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AHAJII3 OKPEMHUX ACHHEKTIB BUKOPUCTAHHS JIOTTYHUX
MOJIEJIEN B 3AJJAYAX BUSABJIEHHA AHOMAJIIN

The analysis of certain aspects of the use of logic models for the creation of
distributed control systems of moving objects. The method of anomaly detection in the
early stages of the information management system. Using logic models by predicting
events and ways to stabilize the system as a whole.

TpoBeneHuil aHali3 OKPEeMHX ACHEKTiB BUKOPUCTAHHS JIOTIYHUX MoOJeei s
CTBOPEHHSI  PO3MOMAIIEHMX  CHUCTEM  YNPaBIiHHA  PYXOMHMH 00 €KTamu.
3anponoHOBaHUIl METOA BHSBICHHS aHOMaliii Ha paHHIX eTamax poOoTH
iHpopMaILiiiHOi ~cHCTeMH ympaBiIiHHSA. 3a JOMOMOTOI0  JIOTIYHHX — MoJesei
3IIMCHIOETHCSI MIPOTHO3YBaHHS TMMOAIA Ta NULIXH crabimizanii  (QyHKIIOHYBaHHS
CHCTEMH B IIJIOMY.

Jloriuni momemi (ML), mpu mOpiBHSHHI 31 CTPYKTYPHHMH MOJICISIMA
MIPEACTABISIOTH COOOI0 HACTYNHHH PIBEHb ONMUCY IMPOLECIB, IO MOJEIIOIOTHCS 3
MEHIIOK Mipoto abcrpakuii. BoHu momauisioThess 3a CBO€K (DyHKIIOHAIBHOIO
Opi€EHTAIli€F0 HA HACTYITHI KIACH:

- KJIaC MOJENeH, MO0 OMHCYIOTh JIOTIYHI B3aEMO3B’SI3KH MK OKPEMUMH
KOMIIOHEHTaMH  CHCTEeMH. BoHH  BimoOpakaroThb  (QYHKI[IOHAIbHI
MOJKJIMBOCTI HE 3aJIC)KHO BiJ] 3aja4, o iHimitoThest B 1SU | siki Oynemo
HA3WBATH CTATUYHUMU JoriuauMu Moaensivu ( MLS );

- KJIac MOJeNeH, o OMMCYIOTh JIOTIKy 3MiH. JlaHi 3MiHH BinOyBarOThCS Y
CHCTEMI YIIpaBIiHHsS B Tporeci ¢pyHKIioHyBaHHS ISU He 3aiexHo Bix
3ajad4, IO MOXYTh PO3B’a3yBatucs B pamkax ISU . Ix 6ynemo HasuBaTu
JUHAMIYHUME JioriaauMu Mojesisivu ( MLT );

- KJIac MOJEJIeH, 1110 peaii3yloTh MPOTHO3YyBaHHS BUHUKHEHHS! aHOMaJIbHUX
cutyaiiii. Bonu peanisyrots ninuii psa cepBicHux QyHKuii (Hanpuknazn,
¢byHkuiii TectyBanHs 3aco0iB 1SU , nepeBipky Mipu aileKBaTHOCTI MOJIEN
npeaMeTHoi oOmacti W Ha JnoriyHOMy piBHI Ta IUIMH pAn 1HIIKX
byHKIi#H). Ix OyZeMo Ha3WBaTH JOJATKOBHUMH JIOTIYHUMH MOICIISIMH
(MLD).

Ha BiaMiHy BiIl KJIacHM4YHHMX YsBJICHb mpo mozaeni tumy MLS, B skux
MPUAMAIOTBhCST BCI BIJIOMI 3B’SI3KM MK KOMIIOHEHTAaMH SIK TakKi, [0 ONHUCYIOTHCS
BIJIOBITHUMH JIOTIYHIMHU (YHKIISMH, B paMKaX JaHOTO IMiAXoxy, B ckimag MLS
BBOJUITBCSL JIOTIYHI 3B’SI3KM  MDK e€JlIeMEeHTaMu 00’€KTy, Yd [polecy, sKi
MOJCNIOIOTECS, IO PO3LIUPSIOTH Takuil onuc. Takum 4uHOM, B pamkax MLS
dbopmyeThcst meskuii 0a30BHI JIOTIYHUI OMHC 00 €KTYy Ta OMHC MOKIHBHUX
JOTIYHUX po3mupeHb. lle € xapakTepHUM Ui pPyXOMHUX OO0’€KTiB, IO
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(YHKIIOHYIOTh B paMKax po3MojiieHoi cucremu. ba3oBa JyioriuHa KOMITOHEHTa
MOJIeNi BH3HAYA€ OCTAHHIO, SIK TaKy, IO po3mizHaeThest B ISU y skocTi 00’ekTy
neBHoro tuny. Tumu 00’ekTiB, siki OyneMo TI03Ha4YaTd CHMBOJOM Vi,
BH3HAYAIOTBCSI HAa OCHOBI 1X ©0a30BMX (YHKIIOHAIBHUX  MOXKIMBOCTEH.
Komnonenra MLS , mo ommcye moriky MOXKIUBUX (DYHKITIOHANBHUX PO3IIUPEHB
Xj , 3 TOUKH 30pYy JIOTIYHUX BHpa3iB (JOPMaIbHO MOXKE ONHUCYBATHUCS y (OpMI, 110
BiAmosinae tpanckpunii Jlykacesuya [1], ane npu 1iboOMy, OCTaHHSI MOXe OyTH He
MMOBHOIO, a00 MOXKE MAaTH MPHMAapHi JIOTiYHI 3MiHHI. HasBHICTH TpUMapHIX
JIOTiYHHMX 3MIHHUX OOYMOBIIOETBHCS THM, LIO Y BUIIQAKY PO3MNOAUICHHX PYXOMHX
00’€KTiB Yj, B THX, Y IHIIMX BHUIAJKAaX MOXYTb MaTepializyBaTHCS, AKIIO Vi

MOYMHAE B3aEMOJISTH 3 Yj, INO B paMKax Crparerii QyHKIIOHYBaHHs Yj He

onucyBanoch. GopManbHO JIOTTYHUKA OIMKC OKPEMOTo Yj MOXKHA NPEACTABUTH y
BUIJISII:
Yi = LilXizoo bik (Xijoees Xim sy Xin 1,
xe lig (Xjj,..., Xjm) O3HA4a€ iCHYBaHHS NPUMAPHUX JIOTTYHUX 3MIHHAX Xij,..., Xjm -
Ie MOHa TIpEICTAaBUTH y BUTJISII:
lik (Xij » Xim) = Xij & Xim ,

A€ Xjj, Xim — IPUMApHi JOriuHi 3MIHHI.

