIC 3HAHMSI, HAaBBIKK U yMeHUs. CooT-
BETCTBEHHO, MIPOIIECC CaMOOOYUEHHS OpraHU3alUH MPEAIIONIAracT MOCTPOCHHE XU3HEHHOTO INKIIA €€
3HaHWI, pa3BUTHE OPraHM3AIMOHHBIX HABHIKOB M BBHIPAOOTKY yMeHWid (HOy-xay). Panee B [5] Hamu
ObLTa TpeoKeHa X-o0pa3Has cxeMa WHTCHCHUBHON OpraHM3alydy KOPIOPATUBHOTO OmbITa ((popmu-
pOBaHMSl OPraHU3ALMOHHBIX YMEHHH). 31eCh pe3ylbTaTUBHOCTh CaMOOOYUYEHUs] O3HA4aeT BO3pacTa-
HHUE 00beMa U «IeHCTBHS KOPIIOPATUBHOTO OIBITA CO BPEMEHEM.

Tabmmma 1 — B3auMocBs3p Mex 1y QyHKIUSIMHU caMOOOydIeHHs ¥ BUJaMH [TOBEICHUSL.

Oynkuus 00yueHus
OIIBbIT [IOBHAHUE | UHTEHIIMM | PASBUTHUE
Buisl moBeieHuUst

NHTEJUIEKTYAJIBHOE 3HaHus [TotpebHocTn | MoTHBBI Crparerun
CUTYAIIMOHHOE Ymenus ITpoaykTsl [enu TakTuku
PE®JIEKTOPHOE HaBriku [Tpuznaku 3amaun Peaknun

OCHOBHBIMH BHIIAMH OOYUCHUSI SIBISIFOTCSI TIPUBBIKAHUE, KIIACCHYECKOE M ONEPAHTHOE 00YCIOB-
JMBaHKE, KOMIUICKCHOE HayueHue. [IpocTeimii BUug 00yUeHUs MPEANPHITHS — NpUebIKaHue — Ipe-
CTaBJIsET COOOU ananTalHIo IPESINPUATUS K IIOBTOPSIOIIMMCS COOBITHSIM (Hampumep, K ay TUTOPCKUM
npoBepkam). Krnaccuueckoe 06ycnogiusanue O3HAYACT YCTAHOBICHUE CBS3CH MEXIy COOBITHIMH;
XOPOIIUM MPUMEPOM BBIPAOOTKH OAO0OHOTO YCI08HO20 pehiekca Ha NPEIIPHATHAX MOXKET CIIYKUTh
OpraHu3aiusi MOCTAaBOK MO CXEME «IEHbIH—TOBap». Onepanmuoe 00yciosiuganue MPEANONaraeT
MPUOOPETEHIE HOBOTO OIBITA U BHIPAOOTKY HOBBIX CIIOCOOOB MOBEICHHUS ISl AOCTHXKEHHMS 1enu. Ha-
MIPUMEp, OTBIT COTPYIHUYECTBA C OBIBIIUM KOHKYPEHTOM NPHBOIUT K BO3HHUKHOBEHHUIO TOBEICHUS,
ONHMpAIOIIEMYCsl Ha CTPATErHi0 OPTraHW3aLMOHHON (a2 HE KOHKYPEHTHOM) PallMOHANIbHOCTH. BakHBIM
YaCTHBIM CIIy4aeM OINEPaHTHOrO OOYCJIOBIMBAHUS SBISIETCS 0OyUeHUue ¢ NOOKpenieHueM, KOTAa mpo-
HCXOJUT MOOLIPEHHE WM Haka3zaHue 00y4aeMoro B 3aBHCHMOCTH OT pe3yJbTaTOB €ro JEeWCTBHH.
3nech peub UaeT 00 HCMOIb30BAHMU OOBEKTOB WITH COOBITHI, 3HAUUMBIX ISl OPraHU3AllUH, TIPH €e
00y4eHHH, KOTJa IOJKHBI 3alIOMUHATHCS COOTBETCTBHS MEXKIY CHTYAUUSIMH W ICHCTBHAMH. M-
npuHmuHe 03Ha4YaeT (PUKCAIMIO U 3aMOMHHAHUE 00BEKTOB, HAXOASAIINXCS B OJIKAIIIIEM OKpYKEHHH,
W MX TJIaBHBIX NPH3HAKOB. B CBOW ouepenp, NpH accoyuamueHom 06yueHuu 3aIOMHHAIOTCS CBS3H
MEXIy Pa3IM4HbIMU CHTyauusMu. HakoHel, komniekcHoe oOyuerue TpeNIoyaraeT He TOJIBKO BO3-
HUKHOBCHHE HOBBIX CBSI3eH MEXTy COOBITUSIMH WU MOSBICHUE HOBBIX (DOPM MOBEICHHS, HO U Pa3BH-
THE HOBBIX CTPATEruil ACATEIBHOCTH MPEIIPHUSITHS, a TAKKE NPUOOPETEHHE HOBBIX 3HAHUI O Cpesie U
camoil opranuzanui. THIHYHBIME TPUMEPAMH CITYXKaT: nePeHoC — UCIONIb30BaHHE paHee nprodpe-
TEHHOTO OMbITa B HOBBIX CHUTYAIMSAX JUIS MOCIEIYIOMIEro ()OPMUPOBAHHUS OIBITA; UHCALIM — MOMEH-
TaJbHOE 03apeHHe.

Teneps chopmynupyeM OTIHUYHMTENLHBIE OCOOCHHOCTH Da3jMYHBIX YpPOBHEH caMo00ydeHus
MPEeINPHUATHIH, UCTIOJB3Ys Tabmuiy 1. 31ech caMoOOyUeHHE HA YPOBHE YCAIOBHbIX peieKcos, HATIPpaB-
JICHHOE Ha BBIPAOOTKY KIIOUEBBIX HABLIKOE Npeonpusmus, NPEINoNaracT OMpPEACICHHe OCHOBHBIX
NPUBHAKOS CUumyayuu, BhIJICIICHUE COOTBETCTBYIOIIHNX 3a0ay U OTPAOOTKY adexkéammuvix peakyuil. Ca-
MOOOYYCHHE B PYCIIE CUMYAYUOHHO2O0 NO6eOeHUsl, TPEOYIOWETo HAIUYKS y MPEANPHUATHS Pa3BUTHIX
YMeHuUll, CTPOUTCS BOKPYT co30anus (Mooenetl) npooykmog M yciye IPEANpUsITAs, aHallu3a U TeHepa-
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LMK yenell TPEONPUATHS, UCCIENOBAHUS cnOco608 PelIeHNs] BO3HUKAIONMX 3aday. Hakonern, camo-
00Yy4CHHE UHMENNEKMYATbHOMY NO6e0eHUI0, CBI3aHHOMY C NPEBPALLCHUEM 3HAHUL TIPEANPUITHS B
MIPEUMYILECTBA HaJl KOHKYPEHTaMH, T0/Ipa3yMeBacT OCO3HAHHE Ba)KHOCTH MOTHBAIIMOHHOW cepbl U
Pa3BUTHE MHTEHLHOHAIBHOM OCHOBBI AESATENILHOCTH, U3YUCHUE BOIIPOCOB CHIPAMEZUYECKO20 NlaHU-
PO8anUsA U MOOeIUpo8anus 6yoyue2o NpeIpuaATHs, €T0 CaMOCOXPAHEHUs U CAMOPEOPaHU3AYUU.

Henb3s He OTMETHTB, YTO B peaIM3allii «CKBO3HBIX IPOIECCOB OOYUYEHHUS» Ha MPEIIPHITHIX
LEHTPAIBHOE MECTO 3aHUMAIOT ITPOLEcChl 0ouenus. K 4ncity oCHOBHBIX (yHKIMI OOLIEHUs Ha Tpel-
HIPUATHN (M MEXAY NPEIIPUSITUSIMH), ONPEIEIISIONNX PA3IMYHbIE CIOCOOBI 00yualowux 6030eticm-
8uil, OTHOCATCA: 1) unghopmayuonnas (koeHumueHas), B 9aCTHOCTH, HHHOPMHUPOBaHKE, 0OOCHOBAaHHE,
00BsICHEHUE; 2) pecyramusHas, HApUMep, yOSKIeHNe, TPYIIIIOBOE TaBICHUE, IPUHYXICHHUE; 3) ag-
hexmugnas, HaIpUMep, BHYLICHHE, 3apakeHHe. YKa3aHHbIE 00ydarollue BO3ICHCTBHUS HAIIPaBIICHBI
Ha Pa3lnyYHbIe KOMIIOHEHTHl MEHTAJbHBIX MOJeNeld B OpraHu3alliM: TaK, HalpuMmep, yOexneHue
ameIMpyeT K KOJUIEKTUBHOMY CO3HAHHMIO, a BHYIICHHE — K KOJUIEKTHBHOMY Oecco3HaTelbpHOMYy. Ba-
pHaHT Kiaccudukamy crnocoOoB 00y4aromIMX BO3ICHCTBUN IPUBEJCH B Tabnuue 2.

Tabmuma 2 — Knaccugukanus cnoco6oB 00y4yaronux BO3ACHCTBHI B OpraHU3AINAX.

Codepa npunoxxeHus MeHTaapHas MOJENb OpraHU3aluu
Boinonusiemas KOJUIEKTUBHOE KOJUIEKTMBHOE
dhyHKIHSA CO3HAHUE BECCO3HATEJILHOE
KOMMYHUKATHUBHO- OOBsicHeHUE Baymenue
KOI'HUTHBHAS
KOMMYHUKATHUBHO- Yoexaenue Baymenue
PETVYJIATUBHASA JaBnenue 3apakeHue

MOXHO TaKXe MPOCICIUTh B3aUMOCBSI3H MEXK/y BHIaMH OOYUYaroluX BO3ICHCTBHI U XapaKTe-
pUCTHKaMU obyuaemocmu Ha npeanpusitusx. Hampumep, 3PEKTUBHOCTb 0OBsACHEHUs. 3aBUCUT OT
JIOCTUTHYTOTO YPOBHSI HOHUMAHUSL, & BO3MOXHOCTh YOedicOeHus: Hepa3phIBHO CBS3aHA C MOUCKOM
Komnpomucca u docmudcenuem coziacus. Cpeid TMPOYNX BaXKHBIX XapaKTEPUCTHK 00yIaeMOCTH
TPEINPUATHI CIIEAYET yKa3aTh: noopascanue — CICIOBAaHUE TPEANPHATHS H30paHHOMY MPHUMEpY;
KOHGhOpMU3M — TTACCUBHYIO aaTaIMIO TIPEANPUSITHS K BO3ACHCTBUSIM MUKPOCPEIBI; GHYUACMOCTb —
TOTOBHOCTH OPTaHU3aINK MOABEPTHYTHCS U TOIUHHUTHCS 00yUaroIeMy BO3ICHCTBIIO. B3anuMocBs3u
MEXIy BHIaMH OOYYaroIInX BO3MCHCTBUI M XapaKTEPUCTHKAMH 00y4aeMOCTH MOKa3aHbl B TaOIH-
e 3.

Tabmmna 3 — B3anMocBsI3u MexX/Iy BHIaMH 00y4JaroluX BO3CHCTBUH
U XapaKTepUCTUKaMU 00y4aeMOCTH OpraHU3aLuii.

o o XAPAKTEPUCTUKU
BU/IbI OBYYAIOIMX BO3AEMCTBUU OBYYAEMOCTH OPI AHM3ALIMIA
OObsicHeHHE [Tonumanue
Yoexaenue Cornacue (KOMIPOMHICCHOCTB)
3apaxeHue [onmpaxanue
Jasnenue mukpocpeipl (koHGOPMHUPOBaHHUE) Kondopmuzm
Buymienue Bnymaemocts

4 OmnpepaeneHue cTpaTeruii noBeAeHNs caM000YyYAIOIIUXCSH NPEeANPUATHI

OcraHoBuMcs Ha npoOneMe (GOpMUPOBAHUS IOJHOTO perepTyapa cTpaTeruid MOBEACHHS caMo-
oOyyaronmxcst NpeANpUITHHA U BbIOOpa 3 PeKTUBHOM cTpaTeruu. M31oxuM MeTonuKy BbiOOpa, onu-
PArOLIYIOCS Ha KCIOJIb30BAHUE CIICAYIONIMX OMNIO3ULMOHHBIX IIKAJI KPUTEPHEB: «aKTHBHOCTH — Iac-
CUBHOCTBY, «MHIMBHIYyaJIbHBIC NEHCTBHUS — KOJUIEKTHBHBIC JCHCTBUS», «COOCTBEHHBIC LIENU TpeEl-
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MpUATHS — 1en TapTHepoBy [13]. B mepBoM npubImkeHHH OTpaHUYNMCS JBY3HAYHBIMH MOJISIPHBIMU
OIIEHKaMH TI0 KPUTEPHsIM, KOTOphIe OyaeM 0003Ha4ath + (na) u — (aet). Torma paccMoTpeHue cTpaTe-
ruit OpraHU3aHOHHOTO MOBEICHHS MOXKHO MPEICTABUTH C TOMOIIBIO ByieBoil pemeTky Buaa 2° = 8.
Bo3Mo)kHBIE BapHaHThI OBE/ICHHS IPUBECHBI B Ta0IHILIE 4.

Tabmuma 4 — OCHOBHBIE CTPATETHH OBEACHUS IPEATPHUSITHIA.

