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Annomayua. WUccienyercsi BO3MOMKHOCTH MCIOJb30BAHUSA
METOJ0B KOH(OPMHOI0 IPOrHO3MPOBAHMS B AN THBHBIX
aJropuTMax o00padoTKM paaNoJOKALMOHHOH uH(opMaLuu.
Iloka3ano, 4YTO oOuEHKa HeoNpeaeJeHHOCTH HHGopManuu
B JalITHBHOM aJIropuT™Me NOJACTPOIHKH BECOBBIX
KO3 GuULHEHTOB ¢asupoBaHHoil AHTEHHOMH peuieTku
¢ HCMOJIb30BAHHEM HHAYKTHBHOIO MeToJa KoH(popmHoro
NMPOrHO3MPOBAHMS Mo3B0JIsIeT MOBBICHTH TOYHOCTh
onpejeneHus: KOOPAUHAT 00beKTOB HMHGOPMALHOHHBIMHU
CHCTEeMAMH B CJIOXKHBIX YCIOBHUAX 3JEeKTPOMArHHTHOI
00CTAHOBKH.

Kntouegvle cnosa: neonpedenennocmv  unopmayuu;
adanmayus; dazuposannan anmennasn pewemka;
UHOYKMUGHBLIL MEMOO KOHPOPMHO20 RPOZHO3UPOSAH U

|. BBEJEHHE

@OyHKIMOHNPOBAHNE COBPEMEHHBIX HMH(POPMAIIMOHHBIX
CUCTEM MOHMUTOPUHIA BO3IyLIHO-KOCMHUYECKOT0
MPOCTPAHCTBA OCYIIECTBISIETCS B  CIOXKHBIX  YCIOBHSX
HAOMIOZEHHA:  YBEIMUYEHHE  4YHCIIA  COIPOBOXKIAEMBIX
00BEKTOB, BO3JCHCTBHE pPA3IMYHOTO pOAA HCTOYHHKOB
IIOMEX,  YCIIO)KHEHUE  BHEUIHEM  3JIEKTPOMAarHUTHOM

o6cranosku (OMO) [1, 2].

Jns oOecrieueHnst (DYHKIIMOHMUPOBAHUSA
paccMaTpuBaeMbIX CpPEICTB C  3aJaHHBIM  KaueCTBOM
HEOOXOIMMO  BHEJIPEHHWE  IEepPCNEKTHBHBIX  METO/OB
00paboTKH paguoNoKanuoHHOW wHpopMarun. K omanM
13 TaKUX HIO/IXO/10B OTHOCHTCS UCTIOJIb30BaHUE
€aMO00y4aIOUIMXCsl AJITOPUTMOB, MO3BOJISIIOIINX CHCTEMaM
aJalTUPOBAThCS K IOCTOSIHHO W3MEHSIOIIMMCS YCIIOBHSM
BHEIIHEN 06cTaHOBKH [3].

yc’I‘paHeHI/IC HCONPEACIICHHOCTU I/IH(i)OpMaL[I/II/I,
BBI3BaHHOM IIOCTOSSHHO U3MCHAINUMUCSI YCJIOBUAMU
Haﬁmo,uemm O6”I>€KTOB, B aJlaliITUBHBIX  aJrOpUTMaX,

KaK IPaBmUIIO, OCHOBAHO Ha HCIIOJb30BAHUH «KJIACCUUECKHX)»
CTaTUCTHYECCKUX TIOAXOJIOB (amamTUBHBIE OalieCOBCKHUE
MeToApl, Ienmd MapkoBa M T.II.) M METOJOB MAIIHHHOTO
oOyuenms. «Kiaccumyeckne» TOAXONBI  IPEATNONATAIOT
anpHOpPHOE 3HAHKME 3aKOHA M XapaKTEePUCTHK PacHpelesIeHUs
CIy4aliHBIX BeNUYHMH (B OCHOBHOM HOPMAJBHOTO 3aKOHA
pacnpenenenusi). OmxHaKoO, Ha TPAKTHKE, B CHIIY OOJBIIIOTO

KOJIMYECTBA  BO3JCHCTBYIONIMX Ha  HMH()OPMANNOHHYIO
CHCTEMY  B3aMMO3aBUCHMBIX  CIy4YaiHBIX  (haKTOpOB,
YCTQHOBUTh THIl WM HAlTH aHAJUTUYECKOE BBIPAKCHUE
JUIA UCCIIeTyeMOH MIIOTHOCTH BEPOSTHOCTH HE yIAeTCA.

