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KOPEJISINIAHOI ®YHKIIIT

En The article deals with the formation of phase portraits patterns of the correlation
function of uncertain time series. Those patterns are used in expert software sys-
tems for determination of hidden regularities in random processes. Problem of the
identification and classification of the irregular random events is particularly rele-
vant in the case of complete absence of a priori information about the investigated
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process. This problem becomes much more complicated in case of inability to re-
peat the experiment.

The methods of nonlinear dynamics for the hidden patterns identification,
which may significantly affect the behavior of the system and the change nature of
the phase trajectories, are proposed. A correlation function is proposed as a beha-
vioral characteristic of informative systems because it fully displays properties of
time series. The phase portrait of correlation function is used as an indicator of
hidden events.

The structure of simulation modeling software bundle, which implements the
selected algorithm of phase portrait building, is described. The implementation of
some modules in LabView, which allows the creation of different types of phase
portraits for specific application, is provided.

The database of reference signal patterns, their spectral and correlation charac-
teristics is created. On this basis, a set of phase portraits templates was devel-
oped. Particular attention is paid to the model of the signal providing the turbu-
lence regime.

This paper contains partial results of model experiments that confirmed the pos-
sibility of using this approach for the phase portraits modeling which are similar to
the phase portraits of real time series.

Results obtained from studies can be used practically for analysis of undeter-
mined data from dynamical systems analysis, which model is presented as a “black
box” with single output.

Ru PaCCMOTpSHa npobsieMa co3/aHus I1a0JIOHOB Oa3bl 3HAHWM IS BBLABJICHH
B3aMMOCBSI3€H U IIMKJIMYHOCTU CIIOKHBIX MPOIECCOB B YCIOBHUSIX HEMOJHOM U He-
4yeTKoW anmpuopHoi uHopmanuu. Pa3paboraHo mporpaMMHoe obecriedeHue s
co3slanus mabaoHoB(00pas3oB) (a3oBbIX MOPTPETOB, N0 KOTOPHIM MOKHO OyJeT
KJIacCU(PUITUPOBATh OOBEKT.

Beryn

[Iporpamui 3aco0u, 1o 0a3yrOThCS Ha TEXHOJIOTI] €KCIIEPTHUX CHUCTEM,
HaOyJIM 3HAYHOTO TIOIIMPEHHS IiJ Yac BUBUYCHHS CKiIaaHuX 00’ekTiB. Taka
TEXHOJIOTISl PO3TIISIIAEThCS K 1HTENEKTyalli3allisi BUMIPIOBAJIbHUX IPOLECIB Y
pa3i BUpINIEHHS CKJIQJHUX TNPUKIAAHUX mpodbsieM. ExcrepTHi cucremu
NpU3HAayYeHl JUIsl BUPIMICHHS 3aBJlaHb, $KI 3a3BUYall MaloTh HACTYIIHI
0COOJIMBOCTI: TMOMMJIKOBICTh, HEBHM3HAUEHICTh, HEMOBHOTA 1 CYNEpPEUYIUBICTDH
BUX1AHUX AaHuX [1].

[IpoGiema monsirae y HEOOXITHOCTI MOOYJOBH OCHOBHOT'O KOMITOHEHTA
EKCIIEPTHUX CUCTEM — 0a3M 3HAHb JJI aHAJI3Yy MPUXOBAHUX 3aKOHOMIPHOCTEH Yy
JAHUX 13 BUKOPUCTaHHSAM apXiBHUX AaHUX ((ha30BUX MOPTPETIB KOPENSIIHOL
byHKIIIT), 110 3HAXOJATHCA Y CXOBUINAX JaHUX. [[pakTHYHO MOBHA BiJICYTHICTH
anpiopHoi 1H(oOpMaIli mpo JOCHTIIKYBaHUN 00’ €KT € XapaKTEPHOI PHUCOI0 CY-
YaCHUX HAYKOBHMX JAOCHIKEHb. lle cTae mpuUYMHOI0 aKTyalbHOCTI 3aBIaHb
CTPYKTYpPHO-TIapaMEeTPUYHOI 1AeHTU]IKAIT].
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ITocTanoBka 3agaui

Metoro maHoOi poOOTH € CTBOPEHHS IHCTPYMEHTa KOHCTPYIOBAHHS
ma6yIoHIB (KOMITOHEHTa 0a3u 3HaHb) ¢azoBux moprtperiB (PII) xkopemnsiiiHol
GbyHKINT Ta WOro peamizailis y BUTISIAI MPOTPaMHOTO MOJYIIS, IO BXOJIUTH JIO
CKJIaay eKCIIepTHOI CHCTeMH, sIKa TMpU3Ha4deHa uid Kilacudikaiii Ta
imeHTrdikaIlii 4acoBUX PSAAIB 13 IPUXOBAHOIO LUKITYHICTIO.

