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Mnocoobpasue npocpaMmHbIX 1 aNNAPAMHBIX SJIeMEHMO8 8 COBPEMEHHBIX A8MOMAMUIUPOBAHHBIX CU-
cmeMax OUCnemuepeKo20 YNpaeieHus YCI0HCHAIOM NPOYece UHMeSPAYUl Ux 6 eOUHYI0 KOMMYHUKAYUOHHYIO
cpedy. Paznuunoe o6opydosarnue, npomokoivl, CAyH#cObl NPUKIAOHBIX YPOBHET COBPEMEHHBIX CUCHEM OUC-
nemuepu3ayUlL UMeOm 803MONACHOCTL 63AUMOOCTICBUS 8 PAMKAX OOHOU OMOEIbHO 831MOT NOOCUCEMb]
KOMRIEKCA 8 QhopMame 8ePMUKANIBHO20 MeAHCYPOB8HEe8020 obuenus. Oomen mencoy noocucmemam npouc-
X0OUM ¢ NOMOWBIO CREYUATUSUPOBAHHO2O NPUKIAOHO20 UHMeEPPeiica Ui KOHHeKMopd, Ymo eiuiem Ha Kda-
YeCmeo NOYUAeMbIX OQHHBIX U 8 Pe3VIbMAme CHUNCAem NOKA3amen QYHKYUOHUPOBSAHUSA A8MOMAMUSUPO-
BAHHOT cUCTEMbl OUCNEMYePCKO20 YNPAGIEHUA.

Coseputencmeosanue Mexanusma 06ecnedeHus KOMMYHUKAYUU MeHCOY 2NeMeHMaMu NOOCUCeM UC-
NOAB3YL OHMOJ0SUYECKUT NO0X00, NO360Jaem CPOPMUPOSAMb YHUDUYUPOBAHHYIO cpedy. B komopoli 603-
MOJCHO NPUMEHEHUE PA3IUYHBIX MEeMO0008 cOopa uHQopmayuu, ananusd, cmpyKmypupoeanus, a maxice
MemoO08 NPUHAMUL peteHUll 0 QYHKYUOHUPOBAHUU U 60CCMAHOGIEHU PAGOMOCNOCOOHOCMI HA OCHOGE

UHMENNEKMYANbHBIX d2EHMOE, NOBbIULAIOWUX YPO6EHDb pa6ombz aemwwamusupoeayyoﬁ cucmembl.
Knrouesoie cnosa: acenmuwiii onmonocuyeckitii I’ZOX,'OO, OHMOJIO2UA, pacnpedeﬂeyybze BblHUCTUMEIbHDbIE
CUCIEMDbL, AGMOMAMUIUPOBAHHAA CUCIEMA ducnemqepCKoeo YnpaesieHusl.

Beenenune. [IpuMmcHCHIC PA3THIHBIX TCXHOJIO-
TUH TIPU MOCTPOCHUH aBTOMATH3UPOBAHHOU CHCTC-
MBI gucnerdepckoro yipasiaeHus bI'TY mossomnser
KCIOJIb30BaTh MHOrO00PAa3ne HHCTPYMCHTOB Jist
PEIICHUS 331291 MPOTPAMMHOTO KOHTPOIS Pa3IHy-
HBIX TCXHOIOTHYCCKUX cHUcTeM [2]. OgHuM U3 He-
JOCTATKOB JAHHOTO MOIXOJA SBISICTCS HCIIONB30-
BAHUC [CHTPATBHON CUCTCMBI MIPUKIATHOTO VPOBHSI
Jist cOopa, aHaan3a U MPUHSITHS YIPABICHUCCKUX
peureHui 0 (YHKIMOHHPOBAHHH CPEIbI, KOTOpPas
UMEET OCOOCHHOCTh YBEIHUCHUS BPEMCHH PCAKIIUH
Ha BOZHUKAIOIIUHN 3ampoc oOcmyxusanus. [Ipume-
HCHHC OHTOJIOTHYCCKOTO MOIX0A ¢ UCHOIB30BAHMU-
€M HMHTCIUICKTYQIBHBIX arcHTOB [3], MO3BOMIACT Cy-
IICCTBCHHO TMOBBICUTh YPOBCHb OOC/TYKHUBAHHS
KOMIIOHCHTOB aBTOMATH3HPOBAHHOW CHUCTCMBI JTHC-
METYCPCKOTO YIPABICHUS U C(POPMHUPOBATH CTPYK-
TYPUPOBAHHOC XPAHUIHUINE HHPOPMALIMH O DIICMCH-
Tax, pekuMax (yHKIIHOHUPOBAHUS CPSIbI.

