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Editorial

P OT PEJAKIINN

KOrHUTUBHbLIN KOHCOHAHC B OHTOSTOMMAX
Cognitive consonance in ontologies

«IToHUMaHNE — HAYaJI0 COIJIACHUS».
beneouxm Cnunosa

Joporon Haw 4yuTaTtenb,
yBa)XxaeMble aBTOPbI U YneHbl peaakuMOHHOW Konnernu!

pensiayuiee obpautenne «KOrHUTHBHBINA JUCCOHAHC: KAK OBITh M YTO ACNATH?» BO MHOIOM
OBLIO 00YCIOBIIEHO HAMETUBIIMMHUCS MPOIecCaM B HH(POPMAIIMOHHOM OOIIECTBE, TEMU PUCKAMU,
KOTOpBIE HECYT co3/1aBaembie nHpopManmoHubie cuctemsl (MC) B pykax HEKOMIETEHTHBIX U HHBIX
JIUI, 370YMOTPEOSIOMNUX BO3MOXKHOCTSIMUA COBPEMEHHBIX MHCTPYMEHTOB. YCKOPEHHE 3THX IPO-
1IeCCOB pacTéT Oiaroaapsi TOCTUTHYTHIM ycrexaM B MH(QOPMAIIMOHHO-KOMMYHHKAIIMOHHBIX TEXHO-
JIOTUSIX U UX BO3MOKHOCTSIM, HEKOHTPOJIUPYEMBIM C MO3UIIMI MOpaIN, HDAaBCTBEHHOCTU U KOMIIE-
TEHTHOCTHU WX IpuMeHeHus. 1 B mpexHue BpeMeHa BOPOC UCTUHBI, TOCTOBEPHOCTH U HEU3MEHHO-

CTHU COAEP>KaHUS U TOJKOBAHUS MOHATUNA, TEPMHUHOJOTMYECKUX COTJIAIIEHUN TAKKE HE pemancaz.
CoBpeMeHHOE 3HaueHHE psijia IPEeBHUX (QUIOCOPCKUX yUCHUIt
[IPOTUBOPEUYUT IIEPBOHAYAIBHOMY HUX CMbICIy. Tak, CKENTHUK - OT
TPEUYCCKOro «pasMbIlJIATh, UCCIICAOBATH)», 4 HC «HE BEPUTH)», CTOUK -
«TFOOUTH BCE U BCSI», @ HE «XJIaJHOKPOBHOE Oe3pa3iinyue); SMUKype-
€Il - «IICHUTb IMPOCTHIC PanOCTU», a HC «IIpE€AaBaTbCAd POCKOUIHBIM
YIIOBOJIBCTBUAMY; CO(DUCT - «UHTE/UICKTYaJbHOC COBEPIICHCTBOBA-
HHE», a HE «XUTPOYMHBIH oOMaHIuK». Bemukuii Coxpar ObUT U3
CO(pHUCTOB, KOTOPBIE MHOTO CIENadl B (POPMUPOBAHUU HHTEIUICKTY-
QIBHOW KyNBTYphl ApeBHUX AQuH. M3HauanbHO TEpMHH «COPUCT»
CIIYKWIT I 0003HaYEHUS HUCKYCHOI'o WJIM MyJApOro 4YejaoBCKa, HO
yKe B JIPEeBHOCTH NPHOOPEN YHUYIKHUTEIbHOE 3HaueHue. B cope-
MCHHOM IIOHHMMaHHUH CO(I)I/ICTI/IKa - 3TO HUCIIOJIb30BAHHUEC 6J'Ial“OBI/IZ[HBIX
apryMEHTOB JUIsl HUCKa)KEHUsS JEHCTBUTEIIBHOM IPUPOJbI BELIEH B
yroay ueiiaM 4€jI0BEKa, BHIABUTAOMICTO TOT UJIN WHOU aprMeHTs.
TeMa KOTHUTUBHOTO MOZEIUPOBAHUsI, KOTHUTUBHOTO KOHCOHaHCa' 0COGEHHO GJIM3KA OHTOJIO-
ram, CO3Jal0lIMM BMECTE C IKCIepTaMu U npodeccuonanamu B npeaMetHbix odnactsax (IIpO) ceou
mozenu IIpO nns UC. UMeHHO UM mpeacTOUT CHavajla JOTOBAPUBATHCS, UCKATh U HAXOJIUTh IO-
HUMaHHeE, a 3aTeM coryacue (cM. anurpad) B coepkaHusAX U 0003HAYEHUSX CYITHOCTEH, B Habopax
Y 3HAYEHUSX UX aTpUOYTOB, B TEX OTHOIIECHUSIX, KOTOPBIE CBA3BIBAIOT CYIIHOCTH. OHTOJIOT, KaK Ye-
JIOBEK TO3HAIOMINM, 00JIa Aol YHUKAIBHBIM WHIMBUIYAIbHBIM CO3HAHHUEM, JTOJDKEH COUYeTaTh
CBOE MPEJCTaBIEHUE O JEUCTBUTEIBHOCTH C yXke clokuBIIUMUCA B [IpO 3HaHUSAMU U TPUHATHIMU
B HEll 0003HAYEHUSIMU, YUYUTHIBATh TPATUIIMN U KOHTEKCT COACPKAHUS MOHATHH Y UHIUBUIYYMOB,
KoTopeie pabotaroT B 3Toi [IpO. Pa3asuras rpanuiel [IpO u yrmyOmss 3HaHUS O HEW, OHTOJIOT
JIOJDKEH CTPEMHTHCSI K BBIPAOOTKE KOHCEHCYCa B COOOIIECTBE CIHEIUATUCTOB, MOTPYKEHHBIX B ATy
ITpO u paboraronux B Hell. Tonbko MOOMBIIUCE coriacust (Ha HEKOTOpoM 3Ttare pazsutus [1pO) B
poeCCHOHAITBHOM COOOIIECTBE, MOXKHO MPHUCTYNHUTHh K (hopMaNIHu3aluu U nepeaade BbIpaboTaH-

(Public domain. Wikimedia Commons).

' Om pedaxyuu. KorHuTHBHBII THCCOHAHC: KAK ObITH M UTO AenaTh? Oumonozus npoexmuposanus. 2024, T.14. Nel(51). C.5-8.
https://www.ontology-of-designing.ru/article/2024_1(51)/Ontology_Of Designing 2024 1 ont-5-8 Editorlal.pdf.

2 Om pedaxyuu. Yto ects uctuna? Onmonozus npoexmuposanus. 2023, T.13. Ne4(50). C.469-473. https://www.ontology-of-
designing.ru/article/2023 4(50)/Ontology Of Designing 2023 4 opt-469-473 From Editorial What is_truth.pdf.

3 Steven Gambardella. The Sophists. Mar 31, 2024. https://sophist.substack.com/p/the-

sophists?utm_source=profile&utm_ medium=reader2.

* B3auMHAs COMIACOBAHHOCTH, YPABHOBEIICHHOE COCTOSHHE IEMEHTOB KOTHHTHBHOM CHCTEMBI; COCTOSIHHE COOTBETCTRHS MEKIY
oXuIaeMoit u moyderHoi nadopmanmeil. https://dic.academic.ru/dic.nsf/business/20734.
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Om pedakyuu

HbIX nipeacrasienuit o [IpO apyroi cymnoctu — MC, koTopas Bcerja perivka, 1ajleko He TOYHas
aBTOpCKas Komus e€¢ pa3paboTynKoB, oboOmatomas rekymme 3Hanus o [IpO penpoaykuus, HEe OT-
pakarolas Bce UMEIOIIMecs y MHAUBUyYMOB mipeactaBieHus o [IpO. [loutu cuaxpoHHas 3BOIIO-
uus 31anuit o [IpO u ux nepenaua B UC, mogenupytomue 3ty [IpO, nokazpiBaet, Kak mMpoOUCXOIUT
MPOLIECC HAKOIUICHUS U Mepeayu 3HaHUHN 1 KaKOBa pOJib aKTOPOB B ATOM IIpOIIECCe.

Bormpocel, n3ydyaeMble KOTHUTUBHON HAyKOW, CTAHOBSITCS OCOOCHHO aKTyaJIbHBIMU B CBETE J10-
CTHKEeHUH B 00yactu uckycctBeHHoro nnrtesekra (MN). TlosBnsioTcs HOBble HayuHbIE CEIHAlb-
HOCTH’, CIIPOC HA yYacTHE B HAYYHBIX KOH(MEPEHIMAX [0 KOTHUTHBHOH HAYKEe PE3KO BO3POC.
Hanpumep, uucio moJaHHBIX 3asBOK Ha X MexIyHapoJIHYI0 KOH(EPEHLHIO MO0 KOTHUTUBHOM
Hayke’, KOTOPYIO IUIaHHpyeTcs mpoBectd 26-30 mromst 2024 roxa B IISTHrOpCKe, MOCTHIIO He-
cKoJIbKHX coTeH. KondepeHnius opranusyercss MexXpernoHaJIbHOW OOIIECTBEHHON OpraHu3aluen
«Accouuanusi KOTHUTUBHBIX HCCIIEI0OBaHUW» U [IATUrOpCKUM rocyJapCTBEHHBIM YHUBEPCUTETOM.
Lenb koHpepeHIuu — 00CYKIeHUE KIIYEBBIX MPOOIEM MEKIUCIUIIMHAPHBIX KOTHUTHUBHBIX HC-
clieloBaHUM (MO3HAHUE, UHTEJUIEKT, MBIIIIJICHUE, S3bIK U pe4b, TPUOOPETEHUE HABBIKOB U 3HAHUH U
ap.). TpagunuoHHo B KOH(EPEHIIMH Y4acTBYET IIUPOKHUI KPYT CIEHUATMCTOB, MPEICTaBISIONINX
pa3MYHbIC HAYYHBIC TUCIUIUIMHBI (ICUXOJIOTHS, JIMHTBUCTUKA, HEUPOPHU3NOIIOTHS, OHOJIOTHSI, Tie-
Jaroruka, KOMIbIOTEPHBIC HayKH, hritocodus u ap.).

OIMHHAIATAS EXKEroaHas KOH(PEPEeHIHs , TTOCBSMEHHAS KOTHUTHBHBIM CHCTEMAM, HPOHIET
Ha Momaake MTalbsHCKOro HAIlMOHAIBHOTO HCCIIeNoBaTeNbcKoro coBeta (National Research
Council) B ITanepmo (Mranus) 17-19 urons 2024 r. I'maBHas TeMa KOHPEPEHIIUH - 00BSICHCHHUE T10-
3HAHUA B BBIYMCIUTEIBHBIX TEPMUHAX U BOCIIPOU3BEACHHE IIUPOKOTO CIIEKTPa HHTEIUIEKTYaIbHOTO
moBeJIcHUs U 4enoBeueckux criocodoHocreid B MC. TepMHH «KOTHUTHUBHBIN» OTHOCUTCS K JII0OOMY
BBIUHUCITUTEIILHOMY apTe(akTy, KOTOPBII «IyMaeT UM pacCcyX1aeT», He3aBUCUMO OT TOro, paboTa-
€T OH TaK K€, KaK JIFOJU, WK HEeT. TeMbl KOH(EPEHIIUH, B TOM YHCIIe, BKIIFOYAIOT: KOHIIETITYaIbHBIH
BBIBOJI M PACCYKJIEHUS; 3APaBbIil CMBICT U KQUeCTBEHHOE MOJICTIHPOBAHUE; CTPYKTYPHOE 00yUeHHE
Y HaKOIUICHWE 3HAHWH; MOHMMAaHWE W TEHEpaIHs €CTECTBEHHOTO s3bIKa; 00paboTKa JUCKypca U
JTMAJIOTOB; KOTHUTUBHBIE MOJIEIN U apXUTEKTYPhl; MHOT03a/1a4HOCTh 1 BHUMAHUE; COIIMAIBHOE T10-
3HaHWE U B3aUMOJICHCTBUE; KOTHUTUBHBIE ACMIEKThl SMOLUUNA U JTUYHOCTU; METANIO3HAHUE U PACCYXK-
JICHUsI Ha METaypOBHE.

FOIS 2024° - dnarmaHckas koHpepeHIHsT MexayHapoaHONH acco-

—— [HAAIMU TI0 OHTOJIOTHUSIM U UX MPHUII0KEHUSIM (IAOA9) - MexnaynapoaHas

KoH(pepeHtus o hopmanbHOM oHTonornu B MIC mpoiiaér B 3ToM roay B

— .

" yuusepcutete TBenrte 8-9 urons (onnaitn) u 15-19 uronsa B Oucxene (Hu-

F O I S g nepnaHabl). ['pymnmna ceMaHTUKH, KHOEpOE30MacHOCTH M CEPBUCOB ITOTO

ro yuusepcurera (The Semantics, Cybersecurity & Services group (SCS) of

= the University of Twente) npuaumaer y ceds FOIS 2024. B pamkax 5Toii

3HAKOBOM JJII OHTOJIOTOB KOH(EPEHIIMU OyIeT MPOXOAUTH MHOKECTBO Pa3TUYHBIX CEMUHAPOB. BOT
HEKOTOPbIE U3 HUX.

CAO0S": Tlo3HaHwe ¥ OHTOIOTHH - CEPHs CEMHHAPOB, MOCBAIMEHHBIX B3ANMOCBS3H MEKIY MO~
3HAHUEM U OHTOJIOTUSIMU C LEIbI0 MOJECIMPOBAHUS KOTHUTUBHBIX siBaeHud ansa M. B 2024 rony
BoCEMOIA cemunap CAOS MPOBOANTCS B pAMKAX COBMECTHBIX CEMHUHAPOB 10 onTo0rHn (JOWO').

3 IMacriopt Hay4HOIT criermanbHOCTH 5.12.4. «KOTHUTHBHOE MOJICTHPOBAHHE
https://vak.minobrnauki.gov.ru/uploader/loader?type=17&name=92259542002&f=15363.

® X MesxyHapoaas KOH(EpEHIHs o KOTHHTHBHOHM Hayke. https://lomonosov-msu.ru/rus/event/8145/.

" The Eleventh Annual Conference on Advances in Cognitive System. shttp://www.cogsys.org/conference/2024/.
8 14th International conference on Formal Ontology in Information Systems (FOIS 2024).
https://www.utwente.nl/en/eemcs/fois2024/.

? The International Association for Ontology and its Applications. https://iaoa.org/.

1% CA40S: Cognition And OntologieS. https://caos.inf.unibz.it/.

" JOWO: The Joint Ontology Workshops. https://www.iaoa.org/jowor.
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Editorial

C Buenpennem M B moBceHEBHYIO KH3Hb MOHITHE BOIUIOUIEHHOTO MO3HAHUSA U KOTHUTHUB-
HBIX BBIYMCIICHUM, a TAKXKE CBSI3b MEXKYy CUMBOJIUYECKUMH U HEUPOCUMBOIMYECKUMU METOJIAMU U
KOTHUTHBHBIMU HayKaMu IpUOOpeTaroT periaroiiee 3HaueHue. Konsep-
TEHIMsI TPE/ICTABIICHUs] 3HAHUM, CUMBOJIMYECKHX MOJXOJO0B U COBpE-
MEHHBIX BO3MOYKHOCTEH OONBIIMX S3BIKOBBIX Mozenen (LLM) oTkpbiBa-
€T HOBBIC BO3MOXXHOCTH ISl YJIIYUYIICHUSI TOHUMAaHUsI KOTHUTUBHBIX SIB-
nenui. Pazputue MM, noHnmManue KOTHUTUBHBIX SIBICHUN MOTYT yly4d-
IIUTh KJIACCUYECKUE METOAbl MPEACTABICHUS 3HAHUM U OHTOJIOTUH.
CAOS cTpeMuTcsi MPEO0JIETh Pa3pbiB MEXAY KOTHUTHUBHOW HAyKOH M
(hopMaTbHBIMU METOJIAMHU.

FoMI': CemuHap 1o GopMaIbHBIM OHTOJIOTHSM JIJIsI HHTYCTPHH.

MexayHapoasblii GopyM TeXHHYECKOro KOMHTETa I10 IPOMBIIII-
neHHocTd U crangapraM /AOA oOCcynuT BOMPOCHI, CBSI3aHHBIE C METO-
JlaMU, TEOPUSIMU, UHCTPYMEHTAMU W TPWJIOKEHUSIMU, OCHOBAHHBIMUA Ha S 1-if BBIIYCK HAIIEro XKyp-

(hopMaJIbHBIX OHTOJIOTHSX, MOJICIUPOBAHUM 3HAHUW W CEMaHTHYCCKOM nana 6naronaps Jlaype
(A.W.L. Ligtenberg (Laura)
COBMECTUMOCTH B IIMPOKUX MPOMBIIIICHHBIX KOHTEKCTAX.
13 C . Management/Office-
FOUST VIII'": Cemunap 1o (pyHJjaMeHTaJIbHOM OHTOJIOTHH. Assistant SCS) ctan 3a04-
OyHIaMEHTAIbHBIE OHTOJIOTHH - TO MOMBITKH CUCTEMATHU3UPOBATH HBIM YYaCTHUKOM KOH(pe-
KaTEeropuM MBIIIJICHUS WM PEATbHOCTH BBICOKOrO YpoBHA. OHH penuun FOIS 2024

HarpaBJieHbl Ha TOHMMaHUEe W (HOPMAIU3AIUI0 3HAYCHHS OOIIUX Tep-

MHUHOB, TaKHX KaK 00BEKT, COOBITHE, CBOMCTBO, BpeMs, Ka4eCTBO, OTHOILIEHUE U mpoiecc. DyHmaa-
MEHTAJIBHBIE OHTOJIOTUHU - BAKHEHIIIMI MHCTPYMEHT JIJIsl peteHus mpobiem B3aumoeicteus VC.
OTcyTcTBHE KOHCEHCYCA OTpakaeT YKOPEHHUBIIHUECS 1e0aThl, MPOUCTEKAONINE U3 PA3IMYHbBIX TOUEK
3pEHUS HAa PEaIbHOCTh, Pa3yM M SI3bIK.

KMALAW": VYIpaBiieHUEe 3HAaHUAMU U aHAJIA3 TIPOLIECCOB ISl FOPUCTIIPYICHIUU.

HCJ'II/I CCMHUHapa: KJ'IaCCI/ICbI/IKaL[I/IH MMPpaBOBBIX HCTOYHUKOB, FOPUINYICCKHUE OHTOJIOINH, CXOACTBO HOPM U KJIIACTCP H-
3alus, aHaJInu3 IpouecCoB g COOTBETCTBHA 3aKOHOAATCIBLCTBY, IMOJTYaBTOMATHYCCKOC IOPUIUICCKOC TOJIKOBAHUE, U3~
BJIeYEHHE U Kiaccuukanus HHGOpMaLK, OOHAPYKEHNE JIMHI'BUCTHYECKUX SIBJICHUH U 3aKOHOMEPHOCTEH B IOpUIUYe-
CKHX HMCTOYHHKAX, MHOT'OA3BIYHOC COTJIACOBAHUC KOHL[eHL[I/Iﬁ BHYTPCHHHUX U MCKAYHAPOIHBIX MPAaBOBBIX UCTOYHUKOB,
H3BJICUCHHUC U aHAJIU3 IOPUIUYCCKUX CCBIJIOK U IP.

OKA4I": Onrtonoruu u rpads! sHanuii (Knowledge Graphs, KGs) ams npoMbIIIICHHOCTH.

Llenp ceMuHapa - NpeICTaBUTh KOHKPETHBIE BAPHAHTHI HCIIOIB30BAHNUS, OCHOBaHHbIC Ha KGS U OHTOJIOTHSX, ¥ HX
BCTPOCHHOCTH B OOIIYI0 KOPHOPATHBHYIO cpexy. Oco0oe BHUMaHNE MOJIE3HOCTH I OM3HEeca U BO3ACHCTBHS, CO3/1aBa-
eMOr0 ¢ MoMoIIsI0 KGs 1 CeMaHTUYECKUX TEXHOJIOTUN B PEIIEHUH OTPACIIEBBIX MPOOIEeM.

OntoCom X'°: CeMuHap 1o OHTOJIOTHSAM U KOHLENTYaJIbHOMY MOJIEIUPOBAHHUIO.

CeMuHap TOCBSAIIEH MPAKTHIECKOMY U (DOPMATEHOMY TIPUMEHEHUIO OHTOJIOTHIA B KOHIICNITYAIEHOM MOJCIHPOBA-
Huu. KoHIentyairsHOE MOIENHPOBaHHE, OCHOBAHHOE HAa OHTOJIOTHSIX, CTAHOBHTCS Oojee (pyHIaMEHTaIbHBIM H3-32a
MPUCYIIEH €My CIOCOOHOCTH MPENCTABISATh PEANTbHOCTh TEOPETUYCCKA W CEMAaHTHYECKH COTIACOBAHHBIM OOpa3oM.
OHTOIIOTUH 00J1Ial0T TIOTSHIIMAIOM ISl PEIICHISI CTIOXKHBIX ITpobaemM. [IpenMytiecTBa, KOTOpbIE MOTYT OBITh ITOJTyYe-
HBI OT IPUMEHEHHsI 0a30BOM OHTOJIOTHH, BKIIOYAIOT yiIydllleHHOe oToOpaxeHue Ha [IpO peasbHOTO MHpa, MOBBIIIEH-
HBIM YPOBEHb KOMMYHUKAIIUU U MOHUMAHUS MEXy CTOPOHAMH, TIOBTOPHOE UCTIOIH30BAHUE MOJIEIICH, CEMaHTHIECKYIO
HWHTETPAIUIO U HHTEPOIIepabebHOCTh, a TAK)Ke MOBBIIIEHHE 001Iel 23QPEeKTUBHOCTH pa3paboTky 1 sBororun MC.

ST4DM'": CemanTryeckne TEXHONOTHHA ISt YIIPaBJIEHUS TaHHBIMH.

KGs - monynspHeIid opMaT IpeACTaBICHUS NaHHBIX Ojaromaps TMOKOW MOJENW JaHHBIX, KOTOpas JellaeT UX
MOAXOJALIMMH ISl TeX 3aJady, Iie JaHHble, MOCTYNAIIIUe U3 HECKOJbKUX, BO3MOXHO, Pa3HOPOJHBIX MCTOYHHKOB,

12 FOMI: 13th International Workshop on Formal Ontologies Meet Industry. https:/appliedontolab.github.io/fomi2024/.

3 FOUST VIII: 8th Workshop on Foundational Ontology. https://foust.inf.unibz.it.

' 3rd international workshop. KMALAW — Knowledge Management and Process Mining for Law. https://km4law.di.unito.it/.
'S OK41: Ontologies and Knowledge Graphs for Industry. https://www.iai kit.edu/ok4i.

' OntoCom X: 10th International Workshop on Ontologies and Conceptual Modeling.
https://ontocomworkshops.github.io/OntoCom2024.

17 ST4DM: Semantic Technologies for Data Management. https://sites.google.com/diag.uniromal.it/st4dm.
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Om pedakyuu

JIOJDKHBI OBITh MHTETPUPOBAHBI ISl MIOJHOLIEHHOTO HMCIOIb30BaHus. OOmas Monesb JaHHbIX KGS 103BOJSIET MPe-
CTaBJISITh 3HAHUS, JaHHBIE U COJEPXKATEIbHYI0 HH(POPMAIHIO, TOCTYIHYO0 ¢ nomolnsio oHtonoruii I1pO. KGs no3so-
JISIOT 000TaTUTH MTOCTYMAONINE U3 HCTOYHUKOB JaHHBIE CEMaHTHIECKOH HH(pOpMAIIHeH, YTO yIIydIIaeT HHTEPIIPETHPY-
€MOCTh TaHHBIX, 00JIETYaeT TOCTYII U HHTETPALINIO.

LLMO'"®: CemuHap no koHBepreHuu LLM yu OHTOJIOTUI.

PazpaboTka n BHeapenue LLM mpuBeN K pOCTy HHTEpeca K UCIOIb30BaHNI0 OHTONIOTHH U KGs Ul paciupeHus
BO3MOXKHOCTEeH LLM u ycrpaHenusi orpannueHnii. O0benuenue onroiorudi 1 KGs ¢ cuibHbIMUA cTopoHamu LLM B
oOnacTy reHepanny 00eIIaeT MpoJIoKHUTh MyTh K 0ojiee 00bsicHUMBIM crcteMam M, Gonee HagéXHBIM pe3ysibTaTaM U
Oosiee TIIy0OKOMY OHMMAHHMIO YSI3BUMOCTEH, BOSHUKAIOIIMX B MHTETPUPOBAHHBIX apXUTEKTypax.

B pamkax FOIS 2024 cenyet oTMETHTb HOBBIT cemunap FOAM', koTopblii 0GbeMHSCT Psi CEMHHAPOB HA OC-
HOBE TIPUHITUIIOB ITOMCKA, JOCTYITHOCTH, B3aMMOJICHCTBHSI M MHOTOKPATHOTO HCHOJb30BaHUSA OHTONOTHHA (FAIR,
Findable, Accessible, Interoperable and Reusable), onuchiBaronmx Habop TpeOOBaHMN K BO3MOXKHOCTH MOBTOPHOTO
HCTIOB30BaHUs PECypcoB M MHTepornepabenpHocTH. Llenn cemuHapa: 0ObeJMHEHHE HOBBIX METOOB JUIS TIONYYCHUS
JOCTOBEPHBIX PE3yTbTATOB MCCIEAOBAaHUN (IaHHBIC, TPOrPAaMMHOE 00eCIIeYeHNE, IPOIECCH U T.A.) C IIOMOIIBIO OHTO-
JIOTUH U cloBapeid; 00CcykIeHue METO/I0B, MOKa3aTeneil U peKOMEH AN IO TTOBBIIICHUIO JOCTOBEPHOCTH OHTOJIOTHIA
U cIoBapeil.

CammuT no outosiorun 2024°°; HeiipocumBonnyeckue MeTo bl 11 OHTOJIOTHI U KGS.

Exeromnasi cepusi MEpONpUsITHII COOOIIECTB OHTOJOTOB W CIEIHUAIMCTOB, CBA3AHHBIX C BBI-
6paHHOﬁ Temoii. B aToMm roay paccMaTrpuBaJIMCb METO/bI, COYCTAONIUC MAIIMHHOC o6yquI/Ie 10

HeﬁpOHHBIM CE€TAM C CUMBOJJIMYECKUMHU METOJaMU, OCHOBAHHBIMHU HAa OHTOJIOTUAX U KGS

Omnrostoruu - 3710 TpeacrasieHus [IpO, KOTOPbIC OMPEACIAIOT KOHICIIIMY, B3AUMOCBSI3H, CBOWCTBA, aKCHOMBI U
npasuia BHyTpu [IpO, obecrieunBasi CTPYKTYpPY, MO3BOJSIIOILYO TI1y00Ko noHumath 3ty [IpO. KGs npeacTaBisioT co-
00l CTPYKTYpPHPOBAHHBIC MPEACTABJICHHUSI CEMAHTUYCCKUAX 3HAHUI, KOTOpPhIC XpaHaTcs B Buac rpada. OHTOIOTHH U
KGs ncnonb3yrorest A1 00eCICUCHHsT MAIIMHHOTO PACCY)KICHHUS U CEMAHTUYECKOTO MOHHUMAHUS, MO3BOJISISI CHCTEME
JIeNaTh BBIBOJBI M M3BIICKATh HOBYIO HH(MOPMAIIHIO U B3aUMOCBS3H MEXAy 00beKkTaMu. HellpoHHBIE ceTH U ApyTHE MO-
JIeTi MAITUHHOTO OOyYeHWs, Takue kKak LLM, oOydaroTcst Ha OONBIINX KOPITycax, M3ydas IAOJIOHBI M CBS3H MEXKIY
CIIOBaMH | M300pakeHUsMHU. VX 06a3a 3HaHWI OOIIMpHA, HO MHOTJA HEKOPPEKTHA W/WIIM TMPEIB3ATa, U OHU SIBHO HE
«ITOHUMAIOT» CEMaHTHKY WiIH B3auMocBsi3u B [IpO. Ha cammmuTe paccMOTpPEHBI CXOICTBA M PAa3IMIUs MEKIY OHTOJIO-
rusiMa ¥ LLM, criocoObl COBMECTHOT'O MCIIOJIL30BaHUs HEHPOHHBIX ceTel, oHTosoruii U KGs.

WISDOMS™' (akpornm Mympocts): Mex/IyHapOIHbIl CeMHHAp [0 MHTErpa-
O CEMAHTUKHW AAaHHBIX, OHTOHOFI/IfI, MOpaJ'IBHI)IX u Ky.]'IBTypHI)IX HeHHOCTCfI n Ux
BIIMAHUA HaA 06IJ_IGCTBO 6LIJ'I HpOBe)IéH OJHOBPECMCHHO C EBpOHCfICKPIM CUMIIO3UY-
MOM 0 ceMaHTH4eckoi cerr ESWC 2024 (European Semantic Web Symposium)

B Xepconuccoc (I'perust) 26-30 mas.

CCMI/IHap HOCB?IH.[éH np06neMe «BBIPABHUBAHUA HeHHOCTeﬁ» — 00ecneYeHuIo TOrO, 4TOOBI
CHCTEMBI I/H/I, YAOBJICTBOPAA HOTpC6HOCTI/I YCJIOBCKA, BOILIOIIAIN 06H.IG‘I€JIOBC‘IGCKI/I€ HEHHOCTHU: MPEACTAaBJIICHUEC 3HA-
HHI U U3BJICYCHHE MOpaJIbHBIX, KYJBTYPHBIX U COHUAJIBHBIX HeHHOCTeﬁ; 000CHOBaHHBIE MoAeJInM MHUpa € yHOpOM Ha
9THUKY U MOpaJib; MOPAJIbLHO 000CHOBaHHOE MPUHATHEC peH.IeHI/Iﬁ U T.nOo.

43-1 MexayHapoaHast KOH(EpeHIMsl M0 KOHIENTYalbHOMY MOJIEINpPOBa-

ER 2024 uuio (ER 2024 *) cocrontes 28-31 okTs10ps 2024 rona B [TurtcOypre (CLLA).

. ER 2024 - 0cCHOBHOM MeXTyHapOIHbIH (OpyM 10 00CYKIAEHUIO COBPEMEHHOTO COCTOSTHHS
Pittsburgh npoOsieM 1 OyIyInX BBI30BOB B HCCIEIOBAHMAX M MPAKTHKE B 00JACTH KOHIENTYaJIbHOTO MO-
JenupoBaHus. TeMbl KOH(EPEHIIMHN OXBaThIBAIOT BECh CIIEKTP KOHLENTYaJIbHOTO MOJECIHUPOBA-
HUSI, BKJIFOUAsi CCIICJOBAHUS U NIPAKTUKY B TAKUX 00JACTSIX, KAK TCOPHH KOHLEMIMI U OHTOJOTHI, METO/BI Ipeodpa-
30BaHUS KOHLENTYaJIbHBIX MOJeNeH B 3((EKTUBHBIC MPUIOKEHNS, METOABI U WHCTPYMEHTHI ISl pa3pabOTKU U mepe-
Jla4y KOHLETITYalbHBIX MOZETICH U Ap.

'8 LLMO: Workshop on the Convergence of Large Language Models and Ontologies. https://johnbeve.github.io/LLMO-FOIS/.

19 FOAM 2024 FAIR principles for Ontologies a Metadata in Knowledge Management. https://onto4fair.github.io/.

2 OntologySummit2024: Neuro-Symbolic Techniques for and with Ontologies and Knowledge Graphs.
https://ontologforum.com/index.php/Category:OntologySummit2024.

2L WISDOMS: International Workshop on Integrating the Semantics of Data, Ontologies, Moral and cultural values and their Socie-
tal impact. https://wisdoms-workshop.github.io.

22 ESWC 2024: Fabrics of Knowledge: Knowledge Graphs and Generative A https://2024.eswc-conferences.org/.

3 Conceptual Modeling, AI, and Beyond. https://conceptualmodeling.org/; https://resources.sei.cmu.edu/news-events/events/er2024/.
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Editorial

23-1 MexnayHapoaHass KOH(EpEeHIHs 1O CEeMaHTHYECKOMY Be6y24 NPOUIET ¢
11 mo 15 Hos6ps 2024 rona B bantumope (CLLIA). B pamkax sToro ¢popyma mpoiaér .EQEE
19-i1 MexxayHapoiHbIi CEMUHAP MO COMOCTABICHUIO OHTOJIOTHI . L

ComnocTaBiieHHE OHTOJIOTHH - 9TO WHCTPYMEHT oOecrieueHrss COBMECTUMOCTH B 3aga4ax HUHTEC-

TpaIiyl JaHHBIX, CBSA3aHHBIX C MPOOJIEMOI CeMaHTHYSCKOW HEOTHOPOAHOCTH. OHTONOTHH MPUHUMA-

IOTC4d B KAUCCTBC BXOJHBIX HAHHBIX IJId UX BbIpAaBHUBAHUA, T.C. Ha6opa COOTBETCTBUM MCKAY CEMAHTUYCCKHN CBA3AH-
HbBIMU CYIIHOCTAMU DTUX OHTOJOTHH. DTH COOTBETCTBUS MOTYT HUCIIOJIb30BATHCA IJIA O6’])6,HI/IH6HI/I§I OHTOHOFHﬁ, B3au-
MOCBA3U JaHHBIX, OTBETOB HA 3allpOChl WKW HaBUT'allUU I10 KGs. COBHa}IaIOHlI/Ie OHTOJIOI'MH ITO3BOJIAIOT
B3aUMO/ICHCTBOBATh 3HAHUSIM U JIaHHBIM, BBIPAKEHHBIM C TIOMOIIBIO ATUX OHTOJOTWH. Yike 20 jer B 0\0@0 “,
OTOM HaIlpaBJICHUN pa60TaeT I/IHuuuamuea no OuenKe évlpacHueanUA oumonozuﬁ26. PaCTyIuee YHUCJIIO X
AOCTYIMHBIX METOHOB JUISI COIIOCTABJICHUSA CXEM WIIN OHTOJIOTHUH Tpe6yeT KOHCECHCYCa B OTHOIICHUHN QA E
OIICHKH D2THX MCTOJ0B. I/IHI/II_[I/IEITI/IBa II0 OICHKE COOTBETCTBHUA OHTOJIOTHH - 9TO CKOOpAWHUPOBAHHAA /%',. I .\‘&Sv
MeXTyHapO HAsl MHALIHATHBA 10 (POPMHUPOBAHUIO TAKOTO KOHCEHCYCA.

15-1 MexnyHapoanas KOoH(EpeHIUs MO BBIYUCIUTEILHOMY TBOpYE-
ctBy (ICCC ’2427) npoii€ér ¢ 17 nmo 21 urona 2024 roga B YHUBEpcUTETE
Wenuenura (Iserms).

Beruucnurensroe tBopuectBo (Computational Creativity, CC) - 3T0 TUCUMIUIMHA, CBsi3aHHAast ¢ VI, KOTHUTHBHBI-
MU HayKaMH, WH)KEHEpHeil, MpoeKTHpoBaHueM, rcuxoiorueil u ¢punocopueit. /CCC - aTo exeromHas KoHGEpEHIHs O
CUCTEMAX, KOTOPBIC JIEMOHCTPUPYIOT pa3JIMIYHYIO CTCIICHDb TBOp‘IeCKOﬁ ABTOHOMMH, BBICTYIIAIOT B KAYECTBE TBOPUYCCKUX
napTHEPOB AJIsl JIIOJIEH, O METOJIOJIOTUAX co3AaHus U olleHKkH cucteM CC, noaxonax k npenogasanuto CC B IIKoJaxX U
YHUBCPCUTCTAX, COﬂeﬁCTBHH O6H.[€CTBCHHOMy BOCIIpHUATHIO CC kak 00JlacTH 3HaHUM U TEXHOJIOIUHU U T.O.

4-i1 MexyHapOHBIM CEeMUHAp MO B3aUMOJCHCTBHUIO JTaHHBIX C IPHU- f
KJIQAHBIMU OHTOJOTUSIMU B 00bsichumoM UU (DAO-XAI 2024)28 IIPOBOJUT- f ECAI
cst B pamkax 27-it EBpomeiickoii koupepenuun mo U (ECAI 2024)” B SRR
Cantesaro-ge-Kommnoctena (Mcnanus) 19-20 oktsiOps 2024 r.

OOBSCHUMBIN UCKYCCTBEHHBIN MHTEIIEKT (XA/) pokycupyeTcs Ha pa3paboTKe HOBBIX MOIXOIOB K OOBSICHCHHIO
Moz[enef/i ‘IépHLIX SIITUKOB. CeMI/IHap HOCB?[H.IéH PO, KOTOPYIO UT'PArOT OHTOJIOTUU B )(AI, B 4aCTHOCTH, B OTHOILICHHUH
CO31aHus Haﬂé)KHLIX 1 00BSICHUMBIX CHCTEM I/H/I, OPHUCHTHPOBAHHBIX HA YCJIOBCKA, 4 TAKIKEC B OTHOLICHUU 00BACHEHUS
1 YTOYHEHHUS BBIXOAHBIX JaHHBIX LLM.

36-s1 mexxayHapoaHas koHpepenuus /EEE no uacrpymentam ¢ MU (ICTAI 2024°%) MIPOUIIET C
30 oxTs10ps o 1 Hos0ps 2024 rona B Xepuaoune (CLLIA).

Cpenu 00CyXIaeMbIX: MPEICTABICHUE 3HAHHUI U PACCYKICHHUC, H3BJICUCHUE,
yhpaBJieHHEe ¥ OOMEH 3HaHUSAMH; PACCYXkICHUS Ha OCHOBE NMPELEACHTOB M CHCTEMBI,
OCHOBAHHBIC Ha 3HAHUAX, KOTHUTUBHOC MOACJINPOBAHUEC U JIP.

29 mas 2024 roga B MockBe CBOIl BKJIaJl B KOTHUTUBHYIO SICHOCTb
TIOMBITAJICS BHECTU BBIMYCKAIONMIUNA penakTop kypHanma «OHTOIOTH
npoektupoBanus» H.M. boprect, BEICTyNMBIINHI C TOKIAIOM Ha COB-
MecTHOM cemuHape PAUMM u ®DepepaibHOTO HCCIEA0BATEIBCKOTO
uenrpa «Mupopmaruka u ynpasienue» PAH «IIpoGnemsr UMy’ Ha
TeMy «OHTOIOTHH 1 HHYOPMALHOHHBIE CHCTEMBI»” .

30 mas >xypHan ObLI IpejicTaBieH Ha MexayHapOoJHOW BBICTaBKe-
dbopyme «Poccusin. B wactHoctu, B maBmibone Ne2 CBEP y crennaa ¢ Cotpynaux CBEPa y crenzna
NN po6OT-XyI0KHUK BBINOIHKI MOPTPET BHITYCKAKOIIErO pejakTopa  Podora-xynoxkuuka ¢ 50-bim

KypHana «OHTOJIOTHS TPOSKTUPOBAHHS. BRITYCKOM KypHaTa

* The 23rd International Semantic Web Conference. https://iswc2024.semanticweb.org/.

% The 19th International Workshop on Ontology Matching. https://om.ontologymatching.org/2024/.

26 Ontology Alignment Evaluation Initiative. https://oaei.ontologymatching.org/.

" The 15th International Conference on Computational Creativity (ICCC'24). https://computationalcreativity.net/iccc24/.
8 International Workshop on Data meets Applied Ontologies in Explainable Al https://sites.google.com/view/daoxai2024.
2 27th European Conference On Artificial Intelligence. https://www.ecai2024.eu/programme/workshops.

3% The 36th IEEE International Conference on Tools with Artificial Intelligence (ICTAI). https://ictai.computer.org/2024/.
3! Cosmectsiit cemumap PAUM 1 ®ULL 1Y PAH «[IpoGieMs! HCKYCCTBEHHOTO HHTEILIEKTa». hitp://seminar.railab.ru/.

32 Cemunap TTAX 29.05.2024. https://rutube.ru/video/9dabad 18e2d47d939ed99d3 1b275¢118/2r=wd.
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Om pedakyuu

£ ontotext Peamuzanus norennmana LLM ¢ nomoinpio KGs U MeTagaHHBIX

Realize LLM Potential oGcysknanace Ha BebuHape kommanun OHToTeKeT > 30 Mast 2024 roja.

A Knowledge Graph, Metadata KGs n MeTanaHHble UCIIOJB3YIOTCS JJISI CBSI3BIBAHMSI M OOOTAIEHMS JIAHHBIX

& Data Fabric Approach KOHTEKCTOM U BBISBJICHUS B3auMOCBsi3ed. VHTerpanus paspo3HEHHBIX HUCTOYHUKOB
JIAHHBIX M MPEIOCTABJICHUE CIUHON CHCTEMBl 0OMEHa MH(pOpMaIuel, CTpyKTypa JaHHBIX Ha ocHOBe K(Gs MO3BONSIOT
MPEIIPUATHAM UCTIONB30BaTh LLM 1T yIydIIeHIsI COBMECTHOH pabOTHI.

SR HanGonblrero ycrnexa B KOTHUTHBHOM KOHCOHAHCE

BIOMKETHOE YUPEXIERHE HAYKM  JIOCTHT KOJUIEKTHB MIHCTUTYTa MpOGIIeM yIIpaBieHHUs UM.

MHCTWUTYT B.A. Tpanesnukoa Poccuiickoii akagemun nayk (MITY
NMPOBNEM 34 7 &

PAH)™, kotopsiii 19 utonst 2024 rona ormeuaet cBoé 85-

Q e’ YINPABJEHWA  jerpe. Cotum 3aMedaTeIbHBIM COOBITHEM PEIKOIIICTHS

Q M. B.A. TPANE3HUKOBA
POCCUMCKON AKALEMMM Havk Y PEAKIUSA JKypPHAJIa UCKPEHHE NO3APABIIIOT KOJUIET U3
UITY PAH — uneHOB peakosuleruu U aBTOPOB >KypHasa
«OHTONOTUST TPOEKTUPOBAaHUS». Takue HampaBiICHUS HAyYHBIX HCCICIOBAHHUI ™, MPOBOAUMBIX B
UITY PAH, kak Teopus cucteM W 00OILIasi TEOpHsl YHpaBIEHUS; METObI YIPABICHHS CIOKHBIMU
TEXHUYECKUMU U YEJIOBEKO-MAIIMHHBIMU CUCTEMAMHU; TEOPUS YIIPABICHUS B MEKIUCIUILIMHAPHBIX
MOJIETISIX OPTaHU3AlUOHHBIX, COIUANBHBIX, dKOHOMUYECKUX, METUKO-OMOIOrMYECKUX U IKOJIOTHYe-
CKMX CUCTEM; Hay4YHbI€ OCHOBbI MHTETPUPOBAHHBIX CUCTEM YIPABJICHHUS W aBTOMATU3ALUHU TEXHO-

JIOTMYECKHUX IMPOLECCOB YIPABICHUS MPOU3BOJCTBOM U JAp. OJIM3KU K TEMaTHKE JKypHaJla U COOT-
BETCTBYIOT MHTEpECaM HaIUX uuTarene. Kenaem konneeam oanvrenuwux ycnexog!

HayuHbie cooOmiecTBa aKTUBHO UITYT METO/IbI, KOTOPHIE MTO3BOJIAT UM MPHUOJIM3UTHCS K KOTHU-
TUBHOMY KOHCOHAHCY Kak B onucanuu [IpO, Tak u B MeTOaX, KOTOPHIE UCIIONIB3YIOTCA TS pellie-
HuUs 3ama4q B otux [IpO. Ham sxypHanm Takke CTPEMUTCS BHECTH CBOIO JICIITY B OOCYKIEHUE 3TOMN
npo0JIeMbl ¥ METO/IOB, KOTOPBIE CIIOCOOHBI OBITh MOJE3HBIMU B TIOCTPOCHUU MHTEPONEepadenbHbIX
UC nna paznuunsix [IpO. Oumonozuu nam écem 6 nomouip!

B Homepe

B paznene «Obwue 6onpocvl ghopmanuzayuu npoekmuposanusi; OHMOA0SUYECKUe ACNeKmbl U KOSHU-
MmugHoe MoOenuposanie» PacCMOTPEHBI: MOJISTHPOBAHNE OTKJIOHEHUH IOKaszaTelell KayecTBa O0BEKTa OT
HOopMEI (CankT-IleTepOypr); mpoekTUpoBaHNWE KOTHUTHBHBIX MoJIeNel ajantuBHoro oOyueHus (Camapa);
OHTOJIOTHSI MHCTUTYIIMOHATIBHOTO JIM3aifHa COBPEMEHHBIX OOIIEeCTBEHHBIX JBMkeHui (Boarorpan).

B pasnene «/Ipuxknadnvle onmonocuu npoekmuposarus» pacCMOTPEHBI: TIOIXO/ K YIPaBJICHUIO aJar-
TUBHOW TIOJTOTOBKON Tpynn crenuaniucToB (CMOJIEHCK); TPOSKTUPOBAHIE WHTEIUIEKTYaIbHON TIPOTHBOIIO-
xapHoit cucrembl (CankT-IleTepdypr); TEXHOJOrUS CKBO3HOU pa3pabOTKi MOOMIILHBIX MpuiiokeHuii (Bos-
rorpaj); OHTOJIOTHH JJIs CUCTEMATU3alNU XapakTepucTuk cetu utepHeta Bemeil (KpacHosipek).

B paznene «Hroicunupune onmonoeuti» IpeacTaBiIeH 0030p MOIX0A0B K aBTOMAaTHU3aIluU PadOT ¢ OHTO-
noruyeckuMu pecypcamu (MockBa).

B paznene «Memoowsi u mexunonozuu npunamus peuieHutly pacCMOTPEHBI CTPYKTypa HHPOPMAITHOHHOTO
XpaHWIHIA CUCTEMBI TOJICPKKU MPUHATUS KIMHUYeCKuX pemieHuil (Y da) u aHcamOIIb OHTOJIOTUYECKUX
MoJIeNiel /I 00eCTieUeHUs] NHTEIUIEKTYaTbHON TOJJICPKKH J1a3ePHBIX aJTATHBHBIX TEXHOJIOTUYECKHUX IIPO-
neccos (BaaauBocTok).

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

2 B B AMEIRA AR i A BLERETHAD, INAZRAIE !

33 Realize LLM Potential: A Knowledge Graph, Metadata & Data Fabric Approach. May 30, 2024.
https://www.ontotext.com/knowledgehub/webinars/realize-1lm-potential-knowledge-graph-metadata-data-fabric/.

34 WuctutyT npobnem ynpasienust uM. B.A. Tpamesnukosa PAH. Hayunsie nanpasnenns. — M.: UITY PAH, 2019. —312 c.
35 PynnamentansHbie neenenopanus UITY PAH. https://www.ipu.ru/science/fundamental-research.
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OBIIUE BOITPOCHI ®OPMAJIN3ALIUU ITPOEKTHPOBAHMUA:
OHTOJIOI'MYECKHUE ACIHHEKTBI U KOTHUTUBHOE MOJAEJIMPOBAHUE

YK 597.97 Hayunas cmamos DOI: 10.18287/2223-9537-2024-14-2-167-180

MopgenupoBaHue OTKINOHEHUW NOKa3aTenen KayectBa 06beKTta OT HOpMbI

© 2024, C.B. Mukonun

Canxm-Ilemepobypeckuii @edepanvHulii ucciedosamenvckuti yewmp PAH,
Canxm-Ilemepoypeckuti uncmumym ungopmamuru u agmomamusayuu PAH, Cankm-Ilemepbype, Poccus

AHHOTaUMA

OOcyxaaercst TIOHITHE HOPMBI Ha IIIKaJe MoKazaTelsl kauecTBa 00beKTa B 3aja4ax Onpe/eleHus] Hanbo-
Jee TPEINOYTUTEIBHOT0 O0BEKTa WM €r0 COCTOSIHUS. VICHONB3YIOTCS TOHATHS JOIMYCTHMOTO M IIpe-
JIENTBHO JIOIYCTUMOIO OTKJIOHEHHs OT HOpMBI. IIpeenbHo NomyCcTUMbIE OTKIOHEHHS OT HOPMbBI IPUHU-
MAIOTCsl KaK FPAaHUIIbI HIKaJIbl TOKA3aTelsl. 3a OCHOBHOM BapuaHT HOPMBI IPUHUMAETCS OTPE30K Ha IIKa-
JIe TI0Ka3arelis, He BKIIFOYAIOIINH I'paHMIBI MIKadbl. TodeyHas W MOJyHHTEpBaJbHbIE («HE OoJee», «He
MEHEee») HOPMBI IPHUHUMAIOTCS 32 YacTHbBIE CIy4aW MHTEpBAILHON HOpMBL [losynHTepBanbHas HOpMa
OTpaXkaeT COBIAJCHHUE IPAHULIBI UCXOJHOM MHTEPBAIbHON HOPMBI C TpaHULIECH LIKajbl oKaszarens. s
HEKOTOPBIX MOKa3aTeNleii OTKIOHEHNE B OJHY U3 CTOPOH OT HOPMBI CUMTACTCSA HE TOJIBKO JOITyCTHUMBIM,
HO ¥ mose3HbIM. [Toka3atesns, OTBEHAIOMINI 3TOMY YCJIOBHIO, HAa3bIBACTCS ONTHMHU3UPYEMBIM, a MOKa3a-
TEJIb C HEXKEJAaTeIbHBIMH OTKJIOHCHUAMHU OT 00€HX I'paHHUIl HOPMBI — HEUTpadbHBIM. B Monenn npuHaz-
JISKHOCTH HOpPME BBIJICIIAIOTCS TPH KJIacca: «HOpMay, «He Oonee» M «He MeHee» HOpMEL. [Ipeamaratorcs
KYCOYHO-THHEWHas ¥ HeJIMHeHHass (pYHKIINH MPHHAIISKHOCTH KilaccaM. B HenmmHelHOM BapwaHTe rpa-
HUIIBI MHTEPBAJIBHOW HOPMBI PACIIUPSIIOTCS IO JOIYCTUMBIX IPAHMII, YTO BICYET IepecedeHue GpyHKIni
MIPUHAJJISKHOCTH CMEKHBIM KilaccaM. Kiaccndukarust o00bekTa Ha TpU Kilacca BBIIOJIHSAETCS Pa3aeIbHO
10 HEHTpalbHBIM U ONTUMU3UPYEMBIM MOKa3aTeIsIM. TpakToBKa OTKJIOHEHUI OT HOPMBI, KaK HEMpUEM-
JIEMBIX, TaK M NPUEMIIEMBIX, BICYET HEOOXOMMOCTh BBEJCHUS JIBYX (DUKTHBHBIX KIJIACCOB: «XYXe HOP-
MBI» M «JTydlie HopMbl». OHH (OPMUPYIOTCS JaHHBIMU M3 KJIACCOB «HE MEHee» M «He Ooseey. Jlist BbI-
yucieHus (QYHKIUHM NPUHAUISKHOCTH KKJIOMY KJIaccy IO BCEM IOKa3aTessiM NPUMEHSETCSl CpeHe-
B3BemeHHas QyHKIusA. OO0OMEHHBIE IO BCEM TOKa3aTe M MPHUHAICKHOCTH KIaccaM «HOPMay, <«JTyd-
1€ HOPMBI», «Xy’K€ HOPMBI» Ha3BaHbl MHJEKCAMH COOTBETCTBEHHO CTAaOWIIBHOCTH, PAa3BUTHA M yXyALIe-
HUSI 00BEKTa, KOTOPBIE HCIIOJB3YIOTCS JUIA LEIOCTHOH OLIEHKH OOBEKTa, HA3BAHHON MHIMKATOPOM €ro
coctostHus. IlpuBenén npuMep aHann3a OTKIOHEHHH OT HOPMBI, pEaIM30BaHHBIN B MOJU(PHUIIMPOBAHHON
cucreme BrIOOpa u pamkupoanns CBIPb-M.

Knroueswte cnosa: oyenxa, odvekm, nokasameinb, HOpMd, OMKIOHEHUE OM HOPMbI, OONYCIMUMOe OMKILO-
HeHue, npedeibHO OONYCIMUMOe OMKIOHEHUe, KIACC, PYHKYUS NPUHAOLENCHOCTIU.

LHumuposanue: Muxonu C.B. MonennpoBaHie OTKJIOHCHUI MOKa3aTeei kayecTBa 00bEKTa OT HOPMBI //
Onmonocuss npoexmuposanusi. 2024, T.14, Ne2(52). C.167-180. DOI:10.18287/2223-9537-2024-14-2-
167-180.

bnazooapruocmu: ABTOp BRIpa)kaeT 6JaroJapHOCTh CBOMM KouteraMm A.T.H. npodeccopy b.B. CokonoBy
3a psiJ LEHHBIX 3aMEYaHMH, CICTaHHBIX NMPU OOCY)KAEHUM cTaThH, W K.T.H. noueHty /I.II. BypakoBy 3a
orepaTuBHYIO 10paboTky cuctemsl CBVPb-M c¢ nienpio peannsanyuy MalMHHO-OPUEHTHPOBAHHOM Moie-
JIM aHAJIM3a OOBEKTa Ha OTKJIOHEHUS OT HOPMBI.

@unancuposanue: VcCiaeIOBaHUS IPOBOIMINCE B paMKax OrokeTHOH Tembl FFZF-2022—-0004.

Kongnuxkm unmepecog: aBtop 3asBisieT 00 OTCyTCTBHU KOH(IUKTA HHTEPECOB.
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Mooenuposarue omkioHeHUll NOKa3ameinel Kauecmed 00beKma om HopMbl

BBegeHue

Kito4ueBbIM MOHATHEM YIpaBiIeHUS JTIOOBIM pPeaTbHBIM UM MBICIUMBIM 00bekTOM (OO0) ABIISA-
eTcst ero cocmosinue [1]. B kaxnoii mpeaMeTHON 001aCTH 3a1at0TCsI CBOM TPEOOBaHUS K COCTOSHUIO
yrpaisiemoro O0, HO OOIIMM JisE BCEX SIBIISCTCS JIMOO COXPAHEHHE COCTOSHHUS HA 3aJaHHOM
YpPOBHE (rOMeOoCTa3uc), JINOO ero nojcTparBaHue (LeJieHanpaBIeHHOE U3MEHEHHUE) T10]] COCTOSIHUE
BHEUIHEN cpenbl (OTKpbITask CUCTEMa). DTH TPeOOBAHMsI KacaroTCsl KaK JKMBBIX, TaK U UCKYCCTBEH-
HBIX CUCTEM, 4TO [03BOJIIET pacCMaTPUBATh MX C caMOil 00ILEeH, OHTOJIOIMYECKON TOUKH 3pEHMSL.

[Tockonbky coctosinue OO mpezcTaBisieTcss HAOOPOM 3HAYCHUN XapaKTEPU3YIOLIUX €ro IMoKa-
3aresell (mapameTpoB), LIeIecoo0pa3Ho TPEOOBAHMSI K ONUCAHUIO COCTOSHUS MPEACTaBIATh Ha S3bI-
K€ 3aJjaHMs 3HA4YeHUH mokasarteneil. Ha mpakTtruke TpeOOBaHUS K 3HAUCHUSIM IMOKazaTeneil Gpopmy-
JIUPYIOTCS Ha SI3bIKE HOPM [2-4]. B mpukiagHoM cMbIciie HOpME MPUCYIIU CIAEAYIOIIME CBOMCTBA:
=  mobas HOpMa omHocumenvha, 0o e€ yCTaHaBIMBAET YEIIOBEK;

"  HOpMa yCTaHaBIIUBACTCS MeopemuiecKum, Cmamucmuyeckum U OnblmubimM MyTeEM;
"  CTaTUCTHYECKas HOpMa — 3TO YCPeOHEHHble 3HaueHusl TIOKa3aTes, MOoJIy4eHHbIE IPU 00caen0-

BaHUM NPEJICTABUTEIBHOIN rpymnIbl 0AHOPOAHBIX O0;

" B OTIMYHE OT (PU3NYECKUX M MATEMATHIECKUX KOHCTAHT HOPMA U3MEHUUBA,

*  TpaHMLIbI HOPMBI pacnabiguamyl IO IPUUUHE YCPEJHEHNS 3HAaUEHU 1ToKa3aTes;

" UHOUBUOYAIbHbIE HOPMBI OTIIMYAIOTCS OT 00OOIIEHHBIX;

" npogheccuonanvrvle HOPMBI OTIMYAIOTCS OT HOPM HENMPO(ECCHOHANOB B KECTKYIO CTOPOHY.

W3MeHunBOCTh BHYTPEHHEHN U BHELIHEH CpeJibl BICUET OTKIOHEHHUE TEKYIIEro 3HaYeHUs MOKa-
3arens oT HOpMbl. OTCeXUBaHUE OTKIOHEHUH MOKa3aTeNeil 0T HOPMbI OCYLIECTBIISIETCA B paMKax
MOHUTOpPUHTa 00BbekTa. B [5] MOHMTOpHWHT onpenenéH Kak «crenuanbHas ¢opma HaOIIOACHUS
(cnexeHust) 3a TEKYILIUM M3MEHEHUEM TeX WJIM MHBIX MPOLIECCOB WIM O0BEKTOB B MPOCTPAHCTBE U
BO BPEMEHH, OCYIIECTBIIsIEMasi HA IOCTOSIHHOW OCHOBE». {7151 OTpa)KeHMs pacIIbIBYaTOCTH OLIEHOK
nokasarteseil B mporecce MOHUTOPUHTa 00BEKTOB BOCTPEOOBAHbBI METO/IbI MATKUX U3MepeHHii [6,7].

C Touku 3peHust 0e30MaCHOCTH 00BEKTA PA3INYAIOT JIBE MEPhl OTKJIOHEHUS OT HOPMBI — J0ITY-
CTUMYIO U INpeAeabHO AonycTumyto [8, 9]. JlomycTUMbIM CUMTAETCA IPOLEHT OTKIOHEHUS! OT HOP-
MBI, HE OKAa3bIBAIOIIMI CYILIECTBEHHOTO BIMSAHUS Ha (yHKIMoHMpoBaHue O6. K mpenensHo normy-
CTUMOMY OTKJIOHEHHIO OTHOCHUTCSI KPaTKOCPOYHOE OTKJIOHEHHE OT HOPMBI, HE BIIEKYIIEE YrpO3bl
cymectBoBaHuio O0. BeIxoJ1 3a mpenenbHO JOMyCTHMbIE 3HAUEHHS MOKa3aTeNsl pacCMaTpUBAETCS
Kak yrposa cyuectBoBanuto O0.

Henonyctumoe OTKIOHEHHE OT HOPMBI SIBJISETCSI CUTHAJIOM JJIsi BBIPAOOTKH YIPaBIISIOLIETO
BozzeiicTBus B cucteme ynpasieHus (CY) O6 [10]. OOuHOCTs IPUMEHEHUS HOPMBI BJICYET I1O-
TpeOHOCTh B 000OIIEHHON MOAENH OTKIOHEHHI M0 MHOTHUM IOKa3aTessiM. PemieHnto 3Toi 3amaun
MTOCBSIIIIEHA HACTOALIAS CTAThS.

1 TpeﬁoBal-wm K 3HA4YeHNAM nokKasartens

Hcxons n3 NOHATHS HOPMBI, OHA BBIPAKAETCA OTPE3KOM [cy j, €z ;] Ha HIKAJE j-TO MOKa3aTes,

Jj =1,n. VIcXOqHBIMY TaHHBIMU JUTSI CO3JaHUST MOJICH OTKJIOHEHHUH j-TO MOKa3aTelsl OT HOPMBI SIB-

JSIFOTCSL:

" HWKHSAA Cy; M BEPXHAA Cy j TPAHUIIBI HHTEPBATIBHON HOPMBI [Cy j, Cs ];

"  JIOIyCTHMBIE OTKJIOHEHHs OT HOpMBI K MeHbINM (JJOM) u 6onbmmm (JJOB) 3HAYEHUAM: Cron
nu 02106‘/'-

"  [pelenbHbIE OTKIOHEHUS OT HOpMBI K MeHbIINM (IIOM) n 6onbmmm (I10B) 3HaYEHUAM: Crow
H Cno6 ;-
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I'paduueckoe npencTaBieHUe Ha LIKaJIE j-I0 MOKa3aTessl HHTEPBaJIbHOW HOPMBI U OTKJIIOHEHUH
OT Heé NPUBEECHO HA PUCYHKE 1.
Hopwma

' — — — Y

cj TIoM C}I[OM C] H ch CJ 100 C] 1Moo

Pucynok 1 — I'paduyeckast MOJICb OTKIIOHCHHUH OT HOPMBI

ITpenenbHbIE OTKIOHEHUS OT HOPMBI Cj now M Cj o6 IPMHUMAIOTCS 3@ TPAHMIIBI HIKAJIBI j-TO MOKa-
3aTeNA [) min, Vj max): Cjnom = Vj min> Cj o6 = Vj max- B OOILIEM Cllydae JOIYCTUMBIE U MPEJEIbHBIE OT-
KJIOHEHUS B 00€ CTOPOHBI OT TPaHMIl HOPMBI HE PABHBI:

[CjH - Cj,I[OM] * [Cj;[06 - CjB]’ [CjH - chOM] * [cjn06 —C B]-

BbIxon Tekyiero 3HaueHus j-ro MoKa3aTesis 3a TPAaHHIIbI KAkl MOJENN TPeOOBAaHUH K 3HAUE-
HUSM 10Ka3aTels (1 < Vj min WIN Vj > Vj max) SABJISETCA CUTHAIIOM JAJIS1 HE3aMEUIUTENILHOTO IIPUHATHS
mep. [Ipu MozenupoBaHUHM OTKIOHEHUH MX HEOOXOIMMO OOHAapY)KMBATh HA ATAIle aHAIM3a UCXOJI-
HBIX JAHHBIX.

WNHTepBasibHOE 3aJaHE HOPMBI MOXHO pacCMaTpUBATh KaK MHTEPBAJIbHOE OrpaHUUYEHUE MOKa-
3aTensd: y; € [Cju, Cj ). YaCTHBIM CllydaeéM MHTEPBAIBHOIO OTPAHUYEHUS SABIACTCS MoyeyHas HoOpMa
Cju= Cj= Cj. 32 TOUEUHYIO HOPMY C; MOXKET OBbITb IPUHATO CPEJHEE 3HAUCHUE UHTEPBAIBbHONU HOP-
MBI ¢ = (Cju T ¢ 5)/2.

IIpuHATOMY 32 HOPMY OTPE3KY LIKAJIBI [} min, Cj u] COOTBETCTBYET IOJIyHHTEPBAIbHOE OTPAHHU-
YEeHHUE CBEPXY: ), < ¢; 4 (He Ooyee HUKHEW IPaHMIIBI), @ OTPE3KY IIKAJbI [C) 5, Vj max] — OTPAHUYECHHUE
CHHU3Y: J; = Cj (HE MEHEE BEpXHEH IpaHuIbl). DT OrPaHUYEHUs] MOTYT PaCCMaTPUBATHCS KaK 4acT-
HBIE CIIy4ad COBIAJCHUS OJHOM M3 TPaHMI] HHTEPBAJIBLHOM HOPMBI C IPAHULEH ILKaJIbl — IPEIENb-
HBIM OTKJIOHEHHEM OT HOpMbI. OrpannueHne «He 0ojee» ¢; MOKa3aHoO B BEPXHEH 4aCTH PUCYHKa 2,
a OTPaHUYEHHE «HE MEHEE» C; — B €r0 HUIKHEH YacTH.

Hopma
L 1 — )
Cj oM Cj cju06 cj oo
HopMma
[ [ p | yj
€ nom Cj rom Cj €} no6

Pucynox 2 — Mozens HOpMBI B TEPMHHAX MOTYWHTEPBANBHBIX OIpaHUYCHUN

C TouKM 3peHus JAONMYCTUMOCTH OTKJIOHEHHUS OT HOPMBI LieiecooOpa3Ho pa3ianyaTh HEHTpaib-
HbI€ U ONTUMHU3UpPYEMbIe MOKa3aTeNu. Y HEHTpalbHOrO MOKa3aTelss OTKJIOHEHUs 3HaYeHUH B 00e
CTOPOHBI OT IPAHULl HOPMbI HEKENATEIbHBI, a Y ONITUMU3UPYEMOTO IT0Ka3aTessl OTKIOHEHUE 3Haue-
HUS 32 OJHY U3 IPAHULl HOPMBI IIPEAIOUYTUTENIBHO, YTO COOTBETCTBYET MOJYWHTEPBAJIBHBIM Orpa-
HUYEHUSAM «HE 00JIee» U «HE MEHEEe».

2 MoaenupoBaHue OTKNOHEHUA NMoKa3aTesiAa KayecTBa OT HOPMbI

HanpaBliieHHOCTh U BETUYHMHY OTKJIOHEHHUS OT HOPMBI OTpaykaeT OumnoisipHasi (GyHKIUS OTKIIO-
HeHuid. OHa ObuTa npeioxkeHa B [11] mis MoaeIupoBaHus OTPAaHUYUTEIBHBIX KPUTEPUEB «HE 00-
aee» (<) u «ue MeHee» (). I'paduku cooTBeTCTBYIOMMX (PYHKIMI OTKIOHEHHH MPUMEHUTEIBHO K
TOYEUHOW HOpME MOKa3aHbl Ha pucyHke 3. [lepexos k MHTEpBaILHOW HOpME peanu3yercs pazoue-
HHMEM TOYEYHOU HOPMBI C; HA MHTEPBAII [Cy j, Cy j], IPEACTABISAEMBIN OJ0YKOM Ha ocu abcuucc. ITo-
JIOKUTENBHOI MOTyocH QYHKIMU OTKJIOHEHHUH OT HOPMBI CTABUTCS B cOOTBETCTBHE WTpad d (1)) >
0 3a HapylIeHHE OrPaHUYEHHs, a OTPULIATENBHOM MoIyocu — mpemus (noompenue) d (y;)<0 3a mpe-
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BBILICHUE OrpaHuyeHus. 3HaueHue dy,(y;) = 0 03Ha4aeT NPUHAAICIKHOCTD 3HAYEHHs] j-I'O T0Ka3aTels
TOYEYHOHN WM UHTEPBAIILHON HOPME.

d(y.

)

1

-1

Pucynox 3 — @yHKIIUHN OTKIIOHEHHUS OT TOUYCYHOW HOPMBI: @ — MUHUMIZHPYIOTCS; O - MAKCHMHU3UPYIOTCS

3HaueHUs] KyCOYHO-JIMHEHHON (PYHKIIMHU OTKJIOHEHHH OT HOPMBI JUJIS MpeAuKaTa «He Ooleex»
(MHHHUMH3UPYEMBIN TTOKA3aTeNb) BEIYUCISAIOTCS 10 ciaeayrommmM Gopmynam [12]:

. —C. .
d (yj)zu €CI y; < Cy j, (1)
uj 2 jmin
+ yj _ch
d' ()= ——"1 coma y; > ¢y )
jmax ~ aj

3Ha4yeHus1 KyCOYHO-JIMHEHHON (PYHKIMM OTKJIIOHEHUH OT HOPMBI Ul NpPEAHUKATa «HE MEHEe»
(MakCHUMU3HUPYEMBIH TIOKA3aTeINb) BBIYUCISIOTCS 110 CISIYIOMUM (GopMyam:

cC. .—V.

d+(y,~) z“/—y/, €CIH Yj < Cu j, 3)
Hj_yjmin

i c, —V;

d (yj)zj—_Jaeanyj>ch' 4)
jmax — Ca

@YHKIIMM OTKJIOHEHHUS OT HOPMBI IPUMEHHMMBI K ONTUMHU3UPYEMBIM I10KA3aTENsIM, 3HAYECHMUS
KOTOPBIX MUHUMHU3HUPYIOTCS (PUCYHOK 3a) WM MaKCUMHU3UPYIOTCS (PUCYHOK 30). DOYHKIMS OTKIIO-
HEHMsI HeMTpaJIbHOTO TOKAa3aTeNsl YHUIIOSPHA, MTOCKOJIbKY OTKJIOHEHUS B 00€ CTOPOHBI OT HOPMBI
He)KeJlaTeJIbHbI U OLIEHUBAIOTCS TOJIBKO IITpaamH.

3 MOAGHMPOBaHMe Mepbl NPpUHaaneXxHoOCTU NokKasartesid KadyectBa HOpMe

3.1 KycoyHo-nnHenHaa yHKUMA NPpUHALNEXHOCTU Knaccy

MopnenupoBanue NPHUHAUICKHOCTH HOPME MPEANOJaraeT IOCTPOCHHE COOTBETCTBYIOLICH
¢ynkuun npunaanexnoctu (PIlp) Ha mkane kaxaoro oueHuBaemoro mnokasarens [13]. B otcyr-
CTBME YyTOUYHAWOLIEH HHoOpManuu dTa
GyHKUIMS SBISETCS KYyCOUHO-TMHEHHOW — H{0)
JUIl WHTEPBAJIBHOM HOPMBI 3Ta (QYHKLUSA 1
TpaneuenJjajibHas, a A1 TOYEUYHOU HOPMBI
TpeyrojibHas. Y TpaneneugaibHon (HyHK- b (H) |y (BH)
LMK Ha OTPE3KE WIKAJbl [Cj y, Cj 5] IPUHAL- 0 o+ Lo >
JIEKHOCTH HOPME OJIMHAKOBA, a TP OTKJIO- Y min(MH) 3 max(MH) ) g (H) Y max(PH)
HEHUM OT TPAHUI] Cj 4 U Cj 3 B 00€ CTOPOHBI
MIPUHA/IJIEKHOCTh HOPME PAaBHOMEPHO YOBI-
BaeT (pucyHok 4). Illkama 3HaueHMl moOKas3aTelns Ha pPUCYHKE 4 JOEIUTCS Ha TPU OTpE3Ka:

Pucynox 4 — @ynkuus npuHauiexkHocTy kinaccy «Hopmay
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[ min(MH), ¥ max(MB)], [y min(H), ¥ max(H)], [j min(BH), ¥} max(BH)]. OT1 0Tpe3ku mikansl 3HaueHn
MOKa3aTess TPAKTYIOTCS Kak «MeHbIne HopMb (MH), «aopmay» (H) n «6onbiie Hopmeny (BH).

CornacHo TpeOOBaHUIO pa3/eNbHOIO aHAIM3a OTKIOHEHUH 3HAYEHWH MOKazarens 1mo ode
CTOPOHBI OT rpaHul HopMmel Mozenb PIIp knaccy H ¢ HeUE€TKMMU rpaHULaMU pa3fenuM Ha TPU
kinacca: MH, H, BH. 3nauenus nokaszaress, He JOCTUTAIOIIME HIXKHEN IPaHULIbl HOPMbI, OTHOCSITCSA
K knaccy MH, a npessliiaronize BEpXHIOW rpaHuily HOpMbl — K kinaccy BH. ®IIp p(y;) xmaccos H,
MH, BH ctpositcst aBTOMaTH4YeCKH 110 MpU3HaKaM HOpM (IIpeuKaTosB [], <, >).

Knaccupunupyemspiii O6 no 3HadeHHIO JHOOOrO MOKa3aTelss OTHOCUTCA K OJAHOMY M3 TPEX
kiaccoB MH, H, BH. ITpunagnexnocTs 3HaueHnus nokasareis kiaccy MH wiu BH no3Bonser oue-
HUTb HAIIPABIIEHUE U OTHOCUTEIBHYIO BEJIMYMHY €TI0 OTKJIOHEHHS OT HOPMBI.

Ha pucynke 5 mokazaHa kiaccu(uKaivs 3HAYSHHUH j-TO TIOKa3aTels Ha TpH kiacca. JlJis BbI-
YHUCIICHUSI BEJIMYUHBI MPUHAUICKHOCTH KAXKIOMY U3 TPEX KIIACCOB IMpHUBJIEKaeTcs (QYyHKIUS OTKIIO-
HEHU 0T HOpMBI d())), n300paxeEHHas Ha pucyHke 6. C yué€ToM TOro, 4To NPUHAIIEKHOCTh KIACCY
«Hopma» p,(y;) = 1, Benuunna npuHauiexsocty kiaccam MH u BH Beruucisercs no gpopmymnam:

Ecmu d(y;) = 0, 10 pu (1) = 1; uvu () = 05 psa (1) = 0; Q)
Ecmn d(y;) <0, 10 pvu () = 1 = [dOpls k() =0, psn (1) = 0; (6)
Ecmm d(y;) > 0, 0 psu () = 1 =d(v); () =05 psu () = 0. (7)
w0
1 MH H BH
. N e C U N
J_)j rnm(MH) y] max(MH) yj max(H) y] max(BH)

Pucynox 5 — KycouHo-nuHelHbIe (YHKIIUN IPHHAICKHOCTH TPEM KilaccaM

dey)
1

-1
Pucynox 6 — @yHKIUS OTKJIOHEHUH OT HHTEPBAIBHOW HOPMBI

Hynesast npunamiesxxaocts kiaccy H B popmynax (6) u (7) cieayer U3 npsMoyroyisHo ¢op-
MBI (byHKHI/H/I HpI/IHa)IJIe>KHOCTI/I nu peaJ'II/ISyeT 3aKOH )IBOI/II-IHOP'I JIOTUKH, HE yLII/ITI)IBaﬂ B3anMO3aBH-
CHUMOCTH KJlacCa H C COCCAHMMMHU KJIacCaMHU. I[J'Iﬂ yLIéTa 3T0ﬁ B3aMO3aBUCUMOCTHU Tp66yeTC$I BbI-
YUCJICHHUEC BCINYHNHBI HpI/IHa}IHeX(HOCTI/I Kﬂaccy H KaK OOIMOJIHECHHS OTKIOHCHHUA OT HOpMBI 0 1
DTO AOCTHUTACTCsI 3aMEHON CPEIHUX WICHOB BhIpakeHuil (6) u (7) Ha pOpMyJIbL:
Ha () =1 — pvm (0); (8)
ta 07) = 1 — psu () )
I’IaCTI/ILIHaJI HpI/IHaIUIe)KHOCTB Kﬂaccy H peaJlI/I3yeTC$I C HpI/IMeHeHI/IeM HCHHHeﬁHBIX q)Hp KJjiac-
cy.
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3.2 HenvHenHas pyHKUMA NpuHaaneXXHOCTU Krnaccy

Jlns yaéra coorHomenust kinaccoB MH m bH ¢ kmaccom H cienyer mcnons3oBats IpUHIUI
ycusieHus / yObIBaHHs MHTEpeca Jula, npuauMarouiero pemenus (JIIIP), k oTkiIoHEHHIO OT HOPMBI,
MOI00HOTO MPHUHIUITY CKIOHHOCTH / HeckiaonHoctu JIITP kx pucky [14]. B kadecTBe yro4HsIOMICH
nH(pOpMaLIUK B MOJIe]b OTKJIOHEHUH OT HOPMBI BKJIFOUEHBI JIOMYCTUMbIE OTKJIOHEHHUS OT HOPMBI K
meHpIuM (JIOM) u 6onbmmum (JIOB) 3HaUeHHAM: C; 1om U Cf n06-

LlenHocTh MHGOPMaLK 00 OTKIOHEHUH 3HAYEHHs [TOKA3aTellsl Ha OTPE3Kax IIKANBI [Cjy, Cj nom)
[¢j s, Cj n06] OT TPAHHIL HOPMBI 10 JOIIYCTUMBIX 3HaU€HMH j-ro IoKa3areis HeBeauka. Jo npubnmke-
HUS K JIOMYCTUMBIM IPAHUIIAM OTKJIOHEHHUS OT HOPMbI IPUHA/IIICKHOCTh OTKJIOHEHUSM NIPUHUMAET-
Csl He3HayumenbHoU W HEIMHEHHO BO3PACTaeT M0 Mepe MPHUOIMKEHUS K TPaHMIIAM IIKAIbl C MaK-
CHMAJIBHBIM POCTOM B TOYKAX Cj om H Cj no5. ITOT MIPUHIIMII PEANU3YETCS JOTUCTHUECKON (yHKIMEN
— yOsIBaromeit st kimacca MH u Bo3pacraromeii st kiracca bH. MonenupoBanue kiacco MH u
BH cooTtBercTBeHHO yOBIBaromiei u BO3- Tonnas
pacTaroIiell JIOTHCTUYECKUMU (YHKITUSIMU w0
MOKa3aHO Ha PUCYHKE 7. 1

[Ipumenurensno k PIIp kmaccy H
MIPUHIIMIT Peau3yeTcsi B JBYX BapHaHTax
— noHoU M Yoblgarowell TPUHATICHKHOCTH
HopMe. OH JEMOHCTPHpYETCS BEpXHEH U
HIDKHEH MoOJAeNs MU Ha pucyHke 7. [ns
MOJIHOM TPUHAIJIEKHOCTH HOPME COXpa-
HseTcs yenoBue puu(x) = 1, xe[cj v, ¢;5]. Ha
00JaCTSIX ONPENENeHHs [Cj om> Cjs] U [C) s
Cjno6] CTPOATCSI COOTBETCTBEHHO 603pac-
marowas u yoviearowas napaoosvl. Y Obl-
Barollasi MPUHAJIEKHOCTb HOPME OIUCHI-
pactred KOﬂOKOﬂOqu asnotl pyniupeii Pucynoxk 7 — Henunelinble QyHKIUHN NPUHAIJICKHOCTH
uu(x) = 1 B cpenHeii Touke HOPMBI (¢j 4 + TPEM KIaccaM
Cis)/2.

____ 4\
Vi

O

0,5

N

(BH)

jH chcj)JOG yjmax
Yowiearowasn

H bH

r\
S
/ \

1/

o
—C A2

N
—2
}ﬁ' mm(MH) C} JIoM Cj H Cip cj 06 Y max(BH)

4 Knaccudukaumsa o6bekTa OTHOCUTENTbHO HOPMbI

IIpn Henepecekaronuxcss @IlIp kimaccaM 3HaAYEHHUE MTOKA3ATENSI MOKET MPUHAIIEKATh TOJIBKO
OJTHOMY KJIacCy U JIByM KJlacCaM — B IIPOTUBOIOJIOKHOM cityyae. [Tpunaanexxnocts OO0 kinaccy no
MHOTI'MM ITOKAa3aTCJIIM BBIYUCIACTCA KaK CPCAHCB3BCIICHHAA q)yHKIII/Ifl YHJaCTHBIX HpHH&I[J'IG)KHOCTGfI
3TOMY KJjaccy 1o gopmyie:

My (x)= ZW, "Mk (x), &k =H, MH, BH. (10)
j=1

BecoBoii k02 GHUIUEHT W; OTpa)kaeT BaKHOCTh MOKA3aTellsl 110 OTHOMIEHHIO K OCTalIbHBIM. [Ipn
paBeHCTBe BecoB w; =1/n popmyna (10) cBoguTCs K cpeaHeapupMeTHIeCKON QyHKIHN.

Jnis obmieit xapakrepuctuku OO mpeacTaBiseT HHTEpeC HE TOJIBKO Mepa ero MpUHAJICKHOCTH
HopMe u kinaccaM MH u BH, HO u oTtHOomenus JIIIP k atim oTknoneHusiM. st nmpencraBieHus
ATOTO OTHOIIEHUS BBOJASTCS JBa JOMOIHUTENBHBIX KiIacca «Xyxe HOpMbD» (XH) u «1yuriie HopMbI»
(JIH). HexxenaTenbHOCTh OTKJIOHEHMSI 3HAYEHUS HEUTPATBHOTO MOKa3aTels B JIIOOYI0 CTOPOHY OT
TpaHMI] HOPMBI BbIpaXkaeTcsl uepes3 AenerupoBanue npuHaanexnocteil kinaccam MH u BH B knacc
XH.
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JInst onTUMU3UPYEMBIX MTOKa3aTeNIed HEXENATEeNbHON SIBJISETCS NMPUHAIIEKHOCTh TOJIBKO OJI-
HOMY M3 3TUX KjaccoB. [IpuHaMIEKHOCTh MPOTUBOIIOIOXKHOMY KJIACCy MPEANOYTUTENbHEE MPHU-
HaJJISKHOCTH HOpMe U umeeT 3HadyeHue JIH. 3nauenus kmacca JIH ¢popMupyroTcs u3 nmpuHaaiek-
Hoctel knaccy bH s MmakcuMu3upyembIX MOKaszaTesned u U3 NpuHaIe)kHocTel kinaccy MH s
MHUHHMMHU3UPYEMBIX ITOKa3aTeleH.