OcHoBHMI MaTepiaJ

Jly’ke 4acTo y BUMIPIOBAJIbHIN TEXHIL 3yCTPI4a€ThCs CUTYaLlIsl, KOJIA MO-
Jeb TPOLECy, MO PO3MIISIIAETHCS, 3BOAUTHCS 10 AU(PEPEHIIATbHUX PIBHIHb.
[Iputomy y OUIBIIOCTI peanbHUX 3aJay L€ PIBHAHHA JOCHUTHb CKJIAgHO abo
30BCIM HEMOKJIMBO BHPIIIUTH, a00 HEMOXJIHUBO CKJIacTU. OcoO0auBO Taka mpo-
OjieMa TPOSIBISIETHCS Y pa3l JUHAMIYHUX CHUCTEM, $5IKi, aOCTparyrouuchb Bijl
KOHKPETHOI MPUPOAN 00’ €KTY, MOYKHA YSIBUTH Y BUIJISIII «YOPHOI CKPUHBKUY,
Ha BUXO/I SIKOT pEECTPYETHCS HEBU3HAYEHUI YacOBUH psil.

[ToBHa BiJICYTHICTH ampiopHOi 1HQOpMaIi MPO JOCHIKYBaHUN 00’ €KT
CYTTEBO YCKIJIAJHIOE 3aCTOCYBaHHS BEJIMKOI KIIBKOCTI ICHYIOUHMX METO/IB
imeHTudikarii, TUM OUIbIIE, IO MPAKTHYHY IIKABICTh MPEACTABISAIOTH METOIU
BUSIBJICHHS IIPUXOBAHUX 3aKOHOMIPHOCTEN Yy 3alllyMJIEHOMY ITPOLIECI.

BayTpimHiil ctran 00’€kTa MOKHA PO3IIIAIATH SIK PE3YNbTAT MOCHIII0BHOI
3MIHM CTaHIB 00’€KTa, IO MPAKTHUYHO HE CIOCTEPIraeMo, aje Horo MoKHa
OIL[IHUTHU 32 CTAHOM BUXO/IIB (3HAYEHHSM BUXIJHUX 3MIHHUX) CUCTeMH. Y TaKii
SKOCT1 MOKYTh BUCTYIIaTH HE TUIbKU CaMl BUXI1/IH1 3MIHHI, aJleé i XapaKTepUCTHU-
KM X 3MIHM — IIBUAKICTh, TPUCKOPEHHS TOLIO. TaKMM YMHOM, BUXIJIHHM 4aco-
BUI Al € TUCKPETHUHN TPOLIEC, SIKUIM CaAM MOYKE PO3IVISAATUCA SIK CUCTEMA, 110
CKJIaJIA€ThCS 13 CYKYITHOCTI CTaHiB, TTOB’SI3aHUX MOCIIAOBHICTIO X 3MiHH.

BuBueHHs1 4acoBHUX pAIIB MPOMOHYETHCS MPOBOJUTH HA OCHOBI BUBUCHHS
MOBEJIIHKA KOPENAMiNHUX (DYHKINHA, $SKI HAWOLIBII TIOBHO BiJOOpakarOTh
BJIACTHBOCTI YaCOBUX PSIIB 1, KPIM TOTO, Jal0Th MOXJIMBICTb BHU3HAUMTHU, YU
MaloOTh BOHH BJIACTUBICTb LMKIIYHOCTI SIK TaKOi, BUSBUTH HOBI PETYJISPHOCTI, Ha
K1 BKa3ye aBTokopessiiitna Gynkiis (AK®) (anrmomosuuit Bapiant ACF — au-
tocorrelation function). InmmMu cioBamMu, MPONOHYETHCS BUKOPHCTOBYBATH
AK® sgx iHauKaTop 30BHINIHBOTO MPOSIBY BIACTHUBOCTEH 00’€KTa, SIKUA MOXeE
OyTH BUKOPHCTAHUI [JIsl ONMEPATUBHOTO BU3HAYCHHS MapaMETPiB MPUXOBAHUX
HUKTIYHUX CKJIAJ0BUX TPOIIECY.

[Ipaktnuyna noOynoBa  KOpenAliMHOI  (QyHKLII  YacoBUX  psaiB
3IIMCHIOETHCS HA OCHOB1 BUPa3sy, Ji€ B SIKOCTI BUXIAHUX JaHUX BUCTYIIA€ CaM 4a-
couii psx X(n).

