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OBHAPY2KEHUE CBEPXIIINPOKOIIOJIOCHOI'O
KBA3UPAJIMMOCUTHAJIA C HEU3BECTHBIM BPEMEHEM ITPUXO/IA
HA ®OHE BEJIOI'O LIIYMA

A. II. Tpugonos, I1. E. Pyones

Boponexxckuit rocyHuBepcuTeT, r. Boporex, Poccus

BoINOIHEHB! CHHTE3 M aHAJIM3 MAKCHMAJILHO IIPaBAONO00HOT0 0BHAPYIKUTENs CBEPXIIMPOKOIIOIOCHOTO
KBa3MPAIHOCHIHANA, JUTUTETLHOCTE KOTOPOTrO MOYKET COCTABJIATE HECKOJILKO NEPHOJOB WIH laxe OO Ire-
PHOZIa TAPMOHIIECKOro KoJebaHus ¢ HeM3BeCTHRIME aMILTHTYIoMH, dasoit n BpeMenem npuxoaa. Hainennt
XapAKTEPUCTUKH KJIACCHYECKOro KBaPATyPHOI'O 0GHADPY KHTe s TPH MpHEMe CBePXIIHPOKONOIOCHOTO KBa~
supaguocurHaNa. [IpHBeIeHE Pe3yIbTATH CTATHCTHIECKOTO MOJIENHPOBAHAS aJTOPHTMOB OOHADYKEHHA.

BBEJIEHUE

3a1a9a ONTHMAILHOTO NMPHUEMA y3KOIOJIOCHOTO PaIMOCHTHANIA C HeM3BECTHBIMH aMILTHTYA0H, da-
30#f U BpeMeHeM NpHXoJa Ha (oHe Geloro myma JOCTATOYHO MOAPOOHO H3ydeHa M €€ y¥ke MOXKHO
Ha3BATH KJIACCHYECKOll Iy craTHcTHdYeckol paguodusuku [1, 2|. Tloa y3KonmosocHBIME MOHMMAKOTCS
CHTHAJIBI, OTHOCHTEJbHAsl 110JI0Ca YacTOT KOTOPBIX, T. €. OTHOINIeHHe I0JI0CHl YacTOT K IEeHTPaJIbHOI
4ACTOTE MX CIEKTPOB, MHOTO MeHblne equHunbl. C 9TOl TOYKM 3peHHs, TaK Ha3blBaeMble HPOKOIO-
JIOCHBIE CATHAJBI (pajiMocHrHaIsl ¢ 60IbII0i 6a30i) TaKKe SBIAIOTCS Y3KOOJIOCHRIMA. Y 3KOUOIOCHbIE
(KBa3sMrapMOHMYECKHeE) PaIMOCHTHAJbI JI0/IT@e BpeMsi sIBJISJIACH OJJHUM M3 OCHOBHBIX OOBEKTOB HCCile-
[OBaHMS B pajuopusnke [1—3].

B mocsiesiane To/bl Beé GOJIBIIAI MHTEpeC W MPUMeHeHNHe B pajuodu3nKe H e MPUIOKEHHAX Ha-
XOAAT TAK HA3bIBAeMble CBEPXIIMPOKONOJIOCHbIE CUTHAB! (curHamibl 6e3 necymeii) [4-8|. ¥V stux cur-
HAJIOB OTHOCHTeJIbHASA N0JI0Ca 9aCTOT MOXKeT ObITb MopsiaKa equHunsl u 6omee. [Ipn Taknx 3HaveHHsAX
OTHOCHTEJIHHOM TI0JIOCHI YaCTOT OOBIYHBIE ONpe/enenusi orubaomeil 1 ¢as3bl TepsaioT SCHBIH dusnde-
CKMil CMBICJI, YTO MOYKeT IPUBECTH K HelejiecoobpasHocTn mx ncrnoib3oBanusd. [losromy ussecTHbie
pe3yJILTAThI 110 0OHAPYKEHMIO PAJHOCHIHAIOB ¢ HEH3BECTHBIMH aMIUIUTYI0H W (a3oii, CyliecTBeHHO
HCTIONB3YIOMAE UX Y3KOMOJIOCHOCTh, He MOIYT ObITh NPUMEHEHBl K CBEPXIIUPOKONOIOCHBIM CHIHAJIAM.
Cpeit MHOZKeCTBa CBEpXITMPOKOIOIOCHBIX CHIHANOB [4-6, 8] BbIIEMHM B OT/IETBHBIN KJIacC CBEPXIIH-
POKOIOJIOCHBIE CHIHAJHL [7], CTPYKTypa KOTOPBIX NMOJA00HA CTPYKTYpe Y3KOMOJOCHBIX PaJMOCUTHAJIOB.
Haz0BEéM HX CBePXITMPOKONOIOCHEIME KBa3upauocurHaiamu. B (7] nccnenosano obHapy»Kenne cbepx-
[IMPOKOIIOJIOCHOT0 KBa3Wpa,JMOCUIHAJIA C HEM3BECTHBIMH aMILTHTYA0i u dasoii. PaccMmorpum 3zech
obHApy KeHHe CBepXIIMPOKOIOJIOCHOr0 KBa3HPaIHOCHIHANA, Y KOTOPOro KpOMe aMILIHTY/Abl H (a3bl,
KaK 3TO YaCTO HMeeT MeCTO BO MHOTHX MPHJIOXKEeHUsX (2, 3, 9], anpuopy Hem3BeCTHO BpeMsi PUXOA.

Kak wussectHo [1, 2|, y3konosocHsl# paguocuraan (6e3 $ha3oBolf MOMY/IANNA) MOXKHO 3alMCaTh B
BH/IE

s(t, ag, vo) = ao f(t) cos(wot — o). (1)
Ecau nosioca yactor Aw M 4acToTa wq -currana s(t, ag, o) YAOBIETBOPSIOT YCIOBHIO

Aw < wy, (2)

To curHad (1) sBIseTcs y3KOIMOJIOCHBIM pajuocurHaioM. Torfa ag, wo, @Yo — aMIUIATYJa, 9acToTa U
HavasbHast Qa3a, a f(t) — nopmupoBarHast (max[f(t)] = 1) orubaomas y3KOMOIOCHOIO PaJMOCHTHANA
(1). OrmeruMm, uTo npu BeIIONHEHH: (2), ag, wp, Yo # f(t) MOryT 6BITH Hall/leHBI MO 3aJaHHOMY Y3-
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KOIIOJIOCHOMY paauocurnaiy s(t,ag, o) [1, 2]. Ode-
BU/IHO, 9TO CUI'HAI BU/A (1) MOXKHO MOTy4HTh C MO~ 1 3 s(t, ao, o)
MOIMBI0 TpocTeifimeit H610K-cXeMbl, ITOKa3aHHOU Ha
puc.1. 3gece 1 — reHepaTOp rapMOHHYECKOrO KO-
nebanus

2

ag cos(wot — o), (3)
2 — reneparop dbyukuuu f(t), - nepeMHOKHUTEN. Puc. 1
Bri6opom Momysupytomeit dyrkmuu f(t) MoXHO obecnednTs monocy 4acTor Aw currana (1), 6mms-
Kyl0 K YacTore wg. B aToM ciaydae dopmyna (1) onuchiBaeT CBEPXIIMPOKONOJIOCHBIN KBa3UPaHOCHT-
ras. COOTBETCTBEHHO, G, W, Lo ABIAIOTCA TapaMeTpaMH FapMOHAYECKOTo KoseGannud (3), HCmob3y-
eMoro juisi (POPMHPOBaHHS CBEPXIIMPOKONOJIOCHOrO KBasupaauocuraaia (1). i napamMeTpsl MOXHO
ONpeIe/TMTh 10 CBEPXIMHEPOKOTIONIOCHOMY KBasupaauocuraany s(t, ag, ©o), TOJIbKO €Cili MOy IMPYIOmas
dbynxmus f(t) anpuopu W3BecTHaA, YTO IpejmosaraeTcs B JanbHeimem. Takum obpasoM, H3MeHeHHe
Moayaupytomeit byrknun f(t) mossonsier ommcats dopMyoft (1) Kak CBePXMIMPOKOINOJIOCHbIE KBa~
3HPAJUOCUTHAJBI ¢ GOJIBITON OTHOCUTENBbHOHM II0JI0COM YacTOT, TaK H Y3KOIOJIOCHBIE PAJHOCHTHAIILI,
JUISl KOTOPBIX BhINoJHsercs (2). B wacTHOCTH, mpH Masolf AIATENbHOCTH MOMyIMpyromed dbyHKIun
MOJTyJaeM CBepPXITUPOKOIIOJIOCHBIN KBA3HPAJMOCHTHAT, Yy KOTODOro Ha WHTepBaje, PaBHOM JJTATeNIb-
HOCTH CHTHAJIA, Pa3MelaeTcs JUUIb HECKOJIbKO MEepPHOAOB MM JaXke J0Js Mepuoja TapMOHHYECKOTO
Konebanus (3).

