OBHAPY)XXEHUE AHOMAJbHbIX UBMEPEHWUIA NMPU AHANU3E HECTALUMOHAPHbIX NPOLIECCOB
Mapuyk B.W., LLepcTtobuTtos A.W.

HOXHO-POCCUIACKUI rOCY0apCTBEHHbIN YHUBEPCUTET 3KOHOMUKN U CEpBUCA
346500, WaxTel, PocToBckon obn., yn. LesyeHko, 147, kad. «PagnotexHmka nHopmaunoHHbIE CUCTEMBbI»

[MoToKk wm3amepuTenbHONM UWHOPMaunn npeacrtaBnseT cobon, B oblem Buage, peanusaumio
HecTaLMoHapHOro cry4yarMHoro npouecca: COBOKYMHOCTb (OYHKUMWU M3MepsieMoro npouecca, agauTvBHON
LUYMOBOM COCTaBnsioWEN, aHoMarnbHbiX (COOWHBLIX) pesynbTaToB wuaMepeHun. [lpn  npoBegeHum
nccregoBaHns, Kak npasuro, anpuopHas MHgopMaunus 0 XxapakTepe U3MepseMoro npouecca OTCYTCTBYET
unu kpaviHe mana. CnoXHOCTb MaTeMaTU4YecKoro OnucaHus Takoro popa uccrnefyemblX MpoLeccos,
HanuMuMe CcrydYanHbiX COCTaBMASKOWMX W HeOoNpedeneHHOCTb, KaK MOsiBNEeHUs, TaKk U MHTEHCMBHOCTM
aHoOMarbHbIX U3MepeHuii, 0bycnaBnuBaloT OObLLYIO CIIOXKHOCTb PELLEHMS MOCTaBNEHHOW 3adayn.

HaHHas paboTta nocesiieHa 06paboTke pe3ynbTaTtoB M3MEPEHUN, NpeacTaBneHHbIX €AMHCTBEHHOM
peanusauMelnl HeCTauMOHAPHOro CIydalHOro npouecca nMpu  OrpaHNYeHHOW oObeme  anpuopHOW
MHdOpMaLMK, KOTOpble [OCTAaTOMHO 4acTO BCTPEYalTCA Ha MpakTuke. YMpOLLUeHHas maTemaTtudeckas
MOZerb NOTOKa M3MepUTENbHON MHbopMaLMM MOXET ObITb NpeAcTaBneHa B criegytowem suae [1]:

Y(t)=S8@)+e, () +¢€, (1), (1)
rae Y(f) - pesyanaTu M3MepeHMl71 Ha BbiXoae Mccne/:l,yemoﬁ CUCTEMBbI, S(f)- (byHKLI,Mﬂ Nnone3Horo

curHana (dyHKUMs TpeHaa); 8H(t) - agavTMBHasa LIyMoBasi COCTaBNAOLLAs; Eaﬂ(t) - aHoMarbHble

(cOoMHbIE) N3MepeHUs.

B pabGote [1] paccmaTpuBalOTCsi METOAbI OOHAPY>KEHUS aHOMasibHbIX M3MEPEHUA Mpu  aHanmse
CTauMoHapHbIX npoueccoB. B cnyyae HectaunoHapHoro crnyyamHoro npouecca (1), B nutepatype
OTCYTCTBYIOT 3p(PEKTUBHbIE METOAMKN OBHAPYXXEHUST N YCTPaHEHUSA aHOManbHbIX U3MEPEHUN.

