ISSN 2223-9537 (P)

tology of Designing

ISSN 2313-1039 (E)

TOAOI UA

Vol 16
2026
Nel

MPOEKTUPOBAHUA

PHAA -
journal

€HepHble

peoBble

3 o
OBATCSH

WUTET2030"

-

LLMNOHa N IbHbIN

e
KyCCTBEHHOIro

HTEeJ/INIeKTa

OH

Ha
D
Uc
n

2

N\ntAlAa~y, AF DAaciANRINnA 712 i Vimal IDND L N\LITAAALIAQA AONAALYTIANADALIIAG



Ontology of Designing ISSN 2223-9537 (Print)
Ontologia proektirovania (Ontol. proekt.) ISSN 2313-1039 (E-version)

Scientific journal
Volume 16

N 1

OHTOAOIUA

MPOEKTUPOBAHUA

Hayunslii s)xypHan

Tom 16

Ne |




Hnpekce - 29151

Wznaéres ¢ 2011 roaa, 4 Homepa B rofI.
The journal has been published since 2011, quarterly.

OHTOAOTUA NPOEKTUPOBAHUA
Tom 16 N 1, 2026

ISSN 2223-9537 (Print)
ISSN 2313-1039 (E-version)

Editorial Board - PeAGKLLMOHHAA KOAAETUS

Nikolay M. Borgest*, Ph.D., Associate Professor, Samara University,
Member of IAOA, AAAI. Samara, Russia
Stanislav N. Vasiliev*, Doctor of Phys. and Math. Sciences, Professor,
Academician of RAS, ICS RAS, Moscow, Russia
Tatiana A. Gavrilova*, Doctor of Technical Sciences, Professor,
GSOM SPbU, St.-Petersburg, Russia
Vladimir G. Gainutdinov, Doctor of Technical Sciences, Professor,
KNITU-KAI, Kazan, Russia
Vladimir V. Golenkov*, Doctor of Technical Sciences, Professor,
BSUIR, Minsk, Belarus
Vladimir I. Gorodetsky*, Doctor of Technical Sciences, Professor,
JSC «EVRIK Ay, St. Petersburg, Russia
Valeriya V. Gribova*, Doctor of Technical Sciences,
Corresponding Member of RAS, Senior Researcher,
IAPU of the Far Eastern Branch of RAS, Vladivostok, Russia
Yury A. Zagorulko*, Ph.D., Senior Researcher,
ISI of the Siberian Branch of RAS, Novosibirsk, Russia
Valery A. Komarov, Doctor of Technical Sciences, Professor,
Samara University, Samara, Russia
Vladik Kreinovich, Ph.D., Professor,
University of Texas at El Paso, El Paso, USA
Venedikt S. Kuzmichev, Doctor of Technical Sciences, Professor,
Samara University, Samara, Russia
Dmitry V. Lande*, Doctor of Technical Sciences, Senior Researcher,
IPRI NASU, Kiev, Ukraine
Paulo Leitao, Professor at Polytechnic Institute of Braganca,
Braganga, Portugal
Vladimir Marik, Professor, Scientific Director of the CIIRC of the Czech
Technical University in Prague, Prague, Czech Republic
Lyudmila V. Massel*, Doctor of Technical Sciences, Professor,
ISEM of the Siberian Branch of RAS, Irkutsk, Russia
Aleksandr Yu. Nesterov, Doctor of Philosophy, Professor,
Samara University, Samara, Russia
Dmitry A. Novikov, Doctor of Technical Sciences, Professor,
Academician of RAS, ICS RAS, Moscow, Russia
Alexander V. Palagin, Doctor of Technical Sciences, Professor,
Academician of the NASU, Ins. of Cybernetics, Kiev, Ukraine
Yury M. Reznik, Doctor of Philosophy, Professor,
Institute of Philosophy of RAS, Moscow
George Rzevski, Professor,
Open University, London, UK
Peter O. Skobelev*, Doctor of Technical Sciences,
SamSC of RAS, Samara, Russia
Sergey V. Smirnov*, Doctor of Technical Sciences,
PSUTI, member of IAOA, Samara, Russia
Dzhavdet S. Suleymanov*, Doctor of Technical Sciences, Professor,
Academician of the AS of the RT, Kazan, Russia
Boris E. Fedunov*, Doctor of Technical Sciences, Professor,
State Research Institute of Aviation Systems, Moscow, Russia
Andrei A. Cherepashkov*, Doctor of Technical Sciences, Associate
Professor, Samara State Technical University. Samara, Russia
Altynbek Sharipbay*, Doctor of Technical Sciences, Professor,
Institute of Artificial Intelligence, Astana, Kazakhstan

Boprecr Huxonait MuxaiinoBua®, K.T.H., IOLCHT,
Camapckuii yausepcuret, wieH IAOA, AAAIL Camapa, Poccust
Bacuabes Cranucnas HukomaeBua*, 1.¢.-M.H., mpodeccop,
akagemuk PAH, UITY PAH, Mocksa, Poccus
TaBpuioBa TarbsiHa AnbOepToBHA*, J1.T.H., mpodeccop, BILIM CIIoY,
Camnkr-IlerepOypr, Poccust
TaiinyTaunoB Brnagumup ['puropsesud, 1.T.H., mpodeccop,
KHUTVY-KAW, Kazans, Poccust
TonenxoB Bragumup BacuiseBua*, 1.1.H., mpodeccop,
BI'VUP, Munck, benapycs
T'oponenxuii Bragnvup VBanosua®, n.1.H., mpodeccop,
AO «3Bpukay, Cankr-IlerepOypr, Poccus
T'pudoBa Banepust BukropoBHa™*, n1.1.H.,
wiieH-koppecnonenT PAH, ru.c.,
HAITY J1BO PAH, Binagusoctok, Poccust
3aropyasko Opuit AnexceeBud™®, K.T.H., C.H.C.,
HCHU CO PAH, HoBocubupck, Poccust
Komapos Banepuii Auapeesuy, 1.T.H., npodeccop,
Camapckuii yausepcuret, Camapa, Poccnst
KpeitnoBuu Biiaauk, npodeccop,
Texacckuit ynusepcutet b [laco, Db [Taco, CLIA
Ky3bmuues Benenuxr Crenanosud, 1.T.H., mpodeccop,
Camapckuii yausepcuret, Camapa, Poccus
Jlanns JImurtpuit Bnagumuposuy*, 1.1.H, c.H.C.,
NITPU HAH VYxpaunsi, Kues, Ykpanna
JleiiTao Ilayno, npodeccop, Ilomntexanueckuit uaCTUTYT bparanca,
Bparanca, [Topryranus
Mapuxk Bragumup, npodeccop, Hayunsiit qupekrop YAMPK Yemickoro
TeXHUYEeCKOro yHuBepcurera, [Ipara, Pecriytmmka Yexus
Macceas Jlronmmna BacunseBua*, 1.1.H., mpodeccop,
HCBM CO PAH, Upkyrck, Poccus
HecrepoB Anexcannp IOprseBuy, a.¢uitoc.H., mpodeccop,
Camapckuit yuusepcuret, Camapa, Poccust
HoBuxos /IMutpuii AnexcanapoBud, JI.T.H., mpodeccop,
akanemuk PAH, UITY PAH, Mocksa, Poccust
Manarun Anexcanap BacuibeBud, 1.T.H., mpodeccop,
akanemuk HAH VYkpaunsl, UH-T kubepuetuku, Kues, Ykpanna
Pe3unk IOpuit Muxaitnosud, 11.¢uioc.H., npodeccop,
Wuctutyt dhunocodun PAH, Mocksa, Poccust
P:xeBckmii ['eopruii, mpodeccop,
OTkpbITHI yHUBEpcUTET, JIoH10H, BennkoOpuTanust
CkobeJes Ilerp Onerouy*, 1.T.H.,
CamHI] PAH, Camapa, Poccust
Cwmupnos Cepreii BukropoBna*, 1.1.H.,
MI'YTU, unen IAOA, Camapa, Poccus
Cyaeiimanos JDxasnet [lleBketoBuy*, 1.T.H., mpodeccop,
akanemuk AH PT, Kazans, Poccust
®enynoB bopuc EBrenpeBuy®, a.1.H., mpodeccop,
T'ocHUU aBuanmoHHBIX cucteM, MockBa, Poccus
YepenamkoB AHjpel AJIGKCaHAPOBUY*, JI.T.H., IOLCHT,
CamI'TYV, Camapa, Poccust
Mlapun6aii AnteiHOek™®, 1.T.H., mpodeccop,
VH-T HCKYCCTBEHHOTO MHTeIUIeKTa, AcTaHa, Ka3zaxcran

* - members of the Russian Association of Artificial Intelligence - unersr Poccuiickoii acconmanii HCKyCCTBEHHOTO HHTEIeKTa - http://www.raai.org/about/about.shtml?raai_list

Executive Editorial Board - UCNOAHUMTEAbHAS peAaKLLMS

Chief Editor P.O. Skobelev
Deputy Chief Editor S.V. Smirnov

Samara, Russia
Samara, Russia

I'maBHbII penakTop
3aM. ITaBHOTO peJaKkTopa

CkoGenes I1.0. CamHI[ PAH, Camapa, Poccust
Cwmupno C.B. TII'VTU, Camapa, Poccus

Executive Editor N.M. Borgest Samara, Russia | Brimyckatoumii penaxrop boprect H.M. Camapckuii ynusepcuret, Camapa, Poccust
Editor D.M. Kozlov ~ Samara, Russia | Pemgakrop Koznos I.M. Camapckuii yausepcutet, Camapa, Poccust
Technical Editor D.N. Borgest  Samara, Russia | Texnnueckuii penakrop  boprect JI.LH. Camapckuii ynusepcuret, Camapa, Poccus

Executive Secretary S.A. Vlasov Samara, Russia

OTBeTCTBeHHEIH cexpeTaps Biacos C.A.

Camapckuii yausepcuret, Camapa, Poccust

The journal has entered into an electronic licensing relationship with EBSCO Publishing, the world's leading aggregator of full text journals, magazines
and eBooks. The full text of JOURNAL can be found in the EBSCOhost™ databases. The journal has been successfully evaluated in the evaluation
procedure for the ICI Journals Master List 2014-2019 and journal received the ICV (Index Copernicus Value).

XKypnain pasmernéH B koyuiekunn «V31anns o ecTecTBeHHBIM Haykam» Ha mnatrdopme EastView.

JKypHaun BKIIOYEH B IEpPEUCHb PELICH3UPYEMBIX HAyYHBIX M3IaHMUI, B KOTOPBIX JOJKHBI OBITH OMYOIMKOBaHbI OCHOBHBIC HAYYHBIC PE3YJIBTATHI JIHC-
cepTaluii Ha coMCKaHue Yu&HbIX cTerneHel kaHauaata u gokropa Hayk (ITepeuens BAK, kareropus K1) no Hay4seiM cnenuansHocTsam 1.2.2., 2.3.1.,
234.,235,23.7,238.,25.1,2.5.13., 2.5.15., 5.12.4. [Iarunernuii umnaxr-daxrop PUHIL 1,298 (2024).

JKypHai BKIIFOUYEH B CITHCOK JKYpHAJIOB, BXOJAINX B 6a3y nanueix Russian Science Citation Index (RSCI) na miarpopme Web of Science, a ¢ 2023
rozia B «beIblii cIMcoK» HayYHBIX XKyPHAJIOB, YTBEPXKIaeMblil MexKBeIOMCTBEHHOI paboueil rpymmoii, cosnanHoii MunoOprayku PD.

JKypnan 3apeructpupoBan B DeznepanbHoil ciyx0e Mo Haa3opy B cdepe CBs3H, HHPOPMALNOHHBIX TEXHOJOIMI M MAacCOBBIX KOMMYHHKAIMIT
(Pockomuanzop). Cuaerenbeto [T Ne DC 77-89984 ot 22.08.2025 (panee Boinanusie: [TU Ne ®C 77-70157 ot 16.06.2017 u [T Ne dC77-46447 01 07.09.2011).

© Camapcknii yausepentet, Samara University, 2015-2026; © CamHI] PAH, SamSC of RAS, 2015-2026; © OOO «HoBas texuuka», «New Engineering» Ltd., 2011-2026



OnToIorus MMPOCKTUPOBAHU A

COAEPXAHUE
OT PEJJAKIINN

DBodronus Beero ot I'epakiura 10 Mukonu 5-13

OBIIUE BOITPOCHI ®OPMAJIM3ALINUN ITPOEKTUPOBAHUA:
OHTOJIOI'HYECKHUE ACIIEKTBI U KOTHUTUBHOE MOAEJIMPOBAHHUE

C.B. Muxkonu, b.B. CokoJjioB 14-24
JKuzHecnocoOHOCTh Kak 0000MIEHHAs] XapaKTEPUCTUKA CBOHCTB TEXHUYECKOU CHCTEMBI

INPUKJIATHBIE OHTOJIOI'MHU ITPOEKTUPOBAHUA

M.A. Haconos, C.A. MaHuepos 25-39
OHTONIOTHYECKAsT MOZEIh MPO(UITAKTUICCKOTO 00CTYKHUBAHUST 000PYI0BAHUS IPOMBIIIIICHHOTO MPEANPHSITUS
A.B. CmupHos, T.B. Jlesamosa, H.I'. Illuiios, A.B. Ilonomapes 40-59

OHTOJIOrN4ecKasi MOJICI b AUHAMUYECKOT0 KOHPUTYPUPOBAHHSI COLHOTEXHUUECKOM CHCTEMBI
U(PPOBBIM COOOIIECTBOM

M.B. BoObIpsb, B.A. Bonnapenko 60-73
OHTOJIOTHYeCcKasi MOZEb CErMEHTAIMN N300paKEHHUH 10YKapOB C OMOIIBIO aJalITHBHOW HEHPO-HEYETKOI ceTn
E.A. bBapaxrenko, I.B. Cokouos, I.C. Maiiopos 74-86

ABTOMaTI/ISaI_[I/ISI IOCTPOCHUA MyJ'IBTPIaFeHTHOﬁ CHUCTCMBbI JId IPOCKTUPOBAHUSA
HUHTCTPUPOBAHHBIX YHECPICTUYCCKUX CUCTEM

WHXXUHUPUHT OHTOJIOI Ui

A.A. Be3nuTHBIH 87-97
ToueyHoe FCUHCICHNE KaK OHTOJIOTHYECKAst OCHOBA MIPECTABICHUS TEOMETPUICCKIX OOBEKTOB
B MIPOCKTHPOBAHUH

C.A. Pomencknii, C.U. PorkoB 98-110
[IpeoOpazoBanne 4epTEKHO-KOHCTPYKTOPCKON JOKYMEHTAIIMH B TPEXMEPHYIO KapKaCHYIO MOJIEIb

METO/bI ¥ TEXHOJIOT YA ITPUHSATHA PEINEHAN

X. Apcoaa-Pyuc, JI.J. I'apcusi-Mappepo, M.A. IlonioxoBuy, B. P. Myxonro, }O.B. JlorBuHoBa 111-124
dopmMupoBaHUe peleHH IpU BEIOOPE IHEPIeTHYECKUX YCTAaHOBOK I 00€CIICUeHUS
9Heprod(hhekTHBHOCTH TeppUTOPUN

B.B. AnToHoB, JI.E. PonuonoBa, E.B. [1ansueBckuii, B.A. CyBopoBa 125-138
[ToBbIIEeHNE JOCTOBEPHOCTH OTBETOB IMAIOTOBOI MOJIENH C UCIIONB30BaHUEM (DOPMaIbHBIX I'PaMMaTHK
U TEOPUU KaTeropHii

E.B. JIanynuoBa, B.b. Yeunen 139-151
OHTOJIOrn4ecKasi MoJIesb Mpoliecca IIAaHUPOBAHUS PA0OT HA TPOU3BOJCTBEHHBIX MTPEAIPUATHIX
B MYJIBTHATCHTHOM CHCTEME MOJICPKKH NPUHSTHUS PELICHUI

I'.C. Bepecnukos, E.A. CepedpoBckasi, A.B. Ckpsaoun 152-163
[TpoexTupoBaHue aqrOpUTMOB IIPOrHO3UPOBAHMUS TEXHHUYECKOTO COCTOSHUS DIIEKTPOMEXaHUYECKHUX PUBOJIOB

A.3. Acanos, 1.FO. Mbimiknna, A.C. Mypauiko 164-176
[TpyMeHeHre MeTOI0B MCKYCCTBEHHOTO HHTEIUIEKTA IPH ()OPMUPOBAHUY HHIMBUIIYAIbLHOW TPACKTOPHU
o0y4eHus

'}KypHan OpPHUEHTHUPOBAH Ha y'-léHL]X " CIICIIUAJIUCTOB, pa6m‘a}omnx T10 HAYYHBIM HallpaBJICHUAM: 06]].1!/[6 BOIIPOCHL Q)opManmaunu NIPOCKTUPOBAHUA
(OHTOJ'IOT‘I/I‘{CCKHG ACIICKThl U KOTHUTUBHOEC Monennposam/le), TIPUKIIAIHBIE OHTOJIOIMU IPOCKTUPOBAaHUA, HHKUHUPUHT OHTOHOFHﬁ, METO/IbI U TEXHO-

JIOTHH MIPUHATHUS PELIEHHMI. @
IIpaBuiia MOAroTOBKYM pyKONUCEH crareil pa3MelleHbl Ha caiite xypHaia - https://www.ontology-of-designing.ru/.
KonTent xypHana pacnpocrpansiercst o rensun CC-BY 4.0 (Creative Commons Attribution 4.0 International License).

KoHTakTsl coyupeauTeei
Camapckuii ynuBepeuret: 443086, Camapckast 061., Camapa, MockoBckoe mocce 34, ten.: +7 (846) 267 46 47. Boprect H.M. borgest.nm@ssau.ru.
CamHII PAH: 443001, Camapckast 061., Camapa, Ctynendeckuii mep. 3a, Ten.: +7 (846) 340 06 20. Coxonos B.O. sokolov@ssc.smr.ru.
00O «HoBas Texuukax»: 443013, Camapckas o6i., Camapa, np. K. Mapkca, 24-76, ten.: +7 (846) 332 67 81.

Anpec pexaxkuuu, usaarens: 443010, Camapckas 06:1., Camapa, yn.@pynse 145, ten.: +7 (846) 332 67 84. borgest@yandex.ru.
Ortneyarano B OO0 «HoBast Texuuka» (tunorpadus), 443013, Camapckas o6m., . Camapa, nip. K. Mapkca, 24-76. Jlata Beixoga 27.02.2026. Tupask 100 5x3. CBoboHas neHa. (6+).

2026, Tom 16, x 1



Ontology of Designing

CONTENTS

EDITORIAL

The evolution of everything from Heraclitus to Mikoni 5-13
GENERAL ISSUES OF FORMALIZATION IN THE DESIGNING:
ONTOLOGICAL ASPECTS AND COGNITIVE MODELING

S.V. Mikoni, B.V. Sokolov 14-24
Viability as a generalized characteristic of the properties of a technical system

APPLIED ONTOLOGIES OF DESIGNING

M.A. Nasonov, S.A. Mantserov 25-39
Ontological model of preventive maintenance of industrial enterprise equipment

A.V. Smirnov, T.V. Levashova, N.G. Shilov, A.V. Ponomarev 40-59
Ontology model for dynamic configuring sociotechnical system by digital community

M.V. Bobyr, B.A. Bondarenko 60-73
Ontological model for fire image segmentation using an adaptive neuro-fuzzy network

E.A. Barakhtenko, D.V. Sokolov, G.S. Mayorov 74-86
Automated construction of a multi-agent system for integrated energy system design

ONTOLOGY ENGINEERING

A.A. Bezditnyi 87-97
Point calculus as an ontological basis for representing geometric objects in design

S.A. Romensky, S.I. Rotkov 98-110

Algorithms of reconstruction of 3d wireframe model from drawings

METHODS AND TECHNOLOGIES OF DECISION MAKING

J. Arzola-Ruiz, L.E. Garcia-Marrero, M.A. Polyukhovich, V.R. Muhongo, Yu.V. Logvinova 111-124
Formation of solutions for selecting energy installations for ensuring territorial energy efficiency

V.V. Antonov, L.E. Rodionova, E.V. Palchevsky, V.A. Suvorova 125-138
Enhancing the reliability of dialogue model responses using formal grammars and category theory

E.V. Lyapuntsova, V.B. Chechnev 139-151
Ontological model of work planning processes at manufacturing enterprises
within a multi-agent decision support system

G.S. Veresnikov, E.A. Serebrovskaya, A.V. Skryabin 152-163
Design of algorithms for predicting the technical condition of electromechanical drives
A.Z. Asanov, I.Yu. Myshkina, A.S. Murashko 164-176

Application of artificial intelligence methods in the formation of individualized learning pathways

The journal is aimed at scientists and specialists working in the following research areas: ontological aspects of general issues of design formalization,
applied design ontologies, ontology engineering, methods and technologies of decision making.
The current version of the Rules for the preparation of manuscripts of articles for the journal «Ontology of Designing» is on the journal website:

@ https://www.ontology-of-designing.ru/.
The content of the scientific journal is distributed under a license CC-BY 4.0
(Creative Commons Attribution 4.0 International License).

Contacts of the co-founders
Samara University: 34, Moskovskoye shosse, Samara, 443086, Russia. Tel.: +7 (846) 267 46 47, N.M. Borgest, borgest.nm@ssau.ru.
Samara Scientific Center of the RAS: 3a, Studenchesky per., Samara, 443001, Russia. Tel.: +7 (846) 340 06 20. V.O. Sokolov, sokolov@ssc.smr.ru.
New Engineering LLC (publishing house, editorial office): 145, Frunze st., Samara, 443010, Russia. Tel .: +7 (846) 332 67 84, borgest@yandex.ru.

2026, vol.16, v 1



Editorial

& OT PEJAKIINN

Bonoums BCero ot Mepaknuta oo MukoHu
The evolution of everything from Heraclitus to Mikoni

The unexamined life is not worth living

0 8¢ aveEétaotog Piog oV Prwtog avOphmw

«Hemo3HaHHast )KN3Hb HE CTOUT TOTO, YTOOBI OBITH TPOXKUTOI»
Cokpam (Ilnaton «Anonorus Cokparay')

«Boobpakenne BakHee 3HAHMH. Beap 3HaHMS OTrpaHUYCHBI,
TOrJla Kak BOOOpa)KEHHE OXBATBIBAET BECh MHp, CTUMYJIUPYS
MPOTPECC U MOPOIKIast IBOJIOLHIO

Anvbepm Diinwmerin’*

«3aKOHBI TPUPOJBI HAMO H3Yy4aTh, a U3yUYHB, UCIIOJIH30BATH. ..
MBbI NPUBBIKIIN, YTO MUPO3/IaHHE MPEACIBHO HEAaHTPOIOMOP(h-
HO. YTO HEeT HMYEro MeHee MOXOXKEero Ha YeloBeKa, YeM MHPO-
3nanue... To, 4TO MPOMCXOAUT C HAMH, OXOXKE Ha Tpareuio.
Ho 310 Benb HE TOJBKO Tpareausi, 3T0 — OTKPBITHE. DTO BO3-
MOJXKHOCTh B3TJISIHYTh Ha MHUPO3JaHHC C COBEPIICHHO HOBOW
TOYKH 3PCHUSL. ..»

Apraouii u Bopuc Cmpyeaykue’

Joporon Haw yuTaTtenb,
yBa)xaeMble aBTOpPbI U YNneHbl peaakuuoHHoON konneruu!

Tema maHHOro OOpaleHUs] HaBesiHA CTaTbEW B 3TOM HOMEpE JKypHaja HaIIero MOCTOSHHOTO
aBTOpa, yuTaTelns u Apyra npodeccopa C.B. Mukonu. O6 0TCyTCTBUH KaKOTr0-JIMOO MOCTOSIHCTBA B
MaTepUaJIbHOM MHPE M >KUBOW NMPHUPOAE, O OECKOHEUHOCTH MO3HAHMS YK€ HE pa3 OTMEYasoch, B
TOM YHCJIE ¥ B MPEIbIIyIIX 00palleHusIX 0T peAaKIMy XypHaia. JJocTaTOYHO BCIOMHUTh Kpblia-
Ty1o (ppasy ['epaxnura «Bc€ Teuét, BcE usmensiercs .

B ynomsinyTOi# cTaThe, moarotosienHol C.B. Mukonu coBmectHo ¢ ipodeccopom b.B. Coko-
JIOBBIM, CJI€JIaHa MOMNBITKA PACCMOTPETh HCUZHECHOCOOHOCMb KAaK HEKYI0 0000IIEHHYIO XapaKTepu-
CTUKY CBOMCTB TEXHHUECKOW CUCTeMbl. IMEHHO 3TO MOHATHE U caM TEPMHH ITOJIBUIIIM OOPaTUTh Ha
3TO BHHMaHUE PEJaKIUU C LENbI0 MPOJOJIKUTh MOHATUHHYIO U TEPMUHOJIOTMUYECKYIO TUCKYCCHIO,
IIPUCYILYIO XKYypHally, B KOTOPOM OHTOJIOTMM M SI3bIK OHTOJIOTMH SIBIISIIOTCS Ba)KHBIM NPEAMETOM
nyOIMKyeMbIX HccienoBaHuil. be3 nmpeyBennyueHus: rpaHIMO3HbIA «3aMax» B Ha3BaHUM dTOW KpaT-
KOI pellakIIMOHHOM CTaThbU Ha «3BOJIIOLUIO BCET0» BO3MOYKHO MO3BOJHUT, 0OCOOEHHO MOJIOJBIM HC-
CJIEIOBATENSAM, PACIIMPUTH KPYTrO30p, 320CTPUTh CBOW B30p Ha IPOUCXOMSIIMX BOKPYT MpoOIEccax
Y HaWTH CBOH MyTb, CBOW MpEAMET AJs U3y4yeHUus. A MpHUBEAEHHbIE 3/1eCh MUTrpadbl U aBTOPUTET
UX aBTOPOB MPU3BaHbI MOAYEPKHYTh BaXKHOCTh MUPOBO33PEHUYECKUX TEM IS Pa3BUTHUS HAYKH ...

"' Cwm. taxke, Om pedaxyuu. Ynomobumcss COKpaTy HIIH AMOIOTHS OHTOJOTHH TPOCKTHPOBAHUS. OHMONO2US NPOSKMUPOSAHI,
2011, Ne2. C.5-7. https://www.ontology-of-designing.ru/article/2011_1%282%29/1_Be_like Socrates.pdf.

2 Anvbepm Diimwmerin. Kax usMeHuts Mup K Iydmremy. M.: «JkcMo», «Anroputmy» (cepus «Turamsl XX Bekay). 2013. 259 c.
Omny6nukoBaHHBIH cOopHUK pabor HobOemeBckoro jmaypeata JOCTYIEH PYCCKOSI3BIYHOMY duTaTemo. OIHAKO MPHUBENEHHBIN 371€Ch
smurpad 3TO Ha Haml B3N Oojiee TOUHBIM MEepeBOJ| ¢ OPUTHHAIBHOTO TekcTa u3 KHUTH 1931 roma «Cosmic Religion and Other
Opinions and Aphorisms». UutaTenro BCeraa HaIJICKUT BHUMATEIILHO OTHOCUTHCS K TEKCTaM, OCOOCHHO B SMOXY MHOTOYHCICHHBIX
MHTEPIPETaTOPOB, aKTUBHOTO HCIOJIb30BaHMUSI OOJIBIINX S3BIKOBBIX MOJIENEil M FeHePaTHBHOTO UCKYCCTBEHHOTO MHTEIUICKTA.

3 Apraouii Cmpyeayxuii, Bopuc Cmpyeaykuii. 3a MATIHAPJ JIET 10 KOHIA cBeTa (PYKOIICh, HAHICHHAS TP CTPAHHEIX 0GCTOATENb-
ctBax). 1974 r. https://www.strugatskie.com/wp-content/uploads/2022/12/1974-3a-musnapa-net-10-KoH1a-cBeta-6e3-mut.. pdf.

* Om pedaxyuu. «Standing on the shoulders of giantsy. Oumonoeus npoexmuposanus, 2013, Ne4. C.5-6. https://www.ontology-of-
designing.ru/article/2013_4(10)/1_From_the Editors.pdf.
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Om pedakyuu

[TonsaTne »BomrOIMS (OT JaT. evolutio — pa3BEpThIBAHME, OT aHII. evolution — pa3BUTHE) Y
OOJIBIIMHCTBA COBPEMEHHUKOB CBsi3aHO ¢ nMeHeM Yapib3a Jlapsuna (1809-1882) u ero pynnamen-
TaNbHBIM TpynoM «IIpoucxoxaeHue BUIOB MYTEM €CTECTBEHHOTO 0TOOpa MM COXpaHEHHUE OJiaro-
IIPHUATHBIX pac B 60pb0e 3a xu3uby (1859)°. Ceifuac 9BOIMIONUS pacCMATPUBACTCS 6ONIEE IIHPOKO U
KaK POIecC HeOOPATHMBIX MCTOPHYCCKUX H3MEHEHHH B MPHPOJE M obmecTBe’, W Kak SBOIOLHS
TCXHUKH, KOTOpasd ABJIACTCA HpOH3BOI[HOﬁ OT 3BOJJOIUU 06H.[CCTB3 U HAKOIUICHHBIX B HEM 3HaHI/II>'I,
a FBOIIOIMS TEXHUKH HAMPSIMYIO CBsi3aHa ¢ PHIOCO(HEH TeXHUKH .

Apa3m [lapBuH — nNepBbIA OHTOSNOr-3BOSTIOLMOHUCT OPraHNYeCKOW XKU3HU

[IpapoguTensiMu >BOTIOLUU cuuTanT® 3M1‘IeI[0KJ'Ia9 u Apu-
CTOTCHSIIO, KOTOpPBIE 3aJI0KUJIM OCHOBY T€OPUH PA3BUTHS, U3MEH-
YUBOCTH, TIPUCTIOCOOICHUS U (DYHKIIMOHAIBHOCTH. DTH OCHOBBI B
OOJIbIIICH CTETICHH MPEJICTABISUIA COOOM JEKIapalii U TUTIOTE3HI,
KOTOpBIE €€ MPEIACTOSIO 000CHO8AMb U 00KA3amb, CO3/1aB
cTpoitHyio Teoputo. Cpeau, BO3MOKHO, MAIIOU3BECTHBIX MTUPOKON
MyOJIMKE MHOTOYHCJICHHBIX TIOCIEOBATEICH CTOUT OTMETHTh
Opasma Jlapseuna (nen Yapnpza JlapBuUH), KOTOPBIM H3JI0KHI TH-
note3y 06 u3meHeHuu BuaoB emé B konue X VIII Beka, omy6nuko-

BaB ()yHJaMEHTAIBHBIA TPy 1O 300HOMHH ' .

37ech yMECTHA aHajorus ¢ HallUMH COBPEMEHHHMKaMH akaaemMukom AH
CCCP ILK. Anoxunbim (1898-1974) — ¢wusmonorom, coszmareieM TEOPUH
(YHKIIMOHATIBHBIX CUCTEM — M €r0 BHYKOM, akagemukoM PAH K.B. AHOXHHBIM,
w, HelipoOuonorom, mupekropoM MHCTUTYTa MEPCIIEKTUBHBIX UCCIICTOBAHUNA MO3-
ERASMIUS DARSYIN NDERS, ra MI'Y umenn M.B. Jlomonocosa'?, KOTOPBIH TMOAXBATHAI U Pa3BUI UICH (QH-
O M LoV N e 3MOJIOTHH B OOJIACTH HEHPOOHMOJIOTHH, MPUCTYITUB K CO3JaHHWIO THIIEPCETEBOM
TeopuH Mo3ra. B oxumaemMoM Oyaymiem Takas TEOpUsS MOXKET TTO3BOJIUTH Pa3o-

3pa3M ﬂapGMH, 1803 romd, 6paTLC$I B (1)1/131/10.]101—'1/11/1 MO3ra U MOCTPOUTH MOACIIb €CTECCTBEHHOI'O MHTCJJICKTA,
o pucyHKY /{oic. Poyauncona 9TO MOJKET JIaTh HOBBIIl HMITYJIbC B paboTax Hag Momessivu M.
https:/commons.wikimedia.org/w/ B «3ooHoMun» D. JIapBUH NPUIIET K 3aKIOUEHUIO, YTO BCS

index.php?curid=79895404 o o
OopraHn4deckasd >XU3Hb Ha 3¢MJIC MOoIJIa OT OJHOU KMBOU YaCTUIBI,

KOTOPYHO HCU3BCCTHAs IICPBOIIPUYMHA HAIACIINIIA CHIION JKM3HHU. OJTa JacTula, yrpasnJisieMas pa3s-

> Kuura Charles Darwin «On the Origin of Species by Means of Natural Selection, or the Preservation of Favoured Races in the
Struggle for Life» Bbinepxana Oomnee 20 mepew3naHHil W MEPEBOJOB TOJBKO HA PYCCKUHA s3bIK, HaumHas ¢ 1864 mo 2003 rosmsr
https://ru.wikipedia.org/wiki/IlepeBonbl_kuuru_Yapmsa JlapBuHa «IIponcxokIeHHE BUIOB» HA PYCCKHU S3BIK.

¢ Hopoanckuii H.H. Dpomounst xwu3Hi. https://evolution.powernet.ru/library/iordansky book/iordansky.htm, a Tarxe
craths «DBoonus» B bosbmiol poccuiickoit suimkmoneaun 2004—2017. https://old.bigenc.ru/biology/text/4939235.
CwM. Taxoke, Hanpumep, Kabwimos I11.C., lineenkosa E.H. IBomonus ropockoro mpoctpanctsa Camapsl: 0T Kpenoctu Ha Bosre
JI0 CTOJIUIIBI TyOepHUH : MoHOoTpadwus // oTB. pea. M.M. Jleoros. Camapa: OOO «CrnoBoy, 2024. 248 c.

" Cwm., nanpumep, Ocmanun B.A. TexHuKa B 9BOJIONMN TEXHOIOTHYECKUX yKIan0B: Monorpadus /mox pex. C.E. Sunna. Braguso-
ctok: M3n-Bo JlanmsHeBocTouHOTO henepansHoro yausepeurera, 2023. 185 c. DOIL: 10.24866/7444-5523-1, a taxke, Hecmepos A.FO.
ONHUCTEMOJIOTHYIECKHE U OHTOJOTHUECKUE TIPOOIeMBbl (GIIOCOpHUN TeXHUKH: «deTBEpToe mapcrso» . Jleccayapa. Oumonoeus npo-
exmuposanus. 2016. T.6, Ne3(21). C.377-389. DOI: 10.18287/2223-9537-2016-6-3-377-389.

8 Cwm., nanpumep, TIponcxoskaenne Buno. https:/ru.wikipedia.org/wiki/IIporcxoxaenne Buosfcite note-titles-6.

® Om pedaxyuu. O mepBbiX Hauanax. Owmonoeus npoekmuposanus, 2014, Ne3. C.5-6. https:/www.ontology-of-
designing.ru/article/2014 3%2813%29/1 From the Editors.pdf.

°Om peoaxyuu. «(I1naTon MHe Opyr, HO HCTHHA TOpOXKe». Onmonoaus npoexmuposanus, 2012, Nel. C.5. https://www.ontology-of-
designing.ru/article/2012_1%283%29/1_From_the Editors.pdf.

' Zoonomia; or, the laws of organic life. Vol. 1. By Erasmus Darwin, M.D. F.R.S. author of the botanic garden. The second edition,
corrected. London: printed for. J. Johnson, In St. Paul's Church-Yard. 1796. Entered at Stationers' Hall.
https://www.gutenberg.org/files/15707/15707-h/15707-h.htm#sect XXXIX.

12 WHCTUTYT SIBIsieTCS KOOPAMHATOPOM Hay4HOro npoekra MI'Y «Mosr u nHdopMalys: oT eCTECTBEHHOIO K UCKYCCTBEHHOMY MH-
TEJUIEKTY», y4acTByeT B pabore MexIUCUMIUTHHAPHOH Hay4dHO-00pa3oBarenbHOM 1Koiabsl MI'Y «Mo3r, KOTHUTHBHBIE CHCTEMBI,
HCKYCCTBEHHBIH MHTEIIEKT» (co-pykoBoauteins [lkombt — akagemuk K.B. Anoxun). https://msu.ru/divisions/instituti/brain/.

1 Cwm. Taxoke paznen 10 (CyObekT mpoeKTHpOBaHUs OCO3HAIOINI) B cTathe bopeecma H.M. OnTONOTHN NPOEKTHPOBaHUS OT But-
pyBus no Burtuxa. Onmonoeus npoexmuposanus. 2018. T.8, Ne4(30). C.487-522. DOI: 10.18287/2223-9537-2018- 8-4-487-522.
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Editorial

JpaXUTENIIMU, YyBCTBAMU U CHJION BOJH, U oOajaronias criocoOHOCTbIO IPpUOOpeTaTh HOBbIE Ya-
CTH C HOBBIMHU CIIOCOOHOCTSIMM U IepeAaBaTh UX U3 MOKOJICHUS B MOKOJIeHHE. bplio oTMEeUeHo, 4To
HauOoJee CUlIbHAs U aKTUBHAs OCOOb JIydllle Pa3MHOMKAETCs, YJydlias CleAyIollee MOKOJIEHHE.
Tpyn 3. dapBuna (B 3Tom rogy ucnoiaHutcs 230 JeT co HA ero BbIX0a) XOPOIIO CTPYKTYPUPOBaH
U MOXET CIYXHUTh IPUMEPOM OHTOJOTUYECKOTO MCCIIEOBaHMs B 00JaCTH OMKMCAHUS KUBOW MaTe-
pUU U TEX 3aKOHOB OPTaHUYECKOW JKU3HH, KOTOPBIE YUEHBIM cMOT COPMYIUPOBATh, HE UMES Ha
TOT MEPUOJ] MHCTPYMEHTOB, JIOCTYIHBIX COBPEMEHHBIM HccienoBaresnsiM. CTOUT OTMETUTh MOHS-
TUHHYIO YaCTh 3TOTO TPy Aa, GparMeHThl KOTOPOTO MPUBOASTCS HUKE.

Hepenas cucmema 6ep€t Hauasio B TOJIOBHOM MO3T€ U PAacIpoCTpaHseTcs o BceMy Teny. HepBbl, oTBeuaromue 3a
Oprasbl 9yBCTB, B OCHOBHOM OTXOIAT OT TOM YacTHh MO3ra, KOTopas HaXOAUTCA B I'OJIOBE; HEPBBI, OTBEYAIOIINE 32 MBI-
ICYHBbIC IBHMKCHUA, B OCHOBHOM OTXOIAT OT TOM 9acTH MO3ra, KOTopass HaXOQUTCA B II€C U CIIUHE ...

Hepe — OTO INPOIAOJDKEHNUE MO3TOBOTI'0 BEIIECTBA I'OJJOBHOI'O UJIM CIIMHHOTO MO3Tra, UAYIIEE OT I'OJIOBBI WX ITIO3BO-
HOYHHUKA K IPYTUM YaCTsAM TeJla ¥ IIOKPBITOE COOTBETCTBYIOMIEH 000I0UKOM.

CnoBo sensorium HCIIOJIB3YCTCA JIA 0003HaUYEeHUs HE TOJIBKO MO3TOBOIO BCIICCTBA, CIIMHHOI'O MO3ra, HCpBOB, Op-
T'aHOB YYBCTB W MBILII, HO U TOI'0 XM3HCHHOI'O Hadalla, UJIKM OyXa, KOTOpBIP‘I HpC6LIBaeT BO BCEM TCJIC, HO HE MOXET
OBITh ITO3HAH HAIIUMU OpraHaMy 4yBCTB, KpPOME KaK 4€pPE3 CBOU IMPOABJIICHUA ...

CnoBo uoes HCIOJIB3YETCA OJIsA 0003HaYEHUS TEX HpeILCTaBJ'IeHI/Iﬁ O BHCHIHUX BEIaX, C KOTOPBIMU MbI U3HAYAJIbHO
3HAKOMUMCs C MOMOUIBIO HAIIUX OPraHOB YYBCTB ... B kxauecTBe CMHOHMMA CJIOBa «UAaes» UCIOJb3YIOTCA CJIOBA 4yB-
CTBEHHOC JABMKCHUEC B IPOTHUBOIIOJIOKHOCTS MBIIIEYHOMY JABUKCHUIO.

CrnoBo gocnpusimue BKIIOYAeT B ce0sl Kak JCWCTBUE OpraHa YyBCTB B OTBET Ha BO3/JCHCTBHE BHEITHUX OOBEKTOB,
TaK U HAllIC BHUMaHUEC K 3TOMY Z[eﬁCTBHIO; HWHBIMU CJIOBAMH, OHO BBIPpAXacT KaK ABUKCHUE OpraHa 4yBCTB, WU UICIHO,
Tak 1 00JIb WIN YAOBOJIBCTBUEC, KOTOPBIC CICAYIOT 3a OTUM ABHUIXCHUCM HUJIM COIIPOBOXKAAKOT €T0.

Yoosonwbcmeue nmm 50]Zb, KOTOPBIC Hen30€KHO COIIPOBOXKAAKOT BCC socnpusamusd WA u()eu, Ha KOTOPBIX MbI CO-
CpPEaAO0TOYCHEI, 00 TOCTEIIEHHO OCHa6€BaIOT, 1100 CMEHSIOTCS APYIrUMHU OIOYIICHHUAMHA ... CIOBO «ouwiywjeHue» Hc-
MOJIB3YCTCA JIA 0003HaYEHUS YAOBOJIbCTBUS WIIA 0O0JIH TOJIBKO B UX AKTHBHOM COCTOsAHHUH, HE3aBUCHUMO OT TOI'O, KAKUM
06pa30M OHH IMOCTYIAKT B CUCTEMY, 0e3 KaKoM-1100 CBSI3H C BO3ﬂeﬁCTBHGM BHEITHUX 00BEKTOB.

CnoBo namsamo HCIOJIB3YCTCA IIHMPOKO: TC UJACHU, KOTOPBIC Mbl BCIIOMHHACM I1O COOCTBEHHOM BOJIC, 3/1€Ch HA3bI-
BArOTCA UACAMU BOCIIOMHUHAHUA ...

Heszaznonro o Beixona «300HoMum» 3. JlapBUH B CTUXOTBOPHOI (hopMe MOArOTOBUII COOPHUK
«Borarmaecknii caxy (1791)' u3 aByx mosM: «IKOHOMEKA pacTHTENbHOCTH» 1 «JII06OBb pacTe-
Huii». IlepBas mosma BOCIEBAET TEXHOJIOTMYECKHE MHHOBALMU M HAYYHbIE OTKPBITHSA, MpeJiaras
TEOpPUH, KacaloIIKecs aKTyaJbHbIX Hay4HbIX BONpPocoB. B mosme «JIt000Bb K pacTeHUsIM» IpOABU-
raeTcs, IepecMaTpUBACTCS M MILTIOCTPHPYETCS cxeMa Knaccudukanun pactenuii Kapna Jlunnes ',
rae JlapBuH «IIpu3BIBAET 8o0Opadicenue N0 3HaMEHA HaYKI/I»]é. Bynyun npuBepkeHUEM HAEaNIOB
IIpoceemenus, O. JlapBUH XOTeNl HE TOJBKO Y4acTBOBaThb B HAyYHBIX OTKPBITHSAX, HO M Paclpo-
CTpaHATh HOBbIE 3HaHMS B JOCTYNHOM (hopme. OH MOJUEPKUBAET CBSI3b MEXKJY YEJIOBEUECTBOM U
PACTEHHAMH' ', YTBEP/K/asi, YTO BCE OHM SBIAIOTCS YACTHIO OHOTO M TOTO K€ MPHPOTHOTO MHpA H
4TO I10JIOBOE PAa3MHOKEHHUE JISKUT B OCHOBE 3BONIONMHU (M1eH, kotopslie Yapib3 [lapBuH nosaHee
TIPEBPATHIT B IOMHOLEHHYO TEOPHIO 3BOMONHH) ',

9. I[apBI/IH HN3BECTCH TAaK)XXC CBOMMHU MHOI'OYHCJIICHHBIMU I/1306peTeHI/I$IMI/Il9. B 3aME€TKax, AaTtu-
poBanHbIX 1779 ronom, 3. JlapBuH caenan HaOPOCOK BOAOPOAHO-KUCIOPOTHOIO PAKETHOTO JABHIa-

' The Botanic Garden A Poem, in Two Parts ... The Economy of Vegetation, and The Loves of the Plants. With Philosophical
Notes. By Erasmus Darwin. 1825. Publisher Jones & Company. Book from the collections of New York Public Library.
https://archive.org/details/bub_gb Tn8gAAAAMAAIJ/page/n147/mode/2up.

' Linnaeus, Carl (1758). Systema naturae per regna tria naturae :secundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis (in Latin) (10th ed.). Stockholm: Laurentius Salvius.

' Cm. mpuBenéHHbIT B Hauane cTaTby dnurpad A. DiiHirTeiina.

17 AkaeMHK AHOXWH: 9elOBEK HE OJMHOK B Mupe cosmamms. 10.06.2024. https:/festivalnauki.ru/media/articles/klub/akademik-
anokhin-chelovek-ne-odinok-v-mire-soznaniya/. CoriiacHO THNepceTeBol TEOpUH MO3ra — CO3HAHHE MOSBILSIETCS Y JKHBOTO CyIIle-
CTBa, €CJIM €CTh TPH COCTABJISIOLINX: HEPBHAS CHCTEMa; (YHKIMOHAIbHBIE CHCTEMBI, 00JIa/IafoIHe CIOCOOHOCTHIO MTOPOXKAATH HOBOE
MIOBEJICHNE; MEXaHU3MbI JI0JITOBPEMEHHON MaMATH.

'8 Cm. Taxoke, The Botanic Garden. https://en.wikipedia.org/wiki/The Botanic_Garden.

' The genius of Erasmus Darwin. By C.U.M Smith and Robert Arnott. Burlington, VT : Ashgate Pub. Co. 2005. 448 p.
https://archive.org/details/geniusoferasmusd0000unse/page/n9/mode/2up.
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Om pedakyuu

TEJIs1 C TAa30BbIMU 6aJ'IJ'IOHaMI/I, COCZ[I/IHéHHBIMI/I TPY6OHPOBO,Z[8MI/I " HacoCaMu C KaMepoﬁ CropaHus
u corutom”’. [TomoOHast KOHIIEMIUS ABUTATENsI ObLlIa BOILIONIEHA JIUIIh CITYCTSI CTOJCTHS.

B sBoIOIMHY JKUBOW MaTepHH KIFOYEBOH SBISICTCS
KOHIIETIUsT O0phObI 3a cymiecTBoBaHue (OOPHOBI 3a
JKU3HB), KOTOpasi CBsi3aHa ¢ KOHKYpeHIHEeH U 00pb0oit
3a pecypchl, HeOOXoauMbIe s kM3HU. OHA OTHOCHUTCS
K OpraHu3MaM B MPHUPOZAE, K YECIOBCUCCKOMY OOIIe-
CTBy21 1 €T0 TIPOU3BOJIHBIM (pOOOTAM M MaIIHAM ).

Yapns3 JlapBUH HCIOIB30Bal TEPMHUH «OOphHOa 3a
CYIIIECTBOBAHUE JJIS1 0003HAUCHHS KaK IPSMON KOHKY-
peHIMU MEXAy (M BHYTPH) BHIAMH, TaK U KOCBCHHOM
KOHKYPCHIIMHU (KaK B CIy4ae ¢ pAaCTCHHEM Ha Kparo My-
cThiam). JlapBuH oT™Meval, 4To O0phOa 3a CyIIeCTBOBa-
HHUE MOXKET TaK)Ke BKIIFOYATh aKTUBHYIO WJIH MMACCHUBHYIO
BopL6a 3a CYH.IGCTBOBaHI/Ie.,ZZDIC. b. Foaaapz) (1832 - 1886) B3aMMHYIO IOMOIIs MEXIY OpraHu3MaMu OJHOTO HIIU

In 1879 George Bouverie Goddard depicted pasHBIX BHIOB. Ilo100HOE MMEET MECTO B Pa3BUTUM
"The Struggle for Existence" 00IIecTBa, B PHIHOYHOH HSKOHOMHKE, B CO3aBaEMBIX
: TEXHHMYECKUX CHUCTEMax U YCTPOMCTBAX, KOHKYPHUPYIO-
[IMX ¥ B3aHMHO IONOIHSIONIUX APYT IPyTa.

DBOIIONMOHHBIC UACH TIPSAIIICCTBEHHUKOB
u nocienosarenei Dpa3ma u Yapasza lapBu-
HOB aKTMBHO pa3BuUBalOTCs. IloMCkM TmepBo-
IIPpUYUHBI )KU3HU, <CKU3HCHHOI'O Ha4dajia» IIpo-
JOJIZKAKOTCA. TossBuncoy JoKa3arejbCTBa TOro,
4YTO INIOXO HU3YUYCHHBIC l'IpI/IOH]i>I22 MOIJIA OBITH

TE€M CaMbIM XKU3HEHHO Ba)KHBIM HEJIOCTAOIINM
KOMITOHEHTOM .
> » Ecnu ButpyBuii, Kak MH)KEHEp, apXWUTEK-
Bopoascxas Girsa 1812 (dparsen, 1912). TOp, MPOEKTAHT U OHTOJOTI, 3aCIYKEHHO OBbLI
Dpany Anexceesus Py6o (1856-1928) Ha3BaH OTHO%-OCHOBaTeneM OHTOJIOTHH IIpPO-
€KTUPOBaHUA , TO Dpa3M [lapBuH, KaKk MHXKe-
Hep-n300peTaTeb, IBOJIIOLIMOHUCT U OMOJIOT, OTKPHUT HOBYIO IJIaBY B ’TOM Hay4YHOM HAaIlpaBJICHUH,
I7Ie NMOHATHUIHAS, MPEIMETHAass U OHTOJIOTHYECKas YETKOCTb B PA3BUTUU KUBOM MATEPUU MOKET
CIIY’>KMTb OCHOBOH JUIs U3y4eHUS CyObEeKTa MPOEKTUPOBAHUS U MIEPCIIEKTUB €r0 Pa3BUTHS, BKIIOYAs

PE3YIbTATHI CT'0 TBOp‘-IGCKOﬁ ACATCIIbHOCTH.

o
e S N e

Arounsm Jlapowcyko nnu «HapbIB» B 4eNoOBe4Ye€CKOWN CYLLHOCTHU

B »BomrOnMM XKUBOTrO, COCTOSINEr0 U3 MHOXKECTBA CYIHOCTEH, BCEr/la MPUCYTCTBYET OHTOJIO-
ruyeckas npobjaemMa KOHKYPEHIMH, COPeBHOBaHUsA, O0phObI 3a BhDKMBaHUE. IIpakTuyecku Bceraa
MMeEEeT MECTO MPOTHUBOPEUHNE MEKTY MHAUBUAYATbHON (JINYHOW) U KOJUIEKTUBHON (0OIIECTBEHHOI)
BBDKMBAEMOCTBIO U PA3BUTHEM B IIEJIOM. DBOJIOLUS [IUBWIM3ALMH U €€ IPOAYKTOB B BUJAE TEXHU-
YECKUX CHCTEM BO MHOTOM ONpEJeseTcs aTpudyTaMu cyObeKkTa MPOEKTHON AESITeIbHOCTH: CBOM-

2% Rocket Motor P.82. Evolutionary Players. https:/www.revolutionaryplayers.org.uk/rocket-motor-p-82/.

2 Om pedaxyuu. BoitHa ¥ MHpP: OHTONOTHUECKHE OCHOBaHHS. Ommonozus npoekmuposanus, 2022, Tom 12. Nel(43). C.5-10.
https://www.ontology-of-designing.ru/article/2022_1(43)/Ontology_Of Designing 1 2022 opt2-5-
10_Editorial War_and Peace_Ontological Foundations.pdf.

22 [IpHOHBI — 3TO GENIKH, KOTOPHIE H3HAYAILHO CIHTATHCH BO3GYIHTEIAMY HH(DEKIHOHHEIX HelipOIereHepaTHBHBIX 3a60ICBAHIH, HO
Ha CaMoM JIeJIe BCTPEYaIoTCsl BO MHOTHX OpraHM3Max, UTpasi BAYKHEHIIYIO POJIb B CaMbIX Pa3HBIX Mpolieccax (0T MMMYHHOH CHCTEMBI
1o popmuposanus mamsti). Cum. Taxxke https://ru.wikipedia.org/wiki/TTpuoHs.

3 Michel Brahic. A sinister, deadly brain protein could reveal the origins of all life. NewScientist. 1 December 2025.
https://www.newscientist.com/article/2505167-a-sinister-deadly-brain-protein-could-reveal-the-origins-of-all-life/.

* Bopeecm H.M. OHTOIOrHY TIpOeKTHPOBaHHs 0T Butpysust 10 Burrtuxa. Onmonozus npoexmuposanus. 2018. T.8, Ned(30). C.487-
522. DOI: 10.18287/2223-9537-2018- 8-4-487-522.
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Editorial

CTBaAMHU KaK KOJIJICKTUBHOT O CY6"bCKTa, TAC NPOABIACTCA CUHCPTHUA NMHANBUAYAJIbHBIX WHTCIIJICKTOB,
TaK U BHYTpeHHI/IMI/I KadyeCTBaAaMH MHAUWUBHUA. CYH_[HOCTB HUHOIWBUIA OHpeHeHﬁeTCﬁ cro 6I/IOHOFI/I'-IG-
CKHUMHU U IICUXOJIOTHUYCCKUMU CBOﬁCTBaMH, €T0 ColMaJIbHBIMH YCTaHOBKaMH, KOTOPBEIC B KOHCUHOM
HNUTOTI'C BOIJIOIAKOTCA U HpOHBHSIIOTCH B €ro InOBCIACHHUHN.

«MakcumbI»> Jlapowgyko (1665), HanmMcaHHBIE B AIMIOXY MPUIBOPHONU T€ATPATIBLHOCTH M IPO-
HYMaHHOﬁ BHCIIHOCTH, OCBCILIAKOT BOHpOCLI OTHUKU U IICUXOJIOI'UN.

Lenb cenrenimii Jlaporidyko mokasaTh JH000Bb K ceOe, I/Ie BCE MOPOKH U JIOKHBIC JOOPOJICTEIH MTPOUCTECKAIOT U3
srousMa. ITO JABIKYIIAs CHIIA, MCHSIOIIAS OOJUK M MOCTYNKH, KOTOPBIC BBIIAOTCS 3@ BEIUKOIYIIHE, CMEIOCTh, BEP-
HOCTb, SIBIISIFOTCS TIPOSIBIICHHEM 3aMaCKHUPOBAHHOTO STOU3MA.

“Mut 60161116 3060MUMCA 0 MOM, YOOI CKPLIMb C80U HEOOCAMKU OM CaMux cebs, yem om opyaux’”.

“Mot uacmo npowaem mex, Kmo HA00EN HAM, HO Mbl He MOJCEM NPOCMUMb MEX, KOMY HA00enu Mbl camu”.

“YUmo 6bl 0 HAC HU 2060PUNU XOPOULE20, IO HUKO20A He HAYYUN HAC HUYEMY HO8OMY .

“JKenanue xazamvcs yMHbIMU 4ACTNO Mewiaem HamM Cmams MmaxKosvimu ™.

“Cnabote 1100u He mocym 6vlme UCKpeHHUMU ™.

CenmeHnyuu HE CTOJIBKO BBICMEUBAIOT YEJIOBEUECTBO, CKOJIBKO OIMUCHIBAIOT €TI0 3aTPyTHUTEIIb-
HOE TIOJIOKEHHE, ero ysI3BHMOCTb. JII0GOBb ", TOPAOCTh, APYKECKHE OTHOIICHHS, YeCTOMO0e —
BCE BEJIMKHE CTPACTH OKA3bIBAIOTCS MAaCKaMH, KOTOPbIC HA/ICBACT OJUH M TOT )K€ UMITYJIbC CAMOCO-
XpaHeHus. SICHOCT €ro BUACHHUS — 3TO CBOETO POa MPOIIEHUE, 0OCBOOOKICHHE OT WILTI03ui. Ecin
MBI [TO-HACTOSIIEMY MTOHMEM CBOM MOTHUBBI, OHH 0OJIbIlIe HE OyIyT ynpasisiTh HaMu. JIFOOOBB K ce-
e — 3TO Ha CAMOM JIelie JIF06OBb K COOCTBEHHOMY 06pa3y, U 4eCTHOCTb Pa3pyIIAeT ATy WITIO3HIO” .

[Moxkaiyii, enié OoJjiee SKCIEHTPUYHO, MMOBTOPSIS M pa3BuBas ceHTeHUuU Jlaporidyko, BbICKa-
sancs Hurmme: «To, 9TO eaercs U3 0OBH, BCErIa MPOUCXOIUT MO Ty CTOPOHY 106pa 1 31ax»>.
[To muenuro Humre, coznannas [naToHoM WILTIO3US 0 «100pe Kak TaKOBOM», YHCTOM, HEU3MECH-
HOM U BHCBPCMCHHOM IIOHATHHN HpaBCTBeHHOﬁ I[O6pOIIeTeJII/I BBIXOJUT 3a paMKH 3alTyTAaHHBIX OCO-
OeHHoOcTel yenoBeueckux oTHomeHui. K coxaneHuro, 3ta oneHka ¢uiocoda, omacHas Uit 4eo-
BCUCCTBA, IPOABJIACT C€6$I Ha NPOTAKCHUU Bcel HUCTOPUHN HHUBUJIN3ALIUHA.

KoHuenTyanusaums no QUHLLUTENHY

MHoOrokpaTHo IUTUpPYeMbIi B Hamiem xypHaiie Tomac ['py6ep B 1992 roay ompenenun oHTO-
JIOTHIO KaK «TOYHYIO cnelH(pUKAIMI0 KOHUeNnTyaJausauum». Ilpu 3ToM crpaBeyInBOCTH paju
CTOUT OTMETHUTH Oosiee paHHUE W OnM3Kue B3MAAbl AnpOepra DWHINTEHA HA HAYKY U TOHATHS,

(I)OpMI/IpyeMLIC B HeI>'I, OBOJIIOIUA KOTOPBIX JaJIa pOCTKH OHTOJIOTUHA B I/IH(I)OpMaTI/IKe.

«Hayka — 3T0 BEKOBOE CTpEeMIICHUE MYyTEM CHCTEMATHYECKOT0 PAa3MbIILIEHUs IIPHBECTH BOCIIPHHUMAECMEIC SIB-
JICHHUS K BO3MOXKHO 00JIee BCECTOPOHHUM aCCOIHMAIMSIM ... 9TO MOIBITKA MOCTEPUOPHOIN PEKOHCTPYKIIUH CYIIETO ITyTEM
mporiecca KonuenTyanmaunn>>2. ®parMeHTHI PacCyKICHHIA O MOHATUAX BEIUKOTO YIEHOTO  TIPUBOJSATCS HIDKE.

«YTo 3HAYUT, B CYINIHOCTH, «IyMaTh»? Korma mpu BOCHpUATHH ONIYIICHUH, HAYIINX OT OPTaHOB YYBCTB, B BOOO-
pa)KeHI/II/I BCILJIBIBAXOT KapTI/IHBI-BOCHOMI/IHaHI/IH, TO 2TO emé HC 3HAYUT (()IyMaTI)». Kor/:[a 9TU KapTI/IHI)I CTAHOBATCA B
PAA, KaXAbIM 9IeH KOTOPOTo MPOoOYXAaeT CISAYIOINi, To U 3To eulé He ecTh MbInuleHne. Ho xorma ompenenéHHas
KapTI/IHa BCTpe‘IaeTCf{ BO MHOTHUX TAaKHUX pfmax, TO OHa, B CI/IJ'Iy CBOCTO HOBTOpeHI/IH, HAa4YUHACT CIIy)KI/ITI) yr[op;mom/ma-
OIUIUM DJICEMEHTOM JIsI TAKHUX pHI[OB, 6nar0)1apﬂ TOMy, YTO OHA CBA3BIBACT pHI[BI, caMu 110 ce6e J'II/II_HéHHI)Ie CBs3U. Ta-
KO 3JIeMEHT CTAaHOBUTCS OPYIHEM, CTAHOBUTCS MOHATHEM ... CaMo 10 cebe He MPeCTaBIsIeTCsS He0OX0UMBIM, YTOOBI
MTOHATHE COENHSAIOCH C CHMBOJIOM, JEHCTBYIONIUM Ha OPTaHbl 9yBCTB M BOCIIPOM3BOIMMEIM (CO CIIOBOM); HO €CITH 3TO
HMEET MECTO, TO MBICJIb MOKET OBITH COOOIIEHA APYTroMy JIHILY.

... BCSIKOE HaIlle MBINIJIEHNE ... IPEJCTaBIsICT COO0H CBOOOIHYIO UTPY ¢ MOHATHSIMH.

. MBIIIICHUE MPOTEKACT B OCHOBHOM MUHYsI CHMBOJIBI (CIIOBA) M K TOMY K€ OECCO3HATENBHO. ... «aKT yJUBIIC-
HUS, TI0-BUIUMOMY, HACTYIAET TOTa, KOT/Ia BOCIIPUSATHE BCTYMAET B KOH(IIUKT C IOCTATOYHO YCTAHOBUBIIUMCS B HAC
MUPOM MOHATUII.

3 ®pancya Je Japowdhyro. Maxcumpl. Ceprst: IKkcKkmo3upHast kiaccuka. M.: Neoclassic ACT. 2025. 224 c.

2 Om peodaxyuu. OHTOTOTHS MOGBY WTH MPOCKTHPOBAHHE MO3HTHBHBIX OTHOWICHHH. Onmonozus npoexkmuposanus. 2021. Tom 11.
Ne3(43). C.257-259.

*7 Steven Gambardella. An Unsettling Portrait of the Human Heart. How the Maxims of La Rochefoucauld Sing and Sting. The
Sophist. Dec 04, 2025. https://substack.com/home/post/p-180640491.

2 Opuopux Huywe. Tlo Ty cTopory m06pa i 3ma. [pemomnus k dunocoduu 6yaymero. 1886.
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A BUXKY, C OJIHOM CTOPOHBI, COBOKYITHOCTb omymeﬂnﬁ, UAYHIUX OT OpraHoB YYBCTB; C ,Z[pyl"Oﬁ CTOpPOHBI, — COBO-
KYIMHOCTb MOHSATHUHI U npezmomeﬁnﬁ, 3aMMCaHHBIX B KHUrax. CBs3U HMOHSATHH U npezmomeHMi& MEKIY c00010 — 3aaada
JIOTHYSCKOTO MBIIIICHHS... [loHaTus u TPEMIOKEHUA TI0JYyHarOT CMBICI, UK «COAECPIKAHUE», TOJIBKO 6naroz[ap51 ux
CBSI3U C OLIYIICHUSAMU. Cas13b TIOCJIEAHUX C IEPBBIMU — YUCTO MHTYUTHUBHAA U caMa I10 cebe HeJIOTHYeCKOoM TIPUPOBL...
XOTs CHCTEMbI MOHATHH caMHu IO ceOe JIOTHYEeCKU COBEPUICHHO ITPOMW3BOJIBHBI, HO X CBA3BIBACT TO, YTO OHH, BO-
TNIEPBBIX, JOJDKHBI JOIIYCKATh BO3MOKHO HaJEXKHOE (I/IHTyI/ITI/IBHOC) 1 TIOJTHOE COTIOCTABJIEHUE C COBOKYITHOCTBIO OIIY-
H.[eHI/Iﬁ; BO-BTOPbIX, OHU JOJIKHBI CTPEMUTLCA 000WTHCHh HAUMEHBIIMM YHCIIOM JIOTHUYECKH HE3aBHUCUMBIX 3JIEMEHTOB
(OCHOBHBIX IIOHIATUH T aKCI/IOM), T.C. TAaKHUX HOH?ITI/Iﬁ, I KOTOPBIX HE naeércs OHpCZ[eHCHI/Iﬁ, U TaKUX Hpe,[[ﬂO)I(eHHﬁ,
JUIL KOTOPBIX HE naéTcs JOKa3aTeNIbCTB. »

K ncropum kubepHeTnkmn

[TpuMepoM IBOTIOIIMH «BCET0» MOXKET OBITh Pa3BUTHUE HAYYHOTO HAIPABJICHUS «KUOCPHETH-
Kay, I7Ie pa3BUTHE TEXHUKH (YCTPONCTB, MEXaHMU3MOB U MAIllMH) IIPOUCXOJUT IO BOJIE YEJIOBEKa, a
HE TPUPOJIBI, KOTOPAsi CMOIJIA CO3/1aTh UBYIO TKaHb (Ha Halllel IJIaHETE W, BIOJHE BO3MOXKHO, B

JIPYTUX JATEKUX MHUPax).

Cratwto akanemukoB C.JI. Cobonena, A.H. Kurosa, A.A. J'[smyHOBa29 10 TIPaBy CUUTAIOT UCTOKOM OTEUECTBEHHOM
LIKOJBI MCKyceTBeHHoro maTemieta (MM)™, moxdepkiBas BKiaq COBETCKHMX YUSHBIX B (DOPMYIHPOBKY (yHIaMEH-
TaNbHBIX MpUHIUIOB M (MammHHOE caMO0OydeHHe, MOICTUPOBAHNE HEHPOHHON AEATEIIEHOCTH, IBPUCTHICCKIE Me-
TOJIBI, aBTOHOMHOCTE). OCMBICIICHHE 3TOTO «MaHH(ECTay BaKHO U MOHUMAHUS TeHE3Hca U 0COOCHHOCTEH POCCHH-
cKoit Tpanuiuu B obnactu MU u pOGOTOTeXHI/IKI/I3 "B 3TI0XY PEBOJIFOLIMHM HEHpoceTel U Tiiybokoro o0ydeHus odparie-
HHUE K 3TUM HCTOKAaM CIYXHUT HE TOJBKO JAHBIO YBAKEHUS MUOHEPaM, HO CTUMYJIOM U OPUEHTUPOM IS COBPEMEHHBIX
POCCHICKHX HCCIIeI0BaHUI 1 pa3paboTok B obnactu NU.

Psan BaXHBIX MOHATHH U CYXKACHUU, POKIEHHBIX B 310Xy (OPMHUPOBAHUS KUOEPHETUKU

IMPUBOJUTCA HUKC.

Kubepnemurxa — Hay4HOE HaIpaBJeHHe, IPEJCTaBIISIONIEe COO0H COBOKYITHOCTh TEOPHIl, THIIOTE3 U TOUYEK 3pSHUS,
OTHOCSIIUXCSI K OOIIUM BOIIPOCAM YIIPABICHHUS U CBSI3H B aBTOMAaTHYECKUX MAIIMHAX M )KUBBIX OPraHU3Max.

HUnghopmayus — cBenieHns 0 pe3ynbTarax Kakux-JIu00 COOBITHI, KOTOPBIC 3apanee He (bl U36eCHIHbL.

OpHOI U3 TTIaBHBIX 3a7a4 KHOCPHETHKH SBIIACTCS W3ydeHHE TPUHIIAIIOB TIOCTPOCHUS U NEHCTBUS Pa3IMIHBIX pe-
TYJISITOPOB M CO3JIaHHE OOIIeH TeOpUH YIIPaBICHMUS, T.€. OOIIeH Teopuu npeoOpa3oBaHust HHOOPMAIHH B PEryIsaTOpax.
MatreMaTH4ecKO OCHOBOH ISl CO3/IaHUS TaKOH Teopuu MpeoOpa3oBaHus HHGOPMAIMH CITY’)KAT MaTeMaTH4ecKas JIo-
T'HKa — HayKa, U3y4Jaromias MeTOJaMi MaTeMAaTHKH CBSI3U MEXKIY IMOCBUIKAMU ¥ CIEICTBHSIMHU.

Teopust mHOOPMAIIMH H3yYaeT IBa OCHOBHBIX BOIPOCA: 00 M3MEPCHHUH KOJIMYEeCTBA MHPOPMAIMU U O KA4eCTBE
uHdopmanuu (nocropepHocty). Hapsay ¢ uccnenoBanueM M (Gu3MUECKUMM MOJIEIMPOBAHUEM IIPOLECCOB, IPOUCXO/ISI-
IIUX B )KMUBBIX CYIIECTBaX, KNOEPHETHKA 3aHUMAETCS CO3/JTaHHEM aBTOMAaTOB, CIIOCOOHBIX BBIMOIHATH OTAETIbHbBIC (PYHK-
IIUH, CBOWCTBEHHbIEC YEIOBEYECKOMY MBIIIUICHHIO B €T0 MpocTeHnx dpopmax.

B kubepHeTHKEe OTMEuYaeTcsl aHaJOTHsl MEX/Y NMPUHIMIOM paboThl HEPBHOW CHCTEMbl W HMPUHIHUIIOM pabOThI
CYETHON MAIIMHBI, 3aKITIOYAIOIIAsICA B HATWYNH CAMOOPTaHNU3YIOIIUXCS MPOIIECCOB CUETa U JJOTMYECKOTO MBIIUICHHS, U
aHAJOTHsI B MEXaHu3Me padOoThl MAalIMHBI U HEPBHOW cucTeMbl. PaboTa HEpBHOW CHCTEMBI, MPOILECCa MBIIUICHHUS,
BKITIOYaeT OTPOMHOE YHUCIIO HJIIEMEHTAPHBIX aKTOB OTICIFHBIX HEPBHBIX KJICTOK-HEHPOHOB. KaXK bl 3IeMEHTapHBINA aKT
peaxIy HepoHa Ha pa3IpaxxeHne, pa3psl HelpoHa, TOJ00CH YIEMEHTAPHOMY aKTy paOoThI CUETHON MAITHHEL. ..

MarnuHbI He 3aMeHSIOT U, 0€3yCIOBHO, HUKOT/Ia HE 3aMEHST YSIIOBEUSCKOTO MO3Ta. ..

UYenoBedeckuid MO3T — TBOPEIl BCEX CaMBIX CIIOXKHBIX M COBEPIICHHBIX MAIIWH, KOTOPBIC TPH BCEH CIOXKHOCTH U
COBEPIIICHCTBE SABJLIOTCS HE 00Jiee YeM OPYIMSIMH YeJIOBEYECKOTO TPYAA, KaK (PU3UIECKOT0, TAK H YMCTBEHHOTO.

B crathe’' OTMeuaercs, 4TO Ha3BAHHME KMOEPHETHKA MPOMCXOIMT OT IPEUYECKOro CoBa «KHOEpPHOCH (KOPMUMIL,
pynieBoii) u BBegeHo AmiiepoM B 1843 roay mpu mombITKe aTh Kiaccudukanuio Hayk. CoBpeMeHHash KHOepHETHKA
BO3HUKIJIA CITYCTSI CTO JIeT W ObUIa TIOATOTOBJIEHa paboTaMu Y4E€HBIX pa3HBIX cTpaH. Kak HOBas Hay4yHas o0JacTh OHa
6suta odopmiteHa Hopbeprom BuHepom B AByX €ro OCHOBHBIX KHUTah O knOepHeTHke: «KubepHeTnka, Wi ymnpasie-
HUE ¥ CBS3b B )KUBOTHOM 1 MamuHe» (1948) u «UenoBeyeckoe HCIOJIb30BaHNE YelloBeuecKux cymecTsy (1951).

29,31
3

¥ Cobones C.JI, Kumos A.H., Jlanynos A.A. OcHoBHEIE uepTs KubepHeTHKH. Bonpoce: (uiocoguu. Ne 4, 1955. C.136-148.
https://computer-museum.ru/books/cybernetics.htm,

30 Casnun B.O., Kuprowwn A.H. VICTOKH 0TEUECTBEHHOTO HCKYCCTBEHHOTO HHTEIIICKTA: K 70-IeTHIO MaHU(ECTa COBETCKHX KHOEp-
HetukoB CoOoneBa, KutoBa, JlsmynoBa. Genesis: ucmopuueckue uccredosanus. 2025. Ne6. C.72-92. DOI: 10.25136/2409-
868X.2025.6.74842. EDN: KQDMQU. https://nbpublish.com/library read article.php?id=74842.

31 Cm.  rtawke. Komsman J. Uto Taxoe kubepmernka?  Bompocel  unocoduu. Ned, 1955,  C.148-159.
https://djvu.online/file/YDTuUV AqvBfyf.
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Editorial

OOmIMii 3aKOH pa3IpaKCHUs TIACUT: «BCE WIM HUYETO» — HEPB JIMOO OTBEYACT HA pa3apa)KCHUeE, IN0O HE OTBEYa-
eT BoBce. IMEHHO B 3TOM U COCTOUT aHAJIOTHS MIPOLIECCOB B HEPBHOM CUCTEME U B AJIEKTPOHHBIX MAlllMHAX. JTO CBOM-
CTBO HEPBHOW CHCTEMBI SIBIIICTCS PE3YIBTATOM €CTECTBCHHOW IBOJIIOIMHU, B TIPOLIECCE KOTOPOI OHAa MPUCTIOCOOMIIACh
HamboIee 1mexecoodpa3Ho, C BOZMOKHO OONBIINM COOTBETCTBHEM OTPAXKATh IEHCTBUTENBHBIC TIPOIIECCHI.

AHajorus Mexay padoToi Ye0BeYeCKOro MO3Ta M AJIEKTPOHHOM BBIYHACIUTEILHOW MAIIMHOMN BITOJIHE 00OCHOBA-
Ha... [Ipr 5TOM MBI TOJDKHBI IIOMHHTH, YTO HAIlla aHAJIOTHWS, KaK, BIIPOYEM, BCAKAs aHAJIOTHS, HEIIOJIHA M BEPHA JIWIIH B
W3BECTHBIX TPAaHHIAX.

«Hamr mo3r, Hama HepBHAs CHCTEMa CTOJb JK€ MaTepHaIbHbI, KaK M HAIIM PYKH M CO3JJaHHBIC MU MAIIHHEL, U Ca-
MU HAaIll MBICJH, a0CTPAKTHBIC HIICH TAKXKE SBISIOTCS MOPOKICHUEM MATCPUU, U MX MPOTHUBOIIOCTABICHUE €l MMECT
JIMIIb OTHOCUTENIBHOE, THOCEOJOTHYECKOe, @ HE OHTOJIOTUYECKOE 3HAUCHUE ... . MapKc, TOBOPs O MalllMHAX, MOAYEPKHU-
BaJl, YTO OHU HE MPOCTO MPOJOIKEHHUS HAIIMX PYK, a OPraHbl YeJIOBEUECKOro MO3ra, T.€. YeJIOBEYECKHIM MO3T MOXKET
OBITH B ONPEICIEHHBIX IPAHUIIAX TaK K€ MPOJIOJIKEH, KAaK MOTYT OBITh MPOJOKEHBI HAIITH PYKHY.

MporHo3bl pa3BUTUA UCKYCCTBEHHOIO UHTENJIeKTa

B roj 50-netHero 1o6unes nosisnenus tepmuna’> UU (Artificial Intelligence)’® uer u ue Gyner
HEJI0OCTaTKOB B IPOTHO3aX €ro paBBI/ITI/ISI3 4, T.K. UM akTUBHO BTOpraercs B Hally *KH3Hb, U3MEHSA
HAIlle CO3HAHUE, BIUSICT HA SBOJIFOIIMIO BCETO JKMBOTO U CPEJIbI €ro OOUTaHUSI.

Tlo oueHKaM35 k 2028 rony MU ¢ BepositHOCThIO HE MeHee 50 % CMOKET JOCTHYb psijia BaXK-
HeIx 1eneil. K 2027 roay BeposITHOCTH TOro, YTO MalIMHBI 0€3 MOCTOPOHHEH momomu OyayT
CIPABIATHCSA C JIIOOBIMU 3a/ladaMH Jrydie Jioei, cocraBut 10 %, a k 2047 rony — 50 %. UU mo-
KET CIOCOOCTBOBATH PACIPOCTPAHEHUIO Je3WH(DOPMALINN, YCHICHUIO aBTOPHUTAPHOTO KOHTPOIIA,
yCYTI'yOJICHUIO HEPAaBEHCTBA U IPYTMM HETaTUBHBIM CIICHAPUSIM.

O06061mas nporHo3sl pazpaborunkoB MW Ha Onmxaitmue 15 ner, MOKHO KOHCTaTUPOBAThH Ce-
pBbE3HBIE YrpO3bl: KOTHUTHUBHAsA aTpodus; yTpara 0a30BbIX HABBHIKOB (YTEHHE, MUCHMO, aHAIU3,
MBIIIIJICHUE); PA3MbITHE TPAHUIL] PEATHBHOCTU (HE OTIIMYMMOCTD TIPABIbI OT JIXKH).

dBonNOLMA HOPMATUBHOMN Ga3bl NICKYCCTBEHHOrO UHTESEKTa

Pa3BuTHe TeXHUKH, TEXHOJIOTUH, HH(OPMaMOHHBIX cucTeM U MU BbIHYKJaeT ycTaHABIMBATh
COOTBETCTBYIOLIME HOpM1>13 6, obecreunBaromme IOPUINYECKOE PErYIUPOBAHUE UCIIOIb30BAHUA HO-

BBIX YCTPOMCTB U CUCTEM JIJIsl 00ecrieueHus: uX 0€30MacHOCTH, HaIEKHOCTH U KU3HECITOCOOHOCTH.
s obecriedeHnst yCTOWYHBOTO TpuMeHeHus TexHoiormii M HeoOxoamMo amantupoBaThes K 3akoHam o WU,
T.K. 9THYECKOE M IOPUINYECKOE peryiaupoBaHue TexHonoruidi MM mmeer pemaromiee 3HaU€HHUE /ST TEXHOJIOTHUECKUX
MHHOBAIHii 1 pa3paGoToK” .
YeTBEPTOE M3JaHHE CIIPABOYHMKA®® JUISI TIPEICTABUTENEH FOPHIHYECKOi IPOdeccHn CroCOOCTBYET NPHHATHIO 6O-
Jiee KaueCTBEHHBIX M CIIPAaBEUIMBBIX IOPUANYECKUX pemieHnii. Pa3nesnsl 3Toro crpaBoYHMKA MO WHKEHEPHBIM JHCIH-

32 A Proposal For The Dartmouth Summer Research Project On Artificial Intelligence. J. McCarthy, M.L. Minsky, N. Rochester,
C.E. Shannon. August 31, 1955. https://www-formal.stanford.edu/jmc/history/dartmouth/dartmouth.html.
33 History of artificial intelligence. https://en.wikipedia.org/wiki/History of artificial intelligence.

Al wm3mennt ku3Hb K 2040: mporHo3sl, uHBecTHHMH u cropbl. HosiOpe 2025. https://asector.ru/news/2025 11-
ai_izmenit zhizn k 2040 prognozy investitsii i_spory.

VcKycCTBEHHBIH MHTEIUICKT: yrpo3a WK LIaHC Juis YenoBedecTBa? PesysbTaThl caMoro GobIoro onpoca ucciaenosateneit MN. 6
staBapst 2024. https://www.ixbt.com/live/offtopic/buduschee-iskusstvennyy-intellekt-ugroza-ili-shans-dlya-chelovechestva-rezultaty-
samogo-bolshogo-oprosa-issledovateley-ii.html.

Onvea I[lyeauesa: 6usnec ¢ M. bynymee. 02.06.2025. KoruutusHas atpodus: HoBble uccinenoBanus 2025 roga o ToM, kak MU
BIIMSIET Ha Hall Mo3r (0030p nccienoBanui). https://ve.ru/future/2022050-kognitivnaya-atrofiya-vliyanie-ii-na-myshlenie.

Anéna I'opwenuna. N nenaet nac riynee? YTo roBopsIT ydeHble, U Kak 3alUTUTh cebs. 2 mions 2025. https://42clouds.com/ru-
ru/blog/ai/ii-delaet-nas-glupee-chto-govoryat-uchenye-i-kak-zashhitit-sebya/.

3 Katja Grace, Julia F Sandkiihler, Harlan Stewart, Benjamin Weinstein-Raun, Stephen Thomas, Zach Stein-Perlman, John Sal-
vatier, Jan Brauner, Richard C. Korzekwa. Thousands of Al Authors on the Future of Al. Journal of Artificial Intelligence Research,
vol. 84.2025-10-06. DOT: 10.1613/jair.1.19087.

3% Barr P.A.; Imroz S.M. A Cross-Regional Review of Al Safety Regulations in the Commercial Aviation Industry. Adm. Sci. 2026,
16, 53. DOI: 10.3390/admscil6010053.

" Lee Y.-G.; Lee C.-H.; Jeon Y.-H.; Bae J.-H. Transformative Impact of the EU Al Act on Maritime Autonomous Sur-face Ships.
Laws. 2024, 13, 61. DOI: 10.3390/1aws13050061.

*% National Academies of Sciences, Engineering, and Medicine and Federal Judicial Center. 2025. Reference Manual on Scientific
Evidence: Fourth Edition. Washington, DC: The National Academies Press. 1682 p. DOI: 10.17226/26919.
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IUIMHaM U MH(POPMATHKE JIOTIOJHEHBI CIIPAaBOYHBIM PYyKOBOJACTBOM 10 M. DTH TeXHWYECKUE 3HAHUS SBILSIFOTCS MpPEa-
TIOCBUIKOM /JIs TIOHUMaHUs CYAbSIMHU CIoco0oB ucroib3oBanust UM, MM MoxkeT M3MEHNTH IOPUIUYECKYIO MPAKTHKY
packpbITHS HHYOPMALIUK 1 T0Ka3aTenbCTB. Kaxkaplil pas3zies1 CrpaBodyHUKa CONPOBOXKIACTCS TII0OCCAPUEM, UTO SIBISETCS
MIPU3HAKOM OHTOJOTHYECKOT0 IT0IX0/1a K ONMCAHUIO IIPEAMETHON 00IacTH.

3aBepLuialoLWwmin Itan 3BOSIHOLMN

X

Tekymasi rJ106a/1bHAsi KAPTHHA PUCKOB °

I'eoskoHOMHUYECKast KOHOPOHTAIHS

['ocynapcTBeHHBIE BOOPYKEHHBIE KOH(IIUKTEI

e
|0

BKCTpeMaJ'[LHLIe TIOTOOHBIC ABJICHUS

[Tonstpuszanust oOecTsa

HC3I/IHq)OpMaIII/I$[ " JIOJKHBIC CBCICHUA

DKOHOMHYECKHI criaf

Dpo3us paB YeIOBEKa H/HIH TPaXIaHCKUX CBOOOT

HeratuBnble nocneacTsus TexHoyioru M

Kubepbe3onacHoCTh

Hepasenctso

NS}

Jpyroe (Bc€ ocTanbHOE)

— W WAl

Mup 1IaBHO M HE3aMETHO BCTYHAEeT B
3aBEPLIAIOIIMI 3Tall CBOEr0 LUBUIIM3ALMOH-
Horo pazButus. Co3gaHHas 4eIO0BEYECTBOM
TEXHHMKA YCKOpHJIA MPOLIECC UCUEPIaHUs He-
BO300HOBIsIEMBIX pecypcoB. bopnba 3a pe-
CypChbl HUKOTJa He OblUla IMBHIU3AIMOHHO
MpUEMJIEMON HW TyMaHHOW, W mpuodpena
IUTaHeTapHbeId xapakrep. OT4é€r o rI00ans-
HBIX PHCKAaX ~° BO MHOTOM IIOJATBEPIKIACT
3TOT (aKT, ONpPENEIUB TI'€OIKOHOMHUYECKYIO
KOH(POHTAIMIO U BOOPYKEHHbIE KOH(IUK-

Thbl Ha TOCYJapCTBECHHOM YPOBHEC KaK Ba)KHEHIIIIE UBUIIN3allUOHHBIC PUCKU.

Poct npon3BoANTENBHOCTH U 00IIee YHEPronoTpediIeHre IPUBOANT K KPU3UCAM «CHHTYJISIPHOCTHY», KOTJla Hace-
JICHHE U CIIPOC Ha JHEPTUI0 CTPeMATCS K OSCKOHEYHOCTH 3a KOHeuHoe BpeMs. Ecnu musmnmsanus pazoBbET croco0-
HOCTh IIOHUMATh COOCTBEHHYIO TPACKTOPHUIO PAa3BUTHSI, TO y HEE MOSBUTCS BO3MOXKHOCTB IOBJIHATh HAa (pyHIaMeHTaNb-
HBIC M3MEHEHUS U CeNaTh IPHOPUTETHBIMHE TOMEOCTa3 U OJIaronoirydue. ITo CTAHET CO3HATEIbHBIM U3MEHEHHEM Tpa-
EKTOPUH PA3BUTHS WM «TOMEOCTaTHUECKUM NpoOyxaeHuem». [uBumimmzannu 1mb0 morudaroT OT MUCTOLICHUS, JIHOO

TNICPCKIIIOYA0OTC Ha NOAACPIKAHNE TOMEOCTa3a .

P T7106aJIbHBIE PHCKH, PAHKHPOBAHHBIC MO CTENICHH TSHKECTH
anr KpaTkocpouHble (2 rona) noarocpounsle (10 seT)
1 ['e09KOHOMHUYECKOE TPOTUBOCTOSTHHIE DKCTpeMalbHbIE TOTOHBIE SIBICHUS
2 | Jde3nndopmanus 1 J0KHbIE CBeIeHUS [Torepst GuopazHOOOpa3ust U KOJIIAINC IKOCUCTEM
3 [Monspuzamus obuiecTa Kputnyeckre n3MeHEHNS B 3eMHBIX CHCTEMax
4 DKCTpeMalbHbIEe TOTOIHBIC SIBICHUS Je3nnpopmanusi 1 JI0KHbIE CBeeHUS
5 BoopyxéHHble KOHQIMKTBI HA TOCYJAPCTBEHHOM YPOBHE HeraTtusnbie nocjieacreust texuosaoruii U
6 Kubepoe3onacHocts HexBaTka npupoIHBIX pecypcoB
7 HepasencTBo HepasenctBo
8 Dpo3ust TpaB yeIoBeKa W/ WM MPaXIaHCKHX CBOOO Kub6epoe3onacHocrn
9 3arpsizHEHUE OKPYIKAIOIICH Cpe/ibl [Monstpuzanust ob1ecTsa
10 | HenoGpoBoabHAs MUTpaLys WK TIEPEMEIICHIE 3arpsi3sHeHne

B omyOimkoBaHHOM moOcie BbIXOJa pomana «Pwua-
cko» mHTepBBI0 («Iloe3x BoT-BOT oTmpaButcs», Polityka
Nr.37 ot 14 cents6ps 1991 r.) Cranucnas Jlem oreHHBaI
B KadecTBe Hanbosiee BEPOSITHOTO CIEHAPUS «IOMEOCTaTH-
yeckoe MpoOyxaeHue». «S yOexaeH, 4To 4YenoBEeYeCTBO
OyzeT cymecTBOBaTh... HecMOTps Ha TO, YTO JIOIU BEIyT
ce0st Kak MJMOThI, MX CYHIIMAaJIbHbIE HAKIIOHHOCTH HE TaK
CUIIbHBI, KaK MPHUHITO CYUTATH... Sl HE CTOPOHHHMK KaKHX-
100 CBEpXONTUMHUCTHYHBIX BOCTOproB. Ho cam ¢akt 3T0-
IO MOETO MHTEPBBIO MMOKA3BIBAET, YTO 51 HE CUUTAIO ITYCTHIM
1 OEcCIoJIe3HbIM JIEJIOM JICIUTHCS ¢ OOIIECTBEHHOCTHIO
STHMH CBOMMH MBICISIMI». B aTOM MHTEpBBIO Jlem mpen-
JIOXKWJI HAlWcaTh KHWUTY TOJ Ha3BaHueM «[IynocTh, Kak

Bappu ®@onxnepa (1881-1966).
https://www.rockefellercenter.com/art/intelligence-awakening-mankind/

% Global Risks Report 2026. World Economic Forum. 14 January 2026. 102 p. https://www.weforum.org/publications/ global-risks-

report-2026/.

* Michael L Wong, Stuart Bartlett. Asymptotic burnout and homeostatic awakening: a possible solution to the Fermi paradox? J R
Soc Interface. . 2022 May;19(190): 20220029. DOI: 10.1098/rsif.2022.0029.
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Editorial

ABUIXKYIIas CHUJjia UCTOPHUU YCIIOBEYECCTBA». BO3MO)KHO, YTO B HBIHEIIHEH CUTyallud CaMO€ BpEMs BCIIOMHUTH 3TO HWH-
TEPBbIO Jlema: TJIyIOCThb, KaK JBUXYIas Cujia UCTOPUH YE€JI0BEYECTBA, <<3aHIKaJ'II/IBaeT»41.

Ku3HecnocOOHOCTh COBPEMEHHBIX TEXHHUECKUX CHUCTEM U HOBBIX NMPOEKTOB TAKHX CHUCTEM —
1I0Ka3aTelb, KOTOPBIA TOJDKEH ObITh BCTPOEH B JKM3HECHOCOOHOCTh CaMOM LMBWIIM3ALUH, OBITH
BKJIFOYEHHBIM B HE€, OBITh MPOU3BOIHBIM OT HEE.

skoksk

CocrosBmniicss B koHue nexadbpst 2025 roga HayyHblii cemuHap «OHTOJIOTHSI TPOEKTHPOBA-
HISDY 2, opranuzoBaHHbii Camapckum yHuBepcuteToM u MITYCC PAH — Camapckoro HaydHoro
nentpa PAH, Opur mocBsimén 99-meruto mpocdeccopa, n.1.H. B.I. Macmosa (23.12.1926 -
17.07.2006) — pa3paboTuMKa TEOPHUH BBIOOpA ONTHUMAIBHBIX MApaMETPOB MPU MPOCKTHUPOBAHHUH
asrannoHHbIX I'T/I. ITonBoas nuroru cemunapa, ero pykosoaurens H.M. boprect BHOBb HaTOMHUII
MBICITb, CTABILIYIO JICBU30M HE TOJBKO 3TOM BCTPEUYH, HO M BCEX yBICUEHHBIX HAYKOM:

«Omom Kpamkuil ompe30K Obimus, KOMOPbIL KAHCOOMY U3 HAC NPeOCcmoum npoumu, yOusu-
meinbHOo npekpacen! U xouemcs, oueHb CUNbHO XOUeMCs NO3HAMb MHO20€ U3 9Mou 6e30Hbl MUpo-
30aHUS — NO3HAMb OHMONIO2UIO HCUSHU, OHMOO2UIO €€ NPOEKMUPOBAHUSD.

B Homepe

B pasnene «Obwue sonpocvl ghopmanuzayuu npoexmuposanusi. OHmMoaI02UYecKue acnekmol u
KOCHUMUBHOE MOOeIUpOosanue» pacCMOTPEHA OHTOJIOTMYECKass MOJIEIb KU3HECTIOCOOHOCTH TEXHU-
yeckoit cucteMsl (Cankr-IleTepOypr).

B paznene «llpukiaounvie onmonocuu npoekmupoBarussy pacCMOTPEHBI: OHTOJIOTHYECKAas MO-
JeNb TPOQUIAKTHIECKOTo 00CTYKUBAaHUSI 000PYIOBaHUS TPOMBIIUICHHOTO mpeanpustus (d3ep-
skuHCcK, Huoxkauii HoBropoa); onTosiornueckas Mojelb JUHAMUYCCKOTO KOH(PUTYPUPOBAHHS CO-
LUOTEXHUYECKOM crucTeMbl HUGPoBbIM coobiecTBoM (CaHkT-IleTepOypr); OHTOJIOrHYECKas MO-
JIeNlb CEerMEHTAIllMU HM300paKEHUN IMO0XKApOB C TOMOIIBI0 aJalTUBHON HEWPO-HEYETKOW CeTH
(Kypck); aBTomMaTu3anusi MOCTPOEHUS MYJIbTHATEHTHON CHUCTEMBI ISl IPOCKTUPOBAHUSI UHTETPU-
poBaHHBIX SHepreTudeckux cucrem (MpryrTek).

B pazgene «Huorcunupune onmonozuii»» paCCMOTPEHBI: TOUEUHOE UCUUCIICHUE KaK OHTOJIOTHYE-
CKasi OCHOBA MPEJCTABICHUS T€OMETPUUIECKUX O0OBEKTOB B MpoekTrpoBaHuu (MeanTonosib, Hux-
uuii HoBropon); mpeoOpa3zoBaHue 4epTEKHO-KOHCTPYKTOPCKOM JOKYMEHTAIIMH B TPEXMEPHYIO
kapkacHyto mojens (Huxxnuii HoBropon).

B paznene «Memoowvl u mexnonocuu npunamus peweHutl» pacCMOTPEHBI: (OPMHUPOBAHUE pe-
IIEHUI MPU BBIOOpPE PHEPTETUUYECKUX YCTAHOBOK ISl oOecreueHus: 23HeproddHEeKTUBHOCTH TEpPH-
topuu (FaBana, ®umano, Caukr-Ilerepoypr, benresa); nmoBsilieHNe TOCTOBEPHOCTH OTBETOB
JMAIIOTOBOM MOJENU C WCHONb30BaHHWEM (OpMaNbHBIX I'paMMaTUK U Teopuu Kareropuit (Yda,
MockBa); OHTOJIOTHYECKAss MOJIENh Mpoliecca MIaHUPOBaHUsI pabOT Ha MPOU3BOJCTBEHHBIX MPEI-
MPUATHIX B MYJIbTUAr€HTHON CHUCTEME MOAJICPKKH MpuHATUS penieHuil (MocKBa); MpoeKTHUpOBa-
HUE AJITOPUTMOB IPOTHO3UPOBAHMSI TEXHUYECKOTO COCTOSHUS DJIECKTPOMEXaHMUECKUX MPHUBOIOB
(MockBa); mpuMeHEeHHEe METOJOB HCKYCCTBEHHOTO HWHTEIJIEKTa MpH (GOPMUPOBAHUM HHIUBUIY-
anbHOM Tpaektopun oOydenus (MockBa, Hadepesxnbie UesHbl).

Ontologists and designers of all countries and subject areas, join us!

Bl 2R BURA AR R A B AN, ATRFIE !

41 ACHMITOTHYECKOE BBITODAHHE WIM TFOMEOCTATHHECKOe MHpolyxaeHue. Manouseecmuoe unmepecrnoe. 10 oxtsaops 2022.
https://dzen.ru/a/YO0QItF49FFt94veG. B aToii craThe KaHana B COLMANBHON ceTH [[3eH NMPHBEICHO MHOTO CChUIOK Ha HHTEPECHbIE
I03HABATEIBHbIC U MPOTHOCTHYECKHE PabOTHI.

