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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJabHicTb TemMH. EdexkTuBHICTb 3acTOCyBaHHS BIHCBK (CHJI) CydacHUX
30pOMHMX CHJI 3HAYHOIO MIPOIO 3aJIEKUTh B PIBHS PO3BUTKY CUCTEMH YIIPABIIHHSA, KU,
CBOEI0 YEpProro, BU3HAYAETHCA CTYNEHEM iX aBTOMaTu3allii. ABTOMaTH3allisl YNpaBIiHHS
MOK€ CYTTEBO MIABUIIUTH OOHOBI MOXIIMBOCTI BICHK (CHJI) 1 OJHOYACHO B JIEKIJIbKA pa3iB
CKOPOTUTH 4Yac, Kl BUTpAyalOTh OPTaHM YINpPaBIiHHA Ha IUTAHYBaHHS Jid 1 JOBEIEHHS
3aBAaHb J10 MiJIeraux. ABToMartu3oBaHa cuctema ynpabiiHHS (ACY) TakKTHUYHOT JIAHKU
CyxomnyTHux Biicbk 30poiinux cui Ykpainu (CB 3CY) — 1ie cyKynHICTh B3a€MO3aTEKHUX
OpraHiB Ta MYHKTIB YIpaBJIiHHS, O0O0JaJHAHMX KOMIUIEKCOM KOMIT IOTEPHHUX arapaTHO-
OpOrpaMHUX 3aco0iB  MIATPUMKH NPUUHATTS pIIEHb Ta 3aco0iB  3B’A3Ky, IO
3a0e31euyoTh e(PEeKTHUBHE YNPABIIHHA 3’ €IHAHHAMHU, YaCTHHAMHM 1 IiIPO3iIaMu SK ITiJT
Jac BIMCHKOBHMX 3ITKHEHb, TaK W MijJ Yac HABUAHHS Ta IJATOTOBKH BIMCHKOBHX KaJpiB.
[Tincuctema miarpumku mpuitHATT pimeHs (CollllP) € merTpasbHOI0O KOMIIOHEHTOIO
takoi ACY. Bona nae 3mory monemntoBatu nepeOir 00iloBUX Aiil, BUpOOISTH OIU3bKI 10
ONTHMAaJbHUX 3a TEBHUMHU KPHUTEpIIMHU BapiaHTH pIlIeHb Ta HAAaBaTH iX IS
pEKOMEH Il KOMaHANpaM TaKTUYHHX JaHOK. CIIijJ 3a3HAYUTH, 1110 CEPEOBHILE B IKOMY
¢ynkuionye Ttaka CnlllIP, € KOHKypeHTHHM, TOOTO B3a€EMOJi€ KUIbKa CyO’€KTIB
YIOpPAaBIIHHS, SK1 € cynepHukamMu. CydacHUI NiAXia 10 MOAETIOBAaHHS MPOLECY MiATPUMKH
OPUIHATTS pillIeHb Y KOHKYPEHTHOMY CEpeIOBHUIIII MOJISIrae y BUKOpUCTaHHI et boiiaa,
mo mnependadae OaraTopa3oBe TMOBTOPEHHS LMKITY, SKUW CKIANAETBCA 3 YOTHUPHOX
MOCTIJOBHUX B3aEMOJIIIOUMX IPOIIECIB (€TariB): CriocTepekeHHs (observation); opieHTaIs
(orientation); mnpuiiHaTrTa pimenHs (decision); mig (action). Taky mnermio boiina
B JIiTepaTypi TakoxX HazuBaroTh netiiero OODA (mepiri OykBU Ha3B YOTUPHOX IMPOILIECIB).
3riHo 13 rimore3o0r0 bolima — BUIA MIBUIKICTE CBOI'O IHMKJIY 1 TOYHICTH OIIIHOK €TarliB
neTi 3a0e3neuye nepeBary HaJl IPOTUBHUKOM 1 BEJIE 10 IEPEMOTH y BIHICHKOBHX JisX.

B Vxkpaini Ta komumuasoMmy PaasacekoMmy Coro3i 3HaUHUN BHECOK Y pO3pOOJICHHI
METO/IB Ta 3aco0iB MIATPUMKH HPUUHATTSA PIIIEHb Y KOHKYPEHTHOMY CEpEIOBHILI,
30KpeMa y BIHCBKOBIN cdepi, 3poOmnm Taki BueHi, sk A. S. Baitnep, €. C. Bentiens,
[1. H. Tkauenko, JI. H. Kynes, TI'. A. MemepsakoB, A.M. Yaskin, A. /. YeOuxkiH,
L. A. Hinepy, B. II. KpaBuenko, JI. A. OB4yapoB, 3a KOPJOHOM MOKHA BIJ3HAYUTH TaKUX
BueHux, sk . boiia, E. XoBi, I'. X. I'ya, P. €. Makosn.

[Tig yac MaTeMaTHYHOTO MOJEIIOBAaHHS OOHOBHX Jili MOXHA BHOKPEMHTH HHU3KY
BXJIMBUX TMOKAa3HUKIB, sIKl Oe3mocepeHbO BIUIMBAIOTH Ha iXHIM pe3ynbrar. Jlo Takux
MOKA3HUKIB HAJIEkKATh: BIJICTAHb MK BIMChKaMU; XapaKTEPUCTUKU MOXKIJIMBOCTEH BIMCHK;
MPOXITHICT, MICIEBOCTI (KOE(IIIEHT CYNPOTUBY PYXY); BUIAUMICTH MUl (HMOBIPHICTD
BUSIBJICHHSI 11111 ); IMOBIPHICTh 3HUIIEHHS 11JT1; CEKTOP MOIIYKY I[1JI1; IIUTHHICTh PO3TOILITY
BOTHEBHX 3aC001B IO IIJIIM IPOTHBHUKA; KIJIBKICTh HEOOXITHUX IMOCTPIIIB ISl 3HUIIICHHS
Tl (XapakTepUCTHKA PO3CIIOBAHHS, 3aXHUINCHICTh IIUI, BIACTaHb) TOIIO. 3HAYCHHS IIUX
NOKa3HUKIB ~ HAOpsMy 3aJIeXKUTh BiJ  OOMOBOrO  CTaTyTy, TaKTHUKO-TEXHIYHHUX
xapaktepuctuk (TTX) pi3aux BumiB 030poeHHS Ta BilickkoBoi TexHiku (OBT),
OpraHizaliifHO-IITaTHOI CTPYKTYpH 3’€IHaHb, YACTUH 1 MIAPO3AUIB TOmO. OKpiM TOrO,
3CY 3apa3 nepeOyBarOTh Ha MEPEXiAHOMY €Tami, a caMe BBOJASTHLCS HOBI CTaHJIApTH.
ToMmy HEOOX1THO BpPaxOBYBaTH BIAMNOBIJHICTh MI)X HOBUMH Ta CTApPUMHU CTaHIAApTAMH.
Bce 11e nmpuBOaUTH 0 TOrO, IO HEOOXIJAHI MOTYXHI MPOrpaMHi 3aco0u sl 30epiraHHs
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Bi/NoBiIHOT 1H(popmartii y 0a3i 3Hanb (b3). Ockineku TTX OBT, opranizamiiiHo-raTHa
CTPYKTypa BIHCBHK, 1HII MOKA3HUKH IPYHTYIOTHCS HA TIEBHUX HOPMATHUBHHUX JOKYMEHTAaX,
To simpom Takoi b3 € ontonoris CB 3CY.

Came Tomy, po3pobaeHHs MeToAiB Ta 3aco0iB mooymoBu CrllllP Ha ocHOBI meTm
bolina 3 BUKOPUCTaHHIM OHTOJIOTIYHOTO MIAXOY € aKTyaJbHUM 3aBIaHHSIM, a PE3yJIbTaTH
TaKMX HAyKOBUX JIOCHTI/PKEHb HAJAl0Th HOBI MOXJIMBOCTI IIOJI0 aHANI3y Ta CHUHTE3Y
MPOMOHOBAHUX PIIIEHb Y KOHKYPEHTHOMY CEPEJIOBHUIIL.

3B's130K po0OTH 3 HAYKOBMMH NMPOrpamMamM, IUIaHAMH, TeMaMu. Jlucepraiiiiny
poOOTYy BHUKOHAHO B MeEKax HaykKoBoro Hampsmy «HoBl komm’roTepHi 3aco0u Ta
TexHosorii iHdopMaruzallii CyCHibCTBa» BHU3HAYEHOTO TMPIOPUTETHUM Yy TIEPETiKy
aKTyaJlbHUX MpoOieM MIiHICTepCTBOM OCBITH 1 HaykH YKpaiHM, KOHIIEHIli Mporpamu
iHpopmaruzanii HAH VYkpainu, BU3HAu€HOI TMNPIOPUTETHUM HANPSIMOM, 3TiAHO
posnopsipkeHHsM Ne 146 Big 27.02.2004 p. Ta 3a TEeMaTHKOI HAyKOBHX JOCIIIKEHb
kadenapu iHbopMamiitHuX cucteM 1 Mepexx HarionanpHOro yHIBepcUTETY «JIBBIBChKA
MOJIITEXHIKa», 30KpeMa 3a TeMoIo, «Po3po0eHHs IHTeNEeKTyaTbHUX PO3MOIICHIX CHCTEM
Ha OCHOBI OHTOJIOTIYHOTO MIAXO0y 3 METOIO 1HTerpauii iHpopMaiiHUX pecypciB», HOMEP
nepxkaHoro peectpy 01150004228 (aBTop po3poOMB METOJ MIATPUMKH HPHUHATTS
pillIeHb HA OCHOB1 OHTOJIOTIM Yy KOHKYPEHTHOMY CepeAOoBHILI (BIICHKOBIM cdepi), o Aalo
3MOTy BpaxoByBaTH crHenu@iky MpeaMeTHoi o0nacTi MmiJg Yac NOPUUHATTS pillleHb
KOMaHANPaMHU TaKTUYHUX JIAHOK).

Mera i 3apaui gociigxennsi. MeToro aucepraiiitHoi poOOTH € pO3BUTOK METO/IIB
HNIATPUMKU TPUUHATTS PIillleHb Y KOHKYPEHTHOMY CEpeJIOBHILI Ha OCHOBI meTm boiiga
[UISIXOM BUKOPUCTAHHS OHTOJIOT1H.

JI71st TOCSATHEHHS TOCTABJICHOI METH HEOOX1/THO pO3B’S3aTH TaKi 3a/1aui:

® MPOBECTH aHaJi3 BIJOMHMX MAaTEMATHYHUX MOJCJICH Ta METOMIB IiATPUMKH
MPUIHATTS pillIeHb Y KOHKYPEHTHOMY CEpeOBUII /TSl (POpMYyBaHHS MOKIUBUX
HANpPSMiB IX PO3BUTKY;

e po3pobutu moxens neriai OODA 3 BUKOPUCTAHHSM OHTOJIOTIYHOTO MiAXOMY
y BUIJISI/II CKIHYEHHOTO aBTOMATy, SIKMi OM BpaxOBYBaB B3a€MOJIIO €TaIliB €T
METJI1 3 OHTOJIOTIEIO;

® pPO3POOUTH METOAM Ta ANTOPUTMU MIATPUMKH TPHUHATTS PIIlICHh Ha KOXXHOMY
13 etaniB neTmi OODA 3 BUKOpHUCTaHHSM OHTOJIOTI, sIKi O CTaJli OCHOBOIO ISt
IIPOTpaMHOI peajtizallii BIATIOBITHUX €TalliB;

e 100yQyBaTH apXITEKTypy NIACUCTEMU MIATPUMKHA TNPUUHATTS pILIEHb, SKa
BpaxOBY€  3alpONOHOBAaHMM  OHTOJIOTIYHMM  MiAXiA, a  (yHKIIOHAJbHE
HAITOBHEHHSI KOMITOHEHT ITIICHCTEMH BIJIIOBIAa€ eTanaM IeTil boinaa;

® TMPOBECTH arpoodarfito po3poOJEeHUX METOMIB INIIAXOM peajizallii MmiACUCTeMH
OIATPUMKA ~ TPUMHATTS — pillleHb Ta  MPOBEICHHS  EKCIEPUMEHTAIbHUX
JIOCJIKEHb.

