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ABTOMATH30BaHe JiarHOCTYBAHHSA TEXHOJIOTIYHUX MPOLIECIB
METOIaMM I€PapXiyHOro MOJAEJIOBAHHSA TA JIArHOCTHYHUX MPOUEAYP

Harmionansanii TexHivHNH yHiBepcuTeT YKpainu "KuiBchkuii OMITEXHIYHAN iHCTHTYT iMeHi [rops
CikopcrKkoro"

Po3ensiHymo OCHO8HI acriekmu erpoeadXeHHs1 cucmemMm 0OiagzHOCMYy8aHHSI 3 BUKOPUCMAaHHSIM iepapXidyHo2o
moldenogaHHA ma OiazHocmuyHux npouedyp. OkpecrnieHo nodanbwi Hanpsamku pobomu 0Ons nobydosu
egpekmusHoi cucmemu OGiaeHocmyeaHHsl. OcHo8Ha idesi OiaeHocmuy4HUx modeneli 6a3yembCcsi Ha KOMIOHEHMaX,
de cucmema eu3Ha4Yaembcsi SK Habip KOMMoHeHmi8 i 8i0HOCUH MiX HuMu. [iazHocmuka makoi cucmemu
nposodumscsi 8 08a emariu; 8Usi8lIEHHS1 HecripagHocmel i fiokanizauis npobnem. [ns aHanisy HecripagHocmel
8 asmomMamu308aHUX cucmemax 3acmocosyomb 8esUKYy Kinbkicmb nidxodie ma modesned. Halbinbw yacmo
0ns1 peanizauji Yyb020 npouecy 8UKOPUCMOBYEMbLCS cUCMEMU, SIKi Maomb O0HY 8u3Ha4vyeHy mModerib, sika 0obpe
ornucye npouyec. TaKoxX MOXIUee 3acmocyeaHHs eKCriepmHux Jio2idHuUx epacpie 0nsi ¢hopmanizauii npoyecy.
lNpome sKW0 cucmema eenuka i cknadHa mo modesib cmae Oyxe 2pPOMI30KOK i He 3a8X0U MOXKE KOPEKMHO
onucamu fipoyec. ToMy asmopamu MporoHyemMbCsl 3aCmocye8aHHs iepapxiyHoi Mmoderni Ornsi nobydosu cucmemu
aHanizy HecripasHocmel, 0e Ha 8epxHbOMY pieHi 6yde nposodumuch 3azasrbHa OiaeHocmu4yHa rnpouyedypa 3
JI0Kanisayieto HEKOPEKMHO20 KOMIOHeHmMa 3 nodasbWiM 3acmocy8aHHAM crieyugbiyHoi OiaeHocmu4Hoi moderni
0o rnokanizogaHoi OinsiHKuU. [iaezHocmuy4Ha npouedypa MOXe Cmocy8amucsl MeeHO20 PIieHSI KOMMOHEHMHO20
npedcmasrneHHs. Cucmema, sika nidnseae diaeHocmuyj, cmpykmypogaHa 8 iepapXii KOMIoHeHmi8 w000 IXHbOI
cmpykmypu ma yHKuioHasbHocmi. Takul ridxi0 doseonsie po3bumu cknadHy cucmemy Ha binbw npocmi i 00
KOXHOI nidcucmemu 3acmocosysamu ceili crieyuchiyHUl ansopumm aHanizy. Tobmo npu aHanizi cucmemu
rnpogodumscs 3azasnbHa OiaegHocmuyYHa ripouedypa, sika /ioKasi3ye pieeHb, Ha SIKOMY MOXI/uU8a HecrpasHicmb.
Takul nidxid 0o3eonume WEUOKO aHasidysamu cucmeMy Ha 3az2allbHoMy pieHi i nicnsa ideHmucbikauii
HegidnosiOHocmi rpogsodumu 0OHy JfioKanbHy npouedypy aHanidy. Ha Jdymky aemopie ue 00-3807UMb
npuweudwumu pobomu cucmemu diazHocmyegaHHS 01151 CKiadHUX CUCMEM.