42 ([ToMHHMM, TICHIM ¥ YTHM CBOHX yunTenei». 24.12.2025. https:/ssau.ru/news/25157-pomnim-tsenim-i-chtim-svoikh-uchiteley.
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OBIIUE BOITPOCDHI ®OPMAJINBALIUU ITPOEKTUPOBAHMUA:
OHTOJIOI'MYECKHUE ACIIEKTBI U KOTHUTUBHOE MOJAEJIMPOBAHUE

YK 004.023:9 Hayunas cmamos DOI: 10.18287/2223-9537-2026-16-1-14-24

Xun3HecnocoBGHOCTbL Kak 06006 EHHAA XapaKkTepucTuKa CBOUCTB
TEXHUYECKOWN CUCTEMbI

© 2026, C.B. Mukonu ><, 5.B. CokoJioB

Canxm-Ilemepbypeckuii @edepanvhuiii uccredosamenvcrkuti yeump PAH (CI16 ®HUIL] PAH),
Canxm-Ilemepbypeckuii uncmumym ungopmamuru u asmomamuszayuu PAH (CIIHHPAH),
Canxm-Ilemepbype, Poccus

AHHOTaUuA

B cBsI3u ¢ yBenMYEHHEM COCTaBa MHTEIUICKTYAIBHBIX (YHKIMH U CBOMCTB COBPEMEHHBIX TEXHHYECKUX
CHCTEM, MPUCYITUX KUBOMY OPraHU3MYy, CYIIECTBYET HEOOXOIMMOCTh 0000IEHNsT dTUX CBOUCTB. B ka-
YECTBE MOHSTHS, OTPAKAIOIIETO CBOWCTBA JKUBBIX CHCTEM, PACCMATPHUBAIOTCS Pa3HbIe TPAKTOBKH KU3HE-
CIIOCOOHOCTH CHUCTEMBI B Ppa3IMIHBIX TPEAMETHBIX obmactax. B pa60Te 34 OCHOBY IOHATHA KU3HECIIO-
COOHOCTh MPUHAT TEPMHUH <CKU3HBY, OTIUUUTEIbHBIC MPU3HAKH KOTOPOTO CHOPMYJIHPOBAHBI B paMKax
OHMOIIOTUM W CMEXHBIX ¢ Hel mucnuiuiiH. C IpUMEHEHHEM JIOTUKO-TMHTBUCTHYICCKOTO aHaIH3a 3THX
MPU3HAKOB MMOKa3aHa OOJIbINast OOIIHOCTD MOHSTHUSI YKU3HECITOCOOHOCTH WHIUBHYyMa [0 OTHOIICHUIO K
YKI3HECITOCOOHOCTH TIOMYJISIMY C IPUCYIIIAMHU i CBOMCTBAMH PEIPOIYKIIMU M SBOIIIOIUH. PaccMOTpeHBI
YCIIOBHS IPUMEHUMOCTH 3TOTO TIOHITHS K OJHMHOYHOW TEXHUYECKOW cucTeMe. B craThe perraercs 3amava
MTOCTPOCHHS OHTOJIOTHYECKOW MOJICNIN JKU3HECTIOCOOHOCTH TEXHHUYECKOH CHCTEMBI HAa OCHOBE MpEIJIO-
JKEHHOT'O OIIPEACIICHNUA 3TOIr0 IMOHATHUA. KauecTBO XM3HU TEXHUYECKOU CHCTEMBI MPEIAJIOKECHO paccMart-
PHUBATh C TOUKH 3PEHUS PEAN3yeMOCTH CBOMCTB KH3HECIIOCOOHOCTH B YCIOBUSAX M3MEHEHHS BHYTpEH-
Hel 1 BHeNTHer cpenpl. OnpeeniéH nmepedeHsb dTUX cBOUCTB. [IpenoxkeHa oHTOIOTHIecKas MOICIh KH3-
HECTIOCOOHOCTH TeXHUYECKOH CHCTEMBI B BHJIE OPHEHTHPOBAHHOTO Tpada, KOPHEBOH BEPIIMHON KOTOPO-
IO SIBISIETCS JKM3HECTOCOOHOCTh CHCTEMBI, a BHCSYMMH BEPIIMHAMH — CBOMCTBA, OOECIICYMBAIOIINEC
KHI3Hb CUCTeMBI. Eciy MpUHATH )KU3HECTIOCOOHOCTh TEXHUYECKOH CHCTEMBI 32 COOMpaTeTbHOE CBOWCTBO,
Mepa ero MOJHOTHI OMPEENSIeTCs COCTABOM MPUCYIINX € TepMHUHAIbHBIX CBOWUCTB. [IpeanoskeHsl cmo-
COOBI OLIEHUBAHUS MEPHI JKU3HECTIOCOOHOCTH.

Knwuesoie cnosa: nowamue, OICu3HeCI’lOCO6HOCmb, onpec)efzeHue, ceoﬁcmeo, noxkasameib, IHCU3Hb, CU-
cmema, cocnmosrue, cma6wszocmb, paszeumie.

Humuposanue: Muxonu C.B., Coxonoé b.B. KuzHecnocoOHOCTh Kak 000OIIEHHAs XapaKTEpPUCTHKA
CBOMCTB TEXHMUECKOW cucTteMbl. Oumonoeus npoexmuposanus. 2026. T.16, Nel(59). C.14-24. DOI:
10.18287/2223-9537-2026-16-1-14-24.

Dunancuposanue: NcCIeIOBaHNS IIPOBOAMINCE B paMKkax OrokeTHOH Tembl FFZF-2025-0020.
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pazzen 1, 5 — coBMeCTHO.

Kongnuxkm unmepecog: aBTopbl 3asBISIOT 00 OTCYTCTBHH KOH(IIMKTa HHTEPECOB.

BBegeHue

TexHuKa, Kak UCKYCCTBEHHas Cpela OOMTaHuUs, ICTOPUYECKH pa3BUBAIACh U MPOJODKAET pas-
BHUBATbCs MYTEM 3aMMCTBOBAHHUS CBOMCTB JKMBBIX OpraHu3MoB. BHauase 310 kacanoch pU3NYECKUX
Y SHEPreTUYECKHUX CBOMCTB KMBOT0. 3aTeM HACcTyIuiIa 3pa MHGOPMATHKHU, PeaTU3yIoIlas YMCTBEH-
HbIE€ CLIOCOOHOCTH >KUBBIX OPTaHU3MOB BILIOTH J0 MOIBITOK MOJEINPOBAHMS UHTEIJIEKTA YeJIOBEKa.
B mpakTthueckoM IlaHE OHa O3HAMEHOBAJAach BKIKOYEHHEM IPOLECCOPOB B HMCIOJHUTEIBHBIE
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C.B. Mukxonu, b.B. Coxonos

ycTporictBa [1]. UTorom cuMOno3a pu3ndeckux, SHEPreTHIECKUX U MH(POPMAIIMOHHBIX CBOWCTB B
pamMKax OJHOU CUCTeMBI cTanu Kubeppuszuueckue cucmemst (KOC) [2].

[Ipuobperenue coBpemeHHor TexHu4Yeckod cucteMoil (TC) BcE HOBBIX CBOWMCTB, MPHUCYIIUX
KUBBIM OpraHH3MaM, HampuMep caMooOydeHue, mpuaaét el HOBbIe BO3MOXHOCTH MPUCTIOCOOIIe-
HUS K M3MEHEHHUSM BHEIIHEW cpeabl. Takue CBONCTBA, Kak ajanTalus U CaMOOpraHu3alus, He
TOJIbKO npoasieBatoT ku3HeHHBIN nuki (OKL[) TC, HO ¥ co3Aat0T NMPEanOChUIKA K €€ aBTOHOMHOMY
(YHKIIMOHMPOBAHHIO, YTO MOXKHO TPAKTOBAaTh KaK MCKYCCTBEHHYIO KW3Hb. llomaepxaHue MCKyc-
CTBEHHOM JKM3HH YMECTHO paccMmaTpuBarh Kak ku3HecriocooHocTh (JKC) TC. [MomobHo TepMmuHy
K®C Tepmun XKC HOCHT 000Omaromuid XapakTep NMPUMEHUTEIBLHO K CIEIYIOIIUM CBONCTBaM:
YCTOMUYUBOCTD (Y CT), COMPOTUBIISIEMOCTh BO3eHCcTBUSIM cpenibl (Corip), 6e3onacHocts (be3or), nc-
npaBHocTh (Mcrp), padbotocnocooHocTh (Pabd), nagéxuocts (Han), BoccranaBmmBaemocth (Boccer),
*kuBydecTh (JKuB), anantupyemocts (Anx). B aTom cmbiciie npeacTaBisieT MHTEPEC YCTaHOBIICHUE
cBs3u Mexny nonsitueM JKC u nepeuncieHHbiMu cBoiicTBamMu TC, 4TO U SABIsIETCS MPEIMETOM HC-
CJIEZIOBaHUS B TAHHOH padoTe.

1 OO030p TPAKTOBOK NOHATUA «XKU3HECNOCOOHOCTbLY

[Tonstre XKC He HOBO B HAyYHOU JHUTEpaAType U MPUMEHSIETCS BO MHOTHUX 00JAcTsIX HAYYHOTO
3HaHMUsA. B Kaxxmoil 00acTu 3HAHUSI OT €CTECTBEHHBIX J0 OOIECTBEHHBIX HAYK NaéTcs CBOE ompe-
nenenue 3ToMy nousatuio [3]. B [4] npoBenén ananus nonumanus JXKC B ¢punocodpun, kubepHeTHKe,
HCTOPUH, SKOHOMHKE M COI[MAIbHBIX HayKaxX M CJeJlaHa MOMbITKA JO0Ka3aTh, YTO aHIJIMUCKHUM Tep-
MUH resilience Haubonee monHo otpaxaer nousAtue JKC. ITo cloBO MepeBOAUTCS KaK THOKOCTb,
YIPYTOCTh, JIACTUYHOCTh, YCTOMUYMBOCTh (K BHEIIHUM BO3AEMCTBUSIM) M KaK CIIOCOOHOCThH OBICTPO
BOCCTAaHABIIMBATh 3/10pOBOE (hH3HUECKOe U AylIeBHOE cocTosiHUE. OHO MPOUCXOAUT OT JTATUHCKOTO
resili, 9T0 O3HAYAET «BEPHYTHCS», KIPUUTH B UCXOJIHOE COCTOSTHUE». DTa TpakToBKa moHsATHs JKC
pa3BuTa B [5] npumeHuTenbHO K JKC uenoBeka U ceMbH, a TaKKe HalllJla IPUMEHEHUE B MPOMBIILI-
JIEHHOCTH U YKOHOMHKE, HallpUMep, B CIOBOCOUYETAHUU «ycToWunBoe pa3Butue» [6]. CormacHo [7]
Besikast JKC OTHOCHUTEINbHA; OHA CYHIECTBYET TOJBKO 110 OTHOILLIEHUIO K TOM WJIM MHOM TaHHOM cpefe
U paccMaTpuBaeTcs Kak ¢popMa IpOsBICHUS aKTUBHOCTH U a/IalTUBHOCTH CUCTEMBI.

B [8] npennoxena monens JXXC cucreMbl, OCHOBaHHasi Ha IPUHLHUIAX (YHKIIMOHUPOBAHUSA
Mo3ra, a B [9] — moaxo, 6asupyrommiics Ha kKoHueniuu [8], rae XKXC paccmarpuBaeTcst ¢ MO3HUIMH
YCTOMYMBOCTU MpoekTa u cucteMbl. B [10] npennoxkensl koHrenTyansHas moaensb JKC kpurude-
CKOM MHQPACTPYKTYphI Ha 0a3e (HYHKIIMOHATBHO-LIEJIEBOTO MOJAX0Aa U TEOPUM YIpaBieHus, (hop-
MaM3alus MOHATUN «KpuTHUeckas nHdpacTpykTypa» u «KCy», KOHKpeTU3upyrouas cojaepKaHue
npenmMetHoit obnactu (IIpO) uccnenoBaHus ¢ MOMOIIBI0 HOBBIX ()OPMATBHBIX KOHCTPYKIIHUA.

Pabora [11] mocBsimieHa BbIOOPY MPOrpaMMHBIX CPelCTB 00pabOTKH MHOTOMEPHBIX JaHHBIX
JUISl UCTIOJIb30BaHMs B 3a7avax uccienoBanus JKC pervoHanbHbIX COUUAIbHO-3KOHOMUYECKHUX CH-
crem. [Ipennoxxkena cxema mporpammuoro pemrenust moaenupoBanus XKC. B [12] B kauecTBe 00b-
exta JKC paccmaTrpuBaeTcsl yIpaBlI€HUE COLUAIbHO-DKOHOMUYECKON CUCTEMOM C MO3ULUH €€ KO-
HOMMYECKOT0, colanbHOro 3¢ dexra u nonroseynoctu, rae KC cucrema 10KHA YAOBIETBOPATH
YCIIOBUSM CIIOKHOCTH M pa3HOOOpa3usl.

B [13] ’KC ompenenena kak criocOOHOCTh K BOCCTAHOBJICHHUIO — CIIOCOOHOCTH CHUCTEMBI BOC-
CTaHABIIMBATh pa0ouee COCTOSIHHUE TIOCTIE €r0 HAPYIICHHUS, YTO OTPaKaeT YaCTHBIN XapaKTep 3TOTO
onpenaenenus XKC.

Y4uThiBas OOUIHOCTh OTJIMYUTENBHBIX MPU3HAKOB, pucymx nousatuio XKC, B [14] otmeueHo,
YTO «HAyKa HYKJIAaeTCs B MEXIUCHHUIUTMHAPHON oOobmaromieit Teopun XKC mobbix cuctem». s
co3nanusi oHToJoruueckod moaenu (OM) nonsitust XKC, BKItouaromed OTIMYUTENbHbIE TPU3HAKU
(manee cymectBeHHbIe mpu3Haku — CII), BocTpeOoBaH JOTMKO-TUHTBUCTHYCCKU aHamu3 [15].
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2 JlorMko-nUHrBMCTUYECKMN aHanm3 NoHATUSA «XKN3HEeCNOCOOHOCTbL»

JIOrMKO-TMHIBUCTUYECKUIN aHAJIU3 MOHATUN BBIIOJIHAETCS C MPUMEHEHHUEM JIOTUUECKUX OIle-
paumii Hax ux copep)kaHueM U 00bEMoM. COBOKYIHOCTb ITPU3HAKOB, BBIIEJIAIOIUX TOHATHE CPEN
Apyrux (ColepKaHue MOHITHA), U XapaKTePU3yEeMbIX UMH CYIIHOCTEH (00BEM MOHATHS) MPEICTaB-
JSI0T coboi MHOXecTBa. M3omopdusm OyneBoil anredpsl U TEOPUHM MHOXKECTB YCTaHABIMBAET
CBSI3b MEXKY JIOTHUECKUMH (V, A, —) ¥ TEOPETUKO-MHOKECTBEHHBIMHU omeparusimu (U, N, \) [16].

B cuny koneunoro uncna u3BectHbix CII conepkaHue MoHATUS a 3a7a€TCs B IEPEUNCIUTENb-
HO opme:

C(a)={Ci(a),...,C{a),...,C(a)}, (1)
a ero 00BEM, IIPEICTABIISIIONTUN COO0H OTKPBHITOE MHOXKECTBO (KJ1acc), — B ONUCATEIbHON opMme:
V(a)={a;| ¥ C(a) € C(a)}. 2)

CornacHo stuM (opmynam coaepxanue mousatusi JKC TC mpencraBisieTcs nepeducieHHeM
MIPUCYIIHUX €EMY CBOMCTB U3 CIKMCKa, CPOPMUPOBAHHOTO MPHU TOCTAHOBKE 331a4H:

C(COKC TC) = {Vcrt, Comp, bezomn, Ucnp, Pad, Hax, Bocer, XXus, An}.

KonuyectBenno coaepxanue nousatus KC TC omieHMBaeTCs YMCIOM XapaKTEPUIYIOUIUX €ro
CII: Iopxe 1oy = COKC TC) | = 9.

O6bém nousatus JXKC TC npencrasnsercs MHOxkecTBOM cymiHocTeil x € X, CII koTopbIx cooT-
BeTcTBYIOT coaepkanuto moHsaTus KC: VOKC TC(x))={ x | CoKC TC(x)) = COKC TC)}.

Crucok cBorictB JKC TC He coepKUT Takoe CBOWCTBO, npucyiiee kuBbiM cuctemaM (JKusC),
Kak BocrpousBocTBO (Bmp). Uepes comepikaHus 3TUX MOHITHI OTHOIICHHE HACJIETOBAHUS BbIpa-
xaetcst otHoreHueM BiItoueHuss MHOkecTB: COKC TC) < C(OKC XKusC). Oto o3Hayaer, 4yTo mo-
Harue JKC TC obnamaer Gonbineit obobwaroweti cnocodHoctero, yeM noustue KC XusC, mo-
CKOJIbKY XapakTepu3yercsi MeHbIuM KoanuectBom CII.

CornacHo 3aKOHY ABOMCTBEHHOCTH cojiepxaHus 1 00béMa Mexay oobéMamu noustuii KC TC
n JKC XusC nmeer Mmecto 00paTHOE OTHOILIEHUE BKIFOUECHHUS:

V(OKC TC) o V(KC XKusC). 3)

YeMm oOmmpHee HAOOp MPU3HAKOB, COCTABJISIONIUX COJICPIKAHKUE MTOHSITHS, TEM YKE KIIacC 00b-
€KTOB, YJIOBJICTBOPSIIOIINX UM, U, HA0O0OOPOT, UM yKe COACpKAHHE TIOHATHS, TEM IIHPE €ro 00bEM:
Nxxe Te) > Nxe KueCx)-

B cootBerctBuu ¢ a3tum nousitue XKC TC sBusiercst 6onee 06wum MO OTHOIIEHUIO K TOHATHIO
KC XKusC. Ha 5TOM OCHOBaHMM OHO CUMTAETCS POAOBBIM 110 oTHOWEHHIO K NoHsATHIO JKC JXKusC,
nostydaeMbiM U3 coaepxanus nousatus XKC TC no popmyne HacneroBaHMs.

Amnanoruuno onpezensercsa ornomenue Mexy nousaruem XKC TC u vactuynoit )KC TC (HKC
TC), ecnu nox nousituem XKC TC nonumats noanyro XKC TC. Toraa nns mob6oro nadopa CIT XKC
TC, menpmero yucna 9, umeer mecto COKC UTC) < COKC TC) m VOKC UTC) o VOKC TC).

3 OnpepgeneHue MNOHATUA «KU3HECNOCOOHOCTbLY»

[Tonstue XKC mo criocoOy c1oBooOpa3oBaHMsl OTHOCUTCS K KJIACCY MEXKBUIOBBIX MOHATHH. Ero
POIUTEISIMH SBIISIOTCS MOHATUS OKU3HBY» U «CIOCOOHOCThY». CIIOCOOHOCTH CYIIHOCTH K 4eMY-T100
OTpaXaeT HAJIMYUE y HE€ HEKOTOPOro MPHUCYIIEro € CBOMCTBA. AHAJIN3 JUHIBUCTUYECKON CTPYK-
Typbl 123-X onpeaeneHuii ;Ku3Hu M03BOJIMII 0OHAPYKUTH B HUX 0a3zoBoe sapo [17], koTopoe BKIItO-
YeHO B MUHUMAJIbHOE OIpeIelIeHHE KU3HU, KaK «CAMOBOCIPOU3BOCTBO C U3MEHYHBOCTHION.

B [18] «wku3np — 310 akTUBHAs (hopMma CYIIECTBOBAHUS MATEPUU OT POXKICHHUS 10 CMEPTH, KO-
TOpasi B 00s13aTEIILHOM IOPSAKE COAEPKHUT B cebe CBOMCTBA >kUBOT0». K cBOMCTBAM KMBOTr0 OTHO-
CSATCS KJIETOYHBIN COCTaB M CTpoeHHE (CTpykTypa) marepuu [19]. BaxHelmum cBOHCTBOM >KUBOTO
SBIISICTCS BOCIPOM3BEICHUE cebe MOAO0OHBIX, OOecreunBaroliee HENpepbIBHOCTh U MPEEMCTBEH-
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HOCTb XU3HU. [IpUMEHUTENIBHO K JKMBOM MPUPOJE MPOLECC Pa3BUTHS, CONPOBOXKIAIOUINIC U3Me-
HEHHEM TE€HETHYECKOI0 COCTaBa MOMYJISIMA, (GOPMUPOBAHUEM aJaNTaluid, BUJ00Opa30BaHUEM H
BBIMUPaHHUEM BHUJI0B, IPEOOpPA30BaAHUEM IKOCUCTEM U Ouochepsl B 11eI0M, Ha3BaH sgoaroyueti [20].

Conepxanne nousatus XKC M0oxHO 0000muTh creayrommm onpeaeneauem: XKC — 31o cnocoo-
HOCMb CUCIEMbl OCMABAMbCS JHCUBOU C PA3TUUHbIM yposHem Kavecmea dicuznu (KXK) npu nexpu-
MUYHBIX OJ18 Heé 8030eUCMBUSX HYMPeHHel U/Ulu 8HeuHell CPeobl.

B meauuuue nox KOK nmonumaercst MHTerpajibHasi XapakTepUCTUKA Qu3uUuecKo20, NCUXono2u-
YecKoeo, IMOYUOHANbHO20 U COYUAIbHO20 (YHKIIMOHMPOBAHUS YENOBEKAa, OCHOBAaHHAs Ha €ro
cyowektuBHOM Boctpusatuu [21]. C touku 3penus XKC denoBeka nox KXK nmonumaercs «ypoBeHb
YJIOBJIETBOPEHHS MAaTEPUANIbHBIX, TYXOBHBIX U COLMAIBHBIX NOTPEOHOCTEH, YPOBEHb MHTEIUICKTY-
QJIBHOTO, KYJbTYPHOTO M (PU3MUECKOrO Pa3BUTHA, a TAKXKe CTENEeHb oOecreyeHHus 0e3011acHOCTH
xu3auy [22]. [Hox paznuuneiM ypoBHem KOK monumaercsi coxpaHeHue, yXyAlleHUE, YIYUIICHHE
xapakTepucTuk ¢yHkunonupoBanus u JKC cuctemsl. [lox KpUTUUHBIMU 7S )KU3HU NOHUMAIOTCS
BO3/ICHCTBUS BHYTPEHHEH W/WIIM BHEITHEH CPEJIbl, BICKYIINE YTPAThI CUCTEMOU CBOMCTB )KHBOTO.

[Tpennoxxennoe onpeaenenue noustus KC chopMynupoBaHO A MOMYJISLUN OPraHU3MOB Ha
OCHOBE CBOMWCTB Bcero »kuBoro. Ecnu paccmatpuath XKC oTaenbHOr0 NpecTaBUTENs HOMYJISALNUN
(uaguBHIyyMa), To Takue CII, kak penpoayKIus ¥ 3BOJIIOLUSA, CTAHOBSTCS HEBOCTPEOOBAHHBIMU.
Cornacto (3) uckmouenue ux u3 onpezaenenus XKC Bieuér yBenudeHue oOIIHOCTH ITOTO TMOHSTHS,
T.. J)KC unauBHayymMa Urpaet pojb poA0BOro NOHATHA 110 oTHoweHUO K JKC nomysiiuu.

ITockonbky B onpeaneneHuu JKC He yka3plBaeTcs Ha3HAYEHHUE CUCTEMBI, OHO IIPUMEHUMO K CH-
cTeMaM Jr000i, B T.4. 1 UCKYCCTBEHHOM MPUPOIbI, B KOTOPBIX BOCIPOU3BOISATCS CBOWCTBA KUBOI'O
0e3 nonoJHUTENbHBIX cBOMcTB nmonynsuuu. B onpenenenun JKC xonkpernoit IIpO yrounsercs,
4yT0 nnoHuMaercs noJ KK KoHKpeTHO! CUCTEMBI.

Uccnenosanue B3aumocsszu ClI B pamkax OM JKC TC npennonaraer nzonsiauto TC ot cpenbl
e¢ oOcnyxuBanus. Peub naér 06 UCKIOUEeHUH ydacTus yenoBeka B ¢pyHkuuoHupoanuu TC. Pac-
cmarpuBaetcs oguHouyHasi TC, 4ToObI HCKIIIOUUTH CBOMCTBA MOMYJISIIIUN U KOJUIEKTUBHON paOOTHI.

4 MeToa NOCTPOEHUNSA OHTONTIONMYECKOMU MOAEerNnUN NOHATUA
«KU3HECNOCOOHOCTb TEXHNYECKOU CUCTEMbI»

OM mnonstus XKXC TC gomkna cBszbiBaTh obo6matomee nmoustue JXXC c nesareio CII. OM
0000IIIarOIIETO TOHATHS MOXKET OBITh MPECTaBIIeHa OPUEHTHPOBAHHBIM TpadoM ¢ KOPHEBOH Bep-
mHo JKC TC u Bucsuumu (tepmuHanbHbiMu) BepmuuHamu CII [23]. Bagaua 3akmiodaercs B
HaxO0’KJICHUU TPU3HAKOB BETBIICHUs JepeBa (ocHOBaHUMU neneHust cBorctB mwiu CII), mpumenenmne
KOTOPBIX MO3BOJISIET CBsA3aTh KOPHEBYIO BepinHy JKC ¢ Kax 101 TepMUHAIBLHON BEPIIMHON JepeBa.

Casi3pIBaHN€ TEPMUHAIBHON BEPUIMHBI rpada ¢ mpeaplIylieil 03HayaeT NoTepo OJAHOM U3 CTe-
neHel cBOOOIbI COOTBETCTBYIOIIETO MOHATHA. JTa MoTeps TpedyeT obocHoBaHus. EE ncrounnkoM
sisieTcst kiaccudukanuonusiii CII, BBIOOp KOTOpOTO HeogHO3HAaYeH. OH 3aBUCHUT OT CIIoco0a pas-
ouenus ucxoanoro MuoxkectBa cBorictB TC, pomeamux B COKC TC) nonstus XKC TC. Haubonee
MIPOCTBIM CIIOCOOOM pa3dHeHHs] UCXOAHOTO MHOXKecTBa cBoicTB TC sBIsieTCs MOCe10BaTeNbHOE
BBIJICTICHUE OJIHOTO M3 HUX Ha KaXIOM Iare pa3OueHus. DTOT CIOco0 XapaKTepu3yeTcs MaKCH-
MaJIbHBIM YHCJIOM IIAroB pa3OueHus: [y.x = N — 1, tae N — maoxkectBo CII. MuHUManbHOE YHCIIO
1aroB JUXOTOMUYECKOTO Pa30MEeHHsI HCXOIHOTO MHOXKECTBA (YMCIIO YPOBHEH JIepeBa) OIICHUBACTCS
bopmymnoit: [y, = logoN. B 3amaue ¢ N = 9 G6epércst Haubosbiee 3nauenue 10g,9, T.e. lyin=4. Cro-
co0 puxoTomuueckoro nenenus cBoiictB TC ynoOeH He TONTbKO MHHMMAIbHBIM YHCJIOM IIAroB, HO
U TIPOTHUBOIIOJIOXKHBIMU 3HAYEHUSMHU KilaccupuKkaunoHHbIX nmpusHakoB tuna [la / Her. I'pag KC
TC, mocTpoeHHBIH TUXOTOMUYECKUM pa3OUeHNEM UCXOIHOT0 MHOXecTBa cBOMCTB TC, n3o0paxeén
Ha pucyHke 1. HukHuil ypoBeHb BepiinH rpada cBsizaH ¢ Y4ETOM YeJ0BeUYecKoro (hakropa.
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7KC — xu3HECTIOCOOHOCTD
HC — HopMaruBHOE COCTOSIHHE Henp — ncnpasnocts
Hanx — Ha1é>XHOCTH
Coxpanenne HC Conp — cCOnpoTUBIIEMOCTh
Be3on — 6e3omacHoOCTh

Ja Hem o
Yer — yeTOHYHUBOCTh

BoceT — BoccTaHABIMBAEMOCTh
Pa6 — paGorocroco6HOCTh

Cnocob JKuB — KUBYIeCTh
coxpanenus HC Bosspar s HC AJl — aJalITUBHOCTH

. . AnBH — A1 BHyTpeHH sist
Cmotixocmyp IIpomusooeticmeue [a Hem A /L BHYTD

AaBm — A BHENTHS 51

3amura [oT W30y 5
BO3JEHC[rBUI CUCTEMBI
6 KL  Jla Jla  Vxyowenue Vayuwenue

CpenctpeoOb CpeAcrro|Comp Hesnauunlerono Ipucriocopenue
Ha4 JIbH
4 cpele

Bn Buu B Buu Cywecmgenno
Omnopa Bocctanosurens
Bu Buw Bu Buw Bu Bu

Pucynox 1 - I'pad moHATHS «OKM3HECTIOCOOHOCTh TEXHUYECKOM CHCTEMBbI»

Bo [Bpemduu D YyHKIIMQHAIBYOCTh

KK TC moxer ObITh Ipe/CTaBlICHO IBYMSI 000OIIEHHBIMH CBOMCTBAMU — CTAOMIBHOCTBHIO U
pasButueM [24]. Onu paznuvarotcst HopMaTuBHEIM cocTostHreM (HC) TC. CtabunpHOCTh XapakTe-
pusyercs coxpanenueM HC TC. OHo BbIpakaeTcsi COOTBETCTBUEM (DaKTHUUECKUX 3HAYEHUH MoKa3a-
TEJEeH, XapaKTepU3yIUX TepMHUHaIbHbIe cBolicTBa TC, HOpMaTUBHBIM 3HaueHUAM. DakTHYECKUE
3HaueHus nokazarened TC MOryT OTKIOHATHCS OT HOPMBI Kak B HEXKeJaTeNbHYIO, TaK U B JKeja-
TEJIbHYI0 CTOPOHBL. [IpHYMHOM MEPBOro cirydas sBIISICTCS BO3ACHCTBUE BHEIIHEH WM BHYTPEHHEH
cpeasl TC. IIpuunnoit Broporo ciyyas sisisiercs ynydmenue KK TC, nanpumep, 3a cuér camo-
oOyuyenus. Ha Bepxuem ypoBHe rpada cBoiictBa TC nenarcst Ha JBe IpYyMNIbl: CBOWCTBA, CIIOCO0-
ctByronue coxpanenutro HC TC, u cBolicTBa, MOJBEpKEHHbIE M3MEHEHUSIM. B KauecTBe OCHOBaHUs
JICJIEHUs] Ha 3TU Ipynnbl ucnoib3zyerca npusHak «Coxpanenne HC» co 3nauenusmu la m Her.
IlepBas rpymnmna cBONCTB OTpa)kaeT CTA0OMJIBHOCTb CHCTEMBI, @ BTOpask — yXy/IIEHUE WU YiIydlle-
nue KK TC. Ha Bropom ypoBHe JIeBOi BeTBU Tpada paccMaTpuBaroTcst crocoOsl coxpanenus HC
cucteMbl. K HUM OTHOCATCSI CTOMKOCTBh CUCTEMBI 110 OTHOLICHHUAM K BO3JACHCTBHAM M IIPOTUBOACH-
ctBre uM. CTOIKOCTh MOXKHO OXapakTepu3oBarh cBoiictBamMu TC ucnpasnocmes M HA0ExcHOCMb.

OTH CBOMCTBA MOKHO pa3fieauTh oTHocuTeNbHO BpemeHu coxpanenuss HC TC. Cucrema Haxo-
auTest B uctipaBHoM cocrosiHnuM (Mcnp), ecnu 3HaueHus Bcex mokasarenel (mapaMeTpoB) COOTBET-
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CTBYIOT 3HaYE€HHUSM, 3aJJaHHBIM B HOPMAaTUBHOM JOKyMeHTaluu. BpemeHHble nmapaMeTpsl peObiBa-
HUSI CUCTEMBI B UCIPAaBHOM (pabOTOCIIOCOOHOM) COCTOSHMM OLCHMBAIOTCS MOKA3aTeNsIMU HaJlExK-
Hoctu (Hapm) [25].

Bropsim cniocobom coxpanenuss HC TC sBnsiercs mpoTUBOAEHCTBUE OKa3bIBAEMBIM Ha HEE
BO3/EHCTBUSAM, KOTOPOE XapakTepusyercs cBoiictBamu conportusisiemoct TC u obecnieuenus eé
6e3onacuoctu. IlporuBoneiicteue TC Bo3melcTBUAM 3a Cué€T 3aneiicTBOBaHMs BHYTpeHHUX (BH)
WIK TIpHUBJIeYeHUs BHelmHux (Bur) pecypcoB orpaxaer mepy e€ conpotusisiemoct (Comp). Ilox
BHELIHUM PECYpCOM IOHUMAETCSl y4acTHE YEJIOBEKA WUJIM JAPYroll BHEIIHEH CUCTEMBbI Ul MOAJEp-
’KaHHs COOTBETCTBYIOLIETO CBONCTBA.

Mepsl, npennpuHuMaemblie s 3amTel TC OT BO3AEHCTBUIN, OTHOCATCS K OOECIIEUCHHIO €&
oe3onacHoctH (besomn). besomacHocTs obecnieunBaeTcs kak naccuBHbIMU (bIlac) cpeacTBamu, Tak
u aktuBHbIMH (BAKT). [t pasnenenuss 3TUX CBOWCTB HCIIONB3YETCS KIACCU(PUKAIIMOHHBIN MPH-
3HaK «CpenctBo obecneuenus: 6esonacHoctH (OB)». Ilpumepamu naccuBHbIX cpeacts Ob moryt
OBITH MACKHPOBKA U IIp., aKTUBHBIM cpeacTBoM Ob sBisieTcst Bo3aelicTBUE Ha HCTOUYHUK OMACHOCTU
C LIEJIBIO €€ YCTPaHEHHUS.

B mpaBoii BeTBU rpada paccMaTpuBarOTCs CBOWCTBA CUCTEMBbI, CBS3aHHBbIE C M3MEHEHHEM €€
COCTOSIHUSI, KOTOPBIE ACIIATCS Ha ABE TPYIIBI U OTpaKkaroT Bo3BpaT u HeBo3Bpar B HC. Bosspar cu-
crembl K HC ocymectBisiercs 3a cu€T Takux €€ CBOMCTB Kak ycmouyugocms (YCT) U occmanasnu-
saemocms (Boccet). Paznuumne Mexly HUMH COCTOMT B TOM, YTO Ha BPeMsl BOCCTAHOBJIEHUS CUCTEMA
BBIXOJIUT HA OTPEIEIEHHBINA MPOMEKYTOK BPEMEHHU U3 paboyero pexknuMa, 9To COOTBETCTBYET HEpa-
6orocniocobnoctu TC Beneactue Hapymenust HC (cum., Hanpumep, [26, m.4.2.5.4]).

Yemoriuueocmos v 6occmanasnusaemocms TC pocturarores 3a cuér e€ BHyTpeHHUX (YBH u
CamoB) u BHemHux (YBm u BmB) pecypcoB. YcToi4nBOCTE ¢ OMOpOii Ha BHYTPEHHHUE PECYPCHI
HA3BIBACTCSI OTKA30yCTOMYMBOCTRIO [26, 11.4.2.5.3]. IIporiecc BoccTaHOBICHHS pabOTOCIIOCOOHOCTH
TC ¢ nprMeHeHnEM BHEIIHUX PECYPCOB HA3BIBAECTCS PEMOHMOM.

HoBoe cocrosinue TC MokeT XapakTepu30BaThCsl KaK yXYALIEHUEM, TaK U YJIydllIEHUEM eé
KOK. Heznauutensnoe otkiionenne ot HC TC npu coxpanenuu e€ GyHKIIMOHATBHOCTH paccMaTpH-
BaeTCs KakK COCTOsIHUE pabomocnocoobrocmu (Pab).

Vxynumenue cocrosinus TC, cBsi3aHHOE ¢ YaCTUYHOM MOTepel paboTOCIOCOOHOCTH, XapaKTe-
pu3yeTcsi TaKuM €€ cBOMCTBOM, Kak acugyuecms (JKus). Yiyumenue coctosuus TC cBsa3bIBaeTcs ¢
e€ pa3BUTHEM IyTEM MPUCIOCOOIEHUS K CYLIECTBEHHBIM M3MeHeHussM cpenpl. [lepexon TC B HO-
BOE COCTOSIHUE OCYIIECTBIIIETCS 3a CU€T €€ 00ydeHus MpH B3aUMOJEHCTBUU cO cpelloil. ['apMoHu-
3aIsl OTHOIICHUSI C BHYTPEHHEU Cpeon OTpaxkaeT snympennioo adanmustocms (AnBu) TC, a ¢
BHEIIHEH cpenoit — snewnioro adanmusnocms TC (AaBim).

Bce TepmuHanbHbIe CBOMCTBA (BeplUIMHBI I'pada) MOryT ObITh KOHKPETU3UPOBAHBI MPUMEHU-
TenbHO K Jr000# [IpO. O0muii BepxHuit yposenb Uit Bcex [IpO mo3BossieT conocTaBisTh OLICHKH
ux JKC mexny coboii ¢ yuérom mepsl noiaHoTsl JKC TC. ITox mepoit nonHots! XKC TC nonumaercs
noaMHoxecTBo cBoiicTB XKC, mpucymee konkpeton TC [27-29].

5 OueHuBaHue Mepbl XKU3HECNMOCOOHOCTU CUCTEMbI

OuenuBanue mepsl JKC TC ocymecTBisieTcsi cioco0omM 0000MEHHBIX OIIEHOK aJIbTEPHATHUB B
HEepapXUUeCcKON MOJENIM MHOTOMEPHOI'O OLIEHMBAHMS B 3ajjaue MHorolueneBoi ontumuzanuu [30].
Kaxnoe 3 tepmuHanbHbix cBOMCTB TC OlleHUBAETCS MO KpallHEH Mepe OJHUM M3MEPSEMbIM WUJIU
pacuéTHbIM nokazareneM. [lepBuyHO 3agaueil sBisieTCs BEIOOP M3MEpSAEMBIX TIOKa3aTeel, Xxapakx-
tepuzytomux kKoHkpetHyro TC. CoiictBo TC MokeT paccMaTpuBaThCs B BEIIECTBEHHOM, dHEpre-
TUYECKOM U MH(POPMALIMOHHOM aCIEKTaX.
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Ha Be100p moxkazarens Biusier HazHadeHue TC. [Tokazatenu paznuunbix cBoicTB TC m3mMepsi-
I0TCS B pa3HbIX mkanax. Criocobom momydeHuss 0000ImEHHON OIEHKH MO0 BCEM NOKa3aTessiM SBIIs-
eTcsi uX HopManuzanus. Beibop eanHON mIKajabl 3aBUCUT OT CHOC00a M3MEpEeHHs MOoKa3aTeseH.
[Ipocreiimmii crmocod — 3To yka3aHWe HA HAJM4Ke / OTCYTCTBUE CBOWCTBA, T.€. IPUMEHEHHUE JIBOUY-
HOHM cucteMbl. Hanuune XoTs ObI OJJHOTO HYJISA B ABOMYHOU orieHKe cBOMCTB TC o3HayaeT e€ He-
nosiayo JKC. JIpyrum criocoOoM SIBISIFOTCS SKCIIEPTHOE OICHUBAHHUE MO KAY€CTBY: BBICOKOE, CpPE/l-
Hee, Hu3Koe. PesynpTupyromas onenka kadectsa JKC TC onpenensercs mo O0JBIIMHCTBY T'OJIOCOB,
OT/IaHHBIX 32 KK/YIO U3 OIIEHOK KauecTBa [28].

HaunbGonee nndopmaTuBHOH siBsieTcss yncieHHas orieHka coiicta TC. [l 3Toro MoxHO Hc-
110JIb30BaTh OayuibHYyIO HIKany, Hanpumep {1, 10}. Eciau Bce nokasarenu UMEIOT YUCIEHHOE 3HaYe-
HUE, TO OHU MPUBOIATCA K enuHo mkane {0, 1}. B kauecTBe oboOmaromen GyHKIIMA YUCICHHBIX
MOKa3aTeeld MOXeT ObITh BbIOpaHa aJIUTUBHAS WM MYJIbTHUIUIMKATHBHAS CPEIHEB3BEUICHHAS
cBEpTKa mokazarenei [29], koTopas mpezamnoiaraeT 3aaHue BECOBBIX KOO PUIIMEHTOB.

MHoromMepHasi OIeHKa MO3BOJISIET BBINMOJIHATH KojdudecTBeHHOe cpaBHeHue KC cuctem pas-
JUYHOTO MPUMEHEHUSs, OLIEHEHHBIX Ha OJIMHAKOBOM Habope nepBUUHbIX cBOiicTB JKC.

6 [lpumep

bnuzkum npumepom oauHounoit TC sBisieTcst 6ecnmnoTHbIN erarenbHbiil anmapat (BIJIA),
obOnamaronmuii  10CTaTOYHOM aBTOHOMHOCThIO mojéra. Takume BIIJIA ocHamaroTcs cpeacTBaMu
yIpaBiIeHUS U UCKycCTBEHHOro uHTemiekTa [31]. [Ang aBronomHoro nonéra BITJIA nomken obna-
JaTh CBOMCTBAMHU aJaNTUBHOCTU U 00ydaemocT. OOydyaeMOCTh HEOOXOAMMA ISl IPUCTIOCOOICHUS
BITJIA k M3MEHEHUsIM BHYTPEHHEH M BHEIIHEH CpeJibl, II03BOJISAS MPOTHO3UPOBATh OyAyIIne CUTya-
uuu. BIUIA nomxeHn conepkarh CIEIYIOIIME CUCTEMbl: HABUTALIMKM; PEarupoBaHUs U aJanTaluu K
COOBITHUSIM; KOHTPOJISI TEXHUYECKOTO COCTOSIHUS; CBSI3U C OIIEPATOPOM.

Kaxkayro U3 nepeuncieHHbIX CUCTEM MOKHO OXapaKTepU30BaThb TEPMHHAIBHBIMU CBOMCTBAMHU
U OLEHUTHh YUCIIEHHO COOTBETCTBYIOIIMMH MoKazaTensiMu. CUCTeMa HaBUTALlUMU XapaKTepHU3yeTcs
TOYHOCTBIO onpezeneHus Mecta HaxoxaeHus: BIIJIA. Cuctema pearnpoBaHust Ha COOBITHS OLIEHU-
BAEeTCs TUIIOM U YUCIIOM COOBITHUH, HA KOTOPbIE OHAa CIIOCOOHA pearupoBaTh MO OTHOLICHMIO K 3a-
JTAHHOMY CIIMCKY BO3MOXHBIX cOOBITHMH. KauecTBO cHUCTEMBI a/anTaluy OLIEHWBAETCS YMCIOM HO-
BbIX (HEWTAaTHBIX) coObITUI. CHcTeMa KOHTPOJIS TEXHUYECKOTO COCTOSHUS OLEHMBAETCSl OTHOLIE-
HUEM uHnciia 0OHApYKUBAEMbIX OTKAa30B U COOEB K KOJIMUYECTBY BO3MOXKHBIX OTKa30B U cOoeB. Cu-
CTeMa CBSI3U C OIIEPaToOpoOM XapakTepusyercs K03 PpHUIUEHTOM TOTOBHOCTH CBS3H.

WMmest yncieHHble OLIEHKH COOTBETCTBYIOLIUX TOKa3aTeslel, MOKHO PacCUYUTaTh MHOTOMEPHYIO
ouenky JKC BIUIA. Jlna nomyuenus uucieHHbIX oneHok JXC BIIJIA, kak KOMIUIEKCHON OLICHKU
€ro KadyecTBa, TpeOyercs 0oJiee AeTaabHOE N3YUEHHE €r0 CBOMCTB M0 BCEM COCTABIISIOIIUM — BEIlle-
CTBEHHOM, YJHEPTeTUYECKON U HH(POPMAIITMOHHOM.

3aknoyeHue

[TonsiTHe «KU3HECTTOCOOHOCTHY BOCTPEOOBAHO B Pa3iIMUYHBIX OTpacisixX 3HaHMs. B Hacrosmieit
cratbe npeanpuHaTa noneitka 0006muTs nouarue XXC TC. Jlroboe cBoiictBo TC MokeT OBITh U3-
MEPEHO KaueCTBEHHBIM WJIM KOJIMYECTBEHHBIM IOKAa3aTesieM, YTO MO3BOJISET MOIy4aTh 0000UIEH-
Hele onieHkH JXKC TC u conocrasnsats TC mo eAMHOMY MOKa3aTeI0 HE3aBUCUMO OT UX HAa3HAUCHUS
U c0kHOCTH. [ToHOTa OLIEHKH 3aBUCHUT OT COCTaBa MCIOJb3yeMbIX cBOMCTB JKC, nmpucymmux oie-
HuBaemoit TC.

[Ipennoxennas OM npencTaBisieT B OCHOBHOM TEOPETUUYECKUM MHTEPEC U MOXKET OBITh MPHU-
HATa 332 OCHOBY B JanbHenmux uccienoBanusax KC TC.
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Abstract

With the growing complexity of modern technical systems and the increasing number of intelligent functions and prop-
erties inherent to living organisms, there is a need to generalize these properties within a unified conceptual framework.
Various interpretations of system viability are considered across different domains as concepts reflecting the properties
of living systems. In this study, the notion of viability is grounded in the concept of life, whose distinguishing features
have been formulated within biology and related disciplines. Through a logical-linguistic analysis of these features, the
study demonstrates the broader generality of individual viability compared to population viability, which is character-
ized by properties of reproduction and evolution. The conditions under which this concept can be applied to an individ-
ual technical system are considered. This article addresses the problem of constructing an ontological model of the via-
bility of a technical system based on the proposed definition. The quality of life of a technical system is interpreted in
terms of the realizability of viability properties under changing internal and external environments. A set of such prop-
erties is defined. An ontological model of the viability of a technical system is proposed in the form of a directed graph,
where the root node represents the viability of the system, and the leaf nodes correspond to the properties that ensure the
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viability of the system. If the viability of a technical system is treated as an aggregate property, the degree of its com-
pleteness is determined by the set of terminal properties inherent to the system. Methods for assessing the measure of
viability are proposed.

Keywords: concept, viability, definition, property, indicator, life, system, state, stability, development.
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AHHOTaUmA

PaccmaTpuBaeTcs 3ana4a (opMann3auy SKCIEPTHBIX 3HAHUK B 00JaCTH PO(UIAKTHYECKOTO TEXHUY e-
CKOTO 00CITY>KHBaHHMS TIPOMBIIIJIEHHOTO 000pYyI0BaHMsI, BOSHUKAIOLIAS IPU MHTEPIPETALMN PE3yIbTaTOB
BHU3YaJIbHBIX OCMOTPOB C Y4ETOM YCIOBMI KCIUTyaTanuu. Llenbio nccrnenoBaHus SBISETCS MOCTPOEHHE
OHTOJIOTHUYECKOI MOjieNn, oOecrieunBaroniell JOrnIecK 000CHOBAHHBIH Mepexo/] OT HECTPYKTYpPHUPOBAH-
HBIX OTMCAHUI NMPU3HAKOB TEXHMYECKOTO COCTOSHUS K KOHKPETHBIM ACHCTBHUSIM 10 0OCITy>KUBaHHIO 000-
pynosanus. IlpennoskeHa MHOrOypOBHEBasi OHTOJIOTMYECKAsh MOJENb, BKIIOYAIOINAS YPOBHH: OCMOTP,
MIPU3HAKK, KOHTEKCT JKCIUTyaTallMH, TEXHHYECKOE COCTOsSHME, aedcTBhe. OOMacThio MPUMEHEHUs pe-
3yNbTATOB SBJISIOTCS CHCTEMBI TOMICPKKH HMPUHATHSA PEIICHUN B TEXHUYECKOM OOCTYKHBaHUH 000pY-
noBanus. HoBusHa 3akimiouaeTcs B OOBEAMHEHUH IapaMeTpPOB KOHTEKCTa (BO3pacT OOBEKTa, YPOBEHb
KPUTHYHOCTH, arpeCCHBHOCTH Pabodel cpembl M JIp.) ¢ MEXaHM3MOM JIOTHYECKOTO BBIBOJA, a TAaKXKE B
MIPUMEHEHNH METOJa CTPYKTYPHUPOBAHHWSA DPEKOMEHIAIMK KaK KOMITO3MIIMK 0a30BOTO AEWUCTBHS W HUX
YTOUHEHHUH MO yCIOBUSM 3KCIUTyaTanuu. Mojens mocTpoeHa B cpene Python u MpoBepeHa Ha KOHKPET-
HOW BBIOOPKE JAHHBIX: aBTOMAaTHYECKH OIPEJIENICHbI COCTOSIHUSI 000pyJOBaHMsI, BBIPAOOTAaHBI a/IalTHB-
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1y, [TpuMeHEHHBIH OHTOJIOTHYECKHUH MOJIX0/l B TEXHUYECKON JTMarHOCTUKE CIIOCOOCTBOBAJI MOIYUSHHIO
NPaKTHYECKN 3HAYMMBIX PE3yJbTaToOB Uil HU(PPOBU3AIMH MPOLECCOB NMPOPHUIAKTHIECKOTO TeXHHYECKO-
ro 00CITy’)KUBaHUS 000PYAOBaHUS B IPOMBIIIICHHOCTH.
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BBepeHune

B ycnoBusix MoBbIIEHHBIX TPeOOBaHUN K HAAEKHOCTH, 0€30MaCHOCTH U A(P(HEKTUBHOCTH TEX-
HOJIOTHYECKHUX MPOLIECCOB MPOMBINUIEHHBIX TPEANPHUATHIA BO3pacTaeT 3HAYUMOCTh NMPOoduIaKTHye-
ckoro TexHuueckoro o6cmyxuBanug (IITO) obGopynoBanust [1]. Ilepexox ot mu1aHOBO-
IIpeyNPEaUTENBHBIX peMOHTOB K Mojenu [ITO Ha npeanpuatun paccMaTpuBaeTcsl Kak KOMIUIEKC-
HBIN, MHOTOACTIEKTHBIN, YBOIOIMOHHBIN mporiecc. JJis 3Toro TpedyroTcs M3MEHEHHUs B OpraHu3a-
LIMOHHOW CTPYKTYpe M METO0Jlax MpejcTaBieHus 3HaHui o TexHndeckom coctossnuu (TC) obopyrno-
BaHHUA, 0COOCHHO B YCIOBUSIX LU(POBU3AIMH ITPOU3BOJICTBEHHON CPEIbI.
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D¢ eKTBHOCT, MPUHUMAEMBIX PELICHUH BO MHOI'OM OIPENENSIeTCsl HE TONBKO TEXHUYECKOH
OCHALIEHHOCTBIO MPEANPUATHUS, HO U JOCTYIIHOCTBIO, IIOJIHOTOW U CTPYKTYPUPOBAHHOCTHIO 3HAHUI
o ¢aktuyeckom TC obopynoBanus [2—5]. 3HaunTenbHas 4acTh HHPopMauu GOPMHUPYETCS B MPO-
1[ecce MPOBEJACHUS OCMOTPOB 000PYIOBaHUS U OIPOCOB MEPCOHATA, a TAKXKE (PUKCUPYETCS B IOKY-
MEHTax (aKTax, )KypHajax, oT4érax U Jp.). DTU JaHHbIE BKIIIOYAIOT KOHKPETHbIE HA0JI0JaeMble SIB-
JeHus (Hampumep, NOTEKM Maciia, Clebl KOPPO3HUH, MOBBIIICHHbIE JIIO(THI U JIp.) U XapaKTEePUCTH-
KU YCIIOBUH 3KCIUTyaTalluu 000pya0BaHus (MHTEHCUBHOCTh HArpy30K, TEMIIEpaTypHble KoyieOaHus,
arpeccUBHOCTH paboveld cpeibl U 1p.). BONbIIMHCTBO MOZOOHBIX CBEIEHUH MpEICTaBICHB B BUIE
HECTPYKTYPUPOBAHHBIX TEKCTOB M ONHMCAHUHM C UCIOJIb30BAHUEM MPOPECCHOHATBHOIO KaproHa u
CYOBEKTHUBHBIX OLIEHOK, YTO JeNaeT WX MAaJONPUTOJHBIMHU JJIsi aBTOMATUYECKOH 0O0pabOTKH U
BKJIIOYEHUS B IM(poBbIe Iu1aThopMbl. POpMaTN30BaHHbIE CTOUHUKU 3HAHUH (peraaMeHThbl dKC-
IUTyaTalyy, macnopTa 000PyL0BaHMs, OTPACIIEBbIE U MEXKOTPACIEBbIE CTAHIAPTHI), KAK OCHOBA IS
HOPMATHUBHOTO MOJX0Aa K 00CITY)KHBaHUIO, OOBIYHO JUILEHbI THOKOCTH. OHU HE YYUTHIBAIOT OCO-
OEHHOCTH 3KCIUTyaTalluy OTJEIbHO B3STOr0 3K3eMIuIsIpa o0opynoBanus, uaMeHeHus ero TC mexnay
pOBEpKaMH, HapacTalomue 3pPeKThl yCTaI0CTH, UICTOPUIO OTKA30B U PEIKO COAepkKaT Mpearnuca-
HUS, aJallTUPOBaHHbIE K TEKYIIEeW cuTyaluu Ha o0bekTe. C 0HON CTOPOHBI, UMEETCS OOIIUPHBIMH,
HO cnabo (hopMan30BaHHBIN HAOOP SMIUPUUYECKUX U SKCIEPTHBIX JAHHBIX, C APYroil — (popmains-
HO TIOJIHAs, HO KECTKas M HEMHAWBUAYaJIM3UPOBaHHAs HOpMaTUBHAs 0a3za. DTo 3aTpymHseT ¢op-
mupoBaHue obmeil kaptuabl TC obopynoBaHus, U TpeOyeTcs: pa3paboTka MOAX0/1a, COCOOHOTOo
BKJIIOUATh PA3HOPOJHBIE UCTOUYHUKU B €IUHYIO (POPMAJIbHYIO MOJIENb, IPUTOAHYIO Ul UCIOJIb30-
BaHMs B LU(POBOI cpeie.

B 9T0ii cBsI3M aKTyanbHa 3a/1a4a OObEAMHEHUS PA3HOPOIHBIX 3HAHUH, BOBICYEHHBIX B MPOIEC-
col [ITO: dhopmanuzosannvix B Buae TEXHUUECKONW TOKYMEHTALUHU, MHCTPYKLUI MO 3KCILTyaTaluy,
CTaHJAPTOB OOCTYKMBAHUS; HEpOPMATU308AHHBIX, BKITIOUAsT HAOIIONEHUS CIICIIUATUCTOB, TEKCTO-
BbIE OIIMCAHUS PE3YyJIbTAaTOB OCMOTPOB, NPELEAECHTHl U3 UCTOPUU PEMOHTOB U HMHIUBUIYaJIbHbIE
OCOOEHHOCTH YCJIOBHHM JKCILTyaTaniuu oO0opynoBanus. st pemieHust 3Toil 3amaun Tpedyercs co-
31aHue (HopMaIbHON MOJENH, CHOCOOHOM BBIPAa3UTh CYILIHOCTH, OTHOLIEHUS U KoHTeKcT [1TO B ne-
JIOCTHOM U cBsA3HOM popme. [10100HYI0 MOJIENTb MOKHO CO3/1aTh B BUJIE OHTOJIOTHH, ITO3BOJISAIOLIECH
00beAMHUTD U (HOPMATU30BaTh 3HAHUS pa3IMuHON nmpupobl. s 3Toro HeoOxoauMo (hopMaan3o-
BaTh npeamerHyro obnacte (IIpO) IITO ¢ yuérom e€ MHOroypoBHEBOW MpupoAbl [6], BBLAEIUTH
KJIFOUEBBIE CYIIHOCTH U CBS3M HAa OCHOBE aHaJM3a TEXHUYECKOH JOKYMEHTAalluHu, CTaH/IapTOB, pe-
3yJIbTaTOB OCMOTPOB M 3KCIEPTHBIX 3aKJIIOUEHUH, ONHUCATh OHTOJIOIMYECKY CTPYKTYpY, HOCTPO-
UTh NMOITY4YeHHYI0 Mojaenb B OWL-dopmare [7] u npoBepuTh €€ NPUMEHUMOCTb Ha pealIbHbIX JaH-
HbIX. OHTONOrMYecKass Moaenb (OM) mpenHazHauaeTcs Ul MCIOJIb30BaHUS B LIU(PPOBOM cpene U
OpUEHTHUpYETCs Ha nojasiepkKy npunatusa pewenuit (I1I1P), cBa3aHHbIX ¢ BEIOOPOM M IPUOPUTH3A-
el npopUIaKTHUECKUX IeHCTBUH.

1 0O630p cyuwecTByOWMUX NOAXOA0B

B pa3znuyHbIX OTpacisx HaKOIJIEH OMBIT MPUMEHEHUS OHTOJOTHI AJIs MPEeNCTaBICHUS CTPYK-
TYPUPOBAHHBIX U HECTPYKTYPUPOBAHHBIX JAHHBIX, TUAarHOCTUKU TC, mMpOrHO3UpPOBaHUSI OTKA30B U
BBIOOpa 00CTY)KMBAIOIITUX BO3ICHCTBUM.

Bomnpocs! 0011eil cTpyKTypbl U IPUHIUIIOB TIOCTPOCHUSI OHTOJIOTHI paccMOTpeHbI B padoTe [ §].
B KOHTEKCTEe TEXHHYECKMX CHCTEM OHTOJIOTMU 00eCreuyrBalOT OCHOBY JUIsl CEMaHTHYECKON WHTe-
poriepabenbHOCTH ¥ TIOBTOPHOTO MCIIONb30BaHus 3HaHUi. B [9] mpennoskeHa rudkas METOI0JIOTHS
MHXUHUPUHTA OHTOJIOTHI, BKIIOYAIOIIasl MOATAHOE YTOYHEHHE TpeOOoBaHHIl, UTEpaTUBHOE I1O-
CTPOEHHUE OHTOJIOTMYECKOH CTPYKTYpPbI M BaJHMJIALUIO C ydyacTHeM sKcnepToB. Ocoboe BHUMaHME
yaenseTcsl MPOTOTUIUPOBAHUIO U aJaNTallui K U3MEHSIOMIMMCS TpeOOBaHUIM, YTO BaKHO B yCIO-
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BHSIX MPOMBINUICHHOM dKCIuTyaTaruu obopyaoBanus. B [10] onmucanbsl OHTOIOTHH, HHTETPUPOBAH-
HBIE B IIPOIIECCHI IIPOCKTUPOBAHUS, IKCIUTyaTallMl U 00CIy>)KuBaHUs. Takoi moaxos npeamnonaraet
TECHYIO CBSI3b MEXJy MH)KEHEPHBIMU MOJEISAMH, LUPPOBBIMU JBOMHUKAMHU U OHTOJIOIMYECKUMU
IpeicTaBIeHUSIMU. BasKHBIM sIBJIIETCS UCIIOJIB30BaHUE OHTOJIOTUH KAaK CTPYKTYpPBI, 00BbEANHAIOIIEN
IIPOEKTHBIE, SKCILTyaTallUOHHbIE U PEMOHTHBIC JaHHbIE. AHAIU3 METOI0JIOTHH, IIpe/ICTaBICHHBbIN B
[11], conocTaBisieT pacnpocTpaHEHHBIE MOAXObI U BBIACISAET KPUTEPUU BbIOOpAa METOMOJIOTHUU B
3apucumoctH ot IIpO. Takoil aHanu3 BaxkeH MpH pa3pabOTKe OHTOJOTHH sl IPOMBIIIICHHBIX CH-
cTeM, rae TpeOyroTcsl alanTHBHOCTh U UTEPATUBHAS BATUAALNS 3HAHHUM.

OnHO M3 HampaBJIeHUH MPUMEHEHHsI OHTOJIOTUI B TEXHUYECKUX CHUCTEMax CBSI3aHO C OLICHKOMN
COCTOSIHUSI 00OPYZOBaHUS U TMATHOCTUKON 0TKa30B. B pabotax [12-14] OM ucnonbs3yroTcs Kak
OCHOBA JIJIsl IPEJCTABICHUS IPU3HAKOB JAErPaJallii, COCTOSHUN O0BEKTOB U MPaBHJI IPUHATHUS pe-
HICHUH 0 HEOOXOaMMBIX Bo3aeHCTBHsIX. OM mo3BoiseT GOopMaaIn30BaTh MPUIUHHO-CIIEICTBEHHBIC
CBSI3U MEXJy HaOJII0/1aeMbIMU aHOMAIHUAMH, (PAaKTOPAMH HKCIUTyaTallMi U NOTEHIIMAIbHBIMU HEHC-
npaBHOCTAMU. B [12] oHTONOrMS AOMONHSAETCS NMPEAUKTUBHBIM MEXAaHHW3MOM BBIBOJIA U MOJYJIEM
UHTEJUIEKTYaJIbHOTO CIIMSHUS JaHHBIX, YTO MO3BOJSET YUUTHIBATh KaK TEKYIIHE MapaMeTpbl COCTO-
SIHUS, TAK ¥ UCTOPHYECKYI0 MH(OPMAIMIO O HEMCIIPABHOCTSIX, CO3/aBasi MPEANIOCHUIKH I OoJiee
TOYHOT'O NMPOTHO3UPOBAHUS U PaHHEro MpenynpekaeHus oTka3oB. Pabora [15] mocssiieHa omneHke
TC 31exTpo0OOpYyAOBaHUS C UCIOJIB30BAHNEM HEUETKUX BECOBBIX MPABUI, Pa3pabOTKE CTPYKTYpPHI
MIPU3HAKOB, COCTOSHUI M BO3JEHCTBUH, MOKa3aHa BO3MOXHOCTb TMOKON MHTEPNpETAluU JaHHbIX,
MOCTYNAIOUINX U3 Pa3INYHbIX UCTOYHUKOB. B [16] mpennoxkeHo ucnonbp3oBaTh HEPAPXUIO TPOTYK-
LIMOHHBIX MPABUJI, OCHOBAaHHBIX Ha OHTOJOIMYECKON CTPYKType 00bEKTa, [Ulsl aBTOMATU3aLUH JH1a-
THOCTUYECKHUX MPOLEAYp U NPUHATHS PELICHUH B yCIOBUAX HenosHOW uHpopmanuu. B [17] onro-
JIOTHsl MCTIOJNIb3YETCSl KaK KapKac JUIsl CONOCTaBIEeHUs HU(POBBIX MOJIesIel pa3pyLICHHBIX CTEpKHE-
BBIX CUCTEM C peajbHbIMU 00BEKTaMU. DTO MO3BOJISIET (POPMUPOBATH 0OOCHOBAHHBIE MTPEIOKEHHS
10 TEXHUYECKOMY BO3JICHCTBHIO, YUUTBIBAs PA3IMUHbIe HCTOYHUKH HH(DOPMAIIMH O MOBPEKIECHUIX
u oOcTaHOBKe B 3Kciuryatanuu. B [18] paccMoTpen moaxoa k moctpoenuto OM Ha mipumepe Mo-
CTOBBIX KOHCTPYKIIMI U MPUBOJATCS KOHKPETHBIE ITPaBUIIa, YTO 1M0O3BOJsAET onleHnBath TC o0ObeKkTa
Ha OCHOBE Ha0JII0/1aeMbIX PU3HAKOB (HAIPUMED, TPELIHH).

Jns 3agau [P B IITO oHTONOrMK O3BOMSIOT CTPYKTYPUPOBATh 3HAHUSI O TUIIOBBIX CUTYaIU-
X, 00CTY)KMBAIOLINX JACUCTBUAX, HOPMAaTUBHBIX OTPAHUYEHUSAX U MPEANOUYTHTEIbHBIX CTPATETHIX
peMoHTa. ApXHUTEKTypa IU(GPOBOro JBOMHUKA JUIsl JUArHOCTUKU HEUCIPABHOCTEH B MPOU3BOI-
CTBEHHBIX CHCTEMax paccMoTpeHa B [19] U mpeu1oskeHO pacIiiupuTh KOTHUTUBHBIE CBOMCTBA U (-
POBBIX JBOWHHUKOB, I/I€ 3HAHMS 3KCIEPTOB, CEMAHTUYECKAsi COBMECTUMOCTb U JIOTHUECKUN BBIBOJL
UCIIOJIb3YIOTCS B IPUHATUY PEIICHUI B 001acTu 00CIyKUBaHUS 000py10BAHUS.

OHTOJIOTUHU HAXOJAT LIMPOKOE MPUMEHEHUE B MOJIETUPOBAaHUY Ku3HeHHOro nukia (JKIL[) obo-
pynoBanus. Meronosorus, npeuioxkentHas B [20], JOMOIHAET pacCMOTPEHHBIE NIOIX0/Ibl BBEIEHH-
€M MHOTOYPOBHEBOW CTPYKTYPbl OHTOJIOTUH, B KOTOPOW pazM4aloTCsl yPOBHHU KOHIIENITOB — OT 00-
KX MOHATUN 10 KOHKPETHBIX 00BEKTOB 000pynoBanus. Takum oopazom, OM, yuntsiBatomiue KL]
U KOHTEKCT KCIUTyaTalluM, 00ecle4nBa0T TOYHOCTb, aJalITUBHOCTh U IPUMEHUMOCTh B YCIIOBHSIX
HPOMBIIIJICHHOHN SKCIUTyaTalluu 000PYA0BaHMS.

Takum 00pa3om, akTyalabHOU 3amaueld CTaHOBUTCS pa3paboTtka OM, crmocoOHON 0O0BEAMHUTH
pa3IM4YHbIe YPOBHM 3HAHUH — OT OMHMCAaHUS OOBEKTAa M MPU3HAKOB JI0 ONpEACICHUS ICHCTBUS H
obecreunTh ux HOpMaIIM30BaHHOE, IOTUUECKH CBSI3HOE MPEACTABICHHE B ITU(GPOBOM cperie.

2 [octaHoBKa 3apgayun

Cucrema IITO Ha MHOTUX HPEINPUITHUIX CTPOUTCS HA OCHOBE HOPMATUBHO-CIIPABOYHOM HH-
dbopmaruu (epeuHu 000pyIOBaHMS, KIACCU(DUKATOPHI TUIIOBBIX padOT, HOPMbI PEMOHTHBIX IHK-
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JIOB, METOBI KOHTPOJIS U Jp.). DTU JaHHBIE B OOIBIINHCTBE CBOEM (HOpMaTN30BaHBbl, YTO MO3BOJIS-
€T aBTOMAaTU3MPOBATh IUIAHUPOBAHUE PEMOHTOB U JJOKYMEHTOOOOPOT. OHAKO JEHCTBYIOIIUE MO-
JIeJIA OCTAI0TCS OTPaHMYEHHBIMU B YaCTH MpeACTaBIeHUs 3HaHui 0 peasbHOM TC 060pyaoBaHus.

[TpakTHKa SKCIUTyaTauu 000pYJOBAaHUS HA TMPEANPHUSITHN MTOKA3bIBAET, YTO UH(OPMAIIHS O Je-
rpajganuy 00opyI0BaHUs M OTKIOHEHUSX OT HOpMaiabHOro TC OOBIYHO COAEPKUTCS B TEKCTOBBIX
OIHCAHMSIX aKTOB OCMOTPOB, I€(PEKTHBIX BEAOMOCTEH, OTUETOB U ONEPATUBHBIX JKypHAJIaX. AHAIN3
OMMCAaHUN TOKA3bIBAET, YTO B OJHOM (PparMeHTe TEeKCTa MOTYT OJHOBPEMEHHO MPHUCYTCTBOBATh
9JIEMEHTHI PA3JIMYHBIX YPOBHEW: onmucaHue (hu3n4eckoro oObeKTa (HampHuMep, «IITOK KJIaraHay),
HaOJIOaeMbIi MPU3HAK (Hanmpumep, «0ombInoi modT»), onernka TC (Hapumep, «I0MyCTUMO, HO
TpeOyeT HaOIIOACHUA») M YCIOBUS SKCIUTyaTalluy (HalpuMep, «arpeccuBHas cpenay). Kak npasu-
1o, cuctemsl [1TO He obnangatoT cpeacTBamu GOpMaNbHOTO MPEICTABICHHS TAKMX MHOTOYpPOBHE-
BBIX 3HAHUI M HE 00eCIECUNBAIOT JJOTHUECKUX CBA3EH MEXKIY YCIOBUSMHU, PU3HAKAMH, COCTOSHUSI-
MU U JEHCTBUSMHU. DTO 3aTPYIHSICT aBTOMATUYECKUN aHAIN3 MOBTOPSIOLINXCSA CUTYyalHii, 0000111e-
HUE OIIbITA, a TAKXXE HCKIIOYAET BO3MOYKHOCTH CO3/aHMS KOHKPETH3UPOBAHHBIX PEKOMEHIALUH,
YUUTBHIBAIOIINX YCIOBHS SKCILTyaTalluy KaXKJOT0 SK3EMILIsApa 000y IOBaHHUS.

B ycnoBusix nepexoza kK muppoBeIM KOHTYpaM yrpasienus u cucremam [1I1P craBurcs 3amaua
pa3pabotku OM skcneptHbix 3HaHui B [ITO, o0benuustOmEil pe3yabTaTbl OCMOTPOB M YCIOBHMA
aKkcruTyatauu u ooecrieunBaromiei [1T1P B TITO.

3 locTpoeHue OHTOMOrM4YECKOMN Moaesniv 3KCNepTHbIX 3HaHUU

[IpennaraeMplif MOAX0J OCHOBAaH Ha MOJIOKEHUSAX CTAaHAAPTOB, PETJIaMEHTHPYIOIIUX HAHEXK-
HOCTHO-OPHCHTHPOBAHHOE TEXHUYECKOe 00cTyKnBaHue [21] ¥ ycTaHAaBIMBAIONIUX TpaBHUiia MOHU-
topunra TC ob6opynoBanus [22], a Tak)Ke IPUHLUIIAX OHTOJIOTHYECKOTO MPOeKTUpoBanus [23, 24].

3.1 VICTOYHUKM 3HaHUI HcTounnky 3HaHUH UL IOCTPOEHUSI OHTOJIOTMYECKOM MOJEIN
Knaccnpukanus HCTOYHUKOB 3HAHUI CTpyKTypHpOBaHHEIE HectpykTyprpoBaHHEIe
IIPEJICTaBJIEHA HA PUCYHKE 1. H= H = H = H - -
<
Cpenu CTPYKTYpUpPOBaHHBIX HCTOY- % = z = 5 = =],
HUKOB  BBIICIIIOTCSA:  HOPMATHBHO- 2 g s ||z HIEEUE SHE
Q o > Q Q
TEXHUYECKas JOKYMEHTalus, TEXHUYe- 2 ||z § £=|]2 HERE q:)[ A1ER:
2 = (= SE=
CKasg M OHKCIUTyaTallMOHHAs JOKYMEHTa- S & Eg ERIEEIRE § § I EE
< = = = = = © =
nus (HampuMep, PYKOBOJCTBA IO JKC- S E|l 2 ¢ s [|g & R Z5 E =
< 4] 2 4
Iyaranum), KiaccuukaTtopsl neheKToB S ER IR EE N ERIEE R ER
> 5°ll¢g ¢ & E = sellgells gllse
U Jp. (Hampumep, CIPaBOYHUKH TEXHU- z 8 1l = % gl ﬂ% =llz °
=
YECKUX XapaKTePUCTUK O0OPYIOBAHMA). = = s |2 g 8 =g sl
% < Q =
K uncny HeCTpyKTYypHpOBaHHBIX HCTOY- = o 3 &

HHUKOB OTHOCATCA PE3YyJIbTaTbl OCMOTPOB,

COZEPKAIME TEKCTOBBIE ONKMCAHUSA BU3Y- Pucynok 1 — cTouHWKH 3HAHMIN JUT UCTIOJIb30BAHUS
QJIbHBIX MPU3HAKOB, 3aIHCH B Pa3INIHBIX B OHTONOTHECKOH MOZEMH

YUETHBIX ONEpPATUBHBIX >KypHajaX, BKIIIOUarolye 3kcnepTHeie oneHkn TC u mapaMeTpbl yCiaoBHM
OKCILTyaTaluu.

3.2 XapaktepucTtuka npeameTHom obnactu (npumep)

IIpO unccnenoBanmsa oxBaThiBaeT mporeccel [ITO 3amopHON M perymupyromei apMaTypsl, SKCITyaTHPYyeMOi B
TEXHOJIOTHYECKUX CHCTEMaX XMMHUYECKOTO MpOM3BOACTBA. K maHHOMY Kiaccy 00OpYHOBaHHS OTHOCSTCS MPOXOHBIC
CelleNbHbIEe KIallaHbl, IPEJOXPAaHUTENbHbIE KIIAMaHbl, PETyJIUPYIOIINE KIANaHbl U 3JIEKTPOMATrHUTHBIE KIIAllaHbl pas-
JIUYHBIX TUTIOPa3MEPOB. DTH U3AETHS Pa3IndaoTcs Mo (QyHKIMOHAIFHOMY Ha3HAUYEHHUIO, OAHAKO 00IagaroT OOUIMH
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KOHCTPYKTUBHBIMU MPU3HAKAMHU U CXOXKeH CTPYKTYypOH JaHHBIX, 4YTO MO3BOJISIET pacCMaTpUBaTh UX B €IMHOM OHTOJIO-
THYECKOM KOHTEKCTE.

Kaxnprii xnamad npeacTaBisieT co00i TEXHHYECKYIO CHCTEMY, BKIFOUAIOIIYIO KOPITYC, CEUI0, 3aTIOPHBIA 2JIEMEHT
(30JI0THUK, TITyHXKEP), NPYKHHHBI MEXaHH3M, YIUIOTHHUTEIbHBIC 3JIEMEHTHl M NPUBOA. B mpomecce skcmimyaranun
HauOONBIINE HArpy3KH M W3HOC HCIIBITHIBAIOT 3allOPHBIC M YIUIOTHSIONIME JETAJN, B3aUMOJCHCTBYIOIINE CO CpPEelon
T10]] IaBJICHHEM. B JIOKyMEeHTaIuy 1 1aHHBIX OCMOTPOB BBIJIEIISIIOTCS] THIIOBBIE JAETANN U Y3JIbl, (JOPMUPYIOIINE OCHOBY
JUISL OTIMCAHUSI OHTOJIOTMYECKUX KJIAcCOB (KOpITyC, Ceasio, MITOK, MPYXHWHA, YIUIOTHEHNE U 1p). B mpodunakruueckom
00CITy’KMBaHUHN BBISABIISIIOTCSI XapaKTepHbIE e(EKTHl U MOBPEKACHHS, CBSI3aHHBIC ¢ KOPPO3HUEH, H3HOCOM, nedopmann-
el U HapylIeHHEeM TepMETHYHOCTH. PacrpocTpaHéHHbIe MPU3HAKH, (UKCUPYEMBbIE B PE3yJibTaTaXx OCMOTPOB, BKIFOUa-
10T, HalpUMep: KOPPO3HOHHBIE TIOBPEXKCHUSI KOPITyCca MJIM Ce/jia; M3HOC YIUIOTHHTENBHBIX JJIEMEHTOB; OcliallieHHe
IIPYKUHBL; 3aIrPS3HEHUE BHYTPEHHHUX IIOJIOCTEH; U JIp.

Jlng mpoBeieHus aHal|3a Pe3yabTaTOB OCMOTPOB BBIACISIOTCS CIEAYIONINE MapaMeTpsl YCIOBUIl SKCIUTyaTalliuu:
arpecCUBHOCTH Cpebl (HOpMaslbHAsl, TIOBBIIICHHAS HJIM BBICOKAs); KPUTUYHOCTH 00OPYJOBaHUS (3HAYMMOCTh OTKa3a
JUISL TEXHOJIOTHUYECKOTO TIpoliecca); ToJ1 N3roTOBJICHHs (BO3pacT 000pyaoBaHus); HApaOOTKa (BpeMs) OT MPEIbIAYIIETo
0CMOTpa; UCTOPHS OTKA30B.

OTH nmapaMeTpsl 00pa3yloT KOHTEKCT, B paMKaX KOTOPOT'O BBINOJIHSETCS MHTEPIIPETalus IPU3HAKOB U (GOPMHUPY-
I0TCSI PEKOMEH/IALINH 110 00CITyKHBaHui0. Hamnpumep, ai1st KJ1anaHOB ¢ BBICOKOM KPUTHYHOCTBIO M arpeCCHUBHON Cpenoi
Jla’ke HE3HAUUTENIbHbIE MPU3HAKH M3HOCA MOTYT CIIYy>)KUTh OCHOBAHUEM MJII JOCPOUHOM 3aMEHBI MJIM BHEOUEPEIHOTO
00CITy’)KMBaHHMsI, TOT/Ia KaK Ul KJIAllaHOB HOPMaJbHON KaTEropvH JOITYCKAaeTCsl IUIAHOBOE yCTpaHEHHE JC(PEKTOB B
pamkax odepennoro mukia. I'padux [ITO ompenenseT MepuoIUIHOCTH OCMOTPOB, BUIBI TEXHUYECKHX BO3JICHCTBHIA
(ouncrka, peryiaupoBKa, 3aMEHA YIUIOTHEHHUH, IPOBEPKA TEPMETHIHOCTH U T.I1.), @ TAKXKE MO3BOJISIET COTJIACOBATH 3a-
TPy3Ky PEMOHTHBIX OpHTrag 1 MUHUMHI3HPOBATH IPOCTOH TEXHOJIOTHYECKOTO 000pyaoBaHus [25].

3.3 CTpykTypa 3HaHui

AHaJIN3 UCTOYHUKOB 103BOJISIET BBIIEIUTH MATh B3aUMOCBSA3aHHBIX OHTOJIOTHYECKUX YPOBHEH,
o0ecreunBaroOIIKX OJHOTY MPEACTABICHUS SKCIEPTHBIX 3HAHUH (CM. PUCYHOK 2).

ITaciopTHbIe
XapaKTEePUCTHKH,
TOJ1 BBIITYCKa

XapaKTEePUCTHKH, MPOSIBIICHUS AC(EKTOB,

VHuBHyaIbHbIC OrnvcaHue NPU3HAKOB
HCTOPHS OTKa30B HapyLICHHH

Tumnorsie

JeeKTh
XapaKTepUCTHKH
MeCT pa3MelleHus, Onucanus
z >
gl(:gl(;fl;:Tauﬂl/l lpmsias,
Knaccudukarop b
o |
ede?
XapaKTepUCTUKU e,
KiaccupuKaTopa, . Kontexct @‘N
THIIBL, BHIBL, SKCIUTYATALHN o
T KJIaCCHI Y
MKJI 0bopyaoBaHHs b
710y,
Sen,

00CITy)KUBaHUS

onpedensiem

TexHnuueckoe
COCTOSTHUS

Hopmsr
MEKPEMOHTHOTO
npodera, HOpMBbI

/

/ 00CITy)KHBaHUS

Crarycsl,
Tpagux ITTO Onwucanns,
ITapameTpst
CpoKy, UCIIOTHUTENN / Kareropun, / HnACHTH(HKALNH
IIPUOPHUTET, OY4EPETHOCTH Onenka

PI/ICYHOK 2 - KOHHGHTyaHLHaﬂ CX€Ma OHTOJIOIHMH l'[pO(l)I/IJ'IaKTI/I‘IeCKOFO TCXHUYCCKOT'O O6CJ'Iy)KI/IBaHI/I$I
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1) obvexmuuiii ypogens MPeACTaBIACT 000PYLOBAHHE M €r0 COCTAaBHBIC YacTH (HAaIpHUMeEp, KOPIYC, MITOK, CEAN0 U
Jp.), 00JIaaomye KOHCTPYKTHBHBIMH, ()YHKIIHOHAIBHBIMHE U MAaTePHAIbHBIMH XapaKTePUCTUKAMHU.

2)  npusHaKoewiil ypogeHv COICPKUT HabIIoJaeMble NMPU3HAKU OTKIOHCHHWH, BBIABISIEMBIC B IIPOLECCE OCMOTPOB
(HampuMep, KOppo3us, MOTEKH, AedopMaItws, JTOPT U 1p.).

3)  Kommexcmmblil Ypo6eHb OIUCHIBACT YCIOBHS DKCIUTyaTaluy (HAaIpuUMep, TeMIIepaTypa, arpecCUBHOCTB CPEJIB,
PEXKHUMBI HATPY3KHU M JIP.), BIMSIONIME KaK Ha ITOSBJICHHUE IPU3HAKOB, TaK U Ha JOIyCTHUMOCTH onpexnenéunoro TC.

4)  oyenouHblll YPoBeHb COLNEPIKUT dKCIepTHBIE cyxaeHus o TC oObekTa (Hampumep, HCIIpaBHO, TpeOyeT HaloIe-
HHSI, HEUCTIPABHO U IIP.).

5)  pexomenoamenvuulii ypogeHs CBSI3bIBACT OLEHKU M KOHTEKCT C THIIOBBIMH JEHCTBHAMH IO OOCIY’KHBaHHMIO, pe-
TJIIaMEHTHBIMU MEPONPUATUAMU UIIU JONIOJIHUTECIbHBIMU OCMOTpPaMU.

Beinenensr cymuocta [IpO u ux OTHOIIEHHWS M MpoBelIeHA (OpManu3anys ypoBHEH B BHIEC
KJIacCOB M cBOMCTB. OM MO3BOJISET YUUTHIBATH OOHAPY)KEHHBIE NEPEKTHl U YCIOBHSA, B KOTOPHIX
IKCIUTYyaTUPYETCS] OOBEKT.

3.4 B3anmogencTeme mexay yYpOBHAMM OHTONOMMYEeCKon Moaenum

[Tepexoasr Mexay ypoBHsiMu OM (opMann3oBaHbl CIEAYIONIUMU O0TOOpakeHusmMu. M3 mHO-
KECTBa PE3yIbTATOB OCMOTPOB [ M3BIEKAETCS MHOXECTBO MPU3HAKOB S C MOMOIUIBIO (PYHKIIMH
f1:1—S. Ha ocHOBEe MHOKECTBa NMPU3HAKOB S M MTapaMeTpoB KoHTekcTa C onpenersieTcs mpenoa-
raemoe cocrostuue oobekra 1 pynkuuenn f>:SxC—T. Kax1oMy COCTOSHUIO COMOCTaBIsIeTCs JeH-
CTBUE 1O o0CTyXuBaHUIO A QpyHKIHEH f3.T—A.

Takum obpazom, ciioxkHasi GyHKIUS TpuHATUA pertenus umeet Bui: f(O)=f3(f>(f1(lo),Co)), Tae:
1o — pe3ynbTathl 0cMOTpOB 00BekTa O, Cp — MapamMeTpbl KOHTEKCTA dKCIUTyaTanuu o0bekTa O, pe-
3ynbmam — oeticmaue A, yauThIBaroliee Npu3Haku J1e(eKTOB U YCIOBUS HKCILTyaTal[lH.

3.5 KOMNOHEHTbI OHTONOrM4YeCckon mMogenu

B Tabmune 1 npuBenéH mepedeHb KOMHNOHEHTOB OM C MOSICHEHMSMM MX Ha3HA4Y€HHUS, TJe
MIPEJICTaBICHHbIE KJIACChl (POPMHUPYIOT KOHILENTYalbHY0 ocHOBY OM, ompenenss e€ npeaMeTHyIo
cTpyKTypy. Kaxnplil knacc orpaxkaer oTaenbHblid acriekt 3HaHuil o TC oOopynoBanus — OT mep-
BUYHBIX HAOIIOIEHUH 10 GOpMaTU30BaHHbIX PEIICHUH.

Ta6mauma 1 — Kimaccsr mogenn

HaunmenoBanne 0O0o03Ha4YeHUEe Omnwucanue

Texanueckuit TechnicalObject OnuceiBaeT TeXHUUECKUH O0BEKT (€AUHHUILY 000PYI0BaHUs), K KOTOPOMY

00BEKT OTHOCSITCSI OCMOTPHI M ITapaMeTphl KOHTEKCTA

Pesynprar Inspection HadanpHblil HCTOYHUK HH(POPMALIUH, COACPXKAIIUN TEKCTOBOE OMHCAHHE

ocMoTpa BH3YaJIbHOTO cocTosiHUsL 00OBekTa. IlpencraBmser coboif (axkTmdaeckue
HaOJroIeHNs, 3a(pUKCHPOBAaHHBIC SKCIIEPTAMH I OTIEPATOPAMH

[pm3Hak ObservedSign [ToTeHIIMaTbPHO CBUACTEIBECTBYET O HAPYIICHHUAX U SIBISCTCS MPOMEXKY-

TOYHBIM 3BEHOM MEX]y HECTPYKTYpHpOBaHHOW MH(popmarmeld u eé€ gop-
MaJII30BaHHBIM OIMCaHHEM

Konrexkcr axe- ContextParameter | Bxinodaer mapaMeTpsl, BIMSIOIINE HA JJOMYCTHMBbIC OTKJIOHEHUS U TpeOo-
TUTyaTaluu BaHMs K OOCITYy)KHBaHHUIO: KPUTHYHOCTH OOBEKTa, arpeCCUBHOCTH CPEJIbI
IKCIUTyaTaly. DTU MapaMeTphl yIaCTBYIOT B JIOTHKE OINPEEJIEHUs COCTO-
SIHUSI M IPUOPUTH3AIMN PEKOMEH AL

Texuuueckoe TechnicalState dopmanu30BaHHAas KaTeropus, 0600mIaronas COBOKYITHOCTh TPU3HAKOB C
COCTOsIHUE y9ETOM yCIOBHH dKCIUTyaTaruy. [103BONIIET CHCTEMAaTH3UPOBATh OOBEKTHI

I10 CTCTICHU OTKJIOHCHUA OT HOPMBI U HOTCHHHaHBHOﬁ YIpo3€ OTKasa
[eiicTBue 1o MaintenanceAction | 3aKiIOYNTEIHHOE 3BEHO B IIEMIOYKE BBIBO/IA — KOHKPETHAS! PEKOMEH Ialns
00CITy’)KHBaHUIO 10 BMEMIATEIBCTBY, OOCTYKHBAHUIO I HAOIOICHHIO

oM JOITIOJIHACTCSA anI/I6YTaMI/I, ONPCACIIAOIINMU CBOMCTBaA OK3CMIIISIPOB KJIACCOB U obecre-
YHUBAKOIIMUMH BO3MOXKHOCTB JIOTHYCCKOI'O BhIBOAA.
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3.6 VIHCcTpyMeHTanbHble cpeacTaa

OM 1oCTpOeHa ¢ HCIHONMB30BaHHeM Oubmotekn Owlready?2', npenHa3sHAYEHHOM IS PAGOTHI ¢
onrosorusmu B popmare OWL (Web Ontology Language®) B cpene Python, 4T 1103B0NHIO 06ec-
MEYUTh OOBEMHEHNE OHTOJIOIMYECKON CTPYKTYPBI C MPOIETypHOH JIOTUKOM 00pabOTKH TeXHUYe-
CKHX OCMOTPOB U BBIpAOOTKM pexoMmeHjanuii. Beibop mHcTpymMeHTapus oOycloBieH (yHKIUO-
HAJIbHBIMHA BO3MOKHOCTSIMH Oubnmuorekun Owlready? v TEXHOIOTUYECKOW COBMECTUMOCTBIO C MH-
dpactpykTypoii HHPOPMAIMOHHOH CHCTEMBI . [IpenMyIecTBOM JaHHOrO HHCTPYMEHTAPHS SIBIIS-
eTcs HaJIM4Ke MOAEPKKU KinaccoB OWL, 0ObEKTHBIX M aTPUOYTHBHBIX CBOWCTB, MEXaHU3MOB JIO-
TUYECKOT0 BBIBOJIA, & TAKKE BO3MOKHOCTH BBITTOJTHEHHUS SPARQL4-3aHp000B.

WnrtepaktuBHas cpena Jupyter Notebook® 103BOIMIA 06ECIICUNTD MOIMIATOBYIO IIPOBEPKY JIOTH-
KU MOJICNIM ¥ BHU3YyaJHU3alUIO0 MPOMEKYTOUHBIX U UTOTOBBIX PE3yJbTaToB. [l mpenBapuTenbHOI
00pabOTKM JaHHBIX, 3arPy3KH TAaOIUI], (GOPMUPOBAHHS OTUYETOB M BBHIMOJIHEHUS TUATHOCTHYECKUX
POBEPOK MPHMEHEHBI HHCTPYMEHTHI 6uOIHOTeKH pandas’. Moy BU3yaln3alii OCHOBAHbBI Ha
oubnoreke matplotlib’. CTpyKkTypa MOIylIel IpOeKTa mpecTapieHa B Tadmune 2. OHTONOTHs CO-
xpansercs B hopmare RDF/XML v MOXeT ObITh SKCIOPTUPOBAHA B APYTUE CUCTEMBI.

Tabnuna 2 — Moaynu mpoekta

Moynb Onucanue
ontology builder.py ITocTpoeHre U HAMTOJHEHNUE OHTOJIOTMU Ha OCHOBE MCXOJIHBIX TaHHBIX
ontology keywords.py CrnoBapy IpU3HAKOB, COCTOSHUN U KOHTEKCTHBIX MTPABUII
ontology logic.py Jloruka BbIBOJIa COCTOSTHUM U JICHCTBHIA
out report.py DkenopT U HopMATUPOBAHUE OTYETOB B SJICKTPOHHBIC TAOJIHUIIBI
ontology visualizations.py Buzyanuzauus pacnpeneneHust IpU3HAKOB U COCTOSHUM

3.7 ATpubyTbl Knaccos

Jlist paboThl JTOTUKM BBIBOJIA TPEOYETCsl UCMOIb30BaHUE HE TOJBKO OHTOJIOTMYECKHX KIIACCOB,
HO M MX aTpuOyTOB — CBOMCTB, (POPMAIN3YIOUIMX KOHKPETHBIE 3HAUEHHUS, OMMUCHIBAIOLINE COCTOS-
HHUe 00beKTa (cM. Tabauily 3). DTH CBOMCTBA MO3BOJISIOT MOJIENU CTPYKTYPUPOBaTh HH(POPMALIHIO U
BBIMOJIHATH HaJl HEHM JIOrMYecKre JeHCTBUS, Harpumep, (GuibTpalus Mo Bo3pacTy 00beKTa, Mo TUITY
Cpelbl, 0 YPOBHIKO KPUTUYHOCTH, ITOJTYyYEHNUE UTOTOBBIX PEKOMEHIALNN U JIp.

Tabnwuma 3 — ATpUOYTHI KIIACCOB MOJISITH

Kiacc ATpuOyT Tun Ha3nauenue
TechnicalObject name Crpoxka Wnertudukatop 00beKTa 00CITY)KUBAHUS
obj type Crpoxka Tun obopynoBaHus

manufactureYear | llenoe unciio | I'ox BbIycka 000py1oBaHust (BBOAA B SKCILTYaTAIHIO)
criticality Crpoka YpOoBEeHb KPUTHUHOCTH OTKA30B
environment Crpoka XapakTepyuCTHKA CPe/Ibl AKCIUTyaTalluu
Inspection inspection_date Jara Jlata npoBenieHust ocMOTpa
inspection_text Crpoka TekcroBoe onucaHue pe3yapTaTa 0CMOTpa
ObservedSign sign_name Crpoxka HaumeHnoBaHue npusHaka
TechnicalState state_description Crpoxka Onucanue coCTOsTHUS
MaintenanceAction | action_description | Ctpoka TekcT pekOMeHAyeMOoro JeicTBus

! https://pypi.org/project/owlready?.

% https://www.w3.org/OWL.

% CugerenbeTBo 0 roc. peructp. mp. st DBM Ne 2025612152 Poce. ®. Cucrema YIpaBlICHUSI TEXHUYECKUM OOCIY)KHBaHHEM U
pemonTamu obopynosanust (CMMS) : 3asBi. 23.01.2025 : ony6u. 28.01.2025 / M. A. HacoHos.

* https://www.w3.org/TR/sparql1 1-query.

> https://jupyter.org.

® https://pandas.pydata.org.

7 https://matplotlib.org.
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3.8 Cxema norm4yeckoro BbiBOAa

Jloruka paGoThl MOJIEH BBIMOJHSET MOATAIHBIN MMEPEX0] OT Pe3yIbTaTOB OCMOTPa K (GOpMHU-
poBaHu0 000cHOBaHHOM pekoMeHaauu 1o I[1TO (cm. pucyHok 3).

ITonyuenue \ W3Bneuenue Vyer \ \
\ \
3aInCH ¢ MIPU3HAKOB \ \| UnTepnperanust \| PopmupoBanme
KOHTEKCTa ) .
pe3ysbTaroM / TEXHHYECKOTO /| cocrosiHus /| AeiicTBus
/ /| akcruryaranuu / /
0CMOTpa COCTOSTHUSI 00BEKTa / /

PI/IC}/HOK 3 — Cxema JIOTHYeCcKOro BbBIBOJIa

[Tocne momydeHus: pe3yabTaToB OCMOTPA MPOU3BOAMUTCS BBIICICHUE MTPU3HAKOB M3 TEKCTOBOTO
onucanus. [l 3TOro UCHOIb3yeTcs CI0BAph MPU3HAKOB, B KOTOPOM KaXJIOMY KIIFOUEBOMY CIOBY
COIocTaBiIeH (hOpMaNIn30BaHHBIN MPU3HAK, a TAKXKE CBS3aHHOE ¢ HUM Bo3MokHOe TC. AHanu3 Tek-
CTa OCMOTpA OCYILECTBISETCS MO MPABHIY MOJHOTO WM YaCTUYHOTO COBMAJCHUS C KIIIOUEBBIMHU
cioBamu. OJIMH pe3ysbTaT OCMOTPA MOXKET COJEPKATh HECKOIBKO MPU3HAKOB, KaXK/IbI U3 KOTOPHIX
yuuThiBaetcs npu onpenenenun TC. [ kaxa0ro TeXHUUECKOro 00beKTa YUUTHIBAIOTCS MapaMeT-
PBI, OTIPENENSIONINE KOHTEKCT IKCILTyaTaluu (TO/ BBITyCKa 000PYAOBaHUS, YPOBEHb KPUTHUYHOCTH
OTKa30B, XapaKTePUCTHKA Cpellbl AKCITyaTanuu). KOHTEKCT oKka3bIBaeT HEMOCPEICTBEHHOE BIIHS-
HUE Ha OIICHKY BBISIBIICHHBIX NPU3HAKOB. Hampumep, Hann4ne moTEKOB HA 00BEKTE, SIKCILTYyaTHPY-
IOIIEMCS] B arPECCUBHOM Cpefie U C BBICOKON KPUTHYHOCTHIO, OLIEHUBAETCS KaK 0OoJiee 3HaYMMOe OT-
KJIOHEHHE, YeM Ha 00BEKTE C HU3KOW KPUTUYHOCTHIO B HOpMaJIbHOM cpefie. Ha ocHoBe COBOKYITHO-
CTH TPU3HAKOB M KOHTEKCTHBIX (haKTOpoB ompenensercs npeanonaraecmoe TC. OyHKIus MOIys
ontology logic.py peanu3yer npaBuiia COOCTaBIEHUsI IPU3HAKOB U COCTOSIHUM:

"  [PUOPUTET COCTOSHUHN (HaIpUMeEp, PEMOHT UMeeT OOJIBIINN BEC, YeM BMEIIaTeNILCTBO);
"  JMarHOCTHKA B CIIy4ae OTCYTCTBHSI IPU3HAKOB — 00beKTy npucBauBaercs TC «B HOpMeEY;
= 00paboTKa HEOoNpeaeIEHHOCTH (HampuMep, HAINYME MPOTUBOPEUUBBIX MPU3HAKOB WM HENO0-

CTaTOYHON MH(OpMaLUu NPUBOAUT K NpucBoeHUI0 TC «HE onpeneaeHo»).

[Tocne onpenenenust TC GpopmupyeTcst peKoMEeHJaIMs 10 00CITYKUBAHHIO, IIPH 3TOM MOAYJIEM
ontology logic.py yIUTBIBaIOTCS:
=  0azoBoe aelicTBue, cooTBeTcTBYOMEe TC (Hanmpumep, peMOHT — IPOBECTU PEMOHT);

*  Moau(UKAIKUW ACWCTBUS B 3aBUCHMOCTH OT KPUTHYHOCTH (HAIpUMEp, IPU BBICOKOW KPUTHY-

HOCTH J100aBJIsIeTCsl yKa3aHUEe Ha CPOUHOCTD);

"  YTOYHEHHE I10 arpECCUBHOCTHU Cpe/bl (Harpumep, 100aBiIsIeTcss TpeOOBaHUE MOTHOW pa30opKu

WM YCUJIIEHHOTO KOHTPOJIS).

3.9 ObpaboTka HenonHom nHopmauun

OcobennocTthio mocTpoeHHo OM sIBIsIeTCS CIOCOOHOCTh CUCTEMHO 00padaThIBaTh HEOMpee-
JAEHHOCTD B UCXOAHOM nH(popMmaru. Eciu B TekcTe ocMOTpa He 0OHAPYKEHO HU OJHOTO KIIIOUEBO-
IO CJI0BA, COOTBETCTBYIOLIETO MPU3HAKY U3 CIOBAPs MOAYJs ontology keywords.py, TO 3T0 MOKET
O3HayaTh JMOO OTCYTCTBHUE TEXHHYECKHUX 3aMEUYaHUU (B Cllyyae, €CIIM TEKCT SIBHO YKa3bIBAaCT Ha
HOpMY, HallpUMep, «3aMEYaHWW HeT»), MO0 HEMOJIHOTY WM OUIMOKY B ONHCAHUU PE3yJbTaTOB
ocMOTpa (HampuMep, CIUIIKOM KPaTKHd WM HENOHATHBIN TeKcT). [l pa3inuueHust 3TUX CIIy4aeB B
OM BBeIeHO MPaBUIIO: €CIIU TEKCT COACPKUT MapKephl TUIA «3aMEYaHUN HeT», 00BEKTY MPUCBaH-
Baetca TC «B HOpME» U OPMHUPYETCsl peKOMEHaNs «He TpebyeT obcmyxuBaHus». Ecnu Takux
MapKepoB HET U NMpHU3HaKU He HaiaeHbl, TO TC 00beKTa OMUCHIBAETCS KaK «HE ONPENEIEHO, a Pe-
KOMEHJAIMsI — KaK «HEAOCTaTOYHO JaHHBIX JJIS 3aKITI0UCHUS.
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Ecnu B oHOM OCMOTpE OIHOBPEMEHHO MPUCYTCTBYIOT IMPU3HAKH, KOTOPbIE IPH OOBIYHOI J10-
T'HKE BBIBOJIA COOTBETCTBYIOT paszianuHbiM TC (Hampumep, U «KOPPO3Us» — PEMOHT, U «IIOTEKU» —>
BMEIIATENILCTBO), TO HCIOIb3YETCS HepapXusl IPHOPUTETOB:

" KaXJ0MY IIPU3HAKY COOTBETCTBYET 0Aa30BOE COCTOSHUE;
*  TC ynopsitoYeHsl 10 CTENICHW BAKHOCTH (HAIIpUMep: HopMa < BMELIATEILCTBO < PEMOHT);
=  BpIOMpaeTcsa Hanbosee xécTkoe u3 Bo3MOxkHbIX TC.