06’ekmom  OocnioxcenHsi € TPOLECH TMIATPUMKA TPUAHATTS  PIIIEHb Y
KOHKYPEHTHOMY CEpPEIOBHILL.

Ilpeomemom Oocniodxcennss € MeToAuM Ta 3aco0M MOOYAOBU MIJACHCTEMU
MIATPUMKN TIPUAHATTS PIICHh HA OCHOBI MeTii boiia 3 BUKOPUCTAaHHSAM OHTOJIOTTYHOTO

MIXO0Y.
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Metoan nocuimkennsi. [[j1s1 1OCSATHEHHS TTOCTABJICHOI METH BUKOPUCTAHO: TEOPIIO
MHOXXMH Ta METOJM TOJIaHHA 3HAaHb IS MOJIEIIOBAHHS CTPYKTYpHU OHTOJIOTIT Ta
pPO3pOOJICHHST TIPOIICAYp OMpAIIOBAaHHS OHTOJIOTIYHUX 3HAaHB;, TEOPil JOCIIIKESHHS
orepailiif, IMOBIPHOCTEH Ta MITYYHOTO 1HTEJIEKTY I pO3pOOJICHHS Ta (PYHKI[IOHAIIBHOTO
HamoBHEHHsT oOkpemux woxaynaiB CulllIP; wmerogm cucremHoro anamizy, MeETOIU
00’€KTHO-OPIEHTOBAHOTO AaHANI3y 1 MPOEKTyBaHHS — JJs PO3POOJICHHS apXiTeKTypH
ColllIP; Tteopito  penmsauiiHMX 0a3  JaHUX, METOAM  IWITYYHOTO  IHTEJNIEKTY,
00’€KTHO-OpPIEHTOBAHE MPOrpaMyBaHHS — JUII MPOTPAMHOI  peamizaiii po3poOiIeHuX
MojieJIel, METO/IIB Ta alNrOpUTMIB (PyHKI[IOHYBaHHs okpemux Moayiis CullIIP.

HaykoBa HOBHM3HA OJep:KaHMX Pe3yJbTATIB TMOJIATAE Y PO3B’sI3aHHI HAYKOBOTO
3aBJIaHHS PO3POOJIEHHS METOIB Ta 3ac001B AJi1 NOOYAOBH CUCTEM MIATPUMKHU NMPUNUHATTA
pilliecHb y KOHKYPEHTHOMY CEpeJOBHINI Ha OCHOBI meTm boiiga 3 BUKOpHCTaHHAM
OHTOJIOTTYHOTO Tiaxoay. [Ipu 11boMy OTprMaHO TaKi HOB1 HAYKOB1 pe3yJIbTAaTH:

e Brepiie po3podieHo moxaens netn OODA 3 BUKOPHUCTAaHHSAM OHTOJOTIYHOTO
MiIX0My, SKy TOMAaHO Yy BHIJISAAI aBTomMara Mypa, MO Ja€ MOXIJIHMBICTh
BUKOPHCTOBYBATH OHTOJIOT1YH1 3HaHHS Mija yac eramiB netii OODA, mo y cBoro
4epry, Jajgo 3MOTy PO3pPOOMTH apXIiTeKTypy Ta MaTeMaTH4YHE 3a0e3MeyYeHHS
¢ynkuionyBanHsa ColllIP y koHKypeHTHOMY CepeloBHUIL;

e OTpUMaB  MOAANBIIMNA  PO3BUTOK  METOJl  BUKOPUCTAHHS  OHTOJIOTIH
y KOHKYPEHTHHMX CEpEIOBUINAX, a caMe Yy BIHCHKOBHX 3aCTOCYBaHHSX, 3a
pPaxyHOK BHM3HAYEHHS €KCIIepTaMU Bar OKPEMHX €JEMEHTIB OHTOJIOTii Ta
IOJIaHHSI E€KCIIEPTHUX 3HaHb 3a JIONOMOIOK JIE€CKPUIITHUBHOI JIOTIKHM, IO JaJ0
3MOTY MIABUIIUTH e(PeKTHBHICTh eramiB «OpieHTaris» Ta «PimenHs» mnerii
boiina mijg gac iMiTamifiHOro MOJEIIOBAaHHS OOHOBHX AIM Ta IIJIEPO3MOALTY, a
came B OKpEMUX BHUIIAJKaX WMOBIPHICTh HEYPAKECHHS BIIACHHUX BIMCBHK, OTpUMaHA
MOJIYJIEM IMITAIIHHOTO MOJIENIOBAHHS 3 BHKOPUCTAHHAM OHTOJIOTII, 10 20 %
BUIIIA Y TIOPIBHSHHI 3 BUMAJKOM HEBUKOPUCTAHHS OHTOJOTIYHUX 3HAHB;

® YJIOCKOHAJIEHO METO] IIJIEPO3IMOALITY Ha OCHOBI METOMIB IITYYHOTO 1HTEIEKTY,
a caMe TeHeTUYHHUX aJITOPUTMIB Ta OMPAIIOBaHHS OHTOJIOTIYHUX 3HAHb, SIKUH Ha
BIJIMIHY BIiJl ICHYIOUHX, HE MICTHThH MpPOIEAYp IMOBHOrO Iepedopy, IO aalio
3MOTY 3MEHIIUTH OOYUCITIOBATIbHY CKJIAJHICTh AJITOPUTMY MOIIYKY €(heKTUBHOTO
1JIEPO3IOILTY;

e ynockoHaneHo apxitektypy CnlllIP y BiiicbkoBuX 3acTOCYBaHHSIX, A0 CKJIaay
sKkoi, BiamoBimHO n0 ertamiB merai OODA, Bxomare Momyii 30UpaHHS Ta
OTIPAIIIOBAHHS PO3BIAYBAIBHHUX JaHUX, IMITAI[IfHOTO MOJCIIOBAHHS OOWOBUX
Jid, TOWYKY €(QEeKTHBHOIO IUIEPO3NOAULYy Ta KOPEryBaHHA CTpUIbOM, sKa
MICTUTh yCl HEOOXIJIHI IMpolecu peami3amii nerial boiga Ta IpyHTyeTbhCcs Ha
OHTOJIOTIYHUX 3HAHHSX, WO Aano 3Mmory peanizyBatu CnlllIP y ckmami ACY
takTu4uHO1 Jlanku CB 3CYV.

IIpakTHYHe 3HAYEHHS OJEP:KAHMX Pe3yJbTATiB MOJSATaE y TOMY, 110 HA OCHOBI
3alpONIOHOBAHUX Ta  YJOCKOHAJIEHUX METOJIB MIATPUMKH TNPUUHATTA  PpillleHb
y KOHKYPEHTHOMY CEepe/IOBUII Ha OCHOBI neTii boiia misxoM BUKOPUCTAHHSI OHTOJIOT1H
CTBOPEHO MPOTPaMHUN KOMIUIEKC, SIKHM 3aCTOCOBYETHCS ISl MIATPUMKH TMPUHHATTA
pillieHh KOMaHIUPIB TaKTUYHUX JIAHOK. 3aBISKH PO3pOOJIIEHOMY MPOrPaMHOMY
3a0€3MEUYCHHIO MMIIBUIIYETHCS €(PEKTUBHICTh MIATOTOBKM BIMCHKOBHX KaJpiB, 30KpeMa
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Mo3alTaTHUX, KOTpl HE MaroTh ()axOBUX 3HaHb. 3aBASKA aBTOMAaTH3allli OCHOBHHUX
poLeayp, Kl peanizoBaHi y mnporpamMmHomy komruiekci, 10 30 % ckopodyeThcsi 4ac Ha
MPUIHATTS PIICHHS KOMaHAUPOM TaKTUYHOT JIAHKHU.

Pesynprat gucepTamiiHUX JOCHIPKEHb BHKOPHUCTOBYIOTBHCS Yy JIEP)KaBHOMY
mianpUEMCTBI «JIbBIBCBKUN HAyKOBO-IOCTITHUA PaTiOTeXHIYHUNA 1HCTUTYT» (M. JIBBIB)
i Yac BUKOHAHHS HaYKOBO-JOCHITHUX POOIT 13 CTBOPEHHS MOJENI MPUIHATTS PIlIEHb B
NEPCHEKTUBHIN aBTOMATHU30BaHI CHUCTEMI YHPABIIHHS TAaKTHYHOI JIAHKHU; y BIHCHKOBIH
yacTuHi A2129 MinictepcTBa 000poHN YKpainu (M. JHIMPONEeTpOBChK) sl KOPETyBaHHS
CTpLILOM apTUIIepii Ta nepeaadl po3BiAyBaIbHUX JAHUX, & TAKOX JJISI OTPUMAHHS CTIMKHUX
HAaBUYOK B MPOIEC] MIATOTOBKH KOPETyBaJIbHUKIB apTuiiepii. BukopucrtanHs pe3yiabTaTiB
JUcepTaliitHOT poOOTH MIATBEPAKEHO aKTaMHU MPO BIPOBAIKEHHS.

Pesynpratu amcepTamiitHoi poOOTH BHKOPUCTOBYIOTH Y HaBYAJILHOMY TpOIIECi B
HamionanibHOMY yHIBepcUTET! «JIbBIBChKA MOJITEXHIKA» Y JEKIIHHUX Kypcax JAUCITUILIIH
«Teopiss NpUHHATTS pilIeHbY», « TeXHOIOTT MIATPUMKHU MPOLECIB TPUHUHATTS PILICHBY ITi]T
Yac MiITOTOBKU CTYJEHTIB 3a CHemialbHICTI0O «CUCTEMU 1 METOJIU MPUUHSTTS PIIICHBY,
110 MATBEPIKEHO BIMOBIITHUMHU aKTaMHU.

Oco0uctuii BHecoK 3700yBauya. YCi HayKoOBi pe3yJbTaTd, MOAAHI y JHMCEpTallii,
onmepxadi 3m00yBaueM ocobucto. Y mpaimsx, OmyOJiKOBaHMX Yy  CIIBaBTOPCTBI,
3M00yBadeBl HaJICXWUTh: [2] — po3pobiieHO MeTon TMOOynoBHM 0Oasw 3HAHD JIS
PO3B’sI3yBaHHS 3a/1ady MOJICTIOBAaHHS BIMCHKOBUX Ji ME€XaH130BaHMX BIUCHK; [3, 6, 7, 12,
17, 18] — po3pobiaeHno MeTo 1 BUKOpUCTaHHs oHToJori# y nietiii OODA mist MmoaentoBaHHs
MOBEIHKH 1HTEJIEKTYaJIbHOI'O areHTa, KUl (YHKIIOHYE Y KOHKYPEHTHOMY CEpEOBMILIL;
[8, 15, 19] — po3pobaeno meton MozaentoBaHHs etamy «OpieHTtamis» mukiy OODA; [10,
11, 14] — pospobieHo meToau Ta 3acoOM MOOYJOBH aJaNTHUBHUX OHTOJIOTINA ISt
npeamerHoi oonacti CB 3CY; [13] — cipoekToBaHO CHUCTEMY aBTOMAaTHU30BAaHOTO CHHTE3Y
oHtoJorii; [4, 5, 9] — moGyaosano apxitektypy CnllllP y ckmami ACY TakTHYHOI JTJaHKU
CB 3CY 3 BukopucranHaMm OHTOJOTI; [16] — po3pobiaeHo aBToMaTru30BaHe poOode Miclie
po3Bigauka y ckimaai ACY CB 3CY.

