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KBA3UITPABJIOIIOAJOBHOE OBHAPY2XXKEHUE CUT'HAJIOB

C HEU3BECTHLIMI ®OPMOM 1 MOMEHTAMMN
ITOABJIEHNA 1 NTCHESHOBEHU A"

A. I1. Tpudonos, 0. 9. Kopuaruu

Boponeorcexutl 2ocydapemsernnuiil yrusepcumem

[Tocrymuna B pemaknuio 24.09.2015 .

AnHoTanusi. BeIOIHEHBI CHHTE3 U aHAJN3 KBA3UIIPAB/IONOI00OHOIO aJIrOPUTMa O0HADY-
JKEHUSI CUTHAJIA C HEN3BECTHBIMU (DOPMOIT 1 MOMEHTAMU TOSIBJICHAST U MCIE3HOBEHN s, HAOJIIO1a-
eMoro Ha (OHE aIUTUBHOTO TayCCOBCKOro Oesoro mryma. HaliieHbl acHMITOTHYIeCKA TOYHBIE
(¢ POCTOM OTHOIIIEHUST CUI'HAJ/TIYM) CTATHCTUUECKUE XaPAKTEPUCTUKY CHHTE3UPOBAHHOIO AJl-
roputMa. BBINOIHEHO CTATUCTHUYECKOE MOJCTUPOBAHUE AJTOpUTMa OOHapyKenwus. HaiimeHbr
TPaHUIBI TPUMEHUMOCTH TTOJIYYEHHBIX aCUMITOTUYECKUX BBIPAYKEHU.

KuaroueBble cjioBa: MOMEHTHI TOSBICHUS W UCUE3HOBEHUSI, KBa3UIIPABIONOI00HBIN aJIro-
puTM OOHAPYKEHUsI, BEPOATHOCTH JIOKHOM TPEBOI'M, BEPOSTHOCTD IIPOILYCKa, CUTI'HAJIA, OTHOIIIE-
HU€ CUTHAJ-IIIyM, aMILUIATY/a, HadajbHas (as3a.

QUASILIKILTHOOD DETECTION OF SIGNAL WITH
UNKNOWN FORMS AND MOMENTS OF APPEARANCE
AND DISAPPEARANCE
A. P. Trifonov, Yu. E. Korchagin

Abstract. Detection algorithms waveform signal with unknown moments of appearance
and disappearance are considired. The asymptotic (at large signal/noise ratio) characteristiks
of synthesized algorithms are found. Statistical modeling of synthesized algorithms completed.

Keywords: appearance and disappearance moments, quasi likelihood estimation, bias,
variance, signal /noise ratio6 amplitude, initial phase.

B paziuuHbIX TPUIOKEHUIX TEOPUU CBS3H, JJOKAIUU, HABUTAIIUHU, YIIPABJICHUS BOSHUKAET HEOD-
XOJUMOCTH B IIPUEME CUTHAJIOB C HEM3BECTHBIMU MOMEHTAMH IOSBJIEHUS U MCYe3HOBeHus. Kpome
9TOr0, 3a9aCTy0 HA MPUEMHOI CTOPOHE HEM3BECTHA Takke (hopMa MPUHUMAEMOTO CUIHAJA WJIN
Kakue Jubo ero napamerpsl [1-5]. B nanHoil paboTe paccMOTPEHbI aJIropuTMbl OOHADYKEHUST CUT-
HaJIa, TPOU3BOJIbHON (DOPMBI ¢ HEM3BECTHBIMU MOMEHTAMHU IIOSIBJICHUS M HCUYE3HOBEHUsI Ha (DOHE
rayCCOBCKOI'0O OeJioro Iyma.

1. OBHAPYZ2KEHUE CUTHAJIA C HEU3BECTHBIM MOMEHTOM
NCYE3HOBEHUMA

IlycTp Ha done aJIMTUBHOIO IayCCOBCKOrO OEJIOro IIyMa HOJJIEXKUT OOHAPYKEHHUIO CUTHAJ

f(@t), On <t <0,

s(t,001,002) =
(£, Bo1, Bo2) 0, t < 0o1,t > Oo2,

(1)

* UccoreioBanue BBIOIHEHO 3a cUéT rpaHTa Poccuiickoro Hayunoro ¢onaa (nmpoekr Ne 15-11-10022)
© Tpudonos A. II., Kopuaruu FO. 9., 2015
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A. II. Tpugoros, FO. 3. Kopuaeun

dopma koroporo onuceiBaercst dbyukipeit f (t), a y; u Oy — €ro MOMEHTBI HOSIBJICHUS U HCUE3-
HOBEHHSI COOTBETCTBEHHO.