éx(k):%gx(n)x(n—k),
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ne N —uuciio BifikiB yacoBoro psaa x(n).

Onnak, AK® He € yHIKQIBHOIO XapaKTEPUCTHKOIO (MOXKE OJHAKOBO OTH-
CyBaTH CUTHAJIU 13 PI3HOIO CTPYKTYPOIO), TOMY 3aBJIaHHSI BCTaHOBJICHHS CTaHy
JUHAMIYHOTO 00’€KTa 3a pe3ysibTaTaMd BUMIPIOBaHb HOTO BHXITHUX 3MIHHHUX
MIPOTIOHYETHCSI BUPIIIYBATH 13 3JIyYCHHSAM METOJIB HEJIHIMHOI TMHAMIKH, 30K-
pema MetozoM (pa3oBOi MIOHMHUA — TTOOY10BOI0 (ha3oBUX MopTpeTiB [2] AKD
JacCOBUX PsIiB, MO0 MOXKHA OYJ0 CTEXKHUTH 3a BIAXUJICHHIMHU (aHOMAJISIMHM)
0COOJIMBOCTEH y JOCIIIKYBAaHUX YaCOBHUX DsijiaX, BIAHECTH CHUTHAT JO TI€T 4d
1HI101 IpyIu BIJIOMHUX CUTHAJIIB abo
Ji3HATUCS/OMmi3HATH/IIeHTU(PIKyBaTH/KITacu(piKyBaTH  CUTHAJI Y  CKJIATHIN
BUMIpIOBasbHIN oOctanoBIll. PazoBuit npoctip (PII) mo3Boissge mpencraBUTH
MOBEJIIHKY IMHAMIYHOI CUCTEMH B HA0UH1M FreOMETpUUHIN (opMi.

[Tix ®II po3ymitoTh rpadiuHy 3al1€XHICTh, HOOYAOBAHY Y KOOpJIMHATAX:

p(t) 1p'(7):
p'(t)=Fp(x)].
ne p,(t) — HOpMOBaHa KopenslliiHa (yHKIiS 3aMUCy aCOBOTO PALY.

BianoBigHo 10 mocTaBiIeHOI METH PO3POOJIEHO MporpamMHe 3a0e3neUeHHs
y IH)KEHEpHOMY cepenoBHili rpadiunoro nporpamyBannas LabVIEW [3] dipmu
National Instruments, ske ceped BIZOMHX IHCTPYMEHTAJIBHHUX CEPEIOBHIIL
rpadigHOro mporpamMyBaHHs Jie-(hDaKTO € CTaHIapTOM Yy raiay3i po3poOKH KOH-
TPOJILHO-BUMIPIOBAJIBHHUX 1 aBBTOMATU30BAHUX CHUCTEM.

[Iporpamue 3a0e3neueHHs MO CyTI BU3HAYa€ BUMIPIOBAILHUN TPHIIAJ Y
CUCTEMI BIPTYaJlbHOTO 1HCTPYMEHTApPIIO, 3alPONOHOBAHOTO aAMEPUKAHCHKOIO
dipmoro  National Instruments. ['padiuri MOXKIHMBOCTI  «BIpTyaabHHX
IHCTPYMEHTIBY» 3a0€3MeUyloTh 3pYUYHICTh IHTEpIpEeTalli Ta aHajdi3y AaHUX IiJ
4ac JOCHIKEHb, MAlOTh BaXXJIMBE 3aCTOCYBaHHS sIK €(DeKTUBHUH crocid cymap-
HOTO PO3-TJISIY Ta MOJaHHS CKJIaJHUX HEBU3HAYCHHX JIaHUX, 32 X JOMOMOTOI0
YaCTO MOYKHA BUSBUTH HE3BUUYAHHY IMOBEIIHKY EKCIIEPUMEHTAIBHIX JaHUX.

Ckiaj BipTyaJbHOIO IHCTPYMEHTY i BUJ MOI'0 NOJAHHS

BiptyanbHa cuctema sBisie cO0OK0 TAKET MPUKIAIHUX MPOTrpam
IMITaIITHOTO MO/JIETIOBaHHS (MPOTPAMHUX 1IHCTPYMEHTIB), peasizyloun 00paHuii
anropuT™ o0y 10BU (Pa30BOTO MOPTPETY KOPEIALINHOT (PYHKITIT, IO MICTHTH SIK
00poOHi, Tak 1 KepyroUi MporpaMu, 1 CKJIAAEThCA 13 1HTepdeicy KopucTyBaya,
MaTEMaTUYHOTO 1 METOJIUYHOTO 3a0€3MeUeHHS.

