Pa3paborannas HelipocereBas Mojejib, aIrOPUTM U METOAMKA €€ CO3JaHus WU
UCTIOJIb30BaHUSI BHEAPEHbl B MPAKTUKY MPOU3BOACTBA MPOMBIIUIEHHOW MPOIYKIMH B
ycnoBusix I[IAO «ABEPC» kak 3¢(}eKTHUBHBIM HHCTPYMEHT NOJJIEPKKU MPUHATHUS
OpraHU3alMOHHO-TEXHUYECKUX PELICHUN NPU YIPABICHUH Ka4€CTBOM POy KIIHUH.

i+3
Tabauua 6 —CTereHs BIMsAHNS BXOJOB MOJICIN HA [IOKa3aTenb Y

Bron | Y, | X | Xy [ YO x| X[ X[ X ]V

Panr 1 2 3 4 5 6 7 8 9
Bmusnue | 0,255 | 0,246 0,188 0,159 0,151 0,127 0,073 0,056 370/0

BbiBoabl. YcTaHOBIEHA 3aBUCUMOCTH YpPOBHS KadecTBa OT 3HAYEHUN TEXHHUKO-
HPKOHOMUYECKUX TIOKa3aTeNiel, XapaKTepU3YIOIUXCS CIOXKHBIMU H3MEHSIIOIMIUMHUCA BO
BpEMEHHM B3aUMOCBS3IMU U pa3zpaboTaHa aJanTHBHas HeHpoceTeBas MOJIEINb,
MO3BOJISIONIAs C O0CTOBEPHOCTHI0O 98% nmporHo3upoBath U3MEHEHUE YPOBHS KauecTBa Ha
YCTaHOBJICHHBIN NEPUOJ] YIIPEXKICHUS TPOTHO3A.

Monenb MOXeT ObITh HCHOJB30BaHA Kak 3((EKTUBHBIA MHCTPYMEHT MOIJICPKKU
OPUHATUS  OPTraHU3ALMOHHO-TEXHUYECKUX PEIICHUHA TMpU BHIOOpPE palMOHAIBHBIX
3HAYEHUN TEXHUKO-3KOHOMHUYECKHUX I[OKa3aTesiel, 00ecrneunBalonuX BbHICOKUNH YPOBEHb
Ka4yecTBa MPOMBIIIIEHHON MPOAYKIIMU PA3IMYHOTO 1EJIeBOr0 Ha3HAYCHHUS.
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HeiipoceTeBoe MNpPOrHO3HpOBaHWE YPOBHS KavecTBa MNPOMbINLIeHHOH mnpoxykmun/ H.A.
3yopeukasn // Bicauk HTY «XIII». Cepis: Hosi pitnenss B cydacHux Texaounorisx. — X: HTY «XIII», —
2013. -Ne 38 (1011). «.81-86. —bi6miorp.:5 Ha3s.

Po3pobieno aganTuBHY HEWPOMEPEKHY MOEIb, IO A€ MOXIUBICTh OTPUMYBATH IPOTHO3 PiBHS
SIKOCTI TIPOMUCJIOBOI MPOIYKIIT B 3aJI€KHOCTI BiJl BIUIMBY CYKYITHOCTI T€XHIKO-€KOHOMIYHUX MOKA3HUKIB
BUPOOHUIITBA.

Karouosi ciioBa: HelipomepexHa MOIeNb, IPOTHO3YBAHHS, TEXHIKO-€KOHOMIYHI TIOKa3HUKH, PiBEHb
SIKOCTI.

The adaptive neural network model for quality fastang of industrial products depending on
retarded impact of technical and economic manufaxgundexes was developed.
Keywords: neural network model, forecasting, technical aadnomic indexes, quality level.

YK 004.89
. A. MALLIOIITHUH, ctyneut, XHYP3, XapbkoB

AJJAIITUBHASI OBPABOTKA HECTALIMOHAPHBIX BPEMEHHBIX
PA10B HA OCHOBE HEYETKOI'O IIOAXOJJA

Ha ocHoBe 00BeaMHEHMS HEYETKOTO MAKETHOTO crioco0a oOpadOTKM W CETMEHTAIMM BPEMEHHBIX PSIOB C
PEKYPPEHTHBIMHU TIPOIIEeAypaMH OOpaOOTKM TEKYIIMX 3HAYCHHH, MPEIUIOKEH OHJIAHH METOJ CEerMEHTAalluH
MHOTOMEPHBIX BPEMEHHBIX DSIOB, KOTOPBI NPUMEHHM Ui OOHApPYXEHHS OJHOPOIHBIX CETMEHTOB B
PEATLHOM PEKUME BPEMEHH Ha OCHOBE TIOTOKOBBIX JTAHHBIX.
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KaroueBblie ci10Ba: BpeMEHHBIC Psijibl, HEUETKAsl KJIACTEpU3alvsl, PEKYPPEHTHBIEC MPOLIEIYpPhl, OHIAIH
KJIaCTepU3aLIHs.