MertonoJiorus. [IprMmeHEHNE B CYIICCTBYIOMICH
ACJlY noaxoga mo WHTErpalMd KOMIIOHCHTOB pas-
JUYHBIX TCXHOJIOTHMYCCKUX TOACUCTEM O€3 MPUBSI3KH
K KOHKPCTHOMY OPOTPAMMHOMY PEIICHHUIO TIO3BOJISICT
XpanuTth UHpOpMaLHIO 00 00BEKTaX CpPeAbl B VHH-
(ULMPOBAHHOM OHTOJIOTHMYMCCKOM BuAC. B naHHOM
CIydac pacIpeCCHHAS arCHTHAS CETh, PaboTAroIIast
B PaMKaX BCCTO KOMITICKCA MOKET HWCIOJIb30BAThH

JAHHBIH BUJA CTPYKTYPHPOBAaHHBIX 3HAHWUM OIS pe-
LICHUS 33a7a4 MOHHTOPWHIA, AHATIN33, WHTCIUICKTY-
aNpHOTO TPHHATHS PCIICHHH MO ONTHMH3ALNH H
BOCCTaHOBIICHHIO Pab0TOCIOCOOHOCTH BIICMCHTOB.

OcHoBHass uyactb.  Breapenuwe areHTHOH
CTPYKTYPH B CYLICCTBYIOINYIO aBTOMATH3HPOBAH-
HYIO CHCTEMY JUCTICTUCPCKOTO VIIPABICHUS CO3Ma-
€T IPEATIOCHIIKA A XpaHEeHUs HH(popMaIy rese-
pHUPYEMON CHCTEMOH MM HHTEIICKTYATbHBIMU
arcHTaMHu B CTPYKTYPUPOBaHHOM Buae. Tak kak Ha
PA3IUYHBIX YPOBHIX CYIIECTBYIOIICIO OOBEKTA pa-
0OTarOT pas3aWdHbIC TIO CBOCH crelu(HKe 3MeMeH-
TBI, HEOOXOJUMO NPOBECTH KIACCU(UKAITUIO CTPYK-
Typ, obecrneyuBaromux cOOp, aHAIN3, XPAHCHUE H
o0OpaboTky uH(pOpPMALMK HA KAXKIOM 0a30BOM CEr-
meHTE [1].

® arcHTHl YOpaBICHUS — OOBCIUHIIOT HHK-
HHI TEXHOJOTMYECKHH CI0H (YHKIIHOHUPOBAHUS
ABTOMATH3UPOBAHHOH CHCTEMBL;

® arcHTHl OOCCICUYCHMS B3aUMOJCUCTBHSI —
ABISIFOTCS UHTCTPALIMOHHBIM 3NICMCHTOM  MEKAY
HIDKHUM TCXHOJIOTHYECKUM YPOBHeM, obecnedn-
BAIOT YHU(PHUKALMIO PA3THIHBIX MPOTOKOJOB CBSA3H
B CIMHYIO CPELY;

e arenrsl YMIIP — npencrasiaroT HaacTpOn-
Ky Hax npukragaeiM SCADA-ypoBHEM, TTO3BOJIAIOT
oOecrieurBaTh YIPAaBICHUE, MOHUTOPUHT U MPHH-
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TUC PCUICHUM HAJ arcHTAMH HIDKCCTOSIIHMX YPOB-
HEM.