HPOI_IEVCC KPUTEPUU B3AUMOJIEMCTBUS
B3AVMO/JIEICTBUA (HA TTOJISIPHBIX HIKAJIAX)

Crpareruu noBeieHus AxtuBHOCTh — | COBMECTHBIE NCHCTBUS — Oo1ue 1uenm —
MPEANPUITHIA ITaccuBHOCTB NupuBuayanshsle aeiicteus | CBou nenu
KOOITEPALIVA + + +
COJIEMCTBUE + + _
KOMITPOMUCC + — +
KOHKYPEHLM + — -
KOH®OPMHU3M - + +
COJIMAAPHOCTD - + -
TTPUCITIOCOBJIEHUE - - +
VYKJIOHEHUE — — _

AKTHUBHOCTb TIPEIIPHUITHH, B3aMMOACHCTBYIONINX Ha PHIHKE, MPUBOAUT K BO3ZHHKHOBEHHUIO OT-
HOUICHUH Koonepayuu (COTPYTHUYECTBA) WIM KoHKypenyuu (comepHHUYecTBa). [IepBhie BO3MOMKHBI
TOT/1a, KOTJ[a IPEANPHUTHS CITIOCOOHBI K (DOPMHUPOBaHMUIO 001Iel (COBMECTHOM) e U MPEIIIOUYNTAIOT
COBMECTHYIO pa00Ty MHIAWBHAYalbHOW. B mpoTMBHOM cilydae, 3ap0oXkKIatoTCsi KOHKYPEHTHBIE OTHO-
menust. Korga npeanpusitie OpueHTHPOBAHO JIMIIh HA CBOM MHTEPECHI U HE XKETAeT KOMIIPOMHCCOB,
TO OHO PYKOBOJCTBYETCSI NPHHILHUIIOM KOHKYDEHMHOU DAYUOHAALHOCMU, N BO3HUKIIUK KOHQIUKT
BBUIMBAETCS B KOH(POHTALMIO 10 MOJTHOH MOOEAbI OAHOTO M3 KOHKypeHToB. HaoGopoT, xoraa mpea-
MIpUATHE MPEANIOYUTAET KOJUIEKTUBHBIE JEHCTBUS, TO HA MEPBbII IUIaH BBIXOJUT CTPATErus cooeticim-
6us Ha pbiHKe. Koraa sxe oHO criocoOHO MOAYMHHUTH CBOM MHIMBHAYalIbHbIE HHTEPECHl OOINUM HHTe-
pecam napTHEPOB, BIIOJHE €CTECTBEHHOW CTAHOBUTCS IPHHATHE UM KOMAPOMUCCHOU cpame2uu 1o-
BEJICHMUSI, HAIIPUMED, CBSI3aHHON ¢ ()OPMHUPOBAHHEM OOILEH LIeJIN U KOJUIEKTUBHBIX CTpaTeruii ee J10c-
THOKEHHSI.

K maccuBHBIM BapmaHTaM IMOBEJICHUS NPEANPUSTHH Ha PBIHKE OTHOCSITCS KOHQOPMU3M, CONU-
daprocms U npucnocobnenue. 31ech NPEANPUSITAE CTPEMHUTCS aIallTUPOBATHCS K CUTYyallnd B3auMo-
JIEMCTBHSA, OTKA3bIBAsICh OT CBOMX LIEJICH ¥ MPUHUMAsT TpeOOBaHUS APYyroro npeanpustus. Ctparerus
COIMIAPHOCTH XapaKTEpU3yeT «BBIHYXKICHHOE COJCHCTBHE», KOTJAa COBMECTHBIC NEWCTBHS HaBSI3bI-
BalOTCS U3BHE, a MPUCIIOCOOICHUE 03HAYAET MPUHATHE TyKHX 11eell. HakoHemn, cTpaterust ykioHeHus
03HA4aeT MOJIHBIA OTKa3 OT B3aUMOJCUCTBUS.

AHaNOTMYHO MOXKHO KOHKPETH3HPOBaTh Pa3IMYHbIC BAPUAHTHl KOONEPALMM M KOHKYPEHIMU
npeanpusTuid. Jlns aToro ciexyer B3ATh Takue 0a30Bble KPUTEPUU KaK COBMECTUMOCTH IIEJEH, MO-
TpeOHOCTH B 4y>KOM OIIbITE, HaJIMuKe o0Imunx 3aka3oB [1] (tabnuna 5). Torna npocroe coTpyaHHUYECT-
BO 00YyCJIOBJIEHO HEOOXOANMOCTBIO MHTETPALIMH OIIBITA MPEIPUSITHI-IAPTHEPOB, & KOOPAUHUPYEMOE
COTPYIHHYECTBO IPEIOoJIaracT palnoHaIbHOE COBMECTHOE MCIIOJIb30BaHUE PACIIPECIICHHBIX pecyp-
coB. B cBolo ouepenp, CONEpHUIECTBO MOXKET OBITh KaK WHAWBHIYaIbHBIM, TaK M KOJUICKTHBHBIM.
Hanbonee mpoxyKTHBHBIM BapHaHTOM COIICPHMYECTBA BUIMTCS KOJJICKTUBHOE COINEPHHYECTBO 3a
pecypcbl, Korja KOHKYPHPYIOIIUE IPYIIBI CIIOCOOCTBYIOT JMKBHUAALNH MOHOIIONMH M PacIIMPEHUIO
pBIHKA.

Koneuno, Bce 3Ti 06a30BbIe CTPATErHU M BAPUAHTHI IIOBEJCHUS PEANPUATHH SBIAIOTCS WACAITH-
3aIfel ¥ 3a/1af0T BCETO JIMIIb NCXOJHBIE OPHEHTHPHI OPTaHW3aIMOHHOTO Pa3BUTHSA. J{Mana3oH peas-
HOTO B3aMMOJEHCTBHS NPEANPUATUI 3HAYUTEIBHO IIHPE U He MOKET OBITh OIMCaH B paMKax OyJIeBOMH
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LIKaJbL. 3/1eCh 11e1eco00pa3Ho MepeiTu Kk 6oiee 0OLUIMM alredpandeckuM KOHCTPYKIUSIM, HallpuMmep,

anredpam KiMHM ¢ IEHTpalnbHBIM 3JIEMEHTOM.

Tabnuma 5 — Tursl Koornepaluy 1 KOHKYPEHIIHH.

CoBmecTtu- [TotpeGHOCTH Hamuune
Kpurepuu MOCTb B Uy’KOM O0mux
nenein OTIBITE 3aKa30B

BAPUAHT IIOBEJIEHMA (ma +, HeT -) (ma +, HET -) (ma +, Het -)
Koopaunupyemoe coTpyJHUIECTBO + + +
[Ipocroe coTpyaHUUYECTBO + + -
HemnpoaykTuBHOE COTPYIHUYECTBO + — +
HeszaBucumocts + - -
KomnnekTuBHOE CONEPHUYECTBO 32 3aKa3bl — + +
Hucroe KOIIEKTHBHOE COIIEPHUYECTBO - + -
MHauBHyaabHOE CONEPHUUYECTBO 3a 3aKa3bl — — +
Uucroe HHANBUAYAIBHOE CONEPHUYECTBO — — -

5 Tloaxonawl K 00y4eHHI0 B HCKYCCTBEHHOM HHTEJLJIEKTe
H UX HCMOJIb30BaHHE HA CAMOOOYYAIOIIHNXCS MpeInpuATHIX

OCHOBHBIMU HAITpaBJICHUSIMUA Pa3BUTHSA HCKYCCTBEHHOTO WHTEJUICKTA SBISIFOTCS CHMBOJIBHOE,
KOHHEKIIMOHHCTCKOE 1 bnoHnueckoe (cM. [13]). CooTBETCTBEHHO, OCHOBHBIE ITOIXO0/IBI K 00YUYEHUIO B
WU Taxxe nensTcs Ha TPH Kilacca: CUMBOJIBHBIC, HeHpoceTeBble U OnoconnanbsHele. K yncty cum-
BOJIBHBIX METOJIOB OTHOCSATCS aJTrOPUTMBI HHIYKTHBHOTO 00y4YeHHs (IIOMCK B IPOCTPAHCTBE BapHaH-
TOB, anroput™ ID3 u np.), anropuTMel 00y4deHHS Ha OCHOBE CXOJICTBA, AITOPUTMBI OOYYIEHHS IO aHa-
JIOTUH, aJITOPUTMBI O0YUYEHUS 110 TIPEMEpaM, alrOpUTMbI 00y4eHHs ¢ noakperuieaueM. [loa oOy4eHu-
€M HEHPOHHOI CeTH NMOHMMAETCS HACTPOWKA apXUTEKTYPhI CETH M BECOB CBsized i 3ddexkTuBHOrO
BBINIOJIHEHH CIIELMAIBHON 3a/1aui. AJITOPUTMBI HEHPOCETEeBOro 00y4eHHs OAPa3ALIIAIOTCS Ha ajro-
PUTMBI 00yueHHUs ¢ yuuTesieM (T.e. Ha 0aze OmMOOK) M AIrOpUTMbI 00yueHHs 0e3 yuutens. [lepBbie
0OBIYHO OTMPAIOTCS HA METOZ CPEIHEKBaJAPaTUUECKON OMIMOKHM WIIM METOJ| 0OpaTHOro pacrpocTpa-
HEHUs1, @ BTOPBIE UCIIONB3YIOT NpaBmiio Xeb0a, 00yyeHne MeToZioB copeBHOBaHMA U T.11. Cpenut Ouo-
COLMAJIbHBIX TOAXOOB CIIEAYET yKa3aTh: I'€HETUYECKHE aJrOPHUTMBI, CHCTEMBI KJIACCU(HUKALUH M
TEHETHYECKOT0 IIPOrPaMMHUPOBAHHMS, TTOJIXO0/IbI HCKYCCTBEHHOH JKU3HH.

[To HameMy MHEHUIO, OOJIBIION MHTEPEC IS CO3/IaHHUS CaMOOOYYAIOMINXCSl OPTaHU3AINH TTpe.-
CTaBISIFOT MOJICNT MCKYCCTBEHHOW KM3HHU, B OCOOEHHOCTH, MOJICJIN BO3HUKHOBEHHUS IIEJICHAIIPABIICH-
HOTO a/IalITUBHOTO TOBEACHU B KOHKYpeHTHOU cpexe [13, 17]. B wactHOCTH, M3ydeHHE B3anMOCH-
CTBHSI MOTHBOB M OIPE/ICIICHUE CHTYalMOHHBIX MPAaBUI MOBEICHHS ITO3BOJIIOT Ha MOJCIBHBIX TPH-
Mepax 00OCHOBATH BEIOOp CTpaTeruu moBeneHus oOydwaromerocs npeanpustus [18]. [IpoBeneHHbIC
9KCIIEPUMEHTHI MTO3BOJIMIIM PACKPBITH OCOOCHHOCTH U YCIOBHS IPHUMEHCHHUS CHIJIOBBIX, IIMOHEPCKUX,
HMIIEBBIX ¥ IPUCIOCOOUTENBHBIX CTPATErHil IPEAIPHATHS.

6 Meponpusatus no GopMHPOBAHUIO 00YHAKOIINXCS OPTraHU3aAMIA

[Ipennaraercs cieayromias METOUKA IOCTPOCHUS 00YYaIOLUXCS IPEAIPHATHH.

1) TIlposiBisercs WHUIMATHBA CBEPXY: NPENPHIATHE OOBSIBISIET O CBOEM HAaMEPEHUH CTaTh 00)-
yaiowjetica opeanusayueti. COCTaBISIETCS CIHCOK OCHOBHBIX MEPONPUATHH Ul pealn3aluu
JTAHHOTO HaMEpCHUSL.
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2)

3)
4)
3)
6)
7)
8)

9)

10)

11)

12)

[IpennpusaTre co3mact BHYTPU CEOsl KauMam uH@OPMAyUOHHOU npo3payHocmy 1 IOOIpseT 00-
MEH 3HAHUAMU W YMEHUAMU MEXKIY COTPYIHUKAMH M IOIpasfeseHusAMH. [ npeTBOopeHHs B
JKM3Hb CTPATETMU HETPEPHIBHOTO 00pa30BaHMsl COTPYAHHUKOB IPU MPEATIPUATHN CO3JIAETCSI KOP-
MOPATUBHBIA YHUBEPCUTET.

AKTHBHO UCIIONB3YIOTCA nepeoogvie UHGOpMayuoHHble U KOMMYHUKAYUOHHbIE TEXHON02UU IS
obecreueHus 0oee UHTEHCUBHOTO HPOecCUOHANbHO20 00UjeHs MEXY COTPYIHUKAMHU.
CTpouTcs U TUPAXKHUPYETCS MOJICIb nompebHo2o 0ydywe2o npeonpusmus, BOSHUKAIOT 0OmIme
MPE/ICTABIICHUS O TOM, YEMY HaJIO0 HAY4UmbCsl, YTOOBI TOCTHYB 3TOTO OYAyILEro.

VY coTpyIHUKOB IPEINPUATHS GOPMUPYIOTCS HOZHABAMENbHAA MOMUSAyUs U OOIMN unmepec K
OyOywemy NPeIPHATHS, YTO CIIOCOOCTBYET Pa3BUTHIO SAUHOH KOPHOPAMUBHOU KYIbIMYPbL.
Cucmembl oyeHKU U 803HASPAICOEHUs. COTPYTHUKOB CTPOSTCS 1O NPHHIMIY Hauboavuie2o 61a-
20NPUAMCMEOBAHUSL HENPEPLIBHOM) OOVUEHUIO.

Pyxoeoocmeo npeonpusmusa BMEHSET B 00SI3aHHOCTD MOJPA3IEICHIAM KOLIEKMUSHOe 00yueHle
U [IOCTOSHHOE HAKONIeHUe ONblmd.

Meneodsicepvl TIPUHAMAIOT CAaMOCTOSITENILHBIE PELICHUS, KOTOPBIE CIIOCOOCTBYIOT 3(h(HEKTUBHOMY
00yYEHUIO U pPa3BUTHIO COTPYAHUKOB.

