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IIEPEJIAYA OIITUYECKOH HHDPOPMAIIUU

PACS 42.79.5z; 42.79.]q

K B03MO0KHOCTH NOCTPOEHHUSI HEKOTE€PEHTHBIX BOJIOKOHHO-ONITHYECKHX
CHCTeM Mepeayvu JAHHBIX M0 NPUHIUIY CIeKTPAJILHOT0 KOJAUMPOBAHUS
CHIHAJIOB HA OCHOBE COIIACOBAHHBIX AKYCTOONTHYECKHUX (PMILTPOB

B.B.I1pokioB, O.A.bbimeBckuii-Kononko, B..I'puropbeBckuii

Ipeonoxcena cxema nOCMPOCHUs. ONMUHECKOT TIUHUL C853U 1O NPUHYUNY KOOOB020 PA3OCACHUS MHOMCCCINECHHO20 OOCIMYNA HA
baze co2nacoO8ANHBIX AKYCMOONMUYECKUX (QUIbMPO8 ¢ npUMeHenuemM nociedogamenshocmeti Yomua oaunot 16 omcuemos.
Pe3zynvmamul MoOeauposanusi HOKA3aau, Ymo OaHHAs TUHUS PAOOMOCHOCOOHA NPU PA3OEeHUU COCEOHUX CNEKMPATbHBLX TUHUL
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JI0CHas urbmpayusi.

1. Beenenne

M3BeCTHO, UTO B COBPEMEHHBIX CUCTEMAX PAAMOCBSI3U HAU-
Oosbliiee paclpoCTpaHeHHe IMEIOT IBA METOA Tepeiaun MHO-
KecTBa MH(GOPMAIIMOHHBIX KAHAJIOB 110 OIHOM JIMHHUH C UX T10-
CIIETYIOIINM pas3JelieHieM Ha IPHeMHOIT cTopoHe. B mepBom
METOJIe UCIOJIb3YETCs pas/eieHue MO TMPUHIUIY CUHXPOHHO
OCYIIECTBIIIEMbIX BpeMeHHbIX BbIOOpok (TDMA — time divi-
sion multiple access), BO BTOpPOM — pa3JiefiecHue KaHAJIOB IyTeM
KoaupoBaHus TepenaBaeMbix curHaioB (CDMA - code
division multiple access). B HacTOSIIIINIT MOMEHT ITOCTICTHHIA Me-
TOJI IPU3HAH HanbOoJIee MePCIIeKTUBHBIM C TOUKU 3PEHUSI Y10~
BJIETBOPEHUS TPeOOBAHUSM, NPEABSBISIEMbIM K CHCTEMaM pa-
nuocssizu 3G, 4G u nocneayronmx nokosenui [1,2]. B to xe
BpeMsi B 00J1aCTH ONTUIECKOH CBSI3M, TA€ 10 CErOTHSIITHETO THS
noMuaupyeT npuHiwn TDMA, uHTepec CreruanucToB K QyH-
JAMCHTAJIBHBIM TPEUMYIIECTBAM KOJOBOTO METO/a pasJiesie-
HUSI MHOYKECTBEHHOT'O JIOCTYIIA (110 COKPAILLEHHBIM Ha3BaHUEM
O-CDMA - optical CDMA) BO3HUK JIUIIIb COBCEM HEIaBHO. B
MocIieTHee  JeCATUIIETHE B 9TOH OOIAcTH OBUIO MPOBENEHO
0OJIBIIIOE KOJIMIECTBO HCCIIENOBAHU, B KOTOPBIX MPEITIOKEHBI
1 arpoOMPOBAHBI PA3ITMYHbBIC PUHITUITBI TTOCTPOCHUST CHCTEM
O-CDMA (KOrepeHTHbBIX 1 HEKOI'€PEHTHBIX CUCTEM, UMITYJIbC-
HBIX U CNEKTPAJIbHBIX TUIOB KOAUPOBAHUS, aMIUIUTYIHBIX U
(ha30BBIX, YHHUITOJISIPHBIX M OUTIOJISIPHBIX CIIOCOOOB KOJAUPOBA-
HUSI ¥ T.11.), BBISICHEHBI CDABHUTEITbHBIE IIPEUMYILIECTBA U HEJIO-
CTaTKU Pa3HbBIX TOAXOJIOB, MMOJYYEHBI JAHHBIE O BO3MOXKHBIX
napaMeTpax CXeM IMOCTPOCHUS TAKMX CHCTEM, & TAKIKE BO3MOXK-
HBIX 00J1acTsX X npuMeHeHwus [3,4]. Cpeau akTHBHO 0OCyKaa-
€MBIX CEMH THITOB U3BECTHBIX MIOAXOAOB 110 PeaIn3alii TAKUX
cucTeM [3] 10 HACTOSIIETO BpeMEeH! OCOOSHHO BBIIEIISIIICS CBO-
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UMM OKMIAEMBIMH XapaKTePUCTHUKAMU IPOEKT IOCTPOEHUS
O-CDMA BOJIOKOHHO-ONITHYECKOI HEKOTEPEHTHO JIMHUU T1e-
penaun MaHHBIX Ha 0a3e CHeKTPATbHOTO KOAWPOBAHUS U Oa-
JIAHCHOTO JIeKOJUPOBAHHS C WCIIOJIB30BAHUEM BOJIOKOHHBIX
OPArTOBCKUX 3epKal [5], B KoTopoil MHpOpMaIs oT 16 moTb-
30BaTesIell OTHOBPEMEHHO MOTIJIA IEPEAABATHCS CO CKOPOCTBIO
o 1.25 Mo6wut/c. Creayer OTMETHTb, YTO HAPSAY C BBICOKOW
CKOPOCTBIO MEPEeAAYM B 3TOM JIMHUU €CTh OJIMH CyIIeCTBEHHBII
HEIOCTATOK — HEBO3MOKHOCTD OIIEPATUBHOM CMEHBI KOJIA.