Krnac mopmesneii, mo OMUCYOTh JIOTIKY 3MiH, siki BigOyBarotbes B ISU y
paMkax peamizamii geskoi crparerii  (yHKIIOHYBaHHA  VYiq,..., Yjm, MOXKHA
npencraButy criBBigHomeHHAM Si = T (Vi1,.., Yim), fAKe omucye 3MiHu B MLS |

SIKi IpUBOAATH 10 ii posmmpenHs. OueBuaHO, mo 6azoBa kommonenta MLS He
MOKe OyTH 3MEHIICHa, OCKUIBKH B I[hbOMY BHITAIKY BiAIOBIIHI Yij BTpavaroTh

CBOIO 1ICHTUYHICTb.

Ockineku  ISU € cucremoro, mo ynpapisie pyxoMuMH 00’€kTtamu, TO ii
BITHOCATH /10 TMHAMIYHHX CHCTeM. Y Tporieci QyHKIIIOHYBaHHS PyXOMHUX 00’ €KTIiB
(RO) mnorika, mo ommcye iX MOBEAIHKY MOXE 3MiHIOBAaTHCh. Lle 00yMOBICHO
HacTYIHUMHU (paKTOpaMu:

- 0o0’extu RO, mo ynpapusitoreest I1SU , € po3noninieHuMu y IpOCTOpi, TOMY
HA HUX MOXE BIUIMBATH pi3HI 00 €KTH, YH CEPEIOBHUINE, SIKI HE
ynpaBisiioreess 1ISU . JlaHi BIUTMBU CHCTEMOIO HE JOCIHIIKYIOTBCA. Tomy
HEOOXIZTHO B3AEMOMIATH 31 CTOPOHHIMH O0’€KTaMH, SKi OIHCYIOTHCS
OKpPEMHUMH MOJENAMH. J[0 HUX BiHOCSTRCS origni Moaeri Tummy ( MLT );

-y mporeci po3B’sA3Ky 3a1ad, sKi peani3yioTh B mepmry uepry RO, moxe
BUHUKATH HEOOXiMHICThP MOAM(]IKYBaTH TOCTAaBICHY MLiJb PO3B’sI3yBaHOI
3amadi. BuHuKae HEOOXiAHICTH MPUBOAWUTH Momudikaiii 6a30Boi Mojeli,
sKa peaizyernest musixoM posmmpenas MLS | wi ¢yskuii, B mepury gepry,
peainizyroThest Moneiuiro MLT ;
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- 0COOJIMBICTIO (DYHKIIIOHYBaHHS PO3IMOALICHOI CHCTEMH, B SKiii OCHOBHHUMH
BUKOHYFOUMMH  KOMIIOHEHTaMH  sBsiOThest RO, €  MOXIMBICTB
poO3B’si3yBaTH Taki 3ajadi, mporsrom sikux okpemi RO mepexoxastsh y
nacuBHAN cTaH. ToOTo, mani RO He mpuitMaroTh y4acTh y PO3B’s3aHHI
MOTOYHOI 3ajadi W BUHUKAE HeoOXimHicTh Moaudikamii MLS, o
Oe3nocepenHbO BUKOHYE MLT .

Knac noriuanx mozgeneit tumy MLD ckimagaeThest 3 MOIETBHAX KOMIIOHCHT,
siki OyIeMO BU3HAYATH HA OCHOBI JICTATBHOTO aHAII3Y IX (PYHKIIOHATHHOTO
npu3Ha4YeHHA. /{0 OCHOBHHX KOMITOHEHT naHoro tumry MLD BigHOCSATBCA:

- JIOTiYHI MOJENi MPOTHO3YBaHHA MOIH, SIKi BHHUKAIOTh y cepempoBui. lani
nozii po3aiieHi y npocropi ta yaci. Li soriuni moneni noznagumo MLP ;

- Mojedi KOHTPOJIO aJCKBAaTHOCTI JIOTIKH YIpaBIiHHSI MHOXHHOIWO RO
BITHOCHO TIpOIleCy YIpaBliHHA. BOHU oOmuCyeThCs (QYHKIIOHATHHHUMHU
¢parmentamu  QyHKUiOHyBaHHS KoxkHOro RO, 1m0 axTuBizoBaHi s
po3B’s13Ky oKkpemoi mimzamadi (mla);

- Mogelni TecTyBaHHsS cucTeMH ynpasiinHg ISU B mimomy Ta 3a oKpeMUMH
xomnoneHntamn RO;, ki 311HCHIOIOTH TIEPEBIPKY Ha JIOTIYHOMY piBHI. JlaHa

nepeBipKa 3MIHCHIOETBCS 3 METOI BHSBICHHS HECIIPABHOCTEH B OKpPEMHX
komnoHeHTax RO; Ta iHIIMX KOHTPOJNBHUX (DYHKIiH, 10 BUKOHYIOTHCS HA

JIoTiYHOMY PiBHI BigHOCHO cuctemu ynpasmiaas ISU  (mit);

- MoJenl pO3Mi3HAHHS OKPEeMUX THIIB aHOMalbHUX curyamiid. Ll
pO3IMi3HAaHHS 3IMCHIOIOTBCS HA OCHOBI JIaHUX JIOTIYHOT — MoJei
nporHozyBannss moxiii  (MLP). AHomanpHHMH cuTyauissMp OyJaeMo
BBA)KaTH.