K HemocTaTkaM METOMOB MAIIHHHOTO OOYUEHHsI OTHOCST
HaJIM4He BBICOKUX TpPeOOBaHWH KaK K 00BbEMYy HadaIbHOU
00yyaroreil BEIOOPKH, TaK U K BBIYMCIATSILHON MOIHOCTU
YCTPOMCTB, UTO B YCJOBHUSAX OIPAaHHUYEHHOIO BPEMEHHOTO
U HEPIeTUYECKOTO PECypCcoB HH()OPMAIIMOHHBIX CHCTEM
MOHHUTOPUHIA  BO3AYIIHO-KOCMHUYECKOIO  NPOCTPAHCTBA
He BCer/Ia MPeACTaBIIsIeTCs BO3MOXKHBIM [4, 5].

OmHUM W3 peleHWH, MO3BOJSIIONIMX HUBEINPOBATH
OCHOBHBIE HEIOCTAaTKH PACCMOTPEHHBIX BBIIIE MOJXOJIOB,
SBIISIETCS NIPUMEHEHHUE METOJIOB KOH(OPMHOTO
IIPOrHO3UPOBAHUSL. Kondopmuoe IIPOrHO3UPOBAHUE
Npe/ACTaBIsIeT CcOoOOW  HOBBIM  MOAXOJ K  OIIGHKE
HEOIPEeIeTICHHOCTH nHpOpMaIMn B a/IalITUBHBIX
anropurMmax [6, 7].

Mojend © aNrOpuTMbI, TOCTPOCHHBIE Ha OCHOBE
METOJIOB  KOH(OPMHOTO  MPOrHO3MPOBAHUS,  CIIOCOOHBI
pemiathb 3a/1a4u 00paboTkn PaaroIOKaIMOHHON
uH(pOpMAaIMK ¢ 33JaHHBIM Ka4eCTBOM IIPH JFOOOM 3aKOHE
pacnpesieieHus] BEpOSTHOCTEN B MajioM 00beMe 00yJaromiei
BEIOOpKH. ENWHCTBEHHBIM YCIOBHEM, NPEIBIBISCMBIM K

BBIOOpKE, sABIsIETCS TpeOOBaHWE K IEPEeCTaHOBOYHOCTH
(HEYTIOPSIOYEHHOCTH)  IMOJNy4aeMbIX JMaHHBIX. OcoObIi
HMHTEpEC MPEJICTaBIsIeT HHAYKTHBHBIM METO KOH(GOPMHOTO
NPOTHO3UPOBAHMs,  MO3BOJSIOIIMI  pemars  3a4adu
00paboTKu PannoIOKaIIIOHHOM nHpOpMaIIH
C MUHMMAaJIbHBIMH ~ BPEMEHHBIMH ¥ BBIYMCIIHUTEIHLHBIMHU
satparamu  [6]. B 1O e Bpems, B pabore [7]
MPOAEMOHCTPUPOBAHA  BO3MOXKHOCTh  pEIIaTh  33Ja4d
MPOTHO3MPOBAHMSI BPEMEHHBIX PSAAOB  0€3 BHIOJHEHUS

YCIIOBHH K IEPECTAHOBOYHOCTH JTAHHBIX, YTO OTKPHIBAET €IIIe
OoybIIMI  CIIEKTp 3agad Juisl NPOBEACHHS JAJIbHEHIINX
HCCIIeIOBaHUI B paMKaX KOH(GOPMHOTO IPOrHO3UPOBAHUS