© . A. MAHIOIIINH, 2013

BBenenue. BpeMeHHbIE psiibl SIBISIIOTCS COBOKYITHOCTHIO HAONIOJICHUN CITy4aifHOTO
mporiecca, a 3ajada CerMEHTAIlUH JIOCTATOYHO YacTO BO3HMKACT BO MHOTHMX NPHIOKEHHSX,
CBSI3aHHBIX C UX 00pabOTKOM. JIj1s1 00pabOTKM TaKUX JAHHBIX HEKOPPEKTHO BBIJEISATH YETKHE
TPaHUIBI CETMEHTOB. B Takux 3aadax HWCHONB3YIOTCS alrOPUTMBI HEUYETKOW CETMEHTAIIUU.
HedeTkue anroputmpl CErMEHTAIMH IUPOKO MPUMEHSIOTCS] B PA3JIMYHBIX TPUIIOKCHUSX, TTIC
HEeoOXouMa KiacTepHu3alusl HEYETKUX M HEOIPEETICHHBIX 3JIEMEHTOB, MEePEKPHIBAIOIINXCS
TPYIII U PaCIUIBIBYATHIX 0OBEKTOB, HO OHH HE MOTYT OBITh HETIOCPEIICTBEHHO MPUMEHEHBI K
BPEMEHHBIM PsIaM, TaK KaK KJIACTEPbl MOTYT OBITh CMEKHBIMU BO BPEMEHH.

B cdepe 00paboTku BpeMEHHBIX PSAOB TAKXKE CYIIECTBYIOT 3aaud, I KOTOPBIX
HeoOXxomuMa 00paboTKa 3HAUEHUM B PEXKMME PEATHHOTO BPEMEHHU C YYETOM IOCTOSHHO
MOCTYMAIONINX HOBBIX BXONIHBIX JAaHHBIX. (OCHOBHBIMH TAaKMMHU 3aJauyaMH  SIBIISICTCS
MOHUTOPUHI pabOThl CUCTEMBI B TMPOIIECCE MEPEXOJOB JISi COKpaUIeHUs OpakOBaHHON
NPOJYKIIMK, HE COOTBETCTBYIOIIEH crenu@uKaluy, onpeaesieHue HapylIeHHH M PaHHEro
NpeIyNPEKICHUS OTKJIOHEHUH B TEXHOJIOIMYECKOM TPOIIECCE WIIA POCTa HEUCTIPABHOCTEH, a
TaK)kK€ MTHOBEHHOE BBISIBJICHHE 00pa3loB Ui aHaIu3a, IporHo3a u ontuMuzaimu. C yuerom
HETIPEPHIBHO  OOHOBJISAIOUIMXCST BXOAHBIX JIAHHBIX, OOBIYHBIE AaJTOPUTMBI MAKETHOU
00pabOTKH HE TOAXOJIT JUIsl TAKOTO BHJIA 32/1a4 BBUY UX BBIYUCIUTEILHON CIIOKHOCTH TIPU
mepecyeTe HOBBIX 3HaueHWH. (st Toro, 4roObl M30aBUTHCA OT HEOOXOIMMOCTH 3aHOBO
paccUMTHIBATh OOPATHYIO MATPHILy TPH MOAKIIOYCHUN/YIAICHUH B MOJIC]b HOBBIX YICHOB,
HEOOXOMMO KOPPEKTHPOBATh KOBAapUAIMOHHYIO MATPHILy, MOJYYECHHYIO Ha MPEAbIIyIIeM
miare.