[Mpunannexxuocts O6 xmaccam XH u JIH mo Bcem mokasaremnsiMm BBIYUCIISACTCS Takxke 1Mo (op-
myne (10). O6o0ménnas onenka nmpuHamiexxkHoctu kiaaccam H, JIH, XH HaspiBaeTcss MHACKCOM
kiacca. COrIacHO CMBICITY 3THX KJIACCOB UX OLEHKH TPAKTYIOTCS COOTBETCTBEHHO KaK HMHJCKCHI
cmabunbHocmu, pazeumus 1 yxyoutenusi cBoMcTB 06. B Tabnuie 1 nmpuBeneHsl npumepsl GopMu-
poBanus kinaccoB XH u JIH na ocnose kinaccoB MH u BH u pacuéra npunamiexxunoctu O0 kaxao-
MY U3 KJIACCOB IPUMEHUTEIBHO K KYCOUHO-JIMHEMHON MOJENH MPUHAJIEKHOCTH.

Tabnmma 1 — [Ipumeps! pacuéra Mephl MPUHAIICKHOCTH 00BEKTa KiIaccaM

HelitpanbHble mokazarenan [Tokaszarenn min
MH H bH XH MH H BH XH JIH
I11 0 1 0 114 0 1 0
112 0,25 0,75 0 0,25 I15 0 0,5 0,5 0,5
113 0 0,5 0,5 0,5 6 | 0,25 0,75 0 0,25
[Toxasarenu max
17 0 1 0
I8 | 0,25 0,75 0 0,25
119 0 0,5 0,5 0,5
Pacuér | 0,25/3 | 2,25/3 0,5/3 | 0,75/3 0,5/6 4,5/6 1,0/6 0,75/6 | 0,75/6
Wupexc | 0,083 0,75 0,167 0,25 0,083 0,75 0,167 0,125 0,125

JleBass yacThb TaOJIWIBI OXBATHIBAET TPU BO3MOXKHBIX COCTOSHHSI HEUTPAJIbHBIX ITOKa3aTelNei
[11-113, a umenHo, npuHajexHocts kinaccam H, MH u BH. Bennunna npuHaajiexKHOCTH HOpME
orpezesieHa KakK JONOJIHEHUE NMPUHAJIEKHOCTH OTKJIOHEHHIO OT HOPMBI J10 1 (uyuciia moMedYeHbl
KypcuBoM). B kmacc XH nenerupyrorcs npunamnexxnoctu kinaccam MH u BH. B ctpoke «Pacuér»
MpHUBEAECHbBI (OPMYJIIbI BBIYUCIEHUS CpeIHEApUPMETHUECKUX OLIEHOK NMPUHAIJICKHOCTH KilaccaM 110
BCEM PAaBHOBAXKHBIM I10OKA3aTeNIsAM, a B CTpOKe «HIEKC)» — IMOTyYEHHBIE OLICHKU.

[IpaBas yacTh TaOJIUILIBI OXBATHIBAET MO TPU BO3MOKHBIX COCTOSIHUSI ONITHUMU3HPYEMBIX ITOKa3a-
tener [14-119. B knacc XH MuHMMHU3UpYEMBIX MTOKa3aTesae NepeHocsaTCs AaHHble n3 kinacca bH, a
JUIsT MAaKCHMU3HMpYEeMbIX Nokazarenei — u3 kinacca MH. B cron6en JIH nepenocsiTcst naHHble U3
MIPOTHBOMOJIOKHBIX KiaccoB. JKupHbiM mpudrom B crpoke «MHAeKe» BbIIeNEHbl MHIEKCHI CTa-
OounbHOCTH, yxyaumeHus u pa3Butus OO0. [lo HeWTpalbHBIM MMOKa3aTeIsiM UHJEKC Pa3BUTHS HE BbI-
YUCIIETCS U3-3a OTCYTCTBUSA Kitacca JIH.

5 OO0600LWEHHBbIEe OLEeHKM COCTOSIHUA OOBbeKTa

OTkJI0HEHHE KaKoro-1ubo mnokaszarens kauectsa OO OT HOPMBI SBJISETCS MOBOAOM JUISl IPUHS-
THs PEIICHUs 110 YIPABICHHUIO €ro cocTosiHueM. Hapsiny ¢ yacTHbIMU OTKJIOHEHUsMUA OO OT HOPMBI
MPEACTABIISIET UHTEpEeC 00IIas oleHka ero cocrosinust. OHa BocTpeOoBaHa NMpy HAOIIOACHUM TUHA-
MUKHU cocTosiHUsL OO0, a TakxKe Ui COMOCTABJICHUS! €r0 ¢ COCTOSIHUSIMU OJHOPOAHBIX OO, 4TO 0CO-
OCHHO aKTyaJlbHO JJIs CIOXHBIX OO0, XapakTepu3yeMmbIX JecATKaMU IMoKaszareseil. JTta 3agada Mo-
KET OBITh pellieHa BBEJCHUEM UnCIOBOT0 nHankaropa cocrosiaus (MC) O6 [15].

B kauecTBe MHAMKATOpa COCTOSAHUSA OOBEKTA X, OTPAKAIOLIEr0 MPUHAJUIEKHOCTh HOPME U OT-
KJIOHEHUSIM OT He€, IPUMEM aJIUTUBHYIO CBEPTKY OLICHOK COOTBETCTBYIOLIUX IIOKA3ATEIICH:

NC(x) :iwk - Pr(p (x),¢;). (11)

k=1

OHTONOTUS NPOEKTUPOBAHUS, N2, ToM 14, 2024 173



Mooenuposarnue omkioHeHUll nOKazameinel Kauecmeda 00beKma om HopMbl

B dopmyne (11) comuoxutens Pr(u(x), cx) ipeacTaBiseT co0oi 3HaueHue Kputepus, cop-
MHPOBAHHOT'O Ha OCHOBE MOKa3aTesl MPUHAICKHOCTU 00bEeKTa X k—MYy KJIAcCy, Cx U Wy — LIETIEBOE
3HAYEHUE M BAKHOCTH ATOTO MOKAa3aTemsl. 3HAYCHHUSIMHE Cj SIBJISTFOTCSI Min WM max.

B pemaemotii 3aaue paccMaTpuBaroTcs JIBe TPOMKU MoKa3aTeNel MPUHAAICKHOCTH KilaccaM —
C MEPBUYHBIMUA U BTOPUYHBIMU OTKJIOHEHUsIMHU. K mepBoii Tpoiike OTHOCSATCS MOKa3aTesd MpUHaI-
nexxnoctu kinaccaM H, MH u BH, a ko BTopo#i — noka3zarenu npuHaaiexaoctu kiaccaM H, XH u
JIH.

B 3agade monuTopuHra o0nekTa ucnoibsizytores kinaccel H, MH u BH. TpeGoBanuto cooTBer-
CTBHSI BCEX ITOKa3aTelNeil 00beKTa HOpME OTBEYAIOT CIICAYIONINE KPUTEPHHU:

pg(x) = max, pvp(x) — min, ppg(x) — min. (12)

CooTHoIIEHNE MEXy COCTaBJISIOLUIMMU LIEJIOCTHON OLIEHKH 3a/aéTCsi BEKTOPOM BECOB: W =
(W(umu(x)); w(pa(x)); w(upsu(x))). 3HadeHns: BecoB 3a7al0TCs B 3aBUCUMOCTH OT uHTepeca JIIIP k
3TUM COCTaBISIONMM. B TOM ciydae, Korja OTKIOHEHUS B pa3HbIE CTOPOHBI OT TPaHUI] HOPMBI He-
paBHoueHHbI, k1acckl MH 1 BH uMeroT pa3Hyro BaXHOCT. BoOibIas BaKHOCTh OJHOTO U3 JBYX
OTKJIOHEGHUWI 3HAYEHUs TMOKa3aTessl KayecTBa OT TPAHHUIIBI HOPMBI OYAET yKa3bIBaTh Ha OOJBIIYIO
OMAacHOCTh yXyameHus cBOUCTB O0. YU€T BaKHOCTH OTKJIOHEHUH OT HOPMBI MO3BOJIET OLICHUTH
TEHJCHIIUIO 00Jiee OMacHOro yxyaueHus cBoiicts OO0.

B 3anaue oneHnBaHus 00BEKTa C TOYKH 3PEHHSI COOTHOMICHHUS €T0 CTAOMIBHOCTU M Pa3BUTHS
ncnosb3yrores kinaccel H, XH u JIH. Ipunagnexnocts knaccy XH oTpaxkaer creneHp yxXyAleHus
cocrosiaus 00, a kiaccy JIH — ero ynydiieHue mo OTHOIIEHUIO K HopMe. Takum 00pa3om, Ka4ecTBO
coctosiHus OO OTpakaroT KPUTEPHH:

pxp(x) — min, pg(x) - max, pmpm(x) - max. (13)

CooTHoIIEHHE MEXy COCTaBJISIOUIMMH IIEIOCTHOM OLIGHKH 3a/1aéTCs BEKTOPOM BECOB: W =
(W(uxu(x)); w(una(x)); w(m(x))). 3HaueHus BeCOB 3a/1atl0Tcsl B 3aBUcUMocTH oT uHTepeca JIIIP k
TUM COCTABISIOMIMM. [IpennoyreHue CTaOMIBHOCTH BBIpaKAeTCs OOJBIIMM BECOM IOKa3aTels
uu(x), mHanpumep, we = (0,17; 0,5; 0,33), a npennouTeHre pa3BUTHIO — OOJIBIIIM BECOM MOKa3aTess
n(x), Hapumep, w, = (0,17; 0,33; 0,5).

HeliTpanpHble okazaTeny y4acTBYIOT TOJIBKO B OlleHMBaHuU cTabuiabHocTu O6. U3 atoro cie-
JyeT UX HyJieBast NpuHaAIe)KHOCTh kinaccy JIH. Ona oTpakaeTcs 1 B Ha3HaYEHUU TOJIBKO JABYX Be-
COBBIX KO3 duIreHToB kiaaccoB. Hampumep, npu paBHoil Baxxnoctu kinaccoB H u XH Bextop w,
umeeT cienyrommii Bug: we = (0,5; 0,5; 0). [Tockonbky uHaukatop coctostHusi O0 BBIYHUCISETCS MO
Pa3HBIM UCXOJHBIM JAHHBIM I HEUTPAIbHBIX U ONTHUMHU3UPYEMBIX TTOKa3aTele, 1eIecoo0pa3Ho
OLICHUBATh UX Pa3/eIIbHO.

[Ipu paBHOI Ba’)KHOCTH KPUTEPUEB MPHUHAJIEKHOCTH KJlaccaM BEJIMYMHA MHIUKATOpPA COCTOSI-
Hus OO0 3aBHCHUT TOJIKO OT MX 3HAUEHUH, a OHU, B CBOIO OY€pE/ib, 3aBUCAT OT MEPHI IPUHAIEKHO-
CTH NIEPBUYHBIX [TOKa3aTene HopMe U OTKJIOHEHUsM OT He€. Takum oOpa3om, i1l (PUKCUPOBAHHO-
ro Habopa MepPBUYHBIX TMOKa3aTellel U YCTAaHOBJICHHBIX I HUX HOPM HHIUKATOP COCTOSHUS 00b-
€KTa MPEJCTaBIsAET COO0M KOHKPETHYIO 0000MIEHHYIO XapaKTEPUCTUKY COCTOSHHS 00BEKTa OTHO-
CUTEJIBLHO HOPMAJILHOT'O COCTOsIHUA. Ero BelMunHa paBHA €IMHUIIE B TOM Cily4ae, Korjaa it Tpoil-
ku kiaccoB H, MH, BH puvn(x) = psa(x) = 0. U3 aToro ycnoBus caeayet pxu(x) = 0. Benuunna uH-
JIMKaTOpa COCTOSIHUS UTPAET POJib MOTEHIMAaMa 00bEeKTa B OTHOLIEHUHU €ro CTa0UIHLHOCTH U Pa3BU-
Tus. Yem oHa OimKe K €IMHULE, TEM BbIIIE KaUeCTBO OLIEHUBAEMOTI'O M0 ATHUM CBOMCTBAM OOBEKTA.
D10 NaéT BO3MOXKHOCTH OLIEHUBATh JUHAMHMKY CTAOMIIBHOCTU U Pa3BUTHS 00BEKTa, a TAKXKE COMO-
CTaBJIATH €r0 MO TUM CBOMCTBAM C APYTUMHU OOBEKTAMHU.
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6 [MporpammHas peanusauus 3agayu aHanu3sa OTKIIOHEHUIN 06 beKTa OT HOPMbI

3amaua ananusa oTkiIOHeHHH OO OT HOPMBI peann30BaHa B HOBOHM pelaklIUU MHCTPYMEHTAIb-
HOH cucteMbl BbIOOpa u pamwxkupoBanus CBUPb-M, pazpaboranHol Ha s3bIke Java K.T.H. TOIEH-
toM /[.I1. BypakoBbIM BO B3auUMOJEHCTBUU C aBTOPOM. DTa 3a/1aya SIBJISIETCS] pAa3HOBUHOCTHIO MHO-
roMepHoi kiaccudukanuu O6. B ornuune oT mMpou3BOJIBHON KiIAcCU(UKALUK YHUCIO KIJIACCOB B
9TOH 33/1a4e W MX HazHaueHHe (PUKCHPOBAHBI U SBIAIOTCA MPOM3BOIHBIMU OT Kiacca H. Mo 3ana-
HUIO TPaHMI] HOPMbI, OTKJIOHEHHUN OT He€, npusHakoB PlIp kiaccy, Tuma nokasarens aBToMaTuye-
CKH CTpPOHUTCS Jr00ast U3 TpEX pacCCMOTPEHHBIX MOJENICH Ha IIKaje KaXJI0To MMOKa3aTels, y4acTBY-
OILIETO B OLICHUBAHUMU.

[Mon npusznakamu @IIp KIaccy MOHUMAIOTCS JTMHEHHOCTH / HEMMHEWHOCTh e€ 3HaueHuil. [lox
TUIIOM I10KA3aTeNsl TOHUMAETCSl HEUTPaIbHbIM, MUHUMU3UPYEMBII 1 MAaKCUMU3UPYEMBIN TTOKa3are-
mu. [loAroToBKa MCXOMHBIX JAHHBIX I PEIICHUS 3a/1a4d BBITIOJHSAETCS B TaOJIUYHOM Taketre MS
Excel B Bune Tabnun «O0bexThl/I1okazarenn» u « TpeOGoBaHMS K TTOKA3aTEIISIM.

ABToMaTnuecku chOpMHUpPOBAHHAS MOJENb IS PEIICHHs 33Ja4l MHOTOMEPHOH Kiaccupuka-
[IUU TPU HEOOXOAMMOCTH YTOUYHSIETCS MOJIb30BATENIEM CHCTEMbI CPEICTBAMU PEIaKTUPOBAHUS MO-
nenu. 3MeHeHuto nojsiexar rpaHulibl KJIAcCOB U OTKJIOHEHUH, MapaMeTpbl HEIMHEHHOCTH HENu-
HeitHoi mozenu. [IpocroTa hopMupoBaHus MOJENH 3a7aun JOCTUTAETCsl aBTOMATH3aIUE MOCTPO-
€HUs KJIACCOB Ha IIKajax IMoKaszaTesield Ha JTare BBoAa TpeOoBaHMM K mokaszatensm. Ha pucynke 8
MOKa3aHO pa3/IeJIEHHOE HA JIBE YaCTH OKHO HAaCTPOMKHK mapameTpoB 3anauu «OTKIOHEHHS OT HOP-
MbI» B cucteme CBMPb-M.

JleBast yacTh OKHa HACTPOEHA HA pPEUICHHE OJHOW M3 YEeThIPEX 0a30BBIX 3a/la4 aKCHOMAaTHUYe-
ckoi knaccuduxanuu [16], a uMeHHo, Ha OTKIIOHEHUE OT HOpMEI 110 DlIp. B okne «Crnucok kiac-
COB» MPHUBEAEH aBTOMATHYECKU (POPMUPYEMbIH CIUCOK MATH KiaccoB. C yuéToM BO3MOXKHBIX OT-
KJIOHEHU OT HOPMBI BbIOpaHa omnius «JacTruuHasi MpUHAJICKHOCTDY KIaccaM.

Jlis oneHuBaHUsT MEpbl MPUHAJICKHOCTH KJlaccaM MO BCEM IOKa3aTeNsiM BhIOpaHa aaauTHB-
Has oboOmaromas Gynkius (mpaBast yacTh puc. 8). s BeruuciaeHus: nHaukaropa coctosiuust 00
akTuBHpoBaHO «CKBO3HOE ynopsaoueHue o0bekToBy. [IpuHumaercs cnocod popmMupoBaHus Kiac-
ca XH u3 xiaccoB MH u BH no makcumansHOMy OTKJIOHEHMIO. Becam (mpuopureram) KiaccoB B
CIEIMaJIbHOM OKHE 3aJlaHa paBHasl BaXKHOCTb.

[Tpumep pe3ynbTaTtoB pacuéra npuHaanexHocTu knaccam OO0 1 mo TpéM HEUTpabHBIM U IiIe-
CTH ONTUMU3UPYEMbIM TOKa3aTelsIM MoKa3aH Ha pucyHkax 9 u 10. 3nayenus nokazateneit I11-I19,
u3MepeHHbIX B ooOmiei mkane [0, 10], paBusl (5, 3, 8, 5, 8, 3, 5, 3, 8). I'panunus! obmiei 1y Bcex
1oKa3aresieil HOpMbI Olpe/iesieHbl HHTEpBaJIOM [4, 6]. ['paHuIbl 1 3HaUEHUS TTOKa3aTesnel noaoopa-
HBI TI0J1 pean3aluio IpUHAUIe)KHOCTEN KiIaccaM B Tabnwuie 1. TpeGoBaHMsIM HOPMBI YIOBIETBO-
psrot nokazatenu I11, [14, I17 co 3nauenuem 5. OctanbHbIe MOKa3aTeId UMEIOT OTKJIOHEHUS B 00€
CTOPOHBI OT I'PAHUL] HOPMBI.

Ha pucynke 9 npuBenensl Mepsl npuHapiesknoctd O6 1 kiaccaMm 1o HEWTpaJIbHBIM MTOKa3aTe-
qsm 11, T12, T13 co 3navyenusmu (5, 3, 8).

[TpunannexxHoctn oObekTa 1 1Mo HEUTpaTbHBIM MOKA3aTeNsIM KJlaccaM COBHAIN C PAaCUETHBIMU
BEJIMYMHAMU, IPUBEAEHHBIMU B JIeBOM yacTu Tabnuisl 1. [punaanexxnocts oobekra 1 kimaccy JIH
paBHa Hymt0. MHaukaTtop cocrosiHus oObekTra 1 oTHOCHTENnbHO BekTtopa BaxkHocTH (0,5; 0,5; 0)
kiaccoB XH u H pasen 0,5.

Ha pucynke 10 mpuBeaeHbl MEephl IPUHAICKHOCTH 00bEKTa 1 KjlaccaM Mo MIECTH ONTHMHU3HU-
pyembiM niokazatensm [14-119 co 3nauenusmu (5, 8, 3, 5, 3, 8).

[Tpunannexxnoctu o0bekTa | KjgaccaMm coBNaIM ¢ PacCYETHBIMU BEJIMYMHAMU, PUBEIEHHBIMU B
npaBoid yactu Tabmuipsl 1. [lpuHamiexkHoCTh 00beKTa 1 ¢ ONTUMUUPYEMBIMH TTOKA3aTEIISIMU KJTac-
cy JIH 0,125 > 0 orpaxkaeT mepy ero pa3BuTus. UHIUKAaTOp COCTOSHUS 00BbEKTa | OTHOCHUTEIBHO
Bektopa BaxHoctu (0,33; 0,33; 0,33) kimaccos XH, H, JIH pasen 0,58. Cpenneapudmernueckas
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ornenka MIC obbekTa 1 mo BceM mokasarensM Beraucisercs kak (0,50 + 0,58)/2 = 0, 54. Dta Benu-
YrHa, JAIEKast OT CIMHUIIBI, OTPAKAET 3HAYUTEIILHBIC OTKJIOHEHUs 00beKkTa 1 OT HOPMBI M OT OTI-

TUMAaJILHBIX 3HAUYCHUHN ITOKa3aTeJICH.

-OcHoBHaRA 3aaaqa

(O He suibpana
(O Ynopsaaouerme
(® Buibop

-ObbekT Boibopa

-~ Cnocob seibopa knacca
(O 3kcTpemMansHsii
(®) Oboblwatowan hyHKLA
() MaxopuTapHbiit

(O Knacc
(®) OTKnOHEHME OT HOPMbI

~Cnocob seibopa

(O Npasuna

-CnMCoK Knaccos:

-060blwarolan QyHKLMA NPUHaANEXRHOCTH
(® AnauTieHas
() MynbTMRAMKATMEHER
() FapMoHuyeckan

[[] OTcemsats HeknacadmposaHHsie ofbexTl

= [] YauTeisaTs BaHOCTL NokasaTenei
B Metble Hopmsl B doSasims
M Hopra [] Crso3Hoe ynopaaoqerne ofbexkTos
M Bonsuwe Hophsi B Yaawms ~TOpPARAOK Ha MHOXECTBE KNaccos:
| My-awe Hoprsi = (O OBwwit ans Bcex nokasaTenei
[ Xyxe HOpMBI nI EpPEMMEHOBATD
Nyuwmin knacc: | Hopwa
B Ovces ofwexTos
acs (® VHavsMayanbHbIN ANS K&KAOro NoKasaTens
LiseT knacca: | |
o MPUHAANEKHOCTL OTKIOHEHMIA OT HOPMBI KNaccy
MUHUMENbHES NPUHAANEXHOCTE, %! | 103 "Xy>xe HopMbIl™ ANA HEMTPanbHbIX NOKasaTenein:

(® MakcumansHas

(O MurimansHas

() CpeaHss

~Cnocob ynopaaoyeHna obbekTos

(O Mo nexakorpaduyeckomy A0MUHUPOBEHMIO

[[]HeuéTkan Hopma | ¥Bsisaowman

[[] MpuHaanexHocTs HopMe yepes aononHeHe

OBwmin crmcok kKnaccos ans scex Tabnuy

Wcnonb3oBath Cb‘/HKLU-M NPpUHaANEXHOCT

- lonyCcTMMasA NPUHAANEXHOCT —— (®) Mo obobwatoweit hyHKLYM
() Monxas =
(® Yacturas | TIPMOPUTETBI KNACCOB. ..

Pucynok 8 — JIBe yacTu OKHa HaCTPOUKM MapaMmeTpoB 3a1auu «OTKIOHEHUS OT HOPMbI»

1\3 MeHbLue HopMe! | Hopma | Bonblue Hopmb! | MTyulwse Hopmbl | Xyxe Hopmbl | OBLLas oueHKa

0.083% 0.750

ObbexT 1

0.167 0.000 0.250 0.500

Pucynox 9 — Ilpunaiexnocts 00bekTa 1 Ki1accam 1o TpéM HeHTpalbHBIM MTOKa3aTeIsIM

1\6 MeHbLue HopMbl | HopMa | Bonblue Hopmbl | JTydiwe HopMbl | Xyxe HopMbl | OBLLas oueHKa

ObbekT 1 0.083| 0.750

i 0.167

0.125 0.125 0.58

PI/IcyHOK 10 - HpI/IHa,Z[J'IG)KHOCTL o0bekTa 1 KjaaccaM 10 IIECTH OINITUMU3UPYEMBIM ITOKA3aTCIIAM

[Ipumenenne HenmuHaeiHBIX OIIp HOpME U OTKIIOHEHHSIM OT HE€ (CM. PUCYHOK 7) CYIIECTBEHHO
BJIMSIET HA PE3YJIbTaThl OLICHUBAHUS COCTOSHUS 00BEKTa 3a CYET OBICTPOro pocTa MPUHAAICKHOCTH
OTKJIOHEHHSIM. Brnusinue 3toro cpoiictBa ®@IIp MOKHO MOKa3aTh HA PaCCMATPUBAEMOM MPUMEPE C
npuMeHeHreM (DYHKIMHA, TpUBEAEHHBIX B HIKHEW yacTu pucyHka 7. Ha pucynke 11 npuseneHs
Mepsl npuHaiexxHoctr O0 1 kmaccam o HelTpanbHbIM TTokazaTessim I11, 112, T13 ¢ nenuneitapIMU
OIIp knaccam.

Ha pucynke 12 mpuBeneHbl Mepbl IPUHAJICKHOCTH 00BbeKTa | KitaccaM 1o MIECTH ONTUMHU3HU-
pyembiM nokazatensM [14-119 ¢ nenunelineimu OIIp knaccam.
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1\3 MeHblue HopMbl | HopMa | Bonblue Hopmbl | JTydiue HopMbl | Xyke HopMbl | OBLuana oueHKa

OfbexT 1 0.167| 0.334; 0.318 0.000| 0.485 0.285

Pucynok 11 — IIpuHaane:xHOCTh 00BeKTa | KaccaM 1Mo TpéM HEHTPaIbHBIM ITOKA3aTeNsAM C HeTHHEHHBIMA (pYHKITHSIMA
TIPUHAJICKHOCTH

1\6 MeHblue HopMbl | HopMa | Bonblue HopMbl | flyuwe HopMbl | Xyxe HopMel | OBluas oueHKa

ObbexT 1 0.167| 0.334 0.318| 0.318 0.167; 0.50]

Pucynox 12 — I[IpunaanexxHocTh 00beKTa | KitaccaM 1o MIeCTH ONTHMHU3UPYEMbBIM MOKa3aTeIsIM C HEeTMHEHHBIMU
(YHKIUSIMU TPUHAIIC)KHOCTH

[Ipumenenue HenuueitHbix @PIIp kiaccam ynBowsIo Mepy MPHUHAICKHOCTH OOBEKTa Kiaccam
MH u BH, uyto nosnusno Ha npuHaiexxHocTh kiaccaM XH u JIH, n yepe3 HUX — Ha MHAMKATOPbI
COCTOSIHUSL 00BEKTa B CTOPOHY MX yMeHblLIeHHs. TakuM obpa3zom, npumeHeHue HenuHeiHsix OIlp
OTpakaeT OoJIbIee BIUSHIE OTKIIOHEHUH OT HOPMBI Ha MHJICKCHI M HHAMKATOP COCTOSHUS 00BEKTA.

3aknryeHue

IIpobnema kadecTBa (yHKIMOHMPOBAHUS OOBEKTAa HOCUT BceoOIui xapakrep. OueHuBaHUE
KauecTBa OCYIIECTBISAETCS MyTEM KOHTPOJISI 3HAUEHUH MTOKa3aTeseil, XapakKTepU3yIOIUX COCTOSIHUE
00bEKTa, Ha MpEeaMeT COOTBETCTBHsS HOpMe. OAHAKO, C OJHOW CTOPOHBI, HOPMBI YCIIOBHBI, IO-
CKOJIbKY 3a/Ial0TCS YE€JIOBEKOM, @, C APYrOil CTOPOHBI, IO/ BIUSHHEM BHYTPEHHHUX M BHEITHHUX (haK-
TOPOB MMEET MECTO BBIXOJ 3HAYCHMH MOKas3aTesed 3a rpaHulbl HOpM. OH MOXKET CUMTAThCs Kak
HEJOMYCTUMBIM, C TOYKH 3pEHMsI CTaOMJIBHOCTH (PYHKIIMOHUPOBAaHUS OOBEKTa, TaK U KEJIaTellb-
HBIM, C TOYKHU 3pEHUS €T0 Pa3BUTHS.

[Ipennoxennas B pabore mozaens ®Ilp HOpMe U OTKIOHEHHI OT HEE MO3BOJSET OLEHUTH
HaIIPaBJIEHHOCTb U BEJIMYMHY OTKJIOHEHUI 3HAYE€HUI MTOKa3aTeseil oT HopMbl. Mozienb CTPOUTCS Ha
OCHOBE 3a/laHus TPaHMI] HOPMbl — HOMUHAJIbHBIX, JONYCTUMBIX U mpefenbHbX. HomMuHanbHble U
IpeJeNbHbIe TPAHULBI JJOCTATOUHBI Il TIOCTPOCHUS KYCOUHO-TMHEHHOM (Tpy0oit) Moenu OTKIIO-
HEHUIl OT HOpMbI. BKiItoueHre B MOJeIb JOMYCTUMbIX OTKJIOHEHUH OT HOPMBI JA€T JOMOIHUTENb-
HYI0 HHGOpMaLHIO /Ui HOCTpoeHus HenuHeHbix PIlp HOpMe M OTKIOHEHUH OT He€, YUYHUThIBAIO-
mux orHonrenue xk gum JIITP.

[IpennoxeHHass MoAenb SBISETCS ABYXCTyNEHYaTOW. Mopenp MEepBOMl CTYNEHU BKIIIOYAeT
kiaccesl «Hopmay, «Menbllie HOpMbI», «boJibliie HOPMBDY. DTH KJIacChl UCHOJIB3YIOTCS I pellie-
HUS 337]a4 MOHUTOPHHIra o0bekTa. Ha ocHOBE MPpUHAUIEAKHOCTH 3TUM KJlaccaM 0 MHOTHM IOKa3a-
TEJISIM BBIYUCIIAECTCS MHIUKATOP COCTOSHUS 00BEKTa, 0 KOTOPOMY MOXKHO CYIUTh 00 001emM co-
CTOSTHUM OOBEKTA.

B moznenu Bropoii crynenu knacc «Hopma» conocrasisiercs ¢ AByMsl (PUKTUBHBIMH KJ1acCcaMH
«Xyxke HOpMBI» U «Jlydie HOpMbIY», CHOPMHUPOBAHHBIMU U3 MPEACTaBUTENCH Ki1accoB «MeHblle
HOpMBI» U «bonbme HOpMb». g UX (OPMHUPOBAHMS MCIONIB3YyeTCs JIENEHUE IoKas3aTelaed Ha
HEeHTpalbHble U ONTHUMHU3HMpYeMble. MHIUKATOpP COCTOSHHS OOBEKTa, BBHIUYMCISAEMBIH Ha OCHOBE
npuHajuiexkHocTy kiaaccam H, XH, JIH mo MHOTHM TTOKa3aTensiM, MO3BOJIIET CYyIUTh 00 OOBEKTE C
TOYKHU 3pEHUS CTAOUIBHOCTU U PA3BUTHUA €ro CBOWCTB. [10 OTHOIIEHUIO K €AMHUIIE 3HAUCHHE UHIH-
KaTopa COCTOSHUS 00BEKTa MOXKET paccMaTpUBaThCs KaK €ro MOTEHLUAI JUIsl CPAaBHEHMSI Pa3BUTHUS
00BEKTa BO BPEMEHU M COMOCTABIICHUS C APYTUMH 00bekTaMu. OOIIHOCTh MPEUI0KEHHON MOIeN
U BO3MOKHOCTh MOJIEIMPOBAHUS B pa3in4HbIX pexxkumax cucrembl CBUPb-M onpenensier mupo-
Kyto cepy e€ nmpuMeHeHusl.
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Abstract

The concept of a norm on the scale of an object's quality indicator in the context of determining the most preferable
object or its state is explored. The notions of permissible and maximum permissible deviations from the norm are uti-
lized, with maximum permissible deviations defining the boundaries of the indicator scale. The fundamental version of
the norm is represented as a segment on the indicator scale that excludes these boundaries. Point and semi-interval
norms (“no more”, “no less”) are considered special cases of the interval norm, where the semi-interval norm reflects
the alignment of the original interval norm's boundary with the indicator scale's boundary. For certain indicators, devia-
tion in one direction from the norm is not only acceptable but also beneficial. An indicator satisfying this condition is
termed optimized, while an indicator with undesirable deviations from both ends of the norm is termed neutral. In the
model of belonging to the norm, three classes are distinguished: “norm”, “no more” and “no less” than the norm.
Piecewise linear and nonlinear membership functions for these classes are proposed. In the nonlinear model, the bound-
aries of the interval norm are expanded to acceptable limits, leading to the intersection of membership functions of ad-
jacent classes. Classification into these three classes is conducted separately for neutral and optimized indicators. Inter-
preting deviations from the norm, both unacceptable and acceptable, necessitates introducing two fictitious classes:
“worse than the norm” and “better than the norm.” These classes are formed from the “not less than” and “not more
than” classes. To calculate the membership function for each class across all indicators, a weighted average function is
employed. Aggregated indices of belonging to the classes “norm,” “better than norm,” and “worse than norm” across all
indicators are referred to as indices of stability, development, and deterioration of an object, respectively. These indices
are used for a comprehensive assessment of the object, termed an indicator of its condition. An example of analyzing
deviations from the norm, implemented in the modified SVIR-M selection and ranking system, is provided.
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KorHutneHoe mogenupoBaHue NpoLeccoB afanTMBHOro oby4yeHus

© 2024, A.B. CoJioBoB <, A.A. MeHbIIINKOBA

Camapckuil HayuoHanbhbill ucciedogamenvekuil yuusepcumem umenu akaoemuxa C.I1. Koponesa, Camapa, Poccus

AHHoOTauuA

PaccmarpuBaeTcst Moaxox K MOJISITHPOBAHHIO MIPOLECCOB aJANTHBHOIO OOYYEHHS C MIOMOIIBIO 3HAKOBBIX
1 B3BEIICHHBIX OPHUCHTHUPOBAHHEIX rpadoB (oprpados). Bepmunbl oprpadoB oToOpakaroT XapakTepH-
CTUKH y4eOHOU nestenbHOCTH. OpUEHTAIMs, 3HAKH M Beca Iyr oprpadoB ONPEIeNIOT B3aHMOBIUSIHUC
9THX XapaKTepUCTHK. J[MHAMUKa aJanTHBHOrO 00y4YEeHUs] MOJICIUPYETCst B oprpadax ¢ MOMOIbIO CIIeIH-
AIBHOTO AITOPUTMa MMIYJILCHOTO Mpolecca. B HekoTopyto BepuiuHy oprpada BHOCUTCSI BHEIIHEE BO3-
MYILIEHUE U PacCMaTPUBACTCS PACHPOCTPAHEHHE STOTO UMILYJIbCA, YTO MO3BOJISACT IPOTHO3UPOBAThH 3HA-
4yeHust Ipyrux BepuinH oprpada. ChopMmynrpoBaHa 3ajjaua ONTHMHU3AIMU BECOB AYT oprpada U mpeasio-
JKEH aITOPUTM €€ PELICHUs! C 1EbI0 JTOCTIKEHUS] YyCTOHUYMBOCTH UMITYJILCHOTO Tiporecca. [1o pesynbra-
TaM BBIYUCIHUTENILHBIX IKCIIEPUMEHTOB Ha oprpade yCTaHOBIICHO, YTO IieieBas GyHKIMs ONTHMHU3AILNN
BECOB JIyT' B3BELICHHOTO oprpada sBISETCS MHOrOdKcTpeManbHOU. [lonagaHue B JOKaJIbHBIA MHHUMYM
oInpesieNsieTcss NCXOAHBIMH 3HAYCHUSAME BEKTOPA POSKTHBIX MEPEMEHHBIX M OTPAaHUYCHUSIMU Ha OTH Ie-
peMerHble. [109ToMy BakHa KBanmubUKamus pa3padoTYMKa MOJEIH aJalTHBHOIO OOy4YEeHUs, Ha3HA4Yalo-
IIEro ATH BEJIMYMHBI. KOTHUTHBHBIC MOJCIH AJAlTHBHOTO OOyYeHHs MOTYT PacCMaTpHUBaThCs Kak Ipe-
CKPHUIITHBHBIC M JICCKPHITUBHBIC. [IpECKPUIITHBHBIC MOJIEIH OIHCHIBAIOT, KAKUM JOJDKEH OBITH MPOLECe
aanTHBHOTO O0y4YeHUs. JIeCKpUNITHBHBIC MO ONUCHIBAIOT CYIIECTBYIOLINE MPOLECCH aJallTHBHOTO
00yUYCHHS ¥ MOTYT CIIY)KHUTh HHCTPYMEHTOM HCCJICAOBAHMS MX d3PPeKTHBHOCTU. Pa3paboTranHast MeTOIU-
Ka KOTHUTHBHOTO MOJICJMPOBAHUS MPOLIECCOB aJaNTHBHOIO O0YYEHHsI TMO3BOJISIET MIPOTHO3UPOBATH Pe-
3YyJIbTAaTbL O6y‘IeHI/IH U MOXKET MPUMEHATHCA NPU UCCICAO0OBAHNU, IPOCKTUPOBAHUU U pCaJiM3alliu MEXa-
HU3MOB aJlaliTalilud U UHTCJUICKTYAJIbHOI'O YIIPABJICHUA B CUCTEMAX BJICKTPOHHOTO o6yquI/151, a TaKXKC B
JIMJIAKTHYECKOM TPEHUHI'€ NperoiaBaresieil B cepe IEeKTPOHHOTO 00y4YeHUsI.

Knioueswie cnosa: xocnumugnoe mooenuposanue, 3HaK08wlll opepag, 636ewentvlii opepagp, Komnviomep-
HbIUL MPeHUHe, A0anmusHoe 00yueHue, I1eKmporHoe 00yyeHue.

Humuposanue: Conogos A.B., Menvuuxosa A.A. KOrHUTUBHOE MOJIETMPOBaHUE MPOLECCOB aJalITUBHO-
ro oOydenus // Ouronorus npoektupoBanus. 2024. T.14, Ne2(52). C.181-195. DOI: 10.18287/2223-
9537-2024-14-2-181-195.

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

BBepeHune

Kocnumuenoe mooenuposanue (KM) ompenensiercs kak Houck HauOonee 3((HEeKTUBHBIX
YIPaBIEHYECKUX PELICHUH U/WIH CLIeHapUeB Pa3BUTUSI COOBITUN B €1a00 CTPYKTYpUPOBAHHBIX CH-
TyalusX Ha OCHOBE BBIJCIICHUsI 0a30BbIX (DaKTOPOB, XapaKTEPU3YIOUINX CKJIaJbIBAIONIYIOCS CUTYa-
LU0, ¥ OIIEHKA B3aMMOBIMSHUS 3TUX (hakTopoB. Meromonoruss KM npennoxkena B padore [1]. Oc-
HOBOU 3TOM METOOJIOTUH SBJISIETCS] MOHSTHE KOTHUTUBHOM KapThl [2].

Koenumuenas kapma cumyayuu mpencTaBiseT co00i B3BEIICHHBIN OpUEHTHUPOBAaHHBIN Trpad
(oprpag), B KOTOPOM BEpIIMHBI B3aUMHO OJHO3HAYHO COOTBETCTBYIOT sIIpY Oa3MCHBIX (aKTOPOB
uccaeayeMoro mpornecca. Aapo 6a3ucHbIX (AKTOPOB MOXKET OBITh BEpUPHUITUPOBAHO C MTOMOIIBIO
UHMENNeKMYalbHO20 AHAU3A OAHHBIX, TIO3BOJIIONIETO OTOPOCUTH M30BITOUYHBIE (DAKTOPHI, ClIabo
CBSI3aHHBIE C sAIpoM OazucHBIX pakTopoB [3]. OcHOBOM MaTeMaTnyeckoro amnmapata KM siBisercs
nuckpetHas mMaTemaruka [4]. KM HaxoauT mpuUMEHEHUE B Pa3IMUHBIX MPEIMETHBIX 00IACTIX MpH
CO3/1aHUU MH(OPMALIMOHHBIX cucTeM [5-7], Buzyanusauuu [8] u ap., Bkimouas chepy oOpazoBaHUsl.
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B cratbe [9] mpuBeneHbl npuMepbl KOTHUTUBHBIX MOJIEICH MPoOJIeM CHCTEMBl 00pa30BaHUs B
e€ B3aMMOJICHCTBUH C OOIIECTBOM U PE3YNIbTaThl CIICHAPHOTO MojenupoBanus. B padore [10] pac-
CMaTpPUBAETCSl TEXHOJIOTHUS pa3pabOTKU ANEKTPOHHOIO Yy4eOHOro Kypca, B KOTOPOW HMCIONb3yeTCs
IIPOEKTUPOBAHKUE CTPYKTYPHO-JIOTUYECKON MOJEIN COJIEp/KaHus Kypca B BUJI€ KOTHUTUBHOM KapThl.
B pabote [11] npemnaraeTcst MeToiMKa KOTHUTUBHOTO MTPOEKTUPOBAHUS IIKOJIHHOIO ypOKa Ha OC-
HOBe cojnepkanus npeamera «Mubopmaruka». B cratbe [12] KM nmegaroruueckux CUTyarui onu-
CBIBAETCS KaK IPOLIECC, COCTOSIIIUNA M3 MIECTH IOCJIEIOBATEIbHBIX W B3aMMOCBS3aHHBIX ATAIlOB.
B pa6ore [13] mpemnaraercss HakariMBaTh UQPPOBBIE CIEAbI YUYAIIUXCS U BU3YAJTU3UPOBATh UX B
BHUJIE KOTHUTUBHOM KapThl AMAarHOCTUKM 3HaHuil. B cratbe [14] KM ucnons3yercs i nporio3u-
pOBaHUSI BOCTPEOOBAHHOCTH KOMIIETEHIMH MPU KOPPEKTUPOBKE mporpamm obyuenus. Crates [15]
MOCBSIIIEHA pa3padOTKe aJallTUBHOIO MEXaHMU3Ma YIPaBIECHUSI Ka4eCTBOM O0y4YEeHHUS, IO3BOJISIOLIE-
IO allpUOPHO MPEACKa3bIBaTh PE3YJIbTaThl BOBMOXKHBIX YIIPABIEHUYECKUX PELICHUN U OCYILECTBIATh
BBIOOp WX HanboJjee 3¢(HEeKTUBHOTO BapHUaHTa.

KM o0c000 akTyanabHO B CBSI3U C IPUMEHEHHEM HUCKycCTBeHHOTO nHTeIwekTa (1) B 00y4yenun.

Obyuenue omnpenensieTcsi Kak yIpaBJIeHHE MO3HABATENbHON JEATENbHOCThIO O0YYAIOMINXCS C
1enbo GOpMUPOBAHUS Yy HUX ONMpPENeTEHHBIX 3HAHWH, YMEHUH U HABBIKOB. MOXHO chopMymupo-
BaTh JIBE 3a/1a4M ONTUMAaIbHOro o0ydenus. [lepBas 3agaua 3aKiII04aeTCs B MAKCUMU3AUUU YPOGHA
00yueHHOCmuU TIPY OTPAHUUYCHHSX (CBEPXY) HA BpeMs 0OyUEHUS, BTOPasi - B MUHUMUZAUUU 6peMe-
HU 00yyenus IPU OTPAHUYCHUSAX (CHU3Y) HA YPOBEHb O0YYEHHOCTH.

Pemenue 3ama4 onTuManbHOTO 00ydeHUs! Oa3upyeTcs Ha alanTalud, KOTOPOH OOBIYHO Ha3bI-
BAIOT MHTEIUICKTYaIH3aIUI0 CUCTEM AJIEKTPOHHOTO 00yueHus (D0), a COOTBETCTBYOIINE 00yUaro-
M€ CUCTEMbI HHTEJUIEKTyaJIbHBIMU. AJlanTalus B TAKUX CUCTEMaX PeaIu3yeTcs IMOCPEICTBOM HC-
MOJIb30BaHMUs 3HAHUHN O MPEAMETHON 005acTH, 00y4aeMOM U CTpaTerusx oOydeHus ajs odecreye-
HUS TUOKOW MHIMBHTyaTH3UPOBAHHON y4eOHOU nesTeabHOCTH [16]. BaxKHBIM KOMIIOHEHTOM ajian-
TalUU SIBISIOTCS Mamemamuueckue mMooeau npoyeccog 00yuenus, no3BOJSIOUIME TPOrHO3UPO-
BaTh Pe3yJbTaThl 1 ONTUMHU3UPOBATH MPOLEAYPY O0yUEHUSI.

Hauano ¢opmaiibHbIM MOAXOAAM K MOOenuposanuio npoyeccos o0yyenus ObLIO IOJI0KEHO
I'. D66uHray30M B HcCIeI0OBaHUSAX YeloBeueckoi nmaMsatu B KoHIe XIX Beka [17]. im Obuta npen-
Jo’KeHa KpuBasi 3a0bIBaHUS (UM coxpaHeHus) yueOHoi nHpopmanuu. [locnenyromue uccnenona-
HUS IPUBEJH K CO3JJaHUI0 MOHOTOHHBIX aCHMITOTHYECKHX U CTOXACTUYECKUX MOJiesel o0ydaemo-
CTH. DTU MOJIEIH MOCIYXUIU PYHIAMEHTOM JJIsl pa3BUTHs pabOT MO MOJEIUPOBAHUIO MPOLIECCOB
D0, B TOM YHUCIE K BBIIBIKEHUIO KOHIEMIINH YKCIIEPTHBIX U MHTEJUICKTYAIbHBIX 00YYaOIIuX CH-
creM. Unen unatennexkryanusanuu 90 U COOTBETCTBYIOIIME MATEMAaTUUYECKHE MOJECIH HAYWHAIOT
INPUMEHSTHCS B CUCTEMaX CETEBOTr0 00ydeHus, B pa3paboTke 00pa30BaTebHBIX OPTAJIOB.

Jlia onucanust copepxanusi U npoueccoB D0 yke UCMONb3YIOTCS AUCKPETHbIE MaTeMaTHye-
ckue Mojenu (cm., Hanpumep, [18, 19]), nonomHUTENbHBIE HCCIEA0BaHNS KOTHUTUBHBIX MOJIENIeH
HEOOXOMMBI, B YaCTHOCTH, JJIs afanTuBHOrO 00ydeHus (AO).

Lenv 0annoti cmamou — uccnenpoanre KM npoueccoB AO. B ocHOBY pabOThI 10JI0KEHBI Me-
TOJIbI CHCTEMHOTO M OHTOJIOTHMYECKOTO aHanu30B [20], meaarornueckon MCUX0JIOTUM U IUIaKTHKH,
JTUCKPETHON MaTEeMAaTUKH M MHOTOJICTHHI OIIBIT aBTOPOB B chepe 00pa3oBaHUs, TCOPUU U TEXHOIIO-
ruii 0. B paboTe UCTOIB3YI0TCSI TEPMUHOJIOTHS U CHMBOJIMKA KHUTH [4].

1 Oprpadbl kak Mmogenu npoueccoB AO

Mopenb niporiecca AO CTPOHTCS CIEAYIOIIMM 00pa3oM: HamboJjee CYIIECTBEHHbIE (PaKTOPBI-
nepemenHble AO CUMTalOTCA BEpUIMHAMU oprpada; oT BEpLIMHBI #; (IEPEMEHHAs U;) K BEPIIUHE U;
(mepeMeHHast u;) IPOBOAUTCA Iyra, €CIIM M3MEHEHHE IEPEMEHHOH 1; OKa3bIBACT HEMOCPEICTBEHHOE
BO3/ICHICTBUE HA MIEPEMEHHYIO 1. DTOW Jyre MPUIMCBHIBAETCS 3HAK (IUIIOCY», €CIIU BO3JEHCTBHE SB-
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JsieTcsl «ycuiieHHeM» (T.€. yBEIUYeHHEe NEPEMEHHOH u; NPUBOIUT K YBEIMUYCHUIO IEPEMEHHOH u;,
YMEHBIICHUE U; IPUBOJUT K YMEHBUICHUIO 1)), U 3HAK «MUHYC», €CIIM BO3JICHCTBHE ABJIAETCH «TOP-
MOXKEHUEM» (T.€. yBEIMUYEHUE IEPEMEHHOH u; MPUBOIUT K YMEHBIICHHIO IIEPEMEHHON Uj, YMEHb-
LICHHUE U; IPUBOJUT K YBEJINYEHHIO U;).

B cucremax 90 MOXHO BBIICIUTh TPH TUIOBBIX CLIEHAPHBIX CXEMBL: IPOCMOTP TEOPUHU, KOM-
NBIOTEPHBIA TPEHUHT, KOHTPOJb. Hanboube BO3SMOXKHOCTH ISl aJlaliTAlliy MPEIOCTABISIET CIie-
Hapuii KOMIBIOTEPHOIO TpeHUHIa. Ero 1enp - 0CMbICIEHUE U 3aKpeIuIeHue y4eOHOro Marepuasia B
cucTeMax JEKIapaTUBHOIO TUMA (AJIEKTPOHHBIX Y4eOHUKAX, BUPTYaJbHBIX y4eOHBIX KaOMHETax),
(dbopmupoBaHUe NPOPECCHOHATBHO-OPUEHTUPOBAHHBIX YMEHHM, HaBBIKOB, MHTYULIMU B CHCTEMax
MPOIEyPHOTO THIA (TpeHaXEPaX, BUPTYATIbHBIX yUEOHBIX JIA0OPATOPHUSIX).

CueHapuy KOMITBIOTEPHOTO TPEHUHIa OOBIYHO COJEP>KaT YEThIPe OCHOBHBIX 1I1ara:

1) mnpenbsBieHue o0ydaromEeMycsl YIPaKHEHHHA MO0 OTAEIBHOMY y4eOHOMY JIEMEHTY WJIH COBO-
KYMHOCTH Y4E€OHBIX 3JIEMEHTOB, C KOTOPbIMU OOYYarOLIUiiCsl TO3HAKOMUJICS B XOJI€ Mpe/iiie-
CTBYIOILIETO IPOCMOTpA TEOPHH;

2) BBINOJHEHHUE O0YUAIOIMMCS 3TUX YIPAKHEHUH;

3) KOMIBIOTEpHas OLIEHKA Pe3yJIbTATOB BHIMOIHEHUS KaKJOTO YIPaXKHEHHUS;

4) oka3zaHue 00y4arolEeMycsl IOMOIIH B ITPOLECCE BBIMOJHEHHSI KaXKI0T0 YIPAKHEHUS.

B kauecTBe npumepa MOKHO pacCMOTPETh TPEX3BEHHYIO MoJenb mpouecca AO B BUAE 3HAKO-
Boro oprpada D; u ero matpuiisl cmexxHoctu A(D;) (pucyHok 1), Te B kauecTBe BeplInH oprpada
IIPE/ICTaBJIECHbI CIEAYIOIINE IEPEMEHHBIE:

*  KOJIMYECTBO BOIPOCOB (YHPaXKHEHUI), KOTOpbIE MOIy4YaeT o0yJyaroluiics Al YCBOCHHUS MOp-
iy yaeOoHoi nadopmaryu (Bepmmnaa B); 2

=  ypoBeHb oOyueHHOCTH (BepuinHa YO); B YO I

*  ypoBeHb oMoty (Bepuuna IT). i yBo 01 +01 11
ks )= - -

Ilepemennyro YO 1enecooOpa3HO paccMaTpH- TR o

Bath B unTepBaie [0,1]. HecmoTps Ha MHOTOOOpa3ne
CIIOCOOOB OIIEHKM YpPOBHSI OOYyYEHHOCTH, UX CYTh
CBOJUTCS K M3MEPEHMIO JIONIM OT HEKOCTO MIACANBHO-  pucymok | — Tpéx3seHHas MOJIEIb MPOIECCA ATam-
'O 3HAUCHUA KPUTCPUSI, BI)I6paHHOFO JJI XapaKTepu- TUBHOTO OOYYCHHUS B BHJIEC 3HAKOBOTO oprpada D,
CTUKH OOYYEHHOCTH. JTO MOXKET OBITh OTHOIIEHUE

KOJIMYECTBA MPABUIBHO BBIMOJIHEHHBIX CYHIECTBEHHBIX OMNEpaluil YIPaKHEHUS K O0IIeMy 4YuCiIy
CYIIECTBEHHBIX OIEpalfii, OTHOIIEHHE KOJMYECTBa HAaOpaHHBIX OAIOB 3a BBIOpAHHBINH OTBET K
MaKCHMaJIbHO BO3MOXXHOMY YHCIy OalljIOB, OLEHUBAIOLIUX YIPAaXXHEHHE C BHIOOPOYHBIMU OTBETA-
MH B CHUCTE€Max JeKJIapaTuBHOro Tuma u T.n. Hampumep, nokazarenu 3¢h(heKTHBHOCTH MPOEKTHOTO
MIOKMCKA, UCIOJIb3yEeMbIE B KaUE€CTBE KPUTEPUEB YPOBHSA OOYUEHHOCTH B TPEHAXKEPAX Il UHXKEHe-
POB, YUUTHIBAIOT KPOME OTKJIOHEHHS OT ONTHUMAJILHOTO PELIEHUS BBIUMCIUTEIbHBIE 3aTpaThl Ha I0-
HCK, HOpPMUPOBaHHbIe K uHTEepBaity [0,1].

Yposens nomouu (BepuuHa [1) MoxxkeT ObITh pa3IMYHBIM: MOJCKA3Ka, HAMEK, TEOpeTHYecKas
nH(pOpMaLIKs UK MOJIHBIA OTBET Ha BONPOC (MOJIHOE ONMKMCAaHKE MPOLecca PEelIeHUs yIIPaKHEHUs) B
CUCTEMaX JIEKJIApaTUBHOI'O TUIIA; BEJIMUMHBI OTKJIIOHEHUH OT ONTUMAJIBHOIO PELICHHUS, PE3yIbTaThl
MIOBEPOYHOro pacuéra pabOTOCHOCOOHOCTH MPOEKTHOTO PELIeHMs, CreHEPUPOBAHHOTO 00ydaro-
LIUMCSI, JEMOHCTPALMs ONTUMAJIbHOIO pelieHus. B 3aBUCMMOCTH OT CTENEHU IOJIHOTHI OMOIIU
Benuuuny I1 yno6Ho npencrasnsate B uatepsaie [0,1]. 3aecek 0 - 310 oTcyTcTBUE MOMOMIH; 1 - moJ-
HOE PelIeHNE YIPAKHEHUS C pa300poM 1 000CHOBAHHEM.

B ocHoBy mMozenu, npencTtaBieHHOW B Bue oprpada Dj, TOJ0XKEHBI CASAYIOMNE TUTIaKTHIe-
CKHE IPEAINOJIOKEHNSI O B3aUMHOM BIIMSIHUU NEpEMEHHBIX nporuecca AO. YBenndeHue uucia Bo-
MIPOCOB-YIIPAKHEHUH B X0j1€ 00y4ueHUsI BEeIET K MOBBINICHUIO ypoBHs oOydeHHOocTH (mnyra (B, YO)
UMEET 3HaK «1+») U YMEHBILIEHUIO ITOMOIIM, OKa3bIBAEMOW B IIPOLIECCE BBHIMOIHEHUS YIPAKHEHUN
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(myra (B, II) umeeT 3HaK «-»). YBelInueHHUE ypOBHSI OOYYEHHOCTH BEIET K YMECHBIICHHUIO KOJUYE-
CTBa yIpakHEHUH U ymeHbleHuto ypoBHs nomoinu (ayru (YO, B) u (YO, II) umeror 3HaK «-»).
VYBenuueHue MmoMouy BelET K YMEHBIICHHIO KOJMYECTBA YIMPAKHEHUN M TOBBIIICHUIO YPOBHS
obyuenHoctu (cootBeTcTBeHHO ayra (I1, B) umeer 3nak «-», a nyra (I1, YO) — 3HaK «+»).

B stoit mpocroii moaenn AO He Bce yKazaHHBIE MPEANOJI0KEHUSI O B3aUMHOM BJIMSIHUM pa3-
JUYHBIX [IEPEMEHHBIX SBISIOTCS OYEBUIHBIMU. Tak, XapakTep BIHMSHHS ITOMOIIY HA YPOBEHBb 00Y-
YEHHOCTH MOXKET ObITh POTUBOMOJIOKHBIM, UCXOJI U3 MPEANOI0KEHHS, YTO BHIIIOJHEHUE YIIPaXK-
HEHHI C TOMOIIBIO (HE CaMOCTOSITENIHO) HE CIIOCOOCTBYET POCTY YPOBHS OOYYEHHOCTH, a, HA000-
poT, ymeHbIaeT e€. B aTom ciydae ucronb3oBaHHe MOMOIIKM MOXXHO paccMaTpuBaTh KaK aHAJIOT
¢bynkuuu mrpada, u e€ yBeIHnueHHEe BICUET 3a COOON CHM)KEHUE YPOBHSA OOYYEHHOCTH U IMOBBIIIE-
HUE KOJIMYeCTBa BOMPOCOB-ynpakHeHuil. [IpuHsaB Takoe npeamnosnoxenue, HeodxoaumMo B oprpade
D cmenuts 3Haku ayr (I1, YO) u (I1, B) Ha npoTUBOII0/I0KHBIE.

3HakoBbIe oprpadbl MO3BOJSAIOT HAMJIAIHO BU3YalM3UPOBATh OCHOBHBIC XapaKTEPUCTHKHU MPO-
necca AO (B Buze BepnH oprpada), yKazaTh CBSI3U MEXy HUMU (B BUJE OPUEHTHPOBAHHBIX JYT)
U XapaKTep STUX CBS3eU - yCWIIEHHE WU ociabieHue (B Buue 3HaKoB Ayr). Moaens AO B Buae
3HakoBOro oprpada 30 Mmo3BOJISET paccMaTPUBATh U AaHAIM3UPOBATH CBS3H MEXKIY XapaKTEPUCTH-
KaMM MPOEKTUPYEMOTo Uin peanu3oBaHHoro mporecca AO. B atoit mogenn AO Bce Bo3aelcTBUA
MEepEMEHHBIX (BEPIIUH) IPYr HA JApyra OJMHAKOBBI MO CHUJIE, TTOCKOJIBKY BEC KaXKIOW Ayrd paBeH
eanHuIle. 3HAKOBBIA oprpad MOKHO TPAKTOBaTh KaK CTPYKTypHYIO Mojnenb mporecca AO. bonee
TOYHYIO IMAPaMETPUIECKYIO MOJIENIb MOXKHO TIOCTPOUTH, IPUITHCHIBAS IyraM oprpada pazanyHbie
Beca, YTO MPUBOAUT K B3BEHIEHHOMY oprpady. Takoil Bec HHTEpIpPETUPYETCs KaK OTHOCUTENbHAs
cuiia BO3JICHCTBUS M MOXKET OBITh MOJOKUTEIbHBIM (M1 YCHJIMBAIOIIUX BO3JIEUCTBHI) WM OTPU-
LATeIbHBIM (U1 OCJIA0JISAIOMINX BO3JACHCTBUI).

B kauectBe mpumepa Ha pUCYHKE 2 TOKa3aH B Vo I
B3BELICHHBII oprpad D>, MOCTPOSHHBIH MyTEM B 0,25 |-0,3
npeoOpa3zoBanusi 3HakoBoro oprpada D; (cwm. Ay =VO, -1 | -1
pucynok 1). Beca oprpada D, ompenenens Ha mi-o1) 1

OCHOBE 3BPHCTHYECKHUX MPEANOJIOKEHUH 00
00X 3akoHOMepHOCTIX Mpouecca AQO.

bonee crnoxnast korHutuBHas Mmozenb AO Pucynox 2 — [Ipumep Mozenu aganTUBHOTO 00ydeHHS B
MOKa3aHa Ha pUCyHKe 3. B He€ BKIIIOUEHBI Takue BHJIC B3BEIICHHOTO oprpada D,
JIONIOJTHUTENbHbIE (DAKTOPBl (BEPILMHBI), Kak
00BEM M3ydyaeMol mopuuu yueOHOro Marepuana
(OM), cnoxnHocts Marepuana (CM), ypoBeHb
crocobHocteil odywaromuxcs (YC). Ux Benu-
YMHBI, XapaKTEPU3YIOIINE UCXOAHBIE TOKa3aTe-
U MOJIEIMPYEMOIO Ipoliecca, TaKkKe MOXKHO
HOpMHUpoBath K uHTepsainy [0,1]. B nanHo# mo-
JICJI OHU OKa3bIBAIOT BIIMSHUE JIMILIb HA BEPLIU-
el B, YO u I, HO 0OpaTHBIX CBsI3€i OT HUX HE
uMmeroT. Biustnue apyr Ha apyra BepmrHbl OM,
CM, YC Ttakxe HE OKa3bIBaIOT.

Pucynox 3 — IIpumep Gosee cioxHOM| Moaenn
a/IalTHBHOTO 00y4YeHNUs

2 WNmnynbCHbIe Npouecchbl
BO B3BelUeHHbIX oprpadax

Paccmotpennsie oprpadsl AO SBISIOTCS CTATUYECKUMU, B TO BPEMs KaK peallbHbIE MPOIIECChHI
AO sBnsercs nuHamudeckum. s ananmusza mozaeneit AO B BuJie B3BEHIEHHBIX oprpadoB HEOOXO-
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MO TIOCTPOUTH AJITOPUTM yu&éTa BIMSHUSA U3MEHEHUI OAHON BepUIMHBI HA Apyrue. B ocHOBY Ta-
KOI'0 aJIrOpUTMa MOKET OBbITh II0JIO’KEHA UEsl UMITYJIbCHOIO npouecca [4]. B HekoTopyro BepluHy
aHaJIM3UpyeMoro oprpada BHOCUTCS BHeIlIHee Bo3MylleHue. Hanpumep, B Bepmnny B (cMm. pucy-
HOK 2) 100aBJsieTCss HEKOTOPOE KOJUYECTBO BOMIPOCOB-yIpaxkHeHUH. Jlaiee paccmarpuBaeTcst pac-
MIPOCTPAaHEHHE HAYaJIbHOTO MMIYJbca M ompenesstorcs 3HadeHus BepumH YO u II. g sroro
MOKHO PaccCMOTpPeTh oprpad, 7 BEpIIMH KOTOPOTO MPEJICTaBICHBI COBOKYIMHOCTBIO Uy, U, ..., Up.
[lycTh Kaxaas BeplIMHA #; B XOJ€ MMITYJIbCHOTO IMpoliecca MPUHUMAET 3HAaYeHHE Vi(f) MO 1Iaram
uMItysbcHoOro npouecca ¢t =0, 1, 2, ... v T.11. 31ech HaYaNBHBIN 1IAr BbIACNIEH OTAeNbHO (=0) B cuity
€ro oco0oi 3HauMMocCTH. 3HaueHue v,(1+1) onpenensercs 3HaueHueM vi(f) U nHHopMaIen o Tom,
YBEJIMYEHBI MM YMEHBIICHBI 3HAYEHHUS APYTUX BEPIIUH U, CMEKHBIX C ;, Ha mare ¢. Jia onpene-
JIEHUS 3HAYCHHWI BEPIIUH UCIIOIB3YETCs cieayromas Gopmyia [4]:

n
vl.(t+1)=vl.(t)+ Z x(uj,ul.)pj(t), (1)
j=I1
rie x(uj, u;) - BEC Iy’ U3 BEPUIMHBI U; B BEPIIUHY u;, IPH 3ToM x(u;, u;) = 0, ecnm xyra (v, u;) oT-
CYTCTBYET; p;(f) - U3BMEHEHHE B BEPILLUUHE 1; HA 1are 7.

B cootBerctBuu ¢ (1), ecin, Hanpumep, UMeeTCs Iyra U3 #; B 1; C BECOM X U 3HAYEHHE BEPIIH-
HBI 1/; BO3PACTAET HA IIare / Ha HEKOE YKCJIO z, TO 3HAaYE€HUE BEPILUHBI 1; Ha 1are /+1 Bo3pacTaeT Ha
BEJIMYUHY Z°X.

CrnenyeT pa3nuyarh MOHATHE UCXOMHOTO Vi(UcX.) U HadalbHOTO V;(()) 3HaYeHHUI B KaXXI0H Bep-
wuHe u;. [Ipu s3Tom

vi(0) = vi(ucx.)+pi0), 2)
rae pi(0) - HauaabHBIA UMIYJIBC (U3MEHEHHE Ha 1mare ¢ = () BEpIIUHBI U;.

W3menenue p,(f) B BepumuHe u; npu >0 Ha3bpIBa€TCs MUMIYJIbCOM B BEpUIMHE ; HA IIare ¢ u

OIIpesIeIIsAeTCs KaK
pit) = vi(t)-v(t-1). 3)

Jlanee ucnonp3yroTcs cienyromyue 0003HaueHUs

V(ucex.) = (vi(ucx.), va(ucx.), ..., vy(ucx.)) - BEKTOp UCXOIHBIX 3HAUCHUH BEPIIUH;

P(0) = (p1(0), p2(0), ..., pn(0)) - BeKTOp HaUaTBHBIX UMITYIIbCOB (¢ = 0);

P() = (pi(t), pa(t), ..., ps(t)) - BEKTOp UMITYIBCOB HA 11are >0);

V(t) = (vi(t), va(1), ..., vu(t)) - BEKTOp 3HAUECHUI BEPIIMH Ha mmiare > ().

JIMIaKTUYECKy0 MHTEPIPETALMIO BBEIEHHBIX MOHATHI MOYKHO PacCMOTPETh HA IIPUMEPE Op-
rpada D, (cM. pucyHok 2). [TycTh BEKTOp UCXOIHOTO cocTosiHUA V(ucx.) 3TOi MOIenu XapaKkTepu-
3yeT BHYTPEHHEE UCXOIHOE COCTOsIHME cucTeMbl AQO, MpUYEM B TOM BEKTOPE MOXKET OTINYATHCS
OT HYJISl TOJIBKO YPOBEHb IIOMOIIIH, T.€. 3HaueHue BepiuHsbl [1, 1 3T0 3HaUeHHe XapaKTepu3yeT MakK-
CHUMaJIbHO BO3MOJKHBIH YPOBEHb IIOMOIIH, BIOKEHHBIN pa3zpadorunkamu B cucreMy AO: V(ucex.) =
(0, 0, 1), T.e. uncno BompocoB-ynpaxkuennit B = 0, ucxoaueiii ypoBenb o0yuenHoctu YO = 0, a
MaKCHMaJIbHbIA ypOBEHb BCTpOeHHOU nomoutu [ = 1.

KomnoHeHThl BeKTOpa Ha4aJIbHBIX UMITYJILCOB P(0)) MOXKHO TPAaKTOBAaTh KAK BHEIIHHUE HMCXOJ-
Hble (akTopbl. [lepBblii KOMIIOHEHT 3TOr0 BEKTOpa — 3HAUYEHUE BEPIIMHBI B — ompenensior Kak
YHCIJIO BOIIPOCOB-YIPAKHEHUH, KOTOPBIE MOJy4aeT B Xo/Je y4eOHOil paboThl KOHKPETHBIN 00ydaro-
IMHCA ¢ UCXOJHBIM YpoBHEM 00ydeHHOCTH YO - BTOphIM KOMIOHEHTOM BekTopa P(0). Tperuii
KOMITOHEHT JJaHHOT'O BEKTOpa — 3HaueHue BeplInHbl [1 — nHTepripeTrpyeTcs Kak BHEUIHSS TOMOIIIb,
KOTOpast MOKeT OBbITh Oka3aHa oOyuatomemycs. Hanpumep, P(0) = (5, 0.2, 1) o3HavaeT, 4yTO KOH-
KpeTHOMY 00ydJaromnieMycsi ¢ HauaabHbIM ypoBHeM oOydueHHocTH YO = 0.2 B 1uanore ¢ KOMITbIOTe-
pom Oynet aaHo 5 ynpaxkHeHu# (B = 5) u B Xo/ie BBIINOTHEHUS YIPAXKHEHUN eMy Oy/IeT OKa3bIBaTh-
Csl TIOMOIIIb, UCXOJHBIN YPOBEHb KOTOPOH Oy/neT MakcuMaiabHO BO3MOXKHBIM (I = 1).
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C ucnonb3oBanueM ¢opmyi (1-3) MOKHO paccMOTpETh MOCIEI0BATEIbHOE H3MEHEHUE 3HAaUe-
HUH BepIIrH oprpada B Xo/1e pa3BUTHS UMITYJILCHOTO IIpoliecca, HaunHas ¢ mara ¢ = 0:

V(0) = V(ucx.)+P(0);

V(1) = V(0)+A"P(0) = V(ucx.)+P(0)+A"P(0), P(1) = A" P(0);

V(2) = V(1)+ATP(1) = V(uex.)+P0)+ATP0)+(A")* P(0), P(2) = (A")’P);

V@) = V(t-1) +A"P-1) = V(uex.)+P0)+A"P0)+(A")’ P0)+...+4")'P(0), Pv) = (47)'P(0).

3nech A - MaTpHIA CMEXHOCTH Oprpada pasMepoM 1 X71; HHACKC '~ 03HA4aeT TPAHCIIOHUPOBA-
HUE, a t - CTENEeHb (MPU 3TOM KO3(PPUIIUEHTH MaTpHIlbl A, COOTBETCTBYIOIINE AyraM oprpada, mo-
JararoTcs paBHBIMH BEJIMUYMHAM BECOB JYT).

[Ipeobpasys 3akitouuTENbHOE BhIpakeHUe AJsl V(#) B 3TOi MOCIeA0BaTEIbHOCTU C LIENBI0 €ro
YIPOUICHHUS, aITOPUTM PA3BUTUS MMITYJIBCHOTO IMPOIECCa MOXKHO IMPEICTABUTH CIEAYIOIIEH MaT-
PUYHOI (POpMYIIOii:

V() = V(uex.)+HI+A+A*+...+4) " P(0), 4)
rae I - enuHuYHas MaTpUIla pa3MepoM 71 X7.

Beruncnenus mo ¢opmysie (4) MO3BOJISIOT MOACITUPOBATh TUHAMUKY Tporiecca AO, uccneno-
BaTh U MPOTHO3UPOBATH €T0 PE3yIbTAThl - KOHEUHBIC 3HAUEHUSI BEPIIMH oprpada B UMITYIHCHOM
nponecce. Hanpumep, 3amaBas mapametpsl B oprpade D, (cMm. pucyHok 2) B Bektope V(ucx.), a
BHEIIHUE UCXOIHbIE MTapaMETPhl, B TOM YUCIIE HCXOAHBII ypOBEHb 00YUEHHOCTH 00y4YaroIerocs, B
BekTope P(0)), MOXKHO AaTh IPOrHO3 YPOBHSI 00YYEHHOCTH 00Y4aroIEerocs, MoJIy4eHHOI0 110 OKOH-
YaHUHM KOMITBIOTEPHOTO TpeHUHTa. Ecliu BHIMOIHEHHE KaXKI0ro YIMPa)KHEHUs OTPaHHuYEHO IO Bpe-
MEHH, TO MOJYYUTCS COOTBETCTBUE JJAHHOW MOJIENIM NIEPBOM 3a/1a4e ONTUMAIIHOTO 00ydeHus. Eciu
TpeOyemblil ypoBeHb 00YUYEHHOCTH 3aJaH, TO, UCIIOJIb3Yys UMITYJIbCHBIN Tpolecc B oprpade, MOKHO
mo100paTh HEOOXOAUMOE YHCIIO YIPaKHEHHH JUIS TOCTH)KEHUS 3aJaHHOTO YPOBHS OOYYEHHOCTH,
YTO COOTBETCTBYET BTOPOM 3a/jaue ONTUMAIBLHOIO 00YUYEHHSI.

NMnynbCHBIN mpoLecc, COOTBETCTBYIOIIUN GopMmyiie (4), MOXKET ObITh YCTOMYMBBIM WIIM HE-
YCTOHYHMBBIM. B yCTOWYUBBIX UMITYJIBCHBIX MPOIIECCaX 3HAUCHUS BEPIITUH BBIXOJSAT HA aCHMIITOTY.
B HeycTOWUMBBIX Mpolieccax BO3MYIIEHUE, BHOCUMOE B OJHY M3 BEpPLIMH, IPUBOAUT JUOO K BO3-
pacraronM KoJieOaHusIM 3HAUYEHUH BEpIIUH oprpada, 100 K HEOTPAaHUYCHHOMY HX YBEIWYCHHIO
WIn yMeHblIeHuto. CylecTBYIOT pa3Hble ONpeAeIeHHUs YCTOMUMBOCTH MMITYJIBCHBIX MPOLIECCOB B
oprpadax, B 4aCTHOCTH, B padoTe [4] onmpeneneHsl ABa MOHATHS: TPOCTast U aOCOIOTHASI UMITYJIbC-
Hasl yCTOMYMBOCTB. 3/1€Ch M Jlajiee 11e71eco000pa3HO rOBOPUTH 00 aOCONIFOTHOM UMITYJIbCHOW yCTOM-
YUBOCTH, JJII KOTOPOM B COOTBETCTBUU C [4] UMITYJIbCHBIN MPOIIECC XAPAKTEPUIYETCS ACUMNIMOMU-
YyecKUM NPUOIUNCEHUEM 3HAYEHUN 8EPULUH K HEKOMOPLIM (DUKCUPOBAHHBIM BETUUUHAM.

B xagectBe mpuMepoB Ha pUCYHKE 4 MPUBEICHBI TPAPUKHA PA3BUTHS HEYCTONYHBBIX UMITYIIhC-
HBIX MPOLIECCOB OTHOCUTENBHO BepimHbl YO B oprpade D, ¢ pazubimu 3Hakamu BecoB ayr (11, B)
u (I, YO). Ha rpadukax 3HaueHUS COCETHUX UMITYJIbCOB COEAUHSIIOTCS JTUHUSIMH TOJIBKO U3 CO00-
paXEHUH HarJIAIHOCTH.

HeycToiiunBOCTh UMITYJIBCHBIX IIPOIIECCOB B Ooprpade 03HavyaeT, YTo BhIOpaHHAsi MOJIENb SABJIS-
eTcsi HepaboTOCIOCOOHOH (OHA HE MO3BOJIAET MPOTHO3UPOBATH pe3ynbTaThl nporecca AO) u HeoO-
XOJIUMO U3MEHUTD €€ CTPYKTYpY J100 mapaMeTpbl — Beca Ayr oprpada.
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Pucynox 4 — I[Ipumeps! rpayukoB HEYCTOWYMBBIX UMITYJILCHBIX ITPOIIECCOB BO B3BELICHHBIX Ooprpadax

3 Ontumusaumsa napameTpoB oprpacos AO

UccnenoBanust mapameTpoB (BecoB ayr) oprpadoB, MpeICTaBIIONINX Moaenu nporeccoB AO,
NOKa3allk, YTO TMOA00paTh ATH MMapaMeTpPhl TakK, 4TOOBI oprpad ObLII UMITYJIBCHO YCTOWYHMB U UMEI
BBICOKYIO CKOPOCTb CXOAMMOCTH 3aTPYIHUTEIHHO JIaXKe OTBITHOMY DKCIIEPTY.

B pabote [4] moka3zaHo, 4YTO UMITYJIbCHBIN TTpoliecc B oprpade Oyaer abCOMOTHO YCTOMYUBBIM,
€CIT Ka)KI0€ COOCTBEHHOE 3HAYEHUE MATPHUIIBI CMEXHOCTH oprpada 1mo abCcoOTHON BeTMYNHE HE
NPEBBINIACT CIUHUIIBI. B 3TOH ke paboTe ObLTN MPEI0KEHBI HEKOTOPBIC YaCTHBIC TPUEMBI aHAITH-
3a yCTOWYMBOCTH Oprpad)oB U M3MEHEHUSI UX CTPYKTYPHI C LENbI0 JOCTHKEHHSI YCTOMYUBOCTH, HE
npuberas K TpyA0EMKUM BBIYHCICHUSM COOCTBEHHBIX 3HAUCHH.

ITpu uccnenoBannu Mozaeneit AO mpenIokeHo UCIoNIb30BaTh 00Jiee YHUBEPCAIbHBIN MOAX0/ K
1o 00py HapaMeTpoB aOCOJIIOTHO YCTOWYHMBBIX OpPrpadoB, OMHPAIOMIMNCS HA YKa3aHHbBIC BBIIIE
MPU3HAKK YCTOWYUBOCTH U OCHOBAHHBIN HA OMTHUMH3AIMK 3HAYEHUH BecoB AyT oprpados [18].

[Tycts ontumusupyemsiit oprpad AO 3agaH matpuieil CMEXHOCTH A pa3MepoM n Xn. Bekmop
NPOEKMHBIX NEPEeMEHHbIX - ITO BEKTOP BapbHPYEMBIX BECOB YT oprpada

X = (X1, X2y eey Xiy wvey Xim)- &)

Kpome BappHpyeMBIX BECOB X; B MaTPHIIE CMEKHOCTH Oprpada MOTyT MPUCYTCTBOBATh U (PUK-
CHPOBAHHBIE Beca, KOTOPbIE HE BXOASAT B BEKTOP MPOEKTHBIX MEPEMEHHBIX.

Ha Bec kax1oif BappupyeMoii YT HaKJIaIbIBAIOTCS OTPAaHUICHUS

xk € [k di, (6)
rzie ¢k U dy— MUHMMaJIbHO U MaKCUMAaJIbHO BO3MOKHBIE 3HAUECHUs IEPEMEHHOM X; COOTBETCTBEHHO.
OTH OrpaHUYeHHs 3a/1at0Tcsl pazpaboTankoM Mojen AO Ha OCHOBE IBPUCTUUYECKUX COOOPAKEHUIA
0 B3aMMHOM BIIMSIHUU paznu4HbIX (akTopoB AO (BepuiuH oprpada) npyr Ha apyra. CoOCTBEeHHbIE
3HAUEHUS] MaTPHIBl A MOXXHO TPEJICTaBUTh B BUIE BekTopa A = (Ay, Aoy ...y Ajy ...y Ay), THHE A; =
aitb;i, T.e. A; MOKET OBITh JICHCTBUTEIHHBIM MM KOMIUIEKCHBIM YHCIIOM.

Dyukyua yenu

SX) =max([Aif, Ao, ..oy (A, - [, (7
rze |A; - abconoTHas BEIMYMHA A;.

C yuéroM BBeIEHHBIX 0003HAUEHHUM M YKAa3aHHOTO BBIIIE YCIOBUS a0COIMIOTHON yCTOWYMBOCTH
MMIYJTBCHBIX TIPOIIECCOB B oprpadax MOXKHO CPOPMYIMPOBATH 3a/1a4y ONTHMH3AINN:

munumuzuposams f(X) npu ozpanuuenusax xi € [cy, di. (8)

B kadecTBe anropuTMa ONTHMHU3AIMH IEIECO00Pa3HO WCIIONB30BaTh WAEH MeToaa MoHTe-
Kapno (MMK). Ucnons3yemsiit anroputm MMK coctouT B mocneaoBaTebHOM aHalu3e (pobdax)
CllyyaifHO BBIOpAaHHBIX TOUEK B JOMYCTHUMOM 00JaCTH MPOEKTHBIX NepeMeHHbIX. KoopauHaThl Touek
Ha KaXJ01 po0Oe MPUMEHHTENBHO K ITOCTABICHHOM 33a/jau€ MOKHO BBIYHCIIATH 1O (popmyre

Xip = CkH(di-ci) Eips )
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r7ie p — NOPSAKOBBIA HOMEP MPOOBI MpoIlecca CTATUCTUYECKUX UCTIBITAHUI;

Eip — CllydaifHOE 4UCII0, PABHOMEPHO pacnpenenénnoe B unrepnaie [0,1].

Bri6op MMK o0ycnoBieH Tem, uto B HEM He TpeOyercs 3aaBaTh UCXOAHYIO TOUKy. Jlocra-
TOYHO yKa3aTh JIUIIb 00J1acTh MOUcKa (cM. hopmyiy (9)).

Kaxnas ciaydaiinas nmpoba mporecca ONTUMHU3AIMK TPeOyeT BBIYUCICHUS COOCTBEHHBIX 3HAUe-
HUN MaTpuIlbl cMexXHOCTU oprpada A. M3BecTHO, UTO YUCIIO A SBJSETCSI COOCTBEHHBIM 3HaYCHHEM
Matpulsl A, eciiu

det(A-\I) = 0. (10)

Breipaxxenue (10) Ha3bpIBaeTCs XapaKTEPUCTHYECKUM ypaBHEHHMEM MaTpuilbl A. PackpeiBas

OIPEAEIUTEND B 3TOM YPaBHEHUHU, MOKHO MOJIYYUTh XapaKTePUCTUUECKUI MHOTOYJIEH
Ci(\) = det(A-LD)=a,\"+a, N +...+a )\ +a.

