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PEAJIIBAIIIA MOJEJIL I'PH 3 IBOCTOPOHHIM HIACJIIAKOBYBAHHAM JJIsA
BUITAIKY AHAJII3Y PI3HOPO3MIPHUX JAHUX

Hlupoke 3acmocy8anns 6 CyuacHuUx ymMoeax cucmem iMimayiitHo20 Mooen08aHHA 60ilosux Oiil nio
yac IX GUKOPUCMAHHA 6 CHIAHOAPMU306AHUX NPOUEOYPAX RPUUHAMMmMA piuieHb RPU3EOOUMDb 00
niosuuiennsa epekmusrnocmi ma AKocmi cucmem imimayiitno2o mooenioéanua. B oocnioiceni npogedeno
ananiz piwiensv icposux mooeneil 6e0eHHs 08OCMOPOHHBLOI 2PUI3 NPOMUNEHCHUMU IHmMeEpecamu O/
GUNAOKY KOIU YUCT06] 3HAYEHHA MAIOMb PIZHOpo3mMipHull xapakmep. Kpim mozo, npoeedeno pooomy
U000 pPO3GUMKY MA G600CKOHAIEHHA i2p080I Mo00ei 080CHOPOHHBOI 2pu. AxmyanvHicms pobdomu
00yMOo8671IeHA WUPOKOIO Peanizauicro cucmem iMimayiiino2o Mooentoeantsa 60iosux Oiil AK NPOZPAMHO20
3ab6e3neuenna komn’tomepuux cucmem 3 OC Android ma Windows. B pooomi oOocnioxcyemuca
GU3HAYEHHA WINAXIE Peani3ayii pauioHanbHUX MIWAHUX cmpameziil CKIAOHOK CUCIMEMOI0 AK izposux
Mooeneii 6e0eHHA 0B8OCHIOPOHHBOI 2pu i3 NPOMUNEIHCHUMU IHmepecamu 3 cionoeolo moukoiw. B
3A3HAYEHUX CUCMEMAX NPeOCMABIeHHA YUCe]l 30IUCHIOEMbCA 3 NIAGAIOYOI0 KOMOKW. 3’°AC08aAH0, AK came
ocobnueocmi npedcmaesieHHs Yucesl 6NAUBAIOMb HA PE3YIbMaAmu MOOeN08aHH:, KOIU 8UKOPUCHAHO
Ppisnoposmipni  Oani. Pesynomamu pobomu 003601amb GUKIIOYUMU HEOOCHIOGIPDHI pe3yTomamu
iMimayiniHo20 M0OOen106AHHA NIO YAC IX BUKOPUCIAHHA 6 CHIAHOAPMU3Z06AHUX HPOYEOYPAX RPUIHAMM S
piwens. Ilokazano, w0 3 UKOPUCMAHHAM MAKCUMIHIHHOT cmpamezii CmillKi YUKIU 2pu YMeopoeaiucs
mibKu 3 YpaxyGaHHAM 3HAUEHL e/leMeHmie mampuyi umosipHocmeil nepexodie. Ile docazaemuvca
copmyeannuam zpu, 3HaueHHA GUXIOHUX OAHUX O/IA AKOI CKAAOAIOMbCA MIIbKU 3 HYNI6 | 00UHUUb. 3a
3a3HaUeHUX YMO6 cmaromy 0ea 3asdanna. Lle docnidxcennsa enaugy ocodaueocmeil nPeocmasienus
yucen 6 niaearuorw) Komow Ha pesyivmamu mooenrsannn. Ta po3sumok i é0ockonanenns izposux
Mooeneil cucmem imMimauiiinozo Mo0eal08aHHs 00U0sux Oill 01 YCYHEHHA He2AMUBHO20 GNHUBY IX
HOMUIOK HA pe3yibmamu 6UKOPUCMAHHSA CHAHOADMU306AHUX NPOUedyp npuilhamms piuieHb. B
pe3yromami 00cni)ceHb 800CKOHANEHO i2pOGy MO00€1b 3 080CHOPOHHIM NIOCAIOKOGY6AHHAM OnA
GURAOKY Pi3HOPO3MIpHUX 0aHux. Boockonanena mooens iopizHacmbes 8i0 6i00MUX BUKOPUCHIAHHAM 8
AKocmi Kpumepito OUyiHKU eheKmugHOCmi poOOnu mexHoa02iuHOT cucmemu ynpasiiHH MHOICUHU YCIX
00CAZHYmMUX pe3ynbmamie YHKUIOHY8aHHs GUKOHYIOUUX eleMeHmie niocucmemu.

Kniouosi cnosa: 060cmopoHne RniOCHIOKOBY8AHHA, CHMINKI UYUKIU, PI3HOPOIMIDHI OaHi,
npeocmaenenna wucen 3 NaagaOuo0 Komoio.