B sarHO# paboTe CHHTE3MPOBAH MAKCHMAJILHO MPABIONOI00HBIH 0OHApYXUTeIb CBEPXIIUPOKOIIO-
JIOCHOTO KBa3HpaJIHOCHTHAA ¢ HeM3BECTHBHIMH aMILIHTYOH, da3solf u BpeMeHeMm mpuxona. HaitreHst
€ro XapaKTepHCTHKH ¥ XapaKTePUCTHKHU W3BecTHoro [1, 2, 9] KkpaapaTypHOro obHapyKuTelsi, CHHTEe3H-
POBAHHOTO B NPEIIOIOXKEHHH, YTO BBIIOIHseTCH (2).

1. MAKCUMAJIBHO HPABHOHOEOBHHﬁ OBHAPY>XUTEJIb
CBEPXIIINPOKOITOJIOCHOT'O KBABNPA/IMOCUTHAJIA

PaccMoTpnm 3ajady o6Hapyskenus curaaia (1) Ha cone rayccosckoro 6esoro myma n(t) ¢ ommo-
CTOpOHHeH creKTpalbHol mioTHocTbI0 No. Habmozaemyio cmech curnana (1) u mryma n(t) npeacraBuM
B BHJE

&(t) = 08(t — Ao, a0. p0) +n(t), te(0, T}, (4)
rae [0, T] — unrepBan HabmomeHHst, A9 — BpPeMsl NPUXOJa CHIHaJa, KOTOPOE AlpHOPH HeU3BECTHO.
Bo3MoXHBIe 3HaueHHs] BpeMeHH Ipuxofa A jexar B unTepBaite A; < A < Ag, mpuuém Ay > 7, Ag +
+7 < T, e 7 — pnuresnpHocTh curnana (1). JluckpeTHsiil mapaMeTp 7o IpMHAMaeT 3Havenue o = 0
[IpH OTCYTCTBHH CHTHAJIA B HaBIOJaeMBIX JaHHBIX WK Yo = 1 — Ipyu Hanmuuu curraia. Torja sagada
O6HAPYKEHHsI CBOJUTCS K OIEHKe NapaMeTpa COCTOSHHS Yg Ha OCHOBE Hab/IoNaeMbIX JaHHbIX (4).

Jlast cunTe3a aIropuT™Ma obGHADYIKEeHHsl CHTHAJA (OLEHKH MapaMeTpa 7o) BOCIOIb3yeMCsl MeTOZOM
MaKcuMasbHoro npasaononobusi [1, 2, 9]. CorsacHo aToMy MeTozy, 110 HabIo1aeMbIM JAHHBIM (4) mago
dopmuposars sorapubm byHKIHOHANA oTHOmeRMs npasionogobus (POIT) L(v, A, a, ), 3asucsmuit
OT mapaMeTpa COCTOSIHHsSI Y ¥ HEH3BECTHBIX 3HadeHHH A, a H ¢. COoOTBETCTBEHHO, OlleHKa MaKCHMAaJlb-
HOrO NMpaBIONoIo6usi 4 mapaMeTpa 7o ONpeJessercs Kak 3Hadenne 7, npu Koropom Jjorapudm POII
nocraraer abcomorHoro (Hambosbmrero) makcumyMa. Cormacro [1, 2, 9] mMeeM, 4TO MaKCHMAaJbHO
1paBAONoA0OHbIH aNITOPUTM OOHADY?KEHHsl CUrHaja (OLEHKHM mapameTpa 7g) MOXHO INPEICTaBAThL B

BHIIE
1, L>h;
«= b} b} 5
h {o, L<h, )
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371eCh X .
L = sup L(A, a, ‘P) = L(’\a a, ¢)1 (6)

L(\a,9) = L(y=1,\4a,p), a (A, &,p) = argsup L(), a, p) — OIEHKH MaKCHMAJTBHOIO MPABOTIONO-
GHsi HeM3BECTHLIX BPEMEHH IPHX0Ja, aMIUIMTYAbl U a3kl CHTHAJA (1). Mopor h B (5) BEIGHpaeTcs B
COOTBETCTBHN ¢ 3aJaHHEIM KPHTEpHEeM ONMTHMaJIbHOTO obHapyskenus [1, 2, 9].

IIpu moMexe B BHJe rayccoBckoro 6eroro mywma sorapugym POII MoxHO 3amucarh Kak [2]

T

T
1
L e 9) = o [@ste—rap)dt— = [ - ap)at ()
0 0

IToncrasum B (7) SIBHBIN BHJL CBEPXIIMPOKOIIOJIOCHOTO kBasupapocuraana (1) u npeobpasyeM K BAIY

L(\ a,¢) = a[X () cos p + Y (A)sin ¢] — Qa® [1 + pc cos(2¢) + ps sin(2¢)] /2, (8)
T
XN\ _ 2 1y [coslwo(t — A)]
(m)) =N 0/ §BfE=2 (sin[wo(t - A)]) %

7V1—0 O/T FA(t) dt; (Z:) = / (1) (zigwuzg) dt. (9)

Jlnst mosTydennsi permaiomeii crarucTHKA (6) HaNIEM OUEHKH MaKCHMAIBHOTO NPABJIONOA06Ms aMILIK-
Tyab @ u dasbl P curnana (1). Pemas cucreMy ypasHeHn# UpaBaONoI00Hs

OL(\,a, ) AL(\, a,p)
—F— =0, ——-= =0
%o lap 9 lap
¥ MOJICTABJIsIA HaiijleHHbIe OLEHKH B (8), mMeeM
L= sup L()‘) = 8sup L(’\s a, <P), AE [Ali A2]1 (10)
2 _ 2 L=
L)) = X*(\) (1 pc)+Y (A) (1+pc) 2X()‘)Y(’\)Ps . (11)
2Q(1—p2—pd)

MakCcUMaJIbHO MpaBaonoA00 LI 0OHAPYKUTe b CBEPXIIMPOKONOIOCHOTO KBa3HPAMOCHTHAIa (5), (11)
MOXKHO PEAH30BaTh, UCHOJb3Ysi MHOTOKaHAIbHYI0 00paborky. CTpyKTypHasi 6710K-cXeMa OZHOro Ka-
Hana st PEUKCHPOBAHHOIO 3HAYEHHsl BDEMeHH NpUxoja A npuseseHa s [7].

Eciu monoca dacToT Aw curHasia (1) MHOTO MeHbIIe wp, T. €. 0OHAPY>KHBAeTCs Y3KOIOJIOCHBIH
pagmocursan u Bemosasiercs (2), To {pc, ps} < 1. Torma, monoxus B (10) u (11) pc = ps = 0,
nosryanm st sorapudpma POIT:

L=supL(\); (12)
- X2%(\) +Y?3())
L(\)=——-—=.
() o (13)
AJiropuT™ 06HADYKEHWsI y3KOIOJIOCHOrO PaJOCHIHAJIA aHAJIOTHYHO (5) MOXHO 3amucaTh B BUJE
2 1, i > h;
y= — (14)
0, L<h.
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@opwmyna (13), nonydeHHast Kak YacTHbIA caydail (11) B npejnonoskenun, 4ro BhinosHsieTcs (2),
coBIIajiaeT ¢ u3BecTHoM cpopMmyiolt st morapudma POII mpu oOHApPYKEHHH Y3KOIOJIOCHOTO DPaIo-
CHI'HAJIA ¢ HEM3BECTHHIME BpPeMEHeM MPHX0Ja, aMILUIMTYROM U HavalbHO# da3oit (2, 9. Makcumaibao
PaBIONOI00HBIH O0GHAPYXKUTENIb Y3KOIUIOCHOTO PATHOCHATHANA C HEM3BECTHBIMH BpPEMEHEM IIPHXO0/Ia,
aMIuaTyI0i 1 da3oit (13) MOXKHO peanM30BaTh, HCIOJB3Ys MHOTOKAHAILHYIO 00paboTKy. CTpyKTyp-
Hast 6JI0K-cXeMa O/IHOTO KaHasa npusefieHa B [7]. Kak 65u10 oTMedeHo B (7], cTpyKTypa MakKCHMAJIBHO
paBIONIoI06HOT0 06HAPYKUTEIs CBEPXIIMPOKONOIOCHOTO KBa3upaanocursaia (5), (11) cymecrBeHno
OTJINYALTCS OT CTPYKTYPBI KIIACCHIECKOTO KBaJIPaTypPHOTO OOHADYKUTENs Y3KOILUIOCHOTO PAMOCUTHA~
na (13), (14).

2. XAPAKTEPUCTUKHU MAKCUMAJIBHO ITPAB/IOIIOZOBHOI'O
OBHAPY2KHNUTEJIA

Db dekTHBHOCTL 06HAPYXHUTEIsi 0OEIYHO XapaKTEPU3YeTCsl BEIMYMHAME BEPOSITHOCTH OMHG0K 1-r0
pozia (T0XKHOM TpeBoru) @ ¥ BeposiTHOCTH ommbok 2-ro pona (mpormycka curnana) (3 [1, 2, 9. Haitném
9TH BEPOSITHOCTH J71st anropur™a (11) npu o6HapyKeHUH CBEPXIIMPOKOIIOIOCHOIO KBAa3UPaJHOCUTHAJIA.