CrpyKTypa npogeccuonanvhoix (00aHCHOCMHBIX) 0053aHHOCHEN COMPYOHUKOE CTAHOBUTCS 00-
Jee THOKOM B MHTepecax oOecleueHus! onepamuerou adanmayuu X cpene (porauus U yHUBEp-
caJIM3allys COTPYIHUKOB, CO3aHHAe aBTOHOMHBIX MEXIUCIUIUTMHAPHBIX pab0vnX rPYIIIL, H T.I1.).
Pabora B cocraBe MEXIUCHUIUIMHAPHOW pabodeil TPYIIIBI MOHUMAETCS KaK BaXKHBIA crnocob
00yueHusi, B OCOOCHHOCTH, 00y4eHUS PO(PeCcCHOHATEHON AESITENHHOCTH, OOYUYCHUS Ha TIPHMe-
pax 1 00y4eHus Ha OITUOKAX.

Peanun3syiotcs cnenuanbHble IPOLEAYPHI KOATEKMUSHO20 00yUeHuUs Ha IPeINPUATHH, TaKHe KakK
TPYIIIOBOE PELICHHE 3324, METOIbl TEXHUYECKOTO TBOPUECTBA, H JIP.

DopmupyIOTCS HOBBIE crpamesuut I CHOCOObl OP2AHUBAYUOHHO20 NOBeOeHUs Y, COOTBETCTBEH-
HO, HOBBIE Op2aHU3aAYUOHHbIE CIPYKINYPbl IPEANPUATHS.

3ak/ouenue

CaMoo6yqa}0mHeca npeaAnpuATrs BOIJIOMIAIOT B )KM3Hb HOBYIO CTPATCTUIO OPraHU3aAllMOHHOIO

MIOBEACHMS M Pa3BUTHSA, CBA3AHHYIO C peanu3alyeil pasnmyHbIX GyHKIMI U BUIOB caMooOydeHus (1
o0y4eHus) Ha MHIUBHAYAJILHOM, KOJUIEKTUBHOM M OPraHM3allMOHHOM YpOBHAX. HeoOxomuMmeiM yc-
JIOBUEM X IIOCTPOCHUSI SBISIETCS Pa3padOTKa CIEAYIONINX KIIFOUYEBBIX TEOPETHIECKUX HAIIPABICHHH:

o0rmras Teopust 1 Mozenr 00y4eHus (OXBATHIBAIOIIAS MTPOOIEMBI CaMOOOYUCHHS €CTECTBEHHBIX U
MCKYCCTBEHHBIX CHCTEM Ha MHAWBHIYaJIbHOM, KOJUIEKTUBHOM M OPTaHU3AIIMOHHOM YPOBHSIX);
TEOPHsI CAMOOPTAHU3YIOIIUXCS, CAMOOOYHYAIOLIUXCS U PAa3BUBAIOLINXCS CHCTEM;

WHXWHUPUHT OPTaHU3aLHOHHBIX PEIICHNI U JeHCTBUH B 001aCTH CaMOOOy4aromuXCsl IPEAIpH-
SITHI;

KOTHUTHUBHOE MOJISTUPOBAHKE TIPENNPUATHI, HAlpaBJIeHHOE Ha (JOPMUPOBAHUE U BU3YITHU3ALUIO
UX MOTPeOHOTO OyayIIero

Ha nam B3rsia, oOmiast Teopust 0OyueHHsl TOJDKHA COZIEPXKATh TaKHe paszierbl Kak: CKBO3HOE

(bOpMPIpOBaHI/Ie OIIbITa (COprﬂHI/IKa, OTACJa, NpCANIPUATUsl, orpacm/l); OBJIAACHHUC HGO6XOZ[I/IMI>IMI/I B
MOBCACHUU CTPATCTUAMU, TAKTUKAMHU, PCAKIIUAMU,; TCOPUA KOFHPITHBHO-perHSITHBHOﬁ KOOpAuHalnu,
yHI/IBepcaJ'II)HHﬁ 0pFaHH3aHPIOHHI:II>i 9BOJIIOLIMOHM3M KaK €/IMHAd TCOPUA pa3BUTHUS.

(1]
(2]
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Abstract

In the majority of researches the multi-agent system is considered without the account of its evo-
lution as populations of the agents. The agents cooperate with each other, decide the subtasks,
strengthen actions of other agents by the resources etc., but not "live" in a population, though
adapt the characteristics during interaction with other agents. However if to carry out parallels be-
tween community of such intellectual agents and biological systems, the necessity of improve-
ment by each agent of the functioning is visible during existence of a population, accumulation by
this population of vital experience and as a consequence increase of volume of knowledge by
each agent. Here already each agent (or group of the agents), as in the centralized control system,
decides completely some task, but makes it in parallel with other agents (groups). Therefore
population of such agents in the evolution receives at once so much decisions of a task, facing to
them, how many is present in it of the intellectual agents (groups of the agents). This basic differ-
ence of the multi-agent system and systems of artificial life (in a broad sense of this concept) from
other evolutionary algorithms.

BBenenue

B 6ompmmHCTBE HiccnenoBanuii MHOroareHTHas cucrema (MAC) paccmarpuBaercs 6e3 yuera ee
SBOJIIOIIMY KaK MOIYJILMU areHTOB. ATEHTHl B3aUMOJCHCTBYIOT APYT C JAPYroM, pelaloT CBOM MOJ-
3aJ1a4y, YCHINBAIOT ACHCTBHS APYTMX areHTOB CBOMMHU PECYPCaMH H T.IL, HO HE <OKHBYT» B IOITYJISI-
MM, XOTA ¥ aJalTHPYIOT CBOM XapaKTEPUCTHKU B IPOLECcCe B3aMMOJEHCTBHS C OPYTHMH areHTaMH
[1-3]. OnHako ecnu MPOBOAMTH MapauIeid MEXIY COOOIIECTBOM TAKUX MHTEIUIEKTYalIbHBIX areHTOB
U OMONOTMYECKHMH CHUCTEMaMHM, TO BHIHA HEOOXOAUMOCTH YJIYYIIEHHs Ka)KIAbIM areHTOM CBOETo
(YHKIIMOHMPOBAHUS B INPOLECCE CYIIECTBOBAHUS MOIYJISIMH, HAKOIUICHUS STOH MOMYJISALUEH KH3-
HEHHOTO OIIbITa M KaK CJIEJICTBHE yBEINYeHHE 00beMa 3HAHUI KaKAbIM areHTOM. 3/1eCh YK€ KaXKIbli
areHT (WM rpymnma areHToB), KaK B LEHTPAJIM30BAHHOW CHUCTEME YNPABJICHHS, PEUIAET MOJHOCTHIO
HEKOTOPYIO 3aady, HO JIeJIaeT 3TO Mapajuie]bHO C APYTMMH areHtamu (Wwin rpymmamu). [loatomy
TIOIYJISIIMST TAKMX areHTOB B CBOEH ABOJIIOIMHM TTOJyYaeT Cpa3y CTOJBKO PELICHHH CTOSIIMX Iepen
HUMH (B 00ILEM CiTyyae pa3iIMYHbIX) 33J1a4, CKOJIBKO NMEETCS B HEH MHTEIIEKTyalbHBIX areHTOB (MIIN
TPYIII areHTOB). DTO NMPUHLIMITHATEHOE OTINYNE MOJIENEi HCKYCCTBEHHON KU3HH (B IIMPOKOM CMBIC-
JIe 5TOTO MOHATHSI) OT APYTHX 3BONIONUOHHBIX anTropuTMoB 1 MAC.

PaccmarpuBaercsi oHa M3 BO3MOMKHBIX PeasIM3alliii HCKYCCTBEHHOM KN3HH, KaK 3BOJIOLHUOHH-
pylomel Oy sUUY HHTSIUICKTYyalbHBIX areHToB. [Ipu 3ToM menb pa3paboTKu 3aKioyaercs B IO-
BBIIICHUY KauecTBa (WM COKPAILCHUM BPEMEHH BBIYMCIICHMIT) P PELIEHHH MHOXKECTBA MOAOOHBIX
3amad. To ecTh pedb MIAET O MapaIeNbHOM PEIICHHH HEKOTOPOrO MHOXECTBA 33/1a4 MHOXKECTBOM
areHTOB, KOT/Ia KaX/IbI U3 HUX HaXOAWT PEUICHUE M, KaK CJIEACTBHE, Mbl IMEEM B pPe3yJIbTare MHO-
KECTBO TPeOYEMBIX PEIICHHH.
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Paborta BeimonHeHa npu nojuepxke Poccuiickoro (oHIa (yHIAMEHTAJIbHBIX HCCIEIOBAHHUN
(rpantsl 02-01-00784, 03-07-90012).

1 MHoroareHTHasi cucTemMa

[Ipu npencraBnenun cnoxxkHoil cuctembl B Bujae MAC HCHONB3yeTCsl HEKOTOPOE MHOMXKECTBO
KOTHUTHBHBIX aréHTOB {AI,A2 ,...,Ak}. [Ipu 5TOM 11 ONTUMANIBHOTO YIIPAaBICHHUSI HEKOTOPOH CIOXK-

HOM cucTeMoi ¢ noMoubio 1aHHOM MAC HE0OXOIUMBIM SBIIAETCA ONTUMMU3ALUA MTOBEACHUA KaXKI0-
ro areaTra B MAC. Kaxnpiii i -bIif areHT XapakTepu3yeTcs HaOOpoM MapaMeTpoB {an N }, KO-

TOpBIE W OINPEACISIIOT €T0 MOBEACHUE B cHCTeMe. PaccMOTpUM CHCTEMY OJHOTHIHBIX IO CTPYKType
KOTHUTUBHBIX areHTOB C OJIMHAKOBBIM HA0OPOM NapaMeTpOB:

MAC= {Al (al 1oee0s a1y )a 4, (a21 seees iy )a""Ak (akl sy 9000 Ay )}

B kauecTBe mpumepa TAaKOW CHCTEMbI MOXKHO TPHBECTH MTPOM3BOACTBEHHBIN YYaCTOK, COCTOS-
LIUI 13 HECKOJIBKUX CTAHKOB, TPAHCIIOPTHOTO po0OTA, MOrPY30YHO-PA3rPy304HOT0 poOOTa M KOHBEH-
epa. 31ech areHT A;; MOAENUpYeT i-blif CTAHOK, a €r0 HapaMeTpsl {ail,aiz,...,am} OTIPENICIIAIOT TIPH-
OpHUTETHI CTEHKA Ha BHI30B TPAHCIIOPTa, Ha BHI30B MOTPY30YHO-Pa3TPy309HOTO poOOTa, Ha MOTPY3KY
JIeTaJieH B TEIIEKKY, Ha Pa3Tpy3Ky JeTallel ¢ KOHBelepa U T.11.

Husa pemerns 3amaun B MAC HEoOXOIMMO ONTHMH3UPOBATH IMOBEICHUE KAXKAOTO arcHTa B.
cucrtemMe. DTO 3HAYUT, YTO HEOOXOAMMO HAWTH TaKyl0 KOMOWHAIMIO MapaMeTpoOB areHra, Mpu KOTO-
pO¥i ero rnoBejeHUe B cUcTeMe OyIeT ONTUMAIIbHBIM:

MAC™ = {AI””’,AZ””’,...,Ak”p‘ }
rae

opt .
A" 2 Ay (5@ seees @y, ) —> OPE;

opt , .
AP 1 A4, (a21 Uy seens oy ) — opt;

opt
A Ay (akl,akz,...,ak,,)—) opt.

B ocHOBY Momenu moiokeHa SBOJIONMOHHAS CTPATErHs, BKIIOYAIONIAS TPU MEXaHHM3Ma: BOC-
MIPOM3BEICHNE, CKPEIIIMBAHUE 51 MyTaIis. B HEKOTOPOM MPOCTPAHCTBE TIOMCKA CO3MACTCS TOMYJISIINS
oco0eif-areHToB (KX TaK)ke MOXXKHO Ha3BaTh PEAKTUBHBIMU areHTaMH), B KOTOPOW OJMH PEaKTHUBHbI
areHT CBSA3aH C OJHUM KOTHHUTUBHBIM areHToM MAC. V kaXI0oro peakTHBHOTO areHTa UMEETCsl CBOS
(oTnIMuHAsE OT APYruX) LeneBas QyHKIMsS WiIK QYyHKIUS TPUTOJHOCTH, KOTOPYIO OH ONTHMHU3UPYET B
MIPOLIECCE CBOETO Pa3BUTHA B Homyysinuu. B gopmyiy mist pacuera yHKIUM PUTOAHOCTH PEaKTHB-
HOTO areHTa BXOJT MapaMeTphl CBSI3aHHOI'O C HUM KOTHUTHBHOTO areHTa WM MapameTphl, 3aBHCS-
LIKe OT IapaMeTpOB KOTHUTUBHOTO areHTa. JlaHHas opMyiia coCTaBIsIeTCsl TAKUM 00pa3oM, UToO IpU
JIOCTIDKCHUHM ONTHUMyMa (YHKIMH TPUTOJHOCTH PEAKTUBHOTO areHTa, IapaMeTpbl KOTHUTHBHOTO
areHTa CTaHOBSTCS ONTHMAIBHBIMH. HeoOX0AMMO OTMETHTh, YTO BCE 3HAYCHUS, KOTOPHIE MOXKET
MIPUHUMATh (YHKIHS HPUTOJHOCTH KaXKIOTO PEaKTHBHOTO arceHTa, JISKAT B IPOCTPAHCTBE MOMCKA
BCeH MOIYIIUN PEaKTUBHBIX areHToB. KoIeKkTHBHOE MOBECHNE PEAKTHBHBIX areHTOB, X B3aHMO-
ZIeficTBHE IPYT C IPYroM MOCPEICTBOM 3aKOHOB BONIONWH (CKPEIIMBAHUE U MYTAIVsl) U ITapaJuIeib-
HOE pa3BHUTHE (BOCIIPOM3BEICHUE TOMYJIIIAN) MO3BOJSIOT ONTUMHU3UPOBATh UX (DYHKIIMU TIPUTOIHO-
CTH U KakK CJIEICTBHE ONTHMHU3UPOBATH MIOBEICHNE KOTHUTHUBHBIX areHToB ucxonHoi MAC.