Beryn. OcranHiM 4acoM, B 3aJIeKHOCTI Biji crmeuu¢piku 3aBAaHb Ta PU3MKIB B 00i0BOi
0o0CTaHOBIII OpraHiB Ta 3aco0iB PO3BIJIKM, HE BHCTAuyae JIsl BUSIBICHHS 3aco0iB Ta 00’€KTIB
IIPOTHBHMKA Ha IUISHKAX MicueBocTi. [IpoBenennit anami3z pe3ynabTariB 00MOBUX il OKa3ye, 110
3pOCTaHHs 3yCWIb Ha 3a0€3MeUeHHs PO3BIIKUA CUJI Ta 3aCO0IB TPOTUBHHUKA B TIOPIBHSHHI OCTAHHIX
JIBOX POKiB 3pocio B 2—3 pasu. 1o nepiue, 11e KOHTPOJIb 32 BEAUKUMHU AUITHKAMH MICIIEBOCTI Ta, Ha
KaJb, 1€ 0araTo amapaTypu CTaporo mnapky. B Toi ke yac Ha mOpsIIOK 30UTHIIHIINCH MOYKITUBOCTI
NPOTHBHMKA, 110 HAINPABJIEHHI Ha MPOTHUAII0 POOOTI TEXHIYHUM 3aco0aM pO3BIAKH Ta OpraHam
po3Biaku. Ciiji 3a3HaYUTH, IO YITPABIIHHS CHJIAMH PO3BIIKY 31HCHIOETHCS peasizalliero ICHYIYnX
MOJIeTIel yIpaBIiHHS Pi3HOPIMHIUMYU cuilaMu 1 3acobamu. L{i mozeni noOpe onmcano y [1 — 4].

JlocBin OoioBUX i TTOKA3ye, MO AIIePEKTUBHOTO BUSBICHHS CHJI 1 3aCO0IB MPOTUBHUKA HA
JUISHII MICHEBOCTI, MOTPiIOHO MPOBOJUTH MEPEPO3NOALT TeXHIYHUX 3aco0iB po3Biaku (T3P) ta
MOPSAZIOK 3aCTOCYBaHHs opraHiB po3Biaku (OP), sxi OynyTs Halle()eKTUBHIII B TaHUN TIEpioj acy.
Iopsia 3 pob6ororo OP Ta T3P notpibHO BpaxoBYBaTH pi3HOMAHITHHUM BIUIMB MIPOTHUBHHKA.

AKTyallbHICTb pOOOTM OOYMOBJIEHAa IIMPOKOK peai3alli€l0 CHCTeM IMITaliifHOro
MO/IEJIIOBaHHs OOMOBUX JIiHl i/ yac IX BUKOPUCTAHHS B CTAHIapPTU30BaHUX MPOLeTypax MPUHHATTS
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pimens (decision making process). Ta BiAMOBIIHO 1 TUIATH 32 TOXUOKH B IPUHHSTTI yIIPaBIiHCHKUX
pimrens [5]. Cuctemu imiTariiHOr0 MOIETIOBAHHS OOHOBHX il peai3ylOThCS K IPOrpaMHe
3abe3neueHHs komm torepHux cucreM 3 OC Android ta Windows [6, 7]. B 3a3HaucHux
OIepaIlifHUX CHCTeMaX MPEACTaBICHHS YUCIOBHUX JTaHHUX 3/IIHCHIOETHCS 3 TUIaBAK0UY00 KoMoio [8],
110 HaKJIa/1a€ OOMEXEHHS Ha 3aCTOCYBaHHS TEOPETUYHUX PE3YIbTATIB TOCIIIKEHb IBOCTOPOHHBO1
I'PH 13 TPOTUIICKHUMHU THTEPECAMH.

AHaJIi3 0CTaHHIX JOCJTiZKeHb

OnrcoM po3noiiiB 00’ €KTIB PO3BIIKMA HAa MICIIEBOCTI paHimie Oysa mpucBsueHa podorta [9].
ABTOpH TIPOBENM TOCIIOBHY ampooOarlito Ta BepudiKaIio MOJEIl 3aKOHY PO3IMOALTY 00’ €KTIB
PO3BiAKH B MIMOMHI 00MOBUX MOPSAKIB. [ BITHOBIEHHS MOJENIEH 3aKOHY PO3MOALTY 00’ €KTiB
PO3BIIKK PO3POOICHO METO/T AlIPOKCHUMAIIT IIIUIBHOCTEN PO3IMOALTY HMOBIPHOCTEH 0araroxo10BOro
BUTIISAAY. AmpoOariisi mpoBeeHa Ha BiJOMHUX CTaTUCTUYHUX JaHUX INUIIXOM OaraToKpaTHOTO
BIJIHOBJICHHSI AHAJIITHYHOI CTPYKTYpH. AJie B JOCHIDKEHHI HE MPHUIIJICHO HEOoOXiTHOT yBarm
JUHAMIII TOCITiIKYBaHOTO TPOIIECY 32 YMOB MIPOTHUIII.