Anpobania pesyabraTtiB aucepramii. HaykoBi Ta mpakTuuHi pe3yibTatu poOOTH
JIOTIOBITAJIUCh Ta OOTOBOPIOBANMCH HAa: MDKHApPOAHIN HAayKOBO-TEXHIUHIM KOH(]epeHiii
«IlepcniekTuBM pO3BUTKY O030pO€HHS Ta BINCHKOBOI TexHIKM CyXOMyTHHX BIHCHK»
(m. JIsBiB, 2015 p.); [V-it MixHapoaHiii HayKOBii KOH(EpEeHII1 CTyIeHTIB, aCHipaHTIB Ta
Monogux BueHux «TeopeTtmuHi Ta mnpukiagHi acnektu kKidepHetukn» TAAC-2014
(M. Kuis, 2014 p.); XII™ International Conference «The Experience of Designing and
Application of CAD Systems in Microelectronics» (M. CansiBa, 2015 p.);
Oth International Scientific and Technical Conference «Computer Sciences and
Information Technologies» CSIT-2014 (m. JIsBiB, 2014 p.); X-i1 MixkHapoaHili HayKOBO-
MpakTUYHIA KoHpepeHili «MaremaTuyHe Ta IMITaIllliHE MOJICIIIOBAHHS CHCTEM»
MOJIC-2015 (m. Yepnirie, 2015 p.); II-i, II-it Tta IV-ii MibKHapogHUX HAyKOBHUX
koH(pepeHnuisx «IHpopmarist, komyHikaiis, cycniabctBo» IKC-2013, IKC-2014, IKC-2015
(M. CnaBceke, JIpBiBchbka obOmacth, 2013, 2014 Tta 2015 pp.); MikHapoaHii HAYKOBO-
npakTu4Hid KoHbepeHii «Marematuka. [Hpopmariitai Texuosorii. OcBitay (M. JIyibk,
2013  p.); MiKHapOAHUX  HAYKOBO-TIPAKTUYHUX KOH(pepeHiisx «MaremaTuka.
[ndopmaniitai rexuonorii. Ocsita» (M. JIyupk, 2013, 2014 pp.); [11-it HaykoBo-TexHiuHii
koHbepenuii dDizuko-mexaniunuit iHcTUTYT M. [. B.Kapnenka HAH VYkpainu
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«OO0uucIIoBalIbHI METOAM 1 CUCTeMH mepeTrBopeHHs 1Hdopmarnii» (M. JIbBiB, 2014 p.);
MixxHapoiHiii HaykoBili KoH(pepeHiii «lHTeneKkTyanbHI CUCTEMU NPUUHATTS PIlICHb 1
npo0ieMu OOYMCTIOBAIBHOTO 1HTENEKTY» (M. XepcoH, 2014 pik); II-it MixuapoaHii
HAYKOBO-TIPAKTHYHIM KOH(pEpEeHIli CTYyJIeHTIB, acMmipaHTiB Ta MOJIOJUX BYCHUX
«MaremMaTndHi MeTOaM, Mojaem Ta iHpopmariiiHi TexHomorii» YESS-2014 (m. UepHibii,
2014 p.). Marepiasiu 1OCHiKeHb ampoOOBaHI Ha TPHOX JIOKAIBHUX KadeapalibHUX
HAayKOBUX CEMIHapax y MOBHOMY 0OcCs31.

IIyoaikanii. 3a pe3yabraTaMu JUcCEpTaliiHUX JOCHIKEHb  OIMyOJIIKOBaHO
19 HaykoBHX Mpaup, cepel sSIKUX | CTaTTs y 3aKOpJOHHOMY MEpioAMYHOMY BUAaHHI [3],
5 crareil y paxoBUX HAyKOBHUX BUAAHHAX YKpainu [1-2, 4-6], 13 myOmikariii y Marepiajiax
HAyKOBUX KOH(epeHiii [7-19].

Crpykrypa Ta o06csir podotu. JluceprauiiiHa poOOTa CKIIAJA€ThCA 31 BCTYIY,
YOTUPHOX PO3JILIIB, BUCHOBKIB, CIUCKY BUKOPUCTaHUX Jkepen 13 152 HaliMeHyBaHb.
3aranpHuit o6csar aucepranii 206 cTopiHOK, 3 HuUX 151 CcTOpiHKa OCHOBHOI'O TEKCTY,
46 pucyskiB Ta 11 Tabnuiipb.

OCHOBHUMH 3MICT POBOTH

Y Beryni OOTpYHTOBAHO aKTyalbHICTh TEMH, C(POPMYIIbOBAHO METy Ta OCHOBHI
3aBJIaHHS JOCIIIKEHb, MOKAa3aHO 3B ’A30K 13 HAYKOBUMHU IpOrpaMaMu, IJIaHaMH, TEMaMH,
PO3KpUTO HAYKOBY HOBU3HY. PO3IIsSHyTO MNpakTUYHY LIHHICTh, peali3alilo Ta
BIIPOBA/KEHHS pe3ynbTariB poOoTu. HaBeneHo naHi mpo ocoOucTHid BHECOK 3700yBaya,
ampoOaitito poObOTH Ta MmyOIiKaIlii.

Y nepumomy po3aijii mpoaHanaizoBaHO METOAM MOJIETIOBAHHS MPOIIECY MiATPUMKHU
OPUIHATTS pilIEHb Y KOHKYPEHTHOMY CEpEIOBHILI. 32 OCHOBY JUIsl MOJAEIIIOBAaHHS 00paHo
KIOEpHETHYHY MOJICJTh OODA (Observation-Orientation-Decision-Action), siky
3anponionyBaB /xon boiin. Taka mozenb nmepeadayae GaraTopa3oBe MOBTOPEHHS METII,
sKa CKJIAJAlThCAd 3 YOTUPHOX IMOCHTIIOBHUX B3a€EMOJIIOYMX MPOIIECIB: CIIOCTEPEIKECHHS
(observation); opienTariist (orientation); mpuitHATTA pimeHHs (decision); mis (action).
Ha ocHoBi Takoi momeni 3amporoHoBaHo miaxin a0 nodymoBu CullllP, ocHoBHOIO
KOMITIOHEHTOI0 sKkoi € ©0a3za 3HaHb (b3). 3ampomonoBana CulllIP € nenTpansHOIO
koMrioHeHTor0 ACY takTuunoro ankoro CB 3CY. 3nanHs, sIKi BUKOPUCTOBYIOTHCS B IIiH
npeaMeTHIN 007acTi € eKCIUTIUTHI i MICTAThCS Yy HOPMAaTUBHUX JOKyMeHTax (0oioBUi
ctatyT, TTX Tomo). Tomy 3anpornonoBano B sikocti sapa b3 takoi CulllIP Bukopucratu
OHTOJIOTIIO.

OwnToJoriss — 1€ 3HaHHSA, (OpMajbHO BiOOPAKEHI HA OCHOBI KOHLENTYyami3alii.
OHTOJIOT1SI CKJIAJAETHCS 3 MOHATH (TEPMiHIB, KOHIIENTIB), OPraHi30BaHUX y TAKCOHOMIIO,
BIIHOIIIEHh MK MOHSITTSIMU, @ TAKOXX TMOB’S3aHUX 3 HUMM aKCIOM 1 TIpaBUJI BUBEICHHSI.
[Tix Mmoaemtro oHTOJIOT1T O PO3YyMIIOTH:

O=(C,R,F), (D
ne C — cKiHYeHHAa MHOXXHHA TIOHSTH (KOHIIENTIB, TepMiHiB) peameTHoi oomacti (I10), sy
3agae oHtoJioria O; R:C —>(C — cCcKiHYeHHa MHOKMHA BIJHOIIEHh MIXK TOHSITTSIMH

(TepmiHamu, KoHuentamu) 3aganoi [10; F' — ckiHueHHa MHOXMHA (DYHKI[IH 1HTeprpeTanli
(axciomaTtm3ariis, 0OMEKEHHS ), 3aJJaHNX Ha MOHATTAX YU BIIHOIIEHHIX OHTOJIOTI O.
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Hanani mocraroTh Taki 3ajadi Sk po3poOJeHHS METOAIB Ta 3aC00IB BUKOPUCTAHHSI
onroyorii B nmetm OODA, mobynoa ontosyorii CB 3CY, po3pobiieHHs mporpaMHHUX
MoayniB y ckiaai CulllTP monentoBaHHS MOBEAIHKY 1HTEIEKTYAIbHOTO areHTa (TakTUYHO1
JAHKHW) B KOHKYPEHTHOMY CEpEJIOBUIII Ha OCHOBI OHTOJNOTIH. P03B’sa3yBaHHs ITMX 3a1a4
HABEJICHO Y HACTYITHUX PO3/i1ax POOOTH.

Y apyromy po3aijai po3poOiaeHo MeToj BUKopucTaHHsl oHToorii y et OODA.
Po3pobneno maTtemaTnane 3a0€3MeYeHHs] KOKHOTO 3 €TaliB MeTJi.

3riJIHO 13 pOOJEHUM METOJIOM, 3MICT OHTOJIOTIT HANpsAMY BIUIMBAE Ha 2-U, 3-i 1 4-ii
eranu et OODA, a cama cTpyKTypa Ta HallOBHEHHsI OHTOJIOT1 3a1€KUTh BiJ 1-ro Ta 2-
ro eTamiB.

Posrnsnemo netanpHime koxuui etan netiaii OODA y mporect ioro B3aemonii 3
onrtoJjorieto [1O ta 3anay, sKi B 111l 00;1aCTi BUHUKAIOTH (puc. 1).

. . . Mooenrosanns
Poseioka OpieHTaris 6
010
1 ) ]
K
CnocrepexeHHs > Ownrororis Pimenns

Puc. 1. Eranu netni boiiga (OODA) Ta iX B3a€MO/1is 3 OHTOJIOTI€I0

Eman ,,Cnocmepesxcenna” (observation) mae 3Mory 3IiHCHIOBaTH IPOIIEC
pO30yI0BM OHTOJIOTI], a TAKOX aHAJI3yBaTH ii 3 METOI0 BUOOpY pesieBaHTHOI iHpopMaIlii,
sKa MoTpioHa Ha HacTynmHuX eramnax netii OODA.

AHamni3 OHTOJOrIT 3A1MCHIOETBCS HAa OCHOBI OTPUMAaHHS PO3BIAYBaJIbHUX JIaHUX.
Po3Binnuku nepenaroTh iH(pOpMaIIio Mpo HasiBHI 3aCO0M MPOTUBHUKA, SIKI BIAIIYKYIOTHCS
B OHTOJIOT1{, ONIPAIIbOBYIOTHCS 1 HAAXOASITh KOMAHANPY TAKTUYHOT JIAHKH.

3amaua OmpalfOBaHHS PO3BIAYBIBHUX JIaHUX 3arajioM BUIJISIA€ Tak: Tpyma
PO3BIAHUKIB  Mepela€  CYKYNHICTh  MOBIJOMJICHb;  HEOOXITHO  BHM3HAUUTH  1X
MpaBAONOAIOHICTh 3aJI€KHO Bl JpKepena HaaXoMkeHHs 1Hpopmaii. [IpaBnononiOHiCTh
pKepena iHdopMarlii 3a/1a€ KOMaHIUP TAKTUYHOI JTAaHKH. SIKI0 MOB1MOMIICHHS TIPO OJMH ¢
TOM camMuil 00’€KT X HAIXOIATh 3 JIBOX PI3HUX JKepen iH(opmarllii, To 3arajibHa ix
MpaBIoONoAIOHICTh 00uHCTIOEThCS 3a (hopmyoro [HopTmidda:

P(x)=R(x)+P(x)=F(x)B(x), (2)
ne P e [0,1] — TIPaBIONOAIOHICTG i-T'0 JKepena iHopMmarrii.