DTO MO3BOJISIET TAPAaHTUPOBATh, YTO BOSMOKHBIE PHCKU HE OYIyT HEAOOLCHEHBI.

Ecnu mo 00beKTy 0TCYTCTBYET HH(pOpMAIH O KOHTEKCTE SKCIUTyaTaluy (HarpuMep, He yKazaH
TOJI BBIITYCKA MJIM KPUTUYHOCTH), TO: BO3PACT CUUTAETCS paBHBIM (; KPUTHYHOCTH MO YMOJTYAHHIO
CUMTAETCsl CpelHEH; arpeCCUBHOCTb CPEIbl — HOPMAIBHOM. DTH 3HAUYEHUS HCIOJB3YIOTCS Kak
KOHCEpBaTHBHAs 0a3a, MO3BOJISIONMIAs IPOJOIKUTE GopmupoBanue TC u pekoMeHIanuu, HO C T10-
METKOW 0 HEOOXOAMMOCTH YTOYHEHUS TaHHBIX.

Korja HeBO3MOKHO HU IO IPU3HAKAM, HU 110 KOHTEKCTY AOCTOBEpHO omnpenenuts TC o0bekTa,
OH KJIacCU(UIMPYETCs B CIICHUATBHYIO KATETOPHUIO «HE OIPEAEIECHO». JTO BayKHO JUISL:

"  OIICHKHU KauecTBAa BXOJHBIX JIaHHBIX;
"  JIOTIOJHUTEIBHOTO KOHTPOJIS TIOJTHOTH OCMOTPOB;
"  [PHOPUTHU3AIMH NOBTOPHBIX TPOBEPOK.

Takum 00pazom, OM TO3BOJSET BBISBIATH SIBHO 3aJlaHHBIE CIIydau, 30HBI WH(GOPMAIIMOHHON

HEOTpeeIEHHOCTH 1 00pabaThIBaTh MX B paMKax OOIIEH JIOTHKH.

4 Tpumep paboTbl Mogenu

B xadecTBe MCTOYHMKA JaHHBIX MCIOIB30BAIKCH PE3yJIbTaThl OCMOTPOB 000pyI0BaHus, (par-
MEHT C OIMCAHNUEM KOTOPBIX MpeJICTaBlIeH B Tabaulle 4.

Ta6umua 4 — Mnpopmarnus o pe3yiabraTax 0cMOTpoB ((parMeHr)

OO0OBeKT CopeprkaHue pe3yabTaTa 0CMOTpa
Knaman Ne7 OO6HapyKeHbI MOTEKU U3-TIOJT YIIJIOTHEHUS
Knaman Ne§ OO6HapyKeHBI CIe/Ibl TOATeKaHUsI paboueil >KUJIKOCTH, €CTh TeYUb
Knaman Ne9 Ha kopmyce oOHapy>KeHBI clie/bl BbIIABIUBAHUS CMAa3KH

Knanan Ne36
Knanan Ne31
Knanan Ne55
Kianan Ne32

HaOmonaercst 3aeianne mroka npu padore KiianaHa

HaOmojaercst pacTpecknBaHne M30JIIIMY TIPOBOJIOB HA y3JI€ YIIPABJICHHS
3aMedaHust OTCYTCTBYIOT

Creibl KOppO3UH Ha KPEeN&KHBIX COSIMHEHUSIX TpyOOIIpoBO/ia U KilarnaHa

Pe3ynbrathl 0cMOTpOB ObUIHM 3a()MKCUPOBAHBI B YCIOBMSIX Pa3IU4YHON KPUTUUYHOCTH M arpec-
CHUBHOCTH Cpebl SKCIUTyaTaluu. @parMeHT HHPOPMALMOHHOTO NPEACTABICHUs YCIOBUM IKCIITya-
TalUu 000pyI0BaHMs MPEACTaBIIEH B Ta0IHIIE S.

Tabmmua 5 — Mnpopmanys o KOHTEKCTe SKCIUTyaTaluu o0opynoBanus (pparment)

OOBeKT Tox Kpurnunocts ArpeccuBHOCTb BepositHocTh 6€30T- Konuuectso
BBIITYCKa OTKa3a cpebl Ka3HOW paOOThI B Te- | LHUKIIOB PaOOTHI
YEeHHE CPOKa CITYKOBbI JI0 OTKa3a
Knanman Ne7 2017 Cpennsist Cnabo arpeccuBHas 0,99 4000
Knaman Ne8 2018 Cpennsist ArpeccuBHas 0,99 4000
Knanman Ne9 1998 Huskas ArpeccuBHas 0,98 3000
Knaman Ne36 2015 Beicokas ArpeccuBHas 0,97 2000
Knaman Ne31 2011 Cpennsist Beicoko arpeccuBHas 0,99 4000
Knanman Ne55 2022 Cpennsist ArpeccuBHas 0,99 4000
Knaman Ne32 2014 Huskas Beicoko arpeccuBHas 0,98 3000
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B tabmnuue 6 npuseneHsl 0000MEHHBIE TEKCTHI OCMOTPOB U MPU3HAKU, aBTOMAaTUYECKU U3BIIE-
YEHHBIE U3 HECTPYKTYPUPOBAHHBIX ONMCAHUN C UCIIOJIb30BaHUEM coBaps. IIpu3Haku MOryT BKIIIO-
4aTh KaK €IMHAYHBIC TEPMUHBI, TaK U UX COUYETAHUs, YTO BIUACT Ha JAIbHEHUIIYIO HHTEPIPETALUIO.

Tabnuna 6 — Pe3ynbTaThl OCMOTPOB U U3BJICUEHHBIC IPU3HAKU (TIpUMED)

OOBEKT T'ox Pesynbratr ocMoTpa W3BneuénubIe
BBIITyCKa MIPU3HAKU

Knaman Ne7 2017 | OOHapysKeHbI NOTEKH IToréku
Knaman Ne8 2018 | YTeuka u mOTEKU HA KOpIyce Yreuka, NOTEKU
Knaman Ne9 1998 | Ilpu3Haku pa3pylIeHUs YIUIOTHEHUS Paspymenue
Knaman Ne36 2015 | Hapymienue HOpMaJIbHOI paOOThI IITOKA IToBpexxaenue
Kianman Ne31 2011 Kopnyc yactuyno paspyuieH Paspymienune
Kmaman No55 2022 | 3amevaHuii HET (HeT MPU3HAKOB)
Kiaman Ne32 2014 | Koppo3us 351eMeHTOB Koppozus

B Tabnune 7 mpuBeaeHbI MPU3HAKM M KOHTEKCT JKCIUlyatauuu K QopmanuzoBanHomy TC.
B noruke Moaenu yuyuThIBaeTCs MPUOPUTET KPUTUUHBIX IIPU3HAKOB, BO3pACT 00OBEKTA, a TAKXKE OT-
cyrctBue nnpopmanuu. Hanpumep, B ciayyae o0bexta Knanan Ne55 TC ompeneneHo kak «HOpMay
Ha OCHOBAaHUM OTCYTCTBHUS 3aMEYaHUM.

Tabmuna 7 — HTEpnpeTHpOBaHHBIE COCTOSHUS TI0 MPU3HAKAM U KOHTEKCTY (TIpuMep)

OOBeKT ITpusHax CocrosiHue OcHOBaHNE MHTEPIPETALIH
Knanan Ne7 [ToTéxu BwmemiarenscTBO | BBISIBIEH NPU3HAK CPEHEN BaKHOCTHU
Knanan Ne§ VYreuka, noTékn | BmemaTenbcTBO | MHOKECTBEHHBIE PU3HAKU
Knanan Ne9 Paspyuienue PemoHT KPUTUYHBIN NPU3HAK + TaBHUH I'OJl BBIITyCKa
Knanan Ne36 | IloBpexaenue PemoHT KPUTUYHBIN NPU3HAK
Knanan Ne31 | Paspymenue PemoHT KPUTUYHBIN IPU3HAK
Knaman No55 | (mer mpmsHakoB) | Hopma OTCYTCTBYIOT IPU3HAKH, YKA3aHO «HET 3aMEeYaHUI»
Knanan Ne32 | Kopposus Habmronenne BBISIBJIEH PU3HAK CPEIHEN BaKHOCTHU

Tabnuua 8 cogep kUt npuMep UTOroBeix pekomenaaiuii no I1TO, chopmupoBaHHbBIX ¢ yu€ToM
Bcex (paxropos. Hanpumep, anisa Knanana Ne9 chopmynupoBana xéctkas Mepa — «3aMeHa» — BBU-
1y KpUTHUYHOT'O MTPU3HAKA pa3pyIIeHUs] U UCTEKIIEro cpoka ciyxoObl, a s Kiamana NeS5, skcruy-
aTUPYEMOI0o B HOPMaJIbHOM cpejie ¢ HU3KOW KPUTHUUHOCTHIO, YKAa3aHO OTCYTCTBHE HEOOXOAMMOCTH
BMelaTenbcTBa. [Ipumep mumocTpupyeT NOJHOTY U aaliTUBHOCTh OHTOJIOTMYECKOTO BBIBOAA, JiE-
MOHCTPUPYS KaK MpsSMbIe JIOTHYECKUE 3aBUCUMOCTH (IIpU3HAK — JEHCTBHE), TaK U BIMSHHE KOH-
TEKCTa IKCIUTyaTallud Ha UTOTOBYIO PEKOMEHIALUIO.

Tabnuna 8 — IToroBeie pekoMeHIalluy TI0 TEXHUYECKOMY 00CTYKUBAHUIO (TIpUMe))

OO0BEKT Cocrostane Pexomenmanms

Kianan Ne7 BwmemarenscTBo [TpoBecTn TeXHMYECKOE 00CTYKHBAHNE B INTAHOBOM MOPSIIKE
Knanman Ne§ BwmemarenscTBo [TpoBecTn TeXHIYECKOE 00CITYKHBAHHE B TNIAHOBOM TMOPSIIKE
Knanan Ne9 PemoHT 3aMeHUTh M3-3a UCTEKIIET0 CPOKa CIyKObI, HE PEMOHTHPOBATh
Kmaman Ne36 | PemoHT BBINOIHUTE pEMOHT HEMEIJIEHHO

Knanman Ne31 | Pemont BbIII0JIHUTH PEMOHT B IIJIAHOBOM HOPSLAKE, C NOJHOM JUAarHOCTUKON
Knanan Ne55 | Hopma He tpebyet obcay uBaHus

Knanan Ne32 | HaGmonenue [TpoBecTn TeXHIYECKOE 00CITY)KUBAaHNE B INTAHOBOM MOPSI/IKE

OM (dopmanuzyeT mocie10BaTeIbHOCTh MEPEX0I0B OT HAOJII01aeMbIX TTPU3HAKOB K JIEUCTBUSIM
o I1TO ¢ yuérom KOHTEKCTa IKCILUTyaTallik ¥ BO3MOXKHON HEMONHOTHI nH(popManuu. Ha BeiOopke

n3 58 3annceil OCMOTPOB KJIAITIAHOB MOJTYYEHBI CIECIYIOIINE PE3yJIbTaThl U BBIBOJIBI:
"  W3BJICYCHHE MPU3HAKOB U3 TEKCTOB OCMOTPOB BBHIIIOJHEHO aBTOMAaTHYECKH C TOYHOCTHIO Oosee 90%;
= puHTepnperauus TC B ciayyae MHOKECTBEHHBIX H KOH(GIMKTYIOIIMX NPHU3HAKOB IPOBOANIIACH KOPPEKTHO;
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" pPEeKOMEHOalu, C(i)OpMI/IpOBaHHI)Ie MOACIbIO, B 87% CJIy4acB COBIIAJIN C SKCICPTHBIMU 3aKIIOUCHUAMU
" JJIA 00BEKTOB C HEJ0CTaTOYHOM I/IH(i)OpMaHPIeﬁ TC «ue OIIPEACIICHO» C MTPEIJIOKCHUEM HOBTOpHOP‘I JUArdHOCTHUKH.

Ha pchyHKe 4 npe/CcTaBIeHo pacnpe;[?neHHe PacnpefeneHue knanaHos NO COCTOAHMAM
COCTOSIHMU KJIallaHOB B BHJE KPYroBOU Jua- et L
rpamMmmbl.  PacnpeneneHue CBUIETENBCTBYET O
npeoOyialaHu  COCTOSIHUSL  «BMEILIATEIbCTBOY,
9T0 TpedyeT NPHOPUTU3ALUU TPOQHIAKTHYIC-
CKHMX MepomnpuaTtuil. Bmecre ¢ TeM, mouTu TpeTh 29.3%
OOBEKTOB HAXOJIUTCS B HOPME, W JIMIIbL MCHEe | \
2 % ocrtanuch 6e3 omnpeaeneHus (4YTo TOBOPUT O ‘ 53.4%
XOpOIIeH TMOJIHOTE JaHHBIX). ABTOMATHYECKHU
(dbopMupyeMblii OTYET B MalIMHOYKUTaeMoM (op-
Mmare (Excel) mpuroaeH yuisi iepefadud B MOJCHU-
CTEMYy IUIAHMPOBAaHUSI PEMOHTOB, a BHU3yalln3a-
uus (B BUJAE KPYTOBBIX JMarpaMM) MOBBIIIAET
y100CTBO aHaNu3a.

[Ipennoxennas OM mokasaia BO3MOKHOCTh
e€ NpuMEHeHUsI Ha TpakTuke, rno3sotss [IIIP B
HWHTEPIPETAIIMH OCMOTPOB, YCTOWYMBOCTh K HEIOJHBIM JaHHBIM M BO3MOKHOCTb MHTETpAIlUU B
MH(OPMALIMOHHYIO CUCTEMY MOAIEPKKH TEXHUYECKOTO O0CTYKIUBaHUSI.

HopMa

BMeWaTensCTBO

15.5%
PEMOHT

Pucynok 4 — Pe3ynbrart pacnpezneneHus KianaHoB
IO COCTOSIHUSIM

3aknroyeHue

[Ipennoxena OM skcnepTHbix 3HaHUH B cucrteMe II1TO, koTopas ocHOBaHa Ha MHOTOYPOBHE-
BOI CTPYKType, BKIIIOYAIOLIEH pe3yabTaThl 0CMOTpPOB, npu3Haku TC, mapaMeTpbl KOHTEKCTa JKC-
IIyaTaluy, UHTEPIPETUPOBAHHBIE COCTOSIHUSI U COOTBETCTBYIOLIUE PEKOMEHAALUU MO OOCITYXH-
BaHUI0. MoJiesib ycTOoMuMBa NMPpU HAJUYMM YAaCTUYHBIX MM HEOAHO3HAUHBIX JAHHBIX U CIIOCOOHA
(hopMUpOBaTh PEKOMEHJALMH, YUYUTHIBAIOUINE TEXHUYECKHE, KOHTEKCTHbIE M OpraHU3allOHHbIE
napameTpsl. OM MOCTpoeHa ¢ UCHOIb30BAHUEM UHCTPYMEHTOB OTKPBITOTO MPOrpaMMHOI0 odecre-
YEHUS, YTO MTO3BOJISIET IPUMEHUTD €€ B YCIOBUAX MTPOMBIIUIIEHHON dKCILUTyaTallUu.

[Tpennioskennass OM npezctaisier co60it ocHOBY Juist mHTe/uleKkTyanbHoU IIIIP B cucteme
[ITO, obecnieunBas hopMaaIn3aLUIO U Pa3BUTHE SKCIIEPTHBIX 3HAHUM MPEATIPUATHS.
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Abstract

This paper addresses the problem of formalizing expert knowledge in the field of preventive maintenance of industrial
equipment, which arises when interpreting the results of visual inspections taking into account the operating conditions.
The focus of the study is the development of an ontological model that provides a logically grounded transition from
unstructured descriptions of technical condition indicators to specific equipment maintenance actions. A multi-level
ontological model is proposed, including the following levels: inspection, indicators, operating context, technical condi-
tion, and action. The results are intended for use in decision support systems for equipment maintenance. The novelty of
the study lies in combining contextual parameters (such as equipment age, criticality level, aggressiveness of the operat-
ing environment, and others) with a logical inference mechanism, as well as in applying a method for structuring rec-
ommendations as a composition of a basic action and context-dependent refinements. The model was built in a Python
environment and tested on a specific dataset, where equipment states were automatically determined, adaptive recom-
mendations were generated, and reports were produced. The model showed robustness to incomplete information. The
applied ontological approach to technical diagnostics contributed to the achievement of practically significant results for
the digitalization of preventive maintenance processes of industrial enterprise equipment.

Keywords: ontology, preventive maintenance, equipment inspection, technical condition, operational context, logical
inference, expert knowledge.
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AHHOTaUuA

PaccmaTpuBaeTcst HOCTpOSHNE MHOTOACTIEKTHOM OHTOJIOTHH JUISI KOH(DUTYpPUPOBaHHS COLMOTEXHUYECKON
CHCTEMBI B COOTBETCTBUH C TPEOOBAHMSIMHU, HAKIIA(BIBAEMbIMI M3MEHSIONICHCS 00CTaHOBKOW B cpene eé
(GYHKIIMOHNPOBaHUS. ACIIEKTOM Ha3bIBAETCS OHTOJIOTHS, pa3paboTaHHasi B COOTBETCTBUH C NPEIbSIBIIsIC-
MBIMH TPEOOBAaHUSIMU B KOHKPETHOW MPOOJIEMHON 00JACTH M OTpakaromiasi ONpeeaéHHOe peICTaBIIe-
HHE O COJIEP)KUMOM H CTPYKType ONHMCHIBAeMbIX 3HaHUI. KoH(UTryprpoBaHHe OCYyIIECTBISETCS] YIaCTHHU-
KaMH IH(pPOBOTO COOOIIECTBA, KOTOPOE COCTOUT M3 JIFO/ICH M MPOrPaMMHBIX areHTOB, B3aUMOCHCTBY IO~
IMX 1 OOMEHHBAIOLIMXCS CepBUCaMU B LU(poBoii cpeze. [Ipeanaraemasi OHTOJIOTHS BKIIOYAET acTEKThI:
COLIMOTEXHUYECKON CHCTEMBbI; IIM(POBOrO COOOIIECTBA; JUHAMHYECKOTO KOH(PHUI'YPUPOBAHUS; TIaH KOH-
GburypupoBaHus; NOAJICPKKK MPUHATHSL penIeHuid; npodpuist U KoHTekcra. ChopMUpOBaH Ti1o0albHbINA
YPOBEHb OHTOJIOTHH, KOTOPBIA OTpaXkaeT ceuu(uKy npodJeMHON 00JacTH «IMHAMUYECKOe KOH(PHUTYpH-
pPOBaHME COLMOTEXHUYECKUX CHCTEM», U COJCPKUT OOOOIIEHHBIE MOHSATHS AJIS MIOJJICPIKKH CeMaHTHYe-
CKOU MHTepoIiepadebHOCTH acreKToB. HoBH3HA 3aKiIl04aeTcs B UCIOIb30BAHUH OPUI'MHAIIBHOI METO/10-
JIOTUU TTOCTPOEHUSI MHOTOACHEKTHBIX OHTOJIOTHH ISl TPEACTaBICHNSI KOMIUIEKCHBIX 3HaHMH. [IprmMene-
HHE MHOTOACIIeKTHOW OHTOJIOTMH JAEMOHCTPHUPYETCsl Ha PUMEpE 3aJaull JUHAMHIECKOT0 KOH(PHUTYPHUpPO-
BaHMs TPAHCIIOPTHOTO OT/EJA JOTUCTUYECKON KOMIIaHWH. B pemienne 3agadu BOBIICYEHBI JIIOAW U IIPO-
rpaMMHBIE areHThl, 00J1a/IaoIe KOMIICTEHIIMSMY ISl BBIIOJHEHHST (DYHKIMH 00paOOTKH 3aKa30B, BbI-
6opa pecypcoB, NMOCTPOCHUS MapUIpyTa M NPHHATHS perieHui. [IpeanokeHHass OHTOJIOTHSI YMEHBIIACT
TPYOEMKOCTH ITOCTPOCHUSI MOJIEIIM 3HAHUH paccMaTpUBaeMO MPoOIeMHOIT 001aCTH U MO3BOJISIET MOBBI-
CHUTh €€ KauecTBO 3a CUET UCIOIb30BaHMS FOTOBBIX PEIICHUH AT OTAENBHBIX ACIIEKTOB, PACIIMPUTH MO-
JIeNb 3HAaHWK TPOOJIEMHON 00JacTH AOTOJHUTEIBHBIMU ACHEKTaMH U CO31aTh OCHOBY IUISl CLICHAPUEB
KOH(UTYPHPOBAHUS CIIOKHBIX CUCTEM.
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BBepeHune

Commorexunueckas cuctema (CTC) — 3To caMOOpraHU3YIOMIMICS IEMEHT THOPUIHOM TEXHO-
TEHHOW CpeJibl, BO3HUKAIOIINI U PAa3BUBAIOIIMIICS B pE3yJIbTAaTE B3AMMOICHCTBHS YEIOBEKA, TEXHHU-
yeckoil UHPpacTpyKkTyphl u TexHomoruit [1]. IlocTosiHHBIE M3MEHEHUS B cpelie MPUBOIAT K TOMY,
YTO CO BPEMEHEM CHUCTEMA MEePecTaéT COOTBETCTBOBATh PEATbHOCTH, U TpedyeTcs e€ Moau(puKaus
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WM peKOH(UTypHpoBaHUE MO HOBBIE ycioBus. CrnoxkHocTh pekoHpurypupoBanus CTC 3akiioua-
€TCcsl B He0OOXOJUMOCTH OJJHOBPEMEHHOI'0 y4€Ta U ONTUMU3ALMN TEXHOJIOTMUYECKUX M COLMAIIBHBIX
ACMEeKTOB, KOTOPbIE TECHO B3aUMOCBSI3aHBI.

[Mudpossie coodmecTBa (L[C) BOZHUKAIOT BCIICACTBUE MOSBICHHS COIMAIBHBIX CETEH W Mpel-
CTaBJIIOT cO0O0Il ceTeBbIe CUCTEMBI, B KOTOPBIX C MOMOIIbIO IU(PPOBBIX TEXHOJOTUHN MO AePKUBA-
eTcs B3auMoOJIeiiCTBHE Teorpaduyueckl pa3faenEHHbIX ML U OpraHnu3aluii, 00beIMHUBIINXCS B IIe-
71X coBMecTHOro pemrenus npoosiem [2]. LIC cuurarorcs oObequHEeHnEM, KOTOPOE CIIOCOOHO MHU-
IUUPOBATh CO3JaHNe MU(POBBIX MPOIYKTOB, @ TAKXkKe pa3paboTaTh U BHEAPUTH HOBBIE TEXHOJIOTU-
yeckue peuieHus [3]. B nanHo# ctaTbe npeajaraeTcsa MCnodib3oBarh noreHnuan LC nus pemenus
3agaun quHamudeckoro koHpurypuposanus (JIK) CTC u paccmarpuBath €€ Kak 3ajady NPUHITHS
pemenuii yaactHukamu LC. ITox JIK moHmmaercst mporiecc co3manusi Ui MOIU(HUKAIUN CyIiie-
crytouieid koHpurypauuu CTC, cBA3aHHBIN C ONpPEIENCHHEM CTPYKTYPBI, CBOMCTB U MOBEACHUS
CUCTEMBI B COOTBETCTBHH C U3MEHSIOIIEHCs 00CTaHOBKOM.

Hns monenupoBanus 3HaHu# npobaemuoit obnactu K CTC LC npenioxkeHo UCmoib30BaTh
anmapat MHoroacnekTHbIx oHTonoruii (MAQ) [4]. Takue OHTOJIOTUU MPEICTABISIIOT 000 MHOTO-
YPOBHEBYIO MOJI€Nb, KOTOpas SIBISETCS YJOOHBIM CPEACTBOM MPENCTABICHUS paclpeeinEHHbIX
MHOTOYPOBHEBBIX CUCTEM [5,6]. DT OHTOJIOTUU MO3BOJISAIOT OOBETUHUTH 3HAHUS U3 Pa3HbIX 00ja-
CTEH, UTO SIBISETCS HEOOXOAMMBIM YCIOBUEM IS MOJICIIUPOBAHUS CIIOKHBIX CUCTEM [7].

Lenbto cTatbu sBisieTcs nocrpoenre MAQO, koTopasi mpeICTaBiIsieT 3HaHUs TPoOIeMHOM 061a-
ctu JIK CTC ywactaukamu LIC. B sToii o61actu nmpobaemoii cunrtaercs 3agada 1K, a mpeamerHon
obnacteio uccnenoBanus sipnsitores CTC.

1 TloHATUEe MHOroacrneKkTHOM OHTONOrumn

MAO — 370 MHOrOypoBHEBasi MOJI€Ib, KOTOpasi OObEIUHSAET HECKOJIBKO OHTOJIOTHM C LENbI0
npeAcTaBiIeHHs] KOMIUIEKCHBIX 3HaHu# [8§—10]. B MAQO oHTONOrMK paccMaTpuBarOTCs KaK aCleKThl
— COBOKYNHOCTH MOHSTHH W OTHOLIEHHH NpoOJIeMHON 00JacTH, OTpaXkarolUX ONpPEeTIEHHOE
IIPEJICTaBIEHUE O COAEPKUMOM U CTPYKTYpE ONMChIBaEMBbIX 3HaHMil. [loiHOTa OHTONOIMM ONpene-
JsieTcsl TOCTATOYHOCTBIO ACMEKTOB Ul pelIeHus 3aj1ad npobiaeMHoi obmactu yyactHukamu L[C.
Ecnu B mpoGnemHoii obnactu mpeanosiaraercst pewmars 3agady gopmupoBanus LIC, To B MAO
JIOJKHBI OBITH 100aBJIEHBI COOTBETCTBYIOIME ACHEKThI (HAIPUMEp, aCIIEKT CAMOOPIaHU3aLUN ).

MAO coctout u3 TpéX ypoBHEH (pUCYHOK 1):

1) enobanvuwiii yposers — yHU(PUIMPOBAHHOE MPEJICTABICHHE KOHIENTOB U OTHOLIEHUH, KOTOpbIE

SBIIIOTCS OOLIMMU JJIsl ABYX U 00Jiee acleKTOB aClIEeKTHOI'O YPOBHS;

2) acnexmHulil yposenb — yHU(UIMPOBAHHOE MPE/ICTABICHNE KOHLIENTOB U OTHOIIEHUI, KOTOpbIE

MIPUHAJIEKAT ABYM WM OoJiee JIOKaIbHBIM acleKTaMm;

3) soxanvbHbl ypoGeHb TMPEACTABISIET KOHLENTHl M OTHOLICHMS, MPUHAJIEkKAIUE KOHKPETHOMY
aCIeKTy, BEIPAXKEHHOMY CPEJICTBaMH COOCTBEHHOTO (popMain3ma.

IlepBble ABa ypOBHS OIMMUCHIBAIOTCS C MCIIOJB30BAHUEM €JMHON HOTAIlMH, BBIOpaHHOW paspa-
O6oTunkamu oHTOJOTHH, — (hopmanmzmMa MAO (Hanpumep, popMaauzMa, UCIIOIB3YEMOT0 B OHTOJIO-
UM IS TOAAEP KKU IPUHATUS PELIEHUI B MPOU3BOACTBEHHBIX cuctemax [11]), a Tpetuit — cpen-
CTBaMU BHYTpPEHHEro gopmaiin3ma acrnekrta. Mexay NOHATUAMHU I100abHOTO U aCMIEKTHOTO YPOB-
HEll YCTaHaBIMBAIOTCS CBS3YIOUIME OTHOIICHUS, KOTOPbIE (OPMATU3YIOT COMOAUYNHEHHOCTh U JK-
BUBAJICHTHOCTh TIOHATHUH.

OOberHEeHNE aCIeKTOB OCYILECTBIISIETCSI HA OCHOBE CBSI3YIOLIMX OTHOIIEHHH, YTO MO3BOJISET
HMHTETPUPOBATH PA3HOPOJHBIE OHTOJIOTHU, ONMUCAHHBIE C HCIOJIb30BAHUEM PAa3IMYHbIX HOTAIUN U
dopmanu3MoB, He npuberasi K yCTaHOBKE COTJIACYIOIIUX OTHOIICHUH HEMOCPEACTBEHHO MEXy MO~
HATUSAMU U3 00BETUHAEMBIX OHTOJIOTHA.
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Pucynok 1 — OcHOBHBIE 3JIEMEHTBI MHOTOACIIEKTHBIX OHTOJIOTUI

2 KoHuenTyanbHas MoAesrnib AMHaMU4YeCKoro KoHcurypmpoBaHus
COLMOTEXHUYECKON CUCTEMbI

Konuenryansnas monens K CTC, kak neneHanpaBleHHOTO KOJUIEKTUBHOIO nosefeHus B LIC
(pucyHok 2), nexxut B ocHoBe oHTosiornyeckoit monenu (OM) JIK CTC LIC. KonnenryanbHas mo-
JIEJIb OTMCBIBAETCS CIEAYIOIIENH CEMaHTUKOM.

CTC — cnoxknHasi cucteMa, COCTOSIIIasi U3 OPraHU3AIMOHHON W TTOMYMHEHHBIX € COIMabHOU 1
TEXHUYECKOH COCTABIAIOLIMX, KOTOPbIE CIIOCOOHBI B Ipoliecce (yHKIIMOHUPOBAHUS U3MEHATh CBOE
MOBE/ICHUE U OPraHM3ALMOHHYIO CTPYKTYPY JUISl JOCTH)KEHHUS 3a/laHHOM 11€JM B YCJIOBHSIX M3MEH-
YUBOCTHU cpefbl. YacThio Cpejibl SBISETCS PETYNATOp — OpraH yIpaBieHUs, 00ecreunBaouil BO3-
MokHOCTh cyniectBoBanus CTC u HakmagpiBaromuid Ha He€ o0s3aTenbcTBa. COBOKYIHOCTD pecyp-
coB CTC u ux cocrosiHuil onuceiBaercst koHpurypauuein CTC. KomnonenTamu KoHQUTypauuu
CTC sBnsitoTCca OpraHu3allMOHHAas CTPYKTYypa, pecypcehl, IeHCTBYyIoLe cyObeKThl. s Toro, 4yro-
Obl cHUCTEMa COOTBETCTBOBAJA W3MEHSIOIIMMCS YCJIOBUSM, BBINOJHSETCS pPEKOH(UTypupoBaHUE
CTC.

PexondurypupoBanue ocymectBisercs ydactHukamu L{C, KOTOpoe COCTOUT 3 JIF0ACH U Tpo-
IPAaMMHBIX areHTOB — JCUCTBYIOLIMX CYOBEKTOB, — MCHOJIB3YIOUIMX IU(PPOBBIE TEXHOJIOTHU IS
obmeHa wHOpPMaIMEH M TPEIOCTaBICHUS CEPBUCOB. TexHosoruu mnpesyiararot ydactHukam L[C
KaHaJbl ¥ CPeIbl 7Sl B3aUMOCHCTBUS, KOTOPhIe 00ECIIeYnBAIOT BO3MOKHOCTD BBIIIOJHEHHUS y4acT-
HUKaMU TpeOyeMbIX IEHCTBHUMA. YCTpaHEHHWE HECOOTBETCTBHS MEXKAY TEKYIIeH KOH(MUTypamuen
CTC u xemaemMoOl cHUTyalueil MOCPEICTBOM PEKOH(GUTYPUPOBAHMS SIBISETCS IIENbI0 YYaCTHUKOB
C un onpenensier ux LejaeHANPaBICHHOE KOJUIEKTUBHOE MTOBe/IeHHEe. PekoHpUrypupoBaHue 1poBo-
JUTCS B COOTBETCTBUM C IIJIAHOM BBIIOJHEHUs JIEUCTBUH, KOTOPBIA CTPOAT y4dacTHUKW. Ilnan
BKJIIOYAET CO3[aHME OPraHU3alMOHHOW CTPYKTYpbI JUIsl BBIIOJIHEHUS 3aJadd peKoH(UrypupoBa-
HUS.
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Pucynok 2 — KoHnenTyanbHas MOAETh JUHAMUYECKOTO KOH(UTYPHUPOBAHHS COIMOTEXHNIECKOI CHCTEMBI Ha OCHOBE
I[eJICHAIPaBICHHOTO KOJUIEKTUBHOTO MOBEICHNS B IU(POBBIX COOOIIECTBAX

3 Cos3paHue MHoroacn

€KTHOMW OHTOJIOrMU

MAO JIK CTC LIC nocTtpoeHa B cOOTBETCTBUU ¢ MeToaojoruei [4] u OM [12].
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3.1 JlokanbHbIN YpOBEHDb

JlokanbHBIN ypOBEHb MPEJCTABICH aCMEKTaMH, KOTOPbIE OMpeeiIeHbl HA OCHOBAHUM KOHIIETI-
TyaJlbHOM MOeNH (PUCYHOK 2). ACIIEKTHI, Ope/Ie]IEHHBIC B PE3Y/IbTaTe aHAIM3a KOHIIETTYaIbHON
monemu: CTC, IIC, xondpurypupoBanue, miaaH. ACIEKThI, OMUCHIBAIOIINE 3HAHUS O0JACTH JCH-
ctBus onrtosioruu: JIK, ciokHas cucreMa, KOHTEKCT. ACIEKTHI, ONMMUCHIBAIOIINE 3HAHUS 00JIacCTH
npumenenus onronorun: K, CTC, LC, npoduns (yuactauka L[C), momnepxka NpUHATHS perIe-
Huii (ITI1P). Acnextor cnoxnas cucrema u CTC oObearHEHBI B OJIMH aCIIEeKT, TakK ke, kKak u JIK u
KOH(HUTypUpPOBaHHE.

Acnekt CTC nokaszaH Ha pUCYHKE 3.

L]env — KOHKPETHBIN Pe3yNbTaT, HAa JOCTIKCHUE KOTOPOTO HarpaBieHb! AeicTBHA cyObekToB CTC, miaw BRIONHS-
emast cucTeMoi GpyHKIusI.

Mempuxa — xpurepuii kauectBa koupurypauuu CTC.

Texnuueckasa (cuctema, TC) — anmmapaTHOE W NMporpaMMHOE obecrieueHue, HHPPACTPYKTYpa, UCTIOIb3yeMble IS
JOCTUKCHUA 1EJIU, a TAKKE CBA3AHHBIC C HUMMU IPOIECCCHI U MPOUECTYPhI.

Coyuanvras (cuctema) — JIIOAM C UX KOMIIETCHIMAMHU U MIPEAIOYTEHISIMHA, KOTOPBIE B3aUMOIEHCTBYIOT C CyOBheK-
tamu TC 111 JOCTHKEHHS 1IETTH B paMKaxX OPTaHU3allMOHHON CTPYKTYPHI.
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Pucynox 3 — ConmoTexHnyeckasi CucTeMa

OpZGHMSClquHHaﬂ cmpyKkmypa — CXeMa, ONPEeACIdronIas B3auMOCBA3U U OTHOLICHUSA MEXKAY MOAPA3ACICHUSAMA U
JIIOAbMU B CTC, NOPAAOK IMMPUHATUA pGIIIeHI/Iﬁ U MMPUHIUIIBI pacOpeaCICHNUS OTBETCTBECHHOCTH.
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Hopma/npasuno — 9acte OpraHu3alliOHHON CTPYKTYpPBI, BKJIOUYaronas popMalibHble (3aKOHBI, CTAHAAPTHI, JTUPEK-
TUBBI) M HeQOpMalIbHbIE (HOPMBI, LIEHHOCTH, NPUBBIYKM) TpaBHia, HajJaraeMble MHCTHTYLHOHAJIBHBIM PEXHMOM H
onpenersrone moseneHne cyorekros CTC.

Konguaeypayus — cocrosane kommnoHeHToB koHPuUryparmu CTC u CBSI3U MEXIy HUMH B OTIPEIEIEHHOE BPEMSI.

Bpems — cynHOCTB, ONMCHIBAIONIAS BPEMEHHbBIE HHTEPBAJIBI 1 MOMEHTHI BPEMEHHU.

Hevicmeyrowuii cybvekm — Buj cyObekTa (MOHSATHE CyOBEKTa HE TOKa3aHO HA PUCYHKE), KOMIOHEHT TEXHUUECKON
WIN COLMAIbHON CHCTEMBbI, OCYLIECTBISIONINNI AEHCTBUS, HANPABICHHBIE HA PEATM3AIMIO LETH, ¥ WHUIUHPYIOIINH
B3aUMO/ICHCTBHE C JIFOOBIM KOMIIOHEHTOM CHCTEMBbI WIIN TIpoIieccoM, oOecrieunBatommmMu GyHkiunonnpoBanne CTC.

Toooeparcusarowuii cyovexm — Bua cyobekta, KomrnoHeHT TC, KOTOpBIH NMPEeNoCTaBiIsIeT MOMOILb, PECYPChl WK
BO3MO>KHOCTH JIJIsl OCYIIECTBIICHUS ACHCTBHIM, HANIPaBJICHHBIX HA TOCTHKEHUE LIEIH.

Aeenm — BUJ IEHCTBYIONIETO CYOBEKTa, IPEJICTABICHHBIH TPOTPaMMHBIMU CYITHOCTAMHU TC, KOTOpbIE BOBIICUCHBI
B CTC mns ocymiecTBiIeHUS NSHCTBHH, HAITPABICHHBIX HA JOCTI)KEHHUE LICNH.

Cepsuc — yciryra, KOTOpast BBIIIOJHSIET ONPEAeIEHHY0 OYHKIMIO WK HA00p QYHKIMIA 111 JeHCTBYONUX CyOheK-
TOB.

Yenosex — BUA IEHCTBYIOIIETO CYyOBEKTA, MPEJICTABICHHBIH CYITHOCTSMH COLMAILHON CHCTEMBI — JTIOJJbMHU, KOTO-
pBIC BOBIICUCHBI B CHCTEMY ISl OCYIIECTBICHHS ACHCTBUIA, HAIIPABJICHHBIX HA JTOCTIKCHNE LIEIIH.

Pons — monoxeHue, yCTaHaBINBAIONIEE OIPAHUYCHHOE MHOXKECTBO BUIOB JICHCTBHH, KOTOpPBIE CyOBEKT, 3aHUMa-
IOMINI TaHHOE TT0JI0XKEHHE, CITIOCOOCH OCYIIECTBIIST.

Jleticmeue — akTHBHOCTb, KOTOPYIO OCYIIECTBIISIET CyOBEKT, M KOTOpAsi HalpaBieHa Ha JIOCTIKCHUE LEIH U NpH-
BOJIUT K ONPEACIEHHOMY Pe3yJIbTary.

Pe3zynbmam — cnenctBue, NTOT, KOTOPHIE MOMYYaOTCA MOCIE OCYIECTBICHHS ONPeeIEHHOTO IeHCTBHUS.

Ilpoyecc — nocnenoBarenbHas cMeHa coctossaui CTC npu ocyIiecTBICHNH IeHCTBUH.

Acnekt [/C npuBenéH Ha pUCyHKE 4.
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Pucynox 4 — [ludpposoe cooOrrecTBO

Yyacmuux — connanbHbIil CyOBEKT (YETOBEK) MM TEXHUYECKHH CYOBEKT (IPOTpaMMHBINA areHT), BOBICUEHHBIN B
IC v BEINOTHSIONINI IEHCTBUS, CIIOCOOCTBYIOIINE JOCTHKESHHIO TIEeITH.

I]env — momyuenue peuierns crosmeit nepen LIC 3amaun mocpencTBoM 0O0MEHA 3HAHMSIMHA MEKIY yIaCTHHUKAMH,
UX COTPYAHUYECTBA, B3aUMHOM MOJAEPKKH U PA3BUTHSL.

Ponb — nonoxxenue, ycTaHaBINBAIOIIEE OTPAHUUEHHOE MHOKECTBO BUAOB JEHCTBUI, KOTOPBIE YYaCTHUK, 3aHUMa-
IOMIMI JaHHOE TTOJIOKEHHE, CTIOCOOCH OCYIIECTBIIST.

Hnuyuamop — BUI pony, NEHCTBUSL B paMKaX KOTOPOW OrpaHMYEHBI OTIPAaBKOM MH(pOpPMaIMN, WHULMUAPYIOLICH
B3auMo/IelicTBHE.

Hcnonnumens — BUI ponu, ACHCTBUS B paMKax KOTOPOH CBSI3aHBI C peakiueil Ha WHPOPMAIHNIO, TIOTyUYEeHHYIO OT
MHUIHAATOPA, U BKIIOYAIOT OTIIPABKY OTBETHON MH()OPMAITIH MM BHITIOJIHEHHE APYTHX HHHINHUPOBAHHBIX JTCHCTBHM.

KommyHnukayua — mocnenoBaTeIbHOCTh KOMMYHUKATHBHBIX aKTOB, B PE3yNbTaTe KOTOPHIX MPOMCXOIUT OOMEH
nHpOpManrei MeX Ty YIaCTHIKaMH KOMMYHHUKAIIUH IIPH MTOACPIKKEe HH(POPMAIIMOHHOHN CPEIBL.
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ﬂeﬁcmeue — aKTUBHOCTb, KOTOPYIO OCYHICCTBJIACT UCHOJHUTECIIb, U KOTOpas HallpaBJICHa Ha JOCTHIKCHHUC LCJIN U
MIPUBOJUT K ONPENECIEHHOMY pE3yJIbTaTy.

Pe3yflbmam — KOHEYHOC CJIEACTBHUE, UTOT, KOTOPBIC IMOJYJAIOTCA IMOCJIE OCYIICCTBIICHUSA UCIIOJTHUTEIEM OIIpEaC-
JIEHHOTO JIEWCTBUS.

Koumenm — HHq)OpMaHHH, HaTOJHAIOIAsA KOMMYHUKATUBHBIC AKTBI COACPIKAHNUEM.

Huppopmayuonnas cpeda — COBOKYITHOCTD CPEICTB M TEXHOJOTHHA, OOBEIIMHSIIONINX MPOIECcCH cOopa, XpaHeHHs,
O6pa6OTKI/I, TIOMCKa, Iepeaaun u NMpEeACTaABICHUSA I/IH(bOpMaLII/II/I B DJICKTPOHHOM BH/IE.

B acnexre /[K (pucyHOK 5) MOJ TakKMM KOH(UTYPUPOBAHHEM MMOHUMAETCS MPOLECC CO3AaHUS
WIA U3MEHEHUs KOH(QUrypauun oObeKTa, CBSI3aHHbII ¢ ONpe/ieIeHueM CTPYKTYpPbl, CBOICTB U 1O-

BEJICHUS OOBEKTA.
Obvexm — CyIHOCTb, CO3[JaHAE WIH U3MECHEHNE KOHPUTYPAIINH KOTOPOH SBISAETCS IENbI0 KOHOUTYPHPOBAHHS.
Kongueypayus — cocTossHue KOMITOHEHTOB (4acTel) 00bEKTa M CBI3EH MKy HUMH.
Pecypc — nm000#i KOMIIOHEHT 00BEKTa, HEOOXOAMMBIH NI (YHKIMOHHPOBAHUSA 3TOTO OOBEKTa, HANIUYHEM U
CBOMCTBAMH KOTOPOI'O MOYKHO YIPABISATh MPH KOHGUTYPHUPOBAHUH.
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Pucynok 5 — Jlunamuueckoe KOHQUTYPUPOBAHHE

Cocmosnue — COBOKYITHOCTH CBOICTB OOBEKTa C ONpEAEIEHHBIMU 3HAYCHUSIMH B ONpECIEHHBIH HMHTEpBa
(MOMEHT) BpeMeHH.

Omuouwtenue — B3aMMOCBSI3b MEKIY PECypcaMu.

Tpebosanue — ycioBue, 3aatoliee KelaeMoe COCTOSIHNE 00bEeKTa.

Llenb — ycTpaHeHHE HECOOTBETCTBHSI MEKAY TEKYIIMM COCTOSHHEM M JKeJIaeMbIM COCTOSIHHEM OOBeKTa Mmocpen-
CTBOM (pe)KOH(DUTypUPOBAHUS.

Mempuka — 9uCIIOBOM TIOKA3aTellb, XapaKTEPU3YIONINNA KOH(PUTYPALH0 00BEKTA.

Ilnan — mocienoBaTeNbHOCTh JISHCTBUN 1O M3MEHEHHMI0 KOH(pUTypanuu o0beKTa, MpeaycMaTpuBaroiias mopsi-
JIOK U CPOKH X OCYILECTBICHHUS.

Ponb — cratyc, ONKMCHIBAIOIINI MHOKECTBO BUJIOB JICHCTBHIA 110 CO3/JAHUIO U BBITOJHEHUIO TUIaHA KOHPHUTYPHUPO-
BaHMs 00BEKTA, KOTOPbIE CIIOCOOHA OCYIIECTBIISIT CYIIHOCTh, UMEIOIIAs JAHHBIN CTaTyC.

Bpems — cymHocTb, ONMMCHIBAIOIIAs BpEMEHHbIE HHTEPBAJIbl 1 MOMEHTBI BPEMEHH.

Actniext naan (pUCYHOK 6) TIpEACTaBISCT TUTAH KaK MOCTIEA0BATEIBHOCTD IeJIeHANPaBICHHBIX
,Z[CflCTBHfI, KOTOpad BKIKOYACT MOPAJOK U CPOKU OCYHICCTBIICHUA IICI‘/’ICTBI/II‘/JI CY6T>GKT3.MI/I B COOT-
BETCTBHUHM C BBIMOJHAEMBIMA UMH POJIIMH, & TaK)KE MPEAYCIOBHS U TTOCTYCIOBUS IEUCTBUI, TO3BO-

JIAIOIUEC OTCIICI)KUBATDH, YTO MPOLECC JOCTUIKCHUSA LCIIM COOTBETCTBYCT IJIAHY.
Lenv — xenaeMblil pe3yabTaT, SBISIOIUNACS CIECTBUEM OCYILECTBICHUS MOCIEA0BATEILHOCTH 1EHCTBUM.
Cybvexm — CYyIIHOCTB, CIIOCOOHAsT K OCYIIECTBICHHUIO ICHCTBUH.
Ponv — monoxxeHne, yCTaHABIUBAKOIIEE OIPAHMYCHHOE MHOXKECTBO BHJIOB JICHCTBUI, KOTOPBIE CYOBEKT, 3aHIMA-
FOLIHI JaHHOE MOJI0XKCHHUE, CITOCOOEH OCYIIECTBISTh.
/eticmsue — akTUBHOCTbB, KOTOPYIO OCYIIIECTBIIAET CYOBEKT B COOTBETCTBUH C IUTAHOM U BBITIOITHAEMOW UM POJIBIO.
IIpeoycnogue — yciaoBue, KOTOPOE TOJHKHO OBITH BBITIOTHEHO MEPE] Ha4aJlOM OCYIIECTBICHUS ACHCTBUSL.
Ilocmycnosue — ycioBHUe, CBHICTEIbCTBYIOIIEE O 3aBEPIICHUN JIEHCTBHSA M MPEACTABIAIONICE PE3yNbTaT, IMOIY-
YEHHBIH TI0CJIE €ro OCYIIECTBICHHUS.
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Hauano — Buj npenycioBusl, (3alUIaHUPOBAHHBIN) MOMEHT BpeMEHHU Havasla KOHKPETHOTO JIEHCTBHUSL.

OkonuaHnue — BUJ TIOCTYCIIOBHS, (3aIJIaHUPOBAHHBIN) MOMEHT BPEMEHH 3aBEPIICHUS KOHKPETHOTO JCHCTBHUS.

Ilpedvioywee — neiCTBUE B TTOCIIEIOBATEILHOCTH JCHCTBUH, TIPEAIISCTBYIONIEE CICAYIOMEMY JACHCTBHIO.

Creodywouee — 1eiCTBUE B MOCIIEI0BATEILHOCTH ACHCTBUH, CISAYIONIEEe 32 MPEABIAYIINM JICHCTBUEM.

Ilocneonee — nelicTBre, 3aBepIIaOIIee MOCIEI0BATEILHOCTD ACHCTBUN; pe3yJIbTAT TOCIETHETO NSHCTBUS SBJIS-
€TCs LIeTbI0, KOTOpas JO/HKHA OBITh JOCTUTHYTA B XOJE OCYIIECTBICHHS TOCIEIOBATEIHHOCTH TSHCTBHH.

Kpumepuii ycnewsnocmu — noka3aTtesb, HO3BOJSIOIUN OLIEHUTb Pe3yJIbTaT JEHCTBHUS.

Konnent Empty (myctoil cicok) U oTHOWmEHUS AasNext (IMeeT ciemyromero) u follows (ciemyeT 3a) cCOOTBET-
CTBYIOT KOHIICTITY OTHOILIEHHH, UCIIOJIb3YEMBIX B TATTEPHE MOJIEIUPOBAHUS MocieoBaTensHocTeld Ha OWL [13].
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Pucynok 6 — [1nan

AcHeKT nodoepoicku npunsamus peutenuii (pUCyHOK 7) MpeJCTaBiIseT MOJIENb MIPUHATHUS pellle-
Huil. JIaHHBINA acCMEeKT MCIONB3YeTCs, MOCKOIBKY 3a/ladya KOH(QUTYPUPOBAHUS PEIIaeTCsl KaK 3aava
HPUHATHS PEILICHUH.
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Pucynok 7 — Iloanepxka NpUHATHS pELLICHUH

3a0aua — xOHKpeTHas Lelb WM TpobiieMa, TpeOyIomas PelIeH s WK BBITOJIHEHHs JIeHCTBUH. 3a1a4a BO3HUKACT
B OINPEIENEHHBI MOMEHT BPEMEHH U CYIIECTBYET 10 MOMEHTA MOJIyUCHHs] PELLICHHUS.
Juyo, npunumarowee pewenue (JIIP), — cyOBbEKT, BHIMOTHSIIONMN 1SHCTBUS 10 TPUHSATHIO PEIICHHUN.
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Kpumepuii — Gpynkuus, Beipaxatomas npeanourenus JIIIP. [Tonsrue xputepus 00beAUHACT pa3InYHbIe ITOKa3aTe-
JIM, UCTIOJIb3YEMBIE B METO/I0JIOTHSX MPUHSTHUS PELICHHH /ISl OLIEHKH THIIOTE3, AJIbTEPHATHB, PE3yJIbTaTOB U PEILICHUH.

Ipeonoumenus — xpurepuu, kotopsie JIIIP cunraeT 6onee 3HAUMMBIMHU, W 3HAYCHUS ITUX KPUTCPHEB.

Anvmeprnamugbl — MHOKECTBO BapMaHTOB PELICHUM 3aJaud WM IUIAHOB ACMCTBUM, HAIIPAaBJIEHHBIX Ha €€ perie-
HHE.

Pewenue — BpIOpaHHas anbTepHATHBA (TUIAH) JUIS PEIICHHS 3a/1a9H.

Oyenka — CyXaeHUe, HACKOIBKO OIICHUBAEMBbIIl 00BEKT COOTBETCTBYET MPENOUTCHUAM U oxuanusm JIITP.

Cucmema noooepoicku npunamus pewernuti (CIIIIP) — BeIYUCAUTENBHAS CYITHOCTD, OCYIIECTBISIONIAS NCHCTBUSA
10 MOAJEPKKE NPUHATUS PELICHUM.

B acnekre npoguns on onpenenéH Kak CTpYKTYPUPOBAHHOE ONMMMCAHKE KOHKPETHOTO CYOBEKTa.
Ha OM npodunst (pucyHOK §) CTpYKTypHBIE €IUHUIIBI IPUBEICHBI BBIOOPOYHO. MHOTOTOUME O3HA-
qacT, 4ToO B npocbnne MOJKET OBITH npeacrasiicHa Jr00as JOITIOJIHUTCIIbHAs I/IH(bopMaL[I/IH, KOTOpas
SIBJISICTCSL PETICBAHTHOM 11 KOHKPETHOU TTPOOJIEMHOM 00J1acTH.

| CcrtC | | Yenosex | | Aremr | | Cepsuc |
*— Cyonerr |
onucvieaem
[Ipoduip >| KoHTakTsl |
——————=-ZzZ=% S TTm=-—o.
———————————— _—’—‘ ~ -_-_-_-——__
| TIpodum CTC | | TIpodus uenonexa | | TIpoguns arenra | | [Tpoduis ¢epruca |

N IlepconanbHbIe > WneHtudukamoHHas <
JIAaHHBIE HHpOpMALIHS

->| Komnerenmun | —>| Kondurypanus I(_

_)|:| ->| [Mpeanoyrenus |

Hacrpoliku nipu-
BaTHOCTH >

OcCHOBaHUS 1JIs1 TPYTI-
MTUPOBAHMS

Y

Hacrpoiiku s nep-
N | COHAJIM3ALIUH
SABIAEMCSL IKIEMNIAPOM o le— !
______________ *
cooeporcum | Buaycnyrn |

Pucynox 8 — I[Ipoduib

Ipogune CTC — cTpyKTYpHUPOBAHHOE ONMUCAHME ACATCIILHOCTH, UCTOPHH, [IEJICH, IIEHHOCTEH CHCTEMBbI, KOHTAKT-
HO¥ UH(OPMAIIUH O HEH, a TAKKE JIF00O0H APYTroil TOMOIHUTEIBHON HH(OPMAIIHH.

Cybvexm — CYyIIHOCTh, XapaKTEPUCTUKHU U MOBEJCHIE KOTOPOIl OMUCHIBAIOTCS B MPOoduIe.

Konmakmuei — nHpOpManus 1Jist CBS3H € CyObEKTOM (aapec, KaHajl CBSI3H U T.I1.).

Yenosex — CONAIBHBINA CYOBEKT.

A2enm — aBTOHOMHBII BBIYMCIUTEIIBbHBIA CYOBEKT, CIIOCOOHBINA PearupoBarh Ha CPedy, B KOTOPOil OH ()YHKIIMOHH-
PYeT, BBI3BIBATh B HEHl I3MCHEHUS M B3aUMO/JICHCTBOBATH C IPYTHMHU CYOBEKTaMH.

Cepguc — BEIYUCITUTEIBHBIN CYOBEKT, MPEIOCTABISIONINN YCIYTH IO TPEOOBAHHIO JPYTUX CYOBEKTOB.

L]enb — KOHKPETHBIN Pe3yIbTaT, Ha JOCTUKEHHE KOTOPOTo HanpasieHa aestensnocts CTC.

Jlocmuoicenus — BaxKHEHIINE PE3YJIbTATHI.

Ipoguns uenosexa — uHGOpMaNUs, CBSI3aHHAS C KOHKPETHBIM YEJIOBEKOM B CHUCTEME, KOTOpasl MO3BOJISET €ro
UACHTU(PUIIMPOBATH U 00CCIIEYNTh IEPCOHAIN3AIIUI0 B3aUMOICHCTBUSI.

Ilepconanvhsie OarHble — AMS, 1aTa POXKICHISI, MECTO KUTEIBCTBA, IPY3bs U T.J.

Komnemenyuu — 3amaun u QyHKIMH, KOTOPBIC YETIOBEK CIIOCOOEH BBHITIONHSATE, OMUPAsSCh HA CBOM 3HAHUS, HABBIKH,
YMCHHS U TTYHOCTHBIC KAaUeCTBa.

Ipeonoumenue — GaxTop, ONMPENEIAIOMNN TPH BEIOOPE TPEUMYIIIECTBO OJHOTO BapHaHTa HAaJI APYTHM.

Hacmpoiiku npusamunocmu — orpaHideHns Ha JOCTYH K HH(OpPMAIH 0 YeJIOBeKe 1 Ha e€ MCIIOIh30BaHNUE.

Ipoguns acenma — HAOOP MAPAMETPOB, KOTOPBIC OMPEICIISIOT XapaKTEPUCTHKH U MOBEICHHUE WM (PYHKIIMOHAb-
HOCTb areHTa.

Ipoguns cepsuca — HaOOp MapaMeTPOB, OMPEICIAIONIMX OBEICHUE CEPBHCA, UCTIONB3YEMbIC UM PECYPCHI M BO3-
MOYKHOCTH €r0 OOHapY >KEHUSI.
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Hoenmugpurxayuonnas ungpopmayus — HabOp MapaMETPOB, MO 3HAUCHUSIM KOTOPBIX MOXKHO OJIHO3HAYHO HIICHTH-
¢unmpoBath arenTa/cepBuc B IMppoBoii cpeje.

Konguaeypayus — nabop mapameTpoB, ONPEaeAIONINX BO3MOKHOCTH areHTa/cepBrca, HallpuMep, IIpaBa JOCTyTa K
areHTYy/CepBUCY, NX KOMMYHHUKAIIMOHHBIC M (DYHKITHOHAIFHBIE BO3MOXXHOCTH, ITApaMeTPhl 0€30TTacCHOCTH | JIp.

OcHnosanus 015 epynnuposanus — HabOp MapaMeTpoB, HA OCHOBAHWU KOTOPBIX areHTOB/CEPBHUCHI MOXXHO OOBEIH-
HATH B I'pYIIbI, HAITPUMEDP, BLIIIOJIHACMBIC aFeHTaMI/I/CepBI/IcaMPI poJin, 30HBI OTBETCTBEHHOCTH areHToB/001acTh Z[eﬁ-
CTBUSA CCPBUCOB U JIP.

Hacmpoiiku onsa nepconanuzayuu — HaOOp MapaMeTpoB U HACTPOWKH areHTa/cepBHca MOl KOHKPETHBIE MOTpeo-
HOCTHU.

Buo ycnyeu — koHkpeTHast 3a71a4a win GyHKIUS, BBIOJIHSEMAask CEPBHCOM.

AcniekT xoumexcma (pUCYHOK 9) BBEIEH B CBSI3M C TEM, YTO JIFOOOW CYOBEKT M OOBEKT IpO-

OJIeMHO 00JIACTH CYIIECTBYIOT B KOHTEKCTE, U JIF00As 3a/1a4a TOKE PEIIAeTCsl B KOHTEKCTE.
Konmexcmom cuantaeTcss COBOKYIMHOCTh HH()OPMAIIUK U 3HAHUIN O COCTOSIHUH OKPYIKAIOIICH CPE/Ibl U HAXOISIIHX-
csl B Hell CyObEKTOB/00BEKTOB/CYIHOCTEH MPOOIeMHO# 00IacTH.
Onmonoaeus KoHmekcma — CTPyKTYPUPOBAHHOE TPE/I-
CTaBJICHHE KOHTEKCTHOMW WH(OPMAIIMU U 3HAHUH MPoOIIeM-
HOM 00J1aCTH, HCTIOIB3yEMOE ISl MOJICTMPOBAHHS U TIOHH-
MaHUs OKPYKaromiedl cpejsl, B KOTOPOil (QYHKIMOHHPYET
crcTeMa. JTa OHTOJIOTHS SBJIAETCS OCHOBOW ISt cOopa u
aHaIlM3a Pa3IMYHBIX KOHTEKCTHO-3aBHCHMBIX (DAKTOPOB,
TaKWX KaK aKTHBHOCTH MOJIB30BATENsA, MECTOTIOIOKEHHUE,

BpeMsi, XapaKTEePUCTUKH YCTPOUCTBA U JIp. KonTteker
Cywnocms — KJacC OHTOJIOTUH, PENeBAHTHBIN IS

umeem

i

A6JIIemcs 4acmovio

. " Xxapakmepusyemcs

MMOHNMAHMS CHUTYAIlMH WM 33Ja4M B OINpPEACNEHHBINA MO-

MEHT BPEMEHU. OWL-Time: RDF-Commons Locations:
Bpema — OM BpeMeHH, HaIIpHIMep, OHTOJIOTHS BpeMe- Bpewmst Mecronaxoxenue

HU Ha S3bIKe MoJienupoBaHust oHtonoruit OWL [14]. § Prcyrok 9 — Konrekcr
Mecmonaxooxcoenue — OM  MeCTONOJNOKEHUH,

HampuMep, OHTOJIOTHSI MECTONONIOKeH i [15].
Ceoticmeo — IPU3HAK, OTIMYAIOIINI MHOKECTBO HHIMBUJIOB KJIACCa CYLTHOCTb.

3.2 ACnNeKkTHbIN ypOoBEHb

Ha stane ¢popMupoBaHusi acCIEKTHOTO YPOBHS AKCIIEPTHI ONPENEISAIOT GparMeHTbl OHTOJIOTUH,
B KOTOPBIX MPEJCTABICHBI KOHIIETITHI JIOKAIBHOTO YPOBHS M OTHOILIEHMS MEX1y HUMH. B kauecTBe
TaKOBBIX BBIOMparOTCs T€ KOHLENThl OM J10KanbHOTO ypOBHS (MCXOAHBIE KOHIIENTHI), 111 KOTOPBIX
CYIIECTBYET XOTSI Obl OIHO CEMaHTHYECKOe 0TOOpaskeHHe B KOHLENThI Apyrux OM 3Toro ypoBHs
(eneBwie KoHIENTHI). B Tabnuie 1 ayis acnekToB q00aBieHbl clneayonme ooo3Hauenus: K — kon-
TekcT, [T — npodus.

3.3 [nobanbHbI ypOBEHb

Ha srtane co3nmanus riobansHOTO ypoBHA MAQO mpOoM3BOAMTCS WACHTH(UKAIMS KOHIIETOB,
MIPUHAITICKANTUX HECKOJIBKUM ()parMeHTaM acleKTHOTO ypoBHs. M3 3TUX KOHIIENITOB BHIOMPAIOTCS
T€, KOTOpPbIE MPEACTABIISIOTCS Ha T100aJbHOM YPOBHE, U CO3/aéTCS CTPYKTypa KOHIIENTOB TJIO-
0aJIbHOrO YPOBHSI.

K koHmenram, SBISIOMUMCS OOIIUMH JJIsI HECKOJIBKHUX aCIIEKTOB, OTHOCITCS: AreHT, Bpewms,
HeiictBue, Kondurypamus, Merpuka, [1nan, Pesynbrar, Pecypc, Pons, CepBuc, CTC, Cy0Onekr,
Lens, Yenosek. ['mobanbubiii ypoBenb MAO noka3an Ha pucynke 10.

Casi3yro1Iye OTHOIICHHSI MKy KOHIIENTaMH TI00aTbHOTO U aCMEeKTHOTO YpoBHEH (opmanu-
3YIOTCSI CPEJICTBAMHM SI3bIKa ONHMCAHWs OHTOJIOTMM Ha OCHOBE Pa3IWYHBIX Touek 3peHust Multi-
Viewpoint OWL / MVP-OWL [10]. B craTbe ais WIIIOCTpAIMK MPEICTaBlIeHa YacTh MHOXECTBa
OTHOUICHUH.

OHTONOrHs NPOEKTHPOBaHuUs, x1, ToM 16, 2026 49



Onmonoauueckast MoOeib OUHAMUYECKO20 Konqbueypupoeanuﬂ couuomexﬁuuecmﬁ cucmemaol uud)posbm/t COO6LL[€Cm60M

Ta6nnua 1- OTOGpa)KeHI/Iﬂ MCXKIY KOHICITaAMH aCIIEKTOB JIOKAJIbHOT'O YPOBHSA

Wcxonnprit . Wcxomnprit o
IeneBoii koHIENT [leneBoii KOHIIENT
KOHLIENT KOHLIENT
CyOBekT CTC: noaepKuBaromuii CyobeKT Henb HC: uens
CTC: melicTByromIHii CyOBEKT JK: menp
HC: yaactauk; IK: pecypc [Tan: ems
[Tman: cyosekt; K: cymmuocTs TIITP: 3amaua
I1: cyopekT
CTC CTC: CTC Kondurypamusa | CTC: kondurypanms
JK: o0bekT JK: xoHbuTYpanus
I1: CTC [Tman: nens, [Iman: moctycnoBue
IITIP: anprepHartusa; I1I1P: pemenue
AreHT CTC: arent; JIK: pecypc Ponb CTC: pounp; LIC: ponw; AK: ponb
K: cymnHocTs; I1: areHT IInan: poss; II1P: JIITP
Cepuc CTC: cepBuc; IIK: pecypc JelicTBue CTC: neiictue; LIC: neiicTBue
K: cymHnocTs JK: neitictue; [1lnan: nerictBue
I1: cepuc TIIIP: onenka
Yenosek CTC: gyenoBek Mertpuxa CTC: metpuka
JK: pecypc JK: meTpuxa
K: cymnocts [Inan: kpurepuil ycnemHocTu
I1: yenoBek IITIP: xpurepuit
Pesynprar IC: pesynbrar CBoOHCTBO JK: oTHOmIEHHE
IInan: nenp; [nan: noctyciaosue K: cBoiicTBo; K: Bpems
[Inan JK: nnan Bpems CTC: Bpems; [IK: Bpems
[Inan: nyan [IIIP: Bpems; K: Bpems
T 1
| .
OMHOCUMCSL K | % Cy6BeKT i
| IR
- 1 ~
Aewemci | [ Arenr || Yenosex | [ Cepsuc ]
KOMNOHEHMOM | v
-t ---- 4- ->| CsolicTBO |
' I 8bINOIHIAEM peanuzyem
! L CTC v v
| | Pomp f——— Lens
X onpedensem nogeoenue |

| - ocyujecmeisiem [Tnan ¢
Bpews e | Mzan |

ONntHoOCcuUmcs K

cnocobocmeyem

| JHelicTBue F———
00CMUICEHUIO

umeem ciedcmeuem

—_

= Pesynbrar ——==
AGIACICI IKICMNIAPOM. I -

ABNAEMCA HACMBIO I Gopmanuzyem
______ - oyenusaem Mertpuka

Pucynox 10 — I'moGanbHBINH ypOBEHb MHOTOACIIEKTHON OHTOJOTHH

Otnomenus aisg konnenta CTC rmo6ansHOTo ypoBHS (I'Y):

['V:CTC < CTC: CTC — oTHOUIeHHE >KBHUBAJEHTHOCTH (MHOKECTBO JK3EMIUIIPOB KOHIIENTa

CTC TI'Y coBnagaer ¢ MHOXeCTBOM 7K3eMIuIsipoB KoHuenta CTC acnekTHOro ypoBHsI acleKTa
CTO);
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['V: CTC & I1: CTC — oTHOIIEHHE SKBUBAJIEHTHOCTH (MHOKECTBO 3K3eMIUIIpoB KoHuenta CTC
I'Y coBmamaer ¢ MHOXkecTBoM 3K3eMIUIsApoB KoHienta CTC acnekTHOro ypoBHSI aclekTa Ipo-

rp);
c
['Y: CTC — JK: 06beKT — oTHOImIEHUE BXoxaAeHus (9k3eMIuisipel kKoHnenta CTC I'Y aBnstorcs
9K3EMIUISIpAMH KOHIIETITa 00BEKT acleKTHOro ypoBHs acnekTa J1K).
OTtHomreHus 1 KoHuenTta cyosekT I'Y, rie

['V: cy6bekT & (CTC: nopaepxuBawiiui_cyobekt N CTC: gelcTBYOLUN_CY6bEKT):

I'Y: cy6bekT — K: Cyl[HOCTb — OTHOIIEHHE BXOXKIEHHS MEXTy KOHIENTOM cyobekT I'Y n
KOHIIENITOM CYITHOCTh aCIEeKTa KOHTEKCT aCIEeKTHOT'O YPOBHS;

['V:cy6bekT < LIC: ydacCTHUK — OTHOIIICEHHE SKBUBAJCHTHOCTH MEXIY KOHIICTITOM CYOBEKT
I'V u konuenTom yuactHuk acrnekra L{C acniekTHOro ypoBHS;

['Y: cy6bekT < [l1aH: CyObeKT — OTHOIIEHUE HKBUBAICHTHOCTH MEXIY KOHILENTOM CYyOBEKT
I'V u xoHenTOM CyOBEKT acleKkTa IJIaH acClIeKTHOI'O YPOBHS;

['V:cy6bekT o II: CyObeKT — OTHOIICHHE SKBUBAJICHTHOCTH MEXK/y KOHILIEITOM CYObekT ['Y u
KOHIIENITOM CYOBEKT acIeKTa MpOoQIb aCTIEKTHOTO YPOBHSI.

dopmanuzanus Toro, 4To 3aj1a4a KoHpurypupoBanus pemaercs kak 3anada [1I1P yuactHukamu
LC, onuceiBaeTcs caeayrONIMM MHOKECTBOM CBSI3YIOIIUX OTHOIICHUM:

I'Y:nenb o MITP: 3apaya; T'Y: KOH(l)I/II‘ypaLU/IH:: [ITIP: peienue; I'Y: posib o [IC: ponb;
I'Y: cy6bekT < LIC: yaacThuk; I'Y: geiictBue < LIC: neiicTBue.

3.4 MHoroacnektHaga oHTonorugd

®parment, wunoctpupytommiit MAO JIK CTC LIC, npencrasien Ha pucyHke 11. B kauectse
WJUTIOCTPATUBHBIX NpuMepoB BbiOpaHbl acniekTsl JIK u III1P. IlpuBeneHs! ABa OTHOLIEHUS MEXIY:
koHIenToM 00bekT acnekra JIK u konuenrom CTC I'Y; konnentom 3agava acnekra I1IIP u kon-
nentoM 1ens ['Y. [peanoxxennas ontonorus nojaepxuaet ciaeayromuii ciuerapuii JJK CTC 1IC.

LIC nonyuaer 3anpoc Ha pekoHpurypupoanue CTC, onpenensromunii HabOp CBOMCTB, KOTO-
PBIM JIOJIKHA YAOBIETBOPATH HOBasi KoHpurypauus. YuactHuku LIC corpyaHuyarot B o01iel uH-
dopmanMoHHON cpexne, obecreuuBaroiell BO3MOXKHOCTh B3aHMMOJACUCTBHs. XapaKTEPUCTUKH
YYaCTHUKOB, TaKM€ KaK KOMIIETEHTHOCTb (U€JIOBEKa), MPEeANnovTeHus (4enoBeka), (pyHKIIMOHAIb-
HOCTb (areHTa), perraeMple 3aauu (CEpBUCOM) U T.II. MIPEJICTABIEHBI B UX MPOPUIIAX.

Y4YacTHUKM CO3JAI0T IUIaH PELIEHUS 3a7aud PEKOH(PUIypUpOBaHHUS, B KOTOPOM OIPEIEIECHbI
HOPAIOK ¥ CPOKU OCYIIECTBICHUS UMM JEHCTBUMN 10 PEIICHUIO JAHHOM 3a/1a4l B COOTBETCTBHUH C
BBINIOJIHSEMBIMU POJIIMU, @ TaK)K€ YKa3aHbl KPUTEPUHU, HA OCHOBAHUHU KOTOPBIX OIICHUBAETCH,
HACKOJIbKO pe3yJbTaThl (DAKTUYECKUX JEHCTBHI COOTBETCTBYIOT 3allIaHMpOBaHHBIM. [lnan mpeny-
CMaTpHUBAeT JIEHCTBUS IO OLEHKE TEKYLIEro COCTOSIHUS KOMIIOHEHTOB KOH(UIypalMH, BBIIOIHE-
HHUIO IIPEAYCIOBUH Ul BO3MOKHOCTH OCYILECTBIICHMs cienyrowero aevicrsus, [IIIP u nposepku
YCIIEIIHOCTH BBINOJHEHMs IulaHa. Tekyllee COCTOSHUE CYyOBEKTOB, KOTOPBIC SIBISIOTCS YaCTBIO
CTC, B TOM yHcle KOMIIOHEHTOB KOH(UTYpaluu, U JeHCTBUNA y4YaCTHUKOB OTOOpa)kaeTcs B KOH-
TekcTe. KOHTEKCT npeacTaBiseT akTyaabHble 3HAYEHUS! CBOMCTB CYyOBEKTOB U IPYTUX KOHTEKCTHO-
3aBHCUMBIX CYIIHOCTEH OHTOJIOTUH (HAalpUMeEp, poJib, IeHCTBHE U T.I1.).

B cooTBeTcTBUM C MIIaHOM YYacTHUKHU Pa3padaThIBalOT albTEPHATUBHBIC BapUAHThI KOH(UIY-
palnuy, KOTOpPbIE OLIEHUBAIOTCS OTHOCUTENBHO BBIOPAHHBIX MMH KPUTEPHEB U IPEANOYTEHHH
y4YaCTHHKA, BbIonHsAomero poss JIIIP, u BeiOuparoT Hanbosiee MpeanodYTUTENIbHYI0 KOH(pUrypa-
LU0, KOTOpAasi CYNTACTCS PEIICHUEM 3aJa4H.
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(cMm. pucynox 10)
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oyerusaem

onpeoesem

CMpyKnmypy
U noseoexue

JlelicTBue

ONMHOCUMENIbHO

Gdopmanusyem
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docmudicerue

: uzmepsem
: | Ouenka
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3agaua

i

noposicoaem
susien Ha

AJbTEpHAaTHBA

A615emcs IInan :
erIIOYaem . § OmHOCUMENbHO evlOUpaemcst uz
4acmoio P :
[ Bpews < e - o
omtocumes « ! [Kpurepwit | Pemenue |
Pecypc peanusyem| cozoaem }
cocmoum 6 Poss

ces3bI8aem ¢
OTHoOIIIEHNE

[1I1P
(cM. pucyHOK 7)

JluHaMu4ueckoe KOHPUTYypUpOBaHUE
(cM. puCyHOK 5)

cesA3yIoujee OMHOULEHIUE C ACNEKMOoM
N000EPICKA NPUHSAIUSL PeULeHULL

cesasyoujee OMHoOuleHUe ¢ acneKmom
OuHamu1ecKoe KoHPU2ypuposanue

CcXeMamuuHble 2PAHUYbl ACNEKMOo8 U
yposHel

Pucynox 11 — MHoOroacnekTHasi OHTOJIOI'HsI IMHAMUYECKOTO KOHPUIYPUPOBAHUS COLIMOTEXHUYECKON CHCTEMbI
IUGPOBBIM cO0OIIECTBOM ((pparmeHT)

B cnydae HEBBINOIHEHUS NPELYCIOBUI BO3MOKHOCTH OCYILECTBIEHHUS HEKOTOPOIO JEHCTBUS
WM U3MEHEHHs] HECOOTBETCTBUS (DAKTHUECKUX PE3yJIbTaTOB JEHCTBHI 3alUIaHUPOBAHHBIM, y4acT-
Hukd [{C KoppeKTUpyIOT IJ1aH.

4 KoHdurypmupoBaHue TPaHCMOPTHOro otaena NIorMcTM4YeCKON KOMMaHumn

Paccmotpen ynpoménnsiii npumep ucnonb3oBanugs MAO JIK CTC st 3agaun KOHQUTypupo-
BaHUs TPAHCIIOPTHOTO OTAEJIA JOTUCTUYECKON KOMIIAHUU C LIEJIbIO BBIIIOJHEHUS BXOAIIETO 3aKa3a
¢ yuérom Tekyuieit cutyauuu. Pois CTC BeimonnseT tpancnopTtHeiil otaen. Acnekt L{C B mpumepe
SIBHBIM 00pa3zoM He mnpeacrasieH. [Ipunsro, uro yuactauku LIC sBistores pecypcamu CTC, xoto-
pbie GOPMUPYIOT IIJIaH pelleHus 3a7aul KOH(PUTYpUPOBAHUSI TOCPEICTBOM OOIIEHHS B IU(DPOBOM
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MPOCTPAHCTBE, M MOTYT OBITH BOBJICUCHBI B PEUICHHUE ATOH 3a/1a4n. B MprBeIEHHON KOHKpETH3AIMN
MOHATHI, GUTYPUPYIOIIHUX B PACCMAaTPUBAEMOM MPUMEPE, CEMAHTUUYECKU SKBUBAICHTHBIC TTOHSITHS
KOHKPETU3UPYIOTCS OTHAXKIBI [TO]T TIEPEUYHEM aCIIEKTOB, B KOTOPBIX OHU BCTPEUAIOTCS.

Acnekt: CTC (pucynok 3):

CTC — TpaHCHOpTHLIﬁ OTACI, KOH(i)I/IpraHI/Iﬂ — COBOKYIHOCTbH Ha3HAYCHUM PECypCOB Ha BBINIOJTHECHUE MOA3adayq
JIOTUCTUYECKOU 3a7auH.

Acnextsl: CTC (pucynok 3), [lnan (pucyHnox 6):

Ilem, — BBIIIOJIHCHUEC 3aKa30B (pemeHMe JIOTUCTUYECKOM 3a;[aln/1).

Acniekter: CTC (pucynok 3), JIK (pucyHoxk 5):

Pecypcel — rpy30BBIe aBTOMOOWIIN (CBOMCTBA: JOCTYITHOCTH, NOIYCTUMBIA 00BEM Tpy3a, JOMYCTHMEIC TaOapHTHI
rpy3a, JAOMyCTHMasi Macca Tpy3a, KJIacC BMECTUMOCTH, CTOMMOCTb HCIIOJIB30BAHMSA), IEPCOHAI (CBOMCTBA: KOMIIETECH-
IIUs1, TOCTYITHOCTE); MeTpHKH (OIIeHKH KOH(UTYPAIINH) — CTOUMOCTB M BPeMsI HCTIOIb30BaHUs PECYPCOB.

Acnexr: [P (pucynok 7):

3amaua — KOHGUTYPUPOBAHKUE TPAHCIIOPTHOTO OTAea; KpuTepuit — MUHUMH3AIIMsT CTOUMOCTH M BPEMCHH HUCIIOJb-
30BaHUA PeCypcoB; AJbTepHaTHBA — nomyctuMas koHpurypamus CTC; Pemenne — uroroBas konpuryparwst CTC.

Acnektbl: CTC (pucynok 3), JIK (pucynok 5), [1nan (pucyHok 6):
Pone — ponu, BeimonnaseMsle nepconanom CTC; JleficTBue — nesTeIbHOCTh, KOTOPYIO BBINOJIHSET MEPCOHAN MpU
pELICHUH JIOTMCTUYECKOM 3a1aun.

Acmniekt: [1nan (pucyHok 6):

Kpurepuii ycnemHocTy — HaTM4Kue pereHusl.

AcniexT: [Ipoduns (pucyHok 8):

Pecypcbt CTC u ux cBoiicTBa.

Acniext: Konrteker (pucyHok 9):

KoHkpeTHble 3HaUeHHUs CBOWCTB CYLIHOCTEH, KOTOpbIe BoBiIeueHsb! B 3a1auy JAK CTC, B onpeaenéHHoe BpeMsl.

Jnsa kaxxnoi koukpetHoi CTC acnekt JIK MoxkeT 00beaUHATh HECKOIBKO CIIeNU(UYHBIX IS
stoii CTC acnexktoB. B 1aHHOM npuMepe TaKUMU acleKTaMH SBJSIOTCS: Ou3Hec-mpolecc 00padboT-
KM 3aKa3a, BBIOOp pecypcoB, OCTPOCHHUE MApHIPyTa. DTH ACHEKThI BHICTYMAIOT B PO «UEPHBIX
SIIIIUKOBY, PEIIasi COOTBETCTBYIOIINE 3a/1a4d MTPEAYCMOTPEHHBIMH B HUX METOaMHU.

OHTONOrHYECKOMY MOJICIIMPOBAHUIO TAKUX ACIIEKTOB MOCBSIEH psifl paboT, Hanpumep [16, 17].
B3aunmopeiicTBre ¢ aTMu acriektamu (Tiepenada B HUX MCXOJIHBIX TaHHBIX U MOJTYYeHUE pe3ysIbTa-
TOB) OCYIIECTBIISETCS C TTOMOIIBIO CBSA3YIOIIMX OTHOIICHUH.

B cootBerctBuM ¢ onucaHHbM cueHapueM LIC momydaer 3ampoc Ha peKOHGUTIYpHpOBaHHE
TPAHCIOPTHOI'O OT/IeJIa JJIsl BBIMOJIHEHUS 3aKa3a, COAEPIKALIEro CiIeaAyolIue CBOMCTBRA:
= nata u Bpems noctymnenus (I ), I, = 07.03.2025, 16: 25;
* ypucno mect rpy3a (L), L = 2;
* 00bém mecta l (Iyy,): 06béM mecta 1 — Iy, = 6,5 M°, 00BEM MecTa 2 — Iy, =39 M
* rabaputsl mecTa [ (Ig;,): Tabaputel Mecta 1 —Ig;, = {2,5;2; 1,3} m; I, = {1,5;2; 1,3} m;
» wmacca mecta | (Iyy,): macca mecta 1 — Iy, = 700 kr, macca mecta 2 — Iy, = 400 xr;

* azpec (TE€OMO3HINSA) U JOMYCTUMOE BpeMs morpysku Iz, = {14.03.2025 10:00 18:00};
14.03.2025 10:00 18: 00}
15.03.2025 10:00 15:00

3

* ajpec (reono3uums) 1 JI0IyCTUMOE BPEMs pasrpysku Iz, = {

" JIOIYCTUMOE BPEMs TPAHCTIOPTUPOBKH (It 1), It = 24 u;
* jquanason pomyctumon cronmoctu (Ig . 1, Ic,,..1)» ¢, = 0 PyO., Ic,. ... = 3200 pyb.
VYyactaukamu LIC 15 cocTaBieHus 1aHa NpeaiararoTcst:
®  BO3MOXXHBIE BHJIbI IEUCTBUH, KOTOpbIe onpezaenensl B acnekrax CTC, 1K u I1I1P;
= BBl poJeii, cneundunmponannsie B aciekre CTC;
®  CcIHUCOK KOHKpeTHBIX cyObekToB CTC — ro/ieit, areHTOB U CEPBUCOB — M UX KOMITETCHITHM.
[Tpu cocraBieHny M1aHa CyObEKThI HA3HAYAIOTCS HAa POJIb B COOTBETCTBUU C MX KOMIIETEHIIHSI-
mu. CocraBnennbiii ydyactHukamu L[C muran pemenusi 3agaun KoHurypupoBaHus (Tadnuma 2)
OTIpeJieNIAeT CIEAYIONIYIO MOCIeI0BaTeIbHOCTh IeHCTBHiA: 1) mocTpoeHne Ou3Hec-mporecca odpa-
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00TKH 3aKa3a; 2) BEIOOpP pecypcoB; 3) MOCTpOSHUE MapIIpyTa; 4) OLIEHKA M BHIOOp KOH(DHUTypalHH.
JIJis Ka)Xa0ro JACUCTBUS YKA3bIBAIOTCS CPOKM Hadaja U OKOHYaHWS (B TaOIUIC HE MPEICTABICHBI).
HevictBus 1 — 3 cnenudunmpoBansl B kinacce aeiictBue acriekta CTC. JleiicTBue 4 mpencTaBieHo B
acriekte IIITP kxak oueHka W BBIOOp pEIIEHUS B CBSI3M C HAIMYHEM CBS3YIOIIETO OTHOIICHHS

I'Y: koudurypauus < IIP: pemenue. B rpade «AcmekT» (He BXOAMT B IUIAH) IIPEICTaBICHBI
crieln(pUYHbIE aCIEKThI, IPeIararoliue METO bl PEICHHs 3a/1a4, IPEYyCMOTPEHHBIX JEHCTBUSAMMU.

Tabmuna 2 — [nan peweHus 3a1a491 KOHPUIYPUPOBAHUS TPAHCIIOPTHOTO 0TIl

ITo- .
PANOK Kpurepnii
N JeiictBue IIpenycnosue IToctycnoBue Pons Pecypc YCHEIIHO- AcmexT
Aier cTH
CTBHSA
Ioctpoe- Oo6pabot- [Momygyeno Busnec-
HHE é)m Hasuasen we- tmfc) BXO zlonyzm TIpo1ecc
1 [ocTynun 3axa3 HeKep 1o 00- AreHT Y P
Hec- TSIIIETO Moe pere- | 00paboTku
paboTke 3akasza
npouecca 3aKaza HHE 3aKasa
Ilepeuens uc-
P AreHt — [Tonyueno
Hasnauen mene- I10JIb3YEMBbIX
Bri6op Opranuza- | pemarenb apdex- Bri6op
2 €cypcoB JoKep 110 06pa- pecypeos (co TO OrpaHuye TUBHOE eCypcoB
peeyp 00TKe 3aKa3a 3HAYCHUAMHU p pany peeyp
. HUH penieHue
CBOWCTB)
Hanunune 3Ha4e-
o Bpewms nonaun
HUH 1715 KJ1acca AreHr —
aBTOMOOWIIS, [Toydeno
IocTpoe- aBTOMOOWIIA, TO- Jloruct- CepBUC Ioctpoe-
BpEMSI ITOTPY3- s dex-
3 HHE YeK MOTPY3KH 1 TUIAHH- TIPOKJIA/IKH HHE
MapuipyTa a3rpy3KH, Bpe K1, MaptpyT, OBLIMK Mapii THBHOC Mapuipyra
pLIpy pasrpysku, Bp BpeMs pasrpy3- p pIIpy pelene pLIpYT
MEHHBIX OTPaHH- . TOB
YeHU I
Ouenka u [onyuena
! Nwmeetes 2¢- i
BEIOOD apdek-
Nwmeetcs koHpH- (bexTuBHas Jlorucrt-
4 KOHpUTY- Yenosex TUBHAs TII1P
rypamus CTC KOHUTypanus JITTP
panuu CcTC KOH(HTY-
CTC pamust

busznec-nporiecc 006paboTKM BXoAsIIero 3aka3a (Jneicrue 1), kKak mpaBuiio, sIBJISETCS CTaHaap-
TU30BaHHBIM (MPUEM 3aKa3a, BEepU(PHUKAIUs, MOATOTOBKA JOKYMEHTOB U T.I.), HO MOXET HMEThb
BETBJICHHUS B 3aBUCHMOCTH OT KOHKPETHBIX MapaMeTPOB 3aKa3a U 3aKa3uuKa, a TaKKe TeKyIel CH-
Tyalllud, 9TO OMUCHIBAETCS KOHTEKCTOM. J[elicTBHE MO CO3MaHMI0 OM3HEC-Mpolecca 3aKII0YaeTcs B
pelIeHUN 3a/1a4d, OMMCHIBAEMOM € MOMOIIBIO MPOAYKIITMOHHBIX MPABUJI (€CIH ..., TO ...). DTy 3a1a-
4y pelaeT CrerualbHO pa3paOOTaHHBINA areHT, BBHIMTOIHAIOMUN posib 00paboTurKa BXOSIIETO 3a-
Ka3za. B paccmatpuBaeMoM mpuMepe 3aka3 SBISIETCS CTaHIAPTHBIM, HOPMAaTHB BPEMEHH Ha €ro 00-
paboTky cocrtaBisieT 2 yaca. DToT 3aka3 nepenaercs pecypcy CTC, BhIMOTHSAIOMIEMY pOJib MEHE-
JoKepa 1mo 00paboTke 3akaza. JleiicTBue 2, CBA3aHHOE C BRLIOOPOM PECypCOB, BOBJICUEHHBIX B 33/1a4y
TPAHCIIOPTUPOBKH 3aKa3a, COCTOUT B PEUICHUH 33aJa4d BBIOOpA, KaK 3a/1a4l yIOBICTBOPESHHSI OTpa-
HUYEHUN. DTy 33/1a4y peniaeT OpraHu3arop ¢ yu€ToM KpUTEpUsi MUHUMHU3AIUN CTOUMOCTH HUCIIOJIb-
3yeMBIX pecypcoB. Posib opranmuzaTopa BHIOIHSET areHT-peliaTeNb orpannueHuil. Mcnonb3yembie
BU/JIbI PECYPCOB: T'PY30BbIC aBTOMOOWIIN, BOAUTENH (IIPUHAIJICKAT KIaccy nepcoHan). Beibop ocy-
LIECTBIISUICS Cpeird aBTOMOOMIEH TpEX KJIACCOB BMECTMMOCTH (Majioro, CpeaHero, OOJBIIOro) u
BOJAUTENCH C TpeMs BUAAMU KOMIIETEHUHUH (IOIMyCK K YIPaBJICHUIO aBTOMOOWISIMU KJIAaCCOB BMe-
CTMMOCTHU: MAJIOT0; MaJloro U CPEIHEro; Majoro, cpenHero u 0omnpinoro). CBOMCTBA 3aka3a mepe-
JTAIOTCS B 3a/1a4y BbIOOpa pecypcoB MOCPEAICTBOM CBSI3YIOLIMX OTHOIIEHUH 7. Hanpumep, cienyro-
11ee OTHOILIEHHE OMKMCHIBACT, YTO OTHOLICHUE 7, MKy IOIYCTUMBIM 00bEMOM TIpy3a pecypca R, u
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00bEMOM MecTa [y, YKa3aHHOM B 3aKa3e, COOTBETCTBYET OTPAHMYEHHUIO HA JAOMYCTHUMBIH 00BEM
rpysa pecypca R,,, KOTOPbIH He JOJDKEH MPEBBIIIATh CyMMY 0OBEMOB MECT B 3aKa3e:

= L
(TU(IVRW ) IVL) = TT'ue) d <IVRW 2 Zl_o IVR[)'

D¢ (eKTUBHOCTh pelIeHHs 10 BBIOOPY PECYpCOB OINpPENENsIeTCsl CTOUMOCTBIO MX HCIOJIb30Ba-
HUS, KOTOpasi yYUTHIBAETCS pelIaTeaeM OrpaHUYeHHM [TPU T'eHEPALUN PELLCHUS.

OpraHu3aropoM BbIOpaHbI CIEYIOLUE PECYPCHI:

"  aBTOMOOWJIb CPEJHEro Kiacca BMECTUMOCTH, AocTynHbi 14.03.2025 ¢ 14:00 no 16:00 u ¢
20:00 mo 22:00; 15.03.2025 ¢ 8:00 mo 22:00, mpu MEHbIIEH CTOMMOCTH YIOBJIETBOPSIOIIUN
BCEM OTPaHUYCHHUSM;

"  BOJUTENb, UMEIOLIUI JOIYCK K YIPABIECHUIO aBTOMOOUIISIMH MaJIOTO M CPEAHEr0 KJIAcCOB BMe-
CTHMOCTH, C o4acoBoi oriaroit 300 py0./d., cBoOoHbIN Asst BeIoNHEHHU padoTsl 14.03.2025
¢ 18:00 mo 22:00 1 15.03.2025 ¢ 8:00 mo 22:00.

[TocTtpoenue wmapuipyra TpPaHCIOPTHUPOBKU 3aka3a (IeWcTBHE 3) BBIMOIHSIET JIOTHCT-
IUTAHUPOBILKK B JIMLE areHTa-CepBUCa MPOKIAAKH MapIIPYTOB. DTOT CEPBUC UMEET BO3MOKHOCTh
IPOrHO3UPOBAHUS JOPOKHOM CUTYaI[H, PE3YIbTaThl KOTOPOI'O UCIIOJIb3YIOTCS ISl OKOHYATEIbHO-
ro pacuéra (y4uTbIBACTCS BpeMs I0Jlaud aBTOMOOWIISA, BPEeMs MOTPY3KH U pa3rpy3ku). BxonHeiMu
JAHHBIMH U CEPBHCA SIBIISTIOTCSI BPEMEHHBIE OTPaHUYEHUS, KIacC aBTOMOOWIISI, TOUKH MOTPY3KH U
pa3rpy3KH, MepeaBaeMble ¢ MOMOIIbI0 COOTBETCTBYIOIIUX CBSI3YIOIIUX OTHOLIEHUH SKBHBAJICHT-
HocTH. Kputepuem 3pheKTHBHOCTH MapIpyTa SBISIETCS BPEMsI UCTIOIb30BaHUS PECYPCOB.

ITpu 3amaHHBIX MCXOIHBIX JAHHBIX 3aJadya MOCTPOSHMsI MaplIpyTa HE MMEET peLIeHHs, IO-
CKOJIbKY aBTOMOOWJIb, BBIOPAHHBIM OpPraHM3aTopoM, HE MOKET BBIIOJHUTH 3aKa3 MpPU 3aJaHHBIX
BpEMEHHBIX orpanndeHusx. O6 3tom unpopmupyetcs joruct-JIIIP, KoTopslit 10MKEH BBITOIHUTH
OLIEHKY TIpeiokeHHOTo pemenus (neiicrsue 4). Jloruct-JIIIP npuanMaet perienne o peKoHpUry-
pupoBanuu CTC.

B HOBOI KOH(UTrypaly UCHOIb3YIOTCS IPY30BOI aBTOMOOMIIb OOJIBIIOTO Kjacca BMECTHMO-
ctu (I'AB) u BoauTeNb, MMEIOLIUHI JOMYCK K YIPABICHUIO aBTOMOOMIIAIMU OOJIBIIOTO Kjlacca BMe-
ctumoctu (KMCB) u cBoOoAHBIN B paccMaTpUBaeMOM MHTEpBajie BpemeHu. Mtorosas konpurypa-
IIUs] TPAHCTIOPTHOTO OT/AeNa (S) AU BBITOJHEHHS 3aKa3a UMEET BUJI:

S, = {mMeHnemxep no o6pa6oTke 3akasa; {08.03.2025 2:00}} MeHemkep no 06padoTKe 3a-
Ka3a oOpabartbiBaeT 3aka3 08.03.2025 B TeueHue 2-X 4acoB;

s, = {TpchnopTHoe cpeactso 'AB;  {15.03.2025 9:30 16:00}

BoauTesb KMCE; {15.03.2025 9:30 16:00}
ka3za 15.03.2025 ¢ 9:30 o 16:00 ncnone3yercs TpancnioptHoe cpeactso 'AB u npusnekaercs Bo-
murenns KMCB;

S; = {MapuIpyT TPaHCHOPTUPOBKH} KOHKPETHBII MapUIPYT TPAHCIIOPTHPOBKH C BPEMEHHBI-
MH OTMETKaMHU.

} JJI BBIIIOJIHCHUSA 3a-

3aknroyeHune

B cratee onmcan npouecce cozaanua MAO mina JIK CTC yuyactaukamu L[C. Onpenenens ac-
MEKThI, 3HaHUSI KOTOPBIX JTOJDKHBI OBITh BKIIOUEHBI B OHTOJIOTHIO, M pa3paboransl ux OM: CTC,
HC, AK, mnan (kondurypuposanus), [1I1P, npoduns, kontekcr. M3 OM acnekToB BeIOpaHbI UX
YaCTH, PEJIEBAHTHBIC Ul TNPEACTaBICHUS 3HAHUN paccMaTpuBaeMoil mpobiemMHON o0nactu, U
chopmupoBan ['Y MAO. Dtot ypoBeHb oTpaxkaeT cnenuduky mpodiaemuoit odmactu JIK CTC u
COJICPKHUT OOOOIIEHHBIE TOHATHS AJIS MOJICPKKH CEMaHTHUYECKOM MHTEponepabeabHOCTH acIeK-
toB. [Ipumenenne MAO npoaeMoHCTpUpOBaHO Ha mpumepe 3aaaur JIK TpancmopTHOro otaena
JIOTUCTUYECKOW KOMITaHUU. [lokazaHa BO3MOKHOCTh BOBJICUEHHS B BBIIIOJIHEHUE 3TOM 3a/1a4d pas-
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JIMYHBIX aCIIEKTOB, PEIAIOIINX OTJCIbHBIC T0/13a/1a4u B paMkax obmel 3agaun JIK. MAO obGecrie-
YUBAIOT WHTETPAIUIO PA3HOPOIHBIX ACMIEKTOB B OOIIYIO OHTOJIOTHIO U OTJIMYAOTCS BO3MOKHOCTHIO
COXPaHEHUS UX BHYTPEHHUX (HOpMaIu3MOB, 0OecleyeHHs] UX He3aBUCHUMOCTU OT camoii MAO u
JIPYTUX aCIEKTOB, a TAKXKE MCIOJIb30BaHUS YK€ CYIIECTBYIOIIMX B paMKaX acleKTOB METOJIOB pe-
mIeHUs 3a1a4 KOHPUrypupoBanus oTAenbHBIX 37eMeHTOB CTC. MAO COBMECTHO ¢ KOHIEMIIHEH
LC oTkpsiBaeT BO3MOKHOCTHU JIJIs1 BOBJICUCHUSI PA3pO3HEHHBIX PEeCypcoB (JI0JeH U MPOrpaMMHBIX
CyLIHOCTEH), 00JaAal0IUX COOTBETCTBYIOUIMMHI KOMIIETEHIUSIMHU, B PEIICHHE PA3JIMYHBIX 3ajad.
Takol moaxoj MpUBIIEKATENIEH MPU PEIICHUH 3aad, TJIe TpeOyeTcs MCHOJIb30BaHUE MEXIUCIIHU-
TUTMHAPHBIX 3HAHUH.
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Abstract

The article addresses the development of a multi-aspect ontology for configuring a sociotechnical system according in
accordance with the requirements imposed by changes in its operating environment. An aspect is defined as an ontolo-
gy developed to meet the requirements of a specific problem domain and reflecting a particular representation of the
content and structure of the knowledge being described. Configuration is carried out by members of a digital communi-
ty composed of humans and software agents that interact and exchange services within a digital environment. The pro-
posed ontology comprises the following aspects: the sociotechnical system; the digital community; dynamic configura-
tion; configuration plan; decision support; profile; and context. A global ontology level has been constructed to capture
the specific characteristics of the problem domain “dynamic configuration of sociotechnical systems” and to provide
generalized concepts that ensure semantic interoperability among the aspects. The novelty of the proposed approach lies
in the use of an original methodology for the development of multi-aspect ontologies to represent complex knowledge.
The application of the multi-aspect ontology is demonstrated through the case of dynamically configuring the transpor-
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tation department of a logistics company. The problem solution involves both humans and software agents possessing
the competencies required to perform order processing, resource selection, route planning, and decision-making func-
tions. The proposed ontology reduces the effort required to construct a knowledge model for the given problem domain
and improves its quality through the reuse of established solutions for individual aspects. It also enables the extension of
the domain knowledge model with additional aspects and provides a foundation for developing configuration scenarios
for complex systems.