B HacTosmei paboTe mpeayaraeTcs M MOIEIMpPyeTcs: HO-
BBIif (CTOJIb %€ BRICOKOCKOPOCTHOM, KaK 1 OMHCAHHBII BBIIIIE,
HO 0€3 YKa3aHHOTIO JUISl Hero HeJIOCTaTKa) MOIX0/T K MOCTPO-
€HMIO NMO00HON HEKOTEPEHTHO! JIMHUY Tiepeaur JaHHBIX C
UCIIOITb30BAHUEM MHOTOTIOIOCHOM aKyCTOONTHYECKO (hIITh-
Tpalyu I CIIEKTPATBHOTO KOAUPOBAHNS M OATIAHCHOTO JIe-
KOJIMPOBAHUS CUTHAIIOB TPU KOJAUPOBAHUK YHUIOJSPHBIMU
dynxusamu Yomma ¢ 16 orcueramu [6, 7].

2. OcHoBHbI€ CBOIiCTBa (pyHKIMI Y oJ1ma

Cucrema ¢ynkuuit Yomma (J.Walsh) uzBectna ¢ 1923 r. u
MIPEICTABIISIET COOOM TOJHYIO M OPTOTOHAJIBHYIO CHUCTEMY
(byHKIMH, ONpeeNICHHBIX Ha KOHEYHOM HHTEpBaJle M3MEHe-
Husl aprymeHnTa. [lonHelil nHTEpBas onpenenaeHns GyHKLNUU
VYoma ¢ Yynciom oTcueToB L MOKHO pa3IenuTh Ha L paBHbBIX
MIPOMEXYTKOB, HA KAKIOM M3 KOTOPBIX (DYHKLUS TPUHIMAET
3nauenue +1 wm —1. [TosHOTa M OPTOTOHATBHOCTH CUCTEMBI
(yHKIUH 03HAYAET, YTO JIIOOYIO (PYHKIIMIO CUTHANIA, pealu-
3yeMyIo Ha MPaKTHKe, MOKHO MPEACTABUTh B BHUIE PAAA IO
(byHKUMAM YOoJIa ¢ BECOBBIMU MHOXHUTENSIMU, 3aBUCSIINMU
oT HoMmepa (GyHKIuH [8].

