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PREFACE

The scope of the International Book Series “Information Science and Computing” (IBS ISC) covers the area of
Informatics and Computer Science. It is aimed to support growing collaboration between scientists from all over
the world. IBS ISC is official publisher of the works of the members of the ITHEA International Scientific Society.

The official languages of the IBS ISC are English and Russian.

IBS ISC welcomes scientific papers and books connected with any information theory or its application.

IBS ISC rules for preparing the manuscripts are compulsory.

The rules for the papers and books for IBS ISC are given on www.foibg.com/ibsisc .

The camera-ready copyes of the papers should be received by ITHEA Submition System http://ita.ithea.org .
The camera-ready copyes of the books should be received by e-mail: info@foibg.com .

Responsibility for papers and books published in IBS ISC belongs to authors.

This issue contains a collection of papers that concern the problems of interrelations between humans and
information systems. The mathematical and philosophical aspects are discussed. Central part of the issue is
concerned to the problems of moder (-€) learning in informatics.

Papers are peer reviewed and are selected from the several International Conferences, which were part of the
Joint International Events of Informatics "ITA 2009" — summer session, Varna, Bulgaria.

ITA 2009 has been organized by
ITHEA International Scientific Society
in collaboration with:

« Institute of Information Theories and Applications FOI ITHEA
Dorodnicyn Computing Centre of the Russian Academy of Sciences
International Journal “Information Theories and Applications”
International Journal "Information Technologies and Knowledge"
Association of Developers and Users of Intelligent Systems (Ukraine)
Association for Development of the Information Society (Bulgaria)
V.M.Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine
Institute of Mathematics and Informatics, BAS (Bulgaria)

Institute of Information Technologies, BAS (Bulgaria)
Institute of Mathematics of SD RAN (Russia)

Taras Shevchenko National University of Kiev (Ukraine)
Universidad Politecnica de Madrid (Spain)

BenGurion University (Israel)

Rzeszow University of Technology (Poland)

University of Calgary (Canada)

University of Hasselt (Belgium)

Kharkiv National University of Radio Electronics (Ukraine)
Astrakhan State Technical University (Russia)

Varna Free University “Chernorizets Hrabar” (Bulgaria)
National Laboratory of Computer Virology, BAS (Bulgaria)
Uzhgorod National University (Ukraine)
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The main ITA 2009 events were:

KDS
i.Tech
MeL
INFOS
CFDM
GIT
ISSI

XVth International Conference "Knowledge - Dialogue — Solution”

Seventh International Conference "Information Research and Applications”

Fourth International Conference "Modern (e-) Learning"

Second International Conference "Intelligent Information and Engineering Systems"
International Conference "Classification, Forecasting, Data Mining"

Seventh International Workshop on General Information Theory

Third International Summer School on Informatics

More information about ITA 2009 International Conferences is given at the www.ithea.org .

The great success of ITHEA International Journals, International Book Series and International Conferences
belongs to the whole of the ITHEA International Scientific Society.

We express our thanks to all authors, editors and collaborators who had developed and supported the
International Book Series "Information Science and Computing".

General Sponsor of IBS ISC is the Consortium FOI Bulgaria (www.foibg.com).

Sofia, June 2009 Kr. Markov, V.Velychko, Kr. Ivanova, I. Mitov
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Al & Mathematics and Philosophy

HEOMNPEQENEHHOCTb U MATEMATUYECKUE CTPYKTYPbI
B MPUKNAAHBLIX UCCNEAOBAHUAX

Bnagumup [loHyeHKo

AHHOMayus: PaccmompeHa eaxHas 8 Mamemamu4yeckoM MOoOenuposaHuu npobnema npouCXOXOeHUs
HeonpedenéHHOCMU U Mamemamuyeckue cpedcmea eé ModenupogaHus 8 ¢8a3u ¢ 0bwumu npedcmagneHusMu
0 mom, Yymo cnedyem noHumamb o0 MameMamuyecKuMu cmpykmypamu 8 WUPOKOM cMbicne. [lpueedeHnl
npumepbi cospeMeHHbIX nodxodo8 K NOHUMaHUK HeonpedenéHHocmu u cnocobos eé onucaHus. [pednoxeHa
modenb  HeonpedenéHHocmu, CesA3bigalowWas HeonpedenéHHocmb ¢ akchepumeHmom. [lpusedéH 0630p
Mamemamu4yeckux Memodos Uucnosb3yembix 071 MOOEUPOBaHUS 8 yCro8UsX HeonpedenéHHoCMU, onpedeneHo
Mecmo Heuémkocmu 6 MoOenuposaHuU HeonpedenéHHocmu.

Knroyesbie cnosa: CmpykmypHocmb, HeonpedenéHHocmb, obpamHble 3adayu, Heyémkue MHOXecmea,
cnydaliHocms, npeobpasosanue Xoka, ncesdoobpauieHue no Mypy — leHpoyasy.

ACM Classification Keywords: G.3 Probability and statistics, G.1.6. Numerical analysis: Optimization; G.2.m.
Discrete mathematics: miscellaneous.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

Bcrynnenue

3apava MaTemMaTW4eckoro onucaHus obbekTa B YCMOBMSIX HEOMPEdENEHHOCTM: ero MaTemaTh4yeckoro
MOJENMPOBaHUst B COOTBETCTBYIOLLMX YCMOBUSIX, SBMSETCS BaxHEWLWen npuknagHoé 3agaden. Knaccuyeckne
MaTemaTuyeckme MeToAbl, UCMOMb3yeMble 41 ONUCaHUS HEONMPEAENEHHOCTW, B YacTHOCTK, 0bpaTHble 3agau
(peLLeHne ypaBHEHWN) U BEPOSITHOCTHO-CTATUCTUYECKNE MeToabl (HeonpedenéHHoCTb B BUAE CIy4aliHOCTH),
MMEOT MHOMOBEKOBYH MCTOPUIO. TeM He MeHee, 0OBEM 1 BaXHOCTb MPUKMAAHbIX UCCNELOBAHMI, CBA3AHHbIX C
OnvcaH1eM noBeaeHNst 0OBEKTOB B YCIOBMSIX HEOMPEAENeHHOCTY npuBoauT B 60-x rogax XX Beka k Co3gaHuio u
BBEJEHMIO B MPaKTUKy MPUKNagHbIX MaTeMaTUYeckMx WMCCMeaoBaHW cpasy HECKOMbKUX MaTeMaTU4eckmx
CPEeLCTB OMMUCAHWA W y4éTa HeonpeenéHHOCTU. dTUMKU METOZaMM, TEOPUSMU M CpeacTBamMu Bbinu: Teopus
OLEHOK C rapaHTUpOBaHHOW TOYHOCTBIO (TEOPUS MUHUMAKCHOMO OLeHMBaHWS), Teopusi HewéTkux no J1.3age
nogmHoxecte (Fuzzy - Teopusi) [Zadeh, 1965], nHxeHepHbIn MeTod B Buoe npeobpasoBaHns Xoka (Hough
Transform)[Hough, 1962]. OTMETUM TaKke KaYeCTBEHHBIA COBWM B MPAKTUKE PAacCMOTPEHMs 0bpaTHbIX 3afau:
BBEAEHNE B cepeamHe 50-x rofoB MPOLWIIOTO Beka B MPAKTUKY MATEMATUYECKOro MOAENMPOBaHWS TEopuM
ncesgoobpaterns no Mypy — lNeHpoysy (cm., Hanpumep, [Anbept, 1977]). CnpaBeanmeocTu pagw, cnegyet
OTMETUTL, YTO NceBpoobpalleHue (B opuriHane reciprocal) 6bino BeegeHo B 1920 r. Mypom B ero pabote
[Moore, 1920], a MeHpoy3om — Tonbko B 1955 r. [Penrose,1955]. OTmMeTuM TaKke, YTo NpeobpasoBaHue Xoka
(MX) nepsoHauanbHO WMENO XapakTep WHXEHePHOro metoga. MatemaTtudyeckyio Teopuio npeobpasoBaHus
MOXHO HanTy, Hanpumep B [Donchenko, 2003].

Hannuune PasHOTUMNHbIX MatemMaTn4yecknx noaxoaoB K y‘-léTy Heonpep,enéHHocm: MateMaTn4yecknx mMetoaoB
MoAennpoBaHna B YCNOBUAX HeonpeuenéHHocm, UX WHTEHCUBHOE W NIIOJOTBOPHOE MPUMEHEHWE B PELUEHUU
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NPUKNaaHbIX 3a4ad, He OTMEHSET HEOBXOAMMOCTI OCMBICTIEHWS TOTO, YTO XKe NPEACTaBNSET HEONpPeaAenEHHOCTb.
Cpeay CpaBHUTENBHO HEAABHWX MOHOrpacuiA, MOCBALLEHHBIX HEOMPEAENEHHOCTU OTMETUM paboty JuHanu
[Lindley, 2006], B koTOpOI, COBCTBEHHO, HEOMPEAENEHHOCTb, B OOLIEM, NpeanaraeTcs NOHMMAaTb B pamkax
CTaTUCTIUYECKOrO (TEOPETUKO-BEPOSITHOCTHOTO) NOAX04a.

[pUMeHeHNe  MaTeMaTMYeCKX MEeTOAOB B OMWUCAHWM  peanbHblX  OOBEKTOB:  MX  MaTeMaTU4ECKOM
MOJENMPOBaHUA, MHOTAA BCENSIET HAAEXAbl N OXUAAHMS, NOPOXAEHHbIE HEONPABAAHHON BEPON MPUKNAAHbIX
uccnegosaTteneil BO BCECUNIME MaTeMaTWKM M B MPUMEHEHWE MaTeMaTUyeckux MeTOAoB. Bnpouem, atu
3abnyxaeHNst KacarTcs He TONbKO MaTeMaTukn. MpUMEHEHe MaTeEMaTUYECKNX METOLO0B CBA3aHO, CODCTBEHHO,
C MCNOMb30BaHNEM MaTEMATUYECKMX CPEACTB B OMMCAHWW TOrO, YTO ANS CreynanucTa B COOTBETCTBYHLLEN
obnactu SBnseTcs «CTPyKTypon obbekTay. B 4acTHOCTW, eCTeCTBEHHbIM B yCTax MccrenoBaTenei SBnsTCS
BbIpaXEHWe «CTpyKTypa O0ObeKTa», «XOpOLO CTPYKTYpUPOBaHHbIA 00bekT» W T.4. B TO Xe Bpems,
€CTECTBEHHbIMW W 4acTo ynoTpebnsemMbiMu B MaTEMATUYECKO NPaKTUKe SBNSAKOTCA TEPMUHBI, CBSA3bIBAOLLME
MOHATUE «CTPYKTYPbI» (B LUMPOKOM CMbICNe, @ He Mo Beiinto) ¢ TeM WM MHBIM MaTeMATUYECKUM OOBEKTOM:
FOBOPSAT, YTO OOBEKT MMEET CTPYKTYPY METPUYECKOTO MPOCTPAHCTBAY, KCTPYKTYPY NIMHENHOTO NPOCTPaHCTBay U
T7.4. OueBngHbIM 0bpasom, ynotpebneHne TepMMHA «CTPYKTypa» B CBA3W C MOAENUpyeMbiM OOBLEKTOM M B
pamMKkax pPacCMOTPEHUS MaTeMaTUYeckX KOHCTPYKUMA He wnaeHTnyHo. CoBCTBEHHO, MaTemaTnyeckoe
MOAEnMpoBaH1e NpeacTaBnseT cobom onucaHne «CTPYKTYpbl 06BbEKTa C MOMOLLbIO UM B pamMKax TeX UM UHbIX
«MaTemaTuyeckux CTpykTyp». B yacTHOCTW, K npumepy, B u3nke, B 3aavax AWHAMUKKA ABWKEHUS Tena unu
TEN, 3ajavax OMMUCaHWS SNEKTPOMArHWUTHbIX SABMEHWA ANS ONMCaHUs Mccnegyemoro obbekta Menonb3ytTes
nepemMeHHble, (PYHKUMK, NMPOU3BOAHbIE, MHTErpanbl. [ns UX MCMoNb30BaHWUs HEOBXOAMMBI COOTBETCTBYHLLME
KOHCTPYKUMM:  MaTeMaTU4eckue CTPYKTYpbl, KOTOpble 0DECneumBaKT  KOpPPEKTHOCTb  MaHWMynsumn  C
COOTBETCTBYHLMMN MaTEMATUHECKUMU OBBbEKTAMM.

B cBsA3K C 3agayeit MaTeMaTyeckoro MOAeNMPOBaHNS NPUHLMNUANBHBIMU SBASIOTCS ABa MOMEHTa, OAUH U3
KOTOPbIX, CBSI3aHHbIA C YNOTPeOneHeM TepMMHA «CTPYKTypa» B LUMPOKOM CMbICIE, YXe OTMEYEH BbILE:
pasHuua B ynoTpebrneHun TepmuHa «CTPyKTypa» B CBA3W C MOAenupyembiM O6BLEKTOM U B CBA3N C
MaTeMaTUYeCKUMN KOHCTPYKLUMAMU. BTOpbIM NpUHUMNMANbHEIM MOMEHTOM, KOTOpPbIA CrefyeT MpuHATb BO
BHUMaHWe, SBNSETCS Hanuyme Toro, 4To YacTo Nepedaércs BbIPAXEHUAMM: «HEONPEAENEHHOCTL B NOBEEHUNY
nccnepyemoro o6bekTa, «<MOAENMPOBaHNe B YCMOBUSAX HEOMpeaenéHHOCTMY. Hannune «HeonpegenéHHOCTUY
SBMSETCS CYLLECTBEHHON YepTON BaXHEWLUMX NpuknagHbix 3agad. Kak oTMeyeHo Bbilwe, 0 cepeduHbl XX CT.
Knaccu4eckKMMM MaTeMaTUYECKUMN CPeaCcTBaMu OMMUCaHWS HeonpeaenéHHOCTM Obinn Teopus BEPOSITHOCTEN U
maTemaTnyeckas cratuctka (TBUMC) (HeonpenenéHHOCTb B BMAE CMyvyalHOCTW), U obpaTHble 3agauu
(peleHne ypaBHeHWit). BTopas nonoBuHa XX CTONMETWS, Kak OTMEYEHO Bblwe, AobaBuna K apceHany
MaTeMaTUyeckoro MOLENMPOBaHMS B YCIOBUSX HEONPEAEnEHHOCTW cpa3dy Heckonbko MeTopoB. Kak
NPeACTaBnsaeTcs, B HacTosLee 3TOT MaTeMaTUYeckuit apceHan BKMtovaeT B cebs cregyiowme metoabl: 1)
[ETEPMUHMPOBaHHbIN, BKMKOYas obpaTHble 3adaym W 3agaum C npobnemon CKpbITbIX MapameTpos; 2)
CTaTUCTUYECKUI; 3) METOA NOSYYEHUS OLIEHOK C rapaHTUPOBAHHON TOYHOCTLIO; 4) METO HEYETKMX MHOXECTB; 5)
MeToq npeobpasoBanus Xoka. Bce oMM ecTecTBeHHbIM 06pa3oM BKNaAbIBAOTCS B «MHOXECTBEHHYIO MOZENbY
HeonpeaenEHHOCTM 0DOCHOBAHHYO 1 OMUCAHHYH HUXKE.

Mpegnaraemas paboTa nocesilyeHa OOCYXAEHWO [BYX, KaK NPeACTaBNsATCS aBTOPY, MPUHLMNWAMbHbIX,
KOHLENUWUA:  «MaTEMATUYECKON CTPYKTYPbI» W «HEonpedenéHHocTU». Huxe npuBeaeHbl  OCHOBHbIE
«MaTeMaTUyecKue CTPYKTYPbI», a TakKe U3NOXKeHa KOHLENLMNS «MHOXECTBEHHbIX MOZENel HeonpeaenéHHoCT,
CBA3bIBAIOLLAS NPEeACTaBneHne 0 HeoNpeaenéHHOCTU B NOBEAEHWUM UCCNeayeMOoro obbekTa C 3KCNepUMEHTOM.
MnaTopma «MHOXECTBEHHbIX MOAENEN «HEONPEAENEHHOCTM NO3BONSET C eAMHbIX NO3ULMIA paccMaTpuBaTh
MaTeMaThyeckme MeToabl ONUCaHUS HEOMPEAENEHHOCTH, K KOTOPbIM OTHECEHbI OTMEYEHHbIE BbILLE METObI.

«CTpyKkTypa 00'beKTa» Kak «CBA3bY M «B3aUMHas 3aBUCUMOCTb» OCHOBHbIX YacTel 00bekTa

TepMuH «CTpyKTypa 00bekTan CBS3aHO C MpefcTaBneHreM o6 06bekTe, kak 0 YEM-TO LiENOM, COCTOSILLMM U3
CBSI3aHHbIX Mexay cobot YacTeil. B Takom KOHTEKCTE, TEPMUH «CTPYKTYpa» SBNSIETCS SKBUBANEHTOM TEPMUHA
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«CBSA3U» MeXay YacTamu oObekTa, paccMaTpuBaeMOoro Kak eauHoe Lienoe. Takue CBS3W MOTyT peann3oBblBaTb
npeacTaBneHne o nocnefoBaTenbHbIX aTanax o0bpaboTkn MHGOPMALMM, O CTPYKTYPHbIX NOApa3aeneHusIx
NpeanpusTUs U UX B3aMMOAEACTBIM 00 3BONMKOLMM BO BPEMEHW WM MepeMelleHnn B npocTpaHcTee T.4. U
TEPMUH «CTPYKTYpa» W TEPMUH «CBSI3b» WCMONb3YEeTCs MHTYUTUBHO. B nyywem cnyvae MoryT GbiTb OnucaHbl
TWMbl  CBS3€/: OCHOBHblE  9NEMEHTbl W Crocob WX  B3aUMOAENCTBUS,  CTPYKTYPHble — SMEMEHTBI,
nocregoBaTenbHOCTb  06paboTkM, MH(OPMaLMOHHbIE CBS3M U T.4. BaxHbiM OKkasblBaeTcss T0, 4TO
MaTemaTUyeckoe OnucaHne OObekTa, TOYHee TOro, YTO HasblBalOT «CTPYKTYpOW» OOBLEKTa, BbICTYMAeT Kak
CPEACTBO OMUCAHNS «CBSI3ENY, CYLLECTBYIOLLMX MEXAY CTPYKTYPHBIMM 3IeMEHTaMM UCCNeLyeMoro obbekTa.

((CTPYKTypr» B MaTeMaTuKe Kak MHOXeCTBa NJIKC «CBA3U» MeXAy aneMeHTaMu

Mocne lNeopra KaHnTopa: Bce 06beKTbI MaTeEMaTUYECKOrO UCCREA0BAHUS — 3TO KOHCTPYKLMKM, pacCMaTpuBaeMble
B paMKkax «MaTemMaTW4eckux CTpykTyp». «MaTtematnyeckas CTpyKTypa» peanusyeT npeacTaBneHne o
MaTemaTnyeckoM OObEKTE Kak O COBOKYMHOCTW ONEMEHTOB (MHOXECTBE), MeXAy KOTOPbIMM CyLLECTBYHT
OnpefenéxHble «CBA3W». OTW «CBA3U» W OMUCLIBAIOT TO, YTO HA3blBAlOT «MaTEMAaTUYECKON CTPYKTYPOM.
CoOCTBEHHO «MaTeMaTuyeckasi CTPyKTypa» — 9TO MHOXeCTBO nmoc «cBsau». OpHako, B OTnMuMe OT
npeaMeTHON obnacT, B MaTeMaTuke MOf «CBA3SMU» MOHUMAKT BMOMHE KOHKPETHbIE MaTeMaTU4eckue
00bekTbl. TakuMu MaTeMaTUYECKUMW CPEeACTBaMK OMWUCAHWS  «CBSA3EN»: MaTemaTUyeckumu CpeacTBamu
«CTPYKTYPUPOBaHUS», SIBRAOTCA, CODCTBEHHO, cnepytowwe: 1) oTHoweHus; 2) dyHkumM; 3) onepauuu; 4)
npeaenbHbIA Nepexom; 5) M3Mepumoe NpoCTPaHCTBA; 6) KOMBMHALMM NepBbIX NATY.

CpeAcTBa «MaTeMaTM4eCKOro CTPYKTYPUPOBaHUSA», KCBA3N»: OTHOLIEHUA

MoHsTME OTHOWEHWs, B 0OWeM, W OTHOLIEHWUS Ha MHOXECTBE B YaCTHOCTW OTHOCUTCS K ©6a3oBbiM
MaTeMaTU4eckuM MOHSTUSIM. [pUMepOM GWHAPHOTO OTHOLUEHUS Ha MHOXECTBE AEACTBUTENbHbIX YMCEN
SIBNSETCS OTHOLUEHWE YaCTUYHOrO Nopsiaka, 3afaBaeMoro CTaHgapTHbIM o6pasom. [oBopsi 06 OTHOLLEHWM
YaCTUYHOTO NopsiAka B CBSA3M C abCTpaKTHbIM MHOXECTBOM, UMEIOT B BUAY GUHApHOe OTHOLLEHE, SBRsoLLeecs
CUMMETPUYHBIM, TPAH3UTUBHBIM U AHTUCUMMETPUYHBIM. [pyruM BaXHbIMU NPUMEPOM GUHAPHBIX OTHOLLEHMUI,
SBMNATCA SKBUBANEHTHOCTU: PECNEKCUBHBIE, CUMMETPUYHBIE M TPAH3UTUBHbIE OTHOLIEHWSI HA MHOXECTBE.
3aMeTiM, YTO PaBEHCTBO Kak COBMAAEHWE ANIEMEHTOB MHOXECTBA, SIBNSIETCS SKBUBANEHTHOCTbIO, Ha3blBaEMOM
AMaroHanbHbIM OTHOLUEHMEM. PaBEHCTBO [BYX paLMOHaNbHbIX YMCEN SBNSIETCS OKBMBANEHTHOCTbIO, a He
COBMajieHMEM. OKBMBANEHTHOCTLH SBMSETCS Takke OAMHAKOBOCTb MHOXECTB MO MOLHOCTY.

CpeAcTBa «<MaTeMaTM4eCKOro CTPYKTYPUPOBAHUAY, «CBA3N»: (hYHKLMM

OYHKUMM ABMAKOTCA YaCTHbIM CriyyaeM OWHapHbIX OTHOLLEHWA K3 OOHOrO MHOXecTBa B Apyroe. Cpeau
MHOXeCTBa BO3MOXHbIX MPUMEPOB, OTMETUM Takue (DYHKLMM, KaK «pacCTOsSHUE», «HOpMa» W «cKansipHoe
npon3segeHney. BaxHbIM NpUMEPOM (hyHKLMIA SBASIIOTCA TakkKe onepauuu.

OTMETUM TakKe BaxHbI KNacc (OYHKLMA, UMEIOLWMIA NPUHLMNMANBHOE 3HaYeHMe: 3TO (PYHKLUMW MHOXECTBa.
Mpumepamu Takux yHKUMIA SBASIOTCA «4nuHa», «nnowadb», «0bbémy». CoBCTBEHHO, YHKLMM MHOXECTBA —
9TO (PYHKUMKM, apryMeHTamu KOTOpbIX SBRSIOTCA Habopbl 3nemMeHToB (MOAMHOXECTBA) (HDUKCMPOBAHHOTO
MHOXECTBa. TakuM NOAMHOXECTBaMMU ANS «AMHbI» ABNSIOTCSA, B YACTHOCTW, OTPE3KM YMUCIIOBOM NPSMONA, a Ans
«obbéma» — Tenma B MPOCTPAHCTBE. BaxHbIM KNaccom (OYHKUWMA MHOXECTBA, NMPEACTABNEHHLIM «ANMHOMY,
«nrnowaabtoy, «06BEMOMY, SBMSAKOTCA Mepbl: HeoTpuUaTenbHble, CYETHO aAAWTMBHbIE, HOPMUPOBAHHBIE
(YHKUMM MHOXecCTBa. CYETHas afaMTUBHOCTb O3HAYaeT, YTO (OyHKUMS CYMMUPYET CBOW 3HAYEHUST HAa CHETHOM
00bEeANHEHNM MHOXECTB, MOMAPHO He MMelLMX OBLMX SMEeMEHTOB, a HOPMUPOBAHHOCTb — B 4aCTHOCTH,
HyreBoe 3Ha4eHMe Ha MyCTOM MHOXECTBE.
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CpeacTBa «MaTeMaTM4eCKOro CTPYKTYPUPOBaHUAY, «CBA3W»: ONnepauumn

loBopst 06 onepauusx B MaTemMaTuke, UMEKT B BuOy npeobpasoBaHue (GyHKUMS) OOHOMO WM HECKOMbKUX
9MEMEHTOB MHOXECTBa, Pe3ynbTaTOM KOTOPOro SBMSIETCA SMEMEHT TOro ke MHOxecTsa. Knaccuueckumu
npyMepaMn onepauuii SBNSAKOTCS Onepauuu CROXEHUS WM YMHOXeHUs Hap uucnamu. Onepaumus no
KOMMOHEHTHOTO CNOXEHUs! YNOPSAOYEHHbIX YNCTOBbIX HAOOPOB (HUKCMPOBAHHOM LNMHbI (YMCMOBLIX KOPTEXEN)
ABNSETCS ewWe oaHUM npuMepom BuHapHoi onepauun. Onepauns NOKOMNOHEHTHOMO YMHOXEHWS YNOMSIHYThIX
YMCIOBLIX KOPTEXEN Ha CKansap SBMSETCS NpUMEPOM yHapHOW (OAHOMECTHOM) onepauun YAoOHO cunTtatb, YTO
BblENEHNE OAHOTO, «YHMKANbHOTO MO CBOWCTBaM» 3MEMEHTa MHOXECTBA, SIBMSETCS HynbapHon (6e3 obbekTa
npeobpa3oBanusi) onepauuei. BolaeneHus Hyns kak AEACTBMTENBHOMO YMCna UMK BblgeneHne KopTexa C
HYNeBbIMI KOMMOHEHTaMM (TO e OTHOCUTCS K MaTpuLam) SBNSIOTCA NPUMEPaMM Taknx HyNbapHbIX onepavLyi.

CpeacTBa «MaTeMaTU4eCKOro CTPYKTYPMPOBaHUAY, «CBA3WU»: NPeAenbHbIN nepexon

Bo3moxHOCTb NpegenbHOro nepexofa Bonmowaet B cebe TOT TWN CBA3EH NEMEHTOB MHOXECTBA, KOTOPbIN
0003Ha4aeTCs TEPMUHOM «TOMOMOrMS» B €r0 COBPEMEHHOM MOHUMaHWM. MHOXECTBO C BO3MOXHOCTAMM
«NPeAEenbHOro Nepexoaar» HasbiBatOT TOMOMNOrNYECKUM NPOCTPAHCTBOM. Hanuume npeaenbHbIX TOUeK SBRseTcs
9KBMBANIEHTHLIM HaNMYMK0 COBOKYMHOCTU TeX MOOMHOXECTB, KOTOPble paccMaTpuBalOTCS Kak OKPECTHOCTM.
lMocnenHee B CBOIO 0Yepeb 3KBUBANEHTHO 3aJaHN0 COBOKYMHOCTU TEX MHOXECTB, KOTOPbIE paccMaTpuUBalTCs
KaK «OTKPbITbIE» WIKX, OKBMBAmNEHTHbIM 00pa3oM — Kak «3aMKHyTbie». Takum o6pasom, abcTpakTHoe
TOMONOrMYeCkoe MPOCTPAHCTBO (MHOXECTBO, ANA TOYEK KOTOPOro ornpedenieHa BO3MOXHOCTb MpeAernbHOro
nepexogja) — 9T0O MHOXeCTBO C HabopoM BblAeNeHHbIX MoAMHOXECTB. COBOKYMHOCTb  BblgeNeHHbIX
NOOMHOXECTB, €CTECTBEHHO, [JOMXHAa  YAOBMETBOPATb  Habopy TpeboBaHWW, KOTOpble  OTpaxatoT
«CYLLECTBEHHbIE» CBOMCTBA COOTBETCTBYIOLMX TWUMOB NOAMHOXECTB. Tononorust Ans abCTpakTHbIX MHOXECTB
OXBaTbIBAETCA TEOpMEN, koTopas HasbiBaeTcs «obLuer Tonornorveny. 3ameTi Takke, 4TO nog TOMonorven B
MepBeoii MOMOBUHE XX CTONETWSt MOHUMANUCh M3Y4YEHNEe CBOWCTB OOBLEKTOB B TPEXMEPHOM MPOCTPAHCTBE MpH
HenpepbIBHbIX AedopMaLmsX.

CpeacTBa «MaTeMaTM4eCcKoro CTPYKTYPUPOBaHUS», «CBA3U»: U3MEpPUMbIe NPOCTPaHCTBA

/iamepumble mpocTpaHCTBa NpeacTaBnsioT cobon 0ObeKTbl, OnMcbiBaLe 00nacTb onpeaeneHnst yHKUNi
MHOXECTB, SBMAKLMXCA Mepamu. [lpuHMMasi BO BHWMaHWe afaMTUBHOCTb MEP, €CTECTBEHHbIM SBMSIETCA
BKNKOYeHWe B 006nacTb OnpeaeneHns BMECTe C TEMU MOMapHO HEemepecekatoLMMNCs MHOXECTBaMM, KOTOpbIe
yKe TaMm Haxogdatcs, M ux obbeauHeHWd (TouHee — oObeanHeHun B CYETHOM uucne). AHanornyHble
COOOpaXeHNs KacaloTcs W AOMOMHEHUS, a, 3HAYMT U MEPECEYEHNst B CYETHOM uucrne. OTM CoobpaxeHus
NPUBOAAT K TOMY, YTO B KayecTe 0bnactu onpeaeneHuns Mepbl LenecoobpasHo paccmaTpyBaTh COBOKYMHOCTb
MOAMHOXECTB, 3aMKHYTbIX OTHOCUTENbHO Onepauuil CYETHOrO ODbEAMHEHUSI U MEPECEYEHNs, a TaKkKe —
OTHOCUTENbHO OOMONHEHWS. Takue HenycTble COBOKYMHOCTW MOAMHOXECTB HasblBalTCs o - anrebpamu,
No3TOMY U3MEPUMOE MPOCTPAHCTBO — 3TO MHOXECTBO C BbIAENEHHON o - anrebpoil NOAMHOXECTB.

3ameuyanue 1. Tononorus 1 N3MeprMoe NPOCTPAHCTBO 33Jal0TCH OAHUM U TeM Xe CocoboM: 3aaaHne Habopa
MOAMHOXECTB. TN HABOPbI MOAMHOXECTB UMEIOT pasHble CBONCTBA, HO UCMOMNb3YHTCA ANS 3a[aHUS-0NMCaHMS
MaTeMaTYeCKON CTPYKTYPbI.

CTpykTypa nonyrpynnbl, CTPyKTypa rpynnbi

[OBOPAT, YTO HA MHOXECTBE 3aJaHa CTPYKTypa Nonyrpynnbl, €CAM Ha MHOXECTBE 3afjaHa OuHapHas onepauws,
ABNAOLAACSA aCCOLMATUBHON U 3aAaH «HEeMTpanbHbIn» (ero 0603HavaroT yepes «0» unn «1» B 3aBUCUMOCTN OT
0003HauYeHNss camoil GUHAPHOW OMepaLmn: «+» UK « * ») AIEMEHT: 3NIEMEHT, HE M3MEHSIOLLMIA NPY NPUMEHEHNN
BTOPOro onepaHfa OvHapHoM onepauun. B HEKOTOpLIX OnpedeneHusx Hanmmune «HEeMTPanbHOro» SNeMeHTa
nckntovaetcs. Monyrpynna (C HeMTparnbHbIM ANIEMEHTOM) Ha3blBAETCS rPYNMoN, eCnu AN Kaxaoro afeMeHTa
CYLLECTBYET NPOTMBOMONOXHbIA (0BpaTHBIN): 3NIEMEHT, UCTIONb30BAHUE KOTOPOro B OMHAPHOI onepauumn B nape
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C UCXOOHbIM [AET BblOeneHHbI aneMeHT. Ecnu onepauust KOMMyTaTWBHA, Tpynny HasbiBalOT adMHHOIA.
Knaccuuyeckum npumepom acmHHOM TpynMbl SBMSOTCS BCE YMCIIOBbIE KOPTEXM (DUKCUPOBAHHOW ANMHbLI C
OuHapHOM onepawyeit MOKOMMOHEHTHOTO CIOXeHUs!, 0603HaYaeMon «+». BblaeneHHbIM 3eMEHTOM SBMsieTCs
Habop 13 Hynew, NPOTMBOMOMOXHbIM — HABOP C NPOTUBOMONOXHLIMW 3HAKaMI KOMMOHEHT.

3ametnm, 4To NoHATME abCTPaKTHOW rpynnbl B CMbICNE, ONpeaenéHHOM Boilwe, Obino BBEAEHO TONbKO B 1882
rogy, HECMOTPS Ha TO, 4TO rpynnbl MOACTAHOBOK Ucnonb3oBanuck O. [anya 6onee yem 3a CTo et Ao 3Toro.

CTpyKTypa METp1U4ecKoro NpoCcTpaHCcTBa

F0BOPSt O TOM, YTO HA MHOXECTBe 3afjaHa CTPYKTypa METPUYECKOro NPOCTPAHCTBA, UMEIOT B BUAY, YTO Ha HEM
onpefeneHa ckanspHas (yHKUMS [BYX apryMeHTOB, YAOBNETBOPSAIOLiAs OnpefeneHHbIM  YCroBUSM
(HEOTPULATENbHOCTH, CUMMETPUYHOCTM, HEBBLIPOXAEHHOCTW, HEpaBEHCTBY TpeyronbHuka). MeTpuieckas
CTPYKTYpa NOpOXAAeT TOMOMOIMYECKYH: N0 PACCTOSHUIO MOXHO ONpeaenuTb NpedenbHblid nepexoa. Moatomy
MEeTPUYECKIe NPOCTPAHCTBA aBTOMATUYECK SBIISOTCS TOMONOrMYECKMMM.

MaremaTuyeckme CTpYKTYpbl — KOMGMHALMM

Knaccuyeckumn matemaTnyeckumi CTPYKTypamu, 3afaBaeMbIMM KOMBUHALMEN YETbIPEX OCHOBHLIX (TOMOMOMUK
1 M3MEPUMbIE NPOCTPAHCTBA 3a4al0TCS OAMHAKOBO) SBMAKOTCS CTPYKTYPbI FIMHENHOrO, €BKNNA0BA, runbbepToBa,
HOPMMPOBAHHOIO MPOCTPAHCTB. 3afaHne CTPYKTYpbl MMHEMHOrO MPOCTPaHCTBA O3HAYaeT 3apaHne GuHapHOM
onepauuu, 3agarolen CTPYKTYpY aduHHONA rpynnbl, U — MHOXECTBA OAHOMECTHbIX OnepaLuii; YMHOXEHUA Ha
KaObl 13 BO3MOXHbIX ckanspoB. Onepauun LOMkHbI ObiTb cormacoBaHbl mMexay cobon. Bce anemeHTb
MHOXECTBA CO CTPYKTYPOW IMHEMHOTO MPOCTPaHCTBA (BCE 3MEMEHTbI JIMHEMHOTO MPOCTPAHCTBA) Ha3blBaT
BeKTOpamu. Ecnm Ha NMHEHOM NPOCTpaHCTBE AOMOMHUTENBHO 3adaHa ckansapHas QYHKUMS ABYX apryMEHTOB,
koTopas SIBNSETCH CUMMETPUYHOMW, OMIMMHENHOW U HEBLIPOXAEHHOW (HYNEeBOE 3HaYeHWe Ha OfMHAKOBbIX
apryMeHTax NpUHUMaeTCs TOMbKO Ha HYNeBOM 3MEMEHTE), TO FOBOPST, YTO OHO UMEET UMK CTPYKTYPY €BKIAOBA
(KOHEeYHas pa3MepHOCTb NIMHEHOMO NPOCTPAHCTBA) UK rrnbbepToBa (BeckOHeYHas pasMEpHOCTD).

O6blvHO B CBA3N CO CckanapHbiM npou3BegeHneM paccmMaTpuBaloT I'IOpO)KﬂéHHyFO MM HOpPMY W pacCTodaHue,
I'IOpO)KD,éHHOG HOpMOI7I. Takum o6pa30M, €BKNOOBO MNPOCTPAHCTBO aBTOMATU4ECKM UMEET WU  CTPYKTYpY
METPUHECKOro N CTPYKTYPY HOPMUPOBAHHOIO NPOCTPaHCTBA, a, CneaoBaTenibHO, MUMEET TOMONOruio.

BaxHbIM  BapuaHTOM  «KOMOMHMPOBAHHBIX»  CTPYKTYp SBRAKTCA anrebpbl M MOAenu, BBEAEHHbIE
AN .Manbuesbim [Manbues,1970]. Anrebpa onpeaenseTcs kak MHOXECTBO C TEM UAN MHbIM HAabOPOM onepavui,
a Mofenb — kak MHOXECTBO C (OMKCMPOBaHHbIM HAaBOPOM onepawLyin 1 OTHOLLEHWIA.

HeonpeneneHHOCTb B BuAe Cy4auHOCTM — TEOPUA BEPOATHOCTEN

KoHuenuust ~ MHOXECTBEHHbIX ~ MOAENer  HeonpefenéHHOCTM  pasBMBAET  MOAXO4 K MOHUMaHWIO
HEeOMNpeAEeneHHOCTH, peanin3oBaHHbIA B TaKOM KMaccM4eckoM MeTode Y4éTa HeonpeaeneHHocTH, kak TBuMC.
Hanomuum, uto B TBUMC Kak npuknagHoi AucUMniuHe pedb MAET 00 onMCaHWM SIBNEHWI, B KOTOPbIX pe3ynbTar
HabnogeHNs HEOAHO3HAYHO CBSA3aH C yYCnoBuaMK. [pryém Tak, YTo B Cepumn HabmnioLeHUI YacToTbl Pe3yrnbTaToB
NPOSIBNSOT TEHAEHLMIO K FPYNMUPOBAHMIO - CXOAUMOCTY K HEKOTOPbIM MPeaeNibHbIM 3HAYEHUSM, He 3aBUCSLLMM
OT cepuu. OTW npeferbHble 3HAYEHUS W Ha3bIBAKTCA BEPOATHOCTAMW. B 3TOM HecnoxHo ybeauTbes,
obpatuBLKCh K paboTam Takux yBaxaemblx B CBOeN 06nacTv aBTOpPOB (MPUBELEH LANeKO HE MOMHbIA CNCOK),
kak A.H. Konmoropog, b.B. l'egexko, A.B. Ckopoxoa, U.W. memaH&A.B.CKopoxou&M.I7I.F|,qpeHKo, M. Jloes, e
Ipoor, I'. Kpamep , AH. Lupses, B.C.Kopontok& H.W. Moptenko &A.®. Typbun, HO.B. Mpoxopos & HO.A.
PosaHos, U.H. KoeaneHko & A.A. dununnoea, A.A. boposkos, 5.A.CeBacTbsiHOB. YNOMSIHYTOE BhiLLE anpyopHOe
NPeanonoXeHne O HanWMyUWM npefenbHbIX 3HAYEHU OTHOCUTENbHBIX 4YacTOT, KOTOPOE HasblBaloT 3aKOHOM
CTOMKOCTW 4acTOT, SBMSETCA WHTEPNPETAUMOHHbIM OrpaHWyeHeM Ha ucnonb3oBaHue TBuUMC. Ecnu
NPEAnoNOXMTb, YTO SBMEHME HE YAOBMNETBOPSET TAKOMY OrpaHUYEHIo, ero Hemb3as u3yvatb metogamu TBUMC,
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TO €CTb 4epe3 npeaenbHble 3HaYeHUs OTHOCMTENbHBIX 4acTOT MOSIBNEHWS pesynbTaToB. WX NpocTo He
CYLLEeCTBYET UMK OHWU UBMEHSILOTCS OT Cepumn HabnoaeHuI K cepum.
lMoaBogs UTor, TOMY, Y4TO MOHUMALOT NOA CyYalHOCTBIO (HeonpeaenéHHOCTbI0 B BUaE cryyainHocti) B TBUMC
OTMETUM YTO OHa (CMy4aWHOCTb), CBS3LIBAETCA C IKCMEPUMEHTOM U 4YTO YNOMSHYTbIE BbIlle aBTOpPbl B
COOTBETCTBYHLLMX UCTOYHMKAX CreLmarnbHO NoaYepPKUBaIOT U BbILENSAOT Cneaylowmue BaXHble OTNIYUTENbHbIE
4epThl TOro, YTo B TBUMC noHMMatoT nog aKCnepuMeEHTOM.

1. Hanuune (uKCMPOBaHHOMO KOMMIeEKca YCroBWA, NPKU KOTOPOM HabnoaaeTcs Uccneayemoe SBReHue.

YKazaHHbI KOMANEKC YCOBUIA MOXET BOCMIPON3BOAUTLCS akKTUBHO MW MACCUBHO.

2. BosMmoxHOCTb MHOrOKpaTHOro BOCNpou3BeAeHNA KOMNnekca yCJ'IOBVIﬁ (MaCCOBOCTb).

3. BO3MOXHOCTb OMMCaHUs BCEX BO3MOXHbLIX Pe3yrnbTaToB: TOTO, YTO MOXET MOSBUTLCA NPy
BOCNpOKU3BEAEHNM (DMKCUPOBAHHOMO KOMMIEKca YCIoBUiA.

4, CJ'Iy‘-IaVIHOCTb CBA3bIBAETCA C M3MEHYMBOCTbIO PEe3yNnbTaTtOB OT IKCNEpUMEHTa K IKCNEepUMEHTy: C
Henpeacka3dyemMoCTbi0 pPe3ynbTaToB B KaXaoM OTAENTbHOM 3SKCMEepUMEHTE, a TakKe C BbINONHEHNEM
npeanonoXxeHua, KOTopoe Bbllle Ha3BaHO 3aKOHOM CTOMKOCTM YacToT.

ﬂaaneVlLuee NPOoABWMXEHME B NOHUMaHWK TOrO, rae UCKatb UCTOKN «HGOI'IpeJJ,eJ'IéHHOCTI/I» — W HE TONbKO B BUAe
cnyqa|7|Hocw| — npeanonaraeTt aHanu3 NnpuHUMnuanbHOro anA TBUMC noHsTms JKCNepuMeHTa.

HabniogeHune (3KcnepuMMeHT, onbIT, HabNKAEHWe, UCNbITaHWE) — OOLEHAYYHbIN KOHTEHT

AHann3 noHATUS «3KCMepUMEHT» (OMbIT, HabnogeHWe, UCMbITAaHNE) B €CTECTBEHHBIX Haykax W qmnocodum
Mo3BonseT caenatb BbIBOA, YTO, B LIENOM, OHO COBMagaeT C ero TONKOBaHMEM B pamkax TBMMC. U B aTom,
obLleHay4HOM cryyae, NPUMHLUMNMANBHBIMU COCTABNSIOLMMIA «3KCTIEPUMEHTay SBMSAOTCS:

- BOCCO3/aHWe yCrnoBuit HabmoaeHns Ans SBNeHus, KOTOpoe UCCNeayeTcs;
- (pukcaums pe3ynbTaToB IKCMEPUMEHTA: TOrO, YTO MOSBASETCH B pe3ynbTaTe BOCMPOU3BEAEHUS
YCNOBMWI 3KCNEPUMEHTA.

Bocnpown3sseaeHne yCrnoBuii MOXET HOCUTb aKTUBHbIIA UMM MACCUBHBIN XapakTep. B nepsom cnyyae roBopsT 06
«3KCMEepUMEHTeY, AN XapakTepuaaLuu BTOPOro — ynoTpelnsioT TepMUH «HabMoAeHM». XOTS — NoAYepKHEM
ellé pas — 0ba TepMUHa MOTyT ynoTpebnaTLCs Kak SKBUBANEHTHbIE.

«MHoOXecTBeHHbIE MoZenen HeonpeaenéHHOCTUY - «IKCNEPUMEHT

OnpedeneHue 1. SkcnepumeHTOM (OnbITOM, HabnogeHreMm, ucnbitaHuem) Oyaem HasbiBaTb napy s=(x,Y),
KOTOpas MOHMMAETCs Kak BOCMpOM3BeLeHWe YCroBui HabniopeHus x € K C Uenbio ukcauum pesynbTata
y:yeY,

OtmeTum, uto Y.,k € K 0603Ha4aeT, BooOLLE roBOps, MHOXECTBO BCEX TEX Pe3ynbTaTos, KOTOPbIe MOryT

MOSBUTLCS MPK BOCMIPOM3BEAEHNM YCNOBUIA K € K , NOCKONbKY ukcaLms Kommnmiekca ycrosui, BoobLLe roBops,
He rapaHTUpyeT OAHO3HAYHOrO pedynbTaTa SKCnepuMeHTa.

OnpedeneHue 2. Peructpaumeii pesynbTata akcnepuMeHTa byaem Ha3BaTb (hUKCALMIO TOTO, YTO Onpeaensiet
[iBe COCTaBnsoLLMEe NPOBEAEHHOTO IKCMEPUMEHTA: YCIOBUS & U pesynbTaT y —T.e. napy S=(x,y) «ycnosue-

pesynbTaT»y. COOTBETCTBEHHO, NOA perucTpaunen cepumn u3 N aKCnepuMeHTOB (BbIOOpKOit) OyaeT noHMMaTbes
nocnefoBaTensHOCTb Nap

S1seenSN = (K1,Y1 )seen( KN YN ) - (1)
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CocraBnswowue HabNAEHNA: «pacLiensieHne» YyCnoBuii IKCNePUMEHTa

HeobxoanmocTb y4éTa B OOHOW CEepun SKCMEPUMEHTOB C Pa3HbIMK YCIOBMSAMM MPUBENA K CTPYKTypU3aLmm
ycroBuit x : pas3bueHnn ycnoeuin Ha aBe yactu. OgHa U3 3TWX yacTeil npeactaenseTr coboil YacTb, BoobLie
rOBOPS, MEHSIOLLYIOCS OT SKCMEPUMEHTA K SKCMEPUMEHTY B CEPUM, BTOpas — NpeacTaBnseT coboi 0auHakoByHo
ANs BCeN HabMIoLEHU cepum, HEU3MEHSIEMYIO B CEpUN YacTb YCMOBWA. Takas CTPyKTypu3aumus obecneunsaet
KOHTPONMPYEMOEe M3MEHEHME YCIOBUMIA HABNIOAEHNS OT OAHOTO AKCMEPUMEHTA CEpUN K Apyromy. OTO 03Hauaer,
4TO M0G0 M3 BO3MOXHBIX KOMMNEKCOB x € K YCMOBWN NPOBEAEHUS SKCMEpPUMEHTa NPEACTaBNseTcs napoin
k=(x,f), BKoTopoit X € X 0B03Ha4aeT BapuaTHBHYLO, U3MEHSIEMYIO OT 3KCMEPUMEHTA K IKCNEPUMEHTY YacTb,
a f — nepBoHayanbHO, HEM3MEHHYIO, OAMHAKOBYID AN BCEX HABMIOAEHN Cepum YacTb KOMMNEKCOB YCOBUIA
Habntogerns. OpHako B mocnegyowemM nosiBUNCh CXeMbl NPOBEAEHUI U3MEPEHWUIA B CEPUM AKCMEPUMEHTOB,
KOrAa OJHOBPEMEHHO OT 3KCTIEPMMEHTa K 3KCMEPUMEHTY MeHsnuch obe 4YacTu: M BapuaTMBHas 4acTb X,
KoTopasi Mo ONpeAeNeHmio ONuchIBara BapuaTUBHYH YacTb YCroBMiA h yacTb f .

OnpedeneHue 3. SkCnepuMeHTOM C ynpaBnseMbiMi ycrnoBusamm (YnpYkce) bynem HasbiBaTb Takol, B KOTOPOM
ycnosus npegcTasnstotes B Buge x=(x,f), xe X, f €3, K =X x3J, x bygem HasbiBaTb BapnaTMBHOMN

4acCTblO yCJ'IOBVIVI, f- d)yHKLWIeVI OTKIMKA, K - NONHbIMK YCNOBUAMW SKCNEPUMEHTA.

3amevanue 2. OHO3HAYHOCTb B pamkax YmpYOKC: OAHOIMEMEHTHOCTb kaxaoro u3 Y, =Y(X f),K € K,

Ha3bIBalOT MOAENbIO «BXOL-BbIXOA» CUCTEMbI C O4EBUAHBIM JENEHNEM Ha TO, YTO Ha3bIBAIOT BXOAOM, BbIXOAOM
W (hyHKLMEN OTKNMKA CUCTEMbI, NOCKONbKY B 3TOM Clyyae o4eBiaHa (PyHKLUMOHaNbHas 3aBUCMMOCTb pesyrbTaTa

OT BapuaTuBHoil YacTn ycnosuit: Yy = f(x).

Peructpauus HabnogeHun: onpegeneHune 2 U Hay4YHas npakTuka

CreayeT OTMETWUTb, B OKCTIEPUMEHTANbHON NPaKTUKE «PErUCTpaLM pesynbTaToB IKCMEPUMEHTOB», MOXET
MOHMMATLCS B OHOM U3 CriefyHoLLMX BapUaHTOB, BKMKOYas U BapUaHT Onpeaenexus 2;

Yira YN
(X02 Y1) (XN YN ) - (2)
(K1,Y1D)e( KNS YN)

Kaxabii 13 YKa3aHHbIX BAPUAHTOB MOXET ObITb SKBMBANEHTEH onpeneneHntio «perncTpalmm SKkCnepumeHTa» B
CMbICe onpeaeneHnsa 2. Tak, d.)MKC&LIMFI Y152 YN OKBUBANEHTHA (*)MKC&LWIVI Sq,..,Sy » €CIN YCNoBUA BCEX

3KCNEPUMEHTOB OAMHAKOBBI: K = K,,I = 1,N . dukcaums (X1, Y1)seo( XN YN W Sy Sy KBUBAMEHTHBI,
ecw  vactu  fi,i=1,Nycnosn i = (X;, f; ),i =1,N oanHakoBsl [ans  BCex  SKCMEPUMEHTOB:

fi= 1,1 =1N, kak 370 IMEeT MECTO B KNaccu4eckinx cxemax U3MepeHui.

MHoxecTBeHHbIe Moaenu HeonpeaenéHHocTn (MHMoH)

OnpedeneHue 4. B pamkax BBEAEHHbIX BbilIE NOHATUA MHOXECTBEHHBIMM MOZENSAMI HEOMPeAeNnEHHOCTY ANs
nccnegyemoro siBneHus Oygem HasbiBaTb Takoe OMMCaHWE HeonpedenéHHocTH, kotopoe 6Gasupyetcs Ha
MHOXECTBEHHOCTM 3HayeHnn Y Y, Y, : TOro, YTo MOSBNSETCH WM MOXET MOSBUTLCA B pesynbTate Cepuw

9KCTIEPUMEHTOB MPW  MOHMMaHWM  «PETUCTpaLy SKCrepuMeHTa» COOTBETCTBEHHO BapWaHTam u3 (2). B
3aBMCMMOCTW OT TOTO, Kak MOHWMaeTCsl perucTpauus aKkcnepumeHTa, MHoxectBa Y Y, Y, onpedenstotcs

COOTBETCTBEHHO KakK

V=000 e UtixeUtn Yo U tnwee Ut ®)

ixj= iik=
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CobcTBeHHO, (3) (hUKCMPYET MHOXECTBEHHOCTb 3HAYEHW TOTO, YTO MOXET MOSBUTLCS MpU (HMKCUPOBAHHOM
KoMnneKce yCnoBuit: ¢ ero dukcauuen unm 6es.

MHMoH: HeonpeaenéHHOCTL B AETEPMUHMPOBaAHHbIX HAbNKAEHNAX

,U,eTepMVIHMpOBaHHOCTb Ha6J'I}O,D,eHI/IFI SIBNSETCA SKBMBANEHTHOM OTCYTCTBUIO HeonpeuenéHHocm N OTBEYaeT
OOHO3Ha4HOM CBSA3b «MOMHbIE ycnosua — pesynbTaT», T0 €CTb OAHOINEMEHTHOCTH YK VrxkeK:

K> Y Ve ={Y  hxek 4)
3ameTuM, 0HaKo, YTO, ECMN B CEPUM SKCTIEPUMEHTOB YCIOBIS N3MEHYMBbI, @ PErUCTpaLs NPOBOAUTCA B BAAE

Vi YN BMECTO( Xy, Y1)ee( Xy Y )WWM (&7,Y1)se(KN,YN), TO BO3HMKAET MHOXECTBEHHOCTb

(He oaHO3NeMeHTHOCTb) Y , KoTopasi, COOCTBEHHO, 1 SBNSIETCS HeonpeaenéHHOCTbI0. Takas HeonpeaenéHHOCTb
B 1ETEPMMHMPOBAHHOM 3KCNEPUMEHTE CBsI3aHa C NPOoBNEMOil CKPbITbIX MAapamMeTPOB: AOMOMHUTENbHBIX YCIOBUN,
KOTOPbIE HYXHO Y4MTbIBATb MPW PErncTpaLm 3KCNepUMEHTa, YTODbI IBNIEHNE CTAN0 AETEPMUHUPOBAHHBIM.

MHMoH: cny4anHocTb

CnyyanHoCTb B WCCresyemMoM SBMEHUMM C OOHOM CTOPOHbl XapakTepusyeTcs Tem, YTO CBSA3b BO3MOXHbIX
pesynbTaTtoB C MOMHbIMKA YCROBUAMU 3KCNEpUMEHTa B (3) HEOOHO3HAYHA: NS KaXOOro U3 (MKCMPOBAHHBIX
yCroBwiA B pasHbIX aKcnepumeHTax MoryT NosABNATLCA pasHble pesynbTatbl:
Y, #"onHo3nemMeHTHOE MHOXKeCTBO", kK € K . Kpome Toro, kak ynomuHanoch Bblille, Ans HeonpeaenéHHoCT!

B BUae CﬂyanIHOCTM [JOJTXEH BbINOJIHATLCA 3aKOH yCTOVI‘-IVIBOCTVI 4acToT.

B pabore [Lindley ,2006] ycnosus HabniogeHns npeanaraeTcs cBs3atb C CyObEKTOM: C MHGOpMaLMEN, KOTOpOiA
OH obnagaeT, a [fganee NPUMEHATb CTAaTUCTUYECKWA noaxod. Ha atom nyTu npegnaraetcs onpenenstb
HeonpeaeneHHoCTb BoobLLE.

MHMoH: rapaHTUpOBaHHbIE OLEHKN (MUHMMAKC)

OTOT NoAxod CBS3aH C AanbHERLeR anpuopHO CTPYKTypuU3aLmeil BapuaTuBHON MM (DYHKLMOHANBHOM YacTy
YCNOBUI B pamkax [ETepMUHUPOBAHHOTO OMUCAHUS SBMEHNS: x=(x(1),x\(,2)) nm £ =( f(l),f(z)) "
NPE/NONIOKEHNEM O TOM, YTO B SKCTIEPUMEHTE (UKCUPYETCS ToMbko ofHa 13 uacteir, Hanpumep X1 nmm
f (1) (HaBriogaemasn KOMMOHeEHTa), a Mpo BTOPYIO — U3BECTHO, YTO OHA MPUHAAMEKUT MHOKECTBY E 1y nnm

E (1) COOTBETCTBEHHO, KOTOPOE OMpeAenseTes Habioaaemoi KOMMOHEHTON.