Keywords: sociotechnical system, digital community, dynamic configuration, ontology model, multi-aspect ontology,
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NnoXapoB C NOMOLbIO afanTUBHON HENMPO-HEYETKOU CEeTU

© 2026, M.B. Boobipn><l, B.A. Bonaapenko

FOz0-3anaouwiti cocyoapcmeennwiti ynusepcumem (FO3I'Y), Kypck, Poccus

AHHOTaUuA

CermeHTanus M300pakeHUIT MOKApPOB SBISETCS BaKHOHM 3a1adeil sl CUCTEM PaHHETO OOHAPYXKEHUS U
MOHUTOPHHIA YPE3BbIYAMHBIX CUTyali. TpaauIMOHHBIE METObI, TAKHE KaK Ioporosasi o0OpaboTKa u
CJIOJKHBIE BBIUUCIMTEIbHBIC MOJEIN, UMEIOT OTPAaHUUYEHUS 10 CKOPOCTH U TOUYHOCTH B YCIIOBMSIX peajlb-
Horo BpeMeHH. Llenb uccnenoBaHus — oOecredyeHHe Mpolecca CErMEHTAlMU M300paXeHU B pexuMme,
OJM3KOM K peallbHOMY BpeMEHH. B cTaTbhe mpejcraBiieHa OHTOJOTHUYECKAas MOJENIb CerMEHTalUuu U300-
pakeHHil okapoB, OCHOBAHHAsI Ha aJalTUBHONW HEWPO-HEYETKON CHCTEME C ONTUMU3UPOBAHHBIM Jedas-
31(UKATOPOM METOJ[a OTHOIICHMS IUIomanel. B Monmenu cTpyKTypupyroTest mpouecchl 00pabOTKH JaH-
HBIX, BKJIIOYas MpeoOpa3oBaHHe M300pakeHHW B IBETOBOE MPOCTPAHCTBO OTTEHKA, HACHIILICHHOCTH U
SIPKOCTH, UCIIOJIb30BaHHUE TPEYTOJIbHBIX (DYHKIMH NMPUHAIICKHOCTH U aJIalITHBHYIO HACTPOUKY IapameT-
POB Ul BBIAENICHMS O4YaroB BO3rOpaHMs. B OHTONOrMM CHCTEMAaTH3MPOBaHBI KIACCHI, MPOLECCHl M UX
B3aUMOCBSI3H, oOecreunBasi MOAYJIHLHOCTh U THOKOCTD pelIeHns. DKCIIEPUMEHTHI Ha N300paKeHUSIX HOU-
HBIX M0’KapOB C JbIMOM IOKa3alli, YTO MPEAJIOKEHHAs MOJENb JOCTUTaeT BBICOKOH TOUHOCTH U CKOPO-
CTH, NIPEBOCXO0/I CPABHUBAEMbIE METO/bl CEIMEHTALMU, U COAEPKUT MOTEHLUAN Ul IPUMEHEHUS B CU-
cTeMax MOHUTOPHHIA B peajJbHOM BPEMEHH.

Knioueeswvle cnosa: onmonoeus, Hetpo-nHeuémKull areopumm, ceemenmayus uzoopaszjicenuil, oeghaszugdu-
Kayusl, UCKYCCMEEHHbIT UHMELEKMN.
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Kongnuxkm unmepecog: aBTOpbl 3asBISIOT 00 OTCYTCTBUH KOH(IINKTa HHTEPECOB.

BBepeHune

OO6Hapy>keHue U JTOKAIU3aIHs MOKapoB — BAKHEHINE 3a/1a4 B 00J1aCTH O€30MacHOCTH U MO-
HUTOPUHIA OKPY’KaIoLIEH cpelibl, 0COOEHHO B YCIOBUSX POCTa YHUCIIA JIECHBIX MOKAapOB M TEXHO-
reHHbix karactpod. IToxap, kak CymIHOCTb, 00Ja1aeT HEUYETKUMH, JTUHAMUYHBIMA U KOHTEKCTHO-
3aBUCHMBIMHU CBOICTBaMH U MOKET OBITH CMOJIETTUPOBaHA B paMKax HEYETKOW OHTOJIOTUH, TJe Tpa-
HUIBI 00BEKTOB M MPUHAICKHOCTh K KJIACCy IrpaayaibHbl, a He OuHapHbl. [IpuMeHseMbie METO bl
cerMeHTanuu He 3((QEeKTUBHBI B CBA3HM C BHICOKOW BapHMaTHUBHOCTBIO U HEOIPENEIEHHOCTHIO BU3Y-
QIBHBIX MIPU3HAKOB MOXapa, a TIIyOoKHue HelpoceTn He 00eCIeunBalOT HHTEPIIPETHpyeMocTH. Mc-
I10JIb30BAHKE TEIUIOBBIX JAaTUMKOB U BU3YyalIbHOIO HaOo1eHus [ 1] yacTo orpaHuyeHo 1Mo CKOPOCTH
pCakiuu U TOYHOCTH, OCO6€HHO B CJIOKHBIX YCJIOBUAX, BKIIIOYass HOYHOC BpCMH, CUJILHBIN JAbIM UJIN
TOPHYIO MECTHOCTh [2]. OHTOJIOTMH, KaK WHCTPYMEHT CTPYKTYPUPOBAHUS 3HAHHM, IMO3BOJISIIOT
(hopMann30BaTh MPOIECCH U JaHHBIC 7S aHAIIM3a TUHAMUYHBIX CHUTyaluil. Pa3paboTka oHTONOTHIA
SBJISICTCSI TPYAHOM 3a7a4eil 11 TOYHOM (hopMalIh3aIiuu CI0KHON MPeAMETHON 001acTH, IPH HEOO-
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XOJUMOCTH aJaNTallii K PealibHbIM YCJIOBUSM U HEXBATKE CTAaHAAPTHU3UPOBAHHBIX MHCTPYMEHTOB
JUTst 0ObEIMHEHUS OHTOJIOTUM C BBIYUCIUTEIBHBIMU CUCTEMAMU. DTO 3aTPYIHSAET UX MPAKTUUECKOE
MIPUMEHEHHE B 3aJ]auaXx MOHHUTOPHUHIA MOKapOB M JIEJAeT aKTyaJbHBIM MPOJOJIKEHUE HCCIIEI0Ba-
Huil. PazButie MeTom0B 00pabOTKM M300pakeHUIl MO3BOJISIET aBTOMATH3UPOBATh Hpolecc oOHa-
PY>KEHHUSI 04aroB BO3TOpaHMs 4epe3 CErMEHTAlMI0 U300pakeHuii, oOecrieunBas ONepaTuBHOE BbI-
JIEJIEHUE 30H OTHS J1aXKe IIPU OrPaHUYEHHON BUAUMOCTH [3, 4].

HccnenoBanuss B 00JIacTH JIOKQJIM3AIMU TOXKApPOB aKTHMBHO pa3BHBaroTcsa. Hampumep, B [5]
MPEAJIOKEHO MPUMEHEHHE aJIallTUBHBIX HEHUPO-HEUETKUX cucTeM BbiBoAa (Adaptive Neuro-Fuzzy
Inference System, ANFIS) st MOAenMpOBaHUs MPOIIECCOB, CBSA3aHHBIX C TOYKapaMH, YTO MOKET
OBITh MCIOJIB30BAHO ISl aHAIM3a PACIPOCTPAHEHHUSI OTHS C BBICOKOM TOYHOCTHIO. B [6] mpencras-
JIEHBI MYJIBTUMO/JIATIbHBIE HA0OPHI JaHHBIX, BKJIIOUas N300pakKeHUs MOKapOB, AJIs pa3padOTKH MO-
neneil cermeHTanuu. B [7] onucan MeTO/ aHanM3a MOXapOOMACHBIX CUTYallul C UCIIOJIb30BAHUEM
CIIOKHBIX BBIUMCIUTENBHBIX MOJENEH U OTMEUYEHA UX BBICOKAs BBIYUCIHUTEIbHAS CIOKHOCTh. B [§]
MOKa3aHa HEOOXOMMOCTh Pa3pabOTKH METOJIOB ¢ MUHUMAJIbHOW 3aBUCUMOCTBIO OT OOJIBIINX O0b-
€MOB JJaHHBIX.

CoBpeMeHHbIE BBIUYUCIUTENbHBIE MoieTH, Takue kKak U-Net [9] u Mask R-CNN [10], nokazanu
BBICOKYIO 3(D()eKTUBHOCTh B 3a/1adaxX cerMeHTaluu n3o0paxenuii moxapos [11, 12], Ho ux nmpume-
HEHHME OTPaHUYCHO HEOOXOIMMOCTHIO 3HAUUTEIBHBIX BEIYUCIUTEIBHBIX PECYPCOB U OOJIBIINX 00B-
éMoB pa3meueHHBIX JaHHBIX [13]. B [14] oTMeuaeTcs, 4To Takue MOJIEH TPEOYIOT JECITKOB ThICAY
M300pakeHUH 7151 O0yUYEeHHS, YTO 3aTPYAHSIET UX HCIIOJIB30BAHHUE B YCIOBUSIX PEAIbHOTO BPEMEHH.
B [15] mpennaratotrcs rTuOpuAHbBIE MOAXObI HA OCHOBE T€HETHMUECKUX aTOPUTMOB JJIsi ONITUMHU3A-
LMY TIOPOTOBOM CErMEHTAlLlMU, KOTOPbIE CII0KHBI B HACTPOMKE.

[ToporoBasi cermeHTanus B I[BETOBOM IMPOCTPAHCTBE — TOH, HACBIIIEHHOCTh, SIPKOCTh (Hue,
Saturation, Brightness, HSV) — npoctoii u ObICTpbIi MeTo1 [16], 0/HAKO €r0 TOUHOCTh CHUKACTCS
[Py HAJIMYUU JIbIMA WIM NEepeMeHHOro ocellenus. B [17] npennoxken moaxon ¢ AMHAMUYECKOM
ananrtauue noporos HSV aiis oOHapyKeHUsI OTHS B YCJIOBUSX JIECHBIX I10KApOB, HO OH YCTYHAEeT
10 TOYHOCTH OoJiee CIoXKHBIM MeTonaMm. Heiipo-nHeuérkue cuctemsl (Hanpumep, ANFIS) addek-
THBHO COYETAIOT aJalITUBHOCTh U TOYHOCTh IIPU MEHbILIEH 3aBUCUMOCTH OT JaHHbIX |18, 19].

B nannoli cratbe mpencraBiieHa oHTosiornyeckas mojenb (OM) cermeHTanuu U300paKeHUi
MOKapoB, aJanTHPOBaHHAs AJS YCIOBUI HOYHOTO OCBEHICHHsI ¢ IbIMOM Ha (oHe rop. Monenb
CTPYKTYpUpPYET MHpoliecchl 00pabOTKU JaHHBIX W BKJIIOYAET MpeoOpa3oBaHUe M300paKeHUH B 1iBe-
TOBOE MpOCTpaHCTBO HSV, ucnonb30BaHue TPEYrodbHBIX (DYHKIMN MPUHAIICKHOCTH U aJalTHB-
HYIO HACTPOMKY MapaMeTpoB JUIsl BbIIEJICHHS 04aroB Bo3ropanus. B oHronoruu cucrematuzupona-
HBI KJIACCHI, MPOIIECCH U UX B3aUMOCBSI3M, 00ecneunBasi MOJIYJIbHOCTh U THOKOCTH perneHwus. Mc-
cinenoBanus [20—24] moATBEPKIAIOT aKTYadIbHOCTh TAKUX MOJXO0JI0B JJII MOHHUTOPUHTA TTOKAPOB U
aBTOMATHU3allMU aHAJIN3a JIAHHBIX B YPE3BbIUAUHbBIX CUTYAIUAX.

1 OHTOnornyeckas mogenb cermeHTauuu

OM cermeHTanuu u300pakeHui (CM. pucyHOK 1) mpeacTaBisieT coO0H CTPYKTYPHUPOBAHHOE

OTHMCaHUEe KOHIIEMIIHiA, 00BEKTOB, MPOIIECCOB M MX B3aMMOCBS3EH U 3a/1a€TCs B BUE KOPTEKA:
7 6 9 5
0={ 0, 0;, Op, 0q ), (1
k=1 a=1 d=1 x=1

rae 0. — OM knaccoB 00bekTOB (¢ = 1...7, /i€ ¢ — KOJIMYECTBO KiaccoB 00bekToB); 0; — OM
uzobpaxenus (i =1...6, rae i — KOIMMYECTBO MOAKIACCOB n3obpaxenus);, O, — OM nporuecca
(p =1..9, THe p — KOIUYECTBO MOAKIACCOB Mporecca); O, — OM arpudyroB (a = 1...5, rie a —
KOJIM4YeCcTBO aTpuOyToB). J[aHHbBIE MOJeNN OoNnKcaHbl B Tabnunax 1-4.
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MN306parkeHne Mpouecc
ABnAeTcAa
AsnAeTca
MoaKnaccobl Mopaknaccel Mpouecca |
U3o6parkeHns | 3arpyska
< BbIXOA; n3o6paxkeHuns |
McxoaH. n3obp. |
BXOL;
g |ﬁ‘ Mpeobp. user.
BbIXOA t NpoCTPaHCTBa
HSV-1306p. B |
> Co3pgaHune
B*"X"’J"|\ MacKu
Macka |
Hopmanusauma |
CermeH. 1306p.
BuHapwusauna
PesynbT. 306p. npeotpazyetc o |
MpumeHeHne
| Cepoe n306p. MACKH |
L £ Busyanusauma |
COCTOMT U3
[edazsnouka-
Mukcenb una |
T
nepeaer 3HaueHne O6HoBNEHME
ucnonb3yeTt
nepegaer BecoB
DyHKUMA memberships \ I
NPpUHaANENK. - — —
obHoBAAeTCA CpaBHMBaET C
onpeaenaeT rpaHuLpl
I Bec. ko3 Llenesoe
Mapametpbl ’ ) 3HayeHue
cermeHTaunm

Pucynox 1 — OHTONIOTHYECKAS! MOJIETTh CETMEHTAIUN H300paxeHnit

Tabnuna 1 — OHTONOT NS KITACCOB MOJIENN CETMEHTAIMH N300paKeHUI

Ne OHTOJI0THSI KIaCCOB
HaszBanue kiacca Onwucanue BsanmMocBsi3p
1. | N3o6paxenne IIpencraBnsier BXOJIHBIE M BBIXOJAHBIE M300paxkeHus, ¢ koto- | IIpormecc, ITukcens
pBIMH paboTaeT nporpamma.
2. | Iuxcens DjeMeHTapHasl €JMHUIIA M300paKCHUsI, XapakTepusyercsi 3Ha- | DyHKuus npuHa-
YCHHEM HHTEHCHBHOCTHU (B RGB, HSV vy rpaganusx ceporo). | JIKHOCTH
3. | Oynknus Maremarnueckasi MOJIENb JUIS OLCHKH CTeNeHu npuHauiexxHo- | [ledazsndpukanns,
MPUHAATIEKHOCTH CTH ITUKCEIsI K onpeenéHHol Kateropuu (Hanpumep, Gon uian | @opmyna (1)
BOJIA).
4. | Iapametpsl HaGop 3Hauenuii, ompeneistiomux rpaHuipbl it QyHkumil | @yHKIMS npUHAA-
CerMeHTaluu NPUHAJJISKHOCTH (HampuMep, triangular params) JISKHOCTHU
5. | Becosoii AanTHBHBIN MapameTp, UCIOIb3YeMbli i1t HacTpoiiku nedas- | [ledazzndpukanns,
KO3 PHUIIHEHT 3uduKanun OOHOBJICHUE BECOB
6. | LleneBoe 3HaueHue (HanpuMep, ytarget), K KOTOPOMY CTpEMHTCS pe3yiib- | OOHOBJIEHHE BECOB
3HAYCHHE TaT CerMEHTAaINN
7. | Ilpouecc Omneparnuy, BBITIOJTHIEMBIEC IPOTPAMMON [T TOCTIKECHUS enn | M3o0paxeHue

CEeTrMCHTaIMU
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Tabnuna 2 — Onrosorus kinacca «M300pakeHne» MOJIENIN CerMeHTaluu n300pakeHUH

Ne OHToJs10THS H300paKEHHS
HasBanue mogknacca Omnucanue B3aumMocBsi3b
1. | Ucxonnoe wu3o0paxe- | LiBerHoe m3oOpakeHme, 3arpykae- | 3arpy3ka wuzoOpaxenus, IIpeoOpasoBanue
HHE Mmoe u3 ¢aitna (RGB) LIBETOBOTO IpocTpaHcTBa, Co3/1aHue MacKHy,
Busyanuzanus
2. | HSV-n3zo0pakeHue [IpeobpazoBanHoe m300pakeHne B | IIpeoOpazoBaHMEe IIBETOBOTO MPOCTPAHCTBA,
I[BETOBOM TIpocTpaHcTBe HSV Co3maHne Macku

3. | Macka Bunapuoe wnzobpaxkenme, Bbimens- | Co3manme wmackw, buHapmsamms, Cepoe

foree 00BEKT (HarpuMep, BOITY) n3o0pakeHne, Busyanmsanus

4. | CerMeHTHpPOBAHHOE Pesymbrar mpumenenms Macku K | Co3manue mMacku, Busyanmzarms
n300paKkeHne HCXOJTHOMY H300paskeHUI0

5. | Cepoe nzobpaxkeHne [Ipomexxyrounoe wu3o0paxenne B | [Imkcens, Macka

rpajlaliix Ceporo
6. | PesynpTupylouiee BrixomHoe wm3o0pakenme mocne | Hopmammsamms, dedazsudukarus,
n300paKeHHe nedasz3nduKanum Bunapuzanus, Busyanuszanus
Tabmmma 3 — OnTonorus kiracca «IIpormeccy» Moaenu cerMeHTAINH H300paKeHHIA
Ne OHTOJIOT U IPOLIECCOB
Hazpanue
Ommcanne B3anmocssi3b
HoJKIJIacca

1. | 3arpy3ka OTBeuaeT 3a YTCHHWE HMCXOTHOTO HM300pakeHWs w3 (aitna B mamsats | OyHKIHA

N300paKeHHS nporpamMmbl. Bxon: myTs k ¢aitny (image path). Load Image
Brexon: oowekt Originallmage.
2. | Ilpeobpa3oBanme | IIpeoOpasyer m3oOpaskeHUE U3 IBETOBOTO IpocTpancTtBa RGB B HSV | ®yHkuus
I[BETOBOTO  IIPO- | IUIS YNPOINEHMs aHann3a nuBeToB. Bxox: Originallmage. Convert
CTPaHCTBA Boixon: HSVImage.
3. | Co3nanme macku | Co3maér HavasibHyl0 OWHApHYIO MacKy g BbIAeNeHHs oObekTa | DyHKuus
(mampuMep, BOJIbI) HA OCHOBE I[BETOBBIX THAIIA30HOB. Create Mask
Bxon: HSVImage, rpanunst 1iBeta (lower_blue, upper blue).
Brixon: Mask.

4. | Hedazzudukauus | [IpeoOpazyer Heu€Tkue 3HAUCHMS] MPUHAIIISKHOCTH MuUKceied B 4ét- | Gopmyna (2),
KH€ 3HaYEHHsI MHTEHCUBHOCTH. byHKIMS
Bxon: ciucox memberships, learni, rpanuiisl (ymin, ymax). defuzzy
Beixox: pesynbTHpytoniee 3HaueHue marl.

5. | OGHOBNICHHE AaITHBHO KOPPEKTHpPYyeT BecoBOW KoddduumeHT learni Ha ocHoBe | Dopmymna (3)

BECOB OIIMOKN MEKAY Pe3yIbTaToM Aeha33udUKaIiK 1 [eJIeBbIM 3HaYeHHEM

Bxon: learni, marl, ytarget, mapamerpsl 00ydeHus (W, f).
Brixon: o6HOBIEHHOE 3HAUCHNUE learni.

6. | Hopmanmzamms [TpuBoaMT 3HaYCHUS PE3yIBTUPYIOMIETO M300paKeHNsI K CTaHAapTHO- | DyHKIuSA
My nuanazony [0, 255]. Normalize
Bxon: Resultimage.
BrIxos: HOpMaIH30BaHHOE H300paXKeHNUE.

7. | bunapuzauus [Ipeobpa3yeT HOpManIM30BaHHOE HM300pa’keHHe B OMHApHYIO MacKy ¢ | DyHKIHA
4ETKUMU TPAHUIIAMHA OOBEKTA. Binarize
Bxox: HopManu3oBaHHOE n300paxenue, mopor (50).
Breixon: BinaryMask.

8. | Ilpumenenue Bblensier cerMeHTUPOBAaHHYIO 00J1aCTh Ha MCXOIHOM M300paxeHnn ¢ | DyHKUus

MacKH HCTIOJIb30BaHUEM OMHAPHOW MACKH. Apply Mask
Bxon: Originallmage, BinaryMask.
Boixon: SegmentedImage.
9. | Buzyanuzanus OtoOpaxkaeT NMPOMEKYTOUYHbIe W (MHAIBHBIC PE3yJbTaThl cerMeHTa- | DyHKIus
LMY Ha DKpPaHe. Output

Bxox: pazimnunsle mzobpaxenus (Originallmage, Resultlmage, Bina-
ryMask, Seg-mentedlmage).
Bbixo: oTroOpakeHHne Ha SKpaHe.
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Tabnuna 4 — OHToI0THS aTPUOYTOB MOJIETM CETMEHTALMH U300pasKeHN I

Ne OHToJs10THS ATPHOYTOB
Hazpanue kiacca ATpuOyT Onucanue
1. | U3obpaxenue path (cTpoka) yTh K (aiiay n300pakeHust
data (MaccuB) JaHHble n3o0paxenus (RGB, HSV, macka u T.1.)
shape (KOpTex) pa3mepbl n300paxkeHus1 (BbICOTa, IIMPHHA, KaHAJIbI)
2. | Ilukcens value (4ucio) WHTEHCHUBHOCTH IHUKCENs (HampuMmep, B Tpajalusx Ceporo
unu HSV)
coordinates (KOpTeK) no3uiys nukcens (i, j)
3. | Oyukuus parameters (KOPTEXK) TPaHUIIBI TPEYTOJIbHOM QyHKIMH (X, , Z)
IPHHAJUIEKHOCTH membership_value CTereHb pHHauIeKHOCTH (0T 0 10 1)
(dncio)
4. | BecoBoit value (9UCI0) TeKyIee 3HaYCHHE learni
KodpuIneHT min_value (4ucio) MUHHMaJIBHO norryctumoe 3HadeHue (0.001)
max_value (4ucio) MaKCHUMaJIbHO JomycTuMoe 3HadeHue (10)
5. | eneBoe 3Hauenue | value (4ucio) I[eNIeBasi HATCHCUBHOCTE (HampuMmep, 170)

Pa3paborannas OM cerMeHTanuu M300pakeHUs MPEACTaBISET COO0OM CTPYKTYPHPOBAHHOE
OMHCaHUE KJIIOYEBBIX CYIIHOCTEH, IPOLIECCOB U MX B3aUMOCBS3EH, UCIOIb3YEMbIX ISl BBIICTICHUS
00BEKTOB HA U300pAKEHUU C IPUMEHEHHEM HEMpO-HEYETKOTo Moaxoaa. Moenb BKII0YaeT OCHOB-
HBIC KJIACCHI, TaKue Kak M3zobpascenue, [luxcenv, Oynxyus npunaoiexcnocmu, Becosoti koaghghu-
yuenm, Ilapamempor cecmenmayuu, [lenesoe 3nauenue u Ilpoyecc, a TakKe UX MOJKIACCHI, A€Ta-
JTU3UPYIOIIUE ATAbl 00paboTKHU JaHHBIX. [Iporieccsl, Takue kKak 3aepyska uzoopasicenus, [lpeodpa-
306aHue Yyeemosozo npocmpancmsa, /legazsupuxayus, ObHosreHUe 6eco U Apyrue, GOpMHUPYIOT
MOCJIeI0BATENbHBIN MMOTOK 00pabOTKH, HAaYMHAsl C BBOJA MCXOJHOTO M300paKCHHUS M 3aKaHYMBas
BHU3yaIH3alueil CErMEHTHUPOBAHHOTO PE3yIbTaTa.

OCc0OEHHOCTBIO MOJIETN SIBIIACTCS €€ OpPUEHTAIUsl HA OHTOJIOTUYECKYIO CTPYKTYPY, UCHOJb3Y-
IOIYI0 HeuéTkue (PYHKIUU MPUHAATIC)KHOCTH JJIS PEICTABICHUS MPOIECCOB CErMEHTAllUU HU300-
paxeHu# moxkapoB. Busyanuzamus Mmojienu B Bue rpada ynpomaer ananu3 u Mmoauduxaiuo OM.

2 MartemaTnyeckas mogenb

Pabora Helipo-HEYETKON MO/IEN COCTOUT U3 TPEX IIaroB.
Hlae 1. Dazsupuxayus — opMupoBaHue TPEYrodbHON (HYHKIIMH MPUHAJIC)KHOCTH

s—x
, ecix <s <y;
y—x
= Z—S
u(s,x,y,z) e ecmny <s<z @

0, WHaye,
raec s — BXOI[HH_II/Iﬁ CHUI'HajJl, B JaHHOM cnyqae 3HAYCHUC HMHTCHCHUBHOCTHU IINKCCJIA 1/1306pa>1<eH1/1;1;

X, ¥, z — MeTKH (DYHKIMI IPUHAUICKHOCTH, 33aBacMble pazpadorunkoM. [lepemenHsIe X, y, z MOA-
OuparoTcs B 3aBUCUMOCTH OT TpeOyeMoro BHJa TPEyrojbHOW (PYHKIMH MPUHAMICKHOCTH. B pe-
3ysibTaTe onepanun Gazzudpukanuy GOpMHUPYIOTCS 1B€ (DYHKIIUU TPUHAIICKHOCTH (PUCYHOK 2).

CremneHpb aKTUBALMK HEYETKHUX MPABUII OMPEIENISICTCS HA OCHOBE (DYHKIIUN MPUHAJICKHOCTH.
[Ipu 5TOM max-min KOMIIO3UIMs, OCHOBAaHHAS Ha MpaBmiaxX 3aze (He4EéTKass MMIUIMKanus MaMaanu
[25]), ucknrodena Onaromaps IPUMEHEHUIO MOIU(GUIIMPOBAHHOTO METO/Ia OTHOIICHHS TUIOIIAICH B
nedas3upuraTope, 9To MOBBIMIAET OBICTPOICHCTBHE MPEUIOKEHHOTO HEUETKO-TIOTUYECKOTO BBIBO-
na. 3HaYeHHs CTETICHEeW aKTUBAIlMU, COOTBETCTBYOIUE KinaccaM «Dou» u «OO0BEKT», BKIIOUYCHEI B
CTPYKTYpY Aedas3udukaropa, uro odecrieunBaeT 00padOTKY JaHHBIX O€3 JOMOJHHUTEIbHBIX MPO-
MEXYTOYHBIX ITAIIOB.
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Hlaz 2. Jlepazsugpuxayus — onpeaeneHnue BbIXOJHOTO 3HAYEHUS HA OCHOBE MOJU(MUIIUPOBAH-

HOTO METO/a OTHOIICHUS TUIOIIAICH:
n M.
MAR2 = |—=2——. Yimax — Ymin)l + Ynin, 3)
n X Learn; ;4

rae M; — 3HaveHwue, MOJyYeHHOE U3 QYHKIMN MPUHAUICKHOCTH W(S, X, Y, Z), N — YUCIO BBIXOJHBIX
HEYETKNX (YHKIWH TpUHAIIeKHOCTH, Learn;,; — BecoBoi kodddunueHTt (mo ymomdyanuio 1),
Yinax — MaKCUMaJIbHOE 3HAUEHUE S1/1Pa, Yy,i, — MUHUMAJIbHOE 3HAYCHHE JIpa.

Llae 3. Ilpoyecc 06yuenus — onpeneaeHue BIXOJHOTO 3HAUEHUS TI0CTIe O0yUYEeHHUS:

Learn;,, = Learn; + ([MARZ - Ymrget] X W), until |MAR2 — Ymrget| <T, 4)

rae Learn; — BecoBolt koadduimeHT (3HaueHue, paBHoe Learn;,; ¢ arana aedazsudukanun), w —
ckopocTh 00yueHus (o ymomuanuio 0.04); T — noporossiit koddduiment (mo ymomyanuo 0.01);
Yiarget — 0KNIAEMOE BBIXOJIHOE 3HAYEHHUE MOCTIE Ne(a33upuKalum.

3 MeToa aganTMBHOW HEMPO-HEYETKOM CerMeHTaumum n3obpaxeHumn

Paspaborannsiii Ha ocHoBe OM MeToq HeWpo-HEeUETKOW cerMeHTauu uzoopaxenuit ANFIS-
OMAR (Adaptive Neuro-Fuzzy Inference System — Optimized Method Area Ratio) BKIIOYaeT NEBATH
JTAroB.

1) mnomyuenue wuzobpaxkenuss B ¢Gopmare RGB 10 A T

(Red, Green, Blue — kpacHbId, 3eNEHBIN, CH-

HUI{) C ONITUKO-3JIEKTPOHHOTO MpHOOpa WiH U3

0a3pl JaHHBIX, TJ€ BHU3yalbHas HH(OpPMAIIH

dukcupyercsi B BUIe TPEXKAHAIILHOTO MacCH-

Ba (RGB).

2) mnpeobpazoBaHue uzodpaxenus B popmat HSV

JUISL OTIpENIeJICHHs] MapaMeTPOB HACBIIIEHHO-

CTH, 9YTO YJIy4llIaeT BBIJICICHHE I[BETOBBIX

0.8

0.6 4

Hix)

0.4 4

0.2 1

JIMAIla30HOB IIPU WU3MEHEHHMM OCBELIEHHOCTH 00
Oyaroapss MHTYUTUBHBIM XapaKT€PUCTHKaM 0 50 100 150 200 250 300
1BETA. :

PucyHnok 2 — @yHKIIMM NPUHATIEKHOCTH
3) co3naHuE U NPUMEHEHUE MACKU 110 3a/JlaHHBIM «DoHy 1 «OGBEKT

I[BETOBBIM 3HAYEHUSM C MOCJIEAYIOUIMM O0HY-
JICHUEM WJIM TOJIaBJICHUEM THKCEeIIeH, He COOTBETCTBYIOIIUX IIBETY, YTO GOKyCHUpYyeT 00paboT-
Ky Ha MHTE€PECYIOIUX 00BEKTaX.

4) mnpeobpazoBaHuE B IPajalliy CEPOro C UCIOIb30BAaHUEM B3BELIEHHOI'O CPEJHET0 3HAUEHUN Ka-
HaJloB RGB, ymporaroliee aHalau3 TeKCTYpbl M MHTEHCUBHOCTH MMKCENIeH JUIs MoJayu B He-
YETKYIO CUCTEMY.

5) ¢daz3uduranys BXOTHBIX M BBIXOAHBIX IMEPEMEHHBIX C JBYMS TPEYrOJbHBIMH (DYHKIUSIMH
(«Don», «OO0BEKT») U BHIXOAHBIMU 3HAYEHUSIMH, aAANTUPYEMbIMU B 3aBUCHUMOCTH OT YCJIOBHUH.

6) nedasz3udpukanus pe3ynbTUPYIOMIETO 3HAUCHHS, ONpEAeIIsonias MPUHAAIC)KHOCTh MTUKCENs K
HMCKOMOMY KJIacCy Ha OCHOBE BBIXOJIOB HEUETKOM CHCTEMBI.

7) oOyueHHe CUCTEMBI, IJe pe3yabTaT CPAaBHUBAETCS C ITAJIOHHBIM 3HAYEHUEM, a BECOBBIE KO3 (-
buIUEHTHl KOPPEKTUPYIOTCA UTEPALMOHHO JJIs1 MOBBILICHHUS] TOYHOCTH CETMEHTALIUH.

8) Hopmanmu3anus U300pakeHHs MOCiIe HEYETKOrO BHIBOJA, MPUBOJSAIIAS 3HAUYECHUS K CTaHIApT-
HOM ILIKaJe.
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9) ¢dopMupoBaHre HUTOrOBOrO CErMEHTHPOBAHHOIO H300paXKEHMs, IJl€ MAcKa BU3YyaJIU3UPYET
KJ1accU()UKALMIO TUKCENIeH U MPUTOIHA JJIs aHAJIN3a, CETMEHTAIMH, PACIIO3HABAHUS WM Jallb-
Helmeln 00paboTKH.

[IpencraBieHHbI METO/ aJalTUBHON HEHPO-HEUETKON CerMEeHTAlMU N300payKeHUH TTO3BOJISIET
00bEIMHUTH HEUETKHE MEXAHU3MBbI JIOTHYECKOTO BBIBOJIA € HJIEMEHTAMHU MAIIMHHOI'O 00y4eHusI.

4 [porpamMmma cerMeHTauuu n3obpaxeHun

C LECJIBIO BOCIIPOU3BOAUMOCTH NPCIJIOKCHHOI0O METOJAA paspaGOTaH HpOFpaMBHﬂﬂﬁ KOO AJIsd
pcainursanuunu OM. Ha BXOJA€ B IIporpaMmMy HOCTYIaroT I/1306pa)KCHI/IH, BBIXOJHBIMH JAaHHBIMU SABJISA-
I0TCS1 00paboTaHHbIE N300paKeHHsI, HA KOTOPBIX JIETEKTUPYEMBbIii 0OBEKT BbIJICIIEH MACKOM.

AJNTOPUTM CErMEHTAIlMU M300paKEHUN TMOXKapoB ¢ Hcmnojib3oBaHueM monenu ANFIS-OMAR,
COAEPKUT CIECAYIOIINE OCHOBHBIE ATalIbI.
1. 3arpy3ka naHHbIX (cTpoku 1-6): AnroputM npuHHMaeT BXojHoe u3oOpaxenue | B ¢opmare RGB pazmepom
1024x720 mmukceneit u atanoHHyio Macky G7. [IpoBepsieTcst yCenTtHOCTh 3arpy3ku Gaitnos firel.jpg u firel _mask.jpg.
2. TIpeobGpazoBanne B HSV (ctpoku 7-20): Uzobpakenue mpeobpasyercst u3 Gpopmata RGB B IIBETOBOE MPOCTpaH-
ctBo HSV nns anamusa orrenka (H), HaceimeHnHocTH (S) u siprocti (V). 3amaéres nuanazon HSV (lower _red = [0, 40,
701, upper red = [50, 255, 255]), cOOTBETCTBYIOMMI IBEeTaM OTHS (KpacHbIE W OpaH)keBble OTTeHKH). Co3maéres
HavalbHasi Macka orHs (Mask), T/ie TMKCenr B 3aJJaHHOM JIMana3oHe MoIy4varoT 3HaueHue 255, ocranbHble — 0.
3. IlpumeHnenme mMacku u mpeoOpa3oBaHNE B Ipagalnuul ceporo (ctpoku 21-22): Macka mpuMeHseTCs K UCXOJTHOMY
M300paXeHUIO s BhIIEIeHUs obmacTu orHA (FireRegion), mocie 4yero n3o0paxeHue mpeodpasyeTcsi B rpajlalluu ce-
poro (GrayMask) c ucnonp3oBanueM ctanaapTHeIX Becos (0.114, 0.587, 0.299).
4.  HWunnmanmzanusi mapameTpoB (ctpoku 23-32): Cozma€rcst BBIXOJHOE H300paxkeHue Resultlmage pazMepoMm ¢
GrayMask, 3anonaenHoe HyJsiMHA. ONpenemnsioTces: mapaMeTpbl MOJIEIH.

4.1. triangular _params = [(50, 130, 255), (130, 190, 255)] — aBe TpeyroibHbIC (HYHKIUN MPUHAICKHOCTH IS

KIaccu(uKaIuy muKceneil (orous/hoH).

4.2. Learn; —MaccuB BECOBBIX KOI(PHUINCHTOB, N3HAYAIBHO 3aII0JIHEHHBIH €ANHUIIAMH.

4.3. Yiarger = 180 — 1eneBas MHTEHCUBHOCTD JUISL 3IANITALUH.

4.4. w=0.004 — ckOpOCTh OOyUYCHHS.

4.5. T =0.01 — mopor ommbku asnst oOHOBIEeHUs Learn;.

4.6. Ypin =0, Yiax = 255 — cynmopt siipa BEIXOTHOH MepeMEHHOM.

4.7. threshold = 30 — nopor 1 GMHApHU3aNN.

5. Oobpabotka nukcenent (ctpoku 33-47). Jlnst kaxkaoro nukcens (x, ) B GrayMask.
5.1. BpluucnisieTcs MHTEHCUBHOCTh TUKCEIEH B MacKe s.
5.2. OmpezensioTcs CTENeHH MPUHAUICKHOCTH i [ M h_2 X ABYM TpeyrojbHbIM (QYHKIHSIM B IUKIE u3 4 urepa-
LIUH.
5.2.1. Beruucnsercs aeda3znpuuupoBaHHoe 3HaAYCHUE defiizzy ¢ NCTI0Ib30BaHUEM ONTHMHU3HMPOBAHHOTO Me-
TO/a OTHOIICHHS IIomaaei (3).
5.2.2. 3naueHHe orpaHu4uBaeTcs AUanazoHoM [Ypin, Vil
5.2.3. Ecnu ommbka Mexny defuzzy U Yiqrger TIpeBbIIAcT T, 0OHOBIsAETCA Learn;(x, y) ¢ HCHIOIB30BaHHEM
TpaJiueHTHOTO cirycka (4), orpannumBas ero B mpenenax [0.001, 10].
5.2.4. Pesynbrat 3anmceiBaeTcs B Resultimage(x, y).
6. Hopmammzanust u OuHapu3anus (ctpoku 48-56): Resultimage nopmanuzyetcst B auanazon [0, 255] no dopmyie
MHUHHMaKc-HOpMaliM3anuy. 3ateM co3faércs OuHapHas macka BinaryMask, rie THKCeN ¢ MHTCHCUBHOCTBIO BBIIIEC
mopora (30) mony4arot 3Ha4eHue 255, ocranbHbie — 0.
7.  ®opmupoBaHue pe3ynbTara (CTPOKH 57-58): OMHApHAsS MacKa MPUMEHSCTCS K UCXOJIHOMY U300PaXKCHHIO ISl TI0-
JIy4EHHsI CETMEHTHPOBAHHOTO U300paxenust SegmentedIlmage, KOTOPOE BBIBOJUTCS KaK PE3yJIbTaT.
Hwxe nipecraBien nceBaoko 1 pa3pad0TaHHON MTPOTPaMMBI.
Algorithm ANFIS-OMAR Image Segmentation
Require: Image I, GroundTruth GT

Ensure: SegmentedImage
1. Load Image I from file "firel.jpg"

2. Load GroundTruth GT from file "firel_mask.jpg"
3. If I or GT is not loaded then

4. Output "Error loading image or mask"

5 Exit
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6. End If

7. Convert I from BGR to HSV: H, S, V = BGR_to_HSV(I)
8. Define HSV range:

9. lower_red = [0, 40, 70]

10. upper_red = [50, 255, 255]

11. Create Mask:

12. For each pixel (x, y) do

13. If lower_red[@] < H(x, y) < upper_red[@] and
14. lower_red[1] £ S(x, y) £ upper_red[1l] and
15. lower_red[2] < V(X, y) £ upper_red[2] then
16. Mask(x, y) = 255

17. Else

18. Mask(x, y) = ©

19. End If

20. End For

21. Apply Mask: FireRegion = I * (Mask / 255)

22. Convert to grayscale: GrayMask = ©.114 * FireRegion_B + 0.587 * FireRegion_G + 0.299 * FireRegion_R
23. Initialize ResultImage = zeros_like(GrayMask)

24. Set Parameters:

25. triangular_params = [(50, 130, 255), (130, 190, 255)]

26. learni = ones_like(GrayMask)

27. ytarget = 180

28. w = 0.004

29. t =0.01

30. ymin = 0

31. ymax = 255

32. threshold = 30

33. For each pixel (x, y) in GrayMask do

34, s = GrayMask(x, y)

35. h_1 = TriangularMembership(s, triangular_params[@][@0], triangular_params[@][1], triangu-
lar_params[0@][2])

36. h_2 = TriangularMembership(s, triangular_params[1][@], +triangular_params[1][1], triangu-
lar_params[1][2])

37. memberships = [h_1, h_2]

38. For i =1 to 6 do

39. defuzzy = (sum(memberships[j] * (2 - memberships[j]) for j in range(2)) / (2 * learni(x, y))) *
(ymax - ymin) + ymin

40. defuzzy = max(ymin, min(defuzzy, ymax))

41. If |defuzzy - ytarget| > t then

42. learni(x, y) = learni(x, y) + w * (ytarget - defuzzy)

43. learni(x, y) = max(0.001, min(learni(x, y), 10))

44. End If

45. ResultImage(x, y) = defuzzy

46. End For

47. End For

48. Normalize ResultImage: ResultImage = (ResultImage - min(ResultImage)) / (max(ResultImage) -

min(ResultImage)) * 255
49. Binarize ResultImage:

50. For each pixel (x, y) do

51. If ResultImage(x, y) > threshold then
52. BinaryMask(x, y) = 255

53. Else

54. BinaryMask(x, y) = ©

55. End If

56. End For

57. Apply BinaryMask: SegmentedImage = I * (BinaryMask / 255)
58. Output SegmentedImage
End Algorithm

5 3KCHepMMeHTaanble nccnenoBaHusA

DKCIEPUMEHTHI TTPOBEACHBI I OleHKU Y dekTuBHOCTH Moaemun ANFIS-OMAR B 3anade BbI-
COKOCKOPOCTHOW CErMEHTAaIllMi N300pa’keHHi M0XXapoB B cpaBHEeHUU ¢ Metonamu HSV u U-Net. B
X0JI€ IKCIIEPUMEHTOB MCIOJIb30BAIHCH YeThIpe m300paxenus ¢popmara 1024x720 nukcenelt, npe-
CTaBISIONINE HOYHBIE MOXapbl C JIMOM Ha ¢oHe rop. Kaxnoe mzobpakeHHe COMPOBOXKIAIOCH
ATaJIOHHOW MAacKOMW, CO3JaHHOW BPYYHYIO NJisi 0003HaueHus obnacteit oras. Llenb skcnepuMeHToB
— OIpeesieHNe CIIOCOOHOCTH METOAOB CErMEHTHPOBATh HAUMHAIOIIMECS OYard BO3TOpaHUs MpU
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COXPAaHEHMH BBICOKOH CKOpOCTH 00paOOTKM, YTO Ba)KHO Ul 3a/lad MOHUTOPHHIA IOXKAPOB B pe-
aJIbHOM BpPEMEHHU. Pe3ynbTaThl 3KCIIEPUMEHTOB MIPEICTABICHBI HA pUCYHKaX 3-6.

HSV Threshold

Original Image ANFIS-OMAR U-Net
)

il

a) B) T)
Pucynox 3 — Pe3ynbTathl akcriepuMenTa | n300paskeHue: a) OpUruHaibHOe, 0) CErMEHTHPOBAHHOE MOJICIIBIO
ANFIS-OMAR, B) cermentupoBannoe merosioM HSV Threshold, ) cermenTupoBanHoe Mozensto U-Net

Original Image ANFIS-OMAR HSV Threshold U-Net

a) r)
Pucynok 4 — Pe3ynbTaThl 9kcniepuMeHTa 2 H300pa)KeHUE: a) OPUTHHAIBHOE, 0) CErMEHTUPOBAHHOE MOJIEIIBIO
ANFIS-OMAR, B) cermenTrpoBanHoe MetotoM HSV Threshold, T) cermeHTHpOBaHHOE MOJenbio U-Net

Original Image ANFIS-OMAR HSV Threshold U-Net

a) 0) B)
PucyHok 5 — Pe3ynbTarhl KcIiepuMeHTa 3 U300pakeHue: a) OpUTHHAIBHOE, 0) CErMEHTHPOBAHHOE MOJIENBIO
ANFIS-OMAR, B) cermenTHpOoBaHHOE MeToioM HSV Threshold, T) cermeHTHpOBaHHOE MOJenbio U-Net

Original Image ANFIS-OMAR HSV Threshold U-Net

B) r)

a)
Pucynoxk 6 — Pe3ynbTarhl KcriepuMeHTa 4 H300pakeHue: a) OpUrHHAIBHOE, 0) CErMEHTHPOBAHHOE MOJIEIBIO
ANFIS-OMAR, B) cermenTupoBanHoe MetosioM HSV Threshold, v) cermenTrpoBaHHOe Monienbio U-Net

ANFIS-OMAR: Vicnonp30Banach aJalTUBHAs HEMPO-HEYETKAs CUCTEMA BBIBOAA C ONTUMU3H-
poBaHHBIM Jieaz3uduKaTopoM MeToaa OTHouleHus Iomaaei. [lapamerpsl: auanazon HSV
(lower_red = [0, 40, 70], upper _red = [50, 255, 255]), Tpeyronapubie GyHKIMH TPUHAIIEHKHOCTH
([(50, 130, 255), (130, 190, 255)]), ueneBast MHTEHCUBHOCTD Yiqrger = 180, mopor Ounapusanuu 30.

HSV: TloporoBasi cerMmeHTalus B ToM ke nuanasone HSV (lower red = [0, 40, 70], upper red
=[50, 255, 255]) 6e3 nomoaHUTEIHLHON 00PaOOTKH.

U-Net: Ynpoménnasi cBEpTOUYHAS CETh C NMpeaBapUTEIbHBIM 00ydeHneM Ha 300 n300pakeHusIX
(30 smox), BX0AHOE N300paskeHre MacTabupoBanoch 10 256x256, nopor 6unapuszanuu 0.1.
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OrneHka MPOW3BOAMIIACH IO METPUKAM: BpeMs BbINoiHEHUs (Time, §), cpelHEKBapaTHIHAsS
omuoOka (RMSE), koahdunuent nepecedenust u oobequnenus (loU), korddunuent Dice u cpen-
Hss a0COJIFOTHAs TpolleHTHas ommnoka (MAPE). Pe3ynbratel IpeICcTaBICHBI B TaOnuIe 5. AHAIU3

pe3yJIbTaTOB MOKA3ajl CIEAYIOLIEE.
Oxcnepumenm 1: ANFIS-OMAR moxazan
Tabmma 5 — Pe3ysbTaTsl 9KCIICPUMEHTOB Jgydmiee KadecTBo cermeHrtauuun (loU=0.3783,

Wi | RMSE | ToU | Dice |MAPE Dice=0.5489) MO CPaBHEHMIO ¢ HSV
T —— (loU=0.2813, Dice=0.4390), MAPE ocranach
P 0 0
ANFIS-OMAR | 0.1466 | 0.8877 | 03783 | 05489 | 72.8 | Bruue (72.8% aporhe (Z—O(')So/ooz)' , Uge’ e
HSV 0.0020 | 0.8978 | 0.2813 | 0.4390 | 70.5 ﬁ;‘i‘;yzng‘é}y‘zg;ﬂ(;; O;H'OM o 6pl§>f<;H}m )
U-Net 2.4721 | 2.2161 | 0.0004 | 0.0008 | 142.6 Icnepumenm 2: ANFIS-OMAR coxpasm
IKCIEPHMEHT 2 npenmyectso o loU (0.2243) u Dice (0.3664)
ANFIS-OMAR 0.1576 | 0.9699 | 0.2243 | 0.3664 | 69.8 wan HSV (0.1306 1 0.2311), MAPE yxyammiach
HSV 0.0020 | 1.0564 | 0.1306 | 0.2311 | 64.8 (69.8% mpotus 64.8%). U-Net mokazan HHU3KHE
U-Net 2.3706 | 2.0598 | 0.0002 | 0.0004 | 158.6 pesynsratsl (loU=0.0002).
OKCIEpUMEHT 3 Oxcnepumenm 3. ANFIS-OMAR poctur
ANFIS-OMAR 0.1596 | 0.7448 | 0.4041 | 0.5756 | 42.1 HAMJTYYIIAX rokasareeii (IoU=0.4041,
HSV 0.0030 | 0.7873 | 0.2947 | 0.4553 | 27.7 | Dice=0.5756, MAPE=42.1099%), 3HauuTeIHLHO
U-Net 2.3321 1.8794 | 0.0663 | 0.1243 67.1 | mpesocxoms HSV (loU=0.2947, Dice=0.4553,
OkcriepuMeHT 4 MAPE=27.7%). U-Net YILy4LIUICS
ANFIS-OMAR 0.1359 | 0.7464 | 0.0781 | 0.1448 50.1 (loU=0.0663).
HSV 0.0020 | 0.7381 | 0.0756 | 0.1406 | 54.8 Oxcnepumenm 4: ANFIS-OMAR v HSV no-
U-Net 2.3563 | 1.6388 | 0.0086 | 0.0171 | 135.5 | Kxa3anu cXoxue HU3Kue pe3ynbTathl (loU=0.07—

0.08, Dice=0.14), BepOsATHO H3-32 MAJIOTO pa3-
Mepa ovara. U-Net — Heapdexruen (IoU=0.0086).

ANFIS-OMAR pa3znuyan oroHb u ¢GoH (IbIM, TOpPbI), MUHUMHU3HUPYS JIOKHOIIOJIOKHUTEIbHBIE
MUKCeNU, B oTiimuue oT HSV, KoTopbiii yaie BKItoYai abiM, 1 OT U-Net, KOTOpHbIi nepeodydacs.
Bpewmst Beimmonnenus ANFIS-OMAR (~0.14-0.16 c) 3nauutensHo Huxe U-Net (~2.3-2.5 c¢), HO
oonpme HSV (~0.002-0.003 c¢). Oto nmoareepxkaaet npurogHocte ANFIS-OMAR nns peanbHOTO
BPEMEHU.

3aknroyeHune

UccnenoBanue nokasano a¢dexruBHocTs OM cermeHTanuu u300pakeHui MoXkapoB Ha OCHO-
Be ANFIS-OMAR B ycnoBUsSiX HOYHOTO OCBEIICHHsI ¢ AbIMOM Ha ¢oHe rop. B pazpaborannoit OM
CUCTEMATHU3UPOBAHBI KIIIOUEBbIE CYIIIHOCTH, MIPOLIECCHl U UX B3aMMOCBS3H, BKJIIOYasi npeoOpa3oBa-
HUe N300paKEHUH B I[BETOBOE NMPOCTPAHCTBO OTTEHKA, HACBIIIEHHOCTH U SIPKOCTH, UCIIOJIb30BAHUE
TPEeYroiabHbIX (PYHKIUI NPUHAUIEKHOCTH U aJalTUBHYIO HACTPOWKY MapamMeTpoB C ONTUMHU3HUPO-
BaHHBIM J1e(ha33uPUKaTOPOM METOJ]a OTHOIIECHUS IUIomaneil. Mojenb CTPYyKTYpUpYyeT HpOLEcCh
00pabOTKK JaHHBIX JJIsl BbIIEJICHHS] O4aroB BO3ropaHusi. DKCIIEPUMEHTBI Ha YETHIPEX N300paKeHU-
ax ¢opmara 1024x720 nonreepaunu, uro ANFIS-OMAR npeBocxoaut metoasl HSV u U-Net no
KioueBbiM MeTpukaMm (loU u Dice), 0COOCHHO B CIOXKHBIX YCIOBHSIX C IEPEMEHHON MHTECHCHUBHO-
cThIO OTHSA U AbiMoM. HSV 6bicTpee (~0.002 ¢), Ho ycrynaeT no Tounoctu (loU no 0.2947), a U-Net
(~2.3 ¢) nemoHcTpHupyeT HU3KYIO 3P hekTuBHOCTE (loU 10 0.0663) M3-3a OrpaHUYCHHOTO O0yUCHHUS.

Mamnoe Bpemst 00pabotku ANFIS-OMAR (0.14-0.16 c.) nenaet mMojelb TPUTOJIHON IS MOHU-
TOPUHIa MOXapoB B peaibHOM BpeMeHH. OHTOJIOTMYECKUN MOAXO, Jexalud B ocHoBe ANFIS-
OMAR, obecrieunBaeT 4€TKOE OMUCAHUE KIacCOB, MPOLIECCOB U aTpUOYTOB, YIIPOIIas aHAIN3 U MO-
(UK arOpUTMA.
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Abstract

Fire image segmentation is a critical task for early detection and emergency monitoring systems. Traditional methods,
such as thresholding and complex computational models, face limitations in terms of speed and accuracy under real-
time conditions. The objective of this study is to enable an image segmentation process operating in near real-time. This
paper presents an ontological model for fire image segmentation based on an adaptive neuro-fuzzy system with an op-
timized defuzzifier employing the area ratio method. The proposed model structures data processing workflows, includ-
ing image transformation into the hue-saturation-brightness color space, the use of triangular membership functions,
and adaptive parameter tuning for identifying fire regions. The ontology systematizes classes, processes, and their inter-
relationships, thereby ensuring modularity and flexibility of the solution. Experiments on images of nighttime fires with
smoke showed that the proposed model achieves high accuracy and speed, outperforming the compared segmentation
methods, and demonstrates potential for application in real-time monitoring systems.

Keywords: ontology, neuro-fuzzy algorithm, image segmentation, defuzzification, artificial intelligence.
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ABTOMaTM3auua nocTpoeHuns MyﬂbTVIaI'eHTHOﬁ CUCTemMbl

AnA NPoeKTupoBaHNA MUHTErpupoBaHHbIX dHEepPreTu4eCKNX cCUCctemMm

© 2026, E.A. BapaxTtenko <, JI.B. CokoJios, I'.C. Maiiopos

Hnemumym cucmem snepeemuxu um. JI.A. Menenmvesa Cudbupckozo omoenenus Poccutickoii akademuu Hayk
(UCOM CO PAH), Hpxymck, Poccus

AHHOTaUMA

B craTthe npennoxkeH Moaxoa K aBTOMaTH3allUU MOCTPOSHUS MYJIbTHATCHTHOW CUCTEMBI Ha 0a3e OHTOJIO-
THH, BKIIIOYAIOLIEH ONMUCAHME areHTOB CHUCTEMBI, IPOrPAMMHBIX KOMIIOHEHTOB, PEAlN3yIOMIUX METOMIbI,
ITOPUTMBI M1 MAaTEMaTHYECKUE MOJIENN MOACUCTEM U 3JIeMEeHTOB. I101X01 OCHOBAaH HAa KOHLEMIMAX MO-
JIeTTbHO-YIIPABIIIEMO pa3paboTKu M pa3pabOTKM MPOrpaMMHOTO OOecTedeHHs Ha OCHOBE OHTOJIOTHH,
KOTOpBIE a/IalITUPOBAHBI K OCOOEHHOCTSIM MYJIbTHAar€HTHOT'O MOJICIIMPOBAHNSI MHTETPUPOBAHHBIX JHEpTe-
THYECKHUX CHCTEM. B pemaemoii 3agadye nHpopManus paszencHa Ha MHOTOKPAaTHO MCTIOJIb3yeMblC 3HAHUS
U JJaHHBIC, ONMCHIBAIONINE e¢ KOHTEKCT. [IporpaMMHbIe areHThl pa3padoTaHbl Il MHOTOKPATHOTO IIPH-
MEHEHHS M HE 3aBHCAT OT KOHKPETHBIX Mojeiel obopynoBanus. X oObequHeHNEe ¢ MaTeMaTHIeCKUMU
MOZEJIAIMU MHTEIPUPOBAHHBIX 3HEPIeTUYECKUX CHUCTEM M METOJAaMU PEILEHUS 3a/1ay BBIIOJIHACTCS MIPU
IIOCTPOCHUU MYJIbTUAreHTHON cucreMbl. [IpuBeneHO omnucaHue: apXUTEKTYpbl €AMHON IPOrpaMMHOMI
ITaT(GOPMBI; METOIUKU TTOCTPOCHHUSI OHTOJIOTHH MYJIbTHATCHTHOW CHCTEMBI; METOJIMKH aBTOMATH3UPO-
BAHHOI'O IIOCTPOEHUSI MYJIbTHUAr€HTHON CUCTEMbI Ui NIPOBEIEHUS BBIYMCICHUM NPU IMPOEKTUPOBAHUU
UHTETPUPOBAHHBIX YHEPTeTUUECKUX cucTeM. [IpeacraBieHsl pe3yabTaThl IPUMEHEHHS [TOIX0Aa IIPU MPo-
€KTUPOBAaHUU UHTEIPUPOBAHHOM YHEPIeTUUECKON CHCTEMBI.

Knroueswie cnosa: OHmMoJo2usd, MyabmudceHmnas cucmemd, MoaeﬂupoeaHue, asmomamus3ayusd, uHme-
SPpUpPOBAHHAsA IHEepecemuiecKas cucmemd, npoeKmupoeanue.

Humuposanue: bapaxmenxo E.A., Coxonos /[.B., Matiopos I'.C. ABToOMaTu3anus NOCTPOCHUs MYJIbTHA-
TCHTHOW CHUCTEMBI JUISl IPOCKTHUPOBAHUS WHTCTPUPOBAHHBIX IHEPTrETHUYCCKUX CUCTeM. OHmonocus npo-
exmuposanus. 2026. T.16, Nel1(59). C.74-86. DOI: 10.18287/2223-9537-2026-16-1-74-86.

@unancuposanue: ¥VCCIENOBAHUE BBINIOIHEHO NpH TojAepkke Poccuiickoro HayuHoro ¢onzaa (rpaHT
Ne24-29-00823).

Bknao aemopos: bapaxmenko E.A. — KOHIETITyaIn3anus, MeToAndeckue ocHOBHEI; Cokos08 /].B. — MeTo-
JoJorws, uccaenoanne; Matiopos I'.C. — TOATOTOBKA JaHHBIX, aHAIIU3 PE3yIbTaTOB.

Kongnukm unmepecog: aBTOpbI 3asBISIOT 00 OTCYTCTBHH KOH(IINKTa HHTEPECOB.

BBepgeHune

Pa3BuTHE HOBBIX TEXHOJIOTMI U BHEJPEHNE NHHOBAIMOHHOIO SHEPIreTHYECKOI0 000pYy10BaHUS
OKa3bIBACT 3HAUUTENBHOE BIMSHUE HA Pa0OTy SHEPreTHUECKUX MH(PPACTPYKTYp, BKIIOYAIOIIUX CH-
CTEMBI DJIEKTPO-, TEIIO-, XOJI0/10-, Ta3ocHa0keHus u ap. [1]. O0benuHeHne 3TUX CUCTEM Ha TEXHO-
JIOTHYECKOM U OPTaHU3aI[MOHHOM YPOBHSAX MPUBOJIUT K (POPMHUPOBAHUIO MHTETPUPOBAHHBIX HEP-
rerudeckux cucteM (MDC), koTopple 0b6ecieunBaroOT MOBBIIIICHUE HAAEKHOCTH U 3((HEKTUBHOCTH
ND3C u panmoHalibHOE UCIIOJIB30BAHUE SHEPTETUUECKUX PECYPCOB.

CnoxHocTh 3aaun npoektupoBanus MIC o0ycioBiaeHa 0COOEHHOCTHIO CeTeBOM KOH(UTYypa-
IOHUH 3TUX CUCTEM, MHOXKXCCTBOM O6’b€KTOB C UHAUBUAYAJIbHBIM IMOBCACHUCM, HAJIMUUCM psAda LCH-
TPOB MPUHSITHS PEIICHUNA U HEOOXOAMMOCTHIO COTJIaCOBaHUS PEIICHH [2].

IIpuMeHeHre MyIbTHAreHTHOTO 110/1X0/1a IPU pelIeHuH 3a1aun npoexkrtuposanus MOC no3so-
JSIeT paccMaTpUBaTh OOJIBIIOE KOJUYECTBO AKTUBHBIX 3JIEMEHTOB, B T.4. pacHpeeéHHbIEe UCTOY-
HUKU SHEPIUH, U aKTUBHBIX MOTpedUTeNel ¢ COOCTBEHHBIMU UCTOYHHKAMHU dHepruu [3-5]. B ocHo-
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BE MYJIbTUAr€HTHOT'O MO/IX0/1a JIKUT MOHITHE MOOUIILHOTO MpOrpaMMHOro areHta. Pemenue 3aaa-
g npoekTupoBanus NOC ocymiecTBiseTcss He3aBUCUMBIMU JIPYT OT JApyra LEHTPaMu NPUHATHS
pelieHnid, 0OMeHMBAIOIIMMHUCI MEXy co00i nH(popManuel, a Ha JTare CoriacoBaHUs HaXOAUTCS
KOMIIPOMHUCCHOE PEILIEHUE, YUUTHIBAIOLIEE MHTEPECH] BCEX YUaCTHUKOB SHEProCHA0KEHUs [6].

Cno’XHOCTh OpraHu3alvyd MYJbTHAreHTHOTO MojenupoBanus MOC npuBoauT Kk HEOOXOAUMO-
CTH pa3pabOTKH MMOIX00B, KOTOPbIe 0OecevaT aBTOMaTH3AIMIO TIOCTPOCHUSI MYJIbTHAr€HTHOHN CH-
ctembl (MAC). DddexkTUBHBIM CpPeICTBOM aBTOMATH3allMU MOCTPOEHUSI OOJBIINX MPOTrPAMMHBIX
CUCTEM SIBJISIIOTCS KOHLEMLUS MOJAENIbHO-yIpaBiiieMon pa3padotku (Model-Driven Engineering,
MDE) [7, 8] u xoHIIENIUs pa3pabOTKU MPOrpaMMHOT0 oOecrieueHrs Ha OCHOBE oHTOJoTUU (Ontol-
ogy Driven Software Engineering, ODSE) [9, 10]. B craThe cienaHa MOINbITKAa TPUMEHEHUS dTUX
KOHIENINI K OCOOEHHOCTSIM Mpoliecca MyJabTHareHTHoro moaenupoanus MOC. ApromaTuzanus
noctpoeHnst MAC BBINIOMHSETCA HA OCHOBE KoMIibtoTepHOi Monenu DC u 3Hanwmii, popmanuzo-
BaHHBIX B BUJIE OHTOJIOTHH.

1 TlocTaHOBKa 3agaum

[Tpu mpoextupoBannu NDOC pemaeTcsi KOMIUIEKC 3a1a4 € Pa3HBIMU COJIEPKATCIBHBIMU (POpMY-
JUPOBKAMHU, U JIJISI UX PELICHUS UCIONB3YIOTCS pa3IUYHbIe METOUKHU, CIICIUaTN3NPOBAHHOE MaTe-
MaTUYecKoe U mporpamMmmHoe odecneuenue [1, 11]. B [12] na nmpumepe TpyOONpOBOAHBIX CUCTEM
SHEPreTHKU MOKAa3aHO, YTO B MpOIECCEe UX MPOCKTUPOBaHUS TpeOyeTcs MHTErpanus pazTudHbIX
nonacuctem. [Ipu moctpoerrnrn MAC He00X0IUMO OOBEIMHUTH COCTABISIONINE, MPEACTABICHHBIC
Ha pucyHke 1. MaTemaTtnueckoe obecriedeHre BKI0YaeT MaTeMaTHYeCKUE MTOCTAHOBKY 3324 Mpo-
eKTHUPOBAHUsSI, MATEMAaTUYECKUE MOJIETU MOAcUcTeM M 3eMeHTOoB MDC, MEeToasl M anropUTMBI.
[TporpamMmMHoOe oOecrieyeHre BKIIOYAET pa3iNyHble MIPOrpaMMHBIE KOMIIOHEHTHI, KOTOPbIE peau-
3yIOT METOJWKH pelieHus 3amad mpoektupoBanus MIC, maTemaTHdecKkue MOJACIH TMOJCUCTEM H
anemeHToB UDC, METOABI U aIrOPUTMBI, a TAK)KE CTOPOHHHE peIIaTen — MporpaMMHbIe pa3padoT-
KH, PEJHA3HAYEHHBIE JIJIs1 PEIICHUs] KOHKPETHBIX KJIACCOB 3a]1a4.
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Pucynok 1 — CocraBnsgroniie B IpOSKTHPOBAHNN HHTETPUPOBAHHBIX YHEPTETHIECKAX CHCTEM

Crpykrypa MAC, otpaxaromiast ocobeHHOCTH nocTpoeHus MIC, onuckiBaeTcss TpeMsl YpOBHSI-
MU (pUCYHOK 2) [6]: ypOBEHb IEHTPAIN30BAHHOW CHUCTEMBI; YPOBEHb PACIPEICIEHHBIX CHCTEM;
ypOBeHb cucTeM dHepronoTpednenus. MAC sBIsSeTCs] HEOJHOPOAHOM, M TIpU €€ MOCTPOSHUH HC-
MOJTB3YIOTCS ar€HTHI CIAEAYIOIINX THUTIOB:
"  areHT OOBIYHOTO MOTPEOUTENS;
"  areHT aKTHBHOTO MOTPEOUTES;
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"  CETeBOM areHT LIEHTPAJIM30BAHHONW CUCTEMBI;

" arcHThl MCTOYHHKOB J3HCPIrUM, KOTOPBIC MOAPA3ACIIAIOTCA Ha arc¢HThI LCHTPAIU30BaHHBIX MC-
TOYHUKOB SHEPI'MH U areHThI paclpeieEHHbIX HCTOUHUKOB SHEPIUH;

® areHThl y4aCTKOB CETEH, KOTO-

)TDOBEHI: I.[eHTpaﬂlll(}BﬂHH()r[ CHCTEMbI
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BaHHA KOHTCKCTa pemaeMoﬁ 3aja- ATEHTBI AKTHBHBIX AreHTBl OOBIYHBIX

yu. BmecTe ¢ TeM, mpu aBTOMAaTH- notpeiecii notpeduTecit ~T
3upoBaHHOM Tnoctpoenun MAC

HEOOXOOMMO MCIOJIB30BaTh 3Ha- Pucynok 2 — CtpykTrypa MyJIbTHAar€HTHOW CUCTEMBI

HUS, KOTOpbIE HE 3aBUCST OT KOH-
TEKCTa pelacMoi 3aaui. XpaHeHUEe ITUX 3HAHUM IPEUIaracTcsi OpraHu30BaTh B BUAE OHTOJIOTUH.

OmnTonorun Bc€ OoJiblle BBI3BIBAIOT MHTEpeC y creuuanuctoB [13, 14] u HaxoAsaT IMpOKOe
MIpUMEHEHHE NpU (opMaIu3ali 3HAaHUI B MHXKEHEepHBIX cuctemax [15, 16]. B [17] pa3paboran-
HbIE OHTOJIOTUH HAIIPaBJIEHbl HA aHAJIM3 YHEPreTUYECKUX CUCTEM, a B [18] comepxar onucanue oc-
HOBHBIX OOBEKTOB SHEPreTUUYECKUX CETe M LEeNoYeK CIpoca U MpeasioKeHus Ha sHepruto. OHTo-
JIOTHSI UCTOJb3YeTCsl Uil MHTEpIpeTalud WHPOpMALUK, CBA3aHHOM C PBIHKAMU 3JIEKTPOIHEPIUU
[19]. B [20] oHTONMIOTMHU paccMaTpUBaOTCA Kak OCHOBA i (OPMUPOBAHUS UHPOPMAIIMOHHBIX MO-
neneil uppoBbIX JBOWHUKOB O0BEKTOB YIPABJICHUS B pacipenenénHoi suepretuke. B [21] npen-
JaraeTcsl peleHue Ui OHTOJIOTUYECKOT0 MOJICIMPOBAHUS ACLICHTPAIN30BaHHbIX JaHHBIX B UHTEJI-
JIEKTYaJbHBIX YHEPreTUUECKUX cuctemax. OpakTalbHbI NOIX0J K CTPYKTYPUPOBAaHUIO 3HAHUM B
SHEPTETHUKE UCIIOIB3YETCS I Pa3pabOTKH OHTOJIOTUUECKHUX MPOCTpaHcTB [22]. B [23] rpaduuecku
IIPEICTABICHBl OHTOJIOTUH, OTPAXKAIOLINE MOHATHSI CUTYAallMOHHOI'O YIPAaBJIEHUS, BKIIIOUYas CUTya-
LUOHHBII aHAJIU3 U MOJIEIMPOBAHUE, a TAKKE OHTOJIOTHIO BOSHUKAIOIINX CUTYAllU C TOUKU 3PEHUS
JHepreTudeckoil Oe3omacHocTH. B 0030pe [24] oOCyKTaroTCsi BOMPOCHI MPOCKTHPOBAHHS TIPO-
IPaMMHOI0 00ecre4eHus 0] yIPaBICHUEM OHTOJIOIHH.

B xonuenuuu MDE monenu npeiMeTHbIX o0sacTell paccMaTpuBalOTCA Kak MH(POPMAaLMOHHBIE
pecypcesl Il aBTOMaTHYECKOTO CO3AaHMs IPOIPAMMHBIX CHCTEM, a IPEIMETHO-OPUEHTUPOBAHHBIC
SI3BIKU TTO3BOJISIIOT CO3/IaBaTh JIETAJbHbIC ONUCAHHS MPEAMETHBIX 00JIacTel JUIs aBTOMAaTH3aIllUH
ATanoB pa3paboTKu mporpaMmHoro odecrieuenus [7]. B [25] mpeanaraeTcss moaxoa K MPOSKTHPO-
BAaHUIO MTPOrPAMMHOI0 oOecreueHus Ui TeII0CHa0XKaroIuX cCUcTeM Ha ocHoBe MDE, ucnonb3ys
TEXHOJIOTMM METApOrpaMMHUPOBaHUs U OHTOJIOTUH. B koHuenimu ODSE OHTOJIOTHN UCTIONIb3YIOT-
Csl 111 aBTOMATU3alMH [TOCTPOEHHUS CIOKHBIX IPOrPaMMHBIX CUCTEM [26].

Konuenunn MDE w ODSE npumenumsl AJisi apTomatusanuu noctpoenuss MAC, npenHa3Ha-
YEeHHOM 15 peleHus 3aaa4 npoektuposanus UOC.
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2 MNopxoa kK aBTOMaTU3aLMU NOCTPOEHUA MyNbTUAreHTHOM CUCTEMbI

Pa3zpaborannblii nogaxox k aBromaruzauuu noctpoeHuss MAC mis npoextupoBanus MOC c

IPUMEHEHUEM OHTOJIOTMU UMEET PsAJl 0COOCHHOCTEH (CM. pUCYHOK 3):

= B ocHoBe Jexar konuenuuu MDE u ODSE, koTopble alanTUpOBaHbl K OCOOCHHOCTSAM MOCTPO-
eauss MAC;

" JCIOJIb3yeMas MPH aBTOMATH3MPOBAHHOM IOCTPOCHUHU MH(OpPMaLUs pa3/ielieHa Ha MHOTOKpaT-
HO HCII0JIb3yeMbI€ 3HAHUS U JaHHbIE, OMUCHIBAIONINE KOHTEKCT pelIaeMoi 3a1auu;

" MHOIOKPAaTHO MCIIOJIb3yEMbIE 3HAHUS XPAHATCS B OHTOJIOTUH;

" JaHHbIE, OMUCHIBAIOIINE KOHTEKCT peliaeMoi 3ajauu, u3Biekatorcsa u3 mojaenu MOC;

* areHtsl MAC pa3pa0aThIBalOTCs 11 MHOTOKPAaTHOTO MPUMEHEHUSI U HE 3aBUCAT OT KOHKpET-
HBIX MOJIeNieil 000pyA0BaHNUS;

" HACTpOIiKa areHTOB BBINOJIHAETCS B KOHTEKCTe noctpoeHuss MAC.

Onronorus === N KomneloTepHan
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Pucynok 3 — YrpoméHHas cxema mpezjiaraéMoro noaxosja

[Ipemnaraemas crpykrypa onTosiorui MAC (cM. pUCYHOK 4) BKJIIOYAET OMHCAHUE: UepapXuu
areHToB U UX cBsA3e ¢ moacucremamu MOC; mpu-
KJIQZHBIX 33]1a4 U UCMOJIb3YEMbIX JJISl UX PELIECHUs! Me-
TOJIOB; MareMaTH4eckux mozenedl noxacucrem MIC;
MIPOrpaMMHBIX peau3aluii MaTeMaTUYECKUX Mojeseit
Y METOJIOB.

[Tpu aBromMaTtusupoBanHoM nocrpoennn MAC uc-

Ouronorns
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CHCTEMBI

Onucanuc
3a1a4
A 4

MMOJIB3YCTCSI KOMIIBKOTCPHASA MO/JCIIb I/ISC, KOTOpas Oncanie
Onucanuc
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arcHTOB

Onucanuc
METOA0B

Onucanue

XPaHUTCA B CIEAYIOIIEM BUJIE: i MPOTPAMMETLIX
° . H3C peammsanit
= B PCIIIUOHHOU 68.36 JaHHBbIX, ITO3BOJJIAIOIICH CO-
XpaHUuTh OIIMCAHUE MOACHUCTEM H IMapaMETPOB DJIC- Pucynok 4 — CtpykTypa OHTOJIOTUU
MmenToB UOC; MYJIbTUAr€HTHON CHCTEMBI
" B yHHMBEpCaJbHBIX (hopMarax XpaHEHHUsS JAHHBIX,
Takux Kak JSON u XML.

Pa3zpabGoTanHblil MOIX0/1 BKIIFOYAET CIASAYIOIINE COCTABIISIONINE:
"  ApXUTEKTYPY €AUHON MPOTrpaMMHOM MIAT(HOPMBI;
" METOAMKY NocTpoeHus oHtojaoruu MAC;
"  METOAUKY aBTOMaTu3upoBaHHoro nocrpoenus MAC npu npoexktupoBanuu MOC.
MynpTHareHTHOe MOJIEIMPOBAHUE BBIMOJIHSAETCS Ha 0a3ze eIuHOM MpOorpaMMHON IUIaT()OPMBI,
KOTOpast 00ecreuynBaeT MHTETPALUI0 BCeX HEOOXOMUMBIX Ui PELICHHUS 3a/a4d MPOCKTHUPOBAHHUS
NOC cocTaBisommx B KOHTEKCTE PEIICHUs 33aui. APXUTEKTypa IIaT(OopMbl MpeCTaBlIeHa HA
PUCYHKE 5 ¥ BKJIIOYAET CJIEIYIOIINE FIIEMEHTBI:
" KOMIIbIOTEPHYIO Mozesb MOC;
* MAUC, nocrpoutens MAC u onronoruto MAC;
"  OUONMOTEKY areHTOB;
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=  OuOnMoTeKy MaTeMaTuueckux mojenei anemenToB MOC, NCHoIb3yeMbIX areHTaMH;
=  OuOMMOTEKY pemaTesieil, HCIIOIb3yeMbIX areHTaMH.
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PucyHnok 5 — ApxuTekTypa mporpaMMHOH IaThopMBbI

[Toctpoenne MAC aBTOMaTH3upoBaHO Ha ocHoBe onucanus MOC, orpaxaromiero KoHpurypa-
LUI0 CUCTEMBI, 3HAaHUM u3 oHTONOrMM MAC U IpOorpaMMHBIX KOMIIOHEHTOB, OpPraHM30BaHHBIX B
Buje 6ubnuorek. [loctpourens MAC cocrout u3: nocrpoutens rpaga MAC; 3arpy3unka areHTOB
Y IIPOTPaMMHBIX KOMIIOHEHTOB; KoMIroHoBIInKa MAC.

[Toctpoenne MAC peanuzyercs B pe3yJibTaTe BBINOJIHEHUS TPEX ITAIOB.

Ha nepsom smane BbINonHseTCs NOCTpoeHUe rpada (pUCyHOK 6), OTPaKkaroIIero CTPYKTYPHYIO
koHpurypanuo MAC u pemaroTcs cieayroue noa3aaum.

1) ananu3 komnsrotepHoi moaenu UOC.

2) ¢opmupoanue nepeyns noacucrem UIC.

3) dopmupoBaHue nepeyHs UCHOIb3yeMOro 000py10BaHHUS.

4) 3arpy3ka OnmuMcaHusi HEOOXOIUMBIX areHToB u3 oHTosoru MAC.

5) ¢dopmupoBaHue onucaHus HEOOXOAUMBIX Mozesel anemenToB UOC.

6) GdopmMupoBaHHE ONMHUCAHUS UCTIOIB3YEMBIX METOJIOB.

7) moctpoeHue rpaga, OTpaxkaroLero CTpyKTypHyto KoHpurypauuo MAC.
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Pucynox 6 — IToctpoenue rpada MyJIbTHAT€HTHON CHCTEMBI
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Ha emopom smane BpinoiiHsgeTcs: aBToMaru3npoBanHoe nocrpoenne MAC npu npoektuposa-

Huu UOC u pemarorcs cieyromue noa3aauu.

1) monkmrodyeHue areHToB K popmupyemoit MAC.

2) NOJKIIIOYEHHE NPOrpaMMHBIX KOMIIOHEHTOB, PEAIM3YIOIIKUX MoJienu 3i1emMeHToB UOC.
3) MNOAKIIOYEHHE MPOrPAMMHBIX KOMIIOHEHTOB, PEATM3YIOIIHUX METO/IBI.

4) ¢dopMUpOBaHHE CTPYKTYP JAHHBIX JUIsI OPraHU3AIMU BEIYUCIUTEIHLHOTO MIPOIecca.

5) dopmupoBanue cpebl, B KOTOPOH (HYHKIIMOHUPYIOT areHTHI.

Ha mpemvem smane BBINOJIHIETCS aBTOMAaTU3MPOBAHHAS HACTPOMKA ar€HTOB Ha PEIICHUE 3a-
Jla4l MOJIEJIMPOBAHMS, B XOJ€ KOTOPOM pelIaroTcs No3a/1a4u JUIsl ar€HTOB, KOTOPbIE UCIOJIb3YIOT:
*  o0opymoBaHUE, YCTAaHABIMBAIOTCS CBSI3U C HEOOXOAMMBIMU MOJIEIISIMA 000PYIOBAHHUS.

"  METO/Ibl, yCTAaHABIUBAIOTCA CBA3HM C HEOOXOIMMBIMU PEIIATEIISIMHU.

B pesynbrare crpoutcs MAC, Ha 6a3e KOTOpOU pemraercs MPOeKTHas 3ajada ¢ YIETOM 0CO-

O6eHHocTell koHurypauu moaenupyemoit U3C, momyueHHOM U3 €€ KOMIIBIOTEPHOU MOIETH.

3 MeToAauKa NOCTPOEHUA OHTONIOTUU MYTIbTUAreHTHON CUCTEMBI

[TocTpoeHne OHTOIOTMH BKJIFOUAET CJICAYIOLINE 3TAIbI.
1) ¢dopmanbHoe onucanue noacucreM MOC, MoaenpyeMbIX areHTaMu.
st xaxnoit momcucreMbl UDC Gopmanu3yercst OmucaHne OTACITBHBIX YHEPreTUYECKUX CH-
cteM, Bxosmux B coctaB MOC (Ha3BaHue, THII, HA3HAUYEHUE), U TIOJCUCTEM, 00Pa3yIOLUX OTIENb-
HbIC SHEPTETUUYECKUE CUCTEMBI (Ha3BaHUE, TUII, 000PYIO0BaHUE).
2) ¢dopmanbHOE ONKMCAaHUE ar€HTOB U UCIOJIb3YEMbIX BXOJIHBIX U BBIXO/HBIX JJAHHBIX.
Jljig Ka)K0ro Tuma areHta popMalin3yeTcsi OlMCaHue CIEAYIOUX €ro XapaKTePUCTHK:
"  TUII CUCTEMBbI YHEPTOCHA0XKEHUS;
" [0JICMCTEMa, KOTOPYIO OH IIpe/IHa3HaYeH MOJEINPOBATh;
"  [apaMeTpbl areHTa;
"  XapaKTEePUCTHKHU 000pYyI0BaHMs, 00pa3yIOIIEro MOJACINPYEMYIO IIOJICUCTEMY;
" BXOJIHBIEC U BBIXOJHBIE IaHHBIE JUIs PEIIAEMON 3a/1auH.
@®parment onTonorud MAC npezncraBiieH Ha pUCyHKe 7.
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Pucynox 7 — @parMeHT OHTOJIOTHH MYyJIbTHAT€HTHON CHUCTEMBI
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B Ta6J'II/II_[e 1 NpeaACTaBJICHBI OCHOBHBIC 3aaa4yud JId TUIIOB ar¢HTOB W IMPUBCACHBI HEKOTOPLIC
AAaHHBIC, KOTOPbBIMU OOMEHHUBAIOTCS AarCHTHI.

Tabmmma 1 - Onucanue areHToB

Tunbl arenToB

OcHoBHBIE 32124

Jdanubie

AreHTBI OOBIYHBIX
noTpeouTenei

CobcTBeHHOE YHEPTOCHAOKEHUE

Harpys3ku Ha 3JI€KTpHIECTBO, TEIUIO, XOJIOA 1
ras

ATEHTBI aKTHBHBIX
notpeouTenen

Pacuér cobcTBeHHOTO SHEPrOCHAOKECHNS,
3arpys3Ka CBOEro 9HEPreTHIecKoro o0opy-
JIOBaHMS

LleHBI Ha YHEPTHIO, IPOIYCKHBIE CIIOCOOHOCTH
Y4acCTKOB CETH, MOIIHOCTH UCTOUHHUKOB,
Harpy3KH: 3JIeKTPUUYECTBO, TEIUIO, XOJIOI U ra3

ATEHTBI HCTOYHU-
KOB DHEpruu

OrnruMasbHas 3arpy3Ka TeHepUPYIOIIEro
00opyIoBaHUs

LleHbI Ha YHEPTHIO, IPOIYCKHBIE CIIOCOOHOCTH
YYaCTKOB CETH, MOLITHOCTH 000pYI0BaHus,
KalUTaJIbHBIC BIOXKCHUS

ATEHTBI y4acTKOB
ceren

OnruManbHast 3aTpy3Ka CeTeBOro 060pymo-
BaHUs

[TpormyckHbIe CIOCOOHOCTH M TApaMeTPhl
Y4aCTKOB CETH, KAIIUTAJIbHBIC BJIOKEHUS

CeTeBbIe areHThI
pacrpeenéHHbIX
CHUCTEM

PanmonansHOe pacrpesesicHue Harpy3Ku
MEXXIy HCTOYHHKAMH LEHTPATU30BaHHON 1
pacripesenéHHOM reHepanny B pacmpese-
NEHHBIX CHCTEMaX

I{eHs!I Ha PHEPTHUIO, TPOMYCKHBIE CIOCOOHOCTH
YYacTKOB CETH, MOIITHOCTH NCTOYHHKOB,
Harpy3KH aKTHBHBIX ITOTpEOUTENEH, 3aTpaThl HA
SHEProcHAOKEHNE

CeTreBoM areHT
[CHTPAIN30BAHHOM
CUCTEMEI

PammonansHOE pacnpeenicHIe Harpy3Ku
MEKTy NICTOYHUKAMU [IEHTPATH30BaHHOHN 1
pactpenenéHHON TeHepaIiy, U BEIOOp pa-
IIHOHAIBEHOTO COCTaBa TeHEPHUPYIOMICH
MOIIHOCTH IIEHTPAJIM30BAHHBIX U pacipese-
JIEHHBIX UCTOYHHKOB B UDC

LleHBI Ha YHEPTHIO, IPOITYCKHBIE CIIOCOOHOCTH
YYacTKOB CETH, MOIITHOCTH NCTOYHHKOB,
Harpy3Kd OOBIYHBIX U AKTUBHBIX MTOTPEOUTEICH,
3aTpaThl Ha YHEProcHAa0KEeHUE, KalTUTaIbHbIC
BIIOKEHUS

3) dopmanpHOE onUCaHKE CBSI3EH MEXy areHTaMU B uepapxudeckoi ctpykrype MAC.

q)opManmyeTc;I OIIMCaHHC:
MecTa B MHTETPUPOBAHHON CHCTEME, KOTOPOE 3aHUMAET MOJIEIIMPYEMasi areHTOM I10JICHCTEMA;
TIOJICHCTEM M 3JIEMEHTOB, C KOTOPBIMH CBsI3aHA MOJAEIHPYEMast IOJICHCTEMA,;
areHTOB, MOJICJIUPYIOLIHX CBSI3aHHBIC TTO/ICHCTEMBI;
TUIIOB COOOIICHUH U UX CTPYKTYP, MEPECHUIAEMBIX MEXKIY ONPEACIEHHPIMU THIIAMHU areHTOB,;
ypoBHeH B uepapxudeckoit MAC;

MIPUHAAJICKHOCTH THIIA aTeHTOB YPOBHIM nepapxudeckoit MAC.

4) cDOpMEL]'ILHOC OINMMCAHUC HUCIIOJIB3YEMbIX IMPOTrPAMMHBIX KOMIIOHCHTOB, PCAJIU3YIOIIUX MAaTEMa-
TUYCCKHUE MOJCIIN, MCTOABI U AJITOPUTMBI.

CDOpMaJ'II/ByeTC}I OIIMCAaHHUC:
THTIA BHEIITHETO KOMITOHEHTA (MaTeMaTHYeCcKasi MOJIENb, alTOPUTM, OIITUMHU3ATOP);

€CJIM THIT BHELIHETO KOMIIOHEHTA — aJITOPUTM HJIM ONITHMHU3ATOP, TO ISl HErO yKa3bIBaeTCs KJIACC MaTeMaTHYECKOH
3a[1a4d ¥ UCTIOJIB3YEMBIH METOI pPeIICHHS;
€CITM THUII BHEIIHETO KOMIIOHEHTa — MaTeMaTH4YecKas MOJeNb, TO JUII Hero ykaspiBaercs moxacucrema MOC wm
00opyaoBaHNe, KOTOPOE OH MOACTHPYET;
SI3BIKA TIPOTPAMMHUPOBAHNS, HA KOTOPOM BBITIOJTHEHA pearn3aliis;
nHTEepdeiica T0cTyma K BHEITHEMY KOMITOHEHTY;
(hopMaTOB BXOIHBIX W BBIXOJHBIX JAHHBIX JUISI BHEITHUX MTPOTPAMMHBIX KOMITIOHEHTOB.
5) ®opmanbHOE OMHMCAHUE CBA3EH MEXAYy areHTaMu U MPOTrpaMMHBIMU KOMIIOHEHTaMHU.

cDOpMaJ'II/ByeTC}I OITMCaHHCE:
HGO6XO,HI/IMOCTI/I HCIOJb30BaHMs BHCITHUX MPOTrPAMMHBIX KOMIIOHECHTOB ar€HTOM;
THUIIA UCIIOJIB3YEMOT'0O BHCIIHETO IMTPOTPAMMHOT'O KOMIIOHEHTA,
Ha3BaHUA NPOrpaMMHOI0 KOMIIOHCHTA,
METOAa JOCTYIIa K IPOrpaMMHOMY KOMITIOHCHTY.
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Onronorus MAC peanusyercst Ha 0a3ze NMpeIMETHO-OPUEHTUPOBAHHOTO fA3bIKA, OCHOBAHHOI'O
Ha s3bike XML. HeoOXxoauMocTh pa3padOTKU 3TOTO S3bIKAa BBI3BAHA TEM, YTO OHTOJOTHMS HUMEET
IIPUKJIAIHOEC Ha3HAYEHUE U NIPEAHA3HAYEHA U1 IPUMEHEHN B aBToMartu3anuu nocrpoenus MAC.

4 [lpumep npumMmeHeHUA

OnucaHHbId MOAXOM MPUMEHEH NMPU ABTOMATU3UPOBAHHOM moctpoenun MAC s perieHus
3a7a4¥ TPOCKTUPOBAHUS HA MpUMepe TecToBOM cxeMbl MIC.

Ha mepBoM 3Tane BBIMOTHEHO (HOPMUPOBAHHUE CTPYKTYP JNAHHBIX, HEOOXOAMMBIX JIJIsi aBTOMA-
TU3upoBaHHoro noctpoeHus MAC u BriIouaromux onucanue koHpurypanuu MOC, e€ moacucrem
(cucTeM BIEKTPO-, TEIUIO-, XOJI0/I0- ¥ Ta30CHA0KEHHsT), 000pyIOBaHUS MOJICUCTEM, ar€HTOB, MOJIe-
neit anemernToB MOC u meton0oB. Ha ocHOBE 3THX CTPYKTYp IaHHBIX mocTtpoeH rpad MAC.

Ha BTOpoMm sTamne B aBToMatu3upoBaHHoM pexume nocrpoeHa MAC (pucyHok 8).
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Pucynok 8 — I'padpuueckoe npeacraBieHue moCTpOSHHONW MyJIbTHATEHTHOW CHCTEMBI

OO6miee KOTUYeCTBO areHToB 49, U3 HUX: 3 areHTa OOBIYHBIX MOTPEeOUTENel; 3 areHTa aKTUBHBIX TOTpeduTeneit; 3
areHTa ICHTPATN30BAHHBIX NCTOYHUKOB SHEPIUH; 38 areHTOB y4acTKOB CETeH, BKIIoUas 14 MUHUI 3ieKkTpornepenadn,
12 TermoBBIX MarucTpaiei u 12 ra3oBbIX MarucTpaiei; | ceTeBoil areHT pacnpeneaéHHOl CUCTeMbl; | ceTeBOi areHT
LIEHTPAJIM30BAHHONU CUCTEMBI.

Ha tperbem sTane BbIlOJIHEHA aBTOMATU3UPOBAHHAS HACTpOKKa nmoAKI0YEHHbIX K MAC aren-
TOB Ha MCIOJIb30BAaHNE HEOOXOAMMBIX MOl 000py0BaHus (MCTOYHUKOB, YYaCTKOB CETEH, CH-
CTEeM SHEpromnoTpeOIeH s ) U peniaTeneil ONTUMU3AIMOHHBIX 3a/1a4.
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B mpouecce npoBeneHns MyJIbTHAT€HTHOTO MOJEIMPOBAHMS BBIINOIHACTCA PELICHHE 3a1a4u
npoektupoBanust UOC nyrém B3aumoeicTBus areHToB. [Ipy 3TOM B 3aBUCMMOCTH OT IIOJyYEHHO-
IO areHTOM COOOIIEHUS M JIOTUKU €ro MOBEIEHHUsI MOXKET MOTPeOOBaThCs BBHIIOIHEHNUE ONTHMM3a-
LIMOHHBIX PACYETOB, PE3yNIbTAThl KOTOPBIX UCIIONB3YIOTCS JJIA IPUHATUSA pelleHnuid. B aToMm cirydae
BBINOJIHAETCS BBI30B HEOOXOAUMOTO pelaTessi, COOTBETCTBYIOLIET0 MaTEMATHYECKOMY KJIaccy pe-
mraeMoii 3aaun. BeimonHeHa aBToMaTH3UpoBaHHAs HacTpoiika MAC Ha MCHOJIb30BaHUE HEOOXO-
JMMBIX MOJiesIelt 000pyI0BaHMs U pelaTeneid ONTUMHU3ALMOHHBIX 33/1au.

HaHpHMep’ Ha PHUCYHKC 9 npen- DparMeHT MYJIbTHATEHTHOH
cTaBieH (parMeHT, OTpa)karouui CHCTEMBI

CXEMY B3aUMOJICHCTBUSI ar€éHTOB U HC- Y ittt \
1
[OJIL30BaHKs  IPOIPAMMHBIX  KOMIIO- A2 feeerbennnninen. spf  Monem |
: IJEeMEHTa :
HEHTOB. ATeHT A2 BBI3BIBAET JUISl IIPO- A | : |
.. o i i Maremarnueckue |
BEJICHUS  Pacuy€ToB  IPOrpaMMHbIE i | ! MOZeNH |

|

|

I

KOMIIOHEHTBI, PEaIU3yIOUIMe MOJIEIU S || E—
anemenToB MOC. Arent A3, noiyuus , ATeHTBI OT/IENbHBIX
b ———— - 3J1EMEHTOB

HE0OX0IMMYI0 WH(OPMAILIUIO OT arcH-
ToB Al m A2, pemaer 3amady ynpas- ( r\&ﬁﬁb ) (pc.s'\,‘_mm)
JICHHSI CBOMIM JHEProONoOTpeOJIeHuEM U : :
paloHaIbHONW 3arpy3koil coOCTBEH- v
HBIX DJHEPrOMCTOYHUKOB. B maHHOM Pewarens 3amaun
cilydae pelaeTcs 3a1ada CMEMIaHHOTO comI
[IEJIOYMCIIEHHOTO  JIMHEWHOTO  IPO-
rpammupoBanus (CLJIIT) ¢ ucnonb3o-
BaHUEM peIIaTells.

AreHT aKTHBHOTO
norpeduTens

CGop naHHbIX

Pewenne 3agaun CLUITT

YnpasneHue areHTaMil

Pucynok 9 — [Ipumep opranuzany BbIYHCIEHUI
TIPU B3aWMOJICHCTBHH areéHTOB

3aknroyeHue

MynpTHareHTHbIN N0AX0A K npoekTupoBanuto MOC no3BoiseT HalTh pelieHue 3aauu IyTEM
B3aUMOJECICTBUS MHOXECTBA areHToB. ABTromaruszauus nocrpoeHuss MAC no3BosisseT yCTpaHWUTb
TpyAOEMKHeE 3Tarbl €€ POpMUPOBAaHUS U HACTPOMKHU Ha ocoOeHHOCcTH Moaenupyemoit UDC. B cra-
Th€ NPEMJIOKEH NMOAX0A K aBToMaTu3auuu nocrpoenust MAC nis npoektuposanus OC ¢ npume-
HEHUEM OHTOJIOIMH, KOTOPbII BKIIIOUAET CJEIYIOIIME COCTABJISIONINE: apXUTEKTypy €AUHOU Mpo-
IrpaMMHOH 1aT(HOPMBL; METOAUKY NocTpoeHust onTosorun MAC; METOUKY aBTOMaTU3HMPOBAHHO-
ro noctpoeHust MAC 11t npoBeaeHust Beuucienuid npu npoexkrtuposanun UD9C. C ucnonb3oBaHu-
€M 3TOro nojxoja BainosHeHo nocrpoerrne MAC s rectoBoit cxemsl UOC.
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Automated construction of a multi-agent system
for integrated energy system design
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Abstract

This article presents an approach to automating the construction of a multi-agent system based on an ontology that de-
scribes system agents as well as software components implementing methods, algorithms, and mathematical models of
subsystems and individual elements. The proposed approach is based on the concepts of model-driven development and
ontology-based software development, adapted to the specific features of multi-agent modeling for integrated energy
systems. Within the considered problem, information is divided into reusable knowledge and data describing its context.
Software agents are designed for repeated use and remain independent of specific equipment models. During the con-
struction of a multi-agent system, these agents are combined with mathematical models of integrated energy systems
and problem solving methods. The article describes the architecture of a unified software platform, a methodology for
developing a multi-agent system ontology, and a methodology for the automated construction of a multi-agent system to
perform computational analyses in the design of integrated energy systems. The results obtained from applying the pro-
posed approach to the design of an integrated energy system are also presented.