AHa/IN3 JUTEPATYPHBIX JAHHBIX U NMOCTAHOBKA MpodJeMsl. [lonarue cermeHTanuu
BPEMEHHBIX PSJIOB 3aKIIOYaeTCs B CIEMYIOIIEH CTaTUCTUYECKOW MpoOiiemMe. MyCTh JaH
BpemeHHOH psan T ={x |1< K< N}, npencraBineHHbIil kOHeUHBIM MHOXeCTBO N BBIOOpOK,
OTMEUEHHBIX MOMEHTaMU BpeMeHH 1,...,1 ., HEOOX0IMMO HaWTH pa3OUEHHE TOro psna Ha
MHOKECTBO IOCJIE€IOBATENbHBIX BPEMEHHBIX TOUYEK S( ) k) ={ x k }), X, Xiveeos
Ha3bIBa€MbIX T'PaHUIAMU CeTMEeHTOB. C-cerMeHTauusi BpeMeHHOro psina 7 — 3To pazOueHue
cerMeHTa T Ha C HENEPECEKAIOLINXCS CETMEHTOB S = $( a, p)\ls K ‘: KOTOPBIE ABJIAIOTCSA
BHYTPEHHE OJHOPOIHBIMM, TakuM oOpazom, utoObl & =1,0.=N u a =R, +1. Te.
HEOOXOMMO HANTH CTaOUIIBHBIN MIEPUO]] BPEMEHH, JUISL ONIPEICIICHNSI N3MEHEHHS CETMEHTOB.
B 3aBucumoctr OT TpUMEHEHHMA W IIeTH pa3OueHHss HEOOXOIUMO HaWTH CTaOWIIbHBIC
HepHObl BpeMEHH, HAUTH TOYKH W3MEHEHUS, WM TPOCTO CKATh UCXOAHBINA BPEMEHHOM! sl B
0oJiee KOMITAKTHOE TPEICTABIICHHE. XOTS BO MHOTHX PEATbHBIX MPWIOKEHHUIX HAOTIOICHIEe
32 MHOTUMH TIEPEMEHHBIMHU ITPOU3BOJUTCS MOXOKUM 00pa3oM, OOJBIIMHCTBO AITOPUTMOB
CErMEHTAIMU UCTIOJIb3YFOTCS TOJIBKO JJI aHAJIM3a OTHOM HECTAlIMOHAPHOM NIEPEMEHHOM.

[enmpro mpolieMyphl CETMEHTAIMU SIBIISICTCS HAXOXJICHHE OJHOPOJHBIX CETMEHTOB B
JTAHHOM BPEMEHHOM PSIJIe, T.€. CETMEHTBI, COJIePIKaIIie SJIEMEHThI CO CXOTHBIMHU CBOWCTBAMHU.
B aTom ciydae mpobiiema cerMeHTaIy MOKET ObITh OIMCaHa Kak MpobsieMa rpymiripoBKU ¢
OTPaHWYCHUSIMH. JIAHHBIE CO CXOXHMMH CBONCTBAMH JOJDKHBI OBITH OIPEACTICHBI B OJHY
TpyIy, HO C OrpPaHMYEHHEM, 4YTO BCE OOBEKTHl B OJTOW TpyIIe JAOJKHBI OBITh
HOC/IeI0BATeNbHBIMU  TI0  BpeMeHH. [l ¢opmanuzanuu  3Toro, HeoOXOIUMO BBECTU

(GYHKIMIO KauecTBa COSI( q a l))), KaKk Mepy OJHOPOJIHOCTH cerMeHrta. Takum oOpazom,
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CErMEHT SBIIIETCS OMHOPOIHBIM, €CIIM 3Ta (YHKIUS OJWHAKOBA WIM HAXOIHWTCA B
JOIYCTHMBIX TIpEAeNiax Ul JIFOOOH TOYKHM 3TOr0 CErMEHTa, MPH 3TOM (DYHKIMS MOYKET
BBIOMPATHCS TOCTATOYHO IPOU3BOJIBHO.

Yarre Bcero, (QyHKIHUS KadecTBa 0031( qa l)’) OIPEICISACTCS OTKIOHEHHEM MEKIY

3HAYCHUSMH BPEMEHHOTO psifia M 3HAYCHUSAMH HEKOTOpOM (yHKIMU (KOHCTAHTHOW,
JIMHEWHON WJIM TIOJIMHOMMANILHOM), KOTOpasi anmpoOKCUMHUPYET €ro Uil KaKIOro CerMeHTa
JaHHbIX. OnTuMmanbHass C-CETMEHTAlMs JIOJDKHA OJHOBPEMEHHO ONPENCIATh TPaHULIBI
CETMEHTOB W BEKTOp TMapaMeTpoB sl Mofeield cerMeHToB. PemieHne mnpoOneMsl
CEerMEHTALIMU OINMPAETCS Ha KJIACTEPU3ALMIO0 CETMEHTOB, B3aMMOCBSI3aHHBIX 110 BpeMEHU. B
Ka4yeCTBE 1IeJIeBOM (PYHKIIMU OOBIYHO BBICTYIIAET CTOMMOCTh BCEH C-CErMEHTALIUU!