ITpu oTcyTcrBuu mostesHoro curHata jgorapudm ®OII (11) npuauMaer BuL

NZ(A) (1 = pe) + NZ(A) (L + pe) — 2Ne(A)Ns(M)ps
2Q(1—p2—p2) ’

rae Ne(A) = (2/No) foT n(t)f(t — A) coswg (2 — N)]dt, Ns(X) = (2/No) f(;r n(t)f(t — A)sinfwg (¢ —
— A)]dt, opuuém N.(\) m Ng(A) — rayccoBckume cnyqaﬁﬂme TIPOIECCHI, KOTOPHIe 0671a1al0T MOMEH-
rav (Ne(A)) = 0, (No(D)) = 0, (Ne(M)Ne(A2)) = Q(AN) cos(wo AN) + Qc(AN), (Ns(A1)Ns(A2)) =
RO ol A3 AR, (Ve OTN O = GUAN) iy A - QUiAN) 3 BN N
31ech BBeeHbl 0003HaAYCHUS

Lo(M) = (15)

T T
Q(AN) = %0 / FOF(E+ AN,  Qe(AN) = Nio / F@)F(t+ AX) cos(2wot + wo AN) d,
0 0

Q-B(A)‘) = 7\1,; /f(t)f(t + A/\) sin(2wgt + wo A/\) dt.
0

TakuM obpasoM, N¢(A) u Ng(A) — cranuoHapHble W CTAI[MOHAPHO CBSI3aHHBIE TayCCOBCKHE IIPOIeCc-
cot. CnegoBarensro, Lo(A) (15) — cramuonapssiii nponece. 13 ananmsa KoppenrsinuoHHOH byHKIMHT
norapucpma POIT Lo(A) (15) ciremyer, 9T0 NpPH KOHEYHOI JJIUTEIBHOCTH OOHAPYKUBAeMOrO CHTHaJIa

([Lo(M) — (Lo(M))) (Lo(A2) — (Lo(A2))]) — 0

upu |AN| = |A1 — Ag| = oo. CirenoBarensro, noToK BEIGpocoB city4aiinolt dyrkumn Lo(A) 3a gocTaToy-
HO BBICOKHH ypoBeHb H sIBiIsieTCsl aCHMOTOTHYECKH IyaccoHOBcKuM [9|. B arom ciydae BeposiTHOCTD
JIOXKHOM TPEBOTH MOXKHO HaHTH 1o npubinkénHodt dopmyie [9):

a =~ 1—exp[—All(H)], (16)

rne A = Ay — Ay, a II(H) — cpennee unciio Bei6pocos 3a yposenb H ciyudaiioro mpouecca Lg(A)
Ha eJMHMYHOM HHTepBaJie OIpejeseHusi HeusBecTHOro napamerpa A. Qopmyna (16) cupaBeyimBa npu
ycnosun, ato H? Benmnko 1o cpaBHenuIo ¢ qucnepcrelt norapudma POIT (15) 1 A BesHKO M0 CPABHEHHIO
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¢ BeyuumHOM uHTepBana Alg, Ha KoTopoMm Q(AN), QC(A)\), Q-,,(A)\) otauanbl oT Hyssi. CpeHee 91uCIo
BrIGpocos I1(H) crammonapHoro ciydatinoro mporecca (15) Moxkuo HaltTi 1o dhopmyte [2]:

o0

N(H) = / yWa(H, y) dy, (7)
0

e Wa(z,y) — coBMecTHas! IUIOTHOCTH BEPOSITHOCTH 3Havenmt & =-Lo()) nponecca (15) u ero neppoit
npomssoxuolt y = dLg(A\)/d\. Jns Haxoxnenuss Wa(z,y) onpesiemM XapaKTepHCTHIECKYIO (DyHKIHIO
Wy (u,v) = (explj(uz+vy)]) cayaitnsx semmann Lo(A) 1 Lo(A). Beagm cayuaiianii sexrop N () =
= |INc(\)Ns())||. Torma dopmyy (15) moxmuo samucats B Bume Lo(A) = N1T(A)BN(N)/(2Q), rme
MaTpuIa A
_ 1 1—pc —ps
1-p2=p2|| =ps 1+4pc

C yuéToM mocJieiHero 3anuieM mpou3BogHyio Jorapudma POII (15)

6(1) = N*()BN())/Q.

B

CoOTBEeTCTBEHHO, BBIpaykeHHe JJIsT XapaKTepUCTHYecKod (hyHKIUA MIpAMET BHJ,
Uy (u,v) = (explj (uNT(N)BN(X)/(2Q) + vN*(A)BN(A)/Q)])- (18)

YrobHl BHIMONHUTH ycpeaHerue B (18), HalIéM COBMeCTHYIO IUIOTHOCTb BEPOSTHOCTH BekTopoB N =
= N()\) u N’ = N’(}). Bekropst N u N’ — rayccosckue cilydaifHble BEKTOPHI, IOSTOMY MX COBMECTHasI
IUIOTHOCTh BEPOSITHOCTH MMEeT BHJL

1 1 N
W(N,N)= ———exp|—= [N+ N+ A ” , 19
( ) (271-)2 det A p[ 2 " II N/ ( )
roe A — 6io4Hast MaTpuILa,
An Ap ‘ 1+p.  ps H 0 —wo 0 —wo
A= , Ay = ; App = ; Ay =
lan Ax 1=l 1-p 2= lwo 0 2= w0
Ap— B AEP) +d+de  wips+da H
wips +ds Wi (1= pc) +d—def|’

IIpu nosTy4eHnu KOppe/siuOHHON MaTpuIlbl A OBITIO yYTEHO, YTO Q(AN), Qc(AN), Qs(AN) — uéTHbIE
dyHKIMHE CBOMX apryMEeHTOB, H BBEJIeHbI 0003HaYeHNs

1f df(t)]? 1 f df(t)]?
d= 0/ [—dt—] &, de= g 0/ [—dTJ con(2ugt) i,
ds = ﬁ O/T [d{iit)]zsin(zwot) dt.

Jlns BBIYHCIIEHMs XapaKTepUCTHYeCKON (DyHKIMH BBeJIEM B paccMoTpeHHe Giounbii Bektop It =
= |[N* N'*|| u 610usyio Marpuy
1
Qo=+ ’ .
Q
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Toraa dopmyiy (18) MoxxHO nepenucats ¢ yuéToMm (19):

Uy(u,v) = [% T+tQr — %rﬂu*] dr. (20)

1 +oc
(2m)? Vdet A / P
—oo

UurerpupoBanne B Bhipakenun (20) mpusomuT K cienylomeMy pesymbraty [10]: Wo(u,v) =
= {det(I — AQO)}_I/ 2, roe I — equanyHas Marpuua. PackpeiBast OlpeeTuTeNb, JOIyYaeM:

~1/2

= . 2 2 Petp} 7 2y 4
Vy(u,v) =< |1 —ju+v a—wol—_m -+ -g*)v ;

rae a = (d — depe — daps) /(1 — p2 — p2), b = (de — dpc) /(1 — P2 = p3), ¢ = (ds — dps) /(1 — p2 = P}),
g = (dspe — deps) /(1 — p2 — p2). Bnas Wa(u,v), Mb1 Mokem Haittu Wa(z,y) no dopmyie [2]:

+o0
1 . !
Wale,) = oy [ watwvexpiguz — o) duav. (21)
—0c
U3 (21) umeeM COBMECTHYIO MUIOTHOCTh BEPOSTHOCTH nporecca (15) u ero mpomsBosiHOI:
() T 2+ 02 o
Wa(z,y) = ) / exp{ —azv® + wd J“_ﬁg_z z? — juy Ig{a:u2 b2 +c2 — 92} dv, (22)
27 1-p2—0ri
—0Q

rue To(z) — bynkuust Beccenst myneBoro nopsiika oT MHMMOTO aprymenta 2. Ioxcrasmss (22) B (17)
H BBINOJHsIsI MHTErPHpPOBaHHe, MOJYYMM BEIDasKeHUe [UIsi CPeJHero 4mciia BribpocoB mpomecca Lo(A)
(15) 3a ypoBers H Ha uHTepBaJie eJIMHAYHON JIUHEL:

TI(H) = 9"% \/H‘i— dcﬂc—lfisﬁ;—_cré(pg +2) 5.