Keywords: ontology, multi-agent system, modeling, automation, integrated energy system, design.
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AHHOTaUuA

B uHXEHEpHOM MPOCKTHPOBAHUH BHIOOP CIIOCOOA MPEACTABICHUS T'COMETPUH BO MHOTOM OMpECACISICT
3¢ GEKTHBHOCTh pa3padaThiBacMOil CUCTEMbI. TpagMIIMOHHBIC METOIbI — TPAHUYHBIC MPEICTABICHUS,
KOHCTPYKTHUBHASI TBEPIOTE/IbHAS TCOMETPHUS U (PYHKIIMOHAIBHBIC OMUCAHUS — OCHOBHBIC CPEJICTBA aBTO-
MaTH3aIH{ MMPOSKTUPOBAHUS, KAKIOE U3 KOTOPBIX OTPaXKaeT OTICIBHBIA acleKT 00BEKTa, MOITOMY Tpe-
OyeTcs COTIIaCOBaHUE MX OMUCAHUH. DTO MPUBOIUT K N30BITOYHOCTH U YCIOKHEHUIO IPOLIEAYp Mpeodpa-
30BaHMs JAHHBIX, OTPAHHYUBACT BO3MOXKHOCTH MOJCIHPOBAHUS OOBEKTOB CO CIOXHOH BHYTpEHHEH
CTPYKTYpPOH, a TakKe CHIDKAeT YHHUBEPCAIBHOCTh IU(POBBIX Mojeiei. B pabore paccMmaTtpuBaercs To-
YeYyHOE MCUYHUCIICHUE KaK WHas KOHICTIHS MPEICTABICHUS TeOMETPHICCKUX 00BEKTOB. B ToueuHOM WC-
YHCJICHUN BCE TCOMETPUICCKHE OOBEKTHI PACCMATPUBAIOTCS KaK YIOPSIOYCHHBIC MHOXKECTBA TOYCK, KO-
TOpPBIE OMPEAEISIOTCS ¢ TOMOIIBIO JIOKATBHBIX U TI00ATBHBIX CUMILIEKCOB. [[pUMEHUTENBHO K TBEPIO-
TEITLHOMY MOJICTTUPOBAHUIO 3TO TIO3BOJISIET OMMUCHIBATH OJJHOBPEMEHHO IPAHUYHYIO (OPMY U BHYTpEHHEE
MIPOCTPAHCTBO 00beKTa. | paHUYHAS MOJIENb B ATOM Cllydae MHTEPIPETUPYETCS KaK YaCTHBIA CIIydaid Ta-
KOTO ITOJIX0/a, YTO 00ECIIeYnBaET COBMECTUMOCTD C CYIIECTBYIOIIMMHU CHCTEMaMH aBTOMATHU3AIINH TIPO-
eKTUpOBaHUA. VCcnonab30BaHUE TOUYEUHOIO HCUMCICHHUS YCTpAaHsET Pa3leiiCeHUE MEXKAY IeoMeTpued u
(yHKIIMOHATBHBIME CBOMCTBAMH, TTO3BOJISIST MOJICIIMPOBATh AHW3OTPOITHBIE CTPYKTYpPHI, BHYTPEHHHE Ka-
HaJibl U BapMaTUBHbIE MaTepHUaJIbl B €AMHOM MapaMeTpUYECKOM NpocTpaHcTBe. [IpuMeHeHne ToueuHoro
WCYUCIICHUS JJIsl OTMCAHUS MPOCKTHBIX 00BEKTOB MO3BOJISIET 00CCIICUUTh IIEJIOCTHOCTD MU(POBBIX MO/IC-
JIell U CHU3UTh KOTHUTUBHYIO Harpy3Ky IIPU MCIIOJIb30BAaHUM UX Pa3IMUHbIX IpenacrasieHuil. [lepcnexru-
BbI IIPUMCHEHUS MIOJIX0/1a CBSI3aHbI C IIU(PPOBBIMH JBOHHUKAMH, aTUTHBHBIM IIPOU3BOJICTBOM U IFeHEpa-
TUBHBIM JIM3aWHOM, TJI¢ TPEOYETCsI COBMEIICHUE TMOKOCTH, YHUBEPCAIBHOCTH U (DOPMaIBHOM CTPOTOCTH.

Kniouegvie cnoga: moueunoe ucuucnenue, npoeKmuposanue, 2eomMempuieckoe MooeIuposanue, spanuy-
Hoe npedcmasaenue, YyHKYUOHANbHOE NPeOCmasienue, KOHCMPYKMUBHAA MEePOOMeNbHAs 2e0MEMPUs.

Humupoesanue: Bezoumnvii A.A. TodedyHoe HCUMCIEHUE KAaK OHTOJOTWYECKAas OCHOBA IPEICTABICHUS
TEOMETPUUECKUX OOBEKTOB B IMPOEKTHPOBAHWUU. Onmonocus npoexmupoganusi. 2026. T.16, Nel(59).
C.87-97. DOI: 10.18287/2223-9537-2026-16-1-87-97.

@unancuposanue: ViccienoBanue BHIIOTHEHO 3a c4ET rpaHTa Poccuiickoro HaygHoro ¢onma Ne 25-21-
00003, https://rsctf.ru/project/25-21-00003/.

Kongpnukm unmepecog: aBTop 3asBIsIeT 00 OTCYTCTBUU KOH(MINKTAa HHTEPECOB.

BBepgeHune

dopMHpOBaHUE COBPEMEHHBIX METO/IOB MPECTABICHUS T€OMETPUU OOBEKTOB CBS3aHO C Pa3-
BUTHEM CHUCTEM aBTOMaTu3upoBaHHOro npoexktuposanusi (CAIIP) Bo BTOpoit nonoBuHe XX Beka.
I'pannunbie monenu (Boundary representation, B-rep) ctamu ymoOHBIM CPEACTBOM OIHMCAHUS
CIIO’KHBIX (hOpM, OMHpasich Ha MpeJCTaBlIeHne 00bEKTa Yyepe3 ero mNoBepxHocTs [ 1, 2]. ByneBbl KoH-
CTPYKLMU B KOHCTPYKTHUBHOM TBepaorenbHol reometpuun (Constructive Solid Geometry, CSG)
o0ecreynsii KOMIIAKTHBIN CIT0CO0 MOCTPOSHUS MOJIENE U3 AJIEMEHTApPHBIX PUMHUTHUBOB, YTO OKa-
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3al0ch YAOOHBIM Ui aBTOMaTH3aluu psaga omnepauuid. s QyHKIMOHATBHBIX MpenCTaBICHUM
(Function Representation, F-rep) ucnoiib3yercsi yHUBEpCaIbHBIM MaTeMaTUYECKHUI armapar, 1mo3-
BOJISIFOIIMNA OMUCKHIBATh HE TOJIBKO (HOpMY, HO M (PU3UKO-MATEMaTHYECKHUE CBOMCTBA OOBEKTOB [3].
Hu oauH U3 M0AX0/10B HE CTaJl YHUBEPCAIbHBIM, U B IPAKTUYECKUX CUCTEMAX YacCTO MCIIOJIb3YETCs
B KOMOMHAIIMK C APYTUMH, YTO YKa3bIBAET HA KOHIIETITYaIbHYIO HEMOJIHOTY Ha3BaHHBIX METO/IOB.

B onnoit CAIIP npuxoauTcs noaaepKuBaTh HECKOJIBKO MPECTABIECHUN OTHOBPEMEHHO [4, 5]:
IpaHUYHOE — JUIsl BU3YAIH3alMH U KOHTPOJIS; KOHCTPYKTUBHYIO TBEPIOTEIBHYIO T€OMETPUIO — IS
MOCTPOEHHSI CIOXKHBIX (GOpM; (YHKIHMOHATIBHOE — JUIs aHaiu3a (U3NYEecKux CBOUCTB. Ilepexon
MEX/1y 3TUMU MPECTABICHUSIMHU COMPOBOXKAAETCSA MPeoOpa3oBaHUSIMU, KOTOPbIE MOT'YT HE BCerja
TOYHO OTpa)kaTh MCXOTHBIA OOBEKT M MPHUBOAUTH K MOTEPsIM HMH(GOpPMAIMHU. DTO O3HAYAET, UTO
OJIMH U TOT ke 00beKT cyuiectByeT B CAIIP B HECKONbKHMX HECOIJIACOBAHHBIX OIMUCAHUSIX, YTO
MIPOTHUBOPEUYUT TPEOOBAHUIO IIEIOCTHOCTH MPOEKTHOTO MPECTABICHHUS.

B coBpeMeHHOM MPOEKTUPOBAHUU BCE yalle HA TMEPBBIN IUIAH BBIXOMAT 3a7aud, T€ OOBEKT

JOJIDKCH OBITH HE TOIBKO TCOMCECTPHUYICCKHU IMMPAaBUIIbHBIM, HO U Q)YHKHI/IOHEU'II)HO HaCBIIIICHHBIM.

Lugposoie osounuxu (L11). s LIJ] 00bekTa TpeOyeTcss MOIEb, KOTOPask OJJHOBPEMEHHO OIUCHIBACT [COMETPHIO,
MaTepHuallbl, BHyTPEHHIOIO CTPYKTYPY H IMOBEICHUE B YCIOBUAX AKCILUTyaTalMy. TpaauHOHHBIE METOMABI IPEICTABIISAIOT
9TH CBOICTBAa Pa3pO3HEHHO, W OHTOJOTMYECKH OOBEKT NMPOCKTUPOBAHUS pa3/iesiéH Ha HECKOJIBKO HECBSI3aHHBIX MOJIE-
JIel, OIMCHIBAIONINX (OPMY, CBOWCTBA U MTOBEJICHHUE, YTO IMOBBIIIAECT PUCK OIIHOOK MPH UX MOCIEAYIONIEM CONPSIKEHHH.

Aooumusnvle mexrnonozuu. IIpoexktupoBanne s 3D-meyaT BKIFOYACT BBITIOTHEHUE TPeOOBAHUN K BHYTpEHHEH
CTPYKType 00beKTa: MOPUCTOCTD, PEIIETYAThIC 3aII0JTHEHUS, IepeMEHHas TOJIINHA CTEHOK. MeTOo bl TPAaHUYHOTO ITpe-
crasienust 1 CSG TI0X0 NOAXOIST JJIsl ONMCAHUS TAKMX OOBEKTOB, TaK KaK OHH ONEPUPYIOT B OCHOBHOM 3aMKHYTHIMHU
obonoukamu. F-rep MO3BOJISET ONMCHIBATh CIOKHBIE BHYTPEHHHE CTPYKTYpHI, HO B mpakTuke CAIIP ocraéres tpyno-
EMKUM M MaJIOTIOHSATHBIM JJIs IOJIb30BaTeNeil.

I'enepamusnsiti ousain u onmumusayus. I eHepaTUBHBIE CUCTEMBI (OPMHPYIOT HOBBIE (DOPMBI Ha OCHOBE aJIrO-
PUTMOB ONTHMM3ALNHU W OMOHHYECKOTO KOMUpOBaHMA. IlomydeHHbIe pe3ynbTaThl TpeOyIOT aganTaliy, 9To MPHBO-
JIUT K PACCIOCHUIO IPOEKTHOTO MPEACTABICHUS: MOICb CYIIECTBYET KaK BEIUNCINUTENIBHBIN PE3ybTaT, KaK T€OMETPH-
gyeckas 000J109Ka M Kak 00BEKT [T aHaIN3a, HO He KaK eUHAas CYITHOCTb.

MOXHO OTMETHTH OTCYTCTBHE B COBPEMEHHOM IMPOEKTUPOBAHUU YHUBEPCAJIBHOTO S3bIKA, KO-
TOPBIM MO3BOJUI ObI OMUCKHIBATH OOBEKT IENIOCTHO — ero hopmy, CTpYKTypy U GyHKIU. TodeuHnoe
ucuucnenue (TH) MoxHO paccMaTpuBaTh Kak OJUH U3 CIOCOOOB MPEOAOJEHHUsS 0003HAYEHHBIX
OTpaHMYEHUN: OOBEKT 3a/1aéTCs HEe Yepe3 MOBEPXHOCTh WM KOMOMHAIMIO NMPUMHUTHBOB, a uepe3
YIOPSIIOYEHHOE MHOXECTBO TOYEK, 0OBEIMHEHHBIX B CHUMIUIEKCHL. Kakas Touka MOXKET cojaep-
*KaTh WH(GOPMAIIMIO HE TOJHKO O TEOMETPHUYECKOM IOJOXKEHHH, HO M O TapaMeTpax BHYTpEHHEH
CTPYKTYpPBI, MaTEPUATHHBIX CBOMCTBAX U ()YHKIIMOHATIBHBIX XapaKTEPUCTHKAX.

Eouncmeo npeocmasnenus. B TU rpanunia 1 BHyTpeHHEe MPOCTPAHCTBO OMHUCHIBAIOTCS B paM-
KaxX OJHOTO U TOTO K€ MapaMeTpPUYecKoro amnmapara. ['paHudHast MOJeh BO3HUKAET KaK YaCTHBIM
clly4yaill — uepe3 BbIJEJICHUE MOJAMHOKECTBA MAPAMETPOB, YIOBIETBOPSIOUIUX YCIOBUSAM I'PAHMIIBI:
TOBEPXHOCTD SIBJISIETCSI IBYMEPHBIM C€UCHUEM TPEXMEPHOU 001acTH TapaMeTpoB, KOTOpasi BCTpOe-
Ha B o0I1iee OMMCcaHne 00BEKTA.

Humeepayus napamempos. B TU xaxxnas BBIYMCIEHHAs! TOYKA MOJEIN MOYKET HECTH JIOKAIb-
HbIC IaHHBIC — HAPUMEpP, 00 aHU3OTPOMHH, IIOPUCTOCTH, OPUEHTALIUN BOJIOKOH HMIU APYTUuX (HU3u-
yeckux cBorcTBax. O0bekT B TU sBIs€TCS HE TOJBKO T€OMETPUUYECKUM, HO M (PYHKITMOHAITBHBIM:
JIOKaJIbHbIE CBOMCTBA 3aKPEILISAIOTCS 33 TEKYIIMMU TOUKaMU TapaMeTPUUECKOro MpOCTPAHCTBA.

Cosmecmumocmo u 26ontoyus. Ilockonbky B TU cyiecTByeT BO3MOXKHOCTh BbIXOJa Ha B-rep
MPU YCJIOBUM M3MEHEHHUs 3HAUYECHUU MapameTpoB, MOSIBISETCS BO3MOKHOCTH IUIABHOTO MEPEX0/a:
CYIIIECTBYIOIIME MOJIETH MOXHO BKiIO4ath B HOBYt0 CAIIP 6e3 mepectpoitku. Dto memaer TU
CPEICTBOM 3BOJIOLMOHHOIO PACIIMPEHUS] MOJIEIN IPOESKTUPOBAHMUSL.

Ilens paboThl — MOKa3aTh, 4TO UCHOJIBb30BaHWe TU MO3BOJIIET MPeoaoieTh OrpaHUYCHUS Tpa-
JTUIIMOHHBIX METOJI0B, 00eCHeurnBaeT IEIOCTHOCTh IMU(PPOBBIX MOJENEH U TO3BOJISET CPOpMUPO-
BaTh HOBBIH YPOBEHb MOJEIMPOBAHUS OOBEKTOB B IPOEKTUPOBAHUH.
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1 TpaaMUMOHHbIe NpeACcTaBNeHusi reoMeTpUKn B NPOEKTUPOBaHUM

B-rep sBrsiercst ocHOBO# OonbmHCcTBa coBpeMeHHbIX CAIIP. O0beKT onuchIBaeTcs yepes mo-
BEPXHOCTh, KOTOpas 3aaéTCsl B BUJE COBOKYITHOCTH I'paHeil, pédep u BepiuH. Takoil moaxon yno-
OCH JUIsl BU3yaJH3allMM M T€OMETPUUECKUX ONEpaIfii: OH 0OecreunBaeT 0TOOpakeHHE CIIOKHBIX
(opM U NO3BOJSET NPOBOIUTH NE€pecedyeHusi, 0ObEANHEHHUsI U APYrue olepaunuu ¢ 000JI0UKaMu.
Opnnako y B-rep ectb orpannuenus [1]. Bo-nepBbix, B B-rep OTCYTCTBYeT HH(POPMAIUSA O BHYTPEH-
Hell cTpykType oO0bekTa. Bo-BTOpBIX, 1100ast ommbKa B TONOJIOIMH pa3pyllaeT LEeJIOCTHOCTh MOJe-
JIM, 9TO MPUBOAMT K COOSIM B BHIYMCIIUTEIBHBIX MPOLEAYPAX.

CSG nomyckaeT 3Ha4MTENNbHbIE BapUallui 0a30BbIX MPUMHUTHUBOB, IPOU3BOALIMX ONEpalyi u
UX omucaHuil. byneBsl MeTOABI MOAenpoBanus, npumensembie B CSG, cTposTcss Ha KOMOMHHUPO-
BAaHUM IEMEHTAPHBIX IPUMHUTHUBOB IIPHU MTOMOIIHU JIOTHYECKUX ONepanuil 00beJUHEHNs, IIepeceye-
HUS U Pa3HOCTU. DTOT MOAXOJ yA00€H JJi1 aBTOMATH3aluU KOHCTPYKTOPCKUX MPOLEAYP: CII0KHbBIE
(GopMBI MOXHO COOpaTh M3 OTHOCUTENIBHO MPOCThIX OsokoB. Bmecte ¢ teM, CSG HakiaabiBaeT
OTpaHHWYCHUSI Ha BapHaTHBHOCTh GopMmbl. B obmem ciaydae CSG He TO3BOJSET MOTYYHTH SIHMH-
CTBEHHOE OIMCAHUE TeOMETPUN 00BEKTA, a Pe3yJIbTUPYIOILAsi MOJIEIb CYLIECTBYET HE KaK CaMOCTO-
ATENbHAS CYITHOCTh, @ KaK JIEPEBO OINEpanuii: 00bEKT 3a1aéTcs MPOIEypOil ITOCTPOCHUS U HE 00-
JaJaeT onucaHueM, OObEJUHSIIOIUM IPAHUILY U BHYTPEHHIOIO CTPYKTYpY.

F-rep ocHOBaHBI Ha 3a7aHUM 00BEKTa Yepe3 QyHKIHIO F(X,),z), KOTOpas ONpeaeisieT pUHa/I-
JIEKHOCTh TOYKH IPOCTPAHCTBY MoJeNH [3, 6]. DTOT MOAXOJ YHUBEPCAIEH: OH MO3BOJIAET ONHUCHI-
BaTh HE TOJBKO ()OPMY, HO M BHYTPEHHHUE MapaMeTpbl 00beKTa. F-rep MCIONB3yeTcs B 3adadax
aHaJIM3a M AJIs IOCTPOCHUSI OOBEKTOB CO CIIOKHOM CTpyKTypoii. TeM He MeHee, F-rep ocTaéres mMa-
nonpakTUYHbIM 111 mpuMenenust B CAIIP. DTo cBs3aHO ¢ MHTEpIpeTaIeil U ynpaBiIeHUEM MOJe-
JbIO: TIOJIB30BATEINIO CJIOKHO paboTaTh ¢ QyHKIMEH, a BEIYUCIUTEIbHBIE IPOLIETyphl TPEOYIOT 3Ha-
YUTEIBHBIX PEeCypcoB. F-rep GopMmupyeT aOCTpaKTHBI YpOBEHb ONMCAHMS, TUIOXO CBSI3aHHBIN C
MH)KEHEpHOW MpakTukoil. OO0beKT 3amaéres uepe3 HepaBeHCTBO F(X,),z)>0, 4To sBIIsETCs MaTema-
TUYECKU CTPOTMM M YHUBEPCAJIbHBIM ONKUCAHUEM, OJTHAKO KOHCTPYKTOPOM OHO IJIOXO MHTEPHPETH-
pyercsi. Tam, rie B B-rep ecth HarysiiHas rpaib, a B CSG — reoMeTpu4ecKuil IpUMHUTUB, B F-rep
ecTb (popMyIia, KOTOPYIO HYKHO aHAJIM3UPOBATh U KOHTPOJIUPOBaTh. OnucaHue J1axxe MPOCThIX Tel
TpeOyeT HETPUBUATIBLHBIX BBIPAXKEHUH, KOTOPBIX, IPU MPOEKTUPOBAHUHU PEAIbHBIX 00BEKTOB, YACTO
HNPUXOJUTCA KOMOMHMPOBATH JECATKU MM COTHU. DTO MPEBpAILAET MOJENb B TPOMO3/IKOE aHAIH-
TUYECKOE BBIPaXKEHHE, KOTOPOE TPYAHO U3MEHSTh U OTIaXUBaTh. [l CO3aHUS CIOXKHBIX T€OMeT-
pUUECKUX OOBEKTOB (C OTBEPCTUSMH, PEHIETYATHIMU CTPYKTYPAMU WJIU MEPEMEHHON TOJIIMHOM)
TpeOyeTcsl HaKJIaJbIBaTh MOCJIEOBATEIbHbIE ONepaluu: NepeceueHus (PyHKUUMA, orpaHuYeHus 00-
nacrell, R-pynkuuii [7]. Kaxxnas Takas onepanusi yBeJIMUUBAET CI0KHOCTb UTOTOBOH (hOpMYJIbI.

Hmozoeoe cpasnenue. PaccMOTpEHHBIE MOAXOAbI IPEACTABIAIOT pPa3HbIE YPOBHU OIHMCAHUS
00bEKTa, HO HE SIBISIOTCS YHUBEPCAIbHBIMU: B-rep orpannumuBaercs obonoukoit; CSG onepupyer
JIepeBOM oriepanuii; F-rep 3a1a€r 00beKT PYHKIMOHAIBHO U OCTAETCSl OTOPBAHHBIM OT MH)KEHEp-
HOW MpakTUKU. B pe3ynbraTe 00BEKT CYIIECTBYET B Pa3HbIX NPEACTABICHUSAX, KOTOPbIE IIOXO CO-
IJIACOBAHBI JIPYT C IPYroM. DTO 3aTPyAHSIET 00bEIUHEHHE MOJCIICH, YCIOXKHIET nmoaaepkky L1 u
CHM>)KAET IIPO3PAYHOCTh MPOEKTHBIX PELICHUH.

2 KouuenTyaanaﬂ OCHOBa npeacTaBrieHUsA 06beKkTa B TO4EYHOM UCHUCTIEHUMN

B TU wucnonesyercst Habop 0a30BBIX CYIIHOCTEH M OTHOLICHUH, KOTOPBIC MO3BOJISIOT OOECIIEUNTH 1IEIOCTHOCTD
npeacTaBicHus o0bekTa [8]:
"  /MoYKka — MUHUMAJBHBIA SJIEMEHT, 00Naalomnii KOOpIMHATAMU U aTpuOyTaMu (T€OMETPUUCCKUMHU, MaTepHaIb-
HBIMH, (YHKIIMOHAJILHBIMH);
" napamemp — IIEPEMEHHasl, YIPABISIONIAs OJIOKEHUEM M XapaKTePHUCTUKAMH TOUEK B CUMILICKCE;
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" cumniexc — JIOKaNbHas KOHCTPYKTUBHAsI CTPYKTypa, OOBEIMHSIONIAs TOUKM B HEPAPXUH pa3MepHOCTEl (OTPE30K,

TPEYToJIbHUK, TETPAdP);

"  @yHKYus — aHATUTUIECKOE BBIPAKCHNE, 331aI0IIEe paclpeieleHHe TOUEK, NX CBOWCTBA MM NX N3MEHEHHS;
"  Macka — JIOTHYECKOE YCIIOBHE, ONPEEIIIONIee MPUHAATICKHOCTh TOUKH MHOXKECTBY M 00€CHEUNBAIOIIEE BhINTOI-

HEHHUE ONepalyii 00beIMHEHNS, IEPECEUCHUS U PA3HOCTH.

Cmpyxmypnvle omnowenust 6 TH. BI0X€HHOCTh MOHMMAETCSl KaK MEPAPXMUECKOE HAPAIINBAHUE Pa3MEPHOCTH
(OTpe30oKk — TOBEPXHOCTH — 00BEM), MPH KOTOPOM Kajkaash HOBask MOJIENb (pOPMHUpYETCs Ha OCHOBE CHMILIEKCOB
OoubIei Pa3MEpHOCTH, a BCE TOUKHU OMPEEIIIOTCS B INI00ANbHBIX KoopauHaTax. [lapamerpusanust GUKCUpPYyeT 3aBH-
CHUMOCTb KOOP/IMHAT M CBOWCTB TOYEK OT BHIOPAHHOM CHUCTEMBI MapaMeTpoB U 00eCreunBaeT epeHOCUMOCThb OMHCAHMS
MEXAY 3a7adaMu. Macka 3aiaéT JOMyCTHMbIe 00JaCTH ITapaMeTpHYEeCKOro IMPOCTPAHCTBA, IO3BOJISAET (HOPMUPOBATH
BHYTPEHHHUE CTPYKTYPBI ¥ BBITIOJHSTH JIOTHUECKHE OTEpaliy, He paspyiias cxemy o0bekra. Ha ypoBHe yHUBepcain3a-
[IMM 9TO O3HAYAET, YTO IPEJCTABICHUE IPOSKTHPYEMOro OOBEKTa ONMHMPAETCs Ha TOYKY M CHUMIUIEKC, KaK HOCHTENIN
(OpPMBI M CTPYKTYpBI, @ ONEepalyy IPOSKTHBIX MPOLIECCOB BHIPAXKAIOTCS Yepe3 NapaMeTpH3aluio U MaCKUPOBaHKE, KaK
SI3BIK TIOCTPOCHUS, PEITaKTUPOBAHMS U ONTUMH3ALUH. DTUM 00BsicHsIeTcst posib TH Kak yHHBEpCaIbHOTO KOHIIENTYalIb-
HOTO YpOBHSI, CBSI3BIBAIOILETO FEOMETpUIECKOe MoJienpoBanue [9], ananu3 u nponszBoacTBo. O000MEHHOE CpaBHEHHE
I0/IX0JIOB K TEOMETPUYECKOMY MOJICITMPOBAHUIO TIPUBEACHO B Tabmuue 1.

Tabnmma 1 — CpaBHHUTENBHBIC XaPaKTEPUCTUKH TOAXO0JIOB K MTPEICTABICHUIO TEOMETPHH B IPOCKTHPOBAHIH

CTpyKTypHBIE YpoBeHb

ITonxon| ba3oBeie cymHOCTH
OTHOIICHUS YHHUBEpCATU3aI1N

OrpaHu4eHus

. Het nadopmamnum o BHyTpeHHEH
Bepmunsl, pédpa,  |Tomomoruueckas Gbop YTP

B-rep Tosbko 000104Ka 00BEKTa  |CTPYKTYpPE; 3aBUCHMOCTB OT KOP-
rpaHu CBSI3HOCTD
PEKTHOCTH TOIIOJIOTHUH
[TpumuTuBsI (Ky0, OrpaHuyeHHas BEIPA3UTEILHOCTh
CSG  |chepa, nuauuap),  |Bysessi csizu (A, V, ™) [KoHCTpyKTHBHOE JIepeBO IUTS TUTABHBIX (POPM; MOJICIIb CY-
JICPEBO ONepaLHii IECTBYET KaK MMpoleaypa
Jlorndeckue KOMOHMHa- Ci105KHOCTD (POPMYIT ¥ BBIYHCIIE-
['nobanbHast GyHK- . YHHUBepcallbHOE OMUCAHUE N
F-rep n GYHKIMN, Hepa- . HHUIA, c1abast HHTepIpeTUpye-
st F(x,y,z) (hOpMBI U CBOICTB
BEHCTBA MOCTb

To4KH, CUMIIIIEKCHI, BI10sKeHHOCTH pasviep Enunbnii npuanun ormuca-  |HeoO6xoanmocTs napaMeTpusa-
rapameTpsl, QyHK- o HUS: TPAHULA U BHYTPEHHEE LU U HOBBIX MHTEP(ENCOB, pOCT
14 pamerpeL, gy HOCTEM, mapaMeTpusa- p TP pd > P
LM, MacKu (ycIio- [IPOCTPAHCTBO, TEOMETPHUS M [IHCIIA TOUCK IIPH BHICOKOM J1eTa-
V5T, MACKUPOBaHHE .
BHST) CBOMCTBA JTM3aIiu

B npuxnanHoil reoMeTpuM OMMCAHUE TEOMETPUUYECKHUX OOBEKTOB Uepe3 MHOXKECTBA TOUYEK IO-
JYYUJIO pa3BUTHE B BHJIE anmnapaTa ap@pUHHBIX HHBAPUAHTOB U MapaMeTPUUECKUX METOJ0B OIUCa-
HUs KpuBbIX U noBepxHocteil [10]. [IpennoxkeHsl crnocoObl mapaMeTpruuecKoro OMMCaHus KpUBBIX U
noBepxHocTei [8, 9], anropuT™sl moctpoeHus apuHHO-UHBapHaHTHBIX Monenel [10, 11], meTos!
anmpoxkcuManuu [12] u reomerpudeckoit Busyanuzaiuu [13]. CoBpemennoe pazsutue TU cBszaHo
C MEPEeX00M OT OIMCAHUS MOBEPXHOCTEH K MOJEIMPOBAHUIO TPEXMEPHBIX Tell, BKIIIOUYask 00bEKTHI
C BHYTPEHHEHW CTPYKTypod U mepemeHHbIMH mapamerpamu [14]. T moxxHO paccMaTrpuBaTh Kak
[IapaMeTPUUECKYIO0 CUCTEMY, Il KaK[asi TOUYKa OIMMCBIBAETCS BEKTOPHBIM YPaBHEHUEM, BKIIFOYAO-
M 0a30BbIe TOYKH CUMIUIEKCa U HaOop ympasistomux Gyakmuii. Dopma oO0bekTa 3a1aéTcs KOH-
CTPYKTHBHO 4epe3 OMOpHbIE TOYKM M MapaMeTphl, YTO OOECIEYMBAET YUTAEMOCTh M MOHSATHOCTb
Juig nonb3oBarens. TU qaét BO3MOXXHOCTH B OJTHOM U TOM e (pOpMaJIi3Me OIUCHIBATD:
®  rpaHulbl (KaK YaCTHBIE CIIy4an);
=  BHYTPEHHHE CTPYKTYpPHI (Uepe3 pacupenesieHne TOUeK);

"  aHM30TPONHBIE CBOICTBA (Uepe3 UCIIOIH30BAHNE PA3THUHBIX IAPAMETPOB B YPaBHEHUSX);
=  BapuaTUBHbIEC (JOPMBI U OOBEKTHI C TEKYIIIUM CEUCHHUEM;
"  MHOTOCBSI3HBIE KOHCTPYKIMM U CaMOIIEPECEKAIOIIMECS IOBEPXHOCTU MPOSIBISIIOTCS Kak JIO-

KaJIbHO€ YIUIOTHEHHE TOYEK, KOTOPOE, IPU HEOOXOIUMOCTH, MOKHO YCTPAHUTb.

B pe3ynbprare mpoeKTUPOBIIUK pabOTAET C €ANHON KOHCTPYKTHBHOM CXeMON 0OBEKTA.
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CoBmectumocthb co cpeactBamu CAIIP obGecrieunBaercst Tem, uro u3 mojaenu T ogHo3HAYHO
U3BJIEKAETCS TPAHUYHOE MPEACTaBIEHUE. JTO AaET BOZMOXKHOCTE noaximouats TU k cucremam Mo-
JeTUpoBaHus 0e3 NMepecTPOKU MPOrpaMMHBIX SA€p — JOCTATOYHO BBIIOJHUTH MPeoOpa3oBaHUs HA
ypoBHe popmaToB u uHTepdeiicoB. TV MOKHO BHEAPATH MOCTEIIEHHO: OT MOICPKKH OTIEIbHBIX
ornepanui 10 MOCTPOEHUs LETOCTHBIX IPOEKTHBIX IIAT(HOPM.

TU umeer psj orpaHUYeHUM, KOTOPbIE Ba)KHO YUUTBIBATH IIPU €r0 BHEAPEHUU B MPOEKTHYIO
IIPaKTHUKY.
= [loctpoenue monenu B TU Tpebyer BbiOOpa OMOPHBIX TOYEK W (YHKUWH mapameTpoB. s

IIPOCTBIX OOBEKTOB 3TO BBIOJIHIETCSA JIETKO, HO Ul CJIOXKHBIX KOHCTPYKLUH IapaMeTpu3alus

MOJKET CTaTh HETPHBHAILHOU 3amadell. OmMOOYHBIN BEIOOP MPUBOAMUT K YCIOKHEHUIO YpaB-

HEHHH WM U30BITOYHOCTH ONUCAHMSL.
= TH Bo MHOrOM COXpaHseT aHAIMTUYECKUH XapakTep. I 1moap3oBaresel, IPUBBIKIINX MbIC-

JUTh TeJlaMH U UX 000JI0YKaMu, paboTa C CUMIUIEKCAaMH U MapaMeTpUYeCKUMH (DYHKIMSIMU

MOJKET OBITh MEHEE UHTYHTHBHOH, 4eM B B-rep wim CSG. D10 TpeOyeT 00y4eHHs TI0JIb30BaTe-

Jei u pa3paboTKH crelUaIbHbIX HHTEP(EHCOoB.
= ]Ipu BBICOKOM NETANM3ALNN WU CIOXKHOM BHYTPEHHEU CTPYKTYpE KOJIMYECTBO TOYEK PACTET,

YTO MOBBIIIACT BHIYUCIUTENIbHbIE 3aTPaThl HA BU3yalnu3aluio U aHaiu3. HeoOXoauMbl onTUMHU-

3allMOHHBIE AITOPUTMBI U UEPAPXUUYECKUE CTPYKTYPhI JaHHBIX.
= TH He unTerpupoBano B ucnoassyemsie CAIIP. D10 cHM)KaeT BO3MOKHOCTb €r0 MacCOBOTO

MpUMEHEHUsT U TpeOyeT pa3pabOTKU IPOrpaMMHBIX CpPEICTB, OOECIIEUMBAIOLIUX COBMECTH-

MOCTb C CYILECTBYIOIIIMMH CTaHAAPTaAMHU.
= B TU camomnepeceyeHue He pas3pyliaeT MOJAENIb, HO B MH)KCHEPHOM NPAKTUKE TaKHUE CIydau

MOTYT BBI3bIBaTh CIIO)KHOCTH IPH MEPexojie K ApyruM dopmaraM (Hampumep, MpH SKCIOPTE B

npyrue CAIIP). Oto TpedyeT NONOITHUTENBHBIX HHCTPYMEHTOB KOHTPOJISL.

Takum obpazom, i mpakTudeckoro npumeHenuss TU Heobxonuma JnanpHeias pa3paboTka
MHCTPYMEHTOB [apaMeTPU3aLiU, ONITUMU3ALIUHU U M10JIb30BATEIbCKUX UHTEP(EHCOB.

3 CoBmectumocTtb ¢ CAIMP n npumeHeHune

B tpaguumonnsix CAIIP B-rep siBisiercst TOMUHUPYIOIIUM GopMaToM, oOecrieunBasi XpaHeHHE
u 00paboTKy Mozenei. BMecTo TpaauunoHHo# OyaeBo JTOTUKH, Il TpeOyeTcs: BEIYUCIECHHE Mepe-
cedeHuil nosepxHocreld, B TU onepanuu o0beAUHEHNUS, IEPECEUEHHS] U BBIUUTAHUS BBIPAXKAIOTCS
yepe3 napaMmerpuyeckue mMacku [15]. DTo mo3BoisieT BBINOIHATH OYNEBbI onepauuu 0e3 mepe-
CTPOMKHU TOMOJOTUYECKON CTPYKTYPbI, UTO TO3BOJIIET CHU3UTH BHIYMCIUTENbHbIE 3aTpathl [16, 17],
YIPOCTUTH AITOPUTMBI U MOBBICUTH YCTOWYMBOCTH CUCTEM IPU pabOTE CO CIOKHBIMH MHOT'OCBSI3-
HBIMU OOBEKTaMHU.

O06mwexT B TU omucsiBaeTcs uepe3 napaMeTpuuecKkoe ypaBHEHUE, Kax/1as TOUKa OIpeenseTcs
HaOOpOM MapaMeTpoB (U, v, W, ...), IPUHAIIIKAIIMX HEKOTOpoil obiactu Q2 CR? ByseBsl onepauuu B
TU cBoasTcst k paboTe HE ¢ MOBEPXHOCTSIMH, a C 00JacTSIMH MapaMeTPOB, ONPEAEISIOIUMHI TPEX-
[IapaMeTpUIECKOe MHOKECTBO TOUEK.
=  Obveounenue men 3a0a€Tcsl Kak oObeAMHEHNE 00JacTei TOMyCcTUMBIX mapameTpoB. Eciu Te-

7o 1 cymectByer nipu (u,v,w)EQ1, a Teno 2 nipu (u,v,w)EQ2, ToO NX 00HETUHEHHE COOTBETCTBY-

et obnactu Q=Q1UQ2.

»  [lepeceuenue men aHAJIOTUYHO onpenensiercsa kak Q=0Q71MNQ22.
»  Pasznocms men popmynupyetcs kak Q=0Q1 Q2.

Takum 0Opa3oM, BMECTO NEPECTPONKH TOMOJIOTHYECKON CTPYKTYpPhI MCIONIB3YyeTCs Macka 00-
JIACTH MapaMeTpoB, KOTOpasi BHICTYMAET (UIBTPOM: OHA UCKJIIOYAET WM BKIIOYAEeT TOYKU, UCXOJS
13 3aJlaHHBIX npaBui. Hanpumep, ecinu o0bekT 3anaéres napamerpamu (u,v,w)€[0,1], To pa3HOCTb

OHTONOTUS TPOEKTUPOBAHUS, N1, TOM 16, 2026 91



Toueunoe ucqucnenue KaKk OHMON02UUECKAsl OCHOBA npedcmaeﬂeﬁuﬂ ceomempudecKux 00beKmos 6 npoekmupoearuu

JIBYX TeJl MOKET OBITh peaqu30BaHa BBEIACHHEM JIOMOJHUTEIBLHOTO YCIOBUS BHUIA f(u,v,w)<0. 31O
yCJIOBHE M €CTh MacKa: OHO OTCEMBACT 4acTh TOYEK U (opMmHpyeT HOBoe Teno. [IpenmymiecTBo
MO/IX0JIa B TOM, YTO BCE OIMEpaIMH BBIMOJIHAIOTCS B aHAIUTUYECKON (opme, 6e3 mepecuéra mo-
BEPXHOCTEH 1 06€3 prcKa pa3pyleHHs TOTIOJIOTHH.

Jlig co3aHus MPOCTBIX FEOMETPUUECKUX OOBEKTOB C Pa3IMYHBIMU KOH(MUTYpalusMU BbIpe-
30B, OTBEPCTUH U nojocTel B TU CcyliecTByeT BO3MOKHOCTD MOJYYEHUS UX AaHAIMTUYECKOTO OIU-
CaHUs Ha OCHOBE TeoMeTpruuecKoi cxeMsl [15]. Hanuyue OMOIMOTEKH TUIIOBBIX YpaBHEHUH T03BO-
JISIET COKPATUTh BpeMsi MpoeKTupoBanus. Takum oOpa3oM, GOpMHPYETCs «KaTajaor MPOTOTUIIOBY,
KOTOPBIN MO3BOJISIET MPOSKTUPOBIIUKY OBICTPO MEPEXOIUTH OT MPOCTHIX T€OMETPUUECKUX CXEM K
CJIO’KHBIM TEJIaM C BHYTPEHHEN CTPYKTYPOU, HE TEPsIsi YHUBEPCATIBHOCTH U LETOCTHOCTH ONUCAHMSL.

B TU B0o3MOXXHO KOMOMHHpPOBaHHE OOBEKTOB HA OCHOBE M€OMETPHUUYECKHX CXEM — CTPYKTYD,
3aJal0IIMX B3aUMOCBSI3HM MEXKy CUMIUIEKCAMU U rapaMeTpamu. Takoil cnocod oObenHeHus Tel B
OJTHOM HJIM HECKOJIbKUX CUMILJIEKCaX MO3BOJSET CTPOUTH CIOKHBIE OOBEKTHI 0€3 JepeBa omneparui.
s CAIIP 310 OTKpBIBaeT MEPCHEKTUBY YHPOILEHHUS MPEICTABICHUS CIOKHBIX MOJIENEH: BMECTO
TPOMO3JIKUX UEPAPXHUI MOKHO pabOTaTh C KOMIAKTHBIMU T€OMETPUYECKUMHU CXEMaMHU.

[IpenmymectBom THU siBnsieTcss BO3MOKHOCTh BHEAPSITH €0 MOATAITHO U UCIIOJIB30BaTh KaK J0-
TIOJIHUTENbHBI UHCTPYMEHT ISl MOJETUpoBaHus crenuduueckux o0bekToB. [locTeneHHo Takue
MOJIYJIM MOT'YT CTaHOBUTBCS 4yacTbio oOmiei apxurekrypsl CAIIP. B nepcriekTuBe BO3MOYKHBI T'U-
OpuIHBIE MOJIETH, TJIe YaCTh KOHCTPYKIIMH OIMUCBIBAETCS CPEACTBAMU B-rep, a 4acTh — CPeiICTBAMU
TH, ipu 5TOM COTJIACOBAHUE BBIMIOIHSIETCS aBTOMAaTU4YECKU. Takasi CTpyKkTypa (GUKCHUPYET Crocod
MOPOXKJIEHUSI 00BEKTa, a HE TOJIBKO €r0 UTOroBYIO opMy. DTO JIelaeT CTPYKTypy MOCTPOEHUs, 3a-
BHCHMOCTH IMapaMETPOB M Pe3yJIbTaThl MPeoOpa30oBaHUil SIBHO MPOCICKUBAEMBIMH, YTO Ba)XHO B
YCJIOBUSAX MHTETPALIMU IPOCKTUPOBAHUSA, aHAJIM3a U IIPOU3BOJICTBA.

B TU BHyTpeHHUE XapaKTEPUCTUKU MOTYT BBOJUTHCS TAK K€, KAK U TPAaHUYHBIC. DTO OTKPbI-
BAaE€T BO3MOKHOCTb MOJEIUPOBAHHUS:

u AHU30TPOITHBIX MATEPUATIOB,

. 0OBEKTOB C MOJIOCTAMH M KaHAJIAMH, BKITI0Yas UX Pa3BETBIEHHbBIE CTPYKTYPHI;

"  peméTYaThIX U TYEUCTHIX CTPYKTYP, BOCTPEOOBAHHBIX B aI/TUTHBHBIX TEXHOJIOTHSIX;

- 000J109eK TIepeMEHHOM TOJIIINHBI, KOTOPbIE TPYIHO OMUCHIBATH B B-rep 0€3 yCI0XHEHUS TOTIOJIOTHH.

B xauecTBe NIpuMeEpOB MOKHO NPUBECTU:
= KaHaJl ¢ ICPEMCHHBIM CEYCHUEM OIIMCBIBACTCA CANHBIM YPAaBHCHUCM C TCKYLIUM CEHYCHHUCM, I'/IC HpO(i)I/IJ'IL HU3MCHAA-

€TCA HCPCPBIBHO BJOJIb HaHpaBHﬂIOHICﬁ;
= aHHSO’I‘pOHHHﬁ MaTepual (J'IOKEUILHLIG napamMeTpbl TOYCK MOIYT BKJIHOYAaTb BCKTOP HalpaBJICHHS BOJIOKOH WJIN

KOS(l)(i)I/ILII/IeHTLI AHU30TPONHNHU, T.C. TCOMCTPUA U MATEPpUAT OMMCBIBAIOTCS B GZ[I/IHOﬁ MOZ[GJ'II/I);

Ll sTYeUCTast CTPYKTypa (hopMynupyeTcs Kak peryispHas napamerpudeckast QyHKIms).
K nepcrniekTuBHBIM HanpaBieHUsM npumeHeHus TH MOXHO OTHECTH:
u Hﬂ COTJIACOBAHHOC OINMMCAHUEC BHCIIHUX U BHYTPCHHUX XAPAKTECPUCTHUK.
u AZ[,I[I/ITI/IBHO€ MMPOU3BOACTBO: OIITUMU3AI NS 3AIIOJTHEHHUS C y‘IéTOM IIPOYHOCTH U BECa.
u BI/IOMC,HI/IIII/IHCKI/IC MMPUIIOKCHUSA: MOACIUPOBAHNUE COCYJUCTBIX U OPraHUYICCKUX CTPYKTYP.
®  ['eHepaTHBHBIN AM3aliH: aBTOMATHYeCKast reHepays (opM, BKIIIOYAsi BHYTPEHHHE MTapaMeTphl.

4 [loctpoeHue Ten B TOYEYHOM UCUHUCITIEHUMN A/M/B

Pucynox 1— Otpesoxk
IIPSIMON B TOUEYHOM

bazoBeim 00bekTOM B TU siBnsieTcst 0OTpe30K, KOTOPBIN 3a1aéTCsl KOM-
OuHanuel ABYX TOYeK cuMIuiekca. Ecnu Touku 3amaHbl Kak 4 U B, To Jto-

Oast Touka oTpe3ka (CM. pUCYHOK 1) ompenenseTcss ypaBHEHUEM (fajiee uc- T,
nonb3ytores cokpamenus ¢ =(1—-¢), v=(~1-v), w=(1-w), t,v,we[0,1]):
M = At + Bt . (1)

OmnomepHoe Teno (PUCYHOK 2a) GOpMHUPYETCS JIMHEHHBIM IMapaMeTPUISCKUM 3aKOHOM.
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B onmcannu 1ByxmMepHOro Tena (IIOCKOCTH) TOSBISETCS BTOPOH MapaMeTp Vv, 3aJarollui Jiu-
HEMHYI0 KOMOMHALINIO TPEX TOYEK (CM. pUCYHOK 20):

M =(At+ Bt )v+Cv. ()

B TU TepMmuH «Teno» mpuMeHsieTcss 0000MIEHHO U OXBaThIBACT OOBEKTHI PA3HBIX Pa3MEpPHO-
CTeil. DTO MO3BOJSET TOBOPUTH 00 «OJHOMEPHBIX Tenax» (OTPE30K), «IBYXMEPHBIX Tenax» (IJIoc-
KOCTh, IIOBEPXHOCTH), «TPEXMEPHBIX Telax» (TeTpa’ap, 00bEMHAS MOJEIb) U (POPMHUPYET SAUHYIO
OCHOBY JIJIsl UX OMHCAHUS.

B onmcanuu terpasapa (wim o0bEMHON MPUMUTHBHON (HOPMBI) 100ABIISIETCS TTapaMeTp w, 9TO
JTa€T TPEXMEPHOE MHOKECTBO TOYEK (CM. PUCYHOK 2B).

M =[(At+ Bt )v+Cv]w+ Dw. (3)

a) | 0) B)

Pucynox 2 — Buzyanuszanus: a) oTpe3ka npsiMoii; 0) INIOCKOCTH; B) TeJla TETpasapa

Onucanue Mporu3BOJIBHOIO CIOKHOIO Tela OCYIIECTBISECTCS HA OCHOBE HECKOJIBKUX CUMILIEK-
COB, YIPaBJISIOMKX (YHKINN U MapaMeTpUIeCKUX MacoK. Teo ONMUChIBACTCS SIUHBIM aHATUTHYC-
CKUM BbIpaxkeHHueM, rae T — yHuBepcanbHbI MEXaHU3M IEpexXoaa OT MPOCTHIX T€OMETPUUECKUX
3JIEMEHTOB K CJIOKHBIM TEJIAM.

5 ynpaBneHMe BHyTpeHHeVI CTpYKTypOﬁ TeNn B TO4e4YHOM UCHUCITIEeHUN

B THU ynpasienue BHYTPEHHEN CTPYKTYPOU BCTPOCHO B MOJEIb, II€ KaXK1as TOYKA MOXKET CO-
JIep’KaTh KaKk T€OMETPUYECKYI0, TaK U JOMOJIHUTEIbHYI0 MH(popManuto. biaronaps stomy cyie-
CTBYET HECKOJIBKO CIIOCOOOB yIpaBJIeHUs] BHYTPEHHEH CTPYKTYPOil MO/IEIH.

»  [lapamempwi cumniekcos ONPENENSIOT 00JacTb, B KOTOPOH (POPMUPYETCS MHOKECTBO TOYEK.
Bapbupys nuana3oHsl mapaMeTpoB, MOXKHO MCKIIHOUATh WM BKJIIOYATh OT/ENbHbIE 30HBI, (HOp-
MUPYs ITOJIOCTH, OTBEPCTHSI WX JIOKAJIbHBIE 3aII0JHEHUS.

*  Vnpasnaowue ¢hynkyuu BBOASAT 3aBUCUMOCTb KOOPAMHAT TOUEK MM UX XapaKTEPUCTHUK OT J0-
MOJIHUTEJNIbHBIX NepeMeHHbIX. TakuM 00pa3oM, MOXKHO 3aJlaBaTh INEPEMEHHYIO TOJIIMHY 000-
J04eK, paauyc npoduis kaHana, GopMy JIOKaJIbHOM JedopMauu U ap.

*  Macku napamempog OTCEUBAIOT YaCTb TOUYEK U (OPMUPYIOT HOBOE TEIIO.

*  JlononnumenvHule napamempul mouex, TAe Kaxkaas TOUYKAa MOXET ObITh paclIMpeHa arpudyra-
MU, KOTOpBIE ONHUCHIBAIOT (pU3MUECKUE WM (PYHKIIMOHAJIbHBIE CBOMCTBA: IUIOTHOCTh MaTepHa-
Jla, HarpaBJIeHUE BOJIOKOH, KOA((HUIIMEHTHI aHU30TPOIIHHU U JP.

Ot cnocoObl YIpaBiIeHUs MO3BOJISIOT MOAEIMPOBATE OOBEKTHI OT MPOCTHIX 000JI0YEK C Iepe-
MEHHOH TOJIIUHOM 10 MHOTOCIIOWHBIX CTPYKTYP, PEIIETUATHIX 3aII0JJHEHUN U aHU30TPOIHBIX TEIL.

Hwxe npusenensl 00001EHHBIE KOHCTPYKTUBHBIE NpUHLIKIEI TU, mo3Bomstomue Gpopmupo-
BaTh KaK TPaHUYHbIE, TaK 1 0OBEMHBIE CTPYKTYPHI B €TMHOM ITapaMeTPHUECKOM MTPOCTPAHCTBE.

* Hcnosnb3ys Macku napaMeTpoB, MOXHO (DOPMUPOBATH PETYJISIPHbIE U HEPETYJSPHBIE CETKU
BHYTPH TeJ, 3aJaBas JIOTHYECKYIO (DYHKIMIO sl 00JacTH MapaMeTpoB. Busyanuszanus moka-
3bIBa€T KOMIIAKTHOCTb ONUCAHMSI U HAIISTHOCTh (POPMUPOBAHUS CTPYKTYPBHI.
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= Kaxngas Touka MHOXKECTBAa MOXKET COJEp)KaTh JOMOJIHUTEIbHBIE aTpUOYThl. DTO MO3BOJSET

MO/JICIMPOBATh MaTepHAalbl ¢ U3MEHAIOIUMHCS CBOMCTBAMH, BKIIOYAst KOMITO3UTHI U OMOHHYE-

CKHE CTPYKTYpBHI.

» KuHemaTnyeckue NOCTPOCHUS 3aJa0TCS Yepe3 H3MEHEHHE IapaMeTpOB M YIPABISIOIIUX

(GYHKIMA B KOHCTPYKTHBHOM CXeMe.
=  Kpome snemMeHTapHbIX (DYHKIHMHA MOKHO MCIIOJIB30BaTh OoJiee CIOXKHBIC, BKIIOYAsi HKCIOHEH-

uaibHble, Torapu(pMUIEeCKie U (paKTalbHbIE 3aBUCIMOCTH.

VYnpaBieHue MoBeACHUEM TEKYIeH TOYKM 3aKII0YaeTCs BO BBEACHUN (PYHKIIMM BMECTO Tapa-
Metpa. Eciin BMecTo nuneiHoro nmapamerpa B (1) BBectu GyHKIUIO f(7), TO popmMa U BHYTpeHHEE
pacripesielieHue B MOJICITUPYEMOM O0BEKTE U3MEHSATCS:

M = Af (t)+ B(1- f(2)).

Eciu f{2)= t, T0 moydaeTcsi paBHOMEPHOE 3aIIOJIHEHHE; eCIIH f{1)= *, TOUKH YILUIOTHSIOTCS OJIH-
XKe K B; ecn f(t)= sin(mt/2), 3an10THAEMOCTh CTAHOBUTCS] HEJTMHEHHOM.

AHaNOTUYHO AJIs MOBEPXHOCTEW U TeJ: 3aMEHOI mapaMeTpoB £, v,w Ha GYHKIUH f(1),g(V),h(w)
MOJKHO 33J1aBaTh aHM30TPONHIO U MycTOThL. Hampuwmep:

M =[(Af @)+ B~ £ (1)g(v)+C(1 = gWNIh(w) + D(1 = h(w)), r1ie f()=t, g(v)=V’, h(w)=sin(zw/2).

B THU ynpasieHne BHYTpEHHEH CTPYKTYPOM — 3TO IPOJOJIKEHHE YPaBHEHUM, KOTOPBIMU 3aJa-
1oTcs 6a3oBeie Tena. [Ipu momory 3Toro npuémMa MOXKHO OMHCATh:

*  TYCTOTHI (OrpaHHUYEHHE TAPAMETPOB);

*  aHU3O0TPOMNUIO (pa3HbIE 3aKOHBI [0 PA3HBIM CHUMILIEKCaM);
*  [EPUOJUYHOCTH (TPUTOHOMETpUYECKUE QYHKIUN);

*  (pakTanbHOCTh WIH UEPAPXUIO (PEKYPCUBHBIE (DYHKIIMN).

[IpuBen€HHbBIE TPUMEPBI OTPAXKAIOT INIaBHYI0 0c0OeHHOCTh TH: BO3MOKHOCTH B paMKax €1u-
HOTO aHAJIIMTUYECKOIO arapara OMUCHIBAaTh Pa3HOOOpa3HbIC U CIOXKHBIE (DOPMBI, B KOTOPBIX T'€O-
MeTpUYecKre 1 (PyHKIIMOHAIBHBIC XapaKTEPUCTUKHA 00BEKTa OTPEACIISIOTCS COBMECTHO.

3aknroyeHue

[Tpumenenne TU mo3BosisieT co3aTh HOBBIM YPOBEHb OMHUCAHUS MPOCKTHBIX 00BEKTOB. B 0T-
JUYUE OT METOJIOB, TJI€ OOBEKT CYLIECTBYET KaKk 000J04Ka, IpoLelypa WiIK aHaIUTU4YecKas (QyHK-
s, B TU oH 3a1aéTcs Kak ylnopsg04Y€HHOE MHOXKECTBO TOYEK U JOKAJIbHBIX CUMILIEKCOB. Takou
croco0 00ecneuynBaeT reoMeTpUUEcKOe MPEACTaBICHUE M COIVIACOBAHHOE ONMCAHHME BHYTPEHHHX
CBOWCTB, aHU30TPOINUHU U (DYHKIIMOHAJIBHBIX XapaKTEPUCTHK OOBEKTA.

B TU B xauecTBe NEpBUYHBIX CYIIHOCTEH MCIONB3YIOTCS TOUKA, CUMIUIEKC, MapameTp, QyHK-
1S ¥ [TapaMeTpuyecKas Macka, KOTOpPbIE COCTABISIOT MUHUMAJIbHO JJOCTATOYHBIM HA0Op Ui OMU-
caHus o0beKkTa Kak 1eaoro. OTHOIIEHUS BIOXEHHOCTH, TapaMeTpU3alii 1 MaCKUPOBaHUS PUKCH-
PYIOT YHUBEpCAIbHbIE MEXaHU3MBbI ITOCTPOEHUS, OJ1aroapst KOTOPbIM yCTpaHsieTcsl (pparMeHTanus
0o0bekTa. TH BBINONHAET POJIb MOCTa MEXKAY CYLIECTBYIOIIMMU M0AX0aMU. ['paHMuHOE MpencTas-
JIeHHE, KOHCTPYKTUBHAs TBEpAOTEIbHAsl TeOMETPUS U (PYHKIIMOHAIbHOE OMHCAHUE MOTYT OBITh MH-
TEPIPETUPOBAHBI KaK YACTHBIE CIy4au B pAMKAaxX €IMHOTO SI3bIKa CUMILIEKCOB U IIapaMETPOB.

[Ipaktuueckas nepcnektuBa TU — B cmocoOHOCTH Ucnonb30BaHus B LI/, aniuTuBHOM mpous-
BOJICTBE, T€HEPAaTUBHOM JIM3aifHE U MOJICIMPOBAHUU METaMaTEpUaoB, I1ie TpeOyeTcsl COracoBaH-
HOE OIMcaHue BHEIHel (popMbl, BHyTpeHHEH CTPYKTYphI U (PYHKIIMOHAIBHBIX CBOWUCTB.
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Toueunoe ucqucnenue KaKk OHMON02UUECKAsl OCHOBA npedcmaeﬂeﬁuﬂ ceomempudecKux 00beKmos 6 npoekmupoearuu
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Point calculus as an ontological basis
for representing geometric objects in design
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Abstract

In engineering design, the selection of an appropriate method for representing geometry largely determines the effec-
tiveness of the system being developed. Traditional methods—boundary representations, structural solid geometry, and
functional descriptions—remain the principal means of design automation; however, each of these methods captures
only a specific aspect of an object, which requires the alignment of their descriptions. This leads to redundancy and in-
creased complexity of data transformation procedures, limits the ability to model objects with complex internal struc-
tures, and reduces the versatility of digital models. This paper proposes to consider point calculus as an alternative con-
cept for representing geometric objects. Within the point calculus framework, all geometric objects are considered as
ordered sets of points defined through local and global simplices. In the context of solid modeling, this enables the sim-
ultaneous description of both the boundary shape and the internal volume of an object. Under this interpretation, bound-
ary representation becomes a special case of the proposed approach, thereby ensuring compatibility with existing com-
puter-aided design systems. The use of point calculus eliminates the separation between geometry and functional prop-
erties, making it possible to model anisotropic structures, internal channels, and variable materials within a unified par-
ametric space. Applying point calculus to the representation of design objects supports the integrity of digital models
and reduces cognitive load when working with their multiple representations. The proposed approach is particularly
promising for applications in digital twins, additive manufacturing, and generative design, where the integration of flex-
ibility, universality, and formal rigor is required.
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IIpeobpaszosanue uepménNcHo-KOHCMPYKMOPCKOU OOKYMEHMAYUU 8 MPEXMEPHYIO KAPKACHYIO MOOEb
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Mpeo6pa3zoBaHne YepPTEXHO-KOHCTPYKTOPCKOM AOKYMEHTauumn
B TPEXMEPHYIO KapKaCcHYl moaenb

© 2026, C.A. Pomencknii D4, C.HA. PorkoB

Huoicecopodckuii cocyoapcmeennbiii apxumexmypro-cmpoumenvusiti yuusepcumem (HHI'ACY),
Huocnuii Hoseopoo, Poccus

AHHOTaUMA

CraThs TTOCBSIIIICHA PEIICHHUIO aKTYaJIbHOM MPOOIEMBI aBTOMaTH3MPOBAHHOTO MTPE0OPa30BaAHMS IBYXMEP-
HBIX TEXHHYECKHUX YEePTEXKeH B TPEXMEpHBIE KapkacHble Mojeny. CyIecTBYIOIME PEIeHNs TpenMyIie-
CTBEHHO 00ECIEeUHMBAIOT OJHOCTOPOHHEE MpeoOpa3oBaHue TPEXMEPHBIX MOJENEH B JIByXMEpHBIE YepTe-
xu. B paboTe onmcaHbl: aITOPUTM aBTOMATH3MPOBAHHON OOPaOOTKM NMPOEKIMOHHBIX BHUJIOB, OCHOBAH-
HBII Ha WCIOJIb30BAHUH OTPAHWIHMBAIOIINX MPSIMOYTOJIBHUKOB JUIS BBIACICHUS MPOCKIIMOHHBIX BHJOB U
MIPOEKIIHOHHBIX BEKTOPOB JUII BOCCTAHOBJICHUS JTMHUI MPOESKIIMOHHBIX CBSI3€H; aNropuT™ (pOpMUPOBAHUS
KapKacHOM MOJIe/IM Ha OCHOBE aHAIN3a CBA3CH MEXIy TOUKaMHU oOJaKa M MpOoeKImid pédep Ha MpOeKIH-
OHHBIE BH/IBI, YUUTHIBAIOIINI Pa3IUYHbIe KOHPHUTYPAIIMH HECYIIUX JIMHUH (TIPSAMBIE, HJIIUIICH) W pacIIu-
pHIOH.II/Iﬁ Kj1acC MOACIUPYEMBIX TCI OO0 O6’beKTOB, OrpaHUYCHHBIX IIOCKOCTAMH U MOBCPXHOCTAMU BTO-
poro mopsiaKa (IUTAIICOUABI, JUTUITHYCCKHUE IMINHAPHI, KOHYCHI). [oydeHHbIe pe3yabTaThl O3BOISIOT
Ha TIOPSITIOK COKPATHTh BPEMs MOCTPOCHUS TPEXMEPHOH MOJIENN IO JBYXMEPHBIM 4YepTekaM OOBEKTOB
Pa3IMYHOTO HA3HAYEHUSI.

Knrouegvie cnosa: obpamnas 3a0aya, HauepmamenvbHas 2eoMempusi, NpoeKyUuoHHvle UObl, MOYEUHAs
MOOelb, KAPKACHASL MOOEb, MPEXMePHAsi MOOENb, NPOECKYUOHHbLE C8A3U, MEXHUYECKUL YePMEC.

Humuposanue: Pomencxuii C.A., Pomxoe C.H TlpeoOpazoBaHue 4YepTEKHO-KOHCTPYKTOPCKON
JIOKYMEHTAIlMH B TPEXMEPHYIO KapKacHyro Mojenb. Oumonoeus npoexmuposanusi. 2026. T.16, Nel(59).
C.98-110. DOI: 10.18287/2223-9537-2026-16-1-98-110.

Q@unancuposanue: Padora BemonHeHa Tpu prHAHCOBOW Toanepxke Poccuiickoro ¢onma GpyHIaMeH-
TanbHBIX HcclenoBannuid, TpanT Ne 25-21-00003 «HoBasi kKOHIENIHS TBEPIOTEIBHOTO MOJIETHPOBAHUS
reOMETPUUYECKUX 00BEKTOB B TOUCUHOM HCUUCICHUY.

Bknao aemopoe: Powmenckuii C.A. — pa3paboTKa CTPYKTYpbl CTaThH, IIOATOTOBKA IPHUMEPOB;
Pomxos C.H. — mocTaHOBKA 3aa4H, TOJO0P UCTOUHUKOB.

Kongnuxkm unmepecog: aBTOpbI 3asBISIOT 00 OTCYTCTBUH KOH(IINKTa HHTEPECOB.

BBepeHune

ObecrieueHre COXpaHHOCTU M JOCTYMHOCTH MH(OpManuu 00 00BbeKTe MPOEKTUPOBAHUS WU
MIPOU3BOJICTBA BAXHO JUII MH(POPMAIIMOHHOW TMOAJEPKKH JKU3HEHHOTO IUKJIA M3JeNus, KOTopas
peanu3yeTcsl 4epe3 MHTErPUPOBAHHBIE CUCTEMbI ISl MAIIMHOCTPOUTENBHOTO [1, 2] W miist ctpou-
TEIBHOTO [3] KOMILJIEKCOB.

CoBpeMeHHbIE CHUCTEMbl T€OMETPUHU U I'paUKH, UCIOJIb3yeMble Ha PA3JIMYHBIX 3Tarax IMo/-
JIPIKKU JKU3HEHHOTO LUKJIIA U3JIeNHs, TOJDKHBI (PYHKIIMOHUPOBATH B ABYXMepHOM (2D) u tpéxmep-
HoM (3D) mpocTpaHCTBaX W3MEpeHHi, oOecreurBas B3aMMHO OJTHO3HAYHYIO HH(GOPMAIIMOHHYIO
cBs13b (3D«>2D). OgHako OONBIIMHCTBO CYHISCTBYIOIIMX CHCTEM MPEIOCTABISIOT JUIIb OAHOCTO-
POHHIOKO CBA3b 3D—2D. D10 JuIIaeT KOHCTPYKTOPa BO3MOKHOCTH MCIIOJIb30BaTh METOJIbI, OCHO-
BaHHBIC HA TEXHUYECKOM YEpTEKe, KOTOPBIM COAECPKUT BCIO HEOOXOIUMYIO MH(OPMAIIHIO, COOT-
BETCTBYET rOCY/AAPCTBEHHBIM CTaHAAPTaM U CO3JaETCSI B 3JIEKTPOHHOM BH/IE.

B coBpeMeHHBIX cucTemax aBTOMaru3upoBaHHOro npoexktuposanust (CAIIP) BozMokHOCTH
dhopmupoBanus reomerpudeckux Mozeneit (I'M) TpéxMepHbIX 0O0BEKTOB CBOISATCSA K YETHIpEM Oa-
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30BBIM OllepanusaM: TpéM KHMHEMaTH4YeCKUM (JIMHEIHOe MepeMelleHne, BpalleHue, TBUKEHHE I10
3aJJaHHOI TPAeKTOPUHU) U MOCTPOCHHUIO MOJEIH 4Yepe3 ceueHus. B ocHOBe 3THX (hyHKIMOHAIBHBIX
OIIepaTOPOB JIEKUT KapKaCHO-KMHEMATHUeCKUi MeTo [4], B KOTOPOM UCHOJIB3YIOTCS IBYXMEpHbIE
JIAHHBIE — IUIOCKUE KOHTYPBI, YTO OTPAaHUYMBACT THOKOCTH paboThl ¢ 00BEMHBIMU (hOPMAMH.

B [5] ocHoBHOE BHUMaHUE yaenaeHo (HopMooOpa3yoIUM onepanusaM (BblIaBlIMBaHue, Bpallle-
HUE), KOTOPbIE MOTYT CIIY)KUTh 0a301 Ui MapaMeTPUIECKOTO OMUCAaHUs PUMUTHBOB. B [6] ucce-
nyeTrcsi peanuzanus OyJleBOi onepali BEIYUTAHUS, YTO MOJE3HO JIJIsl CO3/1aHUs BHYTPEHHUX TOJIO-
CTeH U CIIOKHBIX BBIPE30B B MIOCTPOCHHBIX MOJeNsx. B [7] mpetaraercst o0l moaxo/1 K aHaIH-
TUYECKOMY OIMCAHUIO Tell Kak TpEXIMapaMeTpuYecKuX MHOKECTB ToueK. lIpencTaBieHHblil B 3THX
paboTax MaTeMaTHUECKHUI ammapar MOXKET ObITh UCIIOIB30BaH Ha ATAIax MapaMeTpudecKoro mpe-
CTaBJICHUS IPUMHUTHBOB, MOAU(PUKALMN T€OMETPUU U ONTUMHU3ALUN BBIUUCICHUN, OJJHAKO IS aB-
TOMAaTUYECKOT0 nocTpoeHus: 3D-Mozienu no npoekuusM MoTpedyoTCs AONOIHUTENbHbIE AJITOPUT-
MBI 0OPaTHOTO MPOELUPOBAHNUS, CETMEHTAIUH U MTOJATOHKH ITapaMeTPOB.

B [8] mpencraBieH aBTOMaTU3MPOBAHHBIN METOA Ul PEKOHCTPYKIIMM TPEXMEPHBIX IICEBO-
KapKacHBIX MOJENEel M3 IBYXMEPHBIX MPOEKIMOHHBIX H300pakeHui. [IpennoskeHHbI anroputM
BKJIIOUAeT 00pabOTKy JBYXMEpPHBIX BEKTOPHBIX JAaHHBIX, MAPKHPOBKY BEpILUH U pEOEp, a Takxke
co3/1aHue TPEXMEPHBIX pEOEP, UTO MO3BOJISIET MOMYYUTh TOMOJIOTHYECKOE MPEACTABICHUE MOIEIH.
MeTto 1 OpuEHTHUPOBAH HA MHOTOI'PAaHHUKHU U HE MOAJIEP)KUBAET KPUBOJIMHENHBIE OOBEKTHI.

B [9] npencTaBneH aBTOMaTU3UPOBAHHBIN METO/ JIJIsl U3BJICUYCHHUS MOJHBIX CeTel XapaKTepHbIX
KPUBBIX M3 TPEXMEPHBIX TOYEYHBIX MOJEIICH MOBEPXHOCTEH. J[aHHBIA METOJ NMPUMEHUM K TPEX-
MEpPHBIM TOYEUHBIM MOJEIISM, OTy4YeHHBIM ¢ ToMoIIbio 3D-ckanepa.

B [10] mpennaraercs MeTO] pEKOHCTPYKIIUU TPEXMEPHBIX OOBEKTOB 110 OJJHOMY M300paskeHUIO
KPUBOJIMHEHHBIX MOBEPXHOCTSAX, UCIONB3Yysl JaHHBbIE CHUIYydTa U MHOTOYPOBHEBBIE KapThl BBHICOT.
MeTto no3BoJSET co3AaBaTh TPEXMEPHBIE MOJIEIN C BBICOKUM pa3peIIeHUeM sl IHUPOKOIo CIeK-
Tpa 00beKTOB. J[aHHBIN 1M0X0J] OTPAHUYEH CUMMETPUYHOCTBIO 0O0BEKTa OTHOCUTENBHO IIIOCKOCTH
U300paxKeHus.

Pabora [11] mocBsimieHa aBTOMAaTU3MPOBAHHOMY CO3JAHHUIO IPOCTPAHCTBEHHBIX LU(POBBIX
MoJieNielt U3 IUIOCKUX YepTEeXel ¢ UCIOIb30BaHUEM aHATUTUYECKOTO R-(yHKIIMOHAIBHOTO reoMeT-
PUYECKOr0 MOJEIUPOBAHMSI, KOTOPOE O00ECIEeYMBAECT MEPEX0] OT HEMPEPHIBHOTO IPEICTaBICHMUS
(GYHKLUH K TUCKPETHO-HENPEPHIBHOMY KOMIIBIOTEPHOMY aHAJIOTY.

B [12] npennaraeTcsi reHepaTUBHAsI MOJIENb, CIIOCOOHAst paboTaTh ¢ MOCIEIOBATEIHHOCTSIMHU
dopmooOpaszyronux oneparuii CAIIP, Takux kak BblJaBIMBaHUE, BpalleHHe, OyJeBbl olepalnuu
JUTSL KOAMPOBAHMSI M TEHEpAIy TocieioBaTeibHOCTEH (popmooOpasyromux onepanuii [ 13].

B [14-17] npennaraercst moaxo/l K aBTOMATUYECKOW FeHepallui TEXHUYECKUX YEPTEKEU ¢ uc-
M10JIb30BAHUEM HEHPOHHBIX ceTed. Monenn oOyyaroT Ha OosiblIoM HAOOpe JAAHHBIX ONEpaluid B
CAIIP, BxiroyarolieM Takue mapaMeTphbl, Kak pa3MepHOCTh, T€OMETPUUYECKHE OrpaHHYeHUs U Oy-
JIEBBI ONEpalliy, YTO MO3BOJSET CO3/aBaTh PEATMCTUYHBIE ICKU3bI, KOTOPbIE MOTYT OBbITh MCIIOJIb-
30BaHbl JUI IapaMeTpUUecKoro MmojaenupoBaHus. KiroueBas 0COOEHHOCTH MOJIXOAAa — BO3MOXK-
HOCTb BOCCTAHOBJICHHSI TBEPIOTEIBHBIX MOJENIEH U3 3allyMJIEHHBIX TPEXMEPHBIX CKAaHOB Uepe3 re-
HEpALMIO IPOMEKYTOUHBIX 3CKU30B.

PaccmoTpenHbie MeTO/1bl IMOO OrPaHUYMBAIOT KJIACC MOJEIMPYEMbIX TeJl (HalpuMep, MHOTO-
IpaHHUKAMH), THOO UMEIOT OTPAaHUYCHHYIO aBTOMATHU3aIMI0 (C HE0OXOIUMOCThIO PYUHON KOPpPEK-
TUPOBKHU MOJIEJIN ), TUOO CHIIBHO 3aBUCAT OT KaYECTBA BXOAHbBIX JTAHHBIX.

1 NocTtaHoBKa 3apauun

OOparHas 3amada HavyeptarenbHoi reomerpun (HI') mpencraBnser coboii mpouecc co3aaHus
TpéxmepHoi ['M Tena Ha ocHOBe 3amaHHOro yeprexka. [lon I'M noHuMaeTcss MaTeMaTH4eCKOE OIU-
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canre GopMbl 00bEKTa, a TAK)KE COBOKYITHOCTh JAHHBIX, MPEACTABISAIONUX 3Ty GOpMYy B MaMSITH

KOMIIBIOTEPA U SBIISAIOLLYIOCS 3JIEKTPOHHOM Mojeinbto usaenus (OMU, em. 'OCT 2.052-2021).
M3BeCTHO HECKOJIBKO METOA0B KOHCTpYyHpoBanus 3D ['M u3 miockoro yeprexa:

= MeTox 000OIIEHHOTO BpaIIeHHUs IIIOCKOTO KOHTYpPa BOKPYT 3aaHHON OCH;

= MeTOJ] 0000mIEHHOTO CABUra KOHTYPA BJOJb 3aJaHHOTO BEKTOPA;

= Merox cuHTe3a 3D Mozaenu o 3aJaHHBIM MPOEKIUSIM Tesla (10 MHOTOBHUIOBOMY UEPTEKY);

) METO/1 TEOPETUKO-MHOKECTBEHHbIX oneparuii (TMO).

[lepBble TpHU MeTOJa PEANN3YIOT KapKaCHO-KMHEMAaTHYECKHH CIOCO0 TeHepaluy JJaHHBIX O
npocTpaHcTBeHHOM 00BekTe [4]. OHM OpHMEeHTHPOBaHBI HAa BOCCO3/AaHUE (OPMBI 00BEKTA MyTEM

npeoOpa3oBaHMs €0 ABYXMEPHBIX MPEACTABICHHH.
Anroputm co3nanust 3D-monenn o 2D u300paxeHn o BKIIIOUaeT cieayroniie yactu [ 18].

. Ananm3 n300pakeHus 1 TTOATOTOBKA €r0 K CHHTE3Y MOJIENIN: PAcllO3HABAHNE 3IEMEHTOB YEePTEXa, UX OLU(POBKY,
MIPeABapUTEIbHYIO 00pabOTKY JUIsl YCTPaHEHHs OIIMOOK M IPOTHBOPEUHH.

. CuHTe3 BepIIMH MPOCTPAHCTBEHHON Moaenu: omnpenaeneHne 3D-koopauHaT KITIOYEBBIX TOUYEK (BEpIINH) 0OBEKTa
Ha OCHOBE MX ITPOEKINI Ha Pa3JINUHBIX BHJIaX.

. Co31anne KapKacHOW MOJICNIN: COEJIMHEHHE CHHTE3MPOBAHHBIX BepIIMH pEOpamu s (GOPMUPOBAHUS KapkKaca,
MIPOBEPKA €ro Ha COOTBETCTBUE MCXOIHBIM IPOSKIMAM M TE€OMETPHUECKUM CBOWCTBAM PEalbHOTO OOBEKTA.

. Co31aHue rpaHUYHON MOJIENIN: Ha OCHOBE Kapkaca (hopMHUPYIOTCS MOBEPXHOCTH (IPaHu), KOTOPbIE OTPAHUYUBAIOT
TEJNO, U TIPOBEPSIETCS UX KOPPEKTHOCTE.

. Co3znanne KOHCTPYKTHBHOM MOJIeNH Tefa, KOTOPYIO MOXHO HCIoIp30BaTh B TMO.

Obvexmom uccredosanus SBISIOTCS TByXMepHbIe U TpéxmepHble ['M 00bekTOB Kiacca «Jle-
Taby.

lIpeomemom uccnedosanus SIBISIFOTCS AITOPUTMBI peoOpa3oBaHus AByxMepHbIX I'M, 3anan-
HBIX Ha [10JI€ MHOTOBUJOBOIO TEXHUUYECKOI'O YEPTEXKA, B TPEXMEPHBIE KAPKACHBIE MOJIEIIH.

2 OCHOBHbIe NoHATUA

CunTaercs, 4TO TEJIO UM €ro MOJIEIb KOHEYHO M OTPAaHMUYEHO IJIAJAKUMU TOBEPXHOCTSIMU, KO-
TOpbIE MOTYT HE MMETh aHAJUTHUYECKOro omucaHus. Bo Bcex cucremax reoMeTpu M rpaduku
npenmnosaraercs pabora B 3D npocTpaHCTBe, B TO BpeMsl Kak Ha IKpaHe JUCIUIest UMEIOTCs pu3nyde-
CKH 08€ KOOPOUHAmbl.

JIro60# OTpe30K MpsIMON MJIM KPUBOH, SBIISIOIIMICS 00IIE YacThiO IPaHULbI ABYX ITOBEPXHO-
CTeH, sBIsieTcs peOdpoM kapkacHoU Mozenu. Eciu npu nepexoje yepe3 peOpo BHEIIHAS HOPMalb K
MOBEPXHOCTU TeNla KaK BEKTOP-QyHKIMA KOOpAMHAT N(X,y,Z)=(Ny(X,y,Z),ny(X,y,Z),n,(X,y,Z)) UMEET
pas3pbIB, TO Takoe pedpo Ha3bIBAIOT KOHCTPYKTUBHBIM peOpoM Kapkaca; peOpo Ha3bIBaeTCs HEKOH-
CTPYKTUBHBIM, €CJIH IPU NEPEX0JIe Yepe3 HEro HopMaib MU3MeHseTcsl HenpepbiBHO. OO0IIe TOUKU
HECKOJIbKUX pEOep 3a/1at0T BepIIMHBI Kapkaca. Jlrobas BepunHa sBiseTcss o01eil rpaHuuHON TOY-
KO HECKOJIbKMX 4YacTell MOBEPXHOCTH Tena. [loa kapkacHOW MOJENbI0 MPOCTPAHCTBEHHOTO TEO-
METPUYECKOT0 TeJla IOHUMAETCsl COBOKYITHOCTh MHOYKECTBA BEPILIMH U MHOXKECTBa pEodep.

Ueptéxk 00bEKTa SABISIETCSI COBOKYITHOCTBIO MPOSKIIMOHHBIX M300paxkeHui [19], kaxmpoe u3 Ko-
TOPBIX 3aJa€TCSI B CBOEH, MECTHOM, CUCTEME KOOPJAMHAT U PACIIOIAracTCs Ha I10JIE HOCUTENS B €1U-
HOH cucTeMe KoopauHat yeprexa. KoHcTpykTuBHBIe pEOpa Kapkaca u péopa ouepka KpUBOJIUHEH-
HBIX ITIOBEPXHOCTEH IPOELUPYIOTCS B OTPE3KU HEKOTOPBIX JIMHUM HA KAPTUHHOM IIJIOCKOCTH, KOTO-
pbIe MOTYT HaKJaAbIBaThCS APYT HA Jpyra UM NepeceKkaTbes; JuHelHble péopa (0Tpe3KH MPsSMBbIX),
napajule/IbHble BEKTOPY NPOELMPOBAHUS, BBIPOKIAKOTCS B TOUKY. BeplnHbl kKapkaca IpoenupyroT-
cs B Touku. [Ipu npoeunpoBaHuy HHIUMACHTHOCTh BEPIIMHBI U pedpa, a, CIeI0BaTEeIbHO, U CMEX-
HOCTb BEPILUMH, HE HAPYILAIOTCS, HO IPOEKLIUU BEPIIMH MOT'YT TaK)K€ HAKJIaAbIBaThCSA APYr HA JIpYy-
ra. I3 aToro cienyer, 4To AByXMepHas MOJIEIb IPOECKIUU OTINYAETCS OT TPEXMEPHON KapKacHON
MOJIENIN Pa3MEPHOCTBIO IPOCTPAHCTBA, B KOTOPOM 3aJaHbl KOOPIMHAThI TOUEK-BEPILUH U I1apaMeT-
pBl HECyLIUX JUHUI pEOep, U CMBICIOBBIM HANOJIHEHHEM MOHITHH «BepuInHa» U «pedpox. [lox
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BEPILIMHON IPOEKLINN TIOHUMAETCS TOYKa, 3aJaHHAsi CBOUMU KOOpAMHATAMH HAa KAPTUHHOM IUIOCKO-
cru. [Tox peOpoM MpoeKIuy MOHUMACTCSI OTPE30K MPSIMOM MIIM KPUBOM JIMHUH HA 3TOH IIOCKOCTH
(reoMeTpuYeCKHUi CMBICIT), COCTUHSIOIINI 1B€ BEPLIMHbI IPOEKLUHU (TOIOJIOTHYECKUN CMBICIT).

Matremaruueckas monenb npoekiuu: PR={P,C,F}, rue

P={P={X;,Yi}ER?, i=1..M,} — MHOXECTBO BEpIIUH IPOEKIHH;

C={C=(X;(1),Y;(1), Zj(t))ERz, Toj<=t<=Tj, j=1...M,,)} — MHOXKECTBO HECYLIHX JIHHUI;

F={F=(P1x,P2,Cx), P1x,P2kEP, CLEC, k=1...M¢} — MHO)ECTBO pEOEp MPOCKIIUU.

3amaéress  kimacc  Ten  (KapkacHas MOJENb  KOTOPBIX  MOXET OBITh  CHHTE3MpPOBaHA
pa3pabaTbIBa€MbIM aJITOPUTMOM):

*  TEJO OTPAaHUYECHO YaCTSAIMH IUIOCKOCTEH W KPUBOJIMHEMHBIX ITOBEPXHOCTEH BTOPOrO IMOPSAIAKA

(37IIMIICONOB, JUIMNTHYECKUX LIHUJIMHAPOB U 3JUIMITHYECKUX KOHYCOB);

*  HECYIMMH JIMHUSMHU pEOEp KapKacHOM MOJENH SIBIISIFOTCS IPSIMbIE M DJLIUIICHI, IJIOCKOCTH

KOTOPBIX IPOM3BOJIBHO OPUEHTHUPOBAHBI B IPOCTPAHCTBE.

[Tpu npsIMOIMHEMHOM OPTOrOHAJIBHOM MPOELMPOBAHUM TAKOTO TE€la HECYLUIUMH JUHHUSAMHU Ha
IUIOCKOCTH MPOEKLUHU OYAYyT TakkKe NpsMble M JIIMIICHI IPOU3BOJIBHON opueHTauuu. Takum oOpa-
30M, OINpEAENIUB KJIaCC MOJAEIUPYEMBIX TEJl, BBISBIEH KJIACC UCXOAHBIX JAHHBIX 3a/adyu: péOpamu
KaX/101 MPOEKLUU MOTYT OBITh OTPE3KH MPSIMBIX U SJUIMOTHUYECKUE TYTH.

B cootBercTBHH € [19] 4epTéx 00BEKTa MOKET COAEPKATH MPOU3BOIBHOE KOJIMYECTBO BHJIOB,
PacIioyIOKEHHBIX HAa OJHOM MWJIM Ha HECKOJIbKHX JHcTax. s (opMUpoBaHMs KapKacHOW MOJENH
00BEKTa MPUHIMITAAIBHO BAXHO NMPHBECTH BCE BUABI K €AMHOW cucTeMe KoopawHaT. OgHUM H3
KJIIOYEBBIX OJIOKOB MPOrpaMMHOI peaiu3alyy ajaropuTMa CHHTE3a SIBJIETCS YyCTAaHOBJIECHUE U MPO-
BEpKa MPOCKIIMOHHBIX CBsI3el Mex a1y BuIaMu [ 18], MOCKOIbKY HMEHHO TIOCIie ATOro 3tamna (Gpopmu-
pyercs MaccuB 3D-koopauHAT MOJEIIN.

Jro0as npoekuust TpEXMEPHOM MOJIEIH Ha TUIOCKOCTh MOXKET ObITh MpeACTaBleHa B BUIE rpada
G(V,R), rne V — MHOECTBO BEpILNH, 33JJaHHbIX CBOMMH KOOpJIMHAaTaMu, a R — MHOkecTBO pEbep
(JIMHUM TIEpBOTO WJIM BTOPOTO MOPSJIKA), COSTUHSIIONINX 3TH BepIInHbl. CTPYKTYPHO UEPTEK TAKKe
MoXkeT ObITh npescTasieH B Buje rpada D(F), rne F — oraenbHble BUabI MU (hparMeHTsl n300pa-
JKEHUW 00BEKTa, KK U3 KOTOPHIX U3HAYAJIBHO 33J]aH B CBOCH JIOKAIILHOW CHUCTEME KOOPAMHAT,
CBSI3aHHOM C 001l CUCTEeMOI KOOPAMHAT YePTExKa.

3 WHdopmaumoHHaa moaenb 3agayu

Mooenv npoexyuti (MCXOIHBIC TAHHBIE).

Koopaunatsl BepmnH npoekiuii Ha ueprexe: Pi=(X;,Y), i=1...M,.

VYpaBHEeHMs HECYIIMX JIMHUN BTOPOTO MOPsiAKA (JTUIICOB):

ELi: Aj1j(X-Xej)” + 2A1(X-X)(Y-Y¢j) + Api(Y-Y)* = 1 umm

X=ajcosPjcost - bisin@;sint +X;j, Y=a;sind;cost + bjcosP;sint +Y, j=1... M.

[TapameTpsl pédep mpoeKuii:
Ri = (Np1 &, Np2 &, Net 1), 1<= Npi «, Np2 k <=M, 0<= N¢i k <=Mgj, 1<=k<=M,, rae Npi , Np2 « —
HOMeEpa BEPILIUH, HHIIUJIEHTHBIX peOpy, Nei k — HOMep Hecymiel auHuu (0 — npsimast).

Mooenv kapkaca (BBIXOJIHBIE TaHHBIE).

Koopnunats! Bepimun kapkaca: Vi = (X;,Yi,Zi), i=1...Ny.

VYpaBHEeHUs HECYIIMX JIMHUN BTOPOTO MOPsiAKA (JUTUIICOB):

Lj: ypaBHEHME IUIOCKOCTH M YypPAaBHEHUE IIOBEPXHOCTH BTOPOro HOpPsAAKa (2IIMIICOM]A,
AIUTUNITHYECKOTO IUJIMH/PA WK SJUTHIITHYECKOTO KOHYCA) WK MapaMeTPUIECKH:

X=Xi(t), Y=Y;(t), Z=Zi(t), rne X(t), Y;(t), Z(t), — nuHeiiHble KOMOMHAUMK (QYHKIHUI
{1,sint,cost}, KOOPPUIMEHTHI KOTOPBIX CBSI3aHBI MEXY COOOM, NN B BEKTOPHOM BH/IE:
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rj(tl,tz) = 1¢j 1 tHon;, tinttr=1, rme Ij — paiiyC-BEKTOP LCHTPA JJUIMIICA, I'(j U Ij — BEKTOPHI
noJryocei ammrca, j=1...Nj.

[TapameTpsl pébep kapkaca:

Ex = (Nvi ks N2 ks N1 k), 1<= Nyj i, Nyo x <=M, 0<= Nj | <=N;, 1<=k<=N,, t1e Nyi , Ny2  —
HOMEpa BEPIINH, MHIUIEHTHBIX pedpy, N| x — Homep Hecyier Juaun (0 — mpsmas).

VYpaBHEeHMsT HECYIIMX JIMHUKA TNEpBOro mopsiaka (IpsIMBIX) JIETKO TMOJYYUTh HCXOHIS U3
KOOPJMHAT, UHIIUACHTHBIX peOpy BEPIIWH, U 3TH YpaBHEHUs HE BKJIIOUEHBI B MOJEIH KapKaca U
MIPOEKINiI BHO, a Bce pEOpa-0Tpe3Kn UMEIOT OJIMHAKOBBIN HOMEp Hecyliel JTuHuu (paBHbIN 0).

4 O6paboTKka NPOEeKLNOHHbIX BUOOB

[IpuMeHeHHe CTAaHIAPTHBIX MOAXOA0B K MOUCKY KOMIIOHEHT CBS3HOCTH HE IO3BOJISIET IMOJY-
YUThb PE3YJIbTAT, TaK KaK OTAENbHbIE 3JIEMEHTHI (HanmpuMep, OTBEPCTUSI BHYTPHU Tella) MOTYT OBITh
HE CBS3aHbI C BHEIITHEH TeOMETPHEi M JOJDKHBI BBIICIATHCS B OT/ACTbHBIE KOMIOHCHTBI.

Jlist paGoThl ¢ reoMeTpo-rpadudeckoil HHPOPMAITUESH I KaXKI0H TIOCKONH KPUBOW WM OT-
pe3Kka MOKHO BBLICIUTH OMPAaHUYHMBAIOIIYIO 00JACTh — MPAMOYTOJIbHUK, BHYTPU KOTOPOTO MOMeE-
LIAETCS JAHHBIN JIeMeHT. [ BEpTUKAIbHBIX U TOPU3OHTAIBHBIX OTPE3KOB TaKOW MPSAMOYTOJIbHUK
BBIPOXKIAETCS B OTPE30K. JIJIsl KaK0H KOMITOHEHTBI CBS3HOCTH (0OBEIUHEHHUS CBSI3aHHBIX 3JICMEH-
TOB) 3allOMHHAETCS M AMHAMUYECKU paCIIMPSETCs] OrpaHMYMBAIOLIUi MpsiMoyroibHUK. [IpoBepka
MPUHAUICKHOCTH 00hEKTa K KOMIIOHEHTE CBSI3HOCTH OCYILECTBIISIETCS MO MPHHIIUITY MEPECEUCHUS
OrpaHn4uBaromvx IMpsAMOYTOJIbHUKOB: CCJIN Ol"paHI/ILII/IBaIOHII/Iﬁ MMpsAMOYT'OJIbHHUK o0OBeKTa U orpa-
HUYUBAIONIHHA MPSIMOYTOJbHUK KOMIIOHEHTBI CBS3HOCTH HMMEIOT OOIIYIO IUIOIIafb, WK OOIIHe

BEPIIMHBI, WM UX CTOPOHBI MEPECEKAIOTCS, TO OOBEKT CUMTACTCA | | _|:

YacThIO0 JTAHHON KOMIIOHEHTHI. [Ipu 100aBieHHH HOBOTO OOBEKTa —a}::'—| T ’_

OTPAHUYUBAIONIUN MPSAMOYTOJIHHUK KOMIIOHEHTBI TIEPEOTpeeIis-

eTcst (CM. mpuMep Ha pUCyHKe 1). L e
Hcnonb30BaHNe OrpaHMYMBAIONINX MPSAMOYTONBHUKOB BBIAE-  6) |

JIEHHBIX MPOEKIMOHHBIX BUAOB B codeTaHuu ¢ [19] mo3Bosser
BOCCTAHABIIMBATh MPOEKIIMOHHBIC CBS3HM JaKe B CIydyae HX 4a- :’
ctruuHoro Hapymenus [20]. OnHako JaHHBIA MOAXO0J OKa3bIBAETCS B lj
Hea(PEeKTUBHBIM, €CII reoMeTpo-rpaduueckas MHGpopMarus pac- Pucynok 1 - Pasynumbie cirydan
npeeleHa 0 HECKOILKUM JMCTaM WM KOTJa OrpaHduuBaroique — PACHOMOKCHUA OTPAHIHBAIONIIX
MPSIMOYTOJTBHUKOB: a) ¥ 0) 00BEKT
MPSIMOYTOJILHUKY BUI0B UMEIOT GOpMy KBajpaTa. HPUHAUIEHKHT KOMIOHEHTE 1 68
[lpy BBIENEHNH KAKIOTO MPOEKIMOHHOTO BUAA GOPMUPYIOT-  orpapnumBatoLii MPSMOYToTbHAK
csl IBa MPOEKIIMOHHBIX BEKTOPa KOOPAWHAT TOYEK — OJUH C IMPO- OGHOBJIsIETCs (IIOKA3aH CrpaBa
EKIUAMHU DJIEMEHTOB BUa Ha och OX uepTexka, APYrod — Ha OCh  KPACHBIM), B) 06B§KT HE OTHOCHTCSI
Oy. Tlpu 106aBIeHHHE OYEPETHOTO AIEMEHTA K BHIY Ha COOTBET- K¢ IPOBCPACMOH KOMITOHCHTE
CTBYIOILIME OCU MPOCHUPYIOTCS JIBE WK O0JIee ero XapakTepHbIX TOUEK (Hampumep, KOHIIbI OTpe3-
ka). Ha pucynke 2 moka3aHbl HCXOJHbIC TPOCKIIMOHHBIC BUJIBI i CPOPMHUPOBAHHBIC ISl HUX MTPOCK-
LMOHHbIE BEKTOPHI. [Ipy HEBO3MOXKHOCTH BOCCTAHOBJICHUS MPOEKIIMOHHBIX CBS3€M MEXy BHJIaMU
TOJILKO C TIOMOIIIBIO OTPaHUYUBAIOIINX MPSIMOYTOJILHUKOB MOJIYYEHHBIE JTSI KAXKIOTO BBIICIICHHOTO
BUJIa 00a MPOEKIIMOHHBIX BEKTOPA COPTUPYIOTCA U MPUBOJATCS K 001Iel Touke oTcuéra (Hanpumep,
K JICBOMY HIDKHEMY yriy Buza). Ilocie copTUpOBKH NMPOBOAUTCS CpAaBHEHHE 3THUX BEKTOPOB pa3-
JIMYHBIX MMPOEKIIMOHHBIX BUIOB. ECiM MPOEKIIMOHHBIE BEKTOPHI COBNAAAIOT (T.€. pa3HUIIA BCEX MX
KOMIIOHEHT MEHbIIIE 3apaHee ONpeAeIEHHOT0 MajIoro 3HaUeHUs €), TO BEIYUCIISAETCS BEKTOP C/IBUTA.
Jl1s BoccTaHOBIICHUS MPOEKIMOHHBIX CBS3€H 3a IVIaBHBIN BUJI IPUHUMACTCS, KaK MPaBUJIO, Jie-
BOE BepXHEe MPOEKIIMOHHOE H300paxkenue. Jlanee HaxoaaTcsi BUIbI, y KOTOPBIX COBIAAAI0T MPOEK-
LIMOHHBIE BEKTOPHI C BEKTOpPaMU TJIABHOI'O BU/A, U, B COOTBETCTBUU C [19], OHM pacmosararoTcst B
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€IMHOM JBYXMEpHOM mpocTpaHcTBe. [locne 3Toro onpenenstoTcss KOOPAMHATHI TOYKK Havajaa OT-
cuéra smropa MoHXKa: X-KOOpJAMHATa Kak CepelMHa MEXJy BHMJIOM CJI€Ba U IJIaBHBIM BHUJIOM; Y-
KOOpJMHATa KaK cepellnHa MEXIy BUIOM CIepeu U BUAOM cBepxy. Ha pucynke 3 mpeacTaBieHb
II0JIyYE€HHbIE BEKTOPBI CABUIA U HallIeHHAs TOUKa Havaja KOOpAKHAT 3mopa Monxa.
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y E—=n g 7
by Koy iy b2yl il
Yiepty3
?%2—}/] Wy k2yZ2)
iy2) kzy2) R lyzl h2y2l
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Pucynox 2 - VicxonHbIe TIPOCKIIMOHHBIC BUIBI U cHOp- Pucynok 3 - [lonydeHHbIe B X0/1€ aIrOpUTMa BEKTOPBI
MHUPOBAHHBIE TIPOCKIIIOHHBIC BEKTOPHI C/IBUTA M HalJIcHHas TOYKa Havyaja KOOPJWHAT 3ITI0pa
Momnka

TakuMm 00pa3zom, OJXOJ], COYCTAOIINN aHATN3 OTPAHMYMBAIOIINX TPSIMOYTOJILHUKOB U MPOCK-
[IMOHHBIX BEKTOPOB, IMO3BOJSET YCTAHABIMBATH IMPOCTPAHCTBEHHBIC CBS3M MEXAY Pa3IUYHBIMU
MPOCKIIMOHHBIMH BUIAMU Y€PTEXka, MOrOTABIINBAS JTAHHBIC JJIsl CHHTE3a TPEXMEPHON MOJIEIIH.

5 dopmupoBaHue ToYe4HHOW Moaenu

Ha »Ttamne PCKOHCTPYKIIUH TpéXMepHOfI MOZCIIN U3 JIBYXMCPHBIX HpO@KL{I/II\/’I CO3JaHHUC TOYCY-
HOUM Mojenu (001aka TOYEK) MO3BOJISIET MPeodpa3oBaTh HHPOPMAIIUIO O COOTBETCTBYIOMIUX TOUYKAX
Ha HCCKOJIBKUX NBYXMCPHBIX I/I306pa)KCHI/IHX B UX TpéXMepHBIC KOOPJAHWHATHI. HCHTpaJIBHOC MECTO B
9TOM MpeoOpa30BaHUM 3aHUMAET METOJ| TPUAHTYJISAIIMA, OCHOBAHHBIM HAa MPHUHIIUAIE TIEPECEUCHUS
queﬁ, IpoXoAdalInX U3 LNCHTPOB HpOGKHHI’I qepe3 COOTBCTCTBYIOMIUC TOYKHU HA PA3JIMYHBIX n300-
paxenusix. OCHOBHBIE dTarbl aroput™ma [ 18].