cost{ §) :iZ:‘ cogt $. (1)

JIns  HaXOKACHUS OTHACIbHBIX CErMEHTOB, (YHKIMS KadecTBa MOMKET OBITh
MHHUMHU3UPOBaHA C MOMOIIBIO JUHAMUUECKOTO IPOrPAMMHUPOBAHHUS, HO, K COXKAJIICHHIO, €0
NPUMCHEHHE BeCchbMa 3aTPyJHEHO JUIi MHOTHMX pealbHBIX 3aad HW3-3a TPOMO3JIKUX
BBIYUCIICHUN.

Heap u 3agaun uccaenoBanusi. OCHOBHAS 1ieNTb 3TOM PabOThI — HA OCHOBE W3Y4CHHS
METOJIOB HEYETKOM CErMEHTAllMM BPEMEHHBIX PSJIOB pPa3paboTaTh MOAU(PHUIIMPOBAHHBIC
aJITOPUTMBI, CIIOCOOHBIC HE TOJIBKO TOJMY4YaTh W3MCHSIOIIUECS BO BPEMEHH IOTOKOBBIC
XapaKTEPUCTHKH MHOTOMEPHBIX ITaHHBIX (M3MEHEHHE CPEIHEro, M3MEHCHHE IMCICPCHH M
U3MEHCHHUSI B KOPPEISAIMOHHONW CTPYKType MEKIy MEPEMEHHBIMH), HO M YUYUTBHIBAIOIINC
poOJIeMbI, KOTOpPblE yMEHbIIAIOT A(GOEKTUBHOCTh JITHX METOMOB. Jlms momyudeHus
HEOOXOMMMOM  MH(pOPMAIIMK  UCIOJB3YIOTCS TAaKUe MHOTOMEPHBIC CTaTUCTUUCCKHC
UHCTPYMEHTBI, Kak MeToj IjaBHbIX kommoneHT (Principal component analysis — PCA).
Meton TJIaBHBIX KOMITOHEHT TIO3BOJISICT OTOOpakaTh JaHHBIE B TMPOCTPAHCTBO C Ooliee
HH3KO# Pa3MEpHOCTBIO, KOTOPOE TIOJIC3HO TPH aHAIHM3E M BU3yaIHM3allMi KOPPEIUMPOBAHHON
MHOTOMEpHO# nHpopmarun. [IpeiaraeMplii aIrOPUTM OCYIIECTBIISICT TPYIITUPOBKY JaHHBIX
JUISL TOTO, YTOOBI OOHAPYKUTH JIOKAJIbHBIC OTHOIICHUS MEXKTY TIOX0XKUMH MIEPEMEHHBIMHU.

Onucanne aaropuTMoB. PaccMorpum dyHKImMO Kadectsa [1]:

cosl($):zc:i x—- ¥ = (2)

i=lk=g+1
c N
:ZKZ:;BI (tk) Di (Vix' &)'

TI€ D2 (v/,%) —PacCTOAHHME MEKLy ICHTPOM B I-M CerMeHTE ¥ TOUKOM JTaHHBIX,

b, (t, )= {0, —OmnpeenseT NPUHAIEAKHOCTb TOUKH K K i-My cermMeHTy:

y)=ib  SaTkEd 3)(
ﬂl( k) - O
, unaue.
N3meHeHne 3HaYeHUN MEPEMEHHBIX BPEMEHHBIX PSJIOB OOBIYHO CIy4ailHO, TaKk Kak
MMPaKTUYCCKU HEBO3MOXKHO OIIPCACIIUTE YCTKUC I'paHUILBI CCTMCHTOB, MJIA NPCACTABJICHUA

A (t.)={0,3 Hederkux cermeHTOB BpEMEHHBIX PsiioB — A, (t,) HCIIONB3YIOTCS rayCCOBCKHE

(GyHKIMH, BBIOOpP KOTOPBIX MPUBOAUT K CIEAYIONIEH KOMIIAKTHOW (opmyiie KoiudecTBa

3JIEMEHTOB B I-M cermenTe K-ro HaOro1eHus:

_1smv)), (4)
2 o

A (t)= ex
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(L) Alt) - (5)
> A
JInst HaxOXKJIeHUsl LIECHTPOB KJIAaCTEPOB Vit U JUCIICpCUU Si2 BBEJIEM OHJIAWH AJITOPUTM