B,IIGCb BBE€IEHbI 0003HAYEHUS:

+oc e 2 2
0

rie

\/(d - dcpc)2 + (ds - dps)2 - (dspc - dcpa)2
d — depe — dsps — i (02 + p2)
Teneps MOXKeM 3anucaTh MPHOIMKEHHOE 3HaYEHHEe BEPOSTHOCTH JIOXKHOM TPEBOI'U [9]:

o ~ {1 —exp[-& VA exp(~H)/ VA, H>1/% 3
1, H < 1/2,

rne & = Ady, d = J(p) /[d — depec — dsps — w (02 + p2)]/(1 — p2 — p2) .
Ecin nopor H [10CTATOYHO BEJMK, TO BEPOSATHOCTH JIOXKHOW TpeBord ajropurma (11) B ciayuae
obHApPY KEHHs CBepXIIHPOKOIIOIOCHOTO KBA3HPa,JHOCATHAJIA MOXKHO HalTH 10 mpubImkeénHoil hopmyiie

oy ~ & VH exp(—H)/ /7. (25)
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JTorapucdm ®OII (11) npu HaIMYME CHI'HAJIA MOXHO TPEJCTABATL B BUJE CYMMBI CHTHAJIBHON M IIy-
moBolt pyrkmuit: L(A) = SL(AXg) + Ni(X), rae Adg = A — Ao. Belpakenue qis curaaibaolt yHKImm
umeer Bug SL(AX) = (L()\)), a ans urymosoit dyskuum — NL(A) = L(X) — (L(N))-

Onpeznemym nonobaacts Ag Kak 9acTh WHTepBata A, Tfie CHIHaIbHAst QyHKIUSA Sr(A)Xg) 3ameTHO
oTMYaeTcs oT Hy/s. BHe 3TOro MHTEpBaJa CHrHaJbHas (pyHKIHA 6/M3Ka K HYJIO, T. €. SL(AX) =
~ 0 mpu |A)o| > As. Torza BeposTHOCTH MPOITyCKa CHTHANA IPH JIOCTATOYHO GOJIBINOM OTHOIICHHH
CHTHAJ/IyM MOXKHO HaiiTu 110 dopmyie (9]:

b~ (1—a1) B, (26)

rzie 31 — BepOsITHOCTD MPOIyCKa CHTHAJIA C allpHOpH H3BECTHBIM BpeMeHeM npuxoia. Ecmu peposiTHOCTD
JIOXKHOM TPEBOTH JOCTATOYHO MaJia, To dhopMyiy (26) MOXHO 3aMEHHTb ITPUGIMKEHHOM:

1 = .

Tonpobubiit pacyér By npuseaeH B [7], MOITOMY 3/1€Ch OrPaHHYMMCS JMIIL KoHedHOMH (opmyioii. Be-
POSITHOCTB TPOTTYCKa CHTHAJA, BPeMsl IPUX0/a KOTOPOro allpHOPH M3BECTHO, MMeeT B [7]:

H
b1 = exp(-V/2) [ exp(~Lo(y/2L=3V) dL, (21)
0

rae 23 = Qa2 — oTHOMeHMe CUTHAN/IIYM JJIst y3KOTIOJIOCHOTO pagnocuraana, a V =1+ pccos(2pp) +
+ ps sin(2¢p).

Ecsm nmosnoca gactor dyskumn f() MHOro MeHbIUE wp, T. €. CHIHAJ SIB/ISIETCS Y3KOIOJOCHBIM, TO
{pe; Psy de, ds} < 1. Torna, nonoxus B (24) u B (27) pc = py = dec = ds = 0, MOy UM BhIParKeHUs s
BEpOSITHOCTE! JIOXHON TPEBOTH M MPOIyCKa CHIHAa IPH 0GHAPY KEHHH Y3KOTIOJIOCHOTO PajIMOCHTHAJIA
obnapyxwurenem (13):

a4l — exp[—¢o VH exp(—H)//7], H>1/2,
7, H<1/2,

H
fo = exp(—22/2) / exp(~L)Io(y/2Lz3) dL, (28)
0

roe o = AVd.

Ecnu nopor H f0ocTaTO4YHO BeJHK, TO
ag ~ & VH exp(=H)/ V7. (29)

®opmyster (28) u (29), nomyueHHble Kak 9acTHBIN ciaydaif (24) u (27) B mpeanonoxenun, 9o Aw < wp,
COBIAJIAIOT C U3BECTHBIMU HOPMYJIAMH JUIsi BEPOSITHOCTEH JIOXKHON TPEBOTH H NpOIycKa MpH obHapy-
JKEHHH Y3KOIOJIOCHOTO Pa/IMOCUTHAJIA C HEM3BECTHLIM BpeMeHeM npuxoia obnapyzxureseM (13) [9].

3. XAPAKTEPUCTUKUI KBAJIPATYPHOI'O OBHAPY2KUTEJIA

MakcHMaIbHO paBIoof00HbI 06HAPYKHTENIb CBEPXITHPOKONOIOCHOrO KBa3upaguocuraaia (11)
umeer 6ojiee CIOXKHYIO CTPYKTYPY, 9€M KBaJIpaTypPHEIN OOHAapY>XUTeNIb y3KOIOJOCHOTO PaJdOCHIHa-
sa (13). IlosToMy MOXKeT oKa3aTbCsl 11eJIecOODPa3HBIM HCIIOJIb30BaHHe HoJlee MPOCTOro KBaJIpaTyPHOT'O
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oBHApyKHATeNs 1JIs OGHAPY KEHHSI CBEPXIIMPOKOIOIOCHOTO KBasupaanocuraaia. Halingm xapakrepu-
CTHKHM KBapaTypHOro obHapyxuress (13), korna oGHapyKuBaeMBI# curHa (1), BO3MOXHO, He yI0BTe-
TBOpSIET YCJIOBHIO Y3KOTIOJIOCHOCTH (2). AHAJIM3 3THX XapaKTEPHUCTHK MO3BOJISET, B 9acTHOCTH, cdop-
MyJIHPOBATD YCJIOBHSI IPUMEHAMOCTH MOJIETH Y3KOMOJOCHOTO PaMOCHrHATA JUlsl PElIeHHs 381891 ero
oOHAPYKEHHUS C 3aJJaHHOW TOYHOCTHIO.

IIpu oTcyTeTBHM TIoNe3HOro curHaia jgorapudm POIT (13) npurumaer BUL

Lo(n) = {N2(\) + N2(M)} /(2Q). (30)

Tockomeky Ne(A) u Ng(A) — cramponapHble ¥ CTAIMOHAPHO CBS3AHHBIE [AyCCOBCKME MPOLECCHI, TO
Lo()\) — cranmonapmsit nponecc. M3 anammsa koppensmuonso#t dynkmun norapudpma POII Lo())
ClIe/lyeT, YTO MPH KOHEYHOU [UIMTEbHOCTH OOHAPYKHBAEMOTO CHUIHAJIA

([Lo(M) — (Lo(M))] [Lo(A2) — (Lo(A2))]) — 0

npa AN = |\ — Ag| = oco. CrieioBaTelIbHO, TOTOK BEIGPOCOB CITydaliHOH! pyHKIHM Ly()\) 3a nocrarou-
HO BBICOKHIT ypoBeHb H sBIsIeTcst AaCHMITOTHYECKH ITyaccoHOBCKMM [9]. B aTom cirywae BeposiTHOCTB
JIOXKHOJ TPEBOTH MOYKHO PACCYMTATh 110 Npubsmkénsoi dopmyse (16). s sroro Heobxomumo Haii-
i [1(H) — cpemnee unciio BbIGpocos 3a yposeHb H ciydaitHoro mporecca Lo()) (30) Ha emunmamoM
HHTepBAlle ONpeJIelleRNs] HeusBecTHoro napamerpa A. st cTanuonapHoro ciyyaiHoro npouecca 3Ha-
genne I1(H) moxuo maittn o dopmyre (17), toe Wa(z,y) — coBMecTHast IIIOTHOCTb BEPOSITHOCTH
sHagennii nponecca ¢ = Lo(\) ¥ ero neppoit MpousBOIHON Y = dLo(A)/dX. Yrobrr maiiT Wa(z,y),
onpe,uemm xapakrepucTHdecKylo dyukmuio Vs (u,v) = (exp(ju + jry)) cilyyaifHbIX BeIUYHH Lo()\)

L{y(N). Onsits HCIIOJIB3YeM CIydaiiHblil BeKTOP N*(A) = || Ne(A)Ns(A)||. Torma dopmyy (30) mox-
Ho 3amucath B Bume Lo(\) = N+(AN)IN(A)/(2Q). C yuérom mocnessero MOXHO 3allMCaTh 3HAUEHHE
npomssozHoi orapadma GOIT (30) kak Li(A) = N'H(N)IN())/Q.