KntoyoBi cnoBa: aBTomatn3oBaHa cuctema KOHTPOJO Ta KepyBaHHA, JiarHocTuka, TEXHOMNONYHMI npouec.

Beryn

JliarHOCTyBaHHSI CyYaCHHX TEXHOJIOTIYHHX CHCTEM CTa€ BCE OIbII CKIAJIHUM 3aBJaHHSM,
OCKUIBKM Cy4YacHI TEXHOJIOTIYHI CHCTEMM CKJIQJalOThCA 3 YHCICHHUX KOMIIOHEHTIB, SKI
B3a€MOJIIOTH 1 PEKYPCUBHO BKJIFOUAIOTh 1HIII KOMIIOHEHTH.

Konu KiNbKICTh KOMIIOHEHTIB 30UIBIIYETHCSA, TO 3pOCTAa€  CKIAIHICTh JI1arHOCTHMYHOIO
OOTpYyHTYBaHHS Ta Yac PO3PAXyHKY, HE3AJIEKHO BiJl HEOOXITHOT TOUHOCTI aHAJI3y 1 MOTEHIIIITHOTO
BIUIMBY HOBUX KOMIIOHEHTIB Ha cIrocTepexyBaHl ¢akTtopu. OpaHOpiBHEBa JIiarHOCTUYHA
npoliieypa reHepye 6araTo MOTEHIIMHUX J1arHO31B, SIKI HEMOXJIMBO TEPEBIPUTH 32 KOPOTKHIA
qac.

Memorw pobomu € aHani3 1€papXi4HOTO MOJICTIOBAHHS I PO3POOKH CHUCTEMH J11arHOCTHYHHUX
MPOLEAYpP aHaJi3y TEXHOJOTIYHUX MPOIIECIB.

[IpoGnemy 301IbIIEHHS CKJIAHOCTI MOKHA BUPIIINUTHU IIJISXOM CTBOPEHHS MOJEINI, A€ MO3ULIsl y
BEPTUKAJIbHIA i€papxil MpeaCcTaBise MEBHUI pPIBEHb pO3IMISHYTHUX eleMeHTiB. Takuil miaxina
JIOTIOMO>KE MTPOBOJIUTH €(DeKTUBHE JIarHOCTYBAaHHS XOAY TEXHOJOTIYHOTO MPOLECY 3 BUSIBICHHIM
Ta JIOKaJli3ali€r0 HECIIPaBHOCTEH.

Pe3yabTaTu q0c/iaKeHHA

HailiBayxmuBimmuMy 111 HAC € MIAXOAW, MOXIAHI Bl METOAIB JioridHoro mucieHHs. OcoOiauBo,
MOJIeIi, 3aCHOBaH1 Ha 3HAHHAX 1 MPUYMHHO-HACTIIKOBI MEeTO010T1i. OCKITBKM TOYHI MaTeMaTH4HI
MOJIETl JIOCTYIHI JuIie Juis OOMEXKEeHOi KUIBKOCTI CHCTEeM, METOAM IHKEeHepii 3HaHb 1
O0YHCITIOBAILHOTO 1HTEIEKTY B MPHUHIIUII 3aCTOCOBHI JI0 OYy/Ib-5IKOT CUCTEMH JIOBLIBHOI CKJIAAHOCTI
(xoua piBeHb TOYHOCTI MOYKE€ 3MIHIOBATHCS 3AJIEKHO BiJl CKJIATHOCTI CUCTeMH). Mozeni, 3aCHOBaHi
Ha 3HAHHAX BHUKOPHCTOBYIOTH HEBIAMOBIAHOCTI MiX CIIOCTEPEKYBAHOIO Ta OYIKyBaHOIO
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MIOBE/IIHKOIO CUCTEMH, JIe OYiKyBaHa MOBEIHKA MPOTHO3Y€EThCS BIAMOBIIHO J0 3HAaHb MPO MOJENb
cucreMd. Takmii By MIOXOMIB IIl€ HA3MBAIOTh JIarHOCTHKA HA OCHOBI mociigoBHOcTi. Taki
JIarHOCTUYHI CHCTEMH HE MOTPeOYIOTh €Tary OTPHUMaHHS EKCIEePTHUX 3HaHb a00 HaBYaHHS 1
MOXKYTh J1arHOCTYBaTH HaBiTh JIy’)K€ HOBI CHCTEMH, JJIA SKHUX EKCIEPTHI TIarHOCTHUYHI 3HAHHS,
3aCHOBAaHI Ha MONEPETHBOMY JIOCBIJIi, HE iICHYIOTH [1, 4].