=  BHUHHUKHCHHS JIOT14HOI cynepeunocti B I1SU ;
=  BHHUKHEHHS HaaMipHOCTiI B I1SU ;
"  BHHUKHCHHS KOH(IIKTHUX CHTYaIlild, TOIIO.

[lepenix aHOMAaNBbHUX CHTyamild, OO0 BHHHUKAIOTH y pamkax MLP Ta
BUSIBISITHCS. B MIt, MOXe pO3MIMPIOBATHCH IHINMMH THIAMH aHOMAId y
BIAIOBiAHOCTI 10 moaiil B mexax MLD .

Opnniero 3 BaxiamBux ¢(yHKuiii monmeni MLD e ¢ynkuis nporHo3yBaHHS
aHOMaNbHUX cuTyauiil. ToMy po3risiHeMO jgaHy (YHKIIO AETaTbHO, a TaKOK
BU3HAYUMO MOXJIMBI METOIU NPOTHO3YBAHHS BIHOCHO KOYKHOI'O OKPEMOTO THUILY
anomauii. Beegemo HactynHi mosHayenus. Hexait Lj(VYiq,...,Yin) — KOMIIOHEHTa
morignoi moxeni MLS , sika ommcye JOTidHMIA MpoIiec po3B’sI3Ky 3a4adi 3 M0
Ci; J(Yjj) — TexcroBumii onue inTepuperauii Yj; B Hopmanizosaniii popwmi; J(Y;)
— TeKCTOBHII onwc iHTepnpeTanii Jorigaoi komnoneHT Moaeni MLS . TlpeamerHy

o0acTh iHTEpIIpeTalii cepeloBHINa Ta KOMIIOHEHT, IO PEalli3yIOTh PO3B’SI3KH
3aja4, nozHauumo W . Toni 3amuiiemMo HacTyITHE CITiBBiTHOIICHHSI:

I =) I (L)) > M(A) ={Ly.... Ln},
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ae M(A) — monenp 3 cucremu Jioriyaux ¢yHkuid Lj € A . Bigmosigno, s

KOXHOI Lj Mae miclie HACTyNHE CHiBBiAHOIICHHS:

Lr: .
J(L) =FLiYia)s 30yin)l,
ne Fb - GbyHK1is, sKa omucye inTepnperanito soridnoi ctpykrypu Li(Yir,-- Yin)
IIporecy po3B’ 3Ky 3a1adi 3 1IeHTU(IKALIEI0 Wil IbOro po3B’s3Ky Cj . O4eBnaHO,
mo Cj Mae intepuperarito B W i 3amucyerscs sk j(Cj). Y 1bOMy BHIAAKY
3aIMIIEeMO CITiBBITHOILICHHSI:
Lr: . .
J(L) =F [i(Yia)s- §(yin)] = J(ci) € IW).

Buxonsun 3 ysiBIEHb NPO CyTh JOBUIBHOTO TPOLECY MPOTHO3Y, MOXKHA
CTBEPJUKYBATH, 110 NPOTHO3 IOJISIra€ y BUSBICHHI JESKOi 1OJIi, B IIMPOKOMY
PO3yMiHHI L[LOTO TEPMiHy, SIKa BiANOBia€ HACTYITHUM BUMOTaM [2]:

- mogig & y MOTOYHHI MOMEHT He IOBHHHA i1CHYBAaTH;

- MOXJIHMBICTh BUHUKHEHHS NoAii & He 00yMOBIIeHA JIETEPMiHICTHYHO;

- ICHyBaHHS IlapameTpy, IO BHKOPHCTOBYETHCS JUIS XapaKTEPHUCTHKH
MOTOYHOI'O CTaHy CHCTEMH, 3a JIOMIOMOI'OI0 SIKOrO MOYKHA 3iHCHUTH OIHC
noxii &,

- TMOBHHHI  ICHYBaTd  YMOBH, III0  OOYMOBIIOIOTH  HEOOXIIHICTh
MIPOTHO3YBaHHS B pamKax cuctemu I1SU ;

- MeTomu 1 3aco0W TPOTHO3YBaHHS TIOBMHHI MaTH IHTEPIIpPETalilo B
npeamMeTHil obnacti W, sika Mae iHTeprperariro s A .

[Tepma ymoBa, 3 Touku 30py ii QopmynioBaHHS € TpuBiaNbHOIO. AJe
HEOOXiTHICTH B HIH OOyMOBICHa THM, IO OIS, Ky Iepern0dadacTbes
MPOTHO3YBATH, BXKE Jajla Micle MHHYJIOMY, a00 € JOCHTh OJM3BKOI 33 CBOIMH
napaMeTpamH JI0 TOJii, 0 ICHYIOTh Y MOTOYHHIA MOMEHT 4acy. [lo3HauuMo nesiky
noxito sik & . Toxi dakT i1 icHyBaHHs B MuHyIoMy Oynemo mo3Hauatu sik & (i),

ne fj ommcye 3anexHocTi a00 HACHiAKH, IO MAIOTh Miclle Y MOMEHT lj, BOHH
oOymoBieHi icHyBaHHsM & y MomeHT tj —At;. Ilpu npomy, nmapamerp tj He

000B’S3KOBO MYCHUTh OyTH IapamMeTpoM, IO OIMHUCY€E 4Yac. B [bOMYy BHIIAQJIKY,
MO>KHA 3alicaTy HACTYIIHE!