MHMoH: uHTepBanbHbIN noaxoa

B mogent HabntogeHun o CTPYKTYPUPOBAHHOW BapWUaTMBHOM 4YacTbl OYEBMAHLIM 00pa3oM BKNIagblBaeTCs
WHTepBarnbHas Mogesnb HeonpeaenéHHoCTH. [JencTBUTENbHO, JOCTAaTOMHO NPEANoNnoXuTb, YTO B 0603HAYEHMsIX

npeablayLwero nyHkTa y = f(x(l) )+ x® x® e(—AX(l) A1) )= E. -

MHMoH: HeuéTKMe MHOXeCTBa

MecTo HeuéTkocTu [Zadeh, 1965] BO MHOXECTBEHHBIX MOAENSX HEONPEOENEHHOCTU MOXKET OblTb ONPeENeHo B
paMKax CTaTMCTUYECKON MHTEpNpeTaummn HeveTkux MHoxecTB [Donchenko, 1998, a) b)]. CobcTBEHHO, peyb MAET
0 NpeACTaBNeHUM (PYHKLMM NPUHALANEXHOCTM U3 KNACcCUMYEeCKoro onpeaenenns HeYETKOCTU CUCTEMON YCIOBHBIX
BEPOSATHOCTEN OAHOTO W TOrO e COObITUS MO MOMHOM rpynne cobbiTuii. B cnyyae AUCKPETHOrO HOCUTENS 3TO,
cOBCTBEHHO W SIBRSIETCS CTPOroM (hopMynMPOBKON pesynbTaTa, a Ans KOHTUHYanbHOro HocuTens hopMynMpoBKa
pesynbTarta, KoTopas UCMNonb3yeT YCOBHOE pacnpeserneHue, NpuBeaeHa HUKe.
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Teopema [Donchenko, 1998 a),b)]. lNycTb ans Heyétkoro MHOXecTBa, 3agaBaemoro napoi(E,u), E -
MPOCTPAHCTBO C MEPO, @ .- U3MEPUMA OTHOCUTENBHO eCTECTBEHHbIX o - anrebp yHKuus. Torga MOXHO
MOCTPOUTL  BEPOATHOCTHOE npocTpaHcTeo  (£2,B,,P), cobbitne AeB,,, nomHylo rpynny cobbITuil
H. ={n=e},eeE,n - E - 3HayHas cnyyaiHas BenuunHa, Tak, 4to u(e)=P(A|H,).ecE.

3ametum, yto B pabote [Donchenko, 2005] npegnoxeHa u oGOCHOBaHa MOAMMMKALMS KIacCUYECKOro

onpefeneHns HeYETKOCTM Yepes BBeJEHWE B onpefeneHne (hyHKUMM NPUHAANEXHOCTN 0BbekTa HEeYETKOCTH,
4YTO 1aéT BO3MOXHOCTb KOPPEKTHO CTaBUTb W pa3peLlaTh BOMPOC O HAabMioAeHNM HEYETKOTO MHOXECTBA

MHMoH: obpaTHbie 3apaum

BaxHbIM Knaccom HeonpenenéHHOCTe B LETEPMUHMPOBAHHLIX 3adavax sBnATCs obpaTHble 3agayn, T.e.
3afjaun B KOTOPbIX HEOOXOAMMO OnpenenuTb MHOXECTBO BO3MOXHbIX BapuaTUBHBIX YacTell yCroBuin (BXOA0B),
koTopble 0becneunBaloT 3afjaHHOE 3HaYeHWe pesynbTaTa HabmogeHus (Bbixoga). Matematunyeckn obpaTHble
3adaun — 3T 3a[aum peLleHnst NOAXoasawWux ypaBHeHuiA. MNcesaoobpallerne no Mypy — MeHpoy3y No3BonsieT B
SIBHOM BMJE aHanuTUYeCcKn ucyepnblBaroLLe uccneaoBartb 0bpaTHyto 3aaady B NMHENHOM Cryyae: 4f1s CUCTEMbI

nuHeiHbIX anrebpanyeckux ypasHewuit (CMAY) Ax = y,x e R",y € R™. HanomHum, 4to ncesnooGpalieHie

no Mypy — MeHpoyay o6oaHadaetcss A™ 1 NPUMEHUMO KO BCEM MaTpuLaM A npousBoNbHON pasMepHOCTH, Mpu
3TOM pe3ynbTaT MMEET pasMepHOCTb N x M .

Teopema. [ins Ttoro, utobbl CITAY nMena HenycToe MHOXECTBO PELLEHMI .Qy HeobXoOMMO M [0CTaTOYHO,
urobbl Y’ (E, — AA* )y =0.
B aTOM cnyvae MHOXeCTBO PeLLeHWit NpeacTaBnseTcs B Buae

2, =A"y+(E,-A"AR" ={xeR":x=A"y+(E,-A"A)z,zeR"}

OTmeTum BaxkHyt ponb ncespoobpawleHuns no Mypy - lMeHpoysy, a Takke pesynbtatoB [Kupuuenko, 1997]
OTHOCUTENBHO TEOPUW BO3MYLLEHUS NceBaoobpaLleHns Ans peLleHns 3agady Knactepusaumn u pacnosHaBaHus
06pa3oB (cM., Hanpumep, [Knpuyerko, [oHuexko, 2007]).

MHMoH: npeobpa3oBaHue Xoka

CneumarnbHbIM  CryyaeM HeonpedenéHHoCTU aBnsieTcs npeobpasoBaHue Xoka [Hough, 1962]. 3T0T BUA
HeonpeaeneHHOCT! NOPOXAEH MHOXECTBEHHOCTHI) BO3MOXHBIX BapUaHTOB (DYHKLUMIA OTKNMKa B HabNIOLEHUSX:
i = (X, f; ),i=1,N. Mpocreilweit Mofenbio HAGMIOLEHUA TAKOrO POAA MOXET CIyXMTb 6UHAPM30BaHHOE
n3obpaxeHne, Ha KOTOPOM MpEeACTaBNEHO HECKONMbKO MpsMblX. Bbibopka npefcrtasnser coboit koopauHarthl

TOYeK K300paxeHuss C EeOMHUYHBIM 3HayeHWeM spkocTh. [etanbHee ¢ [1X n ero maremartuyeckoi
thopmanuaaLmen MoxHo nosHakoMmuTbes B [Donchenko, 2003].

3aknioyeHue

B pabote npoaHanMavpoBaHbl MaTeMaTU4Yeckue CPeLcTBa CTPYKTYPUPOBaHUS (OMMUCaHWS CBS3en Mexay
anemeHTamu) MHoxecTB. OTMEYEHO, YTO MMEHHO B paMkax MaTemaTU4eckux CTPYKTyp MpOM3BOAMTCS
MOLIENMpPOBaHMe peanbHOro oObekTa Kak MpeaMETHO CTPYKTYpUpOBaHHOMO Lemnoro. OTMeyeHo, 4TO Bce
MaTemaTU4eckue CTPYKTYPbl OTHOCSTCS, UMM K YeTbIPEM OCHOBHbIM TWMaM, UNK SBASIOTCS WX KOMOWUHaumei. B
paboTe Takke npeanoxeHa U AeTanbHO NpoaHanM3npoBaHa KOHLENUMs HeonpeaenéHHOCTH, NO3BONSoLLas C
eaMHbIX MO3ULUWIA  pacCMOTPeTb BCE Pa3HOTUMHbIE MaTeMaTM4yeckue CpeacTBa, Ucmorb3yemble  ans
MOLENMPOBaHUS B YCMOBUSIX HeompenenéHHocTW. [ns HeY&TKoro noaxofda mnpuBedeHbl pesynbTaTbl,
MO3BOMSIOLLME pacCMaTpuBaTh STOT MOAXOAA B paMmkax M3NOXeHHOW B paboTe eduHON  KOHLEenuuu
MHOXECTBEHHBIX MOAENEN HeonpeaAenEHHOCTY.
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HEKOTOPLIE KOMMOHEHTbI CTPYKTYPHOW MOLOENU
®OPMUPYIOLLEACA HOOCHEPHOU NAPAOUIMBI

Anatonuun Kpucunos

AHHOMauyus: B pabome paccMompeHb! UHGhOPMAULOHHBIE U Memod0I02UYeCcKUe achekmb! hopmupyrowelics 8
Hacmosiwee epems napadueMbl HOOC(hepHO20 passumusi. OnucaHbl OCHOBHblE Yepmbl 3mol napaduembl U
OuHamuka cMmeHbl 8udo8 xusHobecneyusarowell desmenbHOCMU, 6KKYas OUEHKY HeO0aBHUX U3MEHEHUU.
CehopmynuposaHbl Hekomopble 3ada4yu No NPespawieHUr HO0ChePHOU napaduambi 8 Hay4HyH meopulo.

Knoyeebie cnoea: HoocghepHas napaduema, uenu (8epxHull ypogeHb) U anbmepHamusbi/bugypkayuu
pa3gumusi, KOHKYPEHUUSs — Koonepayusi, KOeHUMUBHbIe 3adayu.

ACM Classification Keywords: H. Information Systems — H.1 Models and Principles — H.1.1 — Systems and
Information Theory — General Systems Theory, 1.1.4 Development Simulation.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

- Marb, TBom 60rv nnbo cnsT, 6O ywnm Ha oXoTy.

A Hox — y TBoero ropna. Cobepuch, ONOMHHUC!

BepHapg Woy, «Le3sapb 1 Kneonatpa»

1. BBOAHbIe 3aMey4aHusa M NOCTaHOBKA 3adayuu

HacTosiwas pabota upeonoryecku npeactasnsetr coboit onpefeneHHoe MPOAOIKEHNe MaTepuaros,
NPeACTaBNEeHHbIX aBTOPOM Ha psige npeablaylmx koHdepeHumin KDS: ato 6binu achekTuBHbIE peluatoLme
npaBuna, KOTopble ymetoT pabotaTb C HE3aBUCUMbIMKA W 3aBUCUMbIMK MPU3HAKaMK; 3TO OblM KOMMAKTHbIE
BEKTOPHbIE MOLENM, KOTOPbIE MO3BONSIOT NMOCTPOUTL arpermpoBaHHoe, 0606LLeHHOe NpeacTaBneHue 06 obbekTe
WKW MONYYMTb €r0 KBAIMMETPUYECKYI0 OLEHKY (M3MepuTb €ero KavyectBo); 9TO Obinu METOmonornyeckue
COODpaxeHnsi 0 CTPYKType U MPUNOXEHUSIX CUCTEMHOMO aHanu3a B 3afjayax pacno3HaBaHUs U MPUHATMS
PELLEHNA, B COLMANbHO-OKOMOMYECKMX W YNPaBNEHYECKUX 3adavax, HakoOHeL, MeTOAOoNorMveckme BOMpoCh
MOJENMpOBaHUs NpoLiecca pasBUTUS Kak TakoBOro. B HacTosiwen paboTte npegnpuHsiTa nonbiTka pacCMOTPETb
HEKOTOpblE METOAOMOrMYeckue (MccnesoBaTensCKe U MOCTAHOBOYHbIE) acneKTbl, BaXKHble, M0 MHEHUIO aBTopa,
AN PELUeHNs CEepbesHol M aKTyanbHOW 3afjaun: hopMupoeaHusi UenocmHol HoocghepHoU napadueMbl.
Cnegyet aymatb, 4YTO Uenblil psg paboT pas3nuyHbX aBTOPOB, NPEeACTaBReHHbIX X 0BCYXAaBLIMXCA Ha
koHdepeHumsx KDS 3a uctekwue 15 net, NOCBSILEHHBIX MOZENMPOBAHMIO B LIENIOM M MOAENMPOBAHUIO
MbILUIIEHNS, TEOPUM YNPABIEHNS U TEOPUM MHGOPMaLMK, Knaccudukaummu, popmanusaumn 1 aHanusy cnabo
CTPYKTYPUPYEMbIX OOBEKTOB, — 3TU pabOTbl MO3BONSAIT NPEASIOKUTb PAaCCMOTPEHUE 3aAayu, BbIHECEHHOW B
3arofioBoK. ATo Tem Gonee onpashaHHO, YTO W B HAY4YHO NUTEpPaTYpe, U B COLMANBHOM CO3HAHWM, 1 B peanbHoi
KU3HW HAKOMWOCh JOCTATOYHO MaTepMaroB, roBOPALLMX 00 akTyanbHOCTW Tako NOCTaHOBKM.

HecoMHeHHO, npu pelleHun 3apaun (3agad) opMUPOBaHUS 3TO HOOCHEPHOIM MUPOBO33PEHYECKON CUCTEMI
BO3HWKAIOT YPEe3BbIYANHO BaxHble acnekTbl: (UnocodCckui, coumrobrnonornieckui, MHPOPMaLMOHHBINA,... O4eHb
BaXHOEe MEeCTO B 3TWX 3afjayax 3aHumaeT acnekt memodonoauyeckul. C y4eToM 3TOro (pakta B HaCTOSILLEN
paboTe CTaBMTCS 3afaya onucaTb/0603HaYUTL onpeaeneHHble CTPYKTYPHbIE KOMMNOHEHTbI KOTHUTMBHOM,
no3HaBaTesnbHOW Mogenu hopmupyloLienca B HacToslee BpeMsa HoochepHOI napaaurmbi.
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WHbIMKM cnoBamum, KapTWHa BbIrMAAUT NPUMEPHO Tak:

o cerogHs hopMMpyeTCs MOLLHas CoLuansHo-Hay4YHas HoocepHast napagurma (ans kpatkoctn — HI);

e CUCTEMHasi METOAOMNOMNS ykasbiBaeT, YTO NepBbIM HEOOXOANMbLIM 3TanoM MOJOOHON CNOXHOM paboThl,
npeaBapsoLLMM 3Tan LenenonaraHus (M LatwuM NpekpacHblidl 4ns Hero matepuarn), SBnsetcs artan
camoonpefeneHns — rae Mbl? 4o coboit npeacTaBnsieM? ¢ YeM UMEEM Aeno? U T. A.

e O/IHON 13 BaXXHEMLLMX KOMMOHEHT CamoonpeaeneHns cneayeT cunTaTb KOrHUTUBHYH MOLENb U3y4aeMoro
obbekTa unm npouecca.

B Halwem cnyyae NOCTPOEHWE TakoOW MOZENN CMOXET MOCNYXWUTb PeLleHunto, No KpaiHei Mepe, ABYX 3ajad —
BHYTPEHHEN W BHELUHEWN:

a) MOMOYb BbISBUTb HEAOCTATOYHbIE, HEMOMHbIE WM  HENpOSICHEHHbIE (ParMEeHTbl  PacCMaTpPUBAEMOI
napagurMbl, HAMETUTbL COAEPXKATENbHbIE HanpaBneHust paboTbl MO NPEBpPALLEHNI0 3TON NapaaurMbl B Hay4HYHO
TEOPYI0, B PA3BUTYIO BECOMYIO CUCTEMY Hay4HbIX 3HaHWIA, KoTopasi co3faBana Obl LenocTHoe NpeAcTaBnexmne o
3aKOHOMEPHOCTSIX U CYLLECTBEHHBIX CBA3SIX B 13y4aemMoi AECTBUTENBHOCTY W aBana BanuaHbIi NPOrHos;

6) nomoub OnpenenuTb NyTW, NpueMbl, MeTogbl, pa3paboTaTb MMraHTCKUA apceHan CPeAcTB Ans BHEAPeHWs
HOOCChepHOro MMNepaTBa B CoLManbHOe CO3HaHWE B MacCoBbIX MacliTabax, BblpaboTaTb COOTBETCTBYHOLLME
HOPMbI MOBEAEHUS W [EATENbHOCTH, NYTW COLMANLHON 1 MHAUBUAYANBHON MOTUBALMM U MHOTOE [pYroe.

2. OCHOBHOE coaepXaHue napagurmbl

OcHoBHoe nonoxenue B. W. BepHagckoro 8 omHoWeHUU 380M104uUU Ha 3emine COCTOSNO B KOHCTaTaLun Toro,
YTO 3BOIIOLMOHHOE MOSIBNEHME YENOBEYECKOTO pasymMa He CryvyalHo, B HEM, Kak «BO BCSIKOM NPUPOAHOM
SIBMNEHUN», NPOsIBUINAch 3aKOHOMEPHOCTL MaNeoHTONOMYECKOro NpoLiecca, co3aaBLuero Moar Homo sapiens n Ty
coumManbHylo cpeay, B KOTOPOW, Kak ee CnefcTBue, Kak CBS3aHHbIA C Helt MpUPOAHbIA Npouecc, CO3AaeTcs
Hay4Has MbiCIb, HOBAs reornorMyeckas Co3HaTenbHO Hanpaensemas cunay [1]. B aToM nonoxeHnn cogepxutcs
HECKOMbKO OYEHb BaXHBIX MbICMEN: MPUPOAHBIN NPOLECC Pa3BUTUS B LENOM W Pa3BUTUS YENOBEKa, B YaCTHOCTMH,
(aHTponoreHe3) npuBen K BO3HMKHOBEHMIO Pasyma 1 COOTBETCTBYHOLLEN (HYXHOW) COLManbHOM Cpedbl; B
pesynbTate 9TOrO, Ha CheaylLleM 3Tane aHTponoreHesa M COLMOreHesa CO30aeTCs HayyHas MbICHb,
CO3HaTeNbHO HanpaBnsiemMas Cuna, — reonornyeckas, cnocobHas «4Buratb ropamny.

MoxHo cka3aTb, 4TO Takum o0bBpa3om Obina BbiCkasaHa, MO CyTW [ena, HOBas 9BOMIOLMOHHAS napagurMa,
Bruskas K TeOpUM HOMOreHesa, B KOTOPOW, B YaCTHOCTH, Kaxaoe nocreaytoLlee CoCTosiHUE (TO ecTb, (opma 1
cyLiecTtso) buocepbl 1 NnaHeTbl (COBMECTHO!) ONpeaensieTcs u kaHanusupyeTcs npeabiaywum. B atom nnaHe
nosisneHne Pasyma He NpOCTO SBMSIETCS 3BOSOLUMOHHBIM (DAKTOM, HO CTaHOBUTCA Onpedensiowum Ans
nocreayloLmx 3TanoB pa3BuTUS XWU3HW. OTMETUM NpU 3TOM, YTO TOCMOACTBYIOLMMU hopMaMu pasBuTUS [0
HeaaBHero BpeMeHu Obiny BellecTBeHHas (MpUMepHO 40 cepeamHbl — kKoHua XIX cT.) dopma, a npakTuyecku
BeCb XX BEK — SHEpreThyeckas, HuKe Mbl paCCMOTPUM 3TO HECKONbKo Bonee nogpobHo.

OHEPreTUYECKU CKaYOK B XO3SNCTBEHHOM LEATENbHOCTU MO pasHbIM MPpUYMHAM COMPOBOXAANCA YCUNEHWEM
cmuxuliHol  OemepMmuHayuu 8 coyuanbHol ucmopuu, HTO OTY4ETNMBO BMAHO MO HebbiBanomy pocTy
KOHKYPEHTHOW [OMWHaHTbI, XeCTOoKo 60opbbbl 3a pecypchl U Bce 6onee SBHO MOHUMAEMbIM BO3HUKHOBEHUEM
CTUXMIHO hOPMMPYIOLLEroCs KanuTanucTMYeckoro Tynuka. Llenbii psag apryMeHToB W BbIBOAOB TaKoOro
XapakTepa COAepXUTCS B nyBrvkaLmsax OgHOMO M3 SHEPTUYHBIX 1 NOCNeaoBaTenbHbIX Npogomxarenei pabot B.
. BepHagckoro neHuHrpagckoro uccneposatens A. U. CybetTo [2], a Takke akagemuka H. H. Mouceesa [3].

UpesBblyalHO BaXHOW B paccMaTpuBaeMoil napagurme SBnseTcs (hukcayus pocma B coUmManbHo-
9BOSMIOLIMOHHOM npouecce psaa acummeTpuit. OfHa U3 HUX — TEXHOKPATUYECKUA NEpekoc B eayHOM Kopnyce
3HaHWI W, COOTBETCTBEHHO, — B COLMANbHOM CO3HaHUW, B OBLLECTBEHHOM WHTENMEKTe (OPEHTMPOBOYHAS OLEHKa
TakoBa, 4to 95% 3HaHWI — 3HAHMS O ECTECTBEHHOM U HEXMBOM MCKYCCTBEHHOM, - T. € «KOCHOMY - MMPE, OKOMO
5% — 3HaHMA 0 XMBOM BellecTBe, 0 Buoctepe U yenoseke, W Tonbko Manas gons ot 1% — 3HaHua 06
nHtennekre [4]. Opyras oTarowatowlas acCMMMETPUS — Tak Ha3blBaeMas «MHTENMEKTyanbHas YepHas ablpa», aTo
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BCce 0Gonee YBENUYMBAIOLLMIACS pa3pblB MeXOy HapacTaloleln CKOPOCTbH HEraTMBHbIX AHTPOMOrEHHbIX
N3MEHEHMIA B KNBOM BelLecTBe G1ocepbl, B TOM YACNE — B pa3yMHOM XKBOM BELLECTBE, T. €. B YENOBEYECTBE,
W CKOPOCTBIO WX MO3HAHMS. ATOT CIMCOK MOXKET BbITb NPOAOIKEH. XapaKkTepucTiKa OCHOBHbIX YepT HOOCHEPHOIA
napaaurMbl 3TM NOHEBOME KOHCMEKTVUBHBLIM ONCaHIEM, pasyMeeTCsl, Takke He UCYeprbIBaeTcs.

3. Heckonbko cnoB 06 uctopum Bonpoca

TepMuH «HoOC(hepay BrepBble Obin NPOMSHECEH, MOBUAMMOMY, (DpaHLy3ckum ectecTBomcnbiTatenem 3. flepya
nocne u3BecTHoro goknaga B. W. BepHaackoro B cepeanHe 20-x rogos B lNapwxe Ha cemuHape A. beprcoHa, —
Tak OblNa Ha3BaHa KOHLENUWS AoKnaguuka o nepexoge buocdepbl B HOBOE 3BOMIOLMOHHOE COCTOSHWE Nog
BO30ENCTBUEM YeroBeyeckon aestenbHocT. OgHako Havano 3Tix paboT cBsa3biBalT ¢ nybnukaumamu B. U.
BepHagckoro ropasno 6onee paHHero BpemeHu: yxe Ha pybexe XIX u XX BB. Ha 6a3e NOCTPOEHUS KapTWHbI
obLei 9BOMOLMM TOHKON 060MOYKM NnaHeTbl UM Oblnn onybnukoBaHbl MaTepuarsl O TOM, YTO pe3ynbTaTbl
[EeATeNbHOCTU YenoBeka CTAHOBATCS COMOCTaBMMbIMM MO CBOEMY BO3LEACTBMIO Ha MpUPOAY C OCHOBHBLIMY
reOXMMWYECKUMI  MpoLeccami, NpoucxogawmuMn Ha 3emne. B cBOW oyepedb, 3TOMy MOEOMOrUYECKU
npegwecteosanu pabotbl . M. CeyeHoBa n gpyrux ecTectBoucrbiTaTenen W, rnaeHeiM 0b6pasom, paboTsl u
ngen aeTopa «pycckoro kocmusma» H. ®. ®epopoBa u ero nocneposatenei.  (OuveHb Mo0OBOMLITHEIM K
COBEPLUEHHO He CryyalHbIM CheayeT cuuTaTh nosieneHue B matepuanax H. ®pornosa, 0OAHOrO M3 CMyTHUKOB
AnekcaHgpa l'ymb6onbara Ha Ypane n 8 Cubupn, TepmmnHa «uHmennekmocghepar — B 1848 r.1).

O6wwenssecTHbl nybnukaumn Teisipa ae LapaeHa «®eHomeH yenoBekay, rae WKMPOKO MUCMOMb3yeTCs NOHATUE
«Hoocchepay , cTatba B. . BepHagckoro «AeToTpodhHOCTb YenoseyecTsay (1925 r.), pabota B. . BepHaackoro
cepeanHbl XX Beka «PasmblluneHns HaTypanucTa. HayyHas MbICTb Kak niaHeTapHoe siBneHuey. B atoi pabote
1 B Bblweweit yxe B 80-x rogax kHure B. W. BepHaackoro «®unocodickue MbiCin HaTypanucTa» COAepKUTCS
OesgHa ugen O KocMomnoruyeckon 3HauumocT Pasyma, 06 9BOMIOLMOHHOM CMbICNE W POMM  Pa3BUTMS
WHTEnnekTa Ha 3emre, 06 OTBETCTBEHHOCTW YENOBEYECKON AEATENBHOCTH.

Cpenm aBTOpOB, PAabOThI KOTOPbIX MMENM NPAMOE OTHOLLEHWE K HOOCEPHON TeMaTiKe Ha BCEM NMPOTSKEHUU XX
Beka, creayeT HasgaTtb K. Linonkosckoro, A. Ywkesckoro, M. ®nopeHckoro, H. XonogHoro, A. Knusosckoro, A.
Nocesa, A. Iobuwesa, J1. bepra u elle psig nMeH.

CyLLecTBeHHbIN BKNag B (hopMMPOBaHIME HOBOTO CO3HaHMs BHecnn paboTbl uneHoB Pumckoro knyba A. Kunra, A.
Meuyen, 1. Mepoys, opyrvx, a Takke BbINONHEHHbIE NO 3akasam knyba (Hanp., k. ®oppectepa u 3. Mectens).
B atu rogpl (koHel 60-x — Havano 70-x), He B NocneaHto oyepeab brnarogaps pabotam Pumckoro knyba, bbino
HayaTo Takoe HanpaBfieHue, kak «rnobarbHOe MOZENMPOBaHME», KOTOPOE Takke MHOr0 CrnocobcTBOBANO
OCO3HaHMIO CBSI3ei MexZy COCTOSHMEM MpMpoabl W S4epHbIM NpoTuBoCTOsHMEM. Ha pybexe 80-x rogos
nosiBUNCA TEPMUH «3koHonorusi» (M. MenewkuH 1 ap.) kak obo3HaveHue MCCReaoBaHuii No B3aWMOCBA3N
3KOMOruM 1 3KOHOMUKW. OueHb BaxHbIMM Obinn pabotbl H. Peimepca, B. KasHaueeBa, H. Mowuceesa, A.
Cy6eTTo, [1. Koptena. B 80-e — 90-e roabl — goknag . bpyHtnang, pabotsl W. LnanHeHGepra B BynepTanbckom
WHCTUTYTE PecypcoB, koHdepeHUun B Prno-ae-KaHeinpo u MoranHecbypre, «IoBecTka aHs XXIy.

Ype3sBblYalHO BaxHbLIMW, MOXHO CKasaTb — NPOPbIBHLIMW SBMSAIOTCS MHOMOYUCIIEHHBIE PabOThI NEHUHIPaAACKOro
astopa A. /. CybeTTo: KHWMM, Hay4Hble CTaTbM, BLICTYMMEHUS HA KOH(EPEHUMSX NO pasnnyHbiM BOMpocam
HoochepHoro yyeHus. (OceHbto 1985 r. Ha FOxHOM Ypane npoxoguna nepsas W nocrnefHss BcecolosHas
KOH(bepeHUMs MO  KNaccuonorMu; Ha 3acedaHuu  Cekuww, rae  npeacedatenbCTBOBan — aBTop, €My
MOCYaCTIIMBMIOCL BbICMyLIATL YacoBoe BhicTynneHne A. W, Cy6eTTo 0 xapakTepucTukax CUCTEMHOO OnuCaHns
B HOOC(hepHbIX 3agavax). B ykpauHckom xypHane «CouuanbHas skoHomuka» B 2004 r. 6bina onybnukoBaHa
rnybokas cratest A. W. CybeTTo nog CMMNTOMaTWYHbIM Ha3BaHueM: «Hoocdhepusm W BepHaackuaHckas
PEBOMNIOUMS: K MOLENM BbIXOZA YeNroBEeYecTBa M3 3KOMOro-KanWTanmMCTUYECKOTO TymWKa WCTOpuM», psg
NOMOXEHMIM W3 3TOM CTaTbi UCNONb3YETCS U B HAacTosiLen paboTe.

B nocnegnue 15 net uncno nybnukauuin No HOOCCHEPHON TEMATUKE COCTABMSET LECATKM ThICAY, HA 3anpoc O
paboTax no ycTom4nBoMmy pa3suTuio cuctema Google Bblgaet 6onee 1,5 MH HauMeHOBaHWIA U OKOMO 2,5 MiH
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TOMbKO Ha HeMeLKkoM a3blke — 06 okpyxatowei cpege (das Umvelt). MoxHO onpeaeneHHo ckasatb, YTO
BHEZPEHME 3KONOrMYEeCKoro MMnepaTBa B MacCoBOE CO3HAHME TOPMO3NTCS He HEJOCTATKOM MHAopMaLK.

Ho, pasymeetcs, [eno Aaneko He TONMbko B KomuyecTe nyGnukaumii. OLlyTUMO WHbIMK CTAHOBSITCI OXBAaT
paboT, pasHoobpa3ne acnekTos, rMybuHa 1 akTyanbHOCTb NPUBOANMBIX MOCTAHOBOK.

4. KpaTtkoe onucaHue cutyauumu

KpaTkasi XapakTepucTuka pasBMBAlOLLEACS CUTyauuu B OTHOLIEHMM HOBOW HayyHOM (4, pasymeetcs,
couManbHoit) napagurMbl COCTOMT B TOM, YTO criefyeT UKCMpOBaTb Hamnuume BMOMHE ONpeaeneHHoM
PEBOMOLMM. ITO MPOUCXOANT SBHBIM M HesBHbIM 0Bpa3oM, HabnogaeTcs B pasHbiX CTOPOHAX OKpYXatoLlen
[ENCTBUTENBHOCTY, MMEET pasHble TEMMbI B pa3HbIX MECTax M cepax, OAHAKO B LiENOM 3TO NpoLece rnybokun,
OXBaTblBAKOLWMA BECbMa Aarnekue Apyr OT Apyra HanpaerneHus, NPOSBNSIOWMIACA MNAaBHO W/MNK CKavkamu,
BbI3bIBasi MOPOM MPOTUBOPEUMBbIE U3MEHEHMS. [pu 3TOM OAHON M3 CYyLIECTBEHHbIX CTOPOH SBMSIETCS TO, YTO
noka elLLe 8 coyuarnbHoM CO3HaHUU 3Mom npouyecc 8 MaccogsoM mMacuimabe K CoomeemcmsyowuM USMEHEHUSIM
He npugodum. MaccoBoe Co3HaHue, Kak M3BECTHO, NOYTM BCErga OTCTaeT, a CerogHs Ans a1oro ectb kyaa bonee
BECOMble (hakTopbl, HEXenu B npexHue BpemeHa. 06 atom Oyaet ckasaHO Aanee, 34ech Xe YKaXeM Nullb Ha
OOWH, HO O4YeHb BECOMbIA (hakTop: OelleHas (M M3OLPEHHasl) peknama U COBEpLUEHHO Heoby3aaHHas
nponaraHga notpebnexus, notpebnexns n notpebneHns, — BO Bcex popmax, BO BCEX BUAAX, HA BCEX YPOBHSX 1
yero yrogHo. W B nobbix konuyecTBax. PakTop 3TOT, NOHATHO, O4eHb AENCTBYET HA MacCOBOE CO3HaHWeE.

OpHako cnegyeT BKpaTLe NOSICHWTb, NMOYEMY MO OTHOLUEHMIO K HOBOW Mapagurme, K €€ CYLYHOCTHOW 1
KOTHWTWBHOW 3HAYMMOCTU UM HAMOMHEHHOCTM (TO eCTb — K €€ NO3HaBaTEeNbHOM/ONMcaTeNbHOM CnocobHOCTH) —
peyb MOXeT MATU 06 OYeHb JHEPrYHOM, MPaKTUYECKU PEBOMIOLMOHHOM ee pasBuTUK. B TeyeHue nocnegHux
npumepHo 50-T1 neT mel BCe bonee siBHO Habntogaem (ecnv Habnogaem/OUeHMBaEM) NOYTN OGHOBPEMEHHOE U
CBSI3aHHOE MPOXOXAEHWE psfa KavyeCTBEHHbIX CKAaYKOB, CKAYKOB COLMANbHbLIX, LIMBWMM3ALMOHHBIX MO CBOEN
npupoae. OHK ABNSAOTCS He NPOCTO (HOHOM, @ KOMNOHEHTaMW 1 dhakTopamu BnnaHUS Ha HI. K Hum oTHocaTcs:

e KONoccarbHbIi CkaYko0Bpa3HbIA POCT NPOKU3BOAUTENBHOCTY TPYAA M TEXHOMOMMYECKas PEBOMIOLMS;

MaccoBas obpasoBaTenbHas peBontoums («ugean ydawerocs Hapoga» no B. M. BepHagckomy — poct
pasHbix 06pa3oBaTeNbHbIX MHCTUTYTOB U HEMPEPbIBHOTO 06pa3oBaHus, «3aykonorusauusy» obLiecTsa);

B3prBHOI;1 POCT MeTOA0NOrM4Yeckmnx UCCNENoBaHMA U UX I'IpI/IJ'IO)KeHMVI (CI/ICTeMOJ'IOFI/Iﬂ, Kraccuornorug,
OpraHn3aunoHHO-AeATEeNbHOCTHbIE UIPbl, UWKNONOrnA — yy4eHue O LUWKnax pa3BUTUA, KBanUMETpud,
HaKoHeL — HOOC(*)GpOJ'IOFVIFI n HOOJ'IOFMFI); I/IHd)OpM&LIMOHHQFI pEBOMOLMA BO BCEX €€ ACMEKTAX;

PE3KOE «COKpaLLEHWEe PaccTOSHUINY 1 BPEMEHW JOCTYNa s KOMMYHULMPOBaHWS;

KBanUTaTMBHAs PEBOMIOLMS — NMPOHUKHOBEHWE TPeGoBaHMA kayecTa B TakiMe MaccoBble obnacTy, kak
9KOHOMMKA, COLMYM, TPaMOTHOCTb, ObIT, Cpeaa, yrpaBneHue, CABUM B 3KOHOMMKE OT 3aKOHa CTOMMOCTY
K 3aKOHY O NOTPEBUTENBHOM CTOUMOCTY;

HaKOHEL, — WHTENMEeKTyanbHO-MHHOBALMOHHAs PEBOMIOLMS, BbLICTYNAKOWAsA aKCenepaTopoM  Apyrux
PEBOMNIOLMIA, BbI3bIBAOLLAA CKAYOK B JMHAMUKE M3MEHEHW (Pe3Kuii pocT BTOPOM MPOWU3BOAHOM) CO
BCEMW NO3UTUBHBIMU W HEFaTUBHBIMU NOCNEACTBUAMU.

3pecb nepeyuncrneHbl Nuilb HEKOTOPbIE N3 ABHO BUOMMbIX NepemMeH, 04HaKo €CTb U CKPbITbIE, MATEHTHbIE.

5. 06 0CHOBHbIX BUAaX AeATENbHOCTH

MpeactaBnsaeT MHTEPEC PacCMOTPETb «MCTOPUYECKYIO» KapTUHY TpaHCHOPMALMK CTPYKTYPbI (M COOTHOLLEHWI)
OCHOBHbIX BWIOB [EATENbHOCTH, OTpaxXalollyld AWUHAMUKY TeHOeHUWA obecneyeHust OOLIECTBOM CBOWX
OCHOBHbIX KM3HEHHbIX NOTPEBHOCTEN 1 3aTpayuMBaeMbIX Ha 3TO CBOWX TPYAOBbIX M TEXHOMOMMYECKUX YCUMMIA.

O6LLI,GCTB€HHOG passutue npegnonaraeT opraHn3aunio 1 NoAAEpPXKy coLnanbHO-3KOHOMUYECKMM NOTEHLanom
Ha [OOJDKHOM YpPOBHE psda BOCNPOU3BOACTBEHHbIX (byHKLI'VIVI. COLlMyM noagepxuneaet cebs u moxert
pa3BnBaTbCA, €Cnn NpPONCXoauT BOCMPON3BOACTBO OCHOBHbLIX CpPEACTB Xu3HeobecneyeHns. K TakoBbIM
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OTHOCATCS: NPOM3BOACTBO (BHAYane — cobupaTenbeTBo!) MULEBLIX CPELACTB XM3HM; NMPOU3BOACTBO BELLHbIX,
NPeaMETHbIX CPEACTB XW3HN ( ogexaa v 0byBb, CTPOUTENLCTBO [AOMOB 1 JOPOT U T. [.); NPOM3BOLCTBO 3HAKOBbIX
CPEACTB (KHUMM W JekpeTbl, raseTbl 1 TV, nHhopmaTika W BbIMUCTIUTENbHAS TEXHWKA), U Ap.

Ha PUCYHKE KpUBbIMU 1-5 BecbMa YyCrOBHO M306pa>KeHa OVHaMUKa (Ha NPOTAXEHUN npPoCMaTpMBaEMOro
NPOMEXYTKa VICTOpVIVI) nepeyncneHHbIX Bbille BWAOOB AEATENIbLHOCTN. Ha ocax oTnoxeHbl: no FTOPU30OHTaNn -
BpemMd, Ha OCW opAuHaT (A%) - [ona Tpyda, n3mepaemMoro, Hanpumep, B YeroBeKO-AHAX W BKNaAblBaEMOro
nogbmu B pasninyHble BUAbI )KVI3HG-06€CI'I6‘-IVIBa}OLLlel7I AeATeNbHOCTN. COOTBETCTBEHHO KpuBble obo3HavarT:

1. C06MpaTeanaﬂ 0eATENbHOCTb, CErogaHA 310 pa60Ta, CBA3aHHasdA, B OCHOBHOM, C no6b|qe|7| Nnones3HbIX
MUCKonaemblX, Ha 3ape CyLleCTBOBaHMA YenoBe4veCcTBa — NPAKTUHECKKN, BCA OEATENbHOCTD.

2. np0M3BO,IJ,CTBO NPOAYKTOB NUTaHUA, npexne 3710 Obina Liennukom CenbCKOX03ANCTBEHHAs! AEeATENbHOCTD,
CerofiHsi OHa BKI0YaeT B cebs 1 NULLIEBYIO NPOMBbILLNEHHOCTb.

3. Mpoun3BoACTBO BELUHbIX CPEACTB XM3HEODECNEYeHNs; Ha BO3PACTalOLLEN BETBI 3TON KPUBOM TaK UM MHAYe
pacnonaralTcs NpOMbILLNEHHble PeBonoLMA U T. 4.,

MaKkcuMarbHas [Ons 3TOW AedTernbHOCTU NPUXOAUTCA A%
MPUMEepHO Ha BTOpYyl mnomosuHy XIX u nepsylo ) 3
nomnoBuHy XX Beka.

4. Tpou3BOACTBO  3HAKOBbIX  CPEACTB  KU3HM:
pa3paboTka 1 NpuMeHeH1e CpeacTs aBToMaTU3aLmm 1
LmdpoBHM3aLK, NHGhOpMATUKK, KuGepHeTUKM,
BbIYUCTIUTENBHOM TEXHUKN, LMGPOBLIX CUCTEM CBSI3M 1
ynpaBneHus, nporpaMMMpoBaHie ObITOBOM TEXHUKY, — |

0

KOAMPOBaHWE CUrHanoB B My3blke W TENEBUOEHUA U T.
4. (TpeTbs BonHa Tochnepa).

2000 t

5. OouH 13 Hanbonee MHTEPECHBIX ANs1 HAC BUOOB AEATENbHOCTM — 0000LLEHHbIE yeunust No hOPMUPOBAHMIO
Camoro Yenoeka, 0OLLECTBEHHO M JyXOBHOW NMYHOCTH, €0 BOCMIUTaHNe, 0Bpa3oBaHie, NpU3HaHWe ero Camoro
Kak HEMpEeXOoAALLEN LLEHHOCTH, MO3HAHME U COBEPLLEHCTBOBAHWE €r0 (PU3NYECKINX BO3MOKHOCTEN, €ro JyLIEBHbIX
CUn M MygpocCTy, HaKOHeL, — ero AyXOBHbI pocT 1 pa3suThe. Kak BuAHO M3 rpadvka, 3Ta AesTenbHOCTb Mo-
HaCTOSLLEMY TOMBbKO HAYMHAETCS.

Mo camomy puUCYHKy HEoOXOAWMO caenaTb HECKOMbKO OTOBOPOK: 3A€Ch MMEET MECTO npubnManTensHoe,
CTUNM30BAHHOE, HECKOMbKO YCMOBHOE M300paxeHWe, He O4YeHb TOYHO COOMIOAEHbI COOTHOLLUEHWS AOnen
BKNafblBAEMOro TpyAa ANs PasnuyHbiX MOMOXEHUA MO OCM BPEMEHM; UMEET MECTO HEKOTOpasi YCIIOBHOCTb
pasgeneHus AesTeNbHOCTM Ha pasfMyHble BWAbI; HAKOHEL, Takoe pacrpefeneHne B LiENoM, no-BuaMMOMmY,
crieayeT NPUHATL XapaKTepHbIM st BPONENCKONA, TOYHeE — 3anafgHo LMBUAM3aLMN W T. 4.

HakoHeL, Ha puCyHKe npuUCyTCTBYET elle oaHa kpueasi, Ne 6. YCroBHO oHa oToBpaxaeT yeunus no COXpaHeHuto
KU3HW KaK TakOBOW, €€ BUAOBOrO pasHoobpaans, 06ecneynBaioLLero passuTie B LIENOM, ee pasnnyHbiX (opM 1
YPOBHEN. ITO U €CTb NUHUSA pa3BuTUS W BHeapeHus HIM — HoocdepHol napagurmel. OveBMAHO, UTO 3Ta
JEATENbHOCTb, KpaiiHe HeobXoaMmMas B SBOMIOLIMOHHOM NMaHe, TpebyeT kBanduuMpoBaHHON paboThl, BbICOKO
KyNbTypbl, BbICOKMX W €CTECTBEHHbIX MOpanbHbIX MPUHLMMNOB, COLMAmNbHOrO W AYXOBHOTO YBaXEHWS U
TONEPAHTHOCTM KO BCEMY XXMBOMY. B aTOM W cocTonT, no-BuaMMomy, 3agada hopMUpPOBaHUS LEACTBUTENBHO
OTKPBITOrO M CBOBOAHOIO rpaxgaHckoro obLlecTsa. 34ech U JOMKEH NPOMCXOANTb NEPEX0 OT KOHKYPEHTHOMN W
WHOVBMAYaNU3UPOBAHHOM AOMUHAHTLI K KOONEPaTUBHOMN.

Takum 00pa3om, rMaBHOW TEHAEHUMEN PasBUTUS, B KOHTEKCTE MPUHATLIX 34€Cb MPeACTaBNEHWi, SBISETCS
NPOABMKEHNE K TOMY BPEMEHM M COCTOSHWIO, KOrga YEnoBEeYeCTBO B LIEMOM, MaccoBbiM 0BpasoM, HauyHeT
MOHMMATb U YyBCTBOBATb, YTO XM3Hb, HE MPOCTO MOS XKM3Hb, @ XM3Hb BOOBLLE, C ee rnybuHaMn 1 BbICOTaMK, C
ee MOTPsCalolen KpacoTod W MOPas3UTEeNbHOW rapMOHMER, C ee yaMBMTENbHbIM pasHoobpasvem, ¢
NPOSIBNEHHBIM U HEMPOSIBNEHHBIM — BCS 3Ta XM3Hb ECTb OAHOBPEMEHHO MOW NIMYHBIA 1 HALW 06LLMIn pecypc, MoV
NIMYHBIA N HaW OBLWMIA MHTEPEC, MOSI NMYHAs W Halwa obuwas UueHHoCTb. [puBeaeHHble 3Oech CoobpaxeHus
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MMEKT OTHOLLEHWE MO KpaiiHen Mepe K ABYM Bellam. Bo-nepsbiX, 3TO OAWH M3 OTBETOB Ha BOMPOCHI 3Tana
camoonpeaenexns — rae Mbl cendac, YTo enaeM 1 kak 3T0 COOTHOCUTCS C NPOLUbIM W, B KAKOA-TO CTENEHW, C
Oyaywwmm. Bo-BTOpbIX, HEMOCPELCTBEHHbIE OMEpaLMOHanbHbIE BbIBOAbI; OAUH U3 HUX — BbIBOA O TOM, YTO MOXET
(/unn DOMKHO) MpoMCXoanTb codepxamernbHoe CrusHue (NP pacnpeaeneHnn TpydoBbIX M OPYrux 3atpar)
NATON W LIECTON KPMBbIX. ITO B METOAOMOMMYECKOM W COLEPKATENbHOM OTHOLLEHNSIX — O4YEHb BaxkHas 3apava.

Habntogas CerogHsILHIO «MUPOBYID KapTUHY», MOXHO C YBEPEHHOCTbIO CKas3aTb, 4YTO AOCTUKEHWE TaKoMW
cUTyauuu SBnsieTcs KornoccanbHon npobnemon. B cuny uenoro psaa coynanbHO-MoNUTUYECKUX, COLManbHO-
9KONOMMYECKMX, COLManbHO-3KOHOMUYECKUX (DAKTOPOB YENOBEYECTBO Npubnu3nnoch K Touke rnobanbHoi
UMBWNN3ALMOHHOM Brchypkaumm.

6. O HeKOTOpbIX 0COBEHHOCTAX CUCTEMBI LieNieNn BEPXHEro YPOBHS

lMpencTaBnseTcs, 4TO OYEeHb BaXHO BbISBUTb M peanu3oBaTb KOMMEHCATOPHOE [AEeWCTBME METOAOMNOoru
(cuctemonornn) ¢ 3afaden — ygenudeHue Head3HmMpPonuu cuctTeMsl «buoctepa — YenoBEYECTBO», — CUCTEMBI
«Hooctepar. KpuBble BMOOB XU3HeobecneumBaroLen AesTenbHOCTM paboTaioT B 9TOM HanpaeneHuu. Mano
TOrO, CnegyeT MOAYEPKHYTb 34ECb WCTOPUYECKYlD 06YCMOBNEHHOCTb BOCTPeOGOBAHHOCTM  METOLONOMM-
cuctemonoru. MoXHO KOHCTaTUpOBaTb, YTO Ha CeroaHs cyulectsyeT Metogonoruieckuit/CucteMonornyeckui
VmnepaTyiB; kK HEMy OTHOCUTCA 1 3afaja aHanu3a (1 dopmynupoBaHus!) Leneit BEPXHErO YPOBHSA — AN1s CTPaH U
KOHTUHEHTOB. MoparnbHbli uMnepaTtue, 6e3 auckpuMuMHauuW. 3gecb — OCHOBA AN (POPMMPOBAHWS HOBOM
JOOMWHaHTbI — KOOMepaLuun BMECTO KOHKYPEHLW, KOHKYPEHLMS OomkHa BbiTb B Hayke, B NOMCKe OpraHu3aumumn
(coumanbHble MHHOBALWW), B 9KOHOMHbIX hopMax NoTpebreHns, B aTTPakTUBHOCTU MECT, UAEN, ToLeN. ..

PaccmoTpum KpaTKo Lien BEPXHEr0 YPOBHS, UX Tpu: @) MOBbILLIEHWE YPOBHS W KAYECTBA XM3HU (B KOMNAEKCE, C
JeKoMmnoanumein) m ©6) MOBbILEHWE HErSHTPOMMMHOTO MoTeHuMana Owocdepbl (3agaya cama no cebe
ONanekTMYeCckn NpOTUBOPEYMBAs — pasHoobpasne M OpraHW3oBaHHOCTL). HO 9TM OBe Lenn He TOmnbko
KOHKYPEHTHbI (32 pecypcbl U T. [.), OHW eLle U KOHPNUKTHBI. Bo3HWKaeT TpeTba LeMb (aHanorMyHo M3NoXeHHOMY
paHee [7] ons uernei MyHULMNANbHOMO YNpaBneHWs): B) OpraHusauus coyemaHHo20, cbanaHcuposaHHo20,
2aPMOHU3UPOBAHHO20 MPOABWKEHUS K [OBYM MepBbiM Lensam. A 370, B CBOKW O4epedb, €CTb 3ajava
(hOpMUPOBAHMSA HOOCKEPHOIO MbILLMEHNS/CO3HAHMS, CO BCEMU BbITEKAIOLLMMMU TPYAHOCTAMM, npobnemamu u
cpbiBamMu. 30eCb COBEPLUEHHO OTYETNIMBO BO3HMKAET HEeobXxoauMoCcTb B (POPMUPOBAHWM, MpoBefeHun (B
GornbLom MaclTabe) MOLYHON OpraHM3aLMOHHON PaboThl (MO AECATKY HanpaBneHui), UMEIOLLEN TEHCErPUTHBIN
xapaktep. B cBoe Bpems 3amevaTenbHbI amepukaHCKuid MHxeHep W u3obpeTatens b. ®ynnep seen Ans
cneumarnbHbIX KOHCTPYKUUA HOBOE MOHsATUE tensegrity, oT cnoB tense u integrity — «HanpsbkeHHOE €OMHCTBOY.
Vicnonb3ys ero, Hamu paHee 6biNo BBEAEHO MOHATUE O TEHCETPUTHBIX CBA3SX, TAKMX, KOTOPbIE B ©KM3HEHHOM
NPOCTPaHCTBE Hallei LEMOCTHOM CUCTEMbl M3 MMEIOLLMXCS 3MeMeHTOB 00pasyloT LenoCTHble CTPYKTYpbI,
nepeBoAs «ynpyrocTby B «XeCTKoCTby. OTMETUM, YTO AesTenbHoCTb THK, BCex «npoXokeHHbIX» rnobanucTos 1
BCEX, KTO UX 0BCNYXWBAET, HECMOTPS Ha KaxXyLLYICS W nponaraHaupyeMyo KOHKypeHLmio, 0brnagaeT MOLHbIMU
TEHCErPUTHLIMU CBS3SIMWA U XapaKTepUCTMKamMu, YTO B 3HAUMTENbHOW CTeneHu u obycnaenuBaeT ycnex B
paspyLueHun bruocdepsl. ITomy cnyxat u peknama, u CMU, n oTnaxeHHble kKaHanbl cBA3u, (OMHAHCOB, TOBAPOB,
3Hepruun... Bce To, YTO eCTb B 3TOM CMbICMEe Y NMPOTUBOCTOALLUMX STOMY «HOOCKEPHBLIX» CTPYKTYP, HE MOXET
noka MATW HW B Kakoe CpaBHeHWe. HyxHbl kagpbl, CPEACTBa, «nyTeBas kapTa» AN BeAeHWs Takon paboTbl.
OT4eTNMBO 3peeT OLLYLLEHME, YTO anbTePHATUBbI MPAKTUYECKM HET.

7. HekoTopble 3agauvm (BMeCTO 3aKnoveHus)

npaKTVI‘-IeCKVI B HacTosdlweM U3NoXeHn HameyeHbl NLb HECKOJTbKO BO3MOXHbIX NNHWA paGOTbI, 3aKInoyeHne
ele aenatb paHo. BwmecTo aToro npueedem nuilb HEKOTOPble KOHCTaTalun 1 3aaadn, He No paHraM BaXXHOCTU.

o Onpe,qeneHHo MOXHO (*)VIKCVIpOBaTb NOBOPOT HAY4YHOr0 CO3HAHUA K HeusbexHocmu (*)OpMI/IpOBaHVIFI
«NHCTUTYTOB cornacnsa» U 30H KOMNPOMUCOB.

e Mccneposatb nopoxpatoiine CBOMCTBA TaKoro 00bEKTa, Kak «3HaHNe-OpNEeHTUPOBaHHAA 3KOHOMUKa».
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o OuyeHb BaxHa ponb cpedbl (3akas, OrpaHUYEHHOE BOCTIPUATUE, CONPOTUBIIEHME), porb 06pa3oBaHHOCTY,
WH(OPMUPOBAHHOCTH, MHADOPMALIMM (CO 3HAKOM + UMK —), MPOCTO 3HAHWS O HOBLLECTBAX (TEHCUHT).

e CucTemoriornyeckas 3afaya: paspaboTaTb Takue MeTOAbl M MpUEMbl arpervpoBaHusi, NMPU KOTOPbIX B
pesynbTaTe NonyynBLLEroCs (reHepann3oBaHHOM) NPEACTABINEHUS COXPaHSNNCL Obl OCHOBHbIE YepTbl
1 OCHOBHasi MHpOPMaLLWSt OT HIKHWX YPOBHEIA. [py 3TOM UMETb B BUAY TPU TUNA arperypoBaHus:

A) no TepputopuM (N0 MPOCTPAHCTBY) — NPaKTUYECKM Nobble [ATYMKM NOKA3bIBAKOT NOKambHbIE, B TOYKAX,
3amepbl. A HyXHa reHepanu3auus, 0606LieHe No TeppUTOPUM (ropoaa, CTPAHDI, PETUOHDI).

B) no BpeMeHW — OLeHUTb (arperMpoBaTth) HaKOMMEHHbIA pesynbTaT gerpagauuy (Mnu passuTua?) gaHHOro
apeana, BPEMEHHYI AMHaMUKY BO3LENCTBUS AaHHOTO (hakTopa Uim rpynnbl hakTopos.