B poGoti [10] mocnmimkyeTbcss BH3HAUYCHHS INUIAXIB peatizallii pamioHaJIbHUX MIIIAHUX
CTpaTeriii CKIaJHOI0 CHUCTEMOIO SK IrPOBHUX MOJENEeH BEICHHS JABOCTOPOHHBOI TpH i3
MPOTUJICKHUMU 1HTEpecaMu 3 CiIJIOBOIO TOUKOI. ABTOP 30CEpeIUBCS Ha OTPUMAaHHI ONTUMAaIbHOL
3a BU3HAYEHUMU KpuTepisMu Mozeni rpu. Cinil 3a3Ha4nTH, 10 peati3yBaT OTPUMaHi pillIeHHs Ha
omnepariiiinnx cuctemax Android Ta Windows 6e3 po3po0iieHHs creliaibHuX METO/1iB BpaxyBaHHS
PO3PSAIHOCTI NPEACTABICHHS YMCIOBUX 3HAYCHb BUXITHHUX MapaMeTpiB ckiagHo. e oOymoBieHo
0COOJIMBOCTSIMH MPEACTABICHHS YKCe 3 MIaBal0Y0I0 KOMOIO [ 8].

B po6ori [11] orpumaHO irpoBi MOJelNi BEJICHHS IBOCTOPOHHBOI I'PH i3 MPOTHIICKHUMHU
iHTEepecaMu NJs BUNAAKY BU3HAYEHHS paIlilOHANBHOI CTpaTerii, KOJU MPOTUBHUK HE aHATi3ye
po0OTYy HAIMX TEXHIYHUX 3aCO0IB PO3BIIKM 1 MEPEIIKOAM JJISi HUX 3’SIBIISIOTHCS BHITAIKOBO.
JloriyHMM PO3BUTKOM MO/IENEH BEIEHHS JBOCTOPOHHBOI I'PH 13 MPOTUIICKHUMHU 1HTEPECAMHU CTaja
poGora [12] ne 3ampoONOHOBAHO TEOPETHYHE pilIeHHS (OPMYBaHHS ONTUMAIBHUX 3MiIIAaHUX
CTpaTeriil ynmpaBiiHHS CKIaJHOK CUCTEMOIO /Ui KOHKPETHOTO MTPAKTUYHOTO BUMIA/IKY.

Moxna 3ayBaxkuTH, mo pobdotu [10 — 12] He BpaxoBYIOTh OCOOIMBOCTI peaizarii
AHATITUYHUX 3aJISKHOCTEH B MPOTPAaMHOMY 3a0€3MEUCHHI CHUCTEM IMITAI[IHHOTO MOJCITFOBAHHS
B3arajii Ta 0COOJIMBOCTI IPEJCTABIICHHS YHCEI B IUIABAI0OYOI0 KOMOO KOMII FoTepHHX cucteM 3 OC
Android Ta Windows. OTpumaHi pe3yabTaTi € CyTO TEOPETHYHI B BIAMOBIAHUX Taly3sax 1 CKIQAHO
pealti3yloThCsl B BUMAJIKY CIpoO iX MporpaMyBaHHs MONYIIPHUMHU 3aCO0aMH.

Oco6auBICTIO BUXITHUX JAaHUX € (DaKT iX pizHOpo3MipHOCTI. [1iJ] pi3HOPO3IMIPHICTIO MAETHCS
Ha yBa3l BUKOPUCTaHHs JaHuX onucaHux sk float Ta dabble B mporpamMuux peanizamisix Mojaeeu.
Ane 3a3HaueHuil (akT B BIJOMHX po0OOTax 3 AOCHIIKEHHS MOJENeil IBOCTOPOHHBOI TpH 13
MPOTUJIEKHUMU THTEpecaMu 3 CIAJIOBOIO TOUKOIO HE BPaXOBYETHCH.

Jlns mpeicTaBiIeHHs YHWCed B MPOTPaAMHUX pealli3alisx Mojeneil TpH 3acTOCOBYETHCS
craugapt IEEE 754 [8], mo B3arajii mMIMPOKO 3aCTOCOBYETHCS Y MIKPOIPOIIECOPHOT TEXHII Ta
IporpamyBaHHi. BUTbIIICTh CydyacHUX MIKpPOITPOIIECOPIB BUTOTOBIISETHCS 3 allapaTHOIO peai3alli€ro
dbopmary mpexacraBieHHs uucen BBeneHoro cranmaptom IEEE 754 [13]. Hi po3Butrok moB
IporpamMyBaHHs, Hi CIeliaJibHI METOJIH, L0 BHUKOPHCTOBYIOTHCS PO3POOHMKAMHU IMPOrPaMHOIO
3a0e3nedYeHHs], He 3MIHIOIOTh KapJIMHAJIBHO cUTYyaIllito. Lle mosicHioeThCst pakToM TOTO, 110 B CBITI
KOMIT FOTEpIB 1HIIOTIO MPEICTaBIECHHS YUCEIl IPOCTO HE ICHYE.