B BOJIOKOHHO-ONTUYECKUX JMHUSX CBSI3H ISl Tepeaaun
MH(pOPMAIIMH Yallle BCErO UCIIOJIB3YETCsl MOMYJISINS HHTEH-
CHBHOCTHU WJIN JJTUHBI BOJIHBI CBETA, TIPU 3TOM, KaK MPaBUIIO,
OTCYTCTBYET KOT€PEHTHOCTh CBETA C PA3HBIMU JJIMHAMU BOJIH.
[IpuemHble ycTpoiicTBa B TaKUX JIMHUSX CBSI3H PEarupyroT
TOJIBKO Ha MHTEHCHBHOCTH CBETa B HEKOTOPOM [HAINa30He
JUTAH BOJH. TakuM 00pa3oM, B OTIIMYHE OT PATUOYACTOTHBIX
CHCTEM, MOKHO CUMTATh, YTO CHUTHAJbI B BOJOKOHHO-OITH-
YECKUX JIMHUSAX MOTYT UMETh TOJIBKO HEOTPHULATENbHYIO IO-
JIIPHOCTD. B CBSI3M € 3TUM Al KOZOBOTO pa3leieHus] CUTHa-
JIOB MPH TMIOMOIIH MTOCTIEA0BATEIBHOCTEH Y OIIIa, COCTOSIINX
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W3 HyJleWd M eIUHUL], TPUMEHSETCS JAOMOIHUTEIbHBINA KaHAT
nepeiauy JaHHbIX, 10 KOTOPOMY ITPOU3BOAMTCS OCBITIKA TAK
HA3bIBAEMOT'0 KOMIUIEMEHTAPHOT'O KOAA, B KOTOPOM HCIIOJNb-
3yeTcsl Ta JKe MOCIeAOBaTEIbHOCTh, HO HA MECTe HYJISl CO/IEp-
KUTCA €AMHMIIA, & HA MECTe eIMHUIBI — HylIb. PaccMoTpum
Oosiee MOAPOOHO MPHUHLMIT pabOThl TAKOW JBYXKAHAIIbHOMN
CUCTEMBI C IIPUMEHEHNEM YHHIIOJISPHBIX aHAJIOTOB KOJIOBBIX
ocJie10BaTeNnbHOCTeR Youia.

Ilycts X = {x, X,...,Xy} — YHUIIOJIApHAs TMOCJIEIOBA-
TETPHOCTh YOuNIa AIUHON N, KaXIbId OTCYET B KOTOPO
MOJKET MpUHUMATH 3HaueHue oo 0, muoo 1. [TocmenoBatens-
HOCTbh X OyJIeM CUMTATh «OTIOPHBIM» CUTHAIIOM, KOTOPBIl He-
00X0AMMO BBLACIUTD Ha BBIXOJIE CUCTEMBI NTE€Peayuyl JaHHbIX.
Kommuiementapuyo k X mocienoBaTeIbHOCTh 0003HAUNM
X = {1-x;, 1-x5,...,1—xy}. IlycTh MMeeTCs TaKkKe apyras
IIOCIIEI0BATEIBHOCTD Y, KOTOPYIO Oy/ieM paccMaTpUBaTh Kak
«CUTHAID» ¥ KOTOPAas MpeacTaBisieT coboi cynepriozuuuto M
YHUITOJISIPHBIX ITOCIIEoBaTenbHOCTEN Youma JmmHoiH N oT-
cuetoB. Kaxxaplii oTcueT 3TON MOCIEAOBATEIBLHOCTH MPEI-
CTaBIIsIETCS B BUZE

N (K)
Vi = Zy[ . 6]
K=1

PaccMOTpHM CIIeAyFOLIHE CYMMBL:

N
X, Y) = inyi: (2)

i=1

N
CX,Y) = (1 —x)y. 3)
i=1
ITyTem BBIJEICHHS TTOCTOSTHHOW JOOABKU MOXHO MEPEUTH OT
VHUIOJAPHBIX HOCIeI0BaTeNbHOCTelH K ABynonspubM X0 u
Y% co 3HaueHMsIMM OTCYETOB, paBHLIMHU 160 —0.5, MO0
+0.5. Ecnu B curnase (1) mpucyTcTByeT ornopHas Mocie1oBa-
TeJILHOCTh, TO, UCIOJIB3Ys CBOMCTBO OPTOIOHAIBHOCTU ABY-
NoJISIpHBIX QyHKUMH Youma, st cyMu (2)  (3) MOKHO 1oJTy-
yuTh creayroinue Beipakenus: C(X, Y)=0.5N+ 0.25N(N-1)
uC(X, Y)=0+0.25N(N-1). Barom ciyuae pasHOCTb CyMM
(2) u (3) paBHa (c TOUHOCTBIO 10 MHOKUTENS 0.5) UHTErpaTb-
HO# HOpME MOCIIeIOBATEILHOCTH Y OJIIIIa

A=CX,Y)-C(X,Y)=0.5N. “4)

ITpu orcyrcrBum B curxane (1) onmopHoi mociae 0BaTeIbHO-
CTH pa3HocTh (4) paBHa Hy0. TakuM oOpa3oM, BeTMYMHA
9TON Pa3HOCTHU IMO3BOJISIET CIENIaTh BHIBOJ O HAJIMUNU I10JIE3-
HOTO CUTHAJIA CPeIU MPUCYTCTBYIOLINX TOMEX.