Hns 300py ompalfoBaHHs Ta Tiepefadyl po3BiAYBIbHUX JaHUX PO3pOOJIECHO
MoOUTbHUN  3acTocyHOK  «Military  intelligence»  (po3n. 4). ExcnepumeHTanbH1
JOCHIKEHHST 10J10 €(EeKTUBHOCTI PO3POOJICHOr0 3aCTOCYHKY IPOBOJMIIUCH HA OCHOBI
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MOIIKITIOYEHHS 10 Mepexi [HTepHer, oaHak B MalOyTHbOMY IUIAHY€THCS HMOTO
BUKOPUCTAHHS Yy CHEIiali30BaHUX BIWCHKOBUX 1H(MOPMAIIHO-TETEKOMYHIKAIITHIX
Mepexax.

Ha emani ,,Opienmauia” (orientation) 3A1iCHIOETCA TTOOYI0BA TUIAHY TIH. 3 €0
METOI0 PO3POOJICHO MOAYJh IMITAIlIMHOTO MOJCNIIOBAaHHA mepediry Ooro. [Iporpamumii
MOJyJib JI€TaJIbHIIIE OMUCAHO y po3A.4, a y IbOMY PO3AUI ONHUCAHO MaTeMaTU4YHE
3a0€e3MeUeHHs], Ha OCHOBI SIKOTO (DYHKITIOHY€ LIEH MOJYJIb.

[lin yac MareMaTUYHOTO MOJEIIOBaHHA OOMOBUX i MOXHA BHIUIMTH HU3KY
napameTpiB, SKI BIUIMBAIOTh Ha pe3ydbTar. Jlo Takux mapaMerpiB sl MOJAEIIOBAHHS
OO0MOBUX A1l CyXONMYTHUX BIACHK BIHOCSTHCS: BIACTaHb MIX BifiCbKaMM, XapaKTEPUCTUKU
XOJIOBUX BJIACTUBOCTEM MEXaHI30BAaHUX BINCHK; MICIEBICTh: MPOXOJKEHHS MICIIEBOCTI
(koedilIEHT CYNpOTUBY PyXy), BUIUMICTh LTI (MMOBIPHICTh 3HAXOMKEHHS IIUI),
WMOBIPHICTh 3HHUIIEHHS I, CEKTOp TOIIYKYy I[iJIi, PO3MOAi BOTHIO 3a IUISIMU
MPOTUBHUKA, KUIBKICTh HEOOXITHUX TOCTPUTIB JJIs 3HUIIEHHS I (XapaKTepUCTHKA
pO3CifOBaHHS, 3aXMINEHICTh IIUN, BIJACTaHb). Y OUIBIIOCTI BUMNAJKIB 3HAYCHHS IIUX
napameTpiB HampsMy 3ayiekuTh Bim 030poenHs Biiickk (TTX OBT), To0TO BiA iXHBOTO
cknany. HaBeneHi nani 30epiraroTbCs B OHTOJIOT].

MarematnyHa MoOfeNnb OO0 3aJa€EThCS JBOMA MHOXHUHAMU Q:{ql,qz,...,qn} Ta

U :{ul,uz,...,um}, [0 BU3HAYAIOTh SKICHUM 1 KIJTBKICHUM CKJaJ BOIOIOYHMX CTOpiH. JIJis

KOXKHOTO  eneMeHra g, €0 icHye  OaraToBHMipHa  BUMAAKOBa  (PYHKIIiS
Cl.(t):é“(cji (¢),$5(),..¢, (l.)(t)) st T,<t<T, ne T, i T, BiANOBiIHO, MO3HAYAIOTH
MOMEHTH [04YaTKy i KiHIpt Goto. Bunankosi dyuxuii &, (7),<, (),....¢ (i) (¢) HasuBaroTHCS
napameTpaMM  elneMeHra ¢,, [ — peam3amid BHUNAAKOBOI  (YHKIIII (i(z‘):
! _ i I i . . .
g, (t)—g“l.((i (t),é',.z(t),...,{ir(l.)(t)). 3pi3 BHUIAAKOBOI (QYHKIIT é'[(t) B 3aJJaHU¥ MOMEHT
gacy T, <t <7, Ha3MBA€TBHCS CTAHOM E€JIEMEHTA ¢, W MO3Ha4aeThCs yepes C, (tz). Bekrop
é,l_z(tz):( é“l.l](fz), gilz(tz),,,,,g“fr (,-)(fz)) 3aJja€ CTaH €JIEMEHTa ¢, B MOMEHT 4acy ¢ s [-i
peanizauii i nosuauaerses sk C, (¢,). Cykynsicts {CI.’ (7}))} mist Beix i=1,2,...,n 3amae

MOYaTKOBUM cTaH eneMeHTIiB Q s [-i peanizanii. AHaJOTIYHO OMUCYIOTHCS €JIEMEHTHU
Uj(j = 1,2,...,m).

CykynHICTb {D;.(Z))} mia BCix j=1,2,..,m Ha3UBalOTh MOYATKOBUM CTAaHOM
croporu U mis [-i peamnizaiiii, a CyKynmHICTh {Dj (T1)} — pe3yabTaTtoMm 0010 ctoponu U mis
[-1 peamizariii. MHOXHHH €JIEMEHTIB {Cl.’ (Tl)} 1 {Dj.(Tl)} pa3oM Ha3MBaKOTh 00'€KTUBHUM
pesyabTaToMm Oot0 st [-i peamizaiii, a {Cl.’ (Z))} 1 {Dj (TO)} — MOYaTKOBUM CTaHOM 000

JUIs [-1 peanizarii.
Ax mapamerpu asis 0OpaHMX €JIEMEHTIB 000 B35TO, TaKi BUIAIKOBI (YHKIIT Bif
JIACHOrO aprymMeHry 4acy ¢ (IOKpOKOBOI peam3amii): 7,(f) — ¢QyHKuUis O0€30aTHOCTI;

n,(t) — GyHKUis Micus po3TallyBaHHS; 77,(f) — (QyHKUIA MBUAKOCTI; 77,(f) — QyHKLIA



XapakTepy Oii; 75(#) — QyHKLIsA KIIbKOCTI Ooenpunacis. JleTanbHille MaTeMaTUIHI MOJENI
nepediry OOHOBUX Jiil, SIKI BHKOPUCTaHO B PO3POOJIEHOMY MOAYJl IMITAlIMHOIO
MOJICTIOBaHHs, HaBEIECHO y KHU31 «MareMatnuuHi Mojienai OOMOBHX Aii» 3a peakili€ero
I1. H. Tkauenka

JI1st BU3HAYEHHST BaXJIMBOCTI LIJIEH MPOTUBHUKA BUKOPUCTAHO MOJIENb aJalTUBHOI
OHTOJIOT11, Ky po3poouB 1.T.H., mpod. B. B. JIuTBuH. BaxnuBiCTh 1UJII BU3HAYAETHCS
IIKOJIOI0, SIKY 3aBJA€MO MPOTUBHUKY, 3HUILMBIIH 1110 11k, [IJ1s rpajaiii e npoBeaeHo
OMMUTYBAHHS €KCIEPTIB BINCHKOBOI raiys3i JJisi OTPUMAHHS OIIHKU Ba)KJIMBOCTI €JIEMEHTIB
onrosorii 3a 10-6anpHOI0 MKanow (1 — BaXIUBICTh 1T KyJemeT, 10 — BaKIUBICTD LTI

KOMaHJIHUW TYHKT Opuranu), T00to W e [1,10]. Baxuusicts enemenTa onrosorii — C,,

SAKUWA 3a7a€ IIJb MPOTUBHHMKA, BU3HAYAETHCS SK cepeaHe apuMETHYHE EKCIEPTHHUX
oriHok. Tomi CZ* — I[IJTb TPOTHBHUKA 3 MAaKCUMAaJIbHOIO Baroro, sIK €JIeMEHT OHTOJIOTII,

BHU3HaYaeMo 3a popmyJioro (3):

C,. =argmax Z WC,- +We, | 3)
¢ C—~C,

wllpuiinammas pimenna” (decision) — tperiit eran ukiay OODA. SIkmo 10 11500
etarmy ocoba, mo npuiimae pimensas (OI1P) 3morna chopmyBatu TUTBKH OJMH pealbHUN
TUIaH, TO IPUIMAETHCS PIIIEHHS] — BUKOHYBATH L€ TUTaH YH Hi.

[I{o6 mpuiHATH pIlIEHHS 00 BUKOHAHHS IJIaHY, HEOOXIJHO PO3B’S3aTH 3aady
uineposnoauty. Llimeposnoain — e omepauis, sKa NOJIArae B MPU3HAYEHHI MEBHOI LI
NEBHOMY BOTHEBOMYy 3aco0y. HeoOxigHo 3HailTM e(peKTUBHMIA  LIIEpO3MOILI,
MPU3HAYUBIIN BOTHEBOMY 3ac00y MEBHY I[U1b, Ky BiH 0OCTpUIIOE (IIPU LIOMY MOKJIUBO,
10 OJTHA 1 TA X LI Oyje 0OCTpiIsHA KiJIbKOMa BOTHEBUMHU 3aC00aMu).

Hexaii y Hamomy po3moOpsyDKEHHI € n 3aco0lB ypaX€HHS ¥ HaM MOTpiOHO
oboctputatu N uutei. Koxxauit 3aci0 ypakeHHs MOXKE CTPUISITH IO KOXHIN IIUTl, ajie HE 3
0JIHAKOBOIO eDeKTHBHICTIO. IMOBIPHICTb ypaskeHHs i -M 3aco0oM J -1 11ii 3a/aHa i piBHA

P.. Jlnst BU3HAYEHHS LMX MMOBIPHOCTEH BMKOPHCTOBYIOTHCS TaOJMIll 3 HOPMAaTUBHHX

JIOKYMEHTIB, sKi 30epiratorbcst B TaOmuismx 6asu ganux (BJl). 3 sxoi Tabmumi BJ]
BUKOPHCTOBYBAaTH JaHiI BU3HauaeTbcsi oHToJorieto CB 3CY Ha OCHOBI ompairoBaHHS
napameTpiB (BUAUMICTh, IPOX1AHICTh, IIBHUJIKICTh, OO€3JaTHICTB).

[ITo6 po3B’si3aT 3aMa4y MUIEPO3NOILUTY, HEOOX1THO TIEPIII 32 BCE BUOPATH MTOKA3HUK
e(peKTUBHOCTI. TakUM MOKAa3HUKOM € MAaTeMaTHUYHE CIIO/AIBAaHHS YMCIIa YPaXEHUX LIeH
M, =M[X,], ne BunmaakoBa BenuuuHa X, — KUIbKICTb ypakeHux wouied. Ilim gac
CTPUILOM IO TPYTIOBIH M1 CEPEHE YUCTO YPAKEHHUX LUJIEH JOPIBHIOE CyM1 HMOBIpHOCTEN
YPaXKEHHS  OKpEeMHMX  eJeMeHTapHux Inuie  (oxuHuub): M, =P +P +..+P,,

ne P — WMOBIPHICTb ypakeHHs i-1 1unl. TuM caMuM MU OTpUMY€EMO 3a1a4y:

N
M, =) P — max. 4)
Jj=1
Omxe, mig Yac IIIEPO3INOAUTYy 3a MaTEeMaTUYHUM CIIOJIBaHHSAM IOTPIOHO
TaK PO3MOJUIATA 3acCO0M ypaKeHHS 3a IUIAMH, 100 cyMa HMOBIPHOCTEH ypaKeHHS
nocsirana Mmakcumymy. Lls 3amaga neranpHime onucana y 3-My po3/iii.
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»w/ia” (action) — 3aKIIOYHUHN eTan UKy, M0 Mependayae MpakTUIHY peanizailito
o0paHoro 3aaymy, ado IJaHy.

[TincymoBytoun HaBeJeHE BHINE, OTPUMYEMO TaKy MoJenb nermn boiga 3
BUKOPUCTAHHSAM OHTOJIOT1H y BUTJIsAI aBToMaty Mypa (puc. 2).