OBOIOLIMOHHAS CTPATETHs Peai3yeTcs Kak MoKa3aHo Ha pucyHke 1. bioku reneparuu nepporo
MTOKOJICHUSI, CKPEUIMBAaHUS (HMCIOJIB3YETCsl OJHOTOYCYHBIH KPOCCHHIOBEP) M MYyTaIlMd PEaTH3yIOT
ONepaTophl MPOCTOTO MOUCKOBOTO TeHerndeckoro anropurma [1]. IlosTomy nanee paccMoTpum pea-
JIM3aLUIO JIMIIb 0JI0OKAa BOCIIPON3BEICHHS TTIOIYJISILHH.
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2 bJiok Bocnpou3BeeHHsl NOMYJISIUU

Peanusyer Bocnipoussenienue ocobeii u GpopMupoBaHHEe HOBOM momyisiiyu. st Kax o ocodou B
MOCIICTYIOIIYEO TTOMYJISIIIAI0 OTOUpPASTCS OJMH JIYYIIHiA MOTOMOK (¢ Haubombieii dIT), Tem cambiM,

NPOIOIKAsT «IBOIONHOHHYIO JIMHUIOY» TAHHOH 0CO-

l 6u. OcoOb pomuTens mpu 3ToM morubaet. Takum
Teneparius HauaTbHOR 00pa3oM, 4uCcI0 OcoOel B IOCIEIYIOMIEH IMOIyJIs-
Oy IAIHH UM PaBHO YKCIY 0COOeil B MpenpIIyIieil momyss-

MU U HEU3MCHHO TIPU IEPEXOjc TMOMYJIIHUUA OT
MOKOJICHHsI K TMOKOJICHHI0. BocnpousBeneHune ocy-
LIECTBIISACTCS CIACAYIOIIUM 00pa3oM:

2 Cozmaercst HOBast OMJSIHS 0co0eil, KoTopast

Pacuer @11 noex ocobeit B OyaeT coCTOSTh M3 MOTOMKOB 0cobel TeKymieil mo-
TIOIYIIAINH

nyssimud. [IpudeM B HOBYIO MOMYINALMIO OTOMpaeT-

l Cs IO OJTHOMY MOTOMKY OT KaXKIOH 0COOM TeKyIen

nonyssiui. Homep nokonenus N Ajis HOBOH MOIMy-

Ha JIAIUH YBEIMYUBACTCS HA CTUHMILY 110 CPABHEHHUIO C

HOMEPOM TOKOJICHHUS TEKYILEeH ITOMYJISLHH.

e  BriOupaercs ouepenHas 0co0b B TEKyILEH IT0-

Her nyJsiuy ¢ HomepoM i. [lapamerp i mpeacras-
JsteT co00i 3HAUCHUsI CYETYMKA M3MEHSIOILETO-
cs B mpenenax ot 1 mo gucma ocobeil B moIry-
namun.  Takum  oOpasom, mepeOuparoTcs 1Mo
o4epear Bce 0COOH B MOIYIISALMH.

e Eciu Oco0b i UIMEET TpU NMOTOMKa TO BhIOMpa-
ercst ayqmni (¢ MmakcuManbHoi @IT) moTomok.
Ecnm e 0coOb MMeeT OAHOrO MOTOMKa, TO OH
U SIBIISIETCS JIYLIIMM TIOTOMKOM i -0if 0cOOH.

e JloToMOK i 100aBisIEeTCsI B HOBYIO IIOITYJISILIUIO
101 HOMEPOM i, TEM CaMbIM, IPOJIOJDKAST «IBO-
JIIOIIMOHHYIO JINHUIO» i-0i 0cO0u.

e [lpoBepsiercst ycnoBue OKOHYaHHS OJOKa BOC-
NPOU3BENCHUS Moy Ay, Eciu HoBas mormy-
JSIOUST TIOJTHOCThIO ChOpMHUpOBaHA, TO CTapas
nonyysanus ypanserca. [Ipu stom «moru6ao
cTapbie 0co0H.

Biox CKpEIIUBaHUA
TIOITYIALIH

y

bnok myranuun
MOMYJISIIAN

y

Brox BOCHPOU3BEACHUS
TIOITYIALH

Pucynok 1 — Cxema anropurma 3BOJIOLHH.

3 Mogenu HCKYCCTBEHHOM KH3HH

[Mokaxxem paboty mopeu «VICKyCCTBEHHOW )KU3HM» HA TECTOBBIX 33ja4ax.

[epBas u3 3a1a4 3aKJIIOYACTCS B CICAYIOIIEM:

Nmeercs nuckpetHoe (¢ marom 2-8) IByMEpHOE IMPOCTPAHCTBO C M3MEHEHHEM KOOpIUHAT OT 0
o 1. B mpocTpaHcTBEe MMeeTcs 25 TOYEK-ONMTUMYMOB (JUTsl KaXTI0H 0cOOM-areHTa) paBHOYJaICHHBIX
ZIPyT OT Apyra. B maHHOM IpoCTpaHCTBE «KHUBYT» 25 0cOOCH-areHTOB M KaXkJaas 0COOb-areHT UMEeT
CBOH ONTHMYM, K KOTOPOMY CTPEMHUTCS B PE3yJIbTaTe Pa3BUTH MOMYJISAIMA. BU3yarkHO MPOCTPaHCT-
BO ITOMCKA MMOKA3aHO Ha PUCYHKE 2.

Jiist cpaBHEHHs, 3Ta e 3aj1a4a PelIaeTcs TaKKe METOJOM CIy4aifHOro repedopa, B KOTOPOM:
KOJIMYECTBO TE€HEepaluil CilydyalHbIX 0COOEH-areHTOB Ha KaXIOM IOKOJCHHHM PaBHO YHCIY arcHTOB
notoMkoB B Mojienu "MckyccrBenHas xu3Hb". CHenaHo 3TO Ui TOrO, YTOOBbl YPaBHATH BBIYHMCIIH-
TeJIbHBIE PECYPChI, 3aTpaunBacMble B KaXKJOH U3 MOJIEINEH, YTO HEOOXOAUMO JUIs CPAaBHEHHS Pe3YJlb-
TaTOB.
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CpaBHUTENbHBIE XaPAKTEPUCTUKH Pa3BUTHS MOMYJSIIKYU AJisl obenx moneneit Ha 5, 20, 50 u 100
MIOKOJIGHHSAX NPHBEIEHB Ha Tpadukax. 34ech CpPaBHUBAIOTCS MakcuMaibHble 3HaueHus OI1 (pucy-
HOK 3) u cpennue 3HaueHus PI1 (pucyHok 4).

,’} McryccTBeHHAn XU3HB |_ (O] x|
Fie Edit “iew Help

Dl EE &7 &« +10+50|mm|§>|

Homep NOEONEHKA:

MakcumaneHaa I 0.0
MHIAMANEHAR P 0.0
CpeoHas Pr1: 0.0

Fieady [ MM i

Pucynok 2 — IIpocTpancTBO mOHCKa.

—o— X
—=—Cn

MakcumanbHas ®I1 no nonynsauuu

0,92 T T T T T T T 1
1 3 5 7 9 15 30 100

Homep nokKoneHus

Pucynok 3 — M3menenue MakcuManbHbIX 3HaueHHH OI1.
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Pucynok 4 — Usmenenue cpennux 3nauennit OI1.

U3 rpadukoB BHIHO, 4TO MOAEb VICKYCCTBEHHOM KH3HU 00Jiee MEJICHHO BBIXOJMT HA YCTaHO-
BuBIIeecs (QYHKIIMOHUPOBAHUE, HO TIPU ITOM OOECIIeYMBAET JIydlliee PEelICHUE, YeM CIy4ailHblid 1o-
uck. CrnenoBaTenbHO, MOYXKHO TOBOPUTH O TMEPCHEKTUBHOCTU PA3BUTHS JAAHHOTO HAIPABIICHUS IS
pEeLIeHHS OIHOTHITHBIX 33/1a4 MOMYJIAUEeN HHTSIUIEKTYalIbHBIX areHTOB.

Bo BTOpOI1 3a/1a4€ areHTHI B MOIYJIAIIUH MPUHAIICKAT K OJTHOW U3 YETHIPEX TPYIII (OTIHYAIOTCS
[BETOM. 3a/1a4a areHTOB KaXKIOH IPyIIbl — HAWTH Ha IUION[AIX HEMPABHIBHOTO YCTHIPEXYTObHUKA
TOYKH, PABHOYJAJICHHBIC OT BEPIIMH, UIMCIOIIUX [BET, OTJIMYHBIM OT [BETa arcHTOB rpymmbl. To ecTh
KaXIast TPyIa pemaeT CBO COOCTBEHHYIO 3ajady, HO MPH 3TOM OOMEHHBACTCS TEHETUICCKAM Ma-
TEepHaIoM C IPpyTUMU rpymnmaMu. Ha prucyrke 5 nmpuBeneHo pacmonoxernne 20 areHToB (10 MATh arcH-
TOB Pa3IMYHBIX IIBETOB) B MIEPBOM TOKOJICHHUH TToMyIrsiiun. Ha pucyHkax 6 U 7, COOTBETCTBEHHO TPH-
BeZeHbI 1 | 1 41 MOKONCHHS B BOIIOIHH TIOMYJISAIIHH.

Ha pucyHkax npuBeeHbl Taroke rpaduku u3MeHeHus: QYHKIMUA OPUTOTHOCTH (MaKCUMAIbHOE
3HaYCHHE, MUHUMAIIbHOE U CpPEJHEe) Ul KaKAOW U3 IpyIn areHToB. M3 pe3ynbTaToB BUIHO, YTO
areHThl JJOCTATOYHO OBICTPO HAXOJT PElICHHs OJIM3KHE K ONTUMAJIbHBIM.

3akaouenue

[TpuBeneHHbIE PE3yNIBTATHI MO3BOJISIIOT CHIENIATh BBHIBOA O MEPCIIEKTHBHOCTH MCIIOJIb30BaHUS MO-
JIeNiei UCKYCCTBEHHOW JKU3HH ISl PELICHUS ONITUMU3AIIMOHHBIX 3a71ad.
Monenu HCKyCCTBEHHOH XKU3HU UMEIOT CIEAYIONE 0COOEHHOCTH:
1) OcoOu (areHThl) B MOIMYJISIIAN HE3aBHCUMBI — Ka)kKash M3 HUX MMEET CBOW ONTHMYM M pEIIaeT
CBOIO ONTHMH3ALMOHHYIO 3aa4y.
2) B mporecce 3BOMIONMH HAC HHTEPECYIOT BCE 0COOM MOMYJISLMH, B OTJIMYNH OT CIy4aeB, KOTJa B
UTOTe UIIETCS JIMIIb OJHA HAWITyYIlias 0COOb, KOTOPasi U €CTh peLIeHHEe eAMHCTBCHHOM 3ala4H.
3) Ontumym U1t ocodu (TPYIIIEI 0coOei) MOKET MEHSITHCS B TIPOIIecce IBONIONNHU. JJnHAMIYEeCKOoe
M3MEHEHHE ONTHMYMOB I03BOJISIET MOJESIHPOBATH BO3ACHCTBIE BHEIIHEH Cpelbl Ha 3BOJIIOLHIO
HOIYJISLHUH.
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Pucynok 5 — IlepBoe nokosieHUE MOIYJIALUH.

Pucynox 6 — OauHHa11aTOE IOKOJICHUE MOy JIAILMHU.
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Pucynok 7 — Copok nepBoe MOKOJICHUE TOIYJIALHH.
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Abstract

Now competition between the manufacturers of educational services considerably grows. The or-
ganization of engineering education undergoes significant changes, with the purpose of the adap-
tation of high schools to new conditions of the market. The change of the purposes of education is
necessary, in which on the foreground the task of development of the person with the help of in-
dividual training leaves. One of ways of achievement of such purposes is the organization of re-
mote education, creation of virtual faculties, laboratories, universities. Among problems, arising
at it, there is an important problem connected to an estimation of knowledge of testing, trained on
the basis of computer systems. The importance of correct organization of testing of knowledge
trained with the purpose of their estimation considerably grows in remote education, when the
teacher and tested are far apart. The now in use circuits of testing have many lacks. Among them
it is possible to note absence of a feedback between results of testing and developers of the tests,
static character of models (for example, Rasch’s model, Birmbaum’s model, etc.), on which the
processing of results, absence of the account of change of a level of knowledge in time is carried
out and during testing, impossibility of forecasting of results and others. Use of simulation as a
means for planning process of testing and account of dynamics in its realization removing a part
from the specified problems, is considered below.