CoOcTBeHHBIC 3HAYECHUSI MATPHILIBI A COBMAJAIOT C KOPHIMHU XapaKTEPHUCTUYECKOTO MHOTOUJIE-
Ha. TouHoe aHanuTHYeckoe pemieHue ypaBHeHus (10) yxe nmpu n>3 TpyaHO NOTYYUTH, TOITOMY
JUIs HAXOXKJICHUS COOCTBEHHBIX 3HAYCHUN MATPHUIIBI A MOKHO HCIIOIB30BATh MPHUOIMKEHHBIH aro-
puTM SIKOOU C TOHMKEHHUEM HOPMBI I IEHCTBUTENBHBIX HECUMMETpUUHBIX MaTpuil [21]. UTorom
PabOThI AJTOPUTMA SBISETCS OIOYHO-IHATOHAIBHAS MaTpuua A pasMepHOCTBIO 71xn: Giokn 1x1
coJIeprKaT JIeHCTBUTEIbHbIE COOCTBEHHBIE 3HAUEHMSI, a OJIOKU pa3mepa 2 X2

By

COOTBETCTBYIOT KOMIUIEKCHBIM 3HAUEHUSAM A=axhi; IpU 3TOM COOCTBEHHBIC 3HAUCHHUS PACIIOJIONKE-
HBI B MaTPHIIE A'B nopsiaKe yObIBaHMs UX aOCONIOTHON BEIMYUHBL.

B kadecTBe nmpumepa paccMaTpuBaeTcs TPEX3BEHHBIN oprpad (CM. pUCYHOK 2), B KOTOPOM Beca
IyT TpeAcTaBlIeHbl BEKTOpoM X = (X;, X2, X3, X4, X5, X5) U 3a(pUKCHUPOBAHBI MEPBBIC MATh MEPEMEH-
HbIX BekTopa X = (0.25, 0.3, -1, -1, -0.1, x). Bapsupys Becom ayru (I, YO) x B auanasone [-1, 1],
MOKHO TIOCTPOUTH rpaduku n3MeHeHus 1eneBoi GyHkiuu fX) 3aaauu ontuMusanui (8) U KOMIIO-
HEHTOB MAaTPHUIIbI COOCTBEHHBIX 3HAYCHHI A NENCTBUTEILHOIO COOCTBEHHOIO 3HA4YEHUSI A; U Be-
JINYUH a U b - COCTaBIISIIONIUX KOM-

—

IUIEKCHBIX COOCTBEHHBIX 3HAYEHHH l'i""*-. | ‘ ‘ fe

A3 = axbi, (pucyHoOK 5). i \“\ Jixi "iﬂ B [ R A
B 1aHHOM cIyyae BEKTOp HpO- ﬁ‘E_ ke e ) f

EKTHBIX TIEPEMEHHBIX X COJEPIKUT ':"‘__,i’.'.a-r#"'"_ﬁg\ i

TOJIBKO OZHY IEpeMEHHYIo x. B nua-

[ K
nasoHe x ot - 1 g0 - 0,35 f(X) yOsiBa- oo Ars=asbi —]; b ¥l
€T U COBINAJaeT C JCHCTBUTEIBHBIM 42 Tl = ! g
il R e e M
coOCTBEHHBIM 3HaUYC€HUEM A (CM. pH- AT B a5 a1 % 4 dam e 04 g
CyHOK 5a). [lanmee ¢ yBenmuueHueM x a) 6)

ot - 0,35 BenmuuuHa f(X) onpenensieT-  Pucysok 5 — M3menenue neseoit GyHKIMH () 1 CKOPOCTH CXO/MMO-

Ccs KOMILUIEKCHBIMA COOCTBEHHBIMU  CTH MMIIyJIbCHOrO npolecca (6) B oprpade npu BapbUpOBaHUH 3HaUe-
wuii nyru (I1, YO)

3HAYCHUAMU /12,3 1 CHaydajla HEMHOI'O

YMEHBIIAETCA, a 3aTEM BO3pacTaeT u npu x = 0,7 nepexoauT yepe3 eauuuily. OnTuMaibHOE 3HaUe-

Hue xo= - 0,195; f(xo) = 0,473. IIpu x = x(, MaTpuIa COOCTBEHHBIX 3HAYCHUN

-0,186 -0,435 0
A'=| 0435 -0186 0
0 0 0373

Takum oOpasom, B auamazone BecoB ayru (I1, YO) x € [-1, 0.7] ummynbCcHBIN mpoiiecc B pac-
cMaTtpuBaeMoM oprpade yctoitunB. CKOPOCTbh CXOJUMOCTH UMITYJIBCHOTO MPOIecca, XapaKTepHu3y-
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eMasi YMCJIOM IIaroB f., MOCJEe KOTOPhIX 3HAYCHHS BEPIIMH MPAKTHUYECKU HE W3MEHSIOTCS, CYIIIe-
CTBEHHO 3aBUCHUT OT BenuuuHBI f{X) (cM. rpaduk uzmenenus ¢, npu Mucx.) = (0, 0, 1) u P(0) = (5,
0, 0) Ha pucynke 50). ITo Mmepe ymenbmenus f(X) abCOMIOTHBIC BEIMUYUHBI COOCTBEHHBIX 3HAUYCHHM
MaTpPHIIBI CMEKHOCTH oprpada BRIPaBHUBAIOTCS U B Tpeelie MpUOImKaTes K Hymro. [Ipu sTom Ha
KPUBBIX Pa3BHUTHUSI UMITYJIbCHOTO MPOIECCa aMIUTUTYIAHbBIC BCIICCKH CIIIXKHBAKOTCS, U CKOPOCTB
CXOJIMMOCTH BO3pacTaeT (PUCYHOK 6).
VO o
1.0

b1y

X=(02,-b.1,-05,-0.5,-0.1,-0.2)
=01, A:=0.09, 1=0
fiX) = | A|max = 0.1

X=(025.03.-1.-1.-0.1.-0.2
A=0.37. Ax=-0.18+0.43i
fiX) = | Amex=0.47

_—_ — — =

2 4 6 8 10 I0=111 1

PucyHok 6 — Biusinue BeudrH COOCTBEHHBIX 3HAYCHUI HA KPUBBIC PA3BUTHUSI MIMITYJICHOTO IIPOIIECCa U CKOPOCTh
cxoaumoctH B oprpade mist F(ucx.) = (0,0, 1) u P(0) = (5, 0, 0)

Pe3ynbTaThl BBIYHCIUTEIBHBIX YKCIEPUMEHTOB IOKA3hIBAIOT Takxke, 4To (GyHKiusa memn fX)
SBJISICTCS MHOTO3KCTPEMAJIbHOM, 00J1afiaeT OOJIbIINM YHUCIIOM JIOKAIbHBIX MUHUMYMOB. [Tonananue
B JIOKAJbHBIHN MHUHUMYM OIIPCACIIACTCA HCXOJHBIMH 3HAUYCHUSAMU IapaMETPOB BCKTOPaA Xu orpaHu-
YEHUSIMU Ha HUX, T.€. poJib pa3paboTunka Mojeneil AO, Ha3HAYaIOWIEro 3T 3HAYCHMS, SBISETCS
BECbMa CYIIECTBEHHOM.

4 MeToaguka noctpoeHusa mogeneun AO

O0600mas pacCMOTPEHHBIM MOIX0/ K MOACIUPOBAHUIO TIpoiieccoB AO ¢ MOMOIIBIO B3BEIICH-

HBIX OprpadoB, MOKHO MPEUIOKUTH CIIEAYIOIINE 3Tanbl nocTpoeHus mojeneit AO.

1) omnpenenenue Hanbosiee 3HAUMMBIX (AKTOPOB MojenupyeMoro mpormecca AO (BepmmH oprpa-
ba).

2) BBISBICHHUE B3aUMHBIX CBS3€HM MEXIy STUMHU (HaKTOpaMu ¢ OTOOpPaKEHUEM UX B BHJI€ OPUEHTH-
poBaHHBIX p&bep (ayr) oprpada u 3HaKOB.

3) Ha3zHa4YeHWE YHCJICHHBIX JMAla30HOB BECOB AYr oprpada Ha OCHOBE IBPHCTHYECKHX COOOpa-
KEHUH O CTENEeHHU B3aUMHOTO0 BIusHUS (pakTopoB AO.

4) onTHMH3aNUs BECOB AYT oprpada JuIst JOCTHKEHHS YCTOHYUBOCTH M CXOJUMOCTH MUMITYIIECHO-
0 Ipoliecca ¢ HOMOIIBI0 PACCMOTPEHHOTO AITOPUTMA ONTUMH3ALIMH.

5) aHanu3 MoJeNM Ha aJeKBAaTHOCTh. B Xoje aHanu3a M3MEHSIOT 3HAYEHUS! KOMIIOHEHTOB BEKTO-
poB W(ucx.) u P(0) u paccMaTpuBalOT KOHEUHBIH YpOBEHb 3HaUCHHH BepIIMH oprpada c uc-
MOJIb30BaHUEM (4), OIICHUBAS UX C TOYKU 3PEHUS IBPUCTUUYECKUX COOOpaKEHUN O MOJIEIUpPYe-
MoM mpouecce AO.

6) mnpoBepka JOCTOBEPHOCTH MOJENU B XOJ€ MEJarormyeckux IKCIHEPUMEHTOB Ha KOHKPETHOMN
cucteme D0.

7) xoppekTupoBKka Mozenu (1. 1-5) mo pe3ynbpraram neaarornyeckux SKCIEePUMEHTOB.

5 ConocTtaBneHue c negarorm4eckMm 3KCNepuMeHTOM

B nmenarormueckoM 3KcrepuMEHTE y4acTBOBAJIM JIBE€ IPYIIBI O0y4aromuxcs: ciymaTtennd Qa-
KyJbTeTa mnoBbiieHus kBanupukanuu npenogaBateneit (PIIKIT) Camapckoro ynusepcuteta (10
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YEJIOBEK) M CTYIEHTHI TpeThero Kypea (10 genosek). B skcniepumente co cinymarensmu OIIKIT uc-
MOJIb30BAJIOCH DJIEKTPOHHOE y4eOHOe 1mocobue Mo Kypcy «MeToibl M TEXHOJIOTHH 3JIEKTPOHHOTO
JUCTAaHIIMOHHOTO OOyUYeHUs», OJUH U3 YU4EOHBIX 3JIeMeHTOB TeMbl «llcuxonornyeckne MexaHU3Mbl
YCBOEHUS 3HaHUN». B 3KkcnepuMeHTe cO CTyA€HTaMU — 3JIEKTPOHHOE ITocodue 1o Kypcy «OCHOBBI
CAIIP», oquH u3 y4eOHBIX AJIEMEHTOB TeMbl «MaTeMaTtudeckas (pOpMyIHpPOBKa MPOCKTHBIX 3a-
auy.

B xone skcniepumenTta oOyuaroiuecs: paboTail ¢ 3JIeKTPOHHBIM yueOHBIM MTOCOOMEM B COOT-
BETCTBUU ¢ TUNOBBIMU cueHapusaMu D0 (cM. pazgen 1). CHauana 3HAKOMUIMCH C TEOPETUUYECKON
4acThi0 y4eOHOro maTepuaina, 00bEM KOTOPOil COOTBETCTBOBAI MPUMEPHO OJHOM MeuaTHOM cTpa-
nute. [lanee paboTanu ¢ mocodueM B pexxuMe KOMIBIOTEPHOT'O TPEHUHTa 10 TeopuH. B KoHIe 3KC-
MepUMeHTa 00yJaronrecs: MPOXOIUIA KOHTPOJIBHBIM TECT, B X0J1eé KOTOPOI0 3aMepsyICs JOCTUTHY-
Tl ypOBEHb O0YyUYEHHOCTH.

CpaBHeHue mpoBOAUTIOCH ¢ ABYyMs MoneinsiMu AQO: TpEX3BEHHOW MOJAETBI0 KOMITBIOTEPHOTO
TpeHunra Ds (pucyHok 7) u 6oJiee clioxkHOM Mozenbio Dy (pucyHok 8). Ilapametpsr a3Tux mMojaeneit
(Beca nyr oprpadoB) ObLIN ONpeAeTIeHbl B COOTBETCTBUH C MII. 1-5 METOIUKU MOCTPOCHUS MOJIeNIeH

AO (cm. paznen 4).
%
B 0. B YO @
M B o1 o
\'ED A(D3)=vo -0.1 03
-0.1 / T

0.2 ol 0102

1 _(vo
-0.1 / i
Il f{x)=0.332

£l

Pucynox 7 — Mogaens agantuBHOTO 00y4deHHS B Bue oprpada D;

B VO IO OMCM VU
B 0.18 -0.1
volelz 05

A(D4) = I |-01|-02
OM| 020203
CM| 04103504
V| 0303505

f(x) = 0,33

Pucynox 8 — Mojens amantuBHOT0 00y4deHHs B BUze oprpada D,

Pe3ynbpTaThl 5KCIIEPUMEHTA, CPEAHNE MO KaKIO0M IpyIine 3HaueHus: ypoBHs o0ydeHHocTH (Y O-
9KCIL.), B CPAaBHEHUU C TEOpPETHUECKUMHU JaHHBIMU (YOMO/I.), MONy4eHHbBIMU Ha Mojensx Ds (ma-
paMeTpbl MOJIENIU CM. Ha pUCyHKe 7) U D4 (CM. pUCYHOK 8), pecTaBiIeHbl B Tabaumnax 1 u 2 coort-
BETCTBEHHO.

Tabnuna 1 — ConocTaBieHHEe YKCIEPUMEHTAIBHBIX U MOACTBHBIX (st D3) JTaHHBIX

OO0yuatromniuecs V(ucx.) P(0) YOwmoga. YOoker. A%
Cnymarenu OITKII (0,0,1) (4,0,0) 0,67 0,75 +12
CryaeHTbl (0,0,1) (4,0,0) 0,67 0,60 -10

Tabnmma 2 — ConocTaBieHne HKCIEPUMEHTAIBHBIX U MOJCNBHBIX (7151 Dy) TaHHBIX

Obyuaromnuecs V(ucx.) P(0) YOwmon. YOnker. A%
Caymarenu ®IIKIT | (0,0,1,0,0,0) (4,0,0,1,0.5,0.86) 0,76 0,75 -1,3
CTyIeHThI (0,0,1,0,0,0) (4,0,0,1,0.8,0.8) 0,61 0,60 -1,5
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Ucxonnsie nanusie M(ucx.) u P(0) nyis BIMUCICHUN HA MOJEISAX OBLIM MPUHSITHI U3 CIETYIO-
X cooOpakeHUM. Y poBEHb MaKCUMaIbHOW BCTPOEHHOM IIOMOIIM B 3JIEKTPOHHOM IIOCOOMH - Tpe-
THHA KOMITOHEHT BekTopa V(ucx.) 011 npuHAT 1 (B X0J1€ BHIIOJHEHHS TPEHUHTOBBIX YIPaKHCHUM
JIOCTYIIEH MOJHBIN MPOCMOTP TeOopuH). BennunHa nepBoro KOMIOHEHTa BEKTOpPa HAYaJbHBIX UM-
nyabcoB P(()) cOOTBETCTBOBAJIA YHCITY BOIPOCOB KOMITBIOTEPHOTO TPEHUHTA (B SKCIIEPUMEHTE - Ue-
TeIpe Bompoca). O06sEM u3yyaemoro marepuana (OM) - yeTBEPTHII KOMIIOHEHT BekTopa P() B Mo-
nenu D4 sxcriepTHO ObLT onieHeH Kak 1. CiioxHocTh MaTeprasia (CM) - maThlii KOMIIOHEHT BEKTOpa
P(0) B monenu Dy - xcriepTHO ouieHena B 0,5 ais Mmarepuana, uzydaemoro ciymarensimu OIIKIL, u
B 0,8 w1 MaTepuaia, ©3ydaeMoro cTyJaeHTaMu. YpoBeHb criocoOHoctel (YC) — mecToi KoMIlo-
HeHT BekTopa P(0) B monenu D4 - OLIGHEH 3KCHEepTHO uis cTyaeHToB B 0,8 (3T0 ObLIa SIMUTHAS
rpynna cnennanu3auuu no CAIIP, Bce sk3aMeHallMOHHBIE OLEHKHM KOTOPOU 3a MPEeaIeCTBYIONIUN
neproj; 00ydeHus ObUTM HE HIDKE «Xopormioy), a ais cioymateneid OITKII (acmupaHTOB U MOJIOABIX
npenoaBaresneii) - Heckoybko Baiie (0,86).

Makcumanbibie pacxoxacHuss A% ObUIM MOMydeHbl Ha OoJiee rpy0oil, TPEX3BEHHONW MOJIETH
(cm. Tabmuny 1). DxenepumenTtanbubie 3HaueHus cayareneid OITKII npeBbicuim MoienbHbIE 3HA-
yeHus Ha 12%, a y cTyieHTOB oKa3anuch MeHblle Ha 10%. D10 00BICHIETCS TEM, UYTO CIIOKHOCTh
y4eOHOTO MaTepuana, KOTopas B JaHHOH MOJEITH HEe YUUTHIBACTCS, y CTYJCHTOB ObLIa BHIIIE, YEM Y
ciymateneit @IIKIIL. Yuér xapakrepuctuk yyeOHOro Marepuana B MoAeau D4 MO3BOIUI HOTYYUTh
XOpOIIIee COBIAICHNE MOICTBHBIX U SKCIIEPUMEHTAIBHBIX JAHHBIX (CM. Tadnuity 2).

6 PekomeHaauuu nNo NPpUMeEHEHUo

Koruurusnasie mogenu AO MOryT paccMaTpuBaThCsl KaK MIPECKPUIITUBHBIE U JECKPUIITUBHBIE.
[IpeckpunTuBHBIE MOJIETHN OMMCHIBAIOT, KAKUM J0JKeH ObiTh mporece AO. MccnenoBanue Takux
MOJIeIeH, AKCIEPTHBIN aHAIM3 U ONTUMHU3ALUS UX [1apaMeTPOB IMO3BOJISIIOT 0OOCHOBAHHO IMOAXO-
JUTh K IPOEKTUPOBAHUIO CLICHAPHEB YUeOHOI paboThl, IIIAHUPOBAHUIO PA3IMUHBIX BHIOB IIOMOIIIH,
dhopmynupoBke TpeOOBaHUH K CTPYKType yueOHOTO MaTepuaa, OMpeaeICHUIO KOJIMYeCTBA M TUIIOB
YIPaXHEHUH JUIsl €r0 yCBOCHHU. JleCKPUNITUBHBIE MOJEIN ONUCHIBAIOT CYHIECTBYIOIIME IIPOLECCHI
AO u MOTyT UCHIOJIb30BAThCS, HAIPUMED, I aHAINU3a UX dPPEKTUBHOCTH.

Koraurusnsle mogenu npoueccoB AO MOTyT BCTpauBaThCsl HEMOCPEACTBEHHO B cucTeMbl D0 U
HCIIOJIb30BaThCS KaK CPEJCTBA MHTEIEKTYaJIbHOTO ympasiieHus. Tak, B MoJenu, MokKa3aHHOW Ha
pucyHke 3, BennuuHbl BepiinH OM, CM MOKHO 3a/1aBaTh KaK XapaKTEPUCTUKH KOHKPETHOM IOp-
UU yueOHOro maTepuasa MpH ero noarotoske juist cuctembl D0, a BenuunHbl YC U UCXOJHOE
3HayeHne YO onpenensaTh B X0J€ MPEABAPUTEIBHOIO (BXOIHOI0) TECTUPOBAHUS KaXKA0ro oOyya-
romerocs. Mcexonnas BenmnuuHa II — 3TO BO3MOMKHBI MakCUMyM MOMOIIM, IPEIYCMOTPEHHON B
oOyuaroieit cucreme. Mmes 3T nanHble, cucrema 0 Ha OCHOBE BCTPOSHHON KOIHUTHUBHON MoJie-
71 COOTBETCTBYMOMIETO ciieHapusi AO u pa3pabOTaHHBIX aJITOPUTMOB MOXKET TMOI00paTh ISl KaXK-
JI0r0 00YyYaroIerocsi MUHUMaJIbHO HE0OXOAUMOE KOJIMYECTBO YIPAXKHEHUHN ISl TOCTHUIKEHUS Tpe-
OyeMoro ypoBHsI 00yUYE€HHOCTH T10 KaKI0M Opiuu y4eOHOU HHPOPMAIMK U JaTh IPOTHO3 Tpedye-
MOT'O BPEMEHHU JIJIsl OCBOEGHUS BCero 00bEMa yueOHOro MaTepuaia.

[Iporecc mocTpoeHUss KOTHUTUBHBIX Mojiesiet AO — onpeenenne Hanbosee 3HaYuMbIX (haKTo-
pOB, BBIOOP MCXOJHBIX MapaMETPOB MOJEIM M OrPAaHUYEHUH HA HMX BEIUYMHBI, MCCIEIOBaHHE
YCTOMYMBOCTU M ONTUMHU3ALUS MAapaMeTpPOB — TpeOyeT BBICOKON NMIAKTUYECKOW KBalU(UKAIUU
pa3paboTunkoB. llpeanokeHHbIe aaropuTMbl MOTYT HCIIOJIB30BAaThCSl HE TOJIBKO KakK CpPEICTBA HC-
CJIeIOBaHMs, MPOEKTUPOBAHUS U yrpaBieHus nporeccomM AQO, HO U KaK CpPe/ICTBA ME€Jaroruueckoro
TPEHUHTa IIPU TOATOTOBKE U MEPEIOrOTOBKE MPEI01aBaTeNIbCKUX KaapoB B chepe D0.
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3aknroyeHue

[Ipensiaraemblil MOAX0 K MOAECIUPOBAHUIO MTporieccoB AO ¢ MOMOIIBIO 3HAKOBBIX M B3BELICH-
HBIX OprpadoB, B KOTOPHIX BEPUIMHBI OTOOpaXKaloT xapakrepucTuku AQO, a opueHTalusl, 3HAKU U
3HAYECHHUsI BECOB JYT ONPECISIOT B3aUMOBIIMSHUE 3TUX XapAKTEPUCTUK, 00J1a1aeT BHICOKOH CTere-
HBIO HAIJISAHOCTH, YI00€H Ui OOCYKACHHS U KOJUIEKTUBHOTO aHaJIN3a, I03BOJIAET CTPOUTH MOJIe-
1 AO paspaboTunkam u uccienoatensim cucreM 0.

Hcnonp30BaHrne UMIYILCHOTO MpoLiecca ISl MOCTPOSHUST aIfOpUTMa y4EéTa BIUSHUS U3MEHE-
HUll 3HaueHuil BepmuH oprpada AO Ha U3MEHEHHs APYTHX €ro BEPIINH MO3BOJSIET MOICIHPOBATH
nuHaMuKy rpotecca AO U MPOrHO3UPOBATH €TI0 PE3yNbTAThI.

B xone BBIYMCIMTENBHBIX SKCHEPUMEHTOB Ha oprpade AO yCTaHOBJIEHO, YTO WUMITYJIbCHBIH
nporuecc B oprpade MokeT ObITh YCTOMUMBBIM HIJIM HEYCTOHYMBBIM. HeycTOMUYNBOCTS MMITYJILCHOTO
rpoiiecca 03Ha4yaeT, YTO BIOpAHHAST MOJIENh SIBJIETCS HEPAOOTOCTIOCOOHOM M HEOOXOIUMO H3Me-
HUTH €€ CTPYKTYpY 100 mapamMeTpsl — Beca ayr oprpada.

[TocTaHOBKa 3a/1a4M ONTHMHU3ALKU BECOB YT B3BEUICHHOTO oprpada, OcCHOBaHHAss HA MUHUMH-
3alMd MaKCHMaJIbHOTO MO MOAYJIO COOCTBEHHOTO 3HAYEHMS €0 MAaTPUILIbI CMEXHOCTH, U TPEAIIO-
KECHHBIM METOJ €€ PelIeHHs TTO3BOJISIFOT OOJIETYUTh MPOIIECC MOCTPOSHHSI pabOTOCIIOCOOHOM MOJIe-
m AO.

B X0/ BBIYMCIHUTENBHBIX YKCIEPUMEHTOB Ha oprpade AO ycTaHOBIEHO, YTO IieneBas QyHK-
(1Sl ONITUMU3AIIMY BECOB YT B3BEIICHHOTO oprpada sSBIsSETCSI MHOTOAKCTPEMATbHOM.

Pa3zpaborannas meToauka MojenupoBaHus mpoueccoB AO Ha OCHOBE B3BELICHHBIX oprpadoB
MO>KET MPUMEHATHCS MPHU UCCIEIOBAHUH, MPOCKTUPOBAHUH U MCIIONB30BAHUU CPEJICTB aJanTaluu
U yrpasieHus B cucremax D0, a Takke I JUIAKTHIECKOTO TPEHUHTa pa3pabOTYMKOB M MOJIb30-
BaTeJel ATUX CUCTEM.
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Abstract

An approach to modeling adaptive learning processes using signed and weighted directed graphs (digraphs) is exam-
ined. The vertices of the digraphs represent the characteristics of educational activities. The orientation, signs, and
weights of the digraph arcs define the mutual influence of these characteristics. The dynamics of adaptive learning are
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modeled within digraphs using a specific impulse process algorithm. An external disturbance is introduced into a par-
ticular vertex of the digraph, and the propagation of this impulse is analyzed, enabling the prediction of values at other
vertices of the digraph. The problem of optimizing the weights of digraph arcs is formulated, and an algorithm for solv-
ing it is proposed to achieve stability in the impulse process. Computational experiments on a digraph revealed that the
objective function for optimizing the arcs of a weighted digraph is multiextremal. The occurrence of a local minimum is
determined by the initial values of the vector of design variables (weights of digraph arcs) and constraints on these vari-
ables. Consequently, the qualifications of the developer of the adaptive learning model who assigns these values are
crucial. Cognitive models of adaptive learning can be classified as prescriptive and descriptive. Prescriptive models
outline what the adaptive learning process should be, while descriptive models depict existing adaptive learning pro-
cesses and can be utilized to study their effectiveness. The developed methodology for cognitive modeling of adaptive
learning processes allows for the prediction of learning outcomes and can be employed in the research, design, and im-
plementation of adaptation mechanisms and intelligent control in e-learning systems, as well as in the didactic training
of teachers in the field of e-learning..

Keywords: cognitive modeling, signed digraphs, weighted digraphs, computer training, adaptive learning, e-learning.
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AHHOTaUuA

B crathe npoBeieHa OHTOJIOTHYECKAs KOHLCTITyaIn3alis HHCTUTYIMOHAIBHOTO IM3aiiHa 00IIECTBEHHBIX
JBIDKCHUH, MPEACTAaBICH MEXaHW3M €ro (hyHKIMOHMPOBAHUS B COBpeMEHHOM obmiectse. Llenb crarbu:
BBISIBJICHUE CIIEHU(DUKN WHCTUTYIIMOHAIBHOTO JHU3aliHa COBPEMEHHBIX OOIIECTBEHHBIX IBIDKCHUH. MH-
CTUTYIHOHAJIBHBIN AU3AHH SBISIETCSI HHTETPUPOBAHHBIM €AMHCTBOM BUPTYAIBHBIX U PEAIbHBIX MPAKTHK,
BKJIIOUAIONINX B Ce0s1 TEXHOJIOTMYECKYIO COCTABIISIONIYI0. SIpo u3aiiHa — 3TO MPOSKTHAsS AEATEIBHOCTh
YYaCTHUKOB OOIIECTBEHHBIX JBIKCHUH, KOHCTPYHPOBAHUE PEAJbHOCTH B MpOLECCe Y4acTHs B 0OIie-
CTBEHHOW W MOJMTHYECKOH JKM3HU B OHJIANH- U oduaitH-ipocTpaHcTBax. [IpencraBieHa sxocucTeMa au-
3aiiHa, BKIFOYAIOIAsl CTPYKTYPY BO3MOXKHOCTEH M YCIOBHUM IS CO3MaHUA M (YHKIIMOHUPOBAHUS 00IIe-
CTBEHHBIX [BI)KCHUH, MX HHCTUTYIIHOHATU3AIMH. B 3KOCHCTEME OCYIIECTBIACTCS B3aMMOJCHCTBHE
YYaCTHHKOB C MHCTHTYIIMOHAJIBHOIN Cpenoif, KOTopas COACP)KUT IMpaBHiIa M HOPMBI, BO3SMOXHOCTH IS
y4acTHi B OOIIECTBEHHO-TOJUTHYECCKON JKM3HH. B mm¢ppoBoM 0OIIECTBE YJYACTHHKH OOIICCTBEHHBIX
JBIDKEHUH PacrojararoT WHCTPYMEHTAMH JUIS BBICTPAWBAaHUS HOBBIX aJTOPUTMOB KOHCTPYHPOBAHHUS pe-
ILHOCTU HAa OCHOBE MOOMIIBHBIX MPHUIIOKEHUH M COIMANIBHBIX CeTeH. DKOCHCTEMAa HHCTHTYIIHOHAIBHOTO
JM3aliHa paclIupsieTcsl, Korjga oOIIeCTBEHHBIE JIBM)KCHHUS MOTYYA0T HOJINTHYECKHE BO3MOKHOCTH, Opra-
HU3YIOT OQUIaifiH- ¥ OHJIAHH-IPAKTHKH B3aUMOJCHCTBUS C OpraHaMH BIACTH JUISl PEIICHHS COLMATbHBIX
npoOJeMm.

Knrouesvie cnosa: obuecmeennvle 08UdNCEHUS, UHCMUMYYUOHANbHBIU OU3ALH, OHMOJLO2UYECKULL NOOX00,
KOHYEeNnMYaniu3ayust, 9KOCUCHeEMA, KOMMYHUKAMUSHbIE NPAKIMUKU.

Humuposanue: Cxoderuna H.A. OHTONOTHS WHCTUTYIIMOHAILHOTO AM3aliHA COBPEMEHHBIX OOIIECTBEH-
HBIX ABWXKCHUHU // Onmonozus npoexmuposanus. 2024. T.14, Ne2(52). C.196-204. DOI:10.18287/2223-
9537-2024-14-2-196-204.

Kongnuxkm unmepecog: aBTop 3asBiseT 00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

BBepeHune

Oo6mectBenHble IBUKEHUS (OJ1) SABIAIOTCSA CIOXKHBIM U MHOTOACIEKTHBIM (PEHOMEHOM M pac-
CMaTpPUBAIOTCSA B KAUECTBE «KOJJIEKTUBHBIX NeHCTBUI» [1], «mmpoTecTHOrO moBeneHus» [2], «koiu-
JIEKTUBHOM MHULMATUBBD» [3], «T€XHOJIOTMU BO3JECUCTBHUS HA MOJUTUKY» [4], «ceTeil B3aumoei-
CTBUSI MEXAY 3aMHTEPECOBAHHBIMU CTOPOHAMM» [5], «OHIaHOBBIX U O(JIAITHOBBIX CETEH OTHOIIIE-
HUN MEXy OTAEIbHBIMM WHJMBUIAMU, IPyNIIaMH, OpraHuzauusaMm» [6]. JleareapbHOCTh y4yacTHU-
koB O/] 3aBucutT oT MHCTUTYHHOHATBHOU cpennl (MC), koTopas mpeacTaBiIsieTcsi B KaueCTBE COIH-
QJIbHBIX MHCTUTYTOB, OpTraHu3anuii, GopManbHbIX 1 He()OPMAIBHBIX MPABUI U HOPM, PErYIUPYIO-
X jgestenbHocTh yaacTHUKOB O/, O/], kak opraHu3oBaHHBIC OHJIAWH- M oduiaitH-ceTH, GopmMu-
PYIOT MHCTUTYHHMOHaNbHBIA nu3aitn (M[]), nmpeacraBmsomuii coboi mpouecc KOHCTPYHUPOBAHHS
COLIMAJIbHOW PEajJIbHOCTU B COOTBETCTBUU C (POPMAIbHBIMU U HEQPOPMAIbHBIMH MPaBUIAMU U HOP-
MaMH, BO3MOKHOCTSIMM /111 OpraHu3anuu KoMmmMyHuKaTuBHbIX npakTuk (KII). /] oka3biBaeT Biaus-
HUE Ha aKTUBHOCTb CYOBEKTOB COLIMAJIbHOU N1eATeIbHOCTU. MeTOobl KOHCTPYUPOBAHUS PEabHO-
CTH, TEXHOJIOTUU MpoeKTupoBanus aearenbHoctu O/, pa3paboTka u peanusaius IpOeKTOB, BbIPaA-
00TKa cTpaTeruil Ui perieHus COUUaIbHbIX MPOOJIeM, UCTIOIb30BaHUE HOBBIX TEXHOJIOTUN ISl OT-
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CTaMBaHMsI CBOMX HMHTEPECOB oTpakarT crenuduky MJI, Ha KOTOpbIi OKa3bIBacT BIUSHHUE COIIH-
anbHbIN KOHTEKCT, C, conmanbHbie MHCTUTYTHI COBPEMEHHOTO OOIIEeCTBA.

OcHoBHOH 3amadeil uccienoBanus sBisieTcs BbisiBieHue crenuduku U] copemennsix O/
J1st JOCTHMIKEHUS 1IeJIA UCTIONIb3YETCs OHTOJIOTMUECKUH MOAXO0M, KOTOPBIM MO3BOJISIET ONPEICIUTD
OTHOIIICHUS MEXIy WHIUBUAAMH, TPYIIIAMH, OPTaHU3AIUSIMH, OOIIHOCTSIMHU, BBISSBUTh WX TpPHU3HA-
KU, CBOMCTBA, CYLIHOCTHBIE XapakTepucTuku. OHTonorus M/ coznaércs yenoBeuecKuMH JeMCTBU-
SIMH ¥ OTHOILICHUSIMH, IMEET OOBEKTHBHOE CYIIECTBOBAHKE M SIBIIACTCS YaCThI0 MHUpa MPUPOIBI [ 7].
OHTOJIOTHYECKU TOJIXO0]T TIO3BOJISIET BHICTPOUTH AKOCUCTEMY HCCIEAYEeMOro siBjieHus. B corumoiio-
TMYECKOM aCMEKTE IOJ] SKOCUCTEMOW MOHUMAETCS MPOCTPAHCTBO B3aMMOACHCTBUN M OTHOILICHUI
yuactHukoB OJ] ¢ npyrumu cyowsekramu u MC, KoTOpast mpeoCcTaBIseT UM BO3MOXKHOCTH OTCTau-
BaTh CBOM MHTEPECHI, PEIIaTh COIMAILHBIEC TPOOIEMbI, KOHCTPYHPOBATh PeaabHOCTh. OTHOIICHHS
MEXy WHAWNBUIAMH BO3HHUKAIOT B MPOIECCe KOMMYHHUKAIIWMA, HUMEIOIIUX MeCTO B odraiiH- U OH-
naitH-npoctpancTBax. CounanbHasi OHTONOTHSL GUKCUPYETCS Ha YEIOBEUYECKOW PAllMOHAIBHOCTH U
M3yYaeT ICUCTBHUS U OTHOIICHUSI MHIUBUIOB [8].

ConmanbHbIE CETH MPEIOCTABIISIIOT BO3MOXXHOCTH, a TAK)KE CO3/Ial0T MPOOJIEMBI JIJIsi Pa3BUTHS
O/1. Onronorus O]l BKIIOYAET OTKPHITOEC HIACOJIOTMYECKOE MO3UIIMOHUPOBAHUE, KOJIJICKTUBHBIC
UJCHTUYHOCTH, clabble CBs3U, OHJIAWH-penepTyap NEHCTBUN M OTHOCUTENbHYIO 3(emepHOCcTh. B
TOKE BpEMsI B COBPEMEHHOM MHUpE COXpaHseTcss oQuiaiiH-pernepTyap, MPOTECTHash aKTUBHOCTD,
KJIacCOBas MOJUTUKA NepepactipenaeiaeHus [9].

1 OHTOnorunyeckas KoHuentyanusauma U coBpemeHHbix O

Ontonorust O/ cBsizaHa ¢ AK3UCTEHUUAIBHBIMU YCIOBHUSIMH, OTHOCAIIUMUCS K MaTe€pHUaIbHO-
My, COI[MAIIbHOMY, MOJUTUYECKOMY U KYJbTYPHOMY KOHTEKCTaM. OHTOJIOrMYECKHUE MPEIO0JIONKe-
HUS aKTyaJbHbI U1 IMIUPUYECKUX UCCIEI0BAaHUN U HOpMaTUBHOTO TeoperusupoBanus [10]. On-
TOJIOTMYECKAsl KOHLENTyaIn3alusl MpUMEHseTCs Uil NOHMMaHus couuanbHoro mupa [11], comu-
AJIbHBIX OTHOIIEHUHN, KOTOPBIE MPOSIBIISIFOTCS B Ipoliecce KoMMyHUKauuu ydactHukoB O/l [12] u
GopMHpYIOT HWHAMBHUIYyalbHblEe M OOLIECTBEHHYIO HWACHTUYHOCTH B OHJAMH- u oduailH-
npocrtpancTBax [13].

OHTOJIOTUYECKOE TEOPETU3UPOBAHHUE CIIOCOOCTBYET JyylleMy NOHMMaHUI0 nuHamuku O/l B
HOBOH pEaJIbHOCTU B YCJOBUAX LU(POBU3ALUH, TOTOMY YTO YUYHUTBHIBAIOTCS CBOICTBA M MPU3HAKU
OTHOLICHU, BO3HUKAIOLIUE B OHJIAWH-IIPOCTPAHCTBE MEXy ydyacTHUKaMu OJ[ u 1pyrumu KomIo-
Hentamu WJI. OnTonornueckas konuentyanusanus MJ{ ocHOBpIBaeTcs Ha CIIEIYIOIIMX [TOJ0XKEHU-
AX.
=  OJ], xaK pe3ysibTaT aKTUBHOCTU COLMAJIBHBIX CYOBEKTOB, OPraHU30BBIBAIOT KOMMYHHUKAIMOH-

HbIE IIPAKTUKU Ha OCHOBE OINpPEAENIEHHBIX MPAaBUI U HOPM, KOHCTPYUPYIOT PEaJIbHOE U BUPTY-

anpHOE mpocTpaHcTBa. DopManbHble U HehOpMabHbIE MpaBWJIa U HOPMBI CYLIECTBYIOT BO

BHEIIIHEH cpejie, 3amnoiHss odiaiiH- U oHjaaiH-pocTpaHcTBa. O/l MPOSKTUPYIOT M OCYIIECTB-

JSIFOT AeSTENTbHOCTh, KOMMYHHUIIMPYIOT C IPYTUMHU CYOBEKTaMH, U, TEM caMbIM, co3natoT 1/I.
= U] Bxmioyaer B ce0si MOJUTHUYECKHE, COLMATIbHO-9KOHOMHYECKHUE, OpPraHU3aIl[IOHHbIE, TEXHO-

joruyeckue BosMoxknoctu, KI1, popmanbable 1 HeopManbHbIe IPaBUIa, KOTOPHIMH PYKOBOI-

CTBYIOTCSI YYACTHUKH B CBOEH AEATENBHOCTH W B IPOLIECCE KOMMYHHKALMU CO3JAKOT HOBBIE

HOPMBI.
= W]/l 3akimrovaeTcss B OpraHU3allMi KOMMYHHMKAIIMH U OCYIIECTBIIAETCS HAa TpEX YpOBHAX. Mux-

POYpO6eHb BKIIIOUAET LIEJICHANIPABICHHYIO AEATEIbHOCTh OTACIbHBIX MHAWBHUIOB B BUPTYallb-

HOM W peallbHOM MpocTpaHcTBax skocuctembl UJ[ Ol. Me3zoyposens — mipouiecc GpopmupoBa-

Hus HoBbIX KII. B mpomecce KOMMyHMKAalMu yYacTHUKHM KOHCTPYUPYIOT OOBEKTHBHYIO H

CyOBEKTHBHYIO peaibHOCTH. Maxpoyposens tipeanonaraetr MC O/, sxocucremy NJI, B KOTO-
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pOii YJaCTHUKH, Mpecienysi COOCTBEHHbIE UHTEPECHI, ACUCTBYIOT COTJIACHO IpaBUIIaM U HOP-

MaM, YCTAaHOBJIEHHBIM FOCY/IaPCTBOM U APYTUMHU HHCTUTYTAaMHU COBPEMEHHOT'O 00IIECTRA.

OnTtonorust M| ciocoOcTByeT onpeaeneHuto yciaoBuid 3p(heKTUBHOCTH CaMOOpraHu3aluy UH-
JUBUJIOB, BBISIBICHUIO OPTraHU3AIMOHHBIX M MHCTUTYLHHOHAIBHBIX BO3MOXHOCTEH, BIMSIOIIUX Ha
(dbopMupoBaHUe ABMKCHUMU, BBIICICHUIO MexaHu3Mma MJ[ u BKIIOYaeT MHTETpUPOBAHHYIO MOJEIh
B3aumoBnusinus M/, O/l u UC, npencraBiieHHyI0 Ha pUCyHKE 1.

3KOCHMCTEMA MHCTUTYLMOHANBHOrO AM3aiHa

____________________________________________________________________________________________________________________________________________
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Pucynok 1 — HTerpupoBaHHas MOJieNb B3aUMOBIMAHUS HHCTUTYIIMOHAILHOTO AU3aliHa,
OOILIECTBEHHBIX JBMKCHUI U MHCTUTYIIMOHAIBHON CpeIbl

B MurepHer-nipoctpancTBe Ha BeO-muiardgopmax ydactHukd O/l BCTynaroT B OTHOLIEHHS, CO-
31al0T CTPYKTYPhI IO aJrOPUTMU3MPOBAHHBIM IIpaBWJIaM, K KOTOPBIM OTHOCSITCSI IpaBMJIa PETH-
CTpalliu B COIICETSAX, MHCTPYKLUHUHU JJIsl pa3MEIIeHUs U Nepelayd COOOIEeHUH, MM0JIb30BATEIbCKHE
COIJIAIIEHUs, MpaBHja JOCTyNa K ONpeaeNéHHOW HH(OpMaLuM, MOPSAOK MPOBEIEHHUs OHJIAIH-
MEpOIPUATHH, ITpaBuiia popyma U ap.

2 Cneuudmka N coBpemeHHbIx O

N1 — noCTOSSHHO M3MEHSIOLIEECS] TPOCTPAHCTBO, B KoTopoM O] co3nmarorcs, OCyHIECTBIISIOT
CBOIO JIEATENBHOCTh U MHCTUTYLIMOHATU3UPYIOTCSA. B cTpykTypHOM maHe komnoHeHTsl M/] — Bo3-
MOKHOCTH, IpaBuiia u HopMbl, KII — ncnone3yroresa O/ B npouecce KOHCTPyHMpPOBaHUS PEaIbHO-
CTH.

dopmanbHble 1 HeopmaabHble npaBuiia xapakrepasl A1 O] XX - XXI BeKkoB B 3aBUCUMOCTH
OT UX TEMAaTUKU W HampaBieHusa nedarenbHocTy [14-16]. Co3nanue npaBuwil U HOPM, PYKOBOJICTBY-
sICb KOTOpPBIMU ydacTHUKM OJ] KOHCTpYUpPYIOT peanbHOCTh, siBisercss dyactbio MJI. B ycimoBusix
nudpoBuzauu ydyacTHUKM OJl MOJIy4YHSIM HOBBIE BO3MOXHOCTU [UIsl TpaHC(hOpMaluu MpaBull,
HOPMAaTUBHBIX CUCTEM, ISl pacpocTpaHenus nHpopmauuu u oprannzanuu KI1.

[Tox KII cnemyer moHumaTh nepeaady MHPOpMalMH y4aCTHUKaAMH W oOMeH uHpopmarmen
MEXIy nuaepamu, ctopoHHukamu O/ u ApyrumMu colManbHbBIMU CyObeKTaMu B O(IaliH- M OHJIAMH-
npoctpancTBax. KII Bo3HUKAIOT B Iipoliecce MpoBeeHUs COOpaHui, COBETOB, CO3/IaHMs KOATHUITUH,
COI030B, B IPYIIIOBBIX YaTax, Ha MHTepHeT-momaakax, popymax. M/ Bkimovyaer TpaaAulMOHHbIE U
Hetpaguionnbie KII. K TpaauuoHHBIM MpakTUKaM OTHOCATCA 3a0aCTOBKHU, MPOTECTHBIE aKIIUH,
BCTpPEYHM, COBEIIAaHUs B oduiaiiH-pocTpancTBe. Herpaaunuonnsle, ”HHOBaMOHHbBIE TPAakTUKU O]
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IpeBpalialoT ero B riaodanbHoe. MTHHOBaIMOHHBIMU MPAKTUKAMU SBISIOTCS HUGPOBbIE KOMMYHHU-
Kanuu: KoMMyHUKauuu B BKoumaxme, Telegram u Ha npyrux minatdgopmax. ColceTd UCIoib3y-
I0TCS JIJIs1 0OMEHa OOIIMMU UHTEpECaMH, AJisl IPUBJICUCHUSI BHUMAHUSI K Pa3IMYHBIM MpodiieMam u
ap. [17, 18].

CnocoGHocth yuyacTHukoB O/ B mpoliecce KOMMYHUKALMM K MHTETPALUUA YCUIHM, K OCY-
LIECTBJICHUIO aKTUBHOM JEATEIbHOCTHU JUUISl JOCTHMIKEHMSI IOCTABIEHHBIX LIENEeN U 3aJa4, MOOMIN3a-
IIUU HAceNIeHUs JJIs PEIICHUs COIIMAIbHBIX MPOOJIeM XapaKTepru3yeT OpraHu3alIOHHbIE BO3MOXKHO-
ctu OJl. CoBpemennbiii MJI npenocraBiseT OpraHu3allOHHBIE BO3MOXHOCTU aKTYaJIU3UPOBATH
collMaJbHbIe MPOOIEMbI, BbIpaOaThIBATh TEXHOJIOTHH JJIsi KOHCTPYUPOBAHHUS COLUANBHBIX MPOOIEM
U peajn3aluy COLUAIbHbBIX IPOEKTOB.

[IpeumymiectBoM coBpemeHHOro MJI siBasieTcss TO, 4TO TEXHOJIOTMH IPEIOCTaBISIOT BO3MOXK-
HOCTh 0€3 OOoJNbINX 3aTpaT npucoequHuThC K O] ¢ moMombio conpanbHbix cerer [19-21]. Tud-
POBBIE TEXHOJOTHUU MPEAOCTABUIM BO3MOXXHOCTH CIIPOCKTHPOBATH HOBYIO SKOCHUCTEMY, OOIIIe-
CTBEHHOE ITPOCTPAHCTBO JJISl BEIPAXKEHUSI CBOUX UHTEPECOB U PELICHUS COLUAIBbHBIX TPOOIIEM.

B ycnoBusix nudpoBuzanuu U3MEHHUICS aITOPUTM KOHCTPYMPOBAHUS peanbHOCTU. J{s pere-
HUS IOCTaBJICHHBIX 334 yYaCTHUKHU CTalld UCHoab30BaTh MHTepHeT-ardopmsl. MHTepnperanus
COLIMATIFHBIX TMPOOJEM COMPOBOXKAAECTCA BUACO M ayauo MemMamMu. MemeTudeckuit kKoHTeHT ]I
IPEJOCTABIISICT HOBBIH CIT0co0 (hopMUPOBaHUS TIOJIUTUKH, B UTPOBOM (pOpME TPENOTHOCATCS TTOTH-
TUYECKHE U COITMATIbHBIC MPOOJIEMBI [6].

Co3nanue xsmrera (CHMBOJIA, 00BEIUHSIONIETO JIIOJICH 110 MHTEpEecaM) BBIMOIHSIET (DYHKITHIO
KOHIIENTa M SIBISETCS CPEICTBOM B3aMMOINOHHMMAHUS M KOMMYHHUKAIIMW, & TaKKe CIIOCOOCTBYET
Pa3BUTHIO MPOLIECCOB B OHJIAWH-IIPOCTPAaHCTBE. Vcronb30BaHue X3IUTETOB MO3BOJISET Y4aCTHUKAM
u ctoponHukam O]l chopmupoBath HHPOPMAIIMOHHYIO BOJIHY [22] U TakuM 00pa3oM pacUIMpPUTH
skocucremy M/I.

B uudpoBom oOmiectBe CTPYKTYpbI, KOTOpble co3faroTcs ydactHukamu O]l B oHIaiiH-
IIPOCTPAHCTBE, SBISIOTCS MOAU(PHUIMPOBAHHBIMU COLIMATIBHBIMU CTPYKTYpPAMU. YYACTHUKH peru-

CTppr}OTCﬂ Ha Peructpaymna ctoposHmka Of B couceTax,
HJ'IaT(l)OpMaX Ha3bI- 1cnonb3oBaHue YaT-60ToB, 3NeKTPOHHOI NOYTLI 1
f‘ OpYTVX MIHCTPYMEHTOB ANA CBA3M C ydacTHukamu O
BalOT  CBOE  HUMH,
MpeaAIouTCHUA, i
BKJIOYAIOTCId B rpyr[_ YyacTue B rpynnoBeIx YaTax, pasmMeLleHue NocTos,
- X3LUTEroE B COLICETRX, CO3AaHue Bnoros u ap.

bl 110 HUHTCPCCAM.
3asBiueHue o cebe Ha v

~ Obcy#aeHve colmanbHoii npobnemsl Ha dopymax,
Be6-CaI/ITe — O9TO THII nepena4a WHdopMaLyi No 3NEKTPOHHOM NOYTE MK
OTHOILIEHUH, KOTOPBIN 1o coToBon csAs

IpeBpauiaeT IMojb30-
BaTeJled B YYACTHH-
koB O/l [8]. B ycno- Her
BUSIX COBPEMEHHOTO '
N /I n3meHwics NpuH-

MopnepxmBaeT y4acTne
B odhnait MeponpuaTUax?

ouI CTPYKTYypHU3aluu v v
OI[ Ha ocHoBe I_[I/I(b- MoaroToska K odnaiis MEpPONPHATUANM, NONyYSHUE
pOBBIX TCXHOHOFHP'I Beixon us O WHCTPYKLWIA ANA ﬂiggzsgig;l:ﬁmswﬁ B othnaiH
copmupoBaach i
cXeMa ACATCIbHOCTU

TT4HbIE BCTPEYH YYACTHUKOB B 0(hnaiii NpocTpaHCTse,
Y4aCTHHUKOB OH C HO- y4acTie B odnaiiH akumax Of
BbIM COACPIKAaHUEM
(cM. pucyHOK 2). Pucynok 2 — Cxema 1esTeIbHOCTH y4aCTHHKA COBPEMEHHBIX OOILECTBEHHBIX JIBUKEHUI
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DTa cxema JISKUT B OCHOBEe MexaHu3Ma ¢pyHkuunonupoBanus U] coepemennsix OJ1. [ericTBust
yuacTHUKOB O/l 1 TexHuueckue MHCTpyMeHThl W/ ABISAIOTCA «TEXHUYECKOW CTPYKTYpOil» IKOCH-

cTeMsl [8].

WHudopmannoHHas cOCTaBISIONAsl, KAK OHA W3 CTPYKTYPHBIX 351eMeHTOB /I, HHTErpupyercst ¢ TEXHOJIOTHYE-
CKoMi cocTapmstomet. Telegram, BKonmakme n npyrue miaT(OpMbI IPETOCTABISIIOT HOBBIE BO3MOKHOCTH IS CO3/1a-
nust KI1. Hanpumep, nadopmanmonnas skocuctema 7elegram crnocoOCTBYET MPOABMKEHUIO KOHKPETHBIX MPOOIEMHBIX
[porpamm, MpUBJICYEHUIO BHUMaHUs, 0OMeHy nHpopmaiueld. B onnaiin-ipocrpanctse yyactauku OJ] oOMeHnBaroTcst
KOHTEHTOM, a Oyiarojiapsi 'MIepcchblikaM 0OpalialoTcs K BHEIIHEMY KOHTEHTY U PaCIIMpPSIIOT POCTPAHCTBO CBOEGH Jesi-
tesibHOCTH. KIT B IMdpoBoii cpese BOCIPON3BOSTCS aKTHBHBIMH YYaCTHUKAMH TPYIIIOBBIX YaTOB, aIMUHUCTPATOPAMHU
KaHaJIOB, HCAKTUBHBIMU MOJIL30BATCIIAMU, NOANMMCYUKAMH KaHAJI0B, OpTraHU3aTOpaMu [lBI/l)KGHI/IfI, CTOPOHHUMMU Ha6J'IIO-
narensmu [23].

Crnemuduxa MJ] O]l 3akmovaercss B TOM, YTO JU3aiiH B IU(PPOBOM O0OIIECTBE SBISCTCA
MHTETPUPOBAHHBIM ~ €JMHCTBOM  BHUPTYaJbHBIX W  PEAIbHBIX  TNPAKTUK,  BKIIOYAIOIINX
TEXHOJIOTHYECKYIO COCTABJIAIONIYI0. B  OHIANH-IPOCTpaHCTBE TOTEHIHMAJIbHBIE YYaCTHUKU
COBEPIIAIOT JICHCTBUS B paMKax ONpeNesIEHHOTo anroputMa Ha MHTepHeT-mardopmax. MHIuBUIbI
UCTIONB3YIOT (DYHKIIMH BEO-CalTOB, KOTOPHIE BBI3BIBAIOT OMpPECIEHHBIE NCHCTBHUS B TEXHHUECKUX
cucTeMax. B UTore BOZHMKAIOT OTHOLICHUS MEX/Y TEXHHYECKUMH HHCTPYMEHTAMHU M y4acTHHUKaMU
O/1 B pamKax alropuTMH3HUPOBAHHBIX IPABHI M HOPM.

3 Okocuctema UL coBpemeHHbIx O[]

BrisiBnenne ocobennocteit MJI mo3Bonuio cnpoeuupoBarh 3xocucreMmy MJI, koTopas BkItoua-
eT B ce0s acniekThl B3aumoeicTBus O/l ¢ conmanbHBIMK U TTOJUTUICCKIMHA MHCTHTYTaAMH Ha MaK-
pO- U ME30YPOBHE, KOMMYHUKAIIMU OTJAEIbHBIX UHAUBUAOB HA MUKPOYPOBHE B IIPOLIECCE PEILIECHUS
COIMATIBHBIX Mpo0ieM, mepenady WH(opMamuu, mpoBeneHue ohIaiH- U OHJIAWH-MEPOIPHUSTHIMA.
B ctpykrypHoMm muane skocuctema M - 3TO COBOKYMHOCTh MHOKECTBA B3aHMMOCBS3aHHBIX CYO'b-
€KTOB, KOTOpbIE 00€CIeUnBAIOT WHCTUTYIIMOHAIM3AINIO IBIKEeHUN ((popmMupoBaHue, CTPYKTYpH-
poBanmue, pa3Butue ABUKeHHs ). K TakuM cyOBeKTaM OTHOCSTCS OTIEIbHBIC WHIUBUIBI, COLIUATb-
HBIE U TTOJIUTHYECKUE HHCTUTYTHI COBPEMEHHOT0 001IecTBa. B KOHIIeNTyaIbHOM IJIaHE COBPEMEH-
Has SKOCHUCTEMa MpeArnoaraeT B3auMojeincTeue yuactHukoB ¢ MC, koropast onpezaenser npasuia
Y HOPMBI U MPEJOCTABIISIET BOZMOXXHOCTH ISl y4aCTHs B OOIIECTBEHHO-TIOJTUTHYCCKOMN KU3HH. S 1I-
po UJ1 — 310 mpoekTHast AeSTeNbHOCTh y4acTHUKOB OJl, KOHCTpYUPOBaHHUE PEATIbHOCTHU B MPOLIECCE
ydacTusi B OOIIECTBEHHOW U MOJUTUYECKON KU3HU B OHJIANH- M 0(pJIalfH-TTPOCTPAHCTBAX.

VYenemnocts O/ 3aBUCUT OT TOTrO, Kakue BO3MOXKHOCTH TipenocTtaBiisitoTess UC, 1 HacKOIbKO
3¢ PeKTUBHO X UCTIONB3YIOT yyacTHUKU O]l B mporiecce KOMMYHHKAIIUA U KOHCTPYHPOBAHUS pPe-
ANBHOCTU. B paMkax OHTOJOTHYECKOTO MOJXOAAa BO3MOXKHOCTH CJENyeT paccMaTpuBaTh B (Gop-
MaJIbHOM U COJIepKaTeIbHOM acliekTax. B ¢opMambHOM acmiekTe BO3MOKHOCTH SIBJISTFOTCSI KOMITO-
HenToM UJI, koTopslif koHCTpyupyeTcs yaactHukamu OJ] U Ipyrumu colmanbHbIMU CyOBEKTaMU B
pamkax omnpenenénnoit UC. Yuactauku OJ] MOOMIU3YIOT U CO3AAI0T PeCypChl (Hampumep, pecyp-
Chl COLIMAJIbHOTO KamuTana), B MHTepHeTe W B conuanbHbIXx cerssx O]l opraHu3oBbIBaeTcs, a B
o IaitH-TIPOCTPAHCTBE IKOCUCTEMBI COITUATILHBIE CBSI3HM YKPCIUIAIOTCS [24].

B conepxaTenbHOM aclieKTe BO3MOKHOCTH SIBJISIOTCS TeHAeHuen hopmupoBanus O] u 3amo-
TOM €ro YCIEIIHON JeATEIbHOCTH B YCIOBUAX IHU(poBU3aLuu oOuiecTBa. Opranu3alioHHas, TeX-
HOJIOTMYECKasi U MOJUTHYecKas coctapistomue M/ oka3piBaeT BIUsHUE HA TUHAMHKY COBPEMEH-
HBIX JIBM)KEHUH U CIIOCOOCTBYIOT MX MHCTUTYIIMOHATU3AIUH.

CrniocobHocth yuacTHukoB O]l o6nagate pecypcamu Ajsi OOIIECTBEHHOM NEATENBHOCTH - 3TO
MOJINTUYECKHE BO3MOKHOCTH, K KOTOPBIM OTHOCSITCS JOCTYI K pecypcaM M IMOJJIEPXKKaA BJIACTEH B
MPOIIECCE PEIICHUs CONMATBHBIX MPobaeM. ToIbKO MpU BKIIOUEHUH B SKOCUCTEMY MOJUTUIECKUX
pecypcoB O/l MoxeT paccuuTbiBaTh Ha ycnex [25, 26]. bmarogapsi BhICTpauBaHUIO B3auMOJIECH-
CTBUS C MOJUTUYCCKUMU UHCTHUTYTaMH, TpeOoBaHUs y4acTHUKOB O] MomIep:KuBarOTCs BIACTHIO.
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OTOMY CIOCOOCTBYET WMHCTUTYLHMOHAIIbHAS OTKPBITOCTH IMOJIMTUYECKON CHCTEMBI, T.€. HaJu4due
CBOOOHBIX BBIOOPOB, (hOPMATBHBIX MPABHI JUISI YYACTHUKOB, CTPEMSIIIUXCS BOUTH B MApPTUHHYIO
cucremy. UtoObl OCTHYb pe3yabTaToB B AesTenbHocTH O/, He06X0IMMO COTPYAHUYECTBO C BIa-
cThio [27-29].

Cospemennbiii /] nmpegocraBisier O/l monuTuyeckue BO3MOKHOCTH B OHJIAHH-IIPOCTPAHCTRBE.
Hcnonb3ys nudpoBbie TEXHOIOTHH, OOTBIIOE KOJIHMYECTBO YIACTHHKOB C MUHUMAIIBHBIMU 3aTparta-
MU OPTaHU30BBIBAIOTCS M B3aUMOCHCTBYIOT ¢ BiacThio [30]. YcnemHocTs 1 3pPEeKTUBHOCTD Jesi-
TETBHOCTH y4acTHUKOB O]l moaTBepKIaeTcs pelieHueM COMALHBIX MPOOJIeM, peallu3aiuei mpo-
IrpaMMHBIX TpeOOBaHHI Ha yPOBHE BJIACTH.

3aknroueHue

[IpencraBnena onrtosnorudeckas koHnentyanuszanus NI coBpemennbix OJ] Kak COBOKYITHOCTH
BO3MOXKHOCTEH, KOMMYHUKAIIMA, BHYTPUILIAT(HOPMEHHBIX U BHEUTHUX MpPaBUil, (POPMATbHBIX U HE-
(dhopMaIbHBIX HOPM IOBEJACHUS B o(uaiiH- W OHIAHH-TIpocTpaHcTBaX. OHTOJOTHYECKHUNA ITOIAXO]T
MO3BOJIMI BBISIBUTH crienuuky coBpemeHHoro MJI B comepxkaTelbHOM acleKkTe, pacCMOTPETh €ro
KOMIIOHEHTHI ¥ 9KOCHCTEMY, ONIPEICITHTh BO3MOKHOCTH IS yerenrHoro Gpyaknuonuposanus O] B
COBPEMEHHBIX YCIIOBHUSX.

Copemennbie O]l — 3T0 OHJIaHHOBBIE M O(JIAHOBBIE CETH OTHOLICHUW MEXAY WHIWBHIAMH.
B odnaitH-ipocTpaHCcTBE yYACTHUKU MPUMEHSIOT TPAIUIIMOHHBIE (DOPMBI IEATEIbHOCTH, OpPraHu-
30BBIBAIOT BCTpeud, coOpanus, MUTUHTH. CoBpemeHHbIH W]l crmocoOCTByeT BBIPAOOTKE HOBBIX
cTpareruii nestenbHocTH O/l «IBMKEHUS TPEBpaIlalOT CBOU JCHCTBHS B MEIUHHOE COOBITHEY,
«CTpeMATCs K OCBEIICHUIO U TpaHcaupoBanuio B CMUWy [16], ucnonb3yroT nudpoBbie HHCTPYMEH-
ThI 13151 co3nanus KII, BeicTpanBaroT HOBOE COAEPKaHNE CXEM KOHCTPYMPOBAHMS PEATIbHOCTH.

Oxocuctema NJ[ XXI Beka comepUT HOBBIE BO3MOXXHOCTU I MHCTUTYyIMOHanu3auu OJ1.
O/l monmy4ymiu OopraHu3allMOHHbIC U MHCTUTYLHOHAIBHBIE BO3MOXKHOCTU JJIsl OOILICHHUS, Tepeaadn
uH(opMaIuu, MPOABMKCHHUS MMPOEKTOB, MPUBICYCHUSI BHUMAHUS OOIIECTBAa M BIACTH K COIUAITh-
HbIM npoOnemam. bnaronaps mudpossiM mnatgopmam OJ] MoOOMIU3YIOT 6O0JBIIOE KOJUYECTBO
YYaCTHUKOB U PeaIn30BBIBAIOT TPEOOBAHUS HA YPOBHE BIACTH.

Onronoruyeckas koHmentyanuzamus WJI ciaykuT oCHOBOM Il JAJIBHEUINIUX HCCIIEIOBAHUM
skocucteMbl U/ coBpemennsix O/l. [lonnmanue cymuoctu M/ 1 olieHKa €ro 3KOCUCTEMBI 1103BO-
auT Junepam u ydactHukam O/ BbICTpaWBaTh CTpaTErwio JEATEILHOCTH B COBPEMEHHOM OOIIe-
CTBE, pelaTh COIMANIbHBIE MPOOIeMBbl, 0OecrieunBaTh 3PPEKTUBHOE B3aMMOACHCTBHE MEXKIY Opra-
HaMH BJIaCTH, OOIIECTBEHHBIMU CTPYKTypaMu U ydacTHuKaMu O/].
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AHHOTauUuA

[Ipenmnaraercss KOMIJIEKCHBIM MOAXO/] K PEIICHUIO 3a/1a4 YIPABICHUS MIPOIECCOM aJallTUBHOM MOATOTOB-
KM TPYII CHEIMAINCTOB, KOTOPBIA MO3BOJIUT YYUTHIBATh U3MEHSIONIMECS] BHEIIHHE U BHYTpeHHHE (ak-
TOpPHI, a TaK)Ke AMHAMHUKY M3MEHEHHs YPOBHS MOATOTOBKM CHELHUAINCTOB U ONEPATUBHO IMOJCTPAUBATh
ClleHapui oOy4yeHus! MoJ TEKYIIyl CUTyaluto. Peanusarus 3TOro mojxoja OCHOBaHa Ha OHTOJOTHYE-
CKOM U ITPOTHO3HOM MOJEIHPOBAHMU TIPOIECCa aJalTUBHOM MOJATOTOBKU CIICIHATUCTOB. B cTartbe onu-
CBIBACTCSI METAOHTOJIOTUS aJallTUBHOM MOJATOTOBKH TPYIIT CHEINAIMCTOB OPTaHU3AMOHHO-TEXHUUECKUX
CHCTEM JUIS aBTOMAaTH3MPOBAHHOTO PELICHUsS 33/1a4 YIPABJICHHUS MPOLECCOM ITOATOTOBKH. PaccmarpuBa-
eTcsl TIOAXO/ K PELICHUIO 3a/1ad cOopa, 0000IIEHNS M aHallN3a NUKJIA WHTEIICKTYalbHOTO YIIPABICHUS
a/laliTUBHOM ITOJITOTOBKOM T'PYIIT CIEUAINCTOB Ha OCHOBE MeTaoHTOJoruu. [Ipumenenne paspaboTaH-
HOW METAOHTOJIOTMHU ITO3BOJISIET aBTOMATHYECKH ONpPEIeIsiTh HAJM4YMe 3HAHWH M yMEHHH 00ydaeMbIX,
KOTOPBIE XPAHATCS B MX HMPOPHIAX U OOHOBISAIOTCS MO pEe3yabTaTaM MPOWICHHBIX HTANOB MOATOTOBKH.
OTO TMO3BONSACT TOBBICUTH OIEPATUBHOCTH (OPMHUPOBAHUS YIPABIAIOMNX BO3JAeHCTBHN (ydeOHO-
TPEHHPOBOYHBIX 3a/1a4) U KAYECTBO MOATOTOBKH.

Knrwouesste cnosa: aoanmuenas noo2omosKka, MemaoHmono2us, pynnel CReyudiucmos, npeomemuvie
OHMONI02UU, YIPABAAIOUUE B030elCMEUs, YieOHO-MPEeHUPOBOUHbIE 3a0aU.

Humuposanue: Pponos 1.A. OHTOIOTHYECKUH MOIXO B YIPABICHNHU aJallTHBHON MOATOTOBKOM TPYTIIT
crnienuanucToB // OHronorust npoekruposanus. 2024. T.14, Ne2. C.205-216. DOI:10.18287/2223-9537-
2024-14-2-205-216.

I(om]mukm unmepecoe: aBTop 3aiABIIACT 00 OTCYTCTBUU KOH(lJJ'H/IKTa HUHTEPCCOB.

BBepgeHune

B coBpemeHHOM 00IecTBE CyIIECTBYeT MpodieMa MOBBILIEHUS A(P(EKTUBHOCTH Ipolecca
HOJArOTOBKU CIELIMAIUCTOB M €ro aJanTaluyd K JUHAMUYHO W3MEHSIOIIHMMCS BHEIIIHUM U BHYTPEH-
HUM (akTopaM, TaKUM KaK U3MEHEHUE pbIHKA TpyZa, CMEHa MPeANoYTeHu noTpeOuTene, pa3Bu-
THE TIEPCIEKTUBHBIX TEXHOJOTHH, MHANBHyalbHbIe OCOOCHHOCTH CIIeUanucToB u Jip. [Ipodeccu-
OHaJlbHOE 00Pa30BaHUE HEPEAKO OTCTAET OT Pa3BUTUS SKOHOMHUKH, YTO IPUBOAUT K AucOaIaHCy
MOJIFOTOBKH CHEIHMATIMCTOB U pealbHbIX MOoTpeOHOCTEH obmiecTna [1].

Ha npuoOperenue cenuanucTaMy JONOIHUTEIBHBIX KOMIETEHIUH, HEOOXOJUMBIX JUIsl peLie-
HUS TIOCTABJICHHBIX pa0OTOAATENeM 3a/1a4, TPATATCSA 3HAYUTEIbHOE BpeMs U MaTepUalbHbIe pecyp-
cbl. /11 MOATOTOBKU CIIEUAIMCTOB CYILIECTBYET OOJIBIIOE KOJIMYECTBO MPUKIAJHBIX O0YJarOIUX,
B T.4. MHTEIUIEKTyalnbHbIX, cucteM (MC) [2, 3], a Takke KPaTKOCPOUYHBIX KYPCOB MEPENOITOTOBKH
CIELMAIHUCTOB B COOTBETCTBUU C UX YCTPEMJICHUSMHU M BO3MOKHOCTBIO Bapualuu cojepxkanus [1].

MOXHO BBIACTUTH MpPoOIeMy MOBBIIICHUS 3()(PEKTUBHOCTH MOATOTOBKU CIIEIHATUCTOB Opra-
Hu3alMoHHO-TexHHueckux cucteM (OTC), BBINOJIHAIOLIMX CIIOXKHBIE 3aJaud B COCTaBe IPYII B
YCIIOBUSAX, CBSI3aHHBIX C PUCKOM ISl 3J0POBbs U HEOOXOAMMOCTBIO a/IalTalluy Mpoliecca UX MOAro-
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TOBKH K M3MEHSIOUIMMCS YCIOBUSAM AesTeNbHOCTH. OCyIECTBISTh MOArOTOBKY TaKUX TPYIII CIie-
[IMAJIMCTOB K BBINIOJHEHUIO 33]a4 B PEAbHBIX YCIOBHUSIX BO3MOXKHO TOJBKO C HCIIOJIb30BAaHHEM
CHEIHAIbHBIX TPEHAXKEPOB U TEXHUUECKUX CPEJICTB.

Jis moBeimenns 3QpQPeKTUBHOCTH MOATr0TOBKU rpynn cnenunanctoB OTC HeoOXoauMo MOBbI-
IaTh Ka4eCTBO M ONEPAaTUBHOCTH YIIPABJIEHUS 3TUM IPOLIECCOM, B T.U. 3a CUET yuéTa MHAUBHIY-
anbHbIX ncuxodusuonorndecknx ocodenHocredl (IIDO) kaxkaoro crenuanucra rpynmnsl [4]. Yuér
[I®O cneunanucToB Ha 3Tanax HMHAUBUIYaTbHOW MOJITOTOBKUA OOYCIOBIMBAET HEOOXOIMMOCTb
ruOKOTO M3MEHEHUS CLieHapHsl TIOATOTOBKHU CIIEHUAIIMCTOB HEMOCPEACTBEHHO B IIPOIIECCE 3aHITUH.

HeoOxonumocTh yuéra uMEIONIMXCcs 3HaHUN, YMEHUM U UHIUBUAYAIbHBIX OCOOCHHOCTEH Kak-
JIOTO CIIEIUANTUCTA (Pa3InYHAas CKOPOCTh YCBOSHHS MaTepHaia, MOTPEOHOCTh B Pa3IMYHbBIX MOAXO-
JaX U METOJUKax K O0y4eHHIO) MpU OJHOBPEMEHHOH MOATOTOBKE OOJBIIOr0 KOJMYECTBA CIEIra-
JUCTOB B COCTaBe IPYII OOYCIOBIUBAET 00pabOTKy PYKOBOAMUTEIEM 3aHATHS OOJBIINX 00HEMOB
naHHbIXx. C yBeIMYeHHEM MJIOTHOCTH MOTOKA MOCTyHaroie nHhpopMaluu, Ha OCHOBAaHUU KOTOPOK
HE00X0IMMO MPUHUMATH YIIPABIISIONIEE pElIeHUE, ICUX0()U3HOIOTHIECKHE BOZMOKHOCTH PYKOBO-
JUTEIIS 3aHATUS CHIDKAIOTCA [S5]. DTO ompenensieT akTyalbHOCTh aBTOMATH3aI|K Mpoliecca yIpas-
nenust anantuBHoM noaroroBkoi (All) rpynn cnenumanucros OTC.

1 ABTOMaTuU3auun ynpaBneHus afanTUBHOM NOArOTOBKOM rpynn cneygumanumcTtoB

OpHuM U3 MyTell MOBBINIEHUS! Ka4eCTBa YIPABICHUS TOATOTOBKOM TPy CHEIHATUCTOB SBIIS-
eTcsl aleKBaTHbIN y4éT uHAuBUAyalbHbIX [1PO kaxaoro crneuuaincra U3 cocraBa IpyMIbl B MPo-
1ecce aJanTUBHOTO (GPOPMHUPOBAHUS TSl HUX YIPABJISIONIMX BO3ACHCTBHI [6-8].

B nporniecce npoBeneHus 3aHATHI HAaHOOJBIIAE TPYIHOCTH BO3HUKAIOT MPH aJIalITUBHOM (op-
MHUPOBAaHUU Y4€OHO-TPEHUPOBOUYHBIX 3314 (Y T3) st Ka)A0ro CrenuanicTa rpynmbl ¢ yI4€TOM UX
TEKYIIEro YpOBHS MOATOTOBJIEHHOCTU M PE3YJbTAaTOB BbINOJHEHUS npeabaymux Y13 (¢ yuérom
BPEMEHU BBINIOJIHEHHUS 3371a4M, Pe3yIbTaTOB €€ BBIIOJHEHHS U COBEPIIEHHBIX OLINOOK).

Pemenue »Tux 3a1a4 pyKOBOJUTENEM 3aHATHI 3aHUMAET JUIUTEILHOE BPEMsI U 00YCIOBIUBAET
CyObEKTHBU3M OLIGHKH TEKYIIEr0 YpPOBHs MOJrOTOBICHHOCTH OOy4aeMbIX, Ha OCHOBE KOTOPOH
INPUHUMAIOTCS PEIeHUs 10 (POPMUPOBAHMIO YIPABIAIOUIMX Bo3aeicTBuil YT3, u aHanu3a pe3yib-
TaTOB MX PeaJN3alUu U MOCIEAYIOIENH KOPPEKTUPOBKH.

Jlns o0yyaeMbIX XapakTepHO 3a0bIBaHUE MPOMIEHHOI0 MaTepHaja, yTo MPOUCXOIUT MHIUBH-
JIyaJIbHO [7] ¥ 00yCIIOBIMBAET HEOMPEACIEHHOCTh B JIOCTHKEHUH €€ 3TAlOB MOATOTOBKH. M3-
MEHEHHE YPOBHS MMOATOTOBICHHOCTH Ka)KJI0I'0 CHElMaINCTa B Ipolecce 00ydeHHs alpoOKCUMUPY-
€TCsl COOTBETCTBYIOIIEH HKCIOHEHLIMaIbHOW ¢yHKIMed [8]. PykoBoguTento 3aHATHS TPYAHO
y4YeCTb 3TU U3MEHEHHs pu (GOPMUPOBAHUM MHAWBUAYAIBHBIX YIIPABIAIONUX BO3JEHCTBUN B IPO-
Lecce 3aHsTHS.

[TosToMy Ha 3Tamax rpynmnoBOW MOATOTOBKM aJalTHBHOE MHIMBHyaIbHOE YIPaBICHHE MPH-
BEIET K CYIIECTBEHHOMY YBEJIMYECHUIO BPEMEHU Ha aHANU3, U3MEHEHHE U BBIPAOOTKY YIpaBJIAIo-
X BO3JCHCTBHI B MPOIIECCE MOATOTOBKU 00ydaeMbIx [4].

Ot pakTopsl 00YCIOBIMBAIOT HEOOXOAMMOCTh aBTOMAaTH3aIuu Tporecca ympasiaeHus All
TPYII CIEUATUCTOB 3a CU€T pa3paboTKu ajmantuBHOW cuctembl yrpasieHus (CY) mpoueccom
MOATOTOBKH, KOTOpasi TOJDKHA YUUTHIBaTh crienduky npeamerHoit obnactu (I[IpO) u nuHauBumy-
anpHble [IOO 00yyaeMbIX CIEUATUCTOB (CKOPOCTh MPHOOPETEHUsI U yTpaThl 3HAHUM, YMEHUN U
HaBBIKOB).

3anaua ynpasnenus All rpynn crienuanucToB He MOXKET OBITH 33jaHa B UMCIOBOU (opme, eé
LeJH HE MOTYT OBbITh BbIpaXXEHbl B TEPMHHAX TOYHO OIpeneiaEHHON LieraeBo (PpyHKUMU, HE Cylle-
CTBYET OOILEro alropuT™Ma e€ pemeHus. ITo MO3BOJseT OTHECTH HAa3BaHHYIO 3a/1auy K KJIacCy cia-
OOCTPYKTYpUPOBAHHBIX WJIK He(DOpMaTM30BaHHBIX 3a1a4 [2].
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ABTOMaTH3aIMs Mpoliecca YIPaBIeHUs MOJTOTOBKOM MOXKET ObITh OCYLIECTBIEHA C TOMOUIBIO
NC ynpasnenus, noctpoeHHON Ha ocHOBe Mojenu [IpO u BriItOUaromei 3HaHUsL O CTpaTErHsiX U
METOJ/IaX TOJTrOTOBKH, NpeaMmeTax oOydeHuss u obydaembix [8-10]. s dopmanuzanmm 3HAHMI
[IpO AII rpynn criermanuctoB OTC nenecoo0pa3Ho IPUMEHEHNE OHTOJIOTMYECKOT0 HHKUHUPUHTA

[11].

2 MeTaoHTONOrMsA aganTUBHOM NOATOTOBKMU FPynn cneuvanucToB

MetaonTtonorusa All rpynn cneunanuctoB (MetOap) SBASETCS MOJENBIO 3HAHUM U MPEICTaB-
JsieT co00M OHTOJIOTHIO BEPXHETO YPOBHS, BKIIOYAIOIIYI0 COBOKYITHOCTh B3aMMOCBSI3aHHBIX IMpE/I-
METHBIX OHTOJIoTHYecKuX Mozenei (OM): OM npenmeroB All (Op), OM o6bektoB All (Oop), OM
pecypcoB miis All (ORes), MHOKECTBO OTHOIIICHUN MEXKy OHTOJIOTHSAMU (Ry), MHOKECTBO aKCHOM
(4x), mo3BONAIOMMX JeNaTh O00OOMIEHHBIE BBIBOJBI M3 COBOKYITHOCTH aTPUOYTOB M OTHOIICHUH
MEXy KiaccaMu (TIOJKJIaccaMM) U aTpuOyTamu.

MetOap = (Stage, Goal,Op,Oop,ORes, R, Ax) ,

rne  Stage —  wMHOxectBo  oranmoB  All  (oaMHOYHAasT ~ MOATOTOBKA,  MOATOTOBKA
B COCTaBe Tpynn crenuainucton); Goal — nenu stanoB All rpynn cnenuaiucTos.
Op npejcTaBiieHa B BUJIE (CM. TaK)Ke PUCYHOK 1)

p® :{E(”),...,Pq(b),...,PQ(b)}, g=1,...0, b=1,.,B

q,c>""

Ap(b) —{Ap(b) L Ap® Ap(”)} c=1..,C;

CLY ={el?) sl s, p =1, P

Op={P" >R =[Rc")..s R s R}, 1=, L
Rs ={Rs"),..,Rs\") ... Rs{) |, m=1,..,M;

Rp" ={Rp),...Rp),... Rp(}, s =1,...,;

Ap(b) <—>Fp§{’c) :{Fp(b) o Ept?) Fp”’) },jzl,...,.],

q,¢? q.cj2""
rae P® :{ R(b),,..,f;(b),...,PQ(b)} — MHOkeCTBO »j1eMeHToB All (IIpesMeToB, TeM, 3aHATHH, n3ydae-

MBIX TTOHATUI M OTpabaThIBAEMBIX YMEHUN);

0 _ J p) (1) (1| .
P _{P1 s PO P }
PV PP = {pm P2 <2>} f=1.

gl 2t g forr

P e PO =(PO)... gﬁﬁg,...,ppg}, i=1]

(b) — (q) (q)
P" =(N,,GZ,GUL w, ),
rae N, —ums g-ro snementa Al
GZ = {gzlgf)l, gz .. ,gzl((g)N} kz=1,..,KZ, n=1,...,N — MHOX€ECTBO OOOOWIEHHBIX TPaHyI

3HaHI/II/I COACPpKAIUXCA B g-M DJICMCHTC AH,

gz,ﬁf)n — aToMapHasi TpaHyJja 3HaHUH, peACcTaBsAtoNnas co00i CEeMaHTUYECKU HEAETUMOE TTOH -

tue [IpO (Hanpumep, onpenenexue);
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GU(q) {

gui?,..

