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OmHMM W3 HOBBIX HAIpaBIICHWH TOBHIMICHUS >(PPEKTHBHOCTH OSCIPOBOAHBIX HH(OPMAIMOHHBIX CHCTEM
ABISICTCA TpUMeHeHne cBepxurupokononocHex (CIUIT) curnamoB 6e3 Hecymed [1]. JocTWdp BBICOKHX
XapaKTepUCTUK B  TOAOOHBIX  CHCTEMax  BO3MOXKHO  TOJBKO MPU  NPUMEHEHHH  KOIUPOBAHHBIX
CBEPXITUPOKOIIONOCHBIX CHUTHAJIOB ¢ Oomnbimoi Gazoi [2,3]. TlpoGmemoit, Bo3Hukaromedr mpu mpueme  CIIIT
CUTHAJIOB, SBJSETCA MHOTIOJIY4YEeBOCTh B KaHajle CBsi3M. MHOroidydeBas CTPYKTypa CHTHajla XapaKTepu3yeTcs
HEOIPe/IeIEHHBIM YHCIIOM JIyuell, HeH3BECTHBIM BPEMEHHBIM IOJIOKEHHEM MHOTOIY4€BOTO KJIacTepa, N3BECTHBIM
B3aUMHBIM PACIOJIOKEHHUEM JIydel ¢ HEeW3BECTHBIMHM aMIUIUTyHaMH. B naHHON paboTe HaWJeHbl XapaKTePUCTUKU
OJTHOBPEMEHHOT'0 OOHApYKEHUS — Pa3In4eHHs CUTHAJIOB C HEONPEAEIEHHOM CTPYKTYpO# IpH MOMOIIN YCTPOHCTBA,
pacCcUMTaHHOTO Ha OJHOJYYEBOH CHTHAJN, IO3BOJIIOIIME OLECHUTH LEJECOO00Pa3sHOCTh YCIOKHEHUSI CHCTEMBI
00pabOTKM MHOT'OJIYYEBBIX CBEPXIIMPOKOINOJOCHBIX CHI'HAIOB ¢ KOJOBOH MOAYJISLIMEH OT MHOTHX II0Jb30BaTeIeH

[4].
Mopaeas curnana. Komuposanansiii CIUIT curHan B 001ieM cirydae MOXKHO 3aIHCaTh Kak
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B Bepaxenun (1) fO (t) ompeznensier (GopMy dJEMEHTapHBIX HMMITYJIbCOB IOCIIEA0BATEIHLHOCTH,

(TO, ‘CO) — IIEPUOJ U BPEMEHHOE II0JIOKEHUE UMITYJIbCHOM NOCIEA0BAaTENbHOCTH. Hale Bcero paccMaTpUBAOTCS
CUTHaAJIbI, COCTOAINMEC U3 I/IMHyJILCOB B BHUJEC MOHOIMKIIOB Faycca nepBoro )51 BTOpOI‘O HOpHI[I(OB. TTocne
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B mozmenn (2) Sn— OTHOCHTENIbHAS 3a/IEP/KKa CHUTHATA MO0 JIydy ¢ HoOMepoM 11, T - HEW3BECTHOE BpEMs
NPUX0/a, KOTOPOE HAaXOAUTCA BHYTPH HHTEpBaja [T19T2]~ Ao u An - aMIUIMTYZa OCHOBHOTO H
JOTOJHUTEIIBHOTO JIy4a ¢ HOMEPOM N COOTBETCTBCHHO. MHOXkuTens [ =1 c¢ BeposrHocTHIO P, u i, = 0c
BEpOSITHOCTBIO (], = 1- P, . BeposrtHocTHOE omucaHMe KaXIOro Jiyda XapaKTepH3yeTCs NapLUuaibHOM
IJIOTHOCTBIO € (’C) = ann (’C) Takoe 3amaHue MHOrOJIy4€BOIO CHIHAjIa COOTBETCTBYET IOTOKY BepHyiuu,

JJI1 KOTOPOro Ha UHTEPBAJIC [O, TI ] nMeercs He 6oaee V Touek. Takast MOJECJIb 06naaaeT OOJIBIIION 06H1HOCTLIO,

BKIIOUasl B ce0sl pasiaudHble CTPYKTYphl KaHana CBs3W. [Ipu aHanmm3e MHOTOJIy4eBOTO KaHajla BO3MOKHBI [Ba
cilydas: a) aMIUIMTYIbl Jydedl W3BecTHBI 0) aMIUTMTyIbl Jydedl Hens3BecTHHL. O003HaYMM Yepe3 A - BEKTOP

HEM3BECTHBIX NapaMmeTpoB curHana (2). B ciydae, xorna amIumuTysl Jiydeld M3BECTHBI A= (‘CO,MI,...,MV).