B  nmamHOl  cTathe  uWccienyeTcs — BO3MOXKHOCTH
MCIIONIb30BaHUSI  MHAYKTUBHOTO MeToJa  KOH(OPMHOTO
MPOTHO3UPOBAHKS B AIalTHBHOM QITOPUTME MOACTPOUKH
BECOBBIX KOO PHUIMEHTOB  (a3upOBaHHOW  AHTEHHOU



peutetku (PAP) B cnoxueix ycnoBusix OMO. Ilensio
paboThl ABISIETCS Ppa3pabOTKa aJanTHBHOTO aJTOPUTMA

MOJCTPOUKU BECOBBIX K03(h(PULIMEHTOB DAP
HHOOPMALMOHHOM  CHCTEMBI MOHHTOPWHIA  BO3MIYIIHO-
KOCMHYECKOTO MPOCTPAHCTBA C HCTOJIb30BaHUEM

MHIYKTHBHOT'O METO/1a KOH(GOPMHOTO IIPOTHO3UPOBAHMS.

Il. AJAIITUBHBIN AJITOPUTM IMOACTPOMKNA BECOBBIX
KOROOUIMEHTOB AP MHOOPMAILIMOHHON CUCTEMBI
MOHUTOPUHT A BO3YIITHO-KOCMHUYECKOTO
ITPOCTPAHCTBA C UCITOJIb30BAHUEM UHJIYKTUBHOI'O
METOJIA KOH®OPMHOI'O ITPOTHO3MPOBAHMS B CJIOXKHBIX
VCJIOBUSAX DJIEKTPOMATHUTHOM OBCTAHOBKH

PaccmorpuM  pabGoTy — amanTHBHOTO  ajropUTMa
MOJICTPOUKHU BECOBBIX K03(h(pULIMEHTOB DAP
HHOOPMALMOHHOM  CHCTEMBI MOHHMTOPHHIA  BO3IYIIHO-

KOCMHYECKOTO MPOCTPAHCTBA B CIOXHBIX ycnoBusix OMO,
MOJi KOTOPbIMH Oy/AeM MNOHMMAaTh YCJOBHUs HaOIIOICHUS
00BEKTOB HH(DOPMAIIMOHHOW CHCTEMOM Ha ()OHE HECKOJIBKUX
HCTOYHHKOB  WMHAYCTPUAIBbHBIX  TOMEX ©  Oenoro
rayccoBckoro mryma (BI'TII).

Uccnenyemas mnockas POAP mpsmMoyrojisHOro BHIa
cocrour w3 N w3nyuareneir. Ha Bxoxg  kaxmoro

n3 mamygareneit ®AP i =1, N mocrymaer k oTcuetoB cMecu

—H
€ = “1,..., AK) momesHoro curHama OT HaOIIOIAEMBIX
~H
00bekTOoB Sk = S(2),...,S(K) , HCTOYHHMKOB BHEIIHHX
—H
HHIAYCTpHANBHBIX momMex Mk = m(1),...,m(k) wu BI'UI
—H
Wik = W(),...,w(k) , rme H - onepamus 3pMHTOBO

COIIPSIKCHUA.

Curnan Y(n), dopmupyembiii Ha Boixoge PAP, umeer
Buz [2]:

y(n)=hn n -, n *e(n), n=1k,

rre hn n —  BEKTOp BECOBHIX KO PHUINECHTOB;

v n o= h(n),....h(n) ;
e(n) -

3HaYeHHE  OINMOKM  OIpeAeseHUs
BEKTOpa BECOBBIX KOI(QHIMEHTOB
Ha N-OM OTCYETE;

e(n)=d(n)-hx n &, n ;
dn)  —

OKMJaeMbIi curHan Ha Beixone DAP.

Orromenune curnan-mym ((N) 1 ommOKK ONpENeTCHIs

KOOpAMHAT 00BEKTOB ¢(N) ONPEAENAIOTCS CIEAYOMIUMU
BBIpXeHUsIMH [5]:

a) =|ym)/ hx n Qq nhu n

2(n) = &R /2" q(n),

rne Qy n -

AR _

MaTpula IoMeX 1 IIyMOB;

pasperniaroras CIOCOOHOCTH
[0 COOTBETCTBYIOIIAM KOOPIMHATAM.