Bomnpoc ucnonezoBanms oHTONOTHMH g 3¢-
(PCKTUBHOU OpraHU3alUH B3AUMOJICHCTBUS MOACH-
crem ACILY [2] BO3MOXKEH TOJIBKO IMPH YCIOBHH
CO3JaHus CIUHOTO HMH(OPMAIMOHHOTO MNPOCTPaH-
crBa. MccneaoBanust MOKA3bIBAKOT, YTO CHPOCKTH-
poBaHHAsT MOJCIb HH(OPMAHUOHHOTO MPOCTPAH-
CTBA MOJDKHA BKIIIOYATh B CEOS CICAYIOIUC 3IC-
MCHTHI

e HaOOp croBapei (Te€3aypycoB), MO COOTBET-
CTBYIOIICH NPEAMETHOH 00IacTH,

e (a3pl 3HAHUM U JAHHBIX PA3THIHBIX MOACH-
CTEM;

® KOMIUICKC CICIHATU3UPOBAHHON JOKYMCH-
tarmu 1o 3neMeHTaM ACJLY B 3ICKTPOHHOM BHAC.

Byaem paccmatpuBaTh OHTOJOTHIO B BHAC
(hopMabHOIO OMMCAHHUS KOHIICIITOB, UX CBOHCTB U
OTHOIICHUH MEKay oObekTamMu. MDakTHdecKu BO-
mpoc 3¢ dEKTUBHOTO HUCMONB30BAHUS JAHHOTO ME-
TOAQ CBOAUTCS K PCIICHHIO 3a4a49H 00JIEE TOUHOTO
OTMHUCAHMUS MPEAMETHOH 00IaCTH, pa3paboTKU METO-
JIOB IO CTPYKTYPHPOBAHUIO MOYYACMOH OT 00BEK-
TOB KOMILICKCAa HH(pOpManmu, a Takke HamdOjee
CI0KHOTO BOMPOCA PACIHIMPCHHUS U MOAH(PUKAIIIH,
TeKymmx 00bekTOB OHTOJOrMiA|7]. Ilpeanonaract-
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cq, 4To paspabaTteiBacMas HAACTPOIKa Had CyIe-
cTBYIOIIMMH Moayismu yopasneHus ACIY B suge
arcHTHOHM mnatdopMbl, MOXKET OBITh HCIOIB30BAHA
IS

e obccricucHUS HHPOPMALMOHHOTO B3aHMO-
npeticteus oacucrem ACHY;

® HAKOIUICHHS W CTPYKTYPHU3ALMH JAHHBIX
JUTS IOBTOPHOTO HUCTIONb30BAHHS

e aHaNM3a mONydacMo uHpOpPMAIHMH O
(dvHKUHOHUpOBaHUH BeeH eaunoi cpeast ACHY;

e 00cCICucHUs Peann3aliyl MOACICH HHTEI-
JICKTYaJIbHOTO MOBECACHHS ArCHTOB HA OCHOBE OHTO-
JIOTUYECKUX MPECACTABICHHH.

B pesyabrare uccacmoBaHuil Obla CIPOCKTH-
pOBaHa U peann30BaHa MEKYPOBHEBAS KOHLCTILINSL
XPaHCHMS 3HAHUU O CHCTEME B CTPYKTYPHPOBAHHOM
Buac. BeigencHHBIC YpOBHH (PYHKLHOHHPOBAHUS
CHCTEMBI TIPEACTABIIIOT coDOH HamOosee 3aKOH-
YCHHBIH HAOOP OJXHOPOIHBIX OOBEKTOB, YTO MO3BO-
ager obecneumBath MoaepHmzammro ACHY Ha
KQXJIOM VPOBHE 32 CUET PACIIHUPCHHS 3JICMCHTHOU
6aspl. Ha xaxmom m3 tpex yposHe#(puc. 1) Obiia
paspaboTaHa MOJECNb OHTOJIOTHH, BKIOUAIOINAS B
ccOst YHUDHUIIUPOBAHHOES OMUCAHUE 3JICMCHTOB MO/~
CHCTCM.
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Puc. 1. Mozennb OHTOJIOTMY allllapaTHOTO U TPAH3UTHOTO YPOBHA IpuMeHsieMoil B ACJ[Y

IIprmenenne pacnpeneIceHHON areHTHOM CEeTH
MO3BOJIICT MCIO/IB30BATh Pa3pabOTAHHYIO MOJCIb
JUIst  ODCCTICUCHUS HHTC/UICKTYAIbHBIX  ar¢HTOB
KOMIUIEKCOM 3TAJIOHHBIX 3HAHUM O BHEIIHEH cpene