& * fi (R Pi) = 24 (R Br),
ae r<k, u —o6’ext abo BUAIICHI MapaMETPH CUCTEMH, 10SIBA IKUX 00YMOBIICHA
noxiero & (f;). PosrisiHemMo HacTynHe TBepuKeHHS, sike crocyerbest noaii & (fj) .
Teepooicenns 4.5, Sxwo icaye Busig & * fi(Riy,..., Pik) —)yi(P}?,..., P,:), TO
icHye oOepHenuit BuBix moxii & .
BianoBigHO 10 yMOBHM TBEP/DKCHHS, MAa€ MICIC  CIIBBIJHOIICHHS

§i*fi(Pll,...,P,k)—>yi(F}I,...,F}?). [Ipuiimemo, 1mo mpeaMeTHa  007acTh
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inrepnperanii W, sika € mogeiumto st A = F{Ly,...,L}, re Ly,..., L, — cucremu
akcioM, y mpoueci peamizauii Pl He 3ByXyoTbes, a 3MiHa W MoOXe MOJSraTH
TUIBKY B ii pO3IIMPEHHI, 110 3aIUCYETHCS Yy BUTIISII:
(A ) = I(A i)l vV (A i) < (A 4)], mpa k <ii.

HasBuicte B inTepmperanii Wj NeBHOI OLIHKM BiANOBIAHOI KOMIIOHCHTH
Yij =lj(Xj1 Xjm) 1@ Li=fi(Yir,., Yin), dopmambho Oymemo Hasmsatn i
ONKCYBaTH, SIK HasBHiCTH 3HadeHb 3 {B}, ski npuiimarotecst 8 W;. e B -
MHOKMHA 3 JIBOMa BUUICHUMH 3HAYCHHSIMH, L0 OIHCYETHCS CIIBBIIHOMICHHIM
hi (yij) v Hi(L;) . Binobpaxenns hi(y;) i Hj(Lj) Busnauarorsest HacTynmunm
YHHOM:

[hi (i) > {B}] v [H{(Lj) >{B}],

ae min{B}={03 ta max{B}=[a(7 1, ¥em) B a1s¥em) BU3HAUEHI Ha
(Z&—=Z). Y Bumaaky, xoimu wmae wmicue mMin{B}, to (Z=1)&(-Z=0).
Hokaxkemo, mo gma & * fi(Pll,...,P,k)—>,ui(P|?,...,P,:), KON Mae Micie

(A i) = I (Aqutik) s iemye mmnmin g (R, R) = & * i (P Pic)

KoxxHuil KpoKk BUBOMY B OOYMCIICHHI CEKBEHIIIH MPUBOIUTH 10 BUHUKHCHHS
HOBOI CeKBEHIIii y BimmoBigHOCTI 3 mpaBmiamu [3], M0 SKHUX BiJHOCSATHCS TPaBUIA
1oc1abieH s, CKOPOYEHHs], NIepPeCTaHOBOK, JIOTIYHI TpaBHja i MpaBUJia BBEJICHHS
kBaHTOpiB V, 3. IlpaBmia mocnabieHHS i CKOPOYEHHS BH3HAYAIOTh MOJKIIHBICTH

BUHUKHCHHS B KIHIEBIH CEKBeHIIl BHIAAKy, Koad N>mM. OCKUIbKH,
J(Aj, ) =J(Aj,tji_k) , TO i mpaBUIa Y BUBOAI i (P,?,, Pl:) =& * fi(Rig, Py)
He  BukopuctoByrOThCs.  IlpaBuma  [F(t),[ > Al > [VXF(x),[ > A] Ta
[T > A F(@)]—[I > AVXF(X)] npuBomsite 1o posmmpenas Wi, abo 1o

* . v (v
W; - W; , usa curyauis He posrisaerscs. Hexail y nmepeTBopeHHIX HNpUiMaroTh

yuyacTth JioriuHi (Gopmynu, OcKiibKH, (HOPMYJIH MEPECTAaHOBOK HE OOYMOBIIOIOTH
3MIHM B IHTEPIPETALlisAX, TO 1 BOHU 0 BUPIIICHHS HAIIOT MPOOJIEMH HE I IXOASTh.
Po3risiHeMo mOCHiZIOBHO KOXHY 3 (OpMyd BuBOIY cekBeHuii. Hexaii B

npoueci BuBogy & * f,(P,lF’,k)—UJ,(P,?P,:) AKy OylIeMo 3alucyBaTH B

€KBIBaJICHTHIN dopmi y BUIIIAAL & (P, B) = 44 (P,? peees P,’:) ,
BHKOPHCTOBYBAJIOCh Ha OKpeMOMY Kpori HPaBUIIO
{[C,T 5> A]>[(C&D),I' > Al}&{(D,' > A) > (C&D), ' > Al} abo

[(T—>AC)& (> A,D)]>[I' > A,(CvD)], T0 11e TPHBOIUTE 10 POSIIAPEHHS
J(Aj ) ma (C&D)—[j(yi) & j(y;j)], wmo obymosneno Pri(A) — Prj(A), ne

(Pri &Prj)c J(W;) mno BusHaueHHio anroput™y Ay, SKui peainisyeTbcs B
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npeaMeTHii obsacti Wi . AHaIOTi9HO MOKHA PO3IJISIATH BUNAIOK BUKOPUCTAHHS
npaBmia BUBOJY [C,T > A]&[(D,T > A)]> [T > A,(CvD)] i
(T>AC)&M—>AD)]—>[(DvC), I > A]. IlpaBuio  mnepetuHy,  sKe

JIeKJIapy€ eJIIMIHAIlI0 KOMIIOHEHTH, 10 HE € aKTUBHOIO, Uil TIOTOYHOIO KPOKY
BHBOJLY, 3aMIMCYETHCS Y HACTYITHOMY BHTJISIIL
[(T—>A,D)&(D,IT— A)] > (I,IT > A, A).