1)  Onpeodenenue coomsemcmayowux moyex. ITOT MPOIECC BKIIOYAET U3BICUCHNE KOOPAMHAT MPOEKIIUN TOYKH HA
COOTBETCTBYIONIUX TIOCKOCTSIX.

2)  Buluucnenue nyueti npoexkyuu. ITH JTy4d TPEACTABISIOT COOOW MpsMble JTHHUM B TPEXMEPHOM MPOCTPAHCTBE,
KOTOPBIC TCOPSTHICCKH JOJDKHBI TIEPECEKAThCS B HICTUHHOM 3D KOoOpAMHATE NCXOTHOW TOYKH.

3) Ilepeceuenue nyueii u munumuzayusi owub6ox. BenencTBue OmMMOOK B HCXOIHBIX JaHHBIX JIYYd MOTYT HE
CXOJUTHCS B OJHOW TOYKE. B Takux cirydasx JUis HaXOXKICHHsS HanOoJee BEPOSTHON TPEXMEPHOW KOOPIMHATHI
HCTOJIB3YETCSI METOJ] HAMMCHBIIINX KBAJAPATOB.

4)  Boccmanosnenue mpéxmepuvix koopounam. Ha OCHOBE TOYKH IEPECEYCHUS JIy4eH BBIYUCISIOTCS TOYHBIC
TpEXMEpHBIE KOOPAMHATHI KaXXKIOW PEKOHCTPYHUPYEMOH TOUYKHA. OTOT pe3yibTaT SBISETCS OCHOBOW IS
MTOCTIETYFOIIETO IMOCTpOoeHHs mosHOH 3D Moxenn oObeKTa.

B pesynbrare nmocnenoBaTenbHOrO NPUMEHEHUS ATUX 1IAroB K BBIACIEHHBIM Ha MPEIbIIYIIEM
1are MpOeKIMOHHBIM N300pakeHusiM (GopMHUpyeTcsi 00J1aKo TOUYEK — JUCKPETHBIN Habop TpExmep-
HBIX KOOPJAMHAT, MPEACTaBIAIONNI co00H NHU(POBYIO aNMPOKCHUMALIUIO MOBEPXHOCTH HCXOJHOTO
o0BbeKTa. ITO0 00JIaKO TOYEK CIYKUT BXOJHBIMH JAHHBIMH JJISl JAJIbHEHUIIUX 3TaloB PEKOHCTPYK-
LIUU — CO3JJTaHUIO0 KAPKACHBIX, TOBEPXHOCTHBIX WM TBEPJOTENbHBIX MOJEEeH 00beKTa.
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6 dopmMupoBaHUe KapKacCHOW Moaenu

KapkacHas wmojens mpeacTaBiseT co00il COBOKYMHOCTh BepmIMH U pEOEp, KOTOphIE
OINIPEICISIIOT  OCHOBHBIE T'€OMETPUYECKHE O4YepTaHHs U CTPYKTYpy OOBeKTa. AJITOpUTM
orpeneneHus péoep u GopMUPOBaHHS KAPKACHON MOJEIH BKIIIOYAET ciieaytomue mard [ 18].

1) mpoeK1ust TOYKU Ha U300PKECHHS.
Jns Kakxood TOUYKH, BXOAsAmed B c(HOPMHPOBAHHOE OOJIAKO TOYEK, BBIMIONHACTCS oOpaTHas omnepamus —

BBIUHCIIAIOTCS €€ NMPOEKINU Ha BCE JOCTYIHBIC NCXOAHBIE MPOCKIMOHHBIE M300paxeHus (HampuMep, (GpOoHTAIbHYIO,
TOPU3OHTAJIBHYIO U MPOGHIBHYIO POCKIIUH).

2) aHaJIM3 MaTPUIl CMEKHOCTH.

Ha xax/10M IpOeKIIMOHHOM H300pa)KeHNH CYIIECTBYET MAaTPHUIA CMEXKHOCTH, KOTOPAsk OTPaXKaeT BU3yaIbHBIC CBA3H
MEXAY MPOEKIMAME ToueK. ECIi 1Be IPOEKIMN TOUEK COEANHEHBI JIMHUEH MITH peOpoM Ha JaHHOM H300pakeHHH, 3TO
YKa3bIBacT HAa MOTCHIHAIBHYIO CBSI3b MEXKAY cOOoTBeTCTBYIOMmUME 3D Toukamu. Ilpn Hammunm peOpa MexIy TOUKaMu
Ha NPOEKLUU COOTBETCTBYIOLUHN 3JIEMEHT MATPHULbI CMEKXHOCTH paBeH 1, uHaue — 0.

3) onpenenenue péodep. z

[TpoBoanTCs TpOBEpKa: SBJISETCS JIM MOTEHIIMAIBHOE peOpo MEexIy
nByMsi 3D toukamu (V1 u V2) dacTpio MCKOMOI KapKacHOH MoJenu.
JU71st 3TOTO OTpeeNsieTcsl HATMINE COOTBETCTBYIOIIETO pedpa MEXIy UX
2D mpoekmusimu (VF1 n VF2 ma ¢ponranmsuoit, VH1 u VH2 nHa
ropu3oHTanbHOM, VPl u VP2 Ha mpoduiabHOM mpoekimsx) Ha Bcex
n300pakeHUAX (PUCYHOK 4).

Pe6Gpo B KkapkacHOW MOAENTH MEXIY IBYMsI TOUYKaAMHU
CUHUTACTCA CYWCCTBYIOIMM, €CJIM Ha BCEX I/I306pa)KeHI/I$IX
CYILICCTBYCT pe6po MCXKAY MPOCKOHUAMHU STUX TOYUCK WA
IIPOEKIIMU TOUYeK coBnaaarT. Eciu Ha kakoi-1mbo u3 mnpo-
eKI_II/Iﬁ TOYKH COBIIAJIHM, TO MOXCT OBITb BOCCTAHOBJIEHO
JIUIIH peOpPO-0TPE30K.

Ecnu mpoekuun He COBHNAIM, TO BBIACISIOTCS BCE Vi1
pébpa, MO KOTOPBIM CMEKHBI JaHHble BepmuHbl: WFi,  Pucynok 4 - ®opmuposanue pedpa mesiy
i=1...Nf st VF1 u VF2, WHj, j=1...NH ans VH1 u VH2, sepummami V1 u V2

WPk, k=1...NP mst VP1 u VP2.

PaccmarpuBarorcst Bce Bo3MoxHble Tpoiiku pédep WFi, WHj, WPk. Ecnu atu Tpu pebpa siB-
JSAI0TCA 00pa3aMu HEKOTOpOro pedpa KapKacHOM MOJIENH, TO HECYIIME JIMHUU 3TuX peédep — 3To
MIPOEKIUH MPOCTPAHCTBEHHOM MPsIMOI MK 3sunca. Bo3aMOXXHBI 4eThipe MPUHIMITAAIBHO PA3IUy-
HBIX KOH(QUTYpallUy TUIIOB HECYILMX JIMHUH /17151 BBIOpaHHbBIX pEOEp.

Ecnu ananus nmokaszeiBaet, uto WFi, WHj, WPk MoryT SBIATBCS MpPOEKIIUSIMU HEKOTOPOTO pe-
Opa kapkaca, To 3To pebpo J00aBiIsgeTCS K MOACIU U mepedop Tpoek pédep mpoaokaercs. Ha oc-
HOBE NPOBEPEHHBIX CBs3ell (hopMupyercs KapkacHas MOJEJb, KOTOpas COCTOUT M3 BEPIIMH (TOUYEK
obnaka) u péoep (CBsA3EH MKy TOUKaAMH ).

Amnanu3 pédep Ha COOTBETCTBUE JIMHUM B 3D.

1) Ecam Bce Tpu mpoeknuu pedpa SBISIIOTCA OTPE3KaMU NPSIMBIX, TO peOpO B MPOCTPAHCTBE,
coequHstolee BepuinHbl V1 1 V2 gBiisercs 0Tpe3KoM IPSIMOH.

2) Ecmu omHo u3 Tp€x p€bep — ATO ayra SJUIMICA, a JBa OCTABIIMXCS IPEACTABISIOT COOOM
OTPE3KHU NPSAMBIX, TO JJIS KQKI0TO MPSIMOT0 pedpa orpeeseTcsl Npoelupyromias MmIoCKOCTh B
TpEXMEPHOM MPOCTPAHCTBE, NEPIEHIUKYIsApHass ero mnpoekuuu. Mckomoe pedpo kapkaca,
MPOEKIIUM KOTOPOTO COBIAAAIOT C 3TUMH NPSMBIMH, JOJDKHO MPHHAUIEKATh 00CUM TaKUM
miockocTsAM. Eciiy 3TH miockocTy nepecekaroTcs, TO pedpo JIEKUT Ha UX JTMHUH IEpecedeHUs
U HE MOXeT OBbITh JJUIMITHYECKOM Iyrod Ha TpeThel mnpoekuuu. Ecim ke MI0CKOCTH
COBMNAAAIOT (TapayuIeIbHBI MPOCKIIMOHHOW TJIOCKOCTH TPEThETo, AJUIMITUYECKOro pedpa), To
MOTEHIMAIbHOE pedpo Kapkaca HAXOAMUTCS Ha T[EPECeYCHUH OTHUX IUIOCKOCTEH C
JUIMNTUYECKUM I[WJIMHAPOM, KOTOPBIH HMEET OCh, MNEPHEHIUKYISAPHYIO IUIOCKOCTSIM, H
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HaIpaBJISIONLYI0, COOTBETCTBYIOLIYIO AJUIMIICY. DTH MJIOCKOCTH HE MOTYT OBbITh HapaljiebHbl,
TaK KaK y HUX yXe €CTh JIBe 00IIHe TOYKH — BepiuHbl V1 u V2.
3) Ecuu e npoexkuuu pedpa npeacTaBisioT coO0M 1yru, a TPeThs SBIAETCS OTPE3KOM, TO pedpo
IIPUHAUIEKUT KapPKACHOW MOJIEIH, €CIIH:
"  DJUIMICHI, HA KOTOPBIX JIEKAT AYI'H, UMEIOT OJUH U TOT K€ LEHTP U OJUHAKOBBIA pazmep
BJI0JIb OCH, IJie UX npoekuuu conpukacatorcs (Hanpumep, XF u XH, YF u YP, YH u XP).
B sToM ciydae 1Ba NOCTPOCHHBIX HA HUX JJUIMOTUYECKMX IWIMHApA (C OCSIMH,
NEPIEHANKYISIPHBIMA  TUIOCKOCTSIM ~ M300paKeHMi) TepeceKkyrcs B TPEXMEpHOM
IIPOCTPAHCTBE, IIOPOKIAst IPU ATOM ABE JUIMITUYECKUE KPUBBIE;
"  [UIOCKOCTh OJIHOTO JJUIMIICA M3 IPEIbIAYILIEro IYHKTa COBIAJAET C IPOELUpPYIOLIEH
IUIOCKOCTBIO /17151 peOpa-0Tpe3Ka Ha TPEeThbel MPOEKIIUH.
4) Ecau tpu npoekuuu pedpa, coequHsonme Bepiintbl V1 u V2, npencrapisior co0ol Iyru, TO
(dbopmHpoBaHUE TPEXMEPHOH FITUITUYECKON 1yTH BO3MOXKHO, €CJIN:
= JUId KaXJ0M mapbl U3 TPOMKM HECYLIUX 3JIJIUIICOB 00S3aTelbHbI BBIOJIHEHUE YCIOBUI
UJEHTUYHOCTH KOOPJMHAT LIEHTPOB U COPAa3MEPHOCTH IabapuUTOB MO COOTBETCTBYIOLIUM
0CsIM;
"  BCE TPHU NUIMITUYECKUX LMIUHIPA CXOIATCS B OJHOW OOLIEH 3JUIMNTHYECKONW KpUBOH B
IIPOCTPAHCTBE, KOTOpask opMUpPYET JMHUIO pedpa Kapkaca.
Taxum 06pa3oM, Ha OCHOBE ITPOBEPEHHBIX CBS3€H, BBIABICHHBIX Ha BCEX MPOEKIIMOHHBIX U300-
paxeHusx, popmMHUpyeTcs OKOHUYATENIbHAs KapKacHas Mozelb. OHa COCTOUT U3 BEPIUUH, B3STHIX U3
o0aka Touek, U péoep, yCTAaHOBJIEHHBIX B Pe3yJIbTaTe aHAINU3a IPOEKIUi.

7 TMpumepbl

CpaBHMBaeTCsl BpeMsl IOCTPOECHUS TPEXMEPHOM MOJEINHN ITyTEM PYYHOIO M aBTOMATU3UPOBAH-
HOT'O MOCTPOEHUSI TPEXMEPHOU KapkacHOW Mojenu. Ha co3zpanue mpocTtoi TpEXMEPHOU MOJEIU
(cM. pucyHOK 5) Tpatutcs oT 2 10 5 muHyT. [Iporpammuas peanusanus Mo3BOJUIA MOJIYYUTh pe-
3yanaT yepe3 0.5-3 cekyHbl mociue 3any01<a npoliecca YTeHus IlByXMepHOI/I uHbOpMaIUU.

== . Ha pucynke 6 npu-
g ‘ ‘ l | BEJICHBI YEPTEXK U3ACIIUS
NE B /,:\ Kjacca  «aetanb» U

TpEXMEpPHBIE  MOJEIH,
MOJIyYEHHBIE  peaiu30-
BaHHBIM TMPOTPAMMHBIM
KOMILIEKcOM. B cpegnem
JUIST MIPOCKTUPOBAHUS
oI00OHOU Aeranu HeoO-
XOJIMMO COBEPIIUTH HE-
CKOJIBKUX JIECSTKOB

bhopmMooOpa3yrOITIX
omepauuid, Ha KaxIyro
13 KOTOPBIX 3aTPauynBaETCs 0 HECKOJIBKUX MUHYT; PEAIM30BAHHBIN MMPOTPaMMHBIN KOMILUIEKC Tpa-
TUT Ha CO3J]aHUE KaPKACHOWU MOJIEJIM MEHbIIIE MUHYTHI [21].

Pucynok 5 — [Ipumep noctpoeHust TpEXMEpHON MOJIENH 110 IBYXMEPHOMY YEPTEXKY

3akntoyeHue

[IpencraBiaeH mo3TanmHBIA aIrOpPUTM aBTOMATH3WPOBAHHOTO MpPeoOpa3oBaHusl JIBYXMEpPHOM
YEPTEKHO-KOHCTPYKTOPCKOM TOKYMEHTALUU B TPEXMEPHYIO KapKaCHYI0 MOJECIIb.
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6) B)

Pucynox 6 — Yeptéx neranu «3Be3aka» (a), Busyannzamnus tpéxmeproi moaenu B CAIIP Kommac 3D (0),
BH3yaJI3aIsl TPEXMEPHON MOJIeNH, MOJyYeHHAs IPU PUMEHEHHH pa3pab0TaHHOTO aIropuT™Ma (B)

[IpennokeHHbli MOAXO0A, COUYETAIOMN HUCIIOJIB30BAaHNE OTPAaHUYMUBAIOIINX MPSIMOYTOJIBHUKOB
U MPOEKIIMOHHBIX BEKTOPOB, 00ecrneunBaeT (pOpMUPOBaHUE ITPOCTPAHCTBEHHBIX CBSI3€H (TOMOIOTH-
YECKUX U METPUYECKUX) MEX]Y NPOECKIUOHHBIMU BUAAMU. BOCCTaHOBJIEHHBIE CBSI3U IIO3BOJIIOT
IIOCPEJICTBOM TPHUAHTYISALMA U MUHUMH3AIMK OIMIMOOK METOJ0M HaMMEHBIIMX KBaJpaTOB BOCCO-
371aTh 00J1aKO TOUEK — TPEXMEPHYIO TOUEUHYI0 Mojens. Ha ero ocHOBe ¢ ncnosbp3oBaHueM obOpa-
OOTaHHBIX MPOEKLMOHHBIX M300paKEHUI CTPOUTCS TpEXMEpHasl KapKacHas Mojelb. MHOIroBHUI0-
BOIl aHaJIM3 COOTBETCTBUS HECYIUX JIMHHUM péOep (BKIItOUas MpsAMbIE U AUIMNTUYECKUE TYI'M) Ha
BCEX IPOEKLUAX MO3BOJIAET YCTAHOBUTH CTPYKTYPHBIE CBA3M MEXAY TPEXMEPHBIMU BEPLIMHAMM,
YTO SIBJISETCS NMPEUMMYLIECTBOM IIPEICTaBIsIEMOrO aJIrOpUTMa Iepes METOAAMH, OTPAHUYCHHBIMU
npsiMosiHeiHbIME popmamu. [IpencTaBneHHBIN MOAXO0A MO3BOJSAET paboTaTh ¢ 0OBEKTaMH, Orpa-
HUYEHHBIMU IIJIOCKOCTSAMHU M IOBEPXHOCTSIMHU BTOPOro HOpsiKa (JUIMICOUAAMH, SIUIUITHYECKUMU
UWIMHAPAMH U JUTUITUYECKUMU KOHYCaMH), YTO PACIIUPSIET 00JIaCTh €ro MPaKTUYECKOro MpuMe-
HEHUS B IPOMBIIITICHHOM IIPOEKTUPOBAHUN.
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[IpencraBiaeHHBIN TOAX01 BHOCHT BKJIAJ B (popManuzanuio ooparHor 3agaun HI' u anroput-
MM3ALUIO €€ PELICHU.
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Abstract

This article describes the issue of automated transformation of two-dimensional technical drawings into three-
dimensional wireframe models. Existing solutions primarily provide one-way conversion of three-dimensional models
into two-dimensional drawings. The paper describes an algorithm for automated processing of projection views based
on the use of bounding rectangles to identify projection views and projection vectors to reconstruct projection link lines;
an algorithm for generating a wireframe model through analysis of the relationships between cloud points and edge pro-
jections onto projection views, taking into account various configurations of supporting lines (lines, ellipses) and ex-
panding the class of modeled bodies to objects bounded by planes and second-order surfaces (ellipsoids, elliptical cyl-
inders, and cones).The obtained results make it possible to significantly reduce the time required to construct a three-
dimensional model from two-dimensional drawings of objects for various purposes.
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List of figures

Figure 1 — Various cases of bounding rectangle placement: (a) and (b) the object belongs to the component and its
bounding rectangle is updated (shown in red on the right); (c) the object does not belong to the component
under consideration

Figure 2 — Initial projection views and generated projection vectors

Figure 3 — Translation vectors obtained during the algorithm execution and the identified origin of the Monge projection
system

Figure 4 —Formation of an edge between vertices V1 and V2

Figure 5 — Example of constructing a three-dimensional model from a two-dimensional drawing

Figure 6 — Drawing of the “Star” part (a), visualization of the three-dimensional model in KOMPAS-3D CAD Software
(b), visualization of the three-dimensional model obtained using the proposed algorithm (c)
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METO/bI U TEXHOJIOI' M IPUHSTUSA PEIIEHUI
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dopmMupoBaHue peLueHUn Npu BbiIbope aHepreTu4ecKkux

YCTAaHOBOK AnA o6ecrneyeHns aHeproapheKkTMBHOCTUN TepPUTOPUHM

© 2026, X. Apcona—Pyncl, J.I.T apcml-Mappepoz, M.A. IoaoxoBuy’ >,
B.P. Myxonr04, 1O.B. JlorBuHoBa’

1 .
Texnonoeuueckuil ynusepcumem I aganvt «Xoce Anmonuo Sueseppuay, I'asana, Kyoa

2
Yuuseepcumem Canepno, @uwano, Hmanus

3 . .
Cankm-Ilemepbypeckuii nonumexnudeckuti ynusepcumem Ilempa Benuxozo, Cankm-Ilemep6ype, Poccus

4
Yuusepcumem Kamasana bsuna, beneena, Ancona

AHHoOTauuA

HccrmenoBanre MOCBAIICHO pa3paboTKe MOAXoda K 0OecredeHHIo 3Heprod(p(EeKTUBHOCTH TEPPUTOPHH.
Lempio mccnmenoBaHus SBIACTCS MOJCITHPOBAaHHUE IpoIlecca BHIOOpA THIA M IOJICBOTO COOTHOIICHHUS
SHEPreTHUECKNX YCTAHOBOK IS Pa3NUYHbIX reorpaudecknx palloOHOB TEPPUTOPHUH. 3adaddl UCCIEI0Ba-
HUS 3aKJII0YAJINCh B aHAIN3E KPUTEPUEB PasMENICHHUS DHEPreTHYeCKHX YCTAaHOBOK, B aNTOPHUTMHU3AIIUH
MIPUHATHUS PEIICHUSA U ONPEACTICHUN MPOSKTHBIX BAPHAHTOB Pa3MENICHHUS COJTHEYHBIX M BETPSHBIX 3JICK-
TpocTaHuuii. [IpencTaBneHa MaTeMaTHuecKasi MOJENb TOMCKA PEIISHUI IS yAOBIETBOPEHHS MOTPeOu-
Teneil sHeprun TpedyemMol MOIIHOCTBHIO Ha 3aJaHHOW Tepputopur. ONTHUMAILHOE PEIIeHHe O BHIOOPY
9HEPreTUUECKUX YCTAHOBOK OCYIIECTBISCTCSA C MCIIOIB30BaHHWEM paccTosHus UebObimena. OmnpenenaeHsl
Kputepun 3((GEKTUBHOCTH, MO3BOJISIONINE cHOPMHUPOBATH TPEOOBAHUS K IPOCKTHBIM DEIICHHUSM HpH
IIPOCKTUPOBAHNH CHCTEMBl HEPrOCHAOKEHUs. YCTaHOBJICH HaOOp JAaHHBIX, KOTOPBI KOPPEKTUPYETCS
JIMLIOM, NIPUHUMAIOIIUM PEIICHHE, ISl JOCTHIKEHHST KOMIPOMHUCCA MEX/IY IOKa3aTessiMi SHeproddex-
THUBHOCTH. Pa3paboTaH aJlrOpuT™M MOMCKA ONTUMAJIBHOTO PEHICHHS IIPU BBIOOPE SHEPreTHUECKUX YCTAHO-
BOK C y4€TOM BBEAEHHBIX orpaHnueHui. CHopMUpPOBaH KOMIUIEKC KPHUTEPUEB PAllMOHAIBLHOTO HCIIOJb-
30BaHUs BO30OHOBIISIEMBIX PECYPCOB TEPPUTOPUH C BBIOOPOM THIA M KOJIMYECTBA SHEPIeTHYECKUX yCTa-
HOBOK (COJTHEYHBIE MAHEJH, BETPOTCHEPAaTOPH! WIH UX THOPUAHBIE BapruaHThl). [IpencTaBieHs pe3ynpTa-
TBI MOJICTTUPOBAHNS HCIIOIB30BaHHUS BO30OHOBISIEMBIX HCTOYHUKOB SHEPTHH B PA3IMYHBIX 30HAX TEPPH-
TOPHUH C YIETOM PA3NUIHBIX (PaKTOPOB (HHTCHCHBHOCTH COTHEYHOTO M3ITyUCHHUS, CKOPOCTH BETPa U JIp.).

Knroueewte cnosa: npunamue peuwieruil, 3HepeodppexmusHocms meppumopuil, 8empoceHepamop, coi-
HeuHAs Nanenw, 80300HO8IAEMbII pecypc.

Humuposanue: Apcona-Pyuc X., I'apcua-Mappepo JI.D., Iloaroxoeuu M.A., Myxonzo B.P., Jlocguno-
6a 10.B. dopMupoBaHUe peIICHUI NMPH BHIOOPE YHEPTETHMUYECKUX YCTAHOBOK JUISI OOCCIICUCHHUSI DHEp-
roaddexruBHOCTH Tepputopuu. Oumonoeus npoexmupoganus. 2026. T.16, Nel(59). C.111-124. DOI:
10.18287/2223-9537-2026-16-1-111-124.

QDunancuposanue: UCCIieI0OBaHNE BBITIOJIHEHO TP TOAep)KKe MUHUCTEPCTBA HAYKH M BBICIIETO 00pa-
3oBaHus Poccuiickoit @eneparun B pamMkax coriamenns Ne 075-15-2025-673 ot 20.08.2025.
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MIOCTPOCHHUE MaTeMaTudeckux Mmoxenei; Ioaoxosuy M.A. — 0030p peneBaHTHBIX padboT; Myxoneo B.P. —
MOJICTTUPOBAHHUE 3a]]a9H ONTUMAIBHOTO BBIOOpA SHEPTETHIECKIX 00BEKTOB; Jlocsunosa IO.B. — 06paboT-
Ka MOJYYCHHBIX PE3yIbTaTOB.
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Dopmuposanue peutenHull npu 6b100pe IHEPSEMULECKUX YCTNAHOBOK 01 0becnedeHs IHep2odPPeKmusHocmu meppumopuu

BBegeHue

[TpoMbIIITIEHHOE pa3BUTHE CHOCOOCTBYET YBEIMUYCHHIO YHEPrOEMKOCTH CHIPEBBIX OTpaciel B
CBSI3U C SKCTPEMAJbHBIMH KIMMATHYECKMMHU YCIOBHSIMU M OTPOMHOM TeppUTOpuUEll psija rocy-
napctB [1]. TlosTomMy akTyanbHa mpobiiemMa oOecredeHus: MOoTpeOuTeNnell yCTOMUUBBIM DIIEKTPO-
cHaOxeHueM [2]. OTo 00YCJIOBIEHO H3HOLICHHOCTHIO 3JIEMEHTOB 3JIEKTPOIHEPIeTUUYECKUX KOM-
TUIEKCOB U BO3JICMCTBUEM IKCTPEMATBHBIX KIMMATHUECKUX YCIOBHM, MPUBOAIIMX K MEepedosiMm B
nepeznaye anekrposHepruu [3, 4]. Mcrouienue 3anacoB HEBO30OHOBIIIEMBIX NPUPOIHBIX PECYPCOB
IPUBOIUT K HEOOXOIMMOCTH MPUMEHEHHS BO30OHOBIISIEMBIX UCTOYHUKOB dHeprun (B1D): comneu-
HBIM CBET, MOTOKU BOJIbI M BO3/AYyXa, reoTepMaibHoe Temio [5, 6]. [llupoko pacnpocTpaneHo npu-
MEHEHHE BETPOIHEPTETUYECKUX U (POTOITEKTPUUECKUX YCTAHOBOK B CBS3H C MX OTHOCHUTEILHOU
IPOCTOTOM 3KCILTyaTallud U BO3MOXHOCTBIO IIOBCEMECTHOI'O UCIOIb30BaHus [7, 8], HO CyliecTByeT
npobaema GOpMUPOBAHHS PELICHUS N0 UX PAIMOHATHHOMY Pa3MEIICHUIO HA TeppuTopuH [9].

[TocTosiHHOE 37E€KTpOCHAOKEHHE 0OBEKTOB TEPPUTOPHM BHE 3aBHCHMOCTH OT COCTOSIHMSI Tpa-
JUIMOHHOM 3JIEKTPOIHEPreTUUECKON CUCTEMBI U C LIENIbI0 CHUYKEHUS yllepOa OKpyXkaroliei cpeje
IPU HUCHOJIB30BAHUU HCKOIMAEMBIX PECYpCOB MOXKET oOecreuuBarbes ruOpuaHoi cuctemoit BUD,
NpEeCTaBISIoNmEeH co00i KOMOMHAIIMIO COBMECTHO PAa0OTAIOMIMX MCTOYHHKOB SHEpruu. B Takmx
cucrteMax 00bIYHO MCIOB3YI0T BUD (coiHeuHble naHe I, BETPOreHepaTophl) U pe3epBHbIE HCTOY-
HUKHU (IU3€b-TeHepaToOphbl, aKKYMYJISTOPBI), UTO MO3BOJISIET CHU3UTH 3aBUCHMOCTb OT TPaJAMUILIMOH-
HOTO TOIUIMBA, YMEHBILIUTH 3aTPaThl U 00E€CIEUUTh HEMPEPBHIBHOE YIHEPTOCHAOKEHHE.

CucTeMbl IPUHATHS PEHICHUH BKIIOYAIOT OoJbiIoe KommdecTBo moacuctem [10]. Ontummsa-
IIUOHHBIE 3314l CTAHOBATCS OOJBIIMMHU, a MpoLecc GOPMUPOBAHUS PELICHUS — 3aTPATHBIM JIaXe
JUIst cyniepkominbioTepoB [11]. JlekoMno3uiys cucTeM BbI3BaHA TEM, YTO aHAJIU3 BCEX JIEMEHTOB U
B3aUMOJICHCTBUI MEXy HUMH IIEeperpykaet mpouecc o0padbotku nnpopmanuu [12].

Pemenust mo BBIOOPY M pa3MENICHUIO SHEPreTHYECKUX YCTaHOBOK (DY) HOIKHBI YYUTHIBATH
XapaKTePUCTUKH TEPPUTOPUHU, KIMMATHYECKUE YCIOBHUS, MOTPEOHOCTh NMPOMBIIUIEHHBIX MPOU3-
BOJICTB U HAcCEJICHUs B AIEeKTpodHepruu. [Ipu sTom HE0OX0AMMO OTMETUTH ClIa0yI0 CTPYKTYPHUpPO-
BaHHOCTb JJAHHBIX XapakTepucTuk [13].

Lenbto uccnenoBanus ABIsETCsA pa3paboTKa MOIX0Aa K (OPMHUPOBAHUIO PELLICHUN TP BBIOOpPE
OV niis yoBIETBOPEHUS TEPPUTOPUATIBHBIX TIOTPEOHOCTEH.

1 KpMTepMVI pasMeLlleHnA 3HepreTu4eCKnxX yCtaHoOBOK

3amavya pyHKIMOHAIBHOTO 30HUPOBAHUS TEPPUTOPHUH C YUETOM pa3MenieHus DY BKIIOUEHA B
cTpaTeruto reppuropuainbHoro pazsurus (TP), koropas HampaBieHa Ha (GOpPMHUPOBAHHE MPOMBbIIII-
JICHHOM, CEeJIbCKOXO035HCTBEHHOM U cepBUCHON oTpacieit [14], BkiIrodas ceTu A0por, BoJOCHaOke-
HUS, CBSI3U, SHEPrOCHA0KEHHUS, BOJOPACIIPEAETICHUS U T.II. IS KaX/J10r0 U3 PaiiloHOB, COCTABIISIO-
X TEPPUTOPHIO, a TaKXkKe ¢ yu€ToM MmoTpedHocTel Onmusnexamux Tepputopuit. Ha pucynke 1
npeacTaBieH Habop KoMroHeHTOB cucteMbl TP. TP xacaercs BceX CEKTOpPOB SKOHOMUKH U JIOJKHO
KOPPEKTHPOBATHCSI B KAXKIOM BPEMEHHOM pa3pese (F0J0BOM, KBAPTAIBHOM, €KEMECSYHOM U OTie-
pPaTUBHOM), a TaK)Xe MPU JEKOMITO3HMIIMU 0 (PYHKIMAM MPOU3BOJICTBEHHOU neaTenbHOCTH [15].
Cxema coryiacoBaHus CEKTOPOB MPOUCXOAUT JIJISl KaXK0M 30HBI, KAK TOKA3aHO HA PUCYHKE 2.

B nepeuens meponpustuii TP BXOAUT NaHUpPOBAHHME PACIOI0KEHUS SHEPreTUYECKUX CEeTeH
1o Bceil Tepputopun. [InanupoBaHue yuYuTHIBaCT HATMYHE PECYPCOB U SHEPTETUUECKUE MTOTPEOHO-
CTH, OTpejessieMble MporpaMMaMi SKOHOMHUYECKOTO M COLMAIIbHOTO pa3BUTUs Tepputropuu. [Ipu
BbIOOpe DY, B T.4. /Ul NPOU3BOJICTBA SHEPTUU C MCIIOJIB30BAHUEM PA3TUYHBIX PECYPCOB VI yI0-
BJICTBOPEHUS CIIpoca, HeoOXxoauma pa3OuBKa 10 30HaM, BUJJaM UCTOYHUKOB SHEPTUHU U LIEIISIM.

N3ydeHne xapakTepUCTUK TEPPUTOPHH MO3BOJISIET OMPENSIUTh TOTPEOHOCTH B DHEPTHH, KOTO-
pble HEOOXOMMO YAOBJIETBOPUTH B TEUCHHE PA3IMYHBIX BPEMEHHBIX NEpHoI0B [16]. DTOT aHam3
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HaIpaBJieH Ha BBISBICHUE CBA3EH, HAa3bIBAEMBIX KOOPIUHAIIMOHHBIMH ITEPEMEHHBIMU, MEXKIY U3Y-
yaeMoil 1 0oJiee KPYIHON IHEPreTUYECKUMH CUCTEMaMH.

basa baza
30"[1|)OR6IIHC TCPPHTOPHI W JIAHHbIX JIAHHBIX
onpeeneHue NapameTpoB 30H CEKTOpOB
JleKOMIIO3HIIS 110 CeKTOpaM \ /
cydT1eppHTOpHI —
MozeTmposate, Gopmupoanie U BLIOOP 3HAYEHNH
TpagITeckoe MpelCTaBTeHHe arperupoBaHmbIX MEPEMEHHEIX
[TpoeKTHpoBaHHe cxeM B 0 p ANs 30HbI N0 CEKTOPAM.
= e o —p UAKTPAINA pertiekuii, |~ | [IpUHATHE pelnennii : bt :
TEPPHTOPHAILHOFO PASBHTHS IONYYEHHBIX € TOMOLLEH0 enepaums BApUAHTOB 30HbI

MOUEJIEHT OLITHMU3ALNH

Cocra BapHaHTOB N0
cyOTeppHTOPHAM

Coctas BAPHAHTOB 10 Beeil "enepauns I"enepauns "eHepauus
TepPHTOPHH BApHaHTOB BapUaHTOB BapPUAHTOB
30HHI | 30HHI 2 30HBI N

Pucynok 1 — Habop KOMITOHEHTOB CHCTEMbI TEPPUTOPHATLHOTO Pucynok 2 — CxeMa coriacoBaHHsI CEKTOPOB ISt
pasBUTHUA KaKJIO! 30HBI

B naHHOM HccnenoBaHMU KOOPAMHALMOHHBIMY IIEPEMEHHBIMH SBJISIIOTCS CIEAYIOIINE:
"  MakCHMaJbHas MOLIHOCTb, HEOOXOAUMAs JUIsl BCEH TEPPUTOPHU U JUIs KAKAOH €€ 30HbI;
"  [OTEHLHMAJ JOCTYIHBIX HA MECTHOM ypoBHe BUD.

Hanpumep, pazmenienne BID Ha teppuropun Pecriydnuku Ky6a 3aBUcHT OT psiga pakTopos.

1. Pacmipenienienrie CKOPOCTH BeTpa 1O TEppHUTOpHH. Bo BpeMst cyXoro ce3oHa, JUBIIErocs ¢ HOsOps IO ampelb,
CpenHsAs CKOPOCTh BeTpa paBHa 7,5 M/c, BO BpeMs BIQXKHOTO ce30Ha — 6,2 M/c. BiusHue oxasbiBaeT oporpadus Mect-
HOCTH, HalIpUMeEP, IIPUCYTCTBYET 3(P(PEeKT YCKOPEHHs BeTpa B IPUOPEKHBIX 30HAX.

2. Hanpasnenue Betpa. IIpeoGnagaroniee HanmpaBiIeHNE MacCaTOB — CEBEPO-BOCTOYHOE C BEpOSATHOCTHIO 60-70%.
MyccoHsl, Ha0MI01aeMBbIe ¢ UIONS 10 OKTSOPh, MMEIOT HalpaBJIeHHE F0’KHO-3aMaiHOe C BeposITHOCTHI0 20-30%.

3. DkerpeManbsHble IOroAHbIe ABIeHus. Ha Tepputopun KyObl BO3MOKHO BO3SHUKHOBEHHE yparaHa.

C yuéroMm yka3aHHBIX (AKTOPOB MOXET OCYLIECTBISATHCS BHIOOp THUIA TypOMHBI BETpOreHepa-
topa (BI') B 3aBucuMocTH OT cpenHeil ckopoctu BeTpa, 3ameHa BI' Ha conneunsie nmanenu (CII)
IIpU CpeHEN CKOPOCTH BeTpa MeHblle 4 M/c (COCTOSHHE aTMOc(epbl, TPUOIMKEHHOE K IITHIIIO)
i 6osble 25 M/c (cocTostHUE aTMOC(ephl, MPUOIMKEHHOE K IITOPMOBBIM YCIIOBUSM).

[IpenycmoTpeHa Koppekius KO3(PQPHUIIMEHTOB Ha OCHOBE METEOPOJOTMYECKUX YCIOBHMM pac-
CMaTpUBAEMOI0 y4acTKa TEPPUTOPUH:

alt)=

k,, cyxoil ce30H (HOsIOpb-anpensb),
k,, BIIaXXHbIN CE30H (Mail-OKTAOpB),

rae o(t) — BecoBoil koddumment, orpaxaromuii oo CII B obmem konmuuectse BUD mpu yrno-
BJIETBOPEHUU OrpaHuueHus o(t)=1-—f(t), e f(t) — BecoBoit K03(ppuLmeHT, oTparkaromuii 1010
BI' B 06miem konuyectse BUD.

2 KOHLI,eHTyaanaﬂ MaTeMaTu4dyecKkasa mMmoaernb Bbl60pa dHepreTu4eCKmMxX yCtaHOBOK

st bopmupoBaHus penieHus 1o Bpioopy DY HE0O0X0AMMO MOCTPOUTh MaTEMaTUYECKHE MOJIE-

7Y, ONMUCBIBAOIIIME MOIITHOCTh, TeHepupyemyto BHUD (CIT1 u BI).
prunnamu npumenenus CI1 Ha Tepputopun KyObl SBISIOTCS: paBHOMEPHOE PaCIpeeliCHHe COTHEYHON SHEPTHH
B TEUYCHUE JIHS; MUHUMAJIbHBIC TPEOOBaHUS K HHQPACTPYKTYpE IPU YCTAHOBKE U IKCILTyaTaI[UH;, HIU3KUE IKCILTyaTallH-
OHHBIE PACXOJIbI, B T.4U. U3-32 OTCYTCTBUSI MIOABMKHBIX YaCTEH; BHICOKUI CPOK IKCILTyaTanun (6onee 25 ier).
ITpuunnamu npumenenuss BIT Ha Tepputopun KyObl sSBISIOTCSA: BO3MOXKHOCTH T'e€HEpaluu OOJBIUX 00BEMOB
SHEPTHH; BO3MOYKHOCTh AKCIUTyaTaIllii B TEMHOE BpPEeMs CYTOK; BO3MOXXHOCTH JKCIUIyaTallMd B IIHPOKOM JHAIa30HE
MTOTOTHBIX YCIIOBHH; BO3MOYKHOCTD CO3/IaHHS KPYITHBIX BETPOMAPKOB.
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VY enpHas MOLIIHOCTh BETPOBOIO MOTOKA Epryy CO CPEIHEH CKOPOCTBIO V Uepe3 €IUHUYHYIO
wiom@ne onpenensres no popmyne [17]: £, =0,5- p-V’, Tl€e p — IJIOTHOCTh BO3JyXa, PaBHAs

1,225 ko/m™; v — CPEIHsIsl CKOPOCTh MTOTOKA BETpa, M/C.

s CII u3BecTHO, YTO Ka)K70€ MOBBILIEHHE TEMIIEPATYPbl IOBEPXHOCTH COJIHEYHOIO MOIYJIS
Ha 1°C 1o cpaBHEHMIO CO CTaHJAPTHOM TeMIlepatrypoil, paBHOU 25°C, NPpUBOAUT K CHUKEHUIO €ro
koa¢durnmenta monesnoro naeiicteus (KI1I) va 0,5% [18].

Bnusinue temneparypsl Ha 3ddextuBHOCTs CII MOXHO HpoaHAIM3UPOBATh C MOMOIIBIO Clie-
nytouiero Bbipaxkenus [191: 7q, =nep(1= (T, =T ), Tie Nen, — KM CIT ipu Temniepatype
okpyxatoment cpenpl; N+ — KII CIT aiis paccmatpuBaemoil MoJienu; ﬂ* — K03 (HUIMEHT TeMIIe-
parypsl ais spdextuBHOCTH stueiiku (00braHO 0,004...0,005°C); 77 — TemnepaTypa MoBEpXHOCTH
CII; T — sranoxHas temriepatypa (25°C).

MomrHocts, reHepupyemass CII, Moxker OBITb BBIpaXEHa B  CIEAYIONEM  BHJE!
E. (x,y,t)=G(x,y,t) Ay, ey » TR G — HHTEHCUBHOCTh COJIHEYHOTO M3JIyYEHUS HA 33aJaHHOM
Y4aCTKE TEPPUTOPHUH, Br/m?; Acyy — o6mast mwiomans CIT Ha paccMaTpuBaEMOM YYaCTKE TEPPUTO-
pun, M%; ¢ — KT CII; x 1 y — reorpauaeckre KoOpAHHATH TEPPHTOPHIL; f — BPEMSL.

KIIZ CII, xpome temreparypbl, 3aBUCHT OT O0NaYHOCTH: T)cy = fop My, » TAC fom — KO3 u-

1MeHT, nokaspiBaromuid qomo KIIJ[ ot ucxognoro 3HaueHus: B 3aBucuMoctu oT oOnaunoctu (C).
YcranoBneHsl crienayromue 3aadeHust fop7 [20, 21]: ecmu C < 50%, T0 for = 1; ecm 50 < C < 70%,
10 ferr = 0,5; ecn 70 < C < 90%, 10 ferr = 0,3; ecnu 90 < C < 100%, To forr = 0,1.

MomHoctb, TeHepupyemass BI, Moker ObITh BbIpa)k€Ha B  CIEIYIOIIEM  BHUJE:
E (%, 3,t)=0,5-p-v(x,y,t)’ 11, Ay -k, tie npr — KIJ1 BI'; Apr — o6mas miomaas poropos Bl
Ha paccMaTpUBAEMOM YYacTKE TEPPUTOPHUH, M*; k — 0,998 (KOppeKTHpOBKa Ha KIMMATHYECKUN
tpenn). KILJ] BI' 3aBucut ot ckopoctu BeTpa: 17, = fyr *Mgro» TAC fpr — KOODOUINECHT, TOKA3bIBa-

rormumii oo KITJ] ot ucxoaHoro 3HaUeHHs B 3aBUCUMOCTH OT 3HaUEHHUS CKOPOCTH BeTpa (v, M/C).

YcTaHOBNEHBI CleqyIoKe 3HaYeHUs fpr [22]: ecnmu v > 4, 10 fpr=1; ecnu 3 < v <4, 10 fpr =
0,5;ecmm 2 <v <3, 710 fpr=10,3; ecmu v <2, 10 fzr=0,1.

D’

[Tnomans poropa BI' ¢ ropu3oHTa bHOM OChIO BpamieHus:: Ay, = R rae D — nuaMmeTp BeT-
pokoJieca, M.

Monens 171 BbIOOpa onTUMalibHON cucTeMbl BID MoskeT ObITh MpejacTaBieHa B CIEAYIOIIEM
Bune: Ey . (x,y,z)=a-E,(x,y,t)+ B -Ey(x,y.t), rne a, f € [0,1] — BecoBble k03()(DULUEHTHI
(3aBUCAT OT IPUOPUTETOB CUCTEMBI 3JIEKTPOCHAOKEHUS ); z — KpUTepHH 3(H(PEKTUBHOCTH.

@DyHKIUSA TOJE3HOCTH 3aJaéTcsl paccTossHueM YeObleBa Kak pa3HOCTh 3HAYEHUH pacCuUTaH-
HBIX IMOKa3aresiel MoUIHOCTH, reHepupyemoid BIID, u HOpMUPOBAaHHBIX W€AIbHBIX 3HAUYEHUH, TO
ecTb TpeOyeTCcst MUHUMH3UPOBATh paccTosiHue YeOrbleBa 10 jKeTaeMbIX OKa3aTelen:

E. —E ||E. —E ] (1)

cr; cri; Br, — *=ar,
rae X — MHOKECTBO BO3MOXKHBIX PEIIeHU; n — konuuecTBO Bapuauuit Ecyy, Epry Ecir = (Ecri, Ecm,
o, Ecin), Esr = (Esry1, Epro, ..., Epry) — BapuaIuu MOIIHOCTEH, T€HEPUPYEMBIX COJTHEYHOW U BETPO-
BOH mojcuctemMamu cucteMsl BUD ans ynoBieTBopeHUs: MOTpeOHOCTEH 00BEKTOB, COOTBETCTBEH-
HO; ECH*, E B]"* — TpeOyeMble MOIIIHOCTH, TEHEPUPYEMBIE COTHEYHON M BETPOBOM MOJICHCTEMAMH CH-
crembl BUD ans ynoBneTBopeHus: moTpeOHOCTEN 00BEKTOB, COOTBETCTBEHHO. 3a/iada CBOJUTCS K

* *

>

E,,, =min max[

xeX i=l,...n

"' Tlo manusvM NASA GISS (https://www.giss.nasa.gov/) HabJI0aeTCs CHIDKEHHE CpejHei ckopocTi Betpa Ha 0,2% B o 3a 1980—
2020 rr. CoOTBETCTBEHHO, HEOOXO0/[IMa KOPPEKTHPOBKA MaTEMAaTHIECKOW MOJIEH ITyTEM BBE/ICHUS KO GHIIMeHTa JuIst yuéra JaH-
HOTO TPEH/a.
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MOMCKY TakuX 3HaueHUil Ecy, Epr, IpU KOTOPHIX HauOousbliee OTKIOHEHHUE MO 000N Bapuanuu
MUHHUMAJIBHO.
Kputepuii pemienus nis ontuMaibHOro pasmenienus BUD nipencrapisieTcs B ClIeayOINIEM BU-
ne:
Bri6op connreunoit nanenu, ecim C < 0,5;

Br160op BeTporeneparopa, eciu v > 4;

['ubpuanas cucrema, UHaye.

3 Mpumep ana Pecny6nuku Kyba

DJeKTpoIHepreTuyecKast CucTeMa MPeCTaBisieT cOO0H KOMOMHAIUIO MOJCUCTEM TEII0JICK-
tpoctanuuii 1 BUD. Ilepnonnyeckn BOZHUKAaET HEOOXOIUMOCTh BOCIIOJIHEHHSI 1e(DUIIUTA 3IEKTPO-
sHepruu myTéM ucnonb3oBanus BUD. Tlepebopom BapuaHTOB (HOPMHUPYETCS ONTUMAIIBHOE pelle-
HUE I10 UCIIOJIb30BaHMIO B mojcucteMe BUD Toro nnu nHoro Buga BUD unu e€ ruGpuaHoro Bapu-
anTa. [ MOpHUIHBIC TTOICUCTEMBI, XOTS U 00eCIeunBaloT 0oyiee CTabMIbHOE SHEPTOCHAOKEHUE, Tpe-
OyI0T OOJBIINX HAYaJbHBIX MHBECTHIIMHA U 00JIee CIOKHOIO TeXHUYECKOro o0ciyxuBaHus. Beioop
mexay CII, BI' unu rubpunnoit cuctemoii 3aBucuT ot psiaa dpaxropos. Kybda pacnonoxxkena B Tpo-
IIMYECKOM KJIMMAaTHYECKOM MOsICE, TI€ BBHICOKMI YPOBEHb COJHEYHOI'O M3IY4YEHHS COXPaHSETCS B
TEYCHHE BCETO roJia, 9To 00ycioBimuBaeT BeIOOP B mob3y CII kak 3(h(peKTUBHOTO MCTOYHHUKA dHEP-
ruu. [Ipu 3TOM OCTpPOB NOJBEP)KEH NACCATHBIM BETpaM, 4YTO CO3JAET XOpOIIWE YCJIOBUSA AJIS MC-
nosib3oBanus BI'. Pacnipenenenue BeTpoBbIX pecypcoB MOXKET ObITh HEPABHOMEPHBIM IO TEPPUTO-
pun octpoBa. Teppuropus PecnyOnauku Ky6a ycinoBHO moneneHa Ha 4eThlpe 30HBI (PUCYHOK 3).
Jns aHanvza TEppUTOpPUU C LIENBIO BbIOOpa HambOosee monxonsmero BUD ucnonb3yercs mpo-
CTPaHCTBEHHO-BPEMEHHAs CETKa C pa3pelleHu-
em 10x10 kM, BpeMeHHOM 1miar — 3 yaca.

Jlis MoJenupoBaHusl 3a/la4d BBIOpaHO IO
OJIHOH siyeiike B KaxJ0il 30HE (suelku ¢ 4ép-
HOM 3aJIMBKOM Ha pucyHKax 4, 5). Mereoposo-
TMYECKUMHU ITapaMeTpamMu KaXIOW SYEHKH SIB-
JSAIOTCS: UHTEHCUBHOCTb COJIHEYHOI'O M3JIyde-
mns (G, Br /Mz); CKOpOCTh Betpa (v, M/c); 06- Pucynoxk 3 — Cxema nenenust Pecriy6iuku Ky0a Ha 30HbI
naudocth (C, %); Temmeparypa Bozayxa (7,
°C). Heobxonumble mapamMeTpsl Ui SYEHKH MOTY4eHbI ITPH MOMOIIM MHCTPYMEHTA JJIsl BU3yallu3a-
UM MPorHo30B norojel « Windy» - https:// www.windy.com/ (pucynku 4-5, Tabnuma 1).

Cxema anroput™a GOpMHUPOBAHUS pEIIeHUH Py BeIOOpe DY npescTaBlieHa Ha PUCYHKE 6.

PaccmoTpeHnsl ycnmoBusl 3a7aud, KOrja JUIsi OTMEUYEHHBIX S4YeeK B 30HAX TpedyeTcsi, YTOOBI
MOILHOCTb 3JIEKTpO3HEpruu, renepupyemort BUO, cocrasnsna 80 xkBr. Ilycts Ecii u Egp pPaBHBI
80 kBT, a B cBSI3U ¢ MOTOIHBIMH YCIOBHUSIMH MOKET OTCYTCTBOBATh OJIUH U3 pacCMaTPUBAEMBIX pe-
cypcoB. B xauecTBe nnpuMepa NpuBeaEH pacu€T Ecy v Epr i1 A4elKU 30HBI I, KOTOpas xapakrepu-
3yeTcsl CIEAYIOIMMU METEOpPOJIOTHYECKUMHU TapaMeTpaMU: UHTEHCUBHOCTb COJTHEYHOTO H3IIyde-
Hust 520 Br/M%; cpejtasis ckopocTh Betpa 4,8 M/c; 061aunocTh 15 Y%.

Ha ocHoBe npuBeAEHHBIX JaHHBIX NMPOU3BEAEH PACUET MOIIHOCTEH, TeHEPUPYEMBIX MOJACUCTE-
mamu BUD s siueiiku 305! | o BeimenpuBea¢HHbIM opmynam Ha 22.10.2025 B 11:00:

Ny =1-0,2-(1-0,005-(29-25))=0,196; 1, =1-0,3=0,3;
E.,, =650 Bm/ m* -1000 v” -0,196 =101,9 xBm ;

E,.=0,5-1,225ke/ m (4,8 m/c)*-0,3-1500 m* =30,5 xBm .
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~ a) mara: 22.10.2025 r., Bpemsi: 11:00

s

H

Eissas]

0) mara: 22.10.2025 r., Bpems: 14:00

B) mata: 22.10.2025 ., Bpems: 17:00

Pucynox 4 — OroOpaskeHne pacrpeereHust HTHTEeHCHBHO- Pucynox 5 — OtobpaskeHne pacrpeaeneHust CKOpoCTH
CTH COJTHEUHOT'O M3JIy4eHHs X TEMIIEPATYphl OKpYyJKalollle-  BETpa U TEMIIEPATypbl OKPYKAIOIIEro Bo3/yXa Ha TeppHU-
ro BO3yXa Ha Tepputopun KyObl ¢ nHTEpBaIOM BpeMeHH Topun KyObI ¢ mHTEpBaioM BpeMeHH 3 yaca

3 gaca

Tabauma 1 — MeTeopoIOrHUeCKUE MapaMeTPhl TYCCK, MOTyUYCHHBIC TIPU momoly nmoprana « Windy»

Ho- 22.10.2025 11:00 22.10.2025 14:00 22.10.2025 17:00
3“3;’11; Bgl’wz T,.°C | v,mlc | C,% BS;E T.°C | v.mlc | C,% BS&Z T.°C | v,mlc | C, %
I 520 29 4.8 15 800 29 5.1 2 500 29 4.8 2
i 600 28 4.3 28 740 28 5 32 270 28 5 45
11 570 26 5.1 76 650 26 4 99 270 26 4 56
v 490 28 3 53 520 28 1.8 97 100 28 1.5 | 80

Pesynbrathl pacuéra /it BceX siu€eK MPUBEICHBI B TaOIHIIE 2.

Jlnst mogbopa onTUMaNbHBIX 3HAYSHHUH o0 M B HA OCHOBE MUHMMM3AINH pacCTOsTHUs YeObleBa
(1) marmucan ckpunt B Matlab (cM. pucyHok 7). Pe3ynbTaTsl pac4€ToB ¢ MPUMEHEHHEM CKPUIITA JJIs
BBIOpAHHBIX SYEEK PACCMATPUBAEMBIX 30H MPUBEIEHBI B TabIuIE 3.

Ha ocHoBe momy4eHHBIX pe3ynbTaTOB MOCTPOCHA KapTa ¢ pacnpeneneHuem nojacucrem BUD Ha
tepputopun KyObl B pa3Hble BpeMEHHBIE TePHOIbI (PUCYHOK &).

B saeiixe 30ub1 [V HAanbomee npennoututenbabiM BUD it BoconHeHus aedunura YHEPTUA
spisitoTest CIT Bo Bce paccMOTpeHHbIE BpeMEHHbIE Mepuoibl. B suelikax OCTalbHBIX 30H MPEArno-
YTEHUE OTAETCs TMOO0 THOPUIHBIM CUCTEMAM, JIMOO OJTHOMY M3 JOCTYITHBIX BHI0B DVY.

AHanu3 TMOJTYYeHHBIX pPE3yabTaTOB TOKa3aj, YTO HCIOJIb30BaHHME OHOro Buaa BUD mpu
Ha0JII0JJaEMBbIX METEOPOJIOTUUECKHX YCJIOBHSIX MOXET He O0O0eCreduTh TpPeOyeMyl MOITHOCTD.

116 2026, vol.16, n1, Ontology of Designing



X. Apcona-Pyuc, J1.D. I'apcus-Mappepo, M.A. [lonioxosuu, B. P. Myxoneo, FO.B. Jloceunosa

B takux ciydasx 1enecoodpa3Ho HCIOIb30BaTh MOIMHOCTE BID, pa3sMemEéHHbIX B COCETHUX SUCH-
Kax, TJIe B 9TOT K€ MEPUOJ BPEMEHU MOTYT HAOIIOIAThCSI METEOPOTIOTHYECKHUE YCIOBHS, CIIOCO0-
CTBYIOIIME TeHepauu OoJbiei MonHocTH BUD.

Havamo

IIpeacTaBuTh ¥ 4aCTOK TEPPHTOPUH B BHIC
TIPOCTPAHCTBEHHO-BPEMEHHOIT CETKI

v

A

BRIOPATE SUCifKY T aHAITa

Y

PaccyuTars SHEPreTHYCCKHH TIOTEHIHAT
stueiiku (Ecm. Epr)

y

Hcnonb30Bars B JAHHOI AUCHKC
COJTHEUHYIO TIAHETh

Hicmom30BaTh B TAHHOM sTueiike
BETPOTEHEPATOP

Hcnos30BaTh THOPHIHYEO

cucreMy

Ia

OcTamueh AUeiiku 11 ananusa?

Pucynok 6 — Cxema asnropurMa pOpMHUPOBaHHS PEIICHUH NTPH BBIOOPE IHEPTETHIECKUX YCTAHOBOK

Tabnuna 2 — Pe3ynpTaTsl pacuéTa MOIHOCTEH, TeHEPHPYEMBIX COTHEYHOIl M BETPOBOM MOJICUCTEMAaMH JIEKTPOIHEpre-
TUYECKOU CUCTEMBI

Howmep 30HBI I Jen Ncn | Ecp, kBm | Jsr | 1Br | Epr, kBt

22.10.2025 11:00

1 1 0,196 101,9 1 0,3 30,5

11 1 0,197 118,2 1 0,3 30,5

111 0,3 0,0597 34,0 1 0,3 36,6

v 0,5 0,0985 48,3 0,5 0,15 3,7
22.10.2025 14:00

1 1 0,196 156,8 1 0,3 36,6

11 1 0,197 145,8 1 0,3 34,5

11T 0,1 0,0199 12,9 1 0,3 17,6

I\ 0,1 0,0197 10,2 0,1 0,03 0,2
22.10.2025 17:00

1 1 0,196 98,0 1 0,3 30,5

11 1 0,197 53,2 1 0,3 34,5

111 0,5 0,0995 26,9 1 0,3 17,6

I\ 0,3 0,0591 5,9 0,1 0,03 0,1
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>> % JVICXOnOHEIE NaHHEIE

E_target = 80; % TpebyeMasa MONMHOCTbL BU3
Esp_star = 80; % TpebyeMas MomHOCTb CII

Evh star = 80; % Tpebyemass MoOUWHOCTbH BI

Esp = 101.9; % CyumecTByllasd MoOWHOCTbL CII
Evh = 30.5; % CyumecTByomas MoOWHOCTbE BI'

C = 0.15; % OByjaYHOCTH

v = 4.8; % CkopocTh BeTpa

% MHMUMANM3auMsS ONTUMAJILHEX SHaYeHUR

optimal alpha = NaN;

optimal beta = NaN;

best_error = Inf; % XPaHUT MMHMMAJIBHOE HalOeHHOE OTKJIOHEeHue

% IlpoBepKa CIeuMalIbHHX CJlydaes
if C < 0.5 && v <= 4
% Jcnonps3yeTcss Tolbko ECII
E = Esp;
optimal_alpha = 1; % Beck BKJIan B TpebyeMyio MOMHOCTL BMU3 BHOCMT ECII
optimal beta = 0;
disp ('Beck BKJIamD B TpebyeMyo MONWHOCTb BU3 BHOCMT ECI');
elseif v > 4 && C >= 0.5
% Bechb BKJIan B TpebyeMmyio MOIHOCTBL BU3 BHocuT EBI
E = Evh;
optimal_alpha = 0; % Bechb BKJIam B TpebyeMyo MomHOCTb BMD BHOCuUT EBT
optimal_beta = 1;
disp ('Bech BkKJNanm B TpebyeMmypo MoOmMHOCTHE BU3 BHOCHUT EBIT');
else
% NombupaeM onTuMasIibHOE CoOUYeTaHMe IJiS HNOCTMXEeHuUs 3HadeHua E_target
alpha_range = linspace(0, 1, 1000); % BosMOXHbe 3HadYeHMA anbda

% PaCCManMBaeM BO3MOXHEIE 3Ha4YeHus anb(}:a

for i = 1l:length(alpha_range)
alpha = alpha_range (i)
beta = 1 - alpha; % Tak KakK [OCTAaBJIEHO YCJIOBME «& + B = 1»
E_current = alpha * Esp + beta * Evh;

% OUueHMBAeM OTKJIOHEHME OT ueam

error = abs(E_current - E_target);

% BeISMpaeM HauJlydllee pelleHue

if error < best_error
best_error = error;
optimal_alpha = alpha;
optimal beta = beta;
E = E_current;

end

end
end

% BLIBOOMM pe3yJbTaT

fprintf ('OnTuMmaneHele kosdduumenTer:\n');
fprintf('Ansda (x): %.4f\n’', optimal_alpha);
fprintf('Bera (B): %.4f\n', optimal_ beta);
fprintf ('Urorosas MmomHOoCcThb: %.4f\n', E);

Pucynox 7 — Ckpunr aiis mogbopa onTUMaNbHBIX 3HaUeHHU o U 3 (Matlab)

Jns neranbHON MpopabOTKM ONTUMAJIBLHOTO PEIIeHHS HEOOXOAMMO YUYUTHIBATH CIEIYIOIIEe:
CTOMMOCTh YCTAHOBKH M 00CIYXMBaHUs Kaxkjoro tuna BUDI; nocTymHOCTh pecypcoB (COTHEUHOM
SHEPTUU U BETpa) B pa3HbIX pernoHax KyObl; TEKYIIyI0 SHEPreTH4ecKyro MHPPACTPYKTypy U MO-
TPEOHOCTH B SHEPTUHU.

Bri6op Tonpko omHoro Buaa BUD mo cpaBHEHHIO C UCHOIB30BAaHHUEM THOPHIHON CHCTEMBI
00yCIIOBJIEH PsIIOM MPEUMYILECTB:
®  BHEJPEHHE OJIHOUM TEXHOJOTHUHU MOXKET ObITh MEHEE KaMUTAIOEMKHUM Ha Ha4YaJIbHOM JTare;

"  CTOMMOCTH 3aKYIKH M 00CITY>KMBaHUS OJHOTO BHJAa DY MOXET ObITh HMXKE B 3aBUCHMOCTH OT

BBEIOPAHHOTO PETHOHA M YCIIOBUH IKCILTyaTalluH;
= DYV Ha OCHOBE OJJHOT'O THIIA FHEPTHH MOTYT OBIThH MPOIIE B 0OCITYyKUBaHHH;

" ISl pEMOHTa U OOCITY>KMBAaHHsI THOPUIHBIX CHUCTEM TPEOYIOTCS CIIEIUATUCTHI IHUPOKOTO MPO-
buns;
" B pa3HBIX PErHMOHAX TEPPUTOPUU MOXKET OBITh MPEANOYTUTEIHHO HCIIOJIB30BAHUE OMPEICIEH-

HBIX TUIOB BUD;
=  BBIOOP OJHOW TEXHOJIOTUU MOXKET 3aBUCETh OT CHEHU(PHUKU IHEPTONOTPEOICHUS B Pa3TUIHBIX

4acTaX OCTPOBA.
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HauaB ¢ ognoro Buga BMD, MoxHO mo3TanHo HapanuBaTh MOIIHOCTH, MPEKIE YEM MEPEeXo-
JUTH K 0OJIee CIIOKHBIM THOPHUIHBIM CHCTEMaM. JTO MO3BOJSET TMOKO MOJIXOAMTH K pacipeese-

Tabnmma 3 — PesynpTathl GOpMUPOBAHHS PEIICHAS
IpH BBIOOPE SHEPIreTUYECKUX YCTAaHOBOK

HUIO PECYPCOB U KOPPEKTHPOBATh CTPATETUIO
Pa3BUTUS PHEPTCTUKH B 3aBUCUMOCTH OT TIO-
Jy4EeHHBIX pe3ynbTaToB. ['MOpHuAHbBIE MOACU-

Homep | B Egio, Pexomennyemas CTeMbl, o0ecrieunBass CTa0MJIBHOE 3HEPro-
SOHBI KBT' noxcucrema BUD | - cpaGykenne, 3aBUCAT OT KOPPEKTHOH paGoOTh
I 0.69 025 '110’20?33’(1);'00 Troprna Bcex KoMnoHeHTOB. OTKa3 OJIHuOFO "3 HUCTOY-
I 0.56 | 044 | 8001 TuGpuHas HUKOB SHEPrHM B THUOPHUIHOW MOJCHUCTEME
11 0 1 36,60 | Berporeneparopsl | MOXET IOTPEOOBATH CIOKHBIX PEUICHUH I
v 1 0 48,30 | Conneunble manenn | HOJEPKAHUS paOOThI CUCTEMBI B LIEJIOM.
22.10.2025 14:00 B nmonrocpouHoil mepcriekTuBe THOPHI-
I 036 | 064 | 80,04 'nbpuanas HbIE CHCTEMBI MOTYT OO€ECHEUHMTh Oolee
ul 041 | 0,59 | 79,9 IuGpunpas YCTOMYMBOE M HAAEKHOE DHEPrOCHAOKEHME,
111 0 1 17,60 Berporeneparopst
v 1 0 10.20 | Conmeurie manem 0COOEHHO B YCJIOBHSAX M3MEHUYMBOCTU IOTOJ]-
22.10.2025 17-00 HbIX ycnoBui. IToatomy mocne ananmsa 3¢-
I 0,73 | 027 | 80,03 TuGpuaHas (EeKTUBHOCTH OTAEIBHBIX CUCTEM MOXKHO pac-
II 1 0 53,20 | ConneuHble maHeau | CMOTPETh BO3MOYKHOCTh MX KOMOWHHPOBAHUS
111 1 0 26,90 | Conueunbic mavemt | st co3maHus 0O0Jiee YCTOWYHMBOM 3HEpPreTH-
v 1 0 5,90 | ComHeyHbIC MAHEIH | yeckoid HHPPACTPYKTYPEL.
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Abstract

The study is devoted to the development of an approach to ensuring the energy efficiency of a territory. The subject of
the study is the modeling of the process of selecting the type and proportional composition of energy installations for
various geographical areas within a territory. The research tasks included the analysis of criteria for the placement of
energy installations, the algorithmization of decision-making, and the identification of design options for the deploy-
ment of solar and wind power plants. A mathematical model for searching solutions to meet energy consumers with the
required capacity in a given territory is presented. The optimal solution for selecting energy installations is obtained
using the Chebyshev distance. Efficiency criteria are defined that make it possible to formulate requirements for design
solutions in the planning of an energy supply system. A dataset is identified and adjusted by the decision-maker to
achieve a compromise between energy efficiency indicators. An algorithm for finding the optimal solution for the selec-
tion of energy installations under the imposed restrictions is developed. A set of criteria for the rational use of the terri-
tory's renewable resources is formed, enabling the selection of the type and number of energy installations (solar panels,
wind turbines, or their hybrid configurations). The results of modeling the use of renewable energy sources in different
territorial, taking into account various factors (solar radiation intensity, wind speed, etc.), are presented.

Keywords: decision-making, territorial energy efficiency, wind turbine, solar panel, renewable resource.

For citation: Arzola-Ruiz J, Garcia-Marrero LE, Polyukhovich MA, Muhongo VR, Logvinova YuV. Formation of solu-
tions for selecting energy installations for ensuring territorial energy efficiency [In Russian]. Ontology of designing.
2026; 16(1): 111-124. DOI: 10.18287/2223-9537-2026-16-1-111-124.

Financial Support: This research was supported by the Ministry of Science and Higher Education of the Russian Fed-
eration (agreement Ne 075-15-2025-673 dated August 20, 2025).

Authors' contributions: Arzola-Ruiz J. — development of the research concepts; Garcia-Marrero LE. — development of
mathematical models; Polyukhovich MA. — review of relevant studies; Muhongo VR. — modeling of the optimal selec-
tion problem for energy facilities; Logvinova YuV. — processing and analysis of the obtained results.

Conflict of interest: The authors declare no conflict of interest.

List of figures and tables

Figure 1 - Set of components of the territorial development system

Figure 2 - Sector coordination scheme for each zone

Figure 3 - Zoning scheme of the Republic of Cuba

Figure 4 - Spatial distribution of solar radiation intensity and ambient air temperature over the territory of Cuba with a
3-hour time interval

Figure 5 - Spatial distribution of wind speed and ambient air temperature over the territory of Cuba with a 3-hour time
interval

Figure 6 - Algorithmic scheme for forming solutions in the selection of energy installations

Figure 7 - Script for selecting optimal values of a and  (Matlab)

Figure 8 - Distribution of renewable energy subsystems over the territory of Cuba

Table 1 - Meteorological parameters of grid obtained using the «Windy» portal

122 2026, vol.16, x1, Ontology of Designing



X. Apcona-Pyuc, J1.D. I'apcus-Mappepo, M.A. [lonioxosuu, B. P. Myxoneo, FO.B. Jloceunosa

Table 2 - Results of calculating the capacities generated by the solar and the wind subsystem of the electric power sys-

tem

Table 3 - Results of solution formation for the selection of energy installations

References

Sokolov MM. How to achieve a reduction in the energy intensity of the economy in Russia [In Russian]. Geoeco-
nomics of energy. 2022; 4: 124-151. DOI: 10.48137/26870703 2022 20 4 124.

Terentyeva AS, Gaivoronskaya MS. Prospects for energy supply to Russian regions in the context of implement-
ing climate policy and energy transition [In Russian]. ESPR. 2025; 1(61): 65-80. DOI:10.31249/espr/2025.01.04.
Senderov S, Rabchuk V. Energy security today and the main methods of its provision [In Russian]. EP. 2022;
11(177): 56-69. DOI: 10.46920/2409-5516 2022 11177 56.

Bulganina DA, Semenova YuE. The problem of functioning of the energy complex of Russia in conditions of
economic turbulence [In Russian]. Innovative economy: prospects for development and improvement. 2022; 8(66):
11-17. DOI: 10.47581/2022/IE-08/Bulganina.0l.

Atayev MG, Mukhammetnazarov AS, Esenov MP. Transition to renewable energy sources. [In Russian] Scientific
journal « CETERIS PARIBUS». 2024; 10: 26-28.

Lyubimova NG, Flaksman AS. Consequences of using renewable energy sources [In Russian]. Bulletin of the
State University of Management. 2024; 3: 95-101. DOI:10.26425/1816-4277-2024-3-95-101.

Baydarov DYu, Grigoriev AS, Losev OG, Safronova NN, Tutnov IA. Prospects for the practical application of
power plants and low-power energy supply complexes [In Russian]. NiKSS. 2024; 4(48): 130-139.
DOI:10.21685/2307-4205-2024-4-15.

Dzyuba AP, Solovieva 1A, Semikolenov AV. Prospects for the implementation of active energy complexes in Rus-
sian industry [In Russian]. Journal of new economy. 2022; 2: 80-101. DOI: 10.29141/2658- 5081-2022- 23-2- 5.
Voronin SM, Eviev VA, Salaev BK, Yudaev IV. Power engineering of the Republic of Kalmykia. Status and pro-
spects [In Russian]. Izvestia NV AUK. 2024; 5(77): 325-336. DOI1:10.32786/2071-9485-2024-05-37.

Samoylenko VS, Fedotova AYu. Architecture of an intelligent decision support system [In Russian]. MNIZH.
2024; 8(146): 87. DOI:10.60797/IRJ.2024.146.10.

Dyatchina AV, Oleynikova SA, Nedikova TN. Development of a problem-oriented system for solving the optimi-
zation problem of managing the flow of incoming applications [In Russian]. VSTU Bulletin. 2023; 4: 37-43. DOI:
10.36622/VSTU.2023.19.4.005.

de Weck O, Roos D, Magee C. Engineering Systems. MIT Press, Cambridge, Massachusetts, 201 1.

13] Rodzin SI, Bozhenyuk AV, Kravchenko YuA, Rodzina ON. Methods of fuzzy multi-criteria group decision mak-

ing for evacuation problems in emergency situations [In Russian]. Bulletin of SFedU. Technical sciences. 2023,
2(232): 186-200. DOI: 10.18522/2311-3103-2023-2-186-200.

Jebaselvi GDA, Paramasivam S. Analysis on renewable energy systems. Renewable and Sustainable Energy Re-
views. 2013; 28: 625-634. DOI: 10.1016/J.RSER.2013.07.033.

Maheri A. Multi-objective design optimisation of standalone hybrid wind-PV-diesel systems under uncertainties.
Renewable Energy. 2014; 6(66): 650-661. ISSN 0960-1481. DOI: 10.1016/j.renene.2014.01.009.

Ribeiro V, Arzola-Ruiz J, Garcia-Marrero LE, Oliva-Merencio D. Mathematical modeling for the optimal selec-
tion of energy facilities and its solution scheme [In Spanish]. Mechanical Engineering. 2018; 22(1): 23-31.

Kvitko AV, Khitskova AO. Wind characteristics, features of resource calculation and economic efficiency of wind
energy [In Russian]. Scientific journal of KubSAU. 2014; 97: 359-374.

Davis MW, Fanney AH, Dougherty BP. Prediction of building integrated photovoltaic cell temperatures. Journal
of Solar Energy Engineering. 2001; 123(3): 200-210.

Kirpichnikova IM, Makhsumov IB. Improving the energy efficiency of solar modules by reducing the surface
temperature [In Russian]. Tula State University Bulletin. Technical Sciences. 2020; 2: 489-499.

Kubova RM, Kubova KV, Pavienko AA. Assessing the impact of cloud statistical characteristics on photovoltaic
panel insolation. [In Russian] Educational Resources and Technologies. 2014; 5(8): 136-143.

Uskov AE, Butorina EO, Bespalov EG. Potential, operational features, and economic efficiency of solar
photovoltaic power plants [In Russian]. Scientific Journal of KubSAU. 2014; 98: 342-352.

Adilbekov EK. Wind regime and assessment of wind energy potential on the territory of the training center of the
Military institute of the Ground forces of the Republic of Kazakhstan [In Russian]. Hydrometeorology and
Ecology. 2019; 1(92): 34-43.

OHTONOTUS TPOEKTUPOBAHUS, N1, TOM 16, 2026 123



Dopmuposanue peutenHull npu 6b100pe IHEPSEMULECKUX YCTNAHOBOK 01 0becnedeHs IHep2odPPeKmusHocmu meppumopuu

About the authors

José Arzola-Ruiz graduated from Peter the Great St. Petersburg Polytechnic University (St. Petersburg, Russia) in 1971,
PhD in Engineering (1982). He is a Professor of the Department of Mechanical Engineering, Faculty of Mechanical
Engineering, José Antonio Echeverria Technological University of Havana (CUJAE). He is the author and a co-author
of more than 200 publications in the field of analysis and synthesis of engineering systems. Author ID (Scopus):
57194702773; ORCID: 0000-0002-4101-878X; josearzolaruiz1945@gmail.com.

Luis Enrique Garcia-Marrero graduated from the Institute of Technology and Applied Sciences of the José¢ Antonio
Echeverria Technological University of Havana (Havana, Cuba) in 2016 and from the University of Holguin (Holguin,
Cuba) in 2020. He is currently a PhD student in Electrical engineering at the CY Cergy Paris University (Cergy-
Pontoise, France) and conducting research on photovoltaic energy generation at the University of Salerno (Fisciano.
Italy). His list of publications includes more than 20 works devoted to data structuring, algorithms, optimization meth-
ods, machine learning, and renewable energy systems. Author ID (Scopus): 57226878489; ORCID: 0000-0001-6710-
4072; lgarciamarrero@unisa.it.

Maxim Alekseevich Polyukhovich graduated from Peter the Great St. Petersburg Polytechnic University (St. Peters-
burg, Russia) in 2018, PhD in Engineering (2023). He is an Associate professor at the Higher School of Technosphere
Safety, Institute of Civil Engineering, Peter the Great St. Petersburg Polytechnic University. He is the author and a co-
author of more than 60 publications in the field of power supply safety, system modeling, and decision support system
development. Author ID (PUHI): 1048304; Author ID (Scopus): 57212553296, ORCID: 0000-0003-2722-5552; Re-
searcher ID (WoS): AAE-1582-2019. polyuhovich_ma@spbstu.ru.><

Valente Ribeiro Muhongo graduated from Astrakhan State Technical University in 1994, PhD in Engineering (2019).
He is a Professor of the Department of Mechanics, Polytechnic Institute, Katyavala Bwila University. His scientific
works are devoted to the analysis and synthesis of technical systems and renewable energy. ORCID: 0000-0001-8729-
6884; https://www.researchgate.net/profile/Valente-Muhongo. varmuhongo@yahoo.com.br.

Yulia Valeryevna Logvinova graduated from Peter the Great St. Petersburg Polytechnic University (St. Petersburg,
Russia) in 2016, PhD in Engineering (2025). She is a Senior lecturer at the Higher School of Technosphere Safety, In-
stitute of Civil Engineering, Peter the Great St. Petersburg Polytechnic University. She is the author and a co-author of
more than 20 publications in the field of occupational safety and professional risk assessment, as well as complex sys-
tem modeling. Author ID (PMHLI): 1026812; Author ID (Scopus): 57210916868; ORCID: 0000-0002-8392-1790; Re-
searcher ID (WoS): F-9934-2019. logvinova_yuv@spbstu.ru.

Received June 28, 2025. Revised October 28, 2025. Accepted December 1, 2025.

124 2026, vol.16, x1, Ontology of Designing



B.B. Aumomnos, JLE. Poouonosa, E.B. [lanvuesckuii, B.A. Cysoposa

YK 004.6 Hayunas cmamos DOI: 10.18287/2223-9537-2026-16-1-125-138

MoBbIiWeHWe JOCTOBEPHOCTN OTBETOB AManoroson moaenu
C ucnonb3oBaHueM hopmManbHbIX rPaMMaTUK U TEOPUM KaTeropum
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1 . .
Vpumckuii ynusepcumem nayku u mexnonoauti (YVHuT), Y¢pa, Poccus

> MUP3A - Poccuiickuii mexnono2uyeckuii ynugepcumem (PTY MUPIA), Mockea, Poccus

AHHOTauun

PaboTta mocesiieHa MOBBIIICHUIO JOCTOBEPHOCTH OTBETOB JIMAJIOTOBOM MOJENH JUIS 3a/1a4, TPEOYyIOIHNX
BBICOKOH TO4HOCTH. [Ipeiosker THOPUIHBIA MOAX0/, COUYETAIOUIMN 1000yYeHHEe MOJICIH Ha CIeHHalu-
3MPOBAHHBIX AaHHBIX C HHTErpalyel popMalibHbIX IPaMMAaTHK XOMCKOIO B Ipoliecc 00paboTKH 3ampoca.
[pemnoskeHa apxuTeKkTypa, 00beauHsOmAas (OPMaIbHBIA CHHTAKCUYECKUN KOHTPOJIb C TCHEPATUBHbBIMHU
BO3MOXHOCTSIMU 1000ydeHHoi Moznenu ['uralar 2.0. B mpouecc 06paboTku 3ampoca BKIOYEH MOIYIb,
peaNM3yIONMi MpeABapUTEIbHBIH aHAIH3 U (QUIBTPALIUIO 3alIPOCOB Ha OCHOBE KOHTEKCTHO-CBOOOTHBIX
rpaMMaTHK XoMckoro. Jlis coriacoBaHusi pabOThl T€HEPATUBHOM MOJICNN C BBISIBICHHOM CHHTaKCHYe-
CKOH CTPYKTYpOHW NpEIIOKEH [BYXYpPOBHEBBIH MEXaHM3M KOHTposisi. Ha BXolIe CHHTaKCHYECKH-
00OTaIIEHHBIN 3ampoc HANpaBIsieT IPOLecC Ha CTPYKTYpHBIC MATTepHBI 3ampoca. Ha BbIxome Momysb
TIPOBEPKH OCYIIECTBIISICT BEIOOP M KOPPEKIMIO OTBETa HA OCHOBE (DOPMaJBbHBIX KpUTepueB. /s TOBBI-
LIEHHUs 00BSICHUMOCTH 1 (POPMAJIBHOTO aHalM3a TIOTOKOB JJAaHHBIX MCIOJIb30BaHa TEOPUsI KaTerOpuid, Tae
3aIMpocChl, MPOMEKYTOYHBIC TPEACTABICHUA U OTBETHI MOJCIIUPYIOTCA KaK MOp(bI/I3MBI 1 00BEKTHI KATETO-
pun. Ui yaydlleHUs JIOTMYECKOH CBA3HOCTU U YUYETa KOHTEKCTAa IPEIJIOKEHO T'€OMETPUUECKOE IIpesl-
CTaBJICHUE CEMAHTUKHU B IIPOCTPAHCTBE MI/IHKOBCKOFO, METpHKa KOTOPOIr'0 MO3BOJIACT pasAC/IATh UHBApU-
AHTHOE 3HAUCHHE CJIOBA M €T0 KOHTEKCTYallbHO-BPEMEHHYIO AMHAMUKY. DKCIIEPUMEHTAJIbHAS OLIEHKA Ha
crieranu3upoBaHHoM Habope u3 500 (HhaKkToNIOTHUECKUX U CTPYKTYPUPOBAHHBIX 3aIIPOCOB MOKa3aia, 4To
TIPEATI0KEHHBIH METOJ] CHUKAET yPOBEHb T€HEPALNH BBIMBIIIIICHHBIX YTBEpKAeHUN HA 22% 10 cpaBHE-
HUIO ¢ 6a3oBoi Mojenbto ['mralar 2.0. [TokazaHo, 4TO COBMECTHOE MCIOJIB30BaHUE (hOPMANBHBIX IPaM-
MaTHK, KaTerOpUaJIbHOTO (hOpMan3Ma U TeOMETPUIECKOH MOJAEIN CEMaHTHKU MO3BOJISIET MOBBICUTH JI0-
CTOBEPHOCTb OTBETOB B MIPEIMETHO-OPUEHTUPOBAHHBIX JTUAIOrax.

Kntouegvie cnosa: docmoseprocms 0meenos, ouaio2o8as mMooeib, mpancgopmep, opmanvHle epam-
Mamuxu Xomckoeo, meopus kame2opuii, npocmpancmeo MuHnko8cko2o, ceManmuyeckoe npocmpaicmeo.

Humuposanue: Anmonos B.B., Poouonosa JLE., [lanvuesckuii E.B., Cysoposa B.A. TloBblllieHuE A0CTO-
BEPHOCTH OTBETOB JIMAJIOTOBOM MOJIENIU C UCIIOJIb30BaHHEM (POPMAITbHBIX TPAMMATHK U TEOPUH KaTero-
puit. Oumonozeus npoexmupoganus. 2026. T.16, Ne1(59). C.125-138. DOI: 10.18287/2223-9537-2026-16-
1-125-138.

@unancuposanue: VCCICIOBAHNE BBIIOJIHEHO NMPHU (UHAHCOBON MOJAEPKKe MUHHUCTEPCTBA HAYKH U
BhICIIero obpasoBanusi Poccuiickoii Denepaliin B paMKax rocyqapcTBEHHOTO 3aJ[aHUs BBICIIUM y4eO-
HeIM 3aBegeHusaM Ne FRRR-2026-0006.

Bknao aemopos: Anmonos B.B. — pa3paboTKa CTPYKTYphI CTaTbl U MOAOOP HCTOYHHMKOB; Poouomno-
6a JI.E. — moarotoBka npumepoB; [larvuesckuil E.B. — pa3paboTka quanorosoit moaenu; Cygoposa B.A. —
Bepu(dUKaIug pe3yabTaToB.

KOH¢Jllll('m unmepecoe: aBTophbl 3asBJISIOT 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTEPCCOB.

BBepeHune

CoBpeMEHHBI ATal Pa3BUTHS HAYKH O JTAHHBIX XapaKTepU3yeTCs MPOrpeccoM B 00sacTu oopa-
0oTkH ectecTBeHHOTO si3bika (ESI), KIFOUeBBIM 2JI€MEHTOM KOTOPOTO CTald OOJIBIINE SI3BIKOBHIC
monenu (BSAM) m©Ha ocnoBe TpanchopmepoB (https://giga.chat/, https://deepseekcom.ru/,
https://openai.com/ u ap.) [1]. Poccuiickas monens I'uraar 2.0 (https://giga.chat/) ontumusupoBa-
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Ha Ui paboThl C PYCCKOSI3bIYHBIM KOHTEHTOM U IIPEJOCTABISET BOZMOXKHOCTH JJis €€ T000yUYeHMs,
4TO 00YCIIOBHIIO €€ BHIOOP B KauecTBE 0A30BOii.

OcHoBo¥i pa3BUTHUs TPaHCHOPMEPOB CTAJIO IPUMEHEHHE MEXaHU3MOB BHUMAHMUSI, TO3BOJIUBIINX
YUUTBIBATh 3aBHCUMOCTH MEXIY CIOBaMH M KOHCTPYKIHUSAMH TeKcTa. biaromaps sTomy yaanoch
00ecneunuTh «ITOHUMAaHKUE» KOHTEKCTa M MOBBICUTh TOYHOCTh MOJIEJIEH MPHU BBIOJIHEHUHU CIIOKHBIX
3anaq oopadorku ESl. [Mpumepom siBnsiercst Funnel-Transformer [2], KOTOpPBI TTOKa3al MPEBOCXO/I-
CTBO HaJ APYTUMHU MOJEISIMH B psilie 3aa4, TpeOYIOIMX aHAIM3a CEMaHTUKH TekcTa. OcoOeHHo-
CTBIO JIaHHOW MOJIENIU SIBJISIETCS] CIIOCOOHOCTHh BHauasie copMHpPOBaTh 000OMIEHHOE BBICOKOYPOB-
HEBOE MPEJICTaBICHUE KOHTEKCTa, a 3aTeM, MpU JeTaIbHOM aHalu3€e, U3BJIeKaTh HEOOXOAUMBIE TO-
JIpOOHOCTH U3 IIEPBUYHOTO MPECTABICHHUS.

PacnipocTpanenue monydmiM TMOAXOMbI, OCHOBaHHbIE Ha mpenodyuenun bSM, Takue kak
BERT, GPT u np. Moaenu oOy4atoTcst Ha O0JIbIINX 00bEMaxX HEPa3MEUCHHBIX JAHHBIX, YCBaUBas
o011re 3aKOHOMEPHOCTH SI3bIKa, U 3aT€M MPUMEHSIOTCS JUIsl PelIeHUs CeU(pUUecKuX 3a1ad. ITo
MO3BOJISIET MHOTOKPATHO HCIOJIB30BATh 3HAHUSA, 3aJI0KEHHBIE B TPEAOOYUYCHHBIX MOJIENSX, IS
aJlanTalyy UX K MPUKIAIHBIM 3a1a4aM. Hemoctatkom coBpemeHHBIX BAM siBhsieTcst CKIIOHHOCTD K
«TaJUTIONIMHAIMSIMY — TEHEpaIy TPaBJONOJ00HOH, HO (aKTUYECKH HEBEPHOW (BBIMBIILICHHON)
uHpopmanuu [1, 3]. B oOpa3oBaTenbHbIX, SKCIEPTHBIX U MPUKIAAHBIX CIICHAPUAX LI€HA OIIMOKU
BBICOKA. VI3BECTHBIEC MOIXOABI K YCTPAHEHHIO MPOOIIEMBI TPEOYIOT OTPOMHBIX 3aTpaT Ha pa3METKy U
HE TapaHTUPYIOT JOCTUKEHUA Lenu [4].

Mertoabl oBBIIIEHUS JOCTOBEPHOCTH BAM MO0XHO pa3fenuTh Ha KIacchl C pa3HbIM OalaHCOM

MCKAY TOYHOCTBIO, KOHTPOJIMPYEMOCTBIO U BBIYMCIIMTEIILHOM 3(1)(1)6KTI/IBHOCTLIO.

*  Toukas HacTpoWKa ¢ MCIOIb30BaHNEM OOYYEHHs C MOJKPEINICHHEM Ha OCHOBE YEJIOBEUCCKHX OLEHOK (RLHF) —
CTaHAapTHBINA OIXO AJsl Monenen tTuna ['uralar [2, 4, 5].

. I'enepanus, nononHeHHast mouckoM (RAG) — moaAxol, IpH KOTOPOM MOJENH JAOTOJHSAIOT MPOIeCcC TeHepaluy TeK-
cTa OMCKOM MH(opManuy BO BHEIIHUX 0a3ax 3HaHui [S].

=  Heiipo-cuMBOIbHBIE THOPUABI - HHTErpaIys HeifpoceTeil ¢ hopManbHBIMU cUCTEMaMH [6, 7].

= T[eomeTrpuueckre MOJICIH CEMaHTHKH - UCIIOJIb30BaHUE HECBKIIMIOBBIX NMPOCTPAHCTB (THUIEPOOINYECKUX, chepu-
YEeCKHUX) JJIsl IPEJICTaBICHHS HepapXuil 1 aHanorui [8].

=  [IpumeHeHME TEOPHH KATErOpHUil B MAIIMHHOM O0YYEHHH - KaTerOPHUaAJIbHBIH MOJX0/] HCIOIB3YeTCsl uIsl (hopMalu-
3alUM apXUTEKTYpP, HAIIPUMeEp, C IPUMEHEHHUEM MaTEMaTHUECKOTO anmnapara K CJI0KHbIM CTPYKTypaMm B [8].

JUia nuanoroBeIX cUCTEM, OCHOBaHHBIX Ha BAM, HeoOxonuMo obecrieunTs NpeacKkazyeMocTh,
KOHTPOJIMPYEMOCTb U JOCTOBEPHOCTh I€HEPATUBHBIX KOMIIOHEHT B YCJIIOBHUSAX OTKPBITBIX IIPEIMET-
HbIX oOnactel. [Tonxo/bl K MpOeKTUpOBaHuUIO cucteM 00paboTku ESl, ocHoBaHHbBIE HA 00yUeHUH HA
JIAaHHBIX, HEe 00ecreunBaOT HEOOXOUMBIN ypoBeHb (hOpMaAJIbHON TapaHTUN KoppekTHocTH. Cyie-
CTBYET NOTPEOHOCTh B METOJMOJIOTMSIX NMPOEKTUPOBAHHUSA, COUYETAIOIIMX TMOKOCTh HEHPOCETEBBIX
MoJienel ¢ JeTepMUHU3MOM (POpMaIbHBIX METOOB.

Hacrosimast pabora HampaBieHa Ha pa3paOOTKy THOPHUIHOTO METOJ]1a, KOTOPBIN JOTMOIHSET
BO3MOXHOCTH I'€HEepaTUBHOM TpaHchopMmep-apxurekTypsl (I'uraiar 2.0) ¢popmaabHBIMU MEXaHU3-
MaMu KOHTpoJis. B kauecTBe Takux MEXaHU3MOB MpeJiaraeTcs NCIOJIb30BaTh:
=  ¢opmanbHbIe TPAMMATHKH XOMCKOT'O JUIsi CHHTAaKCHYECKOTO aHAIN3a M (DPUIIbTPALUU BXOJIHBIX

3aMpOCOB U BBIXOJIHBIX OTBETOB;

"  anmapar TEOpHM KaTeropuil A GpopMmaiu3aluy nporecca oOpabOTKU JaHHBIX U aHalU3a Mo-

TOKOB MH(pOpMaIuy;

"  TEOMETPHUUYECKYIO0 MOJENb CEMAaHTUKHM Ha OCHOBE IIPOCTPAHCTBA MUHKOBCKOTO /ISl YIIyULICHUS
y4éTa KOHTEKCTa U JIOTUYECKON CBA3HOCTH.

1 TeopeTuyeckue OCHOBbI apXUTEKTYpbl TPaHChopmepoB

Tpanchopmepsl TPEACTABISIOT COO0N apXUTEKTYPHBINM MATTEPH JJIsl HEMPOHHBIX CETEH, OCHO-
BaHHBIN Ha MEXaHU3Me CaMOBHHMaHUS [9].
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1.1 O6Lwue nonoxeHus

Ba3oBerif MexaHN3M BHUMAHHA MIPEACTABIACT cO00il clemyromee: A BXOAHOM MMOCIeT0BAaTeILHOCTH B BHIIE MaT-
PHIIbI BEKTOPHBIC MPE/ICTABICHUS (CIIOB, MPEATIOKEHHIN, H300paXKeHu# u Ap.) X BBIYUCIAIOTCS TPU MATPHUIIBL: 3aIIPOCOB
0 =X* Wy, xkmoueit K =X * Wy n sHauenuit V=X * Wy, rne Wy, Wy u Wy — o0ydaemble MaTpHIIbl TapaMeTpoB (Be-
COB), BBITIOJTHSIONINE POJIb JTUHCHHBIX MPOCKIMiA. Beca BHUMaHUS paccuuThiBaroTCs o Gopmyie (1) ckamsipHOro mpo-
U3BEJICHUS C MOCICAYIOMUM puMeHeHueM GyHkimu Sofimax [9]:

. K"
Attention(Q,K V)=V - Soft max(%) ’ (1)
k
rne d; — pa3MepHocTs Kimtodeit, W O, W K u W _V — obydaemble MaTpHUIIBl TapaMeTpOB (BECOB), BHITIOIHSIOIINE POJIb
JIMHEWHBIX MPOEKIMI; MACIITAOUPYIOIIUA MHOXKUTENb | CTaOWIN3UPYET IPaJAUCHTEL

NA

" ApxutekTypa TpanchopMepa BKIIOYAET dH-
CHHTAKCHUECKHI MOJVJIb P ypa Tparcgopuep
(Tpavvariica Xomekoro) Kozep M jexojep. [uist 3aja4 reHepanuu TeKCTa,
¢ Anamm BKJIFOYAsl JMAJIOTOBBIE CHUCTEMBI, HaWOOJbIIEE
* DUILTPAHA
P — pacnpocTpaHeHHEe MOJTY4YHUIIH aBTOPETPECCHOHHBIC
¢ MOJIeIM Ha OCHOBE JIeKozepa (Hampumep, cemei-
ctBo GPT [5]).
RATELOEMAIILHASMO]LEIL Takme Momeny, NpemoOyIeHHEIE Ha KOPITY-
(PopMATILHOE OIHCAHHE NIOTOKOB JAHHBLIX KAK MOP(PHIMOR)
ObexTsE O, 0% A, A5, caxX TEKCTOB, HAYYWJINCh T€HEPHPOBAThH CBSI3HBIC,
Moppusst fi: @— 0%/t 0= Afi: A= A5 fiz @ A IpaMMAaTHYECKH HPaBIIbHBIE M KOHTEKCTyalbHO
v (Dopmamuamms) (peammanpm) yMecTHBIC OTBETHI. KaTeropmaipHas MOJICIb CH-
BXOJL: BHEIITHHIT MOIYJTb OBoglz:{_Jlm%ICH{blﬂ CTEMBI C BHEIIHNM KOHTpOJIEM (CM. PHCYHOK 1)
3 —»{ TPEJOBPABOTKH OTIepUPYET YETHIPbMsI KIFOUEBBIMU O0ObeKTaMu: O
anpoc Q ’
(PRPMATHREXNEEE T ¢ (ucxomublii 3anpoc), Q' (3ampoc, o6oraméHHbIH
® cAmams (€ CHHTAK CHYIE CKIMH Poc), poc, .
* DHmLTpamE MeTRaMH) CHHTAKCHYECKMMHU aHHOTAIUAMH), A (depHOBOU
AnHoTAIHA o v
° Ao OTBET TeHepaTHBHOW Mozenu) u A’ (puHaIBHBIN
! BepH(UIIMPOBAHHBIN OTBET).
Mop ¢izm
YEPHOBOW OTBET A |.7 FEHEP&];ﬁg(z).E A0 f Mopaynp TOCTOOPAaOOTKH TPEICTABICH B
(R006y erman) G AFL o temn MopdusmoM f3: A — A'. Takoil moaxon

. % BEI30B)
* UEpHBIH ALIHK

o API. mmrepgeiic TMO3BOJIACT COXpPAHUTH HArJIAJHOCTL KaTCropu-

QIBHOTO ONHUCAaHUs, (OKYCHUPYSCh TOJBKO Ha
BXOJIHBIX U BBIXOJHBIX COCTOSIHHSIX CUCTEMBI.
Funnel-Transformer MOXXHO TIPEACTaBUTH B

BHEITHHI MO VJIb TOCTOBPABOTKI
(EKCOMII03HTHAS 1P OBePK )

¢ CeMaHTHYeCKHH AHATH3 (TPOCTPAHCTBO MHHKOBCKOI 0) BUIC IBYX JacTeH: TIEpBasg N3 HUX HAYMHACTCA C
¢ CHTAKCIICCKai MPOREPKa (P AvMaTIKI XOMCKOre) OOJILIIOTO KOJIMYECTBA Y3J0B, KOTOpPOE MOCTe-
¢  DaKTOJIOrHIecKas BepHPHK AHA . .
TIpH HeoGX0UMOCTH KOP PEKITHA H 3an] 0C IIOBTOP HO I eHepaLH TMEHHO YMEHBINACTCA, OOCTHUTass CaMOU Y3KOU
1 TOYKH, IIOCJIE€ 4YETO TOCIEAYIOIHE CJIOM BHOBH
KATET OPHAJIBHASL BEPHGUKALIHS YBCJIUMYMUBAKOT KOJHUYCCTBO Y3JIOB (CM. pucy-
(TTp OB epKA KOMMYTATHEHOCTH: f5 0 f; 0 fy = f, HOK 2): CHavaja MPOUCXOAUT III00aIbHOE CKATHE
(COOTBETCTRYET JIH P €3y/IbTAT LENOKH IPeoSpazoB aHHi

sy brolpan HHpOpPMALIUK, 3aTeM J00aBISACTCS JIOKAJIbHAs
"3anpoc — BepHPHIPOBAHHLII 0TBET"'?) JCTalIn3alus. Dta APXUTCKTYpa oOecrieunBaeT
¢ OamaHC MEXIY CKOPOCTHIO 00pabOTKHA M TOYHO-

SHHAJIBHBI OTBET A’ CTBIO pe3ylibTata.
BepHPHIPOBAHHBIH, J0CTOB ¢PHBLII 0TRET ¢ BBICOKOH Z[J'ISI MOACINPOBaHUA Iponecca npea06pa—

CTPYKTYPHOI H CeMAHTHYECKOH KOPP eKTHOCTBIO

OOTKM MaHHBIX TNPHUMEHSETCS ammapaTr TEOopuu
kareropuii [10, 11]. B manHOM moaxone Teopus
Pucynok 1 — Cxema apXUTEKTYpbI THOPUIHON CHCTEMBI KaTeropuil CIyXUT A (HOPMATBHOTO OMHCAHUSL
C BHEITHUM KOHTPOJIEM peoOpa3oBaHUil MEXAY Pa3TUYHBIMU HPEICTAB-
JICHUSMH JaHHBIX, T7I€ OCHOBHOE BHHMAaHHE YHe-
nsgerca MopdusmMaM. B koHTekcTe 00pabOTKHM JaHHBIX TPaHCHOPMEPOM TPOIECC MEepexoja OT MCXOIHBIX JAaHHBIX K
TIOJIrOTOBJIEHHBIM 00beKTaM (opmainzyercs yepes kareropuio C, 00beKTaM1 KOTOPOHl SIBIISIOTCS:
*  K;— BXO/IHbIC KOMIIOHEHTHI (CII0Ba, (hpa3bl, IPEIUIOKEHNUS);
= K- mnpaBuia opManbHBIX I'paMMaTHK XOMCKOT0;
* K3 — pe3ysbTatrhl NpenoopaboTKy.
IIpeobpazoBanns MEXAy STUMHI OOBEKTAMH 330al0TCS MOP(QH3MaMU:
*  f1: K; — K, — npuMeHeHne rpaMMaTHYECKHUX MPAaBIJI K BXOJHBIM JaHHBIM;
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*  f3' K; — K3 — npeoOpa3oBaHne CHHTAaKCHUECKUX CTPYKTYpP B BEKTOPHBIE MIPEACTAaBICHUS;
" f3=f0f;: K; — K3— xomno3unus npeoOpa3oBaHIi MOP(PHU3MOB, YIOBICTBOPSIONINX yYCIOBUIO KOMMYTaTHBHO-
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Pucynok 2 — Ctpykrypa monenu Funnel-Transformer

JlaHHBIH IpoIiecc MOXKET ObITh MPEJCTABIICH MOCIEI0BATEIBHOCTEI0O KOMMYTAaTUBHBIX TUArpaMM, IMPUBEIEHHBIX Ha
pucyHke 2. [Ipouecc npenoOpaboTku MOXKET ObITH ONKMCAH Yepe3 ACKapTOBO MpousBeneHue K; X K, npeicTaBisioniee
BCE BO3MOXKHBIC MapHI «BXOTHON KOMIIOHEHT — rpaMMaTH4YecKoe paBmiioy. Mopdmm g: K; X K, — K3, SIBISIOMIHANACS
pe3ynbTaToOM mpolecca NpeaoopadboTky, odecreunBacT Mepexoa K KOHEUHOMY ITPEACTaBICHNIO TaHHBIX. Takoil dop-
MaJIU3M T03BOJISIET:

"  eAMHOOOpAa3HO ONHCHIBATH ATAIBI 00PAOOTKH JAHHBIX;
"  aHAIM3MPOBATh CBOICTBA KOMITO3HMIIMK PEOOPa30BaHHI;
"  BBISBJIATH MHBAPUAHTHI APXUTEKTYPhl 00pabO0TKH.