Teneph BbIpaXkeHue [Jisi XapaK TePUCTHYECKO# (DYHKIMHA NPUMET BHJ

Uy(u, v) = (explj (uNT(AIN(A)/(2Q) +vNF(MIN(Y)/Q)])- (31)

Yro6bl BHIIOITHATE yepeaHennue B (31), npumenum dopmyay (19). Ucnonssys mpeaplayiue pe3yibTaThl,
TIOJTy 9AM

- y—1/2
Wa(u,v) = {det(T - AQo)}
rue
~ 1 jijul jvlI
Q"‘Q I 0|

PacKphiBasi ONpeJieTATeb | UCIOJb3ys hopMyity (21) 1t BEIYHCIIEHUs] COBMECTHOM IVIOTHOCTH Bepo-
aTHOCTH mponecca (30) u ero nepBoit MPOU3BOAHOM, HAXOAUM

+oc
Wa(a,y) = —; [ enl-2Cw) - w1l LlaD() d, (32

2 \/ 1-—
r7ie BBelleHbl 0603HaYeHHS:

C(v) =1/(1 — p2 — p) +2d — wv® (% + p3)/ (1 — P& — P2),
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2+ p? (dope + dape) (L= 7 = 2"
O e G 7
4 (dcps dupe)’ 48 Geps—dspe 4 20  Petps
i +p8 4 Vw 1- P _pg o ( pc'_ps)

Moncrasnss (32) B (17) ¥ BHINOIHSS MHTErpHupOBaHHe, MOJTYYHM CPEJHEee 4HCiI0 BHIGPOCOB mpolecca
Lo()) (30) 3a ypoBens H Ha WHTepBaje eJUHHIHON [UIMHBL:

ﬁ(H)=e"‘:[f’f}1“_‘p"° 2)l |\ [H1d— R (2 + A/ - 52— ) J(H).

31ech BBeZeHO 0DO3HAYEHME

J(H) = \/_/[ (H\/_+—ps> — exp(— t2)10{m)[/\/ d— g%)]}]%.

Tenepb MoXeM 3aIucaTh TIPHOIMKEHHOE BhIpaYXKEHHe JUIsi BEPOsSITHOCTH JIOXKHOM Tpesoru [9):

1 —exp(—&(H) VH exp{~H/[V7 (1- 0 - pd)l}, H>1/2, (33)
MR H<1/2
rae &o(H) = Ady(H), dy(H) = J(H) /d —w (p2 + p2)/(1 — p2) /\/1— p2 — p?. Ecam mopor H

JIOCTATOYHO BEJIMK, TO BEPOSITHOCTH JIOXKHOH TpPeBOTH a.nropn'rma (13) B clIy4ae oﬁnapy)xenua CBepX-
IIMPOKOIIOCHOTO KBa3HPAa/(MOCHIHAIA MOXKHO HalTH 10 MpHOIHXKEHHOH dopmyite:

ar ~ &a(H) VE expl—H/(1 - 22 — 2)]/ V7. (34)

Jlorapudpm @OIT (13) npn HaIM4ME CHrHAJNA MOXKHO NIPEJCTABUThL B BUJE CyMMbl CUIHAJILHOM H IIy-
mosoit dyrkmit: L(A) = Sz(Am) + NL(A), tie Adm = A — Am, @ Ap — IOJIOXKEHHE MAKCHMyMa
curnambaoil dynkmun Sz, ()), mpruém GyaeM mosaraTh, YTO CHTHaIbHAs ByHKIHs S1.(\) umeer mums
OJIMH SIPKO BBIpaX<eHHBI MakcuMyM. Boipakenue jijisi cHrHalIbHOH DYHKIHM UMeeT BH] S5.(AMm) =

= (L(\)), a ans mymosoit byakmum: Ni()) = L(X) — (L())). Onpezemam nonobmacts Ag Kak 4acTb
uHTepBasia A, rjie cHrHa/IbHas QyHKIUSA S’L(Az\m) 3aMeTHO OTJIHYHa OT HyJsl. BHe 3Toro maTEpBaJa
cUrHajibHast (PyHKIMs 6Ju3Ka K HYIIO, T. €. SL(AXm) =~ 0 pu |AAy| > As. Torna BeposiTHOCTH TpO-
[IyCKa CHT'HAJIA TIPH JIOCTATOYHO BOJILIIOM OTHOILIEHHH CHTHAJI/IIYM MOXKHO Haiitu mo dopmyre (26),
3aMeHHB B Heit oy Ha a (33) u By Ha f2. 3nech fa — BEPOATHOCTH TPOIYCKa CHTHATA KBa/IpaTyPHBIM
obnapyxutenem (13), xorma |A — Am| < As. Ilpu Gonbummx OTHOIMEHHSAX CHTHAJ/IIYM By coBnanaer
¢ BEPOATHOCTBIO MPOIyCKa CATHANA, BpeMsl NPUXOJa KOTOPOro Ag, HO OH oOHapyXKHBaeTcsi TaK, Kak
6y/TO ero BpeMsi IPUXO0Ja PABHO Apy. DTO 3HAYHT, YTO PellleHHe NMPHHUMAETCAs B pe3yJabTaTe CpaBHe-
anst Benuannbl L(Am) ¢ moporom H [9]. Ecoin BeposiTHOCTD JI0XKHO# TPEBOTH (i JIOCTATOYHO MaJla, TO
dopmyity (26) MOXKHO 3aMEHHTB IPHOIKEHHO#H hopMyIIOit:

B2 ~ fa.

Jlns pacuéra [ MOXKHO BOCIOJIB30BaTbCH ILUIOTHOCTBIO BeposiTHocTH Jorapudma POII (13), npuse-
JéHHOH B [7], 3aMeHHB MaTeMaTHYeCKHe OXKHIaHWs KBAJPaTyp Ha CJeAyIomue:

mx = pcosfwo (Am — Ao) — ¥o] + P COS o + Ps 8in o,
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my = —psinfwo (Am — Ao) — o] — fe sin o + Ps €08 0,

rae 5= Q (Am — %0)/Q: fe = Qe (Mm = %0)/Q; /s = Qs (Am — 20)/Q-
IIpoBoas JMadbHeRITHe BHIYUCIIEHHs] aHAJIOTHYHO [7], MBI MOXKeM y6eIuThbes, YTO BEPOSATHOCTD MPO-
nycKa curmaJia Juisi obHapykutens (13) mmeer BHI

o 2 2 - 2 1 _
By = = 1 - exp{_ z5 [m% (1 — pc) + my (1 + pc) 2pamme]} 9
~ Ps

21 /1 — p? A et
. H =
X//exp{\/mgrl(o)—L[1—pc006(29)‘P83m(20)] d0dL}, (35)
0 —m

1-p2—pd

r1(0) = [mx (1 — pc) — myps) cos 0 + [my (1 — pc) — mxps]sinf.

TakuM o6pa3oM, ecid o6Hapy)uBaeMblif curaas (1) He sSIBIseTCst y3KOMOJIOCKBIM, TO (hOPMYJTLI 115t
XapaKTepUCTHK KBaJpaTypHoro obHapyxurens (34), (35) cymecTBeHHO OTIMYAIOTCS OT KJIaCCHIECKUX
dbopmyn (28), (29), ussectnbix B aureparype (cm. [1, 2, 9] n ap.). Ecim nonoca Aw currana MHoro
MEHBIIIE Wy, T. €. 0GHAPYKIUBAETCS Y3KOMOIOCHBIH PaMOCUTHAT U BhINOJHseTcs (2) , To bopMmyJts (34),
(35) nepexonar B (28), (29). HeficrBuTennbHo, mycTh 0GHAPYKUBaeMbIil carpal (1) sBaseTcst y3Komo-
JIOCHBIM, TaK uTo BhitosHserca (2). [lonaras B (34), (35) Am = Ao, pc =ps = Pc = Pps =0, dc =ds =0
u p = 1 onsaTs mpuxomuM K dopmynam (28), (29) it XapaKTepHCTHK KBaIPaTypPHOTO 0GHADYXKUTeIs]
(13) mpu 06HApPYKEeHHH Y3KOIOIOCHOTO PaJHOCHIHAIA ¢ HEH3BECTHBIM BPeMeHeM MPHXOJa.

4. CPABHUTEJIbHHI AHAJIN3 XAPAKTEPUCTUK OBHAPYXWUTEJIEN
CBEPXIIIMPOKOIIO/JIOCHOI'O KBASBUPAIUOCUTHAJIA

B kadecTBe mpuMepa paccMOTpHM oOHapy>KeHHe CBEPXIIHPOKOIOJIOCHOTO KBa3sHpaHOCHIHAIA, KO-
TOpHIit 3a1aH (hopmyioit

8(t — Ao, ao, po) = agexp [—7r (t— /\0)2/(27'2)] cos|wp (t — Xo) — o), 0<t<T. (36)

OCHOBHBIMH TIapaMeTPaMH 3TOi MOJIeJIH CUTHAJIA, ONpeIeISomuMy 3¢ ek TUBHOCTL OOHAPY KEHUS! IPH
(dUKCHPOBAHHBIX Qg U P, ABISAIOTCA:

22 = a27/Np, pe = exp(—4mk?), Py =0, d=7/(27%), ds =0,
d. = mexp(—4nk?) (1 — 87k2)/(272).

3aeck k = Twp/(2T) — 4YMCIO MEPUOLOB rAPMOHMYECKOTO KojleGaHus Ha BPEMEHHOM OTpe3Ke, PaBHOM
JUTATEIbHOCTH CHTHAJIA T.