Anantanys K M3MEHSIOUIMMCS YCIOBHSAM OOCTaHOBKH
P TAaKOM IIOJXOJE OCYILECTBIACTCA 3a CYeT moabopa
BECOBBIX KOY((HULIMEHTOB TaKUM 00pa3oM, 4TO YCTPaHHThH
HETaTUBHOE BO3ACHCTBHE IIOMEXOBBIX CHTHAJIOB ITyTEM
BBICTaBJIEHHS Hyled B  (GopMupyeMOH  auarpamMme
HAINpaBJICHHOCTH B HAIIPABJICHUH HA ICTOYHUKH IIOMEX.

B stom ClIydac€ ONITUMAJIbHOC 3HAYCHNUEC BEKTOPA BECOBLIX

KO3(Q(PUIIMEHTOB 1O KPUTEPHIO MHHHUMyMa CPETHETO
KBajpara  OIMOKM  C  MWCIOJB30BAaHMEM  MeToza
CTOXaCTHYECCKOM amMmpOKCHMAIy uMmeeT Bux [1, 2]:
=H =H
hy n =hy n-1 + #(n)*
e ®
hh n-1-§, n Qg nd(n),
e Qi n - obparhas martpuma Q. n ; 4(n) -
K03 puItneHTHI CTOXaCTHIECKOI amNIpOKCHMAIINH,
YAOBJIETBOPSIONINE 33JJaHHBIM YCIOBUSM [2].
Jost OTIpeIeIeHHs ONITHMAaJIbHBIX 3HaYCHUH
K03 pUIIHEHTOB B paccMaTpyuBaeMoOM aJropuTMe,

T.€. 3HAYCHHH, IIPU KOTOPBIX 00ECIEINBACTCS MaKCUMAIIbHOE
OTHOIIICHHWE CUTHAJI-IIYM UM BBICOKAsl TOUHOCTh OTIpeJIe/ICHUS
KOOpAWHAT OOBEKTOB, HEOOXOIUMO HMETh  IOJHYIO
uHopMalI0O O THUINE M  XapaKTepUCTHKaX 3aKOHa
pacnpenesieHnsT M3MEpseMBbIX JaHHBIX (B JaHHOM CIIydae
paccMaTpuBaeTCs HOPMAaJbHBI 3aKOH  paclpe/esIeHUs
B CHIy JONYIIEHHS O B3aMMOHE3aBUCHUMBIX CIy4aifHBIX
n3Mmepenusix). OIHAaKoO, TpPU CONPOBOXKACHUU OOBEKTOB
WHPOPMAITMOHHOH CHCTEMOH B YCIOBHSAX CIy4aifHOTO
U HEPaBHOMEPHOTO XapaKTepa M3Ty4eHHs HHIYCTPHAIbHBIX
MIOMEX, THI INIOTHOCTH BEPOSITHOCTH ITOJy4aeMOH BBIOOPKH
OyzmeT OTIINYaThCs OT HOPMANbHOH.

MerToabl MaImMHHOTO OOYYEHHs IO3BOJSIOT pellaTh
3aga4n  00pabOTKM  PajMOJIOKAlMOHHON  uH(opmanuu
0e3 mpexbsiBieHUil  TpeOOBaHMIT K 3HAHMIO  3aKOHA
paclpenesicHust JaHHBIX, HO B CBOIO ouepelb TpeOyioT
OonbIIMX 00BEMOB OOYYAIOIMX JAHHBIX U 3HAYUTENBHBIX
BBIYUCIUTECIIBHBIX 3aTpaT B YCJIOBUIAX MaJOTO BPEMCEHHOTO
Y SHEPIeTUYECKOTO pecypcos paccMaTpuBaeMBbIX
HHQOPMAITHOHHBIX CHCTEM.