[TpeamosiokuMm cHavasIa, 9TO Ha IPUEMHON CTOPOHE HeM3BeCTHBI hopma curHasia f (t) u MoMeHT
HUCYE3HOBEHUsI, KOTOPBI MOXKET IIPUHUMATH 3HAYEHUs] U3 AIlPHOPHOIO MHTEPBAJIA

802 € [02 min; 02 max] - (2)

Cdopmynupyem 3ajady obHAPYKEHUsI B TEDMUHAX TEOPUU [POBEPKH CTATUCTHYECKUX TUIIOTE3
[7]-]9]. IMomexxknr nposepke mpocrasi runoresa Ho: x(t) = n(t) — curHag oTcyTCTBYeT B Ha-
6orotaeMoit peasmsaiuu x (t) — npoTuB Ca0XKHON asnbrepHarusbl Hi: x (t) = n (t) + s (¢, 001, 6002)
— CHI'HAJ IPHCYTCTBYET. 37ech n (t)— peajmsarys rayCCOBCKOro 0€JIOro IIyMa ¢ OJHOCTOPOHHE
CIIEKTPAJIBHOM TLIOTHOCTHIO Nj.

Byzaem rakxke cumrars, uro marepsan Hadmogenus [0,7] ynosrerBopsier yeaosuio 0 6o <
Oomax T, TaK 9TO CUTHAJI (1) ITOJTHOCTBHIO Pa3MEIIaeTCd B 9TOM HHTEPBAJIE.

Eciu dopMa 1 MOMEHT HCUE3HOBEHNSI CHI'HAJIA AlPHOPH M3BECTHBI, TO JIJIs CHHTE3a IIPUEMHO-
IO yCTPOWCTBA MOYKHO BOCIIOJIB30BATHCS METOJOM MaKCHMasbHOro mpassornogodust (MIT) [6]-[8].
IMpuémnux MIT gosken dopmuposars ciaydaiinyio Bemuanny Lo = L (61, 6002), tae [6]-[8]

02
2
L(61,02) = < [ [z () = f (1) /2] [ (#) dt (3)
No
01
— srorapudm dyHKIHoOHAIA OTHOIEHUs npasonogobus (POII) [7], [8].
Perienne 0 HamMIMu WM OTCYTCTBUM CUTHAJIA B PEAJIN3AIIMN HAOIIIOIAEMbIX JIAHHBIX IIPHHIMAa-
eTcsl Ha OCHOBE CPaBHEHUs BEJIMYIHUHBI Lo ¢ IIOPOroM ¢
Hy
>
LQ < C. (4)
Ho
Ecsi mopor ¢ npeBbliieH, BBIHOCUTCS PENIEHIe O HAJIWYIHN CHIHAJIA, B IPOTUBHOM CJIydae — 00
OTCYyTCTBUM. 3HAYEHHE [OPOra ¢ 3aBUCUT OT BBIOPAHHOIO KpuTepus onrumasibHocTu. Hampuwmep,
JUTsl KPUTEPHsT MaKCHMAJIbLHOrO npasononobus ¢ = 0, a jis kpurepust Heitmana-IInpcona nopor
onpeiesisiercst (PUKCUPOBAHHBIM 3HAUEHNEM BEPOSITHOCTH JIOYKHOII TPEBOI'H.
BepositHoctu ommubox |7], 8] 1-ro pona aq (s1oxKH0it TpeBorn) u 2-ro poja [y (Iporycka curaaJia)
ajropurMma obHapyKenusi (4) usBecTHBI [§]

ag=1—@(c/20+ 20/2), Bo = ®(c/20 — 20/2), (5)

rje
2
zgzﬁo/f%)dt
601

x
— ornomenne curnasn/mym (OCII) na Boxoge npuémmika, a ® (z) = [ exp (—t?/2) dt/ V2m
—0o0
— MHTErpaJjl BepOsTHOCTH.

OmuH u3 cmocobOB TPEOTOIEHUST ATIPUOPHON HEOTPEIEIEHHOCTH OTHOCUTEIBHO MOMEHTA WC-
4yesHoBeHusi u (Gopmbl curhaia (1) — ucnonb3oBanue kpazunpaszonogobroro (KII) amropurma
obuapyxkenus [7], [8], cornmacHo KoTopoMy npuEMHUMK (DOPMHUPYET U CPaBHUBAET C [IOPOTOM JIOTa-
pudm POII (3) jy1st HEKOTOPBIX 0’KHAEMBIX MOMEHTa ncue3HoBeHust 05 n3 obractu (2) u hopmb

curnasa g (t)
H;
L* = L* (601, 6;) z C, (6)
Hy

44 BECTHUK BI'Y. CEPUA: PUBUKA. MATEMATUKA. 2015. Ne 4



Keasunpaedonodobroe obHAPYHCEHUE CULHAAOE C HEUSBECTHBIMU POPMOT. . .

02
L 6n0) = [l =90 /29 (0)at. g

01

Baok-cxemy KIT obuapyzkuresst (6) MoxkHO n306pasuth B Bue puc. 1, e K — kirrod, 3aMKHY-
TBIl Ha orpe3ke Bpemenu [fo1,05], I — mnrerparop, PY — pematomiee ycrpoiictBo, ocyriecTs-
JISIIOIIlee CPaBHEHME BBIXO/JHOI'O CHI'HAJIa MHTErparopa B MOMEHT BpeMeHH ¢ = 5 ¢ HOpPOroMm c u
BBIHOCSIITIEE PEIeHUe B T0JIb3Y OJHON n3 runore3. JacTb OJIOK-CXeMbI PHUC. 1, BBIJIEJIEHHYIO MITPH-

. _ 1
WX s K || 1 [Py K
. - 0

Puc. 1.