B) no coBMecTHOMY OEACTBIO, — CUHEPTETUYECKMIA 3ChdHEKT (CO 3HAKOM + UMK —); MPUMEPLI 13 COLMarbHOM
KU3HW, CKaXXEM, HaLMOHaN-coLman1am 1 xopoLuas (unu nroxas) SKOHOMUKa, COBMELLEHUE Pa3HbIX NOMKTaHTOB.

o KpaiiHe Heobxoamma pa3paboTka MexaHu3ma [nst OLEHOK — B6e3 3Toro pedhnekcust (a 3HaUMT — 1 BbIBOAI,
W CO3HATENbHOE NPOABIKEHINE) — HEBO3MOXHbI. TO BaXHbIN SNEMEHT MeXaH13Ma CamoomnpeaeneHus,
(opmmupoBaHne 0bpamHol c8A3u 0BOMX 3HAKOB, — W AN YCTOMYMBOCTM, W NS OpeaHu3ayuu
reHepupoBaHNs HOBOTO.

e CucTemoriornyeckasi 3afjava: Kakue MexaHuambl [OMKHbI ObiTb paspaboTaHbl 1 BKMKOYEHbI Anst
MPeofoNeHNst NOCTOSHHOMO OTCTABaHUsi COLMArbHOrO CO3HAHWUS; € 3Ta CUTyauusi 0GbekTUBHa W
HeNpeoaonnMa — kak 3To CrefyeT KOMNeHcUpoBaTh?

e MoxeT ObiTb, OAMH W3 NyTeil peLleHUs 3TOW 3ajayu NEXUT B CTAHOBNEHUW, Pa3BUTWUM U peannsaLmuu
pe3ynbTaToB UCCMEefoBaHNA B HOBOW Hayke «coLnodeHeTukey» (BBoanMbIN Heonormam — A. K.), 3agava
KOTOPOW MOXET COAepXaTb W3y4YeHUe CoyuanbHO 0c8ausaeMoe0 HeHacne0CmeeHHO20 HOB8020,
aHanorMyHoO 3TUM UaesM B TeopeTuyeckoil Gronorum [6].

e Cuctemonornyeckas 3afava: uccrnegoBaHne Bonpoca 0 TOM, Kakue YepTbl HOBOMO NPOSIBNSIKOTCS, HOBOE —
B 4yem? To ecTb, - Kakue, COBCTBEHHO, M3MEHEHUSI MMEIOT MECTO B COLMAmNbHOM XW3HM B LiENOM — B
KONMYECTBEHHOM, KQYECTBEHHOM NrlaHax, B CUCTEME CBA3EH, B MAPHbIX COYETAHWX UMK BCe TP BUAaA
M3MeHeHMI ogHOBPeMeHHO. Heckonbko 6onee noapoBHo 310 Bbino paccmMoTpeHo B [7]. CyLlecTBEeHHOM
METOLONOTMYECKO 3apaver 30ecb SBMSETCS MONyYeHMe OLEHKM HanpaBneHHOCTU U MpUpOoAb
BO3HMKAIOWWMX M3MeHeHui. Cloaa ke MOXeT ObITb OTHECEH 1 BOMPOC O TOM, KakoB XapakTep (npupoga)
nepexoda 0emepmMuHaHm 8 MUPOBOM COOBWECMee — OT 3aKOHa KOHKYPEHLMM K 3aKOHY koonepawuuu, -
Kakie NpomcxoasT uameHeHusi? Kak opraHu3oBaTb OCMbICIIEHHYIO coumanbHyto pednekcuio? Komy B
couMyme oHa [omkHa ObiTb npucywa? Kak BOCMMTbIBaTb CaMOOMEEMCMEEHHOCMb, BHYTPEHHIOK
LeHaypy? Kak BHeLpuTb NpeanoxeHHoe ak. B. MeTpakoBbIM MOHATUE «OTArOWEHHast COBCTBEHHOCTbY?
— HE HOBbIN Nepeaen yxe NPUCBOEHHOTO, @ NOCef0BaTENbHOE BO3BpALLEHIe JOMra (Hanoramm u ap.).

o Kakue xepTBbl JOMKHA NPUHECTM YenoBeYeckas CUCTEMA, YEM MOXHO, YeM CriefyeT NoCTYNUTLCS BO UMS
coxpaHeHus Oypywero? Kro W Kakue [OMKeH caenatb YCTYMKM B 9TOM  apXUCIOXHOM
coumanbHoi/coLmanbHO-9KOHOMUYECKo cucteme? Beab MHOMOKpaTHO MOHSTHO, YTO OYEeHb MHOrve
Yrpo3bl NOPOXAEHEI PasBUTMEM, CTAaHOBNEHNEM «0bLLeCTBa NOTPebneHns». MHdopmMaLmoHHbIA npecc,
peknama, npumepsbl, Npn3biBbl (BCE 3TO 04EHb HEBGECKOPBLICTHO) (hOPMUPYIOT CoLMarnbHOe CO3HaHWe B
CTOPOHY (DETULLIN3ALMA MaTeprarbHOroO U MaTepuanbHO-TEXHUYECKOro pocta. A cTapble MbICAINTENM 1
WX nocnegosaTenu (M Cpean HWX OaMH U3 nepBbix «HoocepucToB» Ha 3anape Tensip ae LWapgeH)
FOBOPMIM, YTO OCHOBHOI Uaeei, OCHOBHOW TeHAEHLMEN (hopMUPOBaHUs HOOC(EPHOTO MUPOBO33PEHMS
ans Yenoeeka gomkHo ctate: HE MMETb, A BbITb. B 3tom npaBune — upesBblyaitHo 6oratoe
copepxaHue. Metogonornyeckas, a noTom 1 MHGOPMaLMOHHas 3a4ada 34ecb COCTOUT, MOBUAMMOMY, B
TOM, 4TOObl KapawHamnbHO W3MEeHUTb B COLMANbHOM CO3HAHWMM MPEACTaBEHWME O KelaeMoM W
HeoBXOAMMOM YPOBHE XW3HM coumryma. MaTepuanbHo-(hHaHCOBas KOMMOHEHTa JoMkHa ByaeT urpaTtb
BCE MEHbLLYI0 pOrb, YNyulleHue Xu3Hu BydeT MpoMCXOaMTb 3a CYeT yryuylleHus ee kayecTsa. M
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4enoBeYECTBO 3HAET MpeKpacHble MpUMepbl PELIeHNs TakuX 3adad, NpuyeM MpuMepbl MaccoBble M
coBceM HepaBHue: B CoeanHeHHbIX LLTatax BCero Heckomnbko NeT Hasag B pesynbTaTe NpOBEAeHWS
20cy0apcmeeHHol  UHGOPMALUMOHHOW, OPraHU3aLMOHHON  (aAMMHUCTPATUBHOM) U (OMHAHCOBOW
kamnaHuM yganock caenatb Tak, 4to kypenue (!I!) ctano HemoaHbIM. KTo cumtaeT cebs cyactnmsbiM?

e OTO NPUBOAMT €LLe U K BaXHON COLManbHO-METOA0MOMMYECKomn (He nobonMes Takoro HOBOTO COCTaBHOMO
MOHATUS — NOKa HET CMOB ANs ero afekBaTHOro MMEeHOBaHWS) 3afade: POPMUMPOBaHIE HOBOW CUCTEMbI
(v wkanbl) nompebHocmeli. Mo3sonto cebe HaNOMHUTL Be33N0BHbIN aHeKaOT Havana 60-x: cryckatoch
1 B raCTPOHOM, @ TaM Haj NPUaBKOM ManeHbKUin TpaHCNapaHT: «CerogHs noTpebHOCTY B Macne HeT.
Hy, HeT cerogHs notpebHocTu B «MycTaHre» u «deppapuy, B 5-TUITaXHOM KOTTemxe, B 6€3ayMHbIX
TpaTax SMeKTPUMYECTBA, B AMKMX pacxodax Ha non-acTpady, B YCTaHOBKaX 3annoBOro OrHs...

o Ponb npaButenscte: novemy OkuHaeckas Xaptusi (0 chopmupoBaHun MHdopmaumonHoro O6LwecTsa)
Obina npuHaTa 6e3 0cobbIx NMPEnAaTCTBUW, a OBWMXeHUe «Puo» BCe BPEMSI UCTIbITLIBAET TPYOAHOCTW?
OkvHaBckas XapTusi BOBCE He TOPMO3WUT pa3suTue Bombluoro BusHeca, Ha0bOPOT, a SKONOrNYECKMI
“MNepaTyB — CUNbHO TOPMO3NT SKCTEHCUBHOE, T. €. NPOCTOE U HakaTaHHoe 3apabatbiBanne aeHer THK.

e CyxpaeHvie B. BepHaackoro o ponm vppaynoHanbHoro B pasyme (MakyHbl MCNONb3YIOTCA ANs 3anONHEHMS
HOBbIMM CMbICITaMK, AN OCMbICAIEHNS); NPOBEPKA COLManbHOM MPaKTUKON, YPOBHW NpoBepKy!

HekoTopble 13 ykasaHHbIX 34€Chb NO3WLMIA NpeanonaraeTcs paccMOTPeTb B MPOAOIIKEHUM HAcTosLen paboTbl.

BnaropgapHocTu

Hactoswwas pabota 6bina BhINOMHEHa NpW noggepxke MHTepHaumoHaneHoro npoekta ITHEA XXI WHctutyTa
nH(opMaLMoHHbIX Teopun M ux npunoxenuin FOI ITHEA wn KoHcopuwyma FOI Bulgaria (www.ithea.org,
www.foibg.com), B CBA3M C YeM aBTOP M BbipaxaeT CBOK MUCKPEHHIOW BriarogapHoCTb.
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KOHUENUWNA PASPABOTKW ANATHOCTUYECKUX KOMMBIOTEPHBLIX
TPEHAXEPOB HA OCHOBE 3HAHUIA

Banepwus pubosa, MNpuropun Ocunexkos, Cepren Coa

AHHOmauyusi: B danHol pabome npedcmaeneHa obujasi KOHUenuusi pa3pabomku AuasHOCMUYECKUX
KOMNbIOMEPHBIX MPEeHaxepos Ha ocHoge 3HaHul. CchopmynuposaHbl OCHOBHbIE NOMOXEHUS KOHUenyuu,
onpedeneHa Mmodenb OUaeHOCMUYECKO20 KOMNbIOMEPHO20 MpPEHaxepa, €€ OCHOBHbIE KOMNOHEHMBbI.
[MpedcmasneHa KoHuenmyanbHasi apxumekmypa UHCMpyMeHmarnbHo20 cpedcmea 07l NPOEeKMUPOBaHUS,
peanu3ayuu u omnadku duazHOCMUYECKUX KOMNBIOMEPHBIX MPEHAXEPO8.

Knioueenie cnoea: OHMonoausi, KOMNbKMEPHbIL MpeHaxep, OuacHOCMUYECKUL KOMNbIOMEPHbIL MpeHaxep,
gupMyarbHasi peanbHoCMb, UHCMPYMeHMarnbHoe cpedcmeo.

ACM Classification Keywords: D.2.2 [TexHonoesus npoepammuposaHus]. Memodsl u cpedcmea
npoekmupogaHus D.2.10 [TexHonozusi npoepammuposarus]: lpoekmuposaHue---memodosnoausi; H.1.1 [Modenu
U npuHyune1]: Teopus cucmem U UHghopmayuu---0buias meopusi Cucmem.

Conference: The paper is selected from XVth International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

OcHoBHbIMI TpeGoBaHUSIMM COBPEMEHHOTO 3Tana K TEXHONOrMM pa3paboTki NporpamMMHbIX CPEACTB SBRseTCs
CHWXEHMe CTOMMOCTU pa3paboTku U ynpoLeHre MOaUULMPOBaHMS. OTO MOXeT ObiTb AOCTUTHYTO 3aMeHOM
MpoLeypHOr0 KOl BbICOKOYPOBHEBLIMM  [1eKNapaTUBHbIMU - OMUCAHWSIMK, ABTOMATUYECKON reHepaLmeit
MpoOrpaMMHOro KoAa No AeKnapaTMBHOMY OMMCaHMI0 NGO MHTepnpeTauuen 3TOro OnUCaHWUs!; MOBTOPHbLIM
NCMONb30BaHWEM, pasfenbHbIM MOAUGULMPOBAHNEM apPXUTEKTYPHbIX KOMMOHEHTOB; pasaerieHneM Kaxgoro
apPXUTEKTYPHOTO KOMMOHEHTA Ha COCTaBISIOLLME, TaKkKe JOoMyckatolne Ux pasaernbHoe MoauduumposaHie. Bee
yKasaHHble Bbille TPeGOBaHMS M MeTodbl WX [JOCTUXEHUS B MOMHOM Mepe OTHOCATCS K pas3paboTke
AMArHOCTNYECKMX KOMMbIOTEPHBIX TPEHAXEPOB.

MMoTpebHOCT B KOMMBbIOTEPHBIX TPEHaXepax CTPeMUTENbHO Bo3pacTaeT. B nutepartype oTMevaeTcs, 4to
NCMOMNb30BaHNEe TPEHAKEPOB YNyyllaeT KavyecTBO M 3(GEKTUBHOCTL OOYYEHWS; 3HAYUUTENBHO CHUXKAET ero
CTOMMOCTb; AaeT 00y4aeMbIM NPakTUYECKME HaBbIKWM 4O Hayana ux paboThl B peanbHbIX YCIOBUSX, NpU 3TOM C
MOMOLLIbIO TPEHaXepoB UMeeTCs BO3MOXHOCTb «MpoMrpaTb» PasniyHble BO3MOXHbIE CLEeHapun, 4To 6e3 ux
1CNONb30BaHNS peanu3oBaTh OYeHb CMOXHO; 06eCneYnBaeT BO3MOXHOCTb YAaNeHHOro 0byyenus [1, 2, 3, 4].

HeCMOTpﬂ Ha O4YeBUOHYIO BOCTpGﬁOBaHHOCTb KOMMbKOTEPHbIX TPEHaXepoB, B HACTOALlEE BPEMA OHU HE
NOJTY4nIIM LUMPOKOro NPaKTUYECKOro MCNosib30BaHUA. MmaBHas npoGnema COCTOUT B TOM, 4YTO UX p83p860TKa,



28 No:12 - Human Aspects of Artificial Intelligence

oTragka M COMPOBOXAEHME, OKasbIBATCA Ype3BblvailHO Tpymoemkumu [5, 6, 7]. Ha cerogHAWHMA AeHb
KOMMNbIOTEPHbIE  TPEHaXepbl CO3[4AlTCA  BbICOKOKBANMMULUMPOBAHHLIMIA  KOMaH4AMW  NPOGECCUMOHANbHbIX
NPOrpaMMIUCTOB, WMEIOLYMX COOTBETCTBYIOLLYID KBaNM(MKaLMIO M Crleuyuanu3aumo C  UCNoNb30BaHUEM
Pa3HOPOAHbLIX NPOTPaMMHBIX CPed M KOMMOHEHTOB (MPOrpaMMHbIX OMOMMOTEK), BKMHOYAKLWMX  cpedpl
nporpaMMmUpoBaHus, rpaduyeckue nakeTbl, —CreuuanusvMpoBaHHoe nporpaMmHoe —obecrievyeHne  Ans
NPOEKTMPOBAHWS BUPTYanbHbIX cpef 06yYeHus, co3aaHMs aKCnepTHbIX cuctem u T.4. [8, 9, 10, 11].

Lenblo fgaHHO paboThl #BMSIETCA  OMMCaHMe OOLLEA KOHLENUMM CO3OaHMs  CreLmaniapoBaHHbIX
MHCTPYMEHTArbHbIX CPEACTB ANs MPOEKTUPOBaHMSA, TeHepaLuv W OTNafKu AMarHOCTUYECKMX KOMMbHOTEPHbIX
TPEHaXepoB.

MoHATHUE AUarHOCTMYECKOro KOMNbLIOTEPHOrO TpeHaxepa

KomnbtoTepHble TpeHaxepbl (B NUTepaType Takke WUCMONb3YHTCS TEPMUHbI «KOMMbIOTEPHbIE WMUTALMOHHbIE
TPEHaXEPbI», CUMYNATOPbI) — SBASIOTCS OTAENbHbIM KMAccoM MpOrpaMMHOrO 0BEeCcreyeHus, KOTOpbIA K
HacTOsILLEMY BpeMEeHN Nnomy4nn Hauborbluee pasBuTIe Tam, rae owmMbKu npy 0By4eHUn Ha pearnbHbix 0GbeKTax
MOTYT MPUBECTM K Ype3BblYailHbIM NOCNEACTBUSIM, @ UX yCTpaHeHne — K GonbLUMM (hMHAHCOBLIM 3aTpaTtaM: B
BOEHHOM fJene, MeauLyMHe, NMKBAALMN NOCNEACTBUIA CTUXUIHBIX GEACTBIA, B aTOMHON SHEPreTUKe, aBuaLlim U
KOCMOCe, BbICOKOTEXHOMOTMYHOM NPOM3BOLCTBE U T.A.

KomnbtoTepHble TpeHaxepbl B 0BLiEM Cryyae SBASAKOTCSA COXHbIMWA NPOrpaMMHO-annapaTHbIMU KOMMeKCamu,
codepXaliumn CpeacTBa MOAENWPOBaHUS, aHann3a, CUMyNsuMW, BW3yanu3auuu, BKMOYas BUPTYanbHYH
pearnbHoCTb [12].

OcHoBHble 3aa4n, KOTOPbIE PELLAIOTCS C MOMOLLBIO KOMMbIOTEPHBIX TPEHAXEPOB, — TEOPETUYECcKas NOLrOTOBKA
obyyaemblx, 0TpaboTka y HUX MPAKTUYECKMX HABBLIKOB W 3HAHWIA, @ Takke WX NpoBepka u TectuposaHue [1]. Mo
XapakTepy CTOSLMX nepes TPEHaxepamn 3agay MOXHO BbIAENUTb TPW TUNA TPEHAXKEPOB:

— TpeHaxepbl, NMpeaHasHauYeHHble Ans OTPabOTKM MPaKTUYECKMX HABLIKOB M 3HaHMIA (B TOM 4ucne
[MarHocTuyeckme, oOyvalolMe  NOCTAHOBKE AMarHo3a, YCTaHOBMEHMIO NPUYMH  HEUCNPaBHOCTM
aBTOMOOWNA, KOMMbOTEpa U T.4.),

— TPeHaxepbl, NpeAHasHa4eHHble ANs 0TPabOTKM MOTOPHO-PECNEKTOPHBIX PEAKLMA U HABLIKOB,
— CMeLLaHHbIN TN TPEHaXepoB.

TpeHaxepbl, NpeOHa3HayeHHble NS OTPabOTKM MOTOPHO-PECNEKTOPHBIX pPeakUuii 1 HaBbIKOB, MOMUMO
MpOrpaMMHbIX CPELCTB COAEPXKAT CreLan13npoBaHHbIe annapaTHble CPeLCTBa.

OCHOBHbIMM ~ (PYHKUMAMM  AMArHOCTUYECKUX TPEHAXEPOB NpW NPOBEAEHUM AMArHOCTUKW MONb30BaTeNsaMM
(0obyyaeMbiMm) ABNSIOTCS:

— BbIGOp HEOOX0AMMOro U JOCTAaTOYHOrO Habopa HabMoAEHMI M3 MHOXECTBA BCex HabmioaeHUi, KoTopble
HeobX0AMMbI Ans AMarHOCTUKN HEKOTOPOro 0BbekTa (YenoBeka, aBTOMODUNSA, KOMNbIOTEpa U T.4.);

— npoBeaeHue HabntogeHun n3 BeIopaHHoro Habopa;
— [uarHocTuka obbekTa (MOCTaHOBKA [uMarHo3a, YCTaHOBMEHME HEWCMPaBHOCTW WM ApP.) Ha OCHOBe
NpoBefeHHbIX HabnoaeHUIA;
— MPOCMOTP AONYLIEHHBIX OLLMOOK 1 UX OBBACHEHMI.
BaxHoi (DYHKUMEN AMAarHOCTUYECKOrO KOMIMBIOTEPHOTO TPeHaxepa ABNAETCA (POPMUPOBAHME Pa3nMYHbIX

ANarHoCTUYECKMNX CUTYauun (ynpaHeHWi), a Takke obecrneyeHne peanucTUYHOCTY NPOBOAMMBIX HAGMOAEHMIA
(Mcnonb3oBaHUe TPEXMEPHON rpaduku, aHUMaLwK, 3eyKa).
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OCHOBHbIE NONOXeHUsI KOHLENLUM U 3Tanbl pa3paboTKu ANarHOCTUYECKMX KOMNbIOTEPHbIX
TpeHaxepoB

OCHOBHbIMM NONOXEHWUAMM KOHLENUUKM pa3paboTkM AMarHOCTUYECKUX KOMMbOTEPHbIX TpeHaxepos (OKT) Ha
OCHOBE 3HaHWi ABNAOTCA:

1. 3ameHa NPOEKTUPOBaHNA, peanu3alnn Ha A3blke NporpaMMmMpoBaHna KM CONPOBOXAEHUA ,D,KT
NPOoeKTMpoBaHNEM 1 ConpoBoXaeHNEM ero MoAdesn.

2. OGecnevenne dyHKUMOHMPOBaHMS KT uyepes MHTepnpeTauuio €ro Mogenu U reHepauuio no Hei
BMPTyarbHOr0 MMpa KOMMbIOTEPHOTO TPEHAXEPa.

3. lpepoctaeneHne pa3paboTumMky W COMPOBOXAAMOLEMY NPOrPaMMUCTY CPEACTB NPOEKTUPOBAHUS
mogenu n otnaaku OKT.

4. PaspeneHue moaen KT Ha KOMMOHEHTbI, B COOTBETCTBUM C rpynnamu CrieLMan1cTos, y4acTBYHOLUX B
ero paspaboTke 1 3a4a4amu, KOTOPbIE OHY PEeLLatoT.

5. Ona kaxgoro komnoHeHta Moperm [KT paspabotka OHTOMOMMW W pedakTopoB, YnpaBRsSEMbIX
OHTONOTUSIMKU, B TEPMUHAX KOTOPLIX CreuuanucTbl CMOrYT MNPOEeKTUpoBaTb M MoaUULMPOBaThL
COOTBETCTBYIOLLME KOMMOHEHTLI Mogenu JKT.

Paspabotka KT moxeT ObiTb CBEAEHA K CieayioLLyM nocnefoBaTeNibHbIM Tanam:

1. Bblbop pasgena nmpegmeTHoOi obracTi, MOCTAHOBKA 3afgauv AMarHoCTUKW WM POPMMPOBAHWME OMUCaHWS
AMarHoCTUYECKNX 3HaHWUIA. 3HaHWS O AWarHOCTMKE BKIHOYAIOT ONKUCaHNe 3HaHWN O HabNIOAEHNSX, KOTOpble MOTyT
ObITb NOMyYeHbl Y 06bEKTA ANArHOCTUKM, O AMArHOCTUPYEMbIX COCTOSHUSX U NPUYMHHO-CIIEACTBEHHbIX CBA3SAX.
HabntogeHns sBnstoTcs M3MepsieMbiMA CBOMCTBaMM OObeKkTa AMarHOCTWKM. [JuarHocTMpyemble COCTOSHMS
npeacTaBnsAT coboi OnucaHue COCTOSHWA OOBEKTOB [AMArHOCTWKM, KOTOpble He MOryT ObiTb Hanpsmyo
N3MepeHbI, @ ONpeaensTCs Ha OCHOBE COBOKYMHOCTM 3HAYEHWUI HabniogeHui (Hanpumep, HEKOTOPbIN ANarHo3
— 3TO COBOKYMHOCTb ONpeaeneHHOro NOAMHOXECTBA 3HAYEHUN HaboAeHNN, KOTOpbIE MOTYT ObITb MOMYYEHb! Y
obbekta amarHoCTuky). MNpUYMHHO-CNIEACTBEHHbIE CBA3WN ONPEAENSIOT OTHOLEHWS Mexay HabrniogeHuaMn
AMarHocTMpyeMbIMU COCTOSHUSIMM.

2. OnucaHue cleHapus npoBedeHus HabnogeHnid. Kaxaoe HabnoaeHe MOXeT MpuHMMaTh OnpedeneHHoe
MHOXECTBO 3HAYEHW Yy KOHKPETHOro 0BbekTa AMarHOCTWKW. BaxHbiM aTanom obydveHus npu nomoww OKT
ABnseTcd 0TpaboTka NOCNEAOBATENbHOCTM [OEWCTBUIA MO MOMYyYEHMIO 3HAYeHWd Habnogewwin. [Ons
MOZENMPOBaHMs 3TOr0 mpouecca HeobXoaumo: onmmMcaTb MHOXECTBO ODBEKTOB UM OTHOLIEHWA MeXZy HUMMU,
rpadnyeckue 06pasbl M MHOXECTBO AEACTBUIA.

O6bekTbl 3a7alTCA CBOMM WMMEHeM W aTpubyTamu, KOTOpble MOryT MPUHMMATb 3HAYeHWs W3 3apaHee
OnpegeneHHoro MHOXECTBA, ONPeaensaTbCs TUMOM BO3MOXHBIX 3HA4YEHWN, BbITb BbIYMCISEMbIMM (B 3TOM Cly4ae
WX 3HAYEHWe 3aBWUCUT OT 3HaYeHuin apyrux atpubyTos), Nnbo rpadpuyeckummn obpasamu. patuyeckue obpasbl
— 3T0 aTpubyThl 00bEKTa, ONpeaensioLLe BHELHWA Bua 0ObekTa B BUPTYanbHOM MUPE TpeHaxepa.

OTHoLLeHus Mexay oObekTamm Takxke Kak 1 06beKThI MOryT UMETb anVI6yTbI.

[leictBne onpenensieTcs YCnoBUSIMA W Pe3ynbTaTOM BbINOSHEHWS. YCOBUSIMM BbINOMHEHUS AeiACTBUS
SBNATC  COOLITUS, VHULMMPOBAHHbIE MONb30BATENAMM, MPOUCXOAsLIME B pesynbTaTe  3aBepLUEHUs
BbINOMHEHUS [PYrUX AEACTBWN, NMBO Korga 3HayeHWst aTpubyToB OOGBLEKTOB M OTHOLIEHUIA MPUHUMAKT
onpeaeneHHble 3HaYeHus. Pe3ynbTaToM BbINOMHEHUS AEACTBIUA MOXET ObiTb M3MEHEHME 3HAYEHWI aTpubyTOB
06BEKTOB UMW OTHOLLEHMUIA, 3aMyCK Ha BbIMONHEHWE APYTUX AEACTBUN.



30 No:12 - Human Aspects of Artificial Intelligence

3. OnpeneneHne OTAENbHbIX YNpaXHEHUr W ux onucaHue. OCHOBHbIM Ha3HaYeHUEM TpeHaxepa SBRseTCs
obecneyeHre BOMOXHOCTI MHOTOKPATHOI NPOPabOTKM PasnuyHbIX AUarHOCTUYECKUX CUTYaLMIA. B To Bpems kak
CLieHapuil HabmoAeHMiA NO3BONSET ONPEENUTb MHOXECTBO BCEX BO3MOXHbIX COCTOSIHUA BUPTYarbHOMO MUpa,
onMcaHue ynpaxHeHW npeaHas3HauyeHo Anst 0TPabOoTKM OTAENbHbIX 3a4ay4 AUArHOCTUKN.

4. OnucaHune npaBun OLEHKN AECTBIIA 0By4aeMoro u npasus NOCTPOeHUs 06bACHEHN. BaxHon dyHkumen OKT
SBMSETCA He TONMbKO OTpaboTKa NPaKTUYECKMX HaBbIKOB, HO Takke OLEeHKa pesynbTaToB MPOBEAEHMs
ANarHoCTUKN 1 06BACHEHME OLLMOOK, COBEPLUEHHbIX 00Y4aeMbIM NPy NPOBELEHNN QMATHOCTUKM.

5. MporpammmpoBaHme cneuntunyHbIX Ans BbibpaHHOM NpeaMeTHO 06nacTu yHKLUWN, KOTOpble HEOBXOANMbI
ANS BblYMCNSEMbIX aTPUBYTOB 1 pe3ynbTaToB BbINOHEHUS AEACTBUN.

B cooTtBeTCTBUM C 3Tanamu, MOXHO BblAENUTb Criedytowue rpynmbl CeumanicTos, NPUHUMAIOLLMX yyacTve B
paspabotke [KT: skcnepT npeameTHoi 06nacTi, an3anHep, NPOrpamMMUCT.

3apaum npoektuposanusa KT Ha atanax (1), (3), (4) pewatoTcsa akcnepTom NpeaMeTHoM obnacTu.

3apaun npoektupoBaHus [KT Ha atane (2) pewatoTcs COBMECTHO 3KCMEpTOM NpeaMeTHon obnactn u
[M3aliHepoM. OKCNEPT OMUCHIBAET CYLLECTBEHHbIE ANs NpeaMeTHOM 06nacTi 06bekTbl, Ux aTpubyThl 1 AENCTBUS
(nornyecknin ypoBeHb). [usanHep BbINOMHAET OnNMCaHne SONONHUTENbHBIX aTpUbyTOB 06BLEKTOB, a Takxe BBOAUT
HOBble 06bEKTLI, HEOBXOAMMbBIE 4115 BOCPOM3BEAEHUS BUPTYanbHOrO Mupa; hopMupyeT rpacmdeckue obpasbl,
3a0aeT AONONHUTENbHbIE aTpUbyThbl, NO3BONSAIOLME TOYHO MO3ULMOHMPOBATL OOBEKTLI B BUPTYanbHOM MUpE,
[06UTLCSA MX peanuCTUYHOrO BiAa U peakLun B OTBET Ha MPONCXOAsLLMe AeCTBUS (YPOBEHb NMPEACTABNEHNS).

3apauu atana (5) pelaloTcs NPOrpamMmMUCTOM.

KomnoHeHTbI mogenu auarHocTu4eckoro TpeHaxepa

B coOTBETCTBUM C NpeanoXeHHoN KoHuenuuen, mogdens OKT gomkHa cogepxatb BCO MHOpMaLMIo, kKoTopas
Heobxoguma Ans ero PyHKUMOHUPOBAHNUS U MOXKET NOABEPTHYTHCA U3MEHEHWIO B XM3HEHHOM LMKIE, a Takke
ponyckatb aBToMaTuyeckyto peammsaumo [KT (cpeactBamu unTepnpeTaumun). Mogenb koHkpeTtHoro [KT
CO33aeTCs Ha OCHOBE OHTOMOMMIA, KOTOPbIE OMUCHIBAOT MHEOPMALMIO O KXOOM Er0 KOMMOHEHTE.

Ha ocHoBe cchopMynMpoBaHHbIX Bbille 3a4a4, MOXHO BbIAENUTb CrieaytoLye KOMMOHEHTbI, U3 KOTOPbIX COCTOUT
Mofenb TpeHaxepa:

— MOfENb [JNarHOCTUYECKUX 3HaHWiA, COCTOSWAs W3 HaOMoAEHWA, OMArHOCTMPYEMbIX COCTOSHUN,
MPUYMHHO-CELICTBEHHbIX CBA3EH MeXy HabMOAEHNAMI U AMArHOCTUPYEMbIMI COCTOSIHUSIMM;

— MOAENb 06LEKTOB U AENCTBUI TOTUYECKOTO YPOBHS;

— Mogenb 06BEKTOB U AENCTBII YPOBHS NPEACTaBNEHMS;

— MOAENb CLeHapneB HabnoaeHu;

— MOAENb YNpaxHEHUI;

— MOZenb OLEHKN AeicTBuin 06y4aemoro 1 06BACHEHUI NOCTABMNEHHON OLEHKM.

B COOTBETCTBUMM C KOHUENUMen KaxaoMmy KOMMOHeHTY mogemm KT cooTBEeTCTBYET OHTOMOrMSA, KoTopas
ONMUCbIBAIOT WMHMOPMALMIO O COOTBETCTBYKOLEM KOMMOHeHTe mogenu [KT. dopmupoBaHue KOHKPETHOrO
komnoHeHTa mogenu JKT cBOAMTCA K BbIAENEHWIO NOAMHOXECTBA U3 COOTBETCTBYIOLLEHA OHTONOMM 1 YTOYHEHUM
3HAYEHUI ee XapaKTEPUCTHK.

Konuem'yanbl-laﬂ APXUTEKTYypa AUarHoCTU4eCKUX KOMNbHOTEPHbIX TPeHaXepoB

OcHoBHbIx nonb3oBateneit KT MOXHO pa3genuTb Ha ABE OCHOBHbIE TpyMbl — 0byyaeMble 1 MpenoaaBaTeniy.
OcHoBHas aeATenbHOCTb 06yYaemblx — MPOBELEHWE AMArHOCTUYECKUX HabMioaeHui B BUPTYanbHOM Mupe
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TpeHaxepa, AunarHoCTuKa 00BLEKTOB; OCHOBHAs AEATENbHOCTb npenouaBaTeneﬁ — (*)OpMVIpOBaHMe Kypcos
o6yL|eva M KOHTPONb AeATeNnbHOCTU o6yqaeMblx.

B cootBeTcTBMM C rpynnamu nonb3oBatene, B [OKT BblAENATCA KOMMNOHEHTbI, MpeaHa3HaYeHHble ans
NpoBeaeHUs AMarHOCTUKM 1 €r0 HAaCTPOIKM (CM. puc. 1).

,[ll.ﬂEII'HDCTMLIECKI.'IIﬂ KOMMbHITEPHLIN TPEHaKED

[NpoeeneHme oby4eHNA Hactpoiika obydeHuA
Mopene  F--1--f
OKT [NoaroToBka BapuaHToB
. YNpaHEHMI
A
,‘.__

WHTepnpetatop mogenu KT

(opmupoBaHme

['eHepaTop BMPTYankHON peansHoCcTH rpynn obydaembIx
F Y F 9 F 3
.
Y LJ
Oby4aemeln lpencgaearens

Puc. 1. OCHOBHbIE KOMMOHEHTbI AMArHOCTUYECKOrO KOMMBIOTEPHOTO TPEHaXKEPa.

[ns npoeeaeHus AmarHoCTMkM Heobxoamumo paspabotatb mogens [KT, a Takke, B COOTBETCTBMM C
NPEAnoXeHHON KOHUenuuen, WHTepnpeTaTop ero MOogenu W reHepatop BMpTyanbHOW peanbHocTu. [ns
NpoBedeHUs HacTpolku Heobxogumo paspabotaTb CPeAcTBAa NOATOTOBKM  BapWaHTOB  YMPaxHEHWA,
thopmupoBaHue rpynn obyyaemblx, pacnpedeneHue BapUaHTOB YMPaXHEHWA MEXOy YneHamu rpynnbl
obyyaembix no mogenu OKT.

MHTEpnpeTaTop MOOENM OCYLUECTBNSIET aHanM3 W BbiMONHEHME (COBCTBEHHO MHTepnpeTauuto) mogenu OKT;
reHepaTop BWPTYyanbHOW peanbHOCTW MpeaHa3HadeH Ans otobpaxeHus BupTyanbHoro mupa [OKT, npuema
yNpaBnsowWmUx KOMaHa OT NOMb30BaTeNs M WX Nepedady MHTepnpeTatopy mogenu Ha obpabotky. [Mpu
nHTepnpeTtauu mopenu [KT 3HayeHuss HabniogeHun v apyre HavanbHble napameTpbl onpesensloTcs
KOMMOHEHTaMU HAaCTPONKKM NpoLecca 06y4eHus.
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B COOTBETCTBUAM C BbIAENEHHLIMU KOMNOHEHTAMM KOMMBIOTEPHOrO TpPEHaxepa,

rpynnamu cneunanucTos,

y4acTBYOLNX B €ro paspa60TKe M UX 3agadamu, aBTopamMu npeanaraetca cnedylowaa KoHuentyanbHas

apXMTEKTYpa MHCTPYMEHTanNbHO cpeabl npoekTuposanus KT (cm.
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&
—» JKcnepT

?

puc. 2).
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(Y HELLIIA

o r—--.

Basa dyHkyMiA
‘—\_,_____-____'____._.___,_.-—

b J

BrinonHenue v otnagka OKT

Mogens OKT

WHTepnpeTaTop Moaenk

OKT

l'eHepaTop BURTYANEHCA PeankHOCTY

S/

Puc. 2. KoHuenTyanbHas apxuTekTypa MHCTPYMeHTarnbHon cpeabl npoektuposanus JKT.

B cOOTBETCTBUM C NPEACTABIEHHON apXUTEKTYPOW, MHCTPYMEHTanbHas cpeda npoektuposaHus OKT coctout u3
pedaktopoB npoekTupoBaHns mogenn KT, cpefacts peanusauun cneumanuaMpoBaHHbiX YHKUMA, a Takke
cpedbl BbINonHeHus u otnagkm [OKT. PegakTopbl NpOEKTMPOBAHWS MOLENM YNpaBAStOTCA OHTOMNOTMSMU W
npeaHasHaveHbl 4ns 3KCnepToB NpeaMeTHoN obnactu u ausaitHepos. CpeacTBa peanusauun MatemaTnyeckmx,
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CTPOKOBbIX W T.M. (OYHKLMIA NpegHasHa4YeHb!l ANs ONUcaHns yHKUMIA B BUAE NOANPOTPaMM Ha anropUTMUYECKOM
A3blke W npuBedeHus ux K suay, Tpebyemomy ans pasmewjenus B mogenm OKT. Cpenctsa BbINOMHEHMS K
otnagkm OKT copepxat wHTepnpetatop Mogenu [OKT u reHepatop BMpTyanbHOA peanbHOCTW, a TaKkke
KOMMOHEHTbI ANns 3anycka MHTepnpeTaTopa 1 reHepaTtopa B pexume 0TNnagku.

3aknioyeHue

B HacToswwee Bpems Begetcs pabota Hag peanusaumei 4aHHoro npoekTa. K HacTosemy BpemeHn paspaboTaH
pAg OHTOMOMMN, HeobXoaMMbIX Ans npoekTupoBaHus mogenu [KT. Pabota Hag gaHHbIM NMPOEKTOM SBASETCS
pesynbTaToM MHOTONETHEro UCCrnegoBaHmMs, NPOBOAMMOrO COTPYAHWUKaMM VIHCTUTYTa aBTOMaTWKW 1 NPOLEcCoB
ynpasneHus [1BO PAH B obnacTtu pa3paboTku cpeacTs aBToMaTv3aunm npodheccuoHanbHoin AeaTenbHOCTH Ha
OCHOBE OHTOIOTMI W 3HAHWI, YTO BCENAET YBEPEHHOCTb B YCMELHOM BbIMOMHEHUM AaHHOTO NPOEKTa.

BnarogapHocTu

Pabota BbinonHeHa npu duHaHcosoi nogaepxke ABO PAH, npoekT 09-111-A-01-001
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PA3PABOTKA NOACUCTEMbl MOHUTOPUHI'A U ONPEAENEHUA
HEHADEXHOCTEW MHTENNEKTYANIbHON CUCTEMbI YNIPABNEHUS

Unba BacunbeB, EneHa AHTOHOBA

AHHOmayusi: B cmambe onucbigaemcs paspabomka U peanusauus UHMennekmyanbHol cucmembl
ynpagrneHusi modbMU Ha OCHOBE UX NCUXO02UYECKUX U JTUYHOCMHbIX Xapakmepucmuk. MIHmennekmyanbHas
cucmema ynpaerneHusi no3gosissem Onucbieamb 8bINOHSIEMble 3adayu u onpedensmb 0mMeemcmeeHH020
compyOHUKa Ha €€ B8bINOMIHEHUE, NPUMEHSIMb UHMennekmyanbHble Memodbl pacnpedeneHus KOHMPOIbHbIX
moyek, Memodsl onpedenieHuss HeHadexHoCmu U Momugayuu, Memodbl NPUMEHeHUs1 npouedyp ynpagrneHus..
Ocoboe eHumaHuUe 8 cmambe yoeneHo npobnemam paspabomku u peanusayuu nodcuCMeMbl MOHUMOPUH2a U
onpedeneHusi HeHadexHocmell. [ToOcucmema nossonsem onpedensamp nodxodsuwiue mMemodbl MOHUMOPUH2A,
Habop KOHMPOIbHbIX MOYeEK, pacnpedensieMbIX Ha NPOMSIKEHUU 6PEMEHU 8bINOMHEeHUs 3adayu, u munbi
HeHalexHocmell, Komopble MOXem nposiensimb compyOHUK. B cmambe oceewatomcsi OCHO8Hble Uudeu,
Kkomopsle 6biIu UchoIb308aHb! Npu pa3pabomke nodcucmems!.

Keywords: The Theory of Unreliable Elements, Knowledge Systems, Intelligent control.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

Introduction

Mpn pelweHun 3agay ynpaBreHWs KOMMEKTUBOM, Mpexae BCero, Heobxogumo [o6UTbCS  BbIMONHEHMS
NOCTaBMNEHHbIX MNepes COTPYAHMKAaMKM 3adaHWd B Cpok. B HacTosiee Bpems CyLiecTByeT MHOMO
aBTOMATU3NPOBaHHbIX CUCTEM YNpaBneHus npeanpuatuamu. Bce cuctembl BkmtoyatoT B cebs noacuctemy
NnaHMpoBaHNs npodeccnoHanbHon aestenbHocT. OpHako, Ans YCMELWHON YNpaBIieHYeckod AesTenbHOCTH
npeanpusTii - HeobXxoauMbl  aBTOMATWU3NPOBAHHbIE CUCTEMbI, paccMaTpuBaloliMe Iioden B KayecTse
HEHaaEXHbIX 3NEMEHTOB B CUCTEME NMAHWPOBaHWS. HW B OHOM W3 CYLLECTBYIOLMX aBTOMATU3MPOBAHHbIX
CUCTEM YNPaBIIEHUS YENOBEK He YYUTLIBAETCS KaK HEHALEXHDbIA 3NIEMEHT.

Ha ocHoBaHWM NpOBeEHHOro aHanu3a npeameTHol obnactu «YnpaeneHue nogsMu» Obina MocTpoeHa ee
MatemaTinyeckas Moaenb. OCHOBHbIMM KOMMOHEHTaMI MOLENN SBMAIOTCS 3a4ada, OTBETCTBEHHbIN COTPYLOHNK,
HeHagexHocTb [Ryabtsev, 2008]. Ha ocHoBe nomnyyeHHoM mogenu Obina paspaboTaHa M peanu3oBaHa
WHTENnekTyanbHas cuctema ynpasnenus (VICY). Ons pelleHns 3agady nnaHupoBaHus B pamkax MCY 6bino
PEeLLEeHO peann3oBaThb NOACMCTEMY MOHUTOPWHIA BbINOMHEHWS NaHa W onpeaeneHns HeHaaeXHOCTEN.

[inst ahheKTUBHOTO YNpaBMeHNst Ha NepBOHAYamNbHOM CTafu BbINOMHEHNS! 3a1a4n HeOBXOAUMO CraHMpOBaTh
npolecc ee pelleHus. B npouecce pelleHust 3agaus HeoGXOAMMO KOHTPONMPOBaTb MPOLIECC BbIMNOMHEHMS
3a7a4u, OLEHMBATb YCMELIHOCTb [OCTUIHYTbIX Pe3ynbTaToB M MPU HEOBXOAMMOCTU MEHSITb MnaH. YAo6HbIM
CPEACTBOM AMsi KOHTPOMS BbIMONMHEHUS MnaHa SIBMSIETCA WCMONb30BaHME KOHTPONbHbIX Touek. Takke
HEeOOX0AMMO Y4MTbIBATb HEHAZAEXKHOCTb, KOTOPY) MOXET MPOSBUTb COTPYAHWUK MpY BbIMOMHEHUN 3adauu.
HeHagexHoCTb MOXET ObiTb OnpedeneHa, MCXods W3 MHGOPMalLWM, KOTOpast ONMUCLIBAET COTPYAHMKA,
OTBETCTBEHHOIO 3a PELLEHe 3TOI 3afauu, a Takke UCMOMb3yst aHaNN3 NOMYyYeHHbIX OT COTPYAHWUKA OTBETOB Mpy
MPOXOXAEHUN KOHTPOMbHbIX TOYEK.
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Onucanue UCY

WHTennekTyanbHas cucteMa ynpaBneHust COCTOMT M3 2 OCHOBHbIX KOMMOHEHT: TMABHOIO (CepBepHOro)
NPUNOXeHNst Anst CybbekTa ynpaeneHus 1 KIIMEHTCKOTO MPUNoXeHUs Anst 06bekTa ynpaBneHus (0TBETCTBEHHOTO
COTPYAHWKA, HA3HAYEHHOr0 Ha BbIMONHEHWe 3ajaun). B 3amauM  CepBEPHOTO  MPUNOXKEHWUS  BXOAUT
npeaocTaBneHne CyobekTy ynpaBneHust CriedytoLmx BO3MOXHOCTEIA: onucaHue 3aayu, BKIoYas onpeaenexme
3TanoB, KOHTPOIbHBIX TOYEK M apTedakToB; ONpeaeneHe OTBETCTBEHHbIX 3@ 3aa4y COTPYAHWUKOB; BbINONHEHNE
WHTENMeKTyanbHbIX METOI0B PaCCTaHOBKM KOHTPONbHbIX TOYEK, ONpedeneHuss HeHa#eXHoOCTH, MeTofa
MOTVBALMM, NPUMEHEHWUS NPOLIEAYP YNPaBNEHUs M UCTOPUYECKOTO aHanmu3a, a Takke OpraHusauns paboTbl ¢
©asamu 3HaHWI 1 AaHHbIX, MCTIOMb3YIOWWUMIUCS ANS BbINONHEHNsS HEOBXOAUMBIX onepawyii, 1 06MeH AaHHbIMM C
KMMEHTCKAM NPUOXEHNEM MO NOKamNbHOI CETH.
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[MaBHOM YacTbi0 CEPBEPHOTO MPUIOXEHUS SBNSETCH AP0, KOTOpOe NpeHa3Ha4YeHo Ans KOOpAMHALMM paboThl
MOACKCTEM, BXOASLUMX B COCTaB MpUNoXeHus. KnueHTckas YyacTb npeaHasHadyeHa aAns o0bekTa ynpasneHus, ¢
ee MOMOLLbI0 COTPYAHWUK YBEAOMITSIETCS O HACTYMNEHUU KOHTPOSbHBIX TOYEK M MpUMEHSIEMbIX MpoLeaypax
ynpaBneHus. Takke KNMEHTCKOe NPUIOXeHWe ucnonb3yetcs Ans cbopa WHopMauuu OT COTPyAHMKA O
COCTOSIHMM BbIMONHSIEMOI 3afauu U Ans obecneveHnst 0BpaTHO CBS3W B MPOLIECCE MPUMEHEHUs MpoLesyp
ynpaBneHus.

NCY peanusosaHa Ha s3bike C++ B cpefe pa3paboTku Borland Builder C++ 6.0. [1ns opraHusauum xpaHeHus 6as3
AaHHbIX 1 6a3 3HaHui ucnonb3osaHa CYB[ MySQL, goctyn k KOTOpoW peanu3oBaH npu noMoLLm 6ubnuoTeku
MySQL Access.

OOHoM M3 KOMMOHEHT CEPBEPHOTO MPUMOXEHWUS SBNSETCA MNOACMCTEMA MNMaHUPOBaHWA U OnpeaeneHns
HeHagexHocTen (puc. 1). 3Ta nmogcuctemMa JOMKHA pewaTb 3afays OnpedeneHus noaxofsilero Mmetoaa
MOHUTOPUHIa, MHOXECTBA KOHTPOMbHbLIX TOYEK, pacnpedensemblX Ha MPOTSKEHWN BPEMEHM BbINOIHEHMS
3ajayu, a TaKkke ONpeaeneHns HEHaOeXHOCTH, KOTOPYI0 MOXKET NPOSIBUTL COTPYAHMK B MPOLECCE BbIMOHEHNS
3apauyu.

OnucaHue noacucTeMbl nnaHUpoBaHUA 1 onpeaeneHnsa HeHaaeXHOoCTen

OCHOBHbIM 06BEKTOM, KOTOPbII MCMONb3YETCS B MHTENNEKTYaNbHON CUCTEME YNpaBNEHNs, SBNSeTCs 3aaaqa. Ee
onpegenser cybbekT ynpaBneHusl, HasHa4YaeT Ha €€ BbIMOMIHEHWE OTBETCTBEHHOTO COTPYAHMKA M CrieauT 3a
X0OOM €€ BbinofHeHus. [Ansg Toro ytobbl MMETb BO3MOXHOCTb OpraHu3oBbIBaTh MapannentHy paboty Hag
OfHOM 3afaven, LienecoobpasHo pasbueaTb ee Ha aTanbl. Ha BbINOMHEHWE Kaxaoro atana B TakoM Cnyyae
MOXET BbITb Ha3HaYeH TOMbKO OAWMH COTPYAHUK. BelecTBeHHbIMM pesynbTatami paboTbl COTPYAHMKA SBNSIOTCS
apredhakTel. Ha cxeme 1 n3obpaxeHa paspaboTaHHas CTpYKTypa 3agauu.

NpoTsiKeHUM paboTbl Hag 9TanoM  UCNOMb3yHTCS Ha sanasm 3apava
KOHTPOMbHble TOYKM. KOHTPOMbHbIE TOYKW pa3neneHbl -

Ha 3 TMNa B 3aBMCMMOCTW OT MX Ha3HAYEHWs: g
noaTBEpXAEHME O Havane paboTbl, HanoMuHaHue 06
00513aHHOCT W OTYET O [OCTUIHYTOM pesynbTarte.
KoHTponbHas Touka Tvna lMoaTtBepxaeHne o Havane
paboTbl yCTaHaBnMBaeTCa B Havane paboTbl Hap
3TanoM U CRYXWT ANS NONYYEeHUs NOATBEPXKAEHUS OT ‘

,U.J'IFI KOHTpONA npouecca BbINONHEHNA apTeq)aKTOB Ha ‘

Haaeanue arana

COTPYAHMKA O TOM, YTO OH 3HAET O (haKTe HaHAYEHNA a0 Oreercreesbin
srana KOHTRONBHLIE TOMKKW p——
Ha Hero HEKOTOPOro 3Tana 3afauy v MPUCTYMIAM K ero =
el
BbiNOMHEHMO.  KOHTponbHas — Todka  Tuna
HanomuHanne 06 0Bsi3aHHOCTM wuCnonb3yeTca AN Kowey Aprecpary  AonOTGbHbG
6 arana XapakTepUcTUEM
HanoMWHaH1s  COTPYAHWKY O  HeobxoauMocTH An
PYAHMKY A AT -] |ux:1|lT|

BbINOMHEHNS HEKOTOPOro apTtedakta M MonyyeHus
WHOPMALMK OT COTPYAHMKA, YTO OH MOMHUT 06 3TOM
0b6s3aHHOCTU. KoHTponbHas Touka Tuna OtyeT o
JOCTUTHYTOM  pesynbTaTe  uUcnonb3yeTcs  Ans
MNONyYeHus MHGopMaLmn OT COTPYAHWKA O FOTOBHOCTW apTedakTa. [Ans yTOUYHEHWs crneunduki BbINOTHAEMON
3ajayn cnyxaT LOMOMHUTENbHble XapakTepucTuku. WX nepeyeHb onpegensietcs B 6ase 3HaHU aKCnepToM,
3aTeM npu onpegeneHnu 3agadm cyGbekT ynpaBneHns MOXKET BblGpaTb HYXHble XapakTepUCTUKK 1 yKa3aTb WX
3HauveHus. Ha cxeme 2 npeacTaBneHo onpegesieHne KOHTPOMbHOM TOYKM W AOMOMHUTENBHON XapakTepUCTUKN.

Cxema 1. Onpenenexune 3agaum
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KOHTpOJ‘IbHaFl ,D,OI'IOJ'IHI/ITeJ'IbHaFI
TO4YKa XapaKkTepuctuka
. Peakuuns Hassanwe 3HaveHune
Tun Kc:-(l;icv)‘anom OTBETCTBEHHOTO  [OMNOMHWUTENBbHOM AononHUTeneHoM
COTpyAHWKa XapaKkTepucTuku XapakTepuUCTUKK
BoamoxHble
Haasakmne . [ata Hactynnenus AHAYEHMS
KOHTPOITEHOW KOHTPOMLHOW TOYKM ORORHHTENLHOH
TOYKK
XapaKTepucTUKN

Cxema 2. OnpeaeneHne KOHTPOIbHOM TOYKM 1 AONONHUTENBLHOM XapaKTEPUCTUKMA

[Mpouecc paccTaHOBKM KOHTPOMbBHBIX TOYEK 3aBUCHT OT XapaKTepUCTUK 3a4a4u U COTPYOHWKA, KOTOPbI HasHaueH
Ha BbINOMNHEHWE 3TON 3afgaun. CTpaTternst pacrnpefeneHnst KOHTPOMbHBIX TOYEK HA MPOTSHKEHWUM BbINONHEHUS
aTana onpegensieTcs BbiOpaHHbIM - METOAOM MOHWTOPUHra. bBbinu onpefeneHbl crnegylowme MeTOAb!
MOHUTOPUHra: Peakuin KOHTpOnb, Nepuoanyeckuii KOHTPOMb, YacTbii KOHTPOMNb. PedKui KOHTPONb BKOYAET B
cebs KOHTPOIb BbIMONHEHUS 3a4a4M B MOMEHTbI peanu3auun apTedakTos, a Takke NOATBEPXKAEHWE O Havane
paboTbl. MepuoanMueckuin KOHTPONb BKNKOYAET B ce0S KOHTPOMb BbINOMHEHWS 3a[1a4u B MOMEHThI peanuaaLmm
apTedakToB, a TaKKe MCMONb3oBaHWe HanoMWHaHWA 06 06s3aHHOCTM mepend MOMOBUHOW OT 06Lero 4ucna
peanusaumin aptedakToB. YacTbI KOHTPONb BKMOYAET B Ce0S1 KOHTPOMb BbLINOMHEHWUS 3a4a4nM B MOMEHTLI
peanusaumm apTedakToB, NOLTBEPXAEHWE O Hayane paboTbl, a TakKe WCMONMb30BAHWE HAMOMUHAHWA 00
00s13aHHOCTY Mepen Kaxaon peanu3aunen aptedaktoB. KOHTPONb MO 3aBEpPLUEHUN BKITIOYAET B cebS KOHTpOIb
BbINONHEHNS 3a[a4M B MOMEHTbI peanuaauuy apTedakTos.

[ns kaxgoro TMna KOHTPOIbHbLIX TOYEK UCMOMb3YKTCS PasnuyHble METOAb! ONPEeAeNeHNst HOBbIX KOHTPOMbHbIX
TOYEeK. PaccMOTpUM Kaxabii U3 METOOB B OTAENBHOCTY.

MoareepxaeHue o Havane paboTbl. KOHTPOMbHbLIE TOUKM 3TOrO TUMA PAcCTaBMAKTCA C Havana aTtana 3agauu
[0 CepeamHbl 0Tpe3ka OT Havana BbINOSHEHWS 3Tana [0 BPEMEHW peanu3alumn nepeoro aptedakTa (Bpems X Ha
cxeme 3 — 3T0 MaKcUManbHOEe Bpemsl Anst KOHTPOMbHOM TOYKW 3TOro Tina). Kaxkaas HoBasi KOHTPOMbHAs ToukKa
yCTaHaBMBaEeTCS B CEpeanHy OTpeska OT BPeMeHU MocrnefgHer KOHTPOMbHOM TOYKM 3Toro Tuna (spems T Ha
cxeme 3) [0 MaKCMMarbHOTO BPEMEHM KOHTPOMbHOWM Touku 3Ttoro Tuma (Bpemst X). [pu 3TOM HOBble
KOHTPOSbHblE TOYKM YCTAHABMMBAOTCA A0 TeX NOp, MOKa KOHTPOMbHAs TOYKA HE 3aBEepLUMTC YCnewHbIM
pe3ynbTaToM Unu He ByaeT JOCTUTHYTO MakCUManbHOE YIUCIIO KOHTPOMbHBIX TOYEK 3TOr0 TUNa Ans BbiGpaHHOMO
MeToaa MOHUTOpuHra. Ha cxeme 3 u306paxeH npOLECC YCTAHOBKA HOBOW KOHTPOMbHOM TOYKM TuNa
MogTBepxaeHue o Hayane paboTbl NOCME TOro, kak NepBble 2 TOYKM HE 3aBEPLUMICE YCMELLHbIM Pe3ynbTaToM.

T - Bpewma nocnegHei KT Tuna
«MoaTeepKASHUE O HAYane paboTei» al — para Apredpakta Ne1 a2 - para Aptedpakta Ne2

o —a— | | a
Havano stana X =a1/2 - max epemn ana KT tuna Koveu stana
«MNogTeepkasHEe 0 Havane paBoTeis

(X +T)/2—spems Hoeoil KT Tuna
«MoareepxaeHe o Havane paboTsl»

Cxema 3. YcTaHOBKa KOHTPOMbHOM ToukK TMNna MoaTeepxaeHne o Hadane paboTbl
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HanomuHaHue 06 06s3aHHOCTU. KOHTPOMbHbLIE TOUKW 3TOMO TUNA PacCTaBASKTCS C CEPeamnHbl 0TPe3ka (Bpems
X Ha cxeme 4) OT BpeMeHM BbINOMHEHUs NpeablayLiero aptedakta (nMMbo Havana atana, ecnv npegpiayLne
apTedakTbl OTCYTCTBYKOT) 4O BPEMEHM peanu3auun aToro apTedpakta. Kaxgas HOBasi KOHTPONbHAs TOUKa
yCTaHaBNMBAETCS B CEpeauHy OTpeska OT BPeMEHU MoCrnegHer KOHTPOMbHOM TOYKM 3TOro Tuna (spems T Ha
cxeme 4) [0 BpeMeHM peanusaunm atoro aptedakTa. Mpy 9TOM HOBbIE KOHTPOMbHbIE TOYKM YCTaHABMMBAKTCS
[0 TeX Mop, noka KOHTPONbHAs TOYKa He 3aBEepLUMTCS YCMELUHbIM pe3ynbTaToM unu He 6yger AOCTUIHYTO
MakCciMaribHOE YWCIIO KOHTPOMbHBIX TOYEK 3TOrO Tuna Ans BbiBpaHHOrO meToda MOHMTOpUHra. Ha cxeme 4
n306paxeH NpoLLECC YCTaHOBKM HOBOW KOHTPOMBHON TOYKM TNa HanomuHaHne 06 06s3aHHOCTV Ans apTedakTa
ApTtedakT Ne1 nocne Toro, kak nepsble 2 TOUKM He 3aBEePLLMNUCE YCMELWHbIM pesyrbTaToM.

T — BpemA nocnegHei KT tina
«HanoMuHaHne ob obazanHocTUR al — pata Apredchbakrta Ne1

| | | |
O | i ! O
Hauano atana x = (g, + a,,)/ 2 — min spems ans KT a2 — pata ApTechakta Ne2  Koreu s1ana
TMNa «HanoMmuHanwe o6 06A3aHHOCTHY

(a;+ T}/ 2 - epema voson KT tuna
«HanomuHaHwe ob obazaHHoOCTUR

Cxema 4. YcTaHOBKa KOHTPOMbLHOI TOUKM TUna HanommHanue 06 06513aHHOCTH

OTyeT 0 AOCTUIHYTOM pe3ynbTaTe. KOHTPOMbHbIE TOYKM 3TOrO TMMa PaccTaBnsioTCs CO BPEMEHM peanu3auum
apTedpakta [0 CepeduHbl OTpe3ka OT BpEMEHW peanu3aunv aptedakra 4O BPEMEHW peanusauun cneaytowero
apredpakta (nmbo KoHew aTana, ecnu cregyrowero aptedakta He cylectayeT) (Bpemst X Ha cxeme 5 — ato
MakcumarbHoe BpeMsi NS KOHTPOMbHOW TOYkM 9TOro Twna). Kaxgas HOBas KOHTpOMbHas Touka
yCTaHaBNWBAETCA B CepeanHy oTpeska OT BPEMEHU MOCHEAHEN KOHTPOMBHOM TOYKW 3TOro Tvna (Bpems T Ha
cxemMe 5) [0 MaKCUMarbHOrO BpEMEHU KOHTPOMbHOM Touku aTtoro Tuna (Bpemst X). [pu 3TOM HOBblE
KOHTPOSbHblE TOYKM YCTAHABNMBAKOTCA A0 TeX NOp, MOKa KOHTPOMbHAs TOYKa HE 3aBEepLUMTCH YCnelHbIM
pe3ynbTaToM Unu He ByaeT JOCTUTHYTO MakCUManbHOE YKUCIIO KOHTPOMbHBIX TOYEK 3TOrO TUNa Ans BbiGpaHHOMO
MeTofa MOHWTOpUHra. Ha cxeme 5 n3obpaxeH NpoLECC YCTAHOBKM HOBOW KOHTPOSbHOW ToukM Tuna OT4eT o
JOCTUTHYTOM pesynbTate ans aptedakta Aptedakt Netnocrne Toro, kak nepeble 2 TOYKM HE 3aBEPLUMIMCH
yCneLwHbIM pe3ynbTaToMm.

