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K HactosdmeMy BpeMeHH pa3paOOTaHO MHOXKECTBO NIPOrPAMMHBIX CHCTEM U
CEepPBUCOB Ui TOJACPKKUA pelIeHUs TNPOPEeCcCHOHATBHBIX 3adad, B KOTOPBIX
WCIIONB3YIOTCS ~ METOAbl ~ MCKYCCTBEHHOTO  MHTEIJIEKTa,  MareMaThyecKoro
MOJIEJIMPOBAHUS U MAIIMHHOTO 00ydeHus. [Ipu 3ToM 17151 perieHus: OHOTO U TOTO JKe
KJlacca 3a7ad 4acTO UCIOJIb3YIOTCSl pa3jMyHble MOAXOoAbl W TexHojoruu. [lpu
OTCYTCTBUM KOMIIOHEHTa TeHepauuud OOBACHEHWH CHEeUHAUCTy TPyOHO BBIOpaTh
HauOoJsiee TOAXOAAIIMKA (TOYHBIM) METON W CpPaBHUTh TOJYUYEHHbIE pPE3YJIbTaThbl
(Kaxaplii MeTON pealu3yeTcs OTIAeIbHO (QYHKIMOHUPYIOIIUM cepBUcoM). [lpu
pelIeHun psiia CIOXKHBIX 3aJad 4acTo HeoOXOAMMO OOeCHeYuTb WHTErpaluio
Pa3HOPOJHBIX CUCTEM C UCIOIb30BAHUEM €IMHOW TEPMUHOJIOTHUH, "00IKX" 3HAHUN O
MpeAMETHOM 00J1acTH.

B kauecTBe TEXHOJOTWYECKONH OCHOBBI MJII TMPOTPAMMHON TOIACPKKH B
pELIEHUU BaXKHBIX 3a/lad C HUCIIOJIb30BaHUMEM BepOau3yeMbIX 3HAaHUN (OmbITa) U
JAHHBIX O COCTOSHMM HEKOTOPOro OOBbEKTa NpPEeIoKEHbl OHTONOrMU. OaHAKO
OHTOJIOTUU TIPAKTUYECKH HE MCIOJNB3YIOTCS B KayeCTBE €AMHOM HHTETPUPYIOIIEH
OCHOBBI TPU CO3JaHWUA THOPUIHBIX HMHTEIJIEKTyaJIbHBIX CHUCTEM C OOBSCHEHHEM
MOJIyYEHHBIX PEe3yJbTaTOB, B TOM YMCJIe ajJbTepHAaTUBHbIX. [log rubpuaHoil Mbl Oynem
MOHMMAaTh TaKyl CHCTEMY, B KOTOPOH MJisl pelIeHUus OIpeleNieHHON 3a1adu
WCTIONB3YIOTCA pa3udyHble METOnbl (BO3MOXKHO, albTepHATHUBHBIE, pealii3yeMble
HayUYHBIMU WM SKCTIEPTHBIMU TpyTITIaMu).

Corpynnuku HMHcTUTyTa aBTOMaTuku W mpoueccoB ynpasienuss [[BO PAH
paspaboranmu tuarpopmy IACPaaS [1], xoTopas obnamaer WHPPACTPYKTYpOH Iist
dbopMHUpOBaHUs TOPTAJIIOB 3HAHUH M CEPBHCOB HAa OCHOBE OHTOJIOTHH, BKJIIOUAs
KOHIIENITYaJIbHBIN SI3bIK, OCHOBAaHHBIM Ha MEPApXMUYECKUX CEMAHTHUYECKHX CeTSX.
OHTOJIOTHH, ONUCHIBAaIONIMEe HHQOPMAIMOHHYIO MOJEeNb 3HAHUM M JaHHBIX Ha
miarpopme IACPaaS, dopmupyrorcs B BHIE HEpPapXHUSCKUX CEMAHTHYECKUX