XOBOI JiHuelt, Oy/ieM HasbiBaTh KOMMyTUpyeMbiM uHTerparopom (KIT).
st HaxoxK IeHust BeposiTHOCTEl omunbok obHapykeHus npu ucnosb3zosannu KII anropurma (6)
3anuieM (pyHKIUIO PacIpeIeseHus rayCCOBCKON cirydaiinoil Bequdunasl L* B Bujie

P{L* <z|H;} = [(;c —s;) /\/5] (8)
rie

so=(L*|Ho) = —22/2, s1=(L*|H\) = Zsy — 22/2, D= <(L* - 51)2> - <(L* - 50)2> =22,

03 min (002,05 )
2 2
2 2
= — t)ydt, Zr;=— t) f(t)dt.
2 No/g() = / g(t) f(t) (9)
0901 901

CitejoBaTe/IbHO, J1JIst BEPOsITHOCTEl omnboK ajroputMa (6) mostydaem
o =P{L">c|Hy} =1—®(c/25+ 24/2), (10)

ﬁ*(ﬁog):P{L*<c\H1}:<I>[(C—ng—i—zg/Q)/zg]. (11)

Uccnemyem cocrosimeibHOCTD ajiropurMa obHapyzkenus (6). st aToro paccMorpum mosejieHue
BEpOSITHOCTHU TpolycKa curhasa (11) upu duxcupoBanHol BepositHocTH JI0XKHOIT Tpeoru (10).
Boipazkasi uz (10) mopor ¢ Kak (DYHKIUIO BEPOSITHOCTH JIOYKHON TPEBOTM W IIOJCTABJIsISI €r0 B
dopmyity (11), mosygaem

B* (Op2) = @ (arcfb (1—a)+ (so—s1) /\/5) = (arc® (1 — o) — Zgg/24), (12)

riae arc® (r) — dynknus, obparnas K unTerpasy sepositHoctu. Cornacuo (12), npu Hensmen-
HOIl BEPOSITHOCTH JIOXKHOI TpeBoru o = const u cHMxKeHuu ypoBHs miyma Ng — 0 BEpOSTHOCTH
nporrycka curnasa 3% — 0, eciaun

A fg > 0. (13)

B kaugecrse npumepa paccmorpum KII obHapykeHre npsiMOyroabHOTO UMITYJIbCA CO CKOIITEHHOM
BEPIINHONI

£ () = Ar [1+ (1= 70) (¢ — 601) /10T wmax] 101/3/ (%3 + 70 + 1). (14)
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Baech BesmunHa A, xapakrepusyer aMiymnTyy curasa, a yo = f (0o1) /f (02 max) — HAKJIOH CKO-
HIEHHO# BEPIIMHBLI UMITYJIbCA, Tinax = 02 max — g1 — MakCHMaJIbHAs JUIMTEILHOCTH CHTHAJA. BbI-
6epem BesmauHbL 0y1 U 02 pmax bukcupoBanabivMu 1 0603HAIUM k = Tinax/Tmin, Tmin = 02 min — Go1-
Torna usmeHeHune JJIMHLI APUOPHOIO MHTEPBaJIa MOMEHTa MUCYE3HOBEHUS IPOUCXOJUT ¢ U3MEHe-

HUEM JIEBOW ero IpaHulbl fopmin C HOMOIILIO BeauduHbl k. Muoxkuresnb 'yo\/ 3/ ('yg + v + 1) B

BbIpa2KE€HN U (14) H€O6XO,ILI/IM JJigd TOro, 4TOOBI QHEpIrus CHUI'HaJIa MaKCHUMAaJILHOMN JJINTEJIbHOCTH
92 max

Enax = [ f2(t) dt = A2Tyax He 3aBHECENTa OT HAKJIOHA €r0 CKOMIEHHOH BEpITHHEL.
001
Byzem mosararh, 9To ONOPHBIA CHIHAJ COBIaJIaer ¢ npuHuMaeMbiM. [logcrasiss (14) B (9),

HAXO/[M
23 = 22N (%), Zpg = 22A[min (10,77)],

A (x) =w[373+370(1—70)w+(1—70)2w2} /(147 +7)

e obosnaueno z2 = 2A2Tax/No, 7o = (o2 — 001) /Timax — HOPMEPOBAHHAS JINTEIHLHOCTD MPH-
usroro curnana, 7° = (05 — 0p1) /Tmax — HOPMUPOBAHHAS JITIUTEIBHOCTD OKUIAEMOIO CUTHAJIA.