ITony4eHHble OCHOBHBIE (hOPMYIIBI CIPABEIIUBBI ISl 110-
clle0BaTeIbHOCTEH U3 HyJel n equHui. OJHAKO B paccMaTpH-
BAEMOI CHCTEME MNepelayun JTAHHBIX MCIOJIb3YEeTCs IPUHIUIT
CIEKTPAIIBHOT'O KOJMPOBAHUS, IIPU KOTOPOM KaXIbIil OTCUET
MIOCIIEA0BATEILHOCTH ONMCHIBAETCSl HEMPEPBIBHON (YyHKIMEH
CIIEKTPAIBHOTO pacrpenefieHns] BOIM3M HEKOTOPOH ATUHBI
BOJIHBI cBeTa. KpoMe TOro, pa3HOCTb UIMH BOJIH COCEIHUX
CHEKTPAJIBHBIX COCTABIISIFOIINX KOAA MOXKET ObITh HEMIOCTOSH-
HOM. B mocnenyromux paszaenax onucaHo MOAEIMPOBAHUE CH-
CTEMBI TIepeaayun JaHHBIX MPU TAKUX YCIOBUSIX.

3. Cxema JIMHUH Nepelavl JaHHBIX

Cxema mocTpoeHnst HHPOPMAIIMOHHOTO KaHajla B BOJIO-
KoHHO-onTHueckoit cucreme O-CDMA, B xoTOpoii MHOro-
rosiocHble akycroontuueckue GuiabTpsl (MAOD) ucromnb3y-
IOTCS KaK Ha CTa/INU CIIEKTPATIBHOTO KOJAUPOBAHUH BXOTHOTO

HEKOTEPEHTHOT'O CBETa, TaK WM IPU €ro JECKOJAUPOBAHUH Ha
BBIXOJIC JIMHUM CBSI3H, MTOKa3aHa Ha puc.l,a [2,7].

Cxema BKIIIOUaeT OOIINI TeHepaTOp UMITYJIbCOB, obecre-
YUBAMOIINUNA CHHXPOHU3AIMIO U JUIMTEILHOCTh (OKOJIO 1 HC)
nepeaBaeMbIX OUT OT BCEX BO3MOXKHBIX a0OHEHTOB, YHCIIO
KOTOPBIX paBHO M. Y KaJI0T0 U3 aOOHEHTOB UMEIOTCS OJIH-
HAKOBbIE HAOOPBI U3 IJIEKTPUUCCKU MOTYTUPYEMBIX ITUPOKO-
MIOJIOCHBIX HMCTOYHMKOB HEKOTE€PEHTHOI'O CBETa, HalpUMep
ceeronuonoB (CA 1, CH 2, ..., C[I M) 1 0OlMHAKOBBIX aKy-
croontrueckux koyepos (AO komep 1, AO koxep 2, ..., AO
kojep M). CreKkTpbl aKyCTHMYECKUX CHTHAJIOB YIPAaBJICHUS
kaxnoro MAO® B kojepe (puc.1,0) cTporo MHAMBHUIYATb-
HBbl ¥ COOTBETCTBYIOT BBIIENICHHON UM Koaupyouei (yHK-
1mu (tak, A;(w) u A (w) COOTBETCTBYIOT MIPSIMOMY U KOMILIIE-
MeHTapHoMy koay jutst AO kogepa 1). B cocras kaxmoro AO
KoJiepa BXOIUT AJIeKTpoonTuieckuit kommyratop (D0K). B
3aBHCHMMOCTH OT 3Ha4eHus1 MHpopManuoHHoro outa (0 win
1) O0K namnpasnser Ha Bbixox AO Kojepa curHai jJubdo c
Beixoma MAO®-1/0, mubo ¢ Beixoga MAOD-1/1. [anee,
cOopMUPOBAHHBIE TAKIM 00Pa30M «UHIUBUAYAIbHBIE CIIEK-
TPAIBHO PA3TUUYNMBbIE OIITHYECKUE OUTHDY OT BCeX a0OHEHTOB
HAIPaBJISIIOTCS B OOIIMIA JIIST BCEX BOJIOKOHHO-OTTHYECKUN
KaHaJI iepeIaun JaHHbIX.