B pamkax iHTeprperauii JaHOro TBEpIKCHHS, 1€ INPaBUIO BH3HAYAE
MOYKJIUBOCTI ICHYBaHHS esimMiHanii

(L) 3Gl = [i(yi). I (Lj) = (L)l = [I(L). I (L) > I(L). I(L)l. e
o3Hadae, mo j(Yj) He npuiimMae y4acth Ha kpoui K B 006’€qHaHHI ABOX BHBOJIB.

IHTeprperanito 1Oro npaBWia, Ha PiBHI AITOPUTMIYHOI pealizalii MOTOYHOIrO
KPOKY BUBOJY, MOKHA 3aIIMCATH Y BUTJISII:
Pr, (F — A, yl) i Prj(yi,l'[ —> A),

ne Pri&Prje A moxHa cTBepIKyBaTH, mo npu I'— A,Yj, KOMIIOHEHTa Y;

3aIUIIAETECS HE 3MIHHOIO 1 B Takii ke gopmi nepenaerses 10 [1 B mepeTBopeHH1
I[T—> A, B sIKOMY TakoX TUIbKH TPAHCIIOETbCS. TOMy € MOXJIMBUM 3alHCaTH
NEepeTBOPEHHSI 3a IPaBHJIOM Iepepidy siKuii Oyne BiAmoBinatu QparMeHTy
peamizauii anroputmy A
[P = A,y) &(yi, [T > A)] = j(yi){Pr(I, T — A, A)}.

Ileit 3ammc o3Ha4Yae, MmO OTpPUMaHAa Ha TMONEpeAHbOMYy Kpomi Pri_g
KoMnoHeHTa Vi, mo wmae j(yj), Oyae mnorpibna wua kpoui Pri . (A), mms
peanizamii Pr(A) — C;. KoxHuil 3 npuBeIeHHX KPOKIB Peai3yeThes JIOTIYHUMHA

olepamisMi, Ha SKAX eNIMIHYIOTBCS KOMIIOHEHTH, IO MPHAMAIOTh B IIHX
MEPETBOPEHHSX y4acCTh.

Po3riisiHeMO OCTaHHE MEPETBOPEHHS, M0 BXOAWTH [0 CKJIaJ] OOYHMCICHHS
CEKBEHIIIT [T - (A—B),A]l= (', A—> B,A) Ta dbopmyna

[(A—B),l >A]&(I',B—>A). IlpuBeneHi [mBa MEpeTBOPEHHSA JIAHITIOTIB

JoriYHUX (HOPMYII € CHMETPHYHUMHE 3 TOYKU 30pY MOPSIKY 1X BUKOHAHHS. SIKIO
A Mae OLIHKY 74, 300 A(y,i) Ta B(yy), 1 001aBi KOMIOHEHTH BIIHOCATBCS 10

kiaacy Z =1, to obepHena omnepartisi Pri(A), 110 peanizyeTbcsi y BiZIMOBIAHOCTI 3
UMM NpaBwiamMu, € ooepHeHa. L{e o3Havae, 1m0 BoHa 30epirae iHTepIpeTallito, Ipu
peasizanii Prf1 . Slkmo  A(y,) ta Bi(yp) BimHocarbes mo kmacy zj=0, 1o

MAEMO AaHAJOTIYHYy CHUTyalio. €IMHUN BUIANOK, SKUH HEOOXIAHO BHILIHTH,
omucyersest  HacTynmHum uuHOM  A(y,)e(Z2=1) i Bij(yp)=(z=0), 70

i(yi) = j(yj) mpuBoAuMTE 10 TOTO, WO NEPETBOPEHHS B 0OEPHEHOMY HANPAMKY €

normyctumuM. OCKUTBKH — IHTEpHpeTamis CyKIeAeHTa, SKUH IepexXOquTh B
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AHTHIUICHT CTa€ JOMYCTHUMOIO 3 TOYKH 30py iHTepmpeTamii cekBeHmii B — A.
[omepenui ¢opMynu BHBOAY, IO CTOCYFOTBCS KOH FOHKINI 1 JW3’IOHKII, €
CUMETPHYHIMH BUXOS[YH 3 JIOTIYHOI IHTEpIIpeTarii IiX JOTigHuX orepatopis. Lle
JIOBOJIUTH MPABUIBHICTh TBEPHKEHHS IIPH BU3HAUCHUX BUILE YMOBAX.

Posristaemo BHUITAI0K, KON Mae Micie CIIIBBIHOIIEHHS
J(Aj tik) < J(Aj.t). s ymoBa o3Hayae, mI0 Mae MicLe CIHiBBiIHOIICHHS

[Pri(L) —> Ljl—>[3(L;) <I(L)]. 3Byxenus inrepruperauiiiioro  omucy
KOMITOHEHT, 110 1epeTBoproroThes B A(PK;) , 03Havae, 110 OTpUMaHUHi IPOMDKHHUIT

pesynbrar 3BYKye j(Vip) 1 € O3HaKow HaOmwKeHHS 10 j(C;), OCKUIbKH

HILA(YL YT} = j(e), ne ANCAI AT CTI DN a
Liei)l<maxn[j(y;)]-

3 IpUBEICHOI0 TBEPUKEHHS BUTIKA€, 110 y MPOTHO3YBaHHI NoAid & MaioTh
micue mMomeHTH ti_y, ne K <i. Tomy B pamkax JIOTiYHOI CXeMH BOHH MOXYTh
Oytu peanizoBani. [Ipm npomy moriunuii BuBiA BignoBimHol & Moxe OyTH
moOyIOBaHUH y BHITAIKY, KOJH MPOBOIUTHCS MOHITOpHHT cuctemu ISU 1 mami
MOHITOPUHTY 3 MOMEHTY t; no MomeHTy tj_, € moctymHi. OcTaHHE O3Hayae, 10