BBenenne

B Hacrosee Bpemst 3HaYUTENILHO BO3PACTaeT KOHKYPEHIUSI MEXK/Ty TPOU3BOJIUTEISIMU 00pa3o-
BaTeJbHBIX yciyr. OpraHusanys MH)XEHEPHOTO 00pa30BaHMs MpETeprieBacT 3HAYNUTEIbHbIE N3MEHE-
Hust. HeoOxonmmo u3meHenune neneii 00pa3oBaHusi, B KOTOPBIX HA IEPBbIN TUIAH BBIXOMT 3a/1a4a pas-
BUTHS JIMYHOCTH C ITOMOIIBI0 HHANBUAYaIbHOTO 00yueHus [1]. OqHuM U3 IMyTeH TOCTIKEHUS TaKUX
LIeJIeH SBISIETCS] OpraHU3anus AUCTaHIIMOHHOTO 00pa3oBaHMs, CO3J[aHIe BUPTyaIbHBIX Kadenp, 1abo-
patopuii, yauepcuteToB [2]. Cpenyt BOZHHUKAIOMIKX IPU STOM MPOoOJIeM BO3HUKAET BaKHAs MpooIe-
Ma, CBS3aHHAs C OLCHKOW 3HaHHWH 0Oy4aeMBIX HAa OCHOBE KOMITBIOTEPHBIX CHUCTEM TECTHPOBaHHS.
3HaYNMOCTD NPaBWJIBHON OPraHU3allld KOHTPOJS 3HaHWH O00yYaeMBIX C LIEJBI0 MX OLCHKH 3HAYH-
TENIBHO BO3pacTaeT B JUCTAHIMOHHOM OOpa30BaHMUHM, KOTJa NPErogaBaTeNb U TECTUPYEeMble HaXOIiT-
csl JaJieKko Apyr oT Apyra. Mcmomb3yemble B HacTOSIIEE BPEMs CXEMBbl TECTUPOBAHHMS MMEIOT JOCTa-
TOYHO MHOTO HEZOCTaTkoB. Cpean HMX MOXKHO OTMETHTh OTCYTCTBHE OOpAaTHOW CBS3M MEXIY pe-
3yJIbTaTaMHd TECTHPOBAHMS M pa3pabOTUMKaMH TECTOB, CTATHYHOCTh MOJENEH (Harmpumep, MOJEIH
Pama, bupabayma u 1p.), Ha KOTOPBIX OCYLIECTBIsSeTCsA 00paboTka pe3yabTaToB, OTCYTCTBUE ydeTa
M3MEHEHHsI YPOBHS 3HaHHH BO BPEMEHH U B IPOIIECCE TECTHPOBAHMS, HEBO3MOXKHOCTH IIPOTHO3MPO-
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BaHMS Pe3yJIbTAaTOB U psijt npyrux. Mcrnonb3oBaHHe MMUTAIIMOHHOTO MOJICIIMPOBAHUS CHUMAET YacTh
13 yKa3aHHBIX IPOOIeM.

Pabora BeINOIHEHA ITpH YacTHYHOH mojaepkke Poccutickoro ¢onna hyHaaMeHTaIBHBIX HUCCIIe-
nmoBanuii (rpantel 02-01-00784, 02-01-81015).

1 AjanTuBHOE TECTHPOBAHHE

Cpenu BayXHBIX WHTCPAKTHUBHBIX (DYHKITHIA MPOrPaMMHOTO 00CCIICUCHHUS TUCTAHIIMOHHOTO 00pa-
30BaHU W BUPTYaIbHBIX Kadeap ocoboe MECTO 3aHMMAIOT CPEJCTBa 00SCIICUHBAIOIIUE TTPOBEICHUC
MperroiaBaTelieM TECTUPOBAHUS 3HAHWU 0€3 HEMOCPEACTBEHHOTO B3aMMOJICHCTBHS ¢ 00yYaeMBIMHU
[3-5]. NeTemnextyansHast o0y4aromas cucreMa JODKHA 00JIafaTh BOZMOKHOCTBIO TITyOOKOTO aHaIH-
3a OTBETOB 00y4aeMoro MpH TECTUPOBAHWH 3HAHUI K BO3MOXKHOCTH IIOJATOTOBKH TECTOB.
C 2Toif 1[eTIbIO B €€ COCTAB BKIIIOYACTCS MOICUCTEMA TECTUPOBAHMUS 3HAHHIA.

AJIanTHBHOE TECTUPOBAHHE - ATO LIMPOKHUI KJIACC METOAMK TECTUPOBAHUS, MPEIyCMaTPUBAIO-
IIMX MU3MEHEHUE MOCJIEJ0BATEILHOCTH MPEABbIBICHHS 3aJaHUl B CAMOM MPOILIECCE TECTUPOBAHUSI C
YYETOM OTBETOB UCIIBITYEMOTO Ha YK€ NPEIAbsIBICHHBIC 3a1aHus. B y3kom cMbiciie kK AT 0ObIYHO OT-
HOCSAT OCOOBIC AJITOPUTMBI MPEIBSIBICHUS 3aJaHUM, MOCTPOCHHBIC IJI MYHKTOB TECTa, IHPEIABAPH-
TEJIBHO OTOOPAHHBIX C MMOMOIIBIO COOTBETCTBYIOIIUX MOJICICH U METO/IOB aHAJIM3a ITYHKTOB M JPYTUX
MIPOIIETyp, OCHOBAHHBIX Ha TICHXOMETPUYECKOM Teopuu 3amaanue-oTet (Item Response Theory). Ipu
TakoM OOYUYCHHH B MPOIIECCE MPOXOKICHIS TecTa (W Habopa TECTOB) CTPOUTCS MOJECTH 00ydaeMo-
ro, KOTOpas UCIONB3YeTCs U TCHEPAIMH WM BhIOOpa MOCICAYIOMNX 3aJaHui TECTHPOBAHUS B 3a-
BUCHMOCTH OT YPOBHsI 00y4aeMoro. B KOMIUIEKCHBIX CHCTEMaX MOJYYEHHAsh MOJICIb TAKIKE MOXKET
HCIIOJIb30BAThCS B MPOLIECCE 00YUICHHUSL.

B kauecTBe cpejicTBa IS IUIAHUPOBAHUS MPOIIECCa TECTUPOBAHMUS U yueTa (pakTopa BPEMEHHU B
€ro MpOBEICHUHU Npe/IaraeTcs UCIONIb30BaTh UMUTAIMOHHOE MOJenupoBanue. T.e. mojcucrema Tec-
TUPOBAHUsI JIOJDKHA COZIEPXKATh MOJIEb WM Psi MOJIENIe, MMHUTHPYIOUIUX IPOLECC TECTHPOBAHMSI.
Wx ncnosb30BaHKe MO3BOJIUT YHECTh psill (JaKTOPOB, TAKMX KaK BPEMs PEIICHUs 3aJaHus U BpeMs,
OTBEJICHHOE HA TECT, YTOMIIIEMOCTh TECTHPYEMOTO, M3MCHEHHE YPOBHS €ro 3HaHWi U T.I. [Ipu 3ToM
MOSIBJIICTCST BOBMOXKHOCTh ONTUMHU3AIIMK TECTOBOTO 3aJlaHHsI — BHIOOpA KOJMUYECTBA 3aJlaHUNA U BpE-
MCHH, OTBEJICHHOT'O Ha WX BBINOJHCHHUE, BRIOOPA CTPATECIHU BBITIOJHEHUS TECTa, U APYTUX 3a/1ad CBsi-
3aHHBIX C IUIAHHPOBAaHUEM TIpOIlecca TECTUPOBaHU. B kauecTBe BapbUPYyeMBIX (PaKTOPOB MOTYT BEI-
CTyIIaTh: JWANAa30H YPOBHEH 3HAHWU TECTHPYEMBIX, IMANAa30H TPYAHOCTEH 3aJaHWi, CTCICHb COOT-
BEeTCTBHSI JTHUX JMANa30HOB, BpEMs TECTUPOBAHUS, YHUCIO BOMPOCOB (33aJaHWil) B TECTE.
B kadecTBe BXOAHBIX JIJAHHBIX JIOJDKHBI HCIIOIB30BATHCS 3a/IaHUs, OTIHYAIONIHECS YUCIIOM U YPOBHEM
TPYAHOCTH 33/1a4, MHOXXECTBO TECTHPYEMbIX HMMEIOIIUX Pa3IMYHbI ypOBEHb IOJrOTOBICHHOCTH,
JIaHHBIE 00 M3MEHEHUH CTENEHH YTOMJISIEMOCTH TECTUPYEMOro B Ipolecce ero BhIoJdHeH s u ap. Ha
BBIXOJIE TOJTy4aeM HH(OPMAILHIO O Pe3yJibTaTaX TeCTUPOBAHUSI.

OueBUIHO, 4TO B MPOLECCE TECTUPOBAHMUS Y TECTUPYEMOTO MTPOUCXOAUT MOCIIEI0BATEIBHOE I10-
BBIIICHUE YPOBHS MOHUMaHUs. [[03TOMy amanTHBHAs IMMOJCHUCTEMAa TCCTUPOBAHHS 3HAHUWH, TOJDKHA
JUHAMWYCCKH OTCJIC)KMBATh M3MCHCHHE COCTOSHHS TCCTUPYEMOTO WM aKTUBHO M3MCHSATH CJIIOKHOCTH
TECTa B 3aBUCUMOCTH OT TEKYIET0 COCTOSIHUS TECTUPYESMOTO.

2 MaremMaTHYeCKHE MOIEJIH TEOPHHU TECTOB

PaccmoTrpuM psig Moaeneil TEOpUU TECTOB € LENbIO BBIABICHHS XapAKTEPUCTUK TECTOB U TECTH-
PYEMBIX, KOTOpPBIE TOJDKHBI OBITH YUTECHBI M B UMUTALIMOHHBIX MOJIEIISIX.

[Tox coBpeMeHHO# TeOpHeH TECTOB MMOHUMAETCSI TEOPHS, TPEHA3HAUCHHAS IS OLICHKH JIATCHT-
HBIX TapamerpoB N  TecTUpyeMbIX 6, (i =L2,.,N ) , W TapaMeTpoB 3aJaHHi TecTa

i

p j,( J=124,M ) MOCPEJICTBOM TPUMEHEHHUS MAaTeMaTUKO-CTaTUCTUYECKUX MOJIENed H3MEPEHUS.

Ona 103BOJISICT MOJIYUUThb YCTOI\/'I"II/IBBIG 1 OOBEKTHUBHBIC OLCHKHU HapaMETpOB, XapaKTCPU3YIOUINX
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YPOBEHb MOJATOTOBKH TECTUPYEMBIX U TPYIOHOCTH 3aJaHUH, a TaKKe U3MEPATh ITH MapaMeTpsl B Of-
HOM W TOH ke IIKane, UMEIOIIeH CBOWCTBA MHTEPBAIBLHONW. DTO JOKHO O0ECIEYUTHh BO3ZMOXKHOCTH
MIpEJICKa3aHus BEPOSITHOCTH MPABHIBHOTO BBIMOJIHCHHS TECTA JIFOOBIM TECTHPYEMBIM B BBIOOPKE 0
MIPEIBbSIBIICHHSI TECTA TPYIIIE TECTUPYEeMbIX. [1o MX OTBeTaM Ha 3aJaHus TECTa HEOOXOIUMO OICHHUTH
3HAYCHUS JIATCHTHBIX Mapamerpos 6, u S, [6].

I'. Pam JJId YCTAHOBJICHUSA COOTHOLICHUA MEXKIY JIATCHTHBIMU IapaMETpaMnu 91‘ n ﬂj BBCJI B

PaCcCMOTPCHUEC HX PA3HOCTh. TOF,Ha BCJIMYMHA |Hl —ﬂ/-| — 9TO PACCTOSAHHUC OT YPOBHS IMOJATOTOBKH

TECTUPYEMOIO OT 3aJaHus C TPYAHOCTHIO . OmHomapaMeTpryeckas Moaeiab Para 1mo3BoJjser or-
J

peaAcIuTb BEPOATHOCTHLIC (l)yHKHI/II/I pacnpeacjacHus JaTCHTHBIX MTapaMETPOB:

1 1
PO0)=——z5 BB =g
J 1,700-5,)° i 1,7(0-5)°
14705 1405
rae & wu f — He3aBUCHMBIE IEPEMEHHBIE [UIs TIEPBOI U BTOPOM JIOTHCTHYECKON (DYHKIIHH.
A. beprGaym BBesl B MOJEIIb IIapaMeTp a; JUIsl XapakTepUCTHKH auddepeHuupyroueii crnocot-
HOCTH 33JjaHHs IIPU Pa3JIMYHbIX U3MEHEHUSX 3HAueHU @ U mapaMmeTp a; Kak Mepy CTPYKTypHUpoO-

BaHHOCTH 3HAHUI TecTHpyeMoro. J[ByxmapameTpudeckas Mmoens bepabayma umeer Bua:

1 1
P. (g) = P (ﬂ) = .
J — - ’ 1 _ (H.—
l+e 1,7a,(6 ﬁ,i lte 174,(0-8)
Boiee cioHOI ABISETCS Tpexmapamerpuieckas Mojenb bepaOayma, rie TpeTHii mapamerp ¢ j

XapaKkTepu3yeT BEPOATHOCTh MPABUIBLHOTO OTBETA HA 33laHKE j B TOM CIydae, €CJId 3TOT OTBET yra-

JIaH:
Pk, = 18, f=c,+l-¢, )r_l,;,/(g_—ﬁjys
rac

l,ecnm OTBET 1-TO TTECTHPYEOrO Ha j - O€ 3aJJaHUE BEPHBIH;

X =
i . . o
/" |0,ecm oTBeT i -0 TTECTHpPYE OO Ha j - O€ 3a/[aHHEe HEBEPHBIH.