Ecnu XKE AMIUIATY Ibl nyqeﬁ HCU3BCCTHBI, TO BEKTOD HCU3BCCTHBIX napamMeTpoB HMECCT BUJ
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rae Sk(t) - OJVH M3 BO3MOXHBIX CHTHAJOB, CTPYKTypa KOTOpOro ompenensercs (2) k= I,M, 7\,01( -

UCTUHHOE 3HaueHHe IlapaMeTpa CUTHala, l’l(t)— OenbIif raycCOBCKHHM IIYM C HYJIEBBIM CPEIHUM 3HAUYEHHEM U

CHEKTPAIBHOW IDIOTHOCTBIO MOIIHOCTH Ny/2. PaccMoTpmM cHadama KaHal ¢ M3BECTHBIMH aMIUTUTyAaMHu. Torna
TMHEWHAas 9acTh MPUEMHNKA CUTHANA 0e3 ydeTa MHOTOyYeBOCTH COACPKUT M KaHAaJIOB, B KOTOPBIX (POPMHUPYIOTCS
CTaTHUCTHUKHU BHIA
T; 242
2A,, ¢ z A
L, (1) =0 jx(t)f(t — 1, )df — Zk0k . *)
N, 0 2




2
3neck Ty - BpeMms 3a[€pXKKH ONOPHOTO CUIHAlla KOPPEIATOpa C JAHHBIM CHUTHANOM. Z; = 2Ekf / NO -
OTHOIIEHHE CUTHAJ/IIYM N0 OCHOBHOMY JIy4y JUIS CHTHaJIa EIUHWYHOW aMIUIUTY.IBI. Ekf - DHEPrHs TaKoro

curHaia. [Toxcrasmsist (2) B (3) u manee B (4), MOXKHO NepenucaTh BEIpaKEHHE IS Lk (’L‘ k) B Oosree ynoOHOM JuIst

aHaJn3a BUJIC
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aMIUMTyI0u. Z, = Z AO - OTHOIIEHHE CUTHAI/IIYM MO OCHOBHOMY lydy. &, = An / AO - OTHOCHTEJIbHAs
amIumryaa « 1» - ro sy4a. T, - HCTHHHOE 3HAYEHHE HEM3BECTHOTO BPEMEHH NMPUXOJA CHrHanma, |l . - HCTHHHOE

3HaYEHHE mapameTpa Ll B MPUHATON peanu3anuu.
PaccmoTpuMm namee ciydail kaHana ¢ HEM3BECTHBIMH aMIDIATYyZaMH. MaKCHMH3UPYs 110 HEHU3BECTHOMY
napameTpy Ao (4), momyuyaem
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AcuMnToTHYecKas CTpPYyKTypa 0aiffeCOBCKOTO COBMECTHOTO ajropuTMa OOHApYKEHUs-Pa3IHUYCHUs] TpH
2
YBEIMYEHUU OTHOLICHHMS CUTHAI/IIYM Z; W NPH HEKOTOPBIX MPEIONOKEHUAX OTHOCHTENBHO aHATMTHYECKHX

CBOMCTB (PYHKIMA TOTEph W AMPHOPHBIX IUIOTHOCTEH BEPOATHOCTEH IS CHMMETPHYHON CHCTEMBI CHTHAJIOB
MIPUHUMAET ClIeAyIomuil BU 5]

supL, (t,)>H,
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supL,(t,)>supL, (7,), k,m=1.M.
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Pacuer BeposiTHOCTEH OIMIMOOK
Meroauka pacyera BEpOSTHOCTH IPAaBWIBHBIX M HENPABWIBHBIX PEIICHHH I CiIydas CyOONTHMAajIbHOTO

mpueMa MpU MHOTONyYeBOM pACcHpOCTpaHEHHM CHTHajla CXOAHAa ¢ m3nokeHHOH B [4, 5]. [na pacuera
XapaKTEePUCTUK CHUCTEMBI HEOOXOIMMO 3HATh paclpelelieHne aOCOMIOTHOIO MAaKCHMyMa BBIXOIHOW CTaTUCTHUKH

MIpUEMHHUKA. Vk =S8up Lk (’Ek) . [Ipu yBenuueHnn arpropHOTo MHTEPBaja U OTHOIICHHS CUTHAJ/IIYM (YHKIHS
T

pacripeziesieHust aOCONMIOTHOTO MaKCHMyMa CMECH CHTHala W IIymMa Vk MOXeT OBITh 3ammcaHa Kak

F(X) = Fs (X)FSB (X)FN (X) . FN(X) MOJeT OBITh aIMPOKCUMHUpPOBaHa POpMyYII0it

g X’
exp(——=exp(——)), x>0, 8
F, (x) = xp(——exp(=7)), X ®)
0 ,x<0,
- JIsI KaHalla ¢ U3BECTHBIMH aMIUIUTY JaMU
g
exp(——=exp(—x)),x >0,
B (x) = p( - p(=x)) )
0,x<0,

- JUIsl KaHAJIa ¢ HeN3BECTHBIMH aMIUIUTyJaMU. 3/1ech &- MMpHUBEICHHAs JUIHHA anpropHoro uaTepBaia [T,T,],
HMEIOIIast CMbICT YHCIIA 3JIEMEHTOB PA3PELICHUS 10 3aIEPKKE.