X =(a +au) ! 2-max spema gns KT Tuna

al - pata Aptedbakta Ne «OTUET O NOCTUTHYTOM Pe3yneTaTen

] | | ]
= | ] | B | | 0
Havano stana T - Bpema nocnearen KT Tuna a2 - para Aprechakta Ne2  Kowey arana
«OTHET 0 AOCTUIHYTOM peayneTartes

(X + T)/ 2 - spemn HoeoW KT Thna
«OTYET 0 ADCTUIHYTOM peayneTaren

Cxema 5. YcTaHoBka KOHTpOJ'IbHOI7I To4kM TUNa OTYeT 0 AOCTUrHYTOM pesyrbTaTe

Ha ocHoBaHWM pe3ynbTaToB, MOMyYeHHbIX OT COTPYAHWKA MPWU MPOXOXAEHUM KOHTPOSbHBLIX TOYEK, a Takke
NCMONb3ysi XapaKTEPUCTUKM COTPYAHMKA, MOACUCTEMA BbIMONMHSIET CBOK MOCMEAHIO 3ajady — onpeaeneHue
BO3MOXHOA HeHaaexXHocTW. [lpn 3TOM CHadyana npOW3BOAUTCS aHaNW3 pPe3ynbTaToB, MOMYYeHHbIX Ha
MPOTSHKEHWM 3Tana. Bbinu BbiAeneHbl Cnefyiolle BO3MOXHbIE Pe3yNbTaTbl MPOXOXAEHUS! KOHTPONbHbIX TOYEK
ANS KaXKOoro U3 TUMOB KOHTPOMbHBIX TOYEK:

1. MoaTeepxaeHne 0 Havane paboTbl:
— ObIn OTBET Cpasy (COTPYOHUK NONOXKUTENBHO OTBETUIT HA NEPBYH KOHTPOIbHYIO TOUKY 3TOrO TMNa)

— Obln OTBET He cpasy (COprﬂHI/IK OTBETUIT NONOXKNTENBHO, HO HE Ha NEPBYH0 KOHTPOJbHYK TOYKY 3TOr0
Tvna, a Ha OAHYy K3 I'IOBTOprIX)
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— He Obino oTBETa (COTPYAHMK HE OTBETUI MONOXMTENBHO HU HA OAHY U3 KOHTPOMbHbIX TOYEK 3TOro
TMNa)

2. HanomuHaHwe 06 0b6si3aHHOCTU:

— BCeraa OTBEYaeT BOBPEMs! (Ha BCE KOHTPOMbHbIE TOUKM 3TOMO TUMa Oblni NOMyYeHbl NONOXKNUTENbHbIE
OTBETHI)

— He Bcerga OTBeYaeT BOBPEMS (KONMMYECTBO MOSIOXMTENbHBIX OTBETOB MPEBOCXOAWUT KOMMYECTBO
OTpULATENBHBIX)

— MpaKkTU4ecku He OTBeYaeT (KONMYeCTBO MOMOXMTEMbHBIX OTBETOB MeHblUe KONMYecTBa
oTpULLaTenbHbIX)

3.01y4eT 0 AOCTUrHYTOM pe3ynbTaTe:

— BCE BbINOSHEHbI BOBpeMst (Bce apTedakTbl rOTOBbI M Ha BCE KOHTPOMNbHbIE TOYKM BbINK nomyyeHbl
MONOXUTENbHbIE OTBETHI)

— He BCe BbINOMHEHbl BOBpeMsi (BCe apTedakTbl roToBbI, HO He BCErAa Ha KOHTPOSbHbIe TOYKM Gblnn
MosyyYeHbl NOMNOXMUTENbHbIE OTBETHI)

— €CTb HEBLINOMHEHHbIE (ECTb HEroTOBbIE apTedakTbl, HO UX MEHbLLE, YEM FOTOBbIX)
— 04TV BCE He BbINOMHEHD! (€CTb HErOTOBbIE apTedaKTbl U UX 6oNbLUe, YEM FOTOBbIX).

(DyHKLI,VIVI noacucTemMmbl nnaHMpPoBaHUA U onpeaeneHuaA HeHageXHoCTen

MoacucTeMa NNaHMPOBaHNS U ONpeaeneHns HeHaAEXHOCTEN BKYaAeT B Ce0S CrieayHoLLme COCTaBNAOLME:
1. PefjakTop 3HaHUil O XapaKTepUCTUKaX, METOLAX MOHUTOPUHTA, KOHTPOMbHBIX TOYKaX N HEHaAEKHOCTSIX

2. 3KCI'IepTHbII7I MoAdynb CUCTEMbI, B KOTOPOM pearnu3oBaHbl METOAbI ANA onpedeneHna Metoda MOHUTOPKUHIA,
pacCTaHOBKM KOHTPOJIbHbIX TOYEK 1 OnpeaeneHns HeHaOeXHoCTeN

PenakTop 3HaHWiA NO3BONSIET SKCMEPTY:

1. [o6aBnsiTb HOBbIE, PEAAKTMPOBATL UM YAaNATh CYLLECTBYHOLME AONONHUTENbHBIE XapakTEPUCTUKM 3aaum
2. OnpenensTb BO3MOXHblE 3HAYEHMUS OMOMHUTENbHbIX XapakTePUCTUK 3aaauu

3. OnpeaensTb NPUOPUTETHI METOAOB MOHUTOPUHIA B 3aBUCMMOCTY OT CTPYKTYpbI yNpaBneHus

4. Onpefensitb MHOXECTBO [AOMONHUTENbHBIX XapaKTEPUCTWK 33fausM U XapakTepUCTUK COTPYAHMKA,
XapaKTepHbIX AMNs KaX[oro MeToa MOHUTOPUHTA, U MHOXECTBO WX 3HaYEHNI

5. Onpeuenmb MaKCumanbHOe YNCNO KOHTPOIbHbLIX TOYEK B 3aBUCMMOCTU OT KX TUNa U Bbl6paHHOFO MeToaa
MOHUTOPUHIa

6. OI'Ipe,D,eJ'IFITb MPUOPUTETHI HeHaeXHOCTe B 3aBUCUMMOCTH OT CTPYKTYPbI yrpaBlieHnA

7. OnpenensiTb MHOXECTBO TUMOB KOHTPOIbHbIX TOYEK, XapaKTEPHbIX ANs KaXKOON HEHaAEXHOCTU, 1 MHOXECTBO
peaKLMi COTPYAHNKA [N1S1 STUX TUMOB KOHTPOSbHBIX TOYEK

8. OnpeaensTb MHOXECTBO XapaKTEPUCTUK COTPYAHMKA, XapaKTEPHbIX AN1S KaKAO0M HEHAAEXKHOCTU, M MHOXECTBO
UX 3HaYEHW

3KCNepTHbI MOAYMb CUCTEMI:

1. Onpe,u,enﬂeT I'IOﬂXO,ElFILIJ'MIZ MEeTO MOHUTOPWHra, ucxoaa U3 3HaYeHU [AONOMHUTENbHBIX XapakTepucTuk
3afia4n 1 XapakTepnucTtuk OTBETCTBEHHOIO COTPYAHNKA

2. Mpn HanW4MM HECKOMbKUX MOAXOASLUMX METOLOB MOHUTOPUHrA CYMTAET MOAXOASLMM TOT METOA, KOTOPbIil
obnagaeT HauGoMNbLIMM NMPUOPUTETOM 1S AaHHOI CTPYKTYpPbI YNpaBneHus

3. Onpep,enﬂeT MHOX€ECTBO KOHTPOJIbHbIX TO4YEK HA OCHOBaHWUK Bbl6paHHOFO MeTOoAa MOHUTOPUHIa

4. YuuTbiBaET MaKCMMamnbHOE YUCMO KOHTPOMNbHBLIX TOYEK, MPUHATOE AN AAHHOrO MeToda MOHUTOPMHIA;
onpezernieHe HOBbIX KOHTPObHbIX TOYEK MPOUCXOAMT C YHETOM YKE CYLLECTBYHOLMX KOHTPOMbHbIX TOUEK
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5. Onpe,qenﬂeT HEHAAEXHOCTb, KOTOPYK nNpoABnAeT OTBETCTBEHHbIN COTPyAHUK, ucxopa Wu3 3HaYEHUI
[ONONHUTENDBHBIX XapakKTEPUCTUK 3afauu, 3Ha4eHui XapaKTepUCTUK COTPYyAHUKA U peaKu,Mﬁ COTpyAHMKa Ha
npoLueaLlne KOHTPONbHbIE TOYKK

6. rlpl/l HanU4uM HECKONbKMX BO3MOXHbIX HEHaeXHOCTEN CuMTaeT nponsmsmeﬁcq Ty, KOTOpaA obnagaet
HanbonbLLMM npruopuTeETOM And AaHHON CTPYKTYPbI ynpaBneHnd

3aknoueHue

B xope naHHoOM paboTbl NpoaHanM3npoBaHbl OCHOBHbIE NOAXOAbI K MHTENNEKTyanbHOMY YpaBeHu o NoabMU 1
npoLeccy nnaHMpoBaHust NpodeccuoHanbHoOl AeaTeNbHOCTY.

Mpu COCTaBNEHUN NMaHa 1 ynpaBneHus NpOLECCOM PELUEHUS 3afauil OLIEHUBAIOTCS XapaKTepUCTUKM 3afadun U
COTPYAHWKA, BbIMOMHSIOLLErO 3Ty 3aady. BbloeneHo MHOXECTBO METOAOB MOHUTOPHHTA, KOTOPble OnpeaensitoT
cTpaTervio pacnpefeneHnst KOHTPONbHbIX TOYEK Ha MPOTSHKEHUN CPOKA BbINOMHEHUS 3Tana. B cTaTbe onucaHbl
BO3MOXHble ~ Pe3ynbTaTbl MPOXOXAEHUS  KOHTPONMbHbIX TOYEK, WCMONb3ylowMecs Ans  Onpeaenexus
HeHaflexXHoCTeln. HeHafexHOCTW, KOTOpble MOryT MpOSIBNSTLCS B MPOLECCE  AesiTenbHOCTU  Ntofen,
ONpeAensioTCs Ha OCHOBaHUW COBPaHHON MHChOpPMALMK OT OTBETCTBEHHOTO COTPYAHMKA, @ TakKe XapaKkTepUCTMK
3aa4u 1 COTPYAHMKA.

CrnenyeT 3aMeTWUTb, YTO peann3oBaHHas MOACKCTEMA MOHUTOPUHTA BbIMOMHEHUS MNaHa W ONpeaeneHus
HeHafexHoCTel no3sonsieT obpabaTbiBaTh AaHHbIE 06 OAHOM 3adadye, HE Y4YMTbIBAS BRMSHUE W 3aBUCUMOCTY
B3aMMOCBSA3aHHbIX 3aay. Takke nofcucTemMa No3BOMSET HasHaYaTb AMHCTBEHHOTO COTPYAHMKA Ha KaXabli U3
3TanoB 3ajayn.

Momumo 3TOro, He MeHee BaXHOW NpobnemMon B NpoLiecce NNaH1poBaHus, He UMEILLEe aBTOMATU3MPOBAHHOTO
pelleHns, SBNseTcA 3ajadva PopMUpOBaHWS KonnekTuea. JTa 3afjaya 3akmodaetcs B nopbope Hauboree
ONTWManbHOr0 COCTaBa MepcoHana B 3aBUCUMOCTM OT BbINOMHAeMoi pabotbl. [lpu pelueHnn 3agauu
(hOpMUPOBaHMS KOMNMEKTUBA CriedyeT y4nTbiBaTb COOTBETCTBME COTPYAHMKA U BbINOMHSEMON UM paboTsl. [Ans
ONpefeneHns Takoro COOTBETCTBIS HEOBXOAMMO, C OLHON CTOPOHbI, YCTaHOBUTL TPeOOBaHUS, NpeabsBASEMbIE
K KOHKpPETHOM paboTe, a C Opyroi - MpUHATb BO BHUMaHME NWYHbIE KayecTBa COTpyaHWKoB. OTCyTCTBME
aBTOMATU3NPOBAHHbIX CUCTEM, MO3BONAIOWMX pewaTtb 3agady (OpPMMPOBaHUS KOMMEKTUBa, MO3BONSET
rOBOPUTb, O BO3MOXHOCTU AanbHENLLEero passuTus paspaboTaHHON MHTENNEKTyanbHON CUCTEMbI YNIpaBneHus.

BnarogapHocTu

Cratbst yacTMyHO uHaHcupoBaHHa 13 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
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NOACUCTEMA ONPEAENEHNA METOAOB MOTUBALIUA
B MUHTENNEKTYANIbHOW CUCTEME YNPABNEHUSA

Onua MN'ypakosa, EneHa AHTOHOBa

Abstract: The article tells about implementation of intellectual management system and motivation methods
definition subsystem. The article emphasizes problems of decreasing "unreliability" of management elements and
selection of optimal motivation methods of activity each employee taking into account personal characteristics
and psychological features. The motivation methods definition subsystem selects such motivation methods which
have been based on specific features of employees. The Article describes some aspects, which were used for
subsystem developing.

Keywords: The Theory of Unreliable Elements, Knowledge Systems, Intelligent Control.
ACM Classification Keywords: |.2 Artificial Intelligence

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

Mpu pelweHnn 3agay ynpaBreHus KOMIekTMBOM HeobXoanmo JOBWUTHCS BbIMOMHEHWS NOCTABIEHHLIX Nepeq
COTPYOHWKaMW 3aJaHUA B CpOK, CHWXas “HeHagéxHocTb”. [lop “HeHapéXHOCTbo” cregyeT MOHUMATb
NCUXONOrnyeckme 1 pusmieckne 0COBEHHOCTU NIOAEN, KOTOPLIE MOTYT OKa3blBaTb HEBNAroNPUATHOE BNUSIHUE Ha
3hpeKTUBHOE  (PYHKLMOHMPOBAHME npeanpuaTusa. [pumepbl BO3MOXHOMO MPOSIBNEHUS “HeHaaExHOCTH

COTPYAHWKA: “NeHb”, “HexenaHue”, “3abblBYNBOCTb He3HaHue” n apyrue.

” o, ” oK

, “yTOMNeHue”,

B cuctemax, rae B kauyecTBe OOBLEKTOB YMpaBREHWs BLICTYNAOT NOAM C MPUCYLLMMM JIMYHOCTHBIMA W
MCUXOOrMYECKMU OCOBEHHOCTSIMM, YNpaBreHue 3aTpyaHEHO B CBS3M C HannumeM aktopa «HeHaZexHOCTU»
CO CTOPOHbI 9MEMEHTOB  ynpaBneHus. [ns noBbileHns 3DEKTMBHOCTM YynpaBrieHus HeobxoLnmo
MaKCUManbHO Y4YMTbIBATb (haKTOpbl HEHAZEXHOCTU 3NIEMEHTOB YNpaBNieHUs U npeanpuHUMaTh Heobxoaumble
Mepbl, YTOObl MOHW3UTbL MPUCYLLYI UM “HEHadeXHOCTb'. [laxe B CaMOM ManeHbKOM KONMNEKTUBE MOXHO
BbIAENUTb MIOAEN, OTHOCSLUMXCS K Pa3HbIM MCUXONOMMYECKAM TUNam. BromHe 04eBMAHO, YTO KaxAbld U3 HUMX
TpebyeT ocoboit MOTUBaLMMK.

B coBpemeHHbIX cuUCTEMaX YNpaBneHus MPEeanpuUsTUSAMM OfHOW W3 BaXHEWLMX NOACMCTEM SIBNSIETCS
rnofcucTemMa ynpaBneHus NepcoHanom, Kotopasi aBTOMaTU3npyeT MHore (yHKUMM kaapoBon paboTsl. OaHako
COBPEMEHHbIE MOACUCTEMbI YNpaBNieHUst MEPCOHANOM  CMLIKOM  YHMBEPCAmbHbl, OHU HE  YYWUTbIBAKT
0COOEHHOCTU KOHKPETHOrO COTPYAHMKA. [ns Toro 4tobbl COTPYAHWK He MNpOSBUN “HEHaeXHOCTb', €ero
HeobX0AMMO MOTUBMPOBATb. B CBA3M € 3TUM akTyanbHa paspaboTka U peanuaaumust MOAeni UHTENNEKTyanbHOro
yNpaBneHnsi Ha OCHOBE JIMYHOCTHbIX XapaKTEPUCTMK W  MCUXONOTMYECKMX OCOOEHHOCTEN  IIMYHOCTU.
MpakTnyeckasi 3HAaYNMOCTb MHTEMNNEKTYanbHOM NOACUCTEMbI ONpPeAeneHnsl METOA0B MOTWBALMM COCTOUT B
BblGOPE APPEKTUBHBIX METOLOB MOTUBALIMW, aAaNTUPOBAHHbIX K KOHKPETHOM NIMYHOCTM.

Onucanue UCY

B cocTas p83p860TaHHOl7I CUCTEMbI MHTENNEKTYaNbHOro ynpaeneHus BXOAAT cnegyume noaCcuCTeMbl:
> [loocuctema WHTENNEKTYanbHOro nnaHNPoOBaHUS;
> MHTeJ'IJ'IeKTyaJ'IbHaFI noacucTema onpeneneHna MetogoB MOTUBaLIUA,
> T[loocuctema onpeneneHna metoaa MoTuBaL Ha OCHOBE UCTOPUYECKOro aHanmsa;
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> T[loocuctema npuMeHeHna npouenyp Ha 0CHoBe METOAO0B MOTUBALUW;
> T[loocuctema WHTENNEKTYanbHOro aHanu3a peakunn Ha MoTnBaLluio;
> [logcuctema B3auMOAENCTBUS C NONb30BaTENEM.

OpHom 13 noacuctem MHTeJ'IJ'IeKTyaJ'IbHOVI CUCTEMbI yNpaBreHua ABNAETCA noacucTtemMa onpeaeneHns Metonos
MOTUBaLumn (PVIC. 1) OTa noacuctemMa [ormkHa pewartb 3aga4vy onpeneneHua MeTtogos MOTMeBauMuM Ha OCHOBE
JINMHOCTHbBIX XapPaKTepPUCTUK U MCUXONTOrn4eckmnx 0COBEHHOCTEN NTMYHOCTM, CTPYKTYPbI ynpaBneHnd, ydntbiBas
BO3MOXHbl€ NPOABNEHUA “HeHaOexHoCTH”.

HameHenHwe OaHHse 0 cOTPy S

KAPAKTEPUCTI JARIM
EA EQ
O COTpYAHMKax © 3agavax
Hawwie o 3aaa4e,

XapaxrepecTikm
COTEY AR

Iavenis © CoTpyamne, o5 arane
Pasynstar wotussgmn

Hamenennoe

*BpaKTEPHCTYEN
COTPyAHMKS Y
BA
O Npo ax
poueayp Oawwnse o 38840
Hamerenibie MogcucTema Moacucrema

MAPAXTADHCTURM COTRYOHMER &
gl ay P aHanuia peakuum - BIAUMOLERCTEBUA
Ha MOTHBALMIO € NoNk3oBaTenem T
DNanHes o npousypa, HHEO O 380G
W CBAIL © METOAM

Metaa motisawmm A
n Cook o5 AUTR HEHAEMHOCTH v
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L MoTon MoTHDaum MeTOaM MOTHBALMM,
CooBwenwe, fuancr npousayp Compyasinm, KT, HewnagemHocTs,

Peanimn s KT Tun KT Moackcrema
NNAHWPOBAHUA W
-~ < 4 r onpeaeneHua
CoThypmer, KT Kontponswan toua & HEHAAGMHOCTER
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- CoofWenne 0 HaCTyNNawW - Wntrrarwhi ot
KOHTPONBHOA TOuKH ﬂn
po
Knuent - Bua HeHaREMHOCT
Pearumn coTpy s .
Ha KOHTRONLHYRD Tomy HBIS O COTPYAME,
- Conpyiae CrpyrTypa yripasneHms
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Puc. 1. Mopgcvctema onpeaeneHns METOA0B MOTMBALMM B MHTENNEKTYaNbHON CUCTEME YNpPaBEeHMs.

OnucaHue noacMcTeMbl onpeaeneHnst MeTo40B MOTUBALMK

B HacTosiliee Bpems LMPOKO M3BECTHbI METOAbI MOTMBALMW KONNEKTUBA, KOTOPble HanpaBmneHbl Ha To, YTOObI
COTPYAHWKA BLINOMHANM 3afaHus C MakcumanbHol otaadeid. MoTuBMpOBaHWE [acT pesynbTaTbl, €cnu
COTPYAHWKMA MorlyyaT MpU3HaHWe 3a CBO BKNad B pesyrbTaTbl paboTbl. JIMYHOCTHbIE KayecTBa onpenensioT
BHYTPEHHUIA MWP COTPYAHWKA, KOTOPbIM [AOCTATOMHO CTAbUNbHO OTpaxaeTcss B mpouecce TPyAOBOIA
AEATENBHOCTU U SIBNSIETCS HEOTLEMIIEMOI YaCTbIO COLMOMOMAN NIMYHOCTU. Kaxablii Yenosek obnagaeT cymMmon
onpeaeneHHbIX CBOWCTB, CBOMM MHTENNEKTyanbHbIM, TBOPYECKUM W NCUXO(U3MONOTMYECKMM MOTEHLMANOM,
MO3TOMY METOAbI MOTUBALM [OMKHbI NoA6GMpaThes MHAMBMAYanbHO. MeToabl MOTUBaLMK MOTYT GbiTb CaMbIMU
pa3Ho0Bpa3HbIMU: Kak MOBbILLEHWE 3apaboTHOM NnaThl, BbiNiata NpeMuii 3a yCrneLLHoe BbIMONHEHNe 3a4aHui,
TaK W NpefocTaBneHne COTpyAHUKaM npasa NpUHUMAaTL PELUEHIS, KacaloLLMXCs X0fa W pe3ynbTaToB paboThi.

MHTeJ'IJ'IeKTyaJ'IbHaFI noacucTemMa onpeneneHna Metoga MoTMBaLn BKNOYaeT:

>onpeneneHme ponn Kaxpaoro 4enoBeka B KONMMEKTUBE Ha OCHOBE TPYAOBbLIX, @ TaKXe JIMYHOCTHbIX WU
MCUXONOrNYECKMX OCOBEHHOCTEN NIMYHOCTH;
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» onpefeneHne noaxoasiiero MeToga MOTMBaUMM ANS KOHKPETHOMO YesioBeKa M BuAA HEHaaExXHOCTW B
3aBWCUMOCTM OT 3aHUMAEMOW COTPYLHUKOM POMN W CTPYKTYPbI YNPABIEHUS B OpraH13aLmu.

[ns ycnewwHoi OesTenbHOCTY NPEANPUSTUS BaXHbIM SBNSIETCS NpaBUibHOE MOCTPOEHWE PO B KOMNEKTUBE B
3aBUCUMOCTY OT JIMYHOCTHBIX W MCUXONOTYECKMX OCODEHHOCTEN, ONPeAEeneHne e€ CyLHOCTY 1 3aaad B CUCTEME
ynpaenexus. B 3aBMCUMOCTW OT 3aHMMaeMOM COTPYAHUKOM PONWM HEeOoOXOAMMO WCMONb30BaTb METOAbI
MOTWBALMM, KOTOPbIE NOMOrYT COTPYAHWKaM paboTtaTb C OOMbLIMM SHTY3Ma3MOM, a KOMNaHWN — CIKOHOMMUTb
cpencrea.
Ha ocHoBe aHanusa npeameTHoi obnactv “YnpaBneHue nepcoHanom” Obina NOCTpOeHa ee MaTematuyeckas
mozenb. OJHUMM 13 COCTaBNSAOLLMX MOJENN SBNAKTCS YENOBEK M CTPYKTypa ynpasneHus [Ryabtsev, 2008].

B wHTEnnekTyanbHOW cucTEMe YMpaBneHUs YenoBek NPeAcTaBneH kak OOBLEKT ynpaBneHwsl, KOTOpbIi
XapaKTepu3yeTcst CBOEN POMbK B KOMNEKTVUBE, TPYAOBLIMM KAYeCTBaMU, MIMYHOCTHBIMA U NCUXONOMNYECKUMM
0COOEHHOCTAMM, a TaKKe “HEHAAEKHOCTbIO”, AN CHUXEHUSI KOTOPOIA €ro HeobXxoauMo MOTMBMPOBATL (Puc. 2).

Mogenb YesioBeka )

YenoBek — 06LEKT ynpaBneHus

PUCTUKN

- b
COTpyAHMKA

yeJsioBeKa

A
€HaAeXHOCTH

Puc. 2. Mogenb yenoseka.

B opraHusauusix Ha Kaxoom aTane ynpaBnieHWst BMECTE C BblaeneHnem oOBLEeKTOB Ha BbiMOSHeHWe 3ajay U
CPOKOB BbINOMHEHMS, ONMPEEnsioTcs Takke U KPUTMYECKME TOYKM, MO HACTYMIEHWIO KOTOPbIX CreayeT
NpeanpUHAMATL TOT WM UHO METOL MOTMBALM B 3aBUCHUMOCTI OT KOHKPETHOTO MPOSIBNIEHUS! HEHAEXHOCTH.
Takke B Kax[oA OpraHM3aLuv NPUMEHSIETCS Ta MMM WHAs CTPYKTypa YnpaBneHusi, koTopas HaknaiblBaeT
OrpaHUYEHNst Ha UCMONb30BaHME BO3MOXHBIX METOLOB MOTMBaLMK (Puc. 3).

Moaesnb CrpyKTypbl YipaBieHns )

XKecTtkas ApanTnBHas K
JINHHOCTU
AOQMUHUCTPaTUBHbIE

MM: CoumnarnbHo-
ncuxonoruyeckue

* BLIFOBOP; MM:
* NnpeaynpexaeHve;
* NpuHy>XaeHwue. * HanoMunHaHwue;
* noBbllLEeHne;
* BO3MOXXHOCTb
ApanTuBHas K camopeanusauuu;
* Heobxoaumoe
cuTyaumAam MHOPMUpOBaHUE;

* TBOpYeckue
KOMaHONPOBKU;

* BO3MOXHOCTb y4YacTusi
B ynpasneHuun.

OKOHOMUYecKne
MM:

;} * noowpeHue. ;}

Puc. 3. Mogenb CTpyKTypbl ypaBneHus.
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B MHTeJ'IJ'IeKTyaJ'IbHOﬁ noacucTteme onpeneneHna MeToaos MOTUBALUK noaxoaswine COTPYAHWKY MeTOonbl
MOTMBaL MK onpenensanTca Kak nepece4eHne MHOXECTB:

> METOAO0B MOTMBAaLMU ANs BUAA HEHAAEXKHOCTH,

> METOAO0B MOTMBALMK NSt PONW YENOBeKa;

> MeTohoB MOTMBaLMKW ANA CTPYKTYPbI YNpaBleHUA.

TexHnyeckum MPOEKT noAcUCTeMbl onpeaeneHna metoaos MoTuBaLluun
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[lecenda:

BH - VHdopmaums 0 Bugax HeHagexHocTu

MM - UHopmaLus o MeTogax MOTUBALMM

MMBH - /Hcdhopmanms 0 MeTogax MOTUBALMM, NOAXOLAALLWMX ANS BUAA HEHAAEKHOCTH

X — MHdbopmauus 0 xapakTepucTukax

PY - MHdopmaLs 0 ponsix Yernoseka

MMP - Muchopmanms 0 meTogax MOTMBALMM, NOAXOAALMX AN POnKM YenoBeka

CY - WHdbopmaums 0 CTpyKTypax ynpaBneHus

MMCY - VHdopmaups 0 Metogax MOTUBALMK, NOAXOSALLMX 411K CTPYKTYPbI ypaBneHns
M - NHopmaums o npuoputeTax

MM — WHopmauus o npuopuTteTax Ans METOLOB MOTUBALMN

WHTennekTyanbHas cuctema onpefenieHns MeToA4oB MOTMBAaUMM COCTOMT W3 pefakTopa 3HaHwi: ponen
YeroBeKa, XapaKTepucTWK, METOLOB MOTWBALMW, BMAOB HEHALEXHOCTW, CTPYKTYpP YNpaBneHus, MeTOAO0B
MOTMBaLWW N1 poner, METOAOB MOTUBALMM AN BUOOB HEHAZLEXHOCTW, METOAOB MOTUBALMU ANS CTPYKTYP
yrpaBneHus, NpUOpMTETOB, MPUOPUTETOB NS METO4OB MOTMBALWM, U MpOrpaMMbl OnpefeneHus MeTonoB
MoTuBaLum (Puc. 4).

Ha Bxoge nofcucTembl onpefeneHus Metogos Motueauuu - OWO coTpygHMKA M ero XapaKkTepucTuky,
CTPYKTYpa ynpaBneHns, a Takke NpOSBUBLUMIACA BUL HEHAZEXHOCTH, NOMyYEHHbIA NOACUCTEMON NaHNPOBaHUS
W onpefeneHns HeHagexHOCTeN; Ha BbIX04e — MHOXECTBO MeTo4oB mMoTuBaumm (Puc. 1). basa sHaHui (B3) —
cuctema 6a3 3HaHMI akcnepTa B 06nacT ynpaeneHus NepcoHarnom, KOTOpylo HamnomHAET SKCNepT ¢ NOMOLLbIO
pegaktopa 6asbl 3HaHui. basa fgaHHbIX O COTpyAHWKax — 0asa gaHHbIX, cogepxalias WHgopMaumio o
COTPYAHUKAX, WX XapaKTepucTuKax W MPUMEHSEMON K HWUM CTPYKTYpe ynpaBneHus. FApo — nporpamMMmHast
cuctema, obecneynBaloLLas B3aMMOLeNCTBME BCEX MOACUCTEM.

®yHKUMM NoacUCTeMbI OnpeaeneHnsi MeTOA0B MOTUBaLIMK

lMogcucTema onpegeneHnst METOA0B MOTUBALMM BKITKOYAET B cebs criedytoLme coCTaBnstoLwme:
» Pepaktop 3HaHUIA O pOMSX YEroBeKa, XapaKTepucTMkax, MeTodax MOTUBAUMM, HEHaAEeXHOCTSX,
CTPYKTypax ynpaBneHus;
» Pelwatenb, onpegensioWwmn nogxoaawue Metogbl MOTMBAaUMW  HA  OCHOBE  MIUYHOCTHBIX W
NCUXONOrNYECKX OCOBEHHOCTEN NIMYHOCTY, BUAE HEHAAEXKHOCTU W CTPYKTYPbI YNpaBReHUs C y4acTuem
3KkcnepTa npeameTHOM obnacTu.

Pepaktop 3HaHWM NO3BONSAET IKCNEPTY:
1. [o6aBnsiTb HOBbIE M yAaNsTb XapakTepPUCTHKN.
2. [obaBnsATb HOBblE U YAANATL 3HAYEHNS XapaKTEPUCTUK.
3. [obaBnsATb HOBblE U YAANSATb BUAbI HEHALEXHOCTY.
4. [lobaBnaTtb HOBbIE 1 yOansaTb METOAbLI MOTUBALMN.
5. [lo6aBnsaTb HOBbIE U YAaNsATb NPUOPUTETHI METOA0B MOTUBALMM.
6. [lns meTogoB MOTMBALMM ONPELENsTb MPUOPUTETI.
7. [1ns BUOOB HEHAZEXHOCTY ONPeaensiTb NOAXOAsLLME METOAb! MOTUBALMM.
8. [lobaBnsATb HOBLIE U YAANATb CTPYKTYPhI YNpaBNeHuS.
9. [lna cTpykTyp ynpaBneHust onpeaensTs NOAX0ASLLMe METOAL! MOTUBALN.
10. [o6aBnsiTb HOBbIE M yAansTb PO B KOMNEKTUBE.
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11. [Ina kaxgon ponv Yenoseka onpeaensTb XapakTEPUCTUKN 1 UX 3HAYEHMS.
12. [Ina kaxgon ponv yenoseka onpeaensTs NOAXoasLLMe MeToAbl MOTUBALIMM.
13. [lo6aBnsTb HOBbIX 1 yAANATb COTPYAHMKOB.

14. [1ns Kaporo COTpyaHMKa ONpeaensTh XapakTepUCTUKN U UX 3HAYEHMS.

15. [1ns Kaxgoro CoTpyaHuUKa onpeaensiTe CTPYKTYPY ynpaBneHus.

OKCNepTHbIA MOAYNb CUCTEMDI:
1. Onpegenset nogxogsiiMe MeTOAbl MOTMBAUMM MO 3adaHHbIM - XapaKTepUCTUKaM, CTPYKType
YNpaBIeHuUs 1 BUAY HEHAOEXKHOCTU COTPYAHMKA.

3aknioyeHue

B craTbe onucaHa “UHTennekTyanbHas nogcuctemMa onpefeneHnus MeTogoB MOTUBALMKM”, BbISIBNEHbI DYHKLMK
MOACHCTEMbI, NPEACTABINEH TEXHUYECKUA NPOEKT LAHHOM MOLACUCTEMbI U MPOEKT WUHTENMEeKTyanbHON CUCTEMbI
ynpaBneHus.

“UHTennekTyanbHas nogcucTeMa OnpefeneHns MeTogoB MOTWBALMM® WHTErPUpOBaHa B WHTENNEKTyarbHY0
cucTemy ynpasneHus. [laHHas nogcuctema noMoraeT MOMb30BATENt0 MPW PELUEeHMM 3afdauv MOTMBaLmK
nepcoHana, no3BonseT peaakTMpoBaTb 3HaHUS, UCMOMb3yeMble B X04e pelleHus 3adadu. “‘UHTennektyanbHas
noAcucTeMa onpefeneHns MeToaoB MOTMBaLMK MOXET BbiTb MoresHa Kak akcnepTy B 0bnactv ynpasneHus
MepcoHanoM, Tak U HOBWYKY B A@HHOM nmpeaMeTHon obnactu. basy 3HaHWin U GyHKLMOHAMNbHbIE BO3MOXHOCTH
NOACUCTEMbI ONpeaeneHns MEeTOA0B MOTUBALMW, UMEIOLMECS HA JAHHBIN MOMEHT, TaKKe MOXHO UCMOMb30BaTh
B Ka4yecTBe OCHOBbI Ans AarnbHenWwnx pa3paboTok B JaHHOK obnacTu.

BnarogapHocTu
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O KOMMbIOTEPHON METOQUKE M3YYEHUA LENOCTHOCTU CUCTEMbI
BA30BbIX NOHATUNA, COOPMUPOBABLUEACA Y CTYAEHTOB
B PE3YJIbTATE OCBOEHUA KYPCA

EBreHun EpemuH

Abstract: This paper considers the experimental research of interconnections between the basic concepts,
formed after learning of the educational course. The special computer technique for estimation of students’
knowledge entirety was developed and successfully tested. New original mode of experimental data visualization
is proposed. Several interesting pedagogical reqularities were found by means of checking how students have
digested the main concepts of the course.

Keywords: entirety, concept, knowledge structure, education, course.
ACM Classification Keywords: K.3.1 Computer Uses in Education; 1.2.6 Learning — Knowledge acquisition.

Conference: The paper is selected from Fourth International Conference "Modern (e-) Learning" MeL 2009, Varna, Bulgaria,
June-July 2009

BBepeHue

Bo Bcex kHurax no negarorvke, HauMHas C TPYLOB €€ KacCWKOB WM KOHYasi COBPEMEHHbIMU yyebHMKamu,
CUCTEMATUYHOCTb W MOCNEAOBATENbHOCT BCErda OTMEYalTCs B KavyeCTBe BaXHEWLUMX OCHOBOMONArarLyx
NpUHLMNOB 06pa3oBaHms. «HenoBek ToMbko Toraa obragaeTr HaCTOAWMM U AEUCTBUTENBHBIM 3HAHWEM, Koraa B
ero Mo3ry OTpaxaeTcs YeTKas KapTMHa BHELWHEro Mupa, NpefcTaBnsioWas CUCTEMY B3aMMOCBS3aAHHbBIX
NOHATWR;... €CNN He cobnoaaTh CUCTEMbI U MOCNEA0BATENBHOCTY B 0ByYeHMM, TO NPOLECC Pa3BUTUS yYaLLnXCs
3ameansietca.» [1] Tpu 3TOM NOAYEPKMBAETCS, UTO «CEHOPMMPOBABLUAACA CUCTEMA 3HAHUA — BaXHeMLlee
CPeLCTBO NpeaoTBpaLLeHns ux 3abbiBaHus. 3abbiTble 3HaHUS BbICTPO BOCCTaHABNMBAKOTCS B cucTeMe, be3 Hee
— ¢ 6onbwmm TpyooMm. ... He 3aboieaiite coseT A.A. KOMEHCKOro: BCe LOMKHO BECTUCb B Hepa3pblBHOM
nocrnefoBaTeNnbHOCTH, Tak, YTODbl BCE CErofHslUHEEe 3aKpennsano B4yepallHee W nponaranc Aopory Ans
3aBTpaLLHero.»

M3BeCTHbI poccuiickuin npenogasatens A.l. KyHUPEHKO, KOTOPLIN SBSIETCS aBTOPOM HECKOMbKMX Y4eOHINKOB
no nHopmatuke, 0606LMn naen o HeobxoaMMOCTH eAMHCTBA BCETO npoLecca 06y4YeHNs CNEAYIOLLMM eMKUM 1
TOYHBIM TE3WUCOM: yyalmecs AOMKHbI «OCBOMTb TaKOA MUHMMYM 3HAHWA, HAKOMMEHHbIX YEroBEYECTBOM,
KOTOPbIii NO3BONSAET COCTaBUTbL LENOCTHOE NpeAcTaBNneHMe 00 OKpykKaloweMm Mupe, npupoae U
obwectse» [2].

B3anMmocBs3b CUCTEMbI MOHATUI KXOOMO KOHKPETHOro y4ebHOro Kypca BO MHOTOM OMpEeAensieT YCnewwHOCTb
obyyeHus, a LEenocTHoCcTb Yy4eOHOrO MaTepuana  BCerga HasbiBaeTcs B KavyecTBe 00s3aTenbHOMO
negarorndeckoro TpebosaHus. Tak B pabote [3], paccmaTpuBatoLlei AupakTMdeckue npobnembl oTbopa
Hay4HbIX 3HaHUIA B y4eOHWK, LIENOCTHOCTb COAEPXaHUs Kypca BblAENSeTcs B Ka4eCTBE BTOPOro No 3HAYMMOCTU
npuHUMna (cpady nocne HeobXOAMMOCTM OTpaxeHus B y4ebHOM mpeameTe cogepxaHus Hayku). [puseaem
Bonee noapobHyto umtaty: «I1pu KOHCTPYMPOBAHMM HAYYHO-MPEAMETHOMO COAEPKaHMs HAo OPUEHTMPOBATLCS
Ha LIeNoCTHOCTb ero oTpaxeHus B yyebHuke. ... LlenoCTHOCTb BCEro Kypca peanusyetcsi B Hay4yHOM KapTuHe
Mupa. LlenocTHOCTb OTpaxeHUs pasHbiX 3NIEMEHTOB 3HAHWUN peanuayeTcs Yepes UX COCTaB U CTPYKTYPY.»
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[N 0AHO3HAYHOCTM nMpeaMeTa OOCYXOEHWS [OrOBOPUMCS MOf LEMOCTHOCTbIO CUCTEeMbl MOHATMM
npenoaaBaeMoro Kypca MOHUMaTb HamuuMe MPUHLMNWANBHO BakHbIX CBSI3el Mexay BCemu ero 6as3oBbiMu
KaTeropusiMn. M3 naHHoro onpeaeneHnst ¢ 04eBUAHOCTLIO BbITEKAET, YTO T€ CTYAEHTbI, KOTOPbIE BUASAT Gonbluee
KONMYECTBO accoumaLmii Mexay u3yyaeMbiMi TepMUHaMU, UMET BOMbLUyKo CTENeHb LIENIOCTHOCTU 3HaHMIA, U,
cresoBaTenbHO, NyyLle YCBOUNK JaHHbIA y4eBHBIN Kypc.

B paHHoi paboTte caenaHa nombiTka SKCMEpUMEHTanbHbIM MyTEM UCCNefoBaTb Y CTYAEHTOB CTPYKTYpY
B3aMMOCBSI3M MOHATMI N0 Kypcy «ApxutekTypa 3BM». PaspabotaHa u onpoboBaHa KOMMbOTEPHAS METOAMKA,
NO3BONAIOLIANA OLEHWUTb CTeNeHb CBA3AHHOCTM Ba3oBbIX MOHATMM, KOTOpblE CHOPMMPOBANUCH Y HWUX B XOde
nsyyeHns matepwana. [lpegnoxeH M onpoboBaH psA  KOMWYECTBEHHBIX KPUTEPUEB, XapaKTepU3YHLLMX
LLeNIOCTHOCTb  3HAHWW; OMWCaH HOBbIA KOMMMEKCHbIM cnocob rpadmyeckoro npefcTaBneHust pesynbTaTos
nccnenoBaHus. BoisiBNeHbl HEKOTOPbIE neaarornyecke 0COHEHHOCTI YCBOEHUS CTyAeHTaMn cMCTeMbl 6a30BbIX
MOHATWIA Kypca.

OOwasn cxema uccnegoBaHUA CMCTEMbI MOHATUN

[na onpenenexus LENOCTHOCTU CUCTEMbI MOHATMIA kypca «ApxutekTypa OBM», M3y4aemoro CTyAeHTamu
HaLLlero yHuBepcuTeTa, Obina pa3paboTaHa v peannsoBaHa crieaytoLlas cTpaTers.

1. TMonb3ysicb CyLEeCTBYIOWMMM y4ebHMKaMu (CM., HanpumMep, KHWUMM [4-7]) 1 NMYHBIM OMbITOM NPenodaBaHus
[8], aBTOpPOM 6bIN CHOPMMPOBAH CMUCOK CUCTEMbI GA30BLIX MOHSATWIA U TepMuHOB. peanonaranocb, YTo
MIMEHHO CTeneHb YCBOEHMS AaHHOT0 Habopa NOHATUIA BO MHOTOM CBUAETENbCTBYET 06 YCMELUHOCTY U3yYeHNs
Kypca.

2. Onupasicb Ha Te Xe MCTOYHWKM, MEeXOy dneMeHTamu cnucka Obinu 3adukcupoBaHbl Hanbonee BaxHble
cBsi3n. [laHHas yacTb paboTbl HOCKUNA B OCHOBHOM OLIEHOYHBIA XapaKTep W UMena Lenbio NpeacTasuth cebe
TY KApPTUHY, K KOTOPOW JOIMKEH NOAOMTM (MnM CTPEMUTLCS NOJONTM) AOOPOCOBECTHBIN CTYAEHT. Pe3ynbTarhl
NPOBEAEHHOr0 aHamM3a M CUCTemMaTU3auuu copepxaHust Kypca Obinu oTpaxeHbl B nybnukauusx asTopa
[9, 10].

3. Bbbina HanucaHa KOMMblOTEpHas Mporpamma, HasHayeHue KOTOpOW COCTOSNO B TOM, 4TOObI MPOBEPUTH
NMetoLMecs y CTYAEHTOB accoupaLmn Mexay NoHATUAMU 1 3acukenpoBaTh WX B BUAe danna, NpuUrogHoro
AN fanbHEenLwero KOMMbOTEPHOr0 aHanusa. llporpaMma ucnonb3oBana B KAayecTBE BXOAHBIX AaHHbIX
CMUCOK TEPMMHOB, MOMYYEHHbI B pesynbTaTe BbINOMHEHUS MyHKTa 1, U CNUCOK CBSA3eN, BbipaboTaHHbIN B
Xofe aHanuaa B nyHkTe 2.

4. [pyrasi KOMMbKOTEpHas Mporpamma Mo3BoMsfa MpenofaBaTeNto-3KCNepuMEHTATopy NpoaHanuanpoBaTth
pesynbTaTbl MPOBEPKM 3HAHUIA CTYLEHTOB, KOTOpble ObINM MONyyeHbl Ha Mpedblayliem aTane, W BblgaTh
pa3HoobpasHyto cTaTuUcTuky. [o3gHee nporpamMMHas YacTb Oblna paclumMpeHa Ans nonyyeHus rpadmyeckoro
npeacTaBneHuns NomnyYeHHbIX AaHHbIX.

PaccmoTpum Tenepb 0COBEHHOCTU KaXaoro 13 aTanoe paboTsl 6onee nogpobHo.

MeToauka opraHu3aumm sKcnepuMeHTa

Cnucok 6a30BbIX MOHATMI KypCa apXMTEKTYpbl, UCMOMb30BAHHbLIA B KA4yeCTBE 3KCMEPUMEHTaNbHOM 6asbl,
copgepxan 6onee 120 TepmuHoB. B Hero Gbimu oToOpaHbl kak Hambonee obLyMe MOHATUS — KOMNbHOMED,
npozpaMMHasi W annapamHasi Yacmb, MEOPemu4yecKue OCHOBbI, Tak M 0onee KOHKPETHble TEPMMHbI,
packpbIBalOLMe WX, HAMpPUMEP, ONepayuoHHas cucmema, npoueccop, namsime, npamoli docmyn K namsimu,
NPUHYUN uepapxuu, 6alim v MHore apyrve. B CnUCOK Takke BOLLMN TEPMUHBI, peanuayioLie MeXnpeaMeTHbIe
CBSI3W, HanpuUMep, C MUKPOSNEKTPOHMKOM, NIOTUKON U cucteMamu cuncnenms. C apyroi CTOpOHbI, B NepeyeHb
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TEPMUHOB CO3HATENbHO He ObInk BKMKYEHb Ha3BaHUS KOHKPETHBIX ONEPaLMOHHbIX CUCTEM, BHELLHUX YCTPONCTB
W UX Npou3BoauUTENeN, a Takke Apyras nogobHas MHopMaUKs, KOTopas SBNSETCH MEHEe CyLIEeCTBEHHOW C
TOYKW 3PEHMS U3YUYEHUsI TMaBHbIX 3aKOHOMEPHOCTEN Kypca. Mcnonbays cTaHAapTHYH TEPMUHOMOTUIO, NPUHATYIO
B 06BEKTHO-OPUEHTUPOBAHHOM NPOrPAMMMUPOBAHNM, MOXHO CkasaTb, YTO pacCMaTPUBANNCh KNAcehl MOHATUI, HO
He WX 3K3eMnnspbl.

Takum 06pa3om, Obin BblgeneH AOCTAaTOYHO LWMPOKWA NepeyveHb Ga3oBbIX MOHSATUIA, KOTOPblE C TOYKW 3pPEHMs
npenogaBaTens LOMKEH 3HATb M NOHWMATh rPaMOTHbIN CTYAeHT. MepeyeHb nonyyuncs BecbMa 06beMHbIM, Tak
YTO BNOCMEACTBUM NPY NPOBEAEHNN JKCMEPUMEHTA OKa3anoch, YTO peasnbHble CTYAEeHTbl aKTUBHO UCMOMb30Banu
B CBOMX OTBETaX HEMHOTMM 60ree NoNoBMHbI NPEAMOKEHHONO CrncKa.

Cnepylowmm warom Obinn NpoaHanu3npoBaHbl CBA3U MeXAy OTOOpPaHHbLIMW TepMUHaMU. HeTpuBnanbHbIi
pesynbTaT COCTOS B TOM, YTO yganocb 0OOMTUCH BeCbMa OrpaHuWyeHHbIM Habopom cessei. B Hero sowwnm
CTaHAapTHble OTHOLIEHWS MEXOY MOHATUAMM, HanpuMep, vacmb/uenoe wunu Knacc/nodknacc, a Takke
HekoTopble creuuduyeckne ANS Kypca CBSA3W BPOAE OCHOBaHUEe (NMPUHUUNnbI uepapxuu v adpecayuu —
OCHOBaHUe — haMsimb, NPO2PaMMHbIU CYeMYUK — OCHO8aHUE — OCHOBHOU an2opumm UCMOMHEHWS MHCTPYKLMK)
unn coeduHeHue. MonHas Tabnuua cBA3el ¢ KOHKPETHBIMIU NPUMEPAMM ANS KaAOoW npuBedeHa B nybnmkaynsx
[9, 10]: oHa cocTomT BCero u3 11 6a3oBbIX accoLuaLuil.

OnybnnkoBaHHble paHee pe3ynbTaTbl aHanu3a COAepXaHus Kypca NpeAcTaBnstoT CaMOCTOATENbHbIA UHTEPEC.
C TOYKM 3peHust AaHHOM paboTbl, CHOPMUPOBAHHBIE CTIUCKM SBNSIOTCS MCXOBHOM MHGOpMaLmeit, koTopas Oyaet
NCMONb30BaTbCH B XOA4E MPOBEPKM LENOCTHOCTW 3HAHWA CTyAEHTOB B W3yyaeMoi npeameTHoil obnactu.
Mockonbky npoBepka OyAeT NPOBOAUTLCS B KOMMbOTEPU3NPOBAHHOM BapuaHTe, CrMCKM 6a30BbIX MOHATUNA W
CBSI3eM, KOTOpble CRyXaT BXOAHbIMI AaHHBIMW ANS KOHTPONMPYHOLLE NporpaMMbl, NPeACTaBNSANNCH B BUAE OBYX
TEKCTOBbIX (haisos.

lMepeiaem Tenepb K ONMCaHMI0 KOMMLIOTEPHOW NPOrpaMMbl NPOBEPKU 3HaHWI cTyAeHToB. OHa co3faHa B
cpepe nporpammupoBaHus Delphi 1 sBnsetcs focTaTouHO NpocTod. Mmeetca Tpu cnucka (cMm. puc. 1),
Nonb3ysAChb KOTOPbIMM CTYAEHT (DOPMUPYET CBA3L BUAA

TEPMUH 1 — CBSA3b — TEPMUH 2

(Hanpumep, npoyeccop — Yacmb/yenoe — peaucmp, YT NErko paclumgpoBaTh kak pasy «npoLeccop U perucTp
CBS13aHbl OTHOLLEHMEM YacCTb/LieNIoe» U, TOYHEE roBOpsl, «PErucTp ecTb YacTb npoueccopar). Cdopmmposas
O4YepenHyto CBSI3aHHYI0 Mmapy, CTYAEHT (PUKCUPYET ee NYTEM HaXaTusi Ha YMPaBRSLLYH KHOMKY «3anoMHUTbLY.
[Mpu 3TOM CKOHCTPYMPOBaHHbIN TEKCT 40OABNSETCA B MHOrOCTPOYHOE TEKCTOBOE MOME, KOTOPOE PAacroroKEHO B
HVDKHEH YacTy OKHa.

[MoMMMO 3arpyXeHHOro U3 (haiina 3apaHee MOArOTOBMIEHHOTO MepeyHsl accouuauuin, B nporpammy 3anoxeHa
noTEHUManbHash BO3MOXHOCTb BBECTU AOMONHUTENbHbIA (HE NPeayCMOTPEHHbI aBTOPOM) BMA CBA3W MeXay
NOHATUAMU, ONS Yero B OKHE MMeeTCs NepekrniovaTtenb W none [Ans BBoda HOBOTO HasBaHus. Kak nokasan
9KCMEPUMEHT, CTYAEHTbl He NOoNb30BaNnNCb AAHHON anbTepHATMBOW, MpeanoyuTas BblOMpaTb TUM CBA3N U3
“MetoLLerocs cnmcka.

Korna paboTa 3aKkoHYeHa, CTYAEHT COXpaHsieT HabpaHHble pesyrnbTaTbl B BUge TEKCTOBOTO (haiina,
npeaHasHaYeHHoOro Ans [anbHElero KOMMbloTepHOro aHanuaa. OTMETWUM, 4TO TeCTMPOBaHWe 3HaHMiA
MPOBOAMIIOCH [BaXabl — NMEPes WU3y4YeHUeM Kypca U nocrie Hero: Lenb COCTOsNa B MOMbITKE CPABHEHWSH 3TWX
pe3ynbTaToB /151 OLEHKN 3ChheKTUBHOCTM OCBOEHMS! Kypca.



50 No:12 - Human Aspects of Artificial Intelligence

= TepMuHbl No KYpCy "ApHUTEKTYpa JBM"
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npoToKoA TPHITEP
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Puc. 1

HakoHel, Ha nocnegHem aTane MOMyveHHble TEeKCTOBble (hainbl €  pesynbTatamum  NOABEpPranuchb
KOMNbIOTEPHOI 06paboTke Apyron nporpaMmon. Ee rnaBHoi Lienbio SBNSANOCH BbISBMNEHWE CBA3AHHbIX rpynn
MOHATMIA [ONA  KaX4oro cTydeHTa. Hanpumep, BCTpeTvB B haiine CBA3M (DYHKUYUOHAbHbIe OAOKU —
Kkracc/nodknacc — npoueccop, (hyHKUUOHanbHbIe 6r10KU — Knacc/nodknacc — namsimb, (yHKUUOHasbHbIE 610KU
— Knacc/nodknacce — yempoticmea esoda u (hyHKUUOHasbHbIE b10KU — Kracc/nodknace — yempolicmea ebigoda
nporpamma obbeanHana Bce NSTb UIYPUPYIOLLMX B HUX MOHATMIA B ogHy rpynny. K aToit xe rpynne nosgHee
pobaBnanuch Apyrue MOHATMSA: Hanpumep, CBS3W npoueccop — yacme/uyenoe — AJlY w npoueccop -
yacmb/Uenoe — YY npucoeauHanu K aToi rpynne elle ABa TEPMUHA - apuMETUKO-NOTMYECKOE YCTPOICTBO U
YCTPOMCTBO YNpaBeHus.

B npeane Bce NoHATUS Kypca B3auMOCBSA3aHbl, YTO NOATBEPX4AN TECTOBbINA 3anyck Nporpammbl, B KOTOPOM €l
«NpegbaBnancs» TIWaTeSbHO MOArOTOBMEHHLIN aBTOPCKUA (Pais, MOCTPOEHHBIA MO MOSHbIM pe3ynbTaTtam
nyonmkauui [9, 10]. SkcnepuMeHT nokasan, YTo pearbHble CTyAeHYECKMe (annbl NpeacTaBnsanm cobon bonee
Pa3pO3HEHHYID KapTUHY, COCTOSILLYIO W3 HEKOTOPOr0 KOMWYECTBA M30MMPOBAHHBLIX TPYNM MOHATUIA, NpUyeM
oTaenbHble rpynnbl ObiiM o4eHb Manbl. OTMETUM, YTO YeM Bbile CTeneHb (pparmeHTauun, Tem 6onee
«0OpbIBOYHBI» 3HAHMA CTyAEHTA.

HenocpeacTBeHHast SKCMEpUMEHTarbHasi MPOBEPKA CTEMEHU LIENOCTHOCTW CUCTEMbI MOHSTUA MPOBOAMNACH
cneayowum obpasom.

OLeHMBanuCh 3HaHWsi CTyLEeHTOB TPETLETO kypca huanyeckoro dakynbTeTa npu U3y4eHumn kypca «ApXuTekTypa
OBM». KoHTponb npoBoauncst ABaxabl: B Havarne v B KOHLE CeMecTpa, TO ecTb [0 M nocne 13yyeHus kypca. K
COXareHuto, KOMMYECTBO CTYAEHTOB, M3y4yaBLUMX KypC M MPUHSIBLUMX y4acTie B 3KCTIEPUMEHTE, BbINo HEBENMKO.
HekoTopble CTyfeHTbI MO YBAaXMUTENbHO NpUYMHE NPOMYCTUIN OAHO U3 TECTUPOBAHMIA, TaK YTO UX Pe3ynbTaThbl
OKa3amnm1ch HEMOMHbLIMM U HE MOMN BbITb YYTEHbI.
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YTobb! WCKYCCTBEHHO HE YynyyWntb pesynbTatbl, CTyAEeHTaM He coo6m,ana0b, 4YTO LEeNnblo IKCnepumeHTta
ABNAETCA BbiABNEHWE LEeNOoCTHOCTU CUCTEMbI MOHATUIA. Foaopmnom: NPOCTO, YTO Y HUX NPOBEPAETCA CTENEHb
YCBOEHNA MaTtepuana. B WHCTPYKTaXe npeanaranoCb He CTONbKO 3aAyMblBatbCA Had TEM, Kak MMEHHO 6y/J,yT
OLeHMBaTbCA pe3ynbTaTtbl, CKONbKO CTapaTbCA MakCMMalbHO NOMHO OTPa3nuTb CBOW 3HAHNA.