JI1st TIarHOCTUKH TEXHOJIOTTYHUX CHCTEM MOXYTh OyTH BUKOPUCTaH1 iICHYIOYl MOJIEII iX KOPEKTHOI
HOBEJIIHKH, PO3POOJICHI MPU MPOEKTYBaHHI Ta MOJICIIOBaHHI Takux cucteM [2, 4]. OcHoBHa ines
JIarHOCTUYHUX MOJeNie 0a3yeThCsl Ha KOMIIOHEHTaX, i€ CHUCTEMa BH3HAYAEThCS SK HaOIp
KOMIIOHEHTIB 1 BITHOCMH MK HHUMH. J[iarHOCTHIKa Takoi CHCTEMH IPOBOAMTHCS B JIBa CTAIIH:
BUSIBJICHHSI HECITPABHOCTEH 1 JIoKastizaris mpooseM. Mojienb CHCTeMH Ma€e KiTbKa OOpaHUX BXOJIIB 1
BUXO/iB. 3HAYCHHS BXIJIHUX JaHUX CHCTEMHU BUMIPIOIOTHCS Ta BUKOPHCTOBYIOTHCS SIK BXIJHI JaHi
JUIE  MOJeNi. 3HAuYeHHS BHXIJIHUX JIaHUX MOJIENI pPO3PaXxOBYIOThCS Ta TMOPIBHIOIOTHCS 3
pe3yabTaTaMu  CIIOCTEPEIKEHHS CHCTEMH. KO € 3Ha4Hi PO30DKHOCTI, TO BHSBISETHCS
HECIIPaBHICTh CHCTEMH. 3arajibHa iiesi TAKOro MOJICITBHOTO MMiAXOY MpeCcTaBieHa Ha puc. 1.
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Puc. 1. 3aranbHa ifest JiarHOCTHKY Ha OCHOBI MTOCITITOBHOCTI

VY pa3l BUSBICHHS HENpPaBWJIbHOI MOBEIIHKM, Mae OyTH MpoOBEIEHa Npoleaypa JoKali3alil
npo6aeMm. [nenTudikyrorbcs HaOOpU KOMITIOHEHTIB, sIKI HE MOXKYTh MPALIOBATH HAJIC)KHUM YHHOM.
Kon¢niktHi HaObOpH BKIIOYAIOTh KOMIIOHEHTH, 110 OepyTh ydacThb y T€HEpyBaHHI BHXO[IB
CHUCTEMH, 3a SKUMHU OyJau BHSABIEHI HeBIAMOBIAHOCTI. EnemeHTH HaOOpiB KOHQIIKTIB €
OPUPOJHUMHU KaHAWJATAMM Ha HECHpPaBHICTh (NMpUHAWMHI OAMH 3 HHUX), 1 HOTEHLIHHE
JIarHOCTYBaHHS IIOBHHHO BKJIIOYAaTH NpPUHANMHI OAMH KOMIIOHEHT 13 KOXHOro Habopy
KOH(DJIIKTIB.