Bpewmst nepexitrouenus 0K cocrapiseT ~1 He, B pe3yiib-
TaTe Yero MpOoIyCKHAas COCOOHOCTh KaHalla OyJeT OrpaHu-
YeHa TOJBKO €ro OBICTPOACHCTBHEM, a HE MapaMeTpaMu
MAO®. ITpu 3TOM IepenporpaMMUpPOBaHIE KOIOB OIpeie-
JIsieTCsl OBICTPOJICHCTBUEM TIEPEKITIOUSHUST AKYCTOONITUIECKO-
ro ¢unbrpa (~10 MKC), T.€. MOXKET OCYIIECTBIISITHCS JOCTA-
TOYHO OIEPATHUBHO.

Ha BeIX0oze TMHMY TIepeJaun BeCh ONTHYECKUH TOTOK JaH-
HBIX Pa3BETBISIETCS HA PaBHBIE (10 YHUCITy A0OHEHTOB) YacCTH,

=
IR o
AOOHEHTBI |__1 2 TIIPUEMHUKHI

T = 1Hc

r

2

AO xomep 1
1 i
1 1
[ BY rene- :
6 Ay(w) | LPEIP |4, (w) H
1
. 1
MAO®D-1/1 50K :
Cal . 1
MAOD-1 /Ot !
V(z
bur 1 :
1

Puc.l. Cxema BOJIOKOHHO-ONITHYECKON JIMHUM TIEpeladyd JaHHBIX
O-CDMA ¢ akyCTOONTHYECKUM KOAMPOBAHMEM MU JIEKOANPOBAHHEM
CIIEKTPOB CUTHAJIOB: o0mmas cxema (a) u cxema AO xozepa (6).
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M0 KOTOPBIM U OCYIIECTBIISIETCS MHIUBHIyaIbHAsI COTIIACO-
BaHHasl 00pabOTKa COBOKYIHOI'O CHTHAJIa C LIEJIBIO BblJeNie-
HUS U PACIIO3HABAHMS «CBOEro» OMTa Ha doHe «uyxux». Kax
yKe OBUIO OTMEUEHO, B HeKOrepeHTHbIX cructeMax O-CDMA,
B OTJIMYHE OT KOTepeHTHBIX pagnocucteM CDMA, xomoBbie
(YHKIMHU COMepKAT TOJIBKO TOJIOXKHUTEbHbIE KOMITOHEHTHI.
DTO0 3aTPYIHAET MPUMEHEHHE OOBIYHOTO METOa KOPPETISIIH-
OHHOT'O IIPUeMa C UCIIOJIb30BAHUEM MPSIMBIX U UX KOMITIIEKCHO-
COMPSDKEHHBIX KOAOB, OJHAKO B CIy4ae OJHOMOJSPHBIX KO-
JTIOB MOXKHO TIPUMEHUTH METO]l «OAJAHCHOTO IMPHEMa» C HC-
MOJIb30BAHUEM MPSIMBIX M KOMIIEMEHTAPHBIX KOJIOB [2], Kak
[IOKA3aHO Ha PUC.2.

ITo naHHO cXeMe MOTOK CBETa, MPUXOISAIIMI K aDOHEHTY 1,
paszaensieTcs Ha IBe PaBHbIE YACTH, KaXKAasl U3 KOTOPBIX MPO-
XOAMT NMapaUIeTbHyI0 GUIBTPALUIO WASHTUIHBIMU AO Guih-
TpaMH¥ € Pa3TMYHBIMU CHIEKTPATBHBIMU (DYHKITMSIMU YIIPABIIS-
IOIMX CHTHAJIOB — B MEPBOM (DYHKIIHS WIACHTUYHA MPSIMOMY
KOy JaHHOro abOHEHTa, a BO BTOPOM — KOMIUIEMEHTapHa
emy. [Tpu HauIeKAaIIIEM BBIOOPE KOJOBOTO CEMEHCTBA pe3yilb-
TUPYIOINI CUTHAT HA BBIXO/E (DOTOIIEKTPUIECKOTO MTPHEM-
Huka B riepBoM kaHaje d/] 1 6yznet BkitoyaTs B cebst aBTOKOP-
PETISILMIO CUTHAIA OT JAHHOT'O A0OHEHTA U CyMMY BCEX KPOCC-
KOPPEISLMOHHBIX OTKJIUKOB OT MPUCYTCTBYIOIUX IPYTUX
aboHeHTOB. Bo BTOpoM KkaHaje OyayT BCe Te e KPOCC-KOp-
PETSIMOHHbIE OTKIIMKH 0e3 CUTHAJIa aBTOKOPPEIISIINH, U, Clle-
JIOBATENbHO, UX PA3HULA JACT TpeOyeMOoe BBLIEIECHHUE «CO0-
CTBEHHOT'O» OnTa Ha (POHE «TY)KUX).