Mockonbky CTyeHTaM He pacckasblBarnoch paHee O TUMax CBS3ei MexXay NOHSTUSIMU, UM Npeanaranoch nepes
Ha4yanom paboTbl O3HAKOMUTLCS CO CheuuanbHoi Tabnuuel, B KOTOpylo Obinu CBeAeHbl BCe OAMHHaALATb
MOHSITUI C MHOrOYUCNEHHBIMU NPUMEPaMU Ha Kaxaoe. PesynbTaTbl Nokasamnu, YTo 3Toro Oblfo HeJoCTaTOuHO, U
CTY[EHTbl MMOXO pasnuyanu Tunbl CBs3ed. Yacto OHM MNyTanu [Jaxe Khaccuyeckne yvacme/uenoe U
knacc/nodknacc, He roBops yxe 06 ocTanbHbIX Buaax CBsi3eit. MockonbKy C TOUKW 3pEHUs LIENN SKCNepUMeHTa —
06LLel OLIEHKM CBSIBHOCTW CUCTEMbI MOHSITUN, KOHKPETHbIE PA3HOBWUAHOCTM CBS3el HEe Tak BaXHbI, OblNO NPUHATO
pPElleHNe Ha HayanbHOM 3Tane 3SKCMepUMEHTOB npeHebpeyb owmMbkamu B 3TOM YacTW 3afaHust U MPOCTO
(hrKcMpoBaTh (haKT HanMuus cBs3n. [laHHoe ynpolueHre MeToaMKN 3amMeTHO obneryano npouecc 06paboTku 1
aHanu3a pesynbTaTos.

Bpemsi Ha BbINONMHEHWE 3afaHWs He OrpaHMuMBanoch, paboTa 3aBepluanach MHAMBKAYambHbIM 06pa3oM no
XenaHuio cTyaeHTa. Mo-BuauMomy, 3T0 BHOCUNO SMEMEHT HEONpeaerneHHOCTU B METOAMKY, Tak Kak HeKoTopble
CTYLEeHTbl AEACTBUTENBHO YKasbiBanu BCE CBS3M, KOTOPbIE 3HANW, a Apyrue MpocTo ycTaBanu U 3aBepluant
paboTy. BhinonHeHWe 3aaaHus B CPEAHEM 3aHUMANO Y CTYAEHTOB OKONo Yaca. 1o HabnogeHnsM 3a npoLeccom
KOMMbIOTEPHO NPOBEpPKH, PeakLnsi CTYAEHTOB Ha BbINOMHSEMYto paboTy Obina BecbMa HerTparbHON («BOT U
elLle OfIHO 3afjaHu1e MoMy4unny), M 0cobblX 3aTPYAHEHMI cama NpoLeaypa NPOBEpPk He Bbi3biBana.

O6cyxaeHne pe3ynLTaToB

Kak cregyeT M3 M3NOXEHHOM Bbille METOAMKA MPOBELEHUS! SKCMEPUMEHTa, €ro pesynbTaToM SBMseTCs
TEKCTOBbIN (hain, COCTOSLLMX M3 Nap NOHSTUN, 0GbeANHEHHbIX APYT C [APYrOM CBSA3bK0 HEKOTOPOro Tuna. Bhilue
y)Xe 0TMEYanoch, YTo Ha [JaHHOM 3Tane UCCneaoBaHus TUM CBSA3M He yyuTbiBancs. [ns 06paboTku UTOroBbIX
(haiinoB Gbina HanucaHa cneuuanbHasi nporpamMma, kotopasi 0ObeauHsna CBs3aHHble MOHSTUS B rpynnbl U
3aTeM BbIYMCTISNA Te UK UHble CTAaTUCTUYECKUE XapaKTEPUCTMKN.

PaCCMOTpVIM, Kakne NMEeHHO BENNYMHBI MOXHO I'IOI'IpO6OBaTb NPUHATb 3a XapakTEPUCTUKN CTENEHU LIENTOCTHOCTH
CUCTEMbI MOHSATUI y CTydeHTa.

B kauecTBe nepBMYHbIX MapamMeTpoB O4eBUAHbIM 0BPA30M BO3HMKAET 0bwee Konu4yecmeo mepmMuHos 1 obujee
Koruyecmeo cesisell MeXOy HWMW, KOTOpble HaideHbl B (paine pesynbTaToB KOHKPETHOMO CTydeHTa. Mx
OTHOLLEHWe, MMEIOLLee CMbICN cpedHe20 Konuyecmea cesseli Ha 00HO NOHAMUeE, Takke MOXHO BBECTU B
paccmoTpeHune. OueBMaHO, YTO YeM Oonblie BennMUMHA yKa3aHHbIX MokasaTenei, Tem nydlle CTYOEeHT ycBoun
maTtepuan.

Ewe opHy rpynny napameTpoB MOXHO MOCTPOMTb Ha 6ase pacnpegeneHns TEPMUHOB NO rpynnam. 3pech
npeanaraetcs obwjee Yucno epynn noHAMuU (OHO JOMKHO BbITb NO BOSMOXHOCTM MeHbLUe, B uaeane Boobule
BCE TEPMWHbI JOMKHbI CCHOPMMPOBATL EAMHCTBEHHYIO rPYNNY) U pasmep MakcumarnbHoU 2pynnbi NOHAMUL (3TOT
nokasaTtenb XO4eTCsl BWUAETb Kak MOXHO 6onblue). [JonONHUTENbHO MOXHO B3STb OTHOLEHME 06LLero yucna
TEPMWUHOB K Yucry rpynn, T.e. cpedHuli pa3amep epynnbl, KOTOPbIA MPU XOPOLIEM YCBOEHMM Kypca OXuaaeTcs
nony4nTb 6OMbLLMM.

Bce nepeyvncrieHHble XapakTepucTukn ObINK BbIYMCTIEHDI Ana Kaxnoro U3 CTyAeHTOB, a 3aTéM COMOCTaBl1EHbI
ana NpoBEpOK, NpPOBEAEHHbIX A0 Hayana Kypca W nocne ero caa4u. Haunbonee MHTEPECHbIMK MOKa3anucb
pesynbTaThl ANga cpeaHero pasmepa rpynnbi TepMUHOB. K coxaneHuto, OrpaHM4yeHHoe KOnn4eCcTBo CTyAEHTOB,
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Y4aCTBOBABLUWX B 9KCNEPUMEHTE, HE NO3BOMSIET C MOMHON YBEPEHHOCTBI YTBEPXAaTb, YTO AaHHbI NoKasaTenb
ABMIAETCS HAUNMYYLLEN MHTErpanbHoI XapaKkTepucTUKON npoLecca.

[narpamma 3HaueHuin ons BblOpPaHHOTO MokasaTens npuBedeHa Ha puc. 2. PaccmoTpum ee COAEpXMMOE
noapobHee.
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Puc. 2

Ha pucyHke nM306paxeHbl peaynbTaTbl NPOBEPKM LENOCTHOCTM 3HaHWN Yy 12 CTyAEHTOB (TOuKM Ha ocu abeunce
NOMEYEHbI 1X YCOBHbIMM HOMepamm oT 1 4o 12). Baomnb ocv opanHaT OTNOXEHbI CTONBLbI, NPONOPLMOHANbHBIE
BENWUYMHAM CpeHero pasmepa rpynn MOHATWUA, T.e. OTHOLIEHWE MOMHOT0 4ucna TEPMUHOB T K uucny
chopmmpoBaHHbIX 13 HUX rpynn G. Ctonbuk cneea — 3T0 AaHHble B HaYane 0CBOEHUS Kypca, a cnpasa — nocrne
€ro0 3aBepLUEHUS.

BaxHas 0co6EHHOCTb AnarpamMMbl COCTOMT B TOM, YTO CTYAEHTbl Ha Hel ynopsigoyeHbl B COOTBETCTBUW C
HEKOTOPbIM PEMTUHIOM: KPUTEPUEM TaKOro pacrnofiOXeHUs ABUIOCh BPEMS COAYM BCEX NPaKTUYECKUX 3afaHui.
[Mpu 3TOM CTYOEHTHI, KOTOPbIE UMEKT MEHbLLME HOMEPA, 3aBEpPLLUMAM KYPC PaHbLUe, T.e. MPOAEMOHCTPUPOBAIM B
X0Oe ero OCBOEHWs Nyywue pesynbTtathbl. CyObekTWBHble HabMogeHWs 3a XOOOM BLINOMHEHUS 3adaHuit U
Geceqbl, KOTOpbIE MPOBOAUINCH MPU UX NpUEME, NOATBEPXAAIT CNPaBEANMBOCTb BbIBPaHHOIO B Ka4eCTBe Mepbl
YCMELUHOCTU KpUTEPHS, NO KpaHern Mepe, Ans AaHHOW rpynnbl CTYAEHTOB.

Tenepb npoaHanuavupyem BENUYMHYy CPEAHEro YMCna MOHATUA B rPynne, a TOYHee, ee U3MEHEHWE B CBSA3N C
3aBEpLUEHNEM W3yYeHUs Kypca. M3 pucyHka OTHETNMBO BWAHO, YTO Y PasHbIX CTYAEHTOB XapakTep U3MEHEHMUs
nokasaTens BeCcbMa pasfnyeH. Y HeKOTOpbIX CTYAEHTOB (CM., Hanpumep, Homepa 1, 2, 6, 9) B pesynbTare
NPOXOXAEHNS Kypca nokasaTtenu npakTUYecku COXpaHWnmM CBOW 3HayeHus, 3ato y apyrux (4, 5 u 10-12) oHu
3ameTHO Bblpocnn. ObpallaeT Ha cebsi BHUMaHME cregytolas MHTEepecHast 0COOEHHOCTb: Yy BCeX Crabbix
CTYOEHTOB pa3Mep rpynn TEPMUHOB BbIPOC, T.€. CBA3HOCTb MX 3HAHWW YNyyllMnach, a Y CamblX CUSbHbIX,
HaNPOTWB, M3MEHEHMUS HE OYEHb CyLLECTBEHHDI. [10-BUAUMOMY, noCneaHWn (aKkT MOXHO MHTEPNPETUPOBATL Kak
XOpOLWY NpeaBapUTENbHY0 MOATOTOBKY — CTYAEHTbl €lle A0 Hayana Kypca WMenu OnpeaeneHHoe
npeacTaenexne o6 apxutekType kommbtoTepa. K coxaneHuto, UMEILWMXCA LaHHbIX NOKa HegoCTaTouHO Ans
HaeXHOW thuKcaLmm 3amMmeyeHHOro HabnioaeHs B Ka4eCTBe Neaarornieckon 3akOHOMEPHOCTH.

O6paTim TaKke BHUMaHWe Ha YMCIIOBYHO BENMYMHY CPEAHEro pa3Mepa rpynnbl. Kak criegyet u3 puc. 2, nyyiini
pesynbTaT Ans 13y4yaeMon rpynnbl CTYAEHTOB NpuONMU3NTENBHO paBeH 13, Toraa Kak B WaeanbHoM cryyae Ans
CNONb30BAHHOTO B 3KCMepuMeHTe Habopa TepmuHoB (Gonee 100) mpu eOMHCTBEHHOW rpynne ero BENM4YMHa
TakxKe LOMMKHA NPEBbILATh YkaaHHOe YMCTOBOE 3HAYEHME.
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PaCCMOTpVIM TaKkxke euwe OAHy — npuHuMnuanbHO HOBYH — (bopmy BU3yanbHOr0 npeActaBneHna OLEHKN
L|eNnoCTHOCTU CUCTEMbI MOHATUI, BUA KOTOpOl7I ANsi TOW e camon rpynnbl CTyOdEHTOB NpuUBEAEH Ha PUC. 3.
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Puc. 3

[aHHas «naTHUCTas» guarpamma nocTpoeHa cneaytolmm obpasom. Kaxaas Todka B cTonbue avarpaMmmbl — 370
ogHo noHsTMe. Cronbel pasgeneH Ha MOMoChl, KOTOpble SBAAKTCA rpacuyeckum NpesacTaBeHneM
COPMMPOBABLLMXCS Y CTyAEHTA rpynn NOHATMIA. [iNs ynyJlleHus HarnsgHOCTM rpynMbl UMEKT YepeayroLycs
Genyto 1 cepyto OKpacky, a HkHSS, camas Gonbluas, koTopas obpasyeTt cBoeobpasHoe 6a30B0e S4po Kypca, —
YepHy'0. HeTpyaHO Takxke 3amMeTUTb, YTO rpynMbl BO Bcex CTonbLax ynopsnoyeHsl N0 BENMYMHE, Tak YTO camast
Oonbluas rpynna HaxoauTcs BHM3Y, a CaMble ManeHbkue, COCTOsIME U3 2-3 MOHATUIA — B BEPXHEH 4acTy
cTonbuka.

Takum 00pasom, npegnaraemass B AaHHOW paboTe KOMMNeKcHas Bu3yanbHas opma npeacTaBneHus
WHchopmaLmy coueTaeT B cebe cneayioLLme CBeAEHMS:

e BbICOTA CTONOMKA nponopunoHanbHa o6memy Yncny YCBOEHHbIX MOHATHIA, KOTOpble UMEKT XOTA Obl
OAHY CBA3b C APYrMMU NOHATUAMMU,

e KONMYECTBO Pa3HOLIBETHbIX 0BNaCTell XapaKTepu3yeT cTeneHb «pa3po3HEHHOCTUY (ChparMeHTapHOCTH)
CUCTEMbI NOHATUI;

e pasMmep rpynn CBA3aHHbIX MOHSTUIA (Ha PUCYHKE XapaKTEpU3yeTCs MNowladbto COOTBETCTBYHOLIMX
obnacTeit) Takke CBUAETENLCTBYET O LENOCTHOCTY NPEACTaBNEHNUI B TOI UMM UHOM YacTy Kypca;

e pasmep HWkHeW, camoi Oonblioi, obnact (Ha puc. 3 OHa BblAENeHa YepHbIM) oTpaxaeT o0bbem
6a3oBoro 6noka NoHATMI Kypca.

HanomHum, 4TO B Maeane avarpamma OOMKHA NMPefcTaBnsiTb OAHOPOAHBIA (COCTOSIUMIA U3 OOHOW rpynmbl)
cTonbuK YepHOro LBeTa, MpUYem €ero BbiCOTa ANS CrMCKa, MPUMEHSIEMOrO B HALUMX 3KCMEPUMEHTaX, AOMKHA
cooTBeTCTBOBaThL 6onee yem 120 TepMuHaMm, T.€. NOYTW BABOE BbILLE, YEM 3TO NOMYYaNoch Ha NPaKTUKe.

HakoHel,, Heckonbko NpaKTMYeCKWX BbIBOAOB, KOTOPble MOXHO chenaTtb, rMsas Ha puc. 3, no nosogy
YCMEeLWHOCTM OCBOEHUS Kypca CTyaeHTamu. PesynbTaTthl CTYAEHTOB nogd Homepamu 4-9 n 11 (Hymepauus Ta xe
camas, Kak Ha puc. 2) BbIrnsaaaT cnabo M3MEeHUBLUMMICS B PE3yrbTaTe OCBOEHWS Kypca, MpUYeM 13 3TOro Cnmncka
CTyaeHTbl 4, 5 1 11 BbIAENAOTCA TEM, YTO CTPYKTYpa UX AMarpamMM HECKOMbKO YIyylniach: KONMYEeCTBO Nonoc
YMEHbLUIMNOCh, @ MX LUMPWHA, HanpoTue, Bo3pocna. 3ato crygeHTsl 2, 3, 10, 12 aemoHcTpupyoT Gonee
3aMeTHoe ynyudlleHne nokasatenei. U ewe ogHo HabnogeHue. Y HEKOTOPbIX CTYAEHTOB BbiCOTa CTONGWKOB,
3aBMCALLAs OT KOMWYecTBa BOWEAWMX B CUCTEMY YCBOEHHbIX MOHATWA, MOCNE W3YYEHWS Kypca HEMHOMO
yMeHbLUMnach, 0cobeHHO Ans Homepos 1 W 6. MoXHO MpegnonoxuTb, YTO 3TOT MApPajoKe OOBLACHAETCS
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CTpeMneHnem BbINOJSIHATb NOBTOPHOE TECTUPOBAHME qaopmaano n 6bICTpee NoNny4uTb 3a4eT. KoHeuHo, aaHHoe
npeanonoxeHue HyxnaeTca B JanbHenLwen akcnepmmeHTaanon NnpoBepkKe.

3aknioyeHue

PaspaboTtaHa 1 peanu3oBaHa KOMMbIOTEPHAsk METOAMKA, KOTOpasi MO3BONSET NPOBOAUTL AKCNEPUMEHTANbHOE
nccnenoBaHue LENOCTHOCTM CuUCTeMbl 6a30BbIX MOHATUNM KOHKpeTHoro y4yebHoro kypca. Metoguka 6bina
onpoboBaHa Ha MpUMepe M3yyeHus CTyaeHTamu kypca «Apxutektypa IBM» 1 npoaemMoHCTpupoBana CBO
pabotocnocobHocTb. [Ins npeactaBneHnss pesynbtatoB B paboTe npeasnioxeHa opwriHanbHas dopma
BM3yaNbHOrO MPELCTABMEHNs AaHHbIX, KOTOpas HarfsigHO OTpaXaeT CTPYKTYpy B3aMMOCBS3N MOHATUIA Y
CTYAEHTOB. B xofe nccnenoBanus Gbinv nomnyyeHsl HEKOTOpbIE NpeaBapUTENbHbIE NEAArOrMiYeckne pesynbTarbl,
Hanpumep, 06 0COBEHHOCTSX MOBBILIEHUS LEMOCTHOCTI CUCTEMbI 3HAHWUA Y CTYAEHTOB C Pa3NMYHbIM YPOBHEM
NoAroToBku. PaboTbl MO COBEPLUEHCTBOBaHMIO METOAMKN MCCnefoBaHus W Gonee [eTanbHOMY W3YYeHMIo
npowecca hopMMpOBaHUs CUCTEMbI 6a30BbIX MOHATUN y CTYAEHTOB ByayT NPOAOMKEHDI.

BnarogapHocTu

Cratbq yacTMyHO puHaHcupoBanHa 13 npoekta ITHEA XXI WHctutyta WMHOPMALMOHHBIX Teopun W
Mpunoxenuin FOI ITHEA n Koncopunyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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TEXHONOIrMA OLEHUBAHUA TECTOB
B 3ABUCUMOCTM OT TUMA U YPOBHS CNOXHOCTU TECTOBbIX 3A0AHUK
HA OCHOBE UHTEFPUPOBAHHOW MOJENK

Muxaun boHpgapeHko, Banepui CemeHew, Hatanus benoyc, Buktop Bopucerko,
Upuna Kyuesuy, Upuna benoyc, Oneca Menexuk

AHHOmayusi: B pabome onucbieaemcsi MeXHOMO2US OUEHUBaHUS mecmosbiX 3adaHull, a makxe
pacnpedeneHue 3adaHull pasHbIX munog8 no YPOBHSIM ~ CIIOXHOCMU Ha OCHO8E  Pe3yrnbmamos
npedeapumenibH020 MecMuposaHusl. AKmyanbHOCMb U 8axHOCMb  paspabomku OaHHOU MmexHomo2uu
onpedensemcs opueHmayueli Ha NPaKMUYeCKoe UCNOMb308aHUE 8  HENPEPbIBHOU CUCMEME OUeHUBaHUSs
3HaHUl, NpUMeHUMOCMblo OaHHOU mexHonoauu Ons /6ol cucmeMbl OUEHUSAHUS 3HaHUl, a makxe
UHOUBUAYanuU3upo8aHHbLIM NOOXOAOM K OUEHUBAHUID pa3HbIX MUNO8 Mecmogbix 3adaHull ¢ y4emom ypoeHs Uux
cnoxHocmu. [pu pacnpedeneHuu mecmosbix 3adaHuli No YPoSHAM CIOXHOCMU npednazaemcs Ucnob308amb
UHME2pUPOBaHHYI0 (hYHKUUOHaMbHYI MOOESb, NO3BOMSKWYI NPUMEHSMb pasHble cnocobbl pacnpedeneHus
mecmosbIx 3adaHull, 8KIIOYEHHbIX 8 mecm, 8 3agucumocmu om ux munos. [lpednazaemas mexHonoaus bbina
npozpaMMHO peanu3ogaHa u eHedpeHa 8 yyebHbIl Npouecc, Ymo no3gosuno nposodums 6onee moyHoe u
0bbekmusHOe mecmuposaHue, a makxe pacnpedenieHue mecmosbix 3adaHull pasHbIX MUN08 NO YPOBHAM
CIIOXHOCMU.

Knioyeebie cnoea: mun mecmosoz2o 3adaHusi, OUeHUBaHUE mecmoebix 3adaHull pasHbIX munoe, YpOo8eHb
CIIOXHOCMU, UHMe2puposaHusi Modenb pacnpedeneHuss mecmoebix 3adaHuli pas3HbIX Munos.

ACM Classification Keywords: K.3.1 Computer Uses in Education
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BBeaeHue

KoHTpornb 3HaHWI SBASIETCS BAXHOM YaCTbio NpoLecca 06y4eHns 1 NO3BONSIET NOMNYYUTb BCECTOPOHHIOKD OLIEHKY
YPOBHS 3HaHU 06yyaembix. OAHOM M3 XOpOLIO 3apeKkOMeHAOoBaBLIMX cebsi NMOBCEMECTHO (hOpM KOHTpOINs
3HaHWA SBNSETCS TeCTUpOBaHWe. TecTMpOBaHWe, HECMOTPS Ha MHOXECTBO OMpederieHHbIX HeAOoCTaTKoB,
SBNAETCA B MPUHLMNE €OMHCTBEHHBIM MO-HACTOSALLEMY TEXHOMOMYECKUM CPeaCTBOM ANS U3MEPEHUS YPOBHS
3HaHUIA W HE3aMEHWMO KaK UHCTPYMEHT, NO3BONSAIOLLMIA peann3oBaTtb AP MEKTUBHDIN NeAarormyeckmin KOHTPO!b U
BOMKHBIM 06pa30M OpraH13oBaTh ynpasreHne y4ebHbIM NpoLeccoM.

OpHUM U3 CROXHBIX WM NPOTMBOPEUMBLIX BOMPOCOB MpU MPOBEJEHWM TEeCTUPOBaHUs sBnsieTcs npobnema
OLEHMBaHMSA 3HaHMA. CaMbIM pacnpoCTpaHeHHbIM CMOCOBOM  pelleHns AaHHOM npobnembl  SBRseTCs
NCNONb30BaHNe AUXOTOMUYECKOM CUCTEMbI OLEHMBAHWSA TECTOBbIX 3afaHuil, B KOTOPOW 3a Kaxdoe 3ajaHue
MoxHo nonyumtb 0 mnm 1 6ann. [JaHHas cuctema ygobHa npu OLEHMBAHWM 3agaHui C BbIGOPOM OAHOrO
NPaBWUNbHOMO OTBETA M3 MHOTUX, T.€. 3afaHuii 3aKkpbITOro Tuna. B TO e Bpems CyllecTByeT onpefeneHHoe
MHoroobpasne TUMOB TECTOBbIX 3afaHuiA: 3aKpbiTble (MHOroanbTepHaTUBHble W Of4HOANbTEPHATUBHbIE),
OTKPbITblE, HA YCTAHOBMEHWE COOTBETCTBMS MEXDY SNEMEeHTaMW, Ha YCTaHOBMEHWE MpaBUIbHON
nocrneaoBaTeNnbHOCTH, CUTYaUMOHHbIE TecToBble 3adaHus [Komnnekc HopmaTuBHUX dokymeHTis, 1998]. [Ons
OLEHWBaHMS 3afaHuii PasHbIX TUMOB MPUMEHEHUE AMXOTOMUYECKOM CUCTEMbI HELOCTATOMHO, T.K. 0Dy4YaeMmbli
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MOXeT AaTb HEMOMHbIA UM YaCTUYHO MPaBUIbHLIA OTBET, YTO B NPEANOXKEHHON CUCTEME HELOCTAaTOYHO TOYHO
OLEHWBAETCA KaK HempaBumbHbId OTBET. [ns 3theKTMBHOMO pelieHnst AaHHOW  npobnembl Heobxoaumo
MCNONb30BaTh MOMUTOMUYECKYIO CUCTEMY OLEHWUBAHUS, B KOTOPOM JOMYCKAETCS HECKOMbKO KaTeropuii 0TeeTa Ha
3afjaHue, kaxgas 13 KoTopbIX OLEeH1BaETCs no-pasHomMy. Hanpumep, 3a NOMHOCTbIO BEPHBI OTBET Ha3HaYaeTCs
2 6anna, 3a 4acTn4HO BepHbid — 1 6ann u 3a HeeepHbin — O 6annoB. HegoctaTkom 3TOM CUCTEMbI SIBMSIETCA
CMOXHOCTb BbluMCrEHNs 0BLiero pesynbTata Ha 0CHOBE 6annos, NoMyYeHHbIX 3a 3agaHus. Kpome Toro, B 9TOM
Cryyae He Y4uTbIBaKOTCS HEMpaBWUNbHO BbibpaHHble BapuaHTbl oTBeTa. [pocToe cymmupoBaHue 6annoB He
COOTBETCTBYET MCTUHHOMY YPOBHIO 3HaHUIA 06yvaemblx. [Ans pelleHns  gaHHoW npobrnembl aBTopamu
npeanaraeTcsd BBEAEHWE HeNpepbiBHOM CUCTEMbl OLEHUBAHUS 3HaHWA Ha wHTepane oT 0 go 1 u
cneLman13MpoBaHHble TEXHOMOMMW onpeseneHus OLEHOK 3a BbINOMHEHUE KaXaoro U3 TUMOB TECTOBbIX 3aJaHui
[Belous N., 2004].

[NpenBapuTenbHble MCCNE0BaHNS B 00NacTy NOCTPOEHNUS CUCTEMBI KOHTPONS 3HAHWIA NOKa3ani HE0DX0AMMOCTb
pasfeneHns 3afaHuin Ha YpoBHU cnoxHocTW. OTCYTCTBUE pasfeneHns 3afaHnii Ha YPOBHU COXHOCTW NMPUBOAMT
K HeLOCTaTOYHON OOBEKTUBHOCTM OLEHWBAHWS 3HAHWUIA U 4aCTO HE KOPPENMPYETCS C UCTUHHBIM YPOBHEM 3HAHMIA
obyyaembix [ABaHecoB B.C., 1999]. Tak, ecnu cunbHOMY CTYAEHTY MONAZaloTCs TOMBbKO CROXHbIE 3afaHus, a
cnabomy — TOMbKO Nerkue, TO B pe3ynbTaTe OLUeHWBaHus y oboux CTyaeHToB OyOeT OAMHAKOBLIA YPOBEHb
3HaHWW, YTO He COOTBETCTBYET AEeWCTBUTENBHOCTW. M HaobopoT, ecrnu CTygeHTaM C OOMHAKOBbIM YPOBHEM
3HaHWA NOMagyTCs 3a4aHNs PA3HOTO YPOBHS CHIOKHOCTM, TO MPOBEPKA 3HAHWUIA BbISBUT Y HWX PasHblil YPOBEHb
MOArOTOBNEHHOCTN, YTO He SBnsieTcs OOBLEKTWMBHLIM. PacnpedeneHne 3agaHuii MO YPOBHSIM  CIIOXKHOCTM
npenogaBaTeneM BHOCUT CYyObEKTMBI3M B MPOLIECC OLEHWMBAHWUS 3HAHWI 0Oy4aeMbIX MO MPUYMHE TOrO, YTO He
BCSIKOE Nerkoe 3afaHue Ons npenogaBaTens SBISeTCs CTOMb e NErkum 1 ans CTyOeHToB. Takum obpasom,
pa3paboTka TEXHONOrMM pacnpeneneHnst TECTOBbIX 3aaHNN N0 YPOBHSAM CMOXHOCTY SBNSIETCS akTyasbHOM.

Llenbto paboTbl sBnsieTcs paspaboTka TEXHOMOTMW MPOBELEHWUS TECTUPOBaHWS W pacnpefeNieHns TECTOBbIX
3a7aHunin Mo YPOBHSIM CFIOXHOCTW [ TECTOB, OLEHMBAEMbIX MO HEMpepbIBHOI CUCTEME OLIEHWBAHWS 3HAHWIA,
YaCTHbIM CIy4yaeM KOTOpOW SIBNSIETCS AMXOTOMMUYECKasi cucTema. [ins 3Toro aBTopamu NpeanoxeHa MeToanka
OLIEHMBaHS! TECTOBbIX 3aAaHui pasHbix dopM. [ins pacnpeaeneHus TeCTOBbIX 3aaHui Mo YPOBHAM CIIOXHOCTY
aBTOpamm paspaboTaHa (hyHKLUMOHaNbHas UHTErpupoBaHHas Mofemb COBPEMEHHOM TEOPUM TECTOB, KOTOpasi Mo
pesynbTatamM NPOBEAEHUS MpeaBapUTENbHOTO KOHTPONS 3HaHWiA onpegensieT crnocob BbIMMCIEHWUS YPOBHS
CINOXXHOCTM TECTOBbIX 3afiaHuii 1, NOCNe NpUBEAEHNs! Pe3ynbTUPYIOLLMX YPOBHEN CIOXHOCTM K €[MHOIA LiKane,
BblAET YCTONYMBbIE 3HAYEHMS YPOBHEN CIIOXHOCTM 3a[jaHWiA, BKIIOYEHHbIX B TECT.

TexHonorus oueHMBaHMA TeCTOBbIX 3afaHuUN pa3HbIX TUNOB

[Ansa cosgaHus Tecta HeoOXOAMMO BKMOYaTb B HEro 3afaHus pasHblX TUMNOB. ABTOpaMW MpeanaralTcs npu
NOCTPOEHWN  TeCTa  WCMONb30BaTb  CMEAyllMe  TUMbl  TECTOBbIX  3afaHui:  3aKpbITOro  Tuna
(MHOroanbTepHaTWBHbIE W  OfHOArNbTEpPHATWUBHbIE), HA YCTAHOBMEHWE COOTBETCTBUS, Ha YCTaHOBNEHWE
nocrneaoBaTenbHOCTH, OTKPLITOMO TUNa (BBEAEHME TEPMUHA, 3anonHeHWe Tabnuy, BeaeHue apudMeTUyeckoro
BbIPaXeHus!), CUTYaLMOHHbIX (aBTOpaMu npeanaraeTcs 34eCb BBECTM MOHATWE MHOroWwaroBoro tecta). [ns
0OBEKTUBHOW OLIEHKW TECTOBbLIX 3afaHuii pasHbiX TUMOB NPEANaraeTcs UCNoNb30BaThb ANS KaXOOoro U3 HUX CBOM
cneLman13MpoBaHHbIi Noaxoa Ans pacyeta oueHkU. Beedem Ans onpefeneHust OLEeHKM OTBETOB Ha 3adaHus
PasHbIX TUMOB KOIPMULMEHT OLEHUBAHUS T

OpHoanbTepHaTUBHbIE TECTOBbIE 3aAaHMsA
[N OLeHMBAHMS OAHOANbTEPHATMBHOTO TECTOBOMO 3ajaHusi AOCTATOMHO MPUMEHEHUs OUXOTOMUYECKOM
CUCTEMbI OLIEHMBAHWS, TAe T, =1 COOTBETCTBYET NpaBUNbHOMY OTBETY, T, =0 — HeNpaBUIbHOMY.
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MHoroaanepHaTMBHoe TeCTOBble 3aAaHuUA

I'IpM OLEHMBAHUN MHOroanbTepHaTUBHbIX 3afaHun  OUXOTOMMYECKOM CUCTEMbl HEZOCTaTOuHO, NnoTOMYy 4TO
o6yqaeMb||7| MOXET AaTb Kak HEMOHbIA OTBET, TaK U OAMH U3 Bbl6paHHbIX BapMaHTOB OTBETA 6y,qu HeToueH. B
[aHHOM Cny4ae Heobxoaumo Y4UTbIBATb HE TONbKO NPaBWNbHOCTb OTBE€TA Ha 3adaHWe B LENOM, HO U

KONMYecTBO AOMyLUEHHbIX OWMbOK. B AaHHOM cnyyae KO3MUUMEHT T, npeanaraeTcs paccyuTbiBaTb Mo
topmyre (1).
Q
po— (1)
Q, +Q;)

rae Qi — MHOXeCTBO BCeX MpaBurbHbIX BapvaHTOB OTBeTa B 3ajaHuW, Qo — KOMMYECTBO NpaBUMbHbIX
BapWaHTOB 0TBETA, BblbpaHHbIX 0By4aembIiM, Qs — KONMYECTBO HENPaBUIbHbLIX BapUaHTOB 0TBETA 0By4aemoro.
3apaHus Ha ycTaHOBNEHWE COOTBETCTBUA

lMpn oTBeTE Ha 3afaHWe Ha YCTAHOBIEHWE COOTBETCTBMS Kaayl napy OTBETOB MOXHO paccMaTpuBaTh Kak

OTAenNbHbIN BapuaHT OTBETa M Npu ONpeaeneHnn peynbTata criefyeT yuuTbiBaTb CKONbKO nap 6bino BbibpaHo
BepHO. KoathdhuLUMEHT 1 4ns 3TOro Tna 3agaHnid paccumTbiBaeTcs no dopmyne (2).

Y )

Q

roe Qi — KONMYEeCTBO Nap Ans conocTasneHus:; Qz — KOMMYECTBO BEPHO COCTABMEHHbIX Nap.

3apgaHusa Ha ycTaHOBIEHWe NocneaoBaTeNlbHOCTH

Mpu OLEHMBAHWMM 3aaHWA Ha YCTAHOBIEHWE MPAaBUMbLHOA MOCNEAOBATENbHOCT BO3MOXEH TOMBbKO OAMH
3aBefOMO NpaBubHbIX OTBET. NS OLEHWBaHMS [aHHOMO TWUMa TECTOBbIX 3aAaHui JOCTAaTOYHO WUCMOMb30BaTh
AVXOTOMUYECKYHO LLIKaNY OLeHMBAHUA, KOI(MULIMEHT T, NpuHUMaET 3HaueHure 0 umn 1.

OTKprTbIe TeCTOBble 3aAaHuA

MMpn oueHNBaHUW 3adaHWN Ha BBEAEHME TEPMUHA U Ha BBEAEHWE apU(METUYECKOrO BbIPAXKEHWS LOCTATOYHO
NCMOMNb30BaTh AMXOTOMUYECKY!O LKAy OLEHWBAHMSA, KOIPAUUMEHT I, mpuHUMaeT 3HaveHwe 0 wunm 1. lpu

BbINMONMHEHUN 3afaHUii Ha 3amoNHeHWe Tabnuu Kaxaash sueika Tabnuubl SBNSETCS OTAENbHbIM BapUaHTOM
oTBeTa. Ecnu ogHa U3 Aveek 3anoriHeHa HenpaBWUIbHO, Tako OTBET HEMb3s 3aCHMTLIBATb Kak MOMHOCTHIO
HenpaBusbHbIA (BBEAEHME OOHOTO HEBEPHOTO 3HAYEHMS B SUEKy MOXET OblTb MeXaHW4YecKom OLIMOKOW, M
MO3TOMY OHO AOMKHO HE MONHOCTLIO OBHYNUTL pesynbTaT BbINOMHEHWS paboThbl, @ NULb CHU3UTL pesynbTar
BbINONHEHWs 3adaHusl). [na onpegeneHns koadduumeHTa OLEHWBaHUS 3afaHWMA Ha 3anofHeHue Tabnuy
PEKOMEHAYETCS UCMONb30BaTh NoKasaTenbHyH (YHKUMOHAMBHYI0 3aBUCUMOCTD:
Qi
r=2% 1 3)

roe Qi — KOMM4ecTBO siyeek, KOTopble mpeanaraeTcsi 3anofHUTb obyyaemoMy; Q, — KONMMYECTBO s4eex,
koTopoe 00yy4aeMblid 3anomnHIUM NpaBUIbHO.

MHorowaroBble TeCTOBbIe 3agaHus

MHoroLaroBble TECTOBbIE 3aAaHuUst COCTOSIT M3 Habopa 3apaHuii (Habopa Lwaros), peLlaembiX NOCNe0BaTENbHO,
Korha nepexod K CheaytolleMy Lliary 3afaHus OCYLLEeCTBNAETCS TOMbKO MOCrne MNpaBWUibHOrO OTBETA Ha
npeablaywmii war. 3T0 AaeT BO3MOXHOCTb 0By4yaeMOMy aHanuaupoBaTb HE TONMbKO 3adaHue B LENoM, HO U
pasbupaTtbCs B KaOoM cocTaBnsioLei 3agaHus. bnarogaps atoMy obyvaemblit cpasy MOXET yBUAETb, FAe UM
ponyLieHa owmnbka 1 B AanbHEMLWNX warax nomnyyYnTb npaBuibHble UCXOAHbIE AaHHbIE, T. €. OWNOKM B 3a4aHmsX
He OygyT HakannmeaTbes. MHorolwarosoe 3agaHne CHMTaeTCs MPONAEHHBIM, ECIIN HA KaKAOM €ro Lware nonyyeH
npaeunbHbIA OTBET. [ns O0OBLEKTMBHOMO OLEHWBaHMS OTBETa M rMyOMHbI 3HaHMIA 0By4yaemMoro ucnonb3yeTcs
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CHETYMK [onyCKaeMblX 0LIJVI60K, KONIMYECTBO KOTOPbLIX Y4YNTbIBAETCA NPW BbICTABNEHNN OLIEHKW. Kpome TOro,
H606XO,E|,I/1M0 peLwwnTb npo6nemy OL€HMBaHUA TakKuxX BOMPOCOB. PeKomeHuyemaﬂ (bopMyna anga BblYUCNEHUA
KOSCbeVILLI/IeHTa NPaBUnbHOCTU AJ14 MHOIOLLAroBoro TeCTOBOro 3aaHua UMeeT BUA :
Z”: 1
= m. +1
ri _ =l i (4)
n

roei- HOMep Lara, m; — Konim4ecTBo owwmboK, JonyLeHHbIX Ha i-TOM Lare, N — KOIYeCTBO LaroB.

®opmyna (4) cnpaBeanuBa 4719 MHOTOLIArOBbIX TECTOBbIX 3aAaHuiA, B KOTOPbIX Ha KaXOOM Luare UCnonb3ykTes
OJHOANbTEPHATUBHBIE 3aAaHNS WNW 3afaHUs Ha YCTAHOBIEHWE NPaBWUIILHON MOCNEAOBaTENbHOCTH. B cnyyae
NCMONb30BaHNA Ha KakoM-NMGO M3 LWaroB TECTOBOTO 3afaHWs Ha COOTBETCTBME WM MHOTOANbTEPHATUBHOIO
TECTOBOrO 3afaHus LenecoobpasHo ucnonb3osate popmynbl (7) 1 (8) COOTBETCTBEHHO.
1 n 1 m; Q1i‘
=22 ) (7)

nis m s Qy

rae j— HoMep MombITK MPOXOXAEHMS Lwara, ecrin Ha Hem Bbina gonyllena ownbka; Q, — Konu4ecTso nap Ans
1j
COCTaBMEHWs Ha i-TOM Luare npu j-To nonbiTke; Q, — KONNYECTBO BEPHO COCTABNEHHbIX Nap Ha i-TOM Luare npu
j

j-TOW nonbITKe.

| m

- (Q, +Qy )
=1 ] )

lE e ®
!

rge Ql- — KONM4eCTBO NpaBuibHbIX BapMaHTOB OTBETOB i-TOM Ha Wware npu j-Ol7| nonbITKe; Qz‘ — Konn4ectBo
Ij 1
NnpaBuiibHbIX OTBETOB, Bbl6paHHbIX TECTUPYEMbIM Ha i-TOM Lare; Q3 — KONM4eCTBO HENnpaBWIibHbIX OTBETOB,
j

BbIOpaHHbIX TECTUPYEMBIM Ha i-TOM LLare Npyu j-0i1 NOMbITKE.

TexHonorus oueHMBaHNSA pe3ynbTaTa BbINOJIHEHUA TeCTa

B kaxaon cTpaHe 415 OLEHWUBAHWS YPOBHS 3HAHWN 0By4aeMbIx MPUMEHSETCS CBOSI, @ MHOTAA U HECKOMbKO, LKA
OLEHVBaHMS 3HaHWA. Tak, B YKpauHe NMpUMEHSTCH 4 pasnuyHbIX WKanbl oueHuBaHWs 3HaHui: 100-6anbHas
(pentuHroeas), ECTS, 12-6anbHasi M HauwoHanbHasi (4-OanmbHas) lkana. [ns monmyyeHws pesynbrata B
3a[jaHHOM LUKane OLEHMBaHUS 3HaHUIA BBEAEM CneuuanbHbld napametp B — 6GanbHOCTb cucTembl B Buae
MakCUMarbHOro 3HayeHUs efuHULbl U3MEPEHUS OLEHKM B paccmaTpuBaeMon Lukane. PaccmMoTpum anroputm
nepesoda pesynbTaTa TECTUPOBAHWS B MPOM3BOIbHYIO LKaNy OLEHWBaHMS 3HaHWA. [1ns KOppekTHOro nepesoja
pesynbTata B Nobyl0 CUCTEMY OLEHMBAHMS 3HAHMIA HEOOXOAMMO BCEM 3HAYMMBIM pe3ynbTaTam OLEHUBAHWS B
nopsigke BO3pacTaHUs MOOYepeaHO MPUCBOMTL KO3((UUMEHTbl 6anbHOCTW, HaumHas ¢ 1. MakcumanbHoe
3HaveHne KoagdmumeHTa H6anbHOCTM W ByaeT COOTBETCTBOBATb 3HaYeHW0 napameTpa B. [ns HekoTopbix
CUCTEM OLIEHMBAHWUS 3HaHUI LienecoobpasHo NpUMEHeHWe WHTEpBanbHOW CUCTEMbI NepeBoAa pesynbraTta, B
KOTOPOW B 3aBUCUMOCTM OT NMPOLIEHTa BbINOSIHEHUS paboTbl BbICTABAAETCS OLEHKA.

MMpn oueHMBaHUN TeCTa, COAEPKALLErO HECKOMbKO YPOBHEN CHOXHOCTH, KaAOMY M3 3afaHuii NpucBanBaeTcs

YpoBeHb CrOXHOCTU Zi (Z, =1,Z). Wtorosas oueHka BbINonHeHUs Bcero Tecta R, coctosiero u3 Habopa
TECTOBbIX 3afaHuit, cogepxaLlero Z YypoBHEN CMOXHOCTM, OnpeaensieTcs no opmyne:

N S 9)
Z 1=l
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roe B — 6anbHOCTb cuCTEMbl; N — KONIMYECTBO TECTOBbIX 3aAaHWN, BKIIOYEHHbIX B TECT; Z, — YPOBEHb

CMOXHOCTW i-r0 3afaHusi; Z-— CyMMapHas CRoxHocTb Tecta. [lapameTp Z £BNSeTCS HakonUTeNbHbIM 1
onpegensietcs no gopmyne:

7=z, (10)

i=1

TexHonorus pacnpeneneHna TeCToBbIX 3agaHun Pa3HbIX TUNOB NO YPOBHAM CJTOXHOCTHU

[na pacnpegeneHus TeCTOBbIX 3a4aHWA MO YPOBHAM CMOXHOCTM aBTOpaMu npegnaraeTcs Moaudukalms
COBpeMeHHON Teopun TectupoBaHns IRT. Mogudukaums IRT sakniovaeTtcs B criegytowem:
- B knaccuyeckom cnyyae IRT npegnaraetcs Afis BbIMUCAEHUS YPOBHS 3HaHMIA 0by4yaembix. ABTOpamu
npegnaraetcs npumeHerve IRT ans onpeaeneHns YpoBHEN CIOXHOCTU TECTOBbIX 3afaHuit;

- mogemu IRT paccmaTpusaroTCa ana cnyyvyaa npuMeHeHuA TONbKO AVXOTOMWUYECKON CUCTEMbI OL€HMBaHUA
TECTOBbIX 3adaHWil. ABTOpaMI/I npegnaraeTca Mcnonb3oBaHWe AaHHbIX mogenen ans Hel'lpeprBHOﬁ CUCTEMBI
OLeHMBaHUA 3HaHUM, YaCTHbIM cnyyaem KOTOpOVI ABNAETCA AUXOTOMUYECKas,

- npeanaraeTca paccMmatpueBatb OOHO-, ABYX- W TpexnapameTpu4eckne mopenn He B OTAENbHOCTU, a B
COBOKYMHOCTK B 3aBUCUMOCTW OT TUMNa TECTOBbIX 3aaaHni.

3apava pacnpegeneHns TECTOBbIX 3afaHuii MO YPOBHAM CROXHOCTM CBOAWTCS K OMPEAENEHNo CMOXHOCTU
TECTOBbIX 3a4aH1I C UCMNONb30BaHMEM MOANDMLMPOBAHHON COBPEMEHHON Teopumn TecTupoBaHus IRT nexogs us
9KCMepUMEHTarbHbIX AaHHbIX NPeaBapUTeNnbHOM0 TECTMPOBAHHS.

HepocTaTkoM coBpeMeHHO Teopun TecTMpoBaHus IRT SBnsieTcA Hanuuue Tpex Moaenei, Kaxaas U3 KoTopbIX B
OTAENbHOCTY MPUMEHUMA N1 TECTOBbIX 3aaHui onpedeneHHoro Tuna. Mpu nonbiTke NPUMEHEHUs Mogenu K
pasHbIM TUNaM TECTOBbIX 3aaHN YMEHbLUAETCS TOYHOCTb BbIYMCNEHUS NapamMeTPOB.

[Ona onpegeneHns ypoBHA CHOXHOCTW TECTOBbIX 3afaHuii aBTOpaMW NpeasiaraeTcs UHTEerpupoBaHHas
(DYHKUMOHamNbHasa Modenb (puc.1), paccuuTaHHas Ha OLeHWBaHWE TeCTOBbIX 3aAaHui MO HeNpPepbIBHOM LKane
OLIEHWBAHMUS 3HaHUIA, BKMIOYatLLEN TECTOBbIE 3afaHUs Pa3HbIX TUMOB:

B, = f(P;(®;.res; ),P,;(®;,a,res; ),P;(©;,a;,c; . res; ) , (11)

Py
roe ﬁj - napameTp, onpe,qenmow,mﬁ CITOXHOCTb j-FO TeCToBOro 3afaHun4;
P,

MOAENMW, MOCTPOEHHbIE MO HEMPEPbIBHOA CUCTEME; ®; — napameTp, ONpeaenstowuii YypoBeHb 3HAHUA i-ro
oby4aemoro; resj — nepeMeHHas, kotopasi COOTBETCTBYET pe3ynbTaTy BbIMOMHEHWS TECTOBOTO 3afaHus U
NPUHMMalOLWAs 3HayeHus Ha uHTepsane ot 0 Jo 1, YTO COOTBETCTBYET HEMPEPLIBHOW LUKANe OLEeHUBAHUS
3HaHWM;, @ — napameTp XapakTepuCTUKX AuddepeHuMpytoLen CnocobHOCTM 3afaHust; ¢ — napameTp,
XapaKTepU3YHLLMIA BO3MOXHOCTb NPaBUIIbHOMO OTBETA Ha j — 3adaHue B TOM Cny4yae, eCriu 3TOT OTBET yrafdaH.

{(®,res;),P,(©,,a;,res; )Py (®),a,C,res; ) — MoanduUMpoBaHHbIE OHO-, ABYX- ¥ TpeXnapameTpuyeckie

JIOCTOMHCTBOM ¥ HOBWU3HOW WHTErPUPOBAHHON  (PYHKLIMOHANBHOM MOZENN  SBNSETCA €e  BO3MOXHOCTb
OLHOBPEMEHHO aHanW3vpoBaTb TECTOBblE 3afaHWsi BCEX pPacCMaTpMBAaeMblX BbllE TUMOB. TeXHOMOrMs
1CMONb30BaHNS UHTErPUPOBAHHON (PYHKLIMOHANBHON MOAENN 3aKiovaeTcs B crneayloweM. TecToBoe 3adaHue
Ti,, KOTOpPOe NOAAeTCs Ha BXOA MOLENnM, CHayana noctynaet Ha 6nok aHanusaTopa Tuna 3agaHuit. 3atewm, B
3aBMCMMOCTM OT BbIJENEHHOTO aHanM3aTopoM TWna, 3ajaHue MOJAETCS Ha COOTBETCTBYHOLMA  6GMOK
onpefenuTens pesyrbTaTa BbINOMHEHWUS TECTOBOrO 3afaHusl, rae paccyuTbIBalOTCS OLEHKM 3a OTBETHI res;, a
A5 TECTOBbIX 334aHWIA 3aKPLITOrO TUMA AONOMHUTENBHO BbIYMCIISETCS BEPOSTHOCTb YrafblBaHWS NPaBUbHOTO
oTBETA ;.
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WuTerpaTop mogenen

T OnpepenvTens ] BbiuncnuTens
A U pesynbTara YCTONUMBBIX wp
BbINONHEHNS TecTa y K
HonlT, C 3HaveHun E
3akpbIToro Tvna Sy A 3
A A CHNON N ;
A 3 1-napameTpuyeckas Yy
T oy o 5 pameTp Ba,
I N Ry Ha ycTaHoBnenue iy T Pyl Monens (Pr) I
COOTBETCTBUSA N P b
3 A T c e 0T
ALY Ha ycTaHoBneHue res; BY% | 2-napametpuueckast | [Bo B
T A rocreAoBaTenbHOCTH 7z a > mogers (P2) A A —>
K > H T
0 H|T |
- )| Orkpbitoro vina ¢S A | res; n o
Y %%; 3-napameTpuyeckas BC‘ E B
T res: 1yl mogenb (P3) -
CHTyaUMOHHOTO s Ly |G,
TMna L5

PMcyHOK 1- MHTerMDOBaHHaﬂ beHKLl'VIOHaJ'IbHaﬂ mMopenb pacnpefeneHna TeCToBbIX 3aaaHnii no YPOBHAM
CITOXHOCTH

B 6noke «Cratuctuka» npoBoAnNTCA 060p CTAaTUCTUYECKMX [aHHbIX NO pe3ynbTataMm TeCTUPOBaHUA 3HaHMI
O6yl-laeMbIX. lMocne npoBsefdeHna npeaBapuTenbHOro TeCTUpoBaHUA rpynnbl o6yqaeMb|x B Onoke BbluMCnseTCs

HavanbHbI/A YPOBEHb UX 3HaHMI @IO , HavanbHbI/ YPOBEHb CNOXHOCTU TECTOBbIX 3aaaHunit BJO N paccynTbiBaeTCA

anddepeHumpyroLas cnocobHOCTL TECTOBLIX 3agaHui [Baker, 2001]:

. ; r).
@?:m[&j, B?zmﬂ , aj:LJ2
G 4 \/1_(rb)j

roe pi — [ONS MPaBUNbHbIX OTBETOB, MOMYYEHHbIX OT i—TO CTyAEHTa; (i — AONS HenpaBWibHBLIX OTBETOB,
MOMyYeHHbIX OT i—TO CTYAEHTa; pj — 40NN NPaBUIbHbIX OTBETOB, MONyYEHHbIX 3@ BbINOMHEHWUE j—TO 3afaHus; qj —
[0NS HEMPaBMIbHBIX OTBETOB, NOMYYEHHbIX 3a BbINOMHEHUE j—T0 3aAaHus, f — GucepuanbHbIn KoadULMEHT
Koppensuum.

(12)

[anee aaHHble nepegatotcs B 6ok «BbluncnuTens YCTONUMBBLIX 3HAYEHWIY, TAE NPOU3BOAMTCS pacnpeaeneHne
3a0aHn MO YPOBHAM CMOXHOCTM Ha OCHOBE MAaTEHTHOrO aHanu3a. flocne nocTynneHus AaHHbIX B 6noK
«BblyucnuTenb YCTOMYMBBLIX 3HAYEHU» NPOU3BOAMTCA pacnpeperneHne OTBETOB Ha TECTOBble 3adaHus U
HavarbHbIX 3HAYEHWUIA NapaMeTPOB A1 YPOBHEN CIIOXHOCTM NO TpeM KoMmnoHeHTaMm (P1, P2, P3) B 3aBucuMocTu ot
TUNa 3afaHus.

MepBbiii KOMMOHEHT P1 «1-napameTpuyeckas MOLeNb» MPUMEHSIETCA ANt NPOBEPKU MpU3HaKa rOMOreHHOCTU
YPOBHS CMOKHOCTW TECTOBbIX 3afaHuii OTHOCUTENBHO FOMOTEHHOM rpynMbl UCTbITYEMbIX. [pynna ncnbITyeMbix
SBNSETCA TFOMOreHHOW, ecny OOMbLIMHCTBO 3HAYeHMn © pacrmofioXeHO Ha HeGOonbLOM WHTepBane Ocu
NaTEeHTHOW nepemeHHoW [3. TOMOreHHbI TeCT npeacTaBnseT coboi cucTemy 3agaHuii Bo3pacTarolein
TPYAHOCTH, cheunduryeckorn ¢opMbl W OMPEAEneHHoOro COAepXaHus, Co3faBaeMas C Lenblo NpUMEHeHNs
0OBEKTUBHOMO, KAYECTBEHHOTO, W 3((EKTUBHOTO METOAA OLEHKM CTPYKTYpbl W M3MEPEHUS  YPOBHS
MOArOTOBNEHHOCTY 0By4aeMbIX MO OQHON y4ebHOIM aMcuMnnnHe. B crnyyae reTeporeHHoN no 3HaHWAM BbiBOpKK
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UCTMbITYEMbIX 3HAYeHWs MapameTpa TPYAHOCTM [OMKHbI OXBaThiBaTh OoMbluMiA MHTepBan ocu O, a
XapaKTepucTUieckie KpuBble 3agaHuin MOryT GbiTb PacnonoXeHsl AOBOMLHO faneko Apyr oT apyra. Mposepka
3TOr0 YCIIOBYS M pean13oBaHa B KOMMOHeHTe P4 «1-napameTpuceckas MOAESb»

[N noBbILWEHUS TOYHOCTM W3MEPEHWSI YPOBHS CIOXHOCTM TECTOBbIX 3afJaHWA  BBOAMTCA NapameTp
XapaKTepucTuk1 anddepeHLmMpytoLLei CnocobHOCTM 3afaHns aj, KOTOPbIN CBA3aH C KPYTU3HOW KPUBOW 3adaHns
B TOuKe ee neperuba. Mpn 3Ha4eHnsX a; BrMakuX K Hymo, TECTOBbIE 3aaHUs YTPauMBaIOT (PYHKLMIO pasgeneHuns
oby4yaeMbIX MO YPOBHAM CIOXHOCTM, YTO AenaeT ux BecnonesHbiMi npu auddepeHumalmm no YpoBHIO
CMOXHOCTYW. YMCno 3aaaHuin B TECTE JOMKHO COKpaLLATLCA B MEPBYH O4YEPEb 3@ CHET YAANeHUs Takux 3aaaHui,
YTO MPMBOAMT K MOBBIEHWNO HAAEXHOCTW U BanMOHOCTM TecTa. Takum 06pas3om, Ansg onpeneneHust YpoBHS
CMOXHOCTW [3; TEeCTOBbIX 3afaHui pasHbIX TUMOB, 33 WCKIIOYEHWEM 3aKPbITOTO, CRYXWUT KOMMOHEHT P2
«2-napameTpuceckas MOLesby.

[ns TecToB C 3agaHusMK 3aKPbITOrO TUMa OTMEYaeTCs CyLIECTBEHHOE OTKMOHEHWE AMMUPUYECKMX LaHHbIX OT
TEOPETUYECKON KPUBOW, NpeackasbiBaloLleil BEPOSTHOCTL NPaBUMLHOTO BbIMOMHEHUS 3afaHus Npu PasnuyHbIX
3HaYyeHusx nepemeHHon ©. [Ins pelueHus 3Toid npobnembl BBOAUTCS NapaMeTp Cj, KOTOPbIA XapaktepusyeT
BO3MOXHOCTb MPaBUIbHOrO OTBETa Ha 3afaHue j B cryyae, ecnu oTeT yragaH. OueHku res; 3a 3afaHus
3aKpbITOro TUMa MepeaalnTcs B TPETU KOMMOHEHT Ps «3-napameTpuceckas Modernb» Oroka «Bbluncnntens
YCTONYMBbLIX 3HAYEHNY.