3 iHII0r0 OOKY Kay3albHI METOI0JIOTIT MOJIENIIOI0Th IPUUYMHHO-HACIIIKOBI 3B'SI3KH, SIKI ONUCYIOTh
NpaBWIbHY Ta HENMPaBWIbHY TOBEAIHKY JOCTI[UKYBaHHUX CHCTeM. B HHX, SK MpaBHIIO,
BUKOPUCTOBYIOTh [UIS ONHUCY TMporenyp ocHoBHI JjoriuyHi ¢ynkropu (I, ABO, HI) s
MOJICITIOBaHHS 3B'SA3KiB MK CHMIITOMaMH Ta TpUYMHAMH HecnpaBHocTed. [Ipoctora 1mporo
MiIX0Ay € Horo HalOLIBIION TMEepeBaror, aie iHOAlI Iel ¢gopMmali3M € 3aHaATO TMPOCTUM s
OTKCY OUTBLINX CUCTEM.

Takox A1arHOCTYBaHHS HECTIPAaBHOCTEH MOXKHA ITPOBOJUTH 32 JIONMIOMOTOI0 €KCIIEPTHUX JIOTIYHUX
rpadiB, SK TpUKIAA Kay3aJbHOI MeTomosorii. BoHu sBistoTh coboro Tpadiuni 300paskeHHS
NPUYMHHO-HACIIIKOBHX 3B’sA3KiB. ExcriepTHMIA rpad) BU3HAYAETHCS K ALMKIIYHUN OplEHTOBaHUN
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rpad i3 By3jlaMu, M0 MOJETIOIOTH CHMIOTOMH, 1 Oyrami, IO BiHOCATBCA 10 HPHUYUHHO-
HACTIAKOBUX 3B’s3KiB. Tumu By3niB y Takux rpadax MoxyTh Oytu: AND (xon’ronkmis), OR
(mm3’roukiis) 1 NOT (3anepedenns). JliarHo3u reHEPYIOTHCS 32 JOTIOMOTOI0 MTPOCTUX TPABUI JIJIsS
PO3IOBCIOJDKCHHSI CTaHIB BY3JIIB 4Y€pe3 eKCIepTHUH Tpad y MOETHAHHI 3 IMONIYKOM JIOTIYHUX
3HAUeHb BXIJHUX BY3IiB, SKi Mepen0adaroTh CIOCTEPEKYBaHY HEMPAaBHIBHY MOBEAIHKY. By3omn
AND mnpezacraBieHuii Ha MaJlOHKaxX y BHTJISAII By3ja 3 JOJATKOBOKO Jyroro mmin By3iaom, OR e
YKCTUM By3JIoM rpada, a gyra NOT npezcraBicHa Ayror 3 YOpHOIO Kpamnkoro [3].

Mu mpomoHyeMO 3acTOCYBATH IHIIMK MOJEIbHO-IEpAPXIYHMMA MMAXiJ, SKWA 3aCHOBAHO Ha
OpSMOMY MOJIENTIOBaHHI i€papxii KOMIIOHEHTIB CUCTEMH, SIKa MOXE PEKypCHUBHO BKIIIOYATH IHII
KomroHeHTd (puc. 2). JliarHocTM4YHA Tpolleaypa MOXE CTOCYBATHCS TI€BHOTO PIiBHS
KOMIIOHEHTHOTO TpejactaBieHHs [4]. Cuctema, sika miyisira€ JiarHOCTHIN, CTPYKTYypOBaHa B
iepapxii KOMIIOHEHTIB IIOJI0 IXHBOI CTPYKTYpH Ta (yHKIIIOHAJIBLHOCTI. Takuil MmiaXia J03BOJISE
pO30WUTH CKJIAaJHYy CHCTEMYy Ha OUIBII MPOCTI 1 JO KOXHOI MiJCHCTEMH 3aCTOCOBYBAaTH CBIi
cnenudiuanii  anroput™M a”amizy. ToOTO TpW aHami31 CHCTEMH NPOBOJUTHCS 3arajibHa
JIarHOCTUYHA TPOLEAYpa, SKa JOKaJi3ye piBeHb, Ha SIKOMY MOJJIMBAa HeCHpaBHiCTh. Jlami Ha
IIbOMY PiBHI 3aCTOCOBY€THCS crienudivHa AT HbOTro MPoIeaypa AiarHOCTyBaHHSI.
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Puc. 2. AbcTpakTHH npUKIan iepapXiqaHoi Moeni
Taxuii miaxig 103BOIUTH HIBUJIKO aHANI3YBAaTH CUCTEMY Ha 3arajlLHOMY piBHI 1 MIcis 1eHTUIKALT
HEBI/IOBIAHOCTI IPOBOJIUTH OJIHY JIOKAIbHY MPOLEAYpY aHali3y. Ha 1ymMKy aBTOpIB 11i€ 103BOJIUTh