Jis xaHanma ¢ M3BECTHBIMHU aMIUTUTYJaMH FS (X) u Igp (X) HUMEIOT CIEIYIOUTIHA B

F(x)=®(x-z)): F,(x)= ﬁ(l —p,®(g,z, — X)) (10)
i=l1
3,[[60]) (D(X) - I/IHTCI'paJ'I BCpOHTHOCTI/I. IIJI}I KaHaJla C HCU3BECCTHBIMU aMHJII/ITyI[aMI/I COOTBETCTBECHHO UMEEM
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Haiinem ocHOBHBIE XapaKTEpUCTUKU pabOTHI cUCTeMBI. BeposTHOCTS J10)kHOH TpeBorn Ol MpoITycKa curHaia
B paBHBI
a=1-E'(H), B=FK(H)F,HFH). (13)

HpI/I IMPUHATBIX MPECAINOJIO0KECHUAX O CUMMETPUIHOM XAPAKTEPE CUCTCMbI CBA3U IMOJIHASL BEPOATHOCTDH OIIMOKU
Pa3INICHUA M OPTOrOHAJIbHBIX CUTHAJIOB C HCU3BECCTHBIMU IMAPAMCTPAMU paBHA

oo
P, = (1- ) [T by w4+ L 1), (R (1) (14)
M5 du M

Mo dopmynam (13) u (14) ObUIM BBHINOTHEHBl pAcyYeThl MOJHON BEPOSTHOCTH OMIMOKKM W BEPOSITHOCTH
MPOITyCKa CUI'HANA AJIsI CITydasi paclipOCTPaHEHUsI CUTHAJIA B KaHAJIE C U3BECTHBIMH U HEU3BECTHBIMH aMILTUTYIaMH.
Beruncnenus mpoBOAMINCH NIPH CIEAYIOMUX yenoBusax. Yucno curnanos M = 10, npuBeseHHast JUIMHA alIPHOPHOTO
unrepBana & = 100. [Topor oOHapykeHus BbIOMpaics o kputeputo Heiimana-ITupcona npu BeposSTHOCTH JIOKHOM
TpeBorn o = 0.001, wuymcno v = 3, BepOATHOCTH NOSBIECHUS AOMOJIHUTENBHBIX JIydell M MX OTHOCHUTEIbHbBIE
aMIUTUTYAbl COOTBETCTBEHHO paBHbI p; = 1, p, = 0.7, p; = 0.8, €, = 0.75, £, = 0.5, &5 = 0.75, ammnuTy1a curaana mno

OCHOBHOMY JIy1y AO = 1 . Ha puc. 1 MPUBEACHBI 3aBUCUMOCTHU Pe , Ha pucC. 2 MpeACTAaBJICHO MOBESICHNUE B .
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Puc. 1. TlomHS  BEepOSTHOCTH  OLIMOKH Puc. 2. BeposTHOCTh npomycka curHaia Kpuseie

1 U 2 COOTBETCTBYIOT MHOTOJIYYEBOMY KaHAIy C
W3BECTHBIMU W HEU3BECTHBIMH  aMIUIUTYAaMU

HEW3BECTHHIMM  AMILIUTYJAMH  COOTBETCTBEHHO., COOTBETCTBEHHO. Kpusbie 3 u 4 coOOTBETCTBYIOT

Kpusbie 3 ¥ 4 COOTBETCTBYIOT OAHOMyYEBOMY Kapajqy OAHOIYICBOMYy  KaHaiy € HM3BCCTHBIMH M
C HM3BECTHBIMH M HEW3BECTHBIMH AammmnTysamy HEH3BECTHBIMH aMILTHTYIaMH COOTBETCTBCHHO.

COOTBETCTBCHHO.

pasmmdeHns curHanoB. Kpusbie 1 © 2 COOTBETCTBYIOT
MHOTOJ[y4eBOMY  KaHally C  H3BECTHBIMH H

3aku0ueHue.