CpaBauM 3¢ HEKTHBHOCT ONTHMAIBHOIO OOHAPYXKeHHsl y3KOIOJIOCHOTO PaJHOCHIHAJA arOpUT-
MoM (13) ¢ acbeKTHBHOCTBIO ONTHMAIBLHOrO OGHAPYKEHHS CBEPXIIHPOKOIIOIOCHOTO KBa3HPaJHOCHT-
nana anropurmom (11). JIast THX OBYX CHIHAJIOB IIPH HEW3BECTHOM BDEMEHM MPHXO/a BEPOSTHOCTH
IIPOITycKa MPaKTHYeCKH COBIA/Ial0T C BEPOSTHOCTAMH MPOITycKa IPH W3BECTHOM BPEMEHH IPHUX0/1a, eCiIn
OTHOIIEHHe CHTHAJ/IIyM BEJIMKO, & BEPOSTHOCTD JIOXKHON TPEBOTH ZocTaTouHO Maja. CpaBHUTEbHbIH
aHAJIN3 BEPOSITHOCTell MpOIYCKa TAKWX CUTHAJIOB BBIIOJIHEH B [7], m03TOMY 3/1€Ch OrpaHMYUMCS COTIO-
CTaBJIEHHEM BEPOSITHOCTEH JIOXKHON TPEBOTH.

13 dopmya (25) u (29) MOXHO crenaTh BHIBOA, YTO OTHOIIEHHE JIOKHBEIX TPEBOT X = Q/ayq He 3a-
BHCHT OoT nopora H, a onpejiessiercsi mapaMeTpaMi pe, Ps, d, de, ds. 115 paccMaTpuBaeMoro curHada:
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X x = J(p) (23), rze
1,00
p = 8nk2 exp(—4mk?)/[1 — exp(—97k2)].

Ha puc. 2 npuBesieHa 3aBHCAMOCTD X OT k. Ecmm x <
0,95 < 1, TO IpH TaKUX K BEPOATHOCTh JIOXKHOM TPEBOT'H
JIO>KHOH TpeBorH obHapyuTens (11) MeHbIe Bepo-
SATHOCTH JIOXHO# TpeBoru obmapyxutens (13). U3
rpaduKka BHIHO, YTO PA3JHYHe MeXIy BeposiTHO-
0,90 cTAMH JIoXHOM Tpesoru He npesnimaer 10%, a c
5 . . . . . POCTOM K 3TO OTJHYHE GBICTPO yMeHbIIAeTCs U IIPH
0,1 0,2 0,3 04 05 K k> 0,4 cocranser Menee 2 %.
Puc. 2 CpaBauM 3hGdHEKTHBHOCTE 0OOHAPYKEHUsI CBepX-
IIMPOKOTIOJIOCHOT'O KBA3UPAIHOCHTHAA C TIOMOIIBIO
obuapysxmureneit (11) u (13). [last sToro BEGepeM BepOATHOCTH JIOXKHOM TpeBorH obHapysxurens (11)
(1 paBHBIMH 1072, 1073, 10~4, 3aTem u3 (25), monarasi, uro A = 107, HaliI€M moporoBble 3HAYEHHs
H, = 7,32, H, = 9,77, H3 = 12,18, KoTOphle COOTBETCTBYIOT 3THM BepPOATHOCTSIM JIOXKHOH TpeBO-
ru. Apasormuno nosaras, 9yro A = 10007, HaliiléM noporoBble 3HAYEHUS Hy = 12,19, Hy = 14,58,
H; = 16,96, KOTOpBIe COOTBETCTBYIOT TeM JKe BePOATHOCTSIM JIOXKHON TPEBOTH.

[lojicTaBHB HOJTydYeHHEIe MOporH B (34), MOJTyYHMM BepOSITHOCTH JIOXKHOW TPEBOTH OGHApYIKHUTels
(13) g mpw 3THX MOporax, T. €. KOIa BEPOSITHOCTH JIOXKHOM TPEeBOrd JIJIs obnapyxurens (11) umeror
snagenust 1072; 1073; 1074, Ha puc. 3 u 4 nocTpoeHs! 3aBHCUMOCTH X = a9/ OTHOWIEHHS] BEPOAT-
HOCTH JIOXKHO# TpeBoru obHapy»urensi (13) K BepOSTHOCTH JIOXKHOH TpeBOr'H 06Bapy KHTeJIst (11) or
K ISl BHIOpAHHBIX NOPOroBbIX 3Hadenmii. Kpusele 1, 2, 3 na puc. 3 NOKa3bIBAIOT 3aBUCHMOCTH X =
= ag/aq or k aus noporos Hy, Ha, H3 nist 3HAYEHHH BEPOSITHOCTH JIO?KHOU TPEBOTH (x1, PABHBIX 10‘2,
1073, 10 4 coorsercrsenno, mpu A = 107. Kpussie 1, 2, 8 Ha puc. 4 0Ka3bIBAIOT 3aBHCEMOCTH X( OT
K JIJ1S1 TTIOPOT'OB fIl, I?IQ, Hs npu A = 10007. I3 puc. 3 u 4 BHIHO, YTO OTJIMYHE BEPOSITHOCTH JIOXKHOM
TpeBoru obHapyxuTeis (13) oT BEpOSTHOCTH JI0KHOMH TPEBOIH OOHAPY KUTEIs] (11) 6osree 3HAUUTEIBHO
U151 MAJIBIX 3HAYEHMH BepoATHOCTeNl v, T. €. Juist 6onbimix noporos H. Takyke u3 cpaBHeHHsl pHC. 3 #
4 ciejiyer, 4TO NPH paBHBIX moporax H oTw4Me ap M @ CTaHOBHUTCS 6oJjiee CYIIECTBEHHBIM IIPH yBe-
JMueHnH UIMHEBL A HWHTEpBAJia BO3MOXHBIX 3HAYEHMI HEM3BECTHOIO BPEMEeHH Ipuxoia curHasa. [Ipm

Xo

Pnc.3 Puc. 4
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B B
10—1? 10‘1Er
10_2;‘ 10'2;:
1~ 53 4 5 6 7 8 9 = 1 53 4 5 6 7 8 9 =
Puc.5 Puc. 6

YBeJIHYEeHUH K Pa3lIddie MeXIy 1 U (xg YMEHBIMAeTCsl, OMHAKO TIOPOroBoe 3HaYeHHe K, HAIUHAS ¢ KO-
TOPOro MOXKHO 6bLI10 6Bl IpeHe6peYh UX OTIIHMYHEM, OKA3BIBAETCS PA3IHYHBIM i pasinuyaex H u A.
Just 66npmux H, 9T0 COOTBETCTBYET MEHBIITHM BEPOSITHOCTSIM JIOXKHOM TPeBOT'H, 3HaYeHHE TTOPOroBOToO
K GouibIe. AHAJIOTHYHO C yBeJlUYeHHeM HHTepBasa A 3HaYeHHne IOPOroBOro K TakKe Bo3pacTaeT. Takum
06pa3oM, TIpH 06HapY>KEeHHH CBepXIIHPOKOIOJIOCHOIO KBa3Wpa/JMOCHTHAA W MaJIbIX 3HAYeHUsIX K Be-
JIMYMHA BEPOSITHOCTH JIOXKHOMH TPEBOTH KBaJpaTypHOro obHapyxuteis (13) Moxker 6bITh CyIecTBEHHO
GoabIne, YeM BepOsiTHOCTH JIOKHOM TpeBor: obHapyxkurens (11).

ITpoBeiéM cpaBHEHHE BEPOSITHOCTEH Npolycka curiaga obHapyxkureneit (11) u (13) mpu mpuéme
CBEPXIIMPOKOIOJIOCHOTO KBa3UPaIUOCHTrHAA. [1Jist BoIYUC/IeHns] BeposiTHOCTel nporycka 31 u By 6ynem
UCIIOJIB30BATh TaKue MOPOTH, NPU KOTOPBIX BEPOSITHOCTH JIOXKHBIX TPEBOI COOTBETCTBYIOIMX OOHapy-
xureseit (11) u (13) pasasr 1073, npu ycnosun A = 207.