[TpuBeneHHbIE MOJENH TIO CBOCH CYTH SIBIISIIOTCS CTaTUYECKUMH, TO €CTh MX MapaMeTphl IIOCTO-
SIHHBI BO BpeMeHH. O4eBUIHO, YTO NPH JUCTAHIMOHHOM TECTUPOBAaHHHM, KOTJIa MPOIECC TECTUPOBa-
HUSL SIBJISIETCS IOCTATOYHO TPOTSDKEHHBIM, OOJIBIIMHCTBO IapaMETPOB YeIOBEeKa, MPOXOASIIETO Tec-
TUpOBaHUE, n3MeHseTcs. [103ToMy HE0OX0ANMO UMETh BO3MOXKHOCTD 110 TEKYIIUM pe3yJIbTaTaM Tec-
Ta MPOBOANTH KOPPEKIHIO €T0 3a/laHUH, TO €CTh OCYLIECTBISTH OOPAaTHYIO CBSA3b MEXIY IIperojaBa-
TesIeM (MHTEIUIEKTYaJIbHOM 00yJaroniel CHCTEMON) U TECTUPYEMBIMHU.

Kpome yka3aHHOro HemocTaTKa, IPHBEICHHBIC MO HE YYUTBIBAIOTCS PsIl MapaMeTpoB Tec-
THUPYEMOT0, KOTOPBIE BIMSIOT HA pe3yNbTaT UCTIBITaHUH. Cpeau IMOCIeTHIX MOXKHO YKa3aTh: 6a30BYIO
HHOOPMALIMIO O TECTHPYEMOM, XapaKTEpH3YIOLIYIO €r0 MHIMBUIYAIBHOCTh (MM, MOJI, Xapakrep,
BO3pACT, CIIOCOOHOCTH); COLMANIbHBIA (QakTop (TOPOACKOI, NepeBEHCKH A, N3 Ooraroil ceMbH, U3 Oen-
HOH ceMbHU, U3 MHOTOAETHOH CEMbH); CTOPOHBI )KU3HU (POAUTENH C BBICIIUM 00pa3oBaHUEM, POAUTE-
T paboune, pOAUTEINH aTKOTOIMKH); BH]I 10cyra (CIIOPT, KOMITBIOTEPBI, TYJISTHKH, Y4eOHHKH); CIIOCO0
MOJrOTOBKH (320YHBIE ILIKOJIBI, JONOJHUTEIBHBIE KYPChl, CAMOIIOATOTOBKA, PENETUTOD); 310POBbE
(kpermikoe, cpenHee, ciaboe) 1 MHOTHE JIPYTHE.

3 HmMuTanuoHHAas MojAe]b nmpouecca TeCTUpoBaHus

PaccMoTpuM OfHY M3 MMHUTAIMOHHBIX MOJENEH, KOTOpask MOKET OBITh MCITOJb30BaHA IPH TeC-
TupoBanun. Mojens pazpadarsiBaercs B cpene PJ1O, koTopas siBisieTcsl yHUBEpCaIbHOM Cpesioi Mo-
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JIeTUPOBaHMsl, OCHOBAaHHON Ha ()OPMaNN30BaHHOM OINMCAHWH 3HAHHUU O peAMeTHON obnactH [7]. Dtu
3HAHUS ONHCBIBAIOT PECYPCHI (1I0J KOTOPHIMU MOTYT IOHMMAThCS JIIOOBIE AJIEMEHTHI MOACIUPYEMBIX
CUCTEMBI WIH TPOIecca) U T€ MPaBuiIa, 0 KOTOPBIM 3TH PECYPCHI B3aMMOACHCTBYIOT MEXILy COOOH
BO BPEMEHHU M POCTPAHCTBE.

Cpenu OCHOBHBIX THIIOB (KJIaCCOB) PECYpCOB MOAENIHU OyAeM paccMaTpUBaTh 3aJaHus, YIEHUKOB

¥ 3Talbl TCCTUPOBAHUA. Tecr, HpeI[LHBHﬂeMLIfI YYE€HUKaM, BKIIFOYACT P 3a7[aHuM.
$Resource_type 3aganust : permanent

$Parameters

Oann :real = 0.0 {npoBepka CI0KHOCTU-TEIKOCTH 3aaHHs |

COCTOSIHUE :  (He_BBINOJHEHO, BBIIOIHECHO, BBIIOIHSICTCS, PEJAKTUPYETCS) = HE_BBIIOIHEHO
CJIOXKHOCTD : integer =0

Bpemsi_BbinonHeHust : real = 0.0

BBINIOJIHWNIY_3aJaHue : integer = 0

$End

[Mapametp 6anr copep uT UHOOPMALUIO O TOM, CKOJBKO YYEHHUKOB YCIEIIHO CIIPABUIIOCH C
JIlaHHBIM 33/1aHueM. [lapamerp cocmosnue UIEeHTUPUIHUPYET, YTO B JAHHBIA MOMEHT HPOUCXOIHT C
3aJaHUECM, W3HAYAJIbHO BCC 3aJaHHA HC BBIIIOJIHCHBI. HapaMeTp CJI0OCHOCMb TIOKAa3bIBACT TCKYIIYIO
CJIO’KHOCTB 3aJlaHUs. HapaMeTp eépemsl_6blnojiHerHuA COACPKUT 3HAUCHUC BPEMECHHU, KOTOPOEC TPATHUTCA
Ha pCHICHUC JAaHHOI'O 3aJaHusl. HapaMeTp 6bln0/mwzu73a()anue IMOKa3bIBACT CKOJIBKO YYCHHUKOB YKC

pceuiain 3TO 3alaHuC.
$Resource_type Yuenuku : permanent
$Parameters
COCTOSIHME : (HOBHYOK,00y4HJICS, pelIaeT TeCT, CBOOOIEH, BBIOJIHII_BECh TECT, 00ydaercs,
BBITIOJIHII |, BBITIOJTHUII2, BBIIOJIHUI3, BHIIOIHII4, BBIOTHIILS,

BBINIOJIHUIIO, BBITOJIHUI7, BBIMOIHKIIS, BRINOJHMIIY, BeITOIHMI10,

BbInoaHm1 1, Beinonuuin 12, Beimonnmil 3, Beimonnui 14, BeinoiaHmilS) = HOBU4OK
conuanbHbIA_(akTop : (TOPOACKOMH, NepeBEeHCKUil, U3_00raToil ceMbH, U3_OeIHOW ceMbU, H3_MHOTOAETHOI CeMbH)

CTOPOHBI_XXH3HHU : (pomutenu_c_BO, ponurenn_paboune, poauTean aaKOTOJIUKH)

BHJ_JIOCYyTa : (CrIOpT, KOMIIBIOTEPBI, T'YJISHKH, TMBO, Y4EOHUKH)

CrIoco0_TOATOTOBKH  : (3a0YHBIE_IIKOJIBI, JOIOIHUTEIBHBIE KypCHI, CAMOIOATOTOBKA, PEIETHTOP)
3/10pOBbE : (kpemnkoe, cpenHee, ciaboe)

CYMMapHBIN_0at : integer =0

BEpOATHOCTH_pemnreHus : real = 0.0

HOJTY 9T : integer = 0

$End

[Mapametp cocmosinue NOKa3pIBaCT HA KAKOW CTaJUH HaXOAWTCS yYCHUK, M3HAYAIBHO BCE yue-
HUKH TIOMEYaIOTCsl KaK HOBUYKH, BIIOCJICJCTBUU 3TOT IapaMeTp HUT/E HE MCIOIb3YeTcsl, OH HE0OXo-
UM 4TOOBI ONpPEACNIUTh M3HAYAIbHBIA YPOBEHb MOATOTOBKH TECTHPYeMbIX. [lapaMerpsl coyuans-
HbIUL_DaKkmop, CMOpOHbl_JHCU3HU, 8UO_00CY2d, CROCOD_N0020MOBKU, 300p08be XaPAKTEPU3YIOT Kaxk-
JIOTO OTAENBHOTO YYEHHKA; MCXOIS M3 ATUX JAHHBIX NPOU3BOAMTCS IOACYET IIEPBOHAYAIBHBIX 3HA-
Hull TectupyeMbix. [lapameTp cymmapueiti 6ann OKa3bIBaeT KOJIMYECTBO OayioB, HAOpPaHHBIX yue-
HHMKOM 3a BpeMs BBIIIOJHEHUs Tecta. [lapamerp eeposmuocms peutenus TOKa3bIBa€T M3HAYAIbHBIHN
YPOBEHb 3HaHUH YYCHHKOB, a B IIOCIEACTBUH ITOCIE O0YUCHHUS M UX TeKyluue 3HaHus. [lapametp no-
JIy4ul ICTIONIb3YETCS BO BPEMsI MOJICIIMPOBAHUS M MOKa3bIBaeT uTo noyyr (0 min 1) y4eHHK 3a KOH-

KpETHOC 3aJaHuC.
$Resource_type Dram : permanent

$Parameters
KonnuecTBo BBHINOJIHEHHBIX_TECTOB  : integer =0
CpeHUA_0ajl_3a_TecTsl :real = 0.0

3a7aHuil_OTpelakTHPOBAHO JIerkux : integer =0
3aJaHUi_OTPEJaKTUPOBAHO CIIOXKHBIX : integer = 0

YUCJIO_y4YeHHKOB_BblIIe_cpeJHero  : integer =0
YMCIIO_YYEHHKOB_HH)KE CpelHero : integer =0
$End
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OmHO W3 MpaBUJI MOJENH, a UMEHHO MPAaBHUJIO BBIIOJHEHMS 3aaHUS C HOMEpOM 15, mMeeT BHI
npuBeIeHHbIN HIbke. Ha BbImonHeHune 3amanus orBogutcs 30 MUHYT BpeMEHH, a MOJIYYCHHBIH Oas
3aBUCHUT CJIOKHOCTH 3aJaHU U MApaMCTPOB YUCHUKA:

$Pattern BeimosHeHHe 3amanusil5 : operation

$Relevant_resources
saganue : 3amanmelS Keep Keep

yu : Yuenuku Keep Keep

mioppsr  : mamaele  NoChange Keep

pacuer : mokaszatenu NoChange Keep

$Time = 30.0

$Body

3a/1aHHe

Choice from 3a/jaHnEe.COCTOSIHIE = HE_BBITIOIHEHO

first

Convert_begin
COCTOSIHHE SCt BBITIOJIHACTCS
Convert_end
COCTOSIHHE Set HE BBIIIOJIHEHO
BBITIOJIHHJIM_3aJjaHKe Set 3alaHue. BBIONHIIN _3ajaHue + 1
y4
Choice from y4.cocTosinue = BbinoyHuI14
first
Convert_begin
COCTOSIHHE SEt PEIIacT TecT
Convert_end
COCTOSTHUE Set BBINOIHUILS
MOJTY4HII set pelieHue_3ananusi(yy.BepostHocTh peureHus™*(15-3ananue.cnoxuocts)* 10,pemenne(0.0,100.0))
CYMMapHBIil_6aiu1 set y4.CyMMapHBIi_0aim + yq.[HOJIyqHI
1udpsI
Choice from undpsr.cyerunk14 = 15 and nudper.cuetunkls <= 15
first
Convert_end
cueTynk 15 set mudpor.cueTunk 1S + 1
pacder
Choice from pacuer.cymma_3al5 <= 15 and pacuer.crom = 1
first
Convert_end
cymma_3al5 set pacuer.cymma_3alS + yd.mosydusn
$End
B MPUBCACHHOM IHPaBUJIC YUCT HAPaMCTPOB YUCHHKA PCAJIM30BaH C MMOMOUIbBIO q)yHKIII/II/I 6epo-

SAMHOCMb_peutlenus, KoTopasg UMECT BU:
$Function BeposiTHOCTb penrerHus 3aanuiil : real
$Type = algorithmic

$Parameters

¢axropl : such_as YdeHuku.conuanpHbeI_(akTop

$Body

Calculate_if paxropl = ropoackoit BEpOSITHOCTh_penteHusi_3ananuiil = 0.8
Calculate_if daxTopl = nepeBenckuit BEpOATHOCTH_pelreHus 3amanuiil = 0.4

Calculate_if ¢pakTopl = u3_Ooraroii_ceMbH BepOSATHOCTb_penreHus 3amanumiil = 0.75

Calculate_if dpaktopl = u3_6enHoil_ceMbr  BEpOATHOCTH perueHus 3amanuiil = 0.65

Calculate_if ¢akTopl = H3_MHOrOfeTHOH CeMbH BEpPOATHOCTh_pemieHust 3aganuiil = 0.7

$End

HpI/IBe,Z[eHHBIC DJIEMEHTBI Jar0T HEKOTOPOE MPEACTABICHHUE O TOM, KaK B PIMPITaI.[PIOHHOﬁ MOACIIN

OITMCBHIBAETCA MPOLIECC TECTUPOBAHUS.

4 Pe3yabTaThbl MOACIHMPOBAHUS

B pesynbrare psia MporoHOB MOJIENU C Pa3HBIMHU [TapaMeTpaMH U Pa3IMYHBIMU Oa3aMu reHepa-
TOPOB CIIyYaiHBIX 4uces, ObUIM cOOpaHbl JaHHBIE, Aanee 00paboTaHHBIEC MPU MOMOIIN MPOTrPaMMBbI
MS Excel.
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Ha pucyHke 1 nmokazaHo Kak M3MEHSETCsI CPeIHHUI Oall TECTHPYEMBIX BO BPEMEHH 10 JTaram
TecTupoBaHus. CIUIONIHAS TUHUSA COOTBETCTBYET CPEIHEMY 3HAUCHMIO, a IITPUXOBASI 3TO OTKIIOHEHHE
ot cpenuero. 13 rpaduka BUAHO, YTO C YBEIMYCHUEM YUCIIA ITATIOB CPEAHUI Oal CTpeMUTCs K OIl-
pelelieHHOMY 3HauEHHIO.

cpepHuit 6ann

1 2 3 4 5 6 7 8 9 10 atansl

Pucynok 1 — Cpenuuit 6as 3a Tecr.