X9

Ve
Ilouatok

Puc. 2. ABromat Mypa netni boiina 3 BUKOprCcTaHHSIM OHTOJIOTIH

Ha puc. 2 nosnaueno: s, — noyaTkoBuii cTaH (eran «CrocTepekeHHs»), s, — eTall
«OpieHTanis», s, — «PenaryBanns oHToznOri», s, — «llomyk peneBaHTHUX 3HAHBY», S, —
eran «PimenHa», s; — eran «/is»; x,— AaHi, AKX HEMa€ B OHTOJOIII, X, — JaHl Ipo
IPOTHBHUKA, X, — OHTOJNOTIYHI JMaHi (Xx; — JUIA pilleHHs, X; — JUIA Aii), X, — OIlHKa
O0OCTaHOBKH, X, — MOJICJIIOBaHHS CUTYyalli, X, — CHUHTE3 JJaHUX, X, — aHaJI3 JaHUX, X, —
OLIHKA pIIIEHHS, X, — 301p NaHUX, X,, — MPONOHOBAaHE pIIIEHHS, X;, — PEIaryBaHH:I
OHTOJIOT1 (HOB1 3HAaHHS), X,, — HABKOJIUILIHE CEPEAOBUILE.

Y T1perbomy po3aiii po3pobieHo onrtosorito CB 3CY, npaBuna MOBEIIHKUA B
NEBHUX CHUTyallisiX HAa OCHOBI JECKPUITUBHOI JIOTIKM Ta alrOpUTMH (yHKIIOHYBaHHS
CulIITP na pi3Hux eranax neti OODA.

[TobynoBa (hopmasibHOI OHTOJIOTIT, IO BKJIIOYAE aKCIOMAaTUYHY CKIanoBy, s [10
CB 3CVY e HamBuuaiiHo ckiagauM 3apaaHHsM. Cdepa CB 3CY Ta BiHCBKOBUX
TEXHOJIOT1H SABJISIE COOOI0 CKJIAJHO-CTPYKTYpPOBaHy 00JIacTh, IO BKJIIOYAE SK aOCTPaKTHI,
y3arajpHIOIOUl TOHATTS, TakK 1 NPUKIAgHY TepMiHoyoriio. OO01acTh BiMCHKOBHX
TEXHOJIOT1M XapaKTepU3yeThCS BIJCYTHICTIO HOPMATHBHO BCTAHOBJICHUX BU3HAYEHb 1
cTporoi kimacudikamii TexHoJOoTii. BifiChKOBI TEXHOJOTIi MOCTIHHO PO3BHBAIOTHCS, IO
BIIOMBAETbCA Yy pO3MIMPEHHI Ta 3MiHI TOHATIHHOI cuctemu. Oxpim Toro CB 3CY
NepexXoAsaTh Ha HOBI CTaHAAPTH, TOMY B OHTOJIOTIYHIA MOJEN HEOOX1JHO BPaxOBYBATH
CTapl Ta HOBI CTAHJAPTH, CIIIBBIJHOIIECHHS M)XK HUMH.

Po3po6nena onrtonoris CB 3CY nHa ueit mMomeHT mictuth 384 mnoHsaTh, 207
BiIHOIIIEHb, 27 % TMOHATH € BU3HAYeHUMH. [lOHATTSIMU TpeaMeTHO1 o0iacTi €: 00HOoBI
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MallluHU, TapMaTH, CHAPSAIU BUIU 030pOE€HH TOIIO. BiTHOMIEHHSIMU MK TMOHSATTAMH €:
«Ma€ MaKCUMaJbHYy HIBUIKICTBY, «Ma€ rapmary» tomio. [Ipukimaan okpeMux MOHSTH Ta
BIIHOIIICHh HaBEJEHO Ha puc. 3. B OHTOJNOTIT MICTATBHCS JaHI 3 HOPMATUBHHUX TaOJIHIlb,
y SKUX B1IOOpakeHO KOedilieHTH (TMepEeBEICHHS 3 OJIHUX BEJIMYMH B 1HII, €()eKTUBHOCTI
BOTHEBUX 3ac00iB TOIO), pi3HI HOPMATHBHI PO3PaXyHKOBI BeMWYWHHU (HMOBIPHOCTI
YPOKEHHS Il B 3alie)KHOCTI BiJl BIJACTaHI Ta BOTHEBOTO 3ac00y, KIJTBKICTh
OO€KOMILJIEKTY TOWLIO), YCEpEAHEHI HOPMATUBM BUKOHAHHS OKPEMHUX 1A MIAPO3ILIIB,
BOTHEBI MOKJIMBOCTI apTHJIEPIACHKUX MIAPO3AUIIB TOI0. KOHKpETHI eK3eMIUISIpU MOHATh
30epiraothes y BJI. Ile mae 3Mory komaHaupaM TaKTUYHUX JIAHOK BIJICTEXKYBaTH CTaH
BJIACHUX 1IPO3/ILIIIB.

v EmP o

Ahzaryt qp N2
Ahlx-10P
BEhP_1 EMP _

has_adopting_vear has 1966
BMP_2 " "

haz_ATEM has "Baby

BhP_3 haz_combat_weight has 13
BETR-T haz_Country_Developer has "USSR"
4200 haz_crew has 11
M2_Eracley haz_Cruizing_range has 600

has_Engine_posver hag 300
Marder " "

haz_gun has " x73 mm
harder &3 has_guns has 1
Liorryor haz_inztalation_sssault_rifle has 9
WICC-80 has_Maximum_speed has 65
M2_82 Bpagmi — haz_Maximum_speed_afloat has 7

Puc. 3. ®parMeHT OHTOJNOTI] 3 BU3HAYEHHAM OKPEMUX ii €IEMEHTIB

s migBuieHHsT €()EKTUBHOCTI MOMKJIMBHUX pIIIEHh B OHTOJIOTI] MOJaH1 3HAHHS
EKCIIepTIB 1I0JI0 TMOBEAIHKM B TMEBHUX CHUTyalisx 3a jponomororo SWRL-mpasu.
{1 mpaBuia 3anucaHi Ha MOB1 JECKPUIITUBHOI Joriku. Hampukiaz, ekcrepTHe MmpaBuiio
«HakpuTH Boriem Hamoi aptuiepii [I3PK npoTuBHuKa i yac BUCAKU HAIIOTO JECAHTY
3 BEpTOJIbOTA HA TEPUTOPitO ?X, sKio BiAcTaHb a0 [I3PK mpoTtuBHuKa MeHIa-piBHA 7y»
Ha MoBi DL B wHamiit onTomorii momano y takomy Burisani: (Landing (Desant, 7x)) A
(Location (PZRK enemy, ?x) < ?7y) — Straddle (our artillery, PZRK enemy).

JI1s 3MeHIIeHHsT 00YMCIIOBAIBHOI CKIAIHOCTI 3a7adl 1iepo3noairy (4) y oMy
PO3JLII 3aMpONOHOBAHO BUKOPUCTATH METOJM IITYYHOTO IHTENEKTY, a caMe Te€HETHYHI
anroputMu. @yHkiito npucrtocoBaHocti (fitness function) y Hamomy BUNaAKy 3ajae
dbopmyna (4). ko KiUIBKICTh 3ac001B ypakeHHsI HaOaraTo MEHINA BiJl KUIBKOCTI IIIeH
(n<N), TO LTI HATIEPE/I PAHXKYEMO 3riIHO 3 HOPMYIIOKO (3).

s peanizamii 3ampormoHoBaHoro miaxoay B BJ[ 30epiraerbcs iH(opmariis mpo
HasBHI 3acO0M ypaKE€HHS, PO3BiMaHI IIJII MPOTHUBHUKA Ta MATPUISl HWMOBIPHOCTEH
3HMINCHHS IIJIEH TEeBHUM BOTHEBHM 3acO000M. XpomocoMa — II€ BEKTOp, JI¢ HOMEDP
eJIeMEHTa BEKTOpa BIJMOBIIA€ KItouy 3aco0y 3HuIeHHs B b/l, a 3HaueHHs eneMeHTa — 1e
kiou uuti B BJ[. Halikpamum po3B’si3KOM BBaXKAETHCS XPOMOCOMa 3 HANOUIBIIUM
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3HadyeHHsAM fitness function. SIkio kijgbka 3aco0iB ypaKeHHS 0OCTPUIIOIOTH OAHY IIUJIb, TO

HMOBIPHICTb 3HUINEHHS TaKoi LI 3pOCcTae 3TigHO 3 (QOpMYNo p, =1—H(1— Di)>
=

Ie Z. — MHOXHHA 3ac001B ypa)KEeHHs, K1 OOCTPUIIOIOTH i-TY ILILJIb.

Jlns  MomenmroBaHHS IIIJIEPO3IOALTY TEeHEpyBalach II€BHA KIJIBKICTh TOKOJIIHB
XpoMocoM. Pe3ynbTaTé eKCriepuMeHTIB MoKaszalid, mo mija 4ac redepaiii 30 MOKOIIHb
3HalijieHa XpoMocoMma 3 HauOuTbmor fitness function OnmM3pka 10 ONTHMAJILHOTO
iepo3noainy. Po3pobnenuii Moaysb MiEpO3MOALTY Ha OCHOBI T€HETUYHUX aJTOPUTMIB
BxoauTh 10 ckiany ColllIP. OcHOBHOKW mepeBaror0 TakOro METOAY € 3MEHIIEHHS
CKJIAJTHOCT1 OOYMCIIEHHS 3HaXOPKEHHS €()EKTUBHOI'O IIUIEPO3NOALTY, OCKIIBKH CKIIAIHICTh
MOBHOI'0 MEPeOOPy — EKCIOHEHIIHA, a TEHETUYHOT0 AJITOPUTMY — JIiHIHHA. TaKuM YHHOM
MPUCKOPIOETHCS TPOLEC MIATPUMKUA HPUHHATTS PpillleHb, OCOOJIMBO 1€ BAXKIJIMBO, KOJIH
HOro HEOOXIIHO MPOBECTM B peajbHOMY Yaci. Xoua OTPUMAaHHUW WUIEPO3NOIIT HE €
3aBXKIM ONTHUMAJIbHUM, OJHAK BiH OJM3BKUN /0 ONTHUMAJIbHOrO, a BHUIpall y dacl
OTPUMAaHHSI PO3B’SI3KY € 3HAYHUM.

Takoxx y 1poMy po3auii po3pobsieHo apxitekrypy CulllIP ta anropurmu
(GbyHKITIOHYBaHHS 1i OKpEeMHUX MOYJIIB Ha OCHOBI 3alpoOIIOHOBAaHOro miaxoay. /o ckmamy
CulllIP BxomsaTh MOy i: PO3BIAYBaHHS, IMITAIITHOTO MOJEIIOBAHHS, IIJIEPO3MOILITY,
KOpPUTYBaHHS CTpuIbOM, a Takok b3, momana y Burmsiai onronorii ta BJI, y skii
30epiraeTbCcsl TMOTOYHHUM CTaH BJIACHUX BIMCHK Ta HEOOXIJHA JIOBIJIHMKOBA 1H(pOpPMAIliS

(puc. 4).

CulITIP

Monayns
«ImiTariiinoro
MOJICITIOB aHHS»

A A

—

Monys «Po3BigyBaHHD»
(arnpoin-mongatok «Military intelligence»)

Owdrooris

Y Y

Monyms «KopuryBanns c1pinsom» | Monynb

(anppoin-nonatok «Adjustmenty) E:: «Iineposmominy»

Puc. 4. Apxitektypa CulllIP

Y derBeproMy PpO3ALIi HABEAEHO pE3YyJbTaTH NPAKTUYHOIO BIPOBAKECHHS
3aMpOIIOHOBAHUX METO/IIB Ta 3aCO0i1B.