[Tomuiiku, siki BUTIKatOTh 3 BUKopucTaHHs ctannapty IEEE 754, 1 ski noB’s3aHi 3 TOYHICTIO
MIpeICTaBICHHUX YKcen, 1o0pe nmpoaHamnizoBaHo B [14]. B miif po6oTi BU3HaU€H1 TpaHUYHI 3HAYEHHS
MOXUOOK caMe MPeICTaBICHHS YKCeT, ajle Ha)Kallb B POOOTI HE pO3TIISAAINCh TUTAHHS BILTUBY ITHX
MOXMOOK Ha KiHLIEBUH pe3ynbTaT npoBeneHHs apudmerrnunux onepaiiii B OC Android Ta Windows
10.

Cripo6010 TocHiKeHHsI BIUIMBY MOXUOOK MPEICTaBICHHS YHCeN 3 TIABAal0Y0l0 KOMOIO MPH
MOJICJIFOBaHHI MPAKTUYHUX Tally3ed € pobora [15]. B poboTi mpoanHanizoBaHO BUTOKH BTpaTH
Mpale3JaTHOCTI CHCTEM [iarHOCTUKU. I[IporHO3yBaHHS 3HA4eHb [IarHOCTUYHHMX IapameTpiB
CKJIATHUX CHUCTEM 3 TPEACTaBICHHSM 4YHCE] 3 IUIABAIOYOI0 KOMOIO, aie crpod BUPOOJICHHS
MPAKTUYHUX PEKOMEHJAlii 3HMKEHHS BIUIMBY MOMMJIOK IPEJCTAaBICHHS YHMCEN 3a CTAaHAapTOM
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IEEE 754 ne 3po06eHo.

Jlst cygacanx OC Android Ta Windows po3mip B 8 GalT € HUIIIBHUM. 3 METOIO BUTIPABIICHHS
cUTyauii 3alponoOHOBAaHO BUKOpUCTaHHA Apyroi pemakuii crangapty IEEE754 [16]. Ane Taki
MTOMMJIKY TIPEJICTABJICHHS YK CEJ 3 IJIAaBAF0UOK0 KOMOIO, SIK TOMUJIKH BUKJIMKAHI 3pYIICHHSIM MaHTHUC
(UMKITiYHI JipH), TTOMMJIKM BUKIMKAHI OKpPYIJIEHHSM (OpyaHHH Hy/b), TMOMHJIKA Ha TPaHUI
HOpMa/AeHopMa yuciia (d4rciia BOUBIN) HE YCYHYTI, 0 0OYMOBJICHO ITiIBAJIMHAMH 3aKJIaICHUMH B
CTaHJapT.

Meta crarti. MeToro poOOTH € PO3BUTOK 1 BIAOCKOHAJIGHHS ITPOBOi MOJENI BEIACHHS
JBOCTOPOHHBOI TPH 13 MPOTHIICKHUMH IHTEpECaMH JIJIsi BUKIIOYCHHS MOXIIMBOCTI HETaTHBHOTO
BIUTUBY TPEJICTABICHHS YHCENl B IJIABAIOUOI0 KOMOIO B KOMIT FOTEPHUX CHCTEMax IMITaI[ifHOTO
MOJIEIIOBaHHS OOMOBUX HiH.

Jlyis nocsATHEHHS MeTH OYJH IMOCTABJICHI TaKi 3aBIaHHS:

1. Otpumaru irpoBy MOJIeIb BeICHHS JBOCTOPOHHBOI I'PH 13 MPOTHIIC)KHUMH IHTEPECAMHU JIJIS
BHITIAJIKY, KOJIM YMCJIOBI 3HAUEHHS MAIOTh PI3HOPO3MIPHHIA XapakTep.

Buxiaax ocHoBHoro marepiajy. B irpoBiii mMomeni KOHQIIKTYIOUYlI CHCTEMH IMOMAFOTHCS
JIBOMa TPaBLSAMHU 13 MPOTWICKHUMH iHTepecaMu. 1—ii rpaBelb BUABISE OO0 €KTH Ta MPHIMAE
pIIIEHHS HA 3aCTOCYBAaHHSI OPTraHiB PO3BIIKU Ta TEXHIYHHUX 3aC001B PO3BIAKU. 2—i rpaBellb BUSBIISIE
OpraH# Ta 3aco0U PO3BIIKH, KEPYE PO3MIMICHHSIM Ta TIEPEMILICHHSIM 00’ €KTIB JIJIs €PEKTUBHOTO 1X
3aCTOCYBaHHSI.