B oToM ciydae s OUEHKH — HEONPEIETCHHOCTH
M3MEPSIEMBIX JaHHBIX, OOYCJOBIEHHOM OTKJIOHEHHEM THIIA
WM XapaKTEPUCTUK 3aKOHA PaClpeleeHdst OT 3aJaHHBIX
B MH(OPMAIIMOHHON CHCTEME, T€TIeCO00PasHO HCIIOIb30BaTh
METO]] HHAYKTUBHOTO KOH(POPMHOTO MPOTHO3a ISl PEIICHUS
3aja4 perpeccud [6, 7].

KoHumenmms WHIYKTHBHOTO KOH(GOPMHOTO TIPOTHO3a
COCTOMT B BBIIIOJHEHUU CIIEAYIOLINX 3TAIOB!

e pa3OueHHE W3MEPEHHBIX paHee WH(POPMAIIMOHHON
CUCTEMOM JTaHHBIX Ha 00yJaroIryro

b =1, B u kanubposounyio Bei6opku t =1,T ;
e oOyyeHne HH(GOPMAILMOHHOW CHCTEMBl Ha OCHOBE
HM3MepeHui 00yJaroniei BEIOOPKH;

e BEIOOP MepHl KOH(OPMHOCTH I KaTHOPOBOYHOM
BEIOOPKH C pacyeToM OIIGHOK KOH(OPMHOCTH
a =la;;

n=1k

® Dpacyert 11 HOBOro OTCUeCTa OLICHKH

koH(opMHOCTH @, ;

e pacyeT pP-3HAYCHWH U1 KATUOPOBOYHOW BBHIOOPKH
1T w BeIOpanHOro HOBOroO oTcuera N =1 K,



B kawectBe Mepbl KOH(GOPMHOCTH  TIpEIIaraercs
HCIIONB30BaTh KPUTEPHH MHHHMyMa CpPEIOHEro KBaapara
OLINOKH.

Pacuer p-3HaueHuidl  BHINIOJIHUM B  COOTBETCTBUU
CO CJICAYIOIINM BhIpaxkeHHueM [6]:
pn=|z,az2a|+l/ k+1, 2

rae |z,,8, 2a|— dyHKIMA, onpexensiomas  KONMYECTBO

OTCUYCTOB B KaJ'II/I6p0BO‘-IHOI71 BI)I60pKe, JJIA KOTOPBIX OILICHKA
KOH(l)OpMHOCTI/I paBHa nim MMpeBLIIIACT OLICHKY
KOH(l)OpMHOCTI/I JJI1 HOBOT'O OTCUCTA.

Brraucienue p-SHa'-ICHI/Iﬁ Ha€T KOJIMYECTBEHHYIO OLICHKY

TOTO, HACKOJIBKO HOBOE€ H3MEPEHHE COOTBETCTBYET
(xoH(POPMHO) U3MEPEHHSM B KaJIHOPOBOYHOW BBIOOpPKE.
Janee omucaHHas BbIle IMPOLEAYypa  KOH(OPMHOTO

MPOTHO3UPOBAHUA  MOBTOPACTCA UIA  KXXAOIO0  HOBOTO
HU3MEPCHUS C IMMOJTYYCHHUEM MHOXKECTBA p—3Haqu1/H71.

Brrurpeim B cHIDKeHHH TpeOOBaHUE K 00beMy BBIOOPKH
Y BBIYUCIIMTEIBHBIM 3aTpaTaM 10 CPaBHEHHIO C METOJaMH
MalOlMHHOTO  OOy4YeHHs  OOBACHACTCS  OTHOKPATHBIM
oOyuyeHreM HMH(MOPMAIMOHHOI CHUCTEMBI C PEKYPPEHTHBIM
BBIYMCIICHHMEM TPOTHO30B  (P-3Ha4YeHHH) Ha  OCHOBE
KaTMOPOBaHHBIX TAaHHBIX.

C yuetom (2) BeipaxkeHue (1) mpuMeT cireayromuii BU:

Av n =hn n-1 +p(n-1) 4n)x
_H —H . @)
*hy n=1-&, n Qy n d(n) /p(n).