VY cknaa po3po6aenoi CullllP BxoasTh Taki Momyii: 300py, 0OpoOKHu Ta mepeaadi
pPO3BiAyBaIbHUX JaHUX (MOOLIRHUM 3acTOCYHOK «Military intelligence»), iMiTaIiiiHOTO
MOJICTIOBaHHS rnepediry 00HoBUX i, IIIEPO3NOILTy, KOpEeryBaHHS CTPLILON (MOOTLHUN
3acTOCyHOK «Adjustmenty).

MobineHuii 3actocyHok «Military intelligence» po3poOiieHnii sl MIBUIKOTO Ta
e(eKTHBHOTO 3IWCHEHHS BINCHKOBOI pO3BiAku. BiH mnpu3HaueHuit mnsa 300py Ta
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y3arajibHEHHSI BIJOMOCTEH Tpo OOMOBUU CKJIaJ, TMOJIOKEHHS, CTaH yIpyHoBaHb BIHCHK
HA3eMHOT0 MPOTUBHUKA, XapakTep HOoro il 1 HaMmipiB, MepeBar Ta HEAOJIKIB, a TaKOX
CTYIIHb Ta XapaKTep 1HXKEHEPHOro OOJagHAHHSA. 3aCTOCYHOK HAJla€ TakKli MOKIUBOCTI:
MIBUJKO BU3HAYWTHU BIIACHE MICIIE pO3TAlllyBaHHS; pPO3CTAaBUTH Ha KapTi 00’ €KTH
BIJIMIOBITHI THM, M0 HA PO3BIAYBaJIBHIA TEPHUTOPIl; ABTOMATHYHO BU3HAYWTH IXHI
KOOPAMHATH; OXapaKTepu3yBaTh OO0 €KT, BUKOPUCTOBYIOUM MIKTOrpaMU BIHCHKOBUX
CTaHAApPTIB Ta 3 JOJAHHSM BIACHUX KOMEHTAapiB, MPU MOXIHMBOCTI HaJaBaTH IITa0y
OHJIAMH-TIEPETryIsi] PO3BIAYBAJIBHOI TEpPUTOpIi; 3aHOocUTH Bcl Bigomocti y bBJl, ska
B1J100paXka€eThCs B IITA0I.

Bumoru no0 anmapaTHo-mporpamMHoro 3a0esneueHHs: omneparliiina cuctema Android
Bepcii 4.0.4 Ta Bule; pa3oBe M’ €AHAHHSA 10 Mepexi [HTepHeT; moTpiOHO HEe MEHIIe HIXK
10 M6 BuTbHOrO MicIsl B TaM’ATi MpUCTporo. besneka mepenadi gaHUX Yepe3 MEpPeKy
InTepuer BinOyBaerhes 3a moromoror IPSec (Internet Protocol Security), koMiuiekc, 110
MICTUTh yBeCh Habip MPOTOKOMIB: mpoTokon Oe3meku 3B’sa3ky IKE; mporokonu
mmdpysanas (DES, 3DES, AES, RSA); npoTtokoiu mnepeBIipKd JOCTOBIPHOCTI JaHUX
(MD5, SHA-1); nporokon oominy kinrogamu (DH).

[Ticns 3amycky mTporpaMu Ha KapTy HAHOCUTBCS O0’€KT, IO CIIOCTEPIraeThes
(puc. 5a) Ta oOmMUCYIOTBbCS #oro BiacTHBOCTI (puc. 50). 3aCTOCYHOK Ja€ 3MOTY
BUBAHTAXXUTH JIaH1, OYUCTUTH KapTy, 3AIMCHUTH BIACOTPAHCIALIIO TEpUTOPIi, 30epertu
JlaHl B MaM ATl MPUCTPOIO, a00 HAAICIATH Ha aBTOMATHU30BaHE poOoYe MICLIE KOMAHIAUPY
TAKTUYHOI JIAHKHU.

0 Genymotion for personal use - Google Nexus 7 - 4.3 - APL... L= | =1 [EE S0 Gonymeion for personal was: - Cionmily Neawus 7 - 40 - APL.,
il
¥ Military intelligence R Bl By Dslllsraries
awa &
i P
3
ST TS ==
8 L) 4
ey i
40 BORRTIFRI AR e
Fpgprpkyng ¥
T DI RS DEND E
EopoTyREE Py
Sl
e =
L [y T
. [+
1S ==
wa
[ AT
Sz
=
) Gl ) My
== (]
I free fof Eﬂﬂ W =

Puc. 5a. Po3mimenuit 06’ext Ha kapti  Puc. 56. XapakTepuctuka 00’ €Kty

[ToBimOMIIEHHS, OTPUMaHI BiJl PO3BIIHUKA, JUISTHCS HAa 5 KaTEropid 3aJeKHO Bij iX
BaXJIMBOCTI:

1) 30epiraetbcs Ha aBTOMATH30BaHOMY poOodomy wicai (APM) komanampa
TaKTUYHOI JIAaHKM 1 TpU BIAMOBIAHOMY 3amuTi omeparopa APM BimoOpaxkaerbcs Ha
MOHITOPI;

2) NoBIJIOMJIEHHS B1JOOpakaeThCsl Ha €JIEKTPOHHIN KapTi Ta B KOMaHIHOMY BIKHI;

3) MOB1IOMJIEHHS BiIOOPA’KA€ThCA HA €JIEKTPOHHIA KapTi Ta B KOMaHAHOMY BiKHI,
CYNpPOBOJ/KYETHCS 3BYKOBUM CHUTHAJOM, HE BHMAarae HeraiHoi 3BOpPOTHOI peakiii
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onepatopa APM, sikuit oTpuMaB MOB1IOMJICHHS;

4) moBiAOMJIEHHS BIJOOpaXaeThCsl HA €JIEKTPOHHIN KapTi Ta B KOMaHIHOMY BiKHI,
CYHPOBOJIKYETHCS 3BYKOBUM CHTHAJIOM, Ha ekpaHi APM BioOpakaeThCcsi OKpeMe BIKHO,
K€ TUMYACOBO OJIOKy€ TMomnepeaHio podoTy omneparopa APM ta BuMarae miaTBEpIKCHHS,
110 TTOBITOMJICHHS TIPOYUTAHO;

5) nmoBiAOMIJICHHS BIZOOPa)KAETHCSI HA EIEKTPOHHIM KapTi Ta B KOMaHAHOMY BiKHI,
CYIPOBOJIKYETHCS 3BYKOBHUM CUTHaJOM, Ha ekpaHi APM BimoOpaxkaeThcs OKpemMe BIKHO,
sSIKe TUMYACcOBO OJIOKY€ momnepeHio poboTy oneparopa APM Ta Bumarae miaATBepHKEHHS,
IO TOBIAOMJIEHHS NPOYUTAHO, BUMAra€ThCsi 3BOPOTHA peakuis (pILIEHHs, BIANOBIAb)
KOMaHIMpa Ha OTPUMaHe TOB1JOMJICHHS.

Hanami, 3riqHo 10 OTPpMMAaHMX JaHUX MPO MPOTHBHUKA, KOMAHIUP MOJCITIOE
po3TalnlyBaHHS BJIACHMX BIHWCHK. JIJISI 1IbOTO BUKOPUCTOBYETHCS MOAYJb IMITAIliiHOTO
MOJICTIOBaHHs Tiepediry OoioBux miii. Ha xapTy HaHOCSATHCA BJIAcHI Ta 4yXki BIMChbKa U
3aMyCKaeThCs BIMOBITHUN MOJTYJIb.

["o70BHE BIKHO MpOTpamMu 3 KapTOI BUCOT Ta B3a€EMHUM PO3MIIIEHHSM OOHOBHUX
MaluH HaBeZeHo Ha puc. 6a. Ha rpadiky, HaBemeHomy Ha puc. 60, BigoOpakxeHO
WMOBIPHICTh HEYypaKeHHs 00i0BHUX 3ac00iB (0oitoBux MamuH (bM)).

o) = = [Z] Result EX
WWinpuna INpadrix iimosipHoCcTi gna koXxHT BM
o0 S ‘
5000 ] 5 —
KinbKicTh NPAM... 0 sncora
100 ]
100 o
Kpox R 1 ety
1 |
Klpox B0y S
e pauii
10000
Mac_ |
1000 =<
o oo =] T
—
BeecTH S
| e |
X992 y-33.2
Mopan rasx BHAANHTH TaHK Mopenioearn Bupanum eiap.. Haiixpama nos.
0 10 20 30 40 50 50 70 80 20 100 0,00
o 5 10 15 20 25 20 35 40 45 S0 55 60 65 70 75 80 85 =
0 10 20 30 40 50 60 0 80 50 o — 400 —520 650 850 350 370 550 — 700
. . ~ . .
Puc. 6a. Po3mimennss BM Ha kapTi Puc. 66. UMOBIpHICTh HEYIIKOKEHHS

U1 KOKHOT BM

Komip ninii BignoBigae neBHii O6oioBiit MammHi. OCHOBHI J1aHi JJI1 MOJICTIOBAHHS
nepebiry 60MoBHUX il 30epiratoThes B OHTOJIOTI. MOJIy/Ib TaKOX Ja€ 3MOTY 3HAXOJUTU
HaWKpaly IMO3uIiI0 po3TamyBanHs BM mig yac 6oro. B skocTi KapT MiCIIEBOCTI
BUKOpUCTaHO reoiHdopmalliiiny cucremy «ArcGIS». Jlns okpemMux cuTyaiii,
BUKOPUCTAHHS EKCIIEPTHUX MPaBWI, SIKI MICTATbCS B OHTOJOrI, mae 3mory g0 20 %
1JIBUIIMTH HMOBIPHICTh HEYIIKOHKeHHS BM.

BxigaumMu gaHUMH 1ISI MOAYJIS IUIEPO3NOJUTY € WMOBIPHICHI OINIHKH 3HHUIICHHS
MIPOTHUBHUKA B 3QJIEKHOCTI BiJ] BOTHEBOTO 3aco0y, BiJICTaHI 0 MPOTUBHUKA, KOEDIIIEHTH
(BUIMMOCTI, POXIJTHOCTI MICIIEBOCTI TOIIO). [Ii IMOBIpHICHI BEIUYMHU 30€piraloThCsi B
bJ1 ¥ BU3HAYaIOThCSl HA OCHOB1 HOPMATUBHUX JIOKYMEHTIB. Ha BUXO0/1 MOTyJIsl OTPUMY€EMO
BEKTOP, €JIEMEHTAMH SIKOTO € Mapa («Hall BOTHEBUH 3aC10»-«LLb TPOTUBHUKAY ).

Mo06inpHu 3acTOCyHOK «Adjustmenty nae 3Mory 3A1MCHUTH NPUCTPLIKY IIUII.
Po3paxyHku BUpaxyBaHUX YCTAaHOBOK JIJIsl YPaXK€HHs 11711 MOKHA 3/IIMCHIOBATH OKOMIpPHO,
CKOPOYEHO, MOBHOIO MiArOTOBKOIO. OHAK KOKHHUM 3 TaKMX METOJIB MAa€ CBOi HEIOIIKH,
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a caMe Maja TOYHICTh, a0 3Ha4yHI BUTpaTH dYacy. Ilim yac MpUCTPIIKKM BpPaxOBYIOTHCS
MeTeo- 1 OamiCTU4HI BIOAXWJIEHHS JUIsl TomorpadiuyHux JaHux no uiii: D =D, +AD,
ne D, — nanpHICTB BUpaxyBaHa, D, — nanpHICTh Tonorpagiysa, AD — cymapHa IOIIpaBKa
JAJILHOCTI Ha MeTeo-, OamicTuyHl BiaxwieHHs. [Ipunin, mo Binnosinae D, , 3a0e3neuye
NPOXO/DKEHHSA TPAEKTOpIi CHapsiAa uepe3 LEeHTp L. Y po3poOJeHOMY 3aCTOCYHKY
BUKOPUCTAaHO NPUCTPUIKY 3a I'padikom. Taky mpucTpiiKy AOUUIBHO BUKOPUCTOBYBATH y
BUIAJIKaX, KOJU LIJIb 3HAXOAMTHCS Ha BEpUIMHI, a00 KpyTomy cxuil micueBocTi. CyThb
npucTputtoBanHs 3a ['padikom, monsirae B ToMy, IO TpbOMa MOCTPLIAMU Ha PI3HUX
YCTAHOBKax MPHUIUTY W HAmpsSMKy B palOHl IIJIl MO3HAYAEThCA IUIONMIMHA CTPLILOM 1
CTBOPIOETHCS MacIITad JUisl BA3HAYEHHS BIIXWIEHB 3a JAJIBHICTIO 1 HAPSIMKOM y METpax.