[Ana onpeneneHnst yCTONYMBBLIX 3HAYEHWA YPOBHEN CMOXHOCTM TECTOBbIX 3adaHWA  NPUMEHSIETCS MeToA
Hambonbluero npasgonogobus Puwepa [Guilford J.P., 1956], aganTMpOBaHHbIA K OLEHWBAHMIO 3HAHMI
06y4aeMbIx N0 HEMPEPbIBHON CUCTEME :

_ nres; 1—resi.
Li{x|0)= NP Q. ! (13)
it =1 j j

roe Li— BEPOATHOCTHAA MOAENDb BbINOJIHEHNA TECTOBbIX 3afaHui ans i-Toro o6yqaeM0ro; Xi = {XI1 ,Xi2 ,...,Xin -

BEKTOP, XapaKTepusyoLMin pes3ynbTaT BbiMOMHEHWS i-M oByyaeMbiM n 3agaHuit Tecta, Pj — BeposiTHOCTb
NPaBUMBHOTO BbINONHEHMS i-M UCTbITYEMbIM j-r0 3aAaHuns Tecta, Qj — BEPOATHOCTb HENPABUILHOMO BbINONHEHMUS
i-M UCMbITYEeMbIM j-r0 3apaHus, Q; = 1- Pj.

Takum 06pa3om, BbIXOAHbIMM NapameTpamy WHTErpUPOBAHHONW (PYHKLMOHANbHON MOAEnU sBnseTca Habop
napameTpoB [3j, KOTOPbIE COOTBETCTBYIOT YCTOMYMBLIM OLIEHKAM YPOBHS CIIOKHOCTW TECTOBBIX 3aAaHNiA U MOryT
NCMONb30BaTbCS B TECTAX, BKMKOYAIOWMX 3a4aHNS HECKOMBbKUX YPOBHEN CNIOXHOCTM, Kak napameTp CROKHOCTY
3aJaHuit.

BbiBoabl

I'Ipennaraemaﬂ TEXHONOrMA peanun3oBaHa nporpaMmmHoO. ﬂaHHaﬂ TEXHONOIMMA NpPorpaMmMHO peann3oBaHa W
COOEPXKUT 2 OCHOBHbIX NOACUCTEMBI;

- MOZyb NPOBELEHNS KOHTPONS 3HAHWIA, KOTOPbIN noaaepxmeaeT MexayHapoaHbIin CTaHgapT 0OMeHa TeCTOBOW
nHcbopmauwen [http://www.imsglobal.org/question/], cepTudmumposaH [Belous N., 2005] u npoxoguT BHeapeHue
B BbICLLMX y4ebHbIX 3aBeeHMsX YKpauHbl;

- MOAYNb pacnpefeneHns TeCTOBbIX 3a4aHWA MO YPOBHAM CMOXHOCTU, KOTOPbIA MOXeT MPUMEHATLCS, Kak npu
paboTe C aBTOPCKAM NPOrPaMMHbIM KOMMAEKCOM MPOBEAEHUSI KOHTPONS 3HAHWW, Tak W C [aHHbIMM,
NOMYyYEHHbIMI U3 BHELHMX CUCTEM aBTOMATWU3UPOBAHHOTO TECTUPOBaHUS. JTO AenaeT pa3paboTaHHyto cucTemy
YHVBEpCarnbHOM.
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CooTBeTCTBYIOWAA NporpaMMHas cuctema npowrna anpobauumo Ha [octoBepHoi Bbibopke (Bonee 100
0by4yaeMmbix).

BHeapeHue npegniaraeMoii CUCTEMbl B BbICLIMX y4eOHbIX 3aBELEeHUsIX MO3BONMT MPOBOAMTL OOGBLEKTUBHOE
TECTUPOBaHME 3HaHNI 00y4aeMbliX. MPUMEHUM Kak B Y4EOHbIX 3aBeeHMsIX IoBOro YPoBHS akkpeauTaLuu, Tak 1
B OpraHu3auusix U y4pexaeHusix, rae NpoBOAUTCS NPOgeCcCMOHarbHbIi 0TOOP C MOMOLLbIO TECTUPOBAHMS, a
TaKke Ha Kypcax MoBbILIEHWS KBanuuKkaLmm, rae UMETCs KOMMbIOTEPHbIE KNacchl.

BnarogapHocTu

Cratbst yacTMyHO puHaHcupoBanHa K3 npoekta ITHEA XXI WHctutyta WMHOpMaLMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA u Koncopunyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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Introduction

Software development is a continuously expanding area. At present time are more than one million computer
software engineers in Russia. They are employed in most industries and their largest concentration is in computer
systems design and related services. Computer software engineers is one of the occupations projected to grow
the fastest, their employment is projected to increase by 38% over the 2006 to 2016 period [1]. Demand for
computer software engineers will increase for a number of reasons. Organizations adopt and integrate new
technologies and seek to maximize the efficiency of their computer systems. Computer networking growth needs
specialists for developing Internet, intranet, and World Wide Web applications. Electronic data-processing
systems continue to become more sophisticated and complex. Information security concerns have given rise to
new software needs. Businesses invest heavily in software that protects their networks and vital electronic
infrastructure from attack. Implementing, safeguarding, and updating computer systems and resolving problems
will fuel the demand for growing numbers of high-quality software engineers.

From the other hand the IT labor market growth contradicts a predicted shortage of quality computer engineers IT
skills [2]. Admissions and retention rates to some university computer software specialties are falling and there
are serious concerns about the quality of the software which they create. Economic crisis has changed the
situation in Russia and all over the world, staff reductions take place in different areas and IT area as well, but
those of lower professional skill are the first ones being reduced. Thus the problem of training of high-quality
software engineers is still being topical.

Teaching computer software engineers faces some specific problems. A set of basic skills needs to be
understood and applied at once from very early in the learning process. The IT field is being dynamically
changed, and sometimes trainers are behind the time and behind trainees [3]. To a great extent it is because of
trainers and trainees are from totally separate worlds. Trainers and teachers raised in a pre-digital generation and
educated in the styles of the past, while trainees, so called Games Generations ((N-gen, D-gen)[3], raised in the
digital world and are native speakers of the digital language of computers, video games and the Internet. The
trainees find today’s training (and education) so incredibly boring that they don’t want — and often refuse — to do it.

There are a number of approaches to making the education easier and more appealing, and a remarkably
promising one from these is using computer games. Marc Prensky [3] suggested a new approach — combining
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together serious learning and computer games into a newly medium — Digital Learning Games. Use of computer
games for non-entertainment purposes (so called Serious Games), and its sub-field Digital Game-Based
Learning are an emerging area of research and interest to this area is growing rapidly.

Game-based approach achieves high learning results in areas that are difficult to study and where gaining skills is
of importance. To a great extent it can be referred to the computer science disciplines. One can mention such
subjects, demanding skill gaining, as algorithmization and programming, artificial intelligence, computer graphics
and so on.

By now the potential of digital game-based learning remains still largely unrealized, and design and
implementation of new games in education process is in great demand.

IT games concept

Saying ‘educational game’ we mean a learning system, which realizes some or all components of learning
process (learning theory, gaining skills and experience, estimation of knowledge level) in a game context. Our
approach is based on three positions: learner must get the course information through its interpretation in a game
world; learner must see the result of his learning in a game context; results of learning must influence game
results.

We have analyzed what kinds of games would be more effective and suitable for educational games on ICT
subjects. We decided to use core games for learning courses in a whole and for gaining skills.

Core games need sequential logical playing and are time-taking. The idea of educational core games is based on
the correspondence between learning course and gameplay. Normally the game scenario consists of game
levels. Each level includes several game quests. In educational game quests include some course information
and assignments for getting practice. Each assignment solution needs knowledge of related course chapters, on
the other hand information and assignments are associated with a game story. Thus levels completing forces
player to learn new course chapters and solve level assignments, so the game scenario relates to the learning
course.

The correlation between game levels and course chapters provides using such games both for individual learning
and for using at universities or at schools. Teachers might use the game level by level according to their studies,
so learners would complete playing the game when they complete studying the course.

A game-related course description has been elaborated for learning trough games. A course content should be
divided into theory information blocks and. Each block relates to one or several chapters of the course.
Information blocks can be of two types: displayable and reference blocks. Displayable information blocks are
parts of the game script and are displayed for a player. Reference information blocks contain additional
information on the corresponding chapter and are available for the player on demand. A set of displayable and
reference information blocks form full learning course theory. Assignments should be described as assignment
blocks and include assignment description, solution description, and solution interpretation. Assignment
description is a displayable information block, representing different kinds of quests. Assignment solution requires
writing some text, answering questions, testing or fulfilling some other actions. Solution description includes
solution testing rules or/fand solution examples. Solution interpretation includes right and wrong solutions
visualization techniques or/and their influence on a gameplay.
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Course description is made by an instructional designer and a game coder in three stages (Table 1). First stage
should be made by an instructional designer. This level describes blocks’ content, their sequence and links.
Second stage is made both by instructional designer and a game coder. A game coder describes solution testing
types and solution visualization techniques. The last stage is made by a game coder. For coding information
blocks and links mark-up language is used. Blocks sequences, assignment interpretation and solution blocks are
coded in an engine input language.

Table 1: Course description levels

Level Type of description Who acts? Description language
Logical Blocks’ content Course designer Natural language
level Blocks’ sequence
Blocks’ links
Extended Solution testing types Instructional designer | Course description language
logical Solution visualization techniques | Coder
level
Implementation | Codes of information blocks Coder Engine input languages:
level Links (mark-up language,
Blocks sequences scripting language )
assignment interpretation blocks
Solution blocks
Marked up text presentation
Assignment solutions

We elaborated techniques for integration of learning components to the game (Table 2). We represent learning
course using Formatted text (HTML) with hyper-links support. While playing a learner must solve assignments.
We use engine input languages, depending on a learning course, for the solutions interpretation. We check the
solutions using matching techniques.

One of the modern tendencies in the field of e-learning is using so called adaptive learning systems. Such kind of
systems can adapt to the needs of users and provide individualized learning. As we plan to develop adaptive
learning games, we use Bayesian approach for estimation of a learner knowledge level [4] and nonlinear story for
adaptation of learning process to individual users.

Implementation

We started with learning games on programming languages, because our students start the learning process
from learning programming languages, a fundamental subject for software developers. Mastering programming is
a difficult-to-learn subject. It needs a high-level of abstraction, without a direct feedback to a real world, and
includes skill gaining. To a great extend learning programming languages means gaining skills in programming.
We've found out that there are only few examples of games on learning programming, though this subject is very
good for teaching through games. These games use specific built-in language (KuMir, ColoBot, CeeBot), or they
need an advanced level of programming for playing (Al Competition Games). They are not suitable for learning
university programming courses in a whole.
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Our concept [5] is based on a Role Playing Game (RPG) genre. The main game character is a transformer, who
lives in a virtual world. A player can program different transformer shapes and his behavior. Different situations in
the game require different characteristics of the main character. Transforming shape allows players to get optimal
character parameters for playing. At the beginning a player programs the basic character abilities (moving,
jumping, and attacking). The results of programming are used by the player to control character behavior in the
game. Then the player can program controlling algorithms for intelligent behavior of the character (overcoming
different obstacles, going out labyrinths and so on). Effectiveness of the code determines effectiveness of
character behavior. Unreasonable or foolish behavior prompts player to improve program code. Thus the player
obtains knowledge and gains skills while playing.

Table 2: Techniques for integration of learning components

Learning components Techniques Realization

Course presentation Formatted text with hyper-links support HTML

Gaining skills Solving  assignments  (using Input [ Depends on an engine
language) input language

Estimation of knowledge level Solution verification (comparison with a | Matching techniques
set of right solutions)

Dependence of a game processona | Only right solutions enable the game | Adaptive techniques

learning process process Bayesian approach
Nonlinear story

As it was mentioned above, each learning course has some specific characters. For learning programming
languages they are: input language for assignment solutions is programming language and correspondingly
assignment solution itself is a programming code. We use two techniques for checking programming code:
verification (checking source code using corresponding rules) and running (executing source code and checking
the result). We use verification for checking assignments that have simple solutions (simple code) for a player.
Real implementation methods using for realization of these solutions in the game are much more complicated.
Interpretation of right solutions of verifiable type uses the real implementation methods. Methods, showing that
the assignment hasn’t been executed, are called for interpretation of wrong solution of verifiable type.

Verification method is based on regular expressions. Verification of programming code requires specialized
matching because of more than one (practically infinite) number of possible right solutions. The specialized library
has been developed for taking into considerations of these peculiarities (different possible identifiers names,
blocks order, notations of mathematical expressions).

For visualization of runnable solution the code of solution is being executed a player can see the result of his
coding directly through game characters behavior. Execution results can be either numbers (as calculation
results) or reaching some goals (e.g., a game character has arrived to a given point using the elaborated code).
Execution results are compared with right solution results. Code running allows checking solutions not provided
by course authors, but having the same results. Examples of checking ways are shown in the Table 3.
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Table 3: Examples of checking ways

Solution check Description Example (C++ code)
Verification Comparison of code with correct solutions provided MoveForward()
by course developers {
X++:
}
Running Executing source code and checking the result while(!WallBehind())
{
MoveForward();
}

Game architecture is based on common game engine architecture, but it is extended for using in educational
games and consists of two high-level subsystems: a game engine and a learning engine. The game engine is
based on the graphical engine Ogre3D and enlarged with game logic and advanced user interface (for advanced
text displaying and editing). Script core provides game engine modules interaction. Using scripts simplifies game
logic programming and avoids recompiling game engine after learning course modification. The learning engine
completes game engine functions with learning process support, which includes information course blocks and
assignments control. Learning engine modules and routines are exposed to scripting core for organizing course
sequence control and assignments solutions check from game scripts.

Game implementation is based on free for commercial use libraries and utilities (Table 4).

Table 4: Game implementation

Component Tool Why is it chosen?

Graphical engine Ogre3D Supports modern technologies, has extensible architecture,
and is allowed for commercial usage.

Scripting language | Lua Handy syntax, easy integration process, fast interpreter

Learning subject C++ The .NET Framework built-in C++

Store course blocks | Encrypted zip archives | Open format

Engine C++ language High performance, flexibility, open source libraries

Games usually start from input by a player some information about himself. And as each programming language
course begins from learning data types, we use the input process for learning basic data types. A player fills in
not only the information about himself, but he must also choose appropriate data type for each field from the
given list (Figure 1).The list includes data types, their purpose and range description. After it he needs to create a
class with these fields as class properties. For explaining a concept of object-oriented design the real game class
hierarchy is used.
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Figure 1: Studying data types

Next a player sees that his character can’'t move. So he needs to teach him how to do it, i.e. to develop programs
for his moving. He designs functions for moving forward, back, left and right step-by-step. In such a way a player
learns functions. After he has coded a function he can see the result. If his code is correct, transformer can move

to the corresponding direction. If not, transformer can’'t move (Figures 2, 3).
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Figure 2: Studying functions

After writing correct functions for moving a player can move along the table. Then he is asked to add the
functions as class methods to a class Player. Thus while playing he elaborates new properties and methods

(changing speed, jumping, attacking and so on), and in such a way he improves the character's behavior.
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Figure 3: Checking the result

After some time of playing he needs to move down from the table, but he can't do it using current shape, so
needs to get a new shape — the Worm (Figure 4).

Figure 5: Studying arrays

For doing it he needs to learn a new data type — array (Figure 5).Further game situations need new shapes
(Helicopter, Ball, Weight) and corresponding behavior for each shape. Thus the player step by step learns object-
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oriented design and C++. At the end he creates a class diagram close to the reductive class diagram applied in
the game.

To develop learning games for other programming languages it is necessary to describe a learning course
according to the course description rules. The concept and game engine can also be used for other IT games
development. In this case the ways of solution check should be defined according to appropriate learning course
and proper tools should be implemented.

Conclusion

We consider that using this approach allows gaining and improving knowledge and skills in computer science,
and raising the motivation to study.
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MPOBNEMbl ®OPMUPOBAHUSA NMPO®ECCUOHANBbHbIX KOMMETEHLWUK
ClO U CKO

ExatepuHa [lemeHTbeBa, TaTbsiHa [aBpunoBa

AHHOMauyus: B 0aHHoU cmambe onpedensomces U cpasHUgaomcsi npogheccuoHasnbHble komnemeryuu Chief
Information Officer (CIO) u Chief Knowledge Officer (CKO). B desmensbHocmu CIO u CKO ebidensromes mpu
OCHOBHbIX ~ acnekma: Op2aHU3aUUOHHbILU, —mexHuyeckul u  cmpameauyeckud. Kaxdomy —acnekmy
coomeemcmeaytom  cneyughuyeckue mpebosaHusi K NPOheccUOHanbHbIM  HagblkaMu U  JTUYHOCMHbIM
xapakmepucmukam CIO u CKO. Omu mpebosaHusi He cmamu4Hbl, 8aXHOCMb OOHUX Kayecme U HaebIkog
gospacmaem, Opyaue omxo0sim Ha emopol nnaH, no Mepe padgumusi obrmacmel UHGHOPMAUUOHHO20
MeHeOXMeHma U ynpaeneHuss 3HaHusMu. [aHHble gonpocbi 6ydym nodpobHo obcyx0ambcs 8 mexkcme
cmambU.

Kntoueebie mepmunbi: CIO, CKO, IM, KM, NHpopmaluoHHbIG MeHedxMeHm, YnpagneHue 3HaHUsMU.
ACM Classification Keywords: K.7 The Computing Professions — CIO, CKO

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBepeHue

WHdopmaLms 1 3HaHUS B KOMNAHWSX CErofHs BCe Yalle BbICTYNakT B PONM BaXHOrO pecypca, Heobxoammoro
Ans 3heKTMBHOTO NPOM3BOACTBA KOHEYHOM MPOAYKLMM, @ MHOTAA M CaMW CTAHOBSITCS KOHEYHbIM MPOAYKTOM
[EATEeNbHOCTM KoMnaHuW. WHdopMaunoHHbin meHepkmeHT (VM) u ynpaeneHue 3Havusmn (Y3) — 3aTo
HanpaBieHus:, NO3BONALLME KOHTPONMPOBATb, CO3AaBaThb, YNPaBNsATb MHOpMaLMen 1 3HaHsMN. OCHOBHOV
Lenbto 06enx ACUMNINH SBASETCS ONTUMU3ALMS U MHTEHCUMKALMS paboTbl KOMNaHUK.

lMouTn BO BCEX KPYMHbIX KOMMaHMsX cerogHs ecTb IT-otgena, Bo rnase kotoporo ctout ClO (Chief Information
Officer) wnm IT-gupektop. Mosnuma CKO (Chief Knowledge Officer) B komnaHusx BCTpevaeTcs pexe, 310
00BbACHSETCS LenbiM PSAOM NPUYMH, HanpUMEP, CMOXHOCTbIO NMPOEKTUPOBAHWUS U BHEAPEHUS CUCTEM 3HAHWIA
UMW HEOYEBMAHOCTLIO PEHTAbENbHOCTW TakWX CUCTEM AN PYKOBOACTBA KoMmnaHww. Llenb gaHHOM ctatbu —
onpegenuTb 1 cpaBHUTL NpodeccuoHansHble komneteHyun ClO n CKO.

MpodeccuoHanbHaa komneteHuyms ClIO

B HacToslllee BpemMsi M3MEHSETCS OTHOWeEHMEe K IT-0Taeny B KoMnaHusx. PaHee B (pyHKUMM 3TOro otgena
BX0AMNOo obecneyeHne KOMMNbITEPHOM TEXHUKON, 0GCNYXNBAHWE TEXHUYECKOI 1 MPOrpaMMHON MHAPACTPYKTYpbI
komnaHuu. CerogHs 8TW BOMPOCbI CTAHOBATCS BCMOMOraTeNlbHbIMM 3neMeHTaMi B obuieM npouecce
ONTUMW3aLMK ynpaBneHns noTokamm uHopmaumn. MoxHo rosoputb 0 Tom, Yto pabota ClO npuobpeTaeT B
Gonbluen cTeneHun ctpaternyeckuin xapaktep. OT pelueHui, npuHumaemblx ClO, 3aBUCUT NONOXEHWe KOMMaHWN
Ha pbliHKe. [MpaBMNbHO OpraHM3oBaHHas MHMOPMALMOHHAA CMCTeMa MO3BOMSET ONTUMMU3MPOBATb OM3HEC-
npouecchbl, YTo 0becneyumBaeT kayecTBO NPOAYKLMM 1 KOHKYPEHTHbIE MPEMMYLLECTBA AJ15 KOMMaHWMK.

Huke npeacTaBneH CUCOK, NOKPbIBAOLLMIA OCHOBHYIO AOMKHOCTHYO AestensHocTb ClO (no [TAY, 2007)):
e DYKOBOZACTBO rpynmnon coTpyaHukoB IT-oTaena,
e  paspabotka IT-MHDpaCTPyKTYpbl KOMNAHWK,
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e  pa3paboTka NonMTUKM kKomnaHum B obnactu IT,
e BefieHMe KOHTPAKTOB Ha NpuobpeTeHne KOMNLIOTEPHOMO 060PYA0BaHUS M NPOrPaMMHOro obecneyeHus,
e  OpraHu3aums 6t0po TEXHUYECKON NOALEPKKN COTPYAHNKOB,
e obecneyeHune Hapgnexallen npoussogutensHoctn UC,
e ynpaBneHue TEXHNYECKON 6e30MacHOCTbIO,

e noarotoBka OwogxeTa no IT.

OTOT CMNCOK YHUBEpCaneH ansa OornbLUMHCTBA KOMNAHWIA, B 3aBUCKMOCTM OT 0COOEHHOCTEN OopraHusauunm paGOTbI
KOMMaHWK CINCOK MOXET ObITb JOMOIHEH.

YcnoHo B pgesAtenbHocTb CIO  MOXHO BblgenWTb TpU  acnekta: CTpaTernyeckun,

TEXHUYECKUN "

OpFaHVISELI'I/IOHHbIVI. Ha PUCYHKE 1 npeacTaBfeHo, Kak nepedyncnenHble Bbllle AOJTKHOCTHbIE obsizanHocTn CIO

COOTBETCTBYIKOT 3TUM acCrneKkTam.

—
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’* PaspaBotka VT MHhpacTpyKTypbl KOMNAHWA

BeneHwe KpynHbiX KOHTPAKTOB Ha
npuobpeTteHne KomneloTepHoro obopygoBaHMa,
nporpaMmmHoro o6ecnedeHus n UT-yenyr

KOHTpOnb Menkux KOHTPaKToB

PyKoBOACTBO rpynnoil COTPYAHWKOB oTAena

OpraHusauus BIopo TeXHUYeCKon
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Npon3BoaUTENBHOCTU M T-cucTemMbl

\\. MoaroTtoska GrogkeTa no UT

\_YnpaeneHue CUCTEMOM TEXHWYECKOl 6e30nacHoCcTH

Pwuc.1 domkHocTHble obsizaHHocTu ClO

PykoBoaCTBYSICb MOCTPOEHHOW CTPYKTYPOW, NMerko onpefenutb Hasblk M kadvectBa ClO, dopmupylowme ero
NpogeccroHarnbHy KOMNETEHTHOCTb.
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Puc.2 TpeboaHus k npodeccroHansHon komneTteHyum ClO
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PvcyHok 2 paeT goctatouHo abctpakTHoe npeactaeneHue o komneteHumn ClO. Paccmotpum nogpobHee
Kabk[0e 13 HanpaBInEHNN LEeATENbHOCTY.

Ha pucyHke 3 npencTaBneHbl HaBbIKM U KayecTBa, KOTOpbIMK gomkeH obnagate ClO gns ocywecTBneHus
3hHEKTMBHOIO NNaHMPOBaHUs MCnonb3oBaHns UT (CTpaTernyeckuin acnekT).

~BriaBnenwne cywecteyowmnx b

Axanus BusHec-npoueccos |
py poy —Mogenuposanwve Bl

- OnTUuMusaums BN

i KomneTeHunm /| AHanua cTpaTernyeckmx

\_ ueneii u sapgau ~AHanua NONOXeHWsA KOMNaHU1 Ha pbiHke
“-TMocTaHoBKa CTPaTEMMUECcKMX Lenei

Crtparernyeckue
‘ XapakTepuCTUKH,

Heob6xogumbie CIO

OBLeKTUBHOCTL
| NMyHOCTHBIE |/ CuctematiurocTs
_ XapakTepucTuKN | \ BuumatensHocts

Puc.3 MpodeccroHanbHas komneTteHuus ClO B cTpaTernyeckom acnekTe

Ha pucyHke 4 npeacTaBneHbl HaBbIkW U kavecTBa, Heobxoaumble npu hopmmpoBaHumn C (TEXHUYECKWiA acnekT).

~MNpoektuposaHue pabo4unx cTaHUWiA
MNpoekTnposanne MC

\— MNpoekTpoBaHue cepeepos
“MNpoekTnpoBaHue ceTen

I. \&l YcraHoeka Hardware
|  Bnegpenue NC

KomneTteHuun }—I !
| \ YcraHoBka Software

~3HaHue oTpacned pbiHka

\ 3naume pbiHka MC

\_MapkeTuHroBoe (pelTUHroBOE) 3HaHWe

TexHU4eckue nocrasiwmkos UC

XapakTepucTukm,
Heobxoaunmbie CIO

MocneposaTensHocTL
} \ / B3auHTepecoBaHHOCTb
JIn4HOCTHBIE | { npoBnemoit
. XapakTepucTuku | |~

\_MepaHTM4HOCTL/YCUOMMBOCTL

Puc.4 MpodeccuoHansHas komneteHumus ClO B TeXHUYECKOM acnekTe

B KpynmHbIX KOMMNaHWSX, OpraH13aLMOHHON CTPYKTYPON KOTOPbIX NpeasycMoTpeHo Hanuuue IT otaena, qyHKLmm
BHeapeHus MC moryT He BxoauTb B komneTeHumto ClO, 1 BbINOMHATLCS €ro NOAYUHEHHBIMU. ITO OTMEYEHO Ha
PUCYHKeE.
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Ha pucyHke 5 npefcrtaBneHbl HaBblkM M KavecTBa, Heobxoaumble npu obcnyxueanun C (opraHn3aLmnoHHbIN
acrnex).

PaBoTa ¢ nepconanom - PyKoBOACTBO IT oTaEnoM
BsavmogeicTene c Ha4ansHMKkamMm Apyrix nogpasgeneHmi

| MnanupoBaHne AeRCTBUA No
| oBCnyMMBaHUIO - AMarHOCTHKE BOZHMKSIOLLNX HEWCNPABHOCTER

MpyBne-eHne KOMNETEHTHLIX COTPYAHWKOB [T 0Taena K Menpasnenmio

) | \ iTecmpoaaHue uc
_— KomneTteHuymm — [ —

/ \_ HenocpencTeenHoe ofcnywMBaHue ; \ _. MonvmapHr UC
| —

OpraHu3aunoHHble ! \ —. Wenpaenerne HewcnpasHocTel MC
E XapakTepucTUKu, -

Heobxoaumeie CIO

KOMMYyHWKETHBHOCTE

[ _Beyxeniodme

| NuuHocTHele Fp
| xapaktepuctku | | CTEAEHCOTE.
' MegaHTMHHOC T YCUOHMBOCTE

Pwc.5 MpodeccronansHas komneteHums ClO B opraHM3aLMOHHOM acnekTe

OYHKUMM HEMOCPEACTBEHHOrO OOCNYXMBaHUS B KPYMHbIX KOMMAHWUSX MOryT OCYLLEeCTBNSTbCs paboTHukamm IT
otgena nog pykosogcteom CIO.

Ewe HepasHO Hanbonee BaxHbIMK HanpasneHusmu B pabote ClO aBnsnmch opMmupoBaHue 1 o6CnyxuBaHue
MC, nossonsioweit aBTOMaTM3MpoBaTb W YNpoOCTUTL PaboTy COTPYAHMKOB komnaHuu. Cpefay BOMPOCOB,
pelwaemMblx npu nnaHuposaHuu B obnactu T, Obinn  cnepylowme: «Kakyto [OEATENBHOCTb  MOXHO
aBTOMaTU3NPOBaTh?», «Kakune nporpaMMbl U TEXHUYECKME CPEACTBA AOIMKHbI ObiTh paspaboTaHbl MK KynmeHbl
ANS aBTOMaTM3aUMu M ynpoLleHus paboTbl COTpyaHWKOB?». OBrnacT aBTOMaTu3Mpyemon AesTenbHOCTY
cTaH4apTHbl Ans Mo6or KoMnaHuu: AOKYMEHTO060pOT, PMHAHCOBbIA Y4eT, KOHTPOMb kKayecTBa. 3a KOpOTKoe
BpPEMS Ha pblHKE MOSIBUAMCH NPOrpaMMHbIE CPEACTBA, peanuaytolume ath dyHkumn. 3agada ClO ceogunach K
TOMY, 4T0GbI BbIOPATL NPOrPaMMHOE CPELCTBO, YCTAHOBUTL W HACTPOUTL €ro B 3aBUCMMOCTU OT OCOBEHHOCTEN
KOMMaH1K1, KOHCYNbTUPOBATL COTPYAHWUKOB B AKCMAyaTaLu 4aHHOM Nporpammbl.

Ceivac, korga 6onblias yacTb 3afay yxe aBTOMAaTWU3MPOBaHa, CHOPMMPOBaHbl CTaHAAPTHbIE METOAbI
npoekTupoBaHusa n obcnyxmeanus WC, cOTpyaHMKM KOMNaHUM CnocoBHbI 3a KOPOTKOE BPEMSI O3HAKOMUTBCS U
NPUCTYNMUTb K MCNONMb30BaHMIO HOBbIX (pyHKumMn WC komnaHuu, 6narogapsi moBbileHMio 0bLiero ypoBHS
nHopmaTusaumm oblectsa copmmpoBaHue u obcnyxusaHne MC B komneteHuymm ClO oTxogsat Ha BTOpOM
nnaH.

OnoHUM M3 BaxHemwmx HanpaeneHuin B pabote ClO cTaHOBUTCA nnaHuMpoBaHue. V1 Bompoc, pellaembli mpu
nnanupoBaHnn: «Kak ccopmmpoBate [IC, npemocTaBnsiowyld nuuam, npuHAMatowmm pewenwns, (NMP)
nonesHyl WHgopmaumio?». [onesHas WH@opMauus fJomkHa obnagaTb criefylowuMy XapakTepucTukamu:
NPUMEHUMOCTBIO, TOYHOCTbIO, MOSTHOTOMN, CBOEBPEMEHHOCTBIO U NOHATHOCTHLH).

B cBs31 cO CnoxHbIMK npoueccamu obmeHa MHopmaumen Mexay COTpyaHUKamu 1 GOMbLUMM KONMYECTBOM
YHUKAnNbHBIX AN1S1 KaKOON KOMMaHWW XapakTepUCTWK 3TOro npouecca, nnaHuposanue pabot ClO B obnactu IT
3atpyaHsietcs. ClO gomkeH xopoLwo noHumaTth 6usHec-npoueccel (BI1), 3HaTb 0 AeATENBHOCTY Kaaoro OTAena,
0 B3aNMOZENCTBUM MeXay HUMK, 0 TpeboBaHMsX, NPeabaBIsSeMbIX K MHpopMayum otaenamn. B atux Bonpocax
[MaBHyl ponb WrpaeT cTpaterndecknini acnekt VM, a TeXHWYeCKuid M OpraHW3auMOHHbIA OTXOAAT Ha
BTOPOM NNaH.
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Takum obpasom, B HacToswee Bpems ClO BbICOKOTO YpoBHs npocdheccuoHannama JomkeH obnagatb B Nepayo
ovyepedb HaBblkamu OU3HEC-aHanMTUKA, @ ero KOMMETEHTHOCTb B TEXHWYECKUX BOMPOCAX, HaBbIKW WHXEHepa,
CTaHOBSTCS HE CTOSb BaXHbI.

[Nepenaem K pacCMOTPEHMIO NpodheccuoHanbHoi komneteHuun CKO.

MpocheccuoHanbHaa komneteHums CKO

Ecnu Bblgenuts B geatensHoctu CKO Te xe acnekTbl, 4to u B geatensHoctu ClIO, 1 yCnoBHO pasgenuTb
(YHKUMK, ucnonHsemble CKO no aTUM acnekTam, TO NOMyYMTCs CTPYKTYpa, NpeacTaBneHHas Ha PUCYHKE 6.

PykKoBpogcTeo rpynnoi
COTPpYAHWKOB oTOena
ynpaeneHwa 3HaHWAMK

[ hopMmumpoBaHue KAapThl IHAHWA
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O6azaHHocTH CKO

-

" Cozganve Todek gqocTyna kK

TexHuyeckuil acnekT — Bueapenme WUT,

| nogoepxrBar UL X ooy HKL K
W3

AduarHocTHUKa | aHanua
MHTenNnekKTyYyansHoro
Kanurana KoMnaHuK

-

/ BriSop w NnnaHvpoBaHue
. AefcTEernin No adddheKTUMBHOMY
CTpaTerM4ecKmii acnexkT — . WCNone3oBaHurio 3HaHKA

OueHKa M KOHTPONb
Y MCNONBE30BAHKMA IHAHWA

Puc.6 [JomkHocTHble 0bsi3aHHoCcT CKO

Mo aTom cTpykType onpedensioTcs Haeblkh M kavectBa CKO, dopmupylowme ero npodeccuoHanmbHyo
KOMNETEHTHOCTb.

Ha PUCYHKE 7 npeacTaBnieHbl HaBbIKK U Ka4eCTBa CKOB CTpaTern4eckom acnekre.

I'Ioc:'rpoe HWE KOHTEKCTHbIX
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Ha pucyHke 8 npeactasneHbl HaBblkv 1 kadyecTBa CKO B TEXHUMYECKOM acrekTe.

CoznaHue
BHYTPUKOPNOPaTHEHORA
WHHOpMaLWOHHOW cpegkl ~CoznaHue Gaz sHaHUA
abmeHa aHaHnAMK
/ —MNocTpoeHWe 3KCNEPTHLIX CUCTEM

“-MocTpoeHWe OHTOAOMMI

| BHeapeHue MT,

| noppepxveaolmMx dyHELMK BeIGOp TEXHWYECKKMX

- |l v¥3 /7 peleHnA
KomneteHumn — \._BuIGop NporpammHbIx
— | peweHni
| CoanaHuve Touek AOCTYNa K YnpaenesHne NopTansHbIMu
“ | BHELUHWM 3HAHWAM 7 peweHMaMM
TexHU4YecKne ) - BHeOpPEHWE NOMCKOBWKOB
XapakTepucTUKM,
Heobxoanmeie
CKO

__OBwan 3pyAMpoBaHHOCTE

[ NuuHoCTHBIE |/ noruxa
| X8PaKTEPUCTUKNU | \ CuctemaTnuHocTs

Puc.8 MpodeccnoHanbHas komneteHuust CKO B TeXHUYeCKkoM acnekTe

Ha pucyHke 9 npeacTasneHbl HaBblkv 1 kadecTBa CKO B opraHn3aL oHHOM acnekTe.

DOPMUPDBAHUE KAPTH 3HaHWIA ~ BBIABNEHIWE BXCNepTOoB
f "~ BLIABNEHWE MCTOYHWKOE SHAHWA

| MoTuBauma COTPYOHWUKDS K
| oBMeHy aHaHMAMK -~ 3HaHWE NCUXONOTUH
| 7 \

! ~ 3HaHWE TEXHONOMMK 0EMEHA 3HAHWAMK

KomneTeHuun —|

PykoBOACTBO rpynnoi

| coTpyaHMKoB oTAENa - MeHemKepcre HaBbIKA
\ YNPABNEHIA IHEHWAMM :" 3HaHKe MeTogonoriK ¥3
I Ty " BHaHm1e TexHOMoMA ¥'3
Opral-msaum:u-mhle
XapaKkTepucTHUKM,
Heobxogumeie
| CKOo |
b
_ KomMmMyHHKaBeNbHOCT
| NunocThsie |/ Coumanswcors

| XBpaKkTepUCTUKKM | |\ Mupepckie cnocoBHOCTH

Puc.9 MpodeccroHantHas komneteHumus CKO B opraHu3ausoHHOM acnekTe

CpaBHeHnue komneteHumi CIO n CKO

Crparternyeckuin xapaktep MM, kpome Toro, 06bsacHIETCS CNOCOBHOCTLI0 KOMNAHWUK NPUOBPECTH KOHKYPEHTHbIE
npeumylwlectea, 6Gnarogapsi NOCTPOEHMIO  3(PQEKTUBHON  WHGOPMaLMOHHON cpedbl. Kak  nokasbiBaloT
nccrenoBaHus, B KOMMAHWSAX, NUOMPYIOWMX Ha PbIHKE, MCMOMb3yeTCs TOT Xe TEXHONOMMYECKUin MmpoLecc
NPOU3BOACTBA, YTO M B OTCTalOWMX KOMMaHusX. JlngepctBa komnaHuu fo6MBaKOTCS, CHKas cebecToumocTb
NpOAYyKTa, Ka4eCTBO KOTOPOro OCTaeTcs Ha TOM xe ypoBHe. Ceb6ecTtoMmocTb MOXHO YMEHbLIMTb, YBENNYMB
NPOM3BOAUTENBHOCTb, YCKOPWB MPOLECC MPOWU3BOACTBA. YCKOPEeHWe npolecca npoM3BOACTBA BO  MHOTUX
KOMNaHWsX BO3MOXHO TONMbKO Mpu Hanuumm addpektneHon WC, obecneumBatollen oTaenbl KavyeCTBEHHbIMU
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NHCOPMALIMOHHBIM PECYPCOM. 3aech MHGhOpMaLMs paccMaTpuBaeTCsi, Kak Pecypc, €crin e OHa SBMseTcs
KOHEYHbIM NPOAYKTOM KOMNaHUK, TO 3HauMmocTb MC Tonbko Bo3pacTaer.

B ces3u ¢ Tem, uto MIM nprobpeTaeT cTpaTermyeckuii xapaktep, gomkHoctb ClO HauMHaeT paccMaTpuBaThbes,
Kak OfHa U3 JOIPKHOCTEN BbICLIErO PYKOBOACTBA KOMMAHUU, UM KaK LOIMKHOCTb, UHTEPECH! KOTOPOW JOIKHbI
YUMTBIBATLCA NPU NPUHATUM PYKOBOACTBOM CTPATErNUECKUX PELUEHUH.

WHbopmaumss — ato Habop ceegerni, 1 3agadva CIO obecneuntsb JIMP aTuMn cBegeHuamu. Ho coTpyaHukam
MHOTMX KOMMaHWiA y)xe He[OCTaTOYHO NPOCTO CBEAEHWA AN NPUHATUS 3CPEKTUBHOTO peLleHmns, HeobXoanMbl
3HaHUS, TO eCTb HE NPOCTO MHAOPMALMS, @ «MHGOPMaLMS B KOHTEKCTE, CNocobHas NpousBecTn nobyxaatowee
k genActBuam noHumanue» [Wikipedia]. ObecneyeHnem coTpyaHukoB 3HaHusmu 3aHumaetcs CKO (Chief
Knowledge Officer), pykoBoauTens oTaena ynpasnenus sHanuamu (Y3, Knowledge Management, KM).

B pedarensHocTn CKO MOXHO BbIOENUTL TE Xe HampaBneHus, yto u B gesitensHocti ClO: chopmupoBaHme
cucTeMbl ynpasnenns 3HaHusmu (CY3), obenyxuBanme CY3 w nnaHupoBaHue B 06MacTu WCMONb30BaHUS
KoMnaHuen 3HaHuin. Ho B oTnuune oT Toro, kak And CIO npuopuTETHBIM HanmpaBneHWeM SBMseTcs
nnaxupoaxue, ans CKO Henb3s 0603Ha4NTb NPUOPUTETHOO HaNpaBneHUs AeATENbHOCTU.

B M, onpegenus Lenb 1 CTpaTernyeckyto 3agady, BbisSBUB NPobNEMbl, CBA3aHHbIE C €€ PELIEHUEM, MOXHO
TOYHO cka3aTb 0 Tune VIC, koTopas gormkHa BbiTb BHEAPEHA B MHAPACTPYKTYpy kKoMnaHui. Hanpumep, ecnu B
KOMNaHUM BefeTCH LONTOCPOYHOE COTPYAHUYECTBO C KIUEHTAMMW, OTHOLUEHWS C KMWMEHTaMU MHOTOMIIAHOBbI, U
PYKOBOLCTBO KOMMaHUV NOCTaBWNO 3agayy NepcoHanuanpoBatb paboTy C KIMEHTOM, TO €CTb y4WTbIBaTb BECH
npeablayLLmit OnbIT 0BLLEHMS C HUM, TO B KOMNaHUM Heobxoaumo BHeapuTs CRM-cuctemy. B Y3 He cywecTsyet
4eTKoro conocTasneHns npobnemsl u Tvna CY3. daxe npu copmupoBaHumn ogHoro Tuna CY3 ansa pelueHus
OOHOW M TOi xe Npobnembl B pasHbiX KOMMaHWsX, dddekTMBHOCTb ChopMupoBaHHbIX CY3 moxeT ObiTb
pasnuyHa. JTO 3aBUCWUT OT O6LYEro YpOBHS PasBMTOCTU KOMMaHWW, OT NpeapacnonoKeHHOCTU BbICLIErO
PYKOBOACTBA, OT 3aMHTEPECOBAHHOCTM COTPYAHMKOB. Takum obpasom, addekTnBHOCTb dhopmmupoBanms CY3 B
pamMKax KOMNaHuu 3aBUCUT OT HaBbIKOB 1 MHTYMUMKM CKO 1 ABnsieTcst 0aHOM M3 0CHOBHLIX 3aaay CKO.

Obcnyxusanne CY3 Takke He MOXET CYMTaThCs BTOpOCTENEHHOM festenbHocTbio CKO. 3pgech neped HWM
CTOWUT psif 3a4ay: BO-NepBblX, KopropaTueHas KynbTypa paboTbl CO 3HaHUSMW YacTo MOXET ObiTb He passuTa.
CoTpyaHUKWM MOTYT He XenaTb AenuTbCs COBCTBEHHBIMI 3HAHWAMM C KOMNeramu, pacueHnsas ux, Kak nuyHbli
kanuTan. 3agava CKO ¢ noMoLLbHO BbICLLErO PYKOBOACTBA CTUMYIMPOBATL COTPYAHMKOB K 0BMEHY 3HaHWSIMM, TO
ecTb k 06HOBNEHM0 3HaHWi B CY3. Bo-BTOpbIX, 3HaHUsI B CY3 DOMKHEI ObiTh CTPYKTYPMPOBaHbI TakuM 06pasom,
yTobbl YOOBNETBOPATL NOTPEOHOCTAM nonb3oBatenein. [ns uHdopmauuu Takas CTPyKTypa cTaTuyHa. [ns
3HaHUI 3Ta CTPYKTypa M3MEHSIiEMA B 3aBMCUMMOCTM OT peliaeMoi mnorb3oBaTenieM npobnembl. B-TpeTbux,
Heobxoaumo 0becneynTb NOASIMHHOCTL 3HAHUIA U COOTBETCTBME M3BNEYEHHbIX 3HAHWA WCTWUHHBIM 3HAHWAM.
Kpome TOro, BaxeH BblIGOp CUCTEMbI NPEACTABNEHNS 3HAHWN, 3HAHUS LOMKHbI BbITb NPEACTaBNEHbI TaK, YTOObI
obecneunTb aaekBaTHOCTb POPMUPYEMBIX Y MONL3OBATENS 3HAHWIA.

HocratoyHoe BHUMaHe CKO pomkHO yaenstes u nnaHupoBaHuio B o6nactu CY3. CnoXHOCTW BO3HWKAKOT He
TOnbko npu Bblbope CY3 Ona pelueHWst KOHKPETHOW Npobrnembl, kak Obino OTMEYEHO paHee, HO W Npu
BbISIBNEHMM npobrnem [OCTUXEHUSI CTpaTernyeckux Lenei, 4yto Tawke sBnsetca 3apadeir CKO. [lpu
nnanmposaHu CY3 CKO pormkeH NpoBECTU CNOXHYI0 paboTy no guarHocTuke Bpeluen u aeduunta 3HaHui,
Have BHePEHME CMCTEMbI MOXET 0Ka3aTbCa He PeHTabernbHbIM.

Moasoas utor paccMoTpernto aesatensHocT CKO, MOXHO ckasatb, YTo B oTnu4mm ot ClO, ansa koToporo BaxHa
TEXHWYECKAsH OCBEIOMITIEHHOCTb, OCHOBHOI XapakTepucTukoit pabotl CKO siBNsieTcs OpraHn3aLmOHHbIA HaBbIK.
CKO pomkeH ObITb OTNMYHbIM OpraHM3aTopoM, 00nagaTb SIPKO BbIP2KEHHLIMM NWAEPCKUMU KayecTBaMM,
HaBblkaMu B 0611aCTV NCUXONOMAM U MEXKITMYHOCTHBIX OTHOLLIEHWI, OMBITOM MPE3eHTaLMy U KOMMYHUKATUBHBIMM
CMOCOBHOCTAMM, a TaKKe UMETb HEKOTOPbIE NO3HAHUS B 00NACTV MHOPMALIMOHHBIX TEXHOMOTUIA.
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B cTpaternyeckom nnaHe crnegyeT oTMETUTb, 4o B oTinume oT ClO, untepeckl CKO pexe yuuTbiBalOTCA Npu
MPUHSATUM BbICLUIMM PYKOBOLCTBOM CTPATErMUYeCcKuX peLueHnid B ynpaBneHun KomnaHnen. 310 00bsACHIETCS TeM,
4TO (POPMUPOBAHME CUCTEMBI 3HAHWUN B KOMMAHUWM He BCEraa MOXET MPUHECTU OYEBUOHBIE BbIFOAbI B KOPOTKME
CpOKK. 3aTpaTbl Ha HOPMMPOBAHME CUCTEMbI MOTYT ObiTb HEOMPABLAHHO 3aBbILUEHHBIMW U HE OKyNaembIMW Ha
B3rNnsg pykoeoacTBa. Ctpaternyeckas 3agada CKO ybeguTb pykOBOACTBO B PEHTAOENbHOCTM CUCTEM
YNpaBneHUs 3HAHWAMM, B MOME3HOCTU UX AN KOMMaHWM, U B TOM, YTO MPU MCMONb30BAHWUM TaKMX CUCTEM B
OyayLLem KoMNaH1s NOMYyYMT KOHKYPEHTHBIE NPEUMYLLIECTBA Ha PbIHKE.

3aknoueHue

PaccMoTpeB ¢ JaHHbIX NO3uUMiA 4OMKHOCTHIe 0bsi3aHHocTU CIO u CKO, elle pas crnegyeT OTMETUTL OCHOBHEIE
momeHThl. [eatensHoctb CIO n CKO Bepetca no Tpem HanpasneHusiM: OpMUpoBaHue, 00CNyXMBaHWE W
nnaHupoBaHue B obnactn MC u CY3 cootsetcteeHHo. ns ClO rnaBHbIM HanpaBneHWeM SIBNEHWEM SBRSETCS
NnaHMpoBaHWe B 06nacTM ucnonb3oBaHus |T-TexHonorvd B komnanuu. Ons CKO Bce Tpu HanpaBneHus
ABnsoTca kntoyeBbiMU. [lormkHocTb CIO HocuT B BonbLLe CTeNneHn TEXHUYECKU xapakTep, a gomkHocTb CKO
COUManbHbIN 1 OPraHWU3aLMOHHBINA. [pn 3TOM NpU PELUEHNN CTpaTernyeckux BOMPOCOB PyKOBOACTBO KOMMAHUM
vawe yuutbiBaeT uHTepeckl ClO, uHTepeckl xe CKO B OTEYECTBEHHBIX KOMMAHUSIX YYWTHIBAKOTCS PEAKO.
[MpoaHanuaupoBsas npouecc pa3suTus IM B koMnaHWsIx 1 3BOMIOLMIO AOMKHOCTHBIX 06s13aHHOCTeN ClO, MOXHO
FOBOPUTb O TOM, YTO @HANOMM4YHO 3TOMY, B CKOPOM BPEMEHM YNpaBleHWe 3HaHusMu u gesitenbHocTe CKO
nNp1obpeTyT B 6OMbLUEN CTEMEHM CTPATENMYECKOE 3HAYEHME.
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MYNbTUATEHTHbIA MIHTEP®ENC ONA AOCTYNA K OHTONOrMYECKON
CUCTEME B APXUTEKTYPE MHTErPALIUN UHOOPMALINOHHBLIX CUCTEM

AHHa BockobonHuKoBa

AHHOmauyus: B pabome npoaHanuauposaHbl NPUHUUNbI NOCMPOEHUS pacnpedesieHHbIX UHMeNneKkmyarbHbIX
UH(POPMAUUOHHBLIX cucmeM. B pamkax nocmpoeHus modenu UHmezpayuu UHGOPMAUUOHHBIX cucmem
paspabomaH nodxod Kk opeaHusayuu Gocmyna C OHMOMO2UYECKOU CcuCmeMe Ha OCHO8e OpeaHu3ayuu
g3aumodelicmeusi UHMesIeKmyarbHbIX a2eHmog.

Kntoyeenle coea: oHmonoauyeckas cucmema, UHmennekmyanbHbIli aeeHm, uHmezpayusi UHGOPMaYUOHHBIX
cucmenm.

ACM Classification Keywords: C.0 Computer Systems Organization - System architectures, 1.2.11 Distributed
Artificial Intelligence - Multiagent systems

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

Paspabotka pacnpefeneHHbIX MHTENNeKTyanbHbIX MHDOPMALMOHHBIX CUCTEM CTaNKMBAETCS C Pa3fMYHOro poaa
npobnemamm, OAHO3HAYHbIX MEXaHU3MOB PELUEHUs KOTOPbIX Ha CEerogHs He cyllectsyer. 370 TpebyeT oOT
pa3paboTyMKkoB MPEAMETHOMO aHanu3a Kaxgon OTAeNbHOWM 3adaun Ans BbipaboTku npoueaypbl ¥ METOLOB ee
pelweHns. OQHOM M3 Takux 3adady ABMSETCA 3adadva MHTEerpauuu HEecKONbKUX WH(OPMALMOHHBLIX CUCTEM,
KOTOPbIE MOCTPOEHbI HA OHTOMOTUSAX. 34eChb PeYb UAET HE NPOCTO O TOM, YTOBbl 06bEANHUTD HECKOMBKO CUCTEM
B OOHY, OpPraHu3oBaTb WX NO MPUHUMNAM MOCTPOEHWUS! pacnpeneneHHbix cuctem [Tanenbaym, 2003] wnm
peanu3oBaTb 06LMIA MHTEPGENC JOCTYNa K AAHHBIM HECKOMbKMX CUCTEM, @ O TOM, YTO HYXHO WHTErpupoBaTb
3HaHUS CUCTEM, MOCTPOEHHBIX Ha OHTOMOrMSX. 103TOMY Knaccuyeckue MOZenn MHTerpauuu, Kotopble Obinu
PacCMOTPEHbI M NpoaHanuanpoBaHbl B [BockoboitHukosa, 2008-05, BockoboiHukosa, 2008-09], ans pelueHus
TaKoro poda 3afay He nogxoasT. Ha cerogHs Obiny NpeanpUHATBLI NOMbITKM MOAUMLMPOBATL CYLLECTBYOLWME
apXMTEKTYPbI MHTErpaLmun ans obecneyeHus obpaboTkn 3HaHWA MHEOPMALMOHHBIX CUCTEM W yyeTa ux BusHec-
norukn [BockoGoiHnkoea, 2009], 4TO gano 3HauMTENbHble pesynbTaThl MPU PELUEHMM Takux 3agad, Kak
nocTpoeHne BWUTPWH 3HaHWi, Knowledge Module ans Bcex npombiwnenHblx CYB[. OgHako 3T0 He gaet
BO3MOXHOCTM CKa3aTb, YTO 3aAaya UHTerpaLun MHTeNnekTyanbHbIX MHOPMALMOHHbIX CUCTEM peLUeHa.

Pa3paboTaHHas apXuTeKTypa UHTerpaLumu UHTeNNeKTyanbHbIX MH(OPMALMOHHBIX CUCTEM

AHanu3 npobnembl MHTErpauuu BbISBAN KPUTEPUW W MPUHLMMBI, KOTOPbIM [JOSMKHA COOTBETCTBOBATH
apXMTEKTYpa WHTErpaLum UHTENNEKTYanbHbIX MHPOPMaLMOHHBIX cucTeM [BockobomHukosa, 2009):

- AaHHble MHOPMALMOHHBIX CUCTEM HE AOMKHbI NEPEMELLATLCS B Kakune-nnbo obLme XpaHUnuLLa;
- He [10MKHa CO3AaBaTbCs U3BbITOYHOCTb B 1yGNMpOBaHUM [JOKYMEHTOB;

- CyLLeCTBytOLLMA hopMaT JOKYMEHTOB He JOmKeH Npeobpa3oBbIBaTLCS;

- He [JOMKHbI CO3aBaTLCS Kakue-nMbo HOBbIE OMKUCAHWS CUCTEMbI, MOMUMO YXKe NPUCYTCTBYIOLLMX;

- MHTerpauusi He JOMKHA HUKAK M3MEHSITb CYLLECTBYHOLLYIO CTPYKTYPY MHTErpUpyeMblx cUCTeM (UcKntoyast
T€ CNyyau, Korfa MH(OpMaLMOHHas CTPYKTYpa NPeanpusiTUS MEHSIETCS U3-3a ero NMpUCOeauHeHs K
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WH(OPMALMOHHON CUCTEMbI);

- onucaHund VIH(*)OpMaLI,VIOHHbIX CUCTEM He JOMKHbI 00bEaNHSTCS;

- MOTOKW daHHbIX AOMKHbI ObiTb MaKCMMamnbHO npo3pa4vyHbiMi U ONUCbIBaTb 6VI3HGC-I'IpOLI,eCCbI mexay

NHTErpupyembIMU CUCTEMAMM.

Wcxopsa u3 atux Tpe6OBaHMl71, Obina npeanoxexHa 06m,a9| APXUTEKTYpa UHTErpaunn, Kotopasa npeactaBneHa Ha

CTelytoLIEM PUCYHKe.

(nocTpoeHas Ha
OHTOSOTN)

COTpyAHM4ecTBa

’ ’
Q Q
c{ OHTOnorus c{
. .'}\‘o [1I0roBopa . .'}\‘o
obbeaeHeHus/
Cuctema 1 A Cucrema 2

(noctpoeHas Ha
OHTONOMM)

- Cuctema 1 n Cuctema 2 — 3TO WHTErpUpyeMble WH(OPMALMOHHbIE CUCTEMBI, NOCTPOEHHble Ha
OHTOMOrMSAX, ABYX npeanpusTUiA/opraHn3amin, KoTopble 3aKNYUnm [0roBop
00beanHeHNs/COTPYAHNYECTBa;

- OHTonorus porosopa 0GbEANHEHUS/COTPYAHNYECTBA — 3TO OHTOMOMAYECKM OMUCAHHBIA [OKYMEHT,
KOTOpbIA ~ pernameHTUpyeT CyTb W MPUHUMMLI  OObEeaMHEHWs  NpeanpusTUil/opraHnsaumin - u
yCTaHaBNMBaET He0BXOAMMbIE Pa3rpaHYEHMs B YCTAHOBMBLUMXCS MEXAY HUMU OTHOLLEHWSIX;

- AreHT — 3TO CyLLHOCTb (-TW), KOTOpbIE HanpaBenseT 3anpockl 0T Cuctembl 1 k Cucteme 2 (M HaobopoT) B
paMKax pasrpaHuyeHuin JocTyna, KoTopble npeacTaBneHs! B [Jorosope.

OcobeHHOCTH UHTerpaumMn OHTONOrM4eCKux MHd)OpMaHMOHHbIX CUctem

OHTOnOrNYeckas I/IH(*)OpMaU'VIOHHaFI cucrema COCTOUT U3 MHOTMX KOMMOHEHTOB, HO AJIA pelleHnda 3afadu
WHTErpaunn BHUMaHNe HyXHO yOENUTb TOMNbKO TPEM €€ KOMNOHEHTaM:

- OHTOMOMUS CUCTEMBI;
- 0asa 3HaHW cucTembl;
- Ou3Hec-noruka cucTeMbl.