Po3pobka cTpykTypu makeTa mporpam MpOBOAMIACH BIJMOBIIHO 10 MO-
TyJBHOTO TPUHIUIY, 3TIHO 13 SKUM TaKeT MporpamM po30MTHUH Ha IIICTh
MOJIYyJIIB, OOMIH M1 SIKUMH 3A1MCHIOETBCS Y BUTJIS1 Iepeaaydl JaHuX.

Moayni nmakety NpUKIaAHUX Mporpam, iX CKJIajJ 1 B3a€MOJis HaBEIECHO
Ha puc. 1.
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dopmyBay dopmyBay
napameTpis napameTpiB
curHanis nocnigoBHOCTI
v v
[eHepaTop dopmyBay dopmyBay Mo6ynoBHMK
npotoTuny nocnigoBHOCTI KopenauinHot das3oBux
curHany curHanie hyHKUiT nopTpeTiB

v v v v

BisyanizaTop rpadiyvHoi i Yyncnosoi iHdoopmauii

Puc. 1. Moayni nakety NpUKJIaJHUX MIPOrpam 1 iX B3a€MOIis

Moayni nakety IpHUKIaJHUX MPOrpaM CUCTEMHU 3a0€3Meuyl0Th BUKOHAH-
HS Sy MOCTIJOBHUX €TaIliB: T€HEPAIil0 MPOTOTUIY CUTHANY Pi3HOTO BUIY 13
3alaHUMH  TlapaMmeTpaMu;  (OPMYBaHHS  TOCIIJOBHOCTI  CUTHAJIB,  iX
kopessiiitHoi pynkiii, dopmyBanns DIl (koHTponpHUX BiAOUTKIB). Momymi
nmakeTy 3a0e3leuyloTh HEOOXIIHUH piBeHb JeTailizallli BCIX BHKOHAHUX
BUMIPIOBAJIBHUX MpOLEAyp, TOOTO [103BOJISAIOTH BIATBOPUTH BIPTyaJIbHHIMA
BUMIPIOBAJIbHUN EKCIEPUMEHT BIANOBIIHO [JO BCTAHOBJIEHOI IMpPOLENypH
BUMIPIOBaHb, 3a0€3MeUyI0Th Bi3yaJbHE HAJAHHS PE3YIbTAaTiB KOXXHOTO €TaIy
KOHCTPYIOBaHHS Yy BHIJISII KOHKPETHHUX TIpadiuHux 300paxenb. [HTepdeiic
BIPTyaJIbHOI cUCTeMH (pOpMyBaHHsI 111a0JI0HIB ()a30BUX MOPTPETIB KOPEIALINHOT
(byHKIIIT 9acoBUX Ps/IiB HABEICHO HA PHC. 2.

Mopgaeni BUXITHUX JaHMX MIJ Yac JOCHIIKEHb POPMYIOThCA SIK KOMOIHA-
i1 KOPUCHUX CUTHATIB 1 MOJeeH MOXHOOK BUXITHUX JIAHWX Ta HAJAIOTHCS Y
BUTJISA/II BUTIQJKOBUX UM JIETCPMIHOBAHUX TMOCHiAOBHOCTEH. CTPYKTypHa cXema
reHepaTopa MoJjieiel BUX1IHMX CUTHAJIIB HaBEJICHa Ha puc. 3.

['eneparop BUXITHUX CUTHAJIB TypOyJIEHTHOCTI MpPU3HAYCHHUM IS 3a0€3-
NEYECHHS B CUTHAJI AUISHOK 13 PI3HUM CTYIEHEM TypOYyJIEHTHOCTI (Tak 3BaHUM
KOB3aHUN PEXKUM THUITY «OpSA3KIT KOHTAkKTiBY»). [Ipukiamum THMIB OMOpPHUX
CUTHAJIIB, K1 BUKOPUCTOBYIOTHCS JIJI T'€HEepallii, HaBeIeH1 Ha puc. 4.