B paHHoOM paboTe 3a OCHOBY MPUHAT METO PasMHOXEHUSI OLLeHOK, OMUCaHHbIN B [2], KOTOPbIU
obnapaeT BbICOKOM 3 EKTMBHOCTLIO MNpn 00paboTke eOMHCTBEHHOW peanusauumn HecTauMoHapHOro
cny4yamHoro npouecca. B otnuumm oT mMeToaa, paccmaTtpuBaemoro B pabote [3], Ha kaxaom uHTepBane
(MOKPbITUK) MCXOOHOW peanu3auuy MNPOBOAUTCHA anmnpokCcMMauus no MeTody HauMMeHbLUMX KBaapaToB
NONMHOMOM MEPBOW CTEMEHU, HAXOOUTCA Pa3HOCTb MEXAY OLIEHKOW U UCXOOHbIMU AAHHBIMU Ha KaXaoMm u3
MOMy4YeHHOM MOKPbITUK. [ns pas3HOCTHOro npouecca (OCTATKOB) Ha KaXAoOM MOKPbLITUM onpefensieTcs

MakcumaribHoe 3HayeHue W ycTaHaBnuBaetcss — HekoTopbit nopor £€=A-Y (t), rae 0<A<LI1.

max
MMpeBblleHNe 3HayYeHun pas3HOCTHOrO Mpouecca, Ha KakOoOM W3 MOKPbITWA, YCTAHOBIEHHOro Mopora,
wTpacpyetcs, T.e. ecnm

Y(t)>e, )

TO JaHHOe 3Ha4veHue nosiydaeT OAHO LWTpadgHoe 3HayYyeHue, pasHoe 1. B coOTBETCTBMM C METOAOM
pa3MHOXeEHNS OLEHOK [2] BblLLen3noXeHHasa npoueaypa, onpegeneHus Wwrpadgos, NOBTOPSETCS AS1S KaKaom
N3 pasMHOXEHHbIX OLLlEHOK WCXOOHOW peanusauunn. Npu 3TOM NPOUCXOAUT HaKonmeHme 3HavyeHun wrpados
OIS 3NEeMEHTOB UCXOAHOW peanv3auun rnpu BbINonHEHUN ycnoBus (2). Mo okoH4YaHno ob6paboTku, Ansa Bcex
owTpad)oBaHHbIX 3HAYEHUN UCXOL4HOW peanuaauuum CTPOMTCHA MAOTHOCTb pacnpedeneHus. [na 3agaHHoro
YPOBHS 3HAYMMOCTW, NO MAOTHOCTM pacnpefeneHvs LWTpadoB oONpeaensioTcs, Kakne U3 U3MepeHun
WCXOAHOW peanusauny SBnaTCa aHOMarbHbIMU.

OheKkTBHOCTL  NPEeAnoXeHHOro  anropuTtma  onpefensdnacb Ha  OCHOBe  MpoBeaeHUs
UMUTALMOHHOIO MoaenupoBaHus. [Ona mogenu ucxogHow peanusaumm (1) paccmartpuBanach LWymMoBas
COCTaBnAoLLass, MMetoLLas HopMarnbHbIA 3aKOH pacnpefeneHns ¢ HyneBblM MaTeMaTUYECKUM OXUAaHUEM U
aucnepcuen, U3MEHSIIOLWENCS N0 BenuMuMHEe U XapakTepy (CTauuMoHapHas no peanu3auum U
HecTauuoHapHas). B kavectBe mogenu wusmepsieMoro npouecca 6binv UCNONb30BaHbl CreaykoLme
HOpPMMPOBaHHbIE PYHKLUK: CUHYcOouaanbHasi; NPsIMOYTONbHbIN YHUMONAPHBIN UMMYIbC; 3KCMOHEHUuanbHas
n cnoxHas (mogenb QYHKUMOHMPOBAHMSA ABUraTenbHOW ycTaHOBKM). B kavectBe mogenu aHOManbHbIX
N3MepeHWIN UCMONb30BanMCb OAMHOYHbBIE aHOManuW, KOTopble pacnonaranmcb: paBHOMEPHO MO Bbibopke, B
Havane, B cepeauHe 1 KOHLe BbIDOPKM.