HpI/IIHBI/II[HII/ITI/I p06OTI/I CHUCTEMHU I[iaFHOCTYBaHHSI IJIA CKJIIATHUX CUCTEM.
BucHoBku

B pesynbraTi mnpoBeneHOro aHalizy MoOKHa CQOpMyBaTH CHCTEMY [UId IPOBEJCHHS
JIarHOCTUYHUX MPOLEAYp AJIs CKIAJHUX CHUCTEM 3a paXyHOK ii peasnizauii B BUIJISAL 1€papX1yHUX
cTpykTyp. Lle 103BOAMTH B MOAAIBIIOMY 3aCTOCYBATH ICHYIOUMX MIAXOAM IITYYHOTO IHTENIEKTY
JI0 1IarHOCTUKU, OCOOJIMBO MIAXOAU HAa OCHOBI Y3TO/PKEHOCT] Ta TPUUYUHHO-HACITIIKOBUX 3B’ A3KIB.
B nopanemomy niaHyeTbes BU3HAUUTH (OpMalibHY KOHLIEMIII0 HOBOI 3araJbHOi MOJEINI JUIs
MOJIETTIOBAHHS 1€pApXIYHUX CTPYKTYpP CKJIQJHUX CUCTEM IPH iX BUKOPUCTAHHI B JIarHOCTUYHOMY
BUCHOBKY, pO3pOOMTH  METOAOJIOTI0  i€papxXiuyHoi  JIarHOCTUKM Ta  KOHIIENTYyaJlbHe
eKCIIEpUMEHTAJIbHE MporpaMHe 3a0e3NeyeHHs, 110 MIATPUMYE lepapXidyHE MOJIETIOBAHHS Ta
aHaJIi3 CKJIaJHUX TEXHIYHUX CHCTEM.
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modeling and diagnostic procedures
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The main aspects of the implementation of diagnostic systems using hierarchical modeling and diagnostic procedures are
considered. Further directions of work for the construction of an effective diagnostic system are outlined. The basic idea of
diagnostic models is based on components, where a system is defined as a set of components and relationships between
them. Diagnostics of such a component system is carried out in two stages: detection of malfunctions and localization of
problems. A large number of approaches and models are used to analyze malfunctions in automated systems. Most often,
systems that have one defined model that describes the process well are used to implement this process. It is also possible to
use expert logic graphs to formalize the process. However, if the system is large and complex, the model becomes very
cumbersome and cannot always correctly describe the process. Therefore, the authors propose the use of a hierarchical
model for building a fault analysis system, where a general diagnostic procedure with localization of an incorrect component
will be carried out at the top level, followed by the application of a specific diagnostic model to the localized area. A diagnostic
procedure may refer to a certain level of component representation. The system to be diagnosed is structured in a hierarchy
of components with respect to their structure and functionality. This approach allows you to break down a complex system
into simpler ones and apply your own specific analysis algorithm to each subsystem. That is, when analyzing the system, a
general diagnostic procedure is carried out, which localizes the level at which a malfunction is possible. This approach will
make it possible to quickly analyze the system at a general level and, after identifying a discrepancy, conduct one local
analysis procedure. According to the authors, this will make it possible to speed up the work of the diagnostic system for
complex systems.
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