B urore mepexoas! OT 0OHONM AMAarpaMMBl K CIEAYIONIeH MOXKHO BBIpaXaTh depe3 HOBYIO kateropuio C, BKIIOYa-
IOIIYI0 MHOXeCTBO 00bekToB O={K|, K>, K3}. MHOXeCTBO B3aUMOACHUCTBUI MEKIY 3TUMHU KaTETOPUSIMH, BHYTPH KO-
TOPBIX PACIOJIOKEHBI MH(OPMAIIMOHHBIE OOBEKTHI, MPEJCTABUMO KOMMYTATHBHBIM TPEYTOJIBHUKOM IO KAaTETOPUHU U
OT/ICJIEHBIM TIOAKATETOPHSM.

Kareropus K, o6pa3yert kiacc 00beKTOB € 3aJlaHHBIM OTHOIIEHHEM st oObIX map (K, K;) u (K, Kj3), oTHOIIE-
HUSI KOTOPBIX OTIpEeJIeTIeHbl MHOXECTBOM MOP(H3MOB (CBSI3H MEXy JIEMEHTaMu 00BEKTOB): {f1, fo, p;, p2}. Ilponeccs
peo0paboTKH JaHHBIX 110 MpaBmiIaM K, paccMaTpHUBAIOTCS KaK B3aMMOCBSI3aHHBIC TIPOLIECCHI MEX/Y BXOJIHBIMH KOM-
MOHeHTaMH K| W pe3ysIbTaToM IpenoOpaboTku MaHHBIX K3. OOBEKT, SBISIONIMICS Pe3yJIbTaTOM TaKOro B3aUMOJEH-
CTBHSI, IPE/ICTABIIAETCS ICKAPTOBBIM IIPOU3BEACHHEM g:K, — K, ® K, Tle @ — JeKapTOBO NMPOM3BE/ICHUE, g — €/IHH-

CTBEHHBII MOP(HU3M, CBSI3BIBAIOIIAN PE3YIIBTATHI C MPOIIECCOM MPEI00PaOOTKH TaHHBIX.

TIpornecc mpenoOpabOTKK TAaHHBIX MEPBOTO CJIOS HEMPOHHOW CETH COOTBETCTBYET OTHONICHHSIM, (OPMAIU30BaH-
HBIM B BUjIe MOPGU3MOB. /laHHBIE OTHOIIEHHS 00Ja/Iaf0T CBOMCTBAMM: PE3yIbTaT B3aUMOJCHCTBYSI MH(POPMAITMOHHBIX
00BEKTOB MOXET OBITh MPEACTaBIEH JIEKapTOBBIM IPOU3BEICHUEM K,®K, © Mopduzmamu K ®K, > K, 1

P, Ky ® K, — K, Takumu, 4T0 Juis joboro obbekra K, ¢ moppusmamu f:K, > K, ¥ f,:K, — K, CyUIECTBYET €/[HH-
CTBEHHBIN MOPDU3M g K, — K, ® K, IPU KOTOPOM BBIJIENISIETCS IarpamMmma B popme KOMMYTaTUBHOTO TPEYTOJIbHHUKA.

Taxum oOpazom, 0O6paboTKa 3ampoca popMain3oBaHa B TEPMHHAX TEOPUU KAaTETOPUH, Iie OOBEKTHl — KIIIOYEBbIE
MIPE/ICTAaBIICHUS JIAHHBIX B CHCTEMe, MOP(QU3MBI — ITPeoOpa3oBaHMsl MEXAY 00BEKTaMH, KOMMYTAaTHBHBIC JUArpaMMbl
I03BOJISIIOT HATJISIZIHO OTCIIEANTH COOTBETCTBUE MEK/LY AIbTEPHATUBHBIMU ITyTSMH 00pabOoTKH.

1.2 dusmko-maremaTnyeckumii noaxon k 06paboTke TEKCTOB

Du3nKo-MaTeMaTHIeCKUN moaxoJ OCHOBBIBACTCA Ha BBCACHUN T'COMETPHUYCCKHUX XapaKTCPH-
CTHUK JIs1 aHajln3a TCKCTOBbLIX JaHHBIX. OI[HI/IM N3 HCHTPAJIBbHBIX MOHATUN 31€Ch ABJISICTCS IIPO-
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CTpaHCTBO MHHKOBCKOTO, TJI€ KQX/I0€ CIOBO WM MPEUIOKECHUE TIPEACTABICHO TOYKON B YETHIPEX-
MEPHOM TIPOCTPAHCTBE.

Hcnonp30BaHue MPOCTPAHCTBEHHO-BPEMEHHOW pPa3MEPHOCTH MHHKOBCKOTO IT03BOJISICT BBI-
CTpauBaTh MPOCTPAHCTBCHHYIO KOH(PHUTYpAIHIO, B KOTOPOU Kak/asi TOYKa MPEICTABISIET COO0H CcO-
OBITHE, CBA3aHHOE C ONPEACIEHHBIM BXOAHBIM KOMIIOHEHTOM (WJIA PE3yJIbTaTOM €ro mpeaoopadoT-
ku). Takoit moaxo/ obecreunBaeT MOCTpOEeHUE HAOOpa TaHHBIX Ha OCHOBE OMUCAHUS KAaTerOpUaTh-
HBIX CBsI3¢i. BeicTpanBaHue MPOCTPaHCTBEHHOW KOHUTyparuu o MUHKOBCKOMY TO3BOJISIET T10-
JYYUTh TMapajuleIbHOE COOTHOIICHHE BCEX MOAYJEH W IMPaBHJ C HCIOJIH30BAHHUEM DPE3YJIbTATOB
npenoopaboTKU B JF000H MOMEHT BPEMEHHU B BHJIC HA0Opa IaHHBIX, a BRICTPAMBAHUE OTHOILICHHMH C
JPYTUMH KOHYCaMH TI03BOJISIET ONPEACTUTH HOBBIE IIPABHIIA, KOTOPBIE HEOOXOIUMBI JTsI TIpeo0pa-
OOTKH CJICIYIONIMX BXOJHBIX KOMIIOHEHTOB [12]. B TakoM MpoCTpaHCTBE KaXI0My COOBITHIO MOX-
HO COITOCTaBUTH TOUYKY, IIPOCTPAHCTBCHHBIC KOOPAUHATHI KOTOpOfI OIIHUCBIBAKOT MECTO, I'I€ CO6BITI/IC
MPOU30IILIO, & BpEMEHHAsI KOOPAMHATA — BPEMEHHON KOMITOHEHT, KOTIa OHO CITyYHJIOCH:

K, ={C, G,, C,..,C,} — BXOJAHBIC KOMIIOHEHTBI, NPEACTABISIONIME MHOKECTBO BAPUAHTOB

3anpocoB (TEKCT, KAPTUHKU, 3BYKU, YEPTEKHU, aN(aBUT U T.11.);
K, = {E, B, B,.., P,} — MHOYKECTBO MPABWII 1O OPMATBHBIM TpaMMaTHKaM XOMCKOTO;

K, = {Rl, R,, R3,...,Rm} — MHOJXECTBO BapHaHTOB OTBCTOB.

3neck n, [, m — MOLTHOCTH COOTBETCTBYIOILIMX MHOXECTB.

[Tpu ananuze moaeneii oO6pabotku ES nenecooOpasHo kiaccuuupoBarh UX MO Kiaccam 3a-
nad (k1accuukanus TEKCTa, aHAIW3 CEMAaHTUYECKOI0 CXOJCTBA, MALIMHHBIN MepeBoJ], 00paboTKa
Pa3rOBOPHOTO SI3bIKA) JJIS PEIICHUS KOTOPBIX OHU IIpeaHa3HavyeHsl [ 13, 14].

OOyueHue NpeacTaBICHUI MOApa3yMeBaeT U3BJIEUEHUE M MPeoOpa3oBaHUE JUCKPETHBIX WIIU
CIIO)KHBIX 00BEKTOB, HAIIPUMED, CIIOB, IPEIOKEHUI, U300paKeHUH, B YUCIIOBbIE BEKTOPHBIC MPE/-
CTaBJICHUS (PMKCUPOBAHHOM Pa3MEPHOCTH, KOTOPbIE MOTYT ObITh NEPEHACTPOEHBI MOJ] PA3IUYHbIC
3aaud. DTO CBUJETENBCTBYET O TOM, YTO MOJEIb MOXET aJalTUPOBaThcs K TPeOOBaHMUSIM KOH-
KpETHOM MpeaMeTHOM o0acTu. B pe3ynpraTe CHMXKaeTCs MOTPEOHOCTh B OOIMIUPHBIX Pa3MEUYCHHBIX
JAHHBIX JUIS KaXJI0M 3a/1a4M, MOCKOJIbKY 0a30Bble PENpe3eHTAllMU YK€ COJepKaT KIHYeBbIe ac-
MIEKTHI S3bIKa M €ro HCIOJIb30BaHMs. Mojenu cTaHoBSTCS 0ojiee YHHBEpPCaIbHBIMHU, CIIOCOOHBIMU
pelaTh CI0XKHBIE 3a7]a4l C BBICOKOHM CTENIEHBIO TOYHOCTH, ONMPAsCh Ha NMPEAIIECTBYIOINH OIBIT.

1.3 CemunoTtunyeckme acnektbl 06paboTkm TekcTa

3amaun ESl MoryT OBITH NpEACTaBICHBI CEMHOTUYECKOW CUCTeMoM cBs3u [15, 16], xotopas
MPEJCTaBIsET COO0H COBOKYIHOCTH 3JI€MEHTOB, IMO3BOJIAIONIUX ME€peaBaTh U UHTEPIPETUPOBATH
MH(OPMALIHIO TIOCPEICTBOM CHUMBOJIOB, U300paKeHH, 3BYKOB, )KECTOB U JIPYIHX 3HAKOBBIX (Op-
MaToB. B ceMHOTHYECKHX cucTeMaxX MpPEeICTaBJIeH OOIIMPHBIA KOHTEKCT, U PE3yJbTaThl 3alpOCOB
MOTYT OBITh pa3HBIMH, HO COXPaHSATh OCHOBHOW cmbIci. [Ipu oOpaTHOM 3armpoce OpUTrHHAIbHBIN
TEKCT He noayuutcs [17].

CemaHTHYECKOE TIPOCTPAHCTBO TpenacTasisercs: hopmymnoin S=(W,V), rae: § — cemaHTHUYECKOE
MIPOCTPaHCTBO, W — cinoBapk, V' — BEKTOPHOE MPOCTPAHCTBO, B KOTOPOM Ka)X/IOMY CJIOBY COITOCTaB-
JIIETCSl BEKTOP, OTPAXKAIOIINUN €r0 CMBICIOBBIE XapaKTepucTUKU. Kaxoe cioBo w nmpencraBiseTcs
TOYKOM B MpocTpaHcTBE MUHKOBCKOIO C KOOpAUHATaMH (X, ), z, t), TA€: X, ¥, Z — IPOCTPAHCTBEHHbIE
KOOpJWHATHI, 3aBUCSIINE OT CEMAHTUYECKOTO CMBICIIA CJIOBA, ! — BPEMEHHAsl KOOpAMHATA, OTpaka-
OISl SMIOXY WJIM KOHTEKCT HCTob3oBaHus cioBa [12]. IIpoctpancTBo MUHKOBCKOTO MpeacTaBis-
eT co0Ol ueThIpEXMEpPHOE ICEBIOEBKINIOBO MPOCTPAHCTBO-BPEMs, IZie METpHKa 3aJaéTcs Kak:

2 2 2 2 2
ds” =dt” —dx" —dy” —dz" , rne dx, dy, dz — pa3HOCTH IPOCTPAHCTBEHHBIX KOOPAUHAT (CEMaHTHYe-
CKUX U3MEPEHUH), dt — pa3HOCTh BPEMEHHOM KOOPAMHATHI (BPEMEHHOTO aCIeKTa).
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B KOHTEKCTE CeMaHTHYECKOrO MPOCTPAHCTBA KOOPAMHATHI X, V, Z MPEICTABISIOT CEMaHTHYC-
CKYIO0 OJIU30CTh CJIOB (Hampumep, CHHOHUMHUS, POJICTBEHHBIC OTHOIICHUS, TEMaTUYeCKasi MPUHAJ-
JICKHOCTh) U 3aBUCAT OT CEMAaHTUUYECKHUX MPU3HAKOB. UeM Onvke TOUKH, TeM 0oJiee OJIM3KHUMH TI0
CMBICITY CUUTAIOTCS CJIOBA, KOOpAWHATA ¢! OTpakaeT UCTOPUUYECKUM KOHTEKCT WJIM BPEMEHHOU Iie-
proa, B TEUYEHHUE KOTOPOTO CIOBO YIOTPEOIAIOCH WU MPUOOPENo MOMyIsIpHOCTh. bosbioe 3Have-
HUE { MOXET 03HAa4aTh, YTO CIIOBO CTAPOE WJIH JIABHO BBIIUIO U3 aKTUBHOTO YIIOTPEOJICHUS.

[TycTh mMeeTcs 1Ba clioBa w; U W) € KOOpAUHATAMU: W1 =(X1,V1,21,t1) U Wr=(X2,)2,Z2,1»). IHTEp-
BaJl MEXAY HUMU COCTaBUT: dsz(wl,wz)=(xz—x1)2+(yz—y1)2+(zz-zl)z-(tz-tl)z. [IpocTpancTBeHHBIE KO-
OpJIMHATHI KOJUPYIOT WHBApHUAHTHBIE CEMaHTUUYECKHE IPU3HAKK CJIOBA, BPEMEHHAas KOOpJAWHATA
SABIISICTCS MEpPOW ero KOHTEKCTYyaJbHOW, MUAXPOHHMYECKOW HIIM MParMaTu4ecKod MoIu(UKAIUH.
OCOOEHHOCTBIO METPHUKH SIBIISICTCS €€ CIIOCOOHOCTh pa3jinyaTh JBa THUIA CEMAHTHYECKUX OTHOIIIE-
HUM:
= CwmbicioBas O6JU30CTh (ITOJOKUTEIBHBIN ds?) JOCTUTAETCs, KOT/Ia COBIIAJICHUE 10 MHBApUAHT-

HBIM CEMAHTHYCCKHM MPU3HAKAM (X2-X1) +(y2-y1) +(z2-z1)° HepeBermBaeT KOHTEKCTYaIbHO-

BPEMEHHOM Pa3phIB (1r-1| )2 . DTO COOTBETCTBYET CIlyuyaro, KOT/ia CJIOBa SIBJISIOTCS CHHOHUMaMU

WJTU TIPUHAIICKAT OJTHOMY CEMAaHTHYECKOMY TTOJTIO.
= CMBICIIOBOM pa3phiB WIIM CJIBHUT (OTPUIIATEIBHBIN ds?) BOZHUKAET, KOTJIa Pa3IuiMs B KOHTEKCTE,

3M0X€ WJIM MparMaTUKE MCIOJIb30BaHUS (tz—t1)2 CTAHOBATCS HACTOJBKO 3HAYUMBIMH, YTO Ipe-

obnanaroT Haj GOPMATbHONW CEMAaHTHUYECKOU CXOXKECThIO.

Metpuka MHUHKOBCKOTO pacIIMpseT MOJAENIb CEMaHTUYECKOrOo IMPOCTPAHCTBA, BBOJS B HETO
KOH(DIMKTYIOIIee U3MepeHne. DTO MO3BOJIAET Oosee aeKBaTHO OTPa)KaTh CIOKHOCTh M HEJTMHEH-
HOCTh CEMaHTHUUYECKUX CcBs3eil B ESL.

[TycTh aHO CeMaHTUYECKOE MPOCTPAHCTBO S, MPEICTaBICHHOE KaK BEKTOPHOE MPOCTPAHCTBO
HaJ[ TO0JIEM BEIIECTBEHHBIX 4HUCesl. BBOAUTCS MeTpuKa, aHAJIOTMYHAs METpuke MHMHKOBCKOTO, U
MIPUMEHSETCS. K BEKTOpaM CJ0B. Torna pacCTOsIHUE MEXY JIByMs CIIOBaMU W; U W, OIIPEAENSIeTCs
cienyromuM oopaszom [9]:

2 T r

i€ t,,— MPEACTaBIsET BPEMEHHYIO0 KOMIIOHEHTY CJI0Ba W, S, — IPOCTPAHCTBEHHBII KOMIIOHEHT (ce-
MaHTUYECKHI BEKTOP), A U B — MOJ0KUTEIBHO ONPEAECIEHHBIE MAaTPUILIBI, XapAKTEPU3YIOLUE BIIHSI-
HUE BPEMEHHOH U MPOCTPAHCTBEHHON KOMIIOHEHT COOTBETCTBEHHO.

Ha pucynke 3 mpejcraBieHa cTpykTypa oOBbEKTOB ¢ MpaBUIaMU MOUCKA U 3ampoca i KOH-
KpPETHOTO s3bIka. OTBET OCYLIECTBISIETCA Ha A3BIKE 3alIpoca ¢ BO3MOXKHOCTBIO IIE€PEBOAA TI0 JIMHT-
BHUCTUYECKHUM IIpaBUjIaM Ha Apyroi s3eik [6, 18].
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Hcxoauplii TeKCT moAaéTcst MOJeM Ha Ha4albHOM ATane oOpaboTKH M mpeolpaszyercst Mojie-
JBI0 B YKCJIOBOE MPECTABICHUE B BHJIE HAOOpa BEKTOPOB, YAOOHBIX JIJIS MOCIEIyIOIIeld 00padoT-
ku. [IpuMeHsst paHee MONyYeHHBIE 3HAHHUA C TIOMOINBI0 MEXaHW3Ma BHUMAaHHSA, MOJAEIb M3MEHSET
CTPYKTYPY MOJIYYEHHOTO BEKTOpa TAaKUM 00pa3oM, 4TOOBI OH COOTBETCTBOBAJI CTPYKTYpe TEKCTa Ha
TpeOyeMoM si3bIKe TepeBosia. MToroselil BeKTOp moaBepraercst 00paTHOMY MpeoOpa30BaHUIO B Y-
TaeMbIil TEKCT Ha IEJIEBOM s13bIKe. MO/1e/Ib BEIBOJUT TOTOBBIH MIEPEBO/I HA LIETIEBOM SI3BIKE.

dopmanbHble TPAMMAaTUKN OOECTIEYMBAIOT OCHOBY JUISI aHAIM3a M T€HEPAaluy HPEeAI0KEeHHH,
pa3duBas MX HA COCTABJIAIONIME AJIEMEHTHI M OTNpeesiss npaBmwia ux coderanus [19]. I'pammaruku
XOMCKOTO MOTYT NPUMEHSTHCSA B KOHTEKCTE COBPEMEHHBIX SI3BIKOBBIX MOJIENIEH Ha OCHOBE TPaHC-
(bopmepoB. EnuHHIIBI A3bIKA COCTOAT M3 KOMIOHEHTOB: G ={N, T, P, S}, rae: N — andaBut KoH-

KPETHBIX CHMBOJIOB, ()OPMHUPYIOLINI KOHEUHBIN an(aBUT HETEPMUHAIBHBIX CUMBOJIOB; T — KOHEY-
HBIH anaBUT TEPMUHAIBHBIX CUMBOJIOB (COBNAAAET ¢ a(aBUTOM fA3bIKA, 33/1aBAEMOI0 IpaMMaTH-
Koi); P — npaBuia BeIBOAA, MOopdoorus; $ — HauajabHbI HETEpMUHAI rpaMMaTuku G.

I'pammarukn XOMCKOrO MOTYT OKa3aTh CYLIECTBEHHYIO MOJCPKKY B CHH)KEHUHU I'eHEpaluu
HEJIOCTOBEPHBIX CBEJICHUMN.

1.4 Mopgenu TpaHcdopmepos

Monenu, Takue kak BERT, UCTIONB3YIOT TOJIHKO KOMIIOHEHT HKO/IEpa. JTO MO3BOJIAET UM d(h-
(EeKTHBHO BBITIOJIHATH 3a/1a4M, TAKWE KaK TEKCTOBas KiaccH(HKaIus, paclio3HaBaHHE MMEHOBAH-
HBIX CYIIHOCTEW U OTBETHI Ha Bompockl [20].

Mogenu tina GPT GyHKIMOHHUPYIOT HAa OCHOBE JIEKOJIEpa, UYTO MO3BOJISIET UM YCIICITHO CIPaB-
JATHCA € 3a/ladyaMU, CBA3aHHBIMU C MPOJOJIKEHUEM TEKCTa, BEJICHUEM JIMaJOroB U OLIEHKOH Bepo-
SITHOCTH TE€KCTOB.

Takum o6pazom, BERT opueHTUPOBaH Ha aHANU3 U Kinaccupukanuio, GPT ciennamn3upyercs
Ha TeHEepaIfy TeKCTa U B3aumoiercTeuu [21, 22].

Henocratkyu M3BECTHBIX MOJENEH: HEYCTOMYMBOCTH (MOTEps KayecTBa MPU M3MEHEHUHU JIaH-
HBIX); MIPEAB3ATOCTh (MOJIEb JAET OTBETHI, HE COOTBETCTBYIOILUE ITHKE); HECTAOUILHOCTD BBIBOJA
(momy4yeHue pa3HbIX Pe3yJabTaTOB 3aMpoca).

2 Oco6eHHOCTU U pe3ynbTaTbl TECTUPOBAHUA AMANOroBon Moaenun

Jnst co3nanus nuanoroBoil Mozenu ucnoibzoBaHa bAM I'mralar 2.0, npegHazHaueHHas s
pabotel ¢ ESI. Moaens ocHOBaHa Ha apXUTEKType TpaHchopMepoB, cxoxei ¢ cemeiictBoM GPT, u
CHocoOHa pelaTh MUPOKUH criekTp 3aaay [20].

s pa®oThl C pa3snUYHON JUIMHOM BXOJAHBIX JAHHBIX U COXPAaHEHMsS KOHTEKCTa B IPOJIOJIKU-
TEJbHBIX JIMANOrax MPHUMEHSETCS MEXAaHM3M HAlpaBiIeHHOIO BHHUMAaHUS, pealu30BaHHBIA udepe3
CUHTAKCUYECKH-000TaEHHbIN 3ampoc. Mojienb BKIIIOYAET BHEIIHUE MOJYJIU MPOBEPKH JOCTOBEP-
HOCTH, B3aUMOJICHCTBYIOIINE C JONOIHUTEIbHBIMA UCTOUHUKAMH JAHHBIX Ul Bepupukanuu (ak-
TOB. MeXxaHu3M BHUMAaHHUsS MpPEUIaraeTcsl MCIOJIb30BaTh Ha 3Tare npeaodpaboTke naHHBIX [23].
OTO ynpoumaeT u yckopseT o0paboTKy, HO MOSBIAETCS PUCK IIOTEPH AeTaneldl U BO3ZMOKHOIO YXYy-
IICHUs] KaueCTBa Ha KOPOTKUX TeKcTaxX. BakHO BHMMATENbHO MOAOMPATh apXUTEKTypy M HacTpau-
BaTh FUIEpIapaMeTphl I ONTUMAIBHOIO OanaHca MeXy CKOPOCThbIO U TOYHOCTBbIO 00pabOTKH.

[TocTpoeHre KOMIAKTHOTO MPECTABICHUS TEKCTa OCYIECTBISIETCS Yepe3 Kackal OJIOKOB KOM-
IIPECCUU, KOTOPBIE YMEHBINAIOT [UIMHY IIOCIENOBAaTEIBHOCTH, IIPU COXPAHCHHMH CYILECTBEHHBIX
IPU3HAKOB. TO MOXKET OBITh TOCTUTHYTO BBEACHUEM (DYHKIIMH KoMIIpeccuu L(x) (CM. pUCYHOK 4).
Ha xaxxaom BpeMeHHOM miare t riio0anbHas MOJAEIb BHUMAHHS BBIUUCIISIET BEKTOP BEca BhIPaBHU-
BaHMS MIEPEMEHHOM JUTMHBI 0t HA OCHOBE TEKYILErO COCTOSHUS LENU hr M BCeX COCTOSTHMN HCTOY-
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HUKa /i [24]. Tno0anbHbIil BEKTOP KOHTEKCTA C: BBIYMCIISETCS KaK CPEIHEB3BEIICHHOE 3HAYCHHE,
COTJIACHO Q¢ 110 BCEM COCTOSTHUSIM UCTOYHMKA. L[e/1b — momydyuTh BEKTOp KOHTEKCTAa Ha OCHOBE BCEX
CKPBITBIX COCTOSIHUM KOJUPYIOUIEH PEKYPPEHTHOW HEMPOHHOW CeTH. DTOT TUI BHUMAHHUS OXBaThI-
BaeT BCE MPOCTPAHCTBO BXOAHBIX COCTOSIHUH [25, 26].

BrIXo HbIE
BEPOSITHOCTH

BeKTOp KOHTEKCTa
TnofambHbIe Beca

| —— ( HobapJeHHe H
o I % HOPMAJTH3aL[H5L
Floasnerte 1 IToNMHOCRSI3HbIE CIIO!
ropwmmEa
IToIHOCRsI3HbIE CTIOH TlobakerHe H
MLPs HOP MATTHZa 15
KO HpORIIHK HobarJieHHe H
HOpMAJTH3aLHA
JlobarJieHHEe H
HOpMAITH3aLEs1
(MeXﬁHHBM BHPIMaHHSl)
7y M exaHH3M BHHMaHHS
\L ‘ > N ¢ MacKoH
ITozHIHOHHOE \ L/
KOAHPOBAHHE ITosHIHOHHOE 9
/ KOJHPOBaHHe
BekTopHbIe BekTopHbIe
TIpeACTaRIIEHHST CJIOB €/ICTaBJIEHHsI CTIOB
BxoaHas ITenepast
TI0CIIeA0RATENTEHOCTh TI0CITe 0B aTENTEHOCTh

Pucynox 4 — CTpyKTypa S36IKOBOM MOJEIIH C apXUTEKTYpOol TpaHchopmepa

Anroput™ pabotsl bSM BkimrouaeT: c60p AaHHBIX; MPe1o0padOTKY JaHHBIX; pabOTy IUANOro-
BOM MOJIENIN, UMEIOIIECH apXUTEKTYpy TpaHchopmepa.

B xone TecTupoBaHus NPOBEPSIUCH KIFOUEBBIE XapaKTEPUCTUKHU MOJENIN: Ka4eCTBO F'eHEepaluu
TEKCTa U NMPaBUIBHOCTh MOHMUMAaHMs BOIPOCOB; BPEMEHHBIE MOKA3aTeld OTKIMKOB Ha 3aIlpoChl;
HaIEKHOCTb MPEI0CTaBISIEMON HH(pOpMAIIHH.

JlooOyueHune nmpoBeaeHO Ha CCIHATM3NPOBAaHHOM Habope AJaHHBIX 00bEMOM okoiio 15 000 map
«BOMPOC-0TBET» U3 00pa3oBaTeNbHON chepbl (YUeOHHKH IO TYMaHUTAPHBIM HayKaM, COOpPHUKH 3a-
nayv). Jlns mporecca 1000ydeHUsT MOJIEIN UCIIONb30Bajcs ontumuszatop AdamW [27]. nst unTe-
rpaliy rpaMMaTUYEeCKUX MPABUJ B MPOLECC T€HEpAlMU HCIOJIb30BaH MEXaHU3M CHHTaKCUYECKU-
00yCIIOBJIGHHOTO BHUMaHUs1, KOTOPBIM Ha 3Tare npen1oopadoTku GopMUPYET CUHTaAKCUYECKHE TIPU-
3HAaKM pa3MepHOCTHIO 128 1 uConb3yeT ux AJs HarnpaBieHUs GOKyca MOAEIH Ha CTPYKTYPHO KOP-
pEeKTHBIE MaTTepHbl. JJOCTOBEPHOCTh OTBETOB OIpENeslach COueTaHUEM TPEX IMokazaTenen: Qax-
TOJIOTHYECKAsi TOYHOCTh — COOTBETCTBUE YTBEPKACHUH B OTBETE MPOBEPsAEMBIM (haKTaM M3 aBTOPH-
TETHBIX UCTOYHHUKOB; JIOTHYECKAasl CBSI3HOCTb — OTCYTCTBUE MPOTHUBOPEUMI B OTBETE, COOIIOJCHHE
IIPUYMHHO-CJIEICTBEHHBIX CBSI3€H M MPaBUJI JOTMKH; CUHTAKCHUUYECKas M CEMAHTUYECKasi KOPPEKT-
HOCTb — TpaMMaTHyecKas IPaBUIbHOCTb MPEAJIOKEHUN U COOTBETCTBHE CMBICIIA 3aIIPOCY.

B xauecTBe TECTOBOro MCHoib30Bajcs Habop Aanublid 3 500 3ampocoB TpEx Kareropuit: Qax-
tonorudyeckue (200) — BOIPOCHI € OJHO3HAYHBIM TPOBEPSEMBIM OTBETOM; CTPYKTYpHUPOBAH-
Hbie/norunyeckue (200) — MaTeMaTU4eCKHe 3a7a4u, 3a/1a4 Ha JIOTHKY, 3aIIPOCHl HAa TOCTPOCHUE all-
roputMa; poponupyromue (100) — 3anmpockl, coaepskanme MpOTUBOPEUNS WM OTChUIAIOIINE K He-
CYLIECTBYIOIUM (hakTaM (AJIs1 OLIEHKU CKJIOHHOCTHU K TAJUTIOIUHAIIHSIM).
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JIns OUEHKHM HCIOJIB30BAIKCH CIEAYIOIINE METPUKHU: A0NsA (DAKTOIOTUYECKH BEPHBIX yTBEP-
KJIEHUI B OTBETE, J0JI BBIMBIIUICHHBIX WM HETIOATBEPKIEHHBIX YTBEPKACHUH B OTBETE, OIICHKA
JIOTMYECKOM CBA3HOCTH M ITOCJIE0BATEIbHOCTH OTBETA, CPEHEE BpeMsl TeHEepaluy OTBeTa. Pe3yib-
TaThI PUBEICHBI B Tabnuue 1.

Tabnmma 1 — Pe3ympTaThl SKCIEpUMEHTATBHOTO CPAaBHEHUS

Hons dpakromorude- J10J151 BEIMBIIIJICHHBIX O11eHKa JTOTHYECKONA Cpennee
Monens CKH BEPHBIX yTBEP- WM HENOATBEPXKIAEHHBIX | CBSI3HOCTH U TIOCIE/I0- BpEMsi TeHe-
JKIIEHUI B OTBETE YTBEPIKIICHHUI B OTBETE BaTEJIbLHOCTH OTBETA paIyu oTBETa
Baseline
78.5% 18.2% 3.8 0.45
(I'uraYar 2.0)
IIpennoxennas
P 91.3% 7.1% 44 0.68
MOJIEND

[Tony4deHHBIC pe3yabTaThl MO3BOJSIOT COMOCTABUTH MPEIaraéMyr0 MOJIENb C JIPYTHMHU MTOJIXO0-
namu (cM. Tadnuiy 2).

Tabmuna 2 —KauecTBeHHOE COMOCTaBIEHUE MTOIX0A0B K 00ECIICUEHUIO TOCTOBEPHOCTH A3BIKOBBIX MOJICNICH

Heiipo- Ipensaraemslii
Kputepnii / Meton RLHF [4, 5] RAG [5] CHMBOJIbHbIC TH- P .
THOPHUIHBIH MeTo
Opuabl [6, 7]
OCHOBHOI MEXaHU3M Cwmewenue Bol- |[louck mo BHew-  |MHTerpamnus Tpolinast HHTErpaLysi:
X0J1a uepe3 HuMm b3 HelpoceTel ¢ 10-  [FpaMMAaTUKU + KaTeropuu
TIPEIIIOYTECHIS THY. IPaBIJIAMH + reoM. MoJieNb
daxrtonoruyeckas ToyHocTh  |KocBeHHO, yepe3 |Bricokas 3aBHCHUT OT CUCTEeMBI | BbIcoKkast (KOHTPOJIb Ha
obpatHyto cBs3b |(3a cu€T b3) TIpaBUII Bxoje/BbIX0sie + RAG-
BepudHKaLus)
CunTakcudeckuid/ CTpyKTyp- |OTCYTCTBYyEeT OrtcyTcTBYET Yactuunseii (3aBu-  |Bricokuii (popmanbHbIe
HBI KOHTPOJIb CHUT OT TPAaMMAaTHK) |TPaMMAaTHKH XOMCKOTO)
OOBSICHUMOCTB Huskas («aép-  |Cpenmsist (MoxHO |Bpicokas (jormue- |Bpicokas (kaTteropuais-
HBIN SIIIUK») yKa3aTh UCTOYHHK) |CKUH BBIBO) Hasi MOJI€JIb TIOTOKOB)
Y4&T KOHTEKCTa/CBA3HOCTD Bricoxkuii (3a OrpannyeH koH- | XKEcTkuii (mpaBmia) |Beicokuii (reoM. MOIENb
c4éT OOYYeHHUs) |TEKCTOM 3aIpoca MWUHKOBCKOTO + Ir'eHepa-
TrBHas bSIM)
Brrancnurenbhas cioxHocTh  |OdeHb Bbicokast |Boicokas (mouck + |Cpenusisi-Beicokas  |Cpenusis (yBeTUueHUE
(oOyueHue ¢ TeHEepaIus) ~50% x baseline, cM. Tad-
MOJIKP.) nuna 1)
KiroueBoe orpannuenue 3arpaTel Ha pa3- |KauectBo b3, KéctkocTs, cnoxk- |Bpemst oTkiMka, TBOpue-
METKY, TAJUTIO-  |CBS3HOCTh TEKCTA |HOCTh HHTETPALMU |CKHUE 3aJla4d
UHALAA

B otnmuune ot RLHF n RAG nipennaraemblii METOJT 00€CTIeunBaeT CUCTEMHOE TIPEUMYIIIECTBO B
3a/a4ax, TpeOYyIIUX OJHOBPEMEHHO BBICOKOW CTPYKTYPHOH KOPPEKTHOCTH, (DaKTOIOTHYECKOMH
TOYHOCTU U OOBICHUMOCTU. [0 BBIYMCIUTETHHON CIIOKHOCTH METOJ] 3aHMMAeT MPOMEKYTOUHOE
MOJIOKEHUE: OH JIerye MacuTabupyemMoro coopa uenoBedeckux npeanouyrenuii (RLHF), Ho TpeOyer
OompIie pecypcoB, ueM RAG. Takum 00pa3om, METOJT 3aMOHSAET HUITY MPOSKTUPOBAHUS KOHTPO-
JUPYEMBIX ¥ BEpUDHUIIMPYEMBIX TUATOTOBBIX CUCTEM /IS IPEIMETHO-OPHEHTUPOBAHHBIX 00JIacTel,
/i€ 1leHa ONTMOKM BBICOKA, a TPEOOBaHUS K KOPPEKTHOCTH MPEOo0Ia at0T Hall TPeOOBAaHUSIMH K MU-
HHUMAaJIbHOM 3aJIEPiKKE.

Jlo6aByienre MOIyIsl HA OCHOBE TpaMMAaTHK XOMCKOTO AT 3HAUYNTEIbHBIN TPUPOCT TOYHOCTH
U CHUKAET YPOBEHb TaJUTIOIMHAIMN. DTO MOATBEPKIAET TUIOTE3y O BAXKHOCTU CHHTAKCHMUECKOU
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bunbTpanuu. YIiydlieHHe KauecTBa CONMPOBOXKIAETCS yBeJIMYEHHEM BpeMeHu oTBeTa (Ha ~50% c
0.45 10 0.68 c).

B(b(beKTI/IBHOCTb MMPEAIOKECHHOTI'O IMOAX0Aa CHUXACTCA B CIICAYIOINX YCIIOBUAX.

ITpn pabore ¢ TBOpUYECKUMHM 3ajadyaMM (HAIMCAHME 3CCE, TEHEpaIHs XyJ0XKECTBEHHBIX TEKCTOB), TJ€ CTPOTHI
CHHTaKCHYECKUI KOHTPOJIb MOKET OTPAaHWINBATH TBOPUECTBO.

B ycnoBusx HeompeaenéHHBIX WIN NMPOTUBOPEUMBBIX 3allpOCOB, KOTJa IpaMMaTUYeCKUN aHalIu3 HE MO3BOJISET
OJTHO3HAYHO KJIACCU(HUIIMPOBATH HAMEPEHHE MOJIb30BATEIS.

[Tpu 06paboTKE crienuaaTM3upOBaHHON TEPMUHOJIOTHH, HE OXBAUCHHOW MTPaBUJIaMU IPaMMaTHK XOMCKOTO.

B cuenapusix peanbHOro BpEMEHH C JKECTKUMH TPEOOBAHUSIMHU K 3aJIepiKKe, TOCKOJIBKY JIOTIOJHUTEIBHBIH MOTYIIb
pe1o0paboTKH yBEINYHMBAET BpeMsl OTKIMKA Ha 15-20%.

Hau6onbmmast 3hpekTuBHOCTS JOCTUTACTCS IPH paboTe CO CTPYKTYPUPOBAHHBIMH 3aIPOCaAMHU:

PEIICHUEC MAaTEMAaTUYCCKUX 3aJiad, IIPOBCpPKa rpaMMAaTUKH, (baKTOJ'IOFI/ILIeCKI/Iﬁ IIOUCK, TCXHUYCCKUC
KOHCYJIbTallhU.

(1]
(2]
(3]
(4]
(3]
(6]
(7]

(8]

[10]

3aknryeHue

OCHOBHBIMU pe3yJbTaTaMH PabOTHI SBISIOTCA CIEIYIOIINE:

pa3paboTaHa THOpUIHAS apXUTEKTypa JUAIOroBod mojenu Ha ocHoBe ['mralar 2.0 m wHTE-
rpupytomas GopManbHble FpaMMaTUKH XOMCKOTO JIJIsl CHHTAKCHYECKOTO KOHTPOJIS Ha BXOJE U
BBIXO/JIE;

npenaoxkeHo ¢opMaiabHOE OnMucaHue paboThl AUATOTOBOM MOJENU Ha S3bIKE TEOPUU KaTero-
pH, 4TO yNPOIIAET AHAJIN3 IIOTOKOB JITaHHBIX;

OCYULIECTBJIEHO MOJIEIMPOBAHUE CEMAHTUKHU B MPOCTPAHCTBE MUHKOBCKOTO JIJIsl OT/AEJICHUS HH-
BAPHUAHTHOI'O 3HAYCHHSA A3BIKOBBIX CAWHUILL OT UX KOHTCKCTyaHBHO-BpeMeHHOﬁ JAWHaAMUWKH, 4TO
YIIy4IlIaeT JJOTUYECKYIO CBA3HOCTh OTBETOB;

HpGI[J'IO)KGHHLIfI FI/I6pI/II[H1)1ﬁ MCTOJ MOKCT CHHXATb YPOBCHb FaJIJ'IIOIlI/IHaIII/Iﬁ 1 IIOBbIIIATH
(haKTONIOTHUECKYI0 TOYHOCTh U JIOTHUECKYIO CBS3HOCTh OTBETOB.
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Abstract

This study is devoted to enhancing the reliability of dialog model responses in tasks requiring high accuracy. A hybrid
approach is proposed that combines fine-tuning the model on domain-specific data with the integration of Chomsky
formal grammars into the query processing pipeline. An architecture is introduced that unifies formal syntactic control
with the generative capabilities of the fine-tuned GigaChat 2.0 model. The query processing workflow incorporates a
module for preliminary analysis and filtering of user queries based on Chomsky context-free grammars. To align the
operation of the generative model with the identified syntactic structure, a two-level control mechanism is proposed. At
the input stage, a syntactically enriched query guides the generation process toward appropriate structural query pat-
terns. At the output stage, the verification module performs selection and correction of the generated response based on
formal criteria. To enhance explainability and enable formal analysis of data flows, category theory is employed, in
which queries, intermediate representations, and responses are modeled as objects and morphisms of a category. To
improve logical coherence and contextual awareness, a geometric representation of semantics in Minkowski space is
proposed, whose metric makes it possible to separate the invariant meaning of a word from its contextual and temporal
dynamics. Experimental evaluation on a specialized set of 500 factual and structured queries demonstrates that the pro-
posed method reduces the generation of fabricated statements by 22% compared to the baseline GigaChat 2.0 model.
The results show that the combined use of formal grammars, categorical formalism, and a geometric model of semantics
enhances the reliability of responses in domain-specific dialogues.
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AHHOTaUuA

IIpencraBneHa oHTOJOTHYECKass MOJENb Tpollecca TIAaHUPOBaHUS pabOT Ha MPOW3BOJCTBEHHBIX MPEN-
NPUATHIX, UHTETPUPOBAHHAS B MYJbTHArEHTHYIO CUCTEMY MOAJEPKKU NPUHATHS PELIEHUI HAa OCHOBE
MOJAYJIBHOI'O MOJX0Ja. B MyJabTHareHTHOM cuUCTEME MCMOJIb3YeTCs KOATUIMOHHO-XOJOHUYECKasi apXu-
TEKTypa, MPeICTaBIAoNas cOO0H MHOTOYPOBHEBYIO CTPYKTYPY arcHTOB, OOBEAMHSEMBIX B CTATUYHEIC
XOJIOHBI, YIPaBJISIEMbIE CYNEPBU30PAMHU, Ul peau3aliy MOBTOPSIOIINXCS 3a7a4y U BPEMEHHbIE KOAlHU-
LIUH, yIpaBJsieMble areHTaMU-KOOPAUHATOPAMHU, C LEJbIO PEIIEHUS CIOKHBIX 3a1a4. OHTOJIOrUs SIBIsET-
cs OOIIMM CEMaHTHYECKHM IMPOCTPAHCTBOM M MUCTOYHUKOM 3HAHMW JJIsS areHTOB, oOecredmBasi KOTHHU-
TUBHYIO COTJIACOBAHHOCTh UX JIEUCTBUM, a TaKkKe CPEJCTBOM KOOpPIMHALIMU XOJIOHOB M Koanuiuil. Bzau-
MOJICHCTBHE C OHTOJIOTHEW peau3yloT ClelUalIu3upoBaHHbIe areHThl. HacTpoiika nmpuopuTeToB Kpute-
pHEB OCYIIECTBISIETCS Yepe3 BeCOBbIC KOA(PMUIIMEHTHI, YTO TOBBIIMIAET aJallTUBHOCTh M YIIPABIIEMOCTh
cuctembl. CHW)KEHHE KOTHHUTUBHON HArpy3KH Ha JUI, MPUHUMAIOIINX PENICHHs, JOCTUTACTCS 3a CUET
OHTOJIOTHYECKOT'O OTCEUEHHST HECOTIIACOBAHHBIX aJbTEPHATUB U MPENYyCTAHOBICHHBIX TpaBmi. OCOOEHHO
BBIPAKCHBI TaHHBIC 3(P(EKTHI pU yBETHUCHUH IEPUIIHTA PECYPCOB H KECTKOCTH OTPAHHMYCHHIA K CO3/a-
BacMOMY IUTaHy. Pe3ynbTaThl anpoOaIii CHCTEMbI TIO3BOJIAIOT CICNIATh BBIBOJ] O BO3MOXKHOM yMCHBbIIIC-
HHUU BPEMEHU IIJIAHUPOBAHUS, YBEIMYEHUN PABHOMEPHOCTH PaCIIpEEeIeHUs Harpy3KU IIPOU3BOICTBEHHO-
r'o MepcoHalia U MOBBIIICHUN TOYHOCTH COOJIFOJICHHS OFOJKETHBIX OTPAHUYCHUH MPH TUIAHUPOBAHUU pa-
00T. IIpakTHyeckas 3HAYUMOCTh 3aK/TFOYACTCS B YCKOPCHHUU MOJTOTOBKU W TOBBINICHHHA TOYHOCTH ILIa-
HOB TPOU3BOJICTBEHHBIX Pa0OT, YMCHBIIICHUU KOTHUTUBHOW HATPY3KH HA JIUIIO, NPUHUMAIOIICTO pelle-
HUS, IPH TUTAHUPOBAHUHN PabOT COTPYTHUKOB MAITBIX M CPEIHHUX IIPON3BOACTBEHHBIX MPEATPUSITHH.

Knroueswvte cnosa: onmonocuuecxkas MO()eflb, MYyJlbmudacenmnas cucmemda, nodz)ep:)fcm npurAmMuUs peute-
HMIJ, KoeHumueHas cucmemda, nianuposarue pa6om.

Humuposanue: Jlanynyosa E.B., Yeunes B.5. OHTOIOTHYECKAS MOJIENB MIpoIlecca IIaHUPOBAaHUA padboT
Ha TPOM3BOJICTBEHHBIX MNPENPHATHIX B MYJIBTHATCHTHOW CHCTEME MOJJEPXKKH TPHHATHS PEIICHUH.
Onmonoeus npoexmuposanus. 2026. T.16, Nel(59). C.139-151. DOI: 10.18287/2223-9537-2026-16-1-
139-151.

Bxnao aemopos: Jlanynyosa E.B. — mocTaHOBKA 3aJ1aui, aHAINU3 PE3ynbTaTtoB; Yeuneg B.b. — pa3paboTka
OHTOJIOTHUECKOM MOJIENHU, IPOBEACHUE IKCIIEPUMEHTA.

Kongnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBHH KOH(IIMKTa HHTEPECOB.

BBepeHune

B ycnoBusix usmensitonieics nHGOpPMaMOHHON Cpebl, AePUIIMTa BPEMEHH, HAJTUUNs MHOKE-
cTBa KpuTepreB 3((HEeKTUBHOCTH U BBICOKOW CTENEHU HEOIPeIeIEHHOCTH UCXOIHBIX JaHHBIX 3aj1a-
uyn 1uianupoBanus pabot (I1P) na nmpoussoacteennsix npeanpusarusx (I1IT) npencrasnsioT coboii
CIIOKHBI MHTEJUIEKTyalIbHbIN Ipouecc. CIeAcTBUEM SBISETCS BBICOKAash KOTHUTHBHAs Harpyska
mun, npuauMaromux pemenus (JIIP) [1]. Cucremsr nopaepxku npunsatus pemennit (CIIIP), oc-
HOBaHHBIE Ha JETEPMUHUPOBAHHBIX KPUTEPHSX, KECTKUX ANTOPUTMAX M CTATHUYECKUX MOJEISX,
HEJI0CTaTOYHO YYUTHIBAIOT CHEUPHUKY KOTHUTHBHBIX nporeccoB JIIIP. CymecTByeT noTpeOHOCTD
B CIIIIP, cnocoOHBIX aganTUpOBaThCS K M3MEHEHUSIM CPe/Ibl U MMOHWKATh KOTHUTHBHYIO Harpy3Ky
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Ha JIITP. IlpumeHneHne OHTOJIOTHIA IMO3BOJIAET (hOpManIM30BaTh 3HAHUS O IMPEAMETHOM OO0JaCTH
(ITpO), MOBBICUTH THOKOCTh U aJAaNTUBHOCTH YIPABIICHUS, CHU3UTh KOTHUTUBHYIO HArpy3Ky Ha
JITIP, B T.4. U3-3a CXOKECTU C MEHTAJILHBIMHU MOJICIIIMU JEATEIIBHOCTH YesloBeKa [2-4].

[{enbto TaHHOTO MCCIIEOBaHMS ABIISETCS pa3paboTka oHToNOrnYeckoi Mozenu (OM) mpouec-
ca 1P na IIII1 B mynsTuarenTHoi cucremMe (MAC), obecrnieunBaromieil moaAepKKy PEIICHHH ¢ yué-
TOM CJIO)KHOCTH MHOTOKPUTEPHAIbHBIX 3a]1a4.

1 CDopmanmauml 3agaydvm nnaHnpoBaHus pa60T

B pab6ore paccmarpuBaetcs 111, BeimoHsOMEe MHOXKECTBO MPOEKTOB (KOHTpakToB) C = {C|,
G, ..., Cp} B onpesieI€HHOM IUIAHOBOM IIEPUOJE, JETAIIEMCS Ha MECALBI U MIPEACTABIAIOIIEM CO-
6oii maoxxkectBo 1 = {T1, T,, ..., T.}. Kaxapnii KOHTpakT C; — 3TO BBIITYCK OJTHOTO MJIM HECKOJBKHX
KOHEUHBIX MPOJIYKTOB WJIM OKa3aHus yciyr. B maHHO#M 3amadye MPUHATO, YTO PE3YIbTaThl ACSATEIb-
Hoctu 111 mpencTaBisrOTCss MHOXKECTBOM MPOAYKTOB P = {P, P,, ..., P;}. [l KaX10r0 NpoayKTa
P; cymectByer MHOkecTBO onepauuil Oy = {Oj1, Oy, ..., Oy} . Kaxnas onepanusa Oy XapakTepH-
3yercst TpyLOEMKOCTbIO Ly — 00bEMOM TPYHOBBIX 3aTpaT (HOPMO-4acoB), HEOOXOAUMBIX s €€
BbITIOJIHEHUsI. Habop omepanuii MOXKET MMETh TEXHOJIOTHYECKHUE WIIM JIOTUYECKHUE OTHOIICHHS
MpeaIecTBOBaHUs, pu KOTopeix O, < O) 03Ha4YaeT HEOOXOAMMOCTh 3aBEpIIUTh onepaiuio O, 110
Hayasa Op. Jlns BeionHenus onepauuil Ojj; MMEETCs MHOKECTBO pecypcoB R = {Ry, Ry, ..., R,}.
Pecypcom B nanHOM citydae siBisieTcst padouee BpeMsi OTAENbHBIX paOOTHUKOB OIMpeeIEHHON KBa-
audUKaALUY, Y4acTBYIOUIMX B BBINOJIHEHMHU JaHHOM onepauuu Oy Kaxnwiil pecype R, obGnanaer
KaneHAapéM JOCTYMHOCTH: B KaXKIbl TUCKPETHBIA MEpHoJ IulaHupoBaHus 1 pecypc R, MOXeT
OBITh MCITOJI30BAaH B pa3mepe ', He OoJiee 3apaHee 3aaBacMoro o0bEmMa HOPMA-4acoB Yy llpu
3TOM KaXKIbIH y,,, 00JIaaeT 3apaHee 3a1aBaeMOi CTOUMOCTBIO S,

Pemenue 3a1aun miiaHUPOBAHMS 3aKIIFOYAETCS B ONPEICIICHUH
"  pacmpeneneHus pecypcoB R mo BceM TpeOyembIM omnepanusm O;
"  BpPEMEHHOI'0 PaCHUCaHUs BBHITOJTHEHUS OTEpPalliii Ha 3a/1aBA€MOM T'OPU30HTE TNIAHUPOBAHUS.

B ycrnoBusixX AUCKPETHOTO BPEMEHHU PEIlleHNEe MOKET OBITh MPEICTABICHO Kak Habop OMHAPHBIX
MePEMEHHBIX:

o) 1, ecrm onepanus O, HAaUMHAETCA B IEPUOJ ¢ Ha pecypee R,
Xijk = =
0, nnaue.
Pernrenne 10KHO YAOBICTBOPSTH CICAYIOIINM OTPAHUUICHHUSIM:
"  CyMMapHbIE BBIJICTIEHHBIE PECYPCHI HA Kaxk1yto oneparuio Oy JOIKHBI OBITh PaBHBI TPYAOEM-
KOCTH Ljji;
s mo0oro pecypea R, B KaxaoMm mnepuojie 7, cyMMapHasi Harpy3ka OT BCEX Ha3HAuCHHBIX
orepanuii He MPEBOCXOIUT JOCTYITHOTO R;;
" COOJIIOJICHHE OTHOILICHHUSI ITPE/IIIIECTBOBAHUS;
" CcOOJIOJICHHE 3aJaHHBIX TPCOOBAHMI 110 TICPUO/Ty Hayala ¥ OKOHYAHHS BBITIOJTHEHUS OIEPaIlHii;
= CcymMMapHas CTOMMOCTb BCEX HCIOJIb3YyEMBIX PECYPCOB R O/DKHA HAXOIUTHCS B paMKax 3ajia-
BaeMbIX I'PaHUII OFOJKETA: Bingjp < Yoner 2ter(Sney ne) < Bmax,-
B paccmarpuBaembix ycioBusix 1P MOXHO cHOpMyNIHpOBaThH CICIYIOIIME KPUTCPUH OITH-
MaJLHOCTH f
= ona kadcoou C;:
Bmini+Bmaxi_
-,
f; — MaKCUMH3AIIHS BBIMOJHEHHS KOHTPAKTa BHYTPH IEJICBOTO NIEPHO/Ia BRITOTHEHUS T74RGET:
' — MAaKCUMU3AIMs] PABHOMEPHOCTH PaCIpeICTICHHs HAarpy3KH Mexy R;

St — MUHAMH3aIHUsT OTKIIOHEHHUS OT LENEBOTO OI0/KETa KOHTPAKTA Brgrger, =
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" Ona Kadicoozo Py:
Bminij +Bmaxij.

2 b
/i — MaKCUMM3aLUsl BBIIOIHEHUS IPOAYKTAa BHYTPHU 1I€JE€BOT0 NEPUOA BBINOIHEHUS 1 T4RGETi;
S — MaKcUMM3alKs PAaBHOMEPHOCTH pacIipeieieHus Harpy3Ku Mexkay R;
" Ona Kkadxioo2o Oj:

/' — MUHMMU3aLUs OTKJIOHEHHs OT LEJIEBOro OIoKeTa MpoIyKTa Btargetij

N Bminijk"'Bmaxijk.

> 5
S"jk — MaKCUMM3alMs BBIIOJIHEHHs ONlepalluii BHYTPH LIEJIEBOr0 NEPUO/A BBIIOIHEHUS T T4RGETijk;
f""ijk — MaKCUMU3aLKs PaBHOMEPHOCTHU paclpeelICHUs] Harpy3KH Mexay R.

B 3aBucuMocTu OT BBIOpAaHHOIO METO/Ia MHOTOKpUTEpHAIbHAs 3ajaya MOXKET UMETh Pa3Hylo
neneByto ¢yHkuu. Hanmpumep, UCmonb3ys METOA JMHEHHON CBEPTKH KPUTEPUEB, MOXKHO IOJTY-
ante Qynkumio: F = max(Xh_, Wbif'i +3P th.f"i + ZfﬂWelf”'i}, rae W, — Bec KpuTepus
COOTBETCTBHUS I[EJIEBOMY OrO/IKeTy, W; — Bec KpUTepHsi COOTBETCTBHS 1I€JIEBOMY mepuoy, W, — Bec
KpPUTEPHUS PABHOMEPHOCTH PACHPEICIICHUS HATPY3KHU.

B o6meii cxeme mpouecca [1P neiictus JIIIP u mynsruarentnoit CIIIP MoxHO pa3aenuTs Ha
CJIEIYIOIIME KaTerOpuH (CM. PUCYHOK 1), coBepIliaemple: MpY MEPBUYHOM 3aITYCKE WU MTPU KaXKIOM
pacuére; eKeMECSYHO HUJIU 110 Mepe HEOOXOMMOCTH.

/'ijk — MMHUMU3aLUs OTKJIOHEHHs OT LIeJIEBOT0 OI0/KETa OIepaliu Btargetl.jk

= Yy
[ OnpegeneHie NonsL30BaTenbCkX ponei ]
OOHOBMRETCA
- EXEMECAYHO
[ PerucTpauMA nonk30saTensi ]
v

Yy
v [BBOﬂ, OaHHL no Fpynnam paGOTHuKOH] [ BEOO faHHE N0 BoeM KoHTpakTam ] [P KaXOM pacueTe

Beog nanHex no Mepyogam ]
[ ECEM PaGoTHUEAM nepeuHio [NpoayruMWETanoe

B0 JaHHkE N0 ] [ BEOL, [aHHELX N0 ECEMY ] .~

h 4 —
OOHOENATE MO MEpe
BEOJ AaHHEIX ND CTOUMOCTIA BEOZ AaHHEIX MO JOCTYNHOMY EPEMEHM BEOZ AaHHLDX N0 HepBXDaAMMOoCTH
yaca kawgoro PaBoTHuka B MecALe vy kawnoro PaboTtHuka gceM Onepaunam X J
Ty
[ Buifop KoHTpakTa AnA pacuéta ] HeoGxogumo genate
MWL HA cTapTe
npoekTa
[ BriGop Mpoaykumi ] \ D J
v
[ Brifop Onepalmia ]
¥ MonyasToMaTHanpoBaHHEIR
npoLecc
Brirpyara uz 61 PaOoTH\EOE Fpynn, ]
> NPUKPENNEHHEIX K AaHHEIM OnepaLuMam > [ HeiBop Mepuonos paoor -
T | ABTOMATHYECKMA
¢ npoLecc
> Brirpyzka w3 B[] noctynHoro ceofogHore BpemeHl PaboTHieoe anA Mepuonos

| BriGop HeoDxogumerx PaDOTHHEOE |

[ Beop UsneBLIx Nnokasarened ®@OT ]

> DOpPMUPOBaHWE NNAHOE pacnpeeneHus Epemedn PaGoTHikos

TNaHel pacnpeneneqms
QOTEETCTEYHT TPEGOEIHHAM?

l_ﬂ Her—

[ VTEEp#OEHIE NNaHa |
|

> BHecenve nnaHa g B

Pucynox 1 — Anroputm pa0GoTsl Jinna, IPUHUMAIOIIETO perieHne, B MynbTrarenTHoi CIITIP
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DTH KaTeropuu JCUCTBUN 00pa3ylOT CKBO3HYIO IIEMOYKY: Pe3yJbTaThl JICMCTBUH, BBHIMOJIHSIC-
MBIX TIPU MEPBUYHOM 3aIyCKE, CTAHOBSTCS BXOJHBIMU JIAaHHBIMU JIJISI €KEMECSYHBIX IMPOIEeaAyp, a
OTKJIUKH Ha COOBITHSI «TI0 Mepe HEOOXOJIMMOCTH) BbI3bIBAIOT MEepepacuéThl, BHIMOIHIEMbIE CHUCTE-
MOU IIPH KaXJIOM MPOXOXKICHUH AJITOPUTMA.

IDEF(0-nunarpamMmMa (CM. PUCYHOK 2) MIEPEHOCUT ATy LIETOYKY B TepMuHOJIOTHIO «/nput — Con-
trol — Output — Mechanismy, nemonctpupys neiicteus JIIIP, Touku nepenadn NaHHBIX U MEXaHU3-
MBI YIIPaBICHUS Ha Ka)KIOM dTare padoThI.

c1 C2 C3 C4 C5 Cé6 c7 Ccs8 ce
| i /i | & g
g a &
5E 82 EZ £ £g £ Bz E
22 g5 28 g 25 5 B2 =3
EH 22 2% 8 S £E 2 TR 5
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Pucynok 2 — CxeMma mnpoiiecca mIaHupoBaHus padoT ¢ momortipio MyabTrareatHon CITTTP

3anaua [1P oTHOCHTCS K €1abOCTPYKTYpHUpPOBAaHHBIM U TpyaHOQOpMan3yeMbiM. KorHutuBHas
CJIO)KHOCTh B JIAaHHOM KOHTEKCTE NMPOSBISAETCS B HEOOXOJIUMOCTH BOCIPHUATHS OOJBIIOr0 00bEMa
nH(pOpMalLIMK O TPOU3BOACTBEHHOM IpOlIecce, TOHUMaHUs B3aUMOCBSI3€l, B IPOTHO3UPOBAHUH T10-
CIIEJCTBUI PEIICHUN W ONEPaTUBHOM IEPECTPOEHUM IlJIaHA IIPU BHOCHUMBIX M3MEHEHHsAX. Koram-
TUBHAs CIO0XKHOCTb 3a1auu [1P xapakrepusyercs cieaytomuMy METpUKaMu:
" [epUeNTUBHAs HArpy3ka — oOBEM U reTeporeHHOCTh WHpopMauuu, akryaabHou mmis JIIIP,

dbopmasibHO orieHUBaeMble 1o noArpady OM, peneBaHTHOMY TEKyIIeMy KOHTEKCTY BBIOOpa:

kperc

|V;| + |Es|, tie Vg, E; — MHOXeCTBa BepIIiH U pébep moarpada;

"  Harpyska MmamsTH — YUCJIO OJTHOBPEMEHHO aKTHUBHBIX OTPAaHWYCHHUH W TPaBWII, BIMSIONIUX Ha
pentenue: Ky, = Yrer Wy, TI€ L — MHOKECTBO OTPaHUYEHHM, W, — «KOTHUTHBHBIN BEC» OTpa-
HUYCHUS;

= KOMOWHATOpHAs CIIOKHOCTHh BBIOOPA — MOIIHOCTh MHOXKECTBA aJIbTEpHATUB A M UX HeEompee-
JEHHOCTD: Keomp = |Al.
C uenpio MOBBIIICHUS MPO3PAYHOCTH MPOLIEcCa TPUHATHUS PELICHUS U MOBBILIEHUSI YPOBHS KO-

rauTuBHOM nogaep:kku JITIP, mpenmaraemoe penienre n0mxHO npeaoctasisath JITIP:
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=  OM Bcex cymHoctel u B3aumooTHomeHui [1pO;

"  BO3MOXKHOCTH BO3JICHCTBHS Ha MOJy4YaeMble pEIICHUs, HApUMeEp, ¢ TIOMOIIbIO BEIOOpA KpUTe-
pHEB U BECOB JJIsl HUX;

"  BO3MOXKHOCTBH OCYIIECTBIISITH BBIOOP CPEIN HECKOJIBKHUX aJbTEPHATUBHBIX BAPHAHTOB,;

®  BO3MOXKHOCTh AMHAMHUYECKOHM aJanTalydy MapamMeTpoB pacuéra, BIUSIOIIUX Ha MOJydyaeMble
IUTaHbI padoT, UCXO/1s U3 KOHTEKCTa KaX10M paccMaTpUBaeMOH 3a1auu;

*  OOBSICHEHHE MOJy4aeMbIX PEIlICHUH.

2 OHTonoruyeckas Mogesnb npouecca niaHupPoBaHUs

OnTonorus B KOHTEKCTE WH(POPMAIIMOHHBIX CUCTEM OIpEeNsieTcsl Kak (hOpMalIbHOE OMUCAHKE
[IpO B MOHATHOM JUIsl BCEX y4acTHUKOB mpoliecca Gopme [5]. BHecénnble yrounenus [6, 7] ompe-
JIEJIIOT OHTOJIOTUIO KaK:

*  (dopmanbHyto moaens [IpO (MHOKECTBO KJ1aCCOB U OTHOLLCHUH);

®  aKCHMOMBI U MpaBuia, 00eCrneunBaroIIle BO3MOKHOCTb KOHTPOJIS LIETOCTHOCTH 3HAHUM;

"  OJHO3HAYHO MHTEPIPETHPYEMBI BCEMHU MOJIb30BATENIAIMU U CUCTEMHBIMU KOMIIOHEHTaMH CJIO-
Bapb, MPEICTABICHHBIA B BHJE MOMEYCHHOTO rpada, OTPAKAIOIIETO JOTUYECKHE CBSI3U MEKIY
3JIEMEHTaMHU.

OHronorusi 06ecrneurnBaeT MOBTOPHOE MCIOJIB30BAHME 3HAHUMU, MO3BOJISIS pa3zpadboraTth 0000-
HIEHHYIO CTPYKTYpY U cnernuanusupoBath €€ noj pasueie [IpO. Tak, B padorax [8, 9] paccmarpu-
BAeTCs MCIIOJIb30BAaHUE OHTOJIOTHH sl (hopManu3anny 3HaHUH O TIPOM3BOJCTBEHHBIX MPOIECCAX B
MAC. Takast OHTOJIOTHUS SIBJISETCS IPUMEPOM 000OLIEHHOM CTPYKTYpPHI, UTO MO3BOJIET HA €€ OCHO-
Be chopMHpoOBaTH KOHKPETHYIO MOJEIL C Y4ETOM OCOOCHHOCTH 3amaun. Hamwuame (opmanbHOM
CTPYKTYpbI 3HaHUI 00Jerdyaer WACHTU(UKALUIO KIIOYEBBIX MapaMEeTPOB U B3aMMOCBS3EH MeXIy
HuMH, niomoras JIIIP npunumaTh perienus ObicTpee U ¢ MeHbIIMMHU yeuiuamu [ 10].

B nanHo#i paboTe ucnonb3yeTcs peaakTop OHTOJIOTUI Protégél. Cpeny OCHOBHBIX CYHIHOCTEHN
oHrosiornu 1P MokHO BbIIEIUTH cienyromue kiaccel (cM. pucyHok 3): Konrpaxr, [Tpoaykr, Omne-
pauus, Pecypce, I'pynna pabornukoB, Pabotauk, Tapu¢ pabotnuka, [lepuon, ITnan.

IIpuBen€HHBIE  KIIACCHI
@ ITHUK
00pa3yloT HepapXUIECKYIO R
W Mnax \
CTPYKTYpY: KoHnTpakt : : ,

BKJIKOYACT OJWH WIH He-
ckoinbko IIponykToB, Kax-
nelii [IpogykT BeIMoOnHSAETCA

—1 /
MHOXecTBOM Omnepauuii, a / Y 7\\ ,
kaxnaas Omnepanust moTpeo- '
nser onpenenéHuele Pecyp- /
Chl, KOTOPBIE ITPEJICTABIAIOT o ot
coboit PabOTHHMKOB, 00b-
€AMHEHHBIX B ['pymnmbsl 1o
MPUHIKITY BO3MOKHOCTH UX B3aMMO3aMEHSIEMOCTH B paMKax ornpeaeséHHbIx Onepaiuii.

s kaxxnoro kiacca ¢popmupyercss Ha0op aTpuOyTOB, XPAHAIIUX XaPAKTEPUCTUKU IK3EMILISA-
POB, U YKa3bIBAIOTCS CBA3U-OTHOLICHUS MEK]Yy BbISIBICHHBIMU OCHOBHBIMH CYIIHOCTSIMH OHTOJIO-
UM (CM. pUCYHOK 4).

HoBuszna npemraraemoii OM 3akio4aeTcs B BIICICHUH CIIEIUAIBHBIX KJIACCOB U aTpUOYTOB,

oTpakaromux KOrHUTHBHBIE TpeOoBaHus JIIIP wa III1. B ornuyme oT CymiecTBYIOMUX pEIICHUN
npeioxkenHass OM MOXKeT BKJIIOYATh MapaMeTphl, CBA3aHHbIE ¢ KOTHUTHUBHOM Harpy3Kou U ya00-

@ Tpynna
paBoTHuKkoB'
v

Pucynok 3 — Jluarpamma KJ1accoB JJIs 3371291 [IJIAHUPOBAHUS paboT

! Protégé — cBOoGOTHbII, OTKPBITEI PEIaKTOp OHTONOTHIT 1 GPeiiMBOPK st TToCTpoeHns 6a3 samuit. https://protege.stanford.edu/.

OHTONOTUS TPOEKTUPOBAHUS, N1, TOM 16, 2026 143



Ounmonozuueckas Mooeib npoyecca niaHuposanusi pa6om HA npoussodcmeeHHblx npec)npuﬂmuﬂx 6 MyﬂbmuﬂZ@HmHOlZ cucmeme ...

CTBOM BOCIPHATHS MH(POPMAIIMK, HAIPUMeEp, TapaMeTpbl BbIOOpa KPUTEPHEB U BECOB KPUTEPUEB,
HaJU4Ke aJIbTEPHATUBHBIX PEUICHUH.

OM, npencraBieHHas TakMM 00pa3oM, HOCUT KOTHUTHUBHBIN XapakTep — oHa OJHM3Ka K TOMY,
kak JIITP onuceiBano 6w1 mporiece [P ¢ ucnons3oBanuem [1pO, Beipaskast HAOOP CBOUX CYKIACHHM O
HEW TEPMUHAMHU JAHHOM OHTOJIOTMU. DKCHEPT MOXKET MOMOJIHATH OHTOJOTHI0 HOBBIMHM CYLIHOCTSI-
MU, OTHOIIICHUSIMU U aTPUOYTaMU, & CUCTEMA MOXKET OOBSICHITH PEIICHHUS, OTTMPAsCh HA TIOHSITHS U3
Mozenu. [Tonp3oBaTens MOXKET B3aMMOJICHCTBOBATh ¢ CUCTEMOM uepe3 uHTepdeic, OnepupyroIni
3aJ10’)KEHHBIMH OHTOJIOTUYECKUMU MTOHSATUSMH.

Y- B QnHTenbHOCTL, NeprogLl Y- pennaH
B’ nUTENLHOCTL, Nepuoasl’ Domain Onepauna B nennaiii Domain KonTpakt

<4
4

~EE WMeeT onepauuio i
{ EE'ymeeT onepauuio’ Range Onepauna V- Il 3aKazyMK

B 33ka3umk Domain KoHTpaKkT

VI MoXeT BLINONHATLCA PYNNoA
B'I0XeT BLINOMHATLCA IpyNNoit Domain OnepaumA

V- Bl Ha3Ha4eHa Ha nepuop

| : "
Bl'Ha3HaveHa Ha nepuof’ Domain Onepauua KUHTpaKT rafs:label Contract'@en

() Class: KoHtpakT
B KoHTpaKkT rdfs:label "KoHTpakT" @ru

v Onepauyus

e @ Class: Onepauns i
; B OnepauuA rdfs:label "Operation"@en i

B OnepaunA rdfs:label "OnepaunA™@ru V- NpHOpHTET

B npuoputeT Domain KoHTpakT

Y- ElTpebyeT pecypc
[ B 1pefyet pecype’ Domain Onepauma

V- El peanu3yerca nnaHom
BN'peanmayetcA nnadom’ Domain KoHTpakt

Y- EETDYA0EMKOCTb, H-Y
B ‘Tpypo€mKoCTE, H-4' Domain Onepauua

Y- Bmuacts, nnaka V- Il COnepXHT NPOAYKUMIO
B'43CTh NNaHa' Domain Onepauna B cofie pKUT NpoayKUMio' Domain KoHTpakT

a) 0)

Pucynok 4 — [IpuMepsl OTHOMICHUN MKy KIIaccaMH U aTpHOYTHI i Kinacca: (a) «Onepanms» u (0) «KoHTpakT»

3 WHTerpaums OHTONOrMu ¢ MyribTUAreHTHOM CUCTEMOM

OnTtonorusi yyactsyer B pabore MAC, obecrieunBasi KOTHUTUBHYIO COTJIACOBAHHOCTH JIEH-
CTBMH areHTOB, ONEPUPYIOIUX MOHATUAMH, ONPEACIEHHBIMA B HEH M MCIONB3YIOIUX €€ Kak 00-
Ui ucTouHuk 3Hanuit o [pO.

Cpem/l MOoAXOJ0B K UHTCTpAllU OHTOJIOTHUH B MAC mokHO BBIACIIUTD CICAYIONIUC.
= OHToNoTHs B BUC IIEHTPAIM30BaHHON 0a3bl 3HAHWM, JOCTYITHON BceM areHTaMm [8] (B TakoM ciydae BBIACISACTCS
CICIIHATM3UPOBAHHBIN areHT, OTBEYAONIHI 32 B3aUMOJICHCTBHE C OHTOJIOTHCH: XpaHEHHE 3K3EMIUIIPOB KJIACCOB,
BEIITOJTHEHHE 3aIIPOCOB M BHECCHHE U3MCHCHUIA).
=  TpéxypoBHEBasl CHCTEMa, BKJIIOYAIOIIAs CIEIAIINE CIOU (Takas KOHIICTIHs yCTpaHseT HHPOPMAIIMOHHYIO pas-
PO3HEHHOCTH ITyTEM IPUBEACHUS TaHHBIX K SAMHOMY OHTOJIOTHYECKOMY BUY):
= OHTOJIOTHYECKHH cloi (o0mas uHOpMAIMOHHAS MOJETh, 00ECIeUNBAIONIAs COTVIACOBAHHOE XPAHMIIUIIE
JTAaHHBIX O POIYKTE U MPOIEccax);
. CJIO¥ B3aMMOJICHCTBHS areHTOB (KOMMYHHKAIIMOHHBIA [EHTP, Yepe3 KOTOPBIH MOIYTH OOMEHHMBAIOTCS JaH-
HBIMH Ha OCHOBE OHTOJIOTHH);
" CIOW UMHTAIMOHHBIX arcHTOB (HA0Op MPOrpaMMHBIX areHTOB, MOJICIUPYIOIIUX TTOBEJICHUE paccMaTpUBac-
MBIX JIOTHCTUYECKUX cyOBekToB) [11].
=  MoaynbHbIH MOAX0/A, OCHOBAaHHBIA Ha CHEIHUAIM3AMK KaXI0ro areHTa mnoj sTansl npoiecca [1P, B koropom oH-
TOJIOTHH TIPEICTABIISAIOT CEMAHTUYECKOE TOJE IS BCEX arcHTOB, O0OECIeYMBas COBMECTUMOCTh T'€TEPOTCHHBIX
3Hanuil [12] (co3manue 0a30BOM OHTOJIOTMH C TOTEHIMAIBHBIM paciimpeHueM Ha Hoble [IpO, 4ro mozBosser
YMEHBIIUTE TPYI0EMKOCTD U CPOKH Pa3paboTKH mofo0HBIX cucteM [ 13]).
=  [logxox ¢ MCMOIB30BAHNEM OHTOJIOTHH JUTSI OLEHKH «apTyMEHTOB» M COTJIACOBAHUS JCHCTBUI areHTOB, MOIKPET-
JSFOIINHN pe3yNIbTaThl paboThl areHTOB (hOPMANEHBIMU JI0Ka3aTeILCTBAMH, 3aJI0’)KCHHBIMH B OHTOJIOTHIO [14].
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VYcioBus JaHHOW 3aaydl PEJIEBAaHTHBI MOAYJIBHOMY IOIXOLY C IMOTEHIHUAIBHBIM PAaCUIMPEHHU-
eM. MoaynbHasi apXUTEKTypa MO3BOJISIET HE Meperpyxars nudopmaimei kaxaoro areara B MAC,
YTO YIPOIIAET Pa3paboTKy U TECTUPOBAHUE, a TAK)KE YBEJIMUYUBACT CKOPOCTh €€ padboThl. ITpu sToM
OCTaBJIsIl BO3MOXHOCTh NMEPEUTH OT TEKYILEro MAKETHOI'O IJIAaHUPOBAHUS IO KaXKI0H OTIENbHO
B3aTOM Onepauuu K 6oee THOKOMY M MacHITaOUPyeMOMY IOJXOAY, [103BOJIAIOLIEMY MUHUMU3H-
poBath NOTEPHU IIPU NeperIaHupoBanuu [15].

KoHuenryanbHas cxemMa 0TOOpakeHHsI OCHOBHBIX KJIaCCOB pa3pabOTaHHON OHTOJOTHM Ha THIIbI
MIPOrPaMMHBIX areHTOB 3aKII0YAETCS B CIACAYIOIIEM: KaXKIOMY KIIOUeBOMY OOBEKTY INTAHMPOBAHUS
COOTBETCTBYET IPOTrPaMMHBIN areHT, HAJCACHHBIN ONPEACIEHHBIMY LEIAMU U noBeneHneM. OHTO-
JOTHS CITY’KUT OOIIMM HMH(OPMAIIMOHHBIM MPOCTPAHCTBOM ISl ar€HTOB: BCE areHThI ONEPHPYIOT
OJTHUMHM TMOHATUAMHU U MHpOpMaLMel, MoTyd4aeMoi U3 OHTOJIOTMYECKOH 0a3bl 3HaHUI B COOTBET-
CTBHH CO CBOEH crienmanu3amnueii [16].

Hcxons n3 naHHOM cxeMbl U napameTpoB 3a1auu [IP, mpeuiaraercs ucnonb3oBaTb MHOTOYPOB-
HEBYIO KOAIMIIMOHHO-XOJOHUYECKYI0 areHTHYIO0 apXUTEKTypy. Kaxablii X0JIOH MpencTaBiseT co-
001 aBTOHOMHYIO TPYIIy areHTOB, KOTOPbIE MOT'YT MCIIOJIb30BaTh CIELUAIN3UPOBAHHBIE YACTH
oOwIeil OHTOJIOTUU JJISl PEUIEHHs] CBOMX 3a/ay, KOOPIAMHUPYACh OOLIMM areHTOM-CYIEpPBU30POM,
KOTOPBIA OTBEYAET 3a B3aUMOJICHCTBUE XOJIOHA C APYTUMU XOJIOHAMU U KOAIMLUAMHU. Takas CTpyK-

Typa MO3BOJISIET PaCKpPbITh OCHOBHbIE NpenMmyiiectsa MAC:

" pacnpedenénivle GbI4UCIEHUS, — ATSHTBI MOTYT CO3[aBaTh KPATKOCPOUYHBIC IPYMIIEI (KOAIHUINH) C LEIbIO PEIICHHS
CIIOKHBIX 33J1a4, HCIIONb3Ysl apajliebHbIC BBIYUCICHHS HECKOJIIBKHIMH areHTaMH OJTHOBPEMCHHO;

" macwmabupyemocms — —  BBI-
CTpauBaeMasi Hepapxus BIO-
JKEHHOCTH XOJIOHOB JaéT BO3-
MOXKHOCTb ~ BEpXHEYpPOBHEBBIM
XOJIOHaM, HalpHMep XOJOHaM
arenToB «KoHTpakT», Tpymmu-
poBaTb W YHPABJIATH KOJIUYEC-
CTBOM ® paboOTOW XOJIOHOB
areHtoB  «[IpomykTt». Takas
uepapxus I03BOJISIET Hapallu-
BaTh BBIYMCIUTEIBHYIO MOII-
HOCTh MPOTPaMMbl, yBETHYHBAs
NapajyiebHOCTh  BBIYHCICHUIT
nyTéM 100aBiIeHHs HOBBIX HHU3-
KOYPOBHEBBIX XOJIOHOB, pella-
IOIUX JIOKAIbHBIC 3a1adyd, a
TaKoKe JOOABIITH HOBBIE CYII-
HOCTH B paMKaX CyLIEeCTBYIOIIEH
KOHQHUTypamuyd XOJIOHOB  0e3
TIOJTHOTO TIEPECMOTpa BCEro al-

BHem =il YpoEeHE [ Monk2oBaTenkokMin MHTepdeic ]

roputMa paboTHI. - ' r
Cxema HWHTErpamuy OHTO- [ ARamHT ]
goruu ¢ MAC mnpexacrasiieHa
Ha pucyHke 5: OM; X0JIOHBI, API
YIPABISIONNECS  areHTaMH- ¥
KOOpAUHATOpaMHU;  KOAIHIU O — [ Gasosan owronomn |
ar¢cHToB, co3aaBacMass arcH- [ PacluMperua oHTONorMiA ]
TOM-CYIIEPBH30POM, U HX B3a-
HUMOCBSI3b MOCPEICTBOM oO0men Pucynok 5 — Cxema uHTerpaliii OHTOJIOIMH ¢ MYJIbTUATr€HTHON cUCTEMOI

OHTOJIOTMW 3HAHUM, C KOTOPOH
B3aMMO/ICHCTBYIOT crieninaibHble 4 PI-areHThl, OTBeUarole 3a paboTy ¢ OTACIbHBIMH YacTIMU OH-
TOJIOTHH, COTJIACHO UX CHEIUATN3alNH.
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4

Anpobauusa mopenm

Anpob6anus OM B MAC BeInoHSsIaCh TYTEM COMOCTAaBICHUS ABYX BapuaHTOB mpoiiecca [1P:
6azoeoeo, B xotopom JIIIP pa3pabaTeiBaeT IiaH, UCMONb3Yys CIIPABOYHUKU U MOCIEAOBATEb-
HBIA IPOCMOTP OrpaHUYEHUH 0e3 CEeMaHTHUYECKOTO OTCEUYEHHUS HECOTIIACOBAHHBIX PEIICHUH;
unmezpayuonnozo, B koropoM MAC ¢ OM co31ai0T €AMHOE CEMAaHTHYECKOE MPOCTPAHCTBO
[TpO, ocymiectBiseTcss GUIBTPAIUs ATBTEPHATUB U MPEJOCTABISETCS BO3MOKHOCTD yIIpaBie-
HUSL OTPAHUYEHUSIMU C TIOMOIIBIO0 BECOBBIX KO3 puiueHtos Wy, W, u W..

st o0onx BapuaHTOB NMPHUMEHSIIUCH OJMHAKOBBIE HAOOPHI TECTOBBIX HMCXOJHBIX JTAHHBIX U
CUEHapuu U3MeHeHHui. McXxoqHple TaHHbIE pa3zelieHbl Ha JBE TUIIOBbIE KaTErOPUU IO UX MOIIHO-
CTH: MaJlble U cpeaHue (cM. Tabmuiy 1).

Tabnmma 1 — OCHOBHBIE TTapaMeTPHI TECTOBBIX TaHHBIX

Ha6op KosimyectBo Yucio KosmuectBo | OTHOmeHHe JiuTebHOCTH Onepanuii k
JIAHHBIX Onepanuii PabdoTHuKkoB Ilepuonon A0CcTynHoMY Bpemenu Padornukos, %
Cpennuii A 25 22 6 21
Cpennunii b 25 22 9 9
Mausiit A 12 12 3 37
Mausiit b 12 12 3 49

B skcnepuMeHTe IpUHUMANIK y4acTHE CIENUAINCThI, BelnonHAomue [1P B pamkax cBoen npo-
(eccruoHaIbHON eATEIbHOCTH Ha NMPEAPUIATHN 00OPOHHO-IIPOMBILIIEHHOT0 KoMmIuiekca. Kaxipiii
YYaCTHHMK MPOBOJWI 002 BapHaHTa IJIAHUPOBAHUS CO CIYyYaHBIM MOPSIKOM PEXHMA BBHITIOTHEHHUS
3ajgau. [IpenocraBisiiach TPEHUPOBOUHAS CECCHsl Ui O3HAKOMJIEHUS ¢ MHTepdeilicoM, a i HC-
KJIFOUEHUS BIUSHUS HAKOIMUTEIBHOTO YTOMIIEHUS MEXKIY CECCUSMHU IMPEeayCMaTpUBAIUCH NEPEPHI-
Bbl. [lociie 3aBepleHns KaX/J0ro BapuaHTa IJIAHUPOBAHUS (PUKCUPOBAIMCH 3HAUCHUS CIIEAYIOIINX
nokaszaresnei 3((EeKTUBHOCTH MOJIy4aeMOTo petieHus (cM. Taduuiry 2):

BpeMs NOJATOTOBKYU MaHa 7, (MUHYT) — 3aTpaynBaeMoe BpeMs Ha ()OPMUPOBAHKE IIAHA TIPH
3apaHee MOATrOTOBIEHHBIX UCXO/IHBIX JaHHBIX;
KpUTEpHH onTuMasibHOCTH mana: [/, f' u f';

KOJIMYECTBO TEperpy30k PabOTHUKOB N,y —

cpenHee apuMETHYECKOe OT KOJIMYECTBa Iepe-

T'PY30K PaGoTHuKOB B JaHHOM PECKNME Yy BCEX YHACTHUKOB.

Tabnmna 2 — [NomydenHsle mokazaTenu 3QpPpEeKTUBHOCTH IBYX BapHAHTOB IpoIiecca MIIaHUPOBAHUS paboT

Ha0op 1aHHBIX Mertoj, T ptans MUBRYT | £, % | 7', % | [, %0 | Nover
Cpesmii A Bazoseiii 91 2,1 100 943 0,4
MAC ¢ OM 3 0,9 100 97,6 0
Cpemmii B BaszosbIii 82 3,5 100 93,1 0
MAC ¢ OM 3 1 100 96,9 0
Marrii A BaszosbIii 30 1,2 100 94,3 0
MAC ¢ OM 2 0,3 100 98,1 0
Masiii B BazoBbIii 55 1,9 100 82,8 1,2
MAC ¢ OM 2 1,4 100 93,6 0

I[To mpencraBiaeHHbIM B TabmuIe 2 pe3yIbTaTaM MOXKHO CIENaTh CIIeTyIOIUE BHIBOJIBI:
HanOospmmi dpdext oT ncnonaszoBanuss MAC ¢ OM BuIeH Ha BpeMEHHU MOATOTOBKH TIJIaHA;
HECMOTpsl Ha OJNM3KME K MUHUMAJbHBIM 3HaYeHHUAM Oa3zoBbIE IMOKa3aTenau f, BCe CIIEHApUU
MAC ¢ OM npoaeMOHCTpUPOBAIH 3aMETHYIO ITOJIOKUTEIBHYIO TUHAMUKY;

KPUTEPUI COOTBETCTBUS CPOKAM BO BCEX CLEHAPUAX JOCTUTI MAKCUMAJIBHOTO 3HAYEHMSI B CBS3H
¢ TeM, uto Bee JIIIP opueHTHpoBanuce B epByrO O4epep Ha HETO;

1oKa3arejb PaBHOMEPHOCTH paclpe/ieieHusl CTaOUJIeH B YCIOBUSAX pa3dpoca BpEMEHU JIOCTYTI-
HOCTH paOOTHHUKOB;
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=  HeOoJNbIIOe KOJIUYECTBO MEPErPy30K, BCTpeyanieecs B 0a30BbIX ClieHapusax, B Bapuante MAC
¢ OM cBenieHO 10 HYJIA 3a CYET BCTPOEHHBIX B OM orpaHuyeHuil Ha HaJIM4Yue Neperpys3ox.
[Tomumo TexHuueckoil 3pPeKTUBHOCTH, B 3a/laue CHMXKEHUSI KOTHUTUBHOM HAarpy3kud Heo0Xo-
JMMO y4uThIBaTh U oueHKy BiusiHUsI MAC HenocpencrsenHo Ha JIIIP. [{ns atoro ucnosnb3oBaics
MeTOoJ CyOBEKTHBHOM OIleHKH pabouei Harpy3ku NASA TLX, BKIIOYArONIMil Ha0op MIKaJl, 0 KOTO-
pPBIM TOJIH30BATENIb OIEHUBAET YMCTBEHHYIO M (DM3MUECKYIO HArpy3KH, HEXBAaTKy BpEMEHH, Kade-
CTBO BBIIIOJIHEHUS 3a/1a4U, CJI0KHOCTh U ypoBeHb cTpecca [17]. JlaHHbIA METO MMOKa3aja JOoCTaToY-
HYIO JOCTOBEPHOCTHh B HMCCJICIOBAHUSX KOTHUTHBHON HArpy3Kd B CpaBHEHHH ¢ 0oJiee TTyOOKHMH
tectamu [18-20]. B manHOM TecTMpOBaHMU HUCIOJIB30BAIACh €ro Cokpami€HHas Bepcust RAW-TLX
0e3 (hu3muecKoil Harpy3Ku, Tie KaKIOMY M3 MATH (DAKTOPOB COOTBETCTBOBANA JIECATHOAIIHHAS
1IKanaa OT «o4eHb HU3Kui» (1) mo «odenn Bricokuii» (10) (kpome kauecTBa BBIIOJHEHUS 3a]auH,
KOTOPOE OLICHUBAETCSI MHBEPTUPOBAHHOM IIIKAJION), @ UTOTOBBIM MHJEKC PACCUMUTHIBAJICS KaK CpeI-
Hee apudmernyeckoe Bcex mapameTpoB [21]. OmpoCHUK 3aMoNHANCS YYaCTHUKAMH cpa3y IMocie
BBITIOJIHEHHUS 3aJ]aHUS B KAXKJIOM U3 PEKUMOB (CM. pUCYHKHU 6 1 7).
10

—_
=

L - - =)

()

Bamms: mo mxane RAW-TLX
Bamnsr no mkane RAW-TLX

L= S Y - - -]

—

YumcrBeHHad Hexmatka KagectBo CHOXHOCTE YPOBEHB
HATPY3KA  BPEMEHH BBIIOIHEHHA cTpecca
33a7aTH

VaereenHad Hexsatka — KadecTso CHOXHOCTE  YDOBSHB
HATPY3KA  BPEMEHH BEIIOIHCHHST cIpecca
3a7aTH
I[oxasatens mo mxane RAW-TLX ToxazaTens 1o mxane RAW-TLX

BCpemaud A Y Cpemaui B B Manerii A WMamei B BCpegpai A " CpegmrHBE SMamei A S Mamii B

a) 0)
PucyHoK 6 — Pe3ynbpTaThl cyOBEKTHBHOM OlleHKH MeTotoM RAW-TLX: (a) 6a3zoBslit Bapuast u (6) MAC ¢ OM

MOKHO OTMETUTh, YTO Ha CLIEHAPUSAX C BBI- 10
COKOM NTe(PUIIMTHOCTBIO PECYpCOB U 0oJiee KECT- o
KMMH orpaHuueHussMu no Ilepuomam npenmy-
mectBo MAC Bo3pacTano, 4To 0OBSCHIETCS OH-
TOJIOTMYECKUM OTCEUEHUEM HECOTJIACOBAHHBIX
albTEpHATHB, CHIXKAIOIIUM OO0BEM paccMarpu-
BAEMBIX aJIbTEPHATUB U YUCIO UTepauuid. [laH-
HBIA Q(EKT NO3BONAET CHUUTD Kpere B Keomp-
Ot1oT 3((deKT MposBIsSeTcs U NMPU yBETHUECHUH
00bEMa BXOAHBIX JTAHHBIX, IOMOTasi MPEOAOIETh L : |
KOMOMHATOPHBIM POCT YMClIa BapUAHTOB, Xapak- BazoBbiit sapHAHT MAC c OM
TEPHBIM I IIEHTPAIM30BAHHBIX AITOPUTMOB Hoxasareits 1o wixaite RAW-TLX
ynpasienus [16]. Ilpu stom k,,,, cHuXaeTcs 3a BCpemmmi A B CpeamitE EMami A WMamst B
CU€T YCTAaHOBJIEHHBIX IO YMOJYAHUIO TPaBUII
paspaborannoii OM, Tak kak JIIIP ocBo6osxa- Pucynok 7 — I/IHTerPanLHLIﬁ MOKa3aTelb CyObEeKTHBHON
eTcsl OT HeOOXOJMMOCTH yJIEpPKUBAHUSI B CBOEH ouenku paborci narpysku merozom RAW-TLX
NaMATH JaHHBIX TPAaBUI U MOXKET COCPENOTO-

YUTHCS Ha 00JIee BaKHBIX JIEMEHTaX MPUHATHS PEIICHUH.

bamnet no mkane RAW-TLX
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Takum 06pazom, MOKHO OTMETUTH, uTo OM mporecca [IP B couetanuun ¢ MAC mno3Bonuia
YMEHBIIUTh KOMOMHATOPHYIO CJIOKHOCTh BBIOOpA, MEPLENTUBHYIO HArpy3Ky W Harpy3ky naMsaTu
JIITP, mpu 3TOM MOBBICUB OCHOBHBIE METPUKU (H(PEKTUBHOCTU PELICHUSI B CPABHEHHH C 0a30BBIM
BapuaHToM mpouecca [IP.

3aknryeHue

Pa3zpabortana opurnnansHass OM mnporecca 1P na III1, nHTerppOBaHHas B MYJIbTHATCHTHYIO
CIIIIP u yuuThIBaroiias KOTHUTUBHYIO Harpy3ky Ha JIITP.

dopmanuzanus nporecca MHOrokputepuainbHoro IIP mo3Bosuina omnpenenanTs TpeOOBaHUS K
paspabarbiBaemoii CIIIIP, a mpemnoxennas OM mociyxuiaa eAUHBIM HHGOPMALMOHHBIM IPO-
CTPAHCTBOM, OIHMCHIBAKOIIUM KIIFOUEBBIE CYITHOCTH U MX B3aUMOCBS3U. MOMYIBHBIN NIOJIX0/, OCHO-
BaHHBIM Ha (parMEHTAIIMM OHTOJIOTMH B 3aBUCHMOCTH OT CHCIMAJIU3allMHd areHTOB, IMO3BOJISICT
pacimupsaTh JaHHYIO MOJIENb U 007erdyuTh pazpadbotky CIIIIP.

PazpaboTannas MOJeIb OTINYAETCS OT CYIIECTBYIOIIMX aHAJIOTOB 0oJiee rIIyO0OKUM YIETOM KO-
rHUTUBHBIX acnekToB 1P u amantuBHOCTHIO. [lOKa3aHa BO3MOXXKHOCTH MHTETpallMd OHTOJIOTUU C
KOAJTMIIMOHHO-XOJIOHUYECKOM apxutekTypoit MAC.

[IpakTHueckass 3HAYMMOCTh IMOJTYYEHHBIX PE3yJIbTAaTOB MOJITBEPKIAAETCS BO3MOKHOCTHIO MPHU-
menenust mojenu Ha [l n ycnemHo npomuia anpoOanuio B 000pOHHO-TIPOMBIIIICHHOM KOMIUIEKCE
IIPU COCTABIIEHUU PACIUCaHUil pabOT COTPYIHHUKOB.