Ha cnexyromem pucyHke 2 moka3aHa 3aBHCUMOCTh 3HAHMHA TECTUPYEMBIX (CpEAHHX 3HAHUH IO
BCEM TECTUPYEMBIM) B 3aBUCUMOCTH OT 3TarloB TeCTUpoBaHus. [0/ 3HaHUAMH B MOJICIIU TOHUMACTCSI
BEPOSITHOCTH BBINOJHUTH JaHHBIN TecT. CIUIONIHON NMHUEH MOKa3aHO CpelHee 3HAaUEeHHE BEPOSTHO-
CTH pEIICHUs 3aJaHuH, a IITPUXOBOI JINHUEH OTKJIOHEHUE OT CPEeIHEro0. 31eCh MOKHO 3aMETHUTh, YTO
OTKJIOHEHHUE OT CPEeJHero uMeeT OOJbIION pa3dpoc, 3T0 00YCIOBICHO, TEM B KaX/0H TOUKe I10JCUH-
THIBACTCS CpelHee 3HadeHue 15 y4yeHMKOB, a MO OTHACJBHO B3SATHIM YYEHHKAM JUarpaMma MOXET
HMMETh COBEPIIEHHO JPYTOil BUJ U HAIIPABIECHHOCTh. HO B 11€10M MOXHO 3aMETUTh, YTO C YBEITHUYECHH-
€M 4HCJIa PEIICHHBIX TECTOB, CPEJHEEC 3HAUECHUE BEPOATHOCTU PEIIECHHS PACTET, ITO TOBOPHUT O TOM,
YTO C KayKABIM 3TaIloM 337aHusI BCe OONBIIE COOTBETCTBYIOT YPOBHIO 3HAHHH TECTHPYEMBIX.

3HaHMA

3Tanbl

PucyHnok 2 — 3HaHus TeCTUPYEMBIX.

Ha pucynxke 3 npuBeneH rpaduk 4nciia TECTUPYEMBIX CO CPEIHUMH 3HAHMSIMU IO UTOTaM TEKY-
IIIETO TECTa, a TAKXKE YNCIIO TECTUPYEMBIX, CO 3HAHNUSIMHU BBIIIE M HIKE CPEIAHETO.

W3 rpaduka MOKHO 3aMETUTh, YTO C KaXKABIM CIECAYIOIINM 3TarloM TECTUPOBAHUS YUCIIO TECTH-
PYEMBIX CO CPETHUMH 3HAHUSIMH CTPEMHTCSI K ONIPECICHHOMY YPOBHIO, B TO BPEMs KaK KOJIHIECTBO
YUEHHMKOB BBIIIIE U HU)KE CPETHETO COOTBETCTBEHHO YBEIMUMBACTCSA U YMEHBIIACTCS].

3akiarouenue

B nanHoli paboTe mpencTaBieHbl HEKOTOPBIE pe3yJbTaThl U HICH pa3pabOTKU MMHUTAIMOHHOW
MOJIENH JUISl MCIIOJIb30BaHMA B aIalITUBHOM TECTUPYIOIIEH MMOACUCTEME, SBIISIIONIECICS YacThiO UHTEN-
JIEKTyaJIbHOW cUcTeMbl 00yueHnsi. OCOOEHHOCTBIO SBIISIETCSI MHTETPaLUsl U3BECTHBIX MOJXOJIOB K TeC-
THPOBAaHUIO M HMMHUTALMOHHOTO MOJEIHPOBAHUA. DTO AOJKHO IO3BOJUTH IPOBOIUTH aJalTUBHOE
TECTUPOBAHHUE C YUIETOM JANHAMUKHU XapaKTEePHCTHK TECTHPYEMOTO, IUIAHMPOBaTh pa3paboTky 3ddek-
THUBHBIX TE€CTOB M IIPOTHO3UPOBATH PE3yJIbTaThl TeCTUPOBaHUs. [IpuBeaeHHBIE pe3yIbTaThl, TO3BOIS-
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0T CANATh BBIBOJ O TOM, YTO UMUTALIMOHHAS MOJIeNb 00ECIIeYnBaeT aieKBaTHOE OMUCAHUE IIpoLecca
¢ TpeOyeMbIM AJIsl aAaNTalli YPOBHEM JI€TaIHU3aAIIH.

9

¢S

atans!

—\4eHWNKOB HUXe CpeaHero
= ™ y4YeHWKOB BbllLE CpeaHero

== yYeHWKOB CO CpeaHNM YpOBHEM

Pucynok 3 — PacnipenienieHue TeCTUPYEMBbIX.
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Abstract

In this paper a dynamic model of a nomds (i.e, a linked vitally active community) is introduced.
The structure of a nomos is described in terms of the three basic archaeotypes of vital activity:
substantiating, directing, and ensuring. The vital activity of a nomos is presented in the form of a
vitally organizing cycle of internal streams of results of vital activity linking units and main parts
of the nomos with each other and with the natural environment and the external organized envi-
ronment. Some natural conditions for resources of units and streams between them are given and
some balance and impulse equations for them are proposed.

BBenenue

YenoBeyecTBO B MpOLIECCE JKU3HEIEATENLHOCTH TBOPUT COOCTBEHHYIO HOBYIO Cpelly JKHU3HeesI-
TEJILHOCTH: ¥ MaTePHAIBbHYIO, M TyXOBHYIO — M COOCTBEHHBIX HOBBIX CYOBEKTOB )KU3HEIESTEIEHOCTH.
[Tpn sTOM npenpIayIIas )KU3HEASSI TEIILHOCTh HACIIEAyeTCsl YEIOBEYECTBOM B (QOPME apXemunos sHcus-
HedesmenbHocmuy. DT apXETHUIIbl, COOTBETCTBYIOIINMM 00pa3oM BO3JIEHCTBYS Ha KHU3HEAEATEIHHOCTD
B HACTOSIIEM, HANIPABIISIIOT TaKXe JIopory B Oynymee. Takum oOpazoMm, uckirouaemesn abconiomuas
RPOU3801bHOCHb HOBOW KU3HENCATCIBHOCTH.

UeM famnpliie B IPOLNIOE YXOAWT CKIAABIBAHHE W TPOSBICHHE KAKOTO-INOO apXeTHIla JKH3He-
JIESITEIBHOCTH, TeM OOJIbIliee BIMSHUE OH OKa3bIBAaeT Ha HacTosee u Oymymiee. OHAKO C pa3BUTHEM
BO BPEMEHHM YeJIOBEYECTBO OCTABIISIET 32 cOOOW BCce OOJNBIIMIA UCTOPUYECKUH 1IN}, KOTOPBIH Mpu-
BOJUT K O(OPMIICHHIO BCE OONbIIEro yucna BcE 0ojiee MOJIOIBIX ApXETHIIOB JKU3HEIEATeIbHOCTH.
ITosTomy mpubaBnenue 3TuX Oojee MONOIBIX apXETHIIOB BIMAET Ha NPOsABICHUE Oojee CTaphIX, YTO
MPUBOAUT K W3MEHEHHUIO ATOTO MNPOSABICHHUA. DTHM HUCKIIOUACTCS afCOIOMHAA npedonpeoene-
HOCMb HOBOY JKU3HECATEIILHOCTH.

MO>KHO BBECTH IIOHATHE KOMMIEKCA apXemunos XU3HEAesTeIbHOCTH, OJIM3K0oe K MOHSATHIO TeH-
HOTO KOMIUIeKca B Ouosornu. Komruieke apxeTurio, UCKIIoYast 1 aOCONIOTHYIO IPOU3BOJIBHOCTD, U
a0COJIIOTHYIO TIPEJONPEICICHHOCTD, 3a/1a8T MmeHOeHYUlU JHCU3HeOesmenbHOCmuy, OT KOTOPBIX JKH3He-
JIESITEIEHOCTh MOXKET YKJIOHSATBCS BO BPEMEHH JIMIIb IO/ BO3JICHCTBHEM HOBBIX OOLIECTBEHHBIX CHII
MIPOTIOPIIMOHAIEHO BETMYMHE 3TOTO BO3JACHCTBUS.

Takum 00pa3oM, BEIWJICHEHHE HCCIIEIOBATENIEM apXETUIIOB KU3HEACATEIBHOCTH CIIOCOOCTBYET
HE TOJBKO MOHMMAHHUIO MPOIIIOT0 W HACTOSIIETO, HO U JAaeT HEKOTOPYIO HaJSKAy Ha MPEIBHICHUC
Omkaiitiero OyyIero.

Pabota mocssiiieHa BBIIEIECHUIO U MaTEMAaTUYECKOMY OMMCAHUIO apxemunda OpeaHu3ayuoHHO20
Jrcusneycmpoenus uenogeyecmea. COTINacHO 3TOMY apXETHITy XKHU3HEACATEIbHOCTh UYEJIOBEYECTBA B
OCHOBHOM OCYIIECTBIISICTCSI B IMHAMUYECKH CBSI3aHHBIX JKHU3HEAESATEIBHBIX OOIHOCTSX, HAa3bIBAEMBIX
B 3TOH paboTe Homamu.
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1 HomoBas cucrema

PaccmoTpum koHeuHOE mHoocecmeo U eOunuy Homa W JIBE IpYTUe eNUHULBI d, U d,, Ha-
3BIBAEMBIC NPUPOOHOU Cpedoli W GHeuwiHell OpeaHu308aHHOU cpedoti. Beemem pazOueHune
U=FuUBUPUH wmHoxectBa U Ha cineayrolme MHOXECTBA:

E - MHOXECTBO codepoicamenbHbix eOuHuY,

B - MHOXECTBO pacnopsioumeneii cOOepuHcAmMenbHbIX eOUHUY,

P - gnacmuvix pacnopsoumenvhvlx eOuHuly,

H=U(H,; |iel) - MHOXECTBO 6cex 06ecneuumenbHolx eOurHuYy u

e H, - i-eMHOJXMCECMB0 06eCneyumenbHbIX eOUHUY.

MuoxectBa E, B, P u H Ha30BEeM OCHOBHbIMU YACMAMU HOMA, MHOXKECTBO F = FE U B - oc-
HOBaHUeM HOMA, @ MHOXXECTBO P U H - opeanu3ayutoHHOU HAOCMPOUKOU HOMA.

3auKkcupyeM HelycToe IMOAMHOXKECTBO lpcip= {{p,q}| p,g € PA p+#q} Takoe, 4ro mnapa

(P, 2P) obpasyer rpad. Ha P umeercst CTpOruid 4aCTUUHBIH MOPSIIOK <.

Ilycte MaxP [ MinP] — MHOXeCTBO BCEX MaKCHMAIbHBIX |[MUHUMANbHBIX| eOWHWI P u

2p=2P\{{p,q}e *P| p,q € MaxP} - yceuennoe MHOKeCTBO pebep rpada. I'pad u mopsIok csiza-
HBI YCIIOBHSMHU:

1) momarpad (P, *P) sBIseTCs 1ePEBOM;

2) Vp,qu({p,q}e?’:p,quaxPVP<qvq<p);
3) ‘v’qeMaxPEIpeP({p,q}e?D/\p<q);

4) ‘v’quaxPVpeP({p,q}ez_P:peMavap<q);
5) VpeMinP3qe P({p,q}c 2_P) ;

6) VpeMinPquP({p,q}ez_P:p<q).

Cucremy (P, > P,<) , yIOBIETBOPSIOIIYIO yCIOBHAM 1)-6), HA3BIBAEM KOPHEGOL CUCMEMOT 8ld-
CMHbIX pacnopadumeeli. AHATOTUIHBIM 00pa3oM misl i € I 3amaHbl KopHegvle cucmembl obecneydu-
meneu (H;, 2Hl-,<).

Nmeercss komtekuusi (B, < B|e € E) rtakas, uto B=U(B, |e € E). MHOXecTBO B, Ha3bIBaeT-
Csl COBOKYNHOCMbIO pacnopsoumeneil edunuyvl e € E . DTa KOIJIeKUUs 3a7aeT HOBble pebpa {e,b}
uiBcex ec E ubeB,.

Nmeercs taxxe komtekuust (@, |e € E) Ttakas, 4to ¢, : B, > P u MinP c U(rmge, |e€ E).
Ona 3agaet HoBbIE pedpa {b,p, (D)} maBcex ec £ u beB,.

Hdns P u H,; umeercs coOTBETCTBHE ¢; C Px H;, A1 KOTOPOTO CyLIECTBYET XOTA Obl OAUH
aneMeHT (p,h) € ¢; Takol, uTo p € INDZ =domg;, he 171- =rngs;, p€MaxP u he MaxH,. OHo 3a-
JaeT HoBble pedpa {p,h} wiaBcex pe P u he H; takux, uyro (p,h)Eg;.

st MHOXecTB £ M B 3anaHbl Ipou3BoJjibHbIE rpadsl (£, 2E) u (B, 2B).

Bee u €U Bmecre ¢ a; U a, 3amaroT HOBBIE peOpa {u,a,} u {u,a,}.
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B pesynpTaTe moOMydaeTcsi PACIIMPEHHBIA CBA3HBIA Trpad. MaTeMaTHYeCKyl CHCTeMY
S =(U;0) cHocutenem U U CTPYKTypoll O, ONIPENICIICHHOW BBILIE, HA30BEM HOMOBOU CUCIEMOLL.

2 JlocTosiHUS eIMHUL HOMA

[Mycte T =[0,00] - BpemenHo#i unrepBan u ¢t €T . Kaxnoi eauuune u € U mnpumuicansl TpU

1 2
byHKRIIIE W, , W, wi u3 T B R, Ha3bIBaeMbIE, COOTBETCTBEHHO, COOEPHCAMENbHbIM, PACNOPOU-

MeabHbIM U 00ecneyumenbHbiM 00CMOAHUAMU eOuHuybl U Ha momenm epemenu te€T . Jlanee co
CITOBAMH «COJICPIKATEIBHBIN, «PACTIOPSAUTEIBHBII» U «00CCIeYNTENbHBIN) CBSI3bIBacM IUQPHI 1, 2
U 3, COOTBETCTBEHHO.