HEYETKOW KJIaCTepU3aIlii, KOTOPBIH SIBJsIeTCS MOAU(HUIIMPOBAHHBIM anropuTMoM Bujia Gath-
Geva [1].210T anropuT™ MpeacTaBIsAeT JaHHbIE HA OCHOBE MHOTOMEPHOIO Pacrpe/IeIeHuUsI
l"aycca, Takum 00pa3om, 3T0 MUHUMHU3UPYETCS CyMMa KBaJpaTOB MEXIY TOYKAMH JTaHHBIX

" o .
Z = [tﬂ )g(] " /], —IPOTOTUIIOM (POPMUPYEMOI1 TPYTIIIBI:
c N
J:ZZ(/J”() D2(41’7i)’ (6)
i=1 k=1
TI€ {; . — CTENIEHb NPHHAJICKHOCTH HAOIIOICHHUS z. = |:Tw ){]T’

mD[l,oo) — [OKa3aTellb, KOTOPBIHN OMpeessieT HeYeTKOCTh IpyIi (00braHO M=2).

Anroputm kmactepuzai GG MoeT ObITh pacCMOTpPEH, KaK OCHOBBIBAIOIIMICS Ha
BEpOSTHOCTHBIX NPUHIHNAX. B TakoM ciydae (yHKIus paccrosaus D2 (z..h,) obparHo
NPOIOpIUOHAIbHA BeposTHocTH P(Z |h,) Toro, 4ro Touka 2z, NPUHAMIESKHUT I-TOMY

KJjactepy. JlaHHbIE ONMUCHIBAIOTCS HOPMAJILHBIM PACIpE/ICICHUEM CIy4YalHbIX BEIHYUH CO
3HaYEeHHEM ILEHTPOB KiacTepa V, M KoBapuauMoHHOH Matpuuei . Amroputm GG

NpeICTaBIIsIET COOOM CMECh TayCCOBCKUX pacpeieTICHHIA:

Mmm=§d4m)wm, (7)

rne  p(z|7) — pacnpeneneHue, INOPOXKICHHOE I-THIM KJIACTEPOM, IPEICTABICHHOE
rayCCOBCKOM (DYyHKITHEH:

p(2|,7|)= n+11

(2)* JaelF) o

u p(l7i ) — Oe3yCIIOBHAs KJIaCTepHasi BEPOSTHOCTb, 1]; MPEICTABIISICT COOOM MapamMeTphl i-TOro

S EUIONER) ®)

KJIacTepa, 7 :{ p(7).v, Fli=1,.. p}.
Tak Kak BpeMs HE 3aBUCHT OT X, [CPEMEHHBIX, MPCUIOKCHHBIA AIrOPUTM

KJTACTEPHU3aIlI OCHOBBIBAETCS Ha CIEyIoNIei QyHKIMH paccTosiaus D2 ( Z, ,/7i) :

p(zln)= 1 a1 e —E(tk_vit)zx
"0(an) oo, | 2 dh 9)

p(t )

Y e Y -v)(A) (- ,
e {50 -v) (8)" (5 -v)|
P(xlm)

KOTOpasi COCTOMT u3 Tpex yacteil. IlepBas, @, — anpuopHas BEpOSATHOCTb KIIacTepa, BTOpast —

o . t )
oTKJIOHeHHue K-1 ToukM OT eHTpa i-ro cermeHTta V; BO BpeMeHH. TpeTbs mpesicTaBiseT coooi

paccTosiHie MeX/1y MPOTOTUIIOM KJIacTepa M MPOCTPAHCTBA MPU3HAKOB, KOOPMHATHI IIEHTPA
TPYIIIBI B IPOCTPAHCTBE MPU3HAKOB.
Hopma orknoHeHnss A, MOMXKET OBITh OIpelereHa MHOTMMHU criocodamu. PasymHo

OPUMEHUTh K MEPEeMEHHBbIM MacluTaOMpOBaHHE TaK, YTOOBl MEPEMEHHbIE C OOJIbIIUM
OTKJIOHEHMEM He Tpeobnajanu B rpynme. MacmraOupoBaHue MPOU3BOJUTCS IMyTeM