Ha puc. 2 nokazana 6e3yciaoBHAs CpeqHss
BEPOATHOCTD OIIMOKIN

P*

€ 62max
| : P = [ B (62) Wi (62) db
\ — ] = — __‘_r_-,-:‘:
1 % — — — 02 min
10 - Ty st yg = 10 (kpusble 1), 79 = 0,1 (xpu-
\\ Boie 2) u pg = 0,7. Ilpu mocrpoennu 6Ges-

YCJIOBHO# cpeJiHeil BEPOSTHOCTH OIMUOKU I10-
por Haxoamics Kak ¢ = arg inf P, a ampu-
OpHAasl IJIOTHOCTH BEPOSITHOCTU MOMEHTA HC-

YE3HOBEHUS CYUTAJIACh PABHOMEPHOI Ha WH-

- \ ‘
\:‘Z
N
Tepsade (2)

3 \ Wpr (92) = 1/ (92max - 92min)'

1 0 N\ CHHOH.IHI)IG, HITPpUXOBbIE n mITpux-

|

Z

8 = IIYHKTUPHBIE KpUBBIE COOTBETCTBYIOT

o
M
B
(8))

HOJIOYKEHUSIM  OYKHJIA€MOI0  MOMEHTa, UCUe3-

HOBEHHUsI CHTHAaJIa, IPU KOTOphIX 75 = 0,5,
Puc. 2. ™ = 0,7 u ™ = 0,25 COoOTBETCTBEHHO.
Iudpamn 3 u 4 obosnadensr 3aBucumocté P (z,) IpH M3BECTHOM MOMEHTE HCYE3HOBEHUS,
Yo = 10 u 79 = 0,1 coOTBETCTBEHHO, pacCUNTAHHBIE C IIOMOINBIO BbIpaxkeHuit (5).

Kak BujiHO U3 puc. 2, He3HAHUE MOMEHTa MCYE3HOBEHUsI CUTHAJA IPUBOAUT K npourpbiiny KIT
ajroputMma obHapy»KeHusi (6) 110 CpaBHEHUIO ¢ ajropuTMoM (4).

C 1eJIbI0 YMEHbBINEHHs IPOUTPHIIIA MOXKHO UCIIOJIB30BATh JIPYTOH CHOCOO MPEOIOJIEHHs] AllpH-
OPHOIl HEONPEIEJTEHHOCTH — aJalTalus IPUEMHOIO YCTPOMCTBA 110 HEM3BECTHOMY MOMEHTY HC-
vyesnoBenusi [6]-[9]. Torma npuémuuk momken GopMupoBaTh peramilyo craructuky (7) Jist Becex
BO3MOKHBIX MOMEHTOB MCUE3HOBEHHsI U3 OTPe3Ka (2) M HaXOUTh BEJMUYMHY €€ MaKCUMyMa

*
Ly =supL*(6s). (15)
Pemtenne B 110163y OIHOM 13 MMIIOTE3 BHIHOCUTCS B pe3yJIbraTe CpaBHeHHs BeudnHbl (15) ¢ mopo-
rom
Hy
>
Ly > c. (16)
Ho
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Buok-cxemy KIT obnapyzxkuress (16) MmoxkHO m306pa3uTh B Buje puc. 3.

JO

Y

KH

Y
Y

X

I

1
Py KX
0

or |
I 29(t)/Ny

Puc. 3.

Baech kommyTupyemsblii uarerparop KU paboraer B muTepBasie Bpemenu [0o1,02max], 11
— MUKOBBIA JIETEKTOD, OMPEJIEAIONIUN BEJTUINHY MAKCHUMyMa CHTHAJIA HA WHTEpPBaJjie BPEMEHU
[02 min, 02 max], PY — pemiatoiee ycrpoiicTBO, OCYIIECTBIISIIONIEe CPABHEHUE BBIXOJHOIO CHIHAJIA
MMIKOBOTO JIETEKTOPA B MOMEHT t = B3, C MOPOTOM ¢ U BBIpAOATHIBAIONIEE PEIIEHUE B IMOJb3Y
OJHOW M3 TUIOTES.

ITpu coBnajennn onopHoro u npunstoro curuanos f (t) = g (t) KII anropurm obHapykeHust
(16) coenagaer ¢ MII anropurMoMm, COMIACHO KOTOPOMY, HPUEMHUK JI0JKeH (hOPMHUPOBATH JIOra-
pudm POII L (02) = L (6p1,02) (3) 1151 Bcex BOBMOXKHBIX 3HAYEHHI MOMEHTA MCUY€3HOBEeHUs (2) 1
HAXOJNUTh BEJIMYNHY €ro MAKCAMyMa

L=supL (). (17)

Pernienne B 110163y OJ(HOM U3 TUIIOTE3 BHIHOCUTCS B pe3yJibraTe CpaBHeHUs BeJanduHbl (17) ¢ nopo-
rom

H,

LZec (18)
Hy

Asropurm (18), peasnusyromtuii MIT

obHapy:KuTesb, uccjaenoBan B [6].