JlocTosiHuSL eMUHUIL 00T TaI0T CIICIYIOIIHM CBOUCTBOM MOHOMOHHOCU:

D w@< WZ’ (1) mia mo6oro ¢, moboro m=1,2,3 u mobex be B u p € P, 1 KOTOPLIX Cy-

mecTByeT e € E takoe, uto p = @,(b);

2) Wy (1)<wj;(¢) mns moboro ¢, moboro m=1,2,3 u moGkIX p,q € P Takux, 4ro {p,q} e P u
pP<4q;

3)  wy (1) <wy(¢) s moboro ¢, moboroi € I, mo6oro m =1,2,3 u mo0sIX A,k € H; Takux, 4o

(hykye *H, w h<k.

3 Tloroku npeodpa3oBaHUii TOCTOSTHUI eTMHULIBI

Mexny conepkaTebHbIM w,ll(t), pacnopsiAUTENIbHBIM wf(t) U 00eCTIeYUTEeIbHBIM wf,(t) Jloc-

TOSIHUSIMU efuHULBl # € U Ha MOMEHT BPEMEHM ! JEHCTBYIOT nOmoKu npeobpazoéanuti 3aJaHHON

unreHcuBHOCTH f,"" () (myn =1,2,3) (HAIIOMHNM, YTO unmencueHocmvio nomoka A(r) Ha3bIBaeTCS

ero npousBojHas a(7) = A(r) 10 BPEMCHU 7 ):
1) g e E 3agaHbl HHTCHCUBHOCTH fe”(r), fezl(r) u ffl(r);

2) nana be B 3agaHbl MHTEHCUBHOCTH ﬁblz(r), szz(r) u _fb32(r);
3) mua p € P 3agaHbl HHTCHCUBHOCTH f;z(r) , fpzz(z') u f;z(r) ;

4) g he H 3a1aHbl ”HTCHCUBHOCTH fhl3(r), fh23(r) u f,133 (7).

4 TloToku pe3yJIbTATOB B3aHMOAEHCTBHUS eTUHHIL
Mexny ueUwu veia,a,} no pebpam {u,v} HPOXOIAT 7 -IIOTOKH PE3YIbTATOB BHEIIHETO

B3aMMO/ICHCTBHS SIMHNIBI ¥ C COVHULAMH @, U @, WHTCHCHUBHOCTH d,,(7) W d,(7), U3MEHSIO-
Ye M -TOCTOSSHUE CIUHMIIBI U .

Mexny 4 u v u3 U 1o pebpam {u,v} TpOXOIAT MOTOKH PE3yIbTaTOB BHYTPEHHETO B3aMMO-
JIEUCTBUS €IMHUL ¥ U V U 33JaHbl HEKOTOPBIE U3 HHTEHCUBHOCTEN s;”v" (r) mn -IOTOKOB pe3yJIbTa-
TOB B3aUMOJCUCTBUS, MMPOXOASIINX OT SAWHUIEI ¢ K eAWHUIE V 1o pedpy {u,v} u mpeobpasyro-

X m -A0CTOAHUE B 71 -TOCTOSHHEC.
TO‘IHGG, mnpearnoaaracTes, 4To

1) nmnst ueU wu a; 3aaHbl TOIBKO a’élu(z'); i e € £ 3agaHbl TOJIBKO d;al (7); s b e B 3ana-

HBI TOJBKO d},al (7); nia p € P 3amanbl TOIBKO dlzm1 (r) unna h e H 3agaHbl TOJIBKO d,fal (7)
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(npaBwuiio 3amperienus eauHuiiam u € U «cOpachiBaTh» OCTAIbHBIC BUIBI CBOETO JOCTOSHHS B
MIPUPOIHYIO CPENY);
2) gas ueU u a, 3apanbi Bee d) (7) u d)),

3) s e, f € E takux, uto {e, f} € *E , 3a1aHbI BCe Sef

au ua, (T) st m=1,2,3;

mn nm

() u 53" (7) mmst myn=1,2,3;

nm

4) s b,c € B takux, uro {b,c}e B 3ajaHel Bee Sy, (7) U spy (7) mist myn =1,2,3;

beB

5) maecE n ¢ 3a7aHbl TOIHKO seb(z') s (2') u sgg(z');

6) miseeE, beB, u p=g,(b) e P 3anaubl TOILKO S,l,; (), Sii(r) n s (0);

7) s p,q € P takux,uto {p,q}e 2P u p<gq, 3amaHbl TOIBKO qu(r) s (T) u s (r);

he

~

8) mmap e}N’i u H; TaKoil, uto (p,h) € g, , 3a1aHBl TOIBKO § h(r) s (Z') u s,w(z')

9) nus h,k € H, taxux, uto {h,k}e *H, u h <k , 3a1aHBI TOJNBKO s,l{,l,(z'), s,ff(z') U sii(r).

mn

10) mnst p,q € MaxP takux, uto {p,q}€ P , 3aJ1aHBI BCE s (z') u s, (7) mmt myn =1,2,3;

11) nns h,k € MaxH,; Takux, 4ro {h,k}e H , 3aaHbl Bee s, (7) U sy

mn

() nnst myn =1,2,3.

5 TlpaBuio pacnpenesieHusi BceX MOTOKOB B eJUHULIE

Eciu B u € U feficTBYeT HEKOTOPBII Mpeobpa3oBaTenbHblii mn-notok f,""(r), TO 4acTh €ro
OCTaeTcsi B # W NMPHOABISIETCS K €€ A-IOCTOSTHUIO. [l 3TOT0 MOCTYIUPYETCs, YTO 3aaHbl K03 du-

mn

yuenmel naxonnenus K, (r)<1 (m,n=1,2,3), kotopsle uist mn-notoka f,""

(r) 3amaroT Hakonu-
menvuyio donto K., (7) £, (7) edunuysl u om 3mo2o nomoxa.

Ecnu mexxny u €U u ve{a,a,} AelicTByeT HEKOTOPBIi BHEMHUA m -OTOK d, (), TO 4acTh
€ro OCTaeTcs B U W NMPHOABISIETCS K € M -AOCTOSHUIO. JJIs 3TOTO IMOCTYIMPYeTCsl, YTO 3aJaHbl KO-

apuyuenmot naxonnenus y,, (r)<1 (m=1,2,3), Koropsie must m -motoka d,, (7) 3amal0T HAKONU-

menvHyio 0onto ¥ (T)d 5 () edunuyvl u om smozo nomoxa.

uv

'(7), TO YacTh €ro

Eciu u3 ueU B veU neilcTByeT HEKOTOPBIN BHYTPEHHUN mn-TIOTOK S,
ocTaercsi B V M IPUOABIIETCS K €€ n-IOCTOSHUIO. [l 3TOro MOCTY/IMpPYETCs, YTO 3aJlaHbl K03 du-

yuenmol naxonaenus A () <1 (m,n=1,2,3), KoTOpbIe IS MN-TIOTOKA s, (T) 38AI0T HAKONU-

menvhyio donto Ay (T)sm (T) edunuybl v om 9mo2o nomoxa.

uv
Bce yka3anHble K03 DUIMEHTHI SBIISIOTCS IEPBUYHBIMU ITAPAMETPAMHU.
Ilpasuno pacnpedenenus 6cex nomokos 6 edunuye velU: ecau 018 vV u 01 HEKOMOPLIX

m,n =1,2,3 cywecmayiom npeobpasosamenvivie mn -nomoxu f,""(r) u f,"(r), euewnue oomen-
nvie nomoku d., () u d,(r) ona uefa,a,} u euympennue obMennvie mn-nomoxu S, (r) u

s (T), mo 6 edunuye v 01 kaxcdozo m=1,2,3 cymma unmencusnocmeti 6cex 6X00AUUX ROMOKOS

3a 6blYeniom CYmMmbvl 6C€X HAKONUMETbHbIX ooneli om 3mux NOmMoKos pasHa cymme UHMEHCUBHOCMEl
ecex eblxod}zmux NnomokKoe.

140



[Tpumenss 3To mpaBuiIo K eAuHUIaM e, b, p u h, mia m=12,3 mnomy4aem cucmemy jo-
KanbHblX 6ANaHCO8bIX ypasHenull Homa (Bcero 12 ypaBHEHHUH - U K&KIOTO THIIA SAMHUIBI U KaXI0-
ro m. Iy mpuMepa BeIIUIIEM 4 U3 HUX):

() (- 1 )dl +(l- Uy =" A (=Y 12 (1= 31 3!
1 yale ae yaze) ae ( K, )fe +( Ke )fe +( K, )fe +
1y ml 2 1 1 1 1
YOAA-AR)sh | feEnfe, fe EYm=1,23)=d,, +d,, +3 (s |DEB)+ [, +

+ (S| f e Enfe,fie 2B} m=123);

(b)) (-7i,)dey+ X0 -Ap)syy | pe PAadec E(p =g, ()} +(1-x,7) £ +
FU=PV P+ (=) 2 + DA - AN | € BAtbych e 2B} m=1,2,3) =
4}, + Y5 e EAbe B+ X (S [ce BAtb,che 2B} m=123);
(p)) =y ), +(A=k ) )2+ (=) 7+ (=K1 [ +

+Y A~ 250, |9 € PAipgie *PAp<g}+
+ Y (CAA-A0))s? | g € PA(pyg € MaxP A{p,q} € P} |m=123)=d,, +d,, +

+Y{s7|be BaJec E(p=p, (0N} +Y{soy |he HAaJie I(he H, A(p,h) e} + [

+Y 4o lge PA{p,qte *Prg<p}+
+Y (X isp 1 € PA(p,g € MaxP A{p,q} € *P)} | m=1,2,3);

() A=yo ey +A=c )2+ A=) 7P + A=) 3 +

FYHA= A )sB ke HATie Ik iy e 2H, Ak < h)} +
+ S A -2)sp | ke H AJi € I(kyh € MaxH, A{k,h} € 2_H,.)} |m=12,3)=
=dy, + iy, + 2 45i | pE PANi € I(heH,; = (p,h) € g} + i+

+3 {si; | ke H ATie I({k,h} e *H, Ah < k)}+
+ Y CAsil |k e H Ai € I(kyh € MaxH; A{k,h} € *H,)}Y | m=1,2,3) .

6 IlIpaBuia orpaHUYeHMs TOCTOSAHUIN B HEKOTOPBIX eIMHULIAX
3amanbl ocpanuuumenu (IEPBUYHBIC TapaMeTpsl) M _/%-(t) uM }(t) , M }1, )M ,f @, M ;, () n
3 .
M ,(t) nnpasuno oepanuuenus:
wff < M}(t) u wjf < M}(t) ona arboeo t€T umwoboeo f € F
w},(t) < M,l,(t) u w,z,(t) < M,f(t) onsi moboeo t €T umoboco he H ;
w})(t) < M;)(t) u w;(t) < MZ(t) ona arbozo t€T unwoboeo p € P.
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7 Hom, ero 10CTOSSHUA H MOTOKH

MareMaTnueckyto CHCTEMY, COCTOSIIYI0 13 HoMoBo# cucrembl S =(U,a,,a,;0), uarepana T

m mn

U JIOTIOJIHUTENBHOM CTPYKTYPBI, 3aJaBaeMOil TOCTOSIHHSMH W, , TIOTOKamMu f,"" o

u KO-

spuumentamu y,, , k," W A , orpaHAUMTENIMH M, W YHOBICTBOPSIOLIYIO MPaBHIaM pacipe-

M uy o
JIeNICHNs] TIOTOKOB M OTPaHMYCHUs] JIOCTOSHHUH, HA30BeM HomMom U OyneM o0003HavaTh yepe3
N=U,a,a,;0:T5v).

OnpenenuM cosokynHsle m-00CMoAHUA OCHO8HbIX wacmeli wvoma E, B, P u H Ha momenm
epemenu t€T ana m=1,23:

) W) =2XWw,'t)|ecE);
2) W)=X(w ()|beB);
3)  WEO=Y(Wy )| peP);
4 WRO=X 0O heH);
5) WEO=2XWgOlicl).

Omnpenenum cosoKynHble ROMOKU HOMA MEHCOY OCHOBHBIMU YACHAMYU HOMA U GHEUHell CPeOol:

) dyp(t)=Y.(d, (r)|e€E); 2) dy, (r)=3.(d,, (r)|e € E);

3) dyp(r)=2(dg ()| e€ E) (m=123); 4) dp, (1) =2(d;, (D)]eeE)(m=123);
5) dgp(7)=Y(dgp(7)| b€ B); 6) dp, (t) =X (ds, (t)|b e B);

7) d (T) Z(dazb(f)leB) (m=15293); 8) dBaz(T) Z(dbaz(f)|b€B)(m=15293);
9) d}p(r)=X(d} ()| peP); 10) dp, (£)=.(d,, (2)| pP);

1)d; p(r)=2.(d,, ,(z) | p € P) (m=1,2,3); 12)dp,, (t)=2.(d ), (7) | p € P) (m =1,2,3);
13) dgy(t) =32 (dy; (D) | he H); 14) diy, (2)=Y(dj, (D) | hE D) ;

15) d H(T) Z(dazh(z')|heH)(m=1,2,3); 16) dzaz(T)EZ(dZ;z(THhEH)(m=1,2,3).
OnpenenumM cosoxynivie 0bMeHnHble NOMOKU MeAHCOY OCHOGHBIMU YACTAMU HOMA:
1) SEB(T) Z(seb(r)|eeE/\beB );

2)  spr(@)=D.(sp"(r)|ec EAbeB,) mus m=23,

3) S}BP(T)