JlocimipkeHHsT TIMTaHb 10 TiABUIIEHHIO €()EeKTHBHOCTI BUSBJICHHS 00 €KTIB NMPOTUBHUKA
PO3TIISTHEMO y BUTJISI CKIIaAHOI crucTeMu. Hexail cuctema Ha 3aCTOCYBaHHS OpPTaHiB PO3BIAKHU Ta
TEXHIYHHUX 3aC00IB PO3BINKHUS:, SIKOIO YIPABISIIOTh, (YHKI[IOHYE MPOTSIroM Yacy T 3 MeToro
BUKOHAHHS 3ajJlaul MO 3a3Jajlerib 3agaHoMy kpurepito edektuBHOCTi E. AnTucucremasS: — 1e
MIPOTUBHUK, IO BUSBIISIE OPraHU Ta 3aco0M PO3BIIKH, KEPYE PO3MIMICHHSIM Ta MEPEMIIICHHIM
00’ekTiB 71 e(heKTHMBHOIO iX 3aCTOCYBaHHS, 3HIDKYIOUM 3Ha4eHHsI MokazHuka E cuctemm Si,
BUKOPHUCTOBYIOYM MHOXXHHY CUTHAJIIB MPOTUIIT

X| BB, Yo s sy n |/ (1)

Takum uyuHOM, OOMEXEHICTh TEXHIYHMX MOMKJIMBOCTEH KOHTPOJIIOBATH BCKO MIUISHKY
MICIIEBOCTI, /¢ 3HAXOMUTHCS TMPOTUBHUK, MPHUBOAUTH MO BHUMOI BJOCKOHAJICHHS 3aCTOCYBaHHS
OpraHiB PO3BIJKU Ta TEXHIYHUX 3aC001B PO3BIIKM IIPU YIPaBIiHHI HUMH.

Cucrema, SKOIO YOPaBISAIOTH Si ISl BITHOBICHHS edekTuBHOCTI E, mae y cBoemy
PO3MOPSKEHHI MHOKHHY 3aC001B 3aXHCTY

T = )

B sikoCTI MHOYKUHH MO>KJIMBO BUKOPHCTOBYBATH BEJICHHS YIIPABIIHHSA ACKIJIbKOMa OpraHaMu
PO3BIIKM Ta PI3HUMHU BHJIAMH TEXHIYHUX 3aC001B PO3BIKH,BUKOPHCTOBYBATH CUCTEMY YITPABIIIHHS
LIUMH 3aC00aMHU Syyyp. 3 MHOKHHAMU X Ta VY, sKi 3B'S3aH1 4aCOM 3aCTOCYBaHHs 3aC00IB 3aXHUCTY

T ={T T, T T 3)

m
1 3ac00iB mpoTUIIT

T ={T) T T, T} (4)

J

ne T;— dYac OJHOPa30BOTO 3aCTOCYBAaHHS 3aco0y 3aXUCTy X ans YIIPaBJIiHHS OPraHOM

po3Binku abo T3P; T}’— yac OJIHOKPATHOIO 3aCTOCYBaHHS 3aco0y mpoTuiii ¥ j (mepemileHHs

00’€KTIB).
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VY KOXXHUH MOMEHT 4acy t 3HaueHHs e(pEeKTHBHOCTI Eij(t) CUCTEMH Si, AKOI YIPaBIISIIOTh,
BH3HAYAETHCS BIUIMBOM Ha Hei 3aco0y mpoTuail Yj (Yj €Y)13aco00oM 3aXHCTy Xi(xi € X); mpuiaomy,
IOPOTSrOM 4Yacy 3acTOCYBaHHS 3a3HAYCHHMX BIUIMBIB, Eij He 3MiHIOeTheA. Cucrema, SKOIO

YIPaBISAIOTh Si, Ma€ 3aco0M MPOTUAIl cucTeMu S: 1 BIAMOBITHUX 1M 3HAYECHHSAX €(EKTUBHOCTI
cucTeMHu Si JUIA Pi3HUX 3ac001B MPOTUIIT i 3aXHUCTy i Ma€ MOKJIMBICTD Y Mpotieci (yHKIIOHYBaHHS
BH3HAYATH 3aCTOCOBYBAHE CUCTEMOIO Sz 3aci0 mpoTuaii. Ls MOXIIUBICT XapaKTepU3yeThCs

= {8, .t (5)
ne t]y— qac, 1110 BUTPAYAETHCS CUCTEMOIO S1 Ha PO3IMi3HABAHHS 3aCTOCOBYBAHOTO CHCTEMOIO
S> 3aco0y mpoTtuaii Yj (Bin MOMEHTY IOYaTKy 3aCTOCYBaHHS 3aco0y MPOTUIIT Yj 710 MOMEHTY

BCTaHOBJICHHS (haKTy HOTro 3aCTOCYBaHHS).
MoxnauBocTi cucTeMH S: IO BHUSBICHHIO POOOTH TEXHIYHMX 3aco0iB PO3BIOKUA Si
XapaKTepU3YIOThCSI MHOKUHOIO

X X X X X X
e RCION 5 (6)
P (S] tl?(_ 4ac, 10 BUTPAYaA€TbCA CUCTCMOIO S> Ha BHi3HaBaHHI 3aCTOCOBYBAHOI'0 CUCTCMOIO Si

edexruBHOCTI cuctemu X .