Ha ocHoBe npoBedeHVs MMUTALMOHHOIO MOAENMpoBaHWs 6binM  MOMyyYeHbl 3aBUCUMOCTM

BeposTHocTH noxHow Tpesorn O = f (R, P) v BepostHocTi npasunbHoro o6Hapykenns B = f(R, P)

aHoMarlbHbIX I/I3MepeHI/II71, roe R - KOInn4yecTtBO I'IOKprTI/IIZ Ha AOnnHY peanmsau,mﬁ; P - KOJ1n4ecTBO
Pa3MHOXEHHbIX OLEeHOK NcxXogHon peann3aunn. AHanua NOoNny4YeHHbIX pe3ynbTaToB MNOo3BONUI caenatb

BbIBOA O TOM, YTO XapakTep 3aBMUCMMOCTEN O W [, Npu pasnuyHbIX BUAAX MOAENM M3MEpPSeMOro
mpouecca, BenvuMHbl U Xapaktepa [AOucnepcun (CTauMoHapHas M HecTauMoHapHasi), CYLLEeCTBEHHO He

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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nameHsietTcs. Pesynbtatel MNpoBedeHHbIX MccnegoBaHun (pUCYHOK 1) MO3BOMSHOT caenaTb BbIBOA O TOM,
YTO BENUYUMHA O HEe3HaYUTErNbHO 3aBUMCUT OT YMCra PasMHOXEHWUA OLEHOK MCXOLHOW peanu3auuu, a npu
yBenuyeHmMn Ymcna pasbumeHnin Ha NnokpbITUs B npegenax ot 3 oo 12 nsmensietca ot 0,02 go 0,1.
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PucyHok 1

BepOHTHOCTb npaBuUbHOro 06Hapy)KeHI/IF| aHoMarbHbIX MsmepeanZ, B OCHOBHOM, H€ 3aBUCUT OT
Konn4yecTtBa pa36|/|eHM;| ncxogHom peanu3aunnm Ha nNoKpbITUA, OAHaKo, HabnogaeTcs 3aBUCMMOCTb
3Ha4YeHnA ﬁ OT 4ucna pa3MHO)KeHI/Il71 OLIEHOK UCXOOHON peann3auun. Ha PUCYHKE 2 npencraBneHbl

pesyrnbTaTbl UMUTALMOHHOTO MofennposaHus 3= f(R,P) Npu W3MEHEHUM YMCna Pa3MHOXEHUS OLIEHOK

NCXOAHOMN peann3auumn  oT 1 go 50 ¢ warom 2. AHanus NOJTy4deHHbIX pPe3ynbTaToOB MOKa3blBa€T, 4TO
3Ha4yeHune ﬂ npu P >10npakTn4yeckn He 3aBUCUT OT YMcCria PasMHOXEHHbIX OLLEHOK ncxogHom peanusauunn

N NpubnmManTensHoO paBHa 1.

PucyHok 2

Taknm 06pa3oM, Ha OCHOBaHUU NPOBeAEHHbIX UCCRef0BaHWA MOXHO caenaTth crneayolmne BbiBOAbI:

® MpearioxXeHHblh MeToA OOHapyXeHUs aHOMarbHbIX u3MepeHun npu obpaboTke HecTauMoHapHOro

Cny4anHoro npouecca, no3BosisieT 00HaAPYKUTb OOUHOYHbIE aHOMalbHbIE W3MEPEHUSI C BEPOATHOCTbIO,
NpaKTU4YeCKn, paBHON 1 HE3aBUCUMO OT MX MECTa MOSOXKEHUS B UICXOOHOW peanusaunn.
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DETECTION OF ABNORMAL MEASUREMENTS IN THE ANALYSIS OF NON-STATIONARY
PROCESSES
Marchuk V., Sherstobitov A.