B sroii pabore MeTOIOM JIOKAILHO-

MapKOBCKOil armpokcumanuu (8], [9]

HAllJIeHbl ACMMITOTUYECKU TOYHBIE (C

pocrom OCIII) BBIpazkeHust j1j1si BEpO-

SITHOCTH JIOYKHOW TPEBOI'M (v M yCJIOB-

HOIT BeposiTHOCTH TIpotrycka [(fy2). Ha

puc. 4 nokasana 06e3yCcJIOBHAsS CPEHsIsI

BeposiTHOCTE ormubku MII amropurma

(18)

62max
P, = poa +pr / 8 (62) Wy (62) dfy

02 min

a9 = 10 (mrpux-nyHKTHpHAST )

u vy = 1 (cwrommas) u v = 0,1

Puc. 4. (mrpuxoBasi kpusbie), pg = 0,7 u ¢ =

arginf P,. AupuopHasi IJIOTHOCTh BEPOSTHOCTH MOMEHTa MCYE3HOBEHWsI CUUTAJIACH PABHOMEDHOIT
Ha uHTEepBase (2).

Paccmorpum j1asiee BOSMOXKHOCTD IIPUMEHEHUsT KJIACCHIECKOro baiiecoBckoro noaxoma [7| xk o6-

Hapy2KeHuto curnaja (1), coracHo KOTOpoMy MPUEMHUK JI0JIZKEH (DOPMUPOBATD CJIyJailHYIO BEJIV-
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qUHY
02 max

A= / exp [L (62)] W, (62) dbs. (19)
02 min
PeHleHI/Ie B IIOJIb3Y O,HHOI';I N3 TUIIOTE3 BBIHOCUTCA B PE3YJIbTaTe€ CpaBHEHH: BEJIMYINHDI (].9) C
IOPOrOM
~ 1o (Co1 — Coo)
~ p1(Cro—Cnr)’

¢ (20)
rae Cjj — MaTpuna HoTepb.

K coxanenunio, HaiiTu xapakTepucTUKu PabOThI 0AfleCOBCKOTO aJropuTMa OOHAPYIKEHUs aHa-
JMTHYecKn He yaaércs. Vcciaemopanne s dpekTuBHOCTH 0aiieCOBCKOro 0OHAPYKUTEIS BBIITOIHEHO
MEeTO/IAMH CTATHCTHYECKOro MojienmnpoBanust Ha 9BM B pabore [6]. Ha puc. 4 nokasanbl pesy/ibra-
TBI CTATHCTHYeCKOro Mojesnposanust MII anropurma (18) npuéma curaasa (1), (14) kpecrukamu
s vo = 0,1, mmocukamu 171 y9 = 1 n kBajpartukamu jid vg = 10. Kak Bunno, mpu z, > 4
ACUMIITOTHIECKUE XaPAKTEPUCTUKHU YIOBIETBOPUTEIHHO OIUCHIBAIOT SKCIIEPUMEHTAIbHBIE JAHHbIE.

Ha Tom ke prucyHKe KpyKKaMu H300paskeHbl Pe3y/IbTaTbl MOAEINPOBAHUs 6aiieCOBCKOIO ajro-
purma obHapy:kerus npu Co; = Coyg, C1g = C11. XapakTepucTuku 0aiiecOBCKOro 00HAPYKUTEJIsI
paKTHIECKH COBIIAJIAIOT ¢ Xapakrepucrukamu MII obHapy>KuTess ¢ ONTUMHU3HPOBAHHBIM IIOPO-
rom [7].

2. OBHAPY2>KEHUE CUT'HAJIA C HEU3BECTHBIMU MOMEHTAMMU
ITOABJIEHNA 1 TCHESHOBEHU A

[IpeiiosoKum Tenephb, 4To Ha IPUEMHOIT cTopoHe Hen3BecTHa dopma f (1), 1 MOMEHTBI T10sIBJIe-
HUsI U UCYE3HOBeHUst curaasia (1), Koropble MOTYT IPUHUMATH 3HAYEHUs U3 AIPUOPHBIX MHTEPBAJIOB

001 € [01mins O1max), 002 € [(2min, P2max] s Oimax  O2min- (21)

Byzaem rmakxke cuurarb, uro uHTepBasi Habumoaenus [0,7] yuosiaersopsier yeaoBuio 0 01 pmin <
Oomax T, Tax 9ro curnas (1) MOJHOCTHIO pa3MelaeTcsi B 9TOM HHTEpBAJIE.