Mmuoxunu t*1 t¥ xapakTepu3yrTh yac 3ami3HoBaHHs 1HGopMallii B cuctemax Si 1 Sa.

Benuuuna T € yac, HeoOXigHuUM cuctemi Sr IUIsl BAKOHAHHS HEIO B mpoiieci QyHKIIOHYBaHHS
3apmaHHsa. 3a 4yac T BigOyBaeThcsi OGaraTopa3oBa 3MiHa 3ac00iB MPOTHAII W 3aXUCTy 3aco0y
yIIPaBIIiHHS, TAK 1110

TiX<T Ta ij<T_ (7

JIJis 3amporioHOBaHOI IrpoOBOT MOJEIIi PO3TJITHEMO BHIIQJIOK, KOJM OOHMIBA TPaBIlsd MalOTh
MO>KJTUBICTB BITI3HABATH 3aCTOCOBYBaHI1 B IIeil MOMEHT MPOTHUBHUKOM CTPATErii, TOOTO BUKOHYETHCS

yMOBa
tix <T* T1a tjy <ij : (8)

|

I'pa mportikae HacTynmHuM unHOM. Hexail Ha moyaTky IpH 3aCTOCOBYIOThCA AEsKI CTpaTerii
X; Ta yj . 11 rpaBelb MPOTATOM Hacy tjy pOOUTH BIi3HABAHHS CTpATETii yj 1 TIEPEXOIUTH JI0 TAKOL
K cTparerii X; ), py AKIA 11 JaHO1 CTPATETIi Y; BUIpall CTac MAKCUMAJIbHUM 1 DIBHUM Max; d;;.
[Micnst 3miEu cTpaterii 1-m rpaBileM 2—i TpaBeilb MPOTSITOM dYacy t; pOOUTH BITi3HABAHHS
3aCTOCOBYBAHOI 1—-M rpaBueM CTparerii i MepexoiuTh 10 Takoi x crparerii ¥y, Ipu AKid juis
MaHoi crTparerii X; BUrpam cra€ MiHiMaabHUM 1 piBHEM Min; a;;. Ilicisa 3minu crparerii 2-m
rpaBlEM TOYMHAE aHawi3 cTparerii ¥;;y 1-# rpasens 1 Take iHue.

[ToBeninka, npu sKii rpaBelb CIIOYaTKy pOOUTH BII3HABAHHS 3aCTOCOBYBAHOI IPOTUBHUKOM
qyucToi CTparerii, a MOTIM BUKOPHUCTOBYE HAWBUTIAHINIY s cebe YHCTy cTpareriio, O0yaemo
Ha3WBaTH M1ICIIIKOBYBaHHAM. SIKIIO MACTIAKOBYBaHHS 31HCHIOIOTH OOMBA IrpaBlisd, TO OyaemMo
TOBOPUTH, 1110 Ma€ Miclie Tpa 3 IBOCTOPOHHIM M1/ICIIIKOBYBaHHSIM.

[licns 3aBmaHHs B Tpl MOBEAIHKM TIpaBLiB CTaBUThCS HACTyNHA 3ajada: B yMOBax
JIBOCTOPOHHBOTO MiJICIIAKOBYBaHHS HEOOX1IHO BU3HAUUTH cepelHiil 3a yac rpu 7 Burpam l-ro
rpaBILIsl.

BucHoBKM Ta HanpsAMKHM NOAAJbIIMX JOCHiAKeHb. B pesynabrari JoCHiPKeHb
BJIOCKOHAJICHO irpPOBY MO/IEJb 3 IBOCTOPOHHIM Mi/ICIIKOBYBAHHSM JJIsl BUIIAJIKY PI3HOPO3MIPHUX
naHux. BiaockoHaneHa Mojenb BIAPI3HAETHCS Bl B1IOMUX BUKOPUCTAHHSM B SKOCTI KPUTEPIIO
OLIIHKHA €(EeKTHUBHOCTI POOOTH TEXHOJIOTIYHOI CUCTEMM YIpPaBIiHHS MHOXHHHU YCIX JOCATHYTHX
pe3yibpTaTiB (QYHKIIOHYBAaHHS BUKOHYIOUMX €JIEMEHTIB IiJICHCTeMH. IrpoBa Mozenb aganToBaHa
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JUISL CUCTEM IMITariiHOro MojaemroBaHHsa OoroBux ai Ha 0a3l 3 OC Android tTa Windows st
YIpaBIiHHS OpraHaMy Ta 3ac00aMHu PO3BIIKH.

Crin 3ayBakuTH, 10 BUKOPUCTaHHS OTPUMAHOI irpoBOi MOZENi B yMOBax, KOJIM HEBioma
cTpaTerisi MpOTHIIA NPOTHBHUKA IOKA3aJ0 HE JOIUIBHICTh OJHOYACHOTO 3aCTOCYBAaHHS BCIX
3ac00iB 3aXHCTy (IPOTHUIT), OCKIIBKHU 3POCTAE CKIAAHICTh CUCTEMH, IO IPU3BOAMUTH JI0 3HIKESHHS
1i HaMIWHOCTI.