BCi inTepnperaniiini omucu J[A(Pr;)] Bix momenty tj_, 10 MoMmeHTY tj MOXKyTh
OyTH BUKOPHUCTaHUMH.
PosrisiHemMo MOxIHBOCTI mporHo3y momii &,y (t_i) Ui BUNAAKY, KOJIU

BUHHMKHEHHS TOAli Tinbku mnependavaerscs. s Toro, moO MoxkHa Oyio
nepeadaynTH Ty YH iHIIY Mo/Iif0 (B JaHOMY BHIIAJKY, MOBA #jie PO mependaueHHs
Ha PIBHI JIOTTYHOTO OMHUCY MPOILECIB, Y CKIAJl SKUX MOBUHHA BUHUKHYTH TOJIis),
HEOOXIIHO:
- BH3HAYMTH OIMC MOJii, Ky HepeadadaeTbCsi IMPOrHO3YyBaTH 3 IEBHOIO
Mipoto oAiOHOCTI 200 TOYHOCTI TAKOTO MPOTHO3Y;
- BuOpaTH mapameTp 3a SKuM OyZe peani30ByBaTHCh IPOTHO3;
- BU3HAYMTH iHTepBaaM (MEPIOAWIHOCTI) MK TOTOMHMMH MOMIAMH Ta
TOJII€10, SIKY IJIAHYETHCS CIIPOTHO3YBATH;
- BHM3HAQYUTH TOYHICTH IMPOTHO3YBAaHHS B MaciuTadl BCIX IapamerpiB Ta
(hakTopiB, M0 MOXKYTh MAaTH BiIHOLICHHS J0 MPOTHO30BAHUX MTOJIIH;
- BHM3HAUYUTH YMOBHM a00 TapaMeTpH, aKTHBI3allisl SKHX ITOKa3y€ M04YaToK
IIPOLIECY TPOTHO3Y.

OCKUIbKM TPOTHO3YBaHHS MOJi1 mependadaeThCsl peai3oByBaTH Ha piBHI
JOTiYHMX MoJeJed, TO 1i OMC IMOBHHEH NPECTABIATH COOOK ACSKUNA JOTIYHHI
ormuc abo nesky Joriuny Qopmyny. [Ipu 1poMy, HEOOXiTHO BU3HAYHTH SIKUM
YHHOM B ONHCI BiAMOBiAHOI moxii Oyme BimoOpakaTwcs HaOMIKEHICTH TaKOTO
OIMCY TI0 BiTHOMIEHHIO 10 TOYHOTO OMHCY BiAMOBiAHOI momii. [y BUpimIeHHS i€l
3a/adi, IpUITMEMO HACTYITHE:
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- TOfis, SIKY nepea0ayaeThCsl MPOrHO3yBaTH, IOBUHHA BIAMOBIIATH MOMISIM,
SIKI Iepe10a4aloThes B paMKax mpeaMeTHoi oomacti W ;

- TOYHICT ONMCY NOAIl, sKy IependadaeTbcsi MPOTHO3YBATH, MOXKeE
BHpaKaTHCS 3a KUTBKICTIO mapamMeTpiB. [laHi mapameTpH BiIOBiZarOTh
KUIBKOCTI JIOTTYHMX 3MIHHUX Ta MOXJIMBUMH 3HAYEHHIMH I[IUX 3MIHHUX, 1
€ BeTMYIMHAMHY OiHAPHUMU,

- HasBHICTh NapaMeTpiB JIOTIYHOI MoOJeNl, sKi XapakTepu3yloTb B Hil
JIOT1YHI CYNEepeyHOCT], JIOT14HI HaJAMIPHOCTI, TOILO.

SIKmo BiZOMO, IIO IPOTHO30BaHa MOJisl He BigmoBizae BimomuMm B Wi
mozisiM, TOAI HeoOXimHo chopMyBaTH yMOBH, IO OOYMOBIIOIOTH ii MOsBY. B
bOMY BHIIAQAKY, OyJeMO TOBOPHUTH IIpO TPOTHO3YBAHHA HEBINOMHX MOMil, a
METOJ¥ MPOTHO3YBAaHHS TAaKWX IOJiH Ha JIOTIYHOMY piBHI OyIeMO pO3IIIsAgaTu
okpemo. Tomy, 3ymMHHMOCS Ha TPOTHO3YBaHHI BIZOMHUX NOZIH. Skmo momii
BiZIOMi, TO mpUiiMEMO, 1[I0 BOHHM OIKCYIOTHCS JIOTTYHUMH  (YHKIISIMA

Lr =f (Xili yeens Xili ). TIpuKIaI0M TAKOTO OITHCY MOKE CITYKUTH (popMyJia:
P Po P P P P
Yi = (X2 & Xi3) v (Xiz = Xi1) & Xi3,
ne, sk i B mojeni MLS | XJP — rapameTpu, sIKi BIANOBIZAIOTh JOTTYHUM 3MIHHUM

noxii. B xiacHyHUX MeToAaX IPOTHO3YBaHHS, IIApaMeTp 110 BiIHOILEHHIO 10 SKOTO
PO3B’A3YETHCS 3a/1a4a IPOTHO3YBAHHS, IIPEACTABIIE COOOI0 Yac. Y bOMY BUIIAAKY
VSBIIEHHS TIPO TIPOTHO3YBAHHS TIOB’S3aHE 3 TepenOaueHHsM JesKoi Momii depes
NEBHUM I1epioJ] 4acy, sSKUH 10 BIZHOIICHHIO O MMOTOYHOrO MOMEHTY tj e He