° gu/EtZ)v

EN

s 8Upy

(9)

} ku=1,...,

YMEHUH, coiepKaluxcs B g-M anemente All;

guku v

(9)

KU, v=1,...,

V' — MHOXeCTBO 000OLIEHHBIX TPaHyIl

— aTOMapHasi rpaHyJjia YMEHUH, MPEICTABISAIONIAs COO0M IEeMEHTApHYIO ONEepaIHIo, SB-

JIAIOLIYIOCS] COCTAaBHOM YaCThIO JE€MCTBUM, BBIIIOJIHSAEMBIX CIIEUAIMCTOM IIPU PELICHUH 3a/1a4.

1
Rsy,

Rs!

(1) (g-1)q (1)
P 7
Ap® <5 Fp® Rep, Ap© Fp®
quzl p p p <« p
R,
Re,,
Ry,
y Ry,
b) Rs? Rs’
(2) Rs;, 2) 3, Py 2)
pl.l 12 Pcuf
&3] () (2) (2) (2} (2}
Ap)7 <> Fp;) R, Ap;) <> Fpy Ap ;o Fp;
Ref ei,
Rey ke,
53 Rs® . Rs’} R.S
3) Rsi, 3) (=1).k 3 R (kD) (E-1.5] )
}{(.1 : }fz - }?(fi = PSI
(3) (3 (3) (3 3) 3)
Ap;y <> Fp;; Ap;, < Fp; Apl) <> Fpl) i < EPE
Ray

GZ}

(n+2)

PI/ICyHOK 1 — OHTOJIOrHYeCcKas MOoA€JIb NIPEAMETOB a}laHTHBHOﬁ TIOAIrOTOBKH

MHoxecTBO 0000IMIEHHBIX TPaHYT 3HAaHUM M yMEHHH (OpMHUpYyeTCs B pe3ysibTaTe mpolecca
nH(OPMALIMOHHON TpaHynsluu cofepxkanus All U rpynnupoBaHus aTOMapHBIX TpaHyl 3HAHUH U
YMEHHH Ha Pa3IMuHBIX (; -ypPOBHSAX IO ceMaHTHuYecKoW Ommsoctu [12, 13]. Ilomydyennas taxum
o0pa3oM uepapxuveckasi CTpyKTypa SBIISIETCS OCHOBOU MpHU MOCTpoeHuu aepeBa meneit All

Wy — CTENEHb BIUAHUA dyeMeHTa All Ha TOCTHMKEHNE YaCTHOM LIE€NH MOATOTOBKH, ONpEAEsie-
Masi ¢ TOMOIIBIO0 MOJIeNH, pa3paboTaHHON HAa OCHOBE METOJ/a aHallM3a HEeUETKUX HepapXuil ¢ ajgan-
TUBHBIM COTJIACOBAaHHMEM JIaHHBIX [ 14];

(q) >
Ty 0

gz@) — < N;ffl , > gu(‘“ — < N}glq)v’
rae N/ N (") — UM n-# TpaHyiIbl 3HaHUH / v-i TpaHysbl yMEHUI;

— BpeMs1, He00XO0AUMOE Ul U3YUEHUs! n-i TpaHyIIbl 3HaHUH / v-i TpaHy/bl yMEHUI;
Res? / Res(q)

T(q) / T(q)
v-i TpaHyJIbl YMEHUI;

(9)

T k(zq,)l , Res,fg)n Wi, T, k(lf)v ,Res'?

ku, v’

— pecypchl, He0OX0quMbIe AJisl U3ydeHus (0TpabOTKM) n-il TpaHyibl 3HAHUH /
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(‘” = [0 lj / W@ —[O 1] — CTETeHb BJIMSHUS 7-U paHylibl 3HAHUM / Vv-i TpaHyibl YMEHUM
Ha ,I[OCTI/I}KCHI/IC YaCTHOM 1IeJTU MOJArOTOBKU HIKHETO YPOBHS HEpapXUU;

Ap(b) —{Apf]ﬁ),...,ApZ’g, Ap(b)} — MHOXeCTBO arpuOyToB 31eMeHTOB AIl (ums snmemeHTa

ATIl, MHOXECTBO aTOMapHBIX TPaHyJI 3HAHUW M aTOMAPHBIX TPaHyJl YMECHUH, CTCTICHb BIIUSHHS 3JIe-
MeHTa All Ha JOCTHKEHHE YACTHOU IENU MOJATrOTOBKH, BPEeMsi, HEOOXOIUMOE JJIsi OBJIAJICHUS dJie-
MeHnToM All);

CLY = { 1) cl®

M P l(’”} — MHOECTBO YaCTHBIX L€JeH, COOTBETCTBYIOIIUX 3JIEMEHTAM
ATl, oOpa3yromux aepeBo I1ened (Hanmpumep, 3aHATHIO, BXOSAIIEMY B ONPEISIEHHYIO TEMY, COOT-
BETCTBYET YacTHAas 11eJb, a MPEIMETY IMOATOTOBKH MOXKET COOTBETCTBOBATH KOHEYHAs 11€JIb MOATO-

TOBKH).
() _
cl,) = <Ncp,Fcp,wcp>,
rae Nc, —uMs p-it 4aCTHOH 1enu;

. p(b) ® .
Fe,:P” —cl,;’) — bynkuus orobpakenns sneMenToB Al 4acTHBIM HeTsM;

Wwc, — CTEIeHb 3HAYUMOCTH p-i 4aCTHOM 1eJM HHKHErO YPOBHS MEPAPXUM LieIu Oosee Bepx-
HEro ypoBHs MepapxHH, oIpesensemMas ¢ MOMOLIbI MOJENH, pa3paboTaHHONH Ha OCHOBE METO/a
aHaJIM3a HEYETKUX UepapXHil ¢ aAalTUBHBIM COIVIACOBAaHUEM JIaHHBIX [14];

R = {Rcf]bl),...,Rc;b[),...,Rc;bz} — MHOYKECTBO MEPAPXUYECKMX OTHOMICHUH (OTHOIIEHHE «YaCTh-

uenoe») MCIKAY 2JICMCHTAMU All na Pa3JINYHbIX YPOBHAX;

Rs“’) {Rsfz”l), Rsé”;, Rsf]%} — MHOECTBO OTHOIIICHUN MPUYMHHO-CIEACTBEHHON 3aBUCUMO-

cti Mexay anementamMu All Ha b-M ypoBHe nepapxuu (IIOC/I€0BATEIbHOE U3yUYeHUE U OTpabOTKa
TEM, 3aHATUH, HOHATUI U YMEHU);

Rp(b) —{Rpgﬁ),...,Rprl;) ) Rp(b)} — MHOKECTBO OTHOLICHMH BIIMsAHUSA d1eMeHTOB All HuxkHero

YPOBHS Ha 3JIEMEHTHI 00JI€€ BHICOKOTO YPOBHS;

Rp) = { 10, rpom® ,,ps(m}

Plgs TPy s
rae rpl;f’s) — OTHOILIIEHUE c1a00ro B3aUMOBIUSHUSA MEXTy dneMenTamu All (o3Hadaet, 4yTo A J10-
CTHIKEHHUS POAUTENHCKOM BEPIIMHBI JKETIATeNbHO BI/IETh 3HAHUSAMH U YMEHHSIMH JO4YepHEd Bep-
IIIMHBI, HO HE SIBIIIETCS 0053aTeIbHBIM), CTENIeHb BIUSHUAS dieMeHTa All Ha JOCTH)KEHHE YaCcTHOM
LIeJIH OJTOTOBKH W, < 04;

rpm\”) — OTHOLICHHE CPETHETO B3ANMOBIIMAHHISA MEXKLY dJIEMCHTAMH Al (o3nauaer, 4TO JIs1 10-

CTIIKEHHSI POJUTENILCKOW BEPIIMHBI JKEIAaTeIbHO BIAJETh 3HAHUSAMU W YMEHUSMHU JOYEpHEH Bep-
IIMHBI), IPH 3TOM CTENEHb BIUSHUS dieMenTa All Ha JOCTHKEHHME YAaCTHOM 1eJIN MOATOTOBKH Jie-
xuT B unTepBane 0.4<w, <0.7;

rps;bé) OTHOIIEHHE CHJIBHOTO B3aUMOBIIMAHUA Mex1y anemeHTamMu All (o3Hawaer, 4to Juist
JOCTUKEHHSI POJIUTENBCKONW BEPIIMHBI HEOOXOIUMO BJIAJETh 3HAHUSAMU M YMEHHSIMH JOUYEpHEH
BEPIIHHBI), IPU ITOM CTENEHb BIUSHUSA >nemeHTa All Ha MoCTH)KeHHE YaCcTHOM LeNH MOATOTOBKU
nexut B unrepsane 0.7<w, <1.

Kputepun B3aumoBnusiHus mexay saemenTaMu All onpeneneHbl Ha OCHOBE METOAA IKCIEPT-

HBIX OLICHOK M HE MPOTHUBOpEYAT IporpaMmaM IMOATOTOBKM M HAaKOIUIEHHOMY OIBITY MOJArOTOBKU
TPy CIeNUaINCTOB.
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Fp) = { Ep® . Fp® .. Fp® } — MHOYKECTBO OTpaHMYECHUI aTpuOyTOB d51eMeHTOB ATl
q’L'IQ"'J q’(;j7 * qL
Oop nipeicTaBlIeHa B CAEAYIOMEM BHIE (CM. TAKXKE PUCYHOK 2).

OP“ ={OP",..,OP",..,OP"|, v=1,...V, d=1,.,D
Aop'? —{Aop(d) L Aop' D . AOp(d)} r=1,..,R;

Oop ={0P") < v

v,u o*

Roc!® = {Rocﬁﬁ) . Roc'D . Roci’dl}} ,u=1,..,U,

v,.g2"

Aop® <> Ryp'® = {Rvp(d) L Rvpl) Rvp(d)} g=1,..G,
rae OPY) = {OPl(d),,__,OPV(”’),,,_,OPV(")} — MHOXeCTBO 00bekTOB All (0TAENbHBIE CENUANNCTHI, TPYII-

bl CHELUATUCTOB);
Aop!® = {Aop&‘f),...,Aop(d) Aop(d)} — MHOXeCTBO aTpu0yToB 00bekTOB All;

v,r 2
Roc'” ={Rocﬁ”{),...,Rocﬁ‘i{),...,Roc%} — MHOKECTBO MepapXUUYecKHX OTHOLIEHHH (OTHOIIEHME

«4acTb-1enoe») mexay oobexktamu All,

Rvp!® = {Rvp(d) ,Rvpﬁfg, Rvp(d)} — MHOKECTBO OTHOILEHUN COOTBETCTBUS MEKAY aTpuoy-

tamu 00bekTOB All 1 amemenTamu All OHTOIOTHY TIPEIMETOB ITOATOTOBKH.

OoPY op?
1 1 (1) (1
! Aop“ <—>Rvp1( : Aop,” <>Rvp,
RO«‘:’I__l JR(;;(:L2
P %
ORY OP? OP'
AOP(E) HRVPQ) Aop@ (—>Rvp(2) Ag 52}) <> Ry, 52,)
Rocfl Rocf, Rocs, Roc?, Roc!,
d
oP OB . orY . oP), | OP?
Aopy & Rp? dopT < RpS) Aop? SRpT| ol R, Aop(5) <> RpfS)

PucyHnok 2 — OHTONIOTHYECKAST MOJIETh OOBEKTOB Al TUBHON MOJITOTOBKU

ORes uMeeT clieqyromui BUJ (CM. TaKKe PUCYHOK 3).
Res :{Resl,...,Resi,...,Resl}, i=1,..,1;

Ar, —{Arll, Arlk,, Ar,.KR},kr:l,...,KR;
ORes =1 Res; <> ’

Ror {Rorll, Ror ... RorlQN} gn=1,...,ON;

Rvr, {erll, S RVE, 41 RW’;GT} gt=1,.,GT;
Ar, &

Fr, {Fr,l, T }ezl,...,E,

rie Res :{ Resl,,..,Resl.,...,Res,} — MHOKECTBO PECYPCOB, HEOOXOIUMBIX UII OTPAOOTKH dIIEMEH-

TOB All;

Res, —{Ires Mres, }rs=1,...,RS,re=l,...,RE,

lrS’ Lre
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TG [res;,, ={Ires, ,....IreS, e IS,y yyy b, nm=1,.., NM — MHOXKECTBO MH(OPMALMOHHBIX PeCyp-

rs,nmo**
COB (JIuTepaTypa, BUACOMATEPUANIbI U T.I1.);
Mres, ,, = {Mres .,Mres
COB (peayibHasi TEXHUKA, TEXHUYECKUE CPEICTBA OOYUCHHUS U T.I1.);
Ar, = {Arl.’l,...,Ar

ik

.,Mresmizs},zs=1,_..,ZS — MHOJKECTBO MaTepHaIbHBIX pecyp-

re,ls°* re,zso**

»Ar, KR} — MHOECTBO aTpuOyTOB pecypcoB s All;

Ror; :{Ror',l’“" Ror; ..., RO’?,QN} — MHOXXECTBO HEPAPXUUYECKUX OTHOIICHWH (OTHOIIECHUE

«4acThb-1e70e») Mexay pecypcamu it All;
Rvr; ={eril,...,er

G gtreees eri’ GT} — MHO>KECTBO OTHOIIIEHUH COOTBETCTBHSI MKy aTpuOyTa-

MU pECYypCOB IJIsA Al u snemenramu All onTosoruun MpeaAMETOB IIOATOTOBKH,

Fr, = {Fi;yl,...,Fz;.,e,..., F”i, E} — MHOKECTBO OTpaHUYeHHUI aTpuOyToB pecypcoB ans AllL
Res,
A & 1,
Ires,, Ires,, . Mres, Mres,, ..
A'rll <_>F“r1:l A‘P;-;mz‘ (—)Ff‘mm A]il <_>}T‘rl:1 Ar}e;s‘ (—)Fffl'e;s
Ron Ror, Ror,, Ror_,
ires; ires,, ires,, . |...| ires,, . mres, mres, mres._, mres_
Pucynok 3 — OHTOJIOTHYECKAsI MOJIETh PECYPCOB ISl aJaNITUBHOM MOATOTOBKH
R, ={st RSRS} jn=1,...,JN — MHOXECTBO OTHOLIEHUH COOTBETCTBHS MEXKIY IPEIMET-

HBIMU OHTOJIOTHSIMU,
Ax = {Axl,...,Axh} — MHOKECTBO aKCHOM, MO3BOJISIONIUX JeJaTh 0000IIEHHEBIC BBIBOIBI H3 CO-

BOKYITHOCTH aTpHOyTOB M OTHOLIEHUH MEXay KjaccaMmu (MOJKJIaccaMu) U aTpuOyTaMu METaoHTO-
JIOTHH.

3 TlpakTnyeckoe npumMmeHeHue

Jliis mpakTUYecKoro pemieHus 3aaay ynpasiaenus All rpynmn crenuaniucToB pa3paboTaHHas Me-
TAOHTOJIOTHS peajnu3oBaHa B cpene Protégé. C moMoIibio 3anpocoB Ha s3bike SPARQL ocyiecTs-
JSieTCs MPOLECC MOTY4YEeHUs HeOOXOAUMOM Al PyKOBOAMTENS 3aHATHH nHpopManuu o6 oOydae-
MBbIX CIIELMAIUCTAaX JJIsl IUIAaHUPOBaHUs Mmeponpustuid ux All.

[Ipumep 3ampoca 0 coctaBe rpynIbl U BHIIOTHAEMbBIX (PYHKIUAX CIELUATUCTOB B IPYIIE Hpe-
CTaBJIeH Ha pucyHKe 4. Pe3ynbTarhl 3anpoca BBIBOASTCS B BUJE TAOJIUIIBI, YTO MO3BOJISIET PYKOBO-
JUTENI0 3aHATHS ONEPaTHBHO IUIaHUpOBaTh Meponpusatus All He3zaBucuMo OT cneunduku 3a1ad,
BBITIOJTHSIEMBIX TPYIION 00yyaeMbIxX. [ pyKOBOAUTENS 3aHATHS UMEETCS. BO3MOXHOCTh C UCTIOJIb-
30BaHMEM 3aIPOCOB K METAOHTOJIOTMH YTOYHSATh MH(OPMAIMIO O HAIMYUU ONPEAeIEHHBIX 3HAHUH
Y yMEHUH y 00ydaeMbIX.
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Ha pucynke 5 npuBenén npumMep 3ampoca K METAOHTOJIOTHH O CIICIMAINCTAX, N3YYUBIIUX TpPe-
6oBanus 6e3onacHoctu. [lo pedynmpraram 3ampoca pyKOBOJUTEIIO 3aHATHS BBIBOAMTCS WH(pOpMa-
IIs1 O WICHAX TPYIIIBI, U3YYUBIIUX 3TOT BOIIPOC.

Jjis1 aBTOMaTH4ecKOro 0OHOBJICHUsI HH(pOpMAIMU 0 MPoWeHHbIX dTanax All B pazpaboTtanHoii
METAaOHTOJIOTUU c(HOPMHUPOBaHbI NpaBuia Ha sizbike SWRL. IlpaBuia MO3BOJSIOT aBTOMATHYECKH
OOHOBIIATH MH(OPMAIIHIO O TIOTYYEHHBIX KaKIbIM 00y4aeMbIM 3HAHUAX M YMEHUsX B rporecce All
U TPEACTaBIATh MH(POPMAIHIO (TIEpeYeHb aTOMAPHBIX T'PaHyJ] 3HAHWH U YMEHHH) PYKOBOIHUTEIIO
3aHATHUS 00 OCTABLIMXCS dTaNax sl KAKA0ro 00y4aeMoro rpyrbl.

Ha pucynke 6 mpezacraBiieH mpuMmep NMpaBuia, KOTOPOE OMpeAessieT TpeOyemble 3HAHMS UL
IPOJIOJDKEHHSI HOATOTOBKH COTTIACHO C(HOPMUPOBAHHOMY JIEPEBY LIETICH.

|| Edit o | |12 Edit X
Name MName

s2 (54

Comment Comment

|I(T0 3HaeT Tpefoeanne Ge3onacTHocTh

Status

ok
autogen1:@WO(?TpedoeannA_De30NacHOCTM_COTMACHO_WHCTPYKLMW_NO_3KCnayaTaumn) *
autogent:3naet(?TpeboBaHnA_0e3onacHOCT_COMACHO_WHCTRYKLUMK_NO_3KCNNyaTaum,

autogen: TpefoeaHWA_0e30NacHOCTH_COMACHO_WHCTPYKLWA_NO_3KCINyaTawmm) -=
sqwrl:select?TpeGoeaHnA_Te30nacHOCTH_COMMACHD_WHCTRYKLMM_NO_3KCNNyaTaum)

|COCTE[B rpynnkl
Status
|F'reﬂx not registered for prefix name: autogen1:

autogen1-@WO(?c) * autogen 1 JonxHocTe(?b) * autogen:3eaHmne(?a) * autogen:
MmeeT_nomxHocTe(?c, 70) * autogent:Mmeet_3paHwe(?c, ?a)* autogent:
BXOOMT_B_cocTas(?c, autogen ZI'p].-'I'II'IbIl_1 1)-=sqwrlselect{?c, ?b, 7a)

Cancel

Cancel Ok

Pucynok 4 — [Ipumep 3anpoca K METAOHTOIOT UK
0 COCTaBe TPYIIIBI

Pucynox 5 — IIpumep 3ampoca K METAOHTOJIOTHH O CIICIH-
aMcTax, M3yYUBIINX TpeOOBaHMs O€30MTaCHOCTH

|| Edit Property assertions: Xapkos_A_I1

Name Ohject property assertions

|85 B Oceoun 3anATHe_1_TB_cormacHo_WHCTPYKUMW_NO_3KCNAyaTauuM
Comment B [lanee_HeoBXO0[MMO_H3y4HTE

|I'IpaE|.-|r|0 3anAmMe_1_Hasnavenwe_cocras_TTX_M_obuwee_yCTPOACTEO_paKeThl
Status B 3naer TTX_MN3PK

ok

autogen(:@MO(?c) * autogend:3HaeT(?c, autogenl TTX_M3PK)
= autogen0:Oceonn(?c, autogen(:
3aHATne_1_TB_cormacHo_WHCTPYELAK_NO_3KCNayatauum)
autogen(:Janee_Heobxogumo_nayunte(?c, autogen:
3anATne_1_HazHaueHwe_cocTas_TTX_W_ofuwee_ycTpoicTeo_
paKeThl)

Cancel Ok

Data property assertions
B BpemA_oby4eHusa 0
B QWO "¥apkos AHTOH MaBnoeuy”

Megative object property assertions

Megative data property assertions

Pucynok 6 — [Ipumep mpaBuiia, KOTOPOE OMpeeseT TpeOyeMble 3HAHUSI [T POIOJKEHUS TIOATOTOBKH

Ha pucynke 7 npenctasnensl pe3ynbratel All creruanucra (OIEHKHM aTOMapHBIX TpaHyl 3Ha-
HUW 1 YMEHUHN B COOTBETCTBHUU C JIEPEBOM IIeJIeH ).

JIOKyMEHTUPOBAaHHE MOJIYYEHHBIX PE3YJIbTATOB MMO3BOJISET PYKOBOJUTENIO 3aHATHUSA JI€]IaTh BbI-
BozbI 0 mpouecce All, nMHaMuKe OBIIaZIeHHs 3HAHUSMU U YMEHHUSIMH KaKJIbIM 00y4aeMbIM TPYIIIIbI
u auddepeHnnpoBaHHO GOPMUPOBATH JII HUX YIPABISIONINE BO3ACHCTBHS C YUETOM TEKYIIUX

pe3yJIbTaToB.

Bce nannkbie 00 O6y"{aCMOM, MMoJIy4aCMbIC U3 MCTAOHTOJIOTUH, XPAHATCA B LIH(I)pOBOM JIBOMHUKE

00bekTa MOAroTOBKH SP,
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SP,
SP = <1D5pq LK, Y3 (1).CSq, . TRy, > ’
rae [Dg, —uaeHTu(PHUKATOp ¢-ro CIEeNUaINCTa;

LK, — mnpuBunyanshele IIPO cnenmanucra, onpezaenseMble MOJEIAMH IMPUOOPETEHUS U
q

yTpaThl HaBBIKOB [15];
SP, )
Y, “(t) — TeKylluil ypOBEHb IOATOTOBIECHHOCTH ¢-TO CIELMAIMCTa Ha /-M JTale MOArOTOBKH,

OHGHHBaeMBIfI B COOTBCTCTBHH C PYKOBOAAINIMMH JOKYMCHTaAMU 00 OpraHu3anuu ITOATOTOBKH
TpyIil cueuruajaIrucToB U MCTOANMKAMH OLCHKH

[\ —  1uudpoBoi
Property assertions: MeaHos_W1_W MEmX SE 1 (bp

Object property assertions clieq Q‘TOFO CIIcuuain-

B Xopowo_3HaeT MCTOYHHK_OWKOKM_NO3OHWA_NYCK cTa (pe?:y.]'II)TaTBI HpO-

BN OTnMyHO_3HaeT TpeboBaHWA_De30NacHOCTH_COMMAacHO_MHCTPYKLUHHM_NO_3KCMNyaTalHi XOXKIEHUS DTAIlOB II0/-

B OTNH4YHO_yMeeT M3MepATb_anbHOCTb_0_UenH_C_NOoMOWbLH_DHHOKNSA

TOTOBKH II0 PpPa3JInYHbIM

BN Y0ENETEOPUTENBHO_YMeeT WaMepATh_aanbHOCTb_[0_Uenu_C_NOMOWLH_NHHERKH

B YmeeT W3MepaTh_AanbHOCTb_10_Lenn_c_NoMOULH_MHHEHKN I[I/ICI_[I/IHJ'II/IHB.M);

B MeeT_[oMKHOCTE KOMaHAMp_OTAeNeHus 9
B Xopowo_3HAeT 3anpeTHblA_Yron_B_CTOPOHY_CONHUa TRSF; — OTAJIOHHBIM
W BxoRHT_B_cocTag 3po_21 CLIEHapUi ITOATOTOBKH ¢-

TOT'O CIIELUAIKCTA.

OTaJOHHBIN clieHapHii
Negative object property assertions IIOATOTOBKH (bOpMI/Ipy—
€TC Ha OCHOBE JepeBa
neiaer, TAe  Kakaon
YaCTHOM LEIM COOTBET-
CTBYIOT  000OIIEHHBIE
rpaHysibl  3HaHUU U
00001IEHHBIE TPaHyJIbl YMEHHH. BBIOOD 1€/ U 3TAlIOHHOTO CLIEHapHs 3aBUCUT OT 33JJaHHOT'O Bpe-
MEHHU Ha MOATOTOBKY Ipymnn crenuanuctoB. [loatomy nensio AIl MokeT ObITH 1LIENb HE CamMoro
BEPXHEr0 YPOBHS O, @ YACTHAs LIENb YPOBHA 0O,-7). B 2TOM cityyae coaepkanue moaroToBKH orpe-
JIeNIIeTCS B COOTBETCTBUM C OTHOILEHUEM BIIMSHUA 3J1eMeHTOB All HM)KHEro ypoBHSI Ha 3JIEMEHTHI
6oJiee BBICOKOT'O YPOBHSI.

[TosryyaeMblil ¢ TOMOIIBIO METAOHTOJIOTUU B COOTBETCTBHU C JEPEBOM ILIeJieil nepeyeHb Heo0-
XOJMMBIX 3HAaHUM M yMEHHUH HCIoNb3yeTcs Npu (POPMUPOBAHUM CLEHAPHO-MH(POPMALMOHHONW MO-
nenu mnpouecca All B Buzie ynopsiio4eHHON MOCIEA0BATENbHOCTH JIEMEHTOB Ui MPOTHO3HOTO
MojenupoBanus jgoctwxkuMoctu 1enu All. CueHapHoO-MH(pOpPMaLMOHHAs MOJENb MPeACTaBiIsIeT
co00i1 MHO>KECTBO BO3MOXHBIX clieHapueB All i kaXa0ro cnenuanucTa U TPYMIbl B LEIOM My-
TEéM 00BbEIMHEHNS UHIUBUAYAIbHBIX CIIEHAPHEB OTAENbHBIX CHELHUAINCTOB Ipynibl. B pe3ynbrare
MOJICJIMPOBAHUS BBIOMPAETCS pallMOHAIBHBIA CLIEHApUH U OCYILECTBISAETCS MPOLECC MOArOTOBKU
cneuuanuctoB. CreHapuil mpeacTaBisieT co0oi cTpykTypy nporecca All rpynm crnenuamiucToB B
BUJIC IIOCJIEOBATEILHOCTH aTOMAPHBIX T'PaHysl 3HAHUM M aTOMAPHBIX T'PaHyJl YMEHUH C y4ETOM
YK€ UMEIOUMXCA y CIEHUaINCcTa 3HAaHUW M YMEHUH B yCOBEPILIEHCTBOBAaHHOW HoTauuu ARIS,
IpeIHA3HAYCHHOM U1 MOJSINPOBaHUs OU3HEC-IIPOLIECCOB.

[Tpu otpabotke cuenapust All rpymnn crnenuamiucToB (GUKCUPYIOTCS MOJTYYEHHBIE PE3yIbTaThl B
BUJIC OLEHOK IO YeThIPEXOAUIBHON IIKaje M OLIMOKH, JOIyCKaeMble CIEeLMaIUCTaMK IPYIIbI IPU
BBIIIOJIHCHUM AJTOPUTMA JEATEIbHOCTH, KOTOPBIE YYUTBHIBAIOTCS IIPU aJallTallud CLEHAPUs K TeKY-
UM pe3yJIbTaTaM.

Data property assertions

Negative data property assertions

Pucynok 7 — Pe3ynpTaThl a1anTuBHON NOATOTOBKY CIIELAATIUCTA

OHTONOTUS NPOEKTUPOBAHUS, N2, ToM 14, 2024 213



Onmonozuueckuii NOOX00 8 ynpasienuu a0anmueHoU N0O20MOBKOU epYnn CReYUATUCTO8

3aknroyeHue

[IpensioxkeH Moaxo/ K perieHuro 3a1au ynpasieHus npoueccom All rpynn cnenuamucTos, Ko-
TOPBIN MMO3BOJIACT YUYUTHIBATh U3MEHSIOIINECS BHEITHUE U BHYTPEHHUE (DAKTOPHI, a TAK)KE TUHAMH-
Ky U3MCHEHUs YPOBHS KauecTBa TOJTOTOBKU CIEIUAIMCTOB U U3MEHATH CIIEHApHUN OOYYCHHUS C
yaéTOM TeKylier curyaruu. J[ns peanusanum TPEaIoKEHHOrO0 TOoaxojaa pa3paboTaHa MeTa-
oHTOJIOTUS - MoAesb 3HaHuM [IpO, oTpaxkaroniasi B3aUMOCBSI3M MEXIY MpeIMETaMH, 00bEKTaMU
AIl u pecypcamu, HeoOXOAUMBIMH 117151 TTpoBeAcHuS All

Pa3paboranHasi METAaOHTOJIOTHS MTO3BOJISIET MOBBICHTh KAY€CTBO PELICHUS 3a7a4 IMOUCKa, coopa,
arperupoBaHus U aHAJIW3a WCXOIHON MH(POPMALMK JJIS TPOIECCa HHTEIICKTYaIbHOTO YIIPABICHHS
AIl rpynn cniertmanuctoB OTC 3a cuér cpopmupoBannsix SWRL-nipasun u SPARQL-3anpocos.
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Abstract

An integrated approach to solving the problems of managing the adaptive training process for groups of specialists is
proposed, allowing for the consideration of changing external and internal factors, as well as the dynamics of changes in
the specialists' training levels. This approach enables rapid adjustment of the training scenario to current situations. The
implementation is based on ontological and predictive modeling of the adaptive training process. The article describes
the meta-ontology for adaptive training of specialist groups in organizational and technical systems for automated train-
ing process management. It discusses an approach to solving problems of collecting, summarizing, and analyzing the
cycle of intelligent management of adaptive training for specialist groups using meta-ontology. The developed meta-
ontology enables automatic determination of trainees' knowledge and skills, stored in their profiles and updated based
on completed training stages. This increases the efficiency of forming control actions (educational and training tasks)
and improves the quality of training.

Keywords: adaptive training, meta-ontology, specialists group, subject ontologies, control actions, educational and
training tasks.
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1 o o
Canxm-Ilemepoypeckuii norumexnuyeckuil ynusepcumem Ilempa Benuxozo (CIIOITY),

Hncmumym xomnviomepnvix nayk u kubepoesonacnocmu (MKHK),

Buvicwas wkona komnvromepnvix mexnonozuu u ungopmayuonnvix cucmem, Canxm-Ilemepoype, Poccus

2 CII6ITY, UKHK, Boicuias wikona ynpasienus kubep-gusuveckumu cucmemamu, Cauxm-Ilemep6ype, Poccus

AHHOTaUMA

[IpoTnBOMIOXKAPHBEIE CUCTEMBI UCIIOIB3YIOT U3BEIIATENIN, OCHOBAHHBIC HA TIOPOTOBOH 00paboTKe N3MEpH-
TENBHBIX CUTHAJIOB JATYMKOB (PAKTOPOB ITOKapa M BEIPAOOTKE CHTHAJa O T0XKape B COOTBETCTBHH C JIO-
rudeckoi pyHkumer. IIpuMeHeHne MCKYCCTBEHHBIX HEHPOHHBIX CETEH MO3BOJIACT MyTEM HMX OOydeHUS
MIPOEKTUPOBATH M3BEIATEIN, OCHOBAHHbIE Ha MH(OPMALMHM OT CETH JAT4MKOB. [lysi oOy4deHus: HCKyc-
CTBEHHBIX HEHPOHHBIX ceTeil HeoOXOAMMBI OOJIbIIHE HAOOPHI TAHHBIX, KOTOPBIE MPEJIOKEHO MOIydaTh
MyTEM MOJICIIMPOBAHUS TI0XKapa Ha CylepKoMIbioTepe. HaTypHble HCIIBITAHUS TIPEJICTABISIOT COOO0H 10-
POTOCTOSIINI IKCTIEPUMEHT, KOTOPBIH IOJIBEPKEH CIIydaiHbIM (DaKTOpam, OrpaHHuueH OJHUM-IBYMSI MO-
MEIIEHISIMUA U He AT MOJTHOTO MPEACTaBICHUSA O Pa3BUTHH IMokapa. [losToMy mpoekTupoBaHHe HHTEI-
JIEKTYyaJIbHBIX TOXAPHBIX CHCTEM OTHOCHTCS K KIIACCy MOJECIBbHO-OPHEHTHPOBAHHOTO MPOCKTHPOBAHUS.
[TyTé™m MonennpoBaHus HOTYYEHBI OONIbIINE HAOOPHI JaHHBIX AT 00y4YeHHS aJrOpUTMOB MOKapHOH CH-
CTEMBI 1 PaCcIIUpPEH KPYT pelraeMbIx 3a1ad. [IpeanokeH KOJUIEeKTHB HeHPOHHBIX CETeH JIs: TIOMCKa OI-
TUMAaJIbHOTO PACIIOJIOKEHHUSI MHOTOIIApaMETPHUUECKUX TaTINKOB; OMPEICIICHHS THIIA TOPSINEro MaTepua-
7a; oOHapyKeHHs BO3TOpaHWS HAa PAHHMX dTarax; JOKAIN3AIMU 30HBI BO3TOPAHUS, YTO TO3BOJISET BBI-
Oparh ajeKBaTHBIE CpeJCTBa TyIIEHHs. VICKycCTBEHHbIE HEHPOHHBIE CETH MO3BOJISIOT MPOrHO3MPOBATh
pa3BUTHE MOXapa, CTPOUTH KAPTy PacIpeiesieHns] ONacHbIX (aKTOPOB JUIsl MOMCKA ONTHMAIBHOTO MyTH
sBakyauuu mojei. [IpuBenén npumep MoAeIbHO-OPUEHTUPOBAHHOIO NPOEKTUPOBAHUS CYI0BOM MPOTHU-
BOIOXAPHON CUCTEMBI.

Knrouegvie cnosa: unmennekmyanbhas npomueonodiCapuas cucmemd, cyoHo, CYNepKOMnviomep, Mo-
0elbHO-0pPUEeHMUPOBAHHOE NPOEKIMUPO8aHre, 00yyeHlUe, UCKYCCINBEHHASA HeUPOHHAs Cemb.

Humuposanue: Manvixuna I D., Kuparosa I1.C., Muruyvin A.B. TIpoeKTHpOBaHNE WHTEIUICKTYyaTIbHON
MIPOTHBOIOXKAPHOU CcHUcTeMBl // Onmonaoeus npoexkmuposanus. 2024. T.14, Ne2(52). C.217-229.
DOI:10.18287/2223-9537-2024-14-2-217-229.

QDunancuposanue: NCCIeA0BaHNE YaCTHIHO (UHAHCHPYeTCs] MUHHUCTEPCTBOM HAayKH M BbICIIEro oOpa-
3oBaHus Poccuiickoit denepanuy B paMKax MpOrpaMMbl HAyYHOTO IIEHTpa MUpoBoro ypoBHs «Ilepeno-
Bble [UdpoBbIe TexHOJIOrMM» (cornamenne Ne 075-15-2022-311 ot 20.04.2022). BerunciieHus BbIIOIHE-
HBI B cynepkomnbioTepHoM nentpe CIIOITY.

Kongnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBHH KOH(JIMKTa HHTEPECOB.

BBepeHune

HeoOxonuMocTh paHHero oOHapy»KeHUsl 1 CBOEBPEMEHHOIO MPEA0TBPAILlEHUs] Pa3BUTHS MOKa-
pa Ha Cy/AHE OmpeJeNseT LeIeco00pa3HOCTh MCIOJIb30BAaHUSI HOBBIX TEXHOJIOTHH, MO3BOJISMIOIINX
MO/JIEP’)KUBATh TpeOyeMblil ypoBeHb MPOTHBONOXApHOU Oe3zomacHocTH. HepocTaTtkoMm cyiiecTBy-
IoIMX MpoTuBomnokapHbix cucteM (I1C) sBnsieTcs npuMeHeHne NOPOroBbIX JaTYUKOB, KOTOpPBIE HE
MO3BOJISIFOT CO3/1aBaTh MHTEJUIEKTYaJIbHbIE CUCTEMbI Ha OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX ceTei
(MHC). JlaTunku, ©MEIOIIe OTHOCUTENBHO Y3KYIO 00JIaCTh OXBaTa MOMEIEHHUS U paclpeieléHHbIe
PaBHOMEPHO 1O MOMENICHNIO, HE YYUTBIBAIOT BEPOSTHOCTh BO3TOPAHUS B OTHEOMACHBIX 30HaX. OT-
CYTCTBHE BHJIEOKaMep U CIIEIUAILHO HACTPOSHHOW BUACOAHATUTHKH HE MO3BOJIIET ObICTpO OOHa-
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PYXKUTh BO3ropaHue BO BCEM MpocTpaHcTBe momenieHus. B mponecce pazpadorku IIC mpoBoasT
HaTypHbIE UCIBITAaHUS, KOTOPHIE MO3BOJIAIOT HE TOJBKO MPOBEPUTH MPABUILHOCTH MPOEKTHBIX pe-
IICHHUH, HO U HAKOMUTh CTATHCTUKY MOKAa3aHUI M3MEPUTEIbHBIX MPUOOPOB U TATYMKOB IS YIIyd-
menust anroputMoB padoter TIC. Jlnst mpoBeneHus: HATYPHBIX UCTIBITAHUN CTPOSIT CIICIHATIbHBIC
CTEH/JIbl, KOTOpbIE, HECMOTPs Ha OOJbILIKE 3aTPAThl, HE SIBJISIFOTCS TOUHOM KOIMUEH MMOMEIIEeHUH, I/1e
oyzner paszBepuyta [1C. B pe3ynbraTe HATYpHBIX UCIBITAHUN CIIOXKHO MOTYyYUTH OOJbIINE HAOOPHI
NaHHBIX, HeoOxoaumble s oOyueHust THC, HEBO3MOXKHO MOJIEIMpPOBaTh KaTacTpopuieckoe pas-
BUTHE MOKapa, OXBATHIBAIOIIETO MHOKECTBO MOMEUICHUN U YTPOXKAIOMIETO KU3HU JIIOJCH, HEBO3-
MO>KHO peliaTh 3a/1a4y pacuéra ONTUMAIbHBIX ITyTeH UX 3BaKyalllH.

Nurennexryanbnas [1C, ocHOBaHHAasi Ha OHTOJIOTHH, IMO3BOJIIET OPraHU30BaTh MH)KCHEPHbIC
3HaHus B oOiactu npoektupoBanus [1C. Takas I1C co3maércs Ha 0a3e MOJEIBHOTO MPOEKTUPOBA-
HUS YyTEM TOCTPOEHUSI MOJICIIU ISl CYIIEPKOMITBIOTEPA U BBITIOJIHEHUSI YUCIEHHOTO MOJEIUPOBa-
HUs BMecTo HartypHoro skcrnepumenta [l]. Ilpumenenne MHC mno3BonsieT pacno3HaBaTh TUIT HC-
TOYHHMKA BO3TOpaHUs, JIOKAJU30BaTh 30HBI Odara Ioxapa, MPOrHO3UPOBATh Pa3BUTHE TOKapa B
KaXXI0W TOYKE TTOMEIUICHHs U MOBBICUTH ONEPATUBHOCThH MPUHATHUS pelIeHHs] B 00phOe ¢ moKapoM
Ha CyJIHE, TPaBUJILHO BRIOUPATH CPEICTBA TYIICHUS U HAXOUTh MyTH 0€30MacCHON IBaKyalluu.

1 CrpykrypallC

CoBpeMEeHHOE CyIHO BKIIOYAeT MOMEIIEHUS Ul SKUMaXa M MacCaXUpPOB, KUJIbIE U 00IIe-
CTBEHHBIEC MTOMEIICHHUS, 30HBI OTAbIXa, TEXHHUECKUE U CIyKeOHbIe MTOMEIICHNUs, CKIIAJICKUE TTOMe-
HICHUS, TOMEIICHHS] MAIIMHHOTO OT/IEJICHUs, pyJieBble M HAaBUTAIIMOHHBIE moMenieHus. K Texauue-
CKHMM IOMEILIEHUSM OTHOCUTCSI T€HEPaTOphbl, CUCTEMbl BEHTUJISIUN U KOHAUIIMOHUPOBAHUS BO3/AY-
xa. TexHuueckue u ciayKeOHbIE MOMEIICHUS Ha CYJHE UMEIOT BaYKHOE 3HAYEHUS ISl HOPMAaJIbHOM
9KCIUTyaTalluu Cy/JHa. B MalIMHHOM OTIEJNEHHWU pacHoJiaraeTcs CHJIOBOE OOOpYylOBaHUE CY/AHA,
JIBUTATENIM Pa3HOTO THUIMA: TU3ebHble, OCH3UHOBbIC, [A30TypOUHHBIEC UM JeKTpuUeckue. Pynesbie
Y HaBHUTAIIMOHHBIC TIOMEIIEHUS UMEIOT OOJIBINIOe 3HAUYCHHE Il oOecrieueHusi 0€30MacHOCTH U d(-
(DEeKTUBHOCTH CYIOBOXACHHUSA. B HHUX pPacCHOJIOXKEHbI CUCTEMbl YIPABICHHS JIBUKEHHUEM CYJIHA,
HaBUTaI[MOHHOE 000PYA0BaHUE, CUCTEMBI JJUATHOCTHKH.

B mpouecce npoextupoBanus [IC HeoOX0AMMO Y4YUTHIBaTH MaTepuajibl U T€OMETPUUYECKUE
pasMepsl MMOMELICHUH, pa3MELIEHHOe B HUX 000OpyNOBaHME, BEHTHIISALMIO, JEKTPUUYECKUE CETH,
MeOelb U BEpOSITHOE PACIIONOKEHHE FOPIOYNX MAaTEPUAJIOB.

I1C comepXuT JaTYMKU OCHOBHBIX (PaKTOPOB IOKapa, B YACTHOCTU TEMIIEPATyphl, BUAUMOCTH,
KOHIEHTpAluu ra3oB u jbiMa. Cucrema BUACOHAOIIOIEHUS BBINOIHIET (DYHKIHMIO OOHApYKEHUs
BO3rOpaHus B Hoje BUIAUMOCTH. [Ipu pukcHpoBaHHOM PacmosIOKEHUM JaTYMKOB MX CBS3b C LICH-
TpaJIbHBIM BBIYUCIUTEIbHBIM OJIOKOM MOXKET ObITh MPOBOIHOM. IIpy n3MeHeHun ycioBuil BO3MOXK-
HOI'O0 BO3HMKHOBEHHS IOXKapa B MOMEIIECHUAX Cy/HA (pa3MelleHHe TOPIoYUX MaTepHalioB, BbINOJ-
HEHHE PEMOHTHBIX paboT | Jp.) IeIecO00pa3HO UCIOIB30BaTh OECIIPOBOAHBIN HHTEPEIC, TO3BO-
JSIOUIMHI pa3MeIlaTh JaTYUKU B HOBOE, aJIEKBATHOE CUTYalllH, [T0JIOKEHHUE. Y KpYITHEHHAs! OHTOJIO-
ruyeckas Mmoaenb [1C nmoka3zana Ha pucyHke 1.

B IIC mMoeT ObITh MCHONB30BAH PSA AATYMKOB JJIsI U3MEPEHUS] TEMIIepaTypbl: TEPMOMETPHI
CONPOTHUBIICHUS; TEPMOIIAPHI; MOTYNPOBOJIHUKOBBIE NAaTuuKu [2]. JlaT4uku 171 U3MEpEeHHs] KOH-
[IEHTPAIlU{ BEIIECTB B BO3JyXe: TEPMOXMMHUYECKHE, DICKTPOXUMUUECKUE U (HOTOKOIOpUMETpHYE-
ckue [3]. JlaTuuku BUAMMOCTH NpEeAHA3HAYEHBI JJI1 PErUCTpaldy JETy4YHX MPOAYKTOB Ipolecca
TOPEHUSI — MEJIKUX YacTHUl] KornoTu, rapu [4]. OHu cnocoOHbl 00HAPYKUBATh MOSBICHUE JIETYIHX
YaCTHUIl pEaKIMU TOPEHHUsI, TAaK Ha3bIBAEMBbIil cephlil U 4€pHBIN AbiM. CoBpemenHbie [IC ncnonb3yror
OJIHO- U MHOIOIlIapaMeTPUYECKHE NaTUYMKH, U3BELIATEIM U MHOIONApaMeTpUYEeCKUEe MHOTOKPHTE-
panbHble u3Bemarenu. Monens npuasaTus pemennit B [1C nmoka3zana Ha pucyHke 2.
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Pucynok 2 — Mogens npunaTHs pemmenuii B [1C

JlaTuuk onHOMapaMeTpUYeCKuil - KOHCTPYKTUBHO 000COOJIEHHOE YCTPOICTBO, KOTOPOE COAep-
KUT TIEPBUYHBIA U3MEPUTENIbHBIN MTpeoOpa3oBaTeib A BBIpAOOTKU curHaia x;, i = 1...] uzmepu-
tenbHOM nHpopmanmu. B I1C ucnons3yrorcss [ onHONapaMeTpUyecKuX JAaTYMKOB B KOOpAMHATaX
ik =1,..K [5]. MHOTONMapamMeTpruecKuii TaTInK UMEET HECKOJIbKO U3MEPUTENLHBIX Mpeolpa-
3oBarene Xqi,&g, X, €k o) Xp, €k VTS BBIPAOOTKU HECKOJBKHUX CHUTHAJIOB H3MEPUTEIHHOW WH-
¢dopmanuu. Hexkotopsle no>kapHble U3BEIIATENN, B 3aBUCUMOCTH OT KOHCTPYKIIMU, MOTYT SIBIISITHCS
JaTYMKaMHU, TepeIaoIMMU U3MEpEeHHbIe Toka3aHus. V3Bemareny, B OTIUYME OT JaTYUKOB, HE SIB-
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JISIOTCS CPENCTBAMU M3MEPEHHUsI, MMOCKOJbKY MPUMEHSIOT K pe3ysibTaTaM H3MEpEeHHs MOPOrOBYIO
00paboTKy UIS MOJIyYeHUs JIOTUYECKUX 3HAYCHUH W TMPUMEHEHHUS K HUM JIOTHYECKOW (DyHKIMH
L (%;, §x). OnHOmapaMeTpuuecKue MoKapHblE U3BEILATENN BBINIOIHAOT U3MEPEHUE (pakTopa Io-
xKapa, MOCIISAYIOIIYIO IOPOrOBYI0 00paboTKy (GakTopa W/ MU ero MPOU3BOIHON U (POPMHUPYIOT J0-
rudeckuii curnan L(L; ;) o ypoBHIO 0nacHOro (pakTopa M/Hiiu €ro Mpou3BOTHOM.

MHoromnapaMeTpu4eckue MOoXKapHble W3BEUIATEIHM BBINOJHSIOT IOPOTOBYI0 00pabOTKY He-
CKOJIbKMX CHUTHAJIOB MHOTOMapaMEeTPUUYECKUX AATYMKOB, (OPMUPYIOT JIOTUUYECKHE 3HAYCHMS IS
HECKOJIbKUX CHUTHAJIOB W/WJIW WX TPOU3BOIHBIX Ly (9?1, i X0, &1 Xy, € k), U JIoTHYecKue (PyHK-
uu L(Lj), yauTeIBarolre HECKOJIbKO (PaKTOPOB MOXkKapa W/WIM UX MPOU3BOAHBIX. B MHOTOKpHTE-
pHANBHBIX U3BELIATEISIX IPUMEHSIOT CIO0XKHbIC Jornueckue GpyHkun [6].

Henocratkom cymectByromux [1C sBnsercs npuHATHE peICHUs O MOKape Ha OCHOBE (yHK-
LM IBOMYHOM JIOTUKH, IPUMEHEHHOM K CUTHAJIAM Ka)KJI0TO U3BEILATEIIS.

[lepcrieKTUBHBIM MPEACTABISAETCS MOIX0/, KOTOPBIA OCHOBAH Ha aHAJIM3€ COBOKYMHOCTH IMOKa-
3aHUH BCEX MHOTONAPAMETPHUECKUX JATYNKOB, PACIOJIOKEHHBIX B KOHTPOJIMPYEMOM TTOMEIIECHUH,
1 (OpPMUPOBAHUE PEIICHUS, CHTHATU3UPYIOIIETO O MoXape, Ha OCHOBE MaIlTMHHOTO 00y4eHus [7].

2 MopenbHO-OpueHTMpOBaHHOE npoekTupoBaHue MNC

st mpoextupoBanus [1C HeoOXx0muMOo 100 MTPOBECTH MHOMKECTBO HATYPHBIX SKCIIEPHUMEHTOB
B MOMEIIEHUAX CYAHA WU pa3padoTaTh KOMIBIOTEPHYIO MOJENb MOMEMICHUH U JUHAMHYECKYIO
MOJIENb PA3BUTHS MTOKapa B HUX. B mporpamme Fire Dynamic Simulator (FDS)' ucrons3syercst Mo-
JIeNib Pa3BUTHS MOXkapa MyTéM pelieHus ypaBHeHui HaBbe-CTokca 111 HU3KOCKOPOCTHOTO TEILIO-
BOro mortoka. Jljs co3iaHusi MOJENM IOMEIEHUsl HCIOJb30BaHa Mporpamma reoMEeTPUYECKOro
nipoektupoBanust AutoCAD. Ilpumep TpEXMEpHON reoOMEeTpHUUECKON MOJENId TTOMEIICHHI Kopaois-
My3esi «ABpOpa» MOKa3aH Ha PUCYHKE 3.

Mozenp nomeneHnit JomkHa ObITh J0MOJIHEHA
ONMCAaHUEM CBOWCTB MaTepuajoB MOMEIIEHUH, pac-
IIOJIOKEHUS BEHTHJISILIMU U CBOMCTB T'OPHOYMX MaTe-
pHAaNIOB, KOTOPbIE MOT'YT HAXOAMTHCS B MTOMEILEHUU.
MonenpoBaHue peagbHOro IMOMEIIEHNUS UMEET Bbl-
COKYIO BBIYHUCIHUTENIbHYIO CIIOKHOCTb, I03TOMY
HEOOXO0/IMMO HCII0JIb30BaTh BBICOKOIIPOU3BOANUTEINb-
HYIO BBIYUCIUTENIbHYIO TEXHUKY (B paboTe MCHOJIb-
30BAJIUCh PECYPCHl CYNEPKOMIIBIOTEPHOIO LIEHTpa
CIIGITY). Pucynox 3 — Mojenb 4acTi HOMENCHUH

B mojenu noMenieHus BbIAEIAIOT 30HbI, BHYTPU KOPaGIs-My3es «ABPOpAY
U Ha TpaHUIaX KOTOPBIX PACCUUTHIBAIOT OIACHBIE
(akTOpHl TOXkKAapa 10 METOJly KOHEUHBIX pa3HOCTel. Bbluncnenue BHYTpU KaXJI0W SYEHKH MOKHO
MIPOBOJUTH HA OTJAEIHLHOM IPOLIECCOpEe MapauIeIbHO C BHIYUCICHUEM BHYTPH JIpYrux suyeek. FDS
MOJICP)KUBAET JIBa CTaHAapTa s pacnapamwienuBanust Open Multi-Processing (OpenMP) u
Message Passing Interface (MPI) [8, 9]. Pa3mep siueek ceTKH BBIOMPAIOT UCXOJII N3 MUHUMAJILHOTO
pa3zMepa MHTEpECYIOIUX NPEIMETOB B NoMenleHuu. 1lpu yBennueHun pasmepa CETKH MOTYT BO3-
HUKHYTh OIIMOKU M Jnedopmanuu mnpeaMeroB. [1o3ToMy TOYHOCTH MOJETMPOBAHUS MOBBILIACTCS
IIPY MCIOJIb30BAaHUU HEPAaBHOMEPHOM CETKH, pa3Mepbl JIEMEHTOB KOTOPOM 3aBUCAT OT pa3MEpPOB
00bekTOB. B pe3ynbrare 00111ee KOJTUIECTBO JIEMEHTOB CeTKH cocTaBiisuio 10—20 mutH.

! FDS - 5T0 HHCTpYMEHT [T MOZICTMPOBAHHS T0XKAPA, Pa3paboTaHHbIH HaIlHOHATEHEIM HHCTHTYTOM CTAHAAPTOB M TEXHOIOTHil
(National Institute of Standards and Technology — NIST). https://mst.su/fds/.
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[IpoBeneHO HECKOIBbKO pacdy€ToB C pa3IMYHBIM pacrpeaeneHuemM pecypcon. [lpu ncnonb3oBa-
Huu OpenMP Ha OZHOM y3JIe CEeTeBOIr0 KJlacTepa ¢ OJHOW pacuéTHOW ceTKoil 3a 48 yacoB ObLIO
CMOJICTIMPOBAHO OKOJIO OJIHOM MHUHYTHI moskapa. [Ipu pacuérax ¢ nmomouipto MPI Ha HECKOJIBKHUX
KOMIIBIOTEpPAX CETEBOr0 KjacTepa HMCIOJIb30BaJINCh HEPAaBHOMEpHBbIE ceTKH. PacuérHas oOnactb
NOMeIeHUsT ObUIa pa3jelieHa Ha HECKOJBKO CETOK IO YMCIY JOCTYIHBIX MPOLIECCOPOB, Kaua0h
CETKE INpHUCBauBaics COOCTBEHHBIN Ipouecc. [Ipu 3aneiicTBOBaHHBIX YETHIPEX y3/1ax Kiacrepa 3a
48 yacoB pacuéToB ObLIO CMOACIUPOBAHO YETHIPE MUHYTHI MOXKAPa.

[Tporpamma Busyanuzanuu Smokeview (SMV) M0O3BOJSET MOMy4YaTh BU3YATH3AIUIO PE3YIIbTA-
TOB MojienupoBanus [ 10].

3 PesynbTaTbl 3KCNEPUMEHTOB

B nomemennn yueOHO-TPEHUPOBOYHOTO KOMILIEKCA Fe(beCTz, MPECTABIISIIOIIEM JU3EIbHBIN
OTCEK Cy/IHa, ObUIM MTPOBEICHBI YETHIPE BH/1a UCTIBITAHU:
®  MHTEHCUBHOE TJICHHE BETOIIHM, CMOYEHHON OPraHMYeCKHM pacTBOPHUTENEM (BpeMs TICHUS

810 c.);

" [OpEHHE MYCOPHOW KOP3UHBI IIPU IOCTEIIEHHOM BO3pPAaCTaHMM WHTEHCHUBHOCTU TOPEHHUS 0

YPOBHS 3HAYUTENHHOTO (Bpems ropenus 320 c.);
®  [OpEHHE HEBBICOKOM MHTEHCHUBHOCTH BETOIIM, CMOYEHHON OPraHUYECKUM DPACTBOPUTEIEM

(Bpems ropenus 807 c.);
®  MHTEHCUBHOE ropeHue MeOeau, CMOYEHHON OpraHMYECKUM pacTBOPHUTENIEM (BpeMsi TOpPEHHs

136 c.).

[Ipu npoBeeHUM HATYPHBIX 3KCIEPUMEHTOB ObUIM MCIIOIb30BaHbl TEIJIOBBIE, Ta30BbIE U Jbl-
MOBBIE TIOKapHbIE M3BelIaTeNau. TersioBble M3BEHIaTeIN cpabaThIBANIM MPH YCIOBUHU, KOTJa KOH-
BEKIIMOHHAs TEIUIOBasi YHEPIHs MoXKapa yBeJIUYUBaiach U JocTuraia nopora. ['a3oBbie u3Beniarenu
pearupoBanu Ha CO, BBIAEISAIOIIMNICA NIPU TIEHUM WM TOPEHUU MaTepuasnos. /[pIMOBbIE M3BeEllla-
TEJIM pearupoBad Ha NPOAYKTHI FOPEHUs, U3MEHSIOIINE MOIJIOIEHNE U3JTy4YeHUsI B BUIUMOM JHa-
IIa30HE CIIEKTpa.

ITo pe3ynbraraM 5KCIIEPUMEHTOB BBIIIOJHEHO CPAaBHEHUE HATYPHOT'O DKCIEPUMEHTA C PE3Yilb-
TaTaMy MOJCIIUPOBAHUS (CM. PUCYHKH 4 U 5).

[IpuMeHeHHEe TEIUIOBOI0 MaKCUMalbHO-AM((EepeHIINaTbHOTO MOXKAPHOIO H3BELIaTeIs] KOM-
miekca «Kacatka» AO «HIID «Mepunuany, cpaborasiiero npu temnepatype 26-27 °C, nokazaHo
Ha pucyHke 40. [IpumeHeHre MHKPEMEHTHOTO U3BeIaTeNs TeIula MokazaHo Ha pucyHke 56. Iloka-
3aHMs ra3oBoro u3semarens komiiekca «l'amma-01 @» OO0 «HIIO noxxapHast aBTOMaTUKa» I0-
Ka3aHbl Ha pucyHkax 4B u 5B. [loka3zaHus ONTUKO-3JEKTPOHHOIO M3BELIATENS JbIMa KOMILIEKCA
«T'amma-01 ®» OO0 «HIIO nokapHas aBTOMaTHKay, KOHTPOJIUPYIOIIETO0 OTPAXKEHUE U paccerBa-
HUE YaCTHUYKaMH JbIMa ONTUYECKOIO U3JIYUeHHS], TOKa3aHbl HA PUCYHKaX 4T U ST.

ConocraBieHre HaTYpHOI'O M BBIYUCIUTEIBHOTO 3KCIEPHMEHTOB MOKa3ajio MX OJM3KHUE pe-
3ysbTaThl. BMecTe ¢ TeM BBISBICHBI pa3iuyusi, 00yCIOBICHHbIE HETOUHOCTBIO 3a/IaHUS XapaKTepH-
CTUK MaTepHaJiOB F'OPEHUs, HETOYHOCTBIO ONPEJCICHHUS Hadajaa TOPEeHUs], CIIy4YalHbIMU JIBUKECHHU -
MU BO3JYIIHBIX ITOTOKOB, BJIMSAIOIIMMHU Ha IIPOLIECC FOPEHUS B HaTypHOM 3Kcrnepumente. Hampu-
Mep, U3MEHEHHE KOHLEHTPALUU JbIMa (PUCYHOK 5T) B HATYpHOM 3KCIEPUMEHTE I0Ka3ai0 Haluuue
BBIOPOCOB B Hayajie TOPEHUs], BBI3BAHHOE CITy4allHBIMU MTOTOKAMH BO3yXa, KOTOPOE MOXKET MPUBO-
JUTH K JIOXKHBIM CpadaThIBaHUSIM.

2 VTK - I1B.1 "TED®ECT" Y4eOHO-TPEHUPOBOUHBII KOMITIEKC IS TOATOTOBKH SKUTIAXKeH Kopaliel i CyIoB K ISHCTBHUSIM B aBa-
PUIHBIX cuTyanusx. https://www.aqua-servis.com/?page id=77.
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Pucynok 4 — TecToBbIii odar: xiom4atoOymMakHast BETOITh, CMOYCHHAS! OPTaHMYECKIM PacTBOPUTEIIEM, B OTKPBHITOM
METAJUIMICCKOM SIIITUKE IMUTATOPA TOPEHUS TBEPIBIX MPEIMETOB TIPH BKITFOUEHHOH BEeHTHIISALINN:
mwromans < 1,0 M2, quctadius < 2,5 M, HHTCHCHBHOCTD — 3HAUYNTEIIFHOC TICHHUE;

a) BU3yalIM3aIs ropeHus; 0) TeMrepatypa; B) korueHTparust CO; T') KOHIEHTPAITHS JhIMa
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Pucynox 5 — TecToBblit ouar: Tpsinku, OBITOBON Mycop, Oymara, CKOMKaHHasl B IJIaCTMacCOBOM KOpP3UHE:
miomanpb < 1,0 M2, qucranius < 3,0 M, ”THTEHCUBHOCTb — ITOCTETIEHHBIN POCT OT MaJioro
710 3HAYNTENIFHOTO TopeHus. Bpems sxcnepumenta 320 c.
a) BU3yaJu3anus ropeHus; 0) Temmeparypa; B) koruneHTpamus CO; T) KOHIICHTpaIs TbiMa
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[Ipyn HaTypHBIX MCHBITAHMSIX HEBO3MOXHO BOCIPOM3BECTH IOXKAp, OXBATHUBLIUN ITOMEIICHUE
MOJIHOCTBIO, @ TAKXKE MOXKap, paCHPOCTPAHUBILINKCS HA MHOKECTBO COCEHUX MOMEIIeHUN. Takas
MoOJIeTIb He00X0/IMMa, YTOOBI KOHTPOJIMPOBATh Pa3BUTHE MOKapa U HaXOIUTh MYyTH 3BaKyalllH JO-
Jen.

NuTtennexryanbabie Moayiu cynoBoit 11C, ncnons3ytomme MHC ¢ cynepBu3opHbIM 00y4YeHU-
eM, QYHKIIMOHUPYIOT TP OOJIBIIUX HAaOOpaxX MaHHBIX JJisi OOyUeHUsS W BaIHMIAIMU. BBUTO BBIMOJ-
HEHO MOJIETTMPOBAaHUE HA CYMEPKOMIIBIOTEPE M IMOJY4YEeHbI HAOOphl JAHHBIX, XapaKTEPU3YIOIIHE
TeMIiepaTypy, Konuentpanuio CO 1 KOHIIEHTPALUIO JbIMa HA MHOXECTBE BUPTYaJIbHBIX JTATUYMUKOB,
pa3MELIEHHBIX B MOMeIIeHU ¢ uHTepBaiom 10 cm [11].

4 [lonck onTUManbHOro pacrnosfioXeHUs 4aTYUKOB

Jnist peteHust 3TOM 3a7jauy MCIOJIb30BaH reHeTrnueckuii anroputym [12]. Ipu aTtom daxTopamu,
OTIpeNIeNIAIONMMH ONTHMAaIbHOE PACIOI0KEHNE JATYUKOB, SBJISIOTCS BEPOSATHOCTD MOSIBICHHS O4a-
ra moxapa B koopaunatax [{q, {2]7, reomerpudeckue pazmMepsl HOMeIIEHNs, HAIMYKE U THI TOPIO-
YUX MaTepUAJIOB, PACHOJIOXKEHHE BeHTWISIIMU. LleneBoil ¢pyHKIMen aBiseTcs BpeMsi 0OHapyKEeHUs

BO3ropanus 1o npasuiy Q(t).

Ha nepBom starne B pe3ysbTaTe MOJCIUPOBAHHS MTOJIY4YEHBI PE3yIbTaThl U3MEpEHUs (PakTOPOB MOXKapa BUPTYaTb-
HBIMH JJATYUKAMHU, PACTIONOKEHHBIMU Ha BEPXHEH MI0CKOCTH paBHOMEPHO ¢ uHTepBasioM 10 X 10 cMm.

Ha BTOpOM 3Tame ompenessioT HadadbHOE IOJIOKEHHE KaXJ0ro u3 N MHOTOIapaMeTpUiecKHX NaTIHKOB &; =
(€16, € Z,i]T' i = 1...N, xoTopoe BEIOMPAIOT CITy4aifHO Ha ceTke pazmepoM 10 X 10 cm.

Ha tpersem sTane MUKINYECKH BBIMONHSIIOT TeHEPALMIO HOBOTO MOJIOKEHHUS JaTINKOB ¢ KoopauHatamu & (i):

[(l,i' (Z,i' ey (N,i]T'

Ha yetrBépTOM 3Tamne BbIOMparoT neieByto Gynkiuio Fire(t,S), XxapakTepu3yromiyo BpeMst 00HAPYKEHUST BO3r0-
panus. MuruMusanus nenesoi Gpynxuun F(X) = min,[Fire(t,S)], rae S — MHOKECTBO TIOKa3aHHUI KaXKOTO JaTUUKA
n3 N MHOrorapamMeTpuuecKix AaTYMKOB. 3HaUEHHE HeseBoi GyHKuuK onpexaenseTcs ¢ ucnonbzoBanuem MHC, ¢pyHk-
UOHUPOBAHHE KOTOPOH XapaKTepH3YyeTCs PeKYpPpeHTHBIMH ypaBHeHusmu: v, = Wyu,;, u; = @;(v,_1), toe v;_q -
BekTop BxonoB /-ro ciost UHC, u; - Bektop BeIX0H0B, W - MaTpuIa BecoB /-T0O cIos, ¢, - aKTUBAIIHOHHAS ()YHKIIHS,
KOTOpast JeHCTBYeT MOKOOPAWHATHO. B pe3ynmpTare 00paOOTKH CHTHAIIOB JTATYUKOB, PACIIONOKEHHBIX B KOOPAWHATAX

E(): = [(Li, {2 ...,(N,i]T, Beixox MHC v, = f(u;) dukcupyer nauano Bosropanusi Fire(E,t) = net(t,v;) B Mo-
MEHT BpeMeHu L.

Ha msToMm STare BBIIONHSIOT OTOOP PACIIONOKEHUN TATIUKOB Epeqr (1): = Selection(E(i)), g KOTOPBIX BpeMs
0OHapyKeHUsI BO3TOPaHUS MHHUMAIIEHO (CEICKIIHS).

Ha mectoM 3Tane BHINOJHSIOT HEOOBIIOE HAMIPABICHHOE CMEIICHUE TaTYMKOB HA CETKE ITyTEM CMEMIMBaHUS KO-
OpAMHAT OTOOPAHHBIX JATYMKOB IO CIEIUATBHOMY alrOPUTMY MYTAlMH W TOJy4aroT HOBBIA Bekrop E'(i):=
[{,l,i' (’2,i' ey (’N,i]T-

3areM BBITOIHSACTCS MOAN(PHUKANNS HEKOTOPBIX KOOPAMHAT AATYNKOB CIyJalHBIM 00pa30M M TIOBTOPSIIOTCS ATAIbI
aJIropUTMa.

Hogoe nosnoxenue garuukos Z(i): = Revenant(E'(i)) moay4aror myTéMm oTOOpa Jy4IIEro U3 MOJyYeHHBIX.

Hwke 1mokasaH 1ceB10Ko/1 TOMCKa ONTHMAIBHOTO PACIIONIOKEHNUS TATYMKOB.

1)  YreHuWe JaHHBIX MOJECIMPOBAHHMS;

2) & =1[l1s (Z,i]T' i = 1...N — HavanbHOe nosoxxeHue N JaTUUKOB;
while i < T, UK TeHEPALMU HOBOTO TIOJI0KEHUS TaTUNKOB;

3) E(i): = [{1,i’ Ciir wee {N‘i]T — KOOP/IMHATHI JaTYUKOB;

4)  Fire(E,t) = net(t,v,) — BBIUNCIECHUE BPEMEHH t OOHAPYKEHHS TI0KAPA;

5) Epese(D):= Selection(E(i))— 0TOOp JIYYIIHX MMOJOKEHHUH JATYUKOB (MHIUBHIYYMOB);

6) Q(b):= Variation(Ebest(i)) — CMEIEHNE JATYMKOB (CKpEIIMBAHKWE) M OLEHKA IENEBON (YHKIIMU
Q(®);

7) @)= ({1025 - ¢ ’N_i]T — HeOOJIBIIOE CITyYaifHOE CMENIEHHE JaTYUKOB (MyTalns);

8)  E(i):= Revenant(E'(i)) — dopMupoBaHHe HOBOTO MOIOKEHHUS JATIMKOB (0TGOD);
End while
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5 HewnpoceteBble MeTOoAbI U anropuTmbl cyaosou NC

CucreMa NpUHATHS PELIEHUS O BO3TOPAHUU [TIOCTPOEHA HA OCHOBE PEKYPPEHTHOIO MEPCENTPO-
Ha, Pa3MEPHOCTh BXOJHOTO CJI0s KOTOPOTO OMPEENIIeTCs KOJIMYECTBOM JAaTUUKOB U KOJIMYECTBOM
nu3MepsieMbIX UM napameTpoB noxkapa. MHC umeer nBa CKpBITHIX €10s ¢ HEJIMHEWHBIMU aKTHBa-
UMOHHBIMU (YHKIUSIMU M BBIXOJHOM CIIOW ¢ ABYMsI HEUPOHAMHU U JIMHEWHBIMH (DYHKIHUSIMH aKTH-
Barun. O6yuenne MHC BBIOTHEHO METOIOM 00paTHOTO pacnpocTpaneHus omuoku JleBenOepra-
MapkBap/a, KOTOpPbIil OTHOCUTCS K TPYIIIE MCEBA0-HbIOTOHOBCKMX METOI0B BTOPOro mopsiaka [13].

5.1 Knaccudumkaums no Tuny MCTOYHMKA BO3ropaHus

Jlnsa pemenus stoi 3aaaun npumeHeHsl cuamckue MHC, ctpykrypa KOTOpBIX IOKa3aHa Ha pU-
CyHKe 6.

16 (x2) — G (e 160 ) = Gu oIl f————
R = O g, - Gueanl ] | FPemenmeo
THUII€ BO3rOpaHUuA
6,00 [ W PG, T
% T
; . 16, (62) — G (xx (B2)
a) 0)

Pucynox 6 — Cuamckue MHC st onpenesieHns TUIIa HICTOYHUKA BO3TOPAHUSA:
a) ctpykrypa cuamckoit UHC; 6) koyutektus cuamckux MHC

PaccmoTpenbl MCTOYHMKK BO3TrOpaHUs HECKOJIBKHUX KJIaccoB: ropenue kadens (kimacc E), Oyma-
ru (kmacc Al), O6bITOBBIX 0TX010B (Kiacc A2), 6eH3uHa (kimace Bl), cnupTrocoaepikaniux BeIecTB
(xmace B2). Kiaccel HCTOYHMKOB BO3ropaHus pa3iuyajuch MO MOKa3aHUSAM JATYUKOB TeMIlepaTy-
pbl, koHueHTpauu CO u apiva. Ha Bxon kaxnoit MTHC noctynaroT Tekyuue 1 npeaslaynme noxa-
3aHUS JAaTYMKOB, IIOCKOJBKY BOKHOE 3HAUCHHE MMEET IWHAMHIKA U3MEHEHUS TIOKa3aHUH JaTYMKOB.
Kaxxnas cuamckass MTHC curnanusupyeTr 0 KOHKpETHOM THIlEe Bo3ropanus [14, 15].

Ha BX0J Ka)XJJ0l CEeTH MOCTYNal0T BEKTOPHI X1 U X, KOTOPBIE COAEPIKAT MOKA3aHUS TaTYNKOB
IIPU OTCYTCTBMM BO3TOpaHMs M MOKa3aHMs JATUYMKOB MPU HAJMUUU BO3TOPAaHUS JAaHHOTO Kiacca.
NHC ocHoBaHa Ha OIIEHKE PacCTOSHUS, KOTOPOE MOXKHO paccMaTpUBaTh KaK Mepy MOX0XKECTU
MEXy U3MEPEHHBIMH 3HAYEHUSAMH (DaKTOPOB MOXKapa ONpeaesEHHOro Tumna. J{Jis BBIYMCIEHUS MO-
X0XECTH UCMOJIb3YIOT 1B HEHPOHHBIE CETH C OJIMHAKOBBIMM BecaMu W uist IBYX BXOJIHBIX BEKTO-
poB Gw(x1) 1 Gw(x2).

KonmdecTBO BXOJHBIX MAapaMEeTPOB 3aBUCUT OT K JTaTYMKOB B MMOMEUICHWH, KOJHMUYECTBA YHCIIA
1ocJe10BaTeNbHbIX MOKa3zaHui T, cHUMaeMbIX ¢ AaTdukoB X; = X;(t), x;(t —1),...,x;(t —=T), u
KOJINYECTBA HEUPOHOB Nippye BXOAHOTO ci10si cnaMckux MHC n = KT Npypye. CKpBITBIE CITOU CO-
nepxat 8 u 5 HelipoHOB. B pesynbTaTe MoaenupoBaHus Oblia TOJIy9eHA OIIEHKA BEPOSTHOCTH Tpa-
BUILHOTO OOHAPYKEHHUs | — ro TUMa Bosropanus P (i) = M%ZLI (%) IJle M; — YUCIIO YCHEIIHBIX
oOHapyXkeHHH, M; - UncI0 KOMIBIOTEPHBIX SKCIEPUMEHTOB, KoTopas coctaBuia 0.88-0.98 u cpen-

. 5 1 5o
HsiS BEPOSITHOCTh MPAaBUIIbHBIX OOHAPYKEHUM ISl [T TUIIOB BO3ropanus P = v Y P(), tne N;
i

— YHCJI0 TUTOB Bo3ropanuii, N; = 5, kotopas coctaBuia 0.94.

5.2 Onpep,eneHVle 30HbI O4ara noxapa

B psine cityqaeB BaXXHO OIIPENEIUTH MECTO PACIIOJIOKEHUS O4ara BO3TOPaHUs Ul JIOKAJIbHOTO
MIPUMEHEHHsI aBTOMAaTH3UPOBAHHOTO CpEACTBa TYILEHHs B 30HE ouara moxapa (kiaccel Al, A2,
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B1). lnsa noxanuzaiuu oyara noskapa Obutn ucnosiszoBansl MHC, nmeromue cTpykTypy, nokasaH-
HYIO Ha pucyHKe 6. IMest oquHakoByt0 cTpykTypy, cuamckre MHC o0ydens! pemeHuo Apyroi 3a-
naud. B uwactHOCTH, 17151 00y4yeHHs ObUIM MCHOJIb30BaHbl JaHHbBIE, TOJYYEHHBIE B PE3yJIbTaTe MO-

ACJIUPOBAHUA, NJOIMOJHCHHBIC JAaHHBIMU 3KCIICPUMCHTA, B3ATbIMHU HAa BPCMCHHBIX MHTCPBAJIaX Ha4a-
Ja TOpeHHs. B HaTYpHBIX M KOMITBIOTEPHBIX 3KCIICPUMEHTaX OBLIM MCIIOIb30BAHBI MCTOYHHUKU TO-
pEeHMS: TU3EIIbHOE TOIUIMBO, 3JEKTPUYECKUN Kabemb, nepeBo (Oyk), remraH, XJI0m4aToOyMaskHas
TKaHb. PacronoeHne NCTOYHUKOB BO3TOpPaHUsl B MIOMEUICHUH IUIOMIAIBI0 7 X 5 M IpEICTaBICHO
Ha PUCYHKE 7.

PucynoKk 7 — Pe3ynbTaThl JOKaIM3aliy 09aroB BO3TOPaHUs B TOMEIIICHUH Cy/IHA: a) TOMEIICHUE CyIHa ¢ 0003HAYCH-
HBIMHU OYaraM# Mokapa ¥ MHOTOMapaMETPUUCCKAMU JaTIUKaMH; 0) IPOCKIIHS MOMEIICHHUS ¢ YKa3aHHEM 04aroB BO3I0-
paHus (KpeCTUKH) U pe3yibTaTaMu UX JIOKaIn3alud (MTyHKTUPHBIE OBaJIbI)

BupryaneHple MHOromapaMeTpuyecKue AaT4UKU pacriosiokeHbl Ha cetke 10 X 10 cm. Tpu
BUPTYaJbHBIX JAaTYMKA MOJIEIMPYIOT pealbHble AaT4yuku kiacca «bapk M-D skcnepT», HCHOB30-
BaHHbIC B HATYPHBIX UCHBITAaHUAX. BXOIHBIMM JaHHBIMU SIBJSIFOTCS MOKa3aHUs BUPTYaJbHBIX JIaT-
4YUKOB (TemmnepaTypa, kKoHueHTpauuss CO M KOHLIEHTpalUs JbIMa) B TEUEHHE IATH CEKYH] MOCIe
Hayajla BO3rOpaHMsl U ONTHUMAaJIbHbIE KOOPAMHATHI JATUYMKOB, TIOJYyYEHHBIE HA MPEbIIYLIEM 3Tare
(cMm. paznen 4). Ha Beixone MHC oOyueHa npeacTaBiasiTh KOOPAMHATHI HICTOUHUKOB BO3TOPAHUS &4
u &,. MHOrokpaTHOE MOJICIMPOBAHHE MEPBBIX MATH CEKYH] BO3TOPAaHUs B ISTH MOJIOKEHUSIX oyara
MO3BOJIMJIO MOJYYUTh O0JACTH BO3rOpaHus. I'eoMeTpusi MoMeleH s, pacloioKeHue MHoromnapa-
METPUUYECKUX JATYMKOB M 04aroB Moxapa MoKa3aHbl Ha PUCYHKE 7.

KoMmproTepHoe MOAEnMpoBaHuE MPOBEAEHO B JABYX BapHaHTax: IIPU PaBHOMEPHOM pacIoJjIo-
KEHUM TPEX MHOTONAapaMeTPUYECKUX JaTYMKOB U IMPU ONTHUMAIBLHOM pACIOJIOKEHHH (CM. pas-
nen 5.1). XapakTepuCTUKON MPaBUIBHOCTH JIOKAJIM3allMM HMCTOYHMKA BO3TOpAaHUs SBISETCS JUC-
nepcust ONIMOKY JIOKAIHU3aUH, KOTOpast OTpeaessieTcs: o popmyie:

52 = Tzl =%, @
J K ’
rie & j — NEWCTBUTENLHOE MOJIOKEHUE NCTOYHNKA BO3TOPAHHUS B j — OM JKcmepumente j = 1,..5,
&k,j — PE3YNIbTAT ONPEIENEHHUS MOJOKEHUS MCTOUHNKA BO3TOPAHUS TIPU K — OM NOBTOPEHHH J — OO
sKcriepuMenTa k = 1,..7.

MonenupoBaHue o0Ka3ano, YTo IPU ONTUMAIBHOM PACIONIO0KEHUH JATYUKOB JUCTIEPCUS 30HBI
JIOKAJTU3alii YMEHBIINIACh TPUOJIU3UTEIBHO B 2 pasa.

VYcnoBrueM NpaBHIBHOM JTOKAIN3aMy k — TOM 30HBI BO3TOPAHUS B j-OM MCHBITAHUU SBIISETCS
||§k, i Zk,()” < 0, rne 0 — XapakTepUCTHKA JOMYCTUMOIO pa3Mepa 30Hbl. OLIEHKH BEPOSTHOCTU

MpaBUIBHOM JOKaidu3amuu k —ro owara BO3ropaHus ompeaestorcs no ¢opmyne P(k) =
1 mjk "

M—Z§=1M#, IJle My, — YUCIIO NMPAaBUIBHBIX Pe3yJlbTaTOB OOHApyXeHHUsS B k — TOW 30HE, NPU BbI-
k k

MOJHEHUU M), SKCIIEpUMEHTOB; M OLIEHKA CPEIHEN BEPOSTHOCTHU MPABUIILHOW JOKanu3auuu K 30H
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= 1wk 5 . -
BOo3ropanus P = EZi:l P(k). B npoBenéHHOM SKCIIEPUMEHTE BEPOSITHOCTH MPaBHIILHOW JIOKAU-

3allMy 30HBI BO3ropaHus coctaBuia 92%.

Takum 00pa3zom, MpUMEHEHUE TEHETUYECKOTO aTOPUTMA TPU PACCTAHOBKE NAaTYMKOB IMO3BO-
JISIET COKPATUTh BpeMsi OOHAPYKEHUS ITOXKapa U MOBBICUTH JIOCTOBEPHOCTD JIOKAJIU3AIIMH 30HbBI BO3-
rOpaHus.

3aknryeHue

[Tpenyaraemslii HelipoceTeBOM MeTOJ POPMUPYET U3BELIEHUE HA OCHOBE COBOKYIHOCTHU IOKa-
3aHUM BCEX MHOIOIIAPaAMETPUUYECKUX AATUYUKOB, PACIIOI0KEHHBIX B KOHTPOJIUPYEMOM IIOMEILICHUH.
B ornnuune oT CymecTBYHOIUX METOJO0B M3BELICHHUS O BO3MOPAaHUU Ha OCHOBE JIOTMYECKUX (DYHK-
LN paclupseTcss Kpyr pemaemsix 3agad. KoyiekTuB HEHPOHHBIX CETEM NO3BOJISAET HAWTU ONTH-
MaJbHOE PACIIOJIOKEHUE MHOTONapaMeTPUUECKUX JaTYMKOB, OMPEICIIUTh TUIl FOPSLIET0 MaTepHua-
J1a, 0OHApPYKUTh BO3TOpaHKME HAa PAHHUX 3Tallax, a TAKXKe JIOKAJIN30BaTh 30HY BO3rOpaHUsl.