89 ISSN 2079.545Richux HTY * XI1I». 2013 ./238(1011)



JIeTICHWEM Ha 3HaYE€HUE CTAHJAPTHBIX OTKJIOHEHH, OJTHAKO JYYIIHA crioco0 — HCIOIb30BaTh
CTaTHUCTUYECKOE OTKJIIOHEHHE, KOTOpPOe TaKkKe MPHUCIIOCAOIUBAETCS K KOPPEJSILIUU MEXIY
niepeMeHHbIMU. B TOM ciyuae A, — oOparTHas K MaTpulle HeYeTKoM koBapuauuu A, = F.,

rae
p = D) (5 vt ) (5 - ). (10)
ZK:l(’uiak)

Korna nepemMeHHbIE B MATPHLIE CUIIBHO 3aBUCAT IPYT OT APYyTra, MaTpuLa KoBapuanuu F.

MOKET OKa3aThCsl IUIOXO OOYCJOBJICHHOW M He HMMETh 0oOpaTHOi Matpuipl. B [4] ata
npoOiieMa ObuIa pemnieHa. [1epBbiii U3 ABYX METOJIOB, KOTOPBIC UCIIOIb30BaHbI B [4], OCHOBaH
Ha MPOMOPLUH MEXy MUHUMAIIbHBIM U MaKCUMAJIbHBIM 3HAYEHHEM COOCTBEHHOI'O 3HAUCHHUS
MaTpHILIbl KOBapHAaLIUH.

Bropoit mMeron ocHOBaH Ha J00aBIIEHMM €AMHOM MaTpuUllbl BECOB K IMOCUYHUTAHHOM
MaTpullbl KoBapuamu. O0a MeTo/ia MO3BOJISIOT MOIYYUTh OOPATHYIO MAaTpHIly, HO HU OJMH
U3 HUX HE BbIJaeT MOTEHINAIbHYIO HHPOPMALIUIO O CKPBITON CTPYKTYpE TaHHBIX.

OnryMapHble MapamMeTphsl NPOTOTHIIA TPYIIIBL /], :{Vix, AN.0%a } OIPENENSAIOTCS

muanmuzanyeii ¢pyuakiuun (5) mpu CaeayOmMX YCAOBUSX, BBOJUMBIX JUIL TOIO, YTOOBI
MIPOCTPAHCTBO Pa30UEHUS ObLTIO HEYETKUM:

u z[ﬂ“ll“ |4, 0[0.] Pik (11)

i=0
N
Ok;0<> 4, <N,i .
k=1

CambIM MOMYJIIPHBIM METOJIOM DEIICHUsI 3TOM MpoOIeMbl SIBIAETCS albTepHATUBHAS,
BBIOOpOYHAS ONTUMU3ALIUS KOTOpas COCTOMT U3 MPUMEHEHHs MHKAPOBOTO MOBTOPEHUS [0
BBITIOJIHEHUS! YCIIOBUH MEPBOT0 MPUOIIMIKEHHS JJTsl CTAIIMOHAPHOM ToUKH (5), KOTOpas MOXKET
ObITh HaiineHa HanmoxeHueM ycioBus (11) k kpuTepuro J HCHOJB30BAaHUEM MHOXKHUTEICH

Jlarpamxa:
N N

3(Z2.0n.A) =33 (1) (2 2) + 3 O - 12)

. i=1 k=1 k=1 i=1
U nipupaBHUBaeM rpaauentoB J no Z, U,7, A k HyJiO.

SIBHBIM HENOCTATKOM JIAHHOTO PELIEHMsI SIBJISIETCSI €r0 CJIOKHOCTh B HCIOJIb30BAaHUU
OHJIAHOBBIX TIPOIEAYp Kiactepuzanuu. s penieHus TaHHOW TpoOJeMbl HMCTOIB3YIOTCS
PEKYpPPEHTHBIE TPOLIEYpPhl OOpAaIlIEHHsI MATPUILL U HAXOXKJICHHS ONPEACTUTENS] MAaTPULIbI, YTO
SBTISICTCSL HAOOJIEe PECYPCOSMKON 3a/1a4ei.

Merton  pekyppeHTHOro oOpalieHus TO3BOJISIET CO  CPaBHUTEIBHO — MallbIMU
BBIUUCIIMTENILHBIMU 3aTpaTaMU MEPECUUTHIBATH MATpHILy, 0OpaTHyto K A npu 100aBIeHUU K
CIIy4YallHOM CETKE JIONOJIHUTEIBHBIX Y3JIOB. biaromaps 3TOMy, MOXHO ITOCTETIEHHO
HapalmMBaTh 00beM CITy4ailHOW CETKHU U OCTaHABJIMBATh BHIYMCIUTEIBHBIN MPOIIECC cpasy ke
10 JOCTIKEHUH TPeOyeMOil TOYHOCTH.