HacTynuB. Y HAIIOMY BHIIAJIKy, MOKHA BBOAWUTH MITKH 4acy B JIOTIYHY MOJEJb.
TakuM YHHOM, INPOTHO3 MOXXKHA IOB’S3yBaTH 3 IapaMeTpoM dacy. AJie IO
BITHOIICHHIO [0 JIOTIYHUX MOJEJICH, TaKUi TIOXiX TMPeacTaBIsSETbCA HE
JOLITHHAM, OCKITBKHM METOAWKY IMPOTHO3YBAaHHS IOUUIHHO OyIyBaTH Ha OCHOBI
BUKOPHUCTaHHA CHCTEMH JIOTIYHHX akcioM Z. Bomm ¢GopMyroTbcs Ha OCHOBI
MMOYaTKOBHX YMOB 3aJadi i pO3B’A3YIOTHCS 3a JOIOMOTOIO JIOTIYHHUX MOJeNei
MLS . Li mofmeni OMUCYIOTh JOTIKYy IPOIECiB PO3B’SI3KY BIIOMHX 3a/a¥ i MalOTh

BUTJIS
A ={La(Yizs Yk )i Ln (Yoo Yok »

Ta pO3B’SI3yIOTHCS HA OCHOBI BHUKOPHCTaHHS [PAaBUJI  BUBOIY 2, K1
BHKOPHCTOBYIOTBCSI B Pi3HUX JIOTIYHUX cHucTeMax [4].

B pamkax nmaHoi poOoTu BuBiN Oyne peani3oByBaTHCSi Ha OCHOBI JIBOX
BIJJOMHX CHCTEM: cucTeMHu akciom ['inbbepra ta cucremu ['ennena. Takum uuHOM,
JUIS peaizaiii MporHo3y mojii abo 00’€KTy, KU MOXE BUHHUKHYTH B CHUCTEMI,
[IOBUHHA BHMKOPHCTOBYBATHCS METOAMKA IIPOTHO3yBaHHs. BoHa momsirac y
peaizarii BuBoay (GopMyIH, sika OMICye MpOTHO30BaHU 00’ ekT. DopmanbHO, e
MOKHA OITKCATH Y BUTJISAL

{AEZ L (Ve YROY > L O e Y ),
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* * * . .
ne LF (yili yeees yii ) — dopmyia, siKka OMKHCY€ MPOrHO30BaHy MO0 3 TOYHICTIO,
10 BU3HAYAETHCS K IMapamMerp METOIUKH. SIKIIO MPUUHSITH Lr(yfl,...,ylﬁ,() 3a

v * * * co
NPUOJIM3HUIA OIKC MOIH, 1110 MPOrHO3YIOTHCS, & Lr (yili peeey yiPk ) 3a omwmc moxii,

SIKMH OTPUMAHO B PE3yJIbTaTi MPOrHO3YBaHHS, TO TOYHICTh MPOrHO3YBAHHS MOYKHA
OIIUCATH CIIIBBIAHOIICHHSIM:

PP P P*, P*  P* P*  P*  P*
L (Yizen Yik)d =L (Vie v Yik )P AL (Vin o Yik )

* * * . .
ne LF (yilz ,...,yi'i ) — soriuHa hopmyIia, 10 OMUCYE y3arajbHEHY PI3HUIIIO MO,
sika OyJia CIIpOrHO30BaHa 10 BIIHOIICHHIO JI0 OYiKyBaHOI. BiIMiHHICTE MiX Lr i

* . .
LF MOJKHA OTMCATH HACTYITHHM KOHCTPYKTUBHUM CITiBBITHOIICHHSIM:
P P*\ _oV P  P* P P* PP | P*
oLy, L )=S" (L, L )+Y(y .4 )+N" (L, L ),

VP P* S P . P*
ae S' (L, ) — crpykrypHa BiamiHHicT MK Li i Lj . BoHa BH3HauaeTbcs
CIIBBIHOIIICHHSIM:

sV (L2 L) = 2 salki (L) - Ky (LD,

* .. y co
e K; (L:D ), K (LF) — KOHIOHKIIT 3 KOH IOHKIIITHUX HOpMaJbHUX (HOPM, 10 SIKHX
. . * . . . .
IIPUBEJICHI Lr 1 Lli:’ BigmoBigHO. DyHKIA Sg =1, KOoIM pi3HHULA B AyXKKax He
. . . * y P .
piBHa i HaBnaku. [1pu obuncnenHi, K; (Lll:’ )—K; (LF) , KOH FOHKIIT MOPIBHIOIOTHCSI

32 KUIBKICTIO €JEMEHTIB y KOH FOHKIII, 1 KOJHM KUIBKICTh €JIEMCHTIB piBHA, TO
HOPIBHIOIOTHCSL 3MiHHI, 110 BUKOPHUCTOBYIOThCS B KOH IOHKIISIX. SIKIIO po3mipu

KOH IOHKIIIH OIMHAKOBI M 1X CKJIaJ OJJHAKOBHH, TO Sg[Ki(Lr*)— Ki(LliD)]=O, B
nporuiexkHoMy Bunaaky Sg =1. [IpuBeneHa ¢popmyra po3MIUPIOETHCS HACTYITHUM
CIIOCOOOM.

Hexaii maemo B Lr i Lr*, 0 NPHUIPOBAKEHI A0 KOH IOHKIIHHMX
HOpMaJIbHUX (OPM y TOTOYHIM mapi KOH'FOHKINI 3a KUIBKICTIO 3MIHHHUX

mi[Ki(Lr )] piBay m j[Ki(LF*)]- Toxi mpoBoAMTHCA TEepeBipKa, YM BCi 3MiHHI B
Ki (LF*), Ki (Lr) MaIOTh CKBiBaJICHTHI iHTepHpeTarii. SIKIIo Taka eKBiBaJICHTHICTD

. . . . * . . . .
icaye, To Sg=0. HepiBHicTb LF i Lr Mae 71Bi pizHoBHIHOCTI. Jlo meprmoi
PI3HOBHIHOCTI BiTHOCATHCS BiAMIHHICTB, TNPH SKIA KiTBKICTH EJIEMEHTIB Yy
KOH FOHKIIISIX OJHAKOBA 1 3MiHHI, II0 B HUX 3HAXOIATHCA, € OOUHAKOBi. [pyra
PI3HOBHIHICTP Ma€ Miclleé TOJi, KOJH KiNbKICTh E€JIEeMEHTIB Yy MOpiBHIOBAaHUX
KOH FOHKIIISIX € PIBHA, ajie¢ JIOriYHi 3MiHHI B HHMX MalOTh PI3HY IHTEpIIPETAIliO i