JIITEPATVYPA:

1. Towmamescokuit B.M. Mogemosanns cuctem / B.M. Tomamescskuit// K.: BIY, 2005.

2. Taxa X. Beenenue B uccieqoBanue onepamui, 7—e usnanue. / X. Taxa// M.: U3paTenbckuii 1om
“Bunpsamc”, 2005.

3. Baituenko FO.I1. Jlocmimkenns onepamiit: [migpyunuk] / FO.I1. 3aituenko// K.: 3AT “BI-T10JI”,
2000.

4. binpuyk B.M. CremiansHi po3fiau Teopil HMOBIPHOCTEH Ta MaTeMaTHYHOI CTATHCTUKH
[HaBuyanpHUH mocionuk] / B.M. binsuyk // X.: XHYP, 2008. — 226 c.

5. Cranpapt BC 5-0 Ilpouec npuiiHsatTs pimens, Kuis, 2016

6. 3arampHa  XapakTepUCTHKA  CHUCTEMM  IMITalliiHOTO  MOJENIOBAHHSA  OOHOBUX i
BATTLECOMMAND, enextponHiii pecypc// http://sim.nuou.org.ua/

7. 3acrocyBaHHsS ~ CHCTEM  IMITAI[iMHOrO  MOJIENIOBAHHA  0OMOBMX  JiH,  €JIEKTPOHHIM
pecypc//http://www.ukr.vipreshebnik.ru

8. IEEE Crangapr st IBOUYHOM apuMETHKH ¢ T1aBaromieit 3amsaroii,(ANSI/IEEE Std 754-1985)/
Bunasuuirreo IEEE, East 47th Street, NewYork, NY 10017, USA, 1985 p.

9. JleBuenko A.O Mogeni IiIBHOCTI iMOBIPHOCTI, 1110 MOOYAOBaHi 3a TicTOrpaMamu PO3MOIiTY
00’€KTIB PO3BIJKHU IS Pi3HUX BUAIB 000 [BilickkoBo—TexHiuHMM 30ipHUK] / JIeBuenko A.O., barinchkuii
B.A. //Akagemis cyxonyTHHX BilicbK. — Bumyck 2. — JIpBiB: ACB, 2009. — 128 c.

10. VITALIY PAVLENKO Estimation of the Multidimensional Dynamical Characteristic Eye—
Motor System/ VITALIY PAVLENKO, DMYTRO SALATA, YURIY MAKSYMENKO// Mathematical
Methodsand Computational Techniques in Scienceand Engineering. Cambridge, UK 24-26 February 2017.

11. Makcumenko FO.A. TlocranoBka 3ajauv onTvMisamii Mozaeni (GYHKIIOHHYBaHHS CKJIaIHOI
CHCTEMH pPaliOyNpaBIiHHSI TEXHIYHMMH 3acob0amMu B ymoBax mpoTunii [COOpHHK HaydHBIX TPYAOB] /
Maxcumenko 0.A.// «SWORLDy. Texnuueckue Haykd. MexayHapoIHOe HaydHOe m3faHue. Buimyck 1
(38).— 2015.

12. Makcumenko FO.A. Peanizamis onTuMaibHHX 3MINIaHAX CTPATETIH CKJIAJHOK CHCTEMOIO
pamioynpaBiiHHS TEXHIYHMMH 3acobamu. [30ipHUK HaykoBuX mpaipb.] / Makcumenko FO.A.//. Opeca,
OIIATP4, 2015.

13. IEC 60559:1989 Cranpgapr: JjBouuHas apu(METHKa ¢ IUIaBaloONIEd  3amaToil  Juis
MHUKpoTporeccopusix cuctem/ Bumasuunrso IEC, East 47th Street, NewYork, NY 10017, USA 2008 p.

14, Amxapmun B. IEEE 754 — cramgapr JBOMYHOW apu(METHKM C IUIABAKOMIEN 3allsToi,
CJIIEKTPOHHIMN pecypc// www.softelectro.ru

15. A.O. Levchenko Souse of working capasity losses of diagnostic system of armament and military
equipment of the second grad eincluding the number swith Floating-Point/ A.O. Levchenko, R.M. Voitenkov
/I ISSN International Center. — Sbornik nauchnykh trudov SWORLD. — 2014. — Ne 4(37).

16. IEEE Cranpapr mis 1BoMuHOM apudmeTHky ¢ masatoei sansroil (ANSI/IEEE Std 754-2008)//
BupasuuirBo |IEEE, East 47th Street, NewYork, NY 10017, USA 2008 p.