The South - Russian state University of economies and service
346500, Schachty, Rostov region, Shevchenko street 147 the faculty of Radio engineering informational
systems

A lot of measuring information may be represented as a realization of non-stationary casual
process, i.e. function of a measured process of additive sound compound, abnormal results of
measurements. It may be stated that carrying out a research, same times the aprioristic information on
character of measured process is absent or is smallest. Complexity of mathematical description of some
researched processes, in case of casual compounds and uncertainty, occurrences, and intensity of abnormal
measurements, may being difficulty to decision of a task in view.

This work is devoted to appearance processing of measurement results represented a unique
realization of non-stationary casual process under limited of information volume which is enough often used
in practice. The simplified mathematical model of the measuring information can be submitted as [1]:
Y(t)=S(t)+¢, (1) +¢€,(t), where Y(¢)- output results of measurements of the researched system; S(z)-

function of a useful signal (function of a trend); €, (t) - additive sound compound; ¢ (r) - abnormal

measurements.
In work [1] methods of detection of abnormal measurements are considered to be in the analysis of
stationary processes. In case of non-stationary casual process Y(¢t)=S(t) + ¢, (¢) + €,(¢), we see that there

are no effective techniques of detection and elimination of abnormal measurements in literature.

In this work an a basis the method of duplication estimations, described [2] which has high efficiency
at processing unique realization of non-stationary casual process is accepted. Unlike method we considered
in work [3], in each interval of initial realization approximation on a method of the least squares is carried out
by a polynom of the first degree as there is a difference between an estimation difference and the initial data
on each of the obtained covering. For different sided process on each covering maximum value may be

defined and some threshold € =4-Y__ (¢), where 0< A<1 may be established. Excess of values

max

different sided process, on each of the coverings, the established threshold, is fined, i.e. if Y(z)> ¢ the given

value receives one penalty value that is equal to 1. According to a penalty method of duplication of
estimations [2] the mentioned procedure of definitions of penalties can be repeated for each of multiplied
estimations of initial realization. Thus there is an accumulation of values of penalties for elements of initial
realization under condition Y(¢)>¢. In the end of processing, for all fined values of initial realization the

density of distribution may be calculated. For low level of significance a density of distribution of penalties is
determined, from measurements of initial realization are considered to be abnormal.

The efficient algorithm was defined on the basis of carrying out imitating modelling. As a model of
initial realization is Y(¢1)=S(t)+¢,,(¢)+¢€,(t), a sound compound due to normal law of distribution with a

zero population mean and a dispersion, changing on size and character (stationary on realization and non-
stationary) was considered. As model of measured process the following normalized functions have been
used: of sine wave; as a rectangular unipolar pulse; that is exponcent and difficult (model of functioning of
impellent installation). As model of abnormal measurements single anomalies which have bun settled down
were used: in regular intervals of sample, in the beginning, in the middle and the end of sample.

As a result of carrying out imitating modelling dependences of probability of a false alarm, we have

o= f(R,P) and probability of correct detection = f(R,P) of abnormal measurements, where R -
quantity(amount) of coverings for length of realizations have been defined; P - amount of the multiplied
estimations of initial realization. The analysis of the result let as conclude that character of dependences «
and [, at various kinds of model in a measured process, sizes and character of a dispersion (stationary and

non-stationary), are essentially unchangeable. As the results of the researches we may say that the size o
insignificantly depends on the number of duplication estimations of initial realization, and the increase of
number of splittings at coverings in limits from 3 up to 12 changes from 0,02 up to 0,1.

The probability of correct detection in abnormal measurements, basically, does not depend on

amount of splitting of initial realization on coverings dependence on value ﬁ on number of duplication

estimations of initial realization, however, it is observed at P <10 . The analysis of the results show, that

—-3-
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value ﬁ at P >10practically does not depend on number of the multiplied estimations of initial realization
and is approximately equal to 1.

Thus, on the basis of the research it is possible to say that:
e the suggested method of detection of abnormal measurements at processing non-stationary casual

process, allows to find out single abnormal measurements with probability, that is , equal to 1 inspite of
irrespective of their of position in initial realization.
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