Bbonbime 00bEMbI 1aHHBIX, HeoOxoanMble A1 o0yuernuss UHC I1C, MoryT ObITh OJTy4eHbI My-
TEM KOMITBIOTEPHOTO MOJIEIMPOBAHUSA. DTOT MOJIXO/] TO3BOJIUT PEIIUTh PsAJl HOBBIX 3a/a4: MPOTHO-
3UpOBAaHUE PA3BUTHUS TOXKapa, AJANTUBHOE MOJABJIEHUE MeUIAlomuUX (PakToOpoB (HOPMaJIbHBIN
HarpeB MOMEUIEHMs], U3MEHEHUE ra30BOr0 COCTaBa, MOSBJIECHUE IbUIN), TOCTPOECHUE TMHAMUYECKON
KapThl pacnpeeseHus ONacHbIX ()aKTOPOB U MOUCK ONTUMAIBHOTO IMYTH 3BaKyalMu Jironei [15].
JlnHaMpuyeckue KapThl PACIpOCTPAHEHMS I0XKapa BO BPEMEHU IPEICTABISAIOT PACIPEIECICHUE OC-
HOBHBIX (DaKTOpPOB IOXKapa, TEMIIEPATyphl, KOHLIEHTPALUK BPEAHBIX I'a30B M JIbIMa B MPOCTpaH-
CTBaxX MOMEIICHUI CyAHA.

[Tokazano npumeHnenue crnocoda nosnyueHus nHpopmanuu aias odyuenuss MHC I1C nytém co-
31aHMs BepUPUIIMPOBAHHONW MOJIEH KOHKPETHOTO (pparMeHTa MpeIMEeTHOH 00JIaCTH Ha OCHOBE HC-
M0JIb30BAHUSI PELIEHUS 3a/1a4 10 npeueaeHTy [16].

[TpuHIMNIHATBEHBIM BOIPOCOM B IpoeKTupoBanus cynosoi I1C sBusercs uccienoBaHue nome-
LIEHUH Cy[HA, y4€T HAIMYUsL BEHTUISALUU, Pa3MEIIECHHUS ONACHBIX IIPEIMETOB I'€OMETPUH ITOMeELIe-
Huil. PezynpraToMm siBnsieTcss moapoOHas reomerpudeckas 3D mMonenb cyaHa, BKIIIOUaromas ykasa-
HUS Ha (PU3UKO-XUMHUECKUE CBOIICTBAa MaTepHaJIOB.

[Tpu npoextupoBanuu [1C BaxHBIM SIBIISIETCS COUETAHNUE HATYpPHBIX UCIBITAHUN U KOMIIBIOTEP-
HOro MojenupoBanus. HarypHsle UCIIBITaHUS BO3MOKHBI JUISl OTACIIBHBIX IOMELIEHUN, B TO BpEeMs
KakK JJI1 MOJIETMPOBaHUs JOCTYNHbBI BCce MOMEleHus cyaHa. OrpaHueHUuEeM SIBISETCS CII0KHOCTh
MOZEIIHA U IPOU3BOJUTEIBHOCTD BBIUNUCICHUN.

OHTOJIOTHYECKUH MOXO]] TIPEANoIaraeT NpuMeHeHne mupokoro kiacca moaenei I[1C, k koro-
PBIM OTHOCSITCS, B YACTHOCTH, T€HETUYECKUN AJITOPUTM ONTUMHU3ALUHN PACIOIOKEHUS JaTYMKOB,
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Design of an intelligent fire protection system
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Abstract

Fire protection systems utilize detectors that process signals from fire sensors using threshold-based methods and gen-
erate a fire signal based on a logical function. Artificial neural networks can enhance these detectors by processing in-
formation from a network of sensors after being trained. To train these neural networks, extensive data sets are neces-
sary, which can be obtained through fire simulations on a supercomputer. Field tests are costly, subject to random fac-
tors, limited to one or two rooms, and do not provide a comprehensive picture of fire development. Thus, designing
intelligent fire systems falls under model-based design. Through modeling, large data sets were generated for training
fire system algorithms, expanding the range of tasks they can address. A group of neural networks is proposed for opti-
mizing the placement of multi-parameter sensors, identifying the type of burning material, detecting fires at early stag-
es, and localizing the fire zone to select appropriate extinguishing agents. Artificial neural networks enable the predic-
tion of fire development, mapping hazardous factors' distribution to find optimal evacuation routes. An example of
model-based design for a ship fire protection system is provided.

Keywords: intelligent fire protection system, ship, supercomputer, model-based design, training, artificial neural net-
work.

For citation: Malykhina G.F., Zhirakova P.S., Militsyn A.V. Design of an intelligent fire protection system [In Russian].
Ontology of Designing. 2024; 14(2): 217-229. DOI:10.18287/2223-9537-2024-14-2-217-229.

Financial Support: The research is partially funded by the Ministry of Science and Higher Education of the Russian
Federation within the framework of the World-Class Research Center: Advanced Digital Technologies program
(agreement No. 075-15-2022-311 of 04/20/2022). The calculations were performed at the supercomputer center of
St. Petersburg Polytechnic University.

Confflict of interest: The authors declare no conflict of interest.

List of figures

Figure 1 — Ontological model of fire protection system

Figure 2 — Decision-making models in fire protection system

Figure 3 — A model of a section of the premises of the museum ship Aurora

Figure 4 — Test hearth: cotton rags soaked with organic solvent, in an open metal box, simulated burning of solid ob-
jects, with ventilation on, area < 1.0 m2, distance < 2.5 m, intensity - significant smouldering; a) - visualisa-
tion of combustion; b) - temperature; ¢) - CO concentration; d) - smoke concentration

Figure 5 — Test hearth: rags, household rubbish, paper crumpled in a plastic basket, area < 1.0 m2, distance < 3.0 m,
intensity - gradual increase from small to significant combustion. Time of experiment: 05:20 = 320 c; a) -
visualisation of combustion; b) - temperature; ¢) - CO concentration; d) - smoke concentration

Figure 6 — Siamese ANNS for fire source type determination; a) - structure of Siamese ANN, b) - collective of Siamese
ANNs

Figure 7 — Results of localization of fire sources in the ship's room; a) - AutoCAD drawing of the ship's room with
marked fire sources and multi-parameter sensors; b) - projection of the room with indication of fire sources
(crosses) and results of their localization (circles)
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TexHONornsa CKBO3HOM pa3padboTKn MOOUSIbHBLIX NPUNOXEHUN
ANnsA nogen ¢ orpaHNYeHHbIMU UHTENNEKTYyanbHbIMU BO3MOXHOCTAMM

© 2024, B.B. I'ypres <, O.A. Illadaiuna, H.I1. CagoBunkoBa, A.A. Boponuna,
C.B. Kocsixos, H.M. /IMmuTpueB

Boneoepaockuii cocyoapemeennwiil mexnuueckuil ynugepcumem (Bonel TY), Boneoepao, Poccust

AHHOTauuA

PaccMoTpeHBl 0COOEHHOCTH Pa3pabOTKH MOOMIBHBIX MPHUIOKEHHUHN IS TIOJIEH ¢ OTpaHNYEHHBIMU HHTEI-
JIEKTyaJbHBIMH BO3MOXKHOCTSMH. [Ipe/ioskeHa TEXHOIOTHS pa3pabOTKH aJalTHPYEeMbIX MOOMIBHBIX
MIPWJIOKEHUH JUTS TIOJIb30BaTEIICH ¢ OrpaHMYEHHBIMH MHTEIUIEKTYAIbHBIMHE BO3MO)KHOCTSIMU, OCHOBAHHAs
Ha NMPUMEHEHNH MIA0JIOHHON MHOTOMOJIYJIbHONH apXUTEKTYpPbhI C BO3MOXKHOCTBIO BHIOOpA TOTOBBIX (YHK-
LMOHAJIBHBIX PELICHUH M3 XpaHwiniia mMoayieil. Omnucan croco0 pa3pabOTKU aaanTHPYeMOro HUHTEp-
(eiica MOOMIBHOTO TPUIIOKEHUS, BKIFOUAIOIINN CO3/IaHUE I1a0JIOHOB KPAHOB, Ha KOTOPBIX pa3Melia-
I0TCSI DJIEMEHTBI MHTepdeiica, pa3lielieHne 3JIeMEeHTOB NIa0JIOHOB Ha 00s3aTeNbHBIC U OMIIMOHANIBHBIE U
COIIOCTABJICHUE KAXJIOMY SJIEMEHTY Ha0OPOB BO3MOXKHBIX M300paxkeHuil. [Ipenioxken cnocod aganTanuu
uHTepdeiica ¢ TOMOIIBI KOHPUIYPAIIMOHHON MaHEIH, 00eCIeYHBaIOIINI BO3MOKHOCTh HACTPOUKHU MH-
Tepdeiica mMox KaXIOTO MOJB30BaTeNsd 0e3 M3MEHEHMsA MporpaMMHOro koxaa. Ommcana BeO-cucTeMma,
oOecrieunBaromnias MOJAEPKKY 3TAlloB CO3JaHMUs M AKCIUTyaTallud MOOMIIBHBIX IPHIIOKEHUH ¢ aJanTupy-
embIM nHTEpdeiicom. [TpuBeneHsl npruMepbl MOOMIBHBIX NPUIIOKEHUH JUIS M0JIb30BaTENel C OrpaHuyeH-
HBIMH MHTEJUIEKTYaJIbHBIMU BO3MOKHOCTSIMH. ONMcaHNe NPOEKTHBIX U TEXHOJOTMYECKUX PEHICHHH, pa3-
paboTaHHBIX B paMKax HPEJUIOKEHHOTO IMOJX0/a, MPEACTaBICHO B BUJIE OHTOJIOTHYECKONH MOJENH, HC-
I0JIb30BaHNE KOTOPOH MO3BOJISICT M3BJIEKATh 3HAHUS VIS CO3IAHUS NMPUIOKCHUH, TOCTYIHBIX JIIOISIM C
OTpaHWYEHHBIMU MHTEIUICKTYaIbHBIMU BO3MOKHOCTSIMH.

Knrouesvte cnosa: ocpanuuentvie UHMeENIEKMYAIbHbIE 803MONCHOCIU, MOOUTbHOE NPUTLOAHCEHUE, HCU3-
HeHHbI YUK, adanmupyemsili uHmepghelic, KoHQueypayuoHHas nanenn, 8ed-cucmema.

Humuposanue: [ypves B.B., lllabamuna O.A., Cadoenuxosa H.II., Boponuna A.A., Kocsxos C.B.,
JImumpuee H.M. TexHONOTUSI CKBO3HOW pa3pabOTKH MOOWIIBHBIX MPHUIOKESHUHN IS JFOICH C OTPaHUYCH-
HBIMH HMHTEIUICKTYaJIbHBIMUH BO3MOXKHOCTsIME // Ownrosorust mpoektupoBanus. 2024. T.14, Ne2(52).
C.230-242. DOI:10.18287/2223-9537-2024-14-2-230-242.

bnazooapnocmu: ABTOpHI OnarojnapsT CTYACHTOB M acnMpaHTOB Kadeapsl «CHCTEMBbl aBTOMAaTH3UPO-
BAaHHOTO TPOCKTHPOBAHMS M IIOMCKOBOTO KOHCTpyupoBauusi» Bonr['TY 3a ywactme B pazpaboTke Mo-
OWJIBHBIX NMPHIIOKEHHH, a TAKXKe COTPYAHUKOB PEaOMINTAIMOHHBIX U MEIUINHCKHUX IIEHTPOB 332 OpraHu-
3aIMI0 TECTHPOBAHMS 3TUX TPHII0KEHHH.

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

BBegeHue

IIo manHbIM BeemupHOW opraHusanuun 3I[paB00XpaHeHI/I$I1 noutu 200 MMJUIMOHOB YEJIOBEK B
MHUpE UMEIOT UHTEIJIEKTyaJbHble HAPYIIEHUS, T.€. OTKJIOHEHHUS B Pa3BUTHH YMCTBEHHBIX CIIOCOO-
HocTeil. B MexayHapoaHoll kinaccudukanuu Oone3Hen (MKB)2 MHTEJUIEKTyaJIbHbIC HApYIICHUS
(YMCTBEHHasi OTCTAJIOCTh) ONPEICIIAIOTCS KaK COCTOSHUE 3aiep>KaHHOTO WJIM HEMOJIHOIO Pa3BUTHUS
MICUXUKH, KOTOPOE XapaKTepU3yeTcs HapylleHHEeM CIIOCOOHOCTeH, 00ecreunBaronX oOImii ypo-
BEHb WHTEJUIEKTyAJIbHOCTH. MHOIMe JIFOJM C OIPaHWYEHHBIMH HWHTEIJIEKTYaJIbHBIMH BO3MOYKHO-
ctsimu (OVMB) MOTYT MCTIBITBIBATh TPYJHOCTH B PA3IUYHBIX aCIEKTaX CBOEH MOBCEAHEBHOM JKU3HH,

" World Health Organization. https://www.who.int/.
2 ICD. https://icd.who.int/.
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TAKUX KaK TEPE/BIKEHUS, MyTEHICCTBHs, JOMAIIHSS pa0oTa, MCIOJIb30BaHUE JICHET, TeledoHa,
noucka pabotel u Jip. B coBpemeHHOM oOmIecTBe CTpEeMSTCS OO0ECHeUnTh KaueCTBEHHYIO >KU3Hb
JIIOISAM C ouB’ (ygactue B 0OIIECTBEHHOW XKU3HU, TOCTYI K HU(POBBIM TEXHOIOTHIM | Jip. [ 1, 2]).
[lepcrieKTUBHBIM HaAIpaBlIEHUEM B 3TOH cdepe SBISETCS BHEAPEHUE MOOMIBHBIX MPHIOKEHUN
(MII), moMoraromnux moBbICUTh CAMOCTOSITENIBHOCTD Jtoiel ¢ OUB [3-7].

ITpu pazpadorke MII mis mroneri ¢ OB Ttpebyercst pemmTh psit 3a/1a4, CBI3aHHBIX ¢ 0COOCH-
HOCTSIMH 3TOHM KaTeropwu mosb3oBareneil. OMHUM U3 CocOOOB MOBBIMICHHUS JOCTYITHOCTH IMPO-
rpammHoro obecneuenus (I10) sBisieTcs BO3MOXKHOCTD aJanTHPOBaTh (YHKIIMOHAT U MHTep(eiic
[1O nnsa xonkperHoro nojis3oareds [8]. CoBpemennsie MII nmpenycMaTpuBaOT HACTPOUKU UHTEP-
¢eiica (upudToB, HBETOBOW MaIUTPHI, 3ByKOBOT'O COMPOBOXKACHHUS U T.J.), KOTOPbIE MOKHO OCYIIIE-
CTBUTH Ha 3Tamne ’kcruryaranuu MII. OcyiecTBiasieT Takiue HaCTPOUKH MOJIb30BaTeNb. OJHAKO BO3-
MoxkHocTH Jirosierd ¢ OVB cunbHO paznmuyarotcs. s Hux tpedyercs Oosiee TiyOoKas epcoHaIn-
3upoBaHHAs afantanus uHTepderica (BO3MOKHOCTh U3MEHEHHUS KOJMYECTBA JIEMEHTOB yIIpaBJie-
HUs, BEIOOpA PA3IUYHBIX MUKTOTPAMM JJII OTOOpaXKEHHs SJIEMEHTOB YIPABICHHUS, UCIIOIb30BAHUS
WJTM HEUCIIOJIb30BaHUs TeKCTa U Ap.). MHorue moau ¢ OMB He cMOTyT caMOCTOSITENIbHO HACTPOUTH

uHTepdeiic, 94To TakkKe Hy>KHO MPUHUMATH BO BHUMaHUe pu pa3zpadoTtke MIIL.

Pazpabotkoit MII mst mronmeit ¢ OB 3aHMMAroTCst HE TOJMBKO CHECIHATH3UPOBAHHBIC KOMIIAHUU, HO U CIICIIHAIU-
CTHI, TpoeccroHabHAs IeATETFHOCTh KOTOPBIX CBA3aHa C 00eCIIeYeHneM KadecTBa Ku3Hu Jroaer ¢ OMB. Takue cre-
[IUAUCTHI HE BCerna 00MaaloT TOCTAaTOYHOH KBanmmdukanueil kak pazpadorunku MII, 9To cka3piBaeTcsi HA CKOPOCTH
pa3pabotku u kauectBe pemeHuid. s pazpadorku MIT st moneit ¢ OUB TpeOyroTcst IpOeKTHRIE U TEXHOIOTHICCKHE
penieHus1, mo3BOJISIONINE CHU3UTh TPYNOEMKOCTh pazpaboTku MII u obecrneunBaroniue BO3MOXKHOCT aaantanuu MIT
0T KOHEYHBIX MoJib3oBateseit ¢ OVB Ha sTane skcmmyatanuu 6e3 U3MEHEeHHsI POTPAMMHOTO KO/a.

[Tpu paszpabotke 1O yacTo HCMONB3YIOTCS METOIBI U CPEACTBA OHTOJIOTUYECKOTO MOICIUPO-
Banus [9]. OHTONOrMYECKOE TMpeacTaBiaeHue mnpoiecca paspadorku MII mna moneit ¢ OUB, kak
camocrosTensHoi kateropuu [10, mMO3BOIUT NPUMEHSTH 3TU 3HaHUs Tipu co3aanuu MIT.

1 Moaxopabl k pazpadotke MI1

M3BecTHO HECKOJBKO MOAX0A0B K pazpadoTke MII, OCHOBHBIMH M3 KOTOPBIX SIBIISIFOTCSI HATUBHBIM, KpOCCIUIAT-
(hopMeHHBIH, THOPUAHBIA U TporpeccuBHEIH [10]. HaTuBHBIC TIpHITOKEHNS pa3padaThIBAIOTCS Ha S3BIKAX MPOTPaMMHE-
pPOBaHMS M B Cpeax, IPeIOCTaBISIEMBIX BIAJCIbLEM IUIATGOPMBL, pab0TAIOT HEIIOCPEICTBEHHO B ONEPAIIMOHHON CH-
creMe ycrpoiictBa. KpoccruiatopMeHHbIe IPHIIOKEHUSI MOTYT OBITh HalMCaHBI Ha Pa3sHbIX S3bIKAX IMPOrpaMMHUpPOBa-
HUS U B Pa3HBIX CPelax, HO OHM KOMIMJIHPYIOTCS B MPUIIOKEHHE, paboTaromiee HEMOCPEACTBEHHO B OINEPAIMOHHON
cucTemMe ycTpoicTa. PazpaboTka ruOpUIHBIX BEO-TIPUIOKEHUI TPOBOIUTCS C MCTIONb30BaHHEM Web-TexHonoruii. B
OTIIMYME OT HATHBHBIX, THOPUAHBIC IPUIIOKEHUS paboTaioT B Web-koHTeliHepe, KOTOPBIH 00eCTIeYnBAaET CPEy BHIIO-
Henus 6paysepa n APl juis HATHBHBIX yCTpoiicTs uepes Apache Cordova®. Web-npunoxeHusi, KOTOPbIE HCIOIb3YIOT
Habop BO3MOXKHOCTEW Opay3epa (Hanmpumep, paboTy B aBTOHOMHOM peXHMe, 3aryck (POHOBOTO Ipoliecca 1 J100aBiie-
HHUE CCBUIKM Ha JOMAIIHUH dKpaH yCTPoicTBa), 1y obecredeHns yao0CcTBa paboThl MPUIOKEHUS BBIACISIIOT B CaMO-
CTOSATENFHYIO KaTETOPHIO MPOTPECCUBHEBIX Web -mipuinoxenunit. Moaenb sxuzHeHHoro 1mkiia (JKI[) MIT paccmatpuBaet-
cs Kak camocTosaTenbHas kateropus moaeneit XKL 10, ornuyaromasicst coaep:kaHueM U KoJaudecTBoM ataroB [11, 12].

Jns ynpasienuss MIT paspaOatbiBaercs crienmanmsuposannoe 110, npumensiemoe Ha pasubix dTamax KL MIT.
Tak, nis ynpasnenus: paspadorkoit MII ucnonesyrorcss MDM cuctemst [13]. TunoBo# ¢yHKIMOHAN TaKUX CHCTEM
BKJIIOYAET KOHCTPYKTOP MHTEp(eicoB, GYyHKIMN JOPadOTKH MIPOrpaMMHOTr0 KoJa, myoiukanuu ooHosiaenuit MIT. s
anmuauCTpUpoBaHus MII, pa3paOoTaHHBIX AJSI UCHONB30BAHUS B PA3IMYHBIX BHIAX MPOPECCHOHATBHON JEATEIHHO-
CTH, Ha 3Tale 3KCILTyaTaluu NpUMEHstoT MAM cuctemsl 3. VIX THIIOBOI (hyHKIIMOHAT BKIJIIOYAET aJamnTalyio HHTEP-
¢etica MII o KOHEYHOTO MOJIB30BATENS, YIPABICHHE €ro aKKayHTOM, cOop cTaTucTuku. Paspaborky MII moxHO Be-
cTH ¢ ucronb3oanneM miatdopM MADP®, kotopsie BKmMoYaoT GyHKIuM yrpapierus MII, a Takke HHCTPYMEHTHI
ynpasiieHust MII.

3 MHBanuaHOCTh 1 AUCKpUMHHALESL. https://www.coe.int/ru/web/compass/disability-and-disablism.

* Apache Cordova. https://cordova.apache.org/

>Mobile application management (MAM). https://www.techtarget.com/searchmobilecomputing/resources/Mobile-management.
SHow to Select a Mobile Application Development Platform (MADP)? https://www.credencys.com/blog/how-to-select-a-mobile-
application-development-platform-madp/.
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bonbmas gacts [10, npumensiemoro npu pazpadorke MII, moaaepkuBaet TOINBKO OJIMH U3 3Ta-
noB JKII MII, B pe3ynbpTare 4ero 3arpyaHsaercs BbloJHeHUE Apyrux 3tanoB XK1, koTopble peaiu-
3YIOTCSl B MHBIX CUCTEMax WM IPpOorpaMMax, He CBSI3aHHBIX MEXTY COOOH.

Pa3zpaborka MII mns mroaeit ¢ OMB conpsikeHa ¢ BBICOKMMHU PHCKaMHU, CBS3aHHBIMHU C HEBO3-
MO>KHOCTBIO 3apaHee MpPeAyCMOTPETh, KaK TaKue I0JIb30BaTeNu OyayT pearupoBaTh Ha HHTEp-
(elicHble pelIeHUsT U CMOTYT JIM OHH MPaBUIIbHO BBIOUpPATh TpeOyemble neicTBus. [loaToMy kaue-
ctBo MII st mroneit ¢ OMB B 0OdBIION CTENEHH 3aBHCHUT OT TOT'O, HACKOJIBKO IIOJIB30BATEIN C
OUB npusnekanuck K ydactuto B TectupoBanuu MII. IlpumeHenne ycnemHbix UHTEPPEHCHBIX
pemenuii, peanuzoBanabix B MII u anpobupoBanubix monb3oBareasivu ¢ OUB, mis paspaboTku
HOBbIX MII MoxeT moBeicHTh KaduecTBO Takux MII u yBepeHHOCTh pa3paborunkoB MII B ux mo-
cTynHocTH mojib3oBatersiM ¢ OUB. Jlnsa yuéra ocobennocreii monp3oBareneii ¢ OB moxer mo-
TpeOoBaThCs pa3padoTKa CHEeUaIbHBIX (QYHKIIHIA, HEe 3aBUCSIIMX OT Ha3HAYeHHs pa3pabdaThiBaeMo-
ro MII [14, 15]. IloBTopHOE UCTIOIB30BAaHUE KO/Ia TaKUX (DYHKIIUN MO3BOJIUT YIIPOCTHTH MPOIIECC U
YMEHBIIUTh BpeMs pazpadbotku MII.

B 3aBucuMoCTH OT XapakTepa M MPOSBICHUS WHTEUICKTYaJbHBIX OTPAaHUYEHUN TOTECHIHAIb-
Hble nonb3oBatenu MII ¢ OMB mMoryt BcTpedarbesi ¢ pa3NTU4YHBIMU TPYAHOCTSIMU (Hampumep, He-
BO3MOKHOCTh ITPOYUTATh TEKCT Ha 3kpaHe MII, moHsATh Ha3HAUEHUE PJIEMEHTOB YIPABICHUS U IPY-
rux o0beKToB MHTepdeiica, BbIOMpaTh U nepememars 00bekTsl MIL, ynpasnsate MII u 1.1.). Ilo-
stomy ¢yHkuuonana MII nommkeH BKIIOYATH OMIIMM HACTPOWKH SKPAHOB JUJISI KAXKJIOTO KOHEYHOTO
moJib30Batenst 0e3 MoTepu MOJTHOLEHHOTo JocTyma K Hemy. He Bce momb3oBarenu ¢ OUB moryt
HACTPOUTHh WHTEep(DElc MPUIOKEHUS CaMOCTOSTEIIBHO, HO TaKyl0 HACTPOWKY MOTYT OCYIIECTBHUTH
ONEKAOIINE UX JFOH.

2 Pa3spabotka Ml c aganTupyembiMm HTepcencom

2.1 MogynbHasa paspaboTtka Ml

[Ipu cozpanuu MII npUMEHSIOT TEXHOJIOTHU MOAYJSIpU3ALMK, pa3pabOTaHHbIE Pa3IMYHBIMU
xommanmsivi (JaGoparopust Kacriepckoro ', SurfStudio® w np.). AHATH3 TIPHMEHUMOCTH METOIO0B
MTOBTOPHOTO HCII0JIb30BaHUA Kofa npH paszpadotke MII mist moneit ¢ OUB nposenén no cnenyto-
UM KPUTEPUSAM: MpOIecC MEPeHoca MOAYIS B APYroe MPHIIOKEHHE T0JIKEeH ObITh MOHSATHBIM pa3-
paboTuuky, He oOsagaronieMy OOJIBIIMM ONBITOM; apXUTEKTypa MOAYJEH JTOJKHA COAepKaTh MU-
HUMAaJIbHOE KOJINYECTBO CIIOEB; CIIOCOO XpaHEHHs] MOAYJIEH JOJKEH MO3BOJIATh XPAaHUTh BCE BEp-
CUM PENU30B MOJYJIEH, a TakKe MCTOPUIO UX MU3MEHEHHs; TEXHOJIOTHs JOJKHA OMUCHIBATH apXH-
tektypy MII B mabnonax s reHepaunu 6a3oBoro koja. IIpoBenéHHBIN aHAIM3 MOKa3ay, 4To
Han0oJiee MOAXOAIICH ABISETCS TEXHOJIOTHSI, pa3padoTanHast komnanuen SurfStudio.

PaspaGorana MHOrOMOIynbHas apxurekrypa MII Kak MoOIU(UKAIUS apXUTEKTYphI
SurfStudio: crnoiiHoe neneHHe Ha MOJYJIM 3aMEHEHO Ha JIeJIEHUE 110 CJI0SIM BHYTPH MOJAYJS, YTO
MO3BOJIMJIO COKPATUTh KOJIMYECTBO MOJYJIEH, HO OCTaBUTh CIOWHOE JiesieHue. MonupunupoBaHHas
TaKUM 00pa3oM apXHUTEKTypa pa3/eisieT NPUIOKEHUE Ha TPU YPOBHS MOJYJICH: MOyJIb IIPUIIOXKeE-
HUS, QYHKIIMOHAIBHBIE MOIYIIH, OUOINOTEYHbIC MOTYIIH.

Monynb IpunoKeHus CBA3bIBACT BMeCTe (PyHKIMOHAIbHbBIE MOAYJIN. DYHKINOHAIBHBIE MOJY-
JM COOTBETCTBYIOT IOJIHO3KPAHHBIM, COIJIACOBAaHHBIM (DYHKIIMOHAJIBHBIM BO3MOXHOCTSIM T10JIb30-
BaTessl B IPUIOKEHUU. MOLylb IPUIIOKEHHSI UMEET BHYTPEHHIOK apXUTEKTYPY, KOTOPast COCTOUT
u3 Tpéx cioeB. B nepBoMm cioe pacrosiararoTcsi ICTOYHUKHM JaHHBIX U 3alIpOChl K HUM, HalpuMep,

7 Kaspersky. https://www.kaspersky.ru/.
8 [IpHHIMIIBI TOCTPOEHHS MHOTOMOIY/IbHBIX MOOHIBHBIX HPMIOKe U SurfStudio.
https://github.com/surfstudio/SurfAndroidStandard/blob/snapshot- 0.4.0/docs/common/multimodule/detail.md.
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3anpockl kK AP wiu 6a3ze nanubix (b1). Bo BTopoMm cioe comepkutcs OU3HEC TOTUKA MPUITOKCHHSL.
B Tpetbem cioe pacnonaratoTcsi KOMIOHEHThI, HeOOXOIMMBIE JUIs BU3yalu3aluu uHTepgerica.

B OubnmoTreuHbIx MOIyNsSX (PYHKIMOHAIBHOCTH pa3felieHa MEXIy HECKOIbKUMHU MOIYJISIMHU.
bubnroreku MOTyT 3aBUCETh APYr OT JAPYyra, OHU MPEAOCTABISIIOT OOMM (PYHKIIMOHAN, KOTOPHIHA
MMOBTOPHO HCIOJIB3YETCS B HECKOIBKHUX (QYHKITHSIX.

MonynbsHas pazpadotrka MII ayis monws3oBareneir ¢ OB Bkitodaer sTambl: BEIOOp mpuMepa ¢
mabioHaMy reHeparu 0a30BBIX KJIACCOB Ui 9KpaHa; paspaboTka apxurekrypsl MII Ha ocHOBe
BBIOpAHHOTO 11a0JI0HA; TIOUCK T'OTOBBIX MOAYJIEH B XpaHWIUIIE; TOJKIIOYEHHE TOTOBBIX MOAYJIEH B
MII; BBIOOp MOJTyJI€H IS BBITPY3KH B PETIO3UTOPUH.

Pa3zpaborka MII mist monb3oBareneit ¢ OVIB Ha ocHOBE MOAYJISIpU3aIMK TTO3BOJIIET pa3padboT-
YUKaM HCIOJIb30BaTh T'OTOBBIC PEICHHUsS, TPUMEHSIEMbIC B MPEABIAYIINX MPOEKTaX, U JO0ABIATH
HOBBIE PELIECHUs KaK MOAYJIH JJIsl IOBTOPHOT'O MCHOJIb30BaHUSI.

2.2 PaspaboTka agantupyemoro nHtepdgenca Ml

Paspaborka amantupyemoro mHTepdeiica MII mns mroaeir ¢ OMIB ocHOBaHa Ha KOHIICIITUU
mabnoHHbix uHTEpdeiicoB [16]. Ilpomecc mpoekTupoBanus uHTEpdeiica BKIOYAET pa3padoTKy
m1a0IoHOB Beex 3kpaHoB MII, Ha KOTOPBIX pa3MemaroTcs BCe AIEMEHTH HHTepdeiica, TpeOyembie
s poctyna K Gyakuunonany MII, u pa3nenenue 31eMeHTOB 1Ia0JIOHOB Ha 00sI3aTENIbHBIE U OMIIH-
OHaJIbHBIE NIeMeHTHhI. O0s3aTeNbHBIMH SBISIFOTCS 3JIEMEHTBI, KOTOPhIE HEOOXOIMMBI Ui pabOThI
OTJICNIBHO B3SATOTO MPUIIOKEHUS U TOJDKHBI BKIIOYAThCA B UHTEpdeiic kaxaoro nonb3osarens MIIL
OnuuoHambHBIE AJIEMEHTHI MOTYT BKIIIOYATHCS B MHTEp(EHC B 3aBHCHUMOCTH OT BO3MOXKHOCTEH U
orpaHuueHuil monb3oBatend. KaxkqoMmy aneMeHTy ympaBieHus uHTepdeica comocTaBisercs 00-
JacTh Ha dKpaHe, B KOTOPOW ATOT AIIEMEHT MOKET ObITh pa3merneH. [Ipu HacTpoiike mHTEpdeiica
MII nnst KakIOTo MOJIb30BaTENs] UMEETCS BO3MOXKHOCTh BBIOpaTh M300pa)KEHUSI BCEX DJIEMEHTOB
untepdeiica u3 b/ nim oTkIOUUTH 351eMEHT uHTepdelica, e OH OTHOCUTCS K KaTeropuu Heoos-
3arenbHbIX. Takyto HacTpoiky unTepdeiica MII MokeT oCyIIecTBIATh KOHEUHBIH 110JIb30BaTENb C
OMUB nu6o nonp30BaTelb, 3HAIOMUN BO3MOKHOCTH M OTPAHUYEHUSI CBOETO TMOIOTIEYHOTO.

[Tponecc koHpUryprpoBanus mad10HOB 3kpaHoB MII BkiitouaeT BEIOOP 3JIEMEHTOB UHTEpQeii-
ca U ux u3zobpaxenuil Ha skpane MII (muKTOrpamMmbl W/WiIK Apyrue rpapuueckue WUTIOCTPALIH).
s xkondurypupoBanus untepdeiica Ha sTane IKCIUTyaTauu 06e3 H3MEHEHHS IPOrPaMMHOTO KOJ1a
pa3paboTtan MeToj KOH(PUTYpHUpOBaHHS HHTEp(deiica ¢ MOMOUIBI0 KOHPUTYPAITMOHHOW TaHEeIn
(KII), xotopas pa3zpabaTeiBaeTcs Ha dTane peanuzanuu MII u BcTpanBaercs B CUCTEMY yIPaBICHUS
JUIST Kavkmoro MIT.

KII BxirouaeT 001acTh HACTPOEK, KOTOpPask COAEPKUT BUKETHI (Ipaduueckoe MPUI0KEHHE, KOTOPOE BBIBOJHUT
nHpopmanuio Ha 3kpaH cMapTdoHa M Jp.) Ul HACTPOHKH 3j1eMeHTOB HHTepdeiica, kondurypupyemoro MII, u 06-
JIaCTh, B KOTOPOH OTOOpaxkaeTcst TeKymas ctpanuia uatepdeiica MII. Pazpaborana monens unrepdeiica MII, npen-
craBienHas JSON’-06bekTOM, MomAMH KOTOPOTO sIBISAIOTCA cTpaHuisl mHTepderica MIL. [lome comepxut mHpOp™Ma-
U0 O apaMeTpax KOH(l)I/IpraHI/II/I QJICMCHTA: 06HSaT€J’II)HOCTL/H€06${33T€J'H)HOCTI), pa3Mep U OBET 2JIEMCEHTA, NpHUHAA-
JIC)KHOCTD K pa3psiany 06HII/IX QJICMCHTOB. HOZ{ O6HII/IMI/I QJICMCHTAMU B MOACIHN MPEACTABICHNUA ITIOHUMAKOTCA 3JICMCHTBI,
KOTOPBIC COACPIKATCA OoJlee ueM Ha OIIHOﬁ CTpaHuIIC. O6HII/I€ JJICMCHTBI H€06XOIlI/IMI)I JJI1 BOSMOKHOCTH HaCTpOﬁKH
2JICMCHTA HHTCp(l)eflca Ha BCEX CTpaHHUIaX, Ha KOTOPBIX OH NPEACTABJICH. HmeeTcss BO3MOKHOCTD HaCcTpauBaThb IMOBTO-
pAOIUeCs 3JIEMEHTHI 0e3 MPUBA3KHA K 06HII/IM, HacTpauBas 3JICMCHT Ha Ka)K,HOﬁ CTpaHulEC, A€ OH MPCACTABJICH. HOJ'IG,
OTHMCHIBAIOIIEe OOIIHME DIEMEHTHI, COJEPKUTCS B KOPHE MOJICITN TPECTABIICHUS, KaK U cTpaHuIsl MIT.

B ciyuae, ecniu onmcanue cOCTaBiIeHO HE B COOTBETCTBUHU C TPEOOBAaHUSAMM, B IPOLIECCE TeHe-
parnuu unrepdeiica MII mosnp3oBaTeno OyeT BHIBEIEHO COOOIIEHUE, OOBICHSIIONIEE, B YEM 3aKITIO-
YaeTcs OMMOKa B €ro ONMUCAHUH C IIeTTbI0 TTOMOYb M0JIb30BATENI0 B PEAAKTUPOBAHUH OMHCAHUS.

[Tpouecc renepanuu untepdeiicos MII BkitouaeT cineayroniye aeicTBUs: 100aBlieHNUE TPUITO-

JKCHHA B CUCTCMY (BBIHOJ'IHSICTCH pa3pa6OT‘-II/IKOM MH) C Ha3BaHWEM U OINMHMCAHUCM NPHUIIOKCHHA, a

® JSON (anri. JavaScript Object Notation) — TEKCTOBBII (popMaT 0OMEHa TaHHBIMH, OCHOBaHHBIN Ha JavaScript.
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TaKke (ailyioM, ONMChIBaIOIIUM HHTEepdeiic; onucanne uHTepderica (TOKHO BHIIOIHITHCS C IPHU-
MEHEHHEM paclIupeHus si3bika JavaScript), peJaKTHPOBAHUE 3arpy:KEHHOTO IMPHIOKEHHS, TPO-
CMOTp CIHCKA MPHUJIOKEHUN B CHCTEME; YIaJICHHUE TPUIIOKEHUSI.

Pa3zpabotka agantupyemoro untepdeiica BKiItodaeT: 00padoTKy (aityia onmucanus mHTEpdeiica
MII; pernepunr (Buszyanu3aiuio) 6yioka npeacraBieHus narepderica MI1.

3 Beb-cuctema paspabotkm MI1 gna nonb3oBaTtenen ¢ OB

s pazpaborku MIT mst monws3oBareneit ¢ OVIB nmpemnoskena BeG-cuctema, odbecreunBaronias
noanepkky Beex stanos KL MII [17]. E€ apxutekTypa BKIO4aeT mojacucreMsl ynpasieHuss MII
Ha 3Tanax pa3paboTku u 3kcrryaranuu, APl nius MII, BJl ayis XxpaHeHuss MoJTyJiel, JTaHHBIX TOJIb-
3oBaTenei, naTepdeiicoB u 1.4. OcHOBHOM (yHKIMOHAN MDM 1OICUCTEMBI BKIIIOYAET MPOCMOT]
XpaHWIHILA MOAYJEH, BHIOOP M MOJKIIOUYEHUE OJUHOYHOTO MOAYISA B MPOEKT pa3pabaThiBaeMOro
MII, noGaBnenue daiina onucanus mabdsoHoB crpanull MII, renepanuio u penakrupoBanue KII
s MII. Tlocne TectupoBanus pazpaboranHoro MII moxynu, onpenenénubie pazpabOTYNKOM Kak
MIPUMEHUMBIE JJISI IOBTOPHOTO MCTOIB30BAHMS, MOTYT JOOABJISITHCS B XPAHWIUIIE MOJTYJICH.

Pesynbratom paboTsl ¢ moacuctemoii siBisiercss MII ¢ mabnoHHbIM HHTEPGEHCOM C AIEeMEHTa-
MU, 33JIaHHBIMU TI0 YMOJYAHUIO, TPUTOJHOE VISl MCIIOJIb30BAHUS B Cilydae, eciu uHTepdenc yao-
BIICTBOPSIET BO3MOKHOCTSIM KOHEUHOTO Mojb3oBaTens. Eciu HeoOxonuma amanrtanus uHTepdeiica
10JT KOHEYHOTO TI0JIB30BATEIISA, TO MOJICUCTEMA TIPEIOCTABIISIET BOZMOKHOCTH ISl KOHPUTYpHUPOBa-
Hus u"TepdeiicoB skpanoB MII ¢ momomipio KII, crenepupoBannoiil mist atoro MIL. Apxutekrypa

CUCTEMBI B HOTauuu ArchiMate npuBeieHa Ha pUcyHke 1.
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Pucynok 1 - Apxurektypa cuctemsl
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[Toncucrema pabotsl ¢ Mmoaynamu MII nogaepxusaer pa3padborky MII Ha ocHOBE MHOrOMO-
IYIBbHOM apXUTEKTYpPhl C BO3MOXKHOCTBIO BbIOOpa FOTOBBIX ()YHKLIMOHAJIBHBIX PEILICHUI U3 XpaHU-
nua moayiei. /s reneparum 6a30Boro koja (yHKIMOHATHHOTO MOYJISI MCTIONB3YIOTCS 111a0i1o-
ubl. 1llabnonmsatopom sBiusercs FreeMarker'’, koTopslii MOAXOMUT 1S HAMHCAHHS CIIOKHBIX
111a0JIOHOB.

Pazpabotan crocod xpaHeHus: GYHKLIMOHAIbHBIX MOAYJIeH. Moyu UMEIOT CTPYKTYpUpPOBaH-
Hoe omucanue B (Qaitie README.md. CTpykrypa ONHCaHHs MOIYJS BKIIOUYAET KOMIIOHEHTBI:
Ha3HA4YE€HUe MOAYJISA, TUIl MOAYJISA, KOJ AJIS MOAKIIOUEHMS, JOKYMEHTALUs Ul pabOThl C MOAYJIEM.

[Toncucrema 3arpysku (aiina natepgeiica MII peanuzyer ¢pynkiuu reaepaunu KI1. Anroputm
renepauuu KII nokaszan Ha pucyHke 2.

Banunauwa onucania

MapCuHr oNUCaHKA
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> 3MEMEHTOR
N m
YNPEENeHA
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NoNbL30EATEND

WHUUmannzaura
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VHTEpdeica MM

Bde 3neMeHTH CTPaHULE
NpoLLNKM PEHOEPHHT?

PeHOepUHT CTPaHMWLE
WHTEpderca MM

ACTPAMEREMOTD SMEMEHTA
WHTepheiica

r

{ WHUYWanuzauma
H

PucyHOK 2 — ANTOpHUTM TeHepaIy KOHPUTypaIrlMoOHHOH aHeTn

Jlornueckast cxema paboTsl cucteMsl Ha 3tanax JKL MII nokazana Ha pucyHke 3.

4 Anpobauusa Beb6-cucrtembl paspadbotkm MI gna nonb3oBatenen ¢ OUB

Pa3zpaborannas cuctema nporectupoBaHa Ha Heckoiabkux MII ¢ agantupyembim unTepdeiicom,
IIpEeIHAa3HAYEHHBIX JUIsl Pa3HBIX KaTeropui mosb3oBareneil ¢ OVIB. B tectupoBanuu npuHuMann
yuactue pazpaborunku MII, moTeHIMaNbHBIE MOJIB30BATENN BeO-CUCTEMBI M ToJib3oBaTenn MII
(moau ¢ OMB). TectupoBaHue crcTeMbl BKIIIOYao: nporecc pa3padotku MII ¢ npuMeHeHneM cu-
ctembl; HacTpoiiky MII nox nons3oBateneit ¢ OVIB B cucteme u paboty ¢ pazpadoranHbiMu MII
9THX nosib3oBateneit ¢ OVIB. B kauecTBe kpuTepreB OLEHKH BBIOpaHbI TPYIOEMKOCTh pa3paboTKH
MII u nocrynnocts MII mis monws3oBateneit ¢ OMB. loctynnocts MIT onieHnBanack 3KkCnepTHHIM
MyTeM: COTPYIHUKHU, paboTatomiue ¢ mroapmu ¢ OUB, Habmtonanu 3a paboToli U Aeanu BEIBOJBI O
TOM, HACKOJIBKO YCHEIIIHO 10JIb30BaTeH CIIPABIISIUCE C pabOTOM.

B pamkax anpo6auuu 6sutu pazpadoransl Heckoabko MIT it mons3oBareneii ¢ OMB:

*  MOOWIBHas Urpa Julsl pa3BUTHs HABBIKOB PACIO3HABAaHUS M Pa3IMUYCHMsI NIPEIMETOB, OKpYKa-

IOLIMX YeJIOBEKa B MOBCEIHEBHOMN KU3HU (VIS MOJIb30BATENEH ¢ TSHKEIBIMU MHOXKECTBEHHBIMU

HapyIIEHUSIMH Pa3BUTHUA);

' What is Apache FreeMarker™? https://freemarker.apache.org/.
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= xommiekc MII «e-Board» ans mHpOpMHUpPOBaHUS KIMEHTOB MEAMLIMHCKUX U peabUIMTAIIMOH-

HBIX IIEHTPOB JJIS JIFOJIeH C

= MII «A4IT Test» nns BeISIBACHUS NMPEANIOYTeHUN nonb3oBareneit ¢ OB, nposBUBIIMX UHTEpEC

OWUB;

K TPYJIOBOH ACSITEIBHOCTH, U BEIOOPA I HUX TOIXOISIINX Pab0YHX MECT;
*  MoOwibHas urpa «Money Game» Ui TPEHHPOBKY HABBIKOB COBEPIIICHUS MTOKYIIOK.

~
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PI/ICYHOK 3 — Jlornueckas cxema pa6OTBI CHUCTCMBI Ha dTallaxX )KU3HCHHOI'O ITUKJIa MOOUIHLHOTO TIIPUIIOKCHUSA

Jlnist OLIEHKU BPEMEHHBIX 3aTpar Ha pa3pabotky MII Okl npoBenéH aHanu3 GpakTHUECKON Tpy-
noémkoctr paspadorku MII (Ty) ¢ npuMeHeHreM CHCTEMBI B CPAaBHEHUH C TPYIO0EMKOCTBIO pas3pa-
60TKH Takux xe MII ¢ npuMeHeHneM cTaHIapTHBIX cpeAcTB pa3zpaboTku (T.), onpenenéHHbIX KC-
neproM. [Ipumep onenku TpynoémkocTtu pazpadotku MII «A4IT Test», npuBenéu B Tadnuue 1.

Tabnuma 1 — AHanu3 BpeMeHHBIX 3aTpaT Ha pa3padboTky MIT «AIT Test»

DYyHKIMOHAT TpyaoémMkocTh pa3padoTKu, 4ac.

T, T
Pa3paboTka apXUTEKTypHI 0 (ucmonp30BaH M1a0JI0H MHOTOMOAYJIEHOM apXUTEKTYPHI) 8
PazpaboTka skpaHa aBTOpU3aU 0 (BBIOpaH TOTOBBIN MOJIENb UX XPAHUITUINA MOJTYJICH) 16
PazpaboTka sKpaHa TeCTUPOBaHUS 12 (moBTOPHO HCIIOIB30BaH KOJI B3anmozencTsus ¢ APl cepepa) 16
PazpaboTka sKpaHa ycHenrHoro 7.45 (ucronp30BaH WAGIOH IS TeHepauy 0a30BbIX KJIACCOB IS 8
OKOHYaHUS TECTUPOBAHUS peain3aluy 3KpaHa)
Paszpabotka KIT 4 0
TecTuposanue 6 2
Hroro 29.45 50
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Pe3ynbraThl OlleHKH TPYJO0EMKOCTH Beex paspadorannbix MII mokazanu, 4To mpuMeHeHHe BeO-
CHCTEMBI II03BOJISIET COKPATUTh BpEMEHHbIE 3aTpaThl Ha pa3padboTky MII B cpenHem B 1Ba pasa.

TectupoBanue paspadoranubix MII mpoBOAMIOCE B COTPYIHHUYECTBE ¢ KOJUIEKTHBaMU Boiro-
IPaiCKOro MCHXOHEBPOIOrMYECKOr0 HHTEPHATA' W ¥ MEIUIMHCKOro tentTpa MPI Qosterlo'?, cienu-
anu3upyromumMces Ha padote ¢ moapmu ¢ OMB. B TecTupoBaHuu ydacTBOBalIM COTPYIHUKH, Kak
MoJIb30BaTeu BeO-cucTeMbl, u manueHTsl ¢ OMB, kak monp3oBarenun MII. CoTpyaHUKH TECTHUPO-
BaM (YHKIMU BeO-CHCTEMBI, HACTpauBalu HMHTep(eicsl s noib3oBareneid MII u momoranu
nosp3oBarensimM padorats ¢ MII. CoTpyaHMKM OTMETHIIM, YTO HALMEHTH! ¢ OOJBIIMM MHTEPECOM
y4aCTBOBAJIM B TECTUPOBAHHHM, MPAKTUUYECKU BCE OHM CMOTJH yrpaniiate MII 6e3 momomu (uiau ¢
MHUHHMAJIBHOW TIOMOIIBIO) COTPYAHUKOB. YcnenHas padora nosb3oBateneit ¢ OMB ¢ MII noka3a-
7a, 4To HacTporka untepdeiica MII 11 Kaxxa0r0 MoIB30BaTENs COTPYAHUKAMHU, KOTOPBIE XOPOIIO
3HAIOT CBOMX IOJIONEYHBbIX, oOecneumia aoctynHocTs MII ans mosb3oBaresneil ¢ pa3HbIMU BO3-
MO>KHOCTSIMH M OTPaHUYEHUSIMHU.

Pe3ynbpTaThl TeCTHUpPOBaHUS MOKA3alM, YTO MPUMEHEHHE BEO-CHCTEMbI MO3BOJISET pa3padaThl-
BaTh MII, nomoraromue moasam ¢ OVB pa3BuBaTh pa3inyHble HABBIKM TOBCEIHEBHOM KU3HU U CO-
IMATU3UPOBATHCS B COBPEMEHHOM OOIIECTBE.

5 OHTOonornyeckoe npeacraBrneHue npouecca paspabotku MI
ana nonb3oBartens ¢ OUB

Kareropuszanus MII pist monb3oBareneit ¢ OMB no3BossieT 00beAMHUTD 3HaHUs 0 Takux MII,
Kak 00 00BbekTax pa3pabOTKH, M OMUCATh MX KaK CAMOCTOSITEJIbHYIO 00JacTh 3HaHWH. B kauecTBe
dbopManbHOW MOJENU NpPECTaBlIeHUs] 3HAHUI BbIOpaHa OHTOJIOTHYEcKas Mojelnb. Mcnonb3oBaHue
ATON MOJIENN TTO3BOJISIET U3BIIEKATh 3HAHMS O PA3IMYHBIX aclekTax mporecca paspadorku MIT s
nonb3oBareneit ¢ OMB, TexHomorusX U cpeacTBax pa3padOTKH U MPUMEHSTh UX Uit cozaanus MII,
JOCTYITHBIX JIFOJISIM C Pa3IMYHBIMU WHTEJUICKTYaJIbHBIMU BO3MOXKHOCTSIMU U orpaHudeHusiMu. OH-
ToJorus npouecca pazpadotku MII s nons3oBateneit ¢ OMB npeacrasiena Ha pucyHke 4.
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‘—'+—, C TECTMPOBaHMEM
|
I
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111

Pucynoxk 4 — OHTOIOTHYECKast MOJIEIb poliecca pa3paboTKU MOOMIIBHBIX MPUIIOKEHNH
JUISL TIOJIb30BaTeNel ¢ OrpaHMYCHHBIMH HHTEIUIEKTYJIbHBIMHA BO3MOKHOCTSIMH

"TBCCY CO I'TIBY "Bosnrorpaickuii menxoneBposornaeckuii narepuat” https:/442fz.volganet.ru/025001/.
12 MPI Oosterlo https://www.mpi-oosterlo.be/.
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3aknryeHue

B pabote onucan noaxon k pazpadorke MII mis monb3oBateneit ¢ OVB, Bkirodaromuii Habop

MoJIeNIel, METOJIOB M TEXHOJIOTHI 1 oOecrieunBaromuii noguepxky Bcex sramnos KL MIL. HoBusna
MO/IX0JIa 3aKJII0YAETCs B MPUMEHEHUU MIA0JIOHHOW MHOTOMOJAYJIBHOM apXHUTEKTYpPhl C BO3MOXHO-
CTBIO BBIOOpA TOTOBBIX (DYHKIIMOHAJIBHBIX pELICHUH u3 xpanwimina moaynei u KII, mo3Bomsronmx
ajantupoBath uHTEpdeic pazpadoranubix MII A koHeYyHOTO TOJB30BaTEN 0€3 U3MEHEHUs MPo-
rpaMMHOTO Kona. OmrcaHbl BeO-CUCTeMa ISl aBTOMATH3MPOBAaHHON pazpabotku MII mis momnb30-
Bareneid ¢ OB u mpuBenensl npumepsl paspadoranHbix MII ¢ agantupyembiM uHTEpheErcoM.
Onucanue MPOEKTHBIX W TEXHOJOTHYECKUX pEIIeHUH, pa3paboTaHHBIX B paMKax MPEAIOKEHHOTO
oAXo/a, MPEJCTaBIECHO B BUJE OHTOJIOTMYECKON MOJIEIH.
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Abstract

The features of developing mobile applications for users with intellectual disabilities are examined. A technology for
developing mobile applications is proposed, utilizing a template multi-module architecture that allows for the selection
of ready-made functional solutions from a module repository. A method for developing an adaptable mobile application
interface is described, including the creation of screen templates with interface elements, categorizing template ele-
ments into mandatory and optional, and matching each element with sets of possible images. A web system is outlined
that supports the stages of creating and operating mobile applications with an adaptable interface. Examples of devel-
oped mobile applications demonstrate their effectiveness for users with intellectual disabilities. A method is proposed
for adapting the mobile application interface using a configuration panel, which supports the life cycle of mobile appli-
cations for this user category. An ontology was selected as a formal model for representing knowledge, enabling the
extraction of knowledge for developing mobile applications with an adaptable interface and applying it to create appli-
cations accessible to people with intellectual disabilities.
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NMocTpoeHue OHTONOrMU ANA CUCTEeMaTU3aLun XapakTepucTuk
cetun UHTepHeTa Belien

© 2024, O.C. HUcaeBa

Hncmumym sviuuciumensroeo mooenuposanus Cudbupckozo omoenenus PAH (MBM CO PAH), Kpacnosapck, Poccus

AHHOTaUuA

[IpencraBnena Gopmanuzanusi MOJENN ceTd MHTepHeTa Beliel, npeaHasHaYeHHOH JUIi MOHHTOPHHIA
TEXHOJIOTUYECKHX TIOMEIICHUH C TeIEeKOMMYHUKaIMOHHBIM 000pynoBaHneM B deneparbHOM HCCIIeI0Ba-
TenabckoM LeHTpe «Kpacnosipckuii Hayunsiid ieHTp CO PAH». Cerb BKIIOYaeT U3MEPUTENbHBIE YCTPOU-
CTBA, TEJIEKOMMYHHUKAIMOHHYIO CPEJy, CepBEphI AJisi cOopa JaHHBIX M MPUKIAAHOE TpOrpaMMHOEe obec-
neqenne. s MHPOPMAIIMOHHOTO B3aHMMOJICHCTBHS MCIIONB3YETCSI CXeMa «H3/1aTeIb-IIOANUCYNK» U 00-
JIETYEHHBIA MTPOTOKOJI ¢ HEBBICOKOW HAarpy3kod Ha KaHaibl cBsi3HM. Co3maHa OHTOJIOTHS, ONHCHIBAOMIAS
ApXHUTEKTYpy CETH M CBOMCTBA yCTPOICTB, KOTOPHIE COOMPAIOT, IEPEAAIOT, XPAHAT U 00pabaThIBAIOT AaH-
Hbele. OHTOJIOTHS COAEPIKUT KJIACCHI, MPEACTABIAIONINE IMOHATHA MPEAMETHONW OONacTH, OTHOIICHHUS,
CBOMCTBA NaHHBIX, TUAMA30HBl X HM3MEHEHUs, KPUTHYCCKHE 3HAUCHHS, OTPaHHUYMBAIOIINE aTPUOYTHI
9JIEMEHTOB OHTOJIOTHH. OOBEKTHl OHTOJOTHH MMEIOT COOCTBEHHOE ITU(PPOBOE TpEJCTaBICHHUE B 0azax
JTAaHHBIX, BKITIOYasl pe3yabTaThl M3MEPEHNH, MOTy9IaeMble JaTYMKaMu ceTr VIHTepHeTa BelleH, mpereieH-
ThI AHOMAJIBHBIX JaHHBIX, UX CTATHCTHYECKHE M YaCTOTHBIC XapakTepucTUku. dopmManuzanus mo3BoInia
BBISIBUTH HESBHBIC 3aBHCHMOCTH MEX1y OOBEKTaMH, CBs3aThb HMX C XapaKTEPHCTHKAMHU IPOLECCOB,
HaOII01aeMbIX ycTpoiicTBaMK ceTH MHTepHeTa Bemied, M pemaTh NMpakTHYecKue 3agadu. Paccmorpena
3a7a4a BBIOOpA XapaKTEPUCTHUK, BIUSIONMX Ha U3MEHEHHE CXeM HMH()OPMAIMOHHOTO B3aUMOJCHCTBUSL.
BrInonHeH onpoc KCHepToB M MOCTpoeHa Mojens KaHo A NpUOPUTH3ALUU XapaKTEPUCTUK, BIIHSIO-
IIMX Ha MPHUHSITHE PelIeHNni 00 OpraHu3aluy cXeMbl HH()OPMALIMOHHOTO B3auMoieiicTBus B cetn MHTep-
HeTa BelleH.

Knrouesvie cnosa: Unmepnem eewell, uzoamensb, 6pokep, NOONUCUUK, OHMONO2UA, AHATU3 3A0EPIHCEK,
yacmommwlll aHanus, mooeis Kawno, peunscunupune cemu.

Humuposanue: Hcaesa O.C. IlocTpoeHHe OHTOJOTHU ISl CHCTEMAaTH3allMH XapaKTEPHUCTHK ceTh MH-
TepHeTa Bemlel // Oumonoeusn npoexkmuposanus. 2024. T.14, Ne2(52). C. 243-255. DOI:10.18287/2223-
9537-2024-14-2-243-255.

Kongnuxkm unmepecog: aBtop 3asBisieT 00 OTCyTCTBUU KOH(IMKTA HHTEPECOB.

BBepeHune

Wurepner Bemeit (Internet of Things, loT) — 3To coBpeMeHHas ceTeBas mapajaurma, ooecreyu-
BaloIlas KOMMYHUKAIIMM MEXAY Pa3HOPOAHBIMU (U3NYECKUMU M BHUPTYATbHBIMH CHCTEMaMHU.
MexayHapo HBIM COFO30M D3JIEKTPOCBSI3W NJIsi CcTaHmapTuszanuu VHTepHeTa Bemied paspaboTaH
craunapt (Internet of Things Global Standards Initiative, loT-GSI), B KOTOpOM Ompe/esieHa uepap-
Xu4eckas apxutektypa loT-cereil [1, 2], BKiogaromas cieayrnme ypopau [3]:
= ceHcopHblil (YPOBEHb YCTPOMCTB, BBIOIHSIOMUX cOOp MHPOPMAIIUU O COCTOSIHMH HaOJI0/1ae-

MBIX 00BEKTOB, HACTPOUKA UX SHEPTOCOCPEIKEHHMS, TIOIIEPIKKA CETEBBIX MMPOTOKOJIOB);
= cemesoll (MapuIpyTU3alus, Tepefadya HWHPOPMAIMH — AHAJIOT CETEBOTO U TPAHCIIOPTHOTO

YPOBHEM 3TaJTOHHOM MOJICJIM B3aUMOJICHCTBUS OTKPBITHIX CUCTEM);

" cepsucHbiii (00pabOTKa M XpaHEHUE JAHHBIX );
" npuxnaownol (YCIyrd Ha OCHOBE JIaHHBIX [0 T-yCTpONCTB).

JIONOJTHUTENBHO OIpeJIeNIeHbl 1B BEPTUKAIBHBIX YPOBHS — yHpasieHue U 6esonachocms [4].
CTaOuIbHOCTh TaKOW MHOTOYPOBHEBOW apXUTEKTYypbl OOECIEUMBAETCS CHEUUAIbHBIMU HHCTPY-
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HocmpoeHue oHmono2uu Ois cucmemamu3ayuu xapakmepucmuxk cemu HHmepHema 661/{4617[

MEHTaMH TOJy4YeHHs, XpaHeHUs, 00pabOTKHU U aHaiau3a JaHHBIX. [[1s oOHapyKeHUs U CMATYECHUS

MIOCJIEACTBUM KubepaTak IpoOBOAUTCS Psifi padoT:

" CTpOSITCA MOJICJIbHBIC CLICHAPUHU CETEBOr0 MoBeIeHUs [oT-yCTpOUCTB [5];

® B CHCTEMBbI O€30ITaCHOCTH HHTETPUPYIOTCS METO/IbI aHAJIN3a BPEMEHHBIX PsIIOB [6];

® Uit TIOMCKA aHOMaJIMI CO3JIal0TCS U UCTIONB3YIOTCS IMyOIuYHbIle HA0OPHI TaHHBIX [7];

" K CTPYKTYPUPOBAHHBIM 3aIIMCSM CEAHCOB CBSI3U J00ABIISIOTCS CBEIEHUS U3 HECTPYKTYPHUPO-
BAaHHBIX JKYPHAJIOB oOpamieHuil [8, 9], cTaTUCTUYECKHE XapaKTEPUCTUKH, MapaMeTpbl MHTEH-
CUBHOCTU U TPOAOKUTEIIBHOCTU TEpeJayd MaKkeTOB JIAHHBIX W Tp., JJIA aHallh3a KOTOPBIX
MIPUMEHSFOTCSI METO/Ibl MaITMHHOTO 00y4eHwus [10].

Takue paOOThI BKIIOYAIOT PELICHHS 33Jad CETEBOTO aIMHHUCTPUPOBAHHS, OOECIICYCHUS KH-
0epOe30IMacHOCTH, aHAIKM3a JaHHBIX U 0OHAPYKEHHS CETeBBIX aHoMamui [11].

Jlist yaéra MOOWIIBHOCTH M Pa3HOPOJHOCTH YCTPOMCTB, PA3HOTUITHOCTH MPOTOKOJIOB CETEBOTO
B3aMMOJICHCTBUS U oOecrieueHus: paboTel ¢ O6oNbIIMMU 00bEMaMu JaHHBIX B loT-cetu TpeOyercs
CTPYKTYPUPOBAHHUE U CUCTEMATHU3aIMsI XapaKTEPUCTUK BXOASIMX B He€ anemeHToB [12]. s mHo-
TOYPOBHEBBIX MOJIEJICH CIOKHBIX OOBEKTOB COKpAIlEHUE Pa3MEPHOCTU JOCTUTAETCS MOCTPOCHUEM
U aHAJIN30M OHTOJIOTWM, U3BJICYEHUEM CYLIECTBEHHBIX IPU3HAKOB U3 ONpEAE/ICHUIN MOHATUH, pa3-
JIeJIEHUEM WX Ha TPYMIbl 000OMIEHHBIX CBOICTB, XapaKTEPU3YIOIIUXCSI COMTOCTABUMBIMU OTHOIIIE-
HUSIMH C BHEIIIHEW CPEJION, M OMpeIe]ICHUEM POIOBUIOBOM CBSI3U MEXK/Y CYIIECTBEHHBIMU MPU3HA-
kamu [13]. CemanTuueckas CBSI3HOCTh TaKUX UCCIEIOBAHUN OOECHeurBaeTCsl CO3JaHUuEM YHUDU-
LIUPOBAHHOTO CJIOBaps KOHIIENTOB U (POPMATIbHBIM OIMKMCAHUEM CTPYKTYPBI UX B3aUMOCBs3el. Takue
OHTOJIOTMH TIO3BOJISIIOT OOMEHUBAThCA JaHHBIMU O KUOEpyrposax, yiydilass ypOBEHb 3allUThI,
YCKOPSIOT pa0doTy MOJEe MAITUHHOTO O0y4YeHUS, UCTIOIh3YEMbIX B aHTHBUPYCHBIX (JIBMDKKAX).
Ha ux ocHOBe cTpOATCS BEKTOPBI aTakH, JJIsl KOTOPBIX BBIABIISIOTCS XapaKTEPHbIE BU/bI YS3BUMO-
CTell W BBIOMPAIOTCS COOTBETCTBYIOIIME CPEICTBA 3alIMTHI U CUCTEMHBIC OOHOBIICHUS, HEOOXOIH-
MBbI€ /Uil IPEAOTBpallleHUss UHIMIEHTOB [14]. OHTOMIOrMH MO3BOJIAIOT pelaTh 33a/1a4d IPOEKTHPO-
BaHHS M Pa3BUTHS TEJICKOMMYHHMKAIIMOHHBIX CeTeH, oOecreunBas BKIIOUYEHHWE B HUX HOBBIX CET-
MEHTOB Ha OCHOBE MOJEJIeH, PACIIUPSIOMIUX JOMEHHYIO OHTOJIOTMIO TEJIE€KOMMYHUKAIIMOHHBIX
yCIyT crenupuIHbIMU XapaKTePUCTHKAMU THOPHUIHBIX TEJIeKOMMYHUKAIIMOHHBIX CeTel U QPyHKIIH-
SIMU OTIEpaTopoB cBsi3u [15].

[{enbro maHHOW pabOTHI SABISETCS MOCTPOSHUE OHTOJIOTHH, B KOTOPOH (pOpMaTn30BaHbl OCHOB-
HBbIE TIOHSTHUSI TeXHOJIOTHMH VHTepHEeTa Beleld U CHCTEeMaTU3UPOBAHBI XapaKTEPUCTUKU SJIEMEHTOB
loT-cetn, peann3zoBaHHON B PenepanbHOM UCCIIEN0BATENBCKOM LEHTpe «KpacHOsIpckuil Hay4dHBIH
ueHtp Cubupckoro oraenenuss PAH». UccnenoBanue npoBoautes Ha 6a3e cetu MHTepHeTa Beliei,
BBITIOJHSIONIEH MOHUTOPUHT TEXHOJOTUYECKUX MOMEIICHUH C TeIeKOMMYHUKAIMOHHBIM 000pY/I0-
BanueM [16]. OHTONOTHST COACPKUT Kak (haKTHUECKHUE, TAaK U PACUETHBIE TTapaMeTpPhl, UTO MTO3BOJIS-
€T BBIABIATH B3aMMOCBS3HM MOHSATUN U paccMaTpUBATh XapaKTEPUCTHKU PaOOTHI ycTpoicTB. [lo-
CTPOEHHAsI OHTOJIOTHS MPUMEHSIETCS JUIsl BBIOOpAa HACTPOEK OpPOKEpOB, COOMpAIOIIUX U pacIpee-
JIAIOIIUX JaHHbIE B [oT-ceTH.

1 OnwucaHue OHTONOrUMU

Ucnonw3yetcst penaktop Protégé, B KOTOPOM IO/ OHTOJIOTHEH MOHUMAaeTcsi popMaabHOE OIH-
CaHMs TOHATUH (KJIaccoB), 0OPa3IOB KJIACCOB, MX CBOMCTB ((PYHKIHI U aTpHOyTOB) U OTpaHUYEHUN
Ha cBoiicTtBa [17]. DTOT WHCTPYMEHT TMO3BOJSET CTPOUTH KAaTETOPUPOBAHHYIO HEPAPXHUECKYIO
CTPYKTYPY 3JEMEHTOB M MPEIOCTaBISET METOJbl MOHUTOPHHIA 3aBUCUMOCTEH, PEKOHCTPYKIUU
CKPBITBIX 3HAHUMU, a TAKXKE CO3JaHUS M BBITIOJIHEHHS] CEMaHTHUUECKHX 3ampocoB K JaHHbIM. Dop-
MajibHasg CEMAaHTHKA HCIOJIb3YEMOTO SI3bIKa OHTOJIOTMH MPEJCTABISAET JOTUYECKUE CIEACTBUS U3
(hakTOB, KaK HETIOCPEACTBEHHO 3aJaHHBIX, TAK U TIOJYYCHHBIX B PE3YJIbTATE JJOTUYECKOTO BHIBOJIA.
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Jlst mocTpoeHusl OHTOJIOTUU paccMOTpeHa apxutektypa loT-cetn KpacHosipckoro Hay4dHOTO
uenrpa CO PAH u nannbie ceteBoro tpaduka. DIEMEHTBI CETH PACHpPEIeNCHbl MEXy Mepeyuc-
JeHHbIMU B cTtangapte loT-GSI ypoBuamu. Mepapxudeckas CTpyKTypa KJIacCOB IMPUBE/ICHA HA pU-
cyHke 1.

Ha pucynke 1 conmepykaTcsi CEHCOPHBIN, CEPBUCHBIM U IIPU-
() Cerb uuTepueta Bemed UL pucy ACp P » CE€p p

¥-- <@ 1.Cencopulil yposet KJIAJJHOM YPOBHH, a TaKK€ ypOBEHb CeTU. K Ka)K1oMy ypOBHIO OT-
v-—@ Eﬂ)anamnﬂ HECEeHbl THUIIBI YCTPOMCTB U MX Xapakrepuctuku. Wudopmannon-
V- = Hamepenuna ) _
e HOE B3aHMOZNCHCTBHE MEX/Y CEHCOPHBIM M IPUKIA/IHBIM YPOBHS
e @ PM25 MU OpPraHM30BaHO MO CXEeMe, 3aJaHHOW IIa0JIOHOM «HW3/aTeNb-

- <@ Bnaxmuocrs noanucuuky. Ucnonw3yrores cneayromue noustus [18]:

I- () Temneparypa 3o .
... — @ Touka poctt 30ameny — YCTPOWUCTBO, TEHEPUPYIOIIEE JAHHbIE O COCTOS-

F « () CaoiicTEa AAHHBIX HUHW KOHTPOJIMPYCMBIX 00BekTOB. B manHOM CJIy4dac - 5TO JaTYUKU
. :5%&1&?“ TEMIIEPATyPhI, BIAKHOCTH H T.]I., KOTOPBIC OTIIPABIISIOT OpOKepaM
b @ Caoiicrea COOOILEHHS TI0 ONIPEACIEHHBIM TEMaM.

¥ @ 2.Yposens cern Bpokep — 3T0 cepBep U NMPOrpaMMHOE OOECIIEUEHHE, KOTOPOE
B « () MapupytHaauna

¥ @ 3.CepBHCHMI yposeHb MOJTyJaeT BCE JAaHHBIC OT M3JATENICH, a 3aTeM paclpeelisieT Co-
V- « @ Bpokepl OOIIEHUS COOTBETCTBYIOIINUM IOAITHUCYHKAM.
: :8 E:gzﬂc‘:::“ Tloonucuux — xIMeHT (MPUIIOKEHNUE WU YCTPOMCTBO), TMOIY-
Y- <@ Temm YAoK U TOTPEOJISIFONUI JaHHBIC B COOTBETCTBUHU C 33JaHHBIMHU
B <@ Mognmcynkn TEMAaTUYECKUMH T10IMHCKAMHU.

¥ <_—O 4, MpuEnaguod ypoBeHb _ _
V. ‘,—O MOANKCHHKN Tema CEMaHTHUKa, ONpCaAciiiromas u3aaTciisd U BUI I/IH(I)Op

B-- @ Nporpamme v cepeaces  MAIIMM M TIO3BOJIAIOLIAS TIOJNMCYUKY TI0Jy4aTh HEOOXOIMMBbIE
B () Ceoiictea JTAHHBIE.
Pucynok 1 — Uepapxuueckas B Takoii cxeme loT-yCTpOCTBA, SIBISIOIIMECS OTHPABUTEIAMU
CTPYKTypa KJIaccoB coOOLIeHNH, He CBsI3aHbI C UX NoTpeOuTensimMu. Janubie abcTparu-
POBaHbI OT IMOANUCYUKOB U PACHPEIENSIOTCS Yepe3 MoCpeaHHKa-
Opokepa B COOTBETCTBUM C TeMaMHU. DTO 00ecreuynBaeT MaclITabupyeMoCTh U TUHAMUYHYIO TOIIO-
JIOTHIO CETH.

B kauectBe mpoTokosa oOMeHa JaHHBIMU BBIOpaH OOJETrYEHHBIM MPOTOKOJ C HEBBICOKOM
HArpy3Koil Ha KkaHaibl cBsi3u (Message Queuing Telemetry Transport, MQTT) [19]. OcHoBHBIE
SNIEMEHTHI CeTH: m3aartenu — ycerpoiictBa CL-210-E ICP DAS', uveromue (GyHKIHE H3MEpeHHs
TEMIIepaTyphbl, BIAKHOCTH U KOHLEHTPAIMU MEJIKOANCIEPCHON NBbUIM B OKpYXarolieil cpene, 6po-
kepsl Eclipse Mosquitto [20], pa3sépryTsie Ha knactepe Kubernetes (K8s)*, o6beausomem Gpusn-
YECKUE CEPBEPHI U BUPTYAJIbHBIE MAIINHBI.

@parmMeHT rpapuueckoro MpeaCTaBICHUsS OHTOJIOTHUH, ONMUCHIBAIOIIETO OCHOBHBIE XapaKTepH-
CTHKH U3JaTelel, IPUBEIEH Ha PUCYHKE 2.

l @ WsmepeHus ~| © ‘Ceodicrea I I @ fnyas l
NaHHbIX' I

© '1. CeHcopHbIA

P — @ Wspatenn
O Bugbi
@ Hactpoiim ] lEIO CraTucTuka ] ‘ U3MepeHHi' © Touka pocs!' J
& - [E3] £z
{ @ Ceoiictea ] l @ BnaxHocTb ] [ @ Temneparypa I l O PM2.5 J

PucyHok 2 — @parMeHT rpaguueckoro npeCcTaBICHHs KJIaCCOB B OHTOJIOTUN

" CL-210-E ICP DAS. Cm. nanpumep. https://insat.ru/prices/info.php?pid=139924&yclid=13744516879505686527.
2 Production-Grade Container Orchestration. https://kubernetes.io/.
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Ha pucynke 2 noka3aHbl 3HaUMMBbIE XapaKTEPUCTUKU U3JaTeled, PaCIOI0KEHHBIX HA CEHCOP-
HOM YpOBHE: M3MEpeHMsI (MX BMJIbl, CTaTHUCTHKA U CBOWMCTBAa JAaHHBIX), CBOMCTBA YCTPOWCTB,
HACTPOUKHU U MyOJIMKYEMbIE TEMBI.

OnemeHTsl loT-ceTu NpencTaBiIeHbl B BUAE 3K3EMILISIPOB Ki1accoB oHTojioruu. Ha pucynke 3
IpUBEEH NMPUMEp ONUCAHMs M3JaTeliel, 1aHHble KOTOPhIX cOOMparoTcs OpokepaMu M KOHTPOJIH-
PYIOTCSI IPUIIOKEHUAMU-IIOAITUCYUKAMH.

@ 'Tema - ViapaTens:
211, naMepeHus:...

(’/,/V’ A \‘\“QL\\\\
: . & 'Cnyx6a - -
[ & 'CL-210E (211) ] ‘ TR | e & 'Bpokep (aeT,
| e —— [ tls, ok}’
! R S :
[ ¢ Tewneparypa ]J [ [ Bnamnocn:. J [ ¢ Xapax'repucmm ] [ (3 Hac*rpomm]
Wi s AT ! RN
[ & 'Opt 18-22°C' ],A// 4 'Max 25°C' ] € '‘OnurenshocTs | ¢ Pasmewenne
2 7 ob6paboTin'

- e -
[& omasson | 7 N— ¢S

! ~
v € 'Orpanuyenun N

!
I
| ‘ CPU!
;
rd
!

I

@ Log/Pass
v : € 'Max 3agepxru € 'MeprognqHocTs
[’ Bpem.q_oGpaﬁommH & Max_sagepxkn ] nepegaqu’ oTnpaeku'

Pucynoxk 3 — ®@parmeHT rpaduueckoro npeacTaBIeHHs SK3eMIUIIPOB KJIACCOB

Ha pucynke 3 moka3aHbl B3aMMOCBSI3U 3JIEMEHTOB CETH U UX XapaKTepUCTUKU. B mpencrasieH-
HOM (hparmeHTe oHTOJOTMHU H3Aarensb ¢ uMeHeM «CL-210E (211)» cBsizan ¢ OpokepoM, HMEIOIIIHM
HACTPOMKH IMONUTHK OE30MacHOCTH: A0CTym 1o apropusanuu (Log/Pass), mudposanne (TLS®) u
pa3MeleHne B OTKPBITOW CeTH. XapaKTepUCTHKAMH OpoKepa SIBIISIOTCS: IEPUOJAUIHOCTD OTIPABKU
JAHHBIX W3JlaTeJIeM; OTPaHUYEHUs], YCTAHOBJIEHHBIE CEPBEPOM, Ha KOTOPOM OH Pa3MEUIEH; 3aJIepiK-
KM TIepefaudl; IIIUTEIBHOCTh 00pabOTKY MaKkeToOB JaHHBIX. J{JIs1 M3MepsieMbIX MoKa3aTeei Temre-
paTyphbl U BIaXKHOCTH 3a/1aHbl ONITUMAJIbHBIE M MaKCUMAallbHbIE 3HaUeHUs. B 3aBUCMMOCTH OT UMEHH
M3JaTeNs ¥ TUTIA H3MepeHust y Opokepa popMHpyeTcsl TeMa, Ha KOTOPYIO MOJAMUCAHO TPOTPaMMHOE
obecnieyenne «CiayxObl MOHUTOPUHTA», KOTOPOE BBIMOJIHSAET KOHTPOJIb U3MEPSIEMBIX MOKazaTesel
0 3aJIaHHBIM OTpaHUYEHHSIM. B OHTONOTHIO BKIIFOYEHBI TEXHHUYECKHE ITapaMeTphl YCTPOWCTB, He-
00X0AMMBIE JUIsl HACTPOMKHU UX (YHKIIMOHUPOBAHUS, U PacUETHBIE, IOCTPOCHHbIE HA OCHOBE COOM-
paeMoil CTaTUCTHUKH.

MamHa BbIBOJia B pellakTope Protégé mo3BosieT BBIABIATh 3aBUCHMOCTH U BBIIIOJIHATH KOH-
TPOJIb CTPYKTYPHI U CBSI3€H MEXTY DK3EMIUIIpAMHU JaHHBIX. BBIMOIHEHHOE CEMaHTHYECKOE MO/Ie-
JMPOBaHKE MO3BOJSIET 00001IaTh U CTPYKTYPUPOBATh MOHATUSA npeameTHoi obmactu (ITpO), GwicT-
PO u3BJIEKAaTh 3HAHUA 00 31eMeHTaxX [o7-CeTH U MOKET MCIIOJIb30BAaThCs Ul pelleHus 3afad eé
HaCTPOWKHU U COIPOBOXKICHHUSL.

2 T[locTpoeHune xapakTepucTuk oueHku loT-cetu

PaccmarpuBaemasi loT-ceTh BBITIOJIHSIET MOHUTOPHHI TEXHOJIOTMYECKUX TMOMEIIEHUM, CHa0-
KEHHBIX CUCTEMAMHM KOHIMLMOHUPOBAHUS, B KOTOPBIX Pa3MEIIEHO KOMMYHUKAIIMOHHOE U BBIYMC-
JUTENbHOE O0OpyIOBaHUE, OOajarolee MOBBIIICHHONW TeIlooTnadei. JlaHHble O COCTOSHUU
OKPY’KaIOIIEH Cpebl B TOMEMICHUSAX MOCTYHAOT MOAMUCYHKaM OT u3naresneil (lo7T-naTyukoB) de-

3 TLS ot aurn. Transport Layer Security - IpOTOKOT 3aIHTE TPAHCIIOPTHOTO YPOBHS.
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pe3 OpokepoB. OaHa U Ta e HHhOpMalKs MOXKET IPOXOAUTh yepe3 pazHble Opokepsl. U3 oHTONO-
THH BBIOMPAIOTCS MOANUCYUKH, OPOKEPHI U U3/IATEIN, CBI3aHHBIC OOIIMMU TEMaMH.

Ha pucynke 4 npuBenén gparMeHT OHTOJIOTHUH, COAepKallel Habop U3aaTesel, MoJIUCUUKOB
1 OpOKEpOB, CBSI3aHHBIX TEMOHU. 3ajaui PEMHKMHUPHHTA CETH BKIIIOYAIOT BBIOOP Hanboliee moaxo-
JISAIMIMX OpOKEpOB, C KOTOPHIMU B3aMMOJCHCTBYIOT MOTpeOuTEeNnn HHPOpMAIUU, U H3MEHEHHE
cBoiicTB noanucku. Ha pucyHke mnokazan rnpumep BblOOpa Opokepa, KOTOpPbIN MyOJUKYyeT JaHHBIC
o 3agaHHou Teme. Ha3Banue tembl popmupyer uzgarenb «CL-210E (211)» (ero xapakTepucTUKu
MIPEJICTaBJICHBI HA PUCYHKE 3). BeiOpaHHas TeMa myOauKyeTcst IByMsi OpoKepaMu, UMEIOIIMHE pa3-
HbI€ HACTPONKU 6€30MacHOCTH (yKa3aHbl B X HAMMEHOBAHUSAX ).