(YHKIIMOHHUPOBAHUS ABTOMATH3HPOBAHHOM CHCTC-
MBI [2], a TaKKe OMCPATHBHOM MOJCTH 3HAHUH,
obecrneunBaOme cTabuIpHYO padoTy BCEX diie-
MeHTOB 1 noacucteM. [lpudem paspabotanHas oH-
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TOJOTHSl TO3BONACT HCIOJb30BATh TAKUC BHIBI
arcHTOB, KaKk JeIUOCPATUBHBIC, KOMMYHHKATHBHbIC
Y KOTHUTHBHEIC [3] HE U3MEHAA CTPYKTYPHI 3HAHHH
B LICNIOM, PeaTH3alisl B3auMOJCHCTBUS KOHKPETHO-
ro areHra ¢ 0a3o#l 3HaHui OyACT OCYIICCTBICHA 3a
CUET HUCHOJIB30BAHUS ONPEACACHHON MPOrpaMMHOMN
HaJACTPOUKH.

OmnpenencHUE OHTONOTHS, YacTO TPAKTYIOT,
Kak «cnermdukanys pa3aensaeMond pa3HbIMH JTHOIb-
MH KOHLETITYATH3ALNI) WIH «JIOTHYCCKAs TCOPUSL,
OCHOBaHHAI Ha KoHUCHTYaau3auum» [4]. Ucxoas u3

3TUX OMPEACICHUN B CTPYKTYPY OHTOIOTHH OOBIY-
HO BXOJSIT T€3ayPYChl, MPESAMETHON 00IacTH, onpe-
ACIICHH S, anI/I6yTbI, OTHOLICHUA U IpPAaBUJIa BBIBO-
ma. Jast cozmanust yHHGDHIMPOBAHHOTO OOBCKTA,
MO3BOJISIFOLIECTO GOJICe TOYHO OMUCATH MPEIAMETHYIO
o0nacTh pemaeMoli 3aJa4y K KaxIou paspaboraH-
HOU MOJEIH MHPEXbABIIINCE, TpeOOBaHMs o0ecre-
YUBAOIIAC MOTHOTY JAHHBIX OHTOJIOTWH. brima
paspaborana cxema (puc. 2), mO3BOISIOIIAS PEaTH-
30BaTh 00j1¢¢ MOTHO(DYHKIIHOHAIBHBIC MOJCIA OH-
TOJOTHI.

OnTonorus (MopmMansHad OHTOnOrHA
. BEPXHETD MATeMATHYECKAd B3aHMOJCHCTBHA
YpoBHA OHTOIOTHA
OxTonorus : D YHKIHOHATBHAR
npeIMeTHOH OHTOJIOTHA OnaTONOrHH
obnacTi L ypoepHEeH
e ACIY

Puc. 2. Cxema HHTETpaIiy OHTOIOTHH JUISI IPUKIATHOTO B3aUMOICHCTBIA

JaHHas cxema MO3BOJMIA MPH MPOCKTHPOBA-
HUH CTPYKTYP HCMONB30BATh BEPXHHU OIMUCATENb-
HBIH YPOBCHB B BHAC HOPMATBHON MaTeMaTHICCKOH
cneun(UKau OHTOJIOTHH, KOTOPas 00SCICUHBACT
COBMECTHO C TOYHBIM MaTeMaTHYCCKUM aImapaToM
[5], cozmaBaeMBIX CTPYKTYp, Takke (GOpMambHBIN
aHaTN3 CBOUCTB OOBEKTOB B HUX BXOISIIHX.

[Tpu ucnons3zoBaHuy pa3paboOTaHHBIX MOAETCH
i obecrieueHus (YHKIHOHHPOBAHUS pacIpec-
JICHHOH BBIYMCJIMTEIBHON CETH, OBLIN PACCMOTPCHEI
OCHOBHBIC CIIOCOOBI XPAaHCHHS U B3aUMOACHCTBHS C
oHTOJIoTUsIMH |7 ], KOTOPBIC AOKHBI 00CCIICUNBATE
BBICOKHE mOKazareau 3(PpHEeKTUBHOCTH U TPOU3BO-
gurensHocTH. s XpaHeHUs mOJOOHBIX CTPYKTYP
HEOOXOOUMO Kpome, 00bekTa MHPOPMALMK HMETh
BO3MOXKHOCTb COIOCTABJISITh JAHHBIC W HA0Op Me-
TaJAaHHBIX, OMUCHIBAIOINUX KJIACCH M UX CBOWCTBA, &
TAKKE B3AMMOCBI3M MEXIy HUMH. B Hacrosmee
BpEMsI CVINECTBYET HECKOIBKO HANPABICHUH IO
peaau3aiyi OHTOJOTHICCKUX XpaHui [8]:

® B BHJIC IJIOCKOH MOJCTH,

® OTOOpa)KCHHE  OHTOJOTMH  HA
MoA00HY 0 MOCIb 0a3 TAHHBIX,

® MPHUKIATHOC PEILHOHHOE XpaHunuime rdf-
TPHUILICTOB, OWl-pemo3uTOpHii.

MoO3KHO OTMETHTH CICAYIOIHE pa3pabOTKU:
Jena API [11] (Jena SDB ucnoassyetr pensiuoH-
HyI0 0a3y JaHHBIX AN XPAHCHUS M BBIIOTHCHHS
3anpocoB Ha RDF xpanunumax, Jena TDB obecne-
YHBACT MAcIITAOMPYEMOC HETPAH3aKLUHOHHOE Xpa-

SQL-

Humme tpuroietoB u cimoii SPARQL 3ampocos,
Jena In-memory mpeaoCTaBIseET BO3MOKHOCTD pas-
MCLICHHUSI CTPYKTYPBI XpaHUIHLIA B mamstu), Onto-
text GraphDB (OWLim) — kommepueckoe mnpo-
IpaMMHOE OOCCIICUCHHE PEATH3YIOMIEE XPAHHITHILE
RDF CYBJl ¢ moanoi nmogaepkkoit SPARQL 3a-
mpocos [ 14], Sesame cBoOoaHAs pa3padoTKa B BUAS
ABTOHOMHOTO  XPaHHIHINA MPEIOCTABISIOMIETO
moNHYI noanepxkky 3ampocos SPARQL, NoSQL
Graph Support — Bepcust IBM DB2 mast xpaneHust
onronoruit, Urika GD — mpoaykr komnanuu Cray,
ofecreUNBaOMMN  MOJACPKKY  OHTOJIOTHUICCKHX
CTPYKTYP OTPOMHBIX MACCHBOB JAHHBIX.

Jis B3aumoe#cTBUs ¢ pa3padOTaHHOW MOJC-
7610 OBLT MPOBEACH HKCIICPUMEHT, B KOTOPOM IPe -
BapUTELHO C(OPMHPOBAHHAS CTPYKTYPa OHTOJO-
TUH OJHOTO U3 YPOBHEH (YHKIIMOHUPOBAHHUS MOJC-
71 AaBTOMATH3UPOBAHHON CHCTEMBI JUCIICTICPCKOTO
yIpaBJicHUs Oblla 3arpy>K€Ha B COOTBETCTBVIOIIHUE
THUIBI OHTOJIOTMYCCKUX XpaHwmmiu. [us skcrnepu-
MeHTa OBLIH WCHOJNB30BAHBL. CBA3KA B BHIAC Jena
Bepcun 3.0.1, Jena Fuseki Bepcun 2.3.1 u Bepcun
MySQL 5.6, kak ocHosras CYBJ/] (Jena TDB, Jena
SDB, In-mem) [12], Sesame Bepcum 4.0.1,
GraphDB (OWLim) Bepcun 6.5 1 miockas MOJAETb
XpaHunuia B Buae gaitnosoro odvexkra OWL. Te-
cToBbIli creHa cocroutr u3 cpeast Intel Core 15
4x2,5GHz/20Gb 1333MHz DDR3/HDD 500Gb Ha
6aze Ubuntu server 15.10.
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Ha nepsom »tame skcmepumeHta ObLT pac-
CMOTPEH MPOLIECC 3arpy3KH ONMPEICICHHOTO KOMH-
YECTBA TPHUILICTOB B XPAHWIHINE, YTO MO3BOIHIIO

OIICHHUTh BPECMCHHBIC TIOKA3ATCITH CKOPOCTH WHHIIH-
aau3alUK JaHHBIX B 00BEKTE A1 padboTsl (Tadm. 1).