Pe3yabTaTn gociaigxeHn

VY 1abn. 1 HaBeneHO YaCTKOBI pe3yJIbTaTh poOOTH BIPTYaJbHOI CUCTEMHU —
da3oBl MOpTpeTH KOpEeIAUiMHUX (PYHKIIA Ui pi3HUX TUMIB curHaiiB. DI
CUTHAJIIB cripo(iibOBaHi MiJl BU3HaYeH1 Macku peanbHux DIl excriepuMeHTa b-
HUX JaHuX. Y KIITUHKax Tabja. 1 300paxkeni dazosi moptpetu AKD ms
anepiloANYHUX 301KHUX YaCOBUX PSAIB, BIAMOBIAHI TO3UTHBHOMY MOYAaTKOBOMY
30ypenHio. dPazoBa TPaeKTOPIs y bOMY BHUIAJIKy MparHe y Mo4yaToK KOOpIUHAT
($a30BO1 MIOMIMHY.
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Real PhP

VY Takux yacoBUX psAax aMIUTITy/la KOJIMBaHb 1 MAKCUMaJbHA IIBUJIKICTh
3MIHM BHXIJIHOT BEJIMYMHU O€3MEPEpBHO 3MEHINYIOTHCS, a 3HAK BIAXUJIECHB IIe-
PIOUYHO 3MIHIOETHCS, IO BiIOOpakaeThCs Ha (a3oBid IUIOMIMHI Y BUIJISII
30DKHOT B MOYATOK KOOPAMHAT TpaekTopli. OCKIIBKM 1 BHUXIJHA BEJIMYWHA, 1
HIBUAKICTh 11 3MIHM HE 3aJMIIAIOTHCA MO3UTUBHUMH, TO (a3oBa TPaeKTOPIS
3aiiMae pi3Hi KBaipaHTHU Pa30BOi MIONTUHHU.

Biacrani Mix «o0oporamMu» (pazoBoi TpaeKTOpii MOCTYIOBO CKOPOUYIOTh-
Csl, MO TPHU3BOJIUTH J0 3MiHH XapaKTepy aTTpakTopa — (POKYyC MEepPeXOoauTh y
TPAaHWYHUN IUKJI, SKUW CBIAYNATH TPO HASBHICTH yTBOPEHHS TYpOYJIECHTHUX
BUXOpiB. BWHWUKHEHHS <«JIMBHOTO aTTpPaKTOpa» IIOB’SI3aHE 13 YTBOPCHHSIM
JIETEPMIHOBAHOTO XaoCy 1 BIJIOOpa)kaeThCsi OOMEKEHOK0 00JacTio (Pa3zoBOro
MIPOCTOPY, 3aIIOBHCHOIO TPAEKTOPI€I0, MO Oe3MepepBHO PO3BUBAETHCS Yy daci 1
MOKe OyTH MPOMOJIETLOBAHE 3a IOTTOMOTOI0 KOB3HOTO PEKUMY.

BucHoBkn

AHami3 OTpUMaHHUX pe3yibTaTiB mokaszye, 1o ¢a3oBi MOPTPETU
aBTOKOPEIAINHOT  (QYHKIT MOJEThOBAaHUX YACOBUX PSAIB  IPAKTUIHO
30iratotbest 13 ¢azoBumu  nopTperamu AK®D peanpHux 3amuciB.  OTxe,
BUKOPHUCTaHHI OMOPHI CUT-HAJIM MOXYTh OyTH MOKJIaJ€HI 32 OCHOBY ISl (pop-
MyBaHHs IIa0JIOHIB Mg 0a3 JaHUX EKCHEepTHUX CHCTeM KiIacudikaiii Ta
171eHTiikalii YacoBUX PSIIIB.

Cknaneni 0107i0TeKkn 1m1a0NOHIB  (Da30BUX MOPTPETIB  KOPEISAIIHHUX
byHKIiH 1 0a3u 3HaHb €KCIEPTHOI CUCTEMHM BIJIMOBIIAIOTH MOJIOXKEHHIO, IO
KOXXHOMY THUIY KOPeIALiHUX (YHKILIA BIAMOBIIAE CBIM yHIKaNbHUN (ha30BHiA
noptpeT. Taki OGiOMIOTEKM MOXYTh OYTH BUKOPHUCTaHi i Kiacu@ikariii ta
1meHTr(IKaIll TEeBHUX MO/ CKJIATHUAX MPOIECIB B yMOBaX HEBU3HAUCHOCTI.

Po3pobiieHa BipTyasibHa cCcTeMa y BUTJISIII POTPAMHOTO 3a0€3MEeUYeHHS Y
JOCTYITHIN 1 HA0UHIM dopmi 3a0e3mnedye CTBOPEHHS PI3HUX BUJIIB MIA0JIOHIB ¢a-
30BHX MOPTPETIB /ISl KOHKPETHOI Traty3i 3aCTOCYBaHHS.

Cnmcoxk BUKOPUCTAHOI JIiTepaTypH
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