Beimonusis GuibTpanuio 3amnuceil B Oa-
3aX JIaHHBIX, COOMpaeMbIX OT OpOKEpOB,
MOKHO TOJIYYUTh CTaTUCTUKY UX PAOOTHI U
L’ CLZ10E (210); J paccMOTpeTh €€ 3aBHCHMOCTh OT pa3Mellie-
SpOKepbl «{ * 'Epoxep (Geazar,| HHUA U HACTPOCK. AHanu3 MoJay4eHHOU cTa-

oTK)' TUCTUKU MO3BoJisieT creuunanucrtam [IpO
BBIOMpPATh OpOKEpPOB, O0JIAAIOIMIMX 3HAYH-

’ 'Bpokep (aBT,tls,
OTK)'

¢ no ¢ 'TeMa-WﬁﬂaTeﬂb- MBIMU U1 (QYHKIIMOHUPOBAHUS CETH Xapak-
MOHUTOPUHTa' 211, namepeHnus:...
. - TCPUCTHUKAMMU. I[J'IH BBIIIOJIHEHUA  TAKOI'O
2 A
==  mz MHOTOKPHUTEPUAIBLHOTO BBIOOpAa TMPUMEHS-
¢ lNognucunkm  — £ Temebl
‘ I0TCSI pa3auyHbie moaxoael. B [21] pemenue
Pucynok 4 — ®parMenT OHTOJIOTUH IS BEIOOpa GPOKEPOB 3a/laqi IMOCTPOCHUA ONTUMAJIBHOIO Mapli-
10 33JJaHHOI TeMe pyTa B CCTH, 3aBUCALICTO OT yCJIOBI/Iﬁ eé

GyHKIIMOHUPOBaHUS  (3a/IepKKa Tepenadyu
MaKeTOB, KOAX(PQPUIMEHT TOTEPH JaHHBIA, MPOITyCKHAs CIHOCOOHOCTH, 3arpyKEHHOCTH Oy(epoB,
JUIMHA MapuipyTa), BBIIIOJIHSIETCS Ha OCHOBE HEUETKOM JTOTUKHU. Bece paccmaTprBaeMble XxapakTepu-
CTUKH BXOJST B HEUETKHE MPABUJIA PABHO3HAYHO M YUWTHIBAIOTCS MPU UX CBEPTKE C OJIMHAKOBBIM
BecoM. [IpobGiiema BbIOOpa KOHKPETHBIX XapaKTEPUCTUK, KOTOPHIE HEOOXOIMMO YYHUTHIBATh, U
OTpesieNieHUs] BECOBBIX KOI(PQPUIIMEHTOB il MOCTPOCHUSI 0OOOIIEHHON OIEHKH OCTAaéTcs HEe pe-
MIEHHOM.

Jlnst moaep KKU pelieHust 3Tol 3a/1a4ul B JaHHOW paboTe moctpoeHa monenb Kano [22]. Xa-
PaKTEpUCTUKH, KOTOPBIE MO OIIEHKaM KCIEPTOB MOMAAAI0T B KATETOPHH 0a30BbIX, KOHKYPEHTHBIX,
MPUBJICKATETILHBIX UM HEXKENATENbHBIX, BKIIIOUAIOTCS B OHTOJOTHIO M UCIOJIB3YIOTCA AJIs BIOOpa
OpokepoB. BecoBbie K02 (HUIIMEHTH YCTaHABIMBAIOTCS B 3aBUCHMOCTH OT TUIa kareropuu. [lapa-
METPBI, MONABIIHE B KIIACC HEUTPAIBbHBIX, BIUSHUE HA BEIOOP HE OKA3bIBAIOT.

UToOBI MyTh OT OTHPABKM JAHHBIX JIO UX TOJYUYCHHs] KOHECUHBIM TOJIb30BAaTENIeM ObLT HAWITYy4-
MM, TpeOyeTcsl YIUTHIBaTh CKBO3HYIO 3a/IEpKKy HIIM Bpemsi oTBeTa. B cratbe [23] ckBO3Has 3a-
JIEpP’KKa OMpeeNsieTCs] Kak 3a/IepKKa BPEMEHHM OTBETa OT W3JaTelis MOANHMCUUKY depe3 Opokepa.
Dra 3a7iepKKa pacCYUTHIBACTCS KaK CyMMa 3aJIepKeK MyOJIUKaluu coOOIeHus: OpoKepy, BpeMeH!
00paboTKH OPOKEPOM U TIOTYUICHHSI COOOIICHHSI TIOIMTACUYUKOM:

R(b)p—>s p—)b + Rb + Rb—)s; (1)
rie R(b),—s — CKBO3Has 3aJepKKa, p — U3Jarelb, b — Opokep, s — MOANUCUHK; R,,_,, — 3aJIepKKa, BbI-
3BaHHasl CEThIO Nepenauu Mexay b u p; R, — cpeaHee BpeMs 00pabOTKH AaHHBIX OpOKEpOM; Rp s —
3aJlepKKa, BEI3BAHHAS CETHIO Mepelau MeXAY b U S.

B npakTuyeckux ciaydasx BpeMsi CKBO3HOM 3aJIep)KKH CBSI3aHO CO BCEMH BO3MOXXHBIMH KOMMY-
HUKAIUSIMUA MEX]y M3JaTelsIMU U MOANHUCUYMKamMu. BpeMs u3MeHsieTCs B 3aBUCMMOCTH OT UX Me-
CTOTIOJIOKEHHMSI B O0IIIEH CTPYKTYype ceTH. BrraucisieTcss HanxyImmi cirydai, CBI3aHHBIN C TEMOU U
OpoKepoM, CleyromuM 00pa3om:
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R(b)pss =3 R(D, th)ss, 2)
rae R(b, th), s — ckBO3Had 3a/1epKKa Juis Opokepa b U Bcex TeM th B b.
R(b, th)y—s=max(Ryi_s)+ Ry(th)+ max(Rp_)), 3)

rie Rpi»» — 3a/1ep’KKa, BbI3BaHHAs CETBIO IepeJaud MexIy OpokepoM b U BCeMH B3aUMOICHCTBY-
IOLIMMHU C HUM 10 3aJaHHON TeMe ¢/ ToAnucYuKamu p;; Ry(th) — cpeanee BpeMs 00paboTKU pe3yiib-
TaTOB U3MEPEHUH, COOMpPaeMbIX 10 TeMe th; R, _,; — 3aiepikKKa Mexay OpokepoM b M BCeMH €ro
HOJMHUCYUKAMH ;.

Kpome TOro, HEOOXOIMMO YUYUTHIBATH 3arpy:KEHHOCTHh Ka)XJI0ro OpoKepa B CYIIECTBYIOIICH
KoH(purypanuu. B mpoctom ciyyae 3T0 ornpeneiseTcs: KoIn4ecTBOM 00padaThIBAeMbIX TEM:

S(b) = [{thieb}|, 4)
e th; — Tembl Opokepa b, [=1, L, L — KOMM4IECTBO TEM, OIEpaLys | | — MOIIHOCTH MHOKECTBA.

[TeproaMYIHOCTH MOCTYIICHUS JAHHBIX OT U3JIaTeJICH YKa3bIBACTCS B MX HACTPOMKAX M 3aBUCUT
OT XapaKTEPUCTHK YCTPOUCTB. [l Kaxaoro Opokepa MOXKHO PaccuuTaTh P, — MaKCUMaJIbHYIO
MIEPUOUIHOCTD IMOCTYIUICHHSI TAHHBIX (TIEPUOJT AUCKPETU3AINN JAHHBIX ).

B o6mem cinydae Opokep pacmpenensieT JaHHbIe MO MOAMUCYUKAM C TaKOW K€ MEePUOJUYHO-
CTBIO, YTO M MPOUCXOJUT MX TOdy4deHue. [ Toro, 4To0Bl COKpaTHTh 00BEM PaCCHUIOK, YMEHB-
IIUTh Harpy3Ky Ha KaHallbl CBSA3M M HA OTPAaHUYCHHBIC PECYpPChl MOJAMUCYUKOB MPU COXPAHEHUU
aJICKBATHOCTH TIPEJICTABJICHHSI MPOIIECCOB, 32 KOTOPHIMH BBIMTOJIHICTCS MOHUTOPHHT, HEOOXOIMMO
o0ecneunTh peXUM BBIJAYM JIaHHBIX C YAaCTOTOM MX OOHOBIEHHS, HE MPEBBIMIAIONIEH CKOPOCTh
nporekanus coObiTuil [24]. B [25] mpeacraBieH criocod onpeneicHus] IEPUOANIHOCTH ITyOJIMKa-
MU JaHHBIX. MUHUMANBHBIN TIEpUOA AUCKPETU3ALNU, OTPAXKAIOIINI YacTOTY U3MEHEHHS! JaHHbIX,
BBIUUCIISICTCS 110 hopMyIIe:

Puin=1/Fax, ©)
rae Foax — MAaKCHMalbHasi 4acToTa MO KaXIOMY M3MEPEHHIO (TEMIIEpATypa, BIAKHOCTE), PACCUH-
TaHHas OJI1 KaKA0T0 U34aTCIIA.

HepI/IOI[ JUCKPETHU3AallUH, qu/ITI)IBaIOHlI/Iﬁ CKOpPOCTb UBMCHCHUSA NJAaHHBIX, BBIYHUCIACTCA HAa OCHO-

BE CTAaTUCTHKH, MOTYYEHHOW MPU MUMHUTAIMUA KPUTHYECKUX COCTOSHUU. J[JI1 3TOTO BBIUMCISIETCS
MaKCHMaJIbHasi CKOPOCTh H3MEHECHHMSI TIOKA3aTeNeH:

Smax=maxy (| x(#) — x(tx1)| / At), (6)
rae k =1, N, N — KoiH4ecTBO HaGTI0ACHHUIA, X(f) — pe3yIbTaT B MOMEHT BPeMeHH 1, At=(f;—ly.,).

JInig Kak7aoro HaOJI01aeMOro MOKas3aTellss B OHTOJIOTHM 3aJlaHa BEJIMYMHA €ro JOMYyCTHMOTO
M3MEHEHHUs. JTa nH(pOopMalus ONpeaenseTcs U3 dKCIUTyaTalluOHHBIX TPeOOBaHMM K TEXHOJIOTHYe-
CKUM TOMEIIEHUSM (HampuMep, CKOPOCTh M3MEHEHHS BIAKHOCTU HE JOJDKHA MpeBbImaTh 6% B
yac). [lepuon auckpeTusaruy BBIUYUCISETCS HA OCHOBE MOJIYYEHHOM CKOPOCTH MPOTEKAaHUsS MPO-
LIECCOB!

PS: Xmin / SmaXa (7)
r71€ Xpmin — BETUYMHA U3MCHEHHS B €IUHUILY BPEMEHH, Spax — MAKCUMAJIbHAS CKOPOCTb.
PesynpTupyromuit neproa quckperusanuu onpenaensercs us (5) u (7):
Pd: min (PS, Pmin)~ (8)
[Moxy4eHHbIH EpUO] TUCKPETU3AIIMN YCTAHABIMBACTCS B HACTPOIKax Opokepa.

XapakTepHucTika Opokepa 0€30acHOCTh OMpPENeNAeTCs Yepe3 KOJIMUECTBO HENCTUTHMHBIX 3a-
MIPOCOB M3 PA3JINYHBIX UCTOYHUKOB. BpoKepbl UMEIOT pa3IuyHble BAPUAHTHI HACTPONKHU (ITPU3HAKU
= cnocoOsl goctyna (npusHak C4— BUJUMOCTb TOJIBKO U3 BHYTPEHHEH KOPIOPATUBHON CETH MIIH

u3 UHrepHera);
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= ayreHtudukanuu (npusHak C; — ¢ aBTopU3aIuen i 0e3 aBTOpU3aIim);
* mpusHak Cg — HaJWM4ue WIA OTCYTCTBHE MUGMPOBAHUS JTaHHBIX.

[Tpumep BU3yanu3alMu CTATHCTUKU OOpAIllEHWH JIsl BEIOpaHHOTO Opokepa MpHBEnEH Ha pH-
CYHKe 5, BeIMUYMHA METKH OTPakaeT MHTCHCUBHOCTH 3alpPOCOB B CyTKHU. M3 mpuMepa BUIHO, YTO C
HEKOTOPBIX aJPECOB UAET OOJIBIIOE YHCIIO MOMBITOK JIOCTYIIA, @ HEKOTOPBIE aJpeca OCYIIECTBISIOT
TaKue OOpaIICHHs C BRIPAKCHHON NMEPUOIUIHOCTHIO, YTO TTO3BOJISICT BBISIBUTH XapaKTep UCTOYHUKA
Y CPaBHHTH 110 ITOMY TlapaMeTpy OPOKepHI C pa3IHYHBIMU HACTPOHKAMH.
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104244 7813 -

185180 14377 )
128.14.209.154 @
12814208178 O
185.220.100.248 e
118.193.31.182 oD &
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154.30.45 242 o
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1281414142 ()
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Yucno 3anpocoB - & o &7 (D @F D10

Pucynox 5 — IIpuMep CTaTHCTHKY HEMTUTUMHBIX oOpaleHuii (Ocu: 1ara, ip-apec HCTOYHNKA 00paIeHus)

Br100p naHHBIX 32 pa3Hble MEPUO/bl BPEMEHH MO3BOJISET ONpenesiaTh Ko duiueHt oezomnac-
HOCTH OpoKepa 4epe3 4aCTOTy HeTUTUTUMHBIX 00paIeHUH:

Fir(b) =m(b) I M, €
rae m(b) — xonnyecTBO 3a)MKCUPOBAHHBIX HEJIMTUTUMHBIX oOpaleHuil k opokepy b, M — xonuye-
CTBO BHEILIHUX 3aIIPOCOB.

Ha Be1OOp Opokepa MOMKET OKa3bIBaTh BIMSHUE HAIMYHE Y HErO PECYPCOB, BBIIEICHHBIX Ha
xpaHeHue AaHHbIX (Os(b), U XapaKTepUCTHKH, Takue Kak ObictponeiictBue Qw(b), BO3IMOKHOCTD
oOecnieuenus OecriepeOoiiHoi paboThl Quni(D), HaMMuUMEe aTbTEPHATUBHBIX BApUAHTOB MOJKIIOYE-
HUs K ceTd Onc(b), moaaep:kka HECKOIBKUX MPOTOKOIOB Op(h). DTH TOKa3aTeNd MOTYT OBITh OIle-
HEHBI DKCIIEPTaMU JIJISl KaKJ0T0 OpoKkepa.

Jlisl OLIEHKU XapaKTepUCTUK OpoKkepa, HaJIM4Ke WM OTCYTCTBHE KOTOPBIX BIIUSET HA €ro BbI-
00p, UCMONb3yeTCsl MOJEIb I0JIb30BATENbCKUX NpeAnoureHuit Kano. B Hactosmuii MOMEHT mpu-
MEeHMMOCTb Mozenn KaHo paciiupeHa, U oHa BbIBe/IeHA U3 chepbl MOTPEOUTENBCKOM OLIEHKH Kade-
CTBa MPOU3BOAMMBIX TOBAPOB B IKOHOMUYECKHUE, SKOJIOTMUECKHE, OpraHU3allMOHHbIe 001acTH [26].

3 BbIOOp 3HAYMMbIX XapaKTepPUCTUK oueHKn loT-ceTn

Monens Kano no3Bossier oneHuBaTh Kak 00BbEKTHBHbIE TaK CYOBEKTUBHBIC Ka4eCTBa, yIy4Ile-
HHUE KOTOPBIX BIUSET HA AKCIEPTHBINA BBIOOP, M MCIIOJIB3YETCs ISl TOTO, YTOOBI MOIYYUTh MOJIB30-
BaTeNbCKUN mnpuopureT (QyHKIUH. OOBEKTHBHBIE KadyecTBA OIPEICISIOTCS KaK HEoO0XOIUMbIe
CBOMCTBA, 0€3 KOTOPhIX HEBO3MOXHO BBITIOJHEHNE (PyHKITHI Opokepa. X BRIOOp OCHOBBIBAaeTCS Ha
CYOBEKTHUBHBIX aTprOyTax, HEHHOCTh KOTOPBIX JJIS SKCIIEPTOB COMOCTaBMMAa C OOBEKTHBHBIMH Ka-
YeCcTBaMHU.

s BBIOOpA 3HAUMMBIX XapaKTEPUCTHUK B COOTBETCTBUU C MeTOA0M KaHO BBIMOJHEH OIpocC
TPYIIIBI SKCIEPTOB. B KauecTBe peCcrOHICHTOB BBIOPAHBI CIECIUAIHCTHI IO KHOEpOE30MacHOCTH,
aHaJU3y JaHHbIX U CUCTEMHOMY aIMUHHCTPUPOBAHUIO, YUaCTBYOIUE B ocTpoenuu loT-cetu. Ta-
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Kasi BBIOOpKa oOllpaBAaHa OOBEKTUBHON OrpPaHUYEHHOCTHIO OO0JIACTH MPUMEHUMOCTU XapaKTepu-
CTHK, BKIIIOYaeMbIX B OHTOJIOTHIO. KaTeropupoBaHue BBITOJIHIETCS IO CICIYIOIIMM BOIIPOCaM:

1) Hanuyme XapakTePUCTUKU WIIH MOJIOKUTEIbHOCTh €€ CBOWCTBA;

2) OTCYTCTBME XapaKTEPUCTHKHU WIN €€ OTPULIATEIbHOE 3HAUECHHUE.

[lepBpIii TUII BOMPOCOB HA3bIBAIOT (DYHKIIMOHAIBHBIM, BTOPOW — aucyHKuHOHaIbHBIM. Ha
KKl U3 HUX BBIOUPAIOTCS OTBETHI, OTPAXKAIOIINE OTHOIICHHWE K HAIMYHIO CBOWCTBA M €0 OT-
CYTCTBUIO IO CIIEYIOIIUM BapHaHTaM: HPABUTCS, OXKUAAEMO, Oe3paziuyHO, JOMYCTUMO (MOTY
CMUPUTHCS), HE HpaBuTcs. Jleransno meton Kano onucan B paborax [22, 26].

JlJis OLeHKH 3HAYUMOCTU KPUTEPHEB UCHOJb3yeTcs Marpula kiaccudukanuu Kano, oobenu-
Hstomas QyHKIMOHABHBIC U UC()YHKIIMOHAIBHBIC BOIPOCHI IS TIPUOPUTH3AINH XaPAKTEPUCTHUK.
PaccmaTpuBaroTcs crneayromiye KiIacchl:

»  00s3aTenbHO, TOJKHO OBITh (Basic requirement, B);
" KelaTeNbHO, OTHOCUTCSA K OCHOBHBIM cBolicTBaM (One-dimensional requirement, O);
"  JIONMOJIHUTEIBLHO, BICUET IpeumyiecTna (Attractive requirement, A);
»  Oe3paznmuuno (Indifferent requirement, 1);
"  HEXeNaTeJIbHO, CBOMCTBO 00pAaTHO, MPOTUBOMONIOKHO (Reverse requirement, R);
" COMHHTEJBHO, MpoTuBOopeunBo (Questionable requirement, Q).
PacripeienieHrie mpuoOpUTETOB B MaTPHIIE KJIACCU(PUKALINY IPUBEICHO B TabwmIe 1.

Tabmmma 1 — Matpuna knaccudukarmm Kano

JduchyHKuMoHATbHbIEC

A HPABUMCSL  0JICUOAEMO be3paznuuno oonycmumo  He Hpasumcs
= Hpasumcs Q A A A 0)
;: :‘_; oorcuoaemo R Q I I B
g = Oespasnuuno R 1 I I B
B donycmumo R I I Q B
= He Hpaumcs. R R R R Q

[lepeueHp XxapaKTepUCTHK, KOTOPBIE OBLITU MPEII0KEHBI SKCIIEPTaM JIJIsl TPOBEIEHUS OIICHUBA-
HUS, ¥ PE3YNIbTAT Kiaccuukanuu npuBeaeHbl B Tabnuile 2. [TomydeHHbIe KITACChl CIPYNITUPOBAHBI
JUTS KQXKJI0M XapaKTepUCTUKHU U BhIOpaHA OCHOBHAs KaTeropus, HaOpaBiias HauOOJbIIee YUCIIO To-
JocoB. B pe3ynbrare KaTeropupoBaHHUsS XapaKTEPUCTUKAM IMPUCBOEHBI BECOBBIE KOI(PPHUIIMEHTHI,
OTIpeICTISIONINE MPUHAMICKHOCTh K KaKIOMY U3 KJIacCOB.

YacTh XapakTepHUCTUK ToIana B Kareroputo I, oHu 1100 nepecekainuch ¢ ApyruMHU Mapamerpa-
MU, BIUSTHUE KOTOPBIX IKCHEPTHI OLIEHWIH Kak cymiecTBeHHoe (kinaccel B, O, A, R), 1160 ux Hanu-
Yue WIM OTCYTCTBHE HE OKa3bIBAJIO BJIUSHUE HA BHIOOP SKCIEPTOB. XapaKTEPUCTUKHU, UMEIOIINE
MIPOTUBOPEUYUBYIO OIICHKY, OTHECEHBI K Kiaccy Q M MX 3HAQUMMOCTbH Ui JIaHHOM 3a1adyu BbIOOpa
olieHeHa Kak coMHutenbHasg. O0s3aTenbuble B, skemarennpubie O, HOMOIHUTENLHBIE A U HEXela-
TenbHBIE R XapakTepuCTHKU HEOOXOAMMO YYUTHIBATH C PA3IMYHBIMU (33JaHHBIMU B TaOIUIIE) Be-
coBbIMU KO3 PuirenTamu. Ita nHGOpPMaIUs UCIIONb3YETCs JUIsl TOCTPOSHHSI KOMIUIEKCHOW OLIeH-
K1 Opokepa.

Jlig peuH)KuHUpUHra (PYHKUHOHUPYIOIIEH CeTH WM 100aBjIeHHUS B CXeMYy HOBOIO M3JaTess
WM TOJMUCYMKA PEKOMEHIYETCs BBIOMpPATh OpoKepa, MMEIOIEro Jy4Ilhe MOKa3aTeln BPEeMEHU
00paboTKH AaHHBIX (Min R;), 00ecreunBaroIero MUHIMaJIbHYIO CKBO3HYIO 3a[epKKy (min R,_,y), ¢
HEOOJIBIITUM YHCIIOM HEJTMTUTUMHBIX oOpaieHuid (min Fz), ©MEroiero OONbIINN BbIICICHHBIN pe-
cypc (max Qs). K ¢akxropam, KOTOpble HE HUMEIOT KPUTHYECKOTO 3HAUEHUS MPU BHIOOpE, HO WX
HaJau4ue NaéT MOTEHIIMATbHBIC MPEUMYIIIECTBA, OTHOCATCS XapaKTEPUCTUKH, CBUICTEIbCTBYIOIINE
0 3arpy>KEHHOCTH OPOKEPOB, U MPU3HAKKU HACTPONKHU MOJUTUK Oe3onmacHOCTH. Hanmnyre xapakTepu-
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CTHK: CKOPOCTh M3MEHEHHMSI JAaHHBIX (Min S,,,y), IEPHOJ UX BbIAauM (max P,), moIIepKKa ayTeHTH-
¢ukamun (Cr) n mudposanus (Cg) MOTYT OKa3aTh MPEUMYIIECTBA TP BEIOOPE KOHKPETHON peau-
3aIMK CXeMbl HH(POPMAITMOHHOTO B3aUMO/ICHCTBHS.

Tabnuna 2 — Pesynbrar knaccupukanuy XapakKTeprucTuK

No HaHMeHOBvaHI/Ie XapaKTePUCTHKI O603Ha- TR
(cBo¥icTBa, IPU3HAKA) YeHHUe
1. 3amepxkKa OT u3aTels 10 Opokepa R, I 0
2. 3azepikka oT Opokepa 10 MOANUCYUKA Ry I 0
3. Bpemst 00paboTKu JaHHBIX OPOKEPOM R, R -2
4. CkBO3Has 3a/1epKKa R, s R -2
5. KomuuectBo Tem S I 0
6. CKOpOCTh U3MEHEHUS JaHHBIX Snax A 1
7. YactoTa U3MEHEHUs JaHHBIX Prin I 0
8. [lepuosa moctynieHus: JaHHBIX P, 1 0
9. Ilepuon Belauu JaHHBIX P, A 1
10. | YacTtoTa HEMUTUTUMHBIX OOpaIeHul Fir R -2
11. | Beinenensslii pecype Os B 2
12. | OneHnka 6bICTpOeHCTBUS Ow I 0
13. | ObecneucHue decriepedoitHOI pabOTHI Ounl 0) 0,5
14. | Hanuuue anbTepHATUBHBIX CIIOCOOOB TOKITIOYCHHUS One Q 0
15. | Ilogneprkka HECKOIBKHUX MPOTOKOJIOB Op; Q 0
16. | OGecrnieyeHre BHENIHETO OCTyNa Cy I 0
17. | lonaepxka ayTeHTUDUKAIITH Cy A 1
18. | Ipu3nak mmdppoBanus Cg 0 0,5
3akntoyeHue

IIpoBenénHOE MccieoBaHNE MO3BOIMIO (hOpMaAIN30BaTh onucaHue cetu MHTepHeTa Beleid,
¢yakuonupyromeit B KpacHosipckom HayuHom nentpe CO PAH. B noctpoeHHON OHTOIOTHH 00b-
ennHeHbl 0000mmEHHbIe oHATUS [IpO M XapakTepuCTHKH, CBA3aHHbIE ¢ peanu3aunuei lo7-ceTu.
Omnwmcana apxXUTEKTypa CETH U cXxeMa WH()OPMAIIMOHHOTO B3aMMOICHCTBHSI «H31aTENb-TIOATACIHK
IPU pa3IMYHBIX HACTPOMKaX MOJUTHK O€30MacHOCTH OpOKepoB AaHHBIX. OHTOIOTUS KOHCOIHIU-
pPYeT 3HaHUS U TPEJICTABISET 00BEKTHI, IK3EMIUIIPHl OOBEKTOB, CBOMCTBA JAHHBIX: AMAINIA30HBI HX
W3MEHEHMsI, TPAHUYHbIE YCIIOBUS, CTATUCTMUYECKUE XapaKTEPUCTUKHU, MOKA3aTeNu MEePUOANIHOCTH
MIPOIIECCOB, KOHTPOJIMPYEMBIX JaTYMKAMH; CBOHCTBA JJIEMEHTOB CETH - KPUTEPHH CETEBON aKTHB-
HOCTH U BbIJICJIEHHBIE PECYpChl HAa XpaHEHHE U 00paboTKy NaHHbIX. Kakablil u3 sK3eMIIIsIpoB 00b-
€KTOB UMeeT CBOE U(PpoBOE MpeicTaBlIeHnEe B 0a3axX JaHHBIX.

BrinonHeHa cucrematuzanus XapakTepucTuk /o7-ceTH W SKCHEPTHBIM aHAIN3 WX BIUSHHS Ha
BbIOOp OpPOKEPOB, OKA3bIBAIOLIUX YCIYTH 10 MOJIYYEHHUIO JAHHBIX OT M3JaTelieil U pacrpeieeHuIo
ux noanucyukam. Ilokasano, 4To A peMHXMHUPHHTA CETH M HACTPOHKU OPOKEPOB CIEAYeT y4H-
TBIBAaTh HE TOJIBKO CTATUCTUKY CETEBBIX ’YPHAJIOB, HO U XapaKTEPUCTUKH, IIOJIy4aeMble U3 aHAIIN3a
HaOmonaeMbix /oT-ycTpoiicTBaMU MPOIECCOB. DTO BajKHO, MOCKOJIbKY ycTpoiicTBa MHTepHeTa Be-
el UMEIOT OrPaHNYEHHBIE BOZMOKHOCTH 10 HEPronoTpeOIeHHIO, HCIIOIb30BAHUIO NTAMATH, MPO-
IIyCKHOI CIIOCOOHOCTH M KOHTPOJIO 0e30MacHOCTH. BhIOOp CBA3aHHBIX XapaKTEpUCTUK, HEOOXOIH-
MBIX JUIsl pacuéTa, BBIIOJIHACTCS 3alIPpOCaMU B OHTOJIOTHH.

CoOpaHHasi CTaTUCTHKA 110 OpoKepaM C pa3IMyHbIMU HAcTpOHKaMu 0€30MacHOCTH, THIIAMHU U
HCTOYHUKAMHU HEJIETMTUMHBIX OOpallleHuH, a TaKkKe NpeleieHTaMi TUIIMYHOTO U aHOMAJIbHOI'O I10-
BEJICHUSI MOXET OBITh Y4TE€HA HE TOJBbKO IpU BbIOOpe Opokepa, HO M MpH ero Hacrpoiike. Hampu-
Mep, UCHOJb3Ys XapaKTEPUCTUKH, [T0JIy4YEHHbIE B pe3y/bTaTe aHaIn3a HAaOI0JaeMbIX IIPOLECCOB U
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BBIOOpA MepHo/ia BbIIaYH IaHHBIX, YYUTHIBAIOIIETO0 CKOPOCTh UX U3MEHEHHUSI, 00BbEM Mepe1aBaeMbIX
JAHHBIX COKpaIaeTcs 0e3 moTepu CBEACHHU O JMHAMUKE COOBITHIA. Takoi moaxo MPUMEHUM IS
HaCTPOMKHU SHEPTOHE3aBUCUMBIX M3JATENIeH, I1e CHUKEHUE YaCTOThI Iepelauu JaHHBIX TPUBEIET K
YBEJIIMYCHUIO BPEMEHH UX aBTOHOMHOMW PaOOTEHI.
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Building an ontology to systematize the characteristics
of the Internet of Things network

© 2024, O.S. Isaeva

Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia

Abstract

A formalization of the Internet of Things network model designed for monitoring technological premises with tele-
communications equipment at the Federal Research Center "Krasnoyarsk Scientific Center SB RAS" is presented. The
network includes measuring devices, a telecommunications environment, data collection servers, and application soft-
ware. For information interaction, a “publisher-subscriber” scheme and a lightweight protocol with a low load on com-
munication channels are used. An ontology has been created that describes the network architecture and the properties
of devices that collect, transmit, store, and process data. The ontology contains classes representing the concepts of the
subject area, relationships, data properties, ranges of their changes, and critical values that limit the attributes of ontolo-
gy elements. Ontology objects have their own digital representation in databases, including measurement results ob-
tained by Internet of Things network sensors, precedents of anomalous data, and their statistical and frequency charac-
teristics. This formalization made it possible to identify implicit dependencies between objects, connect them with the
characteristics of processes observed by Internet of Things network devices, and solve practical tasks. The problem of
selecting characteristics that influence changes in information interaction patterns is considered. A survey of experts
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was carried out, and a Kano model was built to prioritize the characteristics that influence decision-making on the or-
ganization of an information interaction scheme in the Internet of Things network.

Keywords: Internet of Things, publisher, broker, subscriber, ontology, delay analysis, frequency analysis, Kano model,
network reengineering.
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AHHoOTauuA

OHTOJOTHYECKHE MOJEIN HAXOAAT IIMPOKOE IIPIMEHEHHE B CHUCTeMaxX MH()OPMALMOHHOTO 00eCIIeYeH s,
MIPEIOCTABIISIOINX HHPOPMAIIMOHHBIE PECYPCHI M YCIIYTH JJIsl PELICHHs] YIPaBICHYECKUX, MPOCKTHBIX U
HayYHO-TEXHUYECKHX 3a7ad. B yacTHOCTH, MpUMEHEHHE OHTOJIOTUN MPEIMETHBIX 00IacTell pactpocTpa-
HEHO B CHUCTEMax MOJEP>KKU MPUHATHS perieHuil. [Ipm OHTOIOrM4eckoM MOJENMPOBAHUM CIOXKHBIX
CHCTEM BO3HMKAeT MOTPEOHOCTHh B aBTOMATH3AIMU MPOLECCOB PabOTHI ¢ OHTOJOTHYECKUMH PECypPCaMH.
B pabote paccMOTpeHBI OCHOBHBIE NMPOTPAaMMHBIE KOMIUIEKCHI U METOAOJIOTHH OHTOJIOTMYECKOTO MOJe-
JUPOBAHNSA, OJXO/ABI K aBTOMATH3AIMU MPOIIECCOB CO3/IaHMs, HAIIOJHEHNS U NCIOJIb30BAHUSI OHTOJIOTH-
YECKUX MOJIENICH, OTPKEHHS TEMIIOPaJbHOTO AaCIEKTa OHTOJIOTHYECKOTO IPEJCTaBICHHS OOBEKTOB.
Llens pabOTBI COCTOUT B PACCMOTPEHUH METO/OB aBTOMAaTH3AIMU JKU3HEHHOTO IMKJIA OHTOJOTMYECKUX
pPECYpCOB U aHANM3€ CTENEHH UX aJaNTallid B MPUKIIAJHBIX OHTOJOTUsIX. OTMEUEHBI OTHOCUTEIBHO BbI-
COKasl CTEIEeHb aBTOMATH3alluu paboThl C OHTOJIOTHYECKHMH PECypcaMy B IPOLIECCe HATIOIHEHUS! OHTO-
JIOTHU W HCHOJIb30BaHUE OOJIBLIMX SI3BIKOBBIX MOJENIEH B JaHHOM Ipolecce. YKa3aHO Ha HEJZOCTATOK
OIMCAaHUsI METOAMK aBTOMATH3AIMN MPOLECCOB KOHBEPTALUHM HHPOPMAIMU U3 TAOJUII U CXEM B OHTOJIO-
THYECKUE MOJCTH, BaIWJAIlMM HAMOJIHEHHS Mojenu M e€ mepepaboTku. [loka3aHBl MepCHeKTHBHBIC
HAIMpaBJICHUS aBTOMATU3aluU PpabOThl C OHTOJIOTHUECKUMH PECYPCAMH.

Knroueswvie cnosa: onmonozuqeckue mooeiu, OHMOI02UeCKUe pecypceol, 0a3a 3HaAHUl, AemMoMamusayus,
ungopmayuonnoe obecneyenue, 60IbLUILE A3LIKOGLIE MOOETU.

Humuposanue: luwenxos M.A. TTonxoapl K aBTOMAaTH3aIH PadOT C OHTOJIOTHYECKUMHU pecypcaMu //
Onmonoeus npoexmuposanus. 2024. T.14, Ne2(52). C.256-269. DOI: 10.18287/2223-9537-2024-14-2-
256-269.

bnazooapnocmu: aBTop BhIpakaeT 0JaroAapHOCTH 3aBelyrolieMy Kadeapoil aBTOMaTH3alUH TEXHOJIO-
rudeckux nponeccos PI'Y nedru u raza (HUY) umenn M.M. I'yOkuna n.1.1H., nonenty M.B. Camapuny
3a T00Y>K/IeHHE K HAIIMCAHUIO CTaThU.

Kongnuxkm unmepecog: aBtop 3asBisieT 00 OTCyTCTBHU KOH(IUKTA HHTEPECOB.

BBepeHune

Onmonoeuueckue modeau (OM), T.e. MOAETH CEMAHTHYECKOTO OMHCAHUS, OMHPAIOLIUECS HA
MaTeMaTHYECKUi armnapar JeCKPUIIIMOHHON JIOTUKH, HaXOAT IIMPOKOE IPUMEHEHHUE KaK CPEJICTBO
npeacTaBieHus 3HaHuUM npeamerHou obiactu (IIpO), aBTOMATH3UPOBAHHOIN MPOBEPKU COIJIACO-
BAaHHOCTH 3THUX 3HAHUN, MOJIETUPOBAHUS CIOXKHBIX CTPYKTYP U BBISBIICHUS HEOCTAIOIIUX KOHIIEH-
toB B onucanuu [IpO [1]. Ha ocnoBe OM pa3pabaTsiBaroTCsi CUCTEMBI HH(DOPMAIIMOHHOTO 00ecTe-
YEeHUs1, B YaCTHOCTH CUCTEeMbI TToiepkku npusatus pemenuit (CIIIP).

! Tema, oGcyxaaeMas B CTaThe, BhI3BANA JUCKYCCHIO B PEIKOILIErMH, CBA3AHHYIO C MOMHOTOM M KauecTBOM 0630pa padoT B 061acTH
OHTOJIOTHYECKOTO MIKHMHUpHHTA. HO MHTEpec kK MomoOHBIM BOIIPOCaM M CMEJIOCTh MOJIOZIOTO aBTOPA, B3SIBIIETOCS 3a CIOXKHYIO pa-
00Ty 1O CTPYKTYpH3al[M{ HAKOIUICHHBIX 3HAHUH, MOOYIMIM PElaKIMI0 MPEUIOKUTh YHTATEISIM JKypHala MPOJODKUTh HAYaTYIO
JIUCKYCCHUIO C HaISKI0H Ha pa3BUTHE M PACKPBITHE 3aTPOHYTOI TeMbl. JK1€M OTKIIMKH M HOBBIE pabOTHI B 3TOMH 00aacTu. [Ipum. peo.
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Hnghopmayuonnoe obecneuenue (NO) B naHHOM cTaThe MOHUMAETCS KaK COBOKYIMHOCTbH HMH-
(hopMaIMOHHBIX PECYPCOB H YCIIYT, MIPEIOCTABIISIEMBIX JIUIsI PEIICHUS YIIPABICHYECKUX, TBOPUECKUX
U HAYYHO-TEXHHUYECKHMX 337a4 B COOTBETCTBMM C 3Tanmamu uX BbinoiaHeHus [2]. Coszganue OM
CJIOKHBIX CHCTEM TpeOyeT B3aumojeiictBus 3kcreptoB B [IpO, anmunanctparopos 0a3 3Hanuit (b3)
u nanabiXx (BJ]), pa3paboTYMKOB OHTOJIOTHH M JIMI], TPUHUMAIOIINX perieHus [3]. DToT mporecc
TPYAOEMKHIA, BBITIONHSCTCS «BPYUYHYIO» U TOJBEPKEH BIMSHUIO YeJIOBEYEeCKOro (pakTopa, 4To OT-
paxaercs Ha kadectBe NO.

Lenvio 0annou cmamvu s615emMcs paccmomperue nooxo00s8 Kk asmomamusayuu pabom ¢ OM
Ha paznuunslx smanax ux sxcushennoeo yuxia (JKL) u olieHka cTeneHy BHEPEHUS YKa3aHHbIX MMOJI-
X0J10B B 3KkcnepTHhIX cuctemax (DC). BHeapeHne HHCTPYMEHTOB aBTOMAaTHU3aluu paboThl C OHTO-
jorusMu B pa3nuaHbIX [IpO paccMoTpeno Ha mupokom criektpe IC, ppeliMBOPKOB U MOIXOI0B.

1 ®PpeAMBOPKU OHTONIOrMYECKOro MoaenMpoBaHus

OM sBnsitoTcst oTBeTOM Ha BbI30BbI MHnyctpum 4.0. B pabGote [1] mpencraBieH nepeueHb OH-
TOJIOTHYECKUX (PpeliMBOPKOB, pazpadoTaHHbIX i onucanus [IpO npomsbinuieHHOCTH. [IprBeneHb
XapaKTePUCTHKH CTaHAAPTOB, YCTAHABIMBAIOIINX OHTOJIOTHH BEPXHETO YPOBHS B 007acTH poOOTO-
texuukn. lpu nocmpoenuu OM pacnpocmpaneno npumenenue cmandapmos W3C.

[lepcniektuBbl npuMeHeHus OM B mporeccax oOecriedeHHs] OBTOPHOTO UCIIOJIb30BAHUS CH-
CTEeMHOM MH(OpMaIK, MOBBIIICHUS KayecTBa MH(OPMAIIMOHHOIO MTOUCKA, 00ECIIeUeHHs B3aUMO-
neiicTBusl 00BEKTOB MH(POPMAIMOHHON HMH(PPACTPYKTYPHI, YIIPaBICHUS KOHTEKCTaMH HCKYCCTBEH-
Horo unresexra (M) u MmonennpoBaHus IpoLeccoB pacCMOTPEHBI B cTaThe [4]. OTMeueHa neoo-
X0OUMOCMb pa3pabomKu cucmemsvl OONOIHEHHO20 UHMENIEKMA, cOBMewalouell 63aumooeicmaue ¢
yenosexom IC u cucmem asmMoOHOMHO20 ONMUMATLHO20 YNPAGLEHUSL.

B3aumopeiictBue HeipocereBbix mojeneit ¢ OM — b3 (7-box) u BJl (A-box) — onucaHo B cTa-
The [3]. PaccMoTpen cnekTp TexHonoruii M1 oT craTuCTUYECKUX A0 CUMBOJIBHBIX MOJIEIEH, ONu-
caHa CTENEHb MX MPUMEHMMOCTH B CHCTEMaX YCOBEpIIEHCTBOBAHHOTO MHTEIIEKTa. [lepcnexkmug-
HOU npedcmasnena asmomamusayus pabomsl ¢ b3 npu nomowu 6onbuiux A36IKOELIX MoOenel
(Large Language Model — LLM).

[Tpu pabote ¢ onTonoruueckumu pecypcamu (OP), T.e. ¢ B/ u B3, npumensitoTcst paznuuHbie
¢peiimBopku. lIupokoe pacrpocTpaHeHHEe B UCCIIEAOBAHUIX UMEET CBOOOIHO pacnpocmparsemolii
pedaxmop oumonocuti Protégé [5]. B Poccun pacnipoctpanena obnaunas onmonocuyeckas niam-
@opma IACPaaS [6]. B mpOMBIIIIEHHBIX TPOEKTaX MOTYT MPUMEHSATHCS MPOIPUETAPHbIE OHTOJIO-
TUYECKUe TIaThOPMBI” .

Paspabomxka 6onvuux OM modxcem eecmuce konnekmugro. Ilpouecc coBMecTHON pa3pabOTKH
OHTOJIOTMH noanaepxkuBaercs miaarpopmoit /4CPaaS n penakropom Web Protégé [7]. Jlannslii noa-
X0/l TIO3BOJISIET TOBBICUTH KauecTBO OM 3a CUET corylacoBaHMsI IKCIIEPTHBIX OLIEHOK.

Oumonozuu mo2ym paspadamvi8amuvcsi a6MOHOMHO, OJTHAKO TaKOW MOJXO0J CONPskKEH ¢ HE0O-
xoauMocThio cornacoBanus OP [8]. HTerpanus HECKOJIBKMX OHTOJOTMI OCHOBAaHA Ha IPUHIUIIAX
ayireOpbl MHOXKECTB, MIO3BOJISIET BECTH pa3pabOTKy OHTOJIOTHI C OIOPOM Ha MMEIOLIMECS MOJEINH.
[Ipu co3nanuu, cornacoBanuu u obecnedennu copmectumoctu OP pasnuunbix [IpO pexomenmyer-
Csl MPUMEHATh METAOHTOJIOTHHU. K 4uCiTy M3BECTHBIX METAOHTOJIOTUH MOXKHO oTHecTH BFO, Dolce,
gUFO* [9].

% Crieundpuxanmu W3C. https://www.w3.org/TR/?tags[0]=data.

* Onronoruueckue miatdopmsr: Onronoruk (http://www.ontologic.ru/); Apxurpad (https:/arhigraph.ru/); OCA (https:/tas-
project.ru/index.html); Onto (https://ontonet.ru/).

* Meraontonorun: BFO (Basic Formal Ontology, https://en.m.wikipedia.org/wiki/Basic_Formal Ontology); Dolce
(https://www .loa.istc.cnr.it/dolce/overview.html); gUFO (https://nemo-ufes.github.io/gufo/).
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Paspabomxa u e3aumooeticmeue ¢ OM mooxcem eecmuco 6 pamkax 0ObEKMHO-
opuenmuposannozo nooxoda (OOIT) ¢ ucmonp3oBaHMeM OMOIHOTEK s3bika Python — Rdflib® n
Owlready? [10]. Ucnionp30BaHKE S3BIKOB TPOrPAaMMUPOBAaHUS yIpomiaeT uHTerpanuo OM u LLM,
MO3BOJISIET BECTU Pa3pabOTKy CPEJCTB U3BJICUCHHSI OHTOJOTHUECKU 3HAYUMOM WH(pOpMAIUU U3 He-
CTPYKTYPUPOBAHHBIX JOKYMEHTOB, NPUJIOKEHU-cepBUCcOB (hopmupoBanust MO uz OM.

2 OrTpaxeHue TemnopanbHocTu u XL, B oHTONOrMAX

st mpumenenust OM B nensix onucanus XKL 060pyaoBaHUS U CHCTEM HeoOX00uM yuém mem-
NOPAIbHO20 ACNEeKmMAa paccMampusaemvlx 00beKkmog 3a CYET PACUIMpeHus ammapaTa OHTOJIOTHYe-
CKOT'O OTIMCAHMUSL.

Crpykrypa b3 nis onucanus npoueccoB XK1 npencrasnena B ctatbe [11], B KOoTOpOit ykazarwl
npeumywecmea om eHeoperus OM 6 ousznec-npoyeccol na paziuunvlx cmaousx K1, npuBenén Oa-
30BbIIl MEepeueHb KOHIICTITOB U POJICH, OMUCHIBAIOIINX OOBEKTHl U UX OTHOIICHUS Ha Pa3IMYHBIX
cranusx JXXILI[. B pabote He paccMOTpeHa CTPYKTypa KOHIICIITOB U POJICH, MTO3BOJISIONIAS YYUTHIBAT
TEMIOPATbHBIN aCIEKT PACCMOTPEHUS O0BEKTA.

TOCT UCO 15926° yreepskaaer momens omucanns JKI[ 0GbeKToB HedTerasoBoil 0Tpaciu B
pamMkax craHgapToB W3C. Ha naHHBII MOMEHT CmaHOapm He COOepiHCUnt ONUCAHUE NPOYECcd Co-
30anus onmonoautl, yuumsieaowux L], HO NPeIOCTaBIsAET MOJENIb JaHHBIX, METOJOJIOTHIO CO-
CTaBJIeHHU 1a0JIOHOB 000OPYIOBAHUS U OMMCAHUS TEMIIOPAILHOTO aCIIEKTa PECYPCOB.

B pab6ore [12] npuBeaén moaxoa k onucaHuio oobekra Ha cramusx XKL u npednoscena peanu-
3ayuss MemMnopaiIbHO20 ACNEeKMa pAcCCMOmMpenUs 00vbeKma uepe3 OHMOJLO2UI0 8peMeHU, UMIIOPTUDPY-
emyto B onrtonoruto JXKII us common core ontologies (CCO)'. CCO npexcrasier HaGOp OHTOINIO-
THH, paclupsIomuX MeTaoHToNnoru0 BFO pacnpoctpanéHHbIMU NOHATHAME [IpO, u MokeT ObITh
WCTIOJIH30BaHA JIJISl ONTMCAHUS MTPOIIECCOB, OOBEKTOB M UX IMapaMETPOB, a TAKIKE MX B3aUMOJICHCTBHE
Ha pa3nuyHbIX ctagusx XKL,

1100x00 Kk ompasicenuro memMnopanbHbIX OAHHBIX, BbIPANCEHHBIX 8 OMHOCUMENbHOU UNU Hedém-
Kol ¢hopme, 6e3 memok epemenu, npeocmaener ¢ cmamve [13]. IlpumeHEéH MaTeMaTHUYeCKUi anmna-
pat uHTepBaibHOU anreOps! J[keitmca AnneHa u 6aileCOBCKUX CETeH NIl CPaBHEHUS U YIOPSA0YH-
BaHUS WH(POPMAIIMK O BPEMEHHBIX O0JIACTSIX COOBITUN C HMCIIOJIb30BAaHHEM MAIWHBI JIOTHYECKOTO
BbIBOJIA. JlaHHOE pelleHrne MOXET OBITh MOJIE3HO JJIsi ONMUCAHUS MPOIECCOB HA PAaHHUX CTaIUSIX
XKL, korza cpoKH MPOIECCOB HE MOT'YT OBITH OTIPEIEICHBI JOCTOBEPHO.

3 TeopeTquCKMe OCHOBbI aBTOMaTU3auuun pa60T C OHTOJIOrNMAMM

3.1 ABTOMAaTM3aLUSA CO3OAHUS OHTOSOIMMN

KL OP MOXHO NpEACTaBUTh KaK IOCIIENOBATEIbHOCTh OllEpallMil 110 ITOCTAHOBKE BOIIPOCOB
KOMIIETCHIINH, pa3paboTKe, YTBEPKIACHUIO, PePaKTOPUHTY U YTOUHEHUIO 7-box m A-box monenwu,
3anpocoB k OM. Cxema K1 OP npencraBnena Ha pucyHke 1.

Ilo0x00 k asmomamuzuposannomy cocmasnenuto T-box OM npedcmasnen 6 cmamve [14].
[IpuBeneHs! IpuMepsl IPUMEHEHUS Pa3iaudHbIX LLM 1 MoJenel BEKTOpU3alyu B IIPoLeccax oIpe-
JIeJICHHs] TEPMUHOB M3 KOPILYCOB CTPYKTYPUPOBAaHHON MH(OpPMAIMH, IOCTPOECHUS UX TaAKCOHOMUM.

5 Bubmioteka mist paGoTsi ¢ ouTonorHsMu RAfLib (https://github.com/RDFLib/).

®*TOCT P MICO 15926-2-2010. Cucremsi IIPOMBIIIJIEHHON aBTOMAaTH3ally U UHTerpanus. VHTerpanuns qaHHbIX )KM3HEHHOTO IUKJIa
JUTsL TiepepadaThIBAIOIINX PEANPUTHIL, BKIIFOUast He()TSIHbIE 1 ra30Bble TPOU3BOACTBEHHBIE peanpusTus. Yacts 2. Mozens naH-
HbIX. M.: Ctanmaptundopm, 2010. 253 c.

7 Ouronoruu cpeHero yposs Ha ocHose BFO Common Core [1eKTpoHHBIT pecypc].
https://github.com/CommonCoreOntology/CommonCoreOntologies ontologyrepository.com.
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PaccmarpuBaercs uzBneuenue b3, 3anoxxennpix B LLM Ha stane e€ o0ydeHus (MOJCTPOUKH MOJIe-
JIM TI0 TECTOBOW BBIOOPKE), MyTEM COCTABJICHUS 3apocoB Ha ectecTBeHHOM si3bike (ES). IIpomece
(dhopMUpOBaHUSI OHTOJOTHH C UCIOJb30BaHUEM LLM mpelcTaBieH B CTaThe KakK IMOCIEI0BaTENb-
HOCTh 00yueHust LLM na 6onsiiom kopiyce b3 IIpO u nocneayromux 3anpocax, yTOUHSIOMIMX OC-
HOBHBIE€ KOHIENTHI U TAKCOHOMHIO KOPITyCa.

YTBepiaenue Yrounenune T-box
BOIIPOCOB
KOMIETeHUHi

VYreepikaenne

HAMOTHEHHs1
Bueapenne mogenn [ Y

MOIZETH

A 4

L
TocTanoska - ”
3anpocel kK MoaeaH H

BOIPOCOB Paspadorka T-box Hanoanenne A-box a6
. HuX 0dpadoTka
KOMMeTeH L < pa r
<
Yrounenue Yrounenne T-box YrTounenne A-box
BONPOCOB
ROMIETEHUNH  pehaxropanr Bepunduranna H BaTHIAIHA

Pucynok 1 — )KuzHeHHBIHN LUKIJI OHTOJIOTMYECKOTO pecypca

Ilpoyecc nocmpoenus onmonocuu Hayunou IlpO Ha ocnose mexcmos na EA mooicem Ovims
aABMoOMaAmu3upoB8an 3a C4ém npuMeHeHus wabioHO8 OHMOJI02U4ecKko20 npoekmuposanus [15].
[IpennoxxeH HAOOpP OHTONOTUYECKUX MIA0IOHOB, OTPAKAIOIIUX OCHOBHBIE MOHATHS HayuHbIX [IpO,
HCMOJIB3YEMBIX U1 HAIlOJIHEHUSI JAHHBIMHM, aBTOMATHYECKH HM3BJIEKaeMbIMM M3 TEKCTOB Ha ESI.
[Ipemnoxen kommiekc cucreM KLAN, PatTerm v FATON nnsa w3BiiedeHuss MeTanHGOPMAIUU 13
TEKCTOB Ha OCHOBE JICKCHKO-CEMaHTHYECKHUX MATTEPHOB, KOTOPbIe (POPMHUPYIOTCS Ha OCHOBE TaT-
TEPHOB OHTOJIOTMYECKOTO MPOEKTUPOBAHUS, Pa3padOTAHHBIX HA OCHOBE OMOJMOTEKH OHTOJIOTHYE-
CKHMX MPU3HAKOB.

3.2 ABTOMATM3aLUSA HAMNONHEHUSA OHTONOMNU

B 0630pHoii cratee [16] paccmompen npoyecc nanoanenus A-box OM uz eemepoecennuix 0oKy-
menmos. OTMEYeHa HEOOXOIMMOCTh HCIIOJIb30BaHMsI HHCTPYMEHTOB aHalu3a WHPOpPMAIUU JTOKY-
MEHTOB i1 €€ aBTOMAaTU3MPOBAHHOIO BHECEHHs B OHTOJOrHio. [IpuBenéH mepedyeHb BOMPOCOB,
OTpeAeISAIONIUX BHIOOP HHCTPYMEHTOB U3BJI€UEHUsI HH(OPMALIUH.
= KaxkoB ypoBeHb aBTOMATHU3AIMH HATIOJIHEHUS OHTOJIOTHH?
= Kakue BUIbI BXOJHBIX JOKYMEHTOB HCIOJB3YIOTCS B CCTEME?
= SIBNSIFOTCS T MHCTPYMEHTHI H3BJeueHus: nHpopMmaruu cnenuduueckumu 1 [IpO?
=  Kakue BUIBI KOHIETITOB M POJIEH MOTYT OBITh W3BJICUEHBI PACCMATPHUBACMBIMH WHCTPYMEHTA-

Mu?
= Kakue npaBuia NpoBepKy MPUMEHSFOTCS JIs1 M3BJICUEHHON nHpopMarmmn?

B crarbe mpuBeneHO CpaBHEHHME HHCTPYMEHTOB aBTOMATM3MPOBAHHOTO HamosHeHuss OM
(Hearst, Arequakt, WordNet, Adaptive, ISOLDE u np.).

Ommeuena 6vlcoxkas moyHOCMyb agmomamuieckoeo Hanoanenuss OM npu ucnonvsoseanuu cne-
yughuunvix 0na paccmampusaemvix IIpO uncmpymenmos uzenedenus ungopmayuu U3 reTeporeH-
HBIX JOKYMEHTOB, MaJiO€ YHCIO MHCTPYMEHTOB, pabOTAalOIMX C METAOHTOJOTHSIMM, YacTOE HC-
nonb3oBanue Wikipedia xak MCTOYHHMKA 3HAHUI U OTCYTCTBHE MOJXOJIOB K TECTUPOBAHUIO CUCTEM
ABTOMATHU3MPOBAHHOTO HATIOIHEHUS /ISl OOIBIINX OHTOJIOTHH.

B pa6ote [17] npedocmasnen nooxoo k asmomamuszuposanromy nanoanenuro A-box OM, pasz-
pabomannou 6 Protégé, uz 0gymepHuvix uepmediceti ¢ ucnoavzosanuem CAIIP OntoCAD. OntoCAD
UCIIONIB3YeT pa3paboTaHHbil Autodesk dopmatr DXF wn napcep FreeCAD. CAIIP nmonnepxuBaer
3arpysKky Qaiina ontonoruu B popmare OWL nns knaccupukanuu o0beKToB A-box, CBOCTBA 00B-
€KTOB OIPEAEIAIOTCSA UX FeOMETPHUEN U B3aMMHBIM PacCIOIOKEHUEM Ha paboyeM MpPOCTPAHCTBE.
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1100x00 K ucnonb306anUI0 1EKCUKO-CUHMAKCULECKUX WUADTIOHO8 0I5l A8MOMAMU3ayULU HanoaHe-
Hus onmonozuil npedcmasnen 6 pabome [18]. IlokazaHo npuMeHeHne cOPMHUPOBAHHBIX BPYUHYIO
OHTOJIOTMYECKUX 1IA0JOHOB-IpaMMAaTHK JJIs1 aBTOMaTUYECKOI'O HAIIOJHEHUs OHTOJIOTMU JaHHBIMU
KOPITYyCOB TEKCTOB. JlaHHBIC Ui HAINOJHEHHS OHTOJOTMU (POPMHUPYIOTCS B pe3yibTaTe aHalu3a
MOpP(OJIOTHUECKUM apcepoM CTPYKTypHUpoBaHHOro Tekcra Ha ESl. Pa3pabortano oGmenoctynHoe
nporpamMmmuoe obecrieuenue (I10), peanusyromee pa3padoTaHHBIHI MeTox .

Ha ocHOBaHMM PacCMOTPEHHBIX MOAXOJ0B C(OPMHPOBAHA KOHLENTYyalbHAas CXeMa Ipolecca
HAIIOJIHEHUS! OHTOJIOTUU U IIPUMEHSAEMBIX B HEM UHCTPYMEHTOB (CM. PUCYHOK 2).

TIpouecc popmuposanus A-box moaenn HNHeTpymeHTBI
~ .
( HoxymeHTt : 4 A
. IMpencrasienne 10KyMeHTa B
Tun goxymenta P | bopmare XML, JSON, YAML n
(TeKcT, cxema, MOEIB) A . " ApYrux s3bIKOB PA3METKH HIH
n & 00beKTHBIX HOTANUI
peameTHas o061acThb :
. : \ /

~

Y

CepBHC H3BJICYCHUSA HH(]JOpMaI.llfII/l Boabune sI3pIKOBBIE MOETH

/ﬁ Merton u3B1e4eHUuss HHPOPMALHH . - ~
< - > Rdflib, Owlready?2 u ap.
Ilepeyenb KOHUENTOB
BmemarenscTBo .
IKCImepTa, kﬂepeqem, pouteii N
ABTOMATHYECKAS H3pikn mporpaMMupoBaHus
BAJTHAANUS H Y )
BepupHKATHA 4
IIpoBepka HIOBITOTHOCTH
uapopmauuu
— .

OnToornyecKne perakTopbl
H (ppeiMBOpKH,
description logic

A 4

-

IIpoBepka HENPOTHBOPEYHBOCTH
uHpopMALHH

N J

Pucynok 2 — IIporecc apromarusaiuu GopMupoBaHus A-box MOJCIH U IPUMCHIEMbIC B HEM UHCTPYMEHTHI

3.3 AsTomaTusaums obpaboTku 3anpocos k OM

B crartbe [19] nokazano ucnonvzosanue OM 6 yensax eenepayuu 110 uz nabopa ¢hynkyuonano-
HbIX 070K06. BbieneHsl o0IIre 4epThl OHTOJIOTMYECKOTO MOAXO0/Aa C MOAXOJaMU T€HEePaTUBHOTO
nporpammupoBanust. OyHknuonansHbie 010ku [10 GpopMuUpyrOTCS U3 COTIIACOBAHHON CUCTEMBI OH-
TOJIOTUYECKUX MATTEPHOB U BHYTPCHHUX CHCIIH(PUKAIUI.

@opmuposanue SPARQL 3anpocos k b3 ¢ ucnonvsosanuem LLM npeocmasneno 6 pabome
[20]. PaccMoTpeHO npUMEHEHUE MOJENIN BEeKTOpU3aLuu npeioxenuii BERT, mabnonoB SPARQL
3ampocoB M CBOOOIHO-pacrpocTpansemoin moaenu Vicuna-13B. Ilokazano moctwkenue F/-mepbl
TouHOCTH 99% TIpU COCTAaBIEHUU 3aMPOCOB K TeCTOBOM BBIOOPKE SciQA. IIpeanokeHo ucnoiab3o-
BaHME MMPEJCTABICHHOTO Mo1x0a il aHaim3a rpadoBeix bJl, Takux xak Wikidata.

11o0x00, ucnonvsyrowuii LLM 6 pabome ¢ OP, npedocmasnen ¢ cmamowe [21]. PaccMoTpeno uc-
M0JIb30BAaHUE TUIarMHa K PEAAaKTOPY OHTOJIOTHI Protégé, nozeonsarowezo 3aoeticmeosams 3anpocsl
K LLM GPT-3 ona nepesooa npeonosicenuti Ha EAl 6 nabop evipasicenuii 8 pyHKYUOHATLHOM CUH-

8 PenosuTopuii ¢ mporpamMmEbIM obecrieuerneM «Ontology Extender». https://github.com/W InterFox/OntologyExtender .
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maxcuce OWL. icnionp30BaHne JaHHOTO MHCTPYMEHTA I0KA3aHO KaK IEPCIEKTUBHOE JJI aBTOMa-
TU3UPOBAHHOT'O aHAJIM3a JOKYMEHTOB, HAMMCAHHBIX B JICKJIAPATUBHOW (opMe (HOpMaTHBHAS JIOKY-
MEHTalus ¥ TEXHUYECKHE 3aaHNus).

4 TlMpumeHeHue oHTONoOrun B cucrtemax O

ﬂﬂ}l OUEHKU noox0008 K asmomamuzayuu pa6om c OP paccmompensl pa60mbl 110 CO34aHHUIO
cucteM MO Ha OCHOBE OHTOJIOTHUH.

Cratpst [22] mocBsIeHa IPIMEHEHHIO OHTOJIOTHYECKOTO MMOAX0Aa ISl ONMUcaHus c1abo (popMaTu30BaHHOW HH-
¢dopmaru 00 00BEKTaX TOITMBHO-YHEPTETHIECKOTO KOMITIIEKCA Ha TMPHMEPE CHCTEMBI TOATOTOBKY rasa. [IpencraBie-
Ha pa3paboTaHHasi CHCTeMa MOAJIEPKKN KOHIETITYaIbHOTO TIPOEKTHPOBAHUS. [Ipusedensl nooxoobl 0isi ONUCAHUSL MAK-
COHOMUU, NAPMOHOMUU, NPOYECCHOL MOodeau, Mooeau mpebosanuii. YUTeHa BO3MOXKHOCTh CO3/IaHUs MaTPHIIBI POJICi
st MofienupoBanust foctyna kK OM. PacuérHeie Mojienu HaxoasTes BHE b3, Takke Kak U MOAYIM ONTHUMH3AIUU pe-
3ynbTaToB. B pabore mpumensercs [10 moctpoenust auarpamm draw.io, Python n BJ] nns ¢opMupoBaHUS MOIHOTO
LUKJIa pa3paboTKu KOHPHUTYypalui 000py10BaHus Ul KOMIUIEKCHOM MOAroToBKM ra3a. I[loaxoj anpoOupoBaH Ha Of-
HOM M3 Ta30BBIX MecTopokaeHui «["aznpom HedTb», ommeuero crusicenie mpyooémrocmu npoekmusix pabom.

B pabote [23] paccMOTpPEHO HCIOIB30BAHUE OHTOJIOTHYECKOTO moaxoaa st pazpaborku CIIIIP mns wccnenosa-
unit HAZOP (ot aurn. HAZard and OPerability, onacHocts u paborocriocodHocTs). [IpeacraBieHs! npaBuia Joruye-
CKOTO BBIBOJIa, IPUMEHICMEIC B IIpoliecce oOHapykeHus yrpo3. [IpuBenéH npuMepe moryaBTOMaTHIECKOTO OTIpeIeie-
HUS yTPO3 TIPU XPAaHCHHUU IreKcoreHa. He aBTomMaTtnu3mpyeTcst SKCIEPTHOE OIPEICIICHUE U 3aHeCEHHE B MOJIENb MHpOP-
MAIFH O MPOBOJIUMBIX OIEPALUsX, JOCTYITHOM H3MEPUTEIHLHOM O0OPYAIOBaHHUH, BHEIIHHUX yrpo3ax. Kauecmeo u non-
HOMA MOO0enu 3d8UCAm Om Kayecmsed U NoJIHOMbl ONUCAHUS 00bEeKma U Npoyeccos 6 popme CA3aHHbIX KOHYENmos
cemanmuyeckou cemu. OTMEUYEHA BBICOKAsI BBIYUMCIUTENIbHASI CIIOKHOCTh MOJICIIH B CIIydasiX U30bITOYHOM JeTannu3aiinm
omHcaHus 00BEKTOB U MPOIECCOB.

Cratbs [24] mocesmena ucnoib3oBannio OM B cucteMe oOecrieueHus: 0€3011acHOTO CTPOUTEIHCTBA U PEHOBAIIMH
B paMKkax moaxona Building Information Modelling (BIM). Tlpennoxxena OM yrpo3 >KHW3HH W 37J0POBBIO B TIpoIiecce
peHoBanmH 34aHnH, peaan3oBanHas Ha UML u cpenctBax Protégé API. OM no3gonsem 6viagname epynnsl yepo3 300-
POBbIO 8 npoyecce PeHOBAYUU UCXO0SI U3 MOOeIU 00BEKMA PeHo8ayUU U UCHOIb3YEMbIX NPABUL JIOSUHECKO20 BbIBOOA.
[TpenocraBnenne HHPOPMAIMH TTOJIB30BATENIO OcylecTBisIeTcs yepe3 GUIL

B pabore [25] paccMoTpeHs! Borpockl Banuganuu 1 Bepudukammu [10 mocpecTBOM MpUMEHEHHST TECTUPYIOLIHX
oHrosoruil. IlpeacraBneH cucTeMaTHuecKuil MOAX0A K IMOCTPOCHUIO OHTONOTUU TecTupoBaHus [10, nepeuncieHs! Bo-
MIPOCHI KOMIETEHIUH, Ha KOTOPbIe JOJKHA OTBEYATh 3a/JaHHAsI OHTOJIOTHS. [IpednodicerHo ucnonb308ams OHMONO02UU 8
kauecmee b3 u cpedcmea doxymenmuposanus npoyecca mecmuposanus.

B crathe [26] paccMOTpeHO IPUMEHEHHE arnapaTa OHTOJIOTHIECKOTO OIMMCAHUS B IEJISIX KOHCONUIAINN IKCIIePT-
HBIX 3HaHUI 00 00BEeKTax M IMpoIeccax nepepadaThBaONICH MPOMBIIUICHHOCTH. [IpencTaBneHa cxeMa (pyHKIIHOHATE-
HOW apXUTEKTyphl (hpeiMBOpKa OHTOJIOTHYECKOTO ONMHCaHWA OOBEKTOB. OmHCaHO B3aWMOJCHCTBHE IIOJB30BATENS U
9KCIIEpTa C paccMaTpuBaeMbIM QpeiMBOpKOM. [Ipedcmasnen annapam usyaiuzayuu 3Hanull 6 sude P-epaghos, wupo-
KO npumeHsemvlx 8 nepepabamsisaiouell ompaciu. [IpuMeHeHNE OHTOIOTHH PACCMOTPEHO Ha MPHMEPax yCTaHOBKH
MIPOM3BOJICTBA TUJICHA ¥ TUIIOBOI'O XMMHUECKOT0 Ipoliecca. HanonHeHne MoJiesu 0CyIecTBISIETCsl BpYYHYIO C ONOPOi
Ha MoJienb JaHHbIX ISO 15926.

B cratbe [27] npeicTaBieHO CO3[aHHE CHCTEMBI TOAJEPIKKN MTOCTPOCHUSI JI0KA3aTEIbCTB C UCIIOJIb30BAHUEM MH-
CTPYMEHTOB IIaTGOPMbI OHTOJIOrHYecKoro MonenupoBanus [ACPaaS. Peanuzosanvl makue KOMROHEHMbl CUCTNEMbL
Kak pedakmop 6a3vl Mamemamuyeckux 3HaAHUull, peoaKxmop mMooenu oHmoao2uu 6asvl Mamemamuieckux 3HaHull, pe-
daxmop 6azvl cnocob08 paccysicoenull, umepamusHbvlil depudurkamop 0oxazamenbcme u unmepgetic noavsosamens. B
paborte mopaszymeBaeTcs py4YHOH METO 1 HAIIOJIHEHHS] OHTOJIOTHH.

Pabota [28] mocesmena ucnonszoBannio OM MOODY, pazpabareiBaeMoil B penakrope Protégé, nist onucaHus
HBOJIIOLIMOHHBIX aJTOPUTMOB M MYJIBTHOOBEKTHOW onTuMH3auuu. Onucan npoyecc noCmpoeHust OHMOoN02UU A8MoMd-
MUYeCKo20 co30aHUsL KOHPUSYPayuil I60IIOYUOHHBIX AICOPUMMOS, UX IKCNOPMA 60 GHEUIHUE CUCTEMDL.

B pabore [29] paccMOTpeHO MOCTPOEHHE OHTOJIOTHH JUIsl aBTOMATH3alMH IPOLIECCOB IIPOSKTHPOBAHUS TPYOOIIPO-
BOJIHBIX CHCTEM JHEPreTHKU. [Ipednodicen nodxood k paspabomke xomniekcnol cucmemwvt OP, gxnouaroueti memaon-
monoeuro, onmonozuu IIpO, onmonocuu 3adau, oumoaoeuu I10. OM SBISIOTCS CPEACTBOM 3ampoca WHPOPMALUU U3
B/l, cuctemoii 00pabOTKN W CTPYKTYpPHPOBAHUS WH(POPMALNH, CPEICTBOM aBTOMAaTHYecKoro pemenus 3amad [IpO.
[TpuMeHeHne IpeICcTaBICHHONH METOIOJIOTHH ITOKa3aHO Ha MIPUMEpPEe ONTHMH3ALINHN THAMETPOB TPYOOIIPOBOIOB.

[Toxxox K OHTOJIOTHYECKOMY OTIHCAHHIO TP CO3JaHNHU II(PPOBBIX TBOWHUKOB CHCTEM YHEPTETUKU MPEACTABICH B
pabotax [30, 31]. PaccMoTpeHO mpuMeHeHHe IPPOBBIX 00BEKTOB TOIUITMBHO-IHEPTETHIECKOTO KOMILIEKCa B 3aJadax
MPOTHO3UPOBAHMS, ITAIbl MOCTPOSHHS MOJICIN IU(PPOBOTO 00BEKTA.
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ITonxoa K OHTOJIOrMYECKOMY ONMUCAHMIO CJIOKHOW OpraHU3allMOHHO-TEXHUYECKON CHCTEMBI YIPaBIEHUS MMOKa3aH
B pabote [32]. /Ipeocmasnsiemca nonesnvim cosmelyerue opeanu3ayiOHHbIX OHMON02UL, NOCIMPOEHHBIX C UCHOIb308A-
HUem 0aHHO20 NOOX00d, U OHMONIO2UL MEXHOIOSUUECKUX NPOYEeCccos, pACCMOMPEHHbIX 6 Opyaux pabomax. 11om00HBINH
CHHTE3 MOJIeNIeH TT03BONIUT c(hopMUpPOBATh OOJIee TOHYIO MOJENh paccMaTpuBaemoit [1pO.

B craree [33] mokazaHO NMPUMEHEHHE OHTOJOIMYECKOrO MOAXOAa B Hpolecce pa3pabOTKEe WHTEIEKTYalIbHBIX
CIIIP (UCIIIIP). Ha saszvike OecKpunyuoHHoU i1o2uku npusedeHsvl nepeuru npumersemuvix oaa paspabomxu VCIIIIP
mexHoI02ull, NPUHYUNo8 u nooxooos. llpencrapnena apxurekrypa tunosoit UCIIIIP.

B pabote [34] moka3zaHO HCIIONB30BaHUE OHTOJOTHYECKOTo moaxona Mt co3nanus CIIIP auarnoctuku 3abore-
BaHUIl U cuHAPOMOB. [Iyis1 pa3pabOTKU KCIOJIB30BaHbI cpeacTBa obnauynoil miarhopmel [ACPaaS. Ilpeocmasnennas
OHMOJI02UA NO360Aem A8MOMAMUSUPOSAHHBIM 00PA3OM POPMUPOBAMYL SHAHUA O OUASHOCIUKE 3A001e6aHull 6 3a6U-
CUMOCIU OM UX KIACCUPUKAYUU.

[Ipumenenne OM B co3nanuu BIM-cuctem paccMoTpeHo B pabote [35]. IIpednoscena apxumexmypa CIIIIP, co-
crosieit 13 OM, B/l u mMerasaHHbIXx 00 00BEKTaX CTPOUTEIHCTBA, TOJIB30BATEILCKOr0 MHTEpdeiica hopMupoBaHuUs
pexomenmanuii. [Ipemmaraercs 110 ¢ ucnons3oBaruem texnonoruit SOL, OPC UA, RESTful u B3.

B crarbe [36] npencrasien npumep npuMeneHust OM B mporpaMMHO-aHAIUTHYECKOM KOMIUIEKCE CHCTEMBI 00ec-
MIEYCHUS] YCTOWYNBOCTH KauecTBa IEKTPOIHEPTUH. [Ipednodicena mooensb 63aumooeiicmess aBTOMaTU3UPOBAHHBIX CH-
creM, b/l n b3. Onwucan nporecc UMHATANMK NPUHATHS PELICHUH 3a c4ET anmapara 0a3bl MPaBWI U AWHAMHUYECKOTO
rpada. [Ipeanoxeno nonoxaeHne OM HelpoceTeBOI MOAETH U MOJCPHHU3ALNH allrTOpUTMa 00paOOTKH OTKIOHEHHH
TUIAHOBBIX TTOKa3aTeseil AIIeKTPOIHEPTHH OT (pakTnieckux. PaccMoTpeno npuMeHenue b3 B kauecTBe Mozenu nudpo-
BOTO IBOMHUKA B TEXHOJOTMIECKUX M yIIPABICHUYECKHX aCHEKTaX 00BEKTa.

B cratpe [37] paccmoTpeHa apXUTEKTypa HHTEIUIEKTyaIbHOI KOHTPOIBEHO-aBAPHIHON CHCTEMBI, HHTETPHPYIOIEeH
OHTOJIOTHUECKYI0 B3 ¢ cucremoll TMarHOCTUKH aBTOHOMHBIX HEOOMTAeMbIX ITOJBOJHBIX anmaparos. [Ipediazaemcs
cucmema 0o6pabomku OAHHBIX CEHCOPOE8 Ol A0anMayuy K deapuiinbiM cumyayusam. JJaHHble O ANaTHOCTUYECKUX CHUTY-
amsIX W KoHpurypamusax ammapatoB xpaaarcs B b3. [ Bexenus b3 ncnons3yrores cpenctsa miatdopmsl I4CPaasS;
MIPOTOTHITEI HHTEIUIEKTYaIbHONH KOHTPOIbHO-aBapUHHON CHCTEMBI M peraTess pa3padoTaHbl Ha sS3bIKe Python.

Cpasnenue paccmompennbix n00Xo0008 no cmeneHu asmomamuzayuu npoyeccos pabomol ¢ OP

MpeACTaBICHO B TabnwuIle 1.

5 PesynbTatbl aHanM3a cteneHn aBTomatusauyum paéort c OP

Jlns cpaBHeHUs paboT, MpUBEAEHHBIX B Tabiauue 1, BBeJeHa cucTeMa OLICHUBAHMUs, MTPEICTaB-
neHHas B Tabnuue 2. Ilpu cpaBHEHMM Y4HTBIBAlOTCS MHCTPYMEHTHI aBTOMATHU3allUU MpU padboTe ¢
CIIIIP, ctpyktypsl T-box u A-box OM He paccMaTpHUBarOTCsl.

C yuéToM cHCTEeMBl OLICHOK, YKa3aHHBIX B TaOjuIe 2, MO AaHHBIM Tabmuipl | cocraBieHa
ycpenHEHHas OlIEHKa CTENEeHM BHEAPEHUS IOAXO0JI0B K aBToMaru3zauuu padbotel ¢ OM. I'padpuue-
CKO€ OTOOpakeHUE JAAHHOM OLCHKH MOKa3aHO Ha pucyHke 3. M3 pucyHka 3 BHJHO, YTO IpoLEece
co3nanusg OM HauMmeHee aBTOMaTU3UMPOBAH B MPUKIAIHbIX oHTONOrUsX [1pO.

N3 paccMOTpeHHBIX paboT MOXKHO OTMETUTh 0OJIbIIOE BHUMaHKE (POPMUPOBAHHUIO TE3aypyCcOB
[IpO, cocraBieHnI0 OrpaHUYEHUN M MpaBUJ JIOTMYECKOIO BbIBOJA. B Tperu ciydaeB Te3aypychl
(opMHUpYIOTCS HA OCHOBAaHMM METAOHTOJIOTMI MM HakoIlieHHbIX b3. OTpaskeHune TeMrnopanbHOTo
acreKTa IpejacTaBieHusi o0bekTa peanusyercs B Tex OM, Uisi KOTOPBIX MOApPa3yMEBAETCsl UHTE-
rpamys ¢ aBTOMaTU3MPOBAHHBIMU CHCTEMaMU WA U(PPOBBIMHU IBOMHUKAMU.

B paccMoTpeHHBIX paboTax MpeAararTcs pa3jIuyHble MOAXObl U CTPYKTYpPBI 11 (popMupo-
BaHUS CJIOKHBIX KOHLIENITOB U3 MPOCThIX. [Ipoliecc HanoJHEHUs: OHTOIOIMH 3a4acTyro IIpeoiara-
eTcs OCYLIECTBIATh BPYUHYIO WJIM Ha OCHOBAaHUM YK€ HOPMAJIN30BAHHBIX, MAIIMHOYMTAEMBIX JaH-
HBIX. MeHblIle BHUMAHUS yJENSETCs mpolieccaM BaluIAMKu A-box U MHTETPallUi OHTOJIOTHH C CH-
CTEMaMH peaIbHOTO BPEMEHHU.