OmnH u3 crmocobOB TIPEOIOIEHNST ATIPUOPHO HEOTPEIEIEHHOCTH OTHOCUTETHLHO (DOPMBI U MO-
MEHTOB IOsIBJIEHUsI U UCYe3HOBeHus curHasa (1) — ucnonbsosanue KII asropurma obHapykeHust
[7], [8], cormacHo KOTOpOMY HpPUEMHUK (DOPMUPYET ¥ CPABHHBAET C [IOPOIOM DEINAIOILYI0 CTaTH-
cruxy (7) Jyist HEKOTOPBIX OXKHUJAEMbIX MOMEHTOB MOSBJICHUs 0, MCUe3HOBEHUs 05 U3 alpuOpPHON
obmactu (2) n dopmer curnamna g (t)

Hy
L* = L*(05,605) 2 ¢ (22)
Hy
Baok-cxemy KII obnapy»kuress (22) MOXKHO n306pa3uTh B Buje puc. 1, rje KOMMYTUPYeMbIii
unrerparop KU1 paboraer B unrepsaie spemenu [67, 03], a pematoruee ycrpoiicrso PY Ha ocrHose
CPaBHEHUS C MMOPOTOM BBIXOJHOTO curHaaa KU BBIHOCUT pellieHre B TMOJIB3Y OJHON M3 TUITOTES.
Haxomum jasiee MareMaTuvyecKue OXKUJIQHMsI 1 JIUCIIEPCUIO CJIyYaiiHON BemauHb (22), nojicras-
Jisist KOTOpbIe B (8), 3ammcbiBaeM BepositHocTH ommbok B Buje (10) u (11), rme

03 min (602,05 )
2 2
2 2
= — t)dt Lpg = — t t)dt. 2
g [P0d Zy=o [ ewro (23)
07 max (001,07 )

HUcceioBanue cocTosTeIbHOCTH ajiropuTMa obHapyzkennst (22) anasorudaso (12) mpuBogut K yciio-
Buio (13).
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B kagecrse npumepa paccmorpum KII obHapykeHue nmpsMOyTroabHOTO UMITYJIbCA CO CKOIITEHHOM
BEPIINHONI

FO) = A 1420 =) (t=60)/ (1 +70) Tl \/3/ (3 + 90+ )1 +70) /2 (24)

Baech BesmumnHa A, xapakrepusyer aMiuiuTyay curfand, a Yo = f (01min) /f (2max) — HaKIOH
CKOIIIEHHON BEPIIMHBI UMIYJILCA, Tmax = @2 max — 01 min — MaKCUMAaJIbHAS JJIUTEJILHOCTL CUCHA-
na, 0 = (02 max + 01min) /2 — cepequaa orpeska [61 min, 02 max)- Boioepem BesrauHbl 01 min 1 602 max
dburcuposanubivMu u 0603Ha9UM k = Tinax/Timins Tmin = 02 min — 01 max- Dy/JieM nosarars, 9o 01 pax
1 09 min PACIONIArAIOTCI CUMMETPUYHO OTHOCUTEIBHO 6, TO €CThb B9 min — 0 = 0 — 01 max. Torma jm-
Hbl AIlPHOPHLIX MHTEPBAJIOB MOMEHTOB IOSBJICHUS U MCUE3HOBEHHSI OJMHAKOBLI, a UX M3MEHEHUE
[IPOUCXOJIAT COIJIACOBAHHO C U3MEHEHHEM 01 max U 02pmin € HOMOIILIO BeaMduHbl k. MHOXKUTEIDH

\/ 3/ (v +7 +1) (0 +1) /2 B BEpakenun (24) HEOGXOAMM It TOTO, YTOGHI YHEPIHsl CHIHAJIA

92 max
MaKCUMAJIbHON IJINTEIbHOCTH Fihay = f f 2 (t)dt = A%TmaX He 3aBUcCesa OT HAKJOHA €ro CKO-

61 min
MI€HHOMI BEpPHINHDBI.

Byzewm nosararh, 4To OHOpHBIH cUrHAJ coBlajaeT ¢ npuHumaeMmbiM. Ilogcrasmsis (24) B (23),
HaXOJIUM
2 2 2 . .
zg = 2, A (AT, A3), Ztg = zzA[min (Ao1, AT) ,min (Ag2, A3)]

A@) = [3(1+50)" (y+2) /4 +3 (1 =) (47 = 22) /24 (1 =20)” (5 +2%)] / (1470 + )

e o6osHaTeno 22 = 2A2Thax/No, Mot = (0 — 001) /Timax, Moz = (Bo2 — 0) /Tinax — HOPMEPOBaH-
HbIE TI0JIOKEHHsI MOMEHTOB HOsIBJIEHNSI U MCYE3HOBEHUs NPUHATOrO curuata, A\ = (0 — 607) /Thax,
A = (05 — 0) /Tnax — HOPMHUPOBAHHBIE IIOJIOKEHUsI MOMEHTOB IIOSIBJICHUS] U UCYE3HOBEHUSI OXKU-
JIAeMOT0 CHTHAJIA.