OM mporecca 1P B coueranuu ¢ mynbruareaTHONU CIIIP mo3BomseT a¢dekTruBHO pemarh 3a-
Ja4d pa3padOTKHU ONTUMATIbHBIX MJAHOB B IMHAMUYECKUX YCIOBHSX C YUETOM HECKOJIBKUX KpPHUTeE-
pueB.
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Abstract

This paper presents an ontological model of work planning processes at manufacturing enterprises, integrated into a
multi-agent decision support system based on a modular approach. The multi-agent system utilizes a coalition-holonic
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architecture representing a multi-level structure of agents grouped into static holons, managed by supervisors for recur-
ring tasks and temporary coalitions, managed by coordinating agents for solving complex tasks. The ontology serves as
a shared semantic space and a knowledge source for agents, ensuring cognitive coherence of their actions and serving as
a means of coordinating holons and coalitions. Interaction with the ontology is implemented through specialized agents.
The adjustment of decision criteria priorities is performed via weighting coefficients, which enhances the adaptability
and controllability of the system. The cognitive load on decision makers is reduced through the ontological elimination
of inconsistent alternatives and predefined rules. These effects are particularly pronounced with increasing resource
scarcity and stricter constraints imposed on the generated plan. The results of the system's pilot testing suggest potential
reductions in planning time, a more even distribution of workload among production personnel, and improved compli-
ance with budget constraints during work planning. The practical significance of the proposed approach lies in acceler-
ating the preparation and increasing the accuracy of production work plans, and reducing the cognitive load on decision
makers when planning work for employees of small and medium-sized manufacturing enterprises.

Keywords: ontological model, multi-agent systems, decision support, cognitive system, work planning.
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AHHOTaUuA

[IporHo3upoBaHe TEXHUYECKOTO COCTOSHUS AJIEKTPOMEXaHUYECKUX MPUBOIOB 00YCIOBICHO HEOOXOAH-
MOCTBIO CBOEBPEMEHHOTO OOHAPY)KEHHS HEHCIPABHOCTEH, pa3sBUTHE KOTOPBIX MOXKET IPHUBECTH K IPO-
HCIIECTBUIO MM HEBO3MOXKHOCTH BBINIOJIHEHMS (DYyHKIIMOHAJIBHOTO Ha3HAaueHHs oObekTa. [Ipeanaraercs
METO/IMKA MPOEKTHPOBAHUS aJTOPUTMOB IIPOTHO3MPOBAHMS TEXHUYECKOTO COCTOSIHUS 3JIEKTPOMEXaHUY e-
CKUX TIPHBOJIOB, OOBEIUHSIONIAs METOAbI MaTeMaTHYECKOTO MOJICITMPOBAHMS 3JIEKTPOMEXAaHUUECKOTO
MIPUBO/IA, OCHOBAHHBIE HA PETPECCHOHHOM, CIIEKTPAIBHOM M KOPpEIsIIMOHHOM aHann3ax. HoBusHa pado-
ThI 3aKJIIOYAETCS B aJalTalldidl U MHTErPaIiH CYIIECTBYIOIINX METOIOB 00paOOTKH CTAIMOHAPHBIX CHT-
HAJIOB, YYUTHIBAIOIINX CHEUN(UKY OOBEKTOB AMArHOCTUKH, KOTOPBIC BKIIOYAIOT B3aUMOJCHCTBYIOIIUE
ANEKTPUUYECKYI0O M MEXaHHYECKYyI0 TOACHUCTeMbI. IIpencraBieHHbIe pe3ynbTaThl MOJIYYEHBI Ha OCHOBE
JaHHBIX, C(OOPMUPOBAHHBIX C HCIIOIB30BAHUEM pa3pabOoTaHHON MaTeMaTHYECKONW MOJENH, TTIO3BOJISIONIEH
YYUTBIBATh THIIOBBIC HEHCIIPABHOCTH MEXAHWYECKON MPUPOAbI. [ MOBBIIICHNS TOYHOCTH TPEHIOBBIX
Mojieneii B paboTe BBIJEIEHBI AUAarHOCTUYECKHE MPU3HAKU. Y CTAHOBIICHBI 3aBUCHMOCTH MEXAY HAMHU H
rnapaMeTpamH, MO3BOJISIOIMMHU ONHUCATh CTENEHb PAa3BUTHs JAETpafalnil, XapaKTepU3yIOLIUX PacXxoa0Ba-
HHUE TEXHHYECKOro pecypca NnpuBoja. B kadecTBe LeneBbIX (QYHKIMHA NPUHATH TOYHOCTH MPOTHO3a I1a-
paMeTpOB TEXHMYECKOIO COCTOSIHMS M CIIOKHOCTh MOJENIEH OTKIIMKA, OIpefaernseMas KOJIUYECTBOM HC-
MOJIb3YEMBIX JUarHOCTUYECKUX MpU3HAKOB. [IpuBenéH mpuMep MPOEKTHUPOBAHUS U NPUMEHEHUS alro-
pUTMa IPOTHO3MPOBAHMS HEMCIIPABHOCTEH 3JIEKTPOMEXaHHUECKOTO IIPHBO/Ia OECIIMIIOTHOTO JIETATEIbHO-
TO armapara caMoJIETHOTO THIIA, CBSI3aHHBIX C M3MEHEHHEM JIIO(TA, BSI3KOTO U CYyXOTO TPEHUI.

Knroueswvie cnosa: ()MCZZHOCWH/{KCI, npocHosuposanue, 3ﬂ€Kmp0MexaHM1l€CKulj npueod, JlemamenvHolil an-
napam, ouaznocmuyeckue NPpU3HAKU, MexXHuU4YecKoe CoCmosHue.
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BBegeHue

HccnenoBanus, HarpaBlieHHbIE HA pa3padOTKy aJrOpUTMOB IMPOTHO3MPOBAHUS TEXHUYECKOTO
cocrosiHus (TC) anexTpomexannueckux npuBogoB (OMII), UMEIOT TPAKTHUECKYIO 3HAYUMOCTD ISt
obecrieyeHus: 0€301MaCHOCTH, HaNpUMep, OECIIMIIOTHBIX JieTaTenbHbIX annaparoB (BIIJIA), koTopsie
IIMPOKO MPUMEHSIOTCS B 3a/1a4ax JIOCTaBKU IPY30B, MOHUTOPUHTA OKPY>KaIOIIEH cpelibl, KOHTPOJIS
CTPOMTENBHBIX MPOLECCOB, YIPABIECHUS TPaHCIOPTHEIMUA noTokaMu u 1p. [1-3]. TC — 310 cocTos-
HUEe 00bEKTa, KOTOPOE XapaKTepU3yeTcsl B OMPENeIEHHBI MOMEHT BPEMEHH U IIPU OINpeAeIEHHBIX
YCIIOBUSIX BHEIIHEW Cpe/bl 3HAUEHUSIMU [1apaMETPOB, YCTAHOBJIEHHBIX TEXHUUECKON JOKYMEHTAIH-
eit Ha 00bekT [4]. i mMpoeKTUpPOBaHUS AJITOPUTMOB, TO3BOJISIIONIUX JKCTPAIOIUPOBATH PETPO-
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CIIEKTUBHBIC JAHHbIC U BBHINOJHATH PAHHIOI JUArHOCTHKY KOHTPOJIMPYEMOIO OOBEKTa, B JaHHOU
CTaThe MPENI0KEeHa METO/IMKA, B KOTOPOW COYETAIOTCS MPOLEAYphl (hopManu3anuu 3aKOHOMEPHO-
CTEH, ONUCHIBAIOIINX Pa3BUTHE TUIIOBBIX HeucnpaBHocTed DMIL. DTu 3aKOHOMEPHOCTH ABIISIFOTCS
ocHOBOI oneHku oxxkugaemoro TC OMII B Oyaymue nepruoabl BpeMEHH, 4TO JAaET BO3ZMOXKHOCTh
CBOEBPEMEHHO NPHUHATH MEPBI JIs IPEJOTBPALLEHUS OTKA3HBIX CUTYallUH.

[Ipu MonenupoBaHuM, peCYpCHBIX UCIBITAHUAX U dKcIuTyatauuu DMII HakammMBaroTCs 3HAYU-
TeNbHbIE 00BbEMBI JJAaHHBIX, KOTOPHIE MOTYT HCIOJIb30BaThCS MPU CO3/IaHUU aJITOPUTMOB, arperu-
PYIOIIUX IMIUPUICCKYI0 HH(DOPMAIIHMIO ISl TIOCTPOSHUSI CUCTEM paHHEl nuarHoctuku [S]. Takue
CUCTEMBI CIIOCOOCTBYIOT 00eCIeUeHNI0 0€30TKa3HOM paboThl KOHTPOJIUPYEMOro 00BEKTa Ha OCHOBE
PETYJISIPHOTO MOHUTOPUHTA, aBTOMATU3MPOBAHHOTO OOHAPYKEHUS M MPOTHO3UPOBAHUS PA3BUTHS
HeucrnpaBHocTed [6]. B HacTosimee Bpemsi HaOIIOAaeTCsl MHTEPEC K MHTEIUICKTYalIbHBIM TEXHOJIO-
TUSM, 00ECTICUNBAIOIIUM YHUBEPCATLHOCTh M THOKOCTh MIPH PEIICHUH 33724 TEXHUYECKON TUarHo-
ctuki [7, 8]. B psane uccnenosanuii [9, 10] 1 noaaepKKu OpUHATHS 3KCIUTyaTallUOHHBIX pelie-
HUH B YCIIOBUSX HETIOJTHOW WH(POPMAIIUH TIpeJIaracTcs UCIOJIb30BaTh anmapar He4éTKOW JIOTHKH.

[Tpu pa3paboTke anrOpUTMOB TEXHUYECKOW TUArHOCTHKU Ha OCHOBE IMOMCKA 3aKOHOMEPHOCTEH
B JIaHHBIX B OOJIBIIMHCTBE PabOT paccMaTpUBAIOTCS METOJIbl, KOTOPbIE MOXKHO pa3Je/IUTh HA JIBE
KaTeropuu: CTaTUCTUYECKUI aHanu3 U MamuHHoe oOyuyenue [11, 12]. C ucnonb3oBaHueM 3TUX Me-
TOJIOB (POPMATTM3YIOTCSI M PEIIAFOTCS 3a/1a4 BBISBIICHUS aHOMAUH, KIIACCU(UKAIIMKA U TIPOTHO3H-
poBaHus. B 3amavax BeisiBiieHus aHoMmanui [ 13] u kinaccudukanuu [ 14] crposTcss Moenu, KOTOpbIe
MO3BOJIAIOT OIPENEIUTh METKY Kilacca, Xapakrepusymwoluyto Tekymee TC KoHTponupyeMoro o0bek-
ta. DopMUPOBaHUE NUATHOCTUYECKONW MHPOPMAIMK O Pa3BUTHU JErpafallvii He paccMaTpUBaeTCs,
YTO OrpaHUYMBACT MHPOPMATHBHOCTH JHATHOCTUKHA M HE TO3BOJIACT BBISBIIATH HETaTUBHBIC TPO-
IIECChI, TTOKa HE OYAYT BBITIOJHEHBI YCIOBUS OTHECEHUS aKTyaJlbHOTO BEKTOpa 3HAYEHUIl KOHTPO-
aupyembix curHaioB k TC, oTnuyaromeMycsi OT HOPMaJIbHOTO WM MPUHAJUIEKAIIEMY K OJTHOMY U3
3apaHee OMUCAHHBIX KJIaCCOB HEMCIPABHOCTEM.

B 3agagax mpornosupoBanus [15] co3maroTcst MOJENH IJIsi PETPOCIIEKTHBHOTO aHAIM3a, TIPe/-
Ha3HAYCHHBIC U1 OOHAPY)KEHUSI TCHACHIIUN B DKCIUTyaTallMOHHBIX JAaHHBIX Ha 33JJaHHOM BPEMEH-
HOM HHTepBaje. I(HEeKTHBHOCTh MOAOOHBIX MOJIETEH ONpeaemnsieTcs: BHIOOPOM MPEAUKTOPOB — JH-
arHoctuuecknx mpusHakoB ([I1), mpurogasix mist sxcrpanossinu oreHKd TC KOHTPOJIMPYEeMOro
oOwekTa. [l GopmMupoBaHUS MPEIUKTOPOB IEIECOOOpPA3HO MPUMEHEHUE METOJ0B HU3BICUCHUS
[16] u oTbopa npusHakoB [17], KoTOpble MO3BOJIAIOT YMEHBIIUTH Pa3MEPHOCTh 00pabaThIBaEMbIX
JTAHHBIX ¥ MOBBICUTh TOUHOCTh MPOTrHO3a MOCPEICTBOM UCKIKOUYEHUSI U3 aHAJIN3a HEJI0CTATOYHO CO-
Jep>KaTeIbHON MM U30BITOYHOM MH(POPMALIUH.

[Ipu cratucTU4eckOoM MOAX0jJe K MPOrHO3UpoBaHUI0 TC KOHTPOIUPYEMBIX OOBEKTOB MOTYT
HCIIOJIB30BaThCA PErpPeCCUOHHBIE M aBToperpeccuonHbie monenu [18-20]. Bwicokyro sddexTus-
HOCTh MOKa3bIBAET MHOKECTBEHHAs! pErpeccHsi, KOTOpasi MO3BOJISIET YUUTHIBATH MHOYKECTBO Pa3HO-
POJHBIX MPU3HAKOB M OIICHUBATH BIMSHUE KAXIO0T0 MPEIUKTOPA HA TOYHOCTH MpoTrHO3a [21].

3HAYUTEIbHOE BHUMAHUE B UCCIEAOBAHUAX YIEISAETCA MPUMEHEHUIO B TEXHUYECKOW JUarHo-
CTHKE METOJO0B MAIIMHHOIO O0y4YeHUs, TAKMX KaK J€PeBbs PEIICHUN U HEeHpOHHBIE ceTh. JlepeBbs
peIIeHU TIPECTABISIOT COOOW MepapXHUeCKHe CTPYKTYPHI, IIe KaXKJI0e pEelIeHHe OCHOBAHO Ha
NocJe0BaTeIbHON 00paboTKe 3HAUEHUN OTAENBHBIX MPU3HAKOB, YTO JIENAET UX MOJIE3HBIMHU IpU
paboTe ¢ KaTeroprajbHbIMU JaHHBIMU U NPHU IOCTPOCHUU MHTEPIIPETUPYEMBbIX Mojenei [22, 23].
JlepeBps perieHuil 1ar0T BO3MOKHOCTh KOMIIAKTHO ONMCBIBATH 3aKOHOMEPHOCTH € UCIOJIB30BAHU-
eM Habopa mpaBwil, YIPOIIAOIIUX aHAINU3 CIIOKHBIX NaHHBIX. HelipoHHBIE CEeTH CIOCOOHBI BBISIB-
J9Th OoJiee CIOXHBIE 3aBUCUMOCTH U MPUMEHSIOTCA B 3a/ladax ¢ OONbIIUM 00BEMOM SMIUpHUYE-
CKOM nH(pOpMaIMK, HO TIPH 3TOM TPYIHO HHTEpHpeTHpyeMsl [24, 25].

3aiaya BbIIEICHUS MIPU3HAKOB ISl IPOTHO3MPOBAHUS TEXHUYECKOTO COCTOSHUS AJIEKTPOMEXaA-
HUYECKUX CUCTEM Ha OCHOBE TOJBKO OJIHOTO CIICHAPUS Pa3BUTHS HEUCIIPABHOCTU 0€3 BO3MOKHOCTH
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ONpE/CJICHUsI CTENEeHU Jerpajaluu paccMoTrpeHa B [26]. B maHHON cTaTbe NI MPOEKTHUPOBAHUS
anroputmoB nuarHoctuku IMII paccmaTpuBaeTcss HHTErpalKsl PErPECCUOHHBIX MOJEIICH OTKIUKA
JUTSL OLIGHKHU TapameTpoB, onpeaersitonux TC OMII (nanee napamerpsl TC), 1 MeTOI0B TTOCTpOE-
HUSI TPEHIOBBIX MOJCIICH.

1 MeToauka NMPoOeKTUupoBaHuA arropuTtMoB

Meroavka MpOEKTUPOBAHUSA AITOPUTMOB MPOrHo3upoBaHus TC, BBINOJHSIOIIMX AHAIU3 pe-

TPOCHEKTHUBHBIX JaHHBIX, COCTOUT U3 CIEAYIOLIUX TAIOB:

1) dopmupoBanue oOydaromiero Habopa JaHHbBIX;

2) wusBnedyenue u oroop I, mocTpoeHre Moienu OTKINKA o Kakaomy mapametpy TC;
3) wuHTerpauus Mojenei OTKINKA C METOJaMH IMOCTPOCHUS TPEHAO0BBIX MOJIEICH.

[lenbto MpoeKTHUPOBAHUS SBJIAETCS OOecrieueHne TOYHOCTH MporHo3a napamerpos TC mnpu ma-
JIOM KOJINYECTBE Ucmnoiab3yeMbix JI1.

Ha nepeéom smane npumensiercss Marematudeckass moneiab OMII ans oTrpaboTku B pamkax
MHO>KECTBA CEAHCOB MOJEIMPOBAHUS CTALIMOHAPHOTO YIPABJISIOLIEIO CUTHANA C 33JlaHHBIMU am-
wmtyaoi u gacrotoi. TC mpuBOAa ONMPEAeSIOTCS KOMOWHAIMSIME 3HAYCHH, HE HAOII0IaeMbIX
npu MoHuTopuHre nmapameTpoB TC, B uactHocTH modra (JI), cyxoro tpenus (CT), BI3KOro TpeHus
(BT). B pe3ynbrare moaenupoBanusi GOpMUPYIOTCSI BpDEMEHHbBIE PSAbl U3 3HAUEHUH KOHTPOJIUpPYe-
MBIX CUTHAJIOB.

Kaxnas komOnHanus 3HaueHnii mapamerpoB TC sBisieTcss TOUKOH pacyETHOM CETKH, CreHepH-
POBAHHOM C HCIIOJI30BAHUEM IOJIHOTO (paKkTOpHOTrO 3KcrepumenTa. [Ipumep ucxomaHoi nHbopma-
UM JUIS CO3/IaHUs pacu€THOM ceTkH npuBeACH B Tabmuue 1. B coorBercTBHM ¢ Tabmuueit 1 dop-
mupyetcst 230400 Touek (BO3MOKHBIE COUeTaHHsS TPEX MapaMeTpOB MPH yKA3aHHBIX JHama3oHax
M3MEHEHUS U IUCKPETHBIX Il1arax).

Tabmuna 1 — @opmupoBanne pacdETHOI CETKH IPH TUIAHUPOBAHWHU CEAHCOB MOJAEIHNPOBAHUS (IIpUMeEp)

Ne [Tapamerp PazmepnocTh MunumanbsHoe [Tar | KosmyectBo | MakcumanabHOE
3HAUEHUE 11aroB 3HAYCHUE
1 Jodr ° (rpamyc) 0,2 0,04 64 2,72
2 Cyxoe TpeHue Hwm 0,36 0,03 60 2,13
3 Bsi3koe Tpenue Hwm/06/MuH 0,001 0,001 60 0,06

AMIUTUTY/Ia ¥ 4aCcTOTa yMPABIISIONIETO CUTHAJIA, JUTUTEIIBHOCTh OJHOTO CEaHCa MOJICITUPOBAHUS
npHu (PUKCUPOBAHHBIX 3HAYeHUsIX mapameTpoB TC, yacToTa chéMa TaHHBIX BBIOUPAIOTCS TaKUM 00-
pazoM, 4TOObI OOECreYnuTh MPUMEHEHUE METOJIOB YAaCTOTHOTO aHalv3a (HampuMmep, aMIUTUTya
curHaina 40°, yacrora 1 I'u, nauTenbHOCTh ceanca 3 ceKyH.bl, cbéM aaHHbIX 100 3HaueHuil B ce-
KYHJIy C IOCTOSTHHBIM I11arom). Pe3ynbratoM 0JHOTO ceaHca MOJETUPOBAHMS TIPU UCTIOIH30BAHUN
MareMatuuecko mozenu [27] sBisaroTcst 10 BpeMEHHBIX Ps0B, KOTOPbIE COOTBETCTBYIOT KOHTPO-
JUPYEMbIM CUTHAJIaM (BXOJHOM CUTHAJI, TOBOPOT POTOpPA JIBUraTelis, MOJI0KEHHE BBIXOIHOTO Baja,
YIOpABISIIOLIEE HAPSHDKEHUE, TOK MUTAHUS, MOLIHOCTh 3JIEKTPOIUTAHUS, CKOPOCTh BpAILlEHUs Bajia
pOTOpa, MOMEHT Ha Bally pOTOpa, MEXaHUUYECKas MOIIHOCTh Ha BaJly POTOpa, CKOPOCTh BpallleHUS
BbIXO/HOTO Baia). Ha pucynke 1 mpexacraBiena cxema (popMupoBaHUs 00ydarolero Habopa JaaH-
HBIX ISl IOCTPOCHUSI MoJenel OTKJIMKA. COrjlacHO MPUBEAEHHON CXEMe Ka)J0il COBOKYITHOCTH
BPEMEHHBIX PSJOB, MOJYYEHHOM B paMKax OJHOTO CE€aHCAa MOJEIMPOBAHUSA, CTABUTCS B COOTBET-
CTBHE W3HAYAJIbHO 3aJlaHHass KoMOuHanus 3HauyeHui napametpos TC DMII.

Ha emopom smane nipousBogutcst u3snedenue u oroop /1 u moctpoeHune Mojaeneil oTkiIMka
(cM. pucyHok 2). M3BnedyeHne npu3HaKoB BBITOJIHAETCS C UCIOJIb30BAHUEM METOOB CIEKTPAJIbHO-
ro ananusa [28], B yactHocTu ObIcTporo mpeodpasosanusi Oypee. IlpeaBapurenbubiii 0TO0p MpH-
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3HAKOB BBINOJHAETCA C UCIOJIB30BAHUEM METOJ0B KOpPpEJSIMOHHOro aHanu3a [29]. Mcnosb3oBa-
Hue ObicTporo npeodpazoBanus Oypre M03BOJIAET BHIMOIHATH Mouck JI1 Bo BpeMeHHOM U 4acToT-
HOM Juana3zoHax. KoppersauroHHbIN aHamu3 1a€T BO3MOKHOCTh C HU3KUMU BBIYUCIUTEIbHBIMU 3a-
TpaTaMH ONPEACTUTh U UCKIIOYUTH MMPU3HAKH, HECYINE HEJOCTATOYHYIO M/WINM W30BITOYHYIO MH-
¢dhopmanuto. Cpean BceX MOMEHTOB BPEMEHHU U CHEKTPaJIbHBIX OTCYETOB IO BCEM KOHTPOJIHPYEMBIM
CUTHAJIaM BBIJIEIISIETCS OTPAaHUYCHHOE KOJIMYECTBO MpU3HAKOB (Hampumep, 10-20 npusHakoB), co-
CTaBJSIFOIIMX BXOJHOM BEKTOp Mozaenu oTkinuka. [Ipu mocrpoenun i napamerpoB TC Mopeneit
OTKJIMKA, OIIMCBIBAIOIINX OTHOCUTEIBHO IIPOCTHIE 3aKOHOMEPHOCTH B IaHHBIX, JOCTATOYHO HUCIIOJIb-
30BaTh METOJIbl PETPECCHOHHOTO aHallM3a U Ha OCHOBE 3JIEMEHTAPHBIX MAaTEeMAaTUYECKUX (PYHKIIMIA
chopMHpOBATH ypaBHEHHS ¢ KOI(D(PUIIMEHTAMH PErPECCUH, OLIECHUBAEMBIMUA METOJIOM HAaUMEHBIINX
KBaAparoB. i1 IpOBEpKU KayecTBa MOJEIEH OTKJIMKA MPUMEHSIOTCS CTaTUCTUYECKUE METPUKH,
HanpumMep, KodQ UIHEHT neTepMuHaman R Wi cpemsis abeomorHas omuoka (CAO).

cyxoe 8A3K0e
Ne zanycka  niogr TpeHue  Tpexue
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|1|l'|1|CT1|BT1. 1 ﬂ1|CT1|BT1
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Pucynox 1 — Cxema gopmupoBanus o0ydaromero Habopa JaHHbIX
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Pucynok 2 — Cxema ¢popMHPOBAaHUS MPU3HAKOBOTO MPOCTPAHCTBA U IIOCTPOCHUS MOJICIEH OTKIIMKA

Ha ocHoBe aHanu3a 3HayeHUN K03(PPUIHMEHTOB perpeccuu, XapakTepU3yIOIIMX CTENeHb BIIMS-
Hus otaenbHbix JI1 Ha mapamerpsl TC, u cTaTUCTHYECKUX METPUK YTOUHSIETCS MPU3HAKOBOE MPO-
CTPAHCTBO M CJIOKHOCTb YpaBHEHUH (CM. PUCYHOK 3).
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O0paboTka JaHHBIX C UCIOIb30BAaHUEM CXEM, MIPEICTABICHHBIX HA PUCYHKaxX 2 U 3, O3BOJISET
CHU3UThH BBIYUCIIUTEIBHBIC 3aTpaThl Ha (OPMUPOBAHME KAYECTBEHHOTO MPU3HAKOBOT'O MPOCTPAH-
CTBAa, TaK KaK UCKJII0YAeTCs He0OX0IMMOCTh IPUMEHEHHUS METO/1a TIOJHOTO repedopa.

Ha mpemvem smane co3pgaHHblE MOJENIN OTKJIMKA MHTETPUPYIOTCS C METOAAMM MOCTPOCHMUS
TPEHIOBBIX MoJienel (cM. pucyHOK 4). Pe3ynbTaTtom npuMeHeHUs: MoeNiel OTKIMKA K PETPOCIIeK-
THUBHBIM IOCJIEIOBATEIBLHOCTSIM BXOJIHBIX BEKTOPOB, BKitouaronux [I1, sBistoTcst BpeMeHHbIE psi-
nbl 1t napametrpoB TC, KOTOpbIe SKCTPANOIUPYIOTCS. HA OCHOBE TPEHAOBBIX Mojiesieil. Pe3ynbTaTsl
AKCTPAMOJISAINHI UCTONB3YIOTCS IS CO3JaHUs JUArHOCTHUYECKOM MHGpopmaruu. Takum oOpazom,
dhopmupyeTcs MpoeKT eAuHOro aaroputma nporunosupoBanus TC DMII, KoTOpeIii MOKET OBITH pe-
QIM30BaH HA SI3bIKaX MPOTPAMMUPOBAHMSI CO CIICHUATH3UPOBAHHBIMA MATEMAaTUYCCKUMHU OHOIHO-
TEKaMHU.

N flu,.l CTNcrl BT NMoctpoeHue
/ mopgenen oTkIMKa
2 i I =l | B N Bbibop BUAa 1 Mogenu oTKAuKa
1| M | CTy | BT1 K 2y mogenen
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Pucynox 3 — Cxema yTOUHEHHS MPU3HAKOBOTO IIPOCTPAHCTBA
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PI/ICyHOK 4 — Cxema ajJqropurMa nporHO3UpPOBaAHUA TEXHUYCCKOTO COCTOSAHUSA DJICKTPOMEXAHNYECKUX IIPUBOIOB
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Ha pucynke 5 npuBezeHbl IpUMeEpbl SKCTPAMOISINN HA OCHOBE TPEHIIOBBIX MOJENEH ISl Ma-
pametpoB TC (cyxoe TpeHue u JTH0QT), KOTOPhIE U3MEHSIOTCS OT MUHUMAIBHBIX 0 MAaKCUMATbHBIX
3Ha4YeHMH coriacHo Ttabmuie 1 u coorBeTcTBYIOT THIY DMII (C mpsiMO3yObIM PETYKTOPOM), MPH-
menstoniemycst B BITJIA camonérnoro tumna. JlelcTBUTEIbHBIE 3HAYEHHS] M BBIXOJHBIC 3HAYCHUS
MoJiele OTKJIMKA MPAKTUYECKH COBMAAAIOT (CIUIONIHBIC JIMHUU), AECSIThIO TOUKAMH IOKa3aH pe-
3y/lbTaT IPOrHO3a (KOJIMYECTBO TOUYEK COOTBETCTBYET 33JJaHHOMY TOPU30HTY IPOrHO3MPOBAHUS).
Kaxxaplii mporuo3 noctpoeH Ha ocHoBe 50 yrmopsiI0YeHHbIX BO BpEMEHH 3HAYE€HUMN, TOTyYEHHBIX OT
COOTBETCTBYIOILIEH MOJEIM OTKIMKA. J[s aHaim3a KayecTBa TPEHAOBBIX MOJEJEH MCIIONb3yeTcs
KO PHUIMEHT AeTEPMUHALNHE R, UISl OLEHKH TOYHOCTH MPOTHO3HPOBAHMS PUMEHSIOTCS METPH-
Ku: cpenHekBaaparndeckas omuoka (CKO) u cpenusisi abcomotHas nporentHas ommoka (CAIIO).
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Pucynox 5 — I[IpuMepsl IpUMEHEHUsI TPEHIOBBIX MOJIEIIEH ISl TPOTHO3MPOBAHUS cyxoro tpeHus (a) u modrta (0)

B nensx ¢popMupoBaHus IUArHOCTUYECKONH MH(POPMAIIMU O KOHTPOJIUPYEMOM OOBEKTEe Ha OC-
HOBE BBIUMCIJIEHHBIX M 3KCTPAIOJIMPOBAHHBIX BBIXOAHBIX 3HAYCHUH MOJIENIEH OTKIIMKA ONpeeNstoT-
cst kiaccsl TC B COOTBETCTBUHM C 3aJ]laHHBIMU dKCIIEPTaMM JMana3oHaMu 3HaueHui napamerpos TC
(mpumep mokaszaH B Talnuie 2), 4TO MO3BOJSET BBIPAOOTATh COOOILEHHUS O BO3MOXKHOM IEepexo/ie
OMII B npenaBapuiiHOe WM aBapUITHOE COCTOSIHUSL.

Tabnuma 2 — Kinaccudukarus TeXHHIECKAX COCTOSTHUAHN 3JICKTPOMEXaHUIECKUX MTPHBOIOB

Cocrosinue JIrodr, © Cyxoe tpenue, Hm Bsizkoe tpenne, Hv/06/muH

HcnpaBHoe Ot 0,25 no 0,52 Ot 0,36 1o 0,51 bonee 0,05
[IpenaBapuiiHoe Ot 0,56 no 1,32 Ot 0,54 no 1,34 Ot 0,011 mo 0,0499

ABapuiiHoe Boiee 1,36 bonee 1,38 Memnee 0,01

Ha ocHoBe npemyioxkeHHON METONUKK U MateMmatrndeckoit monenu DMII [27] pazpaboran anro-
put™ nporaosuposanus TC OMII BITIA camonérroro tuna. B Moziensx OoTKIMKa Juis CyXoro Tpe-
Hus U modTa uenoas3zosansl JI1, oTpakaromye 3HaUCHUSI KOHTPOJIUPYEMBIX CUTHAJIOB B MOMEHTBI
BPEMEHM, HAlJICHHBIE B PE3YJIbTATE IPUMEHEHUS CXEM, IIPEACTABIEHHBIX HAa pUCyHKax 2 u 3. Jlia
BSA3KOI'0 TPEHUS BBICOKAsi TOUHOCTb MOJIENIM OTKJIMKa OblIa JOCTUIHYTA NpHU J00aBJIEHUU NPU3HA-
KOB, KOTOpBIE BBIYMCIICHBI B pe3yJbTaTe NpUMEHeHHs ObICTporo nmpeodpasoBanust Oypee.

2 Pe3ynbTaTbl TECTOBbLIX PaCYETOB

JI1si KOMIUIEKCHOM OLEHKHM TOYHOCTH CO3JAHHOIO ajiroputMa c(hopMHpOBaHbI TECTOBBIE JIaH-
HBIC, COJIEPIKaIINe PETPOCIEKTUBHBIC MOCIEAOBATEILHOCTH HAOOPOB BPEMEHHBIX PSIOB U COIO-
CTaBJICHHbIE UM KOMOMHALIMM 3HAUYEHUN TEXHUYECKUX MapameTpoB. Kaxkaas mocienoBaTesbHOCTh
COOTBETCTBOBAJIA JINHEMHOMY, KBaIpATUYHOMY WJIM SKCIOHEHIIMAIbBHOMY 3aKOHY MU3MEHEHUs OJHO-
ro u3 napameTrpoB TC (1Ba Apyrux napaMerpa NpUHUMAIN 3HAUYEHUS, COOTBETCTBYIOLUE HOPMAIIb-
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Homy TC), uyTo obecnieunBaio MOACIMPOBAaHUE TpolieccoB nepexoaa DMII B mpenaBapuitHoe WU
aBapuitHoe coctosiHre. KommuecTBo HAOOPOB B OHOM MOCIEIOBATEILHOCTH BapbUPOBAIOCH OT 40
70 60, rOpU30HT MPOTHO3UPOBAHUS COCTABIISUT OT 5 10 20 MOMEHTOB BpeMeHH. [ uccien0BaHus
YCTOMYMBOCTH IPOTHO3a K LIYMY B JJAHHBIX BO BPEMEHHBIE Psi/ibl KOHTPOJIUPYEMBIX CUTHAJIOB J0-
OaBJISITUCH JIOKAIBbHBIE BHIOPOCH M ocUIsAMK. B utore coznano 3500 peTpoCHeKTUBHBIX MOCIe-
JoBatenbHOCTEN 10 KaxkaoMy napamerpy TC.

Jnst Bcex peTpoCneKTUBHBIX MOCIEA0BATEILHOCTEM, KOTOPhIE ydyacTBoBaiu B pacuérax, CAIIO
He npeBbimana 2.5 %. Pe3ynbTarel paboTsl anroputma nporuosupoBanus TC tunosoro OMII, ko-
Topbli npuMensiercs B BIIJIA camonérHoro Tuma, BU3yalIn3upoBaHbl Il OpraHU3alK TOIEPKKU
MPUHATHS SKCIUTyaTallUOHHBIX peLIeHUH (cM. pUCYHKH 6 1 7). B kaxJ1oM IpHUBEIEHHOM NpUMEpE
TOPU30HT MPOTHO3UPOBAHMS COCTABIISIET CEMb MOMEHTOB BpeMeHH. IIporno3 crpourtcs Ha OCHOBE
53 ynopsi104€HHBIX BO BPEMEHU 3HAYEHUM, IOJyUYEHHBIX OT MOJIEIHN OTKJIMKA I BA3KOIO TPEHUSI.
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Pucynok 6 — [Ipumep nporHO3UPOBaHUs IEPEX0/ia FICKTPOMEXaHUUCCKUX MTPUBOIOB U3 MPEIAaBAPUHHOTO
B aBapuitHoe cocTosiHuE (0), CBA3aHHOE C M3MEHEHHEM BS3KOTO TPEHHS (a)
(1 - neficTBUTENbHBIC 3HAUCHHS, 2 - TIO MOJICTIH OTKIIHKA)
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Pucynox 7 — IIpuMep pOrHO3MPOBAHUS MEPEX0/ia MEKTPOMEXaHMYECKUX PUBOIOB M3 HOPMAJILHOTO
B IIpeaBapuitHoe coctosiHue (0), CBI3aHHOE C MI3MEHEHHEM BSI3KOTO TPEHUs (a)
(1 - meficTBUTENbHBIC 3HAYCHUS, 2 - TIO MOJICTH OTKITHKA)

3aknroyeHue

Cozntana MeTo/IMKa IPOEKTUPOBAHUS alrOpuTMOB nporHozuposanus TC OMII, no3Bossromux
JI0 HACTYIUIEHUS HETaTUBHBIX MOCIEICTBUN MOIYYUTh HH(OPMALIMIO O BO3MOKHOM IE€PexXo0/ie KOH-
TPOJIUPYEMOT0 00BbEKTa B MpeJaBapuilHOE UM aBapUUHOE COCTOSHUE Ul BBIPAOOTKH COOOILIeHUN
oIepaTopy CHUCTEMBbl JAMATHOCTUKH. Pe3ynbTaThl TECTOBBIX PAacu€TOB MOATBEPAMIIN aJEKBATHOCThH
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pa3paboTaHHON METOIMKHU Ha IPUMEPE aIrOpUTMa, IPOTHOZUPYIOLIEr0 HEUCIIPABHOCTH, CBSI3aHHbIE
¢ U3MeHeHneM Jito(ra, BA3KOro M cyxoro TpeHwid. [lokazaHo, 4yTo A paccMaTpUBAaeMbIX BUIOB
HEHCIIPAaBHOCTEH PErpecCUOHHBIHN, CIEKTpabHBI U KOPPEISALMOHHBINA aHaIN3bl MO3BOJIMIN (op-
MaJI30BaTh B3aUMOCBS3U KOHTPOJIMPYEMBIX CUTHAJIOB U mapameTpoB TC, uro obecneuniio nocTpo-
€HHE TOYHBIX MOJEJEH OTKJIMKA, MPeAHAa3HAYEeHHBIX JUIsl MHTErpalud C METOJaMU IOCTPOCHUs
TPEHAOBBIX MOJIEIIEH.
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Abstract

Forecasting the technical condition of electromechanical drives requires the timely detection of faults whose progres-
sion may lead to accidents or the inability of a system to fulfill its intended function. This paper proposes a methodolo-
gy for designing algorithms to predict the technical condition of electromechanical drives, integrating mathematical
modeling techniques with regression, spectral, and correlation analyses. The novelty of this work lies in the adaptation
and integration of established stationary signal processing methods, tailored to the specific characteristics of diagnostic
objects comprising interacting electrical and mechanical subsystems. The presented results are based on data generated
using a developed mathematical model that accounts for typical mechanical faults. To improve the accuracy of trend-
based models, diagnostic features were identified and extracted. Relationships were established between these features
and parameters describing the degree of degradation associated with the consumption of the drive's service life. Fore-
cast accuracy of technical condition parameters and model complexity, defined by the number of diagnostic features
employed, were adopted as objective functions. An example is provided illustrating the design and application of a fault
prediction algorithm for the electromechanical drive of a fixed-wing unmanned aerial vehicle, addressing faults associ-
ated with variations in backlash, viscous friction, and dry friction.
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Tpumenenue Memooo6 UCKyCCMBEEHHO20 UHMENIEKMA NPU HOPMUPOBAHUU UHOUBUOYATLHOU MPAEKMOPUL 00YUeHUs]
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MpumeHeHMe MeToAOB UCKYCCTBEHHOroO MHTENsIeKTa
npu oopMUpOBaHMN MHONBUAYASNILHOWN TPaeKTopun odyyeHus

© 2026, A.3. Acanos '><, I.YO. Mbimkunua’, A.C. Mypauko®

1 o
Hucmumym ucxkycemeennozo unmennekma MUPOA — Poccuiickoeo mexHono2uyecko2o yHusepcumema,
Mockea, Poccus

2 o«
Habepeosicnouennunckuti uncmumym (punuan) Kazanckoeo (Ilpusonsiccrozo) ghedepanvrozo ynusepcumema,
Habepesicnvie Yennvl, Poccus

AHHOTauusA

PaccmarpuBaeTcss BO3MOXKHOCTb NPUMEHEHHs] METOI0B UCKYCCTBEHHOTO MHTEJIEKTA B CUCTEME YIIPaB-
JICHWA IUCTAHIMOHHBIM oOyueHueM. IIpencraBineHa CTpyKTypHas cXeMa HMHTEIICKTYaJIbHOW CHUCTEMBI
yIpaBJIeHUs JUCTAaHIIMOHHBIM oOy4deHHeM. Brinenensl HanpaBaeHUs NPUMEHEHUS! OHTOJIOTHYECKOTO MO-
JeTUPOBAHMS B JAHHOW cucTeMe. PaccMOTpeHBI MOAXOb! K PELIeHUI0 3aaun (OPMHUPOBAHUS HMHIUBHU-
JyalbHOM TpaeKTOPUH 00yueHHs Ha OCHOBe rpada 3HAaHUH SIEKTPOHHOTO Yy4eOHOTO Kypca, BO3MOXKHOCTh
MIOCTPOCHHS BEKTOPHBIX MPEJICTaBICHHUN rpada 3HAaHUH U MCTIOBb30BaHNS HEHPOHHBIX ceTell It aHanu3a
udpoBoro cireaa oOydaeMbIX. 3a1aun UCCIEOBAHMS BKIIIOYAIOT: TIOCTpOeHUE Tpada 3HAHUH IEKTPOH-
HOTO y4eOHOTO Kypca; MpUMEHEHHE BEKTOPHBIX IPEACTAaBICHUI BEPIIMH W OTHOIICHMH Tpada 3HAHUM;
BBIOOP ApXHUTEKTYPHI, CTPYKTYpHl M 0OydeHHEe HEHPOHHOM ceTh Ul pemeHus 3amaun (GOpMUPOBAHUS
MHJMBHUIYaJIHON TpaekTopun o0ydeHus. B npeanoxeHHoM moaxoae aust opMUPOBAHHS WHIUBHIYaJIb-
HOHW TPaeKTOPUH OOYUCHHMsI HCTIOJIb3yeTCsl Tpad) 3HAHHUI IEKTPOHHOTO Kypca, BKIIIOYAIOIINH TapaMeTphbl
JIEKTPOHHOTO Kypca M JIaHHBIE O MOJIB30BATelIsIX, Mpomenmux odyuenue. [IpeacraBinenue sneMeHTOB
rpada B BHI€ BEKTOPOB MO3BOJISIET IPUMEHHUTH K MCCIICAOBAHHIO MPEAMETHONW 00JaCTH METO/IBI MAIIiH-
HOrO 0Oy4eHHs, B TOM 4HCJIe HeHpoceTeBble MoJenu. [IpuBoaNTCS METOANIECKUH IPIMEp HCIIOIb30Ba-
HUS TIPEIII0KEHHOTO MOIX01a.

Knroueswte cnosa: epagh snanuii, 0Hmono2us, 1eKmMpoHHbII KYPC, NEPCOHANUZAYUSA, MPAEKMOopUsl odyye-
HUs, HeUPOHHAS Cemb.

Humuposanue: Acanos A.3., Mvnuxuna U.IO., Mypawro A.C. IlpuMeHeHHE METOI0B NCKYCCTBEHHOTO
MHTEJUICKTA TPU (POPMUPOBAHUH WHIUBUAYAILHOU TPAcKTOpHH OOydeHUs. OHmMONI02Us NPOEKmuposa-
nust. 2026. T.16, Ne1(59). C.164-176. DOI: 10.18287/2223-9537-2026-16-1-164-176.

Bknao asmopos: Acanos A.3. — nocraHoBKa 3ajaun uccnenosanus, Meiwxuna M.1O. — pa3paboTka u
peanusanus Mojenel u anroputMoB, Mypauiko A.C. — 0630p CyIIECTBYIOIUX OAX0I0B.

I(om[mukm unmepecoe: aBToOphbl 3asABJIAIOT 00 OTCYTCTBHUU KOH(l)J'II/IKTa HUHTEPECOB.

BBepeHune

AKTYanbHOCTh 3a/1a4¥l COBEPIICHCTBOBAHUS MOJEICH U aIrOPUTMOB, MPUMEHSEMBIX B CHUCTE-
Max yHpaBJeHUs! IUCTAaHIUMOHHBIM 00y4deHHeM, 0OyCIIOBIEHAa BHEAPEHUEM Ha BCEX YPOBHSX oOpa-
30BaHUs KOMIBIOTEPHBIX CPEJCTB OOYYECHHS U JUCTAHIIMOHHBIX OOPa30BATEIbHBIX TEXHOJOTHH,
YTO CIOCOOCTBYET MHAMBHIyallu3aluU Ipouecca o0ydeHus. Heo0XxoqumMocTh NpUHSTHS PEIICHUS B
YCIOBUSIX HEOMPEIEIEHHOCTH M alTOPUTMHUECKAsl CIOXKHOCTh 3a/1a4l TOCTPOCHUS WHIUBUAYAb-
HoM (amantuBHOW) TpaekTopun o0yuenus (UTO) nemaroT 1enecoodpa3HbIM MPUMEHEHHE METOJIOB
uckyccrseHHoro unresexkra (M) [1-10].

B [1] npencraBien 0630p uccienoBaHuid, MOCBAMIEHHBIX UCTIONb30BaHui0 VU B Beiciiee oOpa-
3oBaHue 3a nepuof ¢ 2016 nmo 2022 roael. I[IpoBen€HHpl aHaNU3 MO3BOJWI BBIAECINUTD KIIOUYEBBIE
HampaiieHus npumeHeHust MM: aBromatu3upoBaHHas OIICHKA M aHAIM3 YYEOHBIX JOCTHIKCHUIA;
MIPOrHOCTUYECKHE MOJECH JJIs MpeJcKa3zaHus 00pa3oBaTEIbHBIX TPACKTOPHIA; pa3paboTka MHTEI-
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JIEKTYaJIbHBIX ACCHUCTEHTOB Ul IOJJIEPKKH y4eOHOro mpolecca; CO3JaHue HHTEIEKTYyalbHbIX
obyyaromux cucreM (MOC), amanTupoBaHHBIX K HHIUBUAYAJIbHBIM MOTPEOHOCTSAM O0YYaIOLINXCS;
aBTOMAaTH3alMs yIpaBlIeHUs yueOHbIM MpoleccoM Ha ocHoBe MM -TexHomoruii.

B npumenenun MU B 00pa3oBaTesibHOM cUCTEME COrTIacHO [2] MOXKET ObITh BBIZEIEHO JIBA OC-
HOBHBIX HAIIPaBJICHMs: ONTHUMM3ALUSA U peopraHus3alus y4eOHOro Mpouecca ¢ MCIOJb30BaHHEM
NH-TexHONOTHi; B3aMMOJCHCTBHE MEXAY YYaCTHHKaMU 0Opa3oBaTeIbHOTO MpoIecca, BKIOYAs
CTYZIEHTOB, IIperoiaBaTesiell 1 aIMUHUCTPAaTUBHBIN NepcoHal. BonpocaM aHann3a NOTEHIMAIbHbBIX
PHUCKOB, CBSI3aHHBIX C BHeApeHueMm TexHoioruid MU, ocoOeHHO OONbIIMX S3BIKOBBIX MOJENCH
(bsIM), B BBICHICE 00pazoBaHHE MOCBsAIICHA pabota [3], mpeayiaraloTcs MEpbl IO MUHHUMU3AINH
BBISIBJIEHHBIX PUCKOB.

WNunuBuayanu3anus 3aekTpoHHoro ooyuenus (90) ¢ npumenenunem rpados 3Hanuii (I'3), oH-
TOJIOTUN U MeTOJI0B MamuHHOro o0y4denust (MO) uccnenyercs B [4]. Ocoboe BHUMAHUE yIEISICTCS
UCIOJIb30BAHUIO allapara BEeKTOPHBIX MpejacTaBieHuil I'3 s aBToMaTu3aluy MpoLeccoB Mnepeo-
Hanu3anuu oOydeHus. B [5] mpemmaraercs Momens colep:kaHUs DJIEKTPOHHOTO y4eOHOTO Kypca
(9YK), koTopas mpencTaBisieT COBOKYIHOCTh APEBOBUIHOTO OPUEHTHPOBAHHOTO rpada yuyeOHbIX
3JIEMEHTOB M TaOJIMIIBI UX aTpUOYTOB.

[TocTpoeHre OHTOIOTMUECKOW MOJENN JTMYHOCTH MOJIOJIOTO HUCCIIEA0BaTeNs U pa3paboTKa Ma-
TEMaTHYECKOM MOJEIU €ro JIMYHOCTHOTO POCTa PACCMOTPEHBbI B [6], MPEeAokeH KOMILIEKCHBIH
MOJIXO/ K OLIEHKE M MPOTHO3UPOBAHUIO PA3BUTHUS MPO(PECCHOHANBHBIX U JIUYHOCTHBIX KauecTB Oy-
JIYIIUX UCCIEA0BATEIICH.

AHanu3 3BOJIONMHM 00pa30BaHUs, BKJIIOYAIOIIUN OHTOJIOIMYECKHE OCHOBBI KJIACCHO-YPOUHOU
CUCTEMbI U IPUHIIUIIBI THHOBALIMOHHOTO CMapT-00pa3oBaHus, MpoBeaEH B [7]. BHuManue ynenser-
cs BONpPOCAM MHAMBUIyallM3allud M THepcoHupUKauu oOydeHHs ¢ Hucnoiab3oBanueM M-
TEXHOJIOTHil. MeTo/1bl KOTHUTUBHOT'O MOJIETITMPOBAHUS IPUMEHSIOTCS ISl KCCIIEI0OBAHUS MPOLIECCOB
a/IalITUBHOTO O00Yy4eHUs!, pa3padaTbIBalOTC MaTeMaTHUECKUE MOJIENH, TO3BOJIIONIUE TPOrHO3UPO-
BaTh W ONTUMU3HPOBATh JANTALUI0 YY€OHBIX MaTepUalOB I0J WHJIMBUIYyalbHbIE MOTPEOHOCTU
CTYZIEHTOB [8§].

Metonam c6opa u 06pabOTKH JaHHBIX O MMOBEJIEHUHU TOJIb30BaTeNel B cucremax D0 mocssie-
Ha paborta [9], rae paccMaTpuBarOTCS CLIEHAPUHU KCIIOJIB30BAHMS PE3yJIbTAaTOB aHAIU3a JIJIsl TTOBHI-
meHus 3pPekTUBHOCTH 00Pa30BaTENHLHOIO MPOIIECca U MPEUIAraloTCs NOAX0AbI K UX pealn3alim.

BonbIMHCTBO COBpeMEHHBIX M0AX0/10B K pa3padorke MUTO Ga3upyercss Ha mo3TanHoi Kiac-
cudukanuu oOyJyaromuxcs 1o pe3yapraTaM nzydenus pasnenoB DYK. Ha kaxxaom stane o0ydeHus
BBINOJIHAETCS 3ajjaua Kiaccuukauu o0y4Jaroumxcs, ¢ OTHECEHUEM Ka)/10r0 U3 HUX K OJHOMY U3
oIpesieN€HHBIX KJIaccoB miu rpymm. [nsa kaxaoi rpymnmsl pazpadatsiBatorcss UTO, ocyecTBiser-
Csl Bapualus MPU3HAKOBOTO MPOCTPAHCTBA, BKJIIOYAIOIIETO XapaKTEPUCTUKU OOYUaIOLIUXCSl U pe-
3yJbTaThl UX Y4eOHOH JesaTenbHOCTH. [IpUMEeHsoTCS pa3iuyHble KiIacCH(PHUKAIMOHHbIE MOAEIH,
Takue Kak 0allecOBCKUE aJITOPUTMbl, HEHPOHHBIE CETU, METO/Ibl HEUETKON JIOTHUKHU U JIp.

B nannoii pabote mist popmuposanuss UTO npennaraercs ucnonb3oBats ['3 DYK, uto no3so-
JseT yuyuThiBaTh mapameTpbl DYK u naHHBIC 0 mMOab30BaTensx, 3aBepiiuBIIuX oOydeHue. [Ipen-
CTaBJICHHUE AJIEMEHTOB '3 B BHJIe YMCIIOBBIX BEKTOPOB IIPEIOCTABIISAET BO3MOKHOCTh IIPUMEHEHUS
MeToa0B MO nst ananu3za npeametHout oomactu (IIpO), B TOM uuncie HeMpoceTeBhIX MOIEICH.

1 MHTeﬂHeKTya.ﬂbHaﬂ cucrtema ynpasneHna guCtTaHUMOHHbIM 06yquMeM

B [11] paccmarpuBatotces stanbl pa3Butusi 90 U COOTBETCTBYIOIIME 3TUM dTarnaM LHU(ppPOBbIE
WHCTPYMEHTHI — AJICKTPOHHBIC YUeOHHKH (Hadanmo 90-x ro/IoB), CUCTEMBI YIPaBICHUS O0YYCHHEM
(2000-¢ 1.), obmaunbie cepBuchl (Hauano 2000-X T.), OTKPBITbIE KypChl, MACCOBBIE OTKPHITHIC OH-
naiH-Kypcesl (2010-e r.). K akTyanbHbIM TpeHAaM pa3BUTHS ITU(POBBIX TEXHOJOTHA B 00pa30BaHUH
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B HACTOsIIIIee BpeMsl OTHOCAT: aJalTHUBHBIC TeXHOJI0ruu o0yuenus; meroasl UM u MO; c6op u aHa-
U3 UGPOBOTO ciiesia O0yYeHUs; TEXHOJIOTHH BUPTYaIbHOU U JIOMOJHEHHOU peanbHocTH [ 12].

B [13] Ha ocHOBE HENpepHIBHOIO aHAIM3a TaHHBIX 00 oOyvaroniemcs dpopmupyercs UTO, mox
KOTOPOH MOHUMAETCS «...TIOCIEI0BATEILHOCTh YUEOHBIX 33124 U MaTepUaoB, KOTopast (opMUpy-
€TCsl UCXO/1 U3 aHaJIM3a MePCOHATBHBIX XapaKTePUCTUK 00YJarOIIEerocs U 1eei 00ydeHus».

B tabmune 1 npuBeneHsl HUGpPOBbIE HHCTPYMEHTHI U TUIAT(GOPMBI Ul OpraHU3aluyd 00ydeHus
CTYJICHTOB BBICHIMX Y4€OHBIX 3aBe/ICHUN W/WIIM KOPIIOPATUBHOTO OOyUEHUSs, UX KPaTKoe OMUCaHHe,
0COOCHHOCTH PeaM3yeMoro ¢ WX MOMOIIbI0 oOpa3oBarensHOro mporecca [14-16]. Kak BugHO u3
Tabnuupl 1, moBbieHne aaanTuBHOCTH D0 MOXKET ObITh JTOCTHUTHYTO MYTEM pa3pabOTKu ruOpuI-
HBIX CUCTEM Ha OCHOBE IpUMeHeEHUs MeToa0B NN

Tabnmma 1 — [{uppoBsle HHCTPYMEHTHI U IIAT(OPMBI IS HJIEKTPOHHOTO 00yUeHUS

I{udpoBble HHCTPYMEHTEI
1 w1aT(opMbl

Omnmcanne

TIpuMeHeHHe B 00pa30BaTeIbHOM IIPOLIECCce

MHucTpyMeHTsI 115 co-
3JIaHUST KypPCOB DJIEK-
TPOHHOTO 00yHeHH s

ITporpammHoe obecrieueHue JIs Co-
3[IaHKS IICKTPOHHBIX Y4EOHBIX KypCOB.

AanTUBHOCTH OOYUYCHUSI MOXKET OBITh peajn30BaHa IIPH
HAJINYUN AIBTCPHATUBHBIX MOAYJCH Ul M3y4eHHUS TeM
Kypca U BO3MOKHOCTH MX BBIOOpa 00y4aroIimMcesl.

Cucrema ynpaBieHHs
o0y4yeHnemM

WudopmarmonHas cucrema, mpeHa-
3HAUCHHAsSI JIJIs1 00ECIICUSHNS TTOIePIK-
KU NIPOIIECCOB, CBS3AaHHBIX C DJICKTPOH-
HbIM 00yucHHeM [14].

OpueHTHpOBaHa MPEeXk/Ie BCEro Ha aAMUHUCTPUPOBAHUE
y9IeOHBIX MPOIIECCOB. BCTpOeHHBIE MEXaHM3MBI a/1allTa-
LY TPACKTOPUH O00YUYEHUs 101 OCOOCHHOCTH 00ydJaro-
IIMXCsl OTPAHHUYECHBI.

Cucrema ynpasieHUs
00pa3oBaTenbHBIM KOH-
TEHTOM

WndopmarronHas cucrema, UcIoib3y-
emast I CO3JJaHuMs, XpaHeHus, coopa
W/WITH TOCTaBKH 00Pa30BaTEIbHOTO
KoHTeHTa [ 14].

VYupasiser y4eOHbIM KOHTeHTOM. Ilo3BOisieT co3aBaTh
WHTEPAKTUBHBIN y4eOHBIII KOHTCHT, CIOCOOHBIA aJanTH-
poBaThCS K WHAMBHIYaJIbHBIM OCOOCHHOCTSIM O0ydaro-
IIIXCSL.

[Inardpopma nogbopa u
pEeKOMEHJallK 00yUEeHUS

[Tnatdopma ucnons3yet metoast U,
MO, TexHOIOTUH PEKOMEHAaTeIbHbIX
CHCTEM JUISl alaNlTaluy IpoLecca 00y-
YeHHsI K 0COOCHHOCTSIM, TIOTPEOHOCTSIM
U OMBITY 00y4aeMoro.

[Tnatdopma criocoOHa arperupoBaTh 00pa30BaTEIbHBIN
KOHTEHT U HCIIOJIb30BaTh BHEIIHNE UCTOYHUKH yIeOHOTO
MarepHaia, peKOMEH/IaTeIbHBIC aITOPUTMBI, YUUTHIBA-
IOIIME MHANBUYaJIbHbIE 0COOCHHOCTH, OTPEOHOCTH 1
OIBIT 00Y4aAIONIEroCs..

IInardopmel ynpaBneHus
MHUKpPOOOYUCHHEM

KopropaTHBHbIE CHCTEMBI yHPABIICHUS
00y4eHrnEeM Ha OCHOBE y4eOHBIX MaTe-
puanoB HeOOIBIIOTO 00BEMA, BCTpau-
BaeMble B pabouHe MpOLECChL.

PazbuBaroT yueOHBIN MaTepual Ha HeOOBIINE YacTH,
KOMOHMHAIMU KOTOPBIX TTO3BOJIAIOT BHICTPAUBATh pa3iiny-
HbIE TPACKTOPHH OOYUCHHSI.

OTKpBITBIE OHJIAIH-KYPCBI

OTKpBITBIE 2JIEKTPOHHBIE KYPCHI, 10~
cTynHble Yepe3 HTepHeT, paccyuTaH-
HbIC Ha 00y4eHHE OOJIBIIIOTO KOJIHYe-
CTBa ciymarenei

OpHUeHTHPOBAHbI Ha MIUPOKYIO ayJUTOPHIO C 3a1aHHOM
TpaeKTopHel U3ydyeHHs MaTepraa i OrpaHUueHHbIMU
cpencrBamu agantauu. O0ydaronuiicss cCaMOCTOSATENBHO
OTIPEAENSIeT TEMIT O0yUCHUSL.

TexHonoruu BUPTyasib-
HOM MM JIOTIOJIHEHHOMN
peaIbHOCTH

WHCTPYMEHTBHI, CO3/1AI0IIe HMMEPCHB-
HYIO cpeny At GOpMHPOBAHUS yMEHNUIT
1 HaBBIKOB, OLICHKU KOMIIETEHIIUH B
YCIIOBHSIX, OJIM3KHX K pPeabHBIM.

[o3BomsroT caenate ydeOHBIN mporecc Ooee WHTEpaK-

THBHBIM, HHQOPMATHBHBIM M HATJISTHBIM, CIIOCOOCTBYIOT

B OOJIBIIEH CTENeHN 3aKPEIUICHUI0 MEXaHHYECKUX HaBbI-
2

KOB".

TexHooruu UQPPOBHIX
UTPOBBIX METO/UK U dJIe-
MEHTOB B 00Y4YEeHUH

BHenpeHne urpoBbIX METOMK B ITPO-
11ecc 00y4EHHUsI C [ENbIO MOBbIICHHUS
MOTHBAIIMHU K 00YUYCHHIO.

HO3BOJ’[$[€T HOBBICUTH BOBJIEUEHHOCTD 06yqa}0mnxc;1
[15].

YnpasieHue pe3ynbra-
THUBHOCTBIO

Cucrema oleHKH po(hecCHOHAILHOTO
Pa3BHTUS COTPYIHUKOB, KOTOPAsI
BKJIFOYAET OLIEHKU KOMIIETEHLINI U

3¢ (HEeKTHBHOCTH BBIIONHEHHS Mpodec-
CHOHAJIBHBIX 3a/1a4 HOcsIe 00YUeHHS.

Hannumne Mexanu3ma OlleHKH KOMIETEHUUHN U pe3yJibTa-
TUBHOCTH Pa0OTHI MO3BOJISIET BEIOPATH HANIPABICHHS
po(eCcCHOHAIBHOTO Pa3BUTHS, TIAHUPOBATH 00yUeHHE
1 OLICHUBATH MEPCIEKTUBbI KAPHEPHOT'O POCTA.

TakcoHOMHS HaBEIKOB

Co3znaHue eIMHON CUCTEMBI Kitaccudu-
Kalli¥ ¥ CTaHJapTH3ALUH TPOeccHo-
HAJIBHBIX KOMITETEHIIN, HCTIOTb3Ye-
MBIX [IPY HaliMe, alalTaliy U 00yde-
HUU nepCOHanaz.

[To3BoOaUT cO3MaBaTh MOJIETh KOMIICTCHIIHI B Pa3IMIHbIX
o0acTsax HpO(i)eCCPIOHa.IIBHOFI JACATCIIbHOCTHU IJIs pelie-
HUA 3aa4 yIIpaBJICHUA NE€PCOHAIIOM, B TOM YUCJIC 06y-
YUCHUS I€pcoHalIa.

" Ken Joseph. Learning Technology Trends. April 17, 2023. https://brandonhall.com/learning-technology-trends/.

? Cenesuu E. 6 cambix TIePCTIEKTUBHBIX TEXHOJIOTHH [l KOpIopaTuBHOTO 00y4enus. https://skillbox.ru/media/corptrain/6-samykh-
perspektivnykh-tekhnologiy-dlya-korporativnogo-obucheniya/.
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A.3. Acanos, U.1O. Mvuukuna, A.C. Mypawxo

B kauecTBe BO3MOKHBIX MEXaHH3MOB aJalTalmnu 9VK k HHIWBUAYAJIbHBIM 0COOEHHOCTAM

00yJaroIuXxcsi MOXKHO BBIICTHUTH cieayromme [17-21].

CTEMBI YIPABJIEHUS TUCTAHIIMOHHBIM OOyYEHHEM IIpE/ICTaBICHA
Ha pucyHkax | u 2. Sapom ar000¥ MHTEIIEKTYalIbHOW CHCTEMBbI
sIBJIsieTCsl 0a3a 3HaHW, B IaHHOW ClIyd4ae OHTOJOTHYecKas Oa3a
3HaHUH, BKJIIOYAIOIIAs OHTOJIOTHIO O00y4aeMOro, OHTOJIOTHIO
npenojasatelis U oHrosnoruio JVYK.

Coszoanue anvmepHamusHvlx mMooyaell Ol u3yyenus pazoenos Kypca. Bo3MokHble TpaeKTOpUU U3yUeHUs yueO-
HBIX MOJIyJIEH Kypca onpeenseT pa3padborunk kypca. Kypc uMeer HelMHEHHY0 CTPYKTYPY, Ul U3ydYEeHUs OJHON
TEMbI MOAYJIH MOTYT OTJIMYAaThCs, HAIIPUMEDP, YPOBHEM CIIOKHOCTH MaTeprana. OOydJaromuiicss MOXeT BBIOMpaTh
MOJIYJb JJIsl N3yYCHUS] W/WIIN JIOTIOJIHUTEIbHBIE MaTepHabl, IPOITyCKaTh U3BECTHBIN eMy MaTepuan. Buidop mo-
KET OCYIIECTBISATHCA B COOTBETCTBUU CO BCTPOCHHBIMH aJITOPUTMAMH CHCTEMBI YIIPaBJICHNsI 00ydeHUEM, HANIPH-
Mep, Ha OCHOBE aHa/In3a NU(PPOBOTO ciieia 00ydeHUs ¢ IpUMeHeHneM MeTo 108 MO.

Buvibop memna o06yuenus. OOyJaromuiicss MOXKET MPOXOANUTH Kypc B yaHoOHOM s cebs temre. Lludporoii cuen
00y4eHHs MOXKET BKJIIOYATh JaHHBIC O BPEMEHH, 3aTPAUYCHHOM HA 3aJjaHUs, YCIEIIHOCTH BBIIIOJIHEHUS U 4acTOTeE
OLIMOOK, YTO MOJKET MCIIOIBb30BAThCS ISl IPOrHO3UPOBAHMUS ycrieBaeMocTH 1 koppektuposku UTO.

Yuém npomescymounvix pezyrbmamos npoxoxcoenus Kypca. VIcnonbp3oBaHue pe3yabTaToB BXOAHOTO H/HIIU MPO-
MEKYTOYHOTO KOHTPOJISI WJIN/U aHKETHPOBAHMS Ul BHIOOpA YUeOHBIX MOIYJEH JUIsl MOCIEAYIOUIETr0 H3yYeHHUSI.
[Tocie MpoxosKaeHHs KaKA0ro pasjesia 00ydaroluicss MOKeT ObITh OTHECEH K OJHOMY M3 OINpEeeIEHHbBIX KJlac-
COB, a JUIA KaXJI0TO KJlacca OIpe/essieTCs] yaeOHbII MOTyTb IS H3YUEHHS CIIeTyIONIero pa3aena Kypca.
Hcnonvzoeanue aoanmuenozo mecmuposanus. Ha ocHOBe mporxosa

ycrenHocT 00y4yeHust (110 MPOILIBIM OIIEHKaM) JUTsS KaKI0ro o0ydaro- ! Basazwanuii !
LIEroCsi MOXKET ObITh CHOPMHUPOBAH MHAMBUIYaNbHBIH HA0Op TECTOBBIX  —~~ ~ "~ ----!
3aganuii. PopMHUpOBaHNE TECTOBBIX 3aJaHUl MOXET OCYIIECTBISTHCS B I S
COOTBETCTBUU C YpOBHSAMHU TakcoHoMuu biyma [22], ucnonb3yromencs Moaynb NpuHa-
TIPY TIPOCKTHPOBAHUH YUEOHBIX KYPCOB. I TUA DeLleHwil

VipoménHnas CTPYKTypHas CXeMa HMHTEUIEKTYaTbHOH CH- Bt

Moaynb
obyyeHun
Mogaynb oueHKku

[aHHble 06 06y4eHnn

ObpaTHas cBA3b

o 1
OHTOJIOTHY 3HAHUMN 06yqaeMoro n IpernogaBatciisi BMECTC C 1 Mogaynb aHanusa
|

undposoro cnega |

MOJIETISIMU MX TIOBEJIEHUS TO3BOJISIOT MPEJICTaBUTh MX KaK HH- [ysdpspintbdycseig :
TEJUICKTYallbHbIX arCHTOB B aBTOMATU3MPOBAHHBIX OOYYAIOUINX  Pycynok | — OCHOBHBIE COCTABIIO-
CUCTEMaX, YTO MO3BOJUT YUYUTHIBATh OTPEOHOCTH U BO3MOKHO- 1IlMe HHTEIUIEKTYalIbHOI CHCTEMBI

CTH O6y‘{aeMLIX H aBTOMATU3HUPOBATh PCIICHU THUIIOBBIX 3a1a4 B YHpaBJIeHHs JUCTAHIMOHHBIM 00Y-

NESTeIILHOCTH TpenoaaBatess [23]. ICHIEM
Ay bt | ___
1. 3 1 1 WHCcTpyMeHThbI
1 OHTOoNOrUNA 1 \#
é‘ﬁ 1
) © . obyyaemoro .
P77 YT
1 o i < 1
Pz -
l&e v o ! i
SRR | g s !
: § § oo Al ST T T Memodsb!
22 : 2 §<;:;> i’ﬁ i OHTONOMMA X MawuHHo20
1 28 4 28 s | 6 i 5 = obyyeHust
= y S B 1 Mgy , YvebHorokypca | asa 3HaHun ;
X 2 : 2 ———————— UHXeHepuu
. L 4 <> Meparornyeckumn cueHapun | 3HaHU.
) | | leHemuye-
B R Moay/ib OLEeHKM Moaynb TecTupo- ckull anzo-
Heuémkas noauka | Q { AY/Ib OLEHK Mozaynb obyyeHns AY P [ pumm.
KozHumusHbIe kapmbi | g KomneTeHLn BaHnA | | Medazozu-
HedlipoHHble cemu _ - yeckue
> - o Memodh!
?j (} 1o MpuHATHE peleHun ApoeKMU-
s . poeaHusi
OnpegeneHve yuebHoro OnpegaeneHune Habopa dopmmnpoBaHmne pekomeHaaL it y4e6HO20
MHCTPYMEHTBI MOAYNA ANA U3yYeHUs TECTOBbIX 3aaHuit ans obyyaemoro Kkypca

Pucynok 2 — CTpyKkTypHas cxema HHTEJUIEKTyaJIbHOH CHCTEMBI YIPABICHUS TUCTAHIIMOHHBIM 00yIeHNEM
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B nannoii pabote pemaeTcs yacTHas 3a/1a4a BbIOOpa OJHOTO U3 allbTEPHATUBHBIX MOAYJEH s
M3YYCHHS Ha OCHOBE aHalIn3a MU(POBOTo ciiesia O0yueHusl.

I'3 DYK cTpouTcs Ha OCHOBE MPEABAPUTEIBHO Pa3pabOTaHHOIO MEAaroruv4ecKoro CIeHapHs
OVK [24]. Pa3zpabatsiBaroTcsi aqbTepHATUBHBIC MOJYJU JUISl U3YYCHHSI HEKOTOPBIX pa3zaenoB YK,
onpeaenstorcs Bo3moxkubie UTO. Mudopmaninsa o KaxaoM aabTepHATUBHOM MOJYIIE SIBJISIETCS J0-
CTYNHOH i oOyuaromumxcsi. B pe3ynbrate m3ydeHHus Kypca 00y4aeMbIMU MPOUCXOAUT HAKOILIE-
HUE JIaHHBIX O €ro MPOXOXKIeHUH. BbIOOp MOIyNs M3 BO3MOXKHBIX albT€pHATHB Ha 3Tare cOopa
JTAHHBIX MOXXET OCYIIECTBJIATH OOYYAIOLIMICS Ha OCHOBE CAMOOLIEHKM CBOMX BO3MOXKHOCTEH W
YPOBHS 3aMHTEPECOBAHHOCTU B OoJiee I1yOOKOM OCBOEGHUU AUCUUILINHBL. Cleayomuil MOIyIb IS
M3YyYEHHS] MOXKET OBITh MPEJIOKEH 110 pe3yabTaTaM TECTUPOBAHUS MO MPEIBIAYIIEMY MOIYJIIO.

I'3 moket ObITh pacmMpeH nyTéM ao0aBieHus dieMeHToB DYK B KauecTBe BEPIIUH U JOCTPa-
MBaHUS COOTBETCTBYIOIIMX CBsI3€M Mexay HUMH. Hampumep: KOHTPOJbHBIC 33JJaHUs 110 KaXIOMY
paszeny, pa3enéHHbIe Ha YPOBHHM OCBOCHHS [25], U YPOBHHU CIOXKHOCTHU; BpeMs, 3aTpauyeHHOE Ha
U3YYEHUE pa3JeNioB U IPOX0XKIECHUE TECTUPOBAHUS; KOMIIETEHIIUU U OLICHKU YPOBHEH UX chopMu-
POBAHHOCTH y CTYACHTOB; JaHHBIE O MPOXOXKACHUU APYTHMX KYpPCOB; MCUXOJIOTO-TUYHOCTHBIC Xa-
PaKTEpPUCTUKH CTYJIEHTA; JIUYHbIE MHTEpeCHl U T.I. ' padhoBoe npeacrasienne Kypca [26] mo3BOIUT
YUUTHIBATh CBSI3U MEKIY KOMIIETEHIIUSIMU, MEKAY 3aJaHUSIMU U KOMIETCHIIMSIMH, MEXIy TeMaMu
Y KOMITETCHIIMSIMHU.

o P - | 1 CrynentNew2 !
2 MeTtoau4yeckuu npumep ' CryaentNewl \—CHICOKOZ_ _ S| BxoaHoi ==L, e oo
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o /
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193 v \ / /
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OCBOGHHUSI KaxkJaoro paszaena. Ha H R
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\ ~-—c Ma2 L7
HOTO KOHTPOJISI ACCOLUUPYIOTCS C \ " 1, -
BEPILIMHAMHU, COOTBETCTBYIOLIUMU NN e
S~ s WUrorosbit £
U3Y4aeMbIM Y4€OHBIM MOAYJISIM 2l vomtpons
(He TpPEeICTaBICHBl OTACIbHBIMH
BEPILUHAMM). Pucynok 3 — @parmeHT ynpoméHHOro oprpada yaeOHOro Kypea

IlepBsIif TemaTndeckuit pazaen YK
MIPEJCTaBICH OJHUM Y4eOHBIM MoyneM (BepmuHa M1, HoMep BepIIMHEI — 2, HOMepa BEpPIINH Tpada IpUBOIATCS -
JIOM C COOTBETCTBYIOIIEH BepiInHO#). BTOpol M TpeTHii TeMaTHYeCKHe pas3lieibl COAEPKAT MO TPU aITbTEPHATHBHBIX
y4eOHBIX MOAYJIsI (BTOpOH pazmen: BepmuHbl M21, M22, M23, Homepa BepminH — 3, 4, 5; TpeTuid pa3zen: BepIIHHbBI
M31, M32, M33, nomepa BepmuH — 6, 7, 8). UeTBEPTHIN TeMaTHUIESCKHUI pa3/Ien COMepIKAT JIBa AIbTEPHATHBHBIX ydueO-
HBIX MOIyJisl (BeprmiuHbl M4 1, M42, Homepa BepmmH — 9, 10). CBsi3u MeXIy BEpIINHAMH, COOTBETCTBYIOIIMMHA MOJTY-
M DYK, onpenensior nociae0BaTebHOCTh UX U3YUEHHUs, T.€. COOTBETCTBYIOT BO3MOKHbIM U TO uzydenus kypca. B
paccmarpuBaeMoM rpade MpearoaaraeTcss BO3MOXKHBIM TI0CIIe H3YUSHHMs JII000r0 TEMaTHYECKOro paszena Nepexon K
M000My MOJYJIIO clienytoniero pasjena. CBs3u MeXAy BeplIMHaMu ¢ Homepamu oT 1 o 11 (BXOXHOI M MTOrOBBIN
KOHTPOJIb, y4eOHbIE MOYJIN) UMEIOT OJIMH THII, KOTOPBIA YCIOBHO MOXET ObITH 0003HaueH [locieCredyen.

[IpencraBnennsiii Tpad DYK comepKuT Takke BEPIIMHBI, COOTBETCTBYIOIINE H3YYAIOITUM
Kypc cryfeHTaM. Hamuuue cBs3M MeXIy BEpLIMHOM, COOTBETCTBYIOLIEH CTYACHTY, U BEPIIUHOM,
COOTBETCTBYIOIICH yueOHOMY MOJYIIO WU MPOMEKYTOYHOMY W/MIIM UTOTOBOMY KOHTPOJIIO, CBH-

ACTCIBLCTBYCT O TOM, UTO CTYACHT U3YYUJI 5TOT MOAYJIb UJIN HpOIJ_IéJ'I TOYKH KOHTPOJIA OVK. Cps3u
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MEX/1y BEpIIMHAMH B 3TOM cllydae (CTYACHT U BXOJHOW U UTOTOBBI KOHTPOJIb, CTYACHT U y4eOHbIE
MOJYJIM) MOTYT UMeTh 4eTbipe Tuna: HuowceCpeoneco, Cpednuii, BuiueCpeonezo, Buicokuii. Kon-
KPETHBIN THI CBSI3U COOTBETCTBYET PE3yJIbTaTaM OCBOEHUSI COOTBETCTBYIOIIEIO MOIYJS U PE3YIib-
TaTaM MPOXOXKJIECHHsSI BXOJHOTO W/WJIM UTOTOBOTO KOHTposss. Habop TecToB A MpoMeKyTOYHOTO
KOHTPOJISI IO KaXXJAOMy pa3/iely B JaHHOM Kypce€ OJMHAKOB JJISl BCEX aJbTEPHATUBHBIX Y4EOHBIX
Moayien pasznena. IIpennonaraercs, 4To B ciay4yae HEYAOBIETBOPUTENIBHOIO pE3ysbTara CTYACHT
M3y4aeT MOJyJib Kypca MOBTOpHO. B oOmiem ciydae B moAgoOHON CUTyalluu pa3paboOTYMK Kypca
MOJKET MPEyCMOTPETh ATbTEPHATUBHBIC YUEOHBIC MOMYIIN JJISl U3YyUCHUS CTYACHTOM.

B npumepe Ha pucynke 3 npearnonaraetcs JUIIb MPOJBUKEHIE CBEPXY-BHU3 OT MPEIbIIYLIETO
paszzena K MmocieayromeMy. JTa cXxeMa OrpaHUYMBaeT aJalTUBHBIE BO3MOKHOCTH M3YyYEHUs Kypca.
B aTux ycnoBusx mMoryTt ObITh cPOPMHPOBAHBI PA3IUYHbIE BEPCUM T'PYIIOBBIX 00pa3oBaTeNIbHbBIX
TPAaeKTOPHUH, OTIMYAIOIIMECS BHIAMH MEPCOHU(PUKAIINN HA OCHOBE yu€Ta OCOOCHHOCTEW HECKOJb-
KHX Ipynn oOyuaromuxcs. B oOmiem ciydyae oOyyaemble MOTYT MPOIMyCcKaTh HEKOTOPbIE MOAYIIH,
BO3BPALIATHCS K MPEABIIYIIAM MOIYIISIM, T.€. CBOOOJHO «IIepeMemaThCs» 1Mo yieOHOMY MaTepHha-
J1y, 4TO TOBBIIIAET MHAMBHUIYATU3AIUI0 YI€OHOTO MpoIiecca.

3anmava nmocrpoernsi UTO uzydenus paccmarpuBaemoro YK pemraercs myrém BeIOOpa meper
M3Y4YEHHEM Ka)KJIOTO TEeMAaTUYECKOTO pasjiesa Kypca OJHOTO U3 ajJbTepHATUBHBIX MOAYyJIEH Ha OcC-
HOBE PE3yJIbTaTOB OCBOCHUS YUCOHBIX MOMAYIJIECH MPEABLAYINNX Pa3AesioB U PE3yIbTaTOB BXOJHOTO
KoHTpoJs. [IporHo3upoBanrne HoMepa MO A U3YUYEHHS OCYILIECTBIISIETCSI HA OCHOBE BEKTOP-
HBIX TIPEJICTaBIICHUI 3y1eMeHTOB '3 Kypca m Ha ocHOBe oOydeHus: HelipoHHbIX ceteid (HC), urto
MO3BOJISIET ONPEAETUTh Hanbosee MOAXOAIINI MOTYNb ATl U3yYEHUS] TPEThEero paszzelsia paccMmar-
puBaemoro DYK s oOyuaromierocst CmyoenmNew | .

Jns paccmarpuBaemoro DYK oOydvarommii Habop AaHHBIX ObLT CMOJENHpoBaH. Pe3ymbTaTsl
BXOJHOTO KOHTPOJISI M PE3YyJIbTaThl U3yYCHHUs €AMHCTBEHHOTO MOJYJIS TEPBOTO pasnena Kypca —
cllyyaiiHble BEJIMYMHBI C PABHOMEPHBIM 3aKOHOM pacrpenenenus. Homep moxyns ans usydeHus
MOCTICYIOIINX Pa3eNIoB Kypca W3 YHCla UMEIOIIUXCS aJbTEPHATUBHBIX MOJYJIEH MOXET OBbITh
paccurTaH Kak HEKOTopast (YHKIHS OT Pe3yabTaTOB M3YYCHUS MPEIBIIYIIETO W/WIN TPEIBIITYINX
Mojayiel kypca. KaxxaoMy MOayIt0 COOTBETCTBYET ONpeAeIEHHbIN Tuana3oH 3HaueHUH pe3ysibrara
W3yUYEHHsI TTPEIBIIYIIEero MOIYy s Kypca. Jlornka BeIOOpa MOyJIsl, pealli30BaHHAs TP MOJICITHPO-
BaHMM OOy4aromied BBHIOOPKH, 3aKJIH0Yanach B TOM, YTO MOJYJI C MEHBIIMM HOMEPOM COOTBET-

CTBOBAJIM MCHBIIMEC 3HAYCHUS PE3YyJIbTaTa U3YUCHUSA NPCABIAYIICTO MOJYJIA.

Hanpumep, BTopoii TemMaTiueckuii paszuen paccmarpuBaemoro DYK mpezcTaBieH Tpemsi MOIYIISIMH, TJI€ UCIOJb-
30BaNIOCh CIIAYyIOIIee MpaBwiIo BeIOopa Moaymst A nzydenus: ECJIM pe3ynsTaT U3ydeHUs MEPBOTO pa3zesia MEHbIIEe
70, TO cnenyromuit moayns — 3; MHAYE ECJIH pe3ynbTar u3yueHus: mepBoro paszena MeHbine 84, 70 cienyronmii
Monynb — 4, UHAYE caenyrouuiit Moxyns — 5. 3HaueHHE UTOTOBOTO KOHTPOJISI pACCUUTHIBACTCS KAaK B3BEIIEHHOE CPe-
Hee pe3yIbTaTOB M3YyUEHHs KaXA0To paszaena Kypca. CiyyaifHble (akTOpHI, BIUSIOMINE Ha KOHEYHBIN pe3yiabTaT Mpo-
XOXKJICHHUSI Kypca, MOAETHPOBAIICH JO0OABICHHEM K B3BEIICHHOMY CPEIHEMY 3HAUCHHUS CIydailHON BETMUYMHBI C HOP-
MaJIbHBIM 3aKOHOM pactpezeneHus. O0bEM BBIOOpKH (001IIee Ynciio 00yJaromuxcsi, npoueamux kKype) — 500.

Jns npumenenus metogoB MO k ananuzy rpagoBbeix Mojeneit (I'M) MOKHO IPUMEHUTD CyIlie-
CTBYIOIIHME aJITOPUTMBI ITOJy4€HHs] BEKTOPHBIX MPEACTABICHUN WX BEPLIMH M OTHOLICHUN. 3a1auH,
Oasupyromuecs Ha ['M, MOXKHO peluTh C TPUMEHEHUEM METO/IOB MO’ — 510 MpEeCKa3aHue CBI3EH
MEXy BEpPIIMHAMU U KJIAacCH(pUKAIMs BepIIuH. MeTobl MOCTPOCHUSI BEKTOPHBIX MPEICTaBICHUN
BEPIIMH U OTHOLIEHUH mpocTtoro rpada u I'3 mpencrasiens! B padotax [27-30]. Jns padotsl ¢ '3
HCTIO/Tb30BAHBI TOTOBBIE (yHKIMK OuGmoTexu Python PyKEEN'.

[TporHO3UpOBaHWE MOYJIS JUTSI M3YYCHUSI CBOJUTCS K 3a/1aue MPeICKa3aHus CBA3EH MEXKIy CO-
OTBETCTBYIOIIMMHU BEPIIMHAMHU: CTYACHT — yueOHbI Moaynb. M3 aHanu3a rpada paccMaTpruBaeMo-

* KG Course 2021. Kypc mo rpadam 3nanmii (Knowledge Graphs) m xak ux rorosute B 2021 romy. Ha pycckom s3bike.

https://migalkin.github.io/kgcourse2021/.
* PyKEEN 1.10.0 documentation. https:/pykeen.readthedocs.io/en/stable/index.html.
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ro DYK mnonydeHsl OlEHKH (BEPOATHOCTH) HAIMUUS CBS3M (pebpa) MEXay BEPIIMHON, COOTBET-
cTByMOIIEH oOy4aroremycss CmyoenmNew 1, u BEpIIMHAMU, COOTBETCTBYIOIIUMHU MOJYJISIM TPEThe-
ro TEeMaTHUYECKOT0 pasjieia, ¢ TUIIOM CBSI3U Bbicokutl (3TOT THUII CBA3U COOTBETCTBYET YCHEIIHOMY
MIPOXOKJICHUIO TEMaTHYECKOTO paszena). [lomydenHoe mporHo3Hoe 3HaueHue (HauboubIas OIeHKa
CBSI3M 110 pe3ysbTataM padoThl OONBIIMHCTBA AITOPUTMOB) — MOAYJb 7.

AHAJIIOTUYHO MOXKET OBITh CIIPOTHO3UPOBAH PE3YJIbTAT OCBOCHUS BCETO Kypca (Kak pe3yiabTar
WUTOTOBOT'O KOHTPOJIS); MOXKET OBITh pelleHa 3aa4ya KiacCu(PUKaIUi U KIacTepU3alii CTYIEHTOB C
LEJIBbI0 TPUMEHEHHS K BBIJICJIEHHBIM TPYIIIIaM TUIIOBBIX YIPABISIONIMX BO3/ICHCTBUN.

Jns onpenenenusi BO3MOXKHON apxuTeKTypbl U cTpykTypbl HC nmna 3amaun noctpoenuss U'TO
ObUIa MCTOJIB30BaHA YACTh CMOJICIUPOBAHHOTO oOydvaromero Habopa ganubix. Jius o0yduenuss HC
UCIIOJIb30BAIMCH TOJIBKO JaHHbIe 00 oOyuaromuxcs, KoTopele ycrnemHo ocBowid DYK, T.e. momy-
9 OueHKH BuiueCpeonezco niu Bvicokuii 32 UTOTOBBIA KOHTPOJb. BBIOOP 3TUX CTYIAEHTOB 00Y-
CIIOBJIEH Te€M, UTO pemraercs 3amada noctpoerus UTO u3ydeHus Kypca ¢ LEeIbl0 YCHEIIHOTO €ro
OCBOCHHS U TIOYYEHUS TOJIOKUTEILHOTO PE3yibTaTa.

st mocTpoeHus HelipoceTeBO MoAenu BeiOpaHa monHocBs3Hass HC mpsiMoro pacrmpocTtpane-
Hus. OOmee 9ncio cio€B — aBa (OIMH CKPBITHINA CII0i). BRIOOp 1M0100HOM apXUTEKTYphI U CTPYK-
Typel HC oOycnosnen Tem, uto monodusie HC ycremHo npuMeHstoTcs AJsl pelieHus 3aaad an-
IPOKCUMALMU pa3nyHbIX 3aBucumocteil [17, 31, 32], cyliecTBYIOT 3BpUCTUYECKHE MPOLELYPHI,
MO3BOJIAIOIINE OLEHUTh YUCIIO HEUPOHOB B CKPBITHIX CIOAX HA OCHOBE JAHHBIX O YHCIIE BXOJHBIX,

BBIXOJIHBIX 3HAYCHHUU 1 00bEME 00YyJaIOIINX JaHHBIX.

Yucno Bxoaueix curHainoB HC — 8, uto coorBercTByeT BepumHam rpada YK ¢ Homepamu ot 1 1o 8. 3HaueHus
BXOJHBIX CUTHAJIOB COOTBETCTBYIOT PE3yIbTaTaM MPOXOXKICHUS KaKJI0T0 MOIYJISI, BRIpaKCHHBIM B Oamutax ot 0 mo 100;
BXOJIHBIC 3HAUCHUS Tepe] 00ydeHneM OBUTH HOpMaim30BaHBI. Tak Kak HeHpoceTeBas MOJENIb OMpeesieT HOMEp ode-
pemHOTO Y4eOHOTO MOMAYIISA 10 Pe3yiIbTaTaM M3y4YCHHs IPEABITYINX, JAHHBIM O MPOX0KICHHH Kypca OIHHM 00ydaro-
IIMMCSI COOTBETCTBYIOT HECKOJIBKO OOYYAIOIINX MPUMEPOB BEIOOPKU. DTO WILTIOCTPUPYETCS MPUMEPOM, IPUBEIEHHBIM
B Tabmumax 2 u 3. B tabmuie 2 nmpuBeeHB pe3yabTaThl MPOXOKIACHHUS Kypca HEKOTOPBIM CTYICHTOM (M3Y4CHHBIC CTY-
JICHTOM MOJIYJIU M PE3yJIbTaThl OCBOCHHS ITHX MOJYJICH, BeIpaxkeHHbIE B 0amuiax ot 0 go 100). B tabmuie 3 npuBencHbI
pUMeEpbI U3 00ydaromield BRIOOPKH, KOTOPBIC MOJYUYCHBI Ha OCHOBE IAHHBIX MPOXOXKICHHS Kypca 3THM CTYICHTOM
(Tabnuma 2). AHaIOTHYHBIM 00pa3oM OBUIH TIOJTYYeHBI IPUMEPHI JJIs1 00yJaronieil BBIOOPKH sl KaKJI0To 00ydarorie-
rocs U3 CMOJICITUPOBAHHOTO HA0Opa JaHHBIX.

Tabmuna 2 — Pe3ynbTaTel IPOX0XKICHUS y4eOHOTO Kypca OJTHUM 00ydaromumMcest (ipumep)

Bxoxnoii| Yposennl | Yposens2 (Ho- | YpoBeHb2 | YpoBenb3 (HO- | YposeHb3 | YpoBeHb4 (HO-| YpoBeHb4
KOHTPOJIb| (Oamael) | mep BepumHbl) | (Oammsl) | mep BepmmHbl) | (Oamiel) | Mep BepummHbl)| (Oamibn)
58 85 5 81 7 91 10 81

Tab6muna 3 — [Ipumeps! U3 oOydaroieil BBIOOPKH MO pe3yibTaTaM MPOXOXKACHUS yaeOHOTO Kypca
OJTHUM O0YYaIOIIHMCS

BXOZ[HBIC 3HA4YCHUEC BI)IXOI[HBI@ 3HA4YCHUA
2l a~| 84 54 54 54 84 84 84 54 54 54 54 54 5] 55
go O N m N M < Mm M \O M o~ m oo m N m < m Mm \O m o~ m o0 M O m —
fEl>E|558 555555585555 55>§55>§>=5323¢8
85 0 0 0 0 0 0 0 0 1 0 0 0 0 0
58 85 0 0 81 0 0 0 0 0 0 0 1 0 0 0
85 0 0 81 0 91 0 0 0 0 0 0 0 0 1

Breixonnoit cioit HC comepxut 8 HEHPOHOB, UTO COOTBETCTBYyeT BepiuHam rpada DYK ¢ HO-
Mepamu OoT 3 10 10. 3HaueHHe BBIXOAHOIO CUTHAja OJHOIO M3 HEHPOHOB, paBHOE | (M PaBEHCTBY
HYJIIO BBIXOJHBIX 3HAaYEHHM OCTaJIbHBIX HEWPOHOB B 00ydaromiel BHIOOPKE) O3HAYAET, UYTO CIEAY-
IOLUI MOIYJb JUISl U3yYEHUS] — 3TO MOJYJb, KOTOPBII COOTBETCTBYET STOMY HEWPOHY (HEHPOHY ¢
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MaKCHUMaJIbHbIM BBIXOJHBIM 3HaYeHHEM). UHCII0 HEPOHOB B CKPBITOM CJI0€ BapbUPOBAIOCH OT 2 J10
30. OyHKIMS aKTHUBAIlMM HEHPOHOB CKPBITOTO CIOS — TUNEPOOIMYECKHI TaHT€HC, HEHPOHOB BbI-
XOJHOTO cjod — curmouga. B kauectBe ¢GyHKIUU MOTEph (OMIMOOK) HCMOIB30BAIACH CPETHSS
KBAJ[PaTHYHAS OUIHOKA, onTuMu3aTop — Adam’.

Ha pucynke 4 npuBenén rpaduk u3Me-
HeHust (yHKIMM 1oTEeph (Ha oOyuaromien
BBIOOpKE) MpU 00y4YEeHUH HEHUPOHHOU CETH C
30 HelipoHamu B cKpbITOM cioe. ITomyuen- 0201
HbIE B Ipoliecce 00y4YeHHs pe3yabTaThl (3Ha-
4YeHUs1 (QYHKIIMU OTEPb) CBUIETEILCTBYIOT O
IpUEMIIEMOM KauecTBe MIOCTPOCHHOMN
HEUPOCETEBOM MOJEIM W IOTECHLHUAIbHON
BO3MOXXHOCTH €€ MPUMEHEHHS K paccMaTpH-
BaeMoil 3amaue. Jlng coznaHus U oOydeHus
HC, Busyanuzanuu JaHHBIX HCIOIb30BAINUCH 0.05 1
S3bIK TporpammupoBanusi Python, 6ubauo- ‘ ‘ ‘
TeKa MALIMHHOTO M TIIyOOKOro oOydeHHMs ° e P e o 100
PyTorch®, 6ubanoreka misi oOpabOTKH ©
a”HaJiu3a JaHHBIX Pandas7, ounbanoreka s
BU3YaTH3aLuy faHHbIX Matplotlib®.

C nomomipto 00ydennoir HC moxkeT ObITh MOJTyYeH MPOTrHO3 Hauboliee MOAXOASIIEro MOy
JUTsL U3y4yeHus cienyroniero (tperbero) pazaena YK mns obyuatomierocst CmyoenmNewl, KOTO-
pOMY COOTBETCTBYET CIEAYIOIIUNA BEKTOp BXOAHBIX (HOPMAM30BAHHBIX) 3HAUYEHUH —
(0.88,0.60,0,0.45,0,0,0,0)7. IIpu nogaue Ha BXOj 0OydeHHON HEHPOHHOI CETH HTHX 3HAYECHUI
MaKCUMaJIbHOE 3HAYCHHE IOJIYYMJI HEWPOH BBIXOJHOTO CJIOS, COOTBETCTBYIOIINI BepiInHe rpada
OVYK ¢ HomepoM 6. Takum 00pa3oM, MOJy4EeHHOE MPOTHO3HOE 3HAYEHUE — MOJYJIb 6, UTO COOTBET-
CTBYET JIOTHKE BbIOOpa MOIYJIS JUISl M3YUYEHMsI CIIEIYIOIIEro pasjeia Kypca, pealu30BaHHON MpHU
MO/JICJIMPOBAaHUH 00yUaromiel BEIOOPKH.

[Tomy4yeHHOE MPOTHO3HOE 3HAYCHUE OTIIMYAETCS OT 3HAUYCHUS, MOJIyYeHHOTO paHee (MoIyib 7),
410 00bsicHsAeTcs TeM, uTo HC Obuta 0OyueHa TOJIBKO Ha JAHHBIX O CTYAEHTaX, MOJYyYUBIINX OLEH-
k1 BouueCpeonezo uin Bvicokuti 32 NTOTOBBIA KOHTPOJIb.

[TocnenoBaTenbHOCTh M3YUEHUS] YUEOHBIX MOJAYJIEH MOXKET ObITh MHTEPIIPETUPOBAaHA KaK Bpe-
MEHHOM psifl, 3TO JienaeT 1eaecoo0pa3HbIM UCIIOIb30BAaHUE JIJIS PELICHHS paccMaTpUBaeMol 3aauu
pexyppenTHbix HC. Hcnonb3oBanue pekyppeHTHbIx HC MOXeT cTaTh HanpaBieHHEM JalbHEHIINX
WCCIIC/IOBAaHUI B Cllydae HAKOIUICHUS JOCTATOYHOTO O0BEMa pEajbHBIX NAHHBIX O TPACKTOPHUSIX
oOyueHnus ctyaeHToB B DYK.

0.25

0.15 4

DyHKUWS NoTepb

Pucynok 4 — I'paduk n3MeHeHHUs QYHKINUHU TTOTEPH (TIpUMED)

3aknoyeHue

B pabote mpuBeneHbl BO3MOXKHBIC MOAXOABI K pemennto 3anaun popmupoBanus MTO. Pac-
CMOTpPEHA BO3MOXHOCTb MOCTPOEHHUSI BEKTOPHBIX Mpe/CTaBleHu nojaydenHoro ['3, a Takxke BO3-
MOXKHOCTh ucnosib3oBanusgd HC s ananusza uudposoro ciega oO0ydaeMbIX HpU U3YyYEHUH Kypca
JUISL 3371291 TiepcoHanu3anuu ooydenus. [loydeHHbIi mporao3 Hanbosaee moaAX0IsAIIero yueOHOoro

> Adam (Adaptive Moment Estimation). https://docs.pytorch.org/docs/stable/generated/torch.optim. Adam.html#adam.
® PyTorch 2.6 documentation. https://pytorch.org/docs/stable/torch.html.

7 Pandas 2.2.3 documentation. https://pandas.pydata.org/docs/.

8 Matplotlib 3.10.0 documentation. https://matplotlib.org/stable/index.html.
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MOAYJIS JUTsl u3ydeHus ciaeayomux pasnenoB DYK npu popmupoBanuu UTO cooTBETCTBYET J0TH-
Ke BbIOOpa MOJIYJISA, pealn30BaHHOM MPU MOAETHPOBAHUN 00YJarONIeil BHIOOPKH.
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Abstract

The article considers the potential application of artificial intelligence methods within a distance learning management
system. A structural framework of an intelligent distance learning management system is presented. The paper identifies
key directions for the use of ontological modeling within this system. Approaches to solving the problem of forming
individualized learning pathways are analyzed, based on a knowledge graph of an electronic course. Additionally, the
study explores the development of vector representations of the knowledge graph and the use of neural networks to ana-
lyze learners’ digital footprints. The research objectives include: constructing a knowledge graph for an electronic
course; applying vector representations to the vertices and relations of the knowledge graph; and selecting the architec-
ture and structure of a neural network and training it to generate individualized learning pathways. The proposed ap-
proach employs a knowledge graph of the electronic course that incorporates both course parameters and data on learn-
ers who have completed the course. Representing graph elements as vectors enables the application of machine learning
techniques, including neural network models, to the analysis of the subject domain. A methodological example illustrat-
ing the implementation of the proposed approach is provided.
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