3HaYUTENbHBIN 00BEM (haKTHUECKOM MHPOPMALIUU COJEPKUTCA B CXEMax, YepTekax U Tabiu-
1[aX, OJJHAKO OHM IPAKTUYECKH HE PACCMATPUBAIOTCS KaK MCTOYHMKU MH(OpMAaIUM JUIs HANOJHe-
Hus A-box.
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Tabmmma 1 — CpaBHeHHE peanu3anuii CucTeM HHPOPMAITMOHHOTO 00eCTIeueHIsI HA OCHOBE OHTOJOTHYCCKUX MOACTCH

LN TexHoIOrn4ecKue cpecTna O
AaBTOMAaTHU3AU ERUKEHHE Hcn. meta
HanmenoBanune paboThl acrekTa o
Co3na- | Hamon- Onro- S3b1kn OHTOJIOTHH
Hcn. Hcn. ACY BpEMEHHU
HHE HEHHE wiarpopma | OOII
ABTOMaTHYeCKOEe KOH(OUTYPHPOBAHHE Protégé Python, Her Mopnens Her
CHCTEMBI [IOI'OTOBKH ra3a Ha OCHOBE A owlready nporecca
OHTOJIOTHYECKHX Mojenei [22] HA 2
Ontology-based computer aid for the o Her Python, Her Mopuens Her,
automation of HAZOP studies [23] Y.A. owlready nporecca [UIAHUPYETCS
2 ISO 15926
An ontology-based tool for safety Protégé C# Her Mopensb Her
management in building renovation A nporecca
projects [24] A
ROo0ST-Reference Ontology on Soft- o Protégé Her Her Mopenb SABiO, UFO
ware Testing [25] API, nporecca
YA OntoUML
An ontology-based procedure 7 | Protégé, Her Her Mopenb ISO 15926
knowledge framework for the process Neo4J nporecca
industry [26]
Peanu3aiust 000JI0YKH U ITOpTaa TACPaaS Her Her Her ba3bl 3HaHNMi
3HAHUH 110 BepupUKaUU MaTeMaTu- IACPaaS
YECKHX J0Ka3aTeNbCTB Ha IuIaThopme HA.
TACPaaS [27] A
MOODY An ontology-driven frame- Protégé Her Her Her MuTterpanus
work for standardizing multi- ¢ OPTION
objective evolutionary algorithms [28]
PazpaboTka OHTOJIOTHI 1J1st aBTOMA- Her Java, Her Her Her
THU3ALMHU BbIYMCIUTEIIbHBIX IIPOIEC- C++,
Y.A.
COB IIPH IPOEKTHPOBAHUH TPYOOIIPO- Python,
BOJIHBIX CUCTEM DHEPreTHKHU [29] Fortran
CeMaHTHYECKOE MOJIEINPOBAHNE IIPU YA, Her Her Iudppossie Ha cropone | Her
MIOCTPOCHUH IIU(PPOBBIX TBOHHUKOB JTAHHBIX JTAHHBIX JIBOIHUKH i poBoro
JHEPreTUYECKUX OOBEKTOB U CHCTEM; JIBOMHHKA
OHTOJIOTHYECKHH ITOJXO0]T K TOCTPOe- H.A.
HHIO IU(POBEIX IBOIHIKOB 0OBEKTOB
u cucteM 3Hepreruku [30, 31] HA.
OHTOJIOrNYEeCKUi TTOJIXO/ K IpeJi- Her Her Her Monens Her
CTaBJICHHUIO 3HAHUH O METOLOIOTHU JTAHHBIX JAHHBIX mporecca
MOJICTTMPOBAHHUS CII0KHOM CHCTEMBI HA.
ynpasienus [32]
Mopenb KOMIIEKCHOH MOJJIEPIKKU Fuseki, Her Her Her Oran BeIOOpa
Pa3pabOTKH HHTEIUICKTYaIbHBIX Protégé JTaHHBIX 6a30BBIX
CIITIP [33] OHTOJIOTHI
OHTOJIOrHSI MEAUIIMHCKOM JUArHO- YA IACPaaS Her Her [a, unrep- Basel 3HaHmit
CTHUKH IS MHTEJUIEKTYaJIbHBIX CH- o BaJibl U IACPaaS
CTEM IOJUIEPKKH IIPUHATHS PEIIECHUH Y.A. €JIMHMILBI
[34] U3MEpEHUs
BpEMEHI
Ontology-Based Expert System for Her Python Her Her AEC/FM,
Automated Monitoring of Building JTAaHHBIX BPO, OMG u
Energy Systems [35] Ip.
DopMUpPOBaHNE MOJECIN UHTEIIEKTY- Protégé Her ERP, Ja, ucr. Her
AJIBHOTO MPOTPaMMHOT0 aHATUTHYC- SCADA, JTUHaMHYe-
CKOro KOMILIEKCa B JIEKTPOdHEpre- ACKYD CKHX
Tuke [36] rpagoB
Onucanue ¥ AMarHOCTUPOBAHHE A IACPaaS Python Cucrema Jla, npu baspl 3Hanmit
HEUCIIPAaBHOCTEH B aBTOHOMHBIX A JIMarHOCTU- | YTEHUU IACPaaS
HEOOHTAaeMBIX TIOJBOIHBIX alapaTax xu AHITA aTOMAapHBIX
Ha OCHOBE OHTOJIOTH [37] MIPU3HAKOB
MIOTOKOB
JIMaTHOCTH-
YECKHUX
JTAHHBIX

Cokpawjenus: >tarn He aBromarm3uposad (H.A.), vactnano aBTomatnsnposat (U.A.), aBToMatn3upoBaH (A), ucrons3oBanue (M),
aBTOMAaTU3UPOBaHHBIE cucTeMBbI ynpasieHus (ACY), 00beKTHO-0pHeHTHpOoBaHHOE Tporpammuposanue (OOIT).
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Tabnmma 2 — Tabnwma oreHUBaHUS TOAXO00B K TOCcTpoeHuto cucteM MO

Ornenka
[Tapametp
1 2 3
ABToMaTH3ays dTana paboTsl ¢ | DTam He aBTOMATH3U- | DTall 9acTHYHO aBTOMa- OTan aBTOMaTH3UPOBaH
OHTOJIOTHYECKHM PECYPCOM poBaH THU3UPOBAH

ACIICKTa paCCMOTPCHUSA

OTpameHne TEMIIOPAJILHOT'O

TemnopanbHblii ac-
IEKT HE OTPAKEH

TemmopanbHbIi aCIIEKT
OTpaXEH BHE OHTOJIOIUU

TemnopanbHbIi aCIEKT
OTpaxX€H B OHTOJIOIUU

IlepeuncnonbzoBanue

bazoBas onrosiorus

[TpexycMoTpeH BoIGOD
0a30BOI OHTOJIOTHHA

VYkazaHa uCHosb3yeMast
0a30Bas OHTOJIOIUS

OHTOJIOTMYECKUX MOJCCH HC MCIOJIB3YCTCA

OTtpaxeHue
TEMITOPATBHOCTH

ABTOMAaTHU3UPOBAHHOE
UCTIONIb30BAHUE

[lepencnonbs3oBanue
TOTOBBIX MO/Iefiel

/ ABTOMaTU3MPOBAHHOE
co3/aHue

ABTOMAaTH3MPOBAHHOE
HaroJIHEHHE

PI/IcyHOK 3- YCpeﬂHéHHaﬂ OIICHKA CTCIICHU aBTOMATHU3alluH CUCTEM I/IH(i)OpMaL[I/IOHHOFO obecreueHust
Ha OCHOBE OHTOJIOTMYECCKHUX MOHGHGﬁ (pacum(prBKa YHCIIOBBIX 3HAYCHHUI JaHa B Ta6J'H/II_l€ 2)

Haubonbiiee pacrpocTpaneHre UMEIOT TTOAXO0/AbI K aBTOMATH3aIUU UCTIOIh30BaHMs HH(pOpMa-
MU, COJEpKAIIEICs B OHTOJOTMH. JTOMY CIOCOOCTBYET BBICOKAas JOCTYMHOCTH MPOrPaMMHBIX
OMOIMOTEK S3bIKA TPOTrPAMMHUPOBAHUS Python, TIO3BOJISIONINX OCYIIECTBIIATE 3aIIPOCHI K MOJIENN U
uX 00paboTKy B paMKax 00bEKTHO-OPUEHTUPOBAHHOTO MOIX0/1a.

CrnenyeT OTMETUTh BBICOKYIO CTEEHb MEPEUCIIONb30BaHUs OHTOJIOIHM, CBOOOIHO pa3MemEH-
HbIX B ceT WHTtepHeT. [LInpoko mpUMEHSIOTCS OHTOJOTUYECKHE PEAAKTOPHI, PacHpoCTpaHsieMble
cBOOO/HO WK B 00J1aKe, a MPONPUETAPHBIE CUCTEMBI - CYIIIECTBEHHO MEHBbIIIE.

3aknryeHue

B paGorte mpencraBineH 0030p OHTONOTMYECKUX (PEHUMBOPKOB, MOIXOJ0B K aBTOMAaTH3AI[UU
IpoLeccoB pa3pabOTKu, HaMoJHEeHUs: U ucnoibs3oBanusi OP. B xone ananu3a BBISIBIEH HEIOCTaTOK
MOIXO0JIOB K aBTOMAaTH3UPOBaHHOMY (GopmupoBanuto 7-box ontonoruu. [Ipencrasisercs nepcrex-
TUBHBIM TIpuMeHeHue LLM nis HanojiHeHust A-box OHTOJIOTHH 1O JAaHHBIM HECTPYKTYPHUPOBAHHBIX
TEKCTOBBIX JIOKYMEHTOB. PacmpoctpaneHo ucnonbp3zoBanue OM BMecTe ¢ MpOrpaMMHBIMU OUOIHO-
TEKaMU fA3bIKa MpOorpaMMHUpoBaHus Python u metaoHToiorusiMu. OT™MeUaeTcst Majiasi CTelieHb UHTe-
rpauu OM ¢ cuctemMamMu pealbHOr0 BPEMEHM, HEOCTAaTOK OMMCAHHUS METOJIMK aBTOMAaTH3alUU
MIPOLIECCOB KOHBEpTAalMK MH(popMauuu u3 Tabnui u cxem B OM, Bauganuy HaIroOJIHEHUS. MOJIENH
u e€ pehakTopuHra. YKa3aHHbIE aclIeKThl aBTOMaTu3anuu paboTsl ¢ OP MOXXKHO paccMaTpuBaTh Kak
MEePCIEKTUBHbIEC HAIIPABIEHUS TaJbHEHIINX UCCIEA0BaHUN.
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Abstract

Ontological models are extensively used in information support systems that offer resources and services for solving
management, design, and scientific and technical problems. Specifically, domain ontologies are commonly utilized in
decision support systems. In the ontological modeling of complex systems, there arises a need to automate the processes
of handling ontological resources. This work discusses the main software systems and methodologies for ontological
modeling, approaches to automating the processes of creating, populating, and using ontological models, and considers
the temporal aspect of the ontological representation of objects. The aim of the work is to explore methods for automat-
ing the life cycle of ontological resources and to analyze the extent of their adaptation in applied ontologies. The work
highlights a relatively high degree of automation in the process of populating ontologies and the use of large language
models in this process. However, it points out the lack of methods for automating the conversion of information from
tables and diagrams into ontological models, as well as for validating and processing the content of the model. Promis-
ing directions for automating work with ontological resources are also indicated.
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AHHOTaUuA

PaccmarpuBaeTcsi TIOCTPOCHHE HAa OCHOBE OHTOJIOTMYECKOTO MOJXO0Ja WH(POPMAIUOHHOTO XPAHWIUIIA
CHUCTEMbI TMOJICPKKHA TPUHATHS KIMHUYCCKUX PCIICHHM Ccl1abo-(popMamn3yeMoil mpeaMeTHONH 00JacTu
JieueHUsI OPOHXOJIErouHbIX 3aboseBanuit. [IpuBenéH 0030p MOIXOM0B K CO3MaHHIO 0a3 3HAHUI B ITOM
npeaMeTHoi obnactu. ONMUCaH METOA M3BJICUCHUS 3HAHMIH, OCHOBAHHBIM Ha MpaBWJIaX M3 KIMHUYECKHX
PEKOMEHIAIMI U TMOMCKE 3aBUCHMOCTEH MEXIY CIIOBAMH B MPEIJIOKEHHUAX C YUETOM IMOCIICA0BATEIHHO-
CTHU NIPUMECHCHUA TTpaBUJL. I/IH(bOpMaL[I/IOHHOC XpaHWJIHIIE CUCTEMbI MOAACPIKKN MPUHATUA KIIMHUYICCKUX
PELICHHUIT HATIOIHSIETCSI OHTOJIOTMYECKON U MPOAYKIIMOHHON 0a3aMu 3HAHUHN MPU MOMOIIN TPEIIOKEHHO-
ro METO/Ia M3BJCUCHUs 3HaHUN. Pa3paboTaHa OHTOJIOTHS BHIOPAHHOM MpPEIMETHON 00JIaCTH, MPOBEICHBI
HCcre0BaHus e€ KaueCTBa Ha OCHOBE aHANM3a TOMOJIOTHH rpada MpU MOMOIIH METPUK KOTHUTHBHOU
sproHoMudHocTH. [lokazana 3(P()EKTHBHOCTh OMUCAHHOTO METOJA W3BJCUYCHHUs] 3HaHWi. Pa3paborana
OpHUTHHAJIbHAS APXUTEKTYpPa CUCTEMBbI [OJICPKKH PUHSTHS KITMHUUSCKUX PELICHHUH.

Kniouesvie cnosa: onmono2ust, Kiunudeckue pekoOMeHOayuy, CUcmema no00epICKY NPUHSIMUs peuenul,
npoOyKYUoOHHbIE NPABUILA, OA3A 3HAHUU, UHDOPMAYUOHHOE XPaAHUIUUe.
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KOH¢Jlul<m unmepecoe: aBTOPbI 3asBJIAIOT 00 OTCYTCTBUU KOH(bHHKTa HUHTEPECOB.

BBepeHune

B menunmHe 0coO€HHO akTyalabHa OpraHU3aIMs Mpolecca 0OpabOTKH, XPaHEHUS! U HCIOIb30-
BaHUs JAaHHBIX BBHUJY OONBIIOr0 00bEMa HAKOIUJIEHHOW HHQOpMAIMK B 00JacCTH AMATHOCTUKH U

JICHCHMUS ITalITUCHTOB.

Oumonoeus npeomemnou obaacmu (IIpO) — hopmanu3oBaHHOE OMHMCAHHUE CTPYKTYPhl MEIUIIMHCKUX 3HAHUU H
TEPMHUHOJIOTHH UCIIOIB3YETCS IJIsl ONMCAHUS 3HAHUN O 3a00JICBAHUAX, MTPOICIypax JCUCHUS, CAMIITOMAX, (PU3NOJIOTHH,
MaToNOTHsAX U Jp. Knunuueckue pekomenoayuy — COTIIaCOBAaHHBIE PEKOMEH/IAINH ISl TUATHOCTUKH ¥ JICUCHUSI MallieH-
TOB, OCHOBaHHBIE Ha METOJIaX C J0Ka3zaHHOU 3 heKTUBHOCTBIO. HMHpopmayus o nayuenme — INYHbIC JAHHBIE, TUATHO3,
ucTopust O0JIe3HH, Pe3yJIbTaThl aHAJTH30B, PE3YJIbTAThl (PYHKIIMOHAIBHOMN JHArHOCTHKH.

VYka3zaHHbIC JaHHBIE TPUMEHSIOTCS JIs CO3/IaHUsI MEIMIIMHCKUX WH()OPMAIIMOHHBIX, SKCTIEPT-
HBIX WM PEKOMEH/IATENbHBIX CUCTEM, B KOTOPHIX HAKOIJICHHYIO HH(OPMAIIUIO OOBETUHSIOT B Oa3bI
s3Hanuit (b3), Gopmupys Ha WX OCHOBE METOABI PEmICHUs 3a7ad (IUArHOCTHKA TAIlMEeHTa HWJIH
HazHaueHue jedeHus). IHHEeKTUBHOCTh HCMONb30BaHus chopMupoBaHHoi b3 3aBUCHUT OT THma
XpaHuMoi mHpopMaIuu, €€ CTPYKTYpUPOBAHHOCTH M CBSI3€H MEXKIY JIEMEHTaMH CHUCTEMBI TO]I-
nepxku npuHsatus pemenuit (CIIIP). [To gannpiv uccnenosanws [ 1] mums 10-20% urdopmarum,
HCIIONB3YEMON B METUITMHCKUX YUPEKICHUSIX, IPEICTABICHO B CTPYKTypupoBaHHOU dopme. [Ipu-
MEpOM MpeACTaBICHUsT HHPOPMAIIMH B HECTPYKTYPHPOBAHHOM BUJE SBJISIOTCS TEKCTHI KIMHUYE-
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ckux pekoMengauuii. [Ipu GpopmupoBanuu cTpyktypsl b3 HeoOxonuM aHanu3 TakKMX TEKCTOB, KO-
TOPBIA B METULIMHCKUX YUPEKIECHUSAX BBITOJIHSAIOT CICIIUATHCTHI.

Jnst cTpyKTYypUpOBaHUsl JAHHBIX B TEKCTaX KIMHUYECKUX PEKOMEHAAlUN pa3zpaboTaH airo-
put™ u nporpammuoe obecnedenue (I10) [2], kKoTOpbIe TO3BOISAIOT CTPYKTYPUPOBATH TEKCT IS
nocienyromiero ucrnoib3opanus B b3 CIIIIP. Pazpaborannble cpeacTBa aBTOMAaTHYCCKH BBIICSIOT
KITIOUYEBBIC CJIOBA M CTPOSIT Ha WX OCHOBE KapThl MOHATHH. Pe3ynbpTatom siBisieTcss chopMUPOBaH-
HBII HaOOp npoaykimoHHbIX paBuia (I111), koTopelii MOkeT mpuMeHsIThCs pu octpoeHuu CIITIP.
B o6mem Buze I1I1 MOXKHO MpeaCTaBUTh KaK JIOTHYECKUE MPABUIIA, OMHCHIBAIONINE CBSI3U MEXIY
MEJIMIIMHCKUMH CUMITOMaMH U 3a00JIEBaHUSAMHM, a TaKKe ompenaessioniie 3pQGeKTUBHbIE METObI
JICYCHHS B 3aBUCUMOCTH OT IPE/ICTABICHHBIX BXOAHBIX JAaHHBIX. Takue npaBuiia UHTETPUPYIOTCS B

B3 u MOI'yT OBITH UCIIOJIb30BAHLI IIPpU AMArHOCTUKE MallMCHTa WJIM Ha3HAYCHU U JICUCHUA.

B ob6mactu moctpoerns b3 KIMHIYECKUX PEeKOMEHIAINI HUCTIONB3YIOTCS HECKOIBKO PA3IMIHBIX MOIXO0I0OB, Ha OC-
HOBE KOTOphIX paspadoransl [10. B pabore [3] npemnoxkena apxurekrypa b3 cucTeMbl MoIAepKKH NPHHATHS Bpadeo-
HBIX pEUICHUi, ocHOBaHHasi Ha rpadoBoii 6a3e nanubix (B/I). B kauecTBe MCTOYHMKA 3HAHUI MCHIOIB30BAHBI KIIMHUYE-
CKHE€ PEKOMEHJAINH, U3 HUX BBIJCIEHBI TUIIBI CBSA3EH M TOHATUMN, HA UX OCHOBE co3naHa mertamonaens ans b3 CIIIIP.
B pabore [4] npencTaBiena MeAUIIMHCKAs YKCIIEPTHAS CUCTEMA Ha OCHOBE b3, MOCTpoeHHAsI ¢ HCIIOJIb30BAHUEM CEMaH-
TUYECKUX ceTel n Heu€TKkou noruku. Pazpaborannoe [10 mo3BossieT Bpayy Ha OCHOBE JaHHBIX O TUATHO3€ MalMeHTa U
Te4eHUH 0OJIe3HM MoiydaTh crnucok pekomennanuid. CIIIIP, opueHTHpoBaHHAs HA MAllMEHTa U MCIIOIB30BAHNE OT3bI-
BOB M3 COLIMAJIbHBIX CETeH, npeaiokera B [S5]. OT3bIBbI MALMEHTOB aHAJIM3UPYIOTCS Ha MPEAMET TOHAJIIbHON OKpacKu U
peoOpa3yoTcsl B CTPYKTYPUPOBAHHBIC TaHHBIC, KOTOPHIC MCIIONB3YIOTCS s co3manus b3 o manuenrte. B pamkax wc-
cleJ0BaHUs POOIIeMBI N30BITOYHON MacChl Tea y IeTel B [6] MpencTaBieHb pa3paboTku B 0bnacTu cozmanus b3 mis
MEIHUIITHCKUX IKCIEPTHBIX cucteM. s ¢popmupoBaHus b3 3KCIEPTHBIX HUATHOCTUYECKHX CHCTEM IPEIIONKCHO HC-
M0JIb30BaTh HeuéTkue HelpoHHble cetH [7]. Ilepeuncnennsie u npyrue CIIIIP npumeHstoTcs Amsl pelleHUs] KOHKPET-
HBIX 33124 JIU 3aTParuBaIoT ONPEAeIEHHYI0 chepy MEIUIIMHBL. BOIBIIMHCTBO MPEIOKEHHBIX PealTu3aliid HaXOIITCs
Ha CTaJNH TMpOoeKTa JuO0 MpoToTHIa. 3apyOeHble pa3paboTKK He 00Jadar0T MOJAEPKKON PYCCKOTO SI3BIKA, YTO 3a-
TpyIHSET 00paboTKy HH(pOPMALIUU U TIOCTpoeHue b3 ¢ X moMoInkko.

Bo03MOXHBIM CpeJICTBOM pEIICHHsI 3a7a4u MOCTpoeHus uHdopmarmornHoro xpanwmima CITTTP
[IpO neuenuss GpOHXOIErOUHBIX 3a00JIEBAHUI MOXKET cTaTh OHTOJIOTUA [8]. OHTOIOrMYECKU MO~
XO/JI TIO3BOJISIET CBSA3aTh TEPMHUHOJIOTHIO U KIMHHUYECKHE PEKOMEHJIAIMU U Ha X OCHOBE pa3pado-
TaTh JCPEBBSl MPUHATHS pelieHui, n3 KoTopbix Gopmupyrotcs [1I1. CoBoKymHOCTH MpaBuil O3BO-
JUT 00bEeTUHUTH B eMHYI0 b3 knnHndeckue pekomenaanuu [9].

1 WU3Bne4yeHue 3HaHUK gns HopMUpPOBaAHUA MH(POPMALIMOHHOIO XpaHunuwa

1.1 CrtpykTypa meTtona

B CIIIIP o0bexkTamMu ucciaeaoBaHus SIBISIOTCS PEHTTEHOJIOTHYECKUE CHUMKH, UCTOpUHU 001e3-
Hel, cuMOTOMBI 3a00JI€BaHUM, KIMHUUYECKUE PEKOMEHJAIMM, MPEJCTAaBICHHbIE B ONUCATEIbHOM
Buje. [t ux onucanus HeoOXOIMMO HCHOJIb30BaHUE CIIELUAIbHBIX TEXHOJOTUH 00pabOTKHU cia-
OOCTPYKTYpUPOBAHHBIX U cliabodopmann3oBaHHbIX JaHHBIX [10]. OnHOM U3 TaKUX TEXHOJIOTUH SIB-
JSETCS METOJI W3BJICUYCHMS] 3HAHUM, OINpEAENsieMbld ITOCTPOCHHBIMHU JIE€PEBBSIMU 3aBHCHMOCTEN
MEX]y CJIOBAaMU B IIPEJIOKEHUH C YIETOM MCIIOJIb30BaHUs [TOCIIEN0BaTENbHOCTU ITpuMeHenus 1111
B npouecce nocrpoenus b3 KIMHUYECKMX PEKOMEHIALMHI MPU MOMOIIKA METOJ1a U3BJICUCHUS 3HA-
HUI HE00X0AUMO BBITIOJIHUTH CIIEAYIOIINE 3Tanbl 00padoTku AaHHBIX [11]:

1) co3manue oHTosorui IIpO — ommcaHne KOHLIENTYyaJlbHOW CTPYKTYPhl MEIUIMHCKUX 3HAHWUU

[12];

2) aBTOMAaTHYECKOE BBISBIEHHE TEKCTOB KJIMHUUYECKUX PEKOMEHAAIUN MO KOHKPETHBIM 3a00eBa-
HUSAM (Hanpumep, OpoHXoEroyHsIM 6ose3HsI M) [13];

3) mporpaMMHasi TeHepalus JAepeBbeB MPUHATHS pelieHuid Ha ocHoBe oHTosnoruu IIpO u KiIuHU-
YECKUX peKoMeHaanui [14];

4) ¢opmupoBanue Habopa I1I1, Ha ocHOBe KOTOpBIX cocTaBisieTcss b3 CIIIIP.

OHTONOTUS NPOEKTUPOBAHUS, N2, ToM 14, 2024 271



Cmpyxkmypa unghopmayuuoHHo20 Xpanuiuwd cucmemsbl NOOOEPIHCKU RPUHAMUSA KIUHULECKUX PeuleHUll

1.2 OHTOonornyeckas b3

Onronoruyeckas b3 pazpabareiBaemoro unpopmannonnoro xpanunuma CIIITP peanusoBana

Ha si3pike OWL. B kauecTBe sA3bIKa 3aPOCOB K IAaHHBIM OHTOJIOTMU Ucnionb3yercsa SPARQL. Mope-
. ;1

JMPOBAHUE OHTOJIOTHI OCyIecTBIsieTca Ha 0aze Protégé . @parMeHT AepeBa KIacCoB OHTOJIOTHH,

pazpaboTaHHoro npu nomouy miaruHa OntoGraf, npecTaBieH Ha pUucyHKe 1.
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Pucynox 1 — ®parmeHT aepesa kiiaccoB oHTosI0rUM (Protégé - OntoGraf)

1.2.1 Uepapxus knaccos

Hepapxus kiaccoB oHTojornueckoil b3 paszpabaTsiBaeMoro MHGOPMAIMOHHOTO XpaHUIUINA

CIIIIP mpencrasieHa B BHIE JiepeBa (4acTh MEPApPXUU KJIACCOB pa3pabOTaHHON OHTOJIOTHHU Tpe/I-
cTaBjieHa Ha pucyHke 2). Cpeln MHOXKECTBA €ro BETBEH JJIs MpUMepa MOKHO BBIIEIUTH CIIEAYIO-
L€ KJIACCHI.

«Inarno3 no COVID-19» BkitodaeT cTeneHu TshkecTu 00se3Hu (J€rkas, cpenHeTskenas, Ts-
wenas).

«I[I/IaFHOCTI/IKa» noapasacisiCTCs (CO BCCMU NOMNOJHHUTCIBHBIMU IMOJKJIIACCAMH W MOAITYHKTa-
MH) Ha UHCTPYMEHTAJIbHYIO, Ja0OpaTOPHYIO, OJPOOHYIO OLIEHKY (aHaMHe3 3a00JeBaHUs, Ka-
JI00BI, AMUAEMHUOJIOTUYECKII aHaN3) U (PU3UKAITBHOE 00CIIeIOBaHHE.

«JlabopaTopHoe 000py/1I0BaHHE» BKIIIOYAET MHCTPYMEHTHI, HEOOXOAUMBIE JJIs1 TUATHOCTUKU U
JIieYeHHus yKazaHHoro 3aboseBanus (annapat UBJI, Oponxockorn, 12-kanansabiit OKI u np.).

1.2.2 Mempuku Kka4ecmea oHmMoJsio2uu

HccnenoBanus KauecTBa OHTOJIOTHHU MMPpOBOAMIIOCH HA OCHOBEC aHaJIN3a TOIIOJIOTUHN rpa(ba. B ka-

YeCcTBE OCHOBHBIX METPHUK ObUIM UCIIOJIb30BaHbI METPUKU KOTHUTHBHOM 3proHOMHYHOCTH [ 15]:

1)

2)

I'nybuna onmoaoeuu. IlyTs Tpada — mocaegoBaTeIbHOCTh COSAMHEHHBIX BEPIINH OT KOPHS A0 JHCTa. DTOT mapa-
MeTp HEOOXOIMMO YYHUTHIBATh NPH OIEHKE OTHOCHUTEIHHOH, CpEeJHEH MM MaKCHUMalbHOW TIyOMHBI rpada. Mak-
CHUMalbHasl TTyOWHa B 4EThIPE BETBU (TIOCIECIOBATEIBHOCTH) SBISIETCS JOCTYITHOM ISl BOCIIPUATHS U JIETKO aHa-
JIN3UPYEMOH.

Ulupuna onmonozuu ompenensieT KOJMYECTBO BEPIUINH M OIEHUBAETCA ¢ TPEX TOUEK 3PEHHs] — KaK abCOTIOTHAsS
(cymMa BepIIuH), CpeHss UIIU MakCUMallbHas (KOJTMYECTBO BEPIIMH Ha caMOM OOJIBIIIOM YPOBHE MEPApXHH Tpa-

! Protégé (the Stanford Center for Biomedical Informatics Research at the Stanford University School of Medicine). O¢uiuasHbiii
caifr. https://protege.stanford.edu.
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¢a). CpeaHsisi IIMPUHA OHTOJIOTHH pa3padaThiBaeMoii cucTeMsbl - 4,3 BepunHbl. [1o 3TOMY NMOKa3aTeIr0 OHTOJIOTHS
SIBJISIETCSI XOPOIIO MPOPadOTaHHOM U pa3/ieIEHHON Ha UepapXUH C TOYKH 3PEHUSI KOTHUTUBHOM S)PrOHOMHUKH.
3) 3anymannocmv ommonoeuu PacCMaTPUBACTCS C

MO3ULUK MHOXXECTBEHHOIO HACIICJOBAHUS — Kak ' T---rh‘:]gmarHug_ng_colj[D_lg
KOJIMYECTBO BEPIIMH Tpada OHTOIOTHH, Y KOTOPBIX v CT@E;::;;"::Z;:;'“"“"“
€CThb HECKOJIBKO HEIOCPEJCTBEHHBIX CyIepKiac- & CpegHe-TRxENaR_cTeneHb
coB. IlockonbKy B paccMaTpHBacMON OHTOJIOTHH . -©TAxénan_crenens

v--0 [lMaruocTiaka

V-0 VHCTPYMEHTANbHaA_LMarH0CTAKA
: NyuEBan_AMarHocTvKa
NYNbCOKCUMETPHA

TaKOTO HAacJICOBAaHMS HET, TaHHAsi METPUKa UMEET
ONTUMAJIbHBIN HYJIEBOI MOKa3aTelb.

4) KonndyecTBO aHOHUMHBIX KJIACCOB TAK)KE PaBHSCT- e
CSl HYJIIO, YTO TO3BOJISCT YIYYIIUTh BOCIHPUHHMA- - NaBopaTopHan_amarHocTuka
€MOCTb M YUTAEMOCTb Pa3pabOTaHHON OHTOJIOTUH. - B0 06uan

O JTunoriyeckan
[CHKa OHTOJIOIMU HpOBOHHTCH Ha BCEX BhiABAeHWe_aHTureHa_SARS-CoV-2

3Tarnax pa3pa60TKH HO BhIfABNEHWe_MMMyHOrNyGn1HoB_knaca_AM_u_G_k_SARS-CoV-2
‘ - Boiaenenue_PHK_SARS-CoV-2
¥--0 Nogpobnan_oyenka
o - aHaMHe3_3aboneBaHuA
1.3 [epeBbsa NPUHATUA peLleHnin S xanotel
. BHMABMHOHOFHHKME dHdMHe3
B ocHoBe pa3zpabareiBaemMoro uHgpopma- ¥ 8 Ou3ukanbhoe_ofcrienosanue
- AYCKYNbTALMA_M_MepPKYCUA_Nerkux
uuonHoro xpanwnuma CIIIP nexar nepeBbs 0 Vizmepense_Sp02
v - u3mepenve_YCC,AQMANA
peI_HeHI/II/I - I/IepapXI/IquKI/IC CprKTprI’ CO- - MCNERO0BAHWE_0PTaHoB_OpHLIHOK_NONOCTH_C_onpejiefieH4eM_paiMepos_NedyeHy
crosiiue u3 I1I1, KoTopble MOTYT OBITH CreHe- -~ @ vlenka_cusuctbix_ofonouek
- 0l{eHKA_YPOBHA_CO3HAHUA
pUpOBaHbl BO BpeMst oOyueHus: mozaenu [16]. @ nanbnausa_nambarmieckux_y3nos
- () TRPMOMETPUA
Kak nmpaBuiio, nepeBbsi NPUMEHSIOTCS ISl aHa- v. ”aﬁupmpm oGopyaoaatue
JIM3a MaCCUBOB MH(OpPMAIIUU U PEIICHHS 3a]1a4 ;2 KakankHoli_3KT
- Bipap
kinaccudukanuu [17]. CtpykTypa nepeBa npu- @ Annapar_/B1
o -/ BpoHXoCKoN
HATHS PEIICHUN MOXKET OBITh OMKCaHa KakK CO- - Bugeobposxackon
BOKYITHOCTb «BETBEW» (C ONUCAHUEM IpHU3HA- L poneBaAMORVUIANAPON MO
o o o eMaTonoriyecKMi_aHannzatop
KOB U YCIIOBHIl) U y3JI0B — 3HAYEHHH 1I€TIEBOM - Mpagychwk
- [ledbpunnatop
dbyakunn  («ractbeBy). Krnaccudukamus Ho- - by 3vioHbi_wacor
- - KMCNOPOHbIA_KOHL @HTpaTop
BBIX IPU3HAKOB NPOUCXOAUT IIPU IEPEMELIE -

HUU II0 BETBSIM C MOCJIEIYIOIIHUM T0JIy4€HUEM
3HaueHul u3 y3i10B. KirtoueBoil 0cOOEHHOCTHIO
JIEPEBbEB IIPUHSATHUS PELLIECHUN SBIIAETCSA NPO-
crora renepauuu [III, onuceiBaeMbIX Ha ecrte-
CTBEHHOM s3bIKe. B kauecTBe mpumepa npuBeIéH (GparMeHT OJHOM M3 BETBEH JiepeBa MPHUHSITHS
pelIeHUi, TOCTPOEHHOr0 Ha 0a3e CTPYKTYPUPOBAHHBIX TEKCTOB KIMHUYECKUX PEeKOMEHIauui (pu-
CYHOK 3).

Pucynok 2 — Yacte uepapxuu KjiacCoB OHTOJIOTHYECKOM
0a3bl 3HaHui HHGOpMaIoHHOro Xpanuuiia CIITTP
(Protégeé)

e100xa?

Kaxol o6bem opCuposaHHo20 one6a
9909yX3 3a 110PeYI0) CeRVHOY Menswe 60%: nm&;??u:léxcxopoauz
MaHEEDa POPCUPOBIHHOZO ei00xa?

AWATHO3 HE NOATBEPXAEH

Pucynox 3 — @parMeHT 0/1HOM U3 BETBEH AepeBa MPUHATHS PEIICHUH MO JUATHOCTHKE OPOHXHATBHON aCTMBI

U3 npencraBneHHOro (pparMeHTa BETBU JIepeBa MPUHATHUS PELICHUI MOXKHO c(hOPMUPOBATDH PSJT
[1IT no nuarHocTuke OPOHXHAIBLHON aCTMBI y MAIIMEHTA C COOTBETCTBYIOIIUMHU CHUMITOMAMH.
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Crpykrypa IIII Ha ocHOBe nepeBa NMpPUHATHUS pelleHHi B opmare, HOIXOASIIEM AJIs UCIOIb-
3oBanus B b3 knumanyecknx pexomenaanuii CIIIIP B o0mem Buie BBITTSIIAT KaK CBsI3Ka IBYX OJ10-
KOB — «YCJIOBUH U CUMIITOMOB)» (HauMHAaeTcs ¢ KiatoueBoro cioa ECJ/IA) u «Jledenus» (KIII04eBOe

cioBo 70). Ilpumepst pazpadoranusix [111:

ECJIA y manuenTta o0bEM (HOPCHPOBAHHOTO BO3JyXa 3a IIEPBYIO CEKyHJY MaHeBpa (hOpCHPOBAHHOI'O BBIJOXa
meHble 60% /M xonebaHus TUKOBOM CKOpOCTH BbIoxa Oosblie 30%, 70 MoxeT ObITh MOCTaBIeH AuarHo3 «Cry-
niess 4: [lepcucTupyronas OpoHXHaIbHAS ACTMA TSKEIOTO TEUCHH;
=  FECJIA y nammeHTa 00bEéM (OpPCHPOBAHHOTO BO3AyXa 3a MEPBYIO CEKYHAY MaHeBpa (HhOPCHPOBAHHOTO BBIIOXA
Mmenbie 60% M xonebaHus MUKOBOK ckopocTH Beigoxa oT 20 1o 30%, 70 MoxeT ObITh IOCTaBNeH nuarHo3 «Cry-
niess 3: [lepcuctupyronas OpoHXHaIbHAS ACTMa CPETHEH CTETIEHH TSHKECTH,;
= ECJ/IM y mamuenTta o0bEM (HOPCHPOBAHHOTO BO3/yXa 3a IEPBYIO CEKyHIY MaHEBpa (DOPCHPOBAHHOTO BBIJOXA
MenbIie 60% M konebaHus MUKOBOM ckopocTH Beioxa MeHee 20%, 7O nuarHo3 «acTMa» He MOATBEPKAEH.

1.4 TlocTpoeHue aepeBbeB NPUHATUS peLLeHni

HauOosnee 3aTpaTHBIM C TOUKH 3pEHUSI PECYPCOB BbI-
YUCIUTENbHBIX YCTPOMCTB SIBJIIETCSA ATAll aBTOMAaTHue-
CKOW TreHepaluy JIepeBbeB NPUHATHS PELICHUH Ha OCHO-
BE€ TEKCTOB KIMHUYECKUX PEKOMEHJALUNA U OHTOJIOTHUH,
T. K. MaccuBbl 00pabaThIBAEMBIX JIaHHBIX MOTYT OBITbH
OOJIBIITNMH.

[Topsiiox mocTpoeHus AepeBbEB NPUHATUS PELICHUN
noka3zaH Ha pucyHnke 4. CpopMHUpOBaHHBIC JIEPEBbs MPH-
HATHUSL PELICHUS MCHOJb3YIOTCS JJIS HAIOJHEHUS COOT-
BercTBYyromMX b3 knnHnuyeckux pexomenaauuit CIITIP.

2 Peanusauusa cuctemMbl

Peamuszamma wmemumuackor CIINIP nmaxomutcs Ha

JTarne MpOTOTUIMPOBAHUS, Pa3pabOTKU U TECTHUPOBAHUS

Oumonoaus
mepMUHO8

Tekcms!
KILUHUSECKLX
peromendaLul

l

l

BobideneHue CmpykmypupoeaHue

KNMO4Yeebix cnoe

mercmoe

~,.

mercmamu

NocmpoeHxue zaeUcuMocmed
Mexdy KmoYeesIMU CTOSaMy U

v

FopMUpOEaHUe
depeea NPUHAMUA
pelwerul

A

A

Pucynox 4 — ITopsiiox moCcTpOeHHsI IepEBhEB

peueHui

OTACIBbHBIX KOMIIOHCHTOB. Hp CJIOKECHO

CO3JIaHME €AMHOT0 NH(OPMAIIMOHHOTO XPAHWINIIA TyTEM 00bEJUHEHUS OTACIbHBIX HIIEMEHTOB!
=  BJI - obuee xpanuiuiie UHGOpMALMK O MallMeHTaX (MCTOpuUs OOJIE3HU, TUUHbIE JAHHBIE);

= oHTOJIOTHYecKas b3;

=  mpoxaykiuoHHas b3 — xpanunuiie E
IIII n nepeBbEB NMPUHATHA peLIe- QY , , N
HUM, CHOPMHUPOBAHHBIX HA OCHO-  spawnynomononor — %
BE€ TEKCTOB KJIMHUYECKUX PEKO- - - Omeer
MeH fanii; —
"  METaJaHHbIE — JIOTOJHUTENbHAs Q@) = o,m,mcm npomm,,
I/IH(bOpMa]_[I/IH 0 COI[ep)KI/IMOM WIIH A > ba3a 3HaHui ba3a 3HaHuA
oObekTax b3. BAmROEpe Ul l ‘. ! N
=
Pa3paborana o0mas cTpykTypa " -
MH(OPMALIMOHHOTO XPaHWJIHIIA, é e
"
npeJCcTaBjIeHHas Ha PUCYHKE 5. =l "t‘;‘;’::;‘:;:"“
@®parment moaenu b/l nundpopma-
[MOHHOTO XPaHMWJIMIIA MPEICTABJICH Pucynok 5 — O6miast cTpyKTypa HHPOPMAIMOHHOTO XPaHIITUINA

Ha pUCYHKE O.

Ha Brixome CIIIIP dhopmupyeT oTUET M5 cienuaiucTa ¢ peKOMEHIAIMAME 110 JICUCHUIO TIallH-

CHTa, HOHy‘-IGHHBIﬁ Ha OCHOBC aHa/Iu3a JaHHBbIX.
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Pucynox 6 — @parmeHT Mozenn 0a3bl JaHHBIX HHPOPMAIIMOHHOTO XPaHHIIHIIA

3aknroyeHue

Pa3zpabarbiBaeMoe HHPOPMAIIMOHHOE XPAHWIUIIE MOXKET CTaTh OCHOBOM Menuunackou CIIIIP,

HpHMeHHeMOﬁ JJIA TTIOCTAHOBKH TMAIrHO3a U HA3HAYCHU A JICUCHUA ITAllTMCHTOB.

[IpennoxeHHbIH METOJT OTINYAET MCIOJB30BAHNE aBTOMATUYECKOr0 (JOPMUPOBAHUS J€PEBHEB

TIPUHATHA pemeHHﬁ Ha OCHOBEC TCKCTOB KIIMHHUYCCKHUX peKOMeHI[aI_II/Iﬁ " OHTOJIOTHUH.
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Abstract

The construction of an information repository for a clinical decision support system (CDSS) in the weakly formalized
subject area of treating bronchopulmonary diseases is considered. An overview of approaches to creating knowledge
bases in this subject area is provided. A method for extracting knowledge is described, which is based on rules from
clinical recommendations and the search for dependencies between words in sentences, taking into account the se-
quence of rule application. The information repository of the CDSS is populated with ontological and production
knowledge bases using the proposed knowledge extraction method. An ontology for the selected subject area was de-
veloped, and studies of its quality were conducted through an analysis of the graph topology using cognitive ergonom-
ics metrics. The effectiveness of the described knowledge extraction method is demonstrated. An original architecture
for a clinical decision support system has been developed.
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AHHoOTauuA

OO0cyxaaroTcsi 0apbephl, 3aTPyIHSONIME TPUMEHEHHE B MPOU3BOJICTBE aIMTUBHBIX TEXHOJIOTHMYSCKUX
MPOIICCCOB M3TOTOBJICHHUSI METAUTMYCCKHUX JeTanicit. OOOCHOBBIBACTCS HEOOXOAMMOCTh BHEIPCHUS HH-
TeﬂﬂeKTyaHLHOﬁ CUCTEMBI NTOAACPIKKH IPUHATHUA peH_IeHI/Iﬁ B HpO(I)eCCI/IOHaJ'H)HyIO ACATCIIbHOCTh MHXKC-
HEPOB-TEXHOJIOTOB JIA3EPHOI'0 aJJIMTHBHOTO ITPOM3BOCTBA. YKa3bIBAIOTCS IPEUMYIIECTBA, KOTOPbIC Aa&T
MIPUMEHEHHE Pa3pabOTaHHOTO OHTOJIOTMYECKOIO IBYXYPOBHEBOTO IMOIX0/a K (POPMHUPOBAHUIO CEMAHTH-
yeckoi nHdopmanuu. OCOOEHHOCTH 10/1X0/1a COCTOUT B TOM, YTO OHTOJIOIMYECKUE MOJICIH OT/IEJICHBI OT
(dbopMupyeMBbIX Ha UX OCHOBE 0a3 JIAHHBIX U 3HAHUN — [IEJIEBON MH(POPMAIIMU, @ OHTOJIOTHUS ONpe/essieT
MpaBuiia CTPYKTYPUPOBAHHOTO (hOpMHUPOBaHUS 1ieseBoi uHpopMmalmu U e€ uHTepnperanuu. [Ipencras-
JICH aHCaMOJIb OHTOJIOTMYECKUX MOJICIICH, MON0KEHHBIN B OCHOBY pa3padaThiBacMOM MHTEICKTYaIbHOM!
cucteMbl. OrnucaH cocTaB aHCaAMOJIs MoOJeNeH, Ha3HAUCHHUE OTICIBHBIX €r0 KOMIIOHCHTOB M BO3MOYKHEIC
THUIIBI CBSI3el MEXKy HUMHU. B coctaB aHcamOJIsi BXOJSIT OHTOJIOTMH: CIPABOYHBIX 0a3 M0 000pYA0BaAHUIO
U MaTepuajaM JIA3ePHOTO aJJIATUBHOTO MPOHM3BOJICTBA, APXUBA IPOTOKOJIOB TEXHOJIOTUIECKUX OICpPaIIHid
nazepHoi 00paboTKH, 6a3bl 3HAHWH O HACTPOHKAX PEKUMOB Jla3epHOH 00paboTKM M 0a3bl MaTeMaTHde-
CKHX MoJieJieil. AHCaMOJIb OHTOJIOTHUECKUX MOJIeJIel peann3oBaH Ha oOiaunoi miatdopme I4CPaaS ¢
UCIIOJIb30BaHHEM €€ MHCTPYMEHTAIBHBIX cpecTB. OHTONOrUH, 0a3bl JaHHBIX M 3HAHWH, & TAKXKE CUCTEMa
MOJJICPIKKK TIPUHSATHS PEIICHUH BXOJST B COCTAB MOPTaia 3HAHUII O JIa3ePHOM aJINTHBHOM POU3BO/I-
cTBe. AKKyMYJIHpOBaHHE B MOPTaje M JalibHEHINee HCIONIb30BAHNE 3HAHUI M OIbITA, HAKAIIMBACMBIX
Pa3HbIMU TEXHOJIOTAMH, TIO3BOJHUT YMEHBIINUTD YHUCIIO MIPEABAPUTEIHHBIX IKCIIEPUMEHTOB, HATPABICHHBIX
Ha BBISIBJICHUC TMPAKTUYCCKU MPHUTOTHBIX TEXHOJIOTMYCCKHX PEKUMOB, a TAK)KE CHU3UTH TPEOOBAHUS K
KBaJTU(UKAIUHU TT0JIb30BaTEIIC TEXHOJIOTHUECKOTO 000PYI0BaHUSI.

Knrouesvie cnosa: noooepoicka npuHsamusi peuieHull, OHMOIOSUU, OHMOIOSUUECKOe NPOeKMUPOSAHLe,
JlazepHoe a0OumueHoe npou3e00Ccmeo, 2paghoeas Mooeib, 0oiaunas niamgopma.

Humuposanue: I'pubosa B.B., Kynvuun FO.H., Hukumun A.1., Tumuenxo B.A. AHCaMOIIb OHTOJIOTHYE-
CKUX MOjIeNel Juis 00ecreueHns] HHTeIUICKTYaIbHOM MOIEPIKKH JTa3€PHBIX a/JIMTUBHBIX TEXHOJIOTHYe-
CKUX TIporieccoB // Oumonoeusa npoexmuposanus. 2024. T.14, Ne2(52). C. 279-300. DOI:10.18287/2223-
9537-2024-14-2-279-300.

@unancuposanue: PazpaboTka OHTOJIOTMYECKOW 0a3bl 3HAHUH O HACTPOWKAX PEKMMOB BBITTOJHEHUS
ma3epHOi 00pabOTKM BEITIONHEHAa B paMKax rocymapctBeHHoro 3amanus MAITY JIBO PAH (tema Ne
FWFW-2021-0004). Pa3zpaboTka KOMIUIEKCa CBSI3aHHBIX OHTOJIOTHYECKHX PECYpPCOB BBINIOJIHEHA B PaM-
Kax MporpamMMbl rOCYJIapCTBEHHON MOJIEPKKU 1IeHTpoB HalroHanbHON TEXHOIOTHYECKOW MHUIIUATHBbI
(HTH) na 6a3ze oOpa3oBaTeNbHBIX YIPEKICHUN BBICIIETO 00pa30BaHMA M Hay4HBIX opranu3anui (Lleatp
HTU «IludpoBoe MaTepuanoBeeHNEe: HOBbIE MaTepHaibl U BeuiecTBa» Ha 6aze MI'TY um. baymana).

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

BBepgeHune

Texnomorun agauTUBHOTO Tipon3BojacTBa (All) MeTammueckux aeraneil o0JamaroT CIEIyro-
IIMMHU BO3MOKHOCTSIMU: M3TOTOBJICHHE MPOAYKIIMH CIOXKHBIX (POPM, 3HAUUTEIbHOE CHUKEHUE Mac-
Chbl U3/IETUI U COKpAIllEHHEe CPOKOB MPOU3BOJCTBA MPOTOTUIIOB, MOBBIIEHHE YPPEKTUBHOCTH HC-
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Ancambno onmonozuveckux mooenetl 018 0becneyeHus UHMeL1eKmyaIbHOU HO00EePHCKU NAZEPHBIX A0OUMUBHBIX MEXHOI0SULECKUX. .

M10JIb30BaHUS MaTepUaoB. B MITydHOM U MENKOCEpPUITHOM MPOU3BOJICTBE aIMTUBHBIC TEXHOJIOTHU-
YeCKHe MPOIECCHl SBISIOTCS aIbTEPHATUBOM TPAJUIIMOHHBIM METOJaM 0OpabOTKH MaTepuaoB
(Mexanuyeckas 00paboTKa, TUTHE, IITAMIIOBKA U Jp.). VIX npuMeHeHre B MPOU3BOICTBEHHBIX MPO-
[[eCCax OTKPBIBAECT BO3MOXKHOCTHb CO3JaHMS, BOCCTAHOBJICHHMS M MOAU(DUKALIUHU CIOKHBIX KOH-
CTPYKUUH C YIy4IIEHHBIMU CBOWCTBaMHU, KOTOPbIE PaHEee HE MOTJIH OBbITh MOTYYEHbI U3-32 TEXHOJIO-
rudyeckux orpanunyeHuit [1-3]. OcHOBHbIE HaIpaBiICHUsI rOCYJapCTBEHHON monmuTuku Poccuiickoit
Oenepannu B chepe pa3BUTHS aJIMTUBHBIX TEXHOJOTUH onpezeneHbl CTparerueil pa3BuTHs aiiu-
TUBHBIX TeXHOJ0rui Ha iepuo a0 2030 roxa [4].

Texnomornueckuii npouecc DED-LB (Laser-Based Directed Energy Deposition — npsMon
MOABOJI PHEPTUU Jiazepa U marepuana) [5, 6] sBusercsa HauboJee CI0XHBIM, HO MEPCHEKTHBHBIM
nporieccoM All [7]. C ero moMoIipo MOKHO HE TOJIBKO M3TOTaBIMBATh KPYITHOTaO0apUTHBIE METaJl-
JTYecKue 00BEKTHI [8], HO U BBINOIHATH BOCCTAHOBIICHHE OBPEKIEHHBIX WM M3HOIICHHBIX JeTa-
niel, a TakKe UX KOHCTPYKTUBHO-(PYHKIIMOHAIBHYIO MOIU(DUKAIIHIO.

Hapsiny ¢ npeumyiiecTBaMu BHEIPEHUS aJAUTHBHBIX TEXHOJIOTUH CYLIECTBYIOT M Oapbephl,
KoTophble 3aTpyaustoT nmpumenenue All meramnmuueckux neraneit [9—11]. OcHoBHast mpoOiema co-
CTOUT B HEOOXOJAUMOCTH y4€Ta BIUSHUSA OOJIBIIOTO KOTHYECTBA (PAKTOPOB M TEXHOJIOTHUECKUX TTa-
pameTpoB Ja3epHON 0OpabOTKH Ha AIEMEHTHBIM COCTaB M MUKPOCTPYKTYPY Marepuaia JeTaiu
(oOpa3oBaHMEe Pa3IMYHOTO BUJA JC(PEKTOB: TPEIIUH, ITOP, OTCIOSHUH, PACCIIOCHUH U T.1I.) JO IO-
CTOOPaOOTKH (IETaNU-MPOTOTUNIA), & TaKKe (U3UKO-MEXaHUUECKHUE XapaKTEPUCTUKU TOTOBOTO H3-
nenus. B HacTosiiiee BpeMsi peXUMBbI JIa3€pHOIO CIUIABJICHUS METaNIMYECKUX MaTephalioB 3aya-
CTYI0 MOAOMparoTcss MeTooM mpod u ommbok. Takol MOAX0J K MPOSKTHPOBAHUIO aJTUTHBHBIX
TEXHOJOTMYECKHUX MPOLIECCOB SIBISIETCS 3aTPAaTHBIM 110 pecypcaM U 1o BpeMeHH [9, 12]. Yuér B3au-
MO3aBUCUMOCTH OMPEIEISIONINX MapaMeTpPoB Mpoliecca TpeOyeT MEXAUCHUIUTMHAPHBIX 3HAHUN U
npodecCHOHATBHON Koomepauuu crnenuaancToB. CIeacTBHEM 3TOTO MOYKHO HAa3BaTh KaJpPOBYIO
npobieMy, CBA3aHHYIO C «BBICOKMM MOPOroM Bxojax» B jasepHoe All (JIAID).

Ha stom (pone oTmedaeTcss HEIOCTATOUHBIN YPOBEHb MHTEIUIEKTYAIbHON MOJAECPKKU UHIKEHE-
POB-TEXHOJOTOB Tpu TpoekTupoBanuu mporeccoB All [10, 11, 13], cBsI3aHHBIA C TPYTHOCTHIO
MacIITa0OMPOBAHUS TEXHOJOTUYECKUX PEUICHUH MPHU U3TOTOBICHUHM METAJUTMUECKUX W3ACTUI Me-
TOJIOM MPSAMOIO MOJIBOAA SHEPruu U marepuana. Omiyiaercs HeXBaTKa MHTEIIEKTyalbHbIX COBE-
TYIOUIUX CUCTEM JJI MOMOILM KOHCTPYKTOpaM, TEXHOJOTaM U MHBIM CHEIUAINCTaM B pacuére mna-
paMEeTpOB TEXHOJIOTMUYECKUX PEKUMOB. Tpyn0EMKOCTh, CPOKH U CTOMMOCTh COMPOBOKICHUS TaKUX
CUCTEM 3auacTyio nenaroT nporecchl All HepentabenpubiMu [14, 15].

[lepeuncnennbie MpobdaeMbl 00YCIOBIMBAIOT AKTyaJIbHOCTh CO3/IaHUsl KU3HECHOCOOHOM [16]
UHTEJUIEKTYaJbHOM CHUCTeMbl moajepxKu npuHsatus pemenuit (CIIIP) s uHXeHepoB-
texnosioroB JIAII [17, 18]. Ha stane npoextupoBanusi Texnojoruueckor omnepanuu CIIIIP Bwipa-
0aThIBaeT PEKOMEHJAIMU 10 MPUTOAHBIM PEKUMAM PabOThI JIa3ePHOT0 poOOOTOTEXHHUUECKOTO 000-
pyloBaHUS Ui pa3pabOTKH yNpapBisiouux nporpamm. [loa mpuroiHbIM pekHMMOM IOHUMAETCS
MHO’KECTBO TaKMX 3HAYEHWM NapaMeTpoB aJAUTUBHOIO TEXHOJIOTMYECKOIO IpOIECcCa, KOTOPHIE
MO3BOJIAIOT O00ECIeUnBaTh COOTBETCTBUE IMOJIyYaeMbIX METaNIMYECKUX 3arOoTOBOK M JeTajeil Tpe-
OyeMBbIM KpUTEpUSM KadyecTBa IO 3JEMEHTHOMY COCTaBYy, I'€OMETPHUECKUM pa3Mepam, HalH-
YUI0/OTCYTCTBHIO PA3JIMYHBIX A€(PEKTOB, MUKPOCTPYKTYpe (3aIaHHBIX B TPEOOBAHUAX K PE3yIbTaTy
TEXHOJIOTMYECKOM orepanun).

OpHuM U3 pacnpoCTpaHEHHBIX MOIXOA0B K CO3/IaHUIO MPOTPAMMHBIX CUCTEM SBIISETCS MPOEK-
TUPOBaHME U pa3pabOTKa MPOrpaMMHOro o0ecrieyeHnst Ha ocHOBe oHTosoruil [19]. Hacrosimas pa-
00Ta TOCBSIIEHA OMUCAHUIO aHCAMOJIsI OHTOoJIoTHYecKnX mojeneit (OM), MoJ0KeHHOTO B OCHOBY

unteuiekryaabHoi CIIIP ns nnxenepos-texnonoros B cepe JIAII Mmerannuueckux neraneit mo
TexHonoruu DED-LB.
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1 MaTepumanbl n metoabl

B ocHOBY pa3paboTKu KOMITJIEKCa CEeMaHTUUYECKUX MH(POPMAIMOHHBIX PECYPCOB IMOJIOKEH OH-
TOJIOTUYECKUN 08YXypo6Heablll TIOIX0] K MPEACTABICHUI0 U (OPMUPOBAHUIO JTAHHBIX U 3HAHUN
[20]. B nannoM noaxone OM s6ro omoenenwvt oT 6a3 nanubix (bJ1) u 3nanuit (b3), a onTONMOTHS —
3TO MpaBUjIa CTPYKTYpUPOBAHHOTO (hopMUpoBaHUs MHGOPMALUU U €€ UHTEPIIPETAIlH, HO HE caMa
unpopmanus [16]. Ilpu stom BJ] u B3 (mpenmerHble 3HaHMS) SIBHO OTIENIEHBI OT MPOrPaMMHBIX
€IMHMUII, PeaTU3yIOIIUX METObI UX 00paboTKU (3HAHUS O METoAax peuieHus 3anad). CBs3bIBaHUE,
COIIACOBAHHOCTh M IOBTOPHAsl UCIOJb3YEMOCTh 3TUX KOMIIOHEHTOB 00€CIEUYMBAIOTCSI HA YPOBHE
OHTOJIOTHH (PUCYHOK 1). ﬁ

Takoit moaxoxn nosBOHﬁfT BECTU Pa3pabOTKy U paz- P

BUTHE MPEAMETHBIX 3HAHUW U TMPOTPAMMHBIX EIMHMII /
He3asucumo pasHbIMU TpylnamMu crenuanucroB. Hesa-
BHUCUMOCTb Iporpammubix eaunuil ot bJI/b3 mo3Bomnser
MOIU(HUIIMPOBATH MOCIICTHUE, HE BHOCS W3MCHCHUU B
POrPaMMHBIN KOJI.

Ownrosioruu, co3maBaembie Ha ux ocHoBe BJI/B3, a
TaK)Ke MPOTrpaMMHbIE KOMIIOHEHTHI JUIsl UX 00paboTKH
UMEIOT €JIMHOE JEKIapaTUBHOE CEMaHTHUYECKOE Ipej-
crapienne B Bume rpados momstuit [21]. Jms dop-  Pucysok 1 —Onronornyeckuii 18yXypoBHeBbii
MAJIGHOTO MPEICTABICHUS OHTOJOTHMH MCIONB3YeTCH  ornon X (OpMHUPOBAHIIO AQHHBIX H SHAHIII

o o o OTACJICHUC NIPCAMCTHBIX 3HAHWU OT 3HAHWUU O
A3bIK ONUCAHUSL OHMOJNIo2ull 1Tl oprpadoBOi CBI3HOM METOJIAX PCIIICHHs! 381134
JBYXYPOBHEBOW MoOAETHW WH(POPMAITMOHHBIX CIMHHII
[22, 23]. SI3BIK mpeaocTaBIseT CpeACTBa crenuduKanuu MOACIIeH OHTOJOTHI B (popMe pa3MedeH-
HBIX KOPHEBBIX MEpapXU4ecKuX OMHApHBIX oprpados. opmupyemast Ha OCHOBE MOJIEJEH OHTOJIO-
Uil ceManTuyeckas HHGoOpMaIus MPeICTaBIsIeTCsl TAKOTO K€ Buaa oprpadamu, 3a UCKIIOYCHHEM
TOT0, YTO B HUX OTCYTCTBYET pa3MeTKa, olpejesstoas npasuia GopmMupoBaHus oprpados ese-
BOI MHOpMAIIHH.

CoctaB ancam0Omst cBsizaHHbIXx OM ompexaensiercs crieayromumu ¢dakropamu. [Ipexae Bcero,
HE00X0IUMO 00ecneuyuTh BO3MOXKHOCTh CTPYKTypH3aluu U (GopMaiu3aluu Bceil HEoOXOaUMOMN
uH(pOpMaIlMK O IPOBOAUMBIX TexHonorunueckux omnepanusx (TO) JIAIIL a Takxke o XapakTepUCTH-
Kax HCHOJb3yeMbIX MaTepuanoB U oOopynoBanus. JlomkHa ObITh oOecriedeHa BO3MOXKHOCTh (hop-
MUPOBaHUs KOMILIEKca CBs3aHHBIX b/ 1 cripaBOYHUKOB, colepkalux HHPOPMAIHIO O XapaKTepH-
CTUKaX obpabamvieaemuvlx u pacxoonvix mamepuanos All, ycmanosok JIAIl u o npomorxonax npo-
Bea¢HHbIXx TO. B coctaB ycranoBok JIAII BXOAST: MPOMBIIITICHHBIE Ja3€pbl, YKOMITJIEKTOBAaHHBIS
Ja3epHbBIMU ONTUYECKUMU T'OJIOBKAMU; YCTPOHCTBA, 00ecreunBarolIue nepeMelieHue TojI0BoK OT-
HOCHUTEJIbHO 00padaThiBa€MOl MOBEPXHOCTHU M MO3UIIMOHUPOBAHKE JIETANICH; MOPOIIKOBBIE MMUTATE-
JIY; y3JIBl TIOJIaYW MaTepualia B 001acTh cruiaBieHus/o0padotku u T.4. K obpabaTeiBaeMbIM U pac-
XOJIHBIM MaTepuaiaM OTHOCSTCS: METaUIMYECKUE MOPOIIKU U TMPOBOJIOKM HA OCHOBE Pa3IMYHBIX
CIUIaBOB; TEXHOJOTUYECKHUE Ta3bl, UCMOJIb3YEMbIE B KaUECTBE TPAHCIOPTUPYIOUIETO, 3aIIUTHOTO U
obOxumaromiero cpeacrsa. B cocraB ancam6iass OM BXOAST OHTOJOTHH COOTBETCTBYIOIIUX 0a3 u
CIIPAaBOYHHMKOB, a TAKKE OHTOJIOTHS apXuBa MpoTokoyioB TO nmazepHoit 00pabOTKH.

[Moxxonbl W MeTOABI, KOTOpBIE MpENaraeTcsi HWCIONb30BaTh JUIS BBIIAYM WHKCHEpAM-
TEXHOJIOTaM PEKOMEHJAIUN MO HACTPOMKE PEKUMOB BbIMOJHEHUST TO, BKIIOYAIOT: AEAYKTHUBHBIN
JIOTUYECKHI BBIBOJI HA OCHOBE MU3BECTHHIX (hOpMAaTH30BAHHBIX 3HAHUN M (DAKTOB; PACCYNKIACHHUS 1O
AQHAJIOTMM C MCIIOJNb30BAaHHEM HAKaIuIMBaeMoil 0a3bl MpereaeHTOB (MPOTOKOJIOB BBIMOIHEHHBIX
TO); uncneHHOe MOAETUPOBaHUE (PU3UUYECKHX M XUMHUYECKUX TEPMOJMHAMUYECKUX IMPOIIECCOB,
MIPOUCXOAAIINX B 00JIACTH B3aUMOJICUCTBUS CPOKYCHMPOBAHHOTO JIA3€PHOTO MTydka ¢ oOpabaTbiBae-
MBIM MaTepHajoM. B CTaHOBIIEHWHU W Pa3BUTUU METOIOB MPOTHO3UPOBAHUS KAYECTBEHHBIX Xapak-

% Mporpammuas

"‘(f}‘ eAvMHuua

v

ba3sa 3HaHul /
ba3a daHHbIx
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TEPUCTHUK JI€TAJIC, CUHTE3UPYEMbIX B mpouecce DED-LB, 4icieHHOe MOACIMPOBAHUE SIBISETCS
HaJ&XKHBIM M OTHOCUTENBbHO NeméBbM [24]. B coctaB ancambnst OM Bxoast: onmonocusi b3 o
HACMPOUKAX PeAcuUmMos8 1asepHoll 0opabomxu; oHmono2us 6asvl npeyedenmos U OHmono2us 6a3vl
Mamemamuyeckux mooeneti TEPMOJUHAMUYECKHX IPOIECCOB, COMPOBOMXKAAIOUINX TEXHOJIOTHIO
DED-LB. baza MateMaTUYECKUX MOJIENICH MpeIHa3HauYeHa JJIsl XpaHEHUs MPOrpaMMHBIX peain3a-
Uil pacu€ToB 3HAUCHHI MapaMeTpoOB MOJCIUPYEMBbIX mporeccoB. [Ipu GpopmupoBanum 3HaHUN U
MIPELIe/IEHTOB UCIIONIB3YIOTCS TEPMHUHBI U COZIepKaHNe KOMILIEKca cBsi3aHHbIX b/ 1 cipaBOYHUKOB.

BaxubiM (akTopoM siBiisseTcs: obecrieueHne 0O0JbInell MOAYIBHOCTH U MIOBTOPHON HMCIIOJIb3Yye-
Moctu BJ] ¥ crpaBOYHUKOB, a TakKe€ BO3MOXKHOCTU MX HE3aBHCUMOIO (POPMHUPOBAHHUS Pa3HBIMU
MPEeIMETHBIMU CIIeNUANUCTaMH (TI0 JIa3epHOH (PpH3HKe, MaTepHaIOBEICHHUIO, OTITUKE U JIp.).

HaGop Takux onTosormii omucan B [25]. x ampoOanusi crienpaaucTaMy MO3BOJIHIIa 0003HA-
YUTh MYTH YCOBEPILIEHCTBOBAHUS Pa3paOOTaHHBIX OHTOJIOTMI: YTOUHEHHE U PACIIMPEHUE UX CO-
JepKaTeNIbHOM COCTaBIISIIONICH, paclIMpeHe CIeKTpa MOJIele OHTOJIOTUI B IEJIOM, JajbHeiIas
MoauduKaIus U pa3BUTHE OTASIBHBIX OM TyTéM WX MOIYIISIPU3AIIHH.

2 PesynbTathbl

[TpoBenéH cucTeMHBbI aHaIu3, CTPYKTypHU3alus U hopManu3anus odnactu npodeccuoHalIbHON
JIEATEIIbHOCTH MHXKEHEPOB-TeXHOJOTroB JIAII, oTHOCSIIENHCS K TPOCKTUPOBAHUIO PEKHUMOB BBIIOJ-
HeHust TO. YTouHEHBI XapaKTePUCTUKHA KOMIIOHEHTOB JIa3€pPHOT0 POOOTOTEXHUYECKOTO KOMILIEKCa
(ycranoBku All), a Tak:xke 00pabaThIBAEMBIX U PACXOIHBIX MATEPUATIOB, KOTOPHIC MOTYT OKa3bIBATh
BJIMSIHME HA XOJ BBINOJIHEHUS U pe3yabTaT TexHonoruueckoro npouecca JIAIL PectpykrypupoBan
1 pacmpeH ancam0ib OM it oOecriedeHusT MHTEIDICKTYaTbHOW TIOIICPKKU TIPUHSATHS PEIICHUN
MHXEHEpaMU-TEXHOJIOTraMu Ipu npoeKkTupoBanuu pexumon TO JIAIL

[Tepedyens BXOAAMMX B COCTAB aHCAMOJISI MOJIEJIC OHTOJIOTHH TTOKa3aH Ha PUCYHKE 2.

OHTOonorum 6a3 AaHHbIX U CNPaBOYHUKOB, CoAepXaWux UHOPMaLUIO O KNYEBbIX (ONpeaensaoWmnX) XapakTepucTukax KOMNOHEHTOB
YCTaHOBOK U o6pabaTbiBaeMbIx/pacxofdHbiX MaTepranos fna3epHoro agAMTUBHOro npoussoacTsea (15)

f OuTtonorus cnpasovHuKa no
| k marepuanam
Onronorus 6asel o s S
maTepuanos nuratenen
OnTonorun 6ase! O wa
TEXHONOrNYecknx rasos > UINHECKUX BENUUMH

e
OnTonorus 6aset
MEeTansIonopoLWKOBLIX
j l_, — marepuanos
OnTtonorus N
P P " ux "

OHTONOrMs 6a3bl XMMHUYECKUX OHTonorus 6asbi CBOUCTB OuTonorus 6asbi aedekros OuTOnoOrMs crosaps
anemeHToB matepuanos metanna

e} nA 6asbl CERCEETH] MK
OuTOonorus 6a3bl NazepHbIX OnTonorus 6asbl b
[ ONTUYECKNX rONOBOK j [ TeXHOMOrNYeCcKMX nasepos ) am nep-ue:::::xmruwecmx] [y:mon nom-o:"t:napomxonnu]
(l‘ WA apxuea npo 1 w ' ﬁ AT,
k nasepHon o6paboTku ) | k Monenen

Pucynok 2 — CocraB aHcaMOJIsi OHTOJIOTMIECKHX MOJICIeH
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Ctpenku Ha pUCYHKE 2 OTpa)KalOT HAIlPaBJICHHbIE CBSA3H MEX]y OHTOJIOTHSIMHU. JTHU CBSI3U (CM.
pHCYHOK 3') MOTYT GBITh ABYX THIIOB.

Cmpykmyphas ceésasnocmo. Takue
CBSI3M MEXJIy MOHSTUSMHU OHTOJIOTHI
OTIPEEISAIOT MOBTOPHYIO HCIIONb3Ye-
MOCTh B HEKOTOPOM oprpade OHTOJIO-
ruu  noarpadoB oprpadoB Apyrux ‘
onronoruii. Takue moxarpadsl MOTYT
MIpeICTaBIATh cO00M KaK eQMHCTBEH-
HYI0 TePMUHAIBHYIO BEpPIINHY, TaK U
oprpad B nenmom. Ha pucynke 3a cBs-
31 JIaHHOTO THUIA MPEICTABICHBI
MYHKTUPHBIMH ~ OyramMu  a;—b; u
as—by. Bepmunsbl by, by, bs, bs ipu-
HajmexaT oprpady ontonoruu O,, HO
CTaHOBATCA JOCTHXKUMBI U TEM ca-

MBIM JIOTUYCCKHN BKJIFOUEHBI U B CO-
cTas oprpa(ba ouronoruu O;. Pucynok 3 — CxemaTuueckoe mpecTaBIeHUE ABYX THIIOB CBs3EH
MeXK1y oprpadaMu OHTOJIOTHI

Oprpacp O1 Oprpad O3

Oprpag O,

a)

a) CTPYKTYpPHAasi CBSI3HOCTh; 0) TEPMHUHOJIOTHUYCCKAsI CBSI3HOCTh

TepMuHOﬂOZLllteCKa}l C6A3HOCNb.
Takue cBs3u 3aJar0TCA OJI4 MCTOK
MOHSATHI OHTOJIOTHH M ONPEACTSIOT (aKT 3aMMCTBOBAHMS METOK HEKOTOPBHIMHU BEPIIMHAMHU OpTpa-
(1)8. (KOTOpLIe B TaKOM cCJIydae COOCTBEHHBIX METOK HE I/IMeIOT) OT APpYIruX BCPLINH, MCTKHU KOTOPBIX
SBIISTIOTCST COOCTBeHHBIMU. Ha pucyHke 30 cBs3M TaHHOTO TUIA MPECTABICHBI IITPUXITYHKTHPHBI-
MU CTPCJIKaMHU, BBIXOJAIIMMHU K3 BCPIIMH, HC MMCIOIIHUX COOCTBEHHBIX MCTOK, U BXOJAIIMMH B
BEPIIUHBI C COOCTBEHHBIMU METKaMH — d> ¥ d4 COOTBETCTBEHHO.
TepmuHONIOrUYecKast CBA3HOCTb (PUCYHOK 30) UMEET CleyIolIe 0COOEHHOCTH.

*  DTO CBS3U TUNA «OOUH-KO-MHO2UMY». METKa OJTHON BEPIIMHBI MOXKET 3aMMCTBOBATHCS MHOXKECTBOM OTJIMYHBIX OT
Heé BEpUINH.

= BepmuHa ¢ COOCTBEHHONH METKOW M BEpPIIMHBI C 3aMMCTBOBAHHBIMH OT He& METKaMM MOTYT IpHHAJIekaTh Kak
pas3ubIM oprpadam, Tak u ogHOMY oprpady. [Tpu 3TOM MEX Iy BEpPIIMHONW ¢ COOCTBEHHON METKON M BEPIIUHON, KO-
TOpast 3Ty METKY 3aUMCTBYET, ITyTh B oprpad)e MOKeT CYIEeCTBOBATh U OTCYTCTBOBATb.

=  3aMMCTBOBAaHHE METKH MOXET OBITh KaK HEMOCPEICTBEHHBIM, TaK M OTIOCPETOBAaHHBIM. B mepBoM cirydae ais mapsl
BEPIINH OJJHA M3 HUX 00s3aTEJIbHO UMEET COOCTBEHHYIO METKY, a Jpyras €€ 3aMMCTBYeT. DTOT ciIydail mpescTaB-
JICH BEpIINHOM ¢ COOCTBEHHON METKOU d, ¥ BEPIIMHOM, SIBJISIONIECHCS MPSIMBIM TOTOMKOM BEpIINHEI ¢;. Bo BTOpOM
cilydae BEpIIMHA, METKa KOTOPOW 3aMMCTBYETCS, TaKKe MOXET HE MMETh COOCTBEHHON METKH, a 3aMMCTBOBAThH
METKy ApYyrod BepmHHbL. Takas cUTyalus ABISETCS UTEPATUBHOW, a YCIIOBHEM 3aBEpPLICHHUs SBJISETCS HACTYILIe-
HHUE NepBOro ciydas. Bropoil ciyuall mpencTaBieH AByXIIaroBOd UTepalel, KOTOopas 3aBepIIaeTCs B CUTYaLUH,
KOT/Ia O/THOM M3 BEPIIMH B IIape CTAHOBHUTCS BEpIIMHA C METKOU d,. EcTecTBeHHOE OorpaHHYeHHe 31€Ch COCTOHT B
TOM, YTO ITOCTIEIOBATEIBHOCTh TAKHUX CBSI3€H HE TOJHKHA 00Pa30BBIBATH IIUKII.

CBsI31 BTOPOTO THIA MO3BOJSIIOT 00ECIEYUTh TEPMUHOJIOTHUECKYIO COTJIACOBAHHOCTh OHTOJIO-
ruii. /[se u 6omee OM MOTYT UMETh MEXKIy COO0M CBs3U 000X THUMOB. DOpMUPYEMBINi HA OCHOBE
OHTOJIOTHI aHcaMOuib oprpadoB 1eneBol HHPOPMAIIUN UMEET TaKOro K€ THIA CBSI3U, a UX CO3/a-
HUE perylaMeHTUPYeTCsl pa3MeTKo! Ayr oprpados oHToNOrUH [22, 23].

2.1 OHTOnormm cnpaso4Hbix 6a3 no obopygoBaHMIO N MaTtepuanam

®parMeHT ormoao2uu 6a3vl MexHoaIocUYecKux 1azepos u pparMeHt GopmMupyeMoit Ha e€ oc-
HOBE 0a3bl TOKa3aHbl HA PUCYHKE 4.

" Pasmerka nyr oprpadoB Ha PUCYHKE HE MPUBECHA, YTOObI HE YCIOXKHATH €0 HEeCYIIeCTBEHHBIMH JACTAISIMHU.
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¥ 0 OnTonorua 6asbl TexHonoryeckux nasepos > * {CMUCOK} [ ¢
¥ Knacc TexHonoruyeckux nasepos % « * {CMUCOK} ( + 'set’) (new)
'V_ TexHonoruyeckuit nasep % « {CMUCOK} ([+] ‘setmm’) (new) 9
V¥ [inuta onHbl uanyyenus  * {CINIUCOK} ( = ‘copy') (ref-new) (i
V 3Havenue * « {ANIbTEPHATUBA} ( ~ ‘proxy’)
— Yucnosoi uxtepsan ( = 'copy’) (new)
— Yucnosoe 3HaueHue (copt: BewectseHHoe) ( | ‘one’) (all
V: Eaunnya namepenna x {ANbTEPHATUBA} ( ~ ‘proxy’)
HM (TUn: cTpokosoe) § ( = 'c W ,'
| Mkm (Tun: cTpokoBoe) § ( )
\/ Pe)mM reHepayuu uanyqeﬂuﬂ * (AanEPHATMBA} = copy) (refrnew)
V HenpepbiBHbIi N HenpepbiBHbINA C BO3MOXHOCTBIO Moaynauumn X {CMUCOK}
HenpepbisHbiii (Tun: cTpokosoe) * ( = ‘copy’) (new)
¥ MoaynuposanHbiii % * {CMIUCOK} ([=] ‘copymm’) (new) & §
» Yacrora mogynauum % ( = '‘copy’)
V_[inutensHocTb umnynbca %k « {CMUCOK] ( = ‘copy’) (ref-new)
» 3Hayenue %k « ( ~ 'proxy’)
V Eaunnua namepenms k « {ANBTEPHATUBA} ( ~ ‘proxy)) ©
¢ (Tun: ctpokosoe) 1 ( = ‘copy’) (new
Mc (Tun: cTpokoeoe) 1 ( = 'c
| MKC (™vn: cTpokosoe) 1 ( - w
Vt Umnynbchbi % {CMUCOK]} ( = ‘copy’) (ref-new) ©
¥ Yacrora cnefosanua umnynbeos k « * {CINUCOK] (
P 3HaueHue %k « ( ~ ‘proxy’)
¥ _Eaunuya namepexus X « {ANBTEPHATUBA} ( ~ ‘proxy) « &
'y (Tvn: cTpokosoe) 1 ( =
Ky (Tun: cTpokosoe) § ( = ‘copy’) (r
.My (tun: cTpokosoe) { ( = ‘cop ,'> (ne
> AnuTenbHOCTb MMNynbca * € (="cof
V Maxcnmanbnaﬁ BbIXOAHAA MOluHDCTb Many\lenua * {CI‘IMCOK) = ccp/ ") (ref-ne
¥ 3navenue * {CMUCOK]} ( ~ ‘proxy’) o
— Yucnosoe 3HaveHue (CopT: BewecTeenHoe) ( | ‘one’) (all)
v _Eavnuua wamepenns k {ANITEPHATUBA} ( ~ ‘proxy’) ©
BT (Tvn: cTpokosoe) 1 ( = ‘( of
xBr (mn crpoxosoe)t
', CosmecTumoe pabouee BONOKHO * * (CI'IMCOK} = copy)(r;ﬁnew) >
¥V [unawmetp * {CMUCOK]} ( * 'seq) (new)
— Yucnosoe 3HaveHue (copr: BewecrseHHoe) (| ‘one’) (all)
¥ _Eavnuuya usmepenus {AHbTEPHATVIBA} ~ 'proxy’) &
MKM (TUn: cTpokoBsoe) 1 (
.MM (Tvn: c‘rpoxoaoe) 1(

(ref-new)

= 'copy’) (ref-new)

‘copy’) (new)

> IIyueBaa mopa ( = ‘copy’) (ref-new)
» Knacc texHonoruyeckux nasepos % « * ([+] 'set

a)

mm') (new)

V¥ © ba3a TexHonoruyeckux nasepos % « * [OHTonorua 6asbi TeXHONOrMYECKUx nasepos]

¥ TeeppotenbHbie nasepbl % * [Knacc TexHonoruyeckux nasepos] *
v

Na3zepel, e U cpedst mes e co
¥ BonokoHHsle nasepst % * [Knacc TexHonoruyeckux nasepos] * =~
v &
£ cpedau Ha baze
V Uttepbuesbie nasepsbl % * [Knacc TexHonornyeckux nasepos] *
A
Nlazepel Ha ocHoee UOHaMU Yb*

¥V JIC-1-K % « ['I'exnonormecxuu nasep]
V [InuHa BoNHbI u3nyyexus * - 9
'V Yncnosoii uxtepsan
'V Hixas rpanuya 0
:1065.0 [Yucnosoe 3HaueHue (CopT: BelecTeeHHoe)]
¥V BepxHaa rpatuya
| 1080.0 [Y1cnosoe 3HayeHue (COpT: BelecTBeHHoe)] ©
HM (mn crpoxoaoe)
v' PexuMm reHepaumum uanyveHus
HenpepbiBHbii (TUN: CTpokoBOE)
> MopynupoBaHHbii *
¥ _MakcumanbHas BbIXOAHAA MOLYHOCTb M3NYYeHua
1.0 [Hucnosoe 3Ha4yeHue (Copr: BeujecTseHHoe)]
kBT (Tun: cTpokosoe)
v Cosmectimoe paboyee BOMOKHO * §
'v_ 1 [Avamerp] * = ©
50.0 [Mucnosoe 3HaueHue (CopT: BeujecTseHHoe)]
MKM (TWN: CTPOKOBOE)
¥ 2 [Ouamerp] *
100.0 [Yucnosoe 3HaueHue (CopT: BeujecTBeHHoe)]
MKM (TMn: CTPOKOBOE)
¥ 3 [Iuamerp] *
200.0 [Uucnosoe 3Ha4eHue (COpT: BewecTBeHHoe)]
MKM (mn CTpPOKOBOE)
v NC-5 « [Texuonoruqecxuu nasep]
'S [nuHa BONHbI M3nyyeHua *
¥ _Pexum renepauym uanyyexna & §
HenpepbiBHbIi (TUN: CTPOKOBOE)
» MoaynupoBaHHbiv *
¥ MakcumanbHas BbIXoAHaR MOLLHOCTb M3Ny4eHua
50 [Hucnosoe 3HadeHue (copT: BewecTseHHoe)]
I BT (mn CTPOKOBOE)
> 3p6ueaue nasepnl % * [Knacc TEXHONOMUYECKUX naaepos] ¥

> Heoaumossle nasepsl % * [Knacc TexHonornyeckux nasepos] *
» [luckosble nasepst * [Knacc TexHonoruyeckux nasepos] *

6)

2
PucyHok 4° — @parMeHT OHTOJIOIHH Ga3bl TEXHOJIOIHYECKHX J1a3epoB () U
(dparmeHT popMupyeMOoii Ha €€ OCHOBE 0a3bl TEXHOJIOTHUYECKUX JiazepoB (0)

Ha 3TOM M aHanOrn4HbIX pUCYHKaX Jlajee CUMBOJ — OTPaXaeT CTPYKTYPHYIO CBA3HOCTb MEXK-
Iy oprpadamu MoieTieil OHTOJIOTHIA, a CHMBOJ | — TEPMHUHOJIOTHYECKYIO CBSI3HOCTh MEXKIY BEpIIH-
HaMu oprpa(I)OB MoJIeJIell OHTOJIOTHH, a TaKKe MEeXIy BeplinHamMHu oprpadoB 1ieneBoi nHpopma-
. CUMBOJT 3¢, CTOSIIIAI PSIIOM C METKOM BEPIINHBI, 03HAYACT, YTO ITA METKA 3aMMCTBYETCS HE-
KOTOPBIM MHOKE€CTBOM BepIIMH. CHMBOJ «< 0003Ha4yaeT TOT ()akT, UTO B BEPLIUHY, PAJIOM C MET-
KOl KOTOpOW OH oToOpa)kaeTcsi, BXOIUT OoJiee OHOM Ayru. BepiimnHa-Havano Takod Jyrd MOXET
MIpUHA/IJIEKATh KaK 3TOMY ke, Tak U japyromy oprpady. [IpucyrcrBytomias B oprpadax mojenei
onrtonoruii pazmerka tuna {CIIMCOK}, {AJIBTEPHATHUBA}, (= 'copy'), ([=] 'copymm’), (! 'one'),
(['] 'onemm’), (+ 'set"), ([=] 'setmm’), (~'proxy'), (new), (ref), (clone), (all) u T.1. 3agaét mpasuia
dbopmupoBanust oprpadoB eNeBbIX HHHOPMAIMOHHBIX 0a3 M CHpaBOYHUKOB. CeMaHTHKA TaHHON
pa3MeTKH, a TaK)Ke OCHOBaHHBIC Ha Hel mpaBuiia (GOPMHUPOBAHMS OMUCAHBI B [22, 23].