B nacrosieit pabote MPOBEACHO KOMIIBIOTEPHOE MO/Ie-
JIUPOBAHUE XaPAKTEPUCTUK JIMHUY [IEPeIau JaHHBIX 110 CXe-
MaM Ha puc.l u 2 ¢ UCTIONIb30BAHUEM KOJUITMHEAPHO reoMe-
Tpun AO B3aUMOJIEHCTBUS B KPUCTAJUIE MOJIMOIATA KAJTBLIUS
(CaMoOy) B ntnanazone JyiuH BoJiH cBeta 600—700 Hm [9-11].
IToxpaszymeBanock, 9TO CABUIOBas aKyCTHUECKas BOIHA CO
ckopocThio 2950 M/c pacmpocTpaHseTcss BIOIb KPHCTAILIO-
rpaduyeckoii ocu X. [{imHa B3aMOJICHCTBUS PU 3TOM paB-
Ha 3 cM, a pasperaromnas cnocobHocTh mpu A = 600 HM co-
craBisieT 1.27 M. YacTOTHBINA COCTAB aKyCTUYECKUX BOJIH
COOTBETCTBOBAJ TPeOyeMO KOTUPYIONIeH GYHKIINHU, & UMEH-
HO OAHOM u3 (pyHKUHMI cemelicTBa Youma ¢ 16 oTcueTaMu.
ITpu MonenupoBaHUM UCHOJIB30BaI0Ch 12 3 16 KOAOB IaH-
HOTO CEMEHCTBA, yJOBIETBOPSIOUINX YCIOBUIO COATaHCUPO-
BAaHHOCTH, ITPH KOTOPOM UHUCIIO HYJIEH ¥ eAMHUL] B IEPBOK U
BTOPOIf MOJIOBUHAX KO/Ia OJIMHAKOBO U HE IIPEBBIIIAET YEThI-
pex. B Tab.1 mepednciieHbl HCIOIb30BAHHBIE KOJIBI.

PaccMoTpuM MoApoOHEe aIroOpuT™M MOJCIUPOBAHUS CBe-
TOBOT'O CUTHAJIA € BbIX0/1a 0j1HOTO 13 AO®D. Ha akyctuyeckuit
npeobpazoBarenb AO®D nomaBacs CUrHAI B BUAEC COBOKYII-
HOCTH TapMOHUYECKHX COCTABJISIOIINX C YAaCTOTaMH, 3Haue-
HUST KOTOPBIX COOTBETCTBOBAIIN €ITHUIIAM B TIOCIIEIOBATENb-
HOCTH Koja YOoJIIla, MPUBSI3aHHOTO K KOHKPETHOMY TOJIb30-
Barento. Eciu nosb3oBatens nepenaeT «1», To UCHOIb3yeTcst
MPSIMOM KOJI, TOTAA Kak JIst nepenadn «0» NCroIb3yeTcst KoM-
TUIEMEHTAPHBINA KO/, KOTOPBIA OTIMYAETCS OT MPSIMOTO TeM,
YTO 3HAYECHUS AKYCTHUECKUX YACTOT COOTBETCTBYIOT HYJISIM BO
BPEMEHHOI! MOCIeI0BATEIBHOCTH TAHHOTO Kofa. TakmM 00-

HubdepenunaabHbiii

AOC®D
:. ------- 1_E(Al) q)ﬂ 1 11 YCUIIUTEIIb
i-lAOH 1.1i (1 ~
Cser Usut
AOS 1.2 I -
T LEA) op2 b

Puc.2. Cxema 6aancuoro AO npuemMHuKa Jutst aboHeHTa 1.