Pemenne 3amaud aganTUBHOM MOJICTPOMKM BECOBBIX
ko3 duimentoB B BbhipakeHud (3) ¢ HCIIOJB30BaHHEM
WHIYKTHBHOTO MeEToJa KOH()OPMHOTO TPOTHO3HPOBAHHS
MO3BOJISIET TIPOU3BOIUTH u YUUTHIBATh OIICHKY
HEOTPEICICHHOCTH M3MEPSeMbIX ITaHHBIX, OOYCIOBICHHYIO
OTKJIOHEHHEM  THMA  WIM  XapaKTepUCTUK  3aKOHa
pacTipeqielieHus OT 3aIaHHBIX B aJITOPUTME.

Ha puc. 1 1 2 moka3aHsl pe3yJbTaThl pacyeToB OLINOOK
orpeziesieHlss KOOpAMHAT OOBEKTOB (HalbHOCTH) 0Oe3 M ¢
NOJIB30BAHUEM ~ HMHIYKTHBHOTO  MeETONa  KOH(OPMHOrO
MPOTHO3UPOBAaHUA B alallTUBHOM aJITOPHUTME HOHCTpOﬁKH
BECOBBIX KOA((PUINEHTOB.
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Puc. 1. 3HaueHust omMOOK ONpeIeTIeHNs] KOOPIMHAT COMPOBOXKIAEMOT0
oOBeKTa (TanbHOCTH) 6e3 M0Ib30BaHUs HHAYKTHBHOTO METO/IA
KOH(OPMHOTO POrHO3MPOBAHYS B aAANTHBHOM alITOPUTME
HOJICTPOHKH BECOBBIX KO3 (PULIHEHTOB
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Puc. 2. 3nauyeHus omnOOK onpeseneH st KOOPAUHAT CONPOBOXIAEMOr0
00BeKTa (JaTbHOCTH) C HCIIONB30BaHUEM HHIYKTHBHOTO METO/IA
KOH(OPMHOI0 IPOrHO3MPOBAHHS B aNANTUBHOM AITOPUTME
MO/ICTPOUKH BECOBBIX KOIPPHUIIUECHTOB

11, 3AKJIIOYEHHUE

Pemenue 3agaud afanTUBHOM MOJICTPOMKU BECOBBIX
K03((HUIHEHTOB B IPEATIAraéMoOM aJalTHBHOM aJrOPUTME
C MCIIOJIb30BAaHWEM HHIYKTUBHOTO MeETo/a KOH(OPMHOTO
IIPOTHO3UPOBAHUS I103BOJIIET IIPOU3BOJIUTL U YUYUTHIBATH
OLICHKY  HEONPEAENEHHOCTH  H3MEpSIEeMBIX  JaHHBIX,
00yCJIOBIEHHYIO OTKJIOHEHHEM THUIa WM XapaKTepUCTHK
3aKOHA PACHpeNeNeHUs] OT 33JaHHBIX B HMH(GOPMAIMOHHOH
CHUCTEME.

Kak nmokazanu PE3YyIbTAThl MOACITIUPOBAHUSA AJAIITUBHOTO

QIrOpUTMa  TMOJCTPOWKM  BECOBBIX  KO3((HUIMEHTOB,
B CJIOXKHBIX yCIOBHSX OMO HCIONb30BaHHE MHIYKTHBHOTO
MeToJa  KOH(GOPMHOTO  IPOTHO3UPOBAHMS  MO3BOJIIET
HOBBICHUTB TOYHOCTh orpeeNIeHus KOOpJIUHAT
COTIPOBOXAaeMbIX  00BeKkTOB  mpumepHo Ha  20%.
Taxoke HabmoIaeTCs BBIMTPHIL B CHW)KCHUH TpeOOBaHMIA
K 00beMy  BBIOODKM W  BBIYMCIMTEIBHBIM  3aTparam

10 CPaBHEHHUIO C METOJIaM1 MAIIMHHOTO 00y4YeHNs], KOTOPBIHA
00BsSICHACTCS OJHOKPATHBIM OOydeHHeM HH(OPMAIMOHHON
CHCTEMBI C PEKYPPEHTHBIM BBIYMCICHHEM IIPOTHO30B
(p-3HaueHuit) Ha OCHOBE KATMOPOBAHHBIX JAHHBIX.
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