* . . . .
MMO3HAYAETHCS Y(LP,L=D ), sIKa BHIUISETHCS OKPEMOIO CKIIAJ0BOKO. BigMmiHHICTH
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* . [y . . e
NP(LP,LF ), BH3HAYAE€ HASABHICTH AHOMAJiIH y JIOTIYHOMY OMNKCI MOii, sKa

CIIPOTHO30BaHa MO BIJHOLICHHIO JI0O ONUCY TOAii, 10 mependadaeTbes
NpOrHO3yBaTH. BHHUKHEHHsI Takoi aHoMalil Moxke OyTH 0O0yMOBIICHO JeKiIbKOMa
MPUYUHAMH, 1I¢. HEMOBHOTA aHAJi3y CHCTEMH Ta BUKOPUCTAHHS MOAU(DIKOBAHKX
MpaBWJ BHBOJAY, IO BiIOOpaXKarOTh OCOOJMBOCTI MpeaMeTHOI  o0acTi
iHTepnpeTanii 3aga4, Mo po3B’sA3yrThcs. Hampukian, TakuMu MOIuQiKaiisMu
[PaBUJI BUBOJY MOXYTh OyTH OOMEKEHHS HA MOXIIHUBICTh BIPOBAKEHHS
byukuiii v, &, — Ta BianoBigHO BUOpaHi 11 mi€l mini KoMmoHeHTH [5].

co * . . .
BusBnenns anomaimiii B LP INPUBOJAUTE OO0 BIAMOBH Bl1J PE3YyJIbTATIB
1

[POTHO3YBaHHA. B pamkax IaHOrO MiAXOAy, NPOTHO3YBAHHS pEalizyeTbesl y
BiJIOBITHOCTI 10 HACTYIHUX €TaIliB peaji3arii:

- eran (HOpMyBaHHS Lr(yili,...,yii) mojii, sika 3a MPHUIYHICHHSIM MOXE

BifOyTHCS,
eTaIl MIepeBipKH Pe3ybTaTy IPOrHO3yBaHHS,

- eran Moaudikamii Lr(yili,...,yii) nofil y BHUNAAKy, SIKIIO B

CTIPOTHO30BAaHOMY OITHCI ITi€l moit LF*(yili*,..., yii*) BHUABIICHI aHOMaTIi,
- erarn OBTOPHOTO BUBOJY ITPOTHO30BaHOT MOI.

BaxxnuBuM elleMeHTOM Tpoliecy NPOTHO3YBaHHS € BHOIp MOMEHTY HOro
iHimianii. B npoTunexHoMy BUINaJIKy, IPOTHO3YBaHHS, SIK JICSKUH MPOLIEC, BTpayaB
6u cenc. PosristHeMo, Ik BU3HAYaeThea B paMkax MLS momeHT, Koium HeoOXimaHO
peanizyBaTh INPOTHO3YyBaHHS. Takuik MOMEHT BHU3HAYAETHCS HACTYIIHUMH

(baxTopamu:
- HasBHICTH MEPEIyMOB, IO OOYMOBJIIOIOTh HEOOXIIHICTh IMPOBEACHHS
MIPOTHO3Y;
- MOXJIMBICTH ()OPMYBaHHS JIOTIYHOTO ONHUCY MOAii, SIKYy HependavyaeTbest
[IPOTHO3YBATH;

- MOXUIMBICTh BHU3HAYCHHSI IHTEPBAJy uYepe3 SKUH MOXKE BUHHUKHYTH
[IPOTHO30BAHA IO/Tisl.

B cepemoBumi, mo BusHavyaeThes cucremoro ISU 1 BinmoBimHO0 00JIACTHO

intepnperanii Wi, 6a30B00 yMOBOIO HEOOXiZHOCTI IIPOTHO3YBAaHHA € IOTpeda y

MPOIOBXKCHHI IMPOIECY PO3B’SI3KYy 3ajadyi, SKIIO OCTaHHIM Ha MOTOYHOMY eTarli
BU3HA4YCHUI He epexTnBHUM. OCKUIBKH, B JaHOMY BHUINaAKy MoBa iine nmpo MLS
TO 1 Tpolec pO3B’SI3Ky pO3IJLINAETBCS HAa PIBHI JIOTIKM HOro peaizaliii.
Hanpukinan, SKIIO TPOLEC PO3B’SA3KYy MPEACTABICHUI JIEAKOI JIOTIYHOIO
(hopmyTot0, sIKa po3MideHa MITKaMH 4acy i Ha ACIKOMY eTalli BUSBIAETHCS, IO Y
BIJIMIOBITHOCTI 10 MITOK 4Yacy Ta IIOB’SI3aHMX 3 HUMH JIOTIYHUX 3MIHHHX HE
BIA€ThCS OTPUMATH [MO3UTUBHE 3HAYEHHS (OPMYJIH, IIO BIiAMOBIJIA€, HAPUKIAI,
3Ha4eHHIO 1, TO HEOOXiTHO PO3MHPHUTH BIAMOBIAHY (HOPMYITY TAKHM YHHOM, 1100

dparment @i 3 Li(@ig, k), 2e @ij =li(Yig*~* Vi) cras pisaum 1. Toxi
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@ij =li(Yir*--*VYir)=1 Bubnpaerscss B sKoCTi mnpooOpasy Qopmymn, sKy
HEeoOXiZIHO BMBECTH. B paMkax npuilHATHX MO3HAYCHb, Taka HOpMyJIa 3aMUCy€eThCs

. P, P P
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