Tabu.1

Homep  Kopmosas nocnenosa- | Homep KopoBas nocnenosa-
Koza TEbHOCTh KoJa TEIbHOCTD

1 0101010101010101 7 0101010110101010

2 0011001100110011 8 0011001111001100

3 0110011001100110 9 0110011010011001

4 0101101001011010 10 0101101010100101

5 0011110000111100 11 0011110011000011

6 0110100101101001 12 0110100110010110

pa30M, HHTEHCUBHOCTH CBeTa Ha Bbixojie AOD B 3aBHCHMOCTH
OT JUTMHBI BOJIHBI OTUChIBaeTCst popmysnoii [12]:

AnL
Al' — l N
PRGN 5)

. 2 .
I(/l)~z 511;2)/, , TIE y; = 2T

An — pa3HOCTb MOKa3aTeNIel MPETOMIICHUSI OOBIKHOBEHHOTO U
HEOOBIKHOBEHHOT O Jy4eii (pacueTHas BennuuHa 11t CaMoOy
cocrapysier 0.00946); L — mivMHaA aKyCTOONTHYECKOTO B3au-
MOJIEACTBHUS; 3HAYEHNUS A; PACITONIOKEHBI Ha HEPABHOMEPHO
CeTKe JUIMH BOJIH, KOTOpasl 3a1a€TCsl U3 yCIIOBUS AKYCTOOITH-
YeCKOI'0 CHHXPOHHM3Ma. Pa3MepHOCTh CETKH COOTBETCTBYET
Pa3MEpHOCTU UCIOJIBb3YEMBIX KoJ0B Yomuma. B dopmyie (5)
CYMMHPOBAHHUE IPOU3BOAUTCS IO HOMEPY i, PABHOMY HOMe-
Py MO3UIMH €AUHUYHOTO (s MPSIMOTO KO/a) OTCUeTa B I0-
cilenoBatesbHOCT Youma. TakuM o0pa3oM, UUCIO clarae-
MBIX B (hopmyiie (5) paBHO BOCBMU — YUCITY €AMHUYHBIX OT-
CUCTOB B KoOje. 3Ha4yeHWs JJIMH BOJH A; BBIOMparoTCs U3
ycroBus f;A; = const, rie f; — 4aCTOTBHI TAPMOHHYECKUX CO-
CTaBJISIIOIIMX CUTHAIA, KOTOPBIM MOJAETCSl HA aKyCTUUECKUM
npeobpazoBatesb AOP. CeTka 4acToT, HA KOTOPOU pacro-
JIOXKEHBI f;, CAUTATACh PABHOMEPHOM.

PaccmoTpuM parnee MoAenMpoBaHUE aKyCTOOHNTHUECKOTIO
coriacoBaHHoro ¢uibrpa (AOC®D) Ha npHeMHOI CTOpOHE
(puc.2). CBeTOBOM CUTHAJ MOJAETCS HA aKyCTOONTUYECKYIO
stueiiky (AOSI 1), Ha aKyCTHYECKUH BXOJ KOTOPON BBOIMTCS
YIPaBJISIOMINI CUTHAI, COOTBETCTBYIOIIUI MPSIMOI BBIOpaH-
Hoit yHkimu Yomma. Bo Bropom kanaie AOCD (AO2)
YIPABJISAIONIMNA CHUTHAJI COOTBETCTBYET KOMILIEMEHTapHON
¢dbynxun Youma. BeixoiHbie cBeToBbIe cUrHaibl ooenx AOS
MIPEICTABIISIOT COOOM PEe3yJIbTAThI COIIACOBAHHOM CIICKTPaITh-
Ho# ¢punbTparmu. Janee curnaisi ¢ BbixogoB AOS 1 u AOSI 2
UHTETPUPYIOTCS Ha COOTBETCTBYIONIMX (DOTOmETEeKTOpax
(®A1 u ®2) u nocrynaoT Ha guddepeHnanbHbIi yCUiIm-
tenb. Curnan c¢ Boixona ycusurens U, aHaIN3UpyeTcs Uis
MIPUHATHUS PELIEHUs] O HAIMYMU UM OTCYTCTBUU OHUTa, COOT-
BETCTBYIOLIETO JAHHOMY IIOJB30BATENIO, a TAKXKEe O 3HAKe
9TOro OUTA B CIIy4ae €ro HaJauuusl.

Bbbu10 mpoBeneHO MOAENUpoOBaHUE PaOOTOCIOCOOHOCTU
IIPEUIOKEHHON MOZIENHU ISl IIepeJaul JaHHBIX OT 12 1oJ1b30-
Bateneil. PaccunteiBanace Benmuunna U, 17151 BCEX BO3MOX-
HBIX KOMOMHAILIMHI [T€peaun CUTHAIOB, YUUTHIBAIOIINX BapH-
AHTBI HAJTMYUS UM OTCYTCTBUSI CUTHAIIOB B TIOOOM U3 12 ka-
HAJIOB M 3HAKOB IepefaBaeMbIX IMU OUTOB, B COUCTAHUH C
nepe6opoM BCEX HOMEPOB ITPHEMHBIX KaHAJIOB.