CrnenyeT OTMETUTb, YTO B COBPEMEHHbIX WHTENNEKTyamnbHbIX CUCTEMAX, NOCTPOEHHbIX C MPUMEHEHUeM
OHTONOTUIA, CamMa OHTONOIUS YacTO HOCUT OMMCaTENbHYK POSb M HUKaK He CBSi3aHa C pearbHbIMi 0GbekTamu
NHCHOPMALIMOHHON cuCTEMbI. [103TOMY roBOpUTb 06 OpraHM3aLMW aBTOMATMYECKOrO BbIBOLA HA OHTONOTUM
Henbas.

Takxe cnefyeT OTMETUTb, YTO GU3HEC-NOTMKA CUCTEMbl — COBOKYMHOCTb MPaBWi, MPUHLMIOB, 3aBUCUMOCTEN,
noBeAeHNs: 0OBLEKTOB NMPeAMETHOM 06nacT CUCTEMbl — YacTO peann3oBaHa B Pa3NUYHbIX KOMMOHEHTaX
cucTEMbI: B 6a3e 3HaHMIA, NPOrPaMMHOM KOAE, B CAMOWM OHTOMOTMM, B apXUTEKTYpPe CUCTEMbI. ITO MPUBOANT K
TOMY, 4TO 0OpalLasich K CUCTEME M3BHE HENMb3S TOYHO CKa3aTb, Kak MMEHHO OHa CchopMMpoBana Ty WK MHYHO
peakLuio Ha 3anpoc.

lMoaTomy roBopuTb 06 aBTOMATUYECKON MHTErpaLn CUCTEM, MOCTPOEHHBIX HA OHTOMOMNM TaK Xe He KOPPEKTHO,
TaK KaK MpoLecc UHTEerpaLum KOCHETCS TONbKO MHTErpaLmmn OHTonori, 6a3 sHaHuin n ob6beanHeHus nHTepdenca
cucteM. [Npu aTOM Ta BusHec-noruka, kotopas bbina 3anoxeHa B apXUTEKTYPY Koo OTAENbHON CUCTEMbI, B
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I'IpOFpaMMHbII7I KOO CUCTEM OCTaHeTCAd H833TpOHyTOI;1 npoueccom mHTerpawmun. YT0 AaeT BO3MOXHOCTb rOBOPUTb
0 HENOJIHOLIEHHOCTW N He3aBepLLUEHHOCTHU npoLecca MHTerpaLm B LIENTOM.

ApxuTekTypa MHTerpauun, KoTopas MpeasiokeHa B npedbloylleM pasgene, AaeT BO3MOXHOCTb M3bexaTtb
nopobHbIX npobnem, T.K. OaeT BO3MOXHOCTb WHTErpUpyembiM cuctemMam paboTtatb M pa3BuMBaThC B
COOTBETCTBMM C TEMU MpaBuUnamu OU3HEC-NOTVKW, KOTOpble B HWX Obinu 3anoxeHbl npu paspabotke. W
napannenbHo C TeM, YTO Kaxaas MHTerpupyemas WHTennekTyanbHas cuctema byaeT dyHKUMOHMPOBATb N0 TEM
npaBunam, KoTopble Oblnn BNOXEHbI B Hee Npu pa3paboTke, AN KOHEYHOrO NOMNb30BaTENs 3T0 OyAET BhIMSAAETL
TaK, OyaTo OH 06paLLaeTCs K AMHON LIeNOCTHON CUCTEME.

Pacmwpel-me APXUTEKTYPbI UHTErpauun UHTeNNeKTyanbHbIX VIH(*)OpMaLIVIOHHbIX cuctem

Bornee [geTanbHas CTPyKTypa OpraHM3auuv apXUTEKTYpbl WUHTErpaLu WUHTENNeKTyanbHbIX MH(OPMALMOHHBIX
CICTEM Npe/CTaBNeHa Ha CrieayHoLLen Cxeme.

OHTonorus

¢ .'}\b [JI0roBopa ¢ .'}\b
Cucrema 1 obvenenenus/ Cucrema 2

COTpyAHUYecTBa
(nocTpoeHas Ha PYA

OHTONOTIN)

(mocTpoeHas Ha
OHTONOMN)

WHTepdenc
nonb3oBaTens

Mpovueaypa paboTbl NO TaKkol apxXMUTEKTYPE CBOAUTCS K CIIEAYHOLLMM NOMOXEHNUSIM:

- AreHT 1 0bnagaeT nonHbIMK 3HaHUAMU 0 Cucteme 1 M MOXeT AaTb NOYI0 MHGOPMALWIO O HElr, OTBETUTb
Ha ntoboit 3anpoc K CUCTEME, OCTaBLUASACS YaCTb apXMTEKTYPbI AN HETO HeM3BeCTHa, AreHT 1 nonyyaet
13 Hee 3anpochl ¥ NOCLINAeT e 0TBETLI NOCPeACTBOM AreHTa 3;

AreHT 3 nonyyaeT 3anpoc 0T NoNMb3oBaTeNs, KOTOPOMY MPUHLMIUAIBHO HE BAXHO K CKOMBbKUM CUCTEMAaM
OH obpawaertcs, ¢opmanu3yeT ero B COOTBETCTBAW C €ro BHYTPeHHuMM TpeboBaHMAMM W B
COOTBETCTBMM C [IOrOBOPOM (Ha 9TOM 3Tare 3anpoc BUOOU3MEHSIETCS B COOTBETCTBUM C MOSUTUKOM
00beanHeHUs CUCTEM M OrpaHUYEHNSAMW NpaB Monb3oBaTtens) u HanpaenseT ero AreHty 1 un Arexty 2
... AreHTy N, nocne nonyyeHus oTBeToB AreHT 3 BO3BpaLLaeT UX Nonb3oBaTento;

- AreHT 2 geicTByeT No TOMY e npuHumny, 4To U AreHT 1, Tonbko ¢ Cuctemoit 2 (Takoro poga areHToB U
CUCTEM MOXET BbITb MHOXECTBO);
- [oroBop hopmanusyet 6U3HeC-NOMKy B3aMMOAENCTBUS MHTErPUPYEMBIX CUCTEM.

Takum 06pa3om, 13 CXeMbl NOHSTHO, YTO Mpeanaraemas apxmTekTypa UHTerpauun obecneymBaeT BO3MOXHOCTb
COXPaHWUTb HEU3MEHHbIMW OWU3HEC-NOTUKY CYLLECTBYKOWMX CUCTEM M MpW 3TOM hopmann3oBaTb WX
B3aMMOZENCTBME Ha OCHOBE CO3AaHust OHToNormM [loroBopa 06beANHEHMS.
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MynbTuareHTHbIN MHTEPHENC OHTONOrMYECKOW MH(HOPMALIMOHHOW CUCTEMDI

OpraHusauns  uHTEpdenca K OHTOMOMMYECKOM WHGOPMALUMOHHON CUCTEME Ha OCHOBE  MPUMEHEHNS
MyIbTUareHTHbIX TEXHOMOTMA  MoapasyMeBaeT CO3[aHue WHTENNeKTyanbHOro areHTa, kotopblin  Bydet
COMPOBOXAATb KXY U3 MHTETPUPYEMbIX MHEOPMALIMOHHBIX CUCTEM.

Mpumeyanue 1. B KoHTEKCTe faHHOW paboTbl He paccmaTpuBatoTCs mpouedypbl opmanus3alun 3anpoca
NoNb30BaTesNs U COMNOCTaBNEHUS ero C OHTONorMer [JoroBopa B3aMMOLENCTBUS CUCTEM.

HpumeanMe 2. PaCCMOTpeH CﬂyanI, Korga OHTONorn4yeckaa cuctema CrtatudHa BO BPEMEHW — HE U3MEHAET
CBOK apXUTEKTYpPY W OHTONOTUIO.

XapaKkTepucTIKM NPOEKTUPYEMOTO UHTENMEKTYarbHOM areHTa:
- B KA4yecTBe BHELLHeN cpefbl areHT 6yaeT BUAETb 3anpoc K CUCTEME U BCe ee AaHHble U XapaKTepUCTUKM;

- Habop pencTBui areHTa OyaeT npeacTaBneH B BWAE NpaBurl, ONUCHIBAKOWMX NpegMeTHyt obnactb
WH(OPMALMOHHON CUCTEMbI;

- Lenblo areHTa GyaeT nonyyeHue 3HaHWIA U3 OHTONMOrMYECKOW CUCTEMbI MO 3anpocy Morb3oBaTens,
OCHOBbIBAsICb Ha MMEIOLLMXCS Y Hero npasunax.

AnropuTMm nonyyeHust OTBETA Ha 3anpoc MONb30BATENS C YY4ETOM MPUMEHEHUS MPESOKEHHON apXMTEKTYpbI
WHTErpaLmm 1 orpaHn4eHunit, 0603Ha4eHHbIX B NPUMeYaHusiX:

- wWar 1: MHTennekTyanbHbIil areHT NonyYaeT hopMann3oBaHHbIi 3anpoc (B);
- LUar 2: UHTeNneKTyarbHbIit areHT BblAENseT YacTb OHTONONMN CUCTEMBI, PeneBaHTHyt0 3anpocy (b);

- Wwar 3: WHTennekTyanbHbIA areHT (hopMUPYET OHTONMOMMIO 3ajayn Ha OCHOBE npaswn (A), KoTopble
SBMAOTCA €r0  BHYTPEHHEN WHgopmaumen, yactu oHTomoru (B), peneBaHTHOM 3ampocy, W
chopmanbHOro onucanus 3anpoca (B);

- wWar 4: nHTennekTyarnbHbIA areHT NPOU3BOAMT BbIBOA MO oHToMorn 3agaum (I);

- War 5 WHTennekTyanbHbIA areHT BO3BPALIAeT (hOpManM3OBaHHbIA OTBET Ha 3anpoc ([) — 3HaHus
npeameTHoM obnactw.

Takum 0bpa3zom, hopmarnbHO eCTBUS areHTa MOXHO NPEeACTaBUTb CHIEAYIOLLEN CXEMOIA:

Mpouenypa BbiBoga

Pewwetue (1)

Mpumeuanue 3. B xoge obpaboTtkn 3anpoca 1 noucka OTBETA MHTENNEKTYanbHbIiA areHT KOCBEHHO paboTaer ¢
©a3oit 3HaHWIA crcTEMBI, 0bpaLLasch k ee 06beKTaMm Yepes CCbiNki oHTonorum b.

CnepyeT OTMETUTb, YTO B MPEnJSIOXEHHOM Mogenu Haubornee onTUMarnbHbIM (hOpMaTOM MPeLCTaBIeHNs
BHYTPEHHEro 3HaHWs WHTENNEKTyarnbHOro areHTa 1 MexaHM3MoM BbiBoAa 4515 NofobHbIX cucteM ByaeT cryxuTb
a3blk SWRL. Ero ucnonb3oBaHue Mo3BONUT 3aMOXMTb BO BHYTPEHHWE CBOWCTBA MHTENMEKTYanbHOTO areHTa
OuaHec-noruky cuctemMbl M obecneunTb BO3MOXHOCTb MPOBEAEHUS JOrMYECKOr0 BbIBOAA B TepMUHax
npeameTHomn obnacTu. Mpuyem, cama OHTONOrMS CUCTEMBI M (hopManbHOe NpeacTaBneHre 3anpoca MoryT BbiTb
peann3oBaHbl Kak ¢ nomoLbto OWL, Tak 1 ¢ nomolbto RDF.
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BbiBOAbI

B pabote 6bina npoaHanuMsvMpoBaHa M JOMONHEHa MOAEMNb  apXUTEKTYpbl MHTErpauuu  HECKOMbKMX
MH(OPMALMOHHBIX OHTOMorMYeckux cuctem [BockoGonHukosa, 2009]. B kauecTBe AOMOMHEHUS apXWUTEKTYPbI
WHTerpauum Obin onmmucaH npouecc obpalleHus B LiENOCTHOM CUCTEME YEepe3 OpraHM30BaHHbIA MHTEpMENC
nonb3oBartens. Tak xe, Oblna pacCMOTPeHa npoleaypa opraHu3auun nHTepdenca K OHTONOrMYECKON CUCTEME
Ha OCHOBE WCMOIb30BaHUSA MyNbTUAreHTHbIX TexHonoruin. OpraHuzauus nHTepdgenca nocpescTBOM peanqsaLum
WHTENMEKTyanbHOr0 areHTa nogpasyMeBaeT CO3AaHue CyLIHOCTW, KOTopasi BnageeT Bceit MHopmaunen ob
OHTOJIOTNYECKON CUCTEME (3HaHWE BU3HEC-NOMUKM CUCTEMBI, OHTOMOMMYECKON CTPYKTYPLI, 4OCTYN Kk 6a3e 3HaHMR).
Takas CyLHOCTb NOTEHLMANBHO MOXET AaTb OTBET Ha N0B0I 3aNpOC OTHOCUTENBEHO OHTONIOMMYECKON CUCTEMBI U
3HaHWW, KoTopble OHa B cebe copepxut. OgHaKko B pamkax NPeanoXeHHOW apXUTEKTYpbl NPedyCMOTPEHO
OrpaHuyYeHre 3anpocoB K KaXkaoW W3 WHTErpUpyeMblX CUCTEM B COOTBETCTBUM C (HOPMaribHbIM ONUCAHUEM
B3aMMOLENCTBMS CUCTEM Ha OCHOBE J0roBopa 06beANHEHMS/COTPYAHNYECTBA.
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Humans & Al

BA30BAA ANIFTOPUTMUYECKAA OBOITOYKA BOPTOBbIX ONMEPATUBHO
COBETYIOLUMX 3KCMEPTHbIX CUCTEM TUNOBbIX CUTYALIUK
®YHKUMOHUPOBAHUA AHTPOIMOLIEHTPUYECKOIO OB BEKTA

Bopuc ®epyHos

AHHomauyus. basosas aneopummuydeckasi 0bonodka 0ns 60pMOBLIX ONEPAMUBHO COBEMYIOU4UX IKCNEPMHbIX
cucmem munosbix cumyayull  yHkyuoHuposaHus (BOC3C TC) aHmponoyeHmpuyeckux 06bekmos
opueHmupogaHa Ha opmanbHylo Modenb npedmemHol  obnacmu, Komopasi K/IoYaem  NOHAMUS:
2eHepanbHble  3adayu  (DYHKUUOHUPOBAHUS  aHmpPONoUeHmpuyeckoeo  obbekma  (AHMp/obbekma),
cemaHmuyeckue cemu munosbix cumyauuti (TC) yHKuuoHUposaHus u npobnemHbix cybcumyauuli (MpC/C) e
Hux. BOC3C TC umeem g 6a3e 3HaHUl 0sa UepapXUYECKUX ypO8HS. Ha nepeom npodyKyuOHHbIe npasuna
onepamugHo akmusuaupyrom adexksamnyto [pC/C. Ha smopom yposHe pewatomces 3adadu akmugu3upos8aHHoU
[MpC/C ¢ ucnonb3ogaHuem OuHamudeckux modenell pazgumus ee hpaeMeHmos C NOMOWbLK MEXaHU3MO8
8b/800a: MHO20KpUMEPUArbHbIl 8bI60OP anbmepHamuebl PEWEHUs, peweHue no npeyedeHmy, peweHue
nNOMOWBI0  onmuMU3ayuUoHHoU  3adayu, npodykyuoHHble npasuna. [lpu paspabomke BOC3C TC ons
KoHkpemHol TC 6a308as 0boso4ka HanonHsemces 3HaHusmu no amoli TC ¢ 0OHOBPEMEHHBbIM OMCEYEHUEM
Hesocmpeb0o8aHHbIX (hpaemeHmos. [pu npoepaMmMHOU peanusayuu HanoTHEHHOU 3HaHUSIMU aneopummMuyeckol
obonoyku ee adanmupytom Kk 60pmosoll UHGopMauuoHHoU cpede 3adaHHO020 muna AHmp/obbekma u
8bI4UCTIUMEbHbIM 803MOXHOCMSAM €20 60pMO80Ll 8bIMUCIUMENTLHOU CUCMEMBI.

Knroueenie cnosa: modenb, 6asa 3HaHull, anzopummuyeckas 06os1o4ka..

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

AHmponoueHmpuyeckum  0bbekmom  (AHTP/OGBEKTOM) HA3LIBAETCA  COBOKYMHOCTb  M3MEPUTENbHBLIX U
MCNONHUTENBHBIX YCTPOWCTB, cucmemoobpasyrowezo A0pa (6opT AHTp/o6bekTa), B KOTOPOM IMaBEHCTBYHOLLASA
ponb MPWHAANEXMT KOMaHLe onepaTtopoB (3kvnaxy) B HaseaHHOM sigpe pellatoTcs 3agayn onepaTBHOIO
Lienenonaraxns n onpeaeneHns paunoHanbHoro nyT AOCTUKEHNS ONEPaTUBHO Ha3HAYEHHOM Lenu.

Anroputmbl pelleHnst 3agad cuctemoobpasyrowero sgpa peanusytotcss bLUBM-anroputmMamu v skunaxem
(anroputmbl  gedtenbHocTu  skunaxa (AlJ)). B coBpemeHHbix AHTp/oObekTax 3agauum  OnepaTUBHOIO
LenenonaraHus MOryT pellaeTcs Tonmbko akunaxem (AS), kotopomy AnNs 3TOr0 Ha MHMOPMALMOHHO
ynpasnstowem none (MYM) ero paboyero mecta (kabuHbl) cosgaetca (¢ nomowpsto BLIBM-anroputmbl)
WHOPMALMOHHAsS MOZenb BHELWHe u BHYTpu o6bekToBoM (6opToBOIA) 06CTaHOBKM. 3apaun onpegeneHus
paLMOHaNbHOMO MyTW AOCTUKEHWS ONEpaTUBHO Ha3HAYeHHOW Lemu pewatotcs nubo akunaxem (ALS) nubo
bopmosbIMU OnepamugHo cosemyouwumu akcnepmubimu cucmemamu (BOC3C) - cneumdmyeckumn BLIBM-
anroputMamu- creumduyecknm KnaccoMm OOPTOBbIX WMHTennekTyanbHbix cuctem [CtecbhaHoB u ap., 2006,
Fedunov, 2003].
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B MHXEHEPHOW M HayyHOW NpakTWKe MPpWHATA chedylowas QyHKUMOHaNbHAsA Knaccudukaums BopToBbix
nHTEnnekTyanbHbx cuctem (BAC) AHTp/oBbekToB:

o bNC cumyauuoHHol oceedomieHHOCMU 3kunaxa, obecrneumBaiollas eMy afekBaTHOe MPEACTaBMeHME O
BHEWHeN W BHyTpM 6GopToBoM obcTaHoBKe. 3T BUC npeactaBnstoT akuMnaxy Ha  MHGOPMALMOHHO
ynpasnsiowemM none KabuHbl KOTHUTWUBHYIO (B PsiA€ CMyvyaeB TONMbKO MHTErpUPOBaHHYHK) MHCGOPMALIMOHHYIO
MOZ€enb, MO3BONSILLYI0 KUMaxXy ONepaTMBHO Ha3HauyaTb TEKyLIy LeNnb ceaHca (YHKUMOHMPOBaHUS B
COOTBETCTBUM C BbINOSTHAEMOWN reHepanbHO 3aJaven ceaHca, paHrom AHTp/0BbeKTa B rpynne u CroXuBLLENCS
0BCTaHOBKOMN.

BNC cuTyaumoHHO 0CBEAOMMNEHHOCTI OTHOCSTCS K KNaccy MH(OPMALMOHHBIX MHTENNEKTYarbHBIX CUCTEM.

o GUC peweHuss «makmuyeckux» 3aday, BblpabaTbiBAOWMX PEKOMEHOALMM SKMMaXy MO PELIEHNIO
«TaKTUYeCKMX 3apady» TeKyllero dTana ceaHca (PYHKUMOHMPOBAHMS (CMocoby [OCTWXEHWS OnepaTUBHO
Ha3Ha4YEHHOW Lienu ceaHca).

BVC pelueHnst TakTUYECKIX 3aa4 OTHOCATCA K Kraccy 60PTOBbIX ONepaTUBHO COBETYIOLLMX 3KCNEPTHBIX CUCTEM
(BOC3C TC).

¢ BEUC, obecneumsatoLme achchekTnBHY0 paboTy kKoMnnekco GopToBoM annapaTypbl AHTp/obbeKTa.

Otn BUC HenocpencteeHHo He paboTatoT ¢ akunaxemM. CTpykTypa ux 6a3 3HaHWi onpegensietcs 3agadamu u
0B1KOM COOTBETCTBYHOLMX KOMMEKCOB BOPTOBOM annapaTypbl AHTp/06bEKTa.

BopToBas MHTennekTyanbHas cuctemMa cumyauuoHHoU oceedomieHHocmu ¥ GOpTOBble WHTENMEKTyanbHble
cuctembl knacca b50OCOC TC, senawowuecs BMECTe C  anropuTMami  OESTENbHOCTW  SKUMaXeM
uHmennekmyansHol cocmasnsowel cucmemoobpasyrowezo s0pa AHmp/obbekma. 5OCIC TC obecneumnsatoT
WHTENMEKTyanbHyl0 NOAAEPKKY AKMMaXy NPW PELIeHMM UM TaKTUYECKMX 3adady Ha COOTBETCTBYIOLIEM 3Tane
ceaHca (hyHKLUMOHMpoBaHMS AHTp/oBbekTa.

[Ons paspabotkm Takux cuctem noTpeboBancs nepexog OT paspaboTkm OOPTOBOrO anrOPUTMUYECKOrO U
WHAMKaumoHHoro obecneyeHns (AuO) ona OTAenbHbIX 3MWM3040B CeaHca (yHKUMOHMPoBaHKUS AHTp/obbekTa
(aTa paspabotka obcnyxuanace MOAenNbIo «3Ann304») k paspaboTke AMMO TMNOBbLIX CUTyaLUA ceaHca (Mogenb
«leH/sagava — MYY»).

1. MaTemaTnyeckas Moaenb aHTPONOLEHTpUYecKoro oobekta «eH/3agava — MnYY» ana
pa3paboTku ero anropMTMUYECKOro U UHANKALMOHHOTO obecneyeHus

Mogenb aHTponoueHTpuyeckoro obwvekta «leH/sagaya — [nYY», ucnonb3yemas Ans NPOEKTUPOBAHWA
B0OpTOBOrO ANrOPUTMMYECKOrO M MHAMKaLMOHHOrO obecneyeHuns (AuM0), umeet Tpu coctasnsiowwme [CtedaHoB
nap.l:
- ONUCaHWe wuepapxuu YNpaBreHus B  aHTPOMOLEHTpUYECKOM o0Bbekte (Mogenb COBCTBEHHO
AHTp/o6BEKTA),

- OnucaHue npouecca (yHKUMOHMPOBaHWS AHTp/oObekTa BO BHELLHEN Cpede (mogenb npolecca
(DYHKLMOHMPOBAHMS),

- onucaHue yHKLMOHMPOBaHUS rpynnbl AHTP/0GHEKTOB.

Mogenb cobetBeHHo AHTp/oBbekTa (puc.1) onuchiBaeT TpK onepaTuBHbIX rNobanbHbIX YPOBHS ynpaBfeHus
(Tnvyy)
- nepsbi rnobanbHeIN ypoBeHb ynpasnexns (IMMYY) — HasHaveHue Tekyllen Lenu noneta (ypoBeHb
Lenenonaraxus),

- BTOpOW rnobarnbHbii ypoBeHb ynpasneHus (IIFNYY) — BoiGop pauuoHanbHOro cnocoba AOCTUKEHUS
OnepaTUBHO Ha3HAYeHHOM Lienu,

- TpeTui rnobanbHbin ypoBeHb ynpasnenus IIMYY — peanusaums BbibpaHHoro cnocoba.
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Modenb _npouecca pyHKkUUOHUPosaHus AHmp/obbekma (puc.1) copepkuT Habop Ha3HaYeHHbIX K
anropuTMM3aLM TeHepanbHbIX 3adad npouecca yHKUMOHMpOBaHUs AnTp/oObekTa; NpeacTaBneHue Kaxaon
reHepanbHO/ 3afjauM 4epes [OepeBO  (CeMaHTWyeckyld ceTb) TumoBblXx cutyaumin  (TC) ceaHca
(DYHKUMOHMPOBaHMS, B CBOK O4epedb npencTaBneHne kaxgon TC uepe3 OepeBO (CEMAHTUYECKYH CETb)
npobnemHbix cybcumyayud (MpC/C).

3apaum ITnYY un lIfNYY pewatotcs B cuctemoobpasytowem sape AHTp/obbekTa.
Modesnb epynnbi AHmp/o6bekmoe.

[ns paspaboTkm GOPTOBOro anropuTMUMYECKOTO N MHOMKALWMOHHOIO obecneveruns paboTsl rpynnbl AHTP/06beKToB
MPWHSITA MHOrOYPOBHEBAS MepPapXus rpynbl.

Ha COBpeMEHHOM YpOBHE pasBUTUS TEOpUM W MPaKTUKW co3haHus GOPTOBOTO  anropUTMUYECKOTO 1
nHavkaumoHHoro obecnevenns (AuO) pelueHne Bcex 3agad IMNYY AOCTYNHO TOMBKO 3KUMaxy (anropuTMbl
pestenbHocTn akmnaxa — (A0J)). WrxeHepb! npoektupoBwmkn AMAO gns obecneyveHnss pelieHns skunaxem
3TUX 3aAa4 AOMKHbI CO3AaTb NErko BOCTPUHUMAEMYH dKMMaxXeM WHAOPMALMOHHYI0 MOAENb BHELLHEN U BHYTPM
GopToBoM 0GCTaHOBKM, OBECMeYMBaIOLLYI0 3KWMAXYy CUMYaUUOHHY0 0C8edOMAIEHHOCMb. 3JTa MOAENb,
peanuayetca 6opToBbiMi BLIBM-anroputmMamm n npeabsBnseTcs akunaxy Ha UHGOPMayUOHHO ynpasnsiouem
none (Y1) kabuHbl 3kmnaxa.

CeaHcbl PyHKIIMOHUPOBAHHS
AnTp/00BEKTA

Cemantuueckas cetb 1C

h 4 vV VY
_> et coee TC-8 seoe TC-N
l CemanTrueckas cetsb IIpC/
A 4 A 4 A 4 -«
ITpC/C-S1 cone IIpC/C-S-M vone [TpC/C-S-P

Bopt Antp/o6bekra

ITanVy AlID
[Iranvy AJ1D + BIIBM-anroputm
Mmravy BIIBM-anroputm + AJ1D

Puc.1. Mogenb AHTp/o6bekTa ansa npoektupoBaHus AnO
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3agaumn BTOpPOro rno6ansHoro YPOBHA MOTYT pellatb Co3aBaeMble B HAaCTOsLLEE BpEMA 60pTOBbIe onepaTnBHO
COBETYHOLLME 3KCNEPTHbIE CUCTEMbI TUMOBbIX CVITyElLIMVI ceaHca (byHKU'MOHVIpOBaHVIFI AHTp/O6'beKTa.

BbipabaTtbiBaemble OOPTOBLIMM OMEPATUBHO COBETYHOLUMMM 3KCMEPTHbIMWA CUCTEMaMM TUMOBbLIX CUTYaLuiA
ceaHca (BOCIC TC) pewweHns NpeabsaBAAIOTCA B Ka4eCTBE pekoMeHZaLUui Ha MHGOPMaLMOHHO ynpaBnsioLiee
none kabuHbl akuMnaxa. PekoMeHAaLMM aHanU3npyTCs UM U CaHKUMOHMPYIOTCS Ha UCMONHEHME.

Mpy 0GHOBPEMEHHOM (DYHKLMOHMPOBAHUE MEPapXUYECKN YNOPSAOYEHHOM rpynmbl AHTP/OOBEKTOB, OCHALLEHHbIX
BOC3C ofHOi 1 TOW Ke TUMOBOI CUTyaLMK, BO3HUKAET 3afava obecneyeHuns coBMecTHol paboTbl Bcex BOCIC
TC rpynnbl (koanuuu BOCIC), ¢ yyeTom pe3ynbTaToB NOArOTOBKM AHTP/OBBLEKTOB K NPEACTOSLLEMY CeaHcy
(OYHKUMOHMPOBaHUS M TekyLlei MHopMaLumM, nony4aeMon 4epe3 6GOpTOBbIE W3MEpUTENbHbIE YCTPOMCTBA
KaxabIM 0ObEKTOB B3aUMOLENCTBYIOLLEN MpyNMbI.

B oTnuune ot paccmoTpeHHom mogenu «[eH/zapadya — [nYY» B paHHee MCMonb3oBaHHOW moaenu ans
paspabotkm 6GoptoBoro AuO «3nn3oa» He paccMaTpuBaKOTCA CeaHCbl (PYHKLMOHWPOBAHMS, reHeparbHble
3aauvm n TUNOBbIE CUTYauun B HUX. B mogenn npeabasnseTcs Habop He CBA3aHHbIX ApYr C APYroM 3n13040B
CeaHCoB (hYHKLMOHMPOBAHMSI. [1Ns KaXOoro n3 HuX aBTOHOMHO paspabatbiBaeTcs ceoe AuMO.

2. bopToBble onepaTUBHO COBETYIOLME IKCNEPTHbIE cucTeMbl TUNOBLIX cuTyauun (6OCIC TC)
CeaHcoB (hyHKLMOHMPOBaHUA AHTP/0OBLEKTA

[ns npegmeTHbIx obnactei, KOTOpble MOXHO afeKBaTHO onucaTb Mogenbto «[leH/3agada-InyY» cosparorcs
BOC3C TC, npepHasHaveHHble NS pelieHns 3agay BTOporo rnobanbHoro ypoBHs ynpaenenust [Fedunov,
2005].

[nsa apeksaTHoro npeactasnenns sHaHuin TC B BOCOC TC HanpeHbl matemaTiyeckie opmbl UX NOMHOTO

npeactasnenns. COBOKYMHOCTb 3TUX DOPM HasoBeMm ameopummuyeckold obonoykol 6OCAC TC. 3tu
MaTtemaTnyeckme opMbl 3aTEM HaMOMNHSAKOTCA KOHKPETHBIMW 3HaHUAMI onpeaeneHHon TC.

B 6a3e 3HaHuin BOCIC ucnonbayertcs:

a) anpuopHasi WHGopMauus O reHepanbHOM 3ajave ceaHca (DYHKUMOHMPOBaHWS AHTp/oObekTa w
OXWAAEMbIX YCIOBUSIX €ro BbINONHEHMs, MOArOTOBMEHHast BO BHe OOPTOBOM CUCTEMe MOArOTOBKW CeaHca
(YHKLMOHMPOBAHUS;

0) Tekyliasn KayeCTBEHHas M KONMYECTBEHHas MH(OpMaums, nocTynaiowas oT 60pTOBbIX U3MEPUTENbHBIX
ycTpoiicTs, u3 UYT kabuebl (0T akvnaxa) u u3 apyrux BLBM-anroputmos.

BOC3C TC B Kaxabln TeKyLMA MOMEHT BPEMEHM peanu3yemoro ceaHca (byHKUMOHMpoBaHWS AHTp/oObekTa
BblpabaTbIBaET PeKOMEHAALMM 3KMUMAXY NO CNocoby pelueHns Npobnembl, BO3HWKLLEN neped AHTP/0ObEKTOM.

B 6a3y 3sHanun BOCIC TC BxopsaT: a) 4BYXYpOBHEBas (M0 CeMaHTMKe) mepapxuyeckas 6asa MexaHW3MOB
BbIBOAa; 6) 6asa maTemaTnyeckux moaenen; B) 6rok hopMMpoBaHNS PEKOMEHOAUMIA SKMNAXY U KOMMEHTAPWEB
K HWAM; T) BIOK perucTpavmmn 0Tkas3oB akuUNaxa OT NPEeLSIOKEHHbIX PEKOMEHAALNA.

Basa 3Hanun BOCIC otHocuTCA K Tuny cTaumoHapHbix. ABGCOMIOTHOE BPeEMS B Hell peanuayeTcs: 4epes
COObITUIHYIO  LUKany  3HAYMMBIX  CODBITW,  reHepupyeMblx — MaTemaTtudeckumyu — mogensamu  (MM)
COOTBETCTBYILLErO TWUMA; 4epe3 CMeHy npaswn BbIpaboTkM pekomeHpauuin npu cmeHe [pC/C; uepes
MOCTOSIHHOE WUCMOMb30BaHNe CTPYKTYP CUTYaLMOHHOTO YNpaBeHus.

3. [IByxypoBHeBasi uepapxmyeckasn 6asza MexaHu3moB BbiBoAa [PeayHoB, 2002]

[NepBbI _vepapxuyeckuin ypoBeHb 0Gasbl MexaHu3MoB BbiBoZa. 10 Tekywlen wHdopmauum oT BopToBbIX
N3MepPUTENbHBIX YCTPOMCTB, «LWTaTHbIX» GopToBblx BLIBM — anroputMoB, curHamoB ¢ WMHGOPMaLMOHHO-
ynpasnstowero nons (UYM) kabuHel akunaxa B 6ase 3HaHun BOCIC TC dopmupyeTcs CUTYaLMOHHBIN BEKTOP
SV(TC - NpC/C), onucbiBarowuin COCTOSIHNE BHELIHEN 1 BHYTpU BOPTOBOIA OOGCTAHOBKM ANS Ha3HaveHus (unu
naeHTudvkaumm) Tekywen MpC/C. MexaHn3m Takoro HasHa4YeH!Ust HA30BEM MEXaHW3MOM BbiBOAA HA MHOXECTBE
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MpC/C. KoHcTpyupytoT ero Ha 6a3e matepuanoB paboTbl C aKCnepTamu, SABNSIOWMMUCS CrieumanucTami B
paccMaTp1BaeMoii NpeaMeTHOIM 06nacTy.

B BOC3C TC atM MmexaHusMbl peanusyloTcd B (POpMe NpaBun «ECAM..., TO.., MHAYe..», MOMHOTa M
HEenpOTMBOPEUMBOCTL  KOTOPLIX AocTuraetcs  otpabotkon BOCIC TC Ha cuctemax WMMWTALMOHHOTO
MOZENMPOBaHUS COBMECTHO C JKCTepTamum.

BTopon vepapxuyeckuin ypoBeHb 6asbl MexaHW3MOB BbiBOZA. [N aKkTWBM3MPOBAHHOW Ha MEpBOM
nepapxuyeckom yposHe [pC/C HaxoguTCs paumoHarnbHbIi cnocob ee pelleHus. Kcnonb3yemble npu 3TOM
MeXaH13Mbl BbIBOAA (HAXOXOEHWA)NPEACTaBNSAOTCA YEThIPbMS TUNAMU MEXaHU3MOB.

[epBbIN TUM MEXaHW3MOB - MEXaHW3M WOEHTWUYHBIN YMOMSHYTOMY Bbie MexaHumy HasHauenust [pC/C.
OpnHako, KoHCTpyupytoT ero ans paspellenuns MpC/C B 6a3e 3HaHun BOCIC He cTonbko Ha Base maTepuarnos
paboTbl C 9KCepTamu, CKONMbKO W, Mpexge BCEro, NO pesynbTaTaM MaTeMaTUYEeCKUX WCCreaoBaHuii
ONTUMW3AUMOHHBbIX 3aday, afeksaTHblx paccmatpusaembim [pC/C. Cneumduka MpC/C B atoM cnyyae
npeBanupyeT Hag SBPUCTUYECKMMN METOLAMU €€ PACCMOTPEHUSI.

BTopoi Tune MexaHu3MOB BbIBOAA, MOCTPOEH Ha Gase MeToaa MHOTOKpUTEPUANbHOTO BbiGopa anbTepHaTUBBI,
pa3paboTaHHOro amepukaHckuM y4éHbiM T. CaaTu. YacTHbI npuMep UCMOMb30BaHKS Takoro MexaHu3ma onmcaH
B [Mycapes 1 gp. 2001].

MexaHn3Mbl BbIBOAA TPETLETO TWNA, BLIBOL MO MPELEAEHTY, UCMOMb3yoeT CBOe0bpasHyto MaTpuLly 3HaHWA 1
onucaue TpC/C uyepes cutyaumoHHbin Bektop SV(IMpC/C-pelleHune), KoOpaMHATamMu KOTOPOrO SBMSHOTCSA
NMHrBMUCTMYECKME NepemeHHble [Fedunov, 2006].

MexaHn3m BbIBOAA YETBEPTOrO TWNA - TaK HA3bIBAEMbIN «ONTUMU3ALMOHHBIN BbIBOA». B aToM crniyuae npobnema
W ee peleHne opmanuayeTcs B BWOE ONTUMMU3ALMOHHOW 3adauW, ONTUMAnbHOE pEeLLEHME KOTOPOM
OTbICKMBAETCA B pearibHOM BPEMEHW YWCTEHHBIMW MeTodamu. YacTHblil NpuMep MCMONb30BaHWS Takoro
MeXxaHu3ma onucaH B [lemkuH 1 ap., 2008].

4. baza matemaTUyeckmx moaenen

KoHkpeTuka 3HaHuit no npeameTHoi obnactn (mogenb mupa TC) B 6asax sHaHuit BOCIC TC npencrasnsercs:
cutyaumorHbimu Bektopamn SV(TC - MpC/C); cemanTuueckoir cetbio MpC/C TB TC, 3HauumbIMu cOObITUSIMI B
TC, anbTepHaTBamu pelleHns npobrem, Kputepusmi Bolbopa NpeanoyTUTENBHON arnbTepHaTVBbI, MaTpULaMm
NapHbIX CPABHEHMI, MaTPULLAMM 3HAHMIA NO NpeLiefeHTaMm, MatemaTtudeckummn mogenamu (MM).

B oTeuvecTBeHHbIX U 3apybexHbix paspaboTkax BOCAOC ucnonb3oBaHbl B MOAENSX Mupa criegyole Tumbl
maTemaTuyeckux mogenen (MM).

MM nepBoro Tvna - MmuTaumoHHast MM npocTpaHCTBEHHO - BpeMEHHOro nporHo3a passutus MpC/C.

Mogenb BKMOYaET: ,qM(b(bepeHumaanble ypaBHEHUA C OrpaHuUYeHnaMn Ha Cba3OBbIe KoopaunHaTbl U
ynpasneHue, ook reHepupoBaHua 4onyCTUMbIX ynpaBneHMVl, yCnoBuA OKOHYaHUA NHTErPUPOBAHKA.

[Mp1mep 1cnonb3oBaHKa Takon Mogenu aaH B [demkuH n ap., 2008]
MM BTOpOro TMna — MoZenNb reHEPUPOBAHNS U PaHXMPOBaHWS anbTepHaTus pelenHust MpC/C.

Mogenb BknioyaeT: OMOK  reHepUMpOBaHWS  MHOXECTBA  anbTepHaTMB MO 3adaHHbIM - MX  Tunam,
anddepeHumancHble ypaBHeHUs umutaumy passutus MNpC/C no kaxaon anbTepHaTMBE C OLEHKOW 3HaYeHui
KpUTEPUEB MPEAMNOYTEHUS anbTepHaTUB, anpuopHO 3aJaBaeMylo M OMepaTMBHO KOPPEKTUPYEMYKD MaTpuLly
NapHbIX CPABHEHWU KPUTEPUEB, anropuTM pacyeTa rnobasnbHbIX NPUOPUTETOB anbTEPHATMB.

Mpumep Mcnonb30BaHNa Takoid Mogenu faH B [Mycapes u ap.2001]

MM T1petbero Tuna — MM ontummsawmonHoro Bbibopa pewenus MpC/C.

Mogenb BkntoYaeT: AndppepeHumancHble YpaBHEHMS C  OrpaHWYeHMs MW Ha (hasoBble  KoopauHaTbl K
ynpaeneHue, 6ok reHepupoBaHNs LOMYCTUMbIX YNpaBneHui, Npoueaypbl OnTUMMU3aumn (max, min; maxmin,
minmax).
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[Mpumep 1cnonb3oBaHWa Tako Modenu aaH B [demkuH u ap., 2008]
MM 4eTBEPTOrO TWNA — MaTeMaTUYECKNE MOZENN ONpPeaeNeHns KOopanHaT CuUTyaumoHHbIX BektopoB SV(TC —
MpC/C), SV(TC - MNpC/C).

Ctpyktypa mogenu onpegensietcss 0O0OpToBOM MHDOPMALMOHHOA CPedoi KOHKpPeTHoro AHTp/obbekTa u
CEMaHTUKOM KOOPAMHATBI CUTYaLMOHHOTO BEKTOPA, KOTOPYHO HYXHO ONpeaenuTb.

5. CocTtaB anroputmmuyeckon obonoyku ana paspadotkm 6OCIC TC

Obonouka onpegenseT obwyio cTpykTypy 6asbl 3HaHun BOCIC TC, Bbigenss Heobxogumble ans moboi
BOC3C TC npegMeTHO He3aBUCUMbIE U NPESMETHO 3aBUCUMBIE CELYHOLLME COCTaBNSIOLME:

- [ByXYpOBHeBasi Mepapxuieckas CTpykTypa 6asbl 3HaHUi,
- BblAeNeHHble ANs KaXI0ro YPoBHS MeXaH!3Mbl BbIBOAA:

- [Ns NepBoro Mepapxmuyeckoro ypoBHS - NPOAYKUMOHHbIE NpaBuna ¢ CUTyaLmMoHHbIX BekTopoB SV(TC —
MpC/C) ons aktusn3auum koHkpeTtHor MpC/C,

- QNS BTOPOrO MepapxuWyeckoro ypoBHS B 3aBucumocT OT cneuudpmkn [pC/C  npegnaratotcs
anpobupoBaHHble Ha NpakTUKe MexaH3Mbl BbIBOAA:

O  MHOroKpuTepuarnbHbIi Bblbop anbTepHaTvebl pelueHus MpC/C,
0 pewwenue MpC/C no npeLeneHTy,
O  ONTUMM3ALMOHHBIN BbIGOP,
O  MPOAYKUMOHHbIE NpaBuMna;
- pasnuyHoro Tna matematuyeckue mogenm (MM):
O MNpOCTPaHCTBEHHO BPEMEHHOTO nporHo3a passutust MpC/C,
O reHepupoBaHus anbTepHaTus peleHus MpC/C,
O  [Ans ONTUMM3ALMOHHOTO BbI6OPa,

M3 nepeuncrieHHoOro BblAENMM MPEOMETHO Hes3aBUCMMble COCTaBMsiolue 00O0MOoYKM, MO KOTOPbIM
LienecoobpasHo paspaboTaTb NPorpamMMHble 060MOYKN:

- [BYXypOBHEBas nepapxuyeckas CTpykTypa 6asbl 3HaHuiA C NPOLYKLMOHHBIMI NpaBunamu,
- Habop MexaHW3MOB BbIBOZA ANS BTOPOrO NEPapXMYeCcKoro ypoBHS:

O  MHOTOKpUTEpPUanbHbIN BbiOOp anbTepHaTvebl peluenust MpC/C,

0 pewwenue MpC/C no npeLeneHTy;

O MpOAYKUMOHHbIE NpaBmna,

O  ONTUMM3ALMOHHBI BbIBOA.

CoctaB anroputMn4eckoin 060M0YKK (aNrOPUTMUYECKWIA CLIEHAPUIA) NpeaCcTaBneH B Tabn. 1.

Tabnuua 1. ANropuTMUYECKUin MHCTpYyMeHTapuin ans 6a3 sHaHuit BOCIC TC

MexaHu3mbl CrpykTypel MM, Koppektuposka-1 | Koppektuposka-2
BbIBOJA Mozenen mupa ucnosnbayemble
B MOZensx Mupa

MpoAYyKUMOHHbIE SV; anbTepHaTuBeebl Tun | Hert Hert
npasuna peLLeHns npobnemb! Tun IV
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MHorokpuTepuanbHbIn | Tunbl anbTepHaTuB, Tun Il Honyctumele KoppekTuposka
BbIBOp KpuTEpUMW, MaTPUL|bI reHepupoBaHue TN MaTpuL, NapHbIX
NapHbIX CPaBHEHU anbTepHaTMB no anbTepHaTMB CpaBHEHUA
3afaHHoMy Tuny
BeiBoa Martpuua 3HaHui, Tun | Hert Hert
no npeLenexTy BKIIOYaloLLYt0 B cebs Tun IV
SV, MHOXecTBO
npeLeaeHToB
OnTManbHbIi OnTMM3aLMoHHas Tun I Ha Het
MOMCK 3ajJaya; 00BbekT,
AO0nyCTUMble
ynpaBneHus, KpUTepui
BbibOpa, npoueaypa

6. MUcnonb3oBaHMe anropuTMMYECcKoW 000N0YKM B TEXHONOrMYECKMX Tanax pa3paboTkm 6a3
3HaHun BOC3C TC.

B wmHxeHepHon npaktuke [Kosnosckux u gp. 1995; ®epyHos, 2002; PuibuHa 2008] cnoxwnuck cnegytowme
TexHonornyeckme atanel paspabotkn sHaHnin BOCIC TC:

1. WayyeHne n copmanusaumsi TUNOBON CUTYaUWK C LIEMNbIO BLISBNIEHUS CEMAHTUYECKOM CETU NpOBMEMHbIX
cybeutyaunin (MpC/C) n KoHCTpyMpoBaHust cutyaumorHblx BektopoB SV(TC) u SV(TC-MpC/C), nossonstowmx
noeHTngmumpoBatb cooteetcTBeHHO TC u MpC/C B Hel (KOHCTPyMpOBaHWe NepBOro nepapxuieckoro ypoeHs b3
BOC3C TC).

2. ®opMUPOBaHME MHOXECTBA 3HAYMMBIX COObITMIA B TC M NOMCK ONTMManbHBIX (pauMoHanbHbIX) cnocobos
PeLLeHMs KaaoM 3a4aum B kaxgon npobnemHoin cybeutyaumm

3. ®opmuposanme ans kaxaom MpC/C dparmenTa anroputmuyeckoit obonoykn BOCIC TC ¢ apeksaTHbiMM TC
MOZENsSIMM MUpa W MexaHW3Mami BbiBoga (thparmMeHThl BTOPOro uepapxudeckoro yposHs 63 BOC3C TC).
®opmuposanue gns sceir TC anroputmmdeckon 06onoykn 6asel 3HaHun BOCAC TC (MHTerpaums nepsoro
BTOpOro vepapxuyeckuin yposeHb 63 BOCAC TC, dhopmmpoBaHue cneuudmkaLmii anpuopHbIX 1 OnepaTUBHbIX
BxoaHbIX curHanos B 63 BOC3C TC u cneuudmkaumii BbIXOQHbIX CUTHANoB (pekoMeHgaunin skunaxy Ha UYT
KabuHbl)).

4. Cosganue 6a3oBoro obpasya BOCIC TC (HanonHeHue 3HaHuMsMK anropuTMmdeckon obonoukn BOCIC ¢
OTCEYeHNeM HeBOCTPeOOBaHHbLIX (hparMeHTOB) M CUCTEMbI WMWUTALMOHHOrO MogenuposaHus (CUM) ans
otpabotkn chparmeHTo (no MpC/C) 6a3bl 3HaHuin BOCIC TC.

5. Apantauns 6Gasooro obpasua BOC3C TC k 60pTOBOA MH(OPMALMOHHONA Cpede BbibpaHHOrO Knacca
AHTp/06BEKTOB.
McxooHbiM _gokymeHToM Ans paspabotkn B3 BOC3C TC sBnseTcs eCTeCTBEHHO $3blKOBOE OmnucaHue

(hyHKUMOHMpoBaHUs AHTp/oBbekTa «/lorvka paboTbl cucTeMbl «akunax — 6opToBas annapatypa»». OnucaHue
CTPYKTYpUPYEeTCA cornacHo onucanHoi Beiwe MM «[en/3agava — FnYY» u umeeT cneaytowme pyopukm:

- -0 ceaHcam hyHKLIMOHMPOBAHNS,

- -no TC B Hux.

BepbanbHoe onucanne TC XXX B ceaHce (yHKUMOHMpoBaHus XXX Ans pa3paboTkuM WHTENNeKTyanbHOM
cuctembl BOCIC TC umeeT cneaytowme pyopukm.




92 No:12 - Human Aspects of Artificial Intelligence

[ns kaxgoro AHTp/obbekTa rpynnb:

1. Ycnosus BO3HMKHOBeHUMs (akTusm3auum) TC. MNpegnaraemas dopma npegbsasneHus uHdopmauum Ha UYTI
(MHbOPMALMOHHbIE Kaapbl, peyeBble COOBLLEHMS) AN NPUHATUS ONepaToPOM 3TOrO PELLEHNS.

2. Cocrag v npuumHHo cneacteeHHble cesiau MpC/C B paccmatpusaemon TC.

3. Mo kaxgon MpC/C:
a) ycnosusi Hactynnexus MNpC/C,
6) cocTaB 1 onucaHue peliaeMbix aKUNaKeM 3adad, TPEDYIOLMX MHTENNEKTYaNbHON NOAAEPXKKM SKMNaxa,
B) NPUMEPbI PELLEHNS AKUNAKEM STUX 3aay B HACTOSILLEE BPEMS:

- VWHGopMauus AN pelleHust Kakoon u3 aTux 3agadv (boptoBas Tekywas, oT AHTP/OOLEKTOB CBOEN
rpynnbl, OT BHE [PYNNOBbIX WCTOYHUKOB; anpuopHas (M3 CUCTEMbl MOATOTOBKA —CeaHca
(DYHKLMOHMPOBAHWS), KUHTYUTUBHASY),

- CTPYKTypa peLueHus,

- cnocob peanusauuv NPUHATOrO peLeHmns (OLEHKa 0XMAAEMOr0 YnCa PyYHbIX onepaLui ak1naxa),

4. iHTerpanbHbIi MHAMKALUMOHHBIA Kagp Ha YT kabuHel skunaxa ¢ pekomergaumamm BOCI3C TC. XKenaemoe
MeCTO 1 hopma NpeabsBNEHNst PEKOMEHOALMA.

5. CocTae v cogepxaHue Xenaembix peyeBbIX COOBLLEHNI.
[ng rpynnbl AHTp/06bekToB kak eauHoro wenoro (ecnu TC XXX BbinonHseTcs rpynnoit AHTP/0BbeKToB):

- cocTaB rpynnbl AHTP/OBLEKTOB M Mepapxun YNpaBieHns B rpynne, Ha Kaxaom AHTP/o6bekTe KOTOpO
JomxkHa pabotaTb paspabatbiBaemas BOCIOC TC,

- VIH(*)OpMaLl'VIOHHOG 1 ynpasneH4yeckoe B3aUMOAENCTBIE B rpynne.

3aknioyeHue

1. basoBas anroputMmuyeckas obonoyka BOC3C TC paspaboTtaHa kak yHMBEpcanbHas CTpykTypa Ans
HanoMHeHUs1 3HaHMaMU no noboi Tunoson cutyauun (TC) dyHKUMOHMPOBAHUS AHTPOMOLEHTPUYECKOTO
obbekTa C OQHOBPEMEHHBIM OTCEYeHMeM hparMeHToB, HeBocTpeboBaHHbIX Ans aton TC. Ha ee ocHose
BO3MOXXHa pa3paboTka nporpammHon obonoykn 6OCIC TC.

2. ObBonoyka opueHTMpoBaHa Ha popmManbHyt Mogens npeaMeTHon obnactu «leH/3agava-nyys.

3. Anroputmuyeckas obonodyka BOCIC TC umeet B 6ase 3HaHW ABa MEpPapXMYECKMX YPOBHA. Ha nepsom
NPOJYKUMOHHbIE NpaBunia onepaTWBHO akTuBU3MpYoT ageksaTHylo [pC/C. Ha BTOPOM ypOBHE peLuatoTcs
3agaun aktveuampoBaHHom [MpC/C ¢ NOMOLWbK MEeXaHW3MOB BbIBOAA: MHOTOKPUTEpUAnbHbIA  BbIBOp
anbTepHaTMBbl PELLEHMUS, PeLIeHne MO MpeLeneHTy, PelleHne C MOMOLLbK ONTUMW3ALMOHHONM 3adauu,
NPOAYKUMOHHbIE NpaBwuna.

4. BasoBas anroputMuyeckas obonodka aganTupyetcs Kk cooteeTcTaytowen TC: onpeaenstoTcs KOOpAUHaThI
CUTYaLMOHHBI BEKTOPOB Ans nepsoro uepapxuyeckoro yposHs 63 SV(TC-MpC/C); notpebHble MexaHM3MbI
BbIBOZa M TNkl MM g1 BTOPOro Mepapxmyeckoro ypoBHs b3.

AnantupoBaHHas K cooteeTcTBylowen TC 6a3oBas anroputmuyeckas 060noyka HanomnHAEeTCs 3HaHWAMM NO

aton TC, npespatyasick B 6asosyto BOCIC TC.

Mpu nporpaMMHON peanu3aumu ee afanTUpylT K GOPTOBOM MHGhOPMALMOHHOM cpede M GOPTOBbLIM
BbIYMCIINTENbHBIM BO3MOXHOCTAIM 3aAaHHOro Tuna AHTp/oGbekTa.
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ANALYSIS OF HUMAN COMMONSENSE REASONING PROCESSES
IN PATTERN RECOGNITION
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Abstract. Some examples of natural human common sense reasoning both in scientific pattern recognition
problems and in solving logical games are given. An analysis of inference structure shows that inductive and
deductive rules communicate in reasoning. An automated model for detecting the types of woodland from
incomplete descriptions of some evidences is also given in this paper. The important part of this model is a small
knowledge base of experts’ knowledge about natural woodlands as biological formation.
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Introduction

We concentrate our attention on analyzing and modeling natural human reasoning in solving different tasks:
pattern recognition in scientific investigations, logical games, and investigation of crimes.

An Example of Reasoning Process in Pattern Recognition

The investigation of human reasoning process in different real situations is an inevitable step foregoing any work
on modeling this process on computers. For studying, we have taken the process of visual deciphering forest
images. In this case, the features of forest regions are investigated under stereoscope by a decipher (operator or
executer), registered on blanks, and analyzed by the use of the decision rules created in advance by the
specialists based on previous explorations and experiences.

The attempt to automate the process of deciphering forest images leads, first of all, to investigatitn algorithms
used by the experts under visual deciphering these images (photographs).

So, we have analyzed, the dichotomous diagram (scheme) elaborated by an expert for Lena - Angara forest
region under deciphering the types of forest plant conditions. The scheme is a decision tree the nodes of which
are associated with the factors or attributes’ values to be checked during the deciphering process. The sequence
of checking the factors in the nodes of scheme is rigidly assigned and optimum in the sense that for recognizing
any of the forest plant types that examined in the diagram it is required the smallest of all possible ways in this
diagram.

Our studies show that a strict collection of attributes and a strict sequence of their use do not reflect adequately
the processes of specialists’ natural reasoning during deciphering of photographs. Decision trees help greatly to
increase the productivity of the work of decipherers, but they decrease the number of correctly recognized
objects.

Decision tree is easier for inexperienced decipherer and more difficult psychologically for experienced deciphers.
We have examined two forms of the experts’ knowledge representations: 1) the dichotomous scheme familiar to a
decision tree, 2) the table of rules reflecting the links between the factors and the type of forest (the types of
forest plant conditions) with the indication of the occurrence frequency of factors.

Two deciphers worked: Executer 1 having experience of work more than 10 years and Executer 2, which did not
have an experience of forest deciphering, but he knew how to carry out the preliminary processing of
photographs and to work with the simplest stereo - instruments.
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Two regions have been chosen: the basin of rivers Lena - Angara (Region 1) and Khentey - Chikoy region
(Zabaykalie and Mongolia) (Region 2). The results of deciphering are represented in Tables 1, 2. The data of the
ground-based assessment have been taken as true. The trustworthiness of recognition was estimated for 214
parts of Region 1 and for 192 parts of Region 2.

For the first experienced Executor 1, in the familiar Region 1, % of correct answers with the use of a strict
algorithm falls. Although the percent of correct answers grows in the unknown Region 2 but it grows
insignificantly.

For the second inexperienced Executer 2, the use of strict algorithm both in the familiar and in the unknown
region leads to an increase % of the correct answers, but the level of correct recognition remains still very low:
62-64%.