Ha puc. 5 u 6 kpuBasi 1 COOTBETCTBYET BEPOSITHOCTH [Jg IPOIYyCKa Y3KOMOJIOCHOTO PaHOCUTHAIA 00-
HapyxureseM (13), 2 u § — BeposiTHOCTSIM (3] MPOINyCKa CBEPXIIMPOKOIIOJIOCHOIO KBa3UPaIHOCHTHAIIA
obuapyxuresem (11), 4 u 5§ — BeposiTHOCTSIM 33 TIPOIyCKa CBEPXIMPOKONOJIOCHOTO KBa3WPaHOCIHA-
na obnapyxwuresieM (13). KpuBbie moctpoenbl Kak (yHKIMH OTHOLIEHHs] CUTHAJI/myM zg. Ha pmc.5
kpuBasi 2 nocrpoena s & = 0,2 u pg = 7/3, kpuBas § — s k = 0,2 u g = 0, KpuBas § — s
k=0,2u pg=7/3, kpuBas § — st k = 0,2 u g = 0. Ha puc. 6 1y1st Kpuseix 2-5 Buibpano k = 0,3, a
3HadeHus Gasbl Yy aHAJIOrHYHbI puc. 5. VI3 puc. 5 u 6 BuaHO, 9TO BEpOSITHOCTH MPOIyCKa CHUTHAJA 1 U
B2 cymecTBEHHO 3aBUCAT OT (a3bl @g. B 3aBUCHMOCTH OT apaMeTpa ¢g BEPOSITHOCTh IIPOITyCKa CBepX-
IIMPOKOIOJIOCHOTO KBa3upauocuraia obnapyxuresieM (11) Moxer 6biTh 6osible, 4eM BEpOSTHOCTD
[POITyCKa aHAJOTHYHOTO cUrHaja obHapyxuTeieM (13) u Ha060poT. DTO 06BSICHSIETCS 3aBUCHMOCTBIO
SHEPI'WH CBEPXIIMPOKOIIOJIOCHOI0 KBa3UpPaAUOCHIHAA OT napaMerpa ¢g. [Ipn yBenmuuenun x Kpusble
B1 u Pe mpubimmkatoTcs K [y, T. K. curaai (36) cTaHOBUTCS Y3KOMOJIOCHBIM.

5. PESVJIBTATBI CTATUCTUYECKOI'O MOJAEJIMPOBAHMUSI

- Ilonyuennsie Bblmme popMyIIBl [l XapaKTePUCTHK OOHADPYKEeHUsI CBEPXIIHPOKOINOJIOCHOTO KBa3H-
PaJIMOCUTHAJIA C HEM3BECTHBIME aMILIATY/I0M, (ha30ii 1 BpeMeHeM IPUX0/ia SIBJISIOTCS JIMIIb AaCUMITOTH-
4eCKU TOYHBIMH ¢ yBesndeHueM A, h 1 zy. C 1esbio NpoBepKH paboTOCMOCOOHOCTH CHHTE3HPOBAHHOTO
aJIrOpHTMa OOHAPYXKEHHs CBEPXITHPOKOIIOJIOCHOTO KBa3WPaJAMOCHTHAJA W OIpeJesieH!sl I'PaHull IpH-
MEHHMOCTH aCHMITOTHYECKH TOYHBIX (hopMyJ I XapaKTEPUCTUK OOHapyKeHWsl MPOBOAMJIOCH CTa-
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THCTUYECKOEe YHC/IEHHOEe MOJIeTMPOBaHAe MAaKCUMATBHO MPaBIONOI00HOT0 0OHAPYKHTEIsS CBEPXIIUPO-
KOIIOJIOCHOTO KBa3WPAIMOCUTHANA C HEM3BECTHBIMH aMILTHTYOM, dasoit u Bpemenem mpuxona (11) u
KJIaCCUYeCKOro KBaJpaTypHoro obHapysxurens (13) anamormusoro cursasia. Mogenuposasnocs obHa-
py»enue curaaia (36).

Jlnst ancenHoro Momesmposanust yrkimit (11) u (13) ucnoab3oBaMch HOPMUPOBAHHbIE APryMeH-
THN=ATuz=1t/T:

. e
Le(o) = (1 — pc) X*(n) +2((11+_ p;g 1: ,5;)) — 20X ()Y (1) (37)
Ly(n) = w : (38)

rie
X(n) =0Se(n—mo) + Ne(n), Y (n) =8(n—m) + Na(n), (39)

Sc(Ang) = 29 [p(Amp) cos(2mk Ang — o) + pe(Amo) cos po + ps(Ang) sin o] ,
Ss(Ang) = —2zo [p(Ang) sin(27k Arig — wo) + pe(A1p) sin o — ps( A1) c08 po] 4

~+o0
N\ _ . /575 a2V f(z — ) [(COS12ms (@ —m)]
(Ns(n)) =1/2/Qo ~4 (z)f(z —mn) (Sin[27”€ (z — 77)]) dz, (40)
+oo +o0
i(z) =n(z7) V2r/No, Qo= / fAa)de,  p(An) = f f(@)f (@ + An)dz/Go,

+00
pe(Bm)\ _ cos(4rkx + 2wk An) 4
(ﬁﬁ (An)) __/ fe)f{a+ ) (Sin(41rnz + 27k AU)) I/,
Ang=n-m0, v ={1,0}.

TakaMm 06pasoM, 1 noaydenus gorapudmos POIT (37) u (38) dopmuposamcs npormecchl (40) Kak
bYHKIHOHAIBI OT pea/M3aluu HopMUpoBaHHOTro 6esoro myma 7(z). Ilpr Hanuann cursana (yo = 1)
JIOMOJTHUTEJIbHO BBIYHC/IAIUCH 3HadeHust dyukimii Se(Amng) u Ss(Anp).

B pesyabraTe MoJemupoBaHusl BhpabaThBATHCh 0TcYeTH ynkmit (39) ¢ marom A7n. Ha ocrose
chOpMHPOBAHHEIX UCKPETHBIX OC/IEA0BATEILHOCTEH Peain3alii ITHX NPOIECCOB AlPOKCUMUPOBa-
JIACH cTyTeHYaThiMi byHKmusiMu. OTHOCHTe/IbHASI CPe/IHEKBaJpaTHIecKasi MOTPelIHOCTh AlllPOKCHMa-
nuu onpesensinack no dpopmyse [11]:

In =V/2[1 - Rn(A/2)], (41)

rae Ry(z) — koadbdunuent koppensiuu oHoro w3 nponeccos N(n) mmm Ng(n):

_ {Ne(m)Ne(m)) _ p(m — m2) cos[2mr (m — 1)) + Pe(m — m2)

=) T+
Ry, = Da(m)Na(m)) _ pm — m) cos(2n (m — m)] = Ae(m — o)
) (NZ(m) 1+ pc ’

Cremyer orMeTuTh, 4To HeCKOHEUYHBIE TIpeielbl B uHTerpase (40) MoryT 6bITh 3aMeHeHbl Ha KOHEeYHbIe,
[I0CKOJIbKY TIOABIHTerpasibHast byHKuus f(z) cyliecTBeHHO OT/IMYHA OT HyJIsl JIMIIb Ha HHTepBaje Aj.
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B nanHoii paGoTe unTepBan Ay BLIGUpACS TAKHM, YTOGHI 3a ero mpejesamu 3nadenne dynkuun f(z)
BCofly 66110 Menbine 1073, YVunrbisas, uto f(z) — yérHas dyHKIms, npeobpasyem (40) K BIIY

+Ag/2

(i) =i | weensin (R0 o=

JTuckperrsie orcuétrl nporeccos Ne(n) u N(n) dopmuposaimcs Ha 0CHOBe TIOCIEI0BATEILHOCTH He3a-
BHCHMBIX TayCCOBCKHX CTyHaWHBIX YHCEN METOXOM CKOJB3SIIero cyMMupoBanus [11]:

Nc ) - M-1 Cc
(50 e (3,

e 0 — He3aBHCHMbIE IayCCOBCKHE YHCIIa ¢ Hy/TeBEIMA MaTeMaTHIeCKUMHA OXHIAHUAMH U €JHHAYHbI-
mu mucrepensiva [11], M = int(Ag/An) +r. r — neinoe ancio, j € {0,int[A/(An7)]}, int(z) — nenas
9acTh YHCIA 2,

Ceok = flx] cos(2mZx),  Cer = f|Zk]sin(2rx),  Zx=—-Af/2+ Ap(k+1)/M.

Yucio cimaraeMeix M B (42) KOppeKTHPOBAJIOCh € IOMOLIBLIO IApaMeTpa T TaKuM 00pa3oM, 4ToObI OTHO-
CHTEJIbHOE OTKJIOHEHHe JUcrepcHn copMHUPOBAHHOIO OTCYETa OT JUCIIEPCHH MOJIETMPYeMOro mporecca
He IpeBBIATIO 33JaHHyI0 BeTHIHHY €, T. €. corvacHo [11]

M-1 M-1
1-0.2) Cl <e, 1-0,2) Ci| <e, (43)
k=0 k=0

e 02 — aucnepenst npouecca Ne(n), 02 — mucnepenst nporecca Ng(7).