AHanums pe3ylbTaToB MOJCIUPOBAHMS IOKa3aH Ha puc.3.
ITo ocu aberyce OTIOKEHA BENUYMHA PA3IENICHNs] COCEIHUX
CIIEKTPAIIbHBIX JIMHUIT A4, KOTOPAsi BBIPAXKEHA B TPOMEKYTKAX
JUIMH BOJIH AAR, COOTBETCTBYIOLIMX KPHTEPUIO PA3pELICHUS
Parest Mexxmy coceTHUMM TOUKaMHU ceTKHU A, ObracTi ¢ HoMe-
pamu 1, 2 u 3 oTBevaloT ciryyasM, Korja jaro0oi u3 12 nosus3o-
Batenell nepegaer «l», HUUero He mepemaeT U nepenaer «0»
COOTBETCTBEHHO. Bce Bo3morkHbIe 3HaueHust U, HAXOIITCS B
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COOTBETCTBYIOIIIUX 3aIITPUXOBAHHBIX 00J1aCTsIX. JINHUY C TOY-
KaMd B 9TUX OOJIACTAX TMOKA3BIBAIOT cpemaHee 3HaueHwe U,
IIpU BCEX BAPUAHTAX MEIIAOIINX CUTHAJIOB OT APYTHX MOJIB30-
Barenell. BuaHo, 4TO MEXIy 3TUMHU OOJACTSIMU CYIIECTBYIOT
30HBI, B KOTOpbIe U, HE Momaaaer. DTO JaeT BO3MOKHOCTh
BBIOOpA YPOBHSI JIJIsl CpabaThIBAHUS YCTPOMCTBA TIPUHSATHS pe-
mwennsi. Hampumep, ecmu U,y TIEXKUT BbIIIE TUHUU 4, TO TIPU-
HUMAeTCsl pelieHne 0 NpuHATUN equHuLbl. Ecim Uy, nexut
HWKE JIMHUM 5, TO MPUHUMAETCS PELICHNE O MPUHITHU HYJIS.
Ilpu U, nexaiemM Mexay JUHUSAME 4 U 5, 1eaeTcsi BBIBOI,
YTO cUrHaj He nepenasaics. [Ipoanann3npoBas MOIyuYEeHHYIO
3aBUCUMOCTb BEPTHKAIBHOTO pa3mepa obiacreit U, OT mpo-
MEKYTKA MEXIY CIEKTPATbHBIMA KOMITOHEHTAMH A;, MOXXHO
CZENAaTh BBIBOJ, UTO PACCTOSIHUE MEX1Yy HUMHU B JUIMHAX BOJIH,
paBHOE IBYM WIM TpeM KpuTepusMm Panes, sBisercss onTu-
MaJIBHBIM C TOUKH 3pEHUSI MOBBIIIEHNS BEPOSITHOCTU IIPABUIIb-
HOTO TIPUHSITUSI pelleHrs, a TAaKKe YMEPEeHHOM IIMPUHBI HC-
MOJIB3YEMOT0 CIIEKTPATIbHOTO JUATIA30HA.

4. 3ak/roueHue

B nacrosiee Bpemsi B cuctemax O-CDMA cymiecTByroT
po6IeMbl CO3IaHUSI TOCTATOYHO MIMPOKOIMOIOCHBIX HCTOY-
HUKOB HEKOTEPEHTHOTO CBETa, & TAK)Ke pa3paboTKu OBICTPO
U TPOMU3BOJIBHO IMEPECTPANBAEMBIX ONTOIIEKTPOHHBIX JTUC-
MIEPCHOHHBIX YCTPONCTB C JIOCTATOYHO INMUPOKHM JIMAIa30-
HOM pabouuX JUIMH BOJH, CPeIy KOTOPBIX Hamboee mep-

CTIEKTUBHBIMH MPEJCTABIISIOTCS MHOTOIMOJIOCHBIE aKyCTOOII-
TH4ecKue (GUIBTPBI U3YUEHUS] HA OCHOBE MHOTOYaCTOTHOMN
AO mudpakiy.

B paboTe nccnenoBana BO3MOXXHOCTh TOCTPOCHHUS CUCTE-
Mbl O-CDMA ¢ ucrosib30BaHUEM TPUHIMIIA KOJUPOBAHUS
CUTHAJIOB