KiroueBbIMH 111 KOMIIOHEHTOB yCTaHOBKU M MarepuaiioB JIAII cuuraroTcs Te XapakTepucTu-
KH, KOTOpBIE SBIISIOTCS CYUjeCmeeHHbIMU TP UX UCIOJIb30BaHUU B TEXHOJIOTHMYECKUX IMPOIIECCaXx.

% Ha nasHOM pHUCYHKe, a Takke Ha pucyHKax 5-10 m300pakéH mHTepdeiic HHCTPYMEHTAIBbHOTO CPEICTBa 00IaYyHOM 1aThopMbl
IACPaasS (https://iacpaas.dvo.ru/). Pedakmop opepagos ucnons3yercst 1ust popmupoBanusi outonoruit u 5J1/b3 B nHdpopmarponHoM
XPaHWIHIIE TUIAT(HOPMBIL.
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K Takum XapaKTECPHUCTUKAM OTHOCATCA: ONUHA BOIHDL U3JIYHYCeHUA, pedtcUM ceHepayuu U3iyueHusl (He-
HpepLIBHBIﬁ, HerepBIBHBIf/'I C BO3MOKHOCTBIO MOAYJIAIIHU, HMHYHBCHBIﬁ), MAKCUMATIbHASL 8bIX00-
Hast MOWHOCNb U3TTYUEeHUA, cCOBMecmuUmoe pa60'-l€€ B0OJIOKHO, KJTFOUEBOU XapaKTepHCTHKOﬁ KOTOpO-
T'0 ABJIACTCA duaMemp. KimroueBpiMu XAPAKTCPUCTUKAMU UMITYJIbCHOI'O U MOJYJIMPOBAHHOI'O (KBa-
SI/IHerCprBHOFO) HU3JTy4YCHUS SABIISAKOTCA Yacmoma C1e008anUs UMnyiibcoe (qacmoma Modyﬂﬂuuu,
COOTBCTCTBGHHO) U OIUMENbHOCb umnyisvcda.

CDparMeHT OHmMOJIo2UuU CnpasodYHuUKa no mamepuailam n (bpaFMeHT (bopMpreMoro Ha e€ OCHO-
BC CIIpaBOYHHUKA ITOKAa3aHbl HAa PUCYHKC 5.
¥_© OHronorua cnpasoyHuka no matepuanam * {CNINUCOK} 7 ¢

\J Knacc marepuanos « {CMIUCOK} ( + 'set’) (new)
¥ Matepuan « {CMUCOK]} ([+] 'setmm) (ref-new)

¥ 0 CnpaBo4HuK NO Matepuanam * « * [OHTonorms cnpasoyHUKa no Matepuanam]
» Cnnasbl Ha ocHose xenesa « [Knacc marepuanos]
» BpoHsbl « [Knacc marepuanos]

¥V OnemeHTHbIN cocTas Xk « * {CMUCOK} ( = ‘copy’) (new)
V KomnoweHT {AIIBTEPHATUBA} ( * 'seq) (new)
¥ Xumuueckuii anemeHT § %k « {CMUCOK] ( | 'one’) (ref-clone)
% (Tvn: cTpokosoe) 1 ( = 'copy’) (new)
Vv Copepxanue {AIbTEPHATUBA} ( ~ ‘proxy’)
'~ Yucnosoit unTepsan ( = 'copy’) (ref-new)
— Yucnosoe 3HayeHue (copr: BewectserHoe) ( ! ‘one’) (all)
— He Gonee ( = "copy’) (ref-new)
— He menee ( = "copy’) (ref-new)
V PacyeTHoe « {ANIGTEPHATUBAY} ( = ‘copy’) (new)
'V. 3Havenue « {CMUCOK} ( = ‘copy’) (new)
ko3 duumeHT (copT: BewjectseHHoe) ( | ‘one’) (new)
Xummdeckuit anemeHT (copT: cTpokosoe) | ( ! 'one') (clone)
» Untepean ( = 'copy') (new)
» He Gonee (= 'copy') (new)
» He menee ( = 'copy’) (new)

v: Cbsoxynuocrb xumuyeckux anemertos {CIMUCOK} ( = ‘copy’) (ref-new

Xumuueckuit aneMeHT (copT: cTpokosoe) 1 « ( + 'set’) (clone)
» Copepiarue (= 'copy’) (new)
¥ lNpoyee {CMUCOK]} ( = ‘copy’) (new)
> Xumuseckuit 3nemeHT ] %k « (~'proxy’)
V: Octiosa % * {CNUCOK} (=] ‘copymm’) (new)
| XumMudeckuii aneMeHT (copT: cTpokoBoe) | « (! ‘one') (clone)
— Csoiictsa ([=] ‘copymm’) (new)
¥ _MukpocTpyktypa % « {CMUCOK} ([=] ‘copymm’) (new) :
onucanue (copt: ctpokosoe) ( ! 'one') (all)
» Pasmep 3sepeH ( = 'copy’) (new)
» Anuzotponua * ( = 'copy’) (ref-new)
» ®opma 3epeH ( = "copy’) (new)
» Bropsie dasbl ( = "copy'’) (new)
V¥ [edekrol {ANBTEPHATUBA} (|=] 'copymm’) (new)
61cy'rcmue (Tvn: cTpokosoe) 1 ( = 'copy’) (new)
v npucytcraue § {CMUCOK] ( = ‘copy’) (new)
¥ Konuuecteo aedexros {CMUCOK] ( = ‘copy’) (ref-new)
— Yucnosoe 3HayeHue (copT: BewectseHHoe) ( | ‘one’) (all)
% (Tvn: cTpokosoe) | ( = ‘copy') (new)
> Bedext1”(+'set)(cone) & &
> W3o6paxenua ([=] ‘copymm’) (new)
V: Ananoru {CMUCOK} ([=] ‘copymm’) (new)
» Marepuan « ( + 'set’) (ref)
a)

» Cnnasbl Ha ocHoBe TUTaHa « [Knacc matepuanos)
» Cnnasbl Ha ocHose onosa « [Knacc matepuanos]
¥ Cnnasbl Ha OCHOBE anioMuHuA « [Knacc marepuanos]
¥ AMr3 % « * [MaTepuan]
'V OnemeHTHbIf cocTas *
v1 [KomnoneHnT]
'v> Al 1 % [Xumuyeckuit anemeHT]
% (Tvn: CTpOKOBOE)
¥ Yucnosoit uHTEpBan
'V Huxras rpasuya
93.8 [Yucnosoe 3HaueHue (copT: BewecTseHHoe)]
v BepxHaa rpaHuua
i96.0 [Yucnosoe 3HayeHue (CopT: BewecTeeHHoe)]
V: D [KomnoneHT]
¥ Mg 1 [Xumuueckuii anemeHT]
% (T¥n: cTpoKoBOE)
¥ Yucnosoi uHTepsan
'V HwxHas rpasuya
32 [Yucnosoe 3HayveHue (copT: BewecTeeHHoe)]
V: BepxHAaa rpaHuya
3.8 [Uucnosoe 3HayeHue (CopT: BewecTBeHHoe)]
>3 [komnouerrr]
» 4 [KoMnoHeHT]
V 5 [KoMnoHeHT]
‘V' Fe 1 [XuMuueckuii anemeHT]
% (Tvn: cTpokoBoe)
Y He Gonee
< (Tun: cTtpokoBoe)
0.5 [Hucnosoe 3HaueHue (COpT: BelecTBeHHOE)]
>6 [KOMnO‘HeHT] ‘
» 7 [KoMnoHeHT]
» 8 [KoMnoHeHT]
» 9 [KoMnoHeHT]
» OcHosa *
Vv CeoiicTsa
.V' Duanyeckue csoiictea | [Knacc csovcrs] *
» Temnepartypa nnaenexusa § [CeoicTso] *
» Temneparypa kunenua | [CsoiicTso] *
» MnotHocTb eeujectea | [CeoiicTBO] *
» KoadduuueHT TennonposoaHocTy t [CeoiicTeol] *

6)

PucyHox 5 — @parMeHT OHTOJIOTHH CIIPAaBOYHMKA TI0 MaTepHaiam (a) u
(parmMeHT popMupyemMoro Ha e€ OCHOBE CIpaBOYHHKA MO MaTepuaiam (0)

Matepuan xapakTepu3yeTcsi CBOUM 21eMeHMHbIM (XUMUYECKUM) COCMagom U UX MPOLUEHTHBIM
conepkanueM. [IporieHTHOE coepkaHne MOKET ObITh YKa3aHO HE JUIS OJIHOTO, a JJIsi COBOKYITHO-
CTH XUMHUYECKUX 3JIEMEHTOB. boibIioe 3HaueHne UMEIOT cgoticmea maTtepuaina (puzndeckue, mMe-
XaHUYECKHe, HKCIUTYaTallMOHHBIE U T.I1.), @ TaKXKe ero mukpocmpykmypa. CBOMCTBO XapaKTEpHU3y-
€TCsl Ha3BaHUEM, 00JIaCThI0 BO3MOYKHBIX 3HAYCHHM, MOKET UMETh CHHOHUMHWYHbBIE HAa3BaHUS U Tie-
pEeYeHb eIMHUI] U3MEepEHHs. 3HaUYeHNE CBOMCTBA MOXKET OBITh YMCIIOBBIM HJIM Ka4eCTBEHHBIM, MHO-
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KECTBOM 3HAYEHUH, YUCIOBBIM MHTEpBaIOM. CBOWCTBO MOXET OBbITh MPOCTHIM MJIM UMETh MHOXe-
CTBO XapakTepHucTuk. [1o cTpykType XapakTepucTruka nojo0Ha CBOMCTBY U SIBISIETCS PEKYPCUBHOM,

T.€. COACPIKUT, BO3MOXKHO ITYCTOE, MHOXECTBO 10~ v xapacrepicriica = * (CTUCOK} (1 571

¥ BosmoxHbie sHavenns {CNIMCOK}

JOOHBIX BJIOXKEHHBIX XapaKTEPUCTHK (PUCYHOK 6).
MUKpOCTpYKTypa XapakTEpHU3yeTCsi pa3MepoM
3épeH, ux (HopMOH (MONMUroHANbHAS, NECHIPUTHAS,
HnoJudIpuyeckas, cpepoujaipHas U T.1.) U Ipe-
MMYIIECTBEHHON OPUEHTALMEN, IPUCYTCTBUEM HIIU
OTCYTCTBHEM BTOPBIX (pa3, a Takke HAJTMYUEM WIH
OTCYTCTBHEM XapaKTEPHBIX AJII MUKPOCTPYKTYpPBI
Mmatepuana aepexroB. [Ipu Hamuuuu BTOpBIX (a3
3amaércs MX NPOIEHTHOE coaepikaHue, dopma H
pa3mep 3€peH. [Ipu Hanuuuu nedeKToB yKa3blBaeT-
csl UX 00lIlee KOJMYECTBO B MIPOLIEHTHOM COJIEpKa-
HUHM, a CTPYKTypa OIMCaHMs KaXJIoro 1edexra
MIOJIHOCTBbIO COBIAJAET CO CTPYKTYpOM OmucaHUs

OTcyTCTaue (Tun: cTpokosoe) Xk ([=] 'copymm') (new)
npUCYTCTBUE (TUN: CTPOKOBOE) >k ([—] copymm ') (new)
¥ 3xayenns {AllbTEPHATUBA} |
v YMCNOBOM MHTEpBan «~ {CI‘MCOK}
¥ HwkHAa rpanuua {CMUCOK} ( = ‘cop
‘mcnosoe 3HayeHme (copT: BemecTBeHMoe) % « (1'one') (all)
¥ Bepxxas rpadnua {CNUCOK} ( = 'copy’) (new)
‘-lm:nosoe 3HayeHue (copT aelueCTaeHHoe) %k « (1'one') (all)
V He odonee ~ {CMNCOK} ( = ‘copy') (new)
< (Tun: CTpokoBoe) ( = 'copy) (new)
Hucnosoe 3HaveHue (CopT: aemec*rBeHHoe) % « (!'one') (all)
¥ He meHee < {CMNCOK} ( (new)
> (TUN: CTPOKOBOE) ( = 'copy‘) (new)
Hucnosoe 3HaveHue (COpT: BeLecTBeHHOE) % « (! ‘one') (all)
Yucnosoe 3HayeHHe (COpT: BelwecTeeHHoe) *k « ( *'list') (all)
¥ KauecTseHHoe 3Hauerue X « {CMINCOK} ( + 'set) (all
» Yucnosoi uHTepsan %k « * ([=] 'copymm') (ref-new)
| h300paxeHue (COpT: GiHapHbIe AaHHble) > ([*] 'listmm') (all)

(new

€AUHNLA UMEPEHUA (COPT: CTPOKOBOE) ([+] 'setmm’) (clone)

CBOUCTBAa MaTcpuajia. I[J'IS[ MHUKPOCTPYKTYPbI UMC- I K TNC RS = (T SEATTYE ()

€TCsl BO3MOXKHOCTh XPaHUTh €€ W300paKeHHUsI.
Baxxnoli nadopmanpeid o marepuaie sSBISETCS I1e-
pEYEHb €0 aHaN0208, ECIIN TAKOBBIE UMEIOTCS.

Pucynox 6 — @parMeHT OHTOJIOTHH OTIHCaHMA XapakK-
TEPUCTUK U UX 3HAYCHUN:
CTPYKTYpa pasiena Xapaxmepucmuxa

2.2 OHTOonoruna 6asbl NpeLeaeHToB

[To pe3ynbTaTtaM nepBUYHON anpoOauu CyIIeCTBEHHO MepepadoTaHa U paclIupeHa OHmo102uUs
apxusa gopmanuzosannvix npomoxonos TO nazepnot oopabomxu [25)]. B naHHON OHTOJIOTHH WC-
MOJIb3YIOTCA (PparMEeHTHl OHTOJIOTHI CIPABOYHBIX 0a3 Mo OOOpYIOBAaHUIO W MaTepuaiam (pucy-
HOK 7). [Ipotokon TO BkitouaeT cienyronme pa3aensl: odmme ceeaenus o TO; yclioBUs OKpyXa-
romeit cpeasl npu BeimonHeHun TO; Texauueckoe 3aaanue (13) Ha Beimonnenue TO; obopymoBa-
Hue s BeinonHenus: TO; uHbopMaius o: IpeaBapuTeIbHON MOATOTOBKE MOJIOKKH WU JeTalu;
co3/1aBaeMoi paboyeil ra3oBoii cpesie; KJIIoUeBbIX NapaMeTpax BblnojHeHus: TO; BO3MOKHOM KOH-
TPOJIUPYEMOM OXJIKJICHUH JIETAIN/3ar0TOBKY; pe3ynbrare BoimoaHeHus TO.

Obwue ceedenusa o TO BximouaroT HazBanue TO, HOMEpP MPOTOKOJIA, CPOK, L€JIb U MECTO BbI-
nonuenus: TO. K ycnosusam oxpyocaroweti cpedvi OTHOCATCS TEMIEpaTypa, OTHOCUTENbHAS BIaXK-
HOCTh U aTMOC(EPHOE JaBJIICHHE CPe/Ibl, B KOTOpoi BeimodHsack TO. JlanHas uadpopmanus sBiis-
eTcs 3HAYMMOM, MOCKOJIBKY JJISi TEXHOJOIMYECKOro O0OpYHOBaHMs IOJKHBI OBITH OOecreueHbl
yCIIOBUS, IPU KOTOPBIX €ro padboyasi TeMiieparypa OyJIeT BbILE TEMIIEPATYPhl «TOUKU POCHD».

73 na BeimonHeHue TO BKIIOYAET CIEAYIONIUE pa3aeibl: mpebosanus Kk pezyiomamy TO; 06b-
exm 0bpabomku — NMOJUI0KKA WIH JeTalb; Mamepuan 07 evinoiHenus TO — MeTaJuIMYecKui mo-
pomIoK (MX MOXKeT ObITh 00Jiee OJHOr0) WJIM METaUTHYecKash IPOBOJIOKA; UCIIOJIb3yeMbIE ISl BbI-
nosnHenus TO mexnonocuueckue 2azvl.

Paznen ¢ tpeboBanusMu K pe3yibTaty TO COCTOUT U3 CIEeNyIOIUX MOIPA3AEIOB: ceomempue-
CKUe Xapakxmepucmuku, 0egpexmsl, d1eMeHmHbIL COCMA8, MUKPOCMPYKMYPA N C80UCMEa HAaHECEH-
HOTO MaTepuaa.

JlaHHbIe pa3/esibl 3aMOoIHIIOTCS UM MOTYT OCTaThCs HE3aNOJHEHHBIMU B 3aBUCUMOCTH OT BBbI-
nosHsieMoit 3axaun. B coorsercrauu ¢ TOCT P 70242-2022° Boizensior YETBIPE UX THUIIA: U3TOTOB-
JIEHWe HOBOMW JI€TaJIN/3arOTOBKH, BOCCTAHOBUTEIHHBIN PEMOHT W3HOIICHHOW WJIM TOBPEKICHHON

3TOCT P 70242-2022. AJTMTUBHBIE TEXHOJIOTHU. M3roTOBICHHE METAJUIMYECKUX U3CIUI METOJIOM MPSIMOTO TIOJIBOJIA SHEPTUU U
mMatepuasia. O01re peKOMEeHIalluu 110 IPOSKTUPOBAHUIO U M3roTosieHuto. [lara eenenus 2022-12-01.
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JieTalii, HaHeceHUe (PYHKIIMOHAIBHOIO MOKPBITHUS Ha JI€Tallb/3ar0TOBKY (MOIudUKAIHS TOBEPXHO-
CTH), HaHeceHue (HapamuBaHue) (YHKIMOHAJIBHBIX WM KOHCTPYKTHBHBIX JJIEMEHTOB Ha Jie-
Tajb/3aroToBKy. K OTAE€NbHOMY THUITy BBINOJTHSEMBIX 33J1ad MOYXHO OTHECTH HpPOBEJCHHE padoT
HAYYHO-HMCCIIEI0BATEIBCKOT0, TOMCKOBOTO XapaKkTepa, HAMPABICHHBIX HA BBISIBICHUE U OTPAOOTKY
MPUTOJHBIX ISl KOHKPETHOTO MPAKTUYECKOTO MPUMEHEHUS PEKUMOB BbINoJHEHUs TO.

¥ _© OHTONOMA apx¥1Ba NPOTOKOMNOB TEXHONOTMYECKVX ONepauyii nasepHoi 0bpaborku * < * {CMIUCOK} [ &
¥ Knacc npoueccos nasepHoi o6pabotku | % « {CIMUCOK} ( + 'set’) (clone) @9
jV TexHonoruyeckas onébaqﬁﬁ X '{Ci‘lMCOK} ([#] 'sétrhin‘) (ref-new) ”\-.‘: g)
: Homep NpOTOKOMNa TEXHONOrMYecKon onepauyum (CopT: CTPOKOBOE) * 'one') (new) §
| > CpOK BbINONHEHNA TEXHONOMMYECKOI onepauuu ( = 'copy’) (new) ¢
| » Llenb BbINONHeHUa TEXHONOrMYeCKoit onepaywu ( = 'copy') (new) ¢
i :b MecTo BbINONHEHUA TeXHONOrM4Yeckon onepauuu ( = 'copy’) (new)
i > Ycnosua okpykatoueil cpeabl Npy BbINONHEHUM TEXHONMOMMYECKoMn onepauuu X * ( = 'copy’) (new) ¢
V TexHuyeckoe 3apaHue Ha BbinonHeHue TEXHONOrM4ecKomn onepauuu > {CI‘II/ICOK} (= 'copy’) (new) @ P
v Tpe6oaanml K pesynbrarty onepauuu X ‘{CI'IVICOK}( = 'copy’) (new) i i - -
_> I’eomeTpmeCKMe XapaKTepuCTUKU gos (=1" copymm ) (new)
:> [edekTbl HannasneHHoro Matepuana % ([=] ‘copymm’) (new) &
—» 3neMeHTHbIN cocTas * ([=] 'copymm’) (ref-new)
—» MukpocTtpykTtypa (=] ‘copymm’) (ref-new) 2
'» Csoiictsa ([=] 'copymm’) (new) ¢
Vv ObbekT 06paboTtku {AanEPHATVIBA} (=] ‘copymm’) (new) & €
f;nﬂe‘ranb * *(1'one') (ref-new) ¢
b ﬂp}:u‘lo»«a % « ( ='copy’) (ref-new) @
V Marepuan ans BbinonHeHna TexHonormyeckon onepauuun {ANIGTEPHATUBA]} ([=] ‘copymm’) (new) & &
— MeTannuueckuii nopowok * ( + 'set') (ref)
— Merannuyeckas nposonoka * ( | ‘one’) (ref)
» TexHonoruyeckue rasbl ([=] ‘copymm’) (new)
V INpeanoxerHbie CIMP cpeactea u napameTpbl BbINONHEHUA TEXHOMOTMYECKON onepauuu * « {CTMNUCOK} ([=] ‘copymm’) (new)
‘> OGopynoBaHue Ans BbINOMNHEHUA TEXHONOrMYecKon onepauum % * ( = ‘copy’) (ref-new) ¢
> MpeasapuTenbHaa NOAroToBKa NoAnoxku * ([=] ‘copymm’) (new) ¢
> MNpeasaputensHas noarotoska aetanu * ([=] '‘copymm’) (new) &
» asosana cpeaa B paboueii kamepe % ([=] ‘copymm’) (new) ¢
¥ KnioueBble napameTpe! BbiNoNHEHUsA TEXHONOTMYECKoil onepayyn x * (CI’WICOK) (= 'copy’) (ref-new) ¢
iV napamerpbl nasepHoro usnyyenuuns * {CMUCOK} ( = ‘copy’) (new) ©
g Pexum reHepauuu uznydenua § ( = ‘copy’) (new) &
> MouwyHocTb * (= 'copy’) (new) ¢
| > [luameTp nATHA NasepHoro nyuyka Ha obpabarbiBaemoit nosepxHOCTH % * ([=] ‘copymm’) (new) 2
| » MnotHoCTL MoLLHOCTH % * ([=] ‘copymm’) (new) &
> MapameTpbl NoAauM TEXHONOMMYECKUX rasos X ( = ‘copy’) (new) ¢
:b MapameTpbl nogaum matepuana % ([=] ‘copymm’) (new) ¢
:» MapameTpbl nepeMeLyeHrs U NO3ULMOHUPOBaHUA paboyero UHCTPYMeHTa OTHOCUTENbHO obpabaTbiBaeMoi NOBEPXHOCTU
> kbmponhpyemoe O@WEH&;; ([=] 'cdb&?ﬁhf) (new) @ © o ' -
> BuibpaHHbie onepaTopoM CPeACTBa M NapaMeTpbl BLINONHEHUA TEXHONOTMYECKoi onepaumn % ( = 'copy’) (new) &
V Pesynbtat BLINOMHEHMA TEXHONOIMYECKoit onepauymm % {CMUCOK]} ( = 'copy’) (new) & &
> Onucanue % ( = 'cop"y') (new) o
» OueHka % ( = 'copy') (new) ¢
» Qaiinbl c u3obparkeHuamMu pesynsrara onepayum ([=] ‘copymm’) (new) &
» Qaiinbl ynpasnaowmx NporpaMm Ana nasepHoro pobototexHuyeckoro obopyaosanua * ([=] ‘copymm’) (new) &

PucyHOk 7 — @parMeHT OHTOJIOTHHU apXHBa MPOTOKOJIOB TEXHOJIOTHUECKHX OTepaIiii 1azepHoi o0paboTKu

B pasnene ceomempuueckue xapaxmepucmuxu romemaercst (aiin, onuchIBalOIINM 3JIEKTPOH-
HYIO0 (IU(POBYIO) TEOMETPHUECKYIO MOJIENb JIETaIH, WIH YKa3bIBa€TCS MHOKECTBO Pa3MepOB 3Ha-
YUMBIX T€OMETPUUYECKUX XapaKTePUCTUK pe3ynbrata TO, 0 KOTOPHIM €ro HY)KHO OyAeT OIeHU-
BaTh. B pazaene deghexmoi mepedncnstoTes, Kakue 1eeKThl (M X XapaKTEPUCTUKH), B KaKUX Ipe-
JieNiax JOMyCTUMBI, a KaKue JOJKHBI OTCYTCTBOBaTh. B pasnene snemenmmuviti cocmas MOXKET ObITH
3aJlaH JIEMEHTHBIN (XMMUYECKUI) COCTaB, KOTOPBIH HEOOXOAMMO/KeENaTeNbHO B Pe3yabTaTe MOMY-
yuTh. B pasnmene muxpocmpykmypa MOXeT OBITH crielUUIIMPOBAHA TPEAMOYTHTEIbHAS MUKPO-
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CTPYKTypa HaHecEHHOro MaTepuaia. B pasnene cgeoticmeéa MoryT OBITH NepeurCcIeHbl TPEOOBAHUS K
XapaKTePUCTHKAM (CBOHCTBaM), KOTOPbIE HEOOXOIMMO MOTYIHUTh B pe3ylibTare BeimonHeHus TO.

3aaHHas B OHTOJIOTUU pa3MeTKa PerjJaMeHTHPYET TO, YTO Ha3BAaHUS XUMHUYECKHX AJIEMEHTOB,
nedEeKTOB, CBOMCTB (M UX XapaKTEPUCTHUK) U T.II., & TAKIKE CIAUHULIBI UX U3MEPEeHHs Ipu HopMHpPO-
BaHUU MPOTOKOJIA JOJKHBI 8b10UpambCs U3 COOTBETCTBYIOUINX CIIPAaBOYHBIX 0a3. JlOMOJHUTENbHBIE
OHTOJIOTHYECKUE COTJIAIIEHUSI COCTOSAT B TOM, YTO 33JaHHBIC 3HAYCHUS NEPEKTOB, CBOWCTB U T.II
JOJKHBI TIPUHAIUIEKATh 00JIACTSIM BO3MOKHBIX 3HAYEHHM, KOTOPBIE OMpEeNIeHbl UIsl HUX B COOT-
BETCTBYIOIIUX CIPABOYHBIX 0a3ax.

Cy11ecTBEHHBIMH XapaKTePUCTHUKAMU MOJIOKKH SIBIISIOTCS Mamepuai, U3 KOTOPOro OHA U3ro-
TOBJIEHA, €€ ceomempuuecKue XapaKkmepucmuky u macca. JIns netain CylecTBEHHbI T€ e Xapak-
TEPUCTUKH, YTO U JUISI TOJJIOKKH, HO JOMOJHUTENBHO YUUTHIBAETCS, YTO MarepHuai padboueil mo-
BEPXHOCTH JETaIM MOXET OTJIMYAThCS OT Marepuajia €€ OCHOBBI. TEXHOJIOTMYECKUU Ia3 MOMKET
MIPEICTaBIATh COOON KaK MOHOTa3, TaK U MHOTOKOMITOHEHTHYIO T'a30BYIO CMECh.

B pasnene obopyoosanue ons evinornenus TO yka3wpiBaeTcss 000pyIAOBaHHE, UCIIOJIB30BAHHOE
nuis iposenenust TO.

Pasnen npeosapumenvuas noocomoska noonodcku 3amoiHICTCS, €Clid 00BEKTOM 00pabOTKH
SIBJISIETCS TIO/JIOKKA, a He AeTanb. Ecnu B T3 yxe Obuia 3amana uHGopMaIus o MoAI0XKKe, TO 37eCh
OHa He IyOnupyercs, a mpu HEOOXOAUMOCTH (€CIIH TMepe]] HadyalloM IPOIEecca MOUI0KKY CIEIyeT
HarpeTh /10 HEKOTOPOH TeMIepaTyphl ¢ OMpeneaEHHON CKOPOCTHIO) 3amoiHseTcs uHpOopManus o
KOHmMpoaupyemom Hazpese nouioxku. Eciu B T3 moanoxka He Obuta crienuduunpoBaHa, TO 3a/1a-
IOTCSL T€ K€ XapaKTePUCTUKH IMOJIOKKH, KOTOpbIe ObUIN MepedrcieHbl B pasznene 73 Ha BBINOIHE-
aue TO. KoHTponupyemblii HarpeB XapakTEepU3yeTCs memnepamypoil, 10 KOTOpOH HEoOXOaHMO
HarpeTh MOAJIOKKY, a TAKIKE CKOPOCMbIo HacpesaHus. 3HAUEHUEM TeMIIepaTyphl, KaK MpaBUIIo, SB-
JSIETCSl YMCIIOBOW JIMana3oH, KOTOPbIA TpedyeTcs nmoaaepxuBats. Ecim B kauecTBe 00BbekTa 00pa-
6otku B T3 OblIa ykazaHa JeTallb, TO B Pa3/ieie npeosapumenbHas n0020Mo6Ka 0emanu MOXET
ObITh 337aHa UH(GOPMALIUS O KOHMpoIUpyemom Haepese neranyu. KoHTpoiupyeMsblil HarpeB TpeOy-
eTCs, TIPEXkKJIE BCEro, /Il MAaCCUBHBIX JeTalel ¢ BHICOKOW TEIUIOMPOBOJHOCTHIO, JIUISI TIPUBEICHUS
KPUCTAJUIMYECKON CTPYKTYphl MaTepuasia B ONpeAeIEHHOEe SHEPreTUYECKOe COCTOSHUE HEemocpe/-
CTBEHHO Tiepe]1 ero 00padoTkoi c(hOKYyCHPOBAHHBIM M3TyUCHUEM.

Pasznen eazosasn cpeoa 6 paboueii kamepe 3anonHseTcs, ecnu npu BeimoiaHeHnu TO co3naBa-
Jach «riobanbHas» (3alIUTHAs) ra3oBas cpela B HEKOTOpoil pabouell kamepe — B JONOJIHEHUE K
3alIUTHOMY ra3y/Ta30BOH CMECH, KOTODBIM JOCTaBIsETCS depe3 y3esl MOoJaud ra3ornopoIKOBON
cMecH U (POPMUPYET «WIOKAJIBHYIO» 3alUTy B 30HE BaHHBI pacIllaBa U KPUCTAITU3UPYIOLIETOCs Me-
taimna. CBeleHUs O Ta30BOM cpene B pabodeil kaMepe BKIIOUYAIOT MHGOPMAIUIO O TOM, KaKOM
HAanoAHAOWUL TEXHOJIOTMYECKUN ra3 — MOHOTa3 WJIM ra3oBas CMECh — MCIIOJIb30BAJICS AJIs CO3/a-
HUS Cpe/ibl, a TAK)KE O TaKUX MapaMmeTpax Kak 00bEéMHblU pacxoo, OaslieHue U memnepamypa rasa.
B ciiydae ucrnonb3oBaHMs Ta30BOM CMECH yKa3bIBACTCsl IPOLEHTHOE CO/IEPKaHUE — OOBbEMHASL 101
Ka)XJI0r0 MOHOTa3a B HEM.

Paznen xknrouesvie napamempor vinonnenus TO cOCTOUT U3 YETHIPEX MOAPA3ICIOB: napamemn-
Dbl 1a3epHO20 UZNYUeHUS; napamempsbl N00aYU MexXHOI0SULEeCKUX 2A308; NApaAMempbl no0adu ma-
mepuana U napamempwvl nepemewjeHus U NO3SUYUOHUPOBAHUS paboye20 UHCMPYMEHmMA OMHOCU-
menvHo obpabamviéaemol nosepxrocmu. K KI0ueBbIM MapaMeTpaM JIa3epHOro U3JIy4EHUsI OTHO-
CATCS: pexcum 2eHepayuu usnyyeHus (HETPEPbIBHBIN, MOIYIMPOBAHHBIN, UMITYJIBCHBIH), €T0 MOU-
HOCMb, Ouamemp NAMHA 1A3ePHO20 NYUKA HA 0bpabamuléaemol nogepxnocmu. J1jis MOy TUpOBaH-
HOT'O ¥ UMITYJIbCHOT'O PEKUMOB BaKHBIMHM XapaKTEPUCTUKAMHU TAKXKE SIBISIIOTCS OIUMENIbHOCHb UM-
ny1bca U, COOTBETCTBEHHO, 4aACMOmMa MOOYIAYUY 8bIXOOHOU MOUWHOCMUI CIe008AHUSL UMNYILCOS.

Paznen napamempuvr nooauu mexnonozuueckux 2azo8 COCTOUT U3 TPEX MOJPA3ACIOB: napament-
Dbl 3aWUmMHOL 2a30601U cpedvl (00eCTIeUnBAIOIIEH WIOKAIbHYIO» 3aIlMTy 30HBI BAaHHBI paclljiaBa U
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KPUCTAINTU3UPYIOLIETOCS METala), napamempsl mpaHCnopmupyroue2o 2aza u napamempwvl 00-
acumaroueeo 2aza. CTpykTypa UHGOPMAIMH [UI OMMCAHUS 3aIIUTHON Ta30BOW CPeIbl COBIAAAET
CO CTPYKTypoil mHbOpManuu A ONMCAHUS Ta30BOIl cpenbl, co3dgaBaeMol B paboueil kamepe.
TpancnopTupyronuii 1 00’)KUMAIOIIUI Ta3bl TPEICTABISAIOT COO0H MOHOTA3bl, MX KIFOUEBBIMH I1a-
pameTpaMu TaKxke SBIAIOTCS 00bEMHBIN pacxo/l, JaBlICHHUE U TeMIepaTypa.

Paznen napamempur nooauu mamepuana BKIIOYACT J1Ba aJbTEPHATUBHBIX MOJpa3aeia: Memai-
JIONOPOWIKOBYIL Mamepuan U Memaiionpogonounviti mamepuai. CBEJEHUS O METAJIIONOPOIIKOBOM
MaTepuase BKIOYalT HH(OPMAIIUIO O TOM, KAKOW METaJUTMYECKUNA MOPOIIOK HIIM KOMITO3UIIUS Me-
TaJUIMYECKUX MMOPOLIKOB MCIIOJIb30BAJINCh B KaueCTBE Marepuana s BeinosHeHus TO, a Takxke o
TaKHUX [apamMeTpax, KaK Maccosblii pacxo0 U, ONLUUOHAIBHO, KOIUYECmB0 000pOmo8 003upyiouje2o
oucka nopouikoeo2o numamers. B ciydae HMCIONIb30BaHUS KOMIO3UIMH METAJUTMUECKUX MOPOII-
KOB 3THU IIapaMeTphbl 3a/1al0Tcs Ul KaKA0ro €€ KOMIIOHEHTAa. B 3TOM ciydyae MeTajulMuecKue Io-
POIIKHM HE CMEIIMBAIOTCS B OJIHOM OYyHKEpe MOpPOIIKOBOIO MUTATeNs, a MOoAalTcs oTAenbHo. CBe-
JICHHS O METAJIONPOBOJIIOYHOM MaTepHaje BKIIOYAIOT B ce0s1 HHPOPMAIHIO O TOM, KaKast TPOBOJIO-
Ka MCIIOJIb30Baliach B KauecTBe MaTepuana ais BoimonHeHus: TO, a Takke 0 ckopocmu nooaiu v
cnocobe nooayu — NEHTpaIbHas WM OOKOBas (B 3TOM CITydae YKa3bIBACTCS TAKKE yroJl MOIa4H).

K mapamerpam mepeMenieHUs U MO3UIMOHUPOBAHUS PabOYEr0o MHCTPYMEHTA OTHOCHTEIHHO
oOpabaTeiBaeMO TOBEPXHOCTH OTHOCATCS: JIUHEUHAS CKOPOCMb nepemeujetus c@hoKycuposanHo2o
JIA3epHO20 NyyKa no obpabamuvleéaemoll N0GePXHOCMU; Yel08ds CKOPOCMb 8PAeHUs YCMPOCmEa
NO3UYUOHUPOBAHUSL; PACCMOSAHUE OM Mecma (OKYCUPOBKU N1A3ePHO20 U3IY4eHUs 00 0bpabamviea-
eMol N0BEepXHOCMU; A2 CMeWeHUs Yenmpa c@oKyCUpO8anHo20 1a3epHO20 NYUKA OMHOCUMENbHO
YeHmpa npeosapumenbHo CO30aHHO20 8ANUKA; CIMpame2ust nepemeweHUs/CKaHupo8anus M T.11.

Pasnen xommponupyemoe oxnasicoenue 3amnonHsercs, ecnu mocie 3asepuienus TO cremyer
KOHTPOJIMPOBATh OCTHIBAHUE JETANM (3arOTOBKH), T.€. OXJIAXJAaTh 10 HEKOTOPOM TeMIlepaTyphl ¢
onpenenéHHoil ckopocThio. KOHTpompyeMoe 3aMeIIeHHOE OXJIAKIEHUE MOKET HCIIOJIb30BaThCS
JUTSL TOTO, YTOOBI MPEOTBPATHTH WJIM CHU3UTh BEPOATHOCTh 00Pa30BaHUs PA3IMYHOTO BUIa MedeK-
TOB HariaBku (cBapku). CTpyKTypa JaHHOTO pa3jeiia COBIAAAET CO CTPYKTYpPOU paszzaena Konmpo-
JIUpYeMblll Hazcpes.

Paznen pezyromam evinonnenus TO BKIIOYAET onucanue MOIYYEHHOTO PE3yIbTaTa U €ro OyeH-
ky. Onucanue pe3ynbrata COACPKUT TE Ke MOAPA3Iebl, YTO U pa3fel ¢ TPeOOBAaHUSIMU K Pe3ylib-
taty TO — ceomempuueckue xapaxmepucmuxu, oegpexmsi, d1eMeHmHbIL COCMA8 U MUKPOCMPYK-
mypa HaHeCEHHOTo MaTepuaia. B olleHKe pe3ynbTara KaxkJI0ro U3 MepeurciIeHHbBIX pa3ieioB (MMo-
pa3iesIoB) YKa3bIBAETCs, COOTBETCTBYET JIM OH CICU(PUIIMPOBAHHBIM B T3 TpeOOBaHUSIM U, €CIIA HE
COOTBETCTBYET, TO YKa3bIBAETCS, CUUTATh 3TOT PE3YIbTAT MOJOKUTEIbHBIM WM OTPULIATEIbHBIM.
OneHka COOTBETCTBUS C80LCcME OCYLIECTBIIIETCS MOCIE BBINOJIHEHUS MEPOIPUATHI 10 nmoctolpa-
00TKe, KOTOpPBhIE OKA3bIBAIOT MOJOKUTEIBHOE BIUSHUE HA MUKPOCTPYKTYPY, a TaKKe UCKIIOYAIOT
WJIU TI03BOJISIIOT 3HAYUTEILHO CHU3UTH BEPOSTHOCTH 00pa3oBaHus Me(heKTOB HAaHECEHHOTO MaTepH-
ana. K Takum MeponpusTusiM OTHOCATCS Pa3IMYHbIE BUIbl TEPMUUECKOU, MEXAaHUYECKON WIIU XU-
Mu4eckoil 00paboTku. JJaHHBIN pa3fen coAepKUT MOAPa3eibl, B KOTOPbIE MOTYT OBITh MOMEIIECHbI
Gatinvl ¢ uzobpadxcenusMu pe3yibmama u Paiiivl YNPasiaowux npocpamm 01s 1d3epHo2o pooo-
MOMeEXHUYECK020 000pYO0BAaAHUSL.

Ha pucynke 8 npezacraBien ¢parMeHT apxusa npomokonos 1O nazepHoii obpabomku, B 4acT-
HOCTH, ¢parmMeHT npotokoia TO «BwipammBanue W3 MarHueBoro mopoika mMapkua MIID-4 uwm-
IJIaHTaTa Ha MOJIOKKE U3 cruiaBa Mapku MA20». B kauecTBe HaNoOMHSIONMIETO TEXHOJIOTHUECKOTO
raza B pabouell Kamepe HCIOJb30BAJICI MOHOTa3 apeoH. B KadecTBe 3allUTHON Ta30BOM CpPEIbI,
obecreunBaroNIel 3aIlUTy 30HBI BaHHBI pacIulaBa, U B KAa4eCTBE TPAHCIOPTHPYIOIIETO raza HC-
MOJIK30BAJICSI MOHOTA3 2enuti. OOKMUMAIOMUI ra3 He TPeOOBAJICs, MOCKOIBKY UCIIOIB30BAJICS Y3€II C
uemvlpéxcmoponHell oJJaueil METANTNYECKOT0 MOPOIIKOBOT0 MaTepraia B 30Hy 00pabOTKH.
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¥ O ApxuB NpOTOKONIOB TEXHONMOTMYECKUX onepauuii nasepuoﬁ oBpaborku * * [OHTONOMMA apxuBa NPOTOKOMNOB TEXHONOTMYECKNX Onepayui na
\/ Hannaska | [Knacc npoyeccos nasepHoii obpabotku] =+
V Warotoenenue Hoso aetanu ] [Knacc npoueccos nasepuou oﬁpaﬁcm(u] o
V Hannaska METan/onopoLKOBbIX MaTEPHANoB HA OCHOBE MarHua § X [Knacc npoueccoB nasepHoii obpabotku] ‘
'V_Bobipawmsatue U3 MarHuesoro nopoluka mapku Mr®-4 umnnaxrara Ha noanoxke u3 cnnasa mapku MA20 [TexHonoruueckas onepav
{ 20210205 [Homep npoTokona TexHoNorM4ecKkon onepayuu (Copr: cTpokosoe)] ©
» CpoOK BbINONHEHNA TEXHONOMMYECKON onepaumm
» Llenb BbINONHEHUA TEXHONOMMYECKO onepayum (
» MecTo BbINONHEHUA TEXHONOrMYECKON onepayuu
» Ycnosua okpyxaroujei cpeabl NPy BbINONHEHUU TEXHONOMMYECKon onepayumn *
¥V TexHu4eckoe 3ajaHne Ha BbiMONHEHWE TEXHONOMYECKON onepauum e P
¥ TpebosaHua K pesynsrary onepayum * i
V [eomeTpuyeckue xapaktepuctuku * & &
'V OneKTpoHHasA reoMeTpuyeckasn moaens * & &
WMnnaxTaT1002.stl [¢davin (copT: GuHapHble Aaﬁnue)]
\/ MaTepuan ANA BbINONHEHUA TEXHONOTMYECKO onepayuu 0
| MM®-4 * [MeTannu4eckuit NOPoOLoK] *

V BbibpaHHbie onepatopom CpeacTea U NapaMeTpbl BbINONHEHUA TEXHONOIMYECKON onepayum @ O
\/ OTnuyaloTcs oT npeanoxenHbix CIMP & ¢
» OGopyaoBsaHue ANA BLINONHEHNUA TEXHONOMMYECKoN onepauymm *
V NpeasaputenbHas NOAroToBKa NOANOKKM * > P
» Moanoxka «
> KoHTponupyemblit Harpes * ;
» Masosasn cpena B paboyen xamepe @ (i}
V¥ Kniouesble NnapamMeTpbl BLINONHEHUA TEXHONOrM4eckoi onepauyun * & &
v MNapameTpbl NazepHoro uanyyenua o &
> Pexum reHepayuu uanyyeHusa «
¥ MouwHoctb & ¢
300.0 [Hucnosoe 3HaueHue (copr aemecmeuuoe)] *4
| BT (tun: cTpokosoe) ¢
|¥Y lvameTp nATHA nNasepHoro nyyka Ha o6pabarbiBaemMon NOBEPXHOCTH * i
0.99 [Yucnosoe 3HaveHue (copT: BewecTseHHoe)] ©
L MM (Tun: cTpokosoe)
» [MNapameTpbl NnoAayYu TEXHONOIMYEeCKUX rasos
» MapameTpbl nogaun matepuana
¥V NapameTpbl nepeMelLeHus U NO3ULMOHNPOBaHUA Pabo4ero MHCTPYMEHTa OTHOCUTENbHO 06pabaTbiBaemoii NOBEPXHOCTU
> Nueiinas CKOPOCTb NepemelleHua CchoKyCUPOBaHHOIO NasepHOro nyyka no obpabarbiBaeMoit NOBEPXHOCTH
» JluHeniHaa CKOPOCTb XONOCTOro NEepeMeLeHUa ONTUHECKON roNoBbl OTHOCUTENbHO obpabartbiBaemoit noBepxHoCTH *
> Lar cmelyerns ueHTpa ChOoKyCUPOBAHHOTO Na3epHOro NyYKa OTHOCUTENbHO LEHTPa NpeABapUTENbHO CO3AaHHOIO Banuka
> Pacc'rosmue OT HIKHE/ NOBEPXHOCTH conna onmqecxou ronossi A0 oﬁpaﬁamaaemou NoBEpPXHOCTH
V Pezynb'rar BLINONHEHMA TEXHONOMMHECKO onepaymu j v,.»
» Onucaxue "
¥ OueHka & @

Coome'rmve'r TpeSOBaHuaM Texuuqecxoro 3anaHua (Tun: CTpoKoBsoe) ©

PucyHok 8 — @parMeHT apXxuBa MPOTOKOJIOB TEXHOJIOTHYECKUX OTepallnii Ia3epHOi 00paboTKu
(pparment nporokona TO «BwipamuBanne n3 MaraueBoro nopouika Mmapku MI1®-4 ummuanrara
Ha TOJI0KKE U3 cruiaBa Mapku MA20»)

B cootBercTBUM ¢ nepepaboTaHHON onmonoeueu apxusa npomokonos TO naseproii obpadbom-
Ku Obl1a MOTUMUIIMPOBAHA U oHMoOAo2Usl O6a3vl npeyedenmos [25]. OHa onpenensieT CTpyKTypu3a-
U0 0asbl MPELEeACHTOB — MPOTOKOJIOB MpoBeAEHHbIX TO, HepapXuyecKu CrpyninupoBaHHBIX IO
BUJIaM 00pabaThIBAEMbIX MaTEPUAIIOB, THITAM BBITIONHIEMOH 33a7auu, a TaK)Ke PacIpeneiEHHBIX 10
KJIaccaM IPele/ICHTOB B 3aBUCUMOCTH OT TpéX (hakropos: npeanoxkeHHbx CIITIP mapameTpoB BbI-
nosiHeHust TO, daxkTruecky BbIOpaHHBIX TEXHOJOrOM (OrepaTopoM) mapaMeTpoB BbimoiaHeHus TO
U pe3ynbTata BeinonHeHust TO (pucyHOK 9).
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¥ o OnTonorusa 6a3bl npeueaeHTos % {CMUCOK} 2§
¥ Knacc npoueccos nasepHoi 06padotu | X « {CMNCOK} ( + ‘set’) (clone)
V Knaccel npeueaeHTos % {CINUCOK] ( ~ ‘proxy’)

V. CIIP npeanoxwuna npasunbHoe v TouHoe peluenue > {CMUCOK} ( = ‘copy’) (ref-new)
— TexHonoruyeckas onepauusa * ([*] 'listmm’) (ref-clone)

¥V CINMNP npeanoxuna npasunbHoe, HO Agonyckatollee yTouHeHue peluenue Xk * {CMUCOK] ( = ‘copy’) (ref-new)
v
crﬁp ped) 0 HO®, HO 0e p
Heckonbko eosmoxHeix ansmepramue, cpedu Komopbix bblnio U npaeunibHoe pelueHue
= TexHonoruyeckana onepauuma * ([*] 'listmm") (ref-clone)

¥ CIIMP npeanoxuna HenpasunbHoe pelueHue > * {CMUCOK]} ( = ‘copy’) (ref-new) @ ©
=)

Mroxecmeo anbmepHamue, E03MOXHO Mycmoe, cpedu KomopsiX He bblN0 NPasunbHO20 PeWeHuUs
Ly TexHonornyeckan onepauua * ([*] 'listmm’) (ref-clone)
v CIIMP He npeanoxuna pewenuin X {CMUCOK]} ( = ‘copy’) (ref-new)
—’ Texonorudeckan onepauys * (] listmm’) (ref-clone) < ¢
.>' K.l"lé’CC’hDO‘L‘leéCO‘B nééepﬁbﬁ oﬁbé6omvi 1 * ;4’([4] 'éeqt’rﬁ‘rh')‘ (cldné)

Pucynox 9 — OnTonorust 6a3sl CTpyKTypHUPOBAHHBIX MPELEICHTOB

2.3 OHTOnorng 6asbl 3HaHU

Juist hopMupoBaHust 3HAHWH, HA OCHOBE KOTOPBIX MPUHUMAIOTCS PEHICHUS O MIPAKTUYECKH MPH-
TOJIHBIX PEKUMAaX JIa3epHOU 00paboTKH, B cocTaB aHcaMOst OM BXOIUT ormonocus 6asvl 3HAHUIL O
HACMPOUKax pesicumos aaseproi oopabomku. Ha pucynke 10 mokazan ¢pparMeHT JaHHOW OHTOJIO-
ruu, a Takxe Gparment Gopmupyemoit Ha e€ ocHoBe b3. B ontonoruu b3 moBTOpHO HCHIONB3YIOTCS
(parMeHThl OHTOJIOTHI CIIPaBOYHBIX 0a3 MO 0OOpPYIOBAaHMIO M MaTepHajaM, a TaKKe OHMOL02UU
apxusa npomokonos TO nazeproti o6padbomxu.

[lo aHanmoruu ¢ NPUHLMIIOM CTPYKTYPHOW OpraHu3aluu apxupa npotokosioB TO 3HaHus (py-
KOBOJICTBA) 10 HACTPOWKE peXUMOB INpoBeneHus TO mepapXxuuecku CTpYKTYpUPYIOTCS 110 BUJAM
oOpa0aTbeiBaeMbIX MaTEpHUaJIOB M THUIIaM BBINOJHAEMBIX 3aad. [lanee 3agaércs MHOrOypOBHEBBIN
KOMILJIEKC MapaMeTpoB, ONPEAENSIONMNX pexxuM nposeneHust TO. DToT komieke GopMHUpyeTcs B
COOTBETCTBUM C KOMILJIEKCOM MapaMeTpOB, ONMMCAHHBIX B oHmono2uu apxueéa npomokonos TO na-
3epHotli obpabomku. HazBaHus mapamMeTpoB B OHTOJOTUU b3 COOTBETCTBYIOT Ha3BaHMSIM MapameT-
POB, ONIUCAHHBIX B OHTOJIOTUU apxuBa MpoTokoyioB TO, 3a cYET yCTaHOBIEHUS MEXIYy HUMHU Tep-
MHUHOJIOTUYECKON CBSI3HOCTH.

JUig KaxJ0ro KJIKYEeBOro MapaMmerpa Ipoliecca JiazepHoil o0paboTKu 3a7a€Tcsi MHOXKECTBO
MPaBHUJI YCTAHOBKH €ro BO3MOXKHBIX 3HaUeHUH. B aHTeleeHTe MpoAyKIIMOHHBIX MPaBHUII cHeH(u-
LHUPYIOTCSl YCIIOBUS, BIMSIONIME HA YCTAaHOBKY 3HaueHui napamerpa. Kaxnoe ycnoBue mpencras-
asieT co0oii nmepeueHb MPOBEPSEMbIX Ha COBIAJICHUE KPUTEPUEB C ONPEACIEHHBIM ITPABUIIOM BbIOO-
pa — «Bce KpUTEPUM» WM «HE MEHEE yKa3aHHOro KoiuuecTBay. [loa kpureprem noHUMaercs Jo-
6011 snemeHT u3 npotokosia TO nazepHoit 06pabOTKM MM U3 CIIPABOYHBIX 0a3 110 000pYIOBAHUIO U
MaTepuaiaM, BIUSIOUIMI Ha yCTaHOBKY 3HAUEHHUS NapaMerpa. 3HAU€HUSIMU KPUTEpUsS MOTYT ObITh
KOJINYECTBEHHBIC WJIM KaYECTBEHHBIC 3HAUYEHUS, B TOM YHUCIIC MPECTABISAIOIINE COOON 37IEMEHTHI
CIPaBOYHBIX 0a3 Mo 00OPYIO0BaHUIO U MaTepuaiaM. 3HAYEHUE KPUTEPHSI MOKET ObITh COCTABHBIM:
IPECTaBIATh COO0I HEKOTOPYIO XapaKTEPUCTUKY MU OJIOK BIOXKEHHBIX XapaKTEPUCTUK (CM. TOJ-
paznen 2.1). bioku kputepreB MOTYT OOBbEIUHSITHCS B TPYIIBI OJJOKOB — MHOYKECTBA OJIOKOB KpH-
TEPHUEB, CBS3aHHBIX MEXAYy co00i normueckumu cBsizkamu «Wy», «UJIN», «ICKIIIOYAIOIEE
NI ».

B KOHCekBEHTE NMPOIYKIMOHHBIX IIPaBWJI YKa3bIBAIOTCS BO3MOXKHBIE 3HAUYEHUSI COOTBETCTBYIO-
IIMX [apaMeTpoB. 3HaUYeHHE MapaMeTpa MPUHAMICKUT 00JIaCTH BO3MOXKHBIX 3HAYEHHH 3TOro Ia-
pameTpa, onpeaenéHHON B OHTOJIOIMU apxuBa poTokosnoB TO nazepHoit 00pabOTKH.
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| OHTONOMA 6a3 3HaHWii 0 HACTPOIiKaX PeXUMOB NasepHoi o6pabotky * * {CMUCOK} §2 &

Knacc npoyeccos nasepHoit obpabotku § % « * {CMUCOK] ( + 'set’) (clone) & §

ba3a 3HaHui 0 HacTpoiikax pexumos nasepHoi 0bpaborku * [OHTonorua 6a3 3HaHK
Hannagka § [Knacc npoueccos nasepHoit o6pabotku] * ¢

¥ PyKOBOACTBO N0 HACTPOViKe PEXNUMOB NpoBEAEHUA TexHonorueckux onepayui * {CMIMCOK}ly PykosoacTso no HacTpoiike pexuiMoB NPOBEAEHHA TEXHONOTMYECKUX OnepaLmil

V lNapameTpbl nasepHoro uanyyenua $ {CMIMCOK} ( = ‘copy’) (ref-new) & 4
V Pesxum redepaumm usnysetna | {ANTEPHATUBA] ( = ‘copy') (ref-new) ©
V IMpasuno yctaHosku sHavexus napametpa § {CMIUCOK} ( * 'list) (ref-new)
¥ Ycnosua Ha ycraHoeky % « * {CMIUCOK} ([=] ‘copymm’) (ref-new) ?
'V Tun ycnosus * « {ANISTEPHATUBAY ( = ‘copy) (ref-new)
¥ Bnok kputepues %k * {CMUCOK]} ( = ‘copy’) (ref-new) & §
¥ Kpurepuit * {CTIACOK] ( + 'set) (all) & @
V Tun 3Havenns * « {ANITEPHATUBA} ( ~ 'proxy’) = ¢
— Yucnosble 3Ha4eHUA € eauHuLen uamepenus ( = 'copy’) (ref-new)
— KavecTBeHHble 3Hayenus ( = ‘copy’) (ref-new)
— A (!'one') (ref)
¥ CocrasHbie 3Havetua % {CMUCOK] ( = '‘copy’) (new)
V Xapakrepuctuka X {CMUCOK] ( + ‘set) (all) ;
V Tun 3xavenna xapaktepuctuky * {ANITEPHATUBA} ( ~
— Yucnosble 3Ha4eHUA C eAnHULEN M3MepeHus ( = 'copy’) (ref-new)
- Kauecraennue 3Hauenus ( = 'copy’) (ref-new)
= A (!'one') (ref)

‘proxy)) @ §

| > Mpasuno auﬁopa % « (= 'copy
v I'Ipaauno Bblbopa % « {AﬂbTEPHATMBA} = 'copy’) (ref-new) ¢
BCE KpUTEpUH (TUN: CTPOKoBOE) * ( = ‘copy’) (ref-new)
He MeHee yKa3aHHOro Konu4ecTsa (copt: uenoe) * (!'one’) (all)
V I'pynna Bnokos * *{CMUCOK} ( = ‘copy’) (ref new) ¢ -
» Tun ycnosua % « ( = 'copy') (ref

) (ref-new )

ew)

¥ IlNormyeckas caasb mexay 6nokamu k {ANBTEPHATUBA} ( = ‘copy’) (new) >

W (tun: cTpokosoe) % * ( = 'co

WNU (tun: ctpokosoe) % * ( = ‘copy’) (new)

MCKNIOYAIOLLIEE W1 (tun: cTpokoBoe) * (
»> Tun ycnosua * « ( = 'copy’) (ref
~proxy)

py’) (new) §

= 'copy') (ref-new)

V 3naqeuue {ANbTEPHATUBA} ( ~ d
HenpepbisHblii (THN: cTpokosoe) § ( = 'copy’) (ref-new)
¥ Mopynuposantbiii § {CUCOK} ( = 'copy) (ref-new) & §
» Yacrora mogynayum § ( = 'copy’) (ref-new)

b [OnurensHocTs uMnynbea § ( = 'copy') (ref-
| > MMnyanHqu = 'copy’) (re f-new) ’
V Mou.lnocrbI(AanEPHATMBA} = 'copy’) (new) €
¥ Heanddeperuyvposattas « {ANlETEPHATUBA} ( ~
» [NocToaHHas (
> W3amenseman ( = ‘cop
V 3Ha4yeHua no cnosm (CﬂMCOK} ='copy’) (new)
¥ 3nayenue ana cnoes {CMUCOK} ( * 'seq’) (new) & &

2)

'proxy’) ¢
~ 'proxy ')

¥ Pexum renepauyym uanysetus | [Mapamerp] *
v Buibop pexuma resepaumu nasepHoro uanyyenus [[ipasuno yCTaHoBKM 3Have
Y 3navenme

¥ KayecTseHHble 3HaueHua *  §
v
AnbMepHaMUeHbIe 3HaveHus

> Henpepbishblil § [KayecTsenHoe 3HaueHue]
»> Moaynupoaaanuu 1 [KauectBeHHOe 3HaueHue]
V 3amumuu ras | [MNapamerp] * = &
v» Buibop TexHonoryeckoro rasa 1 [[pasuno yctaHoBKM 3Ha4eHus napamerpa)
Y Ycnosua Ha yCTaHoBKy *
v Tun ycnosua @
v lpynna Gnokos * ¢
'V Tun ycnosua @
.V_ Bnok kputepues *
'¥ Octosa { [Kputepuii] @ €
'V KayecteHHble 3taveHnsa &
> Mg 1 [KauecTBeHHoe 3HaueHue]
\/ noéuqecxan €BA3b Mexay Gnokamm ¢
wm (vn: cTpokosoe) *
V: Tun ycnosua
¥ Ipynna 6nokos * &
¥ Tun ycnosus & 6
'V Brok kpuTepres *
'V Octosa 1 [Kputepwit] (1
'V KayecTseHHble 3HayeHua & &
| > Al § [KayecTseHHoe 3HaueHue]
v ﬁomqecxaa cBA3b Mexay 6nokamu
7 (Tun: cTpokosoe) *
¥ Tun ycnoswa .
'V Brok kpuTepres *
47‘ OcHosa $ [Kputepmii]
V¥ KayecTBeHHble 3Ha4YeHUa
> 1 [KauectsenHoe 3HaueHue]

V 3navenme P O
V KayecTseHHble 3HaveHna = (0
> He 1 [KayecTBeHHoe 3HaveHue)

6)

Pucynok 10 — ®@parmeHT oHTONOTHN 0a3bI 3HAHUI 0 HACTPOMKAX PEKUMOB Jla3epHON 00padoTKH (a) u hparMeHT Gop-
MHUpyeMoii Ha e€ ocHOBe 0a3bl 3HaHUiT (0)

C uenpio yTouHeHHs U Bepu(UKalMM pEelIeHnH — 3HaYeHUH MapamMeTpoB Mpoliecca, mojydae-
MBIX Ha OCHOBE METOJI0B UCcKyccTBeHHOTo nHTeuiekta (MU - paccyxnenunit Ha ocnose b3 u npene-
JICHTOB), IPEIUIOXKEHA 1 0TpaboTaHa (Ha IIpUMepe IporpaMMHOil cucteMst Wolfram Mathematica®)
METOAMKA B3aUMOJICUCTBUS PEATU3YIOMIUX 3TH METOAbl MPOrPAMMHBIX KOMIIOHEHTOB CO CTOPOH-
HUMH MPOTPAMMHBIMH CUCTEMAaMH, MO3BOJISIOUIMMH BBIMOJIHUTHh YHUCICHHOE MOJEIUPOBAHUE TEP-
MOJIMHAMUYECKHX TPOLIECCOB, CONMPOBOXKIAOIIUX TexHoNoruo DED-LB. Ontonorust 6a3sl MaTe-
MaTHYECKHX MOJIENIEH, B KOTOPO MPETI0AKEHO XPaHUTh IPOrpaMMHBIE pealin3aliy (a TakKe HeKo-
TOPYIO MeTanH(OPMAIIMI0O O HHUX) YUCICHHBIX pPAcuy€TOB 3HAYCHUN TMapaMETPOB MOECIHUPYEMbIX
MIPOIIECCOB, MpejcTaBiIeHa B padbote [26].

* Wolfram Mathematica. The world's definitive system for modern technical computing.
https://www.wolfram.com/mathematica/index.php.en?source=footer.
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2.4 TlocTtpoeHune aHcambna OM

Hns  moctpoenuss ancambias OM  wucnmonw3yercs oOmaunas miatdpopma [ACPaaS
(https://iacpaas.dvo.ru), npeqHa3HauYEHHAS TSI CO3[IaHUS, YIIPABICHUS U YIAIEHHOTO MCIOJIb30Ba-
HUS MHTEJUICKTYaIbHbBIX 00JauyHBIX CEPBUCOB U TEMATUUYECKUX MOPTAIOB 3HaHUi [27]. TexHomoruu
U MHCTPYMEHTAJIbHBIE CPEACTBA IIAT(HOPMBI 00ECIIEUNBAIOT MOIEPKKY MTOJHOIO LUK pa3paboT-
ku rpadoBeix b3, 0a3 u peno3uTopueB JaHHBIX, a Takke ocHoBaHHBIX Ha HUX CIIIIP xak oOGmayHbIX
CEpBUCOB, K KOTOPHIM MOXET ObITh OPraHU30BaH COBMECTHBIN ynanéHHbli goctyn. MHCTpyMeHTa-
puil yauThiBaeT crienupuky cuctem ¢ b3 (B yacTHOCTH, OPHEHTHUPOBAH HA CIELUAINCTOB Pa3HBIX
TUIIOB — IIPEJMETHBIX KCIEPTOB, MHKEHEPOB 3HAHUH, Pa3pabOTUMKOB IPOrpaMMHOro obecrede-
HUS), TI03BOJIIET YIIPOCTUTHh U aBTOMATH3UPOBATh MPOLIECC UX pa3pabOTKH, CHU3UTH TPYA03aTPaThl
II0 COIIPOBOXKIECHHUIO.

Ha muatdopme co3znan u pazsuBaetcs nopran 3HaHu# o JIAIL, npenHazHaueHHBIN IS BBISBIIC-
HUSL U OTPAOOTKU MPUTOAHBIX AJS MPAKTUUYECKOTO NMPUMEHEHUS] TEXHOJIOIHMYECKUX PEeXUMOB [28].
Paspabotannsiii ancam6ias OM u popmupyemsie Ha ero ocHoBe B/l u B3 BxonsaTt B coctaB uHdpop-
MAallMOHHOI'O HAIMIOJIHEHUs JAHHOTO MopTaa.

Hns popmupoBanus ancamOis OM Ha moprane 3HAHHWH HCIIOJB3YETCS MHCTPYMEHTAIBHOE
cpeactBo miardopmel «Pedakmop opzpagosy, SBISIOIIEECS] UHTEPIPETATOPOM A3bIKA ONUCAHUSA
onmonoeutl (MetanHpopmanun), cnenu(ukanus KOToOporo XpaHurcs B GoHAE (CTPYKTypHUpOBaH-
HOM xpaHuiuiie) miathpopmsl /ACPaaS. JlaHHBIN pefakTop MO3BOJISIET YIPOCTUTH pa3paboTKy Mo-
Jeneil OHTOJIOTHH, oOecrieunBas WX WHTEPAKTUBHOE
dbopmupoBaHre W M30aBisAs pa3padOTYUKOB OT HEOO-
XOJJMIMOCTH W3y4aTh CHHTAKCHC SI3bIKa OIHMCAHHS OH-

OHTONOro-opUeHTUPOBaHHbIN
peaakTop

i H

| I

| I

| I

| |

TOJIOrHH. lMpedcmaenexue i i

hop DHHO20 | T i

DKcrepTHOe (HOPMUPOBAHUE U COMPOBOXKICHHE oo e v : |

Bcex b/l u b3 Ha moprane BBHINONHSIETCS C UCIIONB30- JSON ! !

BaHMUEM COOTBETCTBYIOIIMX CIICIHATN3UPOBAHHBIX OH- @ i |

TOJIOTO-OPUEHTHPOBAHHBIX PEIAKTOPOB, MOTYy4aeMbIX c I |

) | |

HA OCHOBE WHCTPYMCHTANLHOTO CPE/ICTBA «Pedaxkmop = o | sk onucanun |

opepagoe», NyTEM MOAKIKOYEHHS K HEMY COOTBET-  cneuwanuct ! anos !

(v} v | I

CTBYIOIIEH YNpaBIAIOMIEH MOJEIM OHTOJOTMM (pUCYy- —  leemmemmmhe '
HOK 11).

Bce ynpasisiemble OHTOJIOTHSIMU PENAKTOPBI IS
popmupoBanus u conposoxaeHus bJl u b3 moprana  pucynok 11 — Cxema Gopmuposanus napopma-
o0yagaroT CJICAYIOIUMHA O0COOEHHOCTSIMU: LIMOHHOT'O peCcypca o €ro OHTOJIOIUHU
"  [POLECC PEAAKTUPOBAHUS YMPABISAETCS OHTOJIO-

THeH, MOJIb30BaTeIbCKUI HHTEp(dElc TeHepUPYETCsl HA OCHOBE OHTOJIOTHH;

"  [IpU U3MEHEHUHU OHTOJIOTHH TIOJIb30BATEIIbCKUN UHTEP(ENC U MPOIECC PeIaKTUPOBAHUS aJlarll-
TUPYIOTCS aBTOMATHYECKH (TP HEOOXOIMMOCTH COOTBETCTBYIOIIAs 0a3a Tak:Ke MPUBOJIUTCS B
COTJIACOBAHHBIN C M3MEHEHHOW OHTOJIOTHEH BHI aBTOMATHUECKH ).

Hapsiny ¢ uarepaktuBHbiM popmupoBanuem b/l, B3 u ontonoruu cpencramu miarhopmMbl Mo-
I'YT 9KCIIOPTHPOBATHCS/MMIIOPTHPOBATHCS B hopmare JSON .

s obecrieueHust MHTepHAIMOHATN3auu oHTonoruii, b/l u b3 k HUM MOJKIIOYEHBI TIpeBa-
pUTEIHLHO COPMHUPOBAHHBIE HA MOPTAJIE CICIHAIBHOTO BUa MH(GOPMAIIMOHHBIE PECYPCHI, COAEP-
JKaIlue MepeBoj TEPMUHOB OHTOJIOTHH, a Takxke npeameTHeiXx b/] u b3. B Hacrosiiee Bpemst nepe-
BO/JIbI BBINOJHEHBI HA aHTIMUCKUN SA3bIK. [Ipy mpocMoOTpe M peIakTUPOBAaHUU COOTBETCTBYIOIIETO
MH(OPMAIIMOHHOTO KOMIIOHEHTA MOpTaia €ro COAEePKUMOE U TOJIb30BaTeNbCKUi HHTEpdeiic cOoT-

5 JSON (anrn. JavaScript Object Notation) — 3T0 TeKCTOBBII (hopMaT oOMeHa JaHHBIMU, OCHOBaHHbIH Ha JavaScript.
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BETCTBYIOIIETO PEAAKTOPAa OTOOpaXKaroTCsl Ha BEIOPAHHOM IOJIb30BaTENIEM Ha web-caiite miuatdop-
Mbl /ACPaa$ Ha pycCKOM WIN aHTJIMHCKOM SI3bIKE.

3 O6cyxaeHue

[IpoextupoBanue u pazpadorka CIIIIP mist maxenepoB-TexHosnoro JIAIT Ha ocHOBE OHTOIIO-
I'Uil, UMEIOINX €IMHOE JEKJIapaTUBHOE CEMAaHTHUYECKOE IIPE/ICTAaBICHHE, TO3BOJSAET JOCTHYD Clie-
nyomue 1ueian. Bo-nepBbiX, 3T0 obecrieueHue KOHIENTyalbHOro 0asuca, CO3[Jalouiero BO3MOXK-
HOCTh CTPYKTYpH3aIlMH, YHU(PUKAIMN ¥ CTaHJApTU3ANUK crienupuKanuii npu pa3paboTke HHTe-
rpupyembix Apyr ¢ apyrom moaeneid JIAIL. Bo-BTopeix, o0ecrieueHue BO3MOKHOCTH MEKIUCIIH-
IUIMHAPHOM KOOIEpanuu — HENOCPEJCTBEHHOIO CKOOPAMHUPOBAHHOIO Y4YacTHUs B 3TOM Ipoliecce
Pa3HBIX MPEAMETHBIX CHEIHAIUCTOB, a HE TOJbKO pa3pabOTUMKOB MPOrpaMMHOr0 00OecrnedyeHUs
[28-30]. B-TpeTbux, NpUMEHEHNE OHTOJIOIMYECKOI0 JBYXYPOBHEBOIO MOJAX0Aa K (POPMHUPOBAHUIO
CEMaHTHUYECKON HH(pOpPMAIINU HAMIPABJICHO Ha 0OecTeueHue:
=  Bo3MokHOCTU opmupoBanus b/ u b3 B MOHATHBIX MpPEAMETHBIM CIEIUATUCTAM KOHIICTTY-

AIbHOM TPEJCTABICHUN U TEPMUHOJIOTUH;

* Macmrabupyemoctu M onepatuBHoOW pacmupsemoctu CIIIP 6e3 ydactus mporpaMMHCTOB:
MOSIBJICHWE HOBBIX BHJIOB PACXOJHBIX MaTepUasoB, JIA3epPHOTO U APYrOro TEXHOJIOTUYECKOTO
o00Opy/sOBaHus, paclIMpEeHUE HOMEHKJIATypbl o0pabaThlBaeMbIX JAeTajieidl, paclupe-
Hue/mMonupukamus b3, He HOMKHBI (B OONBIIMHCTBE CIIy4aeB) MPUBOJIUTH K BHECEHUIO M3Me-
HEHUI B pa3pabaThIBacMbIe OHTOJIOTO-OPUEHTHUPOBAHHBIC AJITOPUTMBI WHTEPIPETAIMA IIeTIe-
BbIX 0a3, BHIMOJHSIOIINE PACCYKIECHUS HAa OCHOBE 3a()MKCUPOBAHHBIX B OHTOJIOTHUSX MOHATHH U
OTHOUIEHHUM.

Tak obecrieynBaeTCsl OJTHO U3 KIIOUEBBIX TPEOOBAHUI K MPOTPAMMHBIM CUCTEMaM — MX JKU3HE-
CIIOCOOHOCTb.

OpnHoil U3 HEpeLIEHHBIX B paMKax MpeIaraéMoro mojaxoaa 3a1ad ocTaércsi BbICOKask TPYAOEM-
KocTh (GopmupoBaHus apxuBa MpotokosioB, b/l u B3. B nHactosimee Bpemsi oHu (OpMHUPYIOTCS
TOJIKO C MCIOJIb30BAaHUEM COOTBETCTBYIOLIMX CHELUAIU3UPOBAHHBIX peaakTopoB. [lostomy on-
HUM U3 HallPaBJICHUN Pa3BUTHUS SIBISIETCS UCIIOJIIb30BAHUE METO/I0B 00pabOTKU €CTECTBEHHOTO SI3bI-
Ka JJIs aBTOMATHYECKOTO M3BJICUEHUS PEICBAaHTHOW MH(POPMALMK U3 CIA00CTPYKTYPHPOBAHHBIX H
HECTPYKTYPUPOBAHHBIX TEKCTOB U (DOPMHUPOBAHMSI COOTBETCTBYIOLINX HH(DOPMAIMOHHBIX PECyp-
coB. JlpyruM HampaBlieHUEM SIBJISIETCS CO3JaHHE MHTErpUpOBaHHOM B aHcamOibp OM u MeTonoB
reHepanuu Ha e€ OCHOBE OOBSCHEHUN PEeKOMEHAIMA 10 HACTPOUKE PEKUMOB pabOThI JTa3€pPHOTO
POOOTOTEXHUYECKOTO TEXHOJOorn4eckoro odbopynosanus, BeiiaBaeMbix CIIIP. Takue oO0bsicHeHus
JIOJI’KHBI COOTBETCTBOBATh CPOPMYIUPOBAHHBIM HalmoHambHBIM MHCTUTYTOM CTaHIAPTOB M TEX-
HOJIOTHH 4eThIpéM npuHunaM oobscaumMoro MU [31] u B COBOKYMHOCTH ¢ peKOMEHAAIUSIMU MO-
I'yT OBITH HCIIOJIB30BAaHBI B KaueCTBE OOOCHOBAaHHOTO PYKOBOJICTBA, MOMOTAIOIIETO HH)KEHEpaM-
TEXHOJIOTaM MPUHUMATh PEIICHUS.

B kxadecTBe OTIENBHOTO HANIPABICHUSI MOKHO BBIICTUTH PabOTHI, HAIIPaBIEHHBIC HA o0ecmeye-
HHE BO3MOXHOCTH TTOBTOPHOM HCIIOJIB3YEMOCTH OHTOJIOTHM M MX JajbHEHIee pa3BUTHE U 0000-
HIEHUE Ha APYrve BUbI IUIABJIICHUS] METANTMYECKUX MATE€pPUAJIOB, B KOTOPBIX HUCIOIb3YIOTCS KOH-
LEHTPUPOBAHHBIE IOTOKU HEPTUHU (3JIEKTpUUECKast 1yra, M1a3Ma, SJIEKTPOHHBIHN JIy4 U T.1.).

3aknryeHue

B pabote npencrasnen ancam6sib OM, MOI0KEHHBIN B OCHOBY pa3padaTbIBaeMON MHTEIUICKTY-
anbHOM CIIIIP nig cnenuanucToB, 3aHUMAIOIIUXCS HACTPOUKON PEKUMOB BBIMOJHEHUS Ja3€pHBIX
aITUTUBHBIX TEXHOJIOTHMUYECKUX TpoIieccoB kareropuu DED-LB 1o W3roToBIEHUIO U 00paboTke
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MeTajuinueckux getaneil. Onucan cocraB koMmiiekca OM, Ha3HaYeHUE OTAENBbHBIX €r0 KOMIIOHEH-
TOB U BO3MOYHBIE THUIIbI CBA3EH MEXKAY HUMH.

B ocHoBy pa3paboTku KomIiekca MOJeNel MOJIOKEH OHTOJIOTUYECKUI ABYXYpPOBHEBBIN MOJI-
XOJl K TMPEACTABICHUIO PA3IMYHOTO BHUAA CTPYKTYPHUPOBAHHOW CEMaHTHYECKOW WH(OpMarmm.
B nannom nmoaxone OM otaenensl ot popmupyeMbix Ha ux ocHoBe b/l n b3 (ueneBoii nudopma-
IIM1), @ OHTOJIOTHS OMPEeIsIeT MpaBuiIa CTPYKTYPUPOBAHHOTO (hOpMHUpOBaHMS 1eeBOi HH(pOpMa-
WU U €€ UHTEPIPETALNH.

Jns peanuzanun ancam6ss1 OM HCHoIb30BaHbl MHCTPYMEHTAIBHBIE CPEACTBA 00JIAYHOM TUIaT-
dhopmbl IACPaaS. OuTtonoruu u popmupyembie Ha ux ocHoBe b/[ u b3 BxoasT B coctaB unpopma-
LIUOHHOTO HanojHeHus nopraia 3HaHuil o JIAIIL, koTophIil co3/laH M pa3BUBAETCS HA ATOM IIAT-
dopme. CoznaBaemas CIIIIP sBasieTcss 4acThi0 MPOrpaMMHOTO HAIOJIHEHUsS TOpTaja, MO3BOJISIO-
LIEr0 aKKyMYJIMpPOBAaThb W HUCIOJIb30BaTh 3HAHUSA U OIBIT, YMEHBIIUTh YHUCIO IMPEIBAPUTEIHHBIX
SKCIEPUMEHTOB, HAIIPABJICHHBIX HA BBISBJICHUE NMPAKTHUYECKH MTPUTOJHBIX TEXHOJIOTUYECKUX PEKU-
MOB, a TaK)X€ CHU3HUTH TPEOOBAHUS K KBATH(DHUKAIIMK TPOMBIIIICHHBIX MOJIE30BATEICH TEXHOJIOT U-
YeCKOro 000pyJI0BaHMUS.
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Abstract

Barriers hindering the use of additive manufacturing processes for metal parts production are discussed. The necessity
of integrating an intelligent decision support system (DSS) into the professional activities of laser additive manufactur-
ing engineers is substantiated. The advantages of the developed ontological two-level approach for forming semantic
information are highlighted. This approach's peculiarity lies in separating ontological models from the databases and
knowledge formed on their basis—target information. The ontology dictates the rules for the structured formation and
interpretation of target information. An ensemble of ontological models, forming the foundation of the developed intel-
ligent system, is presented. The composition of the ensemble, the purpose of its individual components, and possible
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types of connections between them are described. The ensemble includes ontologies for reference databases on equip-
ment and materials for laser additive manufacturing, an archive of protocols for technological operations of laser pro-
cessing, a knowledge base about settings for laser processing modes, and a database of mathematical models. The en-
semble of ontological models is implemented on the TACPaaS cloud platform using its tools. Ontologies, databases,
knowledge bases, and a decision support system are part of the Laser Additive Manufacturing Knowledge Portal. Ac-
cumulating and using the knowledge and experience from different technologists in the portal will reduce the number of
preliminary experiments needed to identify suitable technological modes and lower the qualification requirements for
users of technological equipment.

Keywords: information technology, decision support, ontologies, ontological design, laser additive manufacturing,
graph model, cloud platform.
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