Ha puc. 5 nmokazana 6e3ycoBHasT CPEIHSASA BEPOSITHOCTH OIMOKN

elmaXGQmax
Pt [ 86002, (61,60) db

61 min 62 min

st yo = 10, v9 = 0,1 u pg = 0,7. Ilpu mocrpoenun 6e3yCIOBHONM CpefHeil BEPOITHOCTU OITHOKH
Hopor Haxojau/cs kak ¢ = arg inf P, a anpuopHast IJIOTHOCTb BEPOSITHOCTH MOMEHTOB IIOsIBJICHUSI
U UCYE3HOBEHUs CUNTAJIACh PABHOMEDHOIl Ha uHTEepBase (2)

Wpr (91, 92) = 1/ (91 max 91 min) (92 max — 92 min)-

Cruroraast, MITPUXOBAsT U IMITPUX-TIYHKTAPHAS KPUBBIE COOTBETCTBYIOT MOJIOXKEHUSIM OXKHTae-

MBIX MOMEHTOB IIOSBJIEHHS W MCYE3HOBEHMs COOTBETCTBEHHO A] = A5 = 0,25, A\] = A = 0,5 n

T = A5 = 0,125. Ha ToM Ke pHCyHKe IIOKa3aHa CPeJHss BEPOATHOCTH OMIMOKH IIPH M3BECTHBIX
MOMEHTaX IOsBJIEHUS] U UCHe3HOBeHUus — KpuBasd 1 juia v9 = 10 u 9 = 0,1.

Kax Bugno u3 puc. 5, He3HAHIE MOMEHTA MCIE3HOBEHUsT CUTHAJIA TPUBOIUT K CYIIECTBEHHOMY
npourpsinty KIT anropurma obnapyzkenusi (22) 1o cpaBHEHHIO ¢ ajropuTMoM (4).

C 1e/bI0 YMEHBITIEHNsT TPOUTPBINTA HEOOXOIMMO HCIOIB30BATD JAPYTOH CIIOCOoO TPEoIoIeHusT
AIIPUOPHON HEOIPEJICJIEHHOCTH — aJIAITaIlus IPUEMHOIO YCTPOHCTBA IO HEM3BECTHBIM MOMEHTAM
nosiBjieHns: 1 ucuesHosenus: [7|. Torga npuéMuukK 1osKeH (GOPMUPOBATH PEIIAIONIYIO CTATUCTUKY
(7) st Bcex BO3MOXKHBIX MOMEHTOB IIOSIBJIEHHsI U HMCY€3HOBeHHsI u3 orpeska (21) m HaxoauTh
BEJINUMHY €€ MaKCUMyMa

Ly, =sup L* (01,62) (25)
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Pemenne B 10MB3y OXHON U3 THUIIO-
Te3 BBIHOCUTCS B PE3yJIbTarTe CpaBHe-
st (16) Bermumubl (25) ¢ moporom.
OueBniHO, HEOOXOTUMOCTH (POPMUPOBaA-
HUsI JIByMepHOro ciydaiinoro mosst (7)
HPHUBOJUT K CYIIECTBEHHBIM TPY/IHOCTIM
B TEXHUYECKOI pean3aluu [PUEMHHU-
ka. YacTuuno uzbexkarb TUX TPYIHO-
CTeil MOXKHO, €C/IHd IIpeACTaBUTh JIOr'a-
pudm POIT (7) B BUsE CyMMBI JIBYX CTa-
TUCTUYIECKH HE3aBUCUMBIX T'yCCOBCKHUX
CJy9aifHBIX [IPOIECCOB

0
L) = o [ o) =90 /2900,
01
o 7
L2(0) = o [ o)~ 9(6) /29 (1), .
) uc. b.

rje § — nmpomsBosIbHAS TOYKA, HPUHAIEKAIIAs HHTEPBATLY (01 max, 02 min). 1OrIa mepennimem Bbl-
paxkenue (25) Kak
Ly= L+ Ly, Ly =supLy(61), Ly =supLy(fs), (26)

L1 u Ly — craTucTuvecku HE3aBUCHUMBIE CJIyJaiiHble BeJIMIUHBI.
Buok-cxemy KBasunpasaonogo6Horo obuapyzxkuress (26) MOKHO M300pa3uTh B BHJIE DUC.T.
Baech kommyTupyemble unrerparopsl KM1 u K2 paborator B uHTepBasax BpeMeHU [0 min, 6],

» —
>

Ku1h Tl
” L

— — > X +

Y

[EY

PY K
0
nnz—j

\

f
9()/2 | Ljm
29(t)/N,

\d

Puc. 6.

[0, 02 max| coorBeTcTBeHHO. JI3 — JIMHUS 3a/I€PKKHU, OCYIIECTBIISIIONIAsT 33JIePXKKY CUTHAJIA HA Bpe-
Mt t = 0 — Oymin. L1 u I1J12 — nukoBBIE JETEKTOPBI, ONPEIEISIOIINe BEJTMINHY MaKCHMYyMa
curnasa Ha unrepBasax BpeMenu (0,60 + 01 max — 01 min] [02min, 02 max] coorBercTBeHHO, PY — pe-
IIAOIIee YCTPONCTBO, OCYIIECTBIISIONIee CpaBHeHne B MOMEHT ¢ = max (02 max, @ + 01 max — 01 min)
BBIXOJIHOIO CUT'HAJIA CyMMATOPa C MOPOTOM C M BBIPAOATHIBAIONIEE DEIIEHUE B IOJIb3Y OJHON n3
CUTIOTES.