Takum o0Gpa3om, B paboTe HCciIenoBaHa 3a1a4a COBMECTHOIO OOHAPY)KEHUA-PA3INUSHNUS IPH HEOIITUMAIEHOM
MOCTPOEHUU TNPUEMHOro ycTpoicTBa (0€3 yueTa MHOTOIYyYEBOCTH CHTHAJA) MPU PAacHpOCTpPaHEHHUM CHUTHala B
KaHaJle C HEOMNpeAENEeHHON MHOroiay4eBocThio. Kak mokas3anm pacdeT, CyOONTUMAJIbHBIH IIPHUEM TaKOro
MHOTOJIy4€BOTO CHTHAJIA C IOMOUIbIO TNPHEMHHMKAa MaKCHMaIbHOTO MpPaBAONoA00Ms 00JamaeT JIy4IIHMHU
XapaKTEepPUCTUKAMH 110 CPABHEHHIO C OJHOIYUEBBIM ITPUEMOM B KaHaJIe C Pa3HOM CTPYKTYpOil.

Jlurepartypa

1. Sholtz R.A. Multiple — access with time — hopping impulse modulation / R.A. Sholtz // MILCOM '93,
Boston, MA, October 11 — 14, 1993. — P. 447 — 450

2. Pamuenko, 10.C. O BpIOOpe KOHOB sl aMIUIUTYJHOH M BHYTPHUOJIOKOBOW MO3HIIMOHHOW MOIYJISITHA
cBepxmupokononocHbx curHanos / FO.C. Pamgaenko / DnekTpocssiss, - 2005. - Ne 2. - C.10-13.

3. Paguenko 1O.C., CoxupimeB C.B. AHamm3 XapaKTepUCTHK COCTABHBIX CBEPXIIMPOKOIOIOCHBIX CHTHAJOB C
aMIUTMTYIHOH U MO3UIMOHHOM Moayisiiueii// V3B. BY308. Pagnosnextponnka.-2005. Ne 4. — C. 47-55.

4. Papmuenxo 10.C., 3aiinieB A.A. «ACHHXpOHHOE Pa3/ielIeHHe COCTAaBHBIX CBEPXIIMPOKOIIOIOCHBIX CHUTHAJIOB B
MHOTOJIy4eBbIX KaHanaxy». 11 MexayHaponHas koHdepenuus «Paanonokaiys, HaBuramus, cBsi3b», Boponex, 2005,
T. 2, C.907-920.

5. Pamguenko T. A., Paguenko FO.C. OOHapy keHHe-pa3TuUYCHHE CUTHATIOB B aCHHXPOHHBIX CHCTEMAax CBSI3U IPU
HaJIMYMK 3aMHUpanuii // Paguorexnuka u snekrponnka. — 2003.—T.48. Ne5.-C. 578-583.
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A problem arising at receiving ultra wideband signals is multipath in a channel. The multipath structure of a
signal is characterized by unfixed number of beams, unknown time position of a multipath cluster and certain
relative positioning of beams with unknown amplitudes. In this work characteristics of simultaneous detection -
recognition by means of the receiver designed for an one-beam signal are obtained. At the multipath channel output
the coded ultra wideband signal is

~ v K .
s(t,A)=A f(t—1)+ ZAanf(t —1-9,). Here f(1)= Zakfo(t_(k+bkA)T0 ~1,) un={1,0} with the
n=l1 k=0
probabilities {p,,1-p,}, {ax, bx }— laws of amplitude and position-code modulation of the ultra wideband signal. The
linear part of the receiver, not assuming the multipath factor, for the channel with known amplitudes A,, contains M
channels, where statistics are formed as follows

v 2
z
L(ty) =25 (P (T = Tio) + D Mo€a P (T4 = Tyo = 810 )) + ZoN (1 —70, k=1..,M-
n=l
For the case of the channel with unknown amplitudes A, the linear part of the receiver, not taking into account
the factor of multipath, produces statistics in each channel

n=l

2
l vV

L(t )= E{ZO‘I‘(rk —T)+ ZOZ Rao€no ¥ (T = Tro = Ok ) + N(7, )} k=1,.,.M"-

The asymptotic structure of bayes simultaneous algorithm of detection-recognition in increasing signal-to-
noise ratio Z(2) is

supL, (t,) > H, supL, (t,)>supL (7,), k,m=1.M.

Distribution of the absolute maximum of receiver output statistics can be presented
by F(x) = Fy(x)Fg (X)Fy(X). In this paper, asymptotically exact approximations of distributions
F (x), g (x), Ey (X) are obtained. In that case, false alarm probability 0., missing signal probability [3 and full

error probability of recognition of M orthogonal signals P. are equal, respectively

a=1-F(H), B = Fy(H)Fy (H)EY (H) »
1| d(F(u)Eg () 1
P, = “‘M){ { %Fﬁ (u)du}+MFs(H)FSB(H)F§4<H)-

Full error probability and missing signal probability for signal propagation within the channel with known and
unknown amplitudes have been calculated under the given formulas. The obtained characteristics of detection-
recognition of signals with uncertain structure allow estimating expediency of complication of system processing of
ultra wideband signals from many users considering multipath in a channel.
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