CiTKy BM3HAQUEHHS KOPEKTYp JJsi MPUCTPLIIOBAHHSA 3a JOINOMOTOH MOOUIBHOTO
3acTocyHKy «Adjustment» Oynyrote Ha Canvas. Jlyis moOynoBU CITKHM TPOBOJISATH JBi
B3a€MHOIICPIICHIUKYJISIPH] JIiHIT, IO I KOperyBajJbHHMKA BiAMOBIJAIOTh OCSAM: JIHIT
crioctepexeHHs X (TalbHICTh) 1 HANPsMKY Y (OOKOBI BiIXuIIeHHS) (pHC. 7a).

MoOinpHuil 3acTocyHOK «Adjustment» Hagae Taki MOXJIMBOCTI: JIa€ 3MOTY
BIICHKOBOCITYKOOBII0O (HE apTWIEPUCTYy) TNEpeNaTd B AapTHWICPIACHKUN  MMiIPO3ALT
1H(popMaIlilo Mpo po3BiIaHy LUIb (PUC. 7a); Y X0l MPUCTPUIKK KOPUTYBAJIbHUK, MOJAE
KOMaH/JM 3T1IHO BUMOT KEpPIBHHX JOKYMEHTIB apTHiepii; BIMCHKOBOCTY>KOOBIEM Oyb-
SKOr0 3arajbHOBICHKOBOIO MIAPO3AULY 3AIMCHUTH NPUCTPUIKY LI Ta 3a0€3MeYUuTH
BU3HAUYEHHS YCTAHOBOK JUIsl CTPUIROM Ha ypakeHHs Lim (puc. 70); BUKOPUCTOBYIOUHU
MaclmTabu JaJbHOCTI Ta HANPSAMKY, 3A1MCHUTH OOCTPLI HOBOI LTI, sIKa 3HAXOAUTHCS Y
paziyci 1o 1 KM BiJ NPUCTPUISHOI, HE MOTPIOHO BU3HAYATH Ta IMEpeaBaTH KOOPJIUHATH
KOPUTyBaJIbHUKA, 10 YCYBa€ MOXJIMBICTb NPOTUBHUKY BH3HAUMTH HOro MICLE
3HAaXOJ/UKEHHsI; MacluTa0yBaTh 300pa)KeHHS Ha JMCIUIC], a TaKoXX BHBOJIUTH TaiiMep
3BOPOTHOT'O BIIJIIKY 4acy IMOJbOTY CHapsny (MOJLOTHUN Yac MOXe OyTH 10 65 CeKyHI,
TOMY TpUBaJle CIOCTEpPEKEHHS B ONTUYHUI Mpuiax 3HAaYHO CTOMIIIOE  31p
KOpUryBaJIbHUKa). Bumornm no amapaTHoO-mporpamHoro 3abe3rnedeHHss Ta Oe3meka
nepeavl JaHUX aHaJOrIuHl, K y 3acTocyHKY «Military intelligence».

=0 Genymotion for personal use - Samsung Galaxy S2.. — ©
Genymation for personal use - Samsung Galaxy 52 .. = 2 =]
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[Tin yac BUKOHAaHHS AMCEPTALIAHOIO JOCIHIJKEHHS, 32 JOMOMOTOI0 PO3pO0ICHUX
METOMIB 1 TPOrpaMHUX 3aco0iB, EKCHEPUMEHTAIbHO JOBEACHO, €(MEeKTUBHICTD
po3pobnenoi CullllP, mo mama 3mory mo 30 % CKOpOTHTH Hac, SKUH BUTpavarOTh
KOMaHJUPH TAKTUYHUX JIAHOK Ha TUIAaHYBaHHS 1 JOBEACHHS 3aBIaHb N0 IiJICTIIHX;
MOKpAIeHHs] TAKTHYHOI 1 00H0BO1 MiAroTOBKH BifichkkoBuX kaapis CB 3CY.

Y noparky HaBeneHO (parMeHTH MPOTPAMHUX KOIIB MOAYJIB PO3poOsIeHOl
CullIIIP, a Tako aKTH BIPOBAJKEHHS PE3YJIbTATIB AUCEPTALINHOI POOOTH.

OCHOBHI PE3YJIbTATHU TA BUCHOBKHA

Y nucepraiiiiHiii poOOTI BHPIIICHO BaXJIMBE HAYKOBO-NIPUKJIAIHE 3aBIaHHS
pO3po0JIeHHST METO/AIB Ta 3ac001B MOOYJOBM CUCTEMHU MIATPUMKHU NMPUUHATTS PILIEHb Y
KOHKYPEHTHOMY cepeloBHINi (BilicbkoBa cdepa) 3 BUKOPUCTAHHSIM OHTOJIOTIYHOTO
MiXOMy Ta IMJBHINCHHS €()EKTUBHOCTI TaKHMX CHCTEM, SKOTO JOCSITHYTO 3aBISKH
3aCTOCYBAaHHIO PO3pPOOJIEHOTO0 MAaTeMaTHUYHOTO Ta MPOrpaMHOro 3a0e3NeueHHs, IO
IPYHTYETHCSI Ha BUKOPUCTAHHI OHTOJIOTIM y IIMX CHCTeMax, aJanTaili€ld OHTOJOTIH 10
cnerudiku 3ama4 npeameTHoi obOmacti. [linm yac BUKOHAHHS POOOTH OJEPKAHO TakKi
HAYKOBI Ta IPAKTUYHI pe3yJIbTATH.

1. OGrpyHTOBaHO NOIUIBHICTh PO3POOJICHHS MAaTEeMAaTUYHUX MOJIEIEH, METOIIB Ta
3ac001B MIATPUMKHU NPUUHSTTS PIIEHb Y KOHKYPEHTHOMY CEpEIOBHUII Ha OCHOBI METII
boiina 3 BUKOPHCTaHHSIM OHTOJIOTIYHOTO MIIXOIy B THUX MPEAMETHUX OOJIACTAX, B SIKUX
3HAHHS € eKCIUTIIUTHUMHU. Takoro nmpeIMeTHO 00JIacTIO BUCTYIIAE BiHCbKOBa cepa.

2. Po3po6neno moaens netii boiiaa Ha ocHoB1 aBToMata Mypa. CtaHamu aBTOMara
BUCTYNAIOTh eTanu netii bolaa, a TakoXX MpoIiecu HAaMOBHEHHS, PelaryBaHHs OHTOJIOT1I
Ta TOIIYK PEJICBAaHTHUX 3HAHb B OHTOJIOT1i. BU3HaYeHO MOYKJIMBI MEPEXOAN MK CTaHAMU
aBTOMaTa 1 mepejaada mapaMmeTpiB MibK HUMU. Po3poOieHuil aBTOMAaT CIIy»KUTh OCHOBOIO
st mooymoBu CulllIP mrst komanaupiB Taktnaaux JaHok CB 3CY.

3. Jlnsa MopaentoBaHHS TPOLECY MIATPUMKH MPUUHSATTS PIIICHb Y KOHKYPEHTHOMY
cepeZIoBHILI PO3po0ICHO MaTeMaTHUHE 3a0€3MeUCHHS Ta METOIU BUKOPUCTAHHS OHTOJIOT1
npeaMeTHOi 0o0siacti Ha dotupbox etamax netii OODA (cnoctepekeHHs, OpieHTallis,
pimenHs, ais). Tak ang BilicbkoBoi cepu Ha etami «CHoOCTEpeKEHHs» PO3BIAYBaJIbHI
JlaHI aHATI3YIOThCS OHTOJIOTIEI0 MPEIMETHOI 00JacTi 3 METOI0 BU3HAUYECHHS CUJIBHHUX Ta
cnabkux  cropiH  mpotuBHuUkKa. Ha erami  «OpieHTanii»  OHTOJIOTIYHI  JaHI
BUKOPUCTOBYIOTHCSA JJIs IMITAlIMHOIO MOJIEIIOBAHHS MOXIIMBOTO Tepediry 0oro i ans
ONTUMATBHOTO PO3CTABJICHHsI BiIacHUX cui. J[ns eramy «PimeHHs» po3pobieH0 MeTon
[IJIEPO3NOAITy Ha OCHOBI TEHETHMYHHUX QJITOPUTMIB, IO JaJI0 3MOTY 3MEHIIHUTH
OoOYHCITIOBAIbHY  CKJAJHICTh TMOMIYKY €(GEeKTUBHOIO MUICPO3NMOLTy, THM CaMHUM
OPUIIBUANIATYA YaC HEOOXITHUM KOMaHIUPY TaKTUYHOI JIAHKW JJIsl TIPUMAHATTS PIIICHHS.
VIMoBipHicHI /1aHi 3HHIIEHHS L€l IPOTHBHUKA IIEBHHM 3aC060M, OepyThCsS 3 OHTOJIOTII
HA OCHOBI aHaJi3y BXITHUX TApPaMeTpiB (BUAUMICTh, MPOXITHICTh, MIBUIKICTD,
00€3/1aTHICTh, TOTOHI YMOBH). TaKOX IS I ABUIICHHS €()eKTUBHOCTI MOXKJIMBUX PIllIEHb
B OHTOJIOT1i MMOJAAHO E€KCIIEPTHI 3HAHHSA HAa OCHOBI JECKPUIITUBHOT JIOT1KH.

4. PO3BUHYTO METOJ, BUKOPUCTaHHS OHTOJOIA Yy NPUKIAJAHUX IPEIMETHHX
o0nacTsiXx, a camMe Yy BIMCbKOBUX 3aCTOCYBAHHSX, 33 PaxyHOK BHUKOPUCTaHHS
JICCKPHUIITUBHOI JIOT1KM Ta BU3HAYCHHS €KCTIEpPTaMH Bar OKPEMHUX €JI€MEHTIB OHTOJIOTI1, 10
7170 3MOTY MiJIBUIIUTH €PEeKTUBHICTH eTamiB «OpieHTaiis» Ta «Pimenus» netm bolina
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M Yac IMITAIiIfHOTO MOJEIIOBaHHA Iepediry OoWoBHX i Ta uuIepo3moalty. Jms
OKpeMHUX BHUMAJKIB 3TIHO 3 pe3yJbTaTaMU IMITAI[IfHOTO MOJETIOBaHHS, BUKOPUCTAHHS
SKCTIICPTHUX IPABWJI Ta OIIHOK €JIEMEHTIB OHToJOrii, mae 3Mory mo 20 % maBuIuTH
HMOBIPHICTh HEYIIKO/X)KEHHS BIIACHUX BIMCHK.

5. Po3pobneHo apXiTeKTypy MIACUCTEMH MATPUMKH TPUAHATTS PIIICHb, SKa
CKJIAQJA€EThCS 13 MOAYJIB, IO 3a4ai0Th BianoBiaHui ertan nerii OODA. LlenTpanbHOIO
komnoHeHToro CnlllIP e ontonoris npenmeTHoi o6nacti. [loOynoBaHO Taky OHTOJIOTIIO
st CB 3CY. Po3po6sieHa oHTosorist MICTUTh 384 1OHATH, 207 BiAHOIIECHb. 31HCHEHO
BU3HAUYECHHS OKPEMHX €JIEMEHTIB OHTOJIOTIT 3aco0amMu JeCKpUNTUBHOI Joriku, 27 %
MOHSATH € BU3HaYEHUMU. EX3eMIUIsipr OKpeMUX MOHITh OHTOJIOT11 30epiratotecs B B/I.