Tadruya 1
TecTupoBaHHe CKOPOCTH 3arPy3KH TPHILIETOB
Kommaectro 3a- CKOpOCTh BHITOTHEHHS, THII XPAHCHU. CEK
FPYIRCHIBIX TPI- ITnockas Jena TDB Jena SDB In-mem Sesame | GraphDB | MySQL
IUTETOB B MOJICINE
10K 0,54 0,24 2,89 0,75 2,35 2,46 0,011
50K 3,26 1,17 7,24 1,58 6,34 7,21 0,246
100K 6,19 4,45 14,35 7,02 15,32 14,99 0,573
250K 13,24 12,67 35,17 13,31 40,12 37,15 1,341
500K 30,01 24,75 68,87 25,17 85,69 81,14 3,027
1M 61,83 49,11 129,33 51,25 179,36 154,22 6,931
M 341,55 272,56 684,11 289,16 1283,77 789,11 37,21

Ha BTopowm stane tectupoBanms ObLTH TPOBE-
ACHBI HUCCIICAOBAHUA XaPAKTCPUCTUK BBIINIOJTHCHUA
ocHOBHBIX 3ampocoB SPARQL. CozmaHb 3ampochl,
00ECIICUHBAIONINE TECTOBYIO BBIOOPKY TPHILICTOB
U3 CTPYKTYPHI XPaHUIHLI, 0CO00C BHUMAHHE OBLIO
VACTICHO KOHCTPYKIIHSIM:

SELECT - npeamonaracT BHIOOPKY pe3yibTa-
TOB NOJOOHO aHATOTMYHOMY OIEpaTopy BHIOOpPA B

SQL wotammu [14]. Umeer BO3MOXKHOCTE BO3Bpa-
AaTh OMPCACICHHBIC NAHHBIC W3 COOTBCTCTBYIO-
IIUM YCJIOBHIO TPHUILICTOB, MPUYEM BBIOOPKH MOTYT
OOBCAMHATBCS M HE YKA3aHHBIC SJICMCHTHI, MEpPe-
MCHHBIC MOTYT yAamaTeCsa. J{ng BHIOTHCHUSA TC-
cTupoBaHud OblT c(POPMHUpPOBAH CICAVIOIMH 3a-

poc:

SELECT ?basic_property ?value WHERE {:log data cases ?basic_property ?value} (1)

Ipu BemomucHns 3anpoca SELECT SPARQL,
Obla OCYLICCTBICHA BBHIOOPKA AAaHHBIX W3 3arpy-
JKEHHOH Mojenu cooTseTcTByromero RDF xpanu-

muma. B tabmuue (tabn. 2). ykazaHO BpeMs OCy-
LICCTBACHUS BRIOOPKH HA PA3HBIX 00BEMAX KOJIMYC-
CTBA 3arPyKCHHBIX B CTPYKTYPY TPHUILICTOB.

Tadruya 2
TecTtupoBaHmne ckopocTH BoinotHeHHUs: 3anpocoB SPARQL SELECT
KomuuecTBo 3arpy KeHHBIX Cxopocrts BronHeHn 3anpoca SELECT, Tun xpaHeHus. cek
TPHUILIETOB B MOJEID ITnockast Jena TDB Jena SDB In-mem Sesame GraphDB
500 0,053 0,028 0,073 0,065 0,007 0,013
1500 0,091 0,035 0,081 0,078 0,015 0,024
3000 0,161 0,043 0,091 0,951 0,023 0,037
10000 0,411 0,123 0,437 0,549 0,069 0,101
20000 0,763 0,354 0,752 0,799 0,165 0,235

JUta peanmzaiiiil MPOBEPKH HAIWYMS JIEMEH-
TOB B CTpykType xpanumuma RDF, npuuem pesyinb-
TaT BO3BPAIACTCA B BUAC JOTHUYECKOTO 3HAUCHUS

JOKb WM MCTHHA, OBLT chOPMUPOBAH 3aIpoC ¢ HC-
rone30BaHueM oneparopa ASK:

ASK WHERE { UNSAID {:health_status :critical error ?any} )
B pesynpraTe BBINOIHEHHS 3ampoca, Oblia cal error W TOJYYEHB CICAYIOLUIUC PE3yIbTATHI
OCYIICCTBACHA BHIOOPKA COCTOSIHUH  CHCTEMBI (tabm. 3).
health_status, npuHHMarOIUX 3HA4YCHHS  Criti-
Tadruya 3
TecTupoBanue ckopocTH BeInoHeHHs1 3antpocoB SPARQL ASK
KomuuecTBo 3arpy KeHHBIX CxopocTs BHIIONHEHH 3apoca ASK, THII XpaHEHHsL. MCEK
TPHUILIETOB B MOJEID ITnockast Jena TDB Jena SDB In-mem Sesame GraphDB
500 0,039 0,021 0,043 0,040 0,005 0,006
1500 0,068 0,026 0,051 0,051 0,012 0,013
3000 0,125 0,035 0,067 0,602 0,018 0,023
10000 0,312 0,098 0,297 0,356 0,051 0,060
20000 0,569 0,298 0,532 0,504 0,124 0,141
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HcnomssoBanne omeparopa CONSTRUCT,
MO3BOJISIET CHOPMHUPOBATE CTPYKTYPY U3 MOAYUCH-
uo#t BeiOOpku RDF coriacHo mapamerpam, BCTpO-
CHHBIM B 3alpoc KOHCTpYKUuK madnoHa. s kaxk-
JIOTO Pe3yabTaTa ONEPaTOp CBIA3BIBACT ICPCMCHHBIC
U JO0ABISET COCTOSHHUA B MOJAEb peavibTara. s
TeCTUPOBAHU ObLT co3aaH 3anpoc SPARQL:

CONSTRUCT { 7x :hasSystemType ?0 }
WHERE {{ 7x :hasSerialNum ?0 }

2016, Ne5
UNION { ?x :hasIPaddrees ?0 }
UNION { ?0 :hasDevID 7x }
UNION { ?0 :hasMode ?x }} 3)

B pesyaprare BBIMOTHEHHS KOTOPOroO ObLia
HOJIy4eHA KOHCTPYKLHS, ONPEAC/MIOUE IapaMeT-
pa paboTHl TPyIIBl YCTPOHCTB HMCIOLIMX ONpEac-
JCHHBIC MPU3HAKHU, BPEMsI BBIIIOIHCHUS AJIS 3aIpO-

ca CONSTRUCT (rabm. 4).

Tadnuya 4

TecTupoBanue ckopoctH BeinosaHeHHs: 3anpocoB SPARQL CONSTRUCT

KomuuecTBo 3arpy KeHHBIX Cxopocts BemonHeHus 3arpoca CONSTRUCT, Tun xpaHeHns. cek
TPHUILIETOB B MOJEID ITnockast Jena TDB Jena SDB In-mem Sesame GraphDB
500 11,34 6,93 8,23 7,53 2,26 2,75
1500 29,67 22,85 27,68 25,13 6,87 7,28
3000 62,35 42,47 51,24 48,91 12,85 12,91
10000 181,28 152,35 173,31 169,33 44,61 45,13
20000 395,44 2772 346,62 324,19 89,22 94,72

Omeparop DESCRIBE mosBoaseT aciaare BHI-
OOpKY 3HAYCHHUM, HAXOAS ACCOLMHPOBAHHBIC TPHU-
IJICTH U JOOABIATE €€ K PE3YIbTUPYIOMICH MOJCTH.

OobecricurBacT MONYYCHUES OOJBIICTO KOJHYCCTBA
MapaMeTpoOB MNPH 3ampoce, YeM APYrHe OIeparo-
pei[14].

PREFIX system: <http://127.0.0.1/transit_level#>
DESCRIBE ?dev_id WHERE { ?dev_id system:status "critical _error" } 4)

PesynpTaThl BBINONHEHHUS 3aIpoca, OCYLIECTB-
JSFOIIETO MOJIYYCHHE HHPOpMALMN O KPUTHICCKOM

COCTOSIHUM YCTPOMCTB, pa3paboTaHHOW MOACIH
rpeacTaBicHsl B Tadmure (tadi. 3).