Jlemma Illepmana-Moppucona omuckiBaeT obOpamenne A+ UV, Ipu  H3BETHOM
Pa3II0KEHUN HA MHOKUTEIIH MATPHIIBI A
a4 A'uv AT
(A+u) = A'-

, 13
1+v  Atu 13)
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Ha ocHoBe stoii opmyibl, a Takxke Jemmbl Byadepu MoXHO paccuuTarh (popmyiry
PEKYypPPEHTHOTO BBIYHCIICHHSI OOPATHOM MATPHIIBI U OTIPEICTHTENS

a (k1) = A g - Aot X (e d) AL, (14)
1+ x(k+1) A(K) X ( k+1)
B urore anroputM MO>KHO OIMUCATH CIETYIOLUIMM 00pa3oM:
Nunnmanmzarnms. lan BpemeHHO#N psit 7' cO CBOMCTBaMU ¢, BBIOUPASTCS JIOMYCTUMOE

oTKJIOHeHHe (momyck npepbiBanms) €> 0 u nanmamsupytores W, \(‘,fo My
[loBTOpeHne 10 Tex Mop, MOKAa HE JlaHa TOYKA BBIXOJA WM HE IPEBBIILIEHO BpEMs
HPOCTOS:
C6op noctynusiieit nHbpopMau U GOPMUPOBAHUE HOBBIX BXOIHBIX NAPAMETPOB.
Ecmu oOpaTHas matpuiia u3BecTHa:
BorurcieHre HOBo# 0OpaTHO# MaTpHils! o hopmyam (13)u (14):
Ko FExXF
Fi+1: )’I:%E - ) i kTXk |§’
d d+ x Fx,
)
rae d —rmapameTp 3a0bIBaHUS.
IToBropenue mis | or 1 1o N:
[lar 1. Beraucnsercs /), napameTpoB KiacTepa:
- anpropHasi BEPOSTHOCTh IPyIIIbI (KiacTepa):

Q. :i ; 1 ; (15)

- IEHTPHI KJIACTEPOB.

o i) (% W) (16)
Zk:l(lji!k)m
- nepecunTbiBaeM W, .
W = Fw(d% 1+ MW FW) (17)

- HOpMa OTKJIOHeHus A (MaTpuma N X N):

A =05l +WW' (18)

- IICHTp KJIacTepa U CTaHAapTHOE OTKIIOHEHHE!

Vit — Zkﬁ('uivk)mnt]k (19)
2k=1('uivk)
o = Daalo)" (5= )(x - vt (20)

’ Z:‘:l(/”’i,k)m

Wlar 2. Beruncnsercs paccrostaue D?(z,,h,) mpu momouw (9).

[ar 3. OOHOBIIEHHE MATPUIIbl pa30OUCHUS:
0 1 ,1<i<c,lI<k< N, (21)

Hix == 2/(m-
(o(zm)/ D(z.1;))

g
j=0

A(K) =3 x() % (i) (22)

i=1

710 TeX 1op, moka ||U (l)—U (I —ZI) [k £.
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BeiBoabl. B crathe Obila paccMoTpeHa MoauduKaiys anroputMa OHJIAHHOBOM
HEUETKOM CErMEHTAllMd MHOTOMEPHBIX BPEMEHHBIX PsIOB. AJITOPUTM OCHOBAH Ha
HENpEPHIBHOM HACHTU(DUKAIMM HEYETKHMX MHOXECTB, KOTOpbIE NPEJCTaBISIOT COOOM
CErMEHTHI BO BpEMEHU. AJITOPUTM OOHAPY>KUBAET HAJTMUME CMEKHBIX KJIaCTEPOB BO BPEMEHU
U B COCTOSIHUM OOHApY>KUTh M3MEHEHHUSI B CKPBITOM CTPYKTYpe MHOTOMEPHBIX BPEMEHHBIX
psnoB. braronaps pekyppeHTHbIM (hopMyiaM OOpalleHHs] MaTpULl, CTAHOBUTCSI BO3MOKHBIM
MCIOJIb30BaHUE 3TOT0 AJTOPUTMA B CUTYalMH IIOCTOSTHHO U3MEHSIOIIMXCS ITApAMETPOB.