ITpu coenajennn onopHoro u npunsitoro curuanos f (t) = g (t) KII anropurm obHapykeHust
(25) coBnagaer ¢ MII aaropurmMom, COrJIACHO KOTOPOMY, IPUEMHUK JIOJI2KeH (hOPMHUPOBATH JIOra-
pudm POIT (3) mast Bcex BO3MOXKHBIX 3HAYEHUIT MOMEHTOB IIOSIBJICHUSI U HMCYe3HOBeHHs (21) n
HAXOJIUTH BEJIMYUHY €r0 MaKCUMyMa

L =supL (61,62) (27)
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Pertenne B 110163y OJIHON M3 TUIOTE3 BBIHOCUTCS B pedysibrare cpasHenus (18) sesmuunbr (27) ¢
[TOPOT'OM.

MIT anroputm 0oOHAPY2KEHUST CUTHAJIA U3BECTHOH (DOPMBI C HEU3BECTHBIMU MOMEHTAMHU IOSIBJIE-
HUsI ¥ UCUe3HOBeHUsI uccsienosad B [4]. B o1oii pabGore MeTO10M JIOKAJIBLHO-MAPKOBCKO{i AIIIIPOKCH-
manuu [8,9] Haiigensl acumnrorndecku Tounble (¢ pocrom OCII) BbiparkeHusi Jijisi BEPOSITHOCTH
JIOXKHOIl TPEBOIU (v ¥ YCJIOBHOM BepositHOCTH Tporycka curnaia (0o, Oo2). Ilpu meobxomumocrn,
s pacaéra xapakrepuctuk MII agropurMma obHapy»keHust CUrHaJia ¢ HEU3BECTHBIMUA MOMEHTAMMU
HOsIBJIEHUS] ¥ MCYE3HOBEHUsI MOYKHO UCIOJIb30BaTh TOUHBIE (hOPMYIIbl, HalljieHHble B [5].

Ha puc. 7 nmokazana 6e3ycioBHas cpemmsis BeposaTHOCTE ormubku MII anropurma

Glmax €2max
P, = poa+ 1 / / B.(61,05) W, (61, 05) 616

91 min 92 min

st v = 0,1, 49 = 10 (mrrpuxoBasi) u
v = 1 (cwromuas kpussie), pg = 0,7
u ¢ = arginf P,. Anpuopnas 1mior-
HOCTb BEPOSITHOCTH MOMEHTA, UCUE3HO-
BEHUs CYUTAIACH PABHOMEPHOI Ha WH-
tepBaJie (21).

PaccMoTpuM BO3MOXKHOCTB  IIpUMe-
HEeHUs KJIACCHYECKOIro 6aileCOBCKOTO
nozxozna [7], [8] xk obHapykenuto curta-
aa (1), corsacHO KOTOPOMY HPUEMHUK
JIOJIZKeH (DOPMUPOBATDH CJIyvaiiHyIO Be-
JITIAHY

elmaXGQmax
A= / / exp [L (61, 02)] x

91 min 92 min

X Wpr (91, 92) d91d92 (28)

Puc. T Pemmenne B mosib3y omHON U3 THIIO-

He- 1 Te3 BBIHOCUTCS B pe3yJibTaTe CpaBHe-
Husi BesimanHbl (28) ¢ noporom (20). K coxkanenuto, HaiiTi xapakTepucTuKu paboThbl 6ailecoBCKOro
ajropuTMa obHapyKeHus aHajuTudIeckn He yaaércs. Mccnenopanme sdpdexruBrocTn HaiteCOBCKO-
ro 0OHAPYXKUTEJIsI OBLIO BBIIIOJIHEHO METOJIAMU CTATUCTUIECKOTO MojiesupoBanust Ha 9BM B pabore
[4].

Ha puc. 7 nokaszanbl pesyiabrarTsl craructudeckoro mojesuposanust MIT anropurma (18), (27)
npuéma curaaia (1), (24) kpecrukamu st y9 = 0,1 u 79 = 10, mmocukamu jyuist 79 = 1. Kak
BUJIHO, TIPU 2, > 4 aCUMOTOTUYIECKHE XAPAKTEPUCTUKU YIOBJIETBOPUTEIHLHO OMUCHIBAIOT SKCIIEPU-
MEHTaJIbHbIE JaHHbie. Ha TOM Ke pUCYyHKe KPY2KKaMU U KBaJIpPAaTUKAMU N300parKeHbl Pe3y/IbTaThl
MOJIEJIUPOBaHUs H6AIECOBCKOIO aJrOpUTMa OOHAPYKEHUsI. XaPAKTEPUCTUKHU DaiileCOBCKOTO OOHAPY-
JKUTE I IPAKTUIECKHU COBIAIAIOT ¢ xapakTepuctukamu MII obHapyKuUTE /IS ¢ ONTUMU3UPOBAHHBIM
[IOPOT'OM.
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