Tadruya 5
Tectupoanne ckopocTH BbinoJiHeHHs 3anpocoB SPARQL DESCRIBE
KomuuecTBo 3arpy KeHHBIX CxopocTs BemonHeHus 3arpoca DESCRIBE, Tin xpaHeHuA. Mcek
TPHUILIETOB B MOJEIb Ilnockas Jena TDB Jena SDB In-mem Sesame OWLim
500 4,660 2,811 3,255 2,979 0,991 1,074
1500 12,192 9,270 10,949 9,940 3,013 2,844
3000 25,620 17,230 20,268 19,347 5,636 5,043
10000 74,490 61,808 68,553 66,979 19,565 17,629
20000 162,49 112,45 137,11 128,23 39,13 37,00

Bruisoabl. IlpeanoxenHas B paboTte MozAemb
XPaHCHHS JAHHBIX B BHIEC OHTOJOTHH MOKA3BIBACT
BBICOKYIO 3())eKTHBHOCTh MPH NPUMCHCHHH HA pPe-
JIbHOM aBTOMATHU3UPOBAHHOM CHUCTEME AUCIETUEP-
CKOTO YIpaBicHUSA. MyIbpTHATCHTHAS pacnpenc-
JICHHAS BBIYUCIUTCIBHAS CETh, UCIOIb3YS AAHHBIC
HaOOpEl CTPYKTYPUPOBAHHOW WHGPOPMALIUH, MO3BO-
JseT 63 BMEIIATEIbCTBA OMCPATOPA HITH BBILIECTO-
smek npuknaraoit SCADA-CHCTEMEI pemaTe 3a1a-
YH MOAJCPKAHUSA BBICOKOTO YPOBHSA KOMMYHHKA-
OUH MEXKIY BICMCHTAMH PAa3IUYHBIX MOJCUCTEM
ACHY |2]. llpuMmecHEHHE OHTONIOTHYECKHX XPAHU-
v ¥ GOPMHUPOBAHUE MOACICH JAHHBIX B IPEATIO-
JKCHHOM BH/JE MTOKA3bIBACT XOPOIINI YPOBCHD MOKA-
3atencii OBICTPOACHCTBHS, KPOME 3TOTO KAUCCTBCH-
HBIC TOKa3aTenu OOpadOTKH 3HAHUN YCPe3 HUHTCP-
¢eticet SPARQL npeBocxoasT CTaHAAPTHBIC MeXa-
HU3MBI PETALMOHHBIX 06a3 aaHHbX. DopMupoBaHye
STAIOHHOW MOJAenH (PYHKIMOHHPOBAHHS, & TaKKe

BO3MOXKHOCTh aréHTOB OCVIIECTBIATH CBOE Pa3BHU-
THUE 3a CUET aHAJIN3a BHEIIHEH CpPeabl WIH MOAKIIO-
YaeMBIX UCTOUYHHUKOB 3HAHUM, YBEIUIUBACT MOKa3a-
TEIIU OTKA30yCTOMUYHUBOCTH U CKOPOCTH PEAKLMU Ha
BO3HHKAIOIINC HWHIUACHTHI. MCIOap30BaHHUC OHTO-
JOTUYECKUX MOJEJIEH COBMECTHO C HHCTPYMEHTAMHU
JIOTHYSCKOTO BBIBOJA MO3BOIACT HAXOAUTH HOBBHIC
3HAHUS B MACINTA0aX MOJCIH, a TAKKE MPUMCHATH
METObl UHTEJUIEKTYaIbHOTO aHAIN3a.
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Gvozdevskiy I.N

USING ONTOLOGIES FOR THE UNIFICATION OF INTERACTION OF COMPONENTS

AUTOMATED SUPERVISORY SYSTEMS

A variety of hardware and software elements in a modern automated systems of dispatching management
complicate the process of their integration into a unified communications environment. Miscellaneous
equipment, protocols, application service levels modern dispatching systems have the ability to interact with-
in a single subsystem of the complex in the form of vertical cross-layer communication. Exchange between
subsystems is done by specialized application interface connector and that affects the quality of the data and
as a result reduces the performance of the automated dispatch control system. Improving the mechanism for
communication between the elements of the sub-systems using an ontological approach allows you to create
a unified environment. In which it is possible to use different methods of data collection, analysis, structur-
ing, as well as methods of decision-making on the operation and restoration of health, based on intelligent
agents that increase the level of the automated system.

Key words: agent-based campaign ontological, ontology, distributed computing systems, automated dispatch
control system
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