Cuuncox Jjmreparypbl: 1. Abonyi, J. Modified Gath-Geva clustering for fuzzy segmentatiof
multivariate time-seriefText] / Abonyi J., Babuska R., Szeifert/Hruzzy Sets and Systems. — 2005. —
Nel149. — P. 39-562. Keogh, EAn Online Algorithm for Segmenting Time Series. Xi[¢ Keogh, E., Chu,
S. Hart, D., PazzanM. // California,USA: IEEE International Confemnon Data Mining. — 2001. — P. 248—
296.3. Mano3émos, B. H. PekyppeHTHBIN BapraHT METO/Ia HAMMEHBIINX KBaapatoB. [Tekct] / Manoszémos B.
H., Poibun C. B. Il M.: Paguo u cs3p — 2004. — 294 c4. Babuska, R. Improved covariance estimation for
Gustafson-Kessel clustering [Text] / Babuska Rn dar Veen P. J., Kaymak U. // IEEE International
Conference on Fuzzy Systems. — 2002 — P. 1081-3508kpmunos, I'. M. Meto] aHaIM3a MHOTOMEPHBIX
BPEMCHHBIX PAAOB € UCIIOJIB30BAHUEM KOPPCKTHUPOBKU IMPEABAPUTCIIBHO paCCQHTaHHOﬁ 06paTHOI71 MaTpUIIbI:
UcClie/ioBaHue B cpaBHeHWH ¢ apyrumu Mmetomamu Data Mining [Texcr] / Tlepmunos I'. U. // busnec-
unpopmatrka. Merospl anammsza uapopmarmu.2008. —Nel — C. 36-44.6. Dobos, L Application of on-line
multivariate time-series segmentation for procesmitoring and control [Text] Dobos L., Abonyi J//
Chemical Engineering Science.2012. — V& — P. 96-1057. Chun Yuan Dend\ generalization of the
Sherman—Morrison—Woodbury formula [Text] / Chun Wu2eng // Applied Mathematics Letters.2011. —
V.24, No6 — P. 1561-15648. Manrozémos, B. H. ®opmyner @pobennyca, [llepmana-Mopprucona u Gim3kne
Bonpockl [Teket| / Manosémos B. H., Monako M. @., [lempos A. B./l ’XypHain BbIYUCIUTEIBHON MaTeMaTHKH
u MateMaruueckoit pusukun.2002. —T.42,Nel0 —C. 1459-14659. Xy, R Clustering [Text] Rui Xu, Donald
C. Wunch II // New Jersey,USA John Wiley & Sons, Inc. — 2009. — P.384. Daniel, L Fuzzy Granular
Evolving Modeling for Time Series Prediction [TextPaniel L., Fernando G., Rosangela B., Pyrama/C.
IEEE International Conference on Fuzzy System@112— P. 2794-2801.

Iocmynuna 6 peoxonneeuro 01.06.2013

YJIK 004.89

AJanTHBHAsI 00PatoTKA HECTAIMOHAPHBIX BPEMEHHBIX PSIIOB HA OCHOBE HeueTkoro moaxona / Jl.
A. MamoumnH // Bicuuk HTY «XITI». Cepist: Hosi pimenns B cydacuux Texaousorisx. — X: HTY «XI1I»,
—2013. -Ne 38 (1011). -€.86-92. —bi6umiorp.: 11na3s.

Ha ocHoBi 00'€eqHaHHS HEWITKOTO MAKETHOIO Croco0y OOpOOKM 1 CerMeHTallli 4acoBUX pAIIB 3
PEKYpPEHTHUMHU TMpoLeAypaMH OOpOOKHM MOTOYHMX 3HA4Y€Hb, 3alPOIOHOBAH METOJ OHJIAWH CerMeHTalii
0araTOBUMIpHHX 4YaCOBUX ps/iB, SKMH MOXKHA 3aCTOCYBaTW /Ui BUSIBJICHHS OJHOPIJIHMX CErMEHTIB B
peaTbHOMY PEXFMI Yacy Ha OCHOBI TOTOKOBHX JIAHUX.

Ki1r040Bi cj10Ba: yacoBi psiy, HEWiTKa KJIacTepU3aIlis, pEKYPEHTHI MPOIICYPH, OHJIAH KIIaCTepH3aIlis.

By combining the fuzzy batch mode processing amgmsetation of time series with recurrent
processing procedures current values offered oskgenentation method of multivariate time seridschvis
useful for the detection of homogeneous segmemézirtime based on the data stream.

Keywords: time series, fuzzy clustering, recursive proceslualine clustering
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