Table 1. The Results of deciphering the types of woodland

Executer Region 1 Region 2
By rules By decision tree By rules By decision tree
% correct results % correct results % correct results % correct results
1 88 79 66 69
2 43 62 49 64
Table 2. The Productivity of Executer 1 and 2
Executer Region 1 Region 2
By rules By decision tree By rules By decision tree
The number of parts  The number of parts  The number of parts  The number of parts
1 100 326 92 289
2 65 209 70 238

Thus, in the absence of experience and of knowledge, it is unimportant what to use — table of rules or a strict
algorithm, the application of algorithm leads only to an increase in productivity of labor of executer.

But if the executor possesses the experience and the knowledge of region (Executor 1 and Region 1), then he will
recognize worse with the use of strict algorithm than without it, he psychologically rejects rigid diagram.

But in the unknown region, the behavior of Executer 1 is the same as the behavior of inexperienced one, but also,
in this case, the strict algorithm does not lead to the strong improvement in the results - they are located
approximately at the same level, as for inexperienced decipherer. Experienced specialist deteriorates his result in
unknown regions. As far as inexperienced specialist it is unimportant, in what region to work.

If we remember that, from the point of view of the quantity of information, the set of rules is equivalent to the form
of dichotomous scheme, it will become clear that only knowledge of additional information about the region helps
executer to increase the percent of correct recognition and the information in the form of rules contributes to the
more complete utilization of knowledge during the deciphering than rigid dichotomous diagram.

The more detail analysis of the reasoning of specialist during the deciphering makes it possible to formulate
several properties of the natural reasoning process.

1. It is difficult for specialists to describe the sequence of his considerations (reasoning). Sometimes he can not
describe it at all. Experienced specialist realizes that the sequence of his reasoning always different - it depends
on the concrete situation, in which the deciphering occurs.

2. The same results can be established by using different collections of factors or attributes. For example, the
degree of forest health can be refined, in some cases, according to closeness of forest canopy and the sizes of
the projections of crowns, and, in other cases, with the use of the height above sea level, steepness of slopes
and admixture of the deciduous species to the conifers.

3. Any factor, whose value is recognized (determined) in the course of reasoning, is involved, in turn, in the
process of deciphering and used as a new factor for supporting or rejecting hypotheses. For example, after
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establishing the type of forest by the use of the landscape features, the specialist can use it for evaluating the
degree of forest health and the composition of forest (forest structure).

4. The priority of recognizing characteristics of forest cannot be established previously. First of all, are examined
the features with the greatest degree of manifestation on aero-cosmo-photographs. The greatest priority belongs
to forbidding features, since they exclude the impossible solutions. Diagnostic features play the important role -
they make it possible to divide the hypotheses, which appeared during reasoning.

5. Cause-effect relations are used in reasoning not only in the direction “from the reason to the consequence”, but
also in the direction “from the consequence to the reason”. This reasoning generates the statement of the form: “if
A'is true, then at least B can be true”. Let us name this statement hypothetical one.

A process of reasoning covers, in general, introducing or deleting assumptions (values of attributes or factors),
hypotheses (values of goal (sub-goal) attributes, factors, objects (class of objects)), measured or observed values
of attributes or factors (they are considered to be established correctly). Assumption, hypotheses and recognized
values of forest features as a whole are range by their degree of possibility. Only such signs are selected, which
should be verified for confirmation or refutation of hypotheses and only these hypotheses.

As a whole the process of deciphering can be presented as follows. By known (o recognized) features and known
casual relations, hypotheses are generated of values of unknown features of forest plant conditions. Hypotheses,
by means of known causal relations, generate assumptions of values of new involved features. Assumptions are
checked against an observed situation on photographs. Assumption can be supported or rejected. Hypotheses
associated with rejected values of attributes or factors are deleted from consideration. A hypothesis is admissible
if its description is consistent. So the reasoning process is continued until the values of the necessary
characteristics of forest plant conditions and totality of the features connected with them are obtained. In
particular case, the decision set is empty or it contains a certain set of decisions, which do not contradict an
observed situation, but have the different degree of confidence.

When all hypotheses were rejected, this speaks, that the causal relations do not fully reflect situations in the
region and the classification, carried out in the stage of studying region, is not successful.

A situation can occur when it is not possible to recognize necessary features on the photograph. In this case, it is
possible of all hypotheses to select those, which coincide with the concrete situation in @ maximum quantity of
features. It is obviously that several hypotheses can be obtained each of which has the certain degree of
probability.It is important that the process of natural reasoning makes it possible to estimate not only authenticity
of conclusion, but also meaningfully to explain, as this conclusion was obtained.

Knowledge in this model is a system of coordinated links objects <> classes of objects, classes of objects <>
properties, objects <> properties. For instance, “all squares are rhombs”, “square is a rhomb”, “all the angles of
rectangle are right’, “square is a rhomb all the angles of which is right”, “if the sun is in the sky and not raining,
then the weather is good”, “conifers are pine-tree, fir-tree, cedar”. These connections have causal nature and can
be formally expressed with the aid of implications. By commonsense reasoning we understand constructing and
using the coordinated classification connections between objects, properties and classes. This understanding

goes back to the work of Jean Piaget & Barvel Inhelder (1959).

The use of these connections is based on the application of syllogisms as deductive reasoning rules. These are
rules of everyday reasoning or commonsense reasoning. The construction of these connections is a field of the
application of ML algorithms. Reducing these algorithms to the approximations of an assigned classification
(partitioning) of a given set of objects’ examples gives the possibility to transform them into a model of reasoning
in which inductive inference entails applying deductive commonsense reasoning rules.

The following types of rules are used for commonsense reasoning (Naidenova, 2007a):

INSTANCES (evidences) really observed. Instances serve as a source for inductive inference of generalized
rules or implicative assertions.



International Book Series "Information Science and Computing" 97

IMPLICATIVE ASSERTIONS describe regular relationships connecting together objects, properties and classes
of objects. We consider the following forms of assertions: implication (a, b, ¢ — d), forbidden rule (a, b, ¢ — false
(never), diagnostic rule (x,d — a; x, b — not a; d, b — false), rule of alternatives (a or b — true (always); a, b
— false), compatibility (a, b, c — VA, where VA is the occurrence’s frequency of rule).

COMMONSENSE REASONING RULES (CRRs) are rules with the help of which implicative assertions are used,
updated and inferred from instances. The deductive CRRs infer consequences from observed facts with the use
of implicative assertions. These rules are the following ones: modus ponens: “if A, then B”; A; hence B; modus
ponendo tollens: “either A or B” (A, B — alternatives); A; hence not B; modus tollendo ponens: “either A or B
(A, B — alternatives); not A; hence B; modus tollens: “if A, then B”; not B; hence not A; generating hypothesis:
“if A, then B”; B; A is possible. The inductive CRRs are the canons formulated by J. S. Mill (1900): the method of
agreement, the method of difference, the joint method of agreement and difference, the method of concomitant
variations, and the method of residuum. These methods are not rules but they are the processes in which
implicative assertions are generated and used immediately.

The Structure of a Small Knowledge Base for Inferring the Type of Woodland via an Analysis of
Forest’s Aerial Photographs

We describe a very simple structure of a knowledge base that is sufficient for our illustrative goal (see also
Naidenova, 2007b). The knowledge base (KB) consists of two parts: the Attribute Base (AtB), containing the
relations between problem domain concepts (classifications or ontology), and the Assertion Base (AsB),
containing the expert's assertions formulated in terms of the concepts.

For example, let objects be a collection of trees such as asp, oak, fir-tree, cedar, pine-tree, and birch. Each name
calls the class or the kind of trees (in a particular case, only one tree). Any set of trees can be partitioned into the
separate groups depending on their properties. ‘Kind of trees’ will be the name of a classification, in which ‘asp’,
‘oak’, ffir-tree’, ‘cedar’, ‘pine-tree’, and ‘birch’ are the names of classes. Then, in the KB, ‘kind of trees’ will be
used as the name of an attribute the values of which are ‘asp’, ‘oak’, ‘fir-tree’, ‘cedar’, ‘pine-tree’, and ‘birch’. The
link between the name of an attribute and the names of its values is implicative. It can be expressed by the
following way: (<name of value1>, <name of value2>, ... , <name of value k >) — <name of attribute>, where the
sign “—” denotes the relation “is a”.

In our example (asp, oak, fir-tree, cedar, pine-tree, birch) — kind of trees, and, for each value of ‘kind of trees’,
the assertion of the following type can be created: “asp is a kind of trees”.

The set of all attributes’ names and the set of all values’ names must not intersect. This means that the name of a
classification cannot simultaneously be the name of a class. However, this is not the case in natural languages:
the name of a class can be used for some classification and vice versa. For example, one can say that ‘pine-tree’,
fir-tree’, ‘cedar’ are ‘conifers’. But one may also say that ‘conifers’, ‘leaf-bearing’ are ‘kinds of trees’. Here the
word ‘conifers’ serves both as the name of a classification and as the name of a class. In this setting, class is a
particular case of classification like object is a particular case of class. By using names in the way we do in real
life we permit the introduction of auxiliary names for the subsets of the set of an attribute’s values.

The AsB (Assertion Base) contains the expert’s assertions. Each assertion links a collection of values of different
attributes with a certain value of a special attribute (SA) that evaluates how often this collection of values appears
in practice. The values of a special attribute are: always, never, rarely, and frequently. Assertions have the
following form: (<name of value>, <name of value>, ..., <value of SA>) = true.

For simplicity, we omit the word ‘true’, because it appears in any assertion. For example, the assertion “pine-tree
and cedar can be found frequently in the meadow type of forest” will be expressed in the following way: (meadow,
pine-tree, cedar, frequently). We also omit the sign of conjunction between values of different attributes and the
sign of disjunction (separating disjunction) between values of the same attribute. For example, the assertion in
the form (meadow, pine-tree, cedar, often) is equivalent to the following expression of formal logic: P((type of
forest = meadow) & ((kind of trees = pine-tree) V (kind of trees = cedar)) & (SA = frequently)) = true.
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Only one kind of requests to the KB is used: SEARCHING VALUE OF <name of attribute> [ ,<name of
attribute>,...]. IF (<name of value>, <name of value>, ...), where “name of value” is the known value of an
attribute, “name of attribute” means that the value of this attribute is unknown. For example, the request “to find
the type of forest for a region with plateau, without watercourse, with the prevalence of pine-tree” will be
represented as follows: SEARCHING VALUE OF the type of forest IF (plateau, without watercourse, pine-tree).

Inferring All Possible Hypotheses About the Type of Woodland from an Incomplete Description
of Some Evidences

Let x be a request to the KB equal to:

SEARCHING VALUE OF type of woodland IF (plateau, without watercourse, pine-tree). Let the content of the
Knowledge Base be the following collection of assertions:

AtB:

1. (meadow, bilberry wood, red bilberry wood ....) — types of woodland;

2. (pine-tree, spruce, cypress, cedars, birch, larch, asp, fir-tree) — dominating kinds of trees;

3. (plateau, without plateau) — presence of plateau;

4. (top of slope, middle part of slope, ....) — parts of slope;

5. (peak of hill, foot of hill) — parts of hill;

6. (height on plateau, without height on plateau) — presence of a height on plateau;

7. (head of watercourse, low part of watercourse, ....) — parts of water course;

8. (steepness > 4°, steepness < 3°, steepness < 3°, ...) — features of slope;

9. (north, south, west, east) — the four cardinal points;

10. (watercourse, without watercourse) — presence of a watercourse.

AsB:

(meadow, pine-tree, larch, frequently);

(meadow, pine-tree, steepness < 4°, never);
(meadow, larch, steepness > 4°, never);
(meadow, north, west, south, frequently);
(meadow, east, rarely);

(meadow, fir-tree, birch, asp, rarely);

(meadow, plateau, middle part of slope, frequently);
(meadow, peak of hill, watercourse heads, rarely);
(plateau, steepness < 3°, always);

(plateau, watercourse, rarely);

(red bilberry wood, pine-tree, frequently);

(red bilberry wood, larch, rarely);

(red bilberry wood, peak of hill, frequently);

4. (red bilberry wood, height on plateau, rarely);

15. (meadow, steepness < 3°, frequently).

1.
2.
3.
4,
5.
6.
7.
8.
9.
1
1
1
1

0.
1.
2.
3

The process of reasoning evolves according to the following sequence of steps:

Step 1. Take out all the assertions t in AsB containing at least one value from the request, i.e. t € AsB and t m x
# J, where x is the request. These are assertions 1, 2, 7, 9, 10, 11, and 14.

Step 2. Delete (from the set of selected assertions) all the assertions that contradict the request. Assertion 10

contradicts the request because it contains the value of attribute ‘presence of water course’ which is different from
the value of this attribute in the request. The remaining assertions are 1, 2,7, 9, 11, and 14.

Step 3. Take out the values of attribute ‘type of woodland’ appearing in assertions 1, 2,7, 9, 11, and 14. We have
two hypotheses: ‘meadow’ and ‘red bilberry’.
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Step 4. An attempt is made to refute one of the hypotheses. For this goal, it is necessary to find an assertion that
has the value of SA equal to ‘never’ and contains one of the hypotheses, some subset of values from the request
and does not contain any other value. There is only one assertion with the value of SA equal to ‘never’. This is
assertion 2: (meadow, pine-tree, steepness < 4°, never). However, we cannot use this assertion because it
contains the value ‘steepness < 4°’ which is not in the request.

Step 5. An attempt is made to find a value of some attribute that is not in the request (in order to extend the
request). For this goal, it is necessary to find an assertion with the value of SA equal to ‘always’ that contains a
subset of values from the request and one and only one value of some new attribute the values of which are not
in the request. Only one assertion satisfies this condition. This is assertion 9: (plateau, steepness < 3°, always).

Step 6. Forming the extended request:
SEARCHING VALUE OF the type of woodland IF (plateau, without watercourse, pine-tree, steepness < 3°).
Steps 1, 2, and 3 are repeated. Assertion 15 is involved in the reasoning.

Step 4 is repeated. Now assertion 2 can be used because the value ‘steepness < 4° is in accordance with the
values of feature of slope’ in the request. We conclude now that the type of woodland cannot be ‘meadow’. The
non-refuted hypothesis is “the type of woodland = red bilberry”.

The process of pattern recognition can require inferring new rules of the first type from data, when it is impossible
to distinguish inferred hypotheses. In general, there exist two main cases to learn rules of the first type from
examples in the process of pattern recognition: i) the result of reasoning contains several hypotheses and it is
impossible to choose one and only one of them (uncertainty), and ii) there does not exist any hypothesis.

The Analysis of Inference Structure. The Interactive of Deductive and Inductive Reasoning Rules
in Solving Pattern Recognition Problems

Itis not difficult to see that steps of reasoning in our example realize the deductive CRRs.

Step 1 performs Introducing Assertions into reasoning process. This step is an element of common sense
reasoning the task of which is the drawing of knowledge into reasoning process. The selected assertions form
(constitute) the meaningful context of reasoning or the region reasoning.

Step 2 performs Deleting Assertions from reasoning process. This step uses Rule of Alternative. If an assertion
contains a value of attribute not equal to the value of the same attribute in the request, then, by Rule of
alternative, the value of this attribute and the assertion containing this value must be deleted from consideration.
Consequently, step 2 narrows the context of reasoning by Deleting Values of Attributes and Deleting Assertions
from considerations.

Step 3 performs Introducing Hypotheses about goal attribute values. These hypotheses are all values of goal
attributes appearing in the selected assertions. Hence, the source of hypotheses is the context of reasoning.

Step 4 performs Deleting Hypotheses by means of using Interdiction (Forbidden) rules. Let H be a hypothesis
and FR be forbidden rule ‘H,{Y} — never’, and {X} be a request, where X, Y — collections of attributes values. If
{Y} < {X}, then hypothesis H is disproved.

Step 5 performs Introducing Assumptions about values of attributes. Let A be a value of an attribute not
contained in the request and IR be the rule ‘A{Y} — always’, and {X} be a request, where X, Y — collections of
attributes values. If {Y} = {X}, then the request can be extended as follows: {X'} = {X} U A.

For extending the request, it is possible to use Compatibility Rules and Diagnostic Rules (Step 5).
Assumptions, introduced by a Compatibility Rule or Diagnostic Rule can be checked against the evidence by
means of photographs. Assumptions contradicting the visible image of forest are deleted from considerations.

Step 6 performs Forming the Extended Request in accordance with each not disproved hypothesis. With new
extended requests for each hypothesis, the steps 1 - 6 are performed untill only one hypothesis remains.
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Calculating the estimate VA requires special consideration. In any case, to do this, we need the function which
would be monotonous, continuous and bounded above. We introduce some limitations on using compatibility
rules: if value v(A) of an attribute A has been determined by a compatibility rule R with VA equal to Z, then value
v(A) must be inferred independently with the same or higher value of VA and by means of the rules containing a
combination of attributes not intersecting with the combination of attributes associated with compatibility rule R.

Really, the scheme of knowledge base always permits to do so. Usually the following knowledge base scheme is
created by the specialists:

Landscape features = Type of woodland (forest plant conditions);

Morphological features of forest = Type of woodland (forest plant conditions);
Landscape features = Predominant type (species) of trees;

Morphological features of forest = Predominant type (species) of trees;
Landscape features = The productivity of forest (the class of quality);
Morphological features of forest = The productivity of forest (the class of quality);
Type of woodland (forest plant conditions <> Predominant type (species) of trees:

Type of woodland (forest plant conditions) <> Predominant type (species) of trees; the productivity of forest (the
class of quality).

This scheme corresponds to ideas about the forest as about the biological unity, in which climatic conditions, soil,
moisture, watercourses, relief, the growing trees and the associated plants are consistent. The sign = means
that the attributes in the left parts of rules determine functionally the attribute in right parts of rules. The sign <
means that attributes in the left and right parts of rules are strongly interconnected. So, if the type of woodland
was determined by landscape features and the predominant type of trees was inferred through the type of
woodland with certain value Z of VA, then this type of trees must be supported, for example, by morphological
features of forest with value of VA not less than Z.

If the number of hypotheses is more than 1 and no one of them can be disproved, then we deal with a difficult
situation of the inference and it is necessary to resort to the aid of the diagnostic rules.

Let r be a diagnostic rule such as ‘X, d — a; X, b — Z, where X is true, and ‘@, 'z’ are hypotheses or possible
values of some attribute, say A. In this rule, X is a combination of attribute values which can not distinguishes
hypotheses ‘a’ and ‘Z’ (z # a); d, b are values of an attribute which distinguish these hypotheses on condition that
‘X' is true. If ‘X is included in the request and the pair of considered hypotheses coincides with hypotheses in the
diagnostic rule, then this rule is applicable to the situation of the inference. If value of attribute A is not yet
determined, then d and b become the assumptions to be inferred or checked against the evidence. Examples 1
and 2 present some diagnostic rules.

Example 1. If, with familiar landscape features, there are two hypotheses ‘bilberry’ and ‘red bilberry’ of the type of
woodland, then, with the highest possibility, if the predominant type of trees is cedar, then the type of woodland is
red bilberry, and if the predominant type of trees is pine-tree, then the type of woodland is bilberry.

Example 2 (for aero- photo produced by the survey of the small scale). With other equal morphological features,
if it is observed the flat structure of curtains, uniform granularity and the equal height of trees, then the species of
trees is pine tree; if it is observed the uneven structure of curtains, uneven granularity and different height of
trees, then the species of trees is larch.

However if the inferring or observing of indispensable values of diagnostic attributes was not succeed, then it is
necessary to address to inductive inference of a new portion of reasoning rules of the first kind for extending the
Knowledge Base.

Now consider a situation when the initial context of reasoning does not contain any hypothesis about the value of
goal attribute. In this case, it is natural to extend the request by the use of Introducing Assumptions (step 5)
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taking as a goal any attribute from the reasoning context. Of course, the equality to 0 of hypotheses’ number can
indicate the need of expanding the very base of the knowledge.

The result of inferring can be considered satisfactory if the number of hypotheses about woodland type is equal 1
and it is consistent with predominant type of trees and the class of quality. If the inference terminates with several
hypotheses or the number of hypotheses is equal to 0, then the Knowledge Base is incomplete and it is
necessary to expand it. For this goal, the inductive CRRs are used.

Inductive Extension of Incomplete Knowledge Based by Using the Inductive Reasoning Rules

The deductive reasoning rules act during an inference process by means of extending incomplete descriptions of
some evidences with disproving the impossible extensions. This extension is based on good knowledge of the
forest regions and the interconnections between the main forest characteristics and the natural factor such as
climate, soil, relief, watercourses ect. But the conditions of inference depending on the quality of forest images,
the type of instruments used for aero-cosmos-survey of earth surface introduce a lot of uncertainties in the
inference process. That's why it is indispensable to draw into reasoning the steps of inductive inference of new
implicative assertions. Inductive reasoning can requires introducing in reasoning new attributes, new factors and
new observation both on the surface of earth and by the use of the instrument surveys of forest region on earth
surface.

Two variant of drawing inductive inference in reasoning are thinkable: 1) using a part of existing Knowledge Base
which was out of knowledge context of reasoning if this part contains a set of observations potentially applicable
as a source of new implicative assertions about difficult situations of the previous reasoning process; 2) to initiate
a new investigation of the forest region for collecting observations to enrich the Knowledge Base.

In the first variant, we could do the purpose-directed steps of inductive reasoning, in the second variant; we have
to interrupt the reasoning process.

Let A, B be two hypotheses under investigations. The purpose-directed inductive reasoning means that we must
choose in KB the instances containing a set of observed attributes’ values of request, say X, then, among these
instances, we must select instances in which phenomenon A occurs but phenomenon B does not occur. These
two sets of instances must be compared. The attributes’ values in which the instances of these sets are different
are diagnostic ones; they can form the new diagnostic rules for distinguishing hypotheses A and B.

We can find a lot of good examples of natural human deductive and inductive reasoning in the novels of the
famous English writer Conan Doyle, who is the real begetter of the detective-fiction genre as we know it. In the
novel ‘The Adventure of the Second Stain’, Sherlock Holmes knows several international spies which could
possess the documents stolen from the Foreign Ministry (Office). There were several men under suspicion with
equal possibility to steal the documents (Oberstein, La Rothiere, and Eduardo Lucas), but one of these men
differed from all the others by the fact that he lived near the Foreign Ministry (Office). Finally, the following
reasoning helps Sherlock Holmes to discover the thief. Holmes said: ‘There is one obvious point which would, in
any case, have turned my suspicions against Lucas. Godolphin Street, Westminster, is only a few minutes' walk
from Whitehall Terrace. The other secret agents whom | have named live in the extreme West End. It was easier,
therefore, for Lucas than for the others to establish a connection or receive a message from the European
Secretary's household".

In the novel ‘Murder into Abby-Grange’, there are three glasses, from which, supposedly, men drunk vine. In one
of the glasses there was sediment, in two others sediment is absent. Holmes searches for the explanation, which
would satisfy this difference in the glasses. Possibly two versions of the explanation: 1) in two glasses, they
shook vine before using, while, in the third glass, they did not shake up vine; 2) they drunk only from two glasses,
they poured off the remainders in the third glass. Mentally (in mind) Holmes constructs usual situations which
could explain the difference between the glasses.
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In the novel ‘The Adventure of the Yellow Face’ (Doyle, 1992), there are two hypotheses and the second one is
supported by an assumption, that the inmates were warned of Grant Munro’s coming. With the second
assumption, the way of Holmes’ reasoning can be described as follows:

Facts (evidence):
The inmates of the cottage do not want to meet Grant Munro;
Grant Munro returned at home and spoke with the maid;

Grant Munro saw the maid with whom he had been speaking running across the field in the direction of the
cottage;

Grant Munro meets his wife and the maid hurrying back together from the cottage;
Grant Munro entered the cottage;

The cottage was absolutely empty.

Assertions:

If one does not want to meet a person and he is warned that this person is going to visit him, then he conceals
himself or goes away;

If one only conceals himself, then he must return;

If one goes away, then his house will be permanently deserted;
If one knows something, then he can say it somebody.
Reasoning:

The maid knows that Grant Munro returned at home, then, knowing this, she visited the cottage, hence she
warned the inmates and the wife of Grant Munro that he returned at home.

The inmates do not want to meet Grant Munro hence they concealed themselves or went away.

Holmes says to Grant Munro: «If the cottage is permanently deserted we may have some difficulty, if on the other
hand, as | fancy is more likely, the inmates were warned of your coming, and left before you entered yesterday,
then they may be back now, and we should clear it all up easily».

A dialog between Holmes and Watson is very remarkable with respect to what must be a good reasoning:
Holmes: - What do you think of my theory?
Watson: - It is all surmise.

Holmes: - But at least it covers all the facts. When new facts come to our knowledge, which cannot be covered by
it, it will be time enough to reconsider it. This strategy is supported by the novel ‘Murder into Abby-Grange'.

Sherlock Holmes begins his investigation from the study of facts. There is an initial hypothesis, but some facts will
not be coordinated with this hypothesis and the story of witnesses. Story contradicts the usual and most probable
ideas (rules) about the behavior of the robbers. Facts attest to the idea that the robber had to know house and its
inhabitants. Holmes returns to the place of crime and he will more thoroughly inspect it. Thus he obtains facts
more newly. New facts make it possible to advance new hypotheses about the nature and the physical force of
robber and about the fact that he acted alone. But this makes possible for Holmes to conclude that the lady
speaks untruth.

An Example of Reasoning Process in the Game ‘The Letter’s Loto’

In logical game “The letter's Loto” (Bizam, 1978), oracle (one of players) thinks of a word with the fixed number of
letters in it. A guesser names a word with the same number of letters. Then oracle says how many letters in this
word are correct. A letter is guessed correctly if it is equal to the letter taking up the same position in the thought
word. For example, the oracle thought a word of 3 letters and the guesser said the following words in sequence:
LAP HAP HAM HAT RAT CUR (Table 3). Numbers in the last line of Table 3 are the estimations of oracle.
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A set of reasoning rules are considered for guessing letters (Table 4). Each rule is based on comparing words
and differentiating situations of a game. These rules localize positions with correctly and not correctly guessed
letters using the oracle’s estimations. Since there can be only one correct letter in each position of a word the
correctly guessed letters are used in the same positions in the following trials (words) of the guesser, and
incorrect letters are replaced by new ones. These steps of guessing can be reduced to classifying letters in each
word and in each position of a word into two classes “correct letters” and “incorrect letters”.

10

11

12

Table 3. The situation of the game
H H R C

B
1

~ o>
~Tov>zT

A
M
1
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Table 4. The Reasoning Rules
Reasoning rule
If changing a letter only in one position does not lead to changing the estimation
of oracle, then in this position both letters are incorrect (before and after
changing)
If two words are different in letters only in one position and the estimations of
oracle of these words are different by 1, then the letter in this position is correct
in the word with greater estimation of oracle and it is incorrect in the word with
smaller estimation of oracle
If, in a position of word, the letter is identified as correct, then all other letters in
this position are incorrect
If, in a position of word, the letter is identified as incorrect, then it is incorrect in
any word in this positiono
If, in a word, the estimation of oracle is equal to the number of letters remaining
after deleting all incorrect letters, then these letters are correct in this word
If the number of correct letters in a word is equal to the estimation of oracle,
then all other letter in this word are incorrect
If Let W1 and W2 be two words of lengths H and with estimations H1 and H2 of
oracle respectively. If the sum C = H1 + H2 is greater than H than, then there
exist at least C-H positions with coinciding letters and these coinciding letters
are correct
If, for two words, the estimations of oracle are different by K and there are T
positions with coinciding letters in these words, then the change of the
estimation of oracle is associated with H — T remaining positions of words
If, in two words, the letters in all positions are different, then the sets of positions
with correct letters in these words do not intersect

If changing the estimation of oracle by Kis followed by changing K letters in a
word, then, in the word with greater estimation, these K letters are correct

If, in some positions, the letters are identified as correct, then a subtask can be
considered with the length of words less by the number of positions with correct
letters. The estimations of oracles must be recalculated

The previous rules are applicable for subsets of letters of words with
recalculating the estimations of oracle

The meaning of rule
Diagnostic rule

Diagnostic rule

Letters’ classification in a
position of words

Letters’ classification in a
position of words
Localization of correct
letters in words
Localization of incorrect
letters in words
Localization of correct
letters in words

Localization of correct

(incorrect) letters in
words

Localization of correct
(incorrect) letters in

words
Generalization of rule 2

Reducing a task to the
subtask  with  smaller
dimension
Reducing a task to the
subtask with  smaller
dimension
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Return to our example. Since only one letter is changed in words LAP and HAP and the estimation oracle is not
changed (rule 1) letters L and H in the first position are not correct. One of letters A or P must be correct
(appearing hypotheses).

Compare words HAM and HAP. Since only one letter is changed in these words but the estimation of oracle is not
changed (rule 1) letters M and P in the last position are not correct. We know that H in the first position is not
correct. Hence letter A in the second position is correct (rule 5).

Compare words HAT and HAM. Since we have change the last letter and the estimation of oracle is change to 2,
letter T in the last position is correct (rule 2).

Comparing words HAT and RAT and the fact that the estimation of oracle is not changed imply that letter R in the
first position is not correct (rule 1).

Consider word CUB. We know that letters U and B in this word are incorrect, but the estimation of oracle is equal
to 1. Hence letter C in the first position is correct and the word thought by oracle is CAT (rule 5). The result is in
Table 5.

Table 5. Example 1:

L H H H R C C
A A A A A U A

T T B T
1 1 1 2 2 1

A guesser gives words in sequential manner and he can choose a sequent step from a set of possible ones.

The Interaction of Deductive and Inductive Reasoning Rules in Solving Logical Problems

Besides the rules, given in the table 4, the process of reasoning can contain such logical rules and methods as
the introduction of assumptions, the selection of versions, proof by means contradiction (the deductive
reasoning). Important role play quantitative assessments - word length, number of positions with the accurate or
incorrect letters, difference between the number of accurate positions and the estimation of oracle.

There is a certain freedom in selecting position for testing the new letter and in selecting rule, which can be used
in the prevailing situation. This fact means that it is necessary to recognize the applicability of rules. For this goal,
the description of situations must be well structured, sufficiently complete in order to reflect all intrinsic properties
of situations. Specifically, the selection of rules and the subsequent changes of the letters in words distinguish
one version of solution of problem from another.

Thus, the deduction is not separated from the inductive steps of reasoning. The inductive methods of reasoning
are connected also with the generalization of rules for plays with words of any length or the decomposition of a
task into subtasks. As a whole, it is possible to say that the reasoning are well organized, when there is a good
decomposition of task to the sub-tasks and a good interrelation between these sub-task is systematically
performed.

Conclusion

This chapter examined the problem of human natural reasoning in real world situations. One of the fundamental
questions of natural reasoning is using the interaction of deductive and inductive reasoning rules. The analysis of
several examples selected from different fields of thinking shows that natural reasoning is based on both
deductive and inductive rules of reasoning.
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CONSCIOUSNESS: MAGIC, PSYCHOLOGY AND PHYSICS

Vitaliy Lozovskiy

Abstract: In search for new aspects, roots and manifestations of human consciousness, not yet considered
extensively by Al researchers, the domain of esotericism was looked at, namely, the phenomenon of miracles,
different types of «magic, including psychological, neurosomatic, and psychophysical ones. An attempt to find
possible roots for psychophysical magic in quantum mechanics was launched. Alas, two phenomena from QM:
direct consciousness impact on matter and non-locality principle as possible foundations for telekinesis, telepathy
or clairvoyance were found having no support.

Keywords: philosophy, noosphere, esoteric, intangible world, mystic theories, magic, egregors, consciousness,
mind-matter interaction, quantum mechanics, non-locality

ACM Classification Keywords: 1.2.0 General: Cognitive simulation, Philosophical foundations, 1.2.m Artificial
intelligence: Miscellaneous, 1.6.0 General, 1.6.1 Simulation Theory, 1.6.5 Model Development: Modeling
methodologies, H.0 General, H.1.0 General, H.1.1 Systems and Information Theory: Information theory

Conference topic: Philosophy and Methodology of Informatics

«Then my sunset?» the little prince reminded him...

«You shall have your sunset. | shall command it. But, according to
my science of government, | shall wait until conditions are
favorable.»

«When will that be?» inquired the little prince.

«Hum! Hum!» replied the king; and before saying anything else he
consulted a bulky almanac. «Hum! Hum! That will be about--about--
that will be this evening about twenty minutes to eight. And you will
see how well | am obeyed!»

Antoine de Saint-Exupéry, The Little Prince

«Miracles are not contrary to nature, but only contrary to what we
know about nature.»

St. Augustine

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

Introduction

In [Lozovskiy, 2007a] | argued that the evident slowing down in achievement of Al milestones during last decades
should be attributed to some aspects of human consciousness, which traditionally remained beyond the interests
of Al researchers. Earlier [McDermott] said: «Neuroscience and Al have made definite progress, and so has
physics, for that matter, but their successes haven't resulted in a general theory of mind. If anything, Al seemed
closer to such a theory thirty years ago than it seems now». Natural intelligence sprang into existence in the
course of evolution and was preconditioned by certain psychological aspects of self segregation from
environment, collective goal directed activity, emergence of natural language and eventual uprising of the cultural
layer of the noosphere (ideosphere) [Lozovskiy 2003, 2006, 2007b]. Some Al opponents pointed out that studies
in human consciousness would remain incomplete without taking into consideration the aspects of spirituality,
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origin of human soul, problems of religion. Esoteric literature is full of references to extrasensory practices,
phenomena of telepathy, clairvoyance, telekinesis, teleportation. Much attention is devoted to altered states of
consciousness, various trance, hypnotic practices and meditation. It looks like subconscious brain processes play
much more important role in human intellectual activity, than it was considered until recently within the frames of
Al research. One could arrive at the conclusion that Al in order to approach human intellectual competence
should integrate, or adopt much broader cultural sphere than pure logic, algorithmic and formal problem solving
activity as before. There are also serious philosophical and physical problems of consciousness which require
closer approach to foundations of quantum mechanics. Some researchers think that human consciousness has
much broader boundaries than physical dimensions of one’s brain. They even use the terms non-locality and
quantum consciousness.

Broadening Al research context, at the same time, one should not jump at the bait of idealism or mysticism. All
genuine grain should be carefully separated from the husk. My previous efforts [Lozovskiy 2003, 2006, 2007a,
2007b, 2008] were aimed at clarifying the notions of noosphere, egregors, beliefs, soul, religion, God, mystic
theories and trying to understand what esotericism is about.

This paper is about magic. Why magic? Magic is probably the most mysterious manifestation of human abilities
which are supposed to be far beyond the reach of Al. There exist opinions that magic is supernatural activity
which strongly resist to natural science (NS) studies. Closer study of this subject reveals that one could
distinguish several types of phenomena which people tend to call magical. The overwhelming majority of them
could be understood and explained from sound NS positions. In what follows we will formulate the definition of
miracle, then consider various types of «magic» miracles and will pay the closer attention to the most interesting
one.

Miracles

Religious approach. Shortly speaking, it seems natural to call miraculous - supernatural events. Thus, our issue
is shifted to the notion of supernatural. But clerical authorities, namely, Pope Benedict XIV, tend to entangle this
situation by considering, besides God, also the deeds of good and fallen angels [Hardon]: “...it is very difficult to
know and distinguish whether a phenomenon proposed for examination in a canonical process transcends the
capacity of the invisible and incorporeal nature of a good angel. ... As regards the fallen angels, there are many
signs by which true miracles can be distinguished from false ones: the good effects of a phenomenon, its utility,
mode of performance, purpose, character of the performer and circumstances. All of which can clearly show the
limitations in the natural powers of a malevolent spirit.”. Thus, the situation is ultimately confused, and we should
confess that such approach to definition of miracles becomes absolutely scholastic.

Church felt the weakness of the above consideration, and The Vatican Council had described miracles as “divine
effects . . . which clearly show forth the omnipotence of God.” At least, on this authority, only an event which
surpasses the forces of all creation, human and angelic, should be considered miraculous.

This approach is evidently unconstructive and could not be applied in practical situations.

The definition can be naturally cleared up by first considering the concept of God. Such effort was done in
[Lozovskiy, 2007b], where seven definitions of God were formulated. One can use the term God as equivalent for
Nature, the World or Universe. In any case, even if we assume that Nature was created by God, then all
processes and interactions in the Nature should be divine. Due God’s omniscience and omnipotence everything
in the Universe should be under His control. So the term “supernatural” (being beyond God’s knowing or control)
becomes completely senseless. All, what happens in World should be in accordance with His will. And nothing
can be done against it - due His omnipotence.
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Materialistic approach to miracles. «Miracles are not contrary to nature, but only contrary to what we know
about naturey, - said Blessed Augustine of Hippo [Augustine]. The phrase «we know» has two meanings. First,
one can speak about consensual distilled knowledge in our cultural sphere (ideosphere) [Lozovskiy, 2003]
worked out by humanity due the whole period of its existence. Secondly, each human being has personal
knowledge base and even their subjective methods of using this base. Besides, at any given time ideosphere can
comprise different paradigms and theories of the same phenomena with one group of specialists adhering to one
theory, while the others consider it fallacious holding to the other one. In any case, the application of even
approbated theories is subjective. What can be qualified as miracle by one person could be absolutely natural for
the other.

The cognitive activity of the humankind leads to perpetual broadening of our comprehension and knowledge
about the tangible part of the World while bringing more and more phenomena into the known world (Fig. 1).
Something still remains and will remain in the intangible part of the Universe, which is inexhaustible. Intangible
here means qualities of the Universe, about which we are not aware yet. Tangible part includes phenomena
which are at least noticed by us: “there is something...” , while known world comprises phenomena about which
at least some weak, maybe incomplete or unreliable knowledge exist or, better, - paradigms, models, hypotheses
and theories of these phenomena.

< e T Intangible, unknown World ~~ ""*+-..._
o"‘ P — - ’
_ :
. , Tangible ~..
\\‘ g . Weak miracles Wc?rld ~/
- Questions without answers N,

. , N .
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. '\ Known World: paradigms, hypothesis, theories, ! .,/
.\ N commonsense explanations, omens L/ L
R ~S Questions with answers e Lo
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Fig. 1 Known, tangible and intangible worlds as components of the Universe

The author of [Pipa, Supernaturality] introduces the notions of weak and strong supernaturality. Weak
supernatural phenomena does not conflict with known body of physical laws, but at the same time are not
subordinated by any known laws. They are called supernatural because we have no theoretical explanation for
them. For example, suppose we know only mechanics and witness some phenomenon in the sphere of
electricity. This phenomenon will be qualified as weak miracle. It does not contradict to any part of our knowledge.

Strong supernatural phenomena decidedly contradict to some formulated laws. In the same example above,
suppose we know the Ohm'’s law, but found in some experiment that it does not hold. Such miracle should be
qualified as strong.

Natural phenomena thus we shall call effects which are completely explainable from the standpoint of some
agent’'s knowledge basis. Thus this definition is intrinsically subjective.
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Supernatural phenomena are those which (weak) go beyond the knowledge of some intellectual subject (IS)
[Lozovskiy, 2003] or (strong) — contradict it.

Miracle, or paradox (see also: [Lozovskiy, 2003]) is supernatural phenomenon, an infringement of expected
cause-effect chain.

Magic is a miracle demonstrated by some IS, which is called magician.

Conjuror is a magician, who demonstrate «self-made» miracle created by knowingly concealing or distorting
some cause-effect structure in the process of his performance. Thus, we can say that magician is «frue
magiciany, while conjuror is only pretending to seem a «true magician». In what follows we dismiss conjuring
from consideration.

When we speak about intellectual activity, process of cognizing the Universe, broadening the scope of scientific
knowledge, we cannot circumvent the notion of miracle [Lozovskiy, 2007a]. It has twofold complexity. Firstly, it is
encountered on the abutment between physical world and ideosphere, and secondly, - on the cognizable —
tangible worlds’ border (Fig. 1).

Magic

Miracle and magic are two sides of any supernatural phenomenon. From one side, it does not conform to our
body of knowledge, and from the other — it was presented to our attention by virtue of some other human —
magician or we ourselves are becoming magicians... So, in both cases, subjective human consciousness plays
an important role in perception and evaluation of this phenomenon - the role of an instrument in natural science
experiment. And, as we know from physics, instrument can heavily influence experimental results, and
sometimes, trying to study some miracle, we instead deal with peculiarities of psyche and consciousness of the
corresponding magician, or their partner. In what follows | will present several types of magic.

1. Cheerful magicians — wishful thinking. World, life, love are marvels and deserve being admired at. Everyone
can be magician. Just be happy if anything goes your way. Pay attention when something good, what you were
eager to occur happens. Dismiss and forget all mischief and fails. Talking to others, accentuate events when your
wishes came true. The listeners will consider you a magician, and their opinion will even more support your
personal feeling. Want to be magician? — Be one! It is that simple.

2. Magic of fine arts. It is when the head, the heart and the hand go together. Great artists create an ideal virtual
world, which complements our physical world making our life richer. It is activity, where humans can be
demiurges. The aim of arts is influencing our psyche, emotions, working out the feeling of harmony, controlling
our mood and life energy. The languages of arts play prodigious social role, uniting humans who hold to same art
school or tradition.

3. Psychological magic. Includes personal, social, psycho-social and socio-cultural psychology, methods of
influencing one’s own psychological state, or that of others. Frequently is performed in altered state of
consciousness (ASC). Includes various types of suggestion techniques — auto-training, hypnosis (classical,
Ericksonian, Gipsy), neuro-linguistic programming, placebo, trolling, superstition, various manifestations of
“witchcraft” actions: evil eye, jinxing, spiritual injury, spoilage, damnation (curse). Bulks of literature exist on this
theme, including specific «applications»: near death experience (NDE), out-of-body experience (OBE), astral
projection (AP) et al.

ASC is a brain state differing from normal consciousness. Sometimes it is speculatively associated with the
transportation to a higher realm of consciousness within some mystical experience. Feelings experienced during
an altered brain state can be both pleasant and unpleasant.
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There can be a number of different impacts bringing an individual into an ASC and these can include: use of
psychedelic drugs, hypnosis, trauma, sensory deprivation or overload, extreme states of physical/emotional
distress, hypoxia, holotropic breathwork, sleep disturbance, fever, epileptic seizure, shamanic crisis or a
neurochemical imbalance or no apparent reason whatsoever. Certain social behaviors such as chanting,
rhythmic body movements or frenzied dancing are also known to produce similar effects.

Certain psycho-social techniques also may have powerful influence on human consciousness and behavior.
Frequently they use an effect of crowd, methods of formation certain social group consciousness, persuading
people that they are implementing their goals while they in reality are used as an instrument in quite different
scenarios. As an example one can mention “democratic” “colored revolutions” in Serbia, Georgia, Ukraine and
Kyrgyzstan (and also failure of analogous plots in Russia, Belarus, Azerbaijan, Kazakhstan and Uzbekistan).

4. Neurosomatic, or psychosomatic magic. It is the system of psychological practices applied to change
(improve) the state of someone’s body, or its organs. Has much in common with pure psychological magic (see
above). The similar techniques are used: ASC, trance, meditation, suggestion, positive affirmations,
concentration, relaxation, visualizations. The difference lies in the object of manipulation. Here it is healer's own
or somebody else’s body. Human organism is under complicated hierarchical control of its nervous system. Its
supporting functions usually are performing on subconscious level. But if these unconditioned reflexes fail,
organism sickens. Psychosomatic methods are aimed at straightening this situation applying for help to the
conscious sphere. Practitioner makes certain efforts and exercises trying to “understand” what is going wrong in
their organism and help it with the dedicated will-power efforts. There exist countless methods of performing this
task. Various visualization techniques are used; imaginary travels to the place of quietude, peace, happiness or
childhood. Very common is usage of “energy” metaphor: energy of Cosmos, Earth, «divine» energy. The most
important idea is that of true believing: one ought to make them feel «flows» of healing energy passing through
their body. This method helps to stimulate peripheral nervous and micro capillary vascular systems. Sometimes
powerful metaphors are attracted: one can imagine as if tiny homunculi with small brushes are clearing the blood-
vessels, or destroying cancer cells, etc. Efficiency of these practices is about that of placebo.

5. Psychophysical magic. Sometimes the terms: mind-matter interaction, parapsychology, paraphysics,
psychokinesis (telekinesis) are used (included are notions of bioenergetics and bioinformatics [Lozovskiy, 2006]).
Psychophysical magic presupposes direct physical or informational interaction between human psyche and
material objects (telekinesis, teleportation, materialization of physical objects) or conscious sphere of other
humans (telepathy - without any physical body activity or usage of known information transfer media and methods
(acoustic, tactile, radio or video signals, body language). Besides, they speak about interaction of human psyche
with some hypothetic global informational “data base” (Global Brain, morphogenetic field [Sheldrake, Global
Oneness], [Akashic Records]) accounting for such phenomena as remote viewing, clairvoyance, precognition,
mediumistic phenomena and, in general, extrasensory perception (ESP). Some indicate that akashic records play
the role of Cosmic or collective consciousness. The records have been referred to by different names including
the Cosmic Mind, the Universal Mind, the collective unconscious, or the collective subconscious. Access to
akasha is said is possible while being in ASC. One of the most known and extensively documented is the issue of
Edgar Cayce [Cayce] and Ninel Kulagina [Kulagina]. The strange point about psychophysical phenomena is that
it is extremely difficult to confirm their existence in rigorous NS experiment. Sometimes they are demonstrated,
sometimes not. Success depends on psychological state, mood and handful of unknown and staying beyond
control factors and obstacles.

Even these documented manifestations of paranormal abilities did not escape critical approach, including well
known skeptic James Randi [Randi]. His opinion is that all phenomena, which are claimed to be paranormal, in
reality are tricks performed by cunning conjurors. His foundation proposed $1M prize for accurate demonstration
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of such phenomena {Randi, $1M]. The Challenge was first introduced in 1964 when James Randi offered $1,000
of his own money to the first person who could offer proof of the paranormal. When the word got out, donors
began stepping forward to help, and soon the prize had grown to One Million Dollars.

“Esoteric” people hate Mr. Randi and consider him to be not fair judge using rude methods of psychic
suppression of claimants. That is why they, as a rule, refuse to present their prospective achievements to his
Foundation. Among those whose tricks was not only demolished, but also repeated by Randi himself was Uri
Geller.

James Randi and other skeptics are beyond any doubts serious opponents to the idea about possibility of
psychophysical phenomena. But one should take into consideration that absence of proofs today is not the proof
of absence: such proofs could be found in the course of further investigations. Besides, it is reasonable to pay
attention to the current state of modern physical theories in the search of possible foundations for hypotheses of
akashic records, morphogenetic or general energy and information field (EIF). We shall approach this issue in the
next section.

6. Magic of intellect. This type of “magic” is listed here for the sake of completeness despite its omnipresence.
But formally manifestations of this magic look like any other one. Magic of intellect is the art of most efficient
finding solutions of hard, previously unsolved problems. Of course, it is keen subjective quality, requiring
professionalism, highest qualification, perfect knowledge of problem domain, skill of using various knowledge
sources, efficient methods of personal work, methods of using ASC for relaxation, usage of subconscious,
stopping the internal dialog and intense concentration. Examples are many — great thinkers of our civilization in all
spheres of activity: science, politics, economy, management, etc.

In the given informal definition the key term is: art. One of the key features of this magic is the minimum impact
principle: finding most appropriate time, place, object and method of control impact, which minimize efforts and
resources needed.

7. Feminine magic. Probably, the most common and the most indefinite type of magic. | am in a predicament to
give it even informal definition. All | can say — that it really exists... According to masculine folklore:

- Despite of living besides us for several millions of years, in her behavior, ways of life remain lots of enigmatic
and obscure features.

- With cute lady you can talk about everything, with lovely one — theme does not matter.

- That lady is clever, in whose company you can behave like a complete fool.

- All women are angels, but when they are deprived of wings, they ought to ride a broom.

- If the girl says that she hates you, it means - loves, but you are a goat.

8. Plastic shamanism. While the genuine shamanism could be qualified as psychological (#3) or psychosomatic
(#4) magic, «the phrase plastic shaman is a pejorative colloquialism used for individuals who are considered by
those using the term to be attempting to pass themselves off as shamans, or other traditional spiritual leaders, but
who may actually have no genuine connection to the traditions they claim to represent. Rather, «plastic

shamans» are believed by their critics to use the mystique of these cultural traditions and the legitimate curiosity
of sincere seekers, for personal gain» [Plastic shaman].

“Plastic’ means here cheap ersatz, imitation of traditional “fair’” shamanism. «Plastic shamansy, «shame-men»
include those believed to be fraudulent spiritual advisors, seers, psychics, or other practitioners of non-traditional
modalities of spirituality and healing who are operating on a fraudulent basis.

They could be potentially dangerous harming the reputations of the cultures and communities they claim to
represent. There is evidence that, in the most extreme cases, fraudulent and sometimes criminal acts have been
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committed by a number of these imposters and their work is considered «dark» or «evil» from the perspective of
traditional standards of acceptable conduct.

9. Pseudoscientific magic. It is “the teaching” baselessly pretending to have correlation with the physical world
exceeding suggested influence on its adepts’ psyche. As a rule, such “magic” is adopted as a foundation of
certain egregors [Lozovskiy, 2007a], often very influential. Sometimes includes eclectic mixture of scientific
theses together with occult teachings, has plethora of “facts” having no rationale, experimental support or even
references to sources: they are given “as is”. It is futile to inquire about justifications — maximum what can be
obtained - references to real or fictional historic characters. Pseudoscientific magic is characterized by the
following features.

o Intentional or unintentional errors in specifications of causes or effects.

Theism - reliance on explicitly religious philosophy, creed, irrationalness, transcendentalism,
supernaturality, occultism, animism, anthropomorphism, abandonment of materialistic approach in favor
of World Consciousness, God, Holy Spirit, even Information (!).

Pseudo fundamentalism - claims for globalization of the current teaching, its generality, explanatory
power, craving to evolve the Theory of Everything.

Absence of falsification procedure — the teaching tends to be incontrovertible.

Absence of specific own experimental sequels, which can be demonstrated, verified and unachievable
within the frames of alternative theories.

Emphasized originality, distinctiveness from well-known recognized NS-theories, and also, from other
pseudoscientific teachings.

Tendentiousness in selection of arguments, their careful filtering: from the mass of known facts are
selected those, which support the given conception, or intuitive belief of its author, while alternatives are
ignored.

Consciousness and Psychophysical Magic from the Viewpoint of Quantum Mechanics

Let us recall what we are aimed at in this paper. Trying to discover new resources and features of human
consciousness, intellect, intuition and psychological mechanisms, which not yet were considered by Al
community, | directed my attention towards esotericism, accompanying the humankind during many millennia. |
have tried to pinpoint the notion of supernatural, of magic and have found that the former, roughly speaking, is
oxymoron, and the later in many cases has obvious foundations and very natural explanations... with one
possible exception: the phenomenon of psychophysical magic (#5, previous section). The piquancy lies in one
tiny issue: lack of pure and reliable NS experimental verifications of psychophysical phenomena. So, the evident
idea emerged: try to find material (or ideal?) foundations for this type of magic. If such foundations exist, we can
continue and extend our efforts in practical magic #5. But if we fail here... our chances to succeed are falling
catastrophically.

Certain features of esoteric phenomena look exceptionally exotic for classic materialistic science. For example,
those, who reportedly encountered telepathy, clairvoyance, emphasize that their effect is demonstrated
irrespectively of distance, electromagnetic screens, at ocean depths. Classical physics has no rational
explanation for the effects of such kind; they conflict with our visions of signal propagation (energy attenuation,
signal/noise ratio, etc.) making natural to divert to other physical paradigms, the most prominent of which is
quantum mechanics (QM). It appeared that this idea — of QM roots of consciousness, of direct liaison between
human psyche and material world is quite popular in some circles of modern physicists. Some part of esotericism
enthusiasts joyfully leaped at the idea to find scientific support in QM [Stenger]. Several journalists and popular
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exponents of modern physics present QM as verified theoretical and experimental discipline confirming existence
of direct human consciousness, or psyche influence on matter: «Consciousness causes collapse - is the name
of an interpretation of quantum mechanics according to which observation by a conscious observer is the cause
of wave function collapse» [Mysticism]; «The subatomic material will take every possible path at the same time as
a wave when not observed. When observed, <it>... collapses down to one point as a particle. ... The biggest
question is can we change our reality? These are other questions that some scientists are afraid to talk about, but
if we cause particles to exist by observing them, then we seem to create reality» [Tutor.com]. Let us consider this
issue in more detail.

Double-slit Experiment. Consider the [Double-slif] experiment, which remains the foundation stone for QM
understanding. Tiny particles of matter (say, electrons) are fired at a steel plate with two parallel slits. Some of
them pass through these slits and become registered on the screen. The most instructive is an experiment with
single electrons, during which their wave-particle duality become evident. From one side, striking the screen,
electron looks like particle. But the marks on the screen after catching many electrons shots through both slits
represent the interference pattern identical for interaction of two wave sources. If experimenter tries to find out
through which of both slits passes each electron (using pertinent detectors, of course), the interference pattern
disappears. Hot-headed mystics proclaimed discovering the direct influence of human consciousness on matter.
This bizarre idea does not withstand trivial consideration. For example, let us remove experimenter from direct
participation in the experiment, substituting them with automatic registration machinery. Next day let our
experimenter comes to the laboratory and studies the recordings made yesterday. Of course, his conscious could
not influence the experiment made the day before. Romantics say: - Okay, probably the human psyche is not that
essential: the fact that parameters of the experiment were recorded is enough for wave function collapse! Next
proposal is to assemble the installation, but block recording of slits measurement for each particle. There are
several supplementary considerations concerning implausibility of direct influence of human consciousness in
double-slit experiment. For example, what if recording was done with errors... What percent of errors is
acceptable for estimation that experimenter understands and controls the situation. What if qualification of the
experimenter is insufficient, and they even hardly understand, what is going on in the current experiment?

Of course, closer analysis of the situation revealed that real influence on wave-particle behavior of electrons have
measuring devices: they were too bulky and changed the symmetry of installation, its resonance quality, or simply
drastically influenced tiny particles, so that the fragile interference pattern had no chances to develop. “This is an
attempt to exorcize the ghost called «consciousness» or «the observer» from quantum mechanics, and to show
that quantum mechanics is as «objective» a theory as, say, classical statistical mechanics. My thesis is that the
observer, or better, the experimentalist, plays in quantum theory exactly the same role as in classical physics. His
task is to test the theory” [Popper].

Non-locality and EPR paradox. One of the most intriguing features of telepathy is non-locality: it expectedly
should function regardless of distance: as if transmitter and recipient communicate through media which is “local’
to both. If geographically operators are at a considerable distance one from the other, effect of locality could be
simulated by superluminal velocity of passing signals. Consider the following [EPR] mental experiment.

Two electrons are emitted from a source so that their spins are opposite. As they say in QM, they are “entangled”.
Now say you measure one electron’s spin. This automatically tells you the other electron’s spin (it is opposite!).
Let us suppose that these electrons are many light-years apart. Still the knowledge of that other electron’s spin
arrived to experimenter at “superluminal velocity”! Of course, one should confess that there was no real signal
transmission over this distance. Thus, no information can be transmitted by such method faster than light.
Situation reminds trivial example. If there are two balls in an urn, one white, one black, and two people each take
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out one ball hidden in their clenched fists, when one opens his fist to see a white ball, he immediately knows that
the other person has the black ball, however far away that person may then be.

Concluding the current section, we should confess, that the current investigation failed to find confirmations on
QM level of direct consciousness influence on material world. The concept of non-locality, which was very
productive on theoretical level in QM until now brings nothing to our prospective theorization of telepathy, remote
viewing, and so, psychophysical magic (#5).

Conclusion

This paper reflects only the level of my current understanding of esotericism taken as a complex phenomenon in
its historic and tradition backgrounds, interrelations with human philosophy, psychology, social psychology,
physics, human consciousness and way of thinking, in general. Remains open also the physical foundations of
such phenomena which could reside in quantum mechanics and other ether theories approach. Thus, “It's a long,
long way to Tipperary” yet... and | hope that much wisdom should result in studies to follow for Al and human
culture, in general.

| am pleased to express my heartiest gratitude to Serge Doronin [Doronin], whose Web portal and forum are
consecrated to quantum magic and whose democracy and tolerance made possible my participation in it, to all
colleagues at that forum, who were my active adversaries during last twelve months, and especially to my true
Internet colleague [Pipa] for her wits, fidelity to scientific principles, depth of thought and range of competence.
Contacts with her on the forum and partial support actively catalyzed my current understanding and viewpoint.
For all possible drawbacks and faults | bear the whole personal responsibility.
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