JUist TIOCTPOEHHsI CTyNeHdYaTol ammpokcumanuu nporeccoB Ng(n) u Ng(n) mar anmpokcuMalyn
An Beibupascs TakuMm, 9TOOBI OTHOCHTEJIbHASI CPeJHEKBAJIPATUYHAS MOTPEIIHOCTH AMIIPOKCHMAIMH,
BEIYHCIeHHast 0 (opmyite (41), e mpesbimana 1071, Otverny, uro mpn k& < 1 Bemuuuna r = 0 u
OTHOCHTEJIbHOE OTKJIOHEHHE UCTepCHii chOPMUPOBAHHBIX 0TCUeToB Nej i st OT JMCIEePCHI TIPOLECCOB
N¢(n) u Ng(n) 66110 OrpaEnyYeHo CBepXy BeJIUYHHON

€ < 1072, & <1073,

B nponecce Mopenuposanusi ¢ marom A7 BeipabaTeBaimiuck otcuérsl jorapudmos @OII (37) n
(38), 3areM, oTmensHo Ais Kaxjgoro morapudma POII, npocteiM mepebopoM 3HaYeHHil ONpe/essi-
csl HaubOIBIIMI OTCYET, KOTOPHIil cpaBHMBAaJjCs ¢ moporoM. Ecmm npu v9 = 0 mopor mpesbiaJicsi, TO
dbuKkcnpoBasach ommbka J0xHO# Tpesorn. Ecii npn g = 1 Haubonbmee 3Haqenue jorapudma OOII
He NpeBBINIAJIO0 Mopora, TO (PMKCHPOBalach omMOKa MPOmycKa cMrHaja. B KadecTBe OIEHOK BeposiT-
HOCTell JIOXKHOI TpeBOrW M MpOIycKa CHIHAJIa HCIOIb30Balach OTHOCHTE/IbHAsl 4acTOTA MOABJICHUSA
COOTBETCTBYIOIMUX OIMUOOK.

MoieupoBaH#e BRITOJHSJIOCEH sl 3HAYEHUs JJIMHBI aIPHOPHOTO HHTEpBajia BO3MOXHBIX 3HaYe-
HUi{ HEM3BECTHOTO BpeMeHH IPHXOJa CBePXITMPOKONOJIoCHOro KBasupaauocuraaita A = 207. Ilpn na-
JINYHH TI0JIE3HOTO CHIHAJIA HCTUHHOE 3HAYeHue BPEMEHH IPUX0/ia BEIOMPAIOCh B cepeiuHe allpHOPHOro
uHTepBana. C IeIbl0 9KOHOMHM MAIIHHHOTO BPEMEHH HCIOJIb30BaJICs METO]] 3aBUCHMBIX HCIIBITAHHH.
B Ka)k7I0M [MKJIe CTATUCTHYECKHIX HCIbITaHui dopmupoBammcs orcuérnl jorapudma POIT (37) u (38)
JUIA Pa3JMYHBbIX 3HadeHu# 2p. Yuciao mukioB ucnsitanuit N 66110 BIGpaHO paBHBEIM 105.
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OmnpeemM TOYHOCTb [OJYHYEHHBIX 9KCIepH-
MEHTAJBHBIX 3Ha4YEeHUN BEepOsSITHOCTEN JIOXKHOM Tpe-
BOTH W TIpomycka curHaia. [Ipm mocraTodno 6oib-
oM YHMcjle HchnbTaguit N JoBepuUTesIbHAS BeposT-
HOCTh TPUOJIMKEHHO ONPENENIAeTC BBhIPaXKeHH-
eM [11]:

107t

T

T

10-2 Py~ 286, % —1,

IJle p — OUEHKa OIHON M3 BEpOATHOCTEH OIIMOOK,
0p — OTHOCHTENIbHBIH JIOBEPUTENbHBIN HHTEpBA.
Ipu N = 10° nonyuaem, 4To ¢ BeposTHOCTHIO Py =
= 0,9 rpaHUIBI JOBEPUTEIHHBIX HHTEPBAJIOB OTKJIIO-
HSIOTCSI OT 3KCHEPHMEHTalbHbIX 3HAYEHHWH BEPOSITHOCTEH JIOJKHOM TpeBOr'M M NpOIyCKa CHIHaja He
6oree, uem Ha 5% 1pu {a, 8} > 0,01 u ne 6osee, uem na 10% mpu {a, B} > 2,8-1073.

Pe3y/bTaThl MOJle/IMpOBaHUsI NpUBeJeHB! Ha puc.5-7. Ha puc.5 u 6 npaMeIMA ¥ HaKJIOHHBIMU
KpPeCTUKaMI HaHeCeHbl SKCIIepUMEeHTalIbHbIE 3HaYeHUs] BEPOATHOCTH NPOMYyCcKa CBEPXIIMPOKOIIOIOCHOTO
KBa3HpaJHocurHata obHapyureneM (11). KpyskoykaMu m KBaJpaTHKaM{ Ha 3THX PHCyHKaX HaHe-
CeHBbl SKCIIepHMeHTAJbHBIE 3HaYeHHs] BEPOSITHOCTH TPOIYCKa CBEPXIIMPOKOIOJIOCHOTO KBa3UPa IMOCHT-
Hana obuapyxutenem (13). ComocraBisisi 3KcIepHMeHTaIbHbIE 3HaYeHUsi CO CIUIOMIHBIMA KPHBBIMH,
clieflyeT OTMETHTDb Y/OBJIETBOPHTEIBLHOE COITIaCHe Pe3yJIbTATOB PAacdéra N0 aCHMITOTHIECKH TOYHBIM
dopmynaM ¢ 3KCIEPUMEHTATLHBIME JaHHBIMH.

o

Pmc.7

Ha puc. 7 KpuBasi 1 COOTBETCTBYeT BEPOSITHOCTH JIOXKHOH TpeBorn obHapykurens (11) npu obHa-
PY’KeHUH CBEPXIINPOKOIOIOCHOIO KBa3WPa/IMOCUTHAIA, KpUBbIe 2, § — BEPOSITHOCTH JIOXKHOU TPEBOIH
obnapyxuTess (13) npu obHAPYKEHHH CBEPXIIHPOKONOIOCHOr0 KBa3upaJHocHrHasa. Kpussie moctpo-
enbl Kak (hyHKIUY opora h Npu 3Ha4eHUN JTMHL] aTPUOPHOTO UHTEPBaJla BOSMOXKHBIX 3HaYeHHN Heu3-
BECTHOIO BPEMEHH MPHUX0/1a CBEPXIIMPOKONOJIOCHOro KBasupaauocuraana A = 207. Kpusnie 1 u 2 no-
ctrpoensl st k = 0,2, kpusast § — s £ = 0,3. Cegyer oTMETHTD, YTO BEPOATHOCT JIOXKHOH TPEBOTH
obrapyxurens (11) caabo 3aBucur or 3HadeHus: k. KpecTukamu Ha puc.7 0603Ha4eHbl IKCIEPUMEH-
TaJIbHBIe 3HAUeHHs] BePOATHOCTH JIOXKHO# TpeBoru obHapyxurens (11) npu & = 0,2. Kpanparukamu u
KPY?KOUYKaMi — SKCIIepHMeHTa/IbHEIe 3HAYeHH!s! BePOsITHOCTH JIOXKHOM! TpeBorn obHapyxurens (13) mpu
k= 0,2 u kK = 0,3 coorBercTBeHHO. ConocTaBp/isAsl IKCIIepUMEHTAIbHbIE 3HAYeHHsI CO CILIOMIHBIMH KPH-
BBIMM, MBI MOXKE€M OTMETHTb YZOBJIETBODHTEIbHOE COIVIaCHe Pe3yJIbTaTOB Pacdéra M0 aCHMIITOTHIECKH
TOYHBIM (POPMYJIaM € 3KCIIEPUMEHTAJIbHBIMA JaHHBIMH.

6. SAKJIOYEHUE

ITokazaHo, YTO HEBEINOJHEHUE yCJIOBHS OTHOCHTEJILHON y3KOMOJOCHOCTH CHI'HAJA NPUBOAHUT K Cy-
IIECTBEHHOMY OTJIMYHIO CTPYKTYPbl ¥ XapaKTepPHCTHK MAaKCHMaJIbHO MPaBJIONOJ00HOro obHapy KUTeIs
CBEPXIIMPOKOIIOIOCHOI0 KBa3HPaIHOCHTHAIA OT CTPYKTYPhl H XapaKTepPHUCTHK KJIACCHYECKOTO KBa/l-
paTypHOro OGHApY>XHUTeJIsi Y3KOIOJIOCHOTO paJHOCUTHANA. B 9acTHOCTH, NpUMeHeHHe KJIaCCHYECKOro
KBaJ[paTypPHOro 0OHApYKHUTeJIsl Y3KOIOJIOCHOI'O PAJHOCHIHAIA JJIsi OOHAPY KEHHs! CBEPXIINPOKOIIOJIOC-
HOI'O KBa3WpaIMOCUTHAJIA MOXKET MPHBECTH K 3aMETHOMY YBeJIHYeHHUIO BEPOSITHOCTH JIOKHOU TPEBOTH.
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DETECTION OF ULTRAWIDEBAND QUASI-RADIO SIGNALS WITH UNKNOWN

ARRIVAL TIME AGAINST A BACKGROUND OF WHITE NOISE

A. P. Trifonov and P. E. Rudnev

We have synthesized and analyzed a maximum-likely detector of ultrawideband quasi-radio signal

whose duration can be several periods or even a part of a period of harmonic oscillation with unknown
amplitude, phase, and arrival time. Characteristics of the classic quadrature detector during reception
of an ultrawideband quasi-radio signal have been obtained. The results of statistical simulation of
detection algorithms are presented.
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