REFERENCES:

1. Tomashevskyi V.M. Modeling of systems / V.M. Tomashevskyi// K.: BIU, 2005.

2. Takha H. Introduction to research operations, 7th edition. / H. Takha// M.: lzdatelsky dom
"Williams", 2005.

3. ZaichenkoYu.P. Operations research: [textbook] / Yu.P. Zaichenko// K.: CJSC "VI-POL", 2000.

4. Bilchuk V.M. Special sections of probability theory and mathematical statistics [study guide]/ V.M.
Bilchuk // Kh.:Khnur, 2008. — 226 p.

5. Supreme Council Standard 5-0 Decision-Making Process, Kyiv, 2016

93



6. General characteristics of the battle simulation simulation system BATTLECOMMAND, electronic
resource// http://sim.nuou.org.ua/

7.  Application of combat simulation simulation  systems, electronic  resource
[Inttp://www.ukr.vipreshebnik.ru

8. IEEE Standard for Binary Floating Point Arithmetic,(ANSI/IEEE Std 754-1985)/ Publishing house
IEEE, East 47th Street, NewYork, NY 10017, USA, 1985 p.

9. A.O. Levchenko Probability density models built according to histograms of the distribution of
intelligence objects for various types of combat [Military and technical collection] / A.O. Levchenko, V.A.
Baginskyi. //Academy of Ground Forces. — Issue 2. — Lviv: ASV, 2009. — 128 p.

10. VITALIY PAVLENKO Estimation of the Multidimensional Dynamical Characteristic Eye—Motor
System/ VITALIY PAVLENKO, DMYTRO SALATA, YURIY MAKSYMENKO// Mathematical Methods
and Computational Techniquesin Scienceand Engineering. Cambridge, UK 24-26 February 2017.

11. Maksimenko Yu.A. Setting the task of optimization of the model of the functioning of a complex
radio control system by technical means in the conditions of countermeasures [Collection of scientific works]
/' Yu.A. Maksimenko// "SWORLD". Technical sciences. International Scientific Edition. Issue 1 (38).— 2015.

12. Maksimenko Yu.A. Implementation of optimal mixed strategies by a complex radio control system
with technical means. [Collection of scientific works.] / Maksimenko Yu.A.//. Odesa, ODATRYA, 2015.

13. IEC 60559:1989 Standard: Binary floating-point arithmetic for microprocessor systems/ IEC
Publishing House, East 47th Street, NewYork, NY 10017, USA 2008

14. Yashkardin V. IEEE 754 — standard of binary floating-point arithmetic, electronic resource//
www.softelectro.ru

15. A.O. Levchenko Souse of working capasity losses of diagnostic system of armament and military
equipment of the second grad eincluding the numbers with Floating-Point/ A.O. Levchenko, R.M. Voitenkov
/I ISSN International Center. — Sbornik nauchnykh trudov SWORLD. — 2014. — Ne 4(37).

16. IEEE Standard for Binary Floating-Point Arithmetic (ANSI/IEEE Std 754-2008)// IEEE
Publishing House, East 47th Street, NewYork, NY 10017, USA 2008

PhD. Semchak O.M., PhD. MaksimenkoYu.A., PhD. Mamich V.V.,
Sharshatkin D.Y., Dushkin Y.G.

IMPLEMENTATION OF THE ANALYSIS OF THE GAME MODEL WITH TWO-SIDED
TRACKING FOR THE CASE OF VARIOUS DIMENSIONAL DATA

The widespread use in modern conditions of combat simulation simulation systems during their use
in standardized decision-making procedures leads to an increase in the effectiveness and quality of
simulation simulation systems. In the study, an analysis of solutions of game models of conducting a two-
sided game with opposing interests was carried out, for the case when the numerical values have a
multidimensional nature. In addition, work was carried out on the development and improvement of the
game model of the two-sided game. The relevance of the work is due to the widespread implementation of
combat simulation systems as software for computer systems with Android and Windows operating
systems. The paper examines the definition of ways to implement rational mixed strategies in a complex
system as game models of conducting a two-sided game with opposing interests with a saddle point. In
these systems, numbers are represented with a floating point. It has been clarified how the specifics of the
representation of numbers affect the results of modeling when multidimensional data are used. The results
of the work will make it possible to exclude unreliable results of simulation modeling when they are used
in standardized decision-making procedures. It is shown that using the maximin strategy, stable game
cycles were formed only taking into account the values of the elements of the matrix of transition
probabilities. This is achieved by forming a game of values of the output data for which consist only of
zeros and ones. Under these conditions, there are two tasks. This is a study of the influence of features of
the representation of floating-point numbers on simulation results. And the development and improvement
of game models of combat simulation simulation systems to eliminate the negative impact of their errors
on the results of using standardized decision-making procedures. As a result of research, a game model
with two-way tracking for the case of multidimensional data has been improved. The improved model
differs from the known ones by using as a criterion for evaluating the effectiveness of the technological
control system the set of all the achieved results of the functioning of the executing elements of the
subsystem.

Keywords: two-way tracking, stable loops, multidimensional data, floating-point representation
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