MH(OPMALMOHHBIX pecypcoB. Takue OHTONOrMYEecCKHMe MOAENU OOeCHneurnBaoT
CEMaHTHYECKYI0 CTPYKTYpUPOBAaHHYIO Mofelib oOpalaTbiBaeMoil MHMOpMaLuu U
CBs3aHHbIE C HEeH npaBuiia 06padoTKU (Habop MpaBUJI AJI CONOCTABIIEHUS SIEMEHTOB
NpeAsiokeHnt 0a3bl 3HAHUW C JIIEMEHTaMU CTPYKTYpPhl OOBEKTOB MpPEeaMETHOM
00J1acTH) U OTHENIeHUs OHTOJOTUMU OT 0a3 3HaAHUU TakuM 00pa3oM, YTOOBI pe3ysbTarT
dbopManuzaMu 3HAHUM OTBedan TpeOOBAHUSM TMOHSATHOCTH, OOBSICHUMOCTH U
pacmmpsieMocTi/MoquuKals 3HAHUNH 0Oe3 W3MEHEHHs Kolda MPOrpaMMHBIX
KOMIIOHEHTOB.

Ecnu 3HaHus SBHO He MpelCTaBIeHbl, UCIONb3YeTCs APYroil METOA, HalpuMep,
METOJ] MallIMHHOTO OOy4YeHHs, TOTJa OHTOJIOTHS OINMHUCHIBAET JaHHbIE, HEOOXOAUMbIE
JUIsl CepBUCA, ONMKMCAHUE WHTEpPIpeTaluu pe3ysibTara, a TakkKe ajgpec pa3MelleHUs
TaKOro MHKpOCEpBUCAa WM areHTa. lIporpamMmHble KOMIIOHEHTBI, MPU HAJTUYUHU
HeOoOXOMUMBIX JaHHBIX, o0ecredar 3alyCK MUKpOCepBUCAa WM areHTa M BbIBOJ
pesynbrara nojb3oBaresnto. [lJis MeTooB, B KOTOPIX 3HAHUS SIBHO HE MPEICTABIEHBI,
HEe reHepupyeTcs NoApPOOHOT0 OOBSICHEHUS, UX BKJIIIOYEHHE Yepe3 OMUCAHHYIO Cpey,
BO-TIEPBBIX, YMPOIIAET HCIOIb30BaHWE PA3IUYHBIX METOAOB B paMKaxX €IUHOU
CHUCTEMBI C YHU(DUIIMPOBAHHBIM HHTEepdericoM W enuHbIM HAaOOpPOM [aHHBIX, BO-
BTOpBIX, IIOMOTaeT BbIOpaTh HambOosiee MOAXOMAUINI U KOPPEKTHBIM MeTox
(ympomiaetrcsi cpaBHeHHE METOAOB). Takas MHTErpanus TakkKe PEeKOMEHIyeTcs AJis
3arycka MeTofia B (JOHOBOM PEXHMeE, JUIsl KOTOPOrO JOCTYTeH HeOOXONUMEBIi Habop
JaHHBIX, BMECTO "py4dHOro" Beibopa.

CoznaHve WHTEIJIEKTYaJlbHOW CHCTEMBbl C HCIOJb30BAaHHUEM OHTOJIOTHYECKOM
o0olloukr  cBOMUTCA K  GoOpMUpOBaHUIO  0a3bl  3HAHWUN,  TMOAKIIOUEHUIO
MaTeMaTH4YeCKUX MOJAeNied WM MOZAeled MAaIlMHHOTO OO0y4YeHHus, a TaKxKe
JeKJIapaTUBHOMY (DOPMUPOBAHUIO CTPYKTYPHhI JUisl OObSICHEHUS WM MHTEpIpeTaluu
pe3yabTaToB, CBS3bIBAIOIICH MporpaMMHble W HWH(OpPMALMOHHBIE KOMIIOHEHTHI B
€JIUHBINA CEPBUC.

[Ipennaraemblii moaxon pa3pabarbiBajicsi B TEUYEHUWE HECKOJIbKHMX JeT IS
pellieHrs pa3IMYHbIX KJIAcCOB 3ajau B psiie MpeIMETHbIX obyiacTeidl: MeaullnHa,
nonBoAHasi poOOTOTEXHUKA, MPOU3BOACTBO aJJIUTUBHBIX JIA3€pOB, CEJIBCKOE
XO3SICTBO U JIpyTHe.

There are many software systems and services to support professional tasks, for
which artificial intelligence, mathematical modeling, and machine learning methods
are used. At the same time, different approaches and technologies are often used to
solve the same class of problems. In the absence of explanation generation



component, it is difficult for a specialist to choose the most appropriate (accurate)
method and compare the results obtained (each method is implemented separately by
a functioning service). When solving a number of complex tasks, it is necessary to
ensure the integration of heterogeneous systems using an unified terminology,
"general" knowledge about the domain.

Ontologies are proposed as a technological basis for software assistance in
solving important tasks using verbalized knowledge (experience) and data on the
state of some object. However, ontologies are practically not used as a unified
integrating basis when creating hybrid intelligent systems with an explanation of the
generated results, including alternative ones. By hybrid, we will understand such a
system in which various methods are used to solve a certain problem (possibly
alternative ones implemented by scientific or expert groups).

The staff of the Institute of Automation and Control Processes of the FEB RAS
has developed the IACPaaS platform [1], which has an infrastructure for the
formation of knowledge portals and services based on ontologies, including a
conceptual language based on hierarchical semantic networks. Describing the
information model of knowledge and documents, ontologies (for portals) on the
IACPaaS platform are formed in the form of hierarchical semantic information
resources. Such ontological models provide a semantic structured model of the
information being processed and associated processing rules (a set of rules for
matching elements of knowledge base sentences to elements of the structure of
domain objects) and separating ontology from knowledge bases so that the result of
knowledge formalization meets the requirements of comprehensibility, explainability
and extensibility/modification of knowledge without changing the code of software
components.

If the knowledge is not explicitly represented, another method is used, for
example, the machine learning method, then the ontology describes the data
necessary for the service, a description of the interpretation of the result, as well as
the address of the placement of such a micro-service or agent to obtain the result.
Software components, if there are necessary data, will ensure the launch of such a
software component and the output of the result to the user. For methods in which
knowledge is not explicitly represented, does not generate a detailed explanation,
their inclusion through the described environment, firstly, simplifies the use of
different methods within a single system with a single interface and integration with a
single data set, and secondly, helps to choose the most appropriate and correct
method (method comparison is simplified). Such integration is also advisable for



running a method in the background, for which the necessary data set is available,
instead of "manual" selection.

The creation of an intelligent system using an ontological shell is reduced to the
formation of a knowledge base, the connection of mathematical models for which
there is enough information from the data, and the declarative formation of a
structure for explaining or interpreting the results, linking software and information
components into a single service.

The proposed approach has been developed for several years to solve various
classes of problems in a number of subject areas: medicine, underwater robotics,
additive laser manufacturing, agriculture and others.
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PaccmarpuBatoTcss  Ga3oBble  MeTOABl WM MOAXOAbI K pa3paboTke
VMHTEJUIEKTYJIbHBIX CUCTEM IMOAJEP)KKHA TMPUHATHS PELICHHH peaJbHOrO BPEMEHHU
(UCTIITP PB), mpenHa3HadueHHBIX 711 TIOMOIIH JIAILY (TPYIINE JIUIT), TPUHUMAOIIAM
pewienust (JI[IP), mpu MOHUTOpHHIEe M YNpPaBICHUH CIONKHBIMU JUHAMUYECKUMU
TEXHUUECKUMH (TEXHOJOTMYECKMMHU) OOBEKTaMH U TMpolieccaMu (Ha TMpuMepe
YHEPrOOOHEKTOB) B YCIOBUAX JOCTATOYHO KECTKUX BPEMEHHBIX orpanuueHui [1, 2].
UCIIIIP PB oTHOcATCSA K Kilaccy AMHAMUYECKUX WHTEJUIEKTYyalbHBIX CUCTEM, MPH