6. Po3poOneno nporpamue 3abe3neueHHs st KoxHoro 3 eramiB netiai OODA na
OCHOBI MOOY/IOBAaHUX METOJIIB Ta OHTOJIOTTYHOrO Mmiaxonay. [ns erany «CrnoctepexeHHs»
po3pobsieHo MOOUTbHMM 3acTocyHOK «Military intelligence», skuifi omnpamboBye
po3BiyBaibHy 1H(pOpMaIliio 1 nepenae ii B mrad. s peamizaiii eramy «OpieHTaIlis
PO3p0OJICHO MOIYJIb IMITALITHOTO MOJICIIIOBAHHS, BXIIHUMHU JIAHUMH SKOTO € OTpHUMaHa
po3BilyBajgbHa 1HGOpMAIls, a HAa BHXOMAl IJIaH PO3TallyBaHHS BJIACHUX BIWCHK. Jlis
peamizaiiii eramy «PimeHHs» po3po0JIeHO MOAYIh MONMIYKY €(PEeKTHBHOTO IJIEPO3MOLTY,
BXITHUMU JTAHUMHU SIKOTO € WMOBIPHOCTI YPaKCHHS I[iJIel TIEBHUM BOTHEBHM 3aCO00M, a
Ha BUXOJ1 MPHU3HAYEHHS BOTHEBOMY 3acoOy Wil MPOTUBHMKA, AKY BiH oOcTpimtoe. s
eranty «/is» po3pobireHo MOOUIbHMI 3acTOCYHOK «Adjustment» s KOperyBaHHS
cTpuIbOU. BukopuctanHs po3poOaeHUX MOENei, METOMIB Ta MPOrpaMHUX MOJYJIIB JAJI0
3mory 10 30 % CKOpOTMTM dHac, SIKMA BUTpPA4yarOTh KOMAHAUPH TAKTHYHHUX JIAHOK Ha
MJIaHyBaHHS BIMCHKOBUX JIIH.
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AHOTAIIII

Oo6opceka O. B. Meroau Ta 3aco0u moaenoBaHHs nerii boiaa y BiiCbKOBHX
3aCTOCYBAHHAX 3 BUKOPUCTAHHAM OHTOJIOTiYHOTO miaxoay. — Ha mpaBax pykomnucy.

Hucepramiss Ha 3000yTTS HAYKOBOTO CTYNEHS KaHAWAATa TEXHIYHMX HAayK 3a
cnemianbHicTiO 01.05.03 — «Maremaruuse Ta nporpaMHe 3a0e3neyeHHs] 00UNUCTIOBAIBHUX
MallH 1 cucteM». — HarionaneHuii yHiBepcuteT «JIbBiBchbka momiTexHikay MOH
VYkpaiunu, JIbBiB, 2016.

VY nuceptarlii BUpIIIEHO HAYKOBO-TIPUKIIATHE 3aBJAAHHS PO3POOJICHHS METOJIB Ta
3ac001B TOOYZIOBH CUCTEM MIJATPUMKH MPUUHATTS PillleHb Yy KOHKYPEHTHOMY CEpEeIOBHIIII
3 BUKOPUCTAHHSM OHTOJIOTIYHOTO TMiaXoxy. Jlims MojenroBaHHsS MPOLECY MiATPUMKH
NPUIHATTS PINICHh Yy BIMCHKOBINM cepi po3polieHO MaremarwuHe 3a0e3NedeHHs Ta
METOJM BUKOPHUCTAHHS OHTOJIOTII MpeaMeTHOI 00JacTi Ha YOTUPHOX eTamax neTii boiaga
(OODA - cmocrepexxeHHs, Opi€eHTaIis, pimeHHs, fAis). Po3pobieHo apxiTekTypy
MIJCUCTEMU TIATPUMKA TPUUHATTSA PIllIeHh KOMaHIUpPaMH TAKTUYHUX JIAHOK, SKa
CKJIAJA€EThCs 13 MOAYJIB, IO 3a1ar0Th BiAnoBiaHuUW ertan nerii OODA. LlenTpanbHOIO
KOMIIOHEHTOK) TaKoi MIiJACUCTEMH € OHTOJIOTIs MpeaMeTHoi obnacTi. Po3pobiieHo
nporpaMmHe 3abe3rneueHHs sl KoxkHOoro 3 etamniB netiai OODA Ha ocHOBI moOy0BaHUX
METOJIB 3 BHUKOPUCTAHHSIM  OHTOJOTIYHOro  migxomy. Haeegeno  mpukianu
GbyHKITIOHYBaHHS TOOYJOBAaHUX MTPOTPAMHHUX MOJTYIIB.
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Knrouosi cnosa: cucrtema MATPUMKUA MPUUHATTS PIllIeHb, OHTOJOTIs, 6a3a 3HaHb,
netis boiina, reHeTUYHUMA alrOPUTM, MAaTEMAaTHYHE CIIOJIIBAaHHS, KMOBIPHICTb.

Oo6opckas O. B. Meroasl u cpeacTsa Mojae iupoBanns netiu boiiia B BOeHHbIX
NPUMEHEHHSIX ¢ UCMOJIb30BAHMEM OHTOJOTHYeCKOro moaxoaa. — Ha npaBax pykomnucu.

Jlucceprannss Ha COMCKAaHHME YYEHOU CTEIECHW KAHAUJATa TEXHUYECKUX HAyK I10
cnennanibHocT  01.05.03 — «Maremarndyeckoe # THporpaMMHOE OOecreyeHue
BBIYUCIUTEIBHBIX MallMH U CUCTEM». — HanuoHanbHbIM YHHBepcUTeT «JIbBUBCHKA
NOJIUTIXHUKa» MuHUCTEpCTBa 00pa3oBaHus U HayKu Y KpauHsbl, JIbBoB, 2016.

B nuccepranuu pemieHo Hay4yHO-TIPUKIIATHOE 3aJaHHe pa3pabOTKM METOAO0B U
CpPEACTB MOCTPOCHUSI CUCTEM MOACPKKH NMPHUHATUS PEUICHUM B KOHKYPEHTHOM Cpele ¢
MCIIOJIb30BaHUEM OHTOJIOTHYECKOrO Mmoaxoaa. s MoaenupoBaHus npolecca MmoaaepKKu
OPUHATHUS PElIeHU B BOCHHOW cdepe pa3zpaboTaHbl MaTeMaTHUYeCKoe OOecrledyeHHue U
METO/Ibl KCIIOJIb30BAaHUS OHTOJIOTMHM TPEIMETHOM 00JIacTH Ha YeThIpeX JTamax MeTNIH
boiina (OODA - wnaOmioneHue, OpHEHTAlMs, pelieHue, nercreue). Paspabotana
apXUTEKTypa MOJCUCTEMBI MOAAECPKKU MPUHATHUS PEIICHUI KOMAaHANUPAMHU TaKTUYECKUX
3BEHbEB, KOTOpash COCTOMT U3 MOAYJeW cooTBeTcTByromux dtanam neriau OODA.
[lenTpaibHOM KOMIOHEHTOM TAaKOW TIOJACHCTEMBI SIBJISIETCSA OHTOJIOTHSI MPEAMETHOU
obnactu. Pazpaborano nmporpamMmmMHoe obecrieueHne s Kaxaoro u3 atanos netm OODA
Ha OCHOBE IMOCTPOEHHBIX METOJOB M OHTOJOTMYECKOro noaxona. I[IpuBeneHsl mpumepsl
(GYHKIITMOHUPOBAHUS MOCTPOEHHBIX MPOrPAMMHBIX MOIYJIEH.

Kniouesvie cnosa: cucrema TMONACPKKA TPHHATHS PEIICHUH, OHTOJOTHsA, Oa3a
3HaHWW, TeTIs boWaa, TEeHEeTHYECKUHA ajJrOpuTM, MaTEeMaTHYECKOE OXKHUJIaHUE,
BEPOSITHOCTb.

Oborska O.V.Methods and means of Boyd loop modeling in military
applications by using ontological approach. — Manuscript.

Thesis for a candidate's degree in technical sciences in speciality 01.05.03 —
«Mathematical and software support of computer machines and systems». — Lviv
Polytechnic National University, Ministry of Education and Science of Ukraine, Lviv,
2016.

In the thesis scientific and practical task of methods and means development for
building decision support systems in competitive environment by using ontological
approach is solved. The efficiency increase of such systems through the use of developed
mathematical tools and software supply, based on the use of ontology in these systems, the
adaptation of ontology to the specificity of domain problems is achieved. During the
research the following scientific and practical results are obtained.

The development expediency of mathematical models, methods and tools for
decision support in a competitive environment with the use of the ontological approach to
the subject areas in which knowledge is clearly regulated are justified. Such a subject area
is the military sphere.

Boyd loop model based on Moore automaton is developed. The states of the
automaton are the Boyd loop stages as well as processes of ontology editing and search for
relevant knowledge in the ontology. The possible transitions between the stages of the
automaton and which parameters are transmitted at the same time are defined. Such an
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automaton is the basis for building of GF AFU (Ground Forces of the Armed Forces of
Ukraine) tactical units by decision support subsystem commanders.

For modeling the decision support process in the competitive environment the
mathematical supply and methods of using the domain ontology in four OODA loop
stages (observation, orientation, decision, action) are developed. So for the military sphere
on the stage of «Observation» the reconnaissance data are analyzed by the subject area
ontology in order to determine the strengthes and weaknesses of the enemy. On the
«Orientation» stage the ontological data are used for simulation modeling of the possible
course of the fight and for the optimal placement of own forces. In the «Decision» stage
the target distribution method based on genetic algorithms, which allows to reduce the
computational complexity, and thus significantly speed up the time needed for tactical
section commander for decision making. Probability data concerning the destruction of
enemy forces with the use of the certain means, which is input data of the developed
method, are taken from the ontology based on the analysis of the normative tables. Also, in
order to improve the efficiency of possible solutions in the ontology expert knowledge
based on the descriptive logic is presented.

Method of using adaptive ontologies in applied subject areas such as military
applications taking into consideration the experts definition of ontology individual
elements weights, allows us to increase the effectiveness of such Boyd loop stages as
«Orientation» and «Decision» during a simulation modeling of the fight flow and target
distribution. In some situations, the use of expert rules contained in the ontology allows
20 % probability to increase the own forces intact.

The architecture of decision support subsystem which consists of modules that
determine the appropriate stages of the OODA loop is developed. The central component
of the decision support subsystem is the subject area ontology. Such ontology of the DF
AFU is built. The main elements of ontology is fighting sets, their tactical and technical
characteristics, combat statute, normative documents that define the extent of fire damage,
and etc. The definition of separate elements of ontology with the use of descriptive logic is
made.

The software for each stage of the OODA loop based on the created methods and
ontological approach is developed. For the «Observation» stage the mobile application
«Military intelligence», which processes the reconnaissance information and transmits it to
the command staff 1s developed. For the realization of the «Orientation» stage the
simulation modeling module is developed, the input data of which is the obtained
reconnaissance information and the output point of which is the plan of own forces
location. For the realization of «Decision» stage the module of the efficient target
distribution is developed, the input data of which is the probability of targets attack by
certain fire means, and the output is the conformity of fire means to enemy target, which it
attacks. For the "Action" stage the mobile application «Adjustment» is developed that
corrects shooting. The use of the developed models, methods and software modules gave
an opportunity to reduce up to 30 % the time spent by tactical units commanders for
planning of military actions.

Key words: decision support system, ontology, knowledge database, Boyd loop,
genetic algorithm, mathematical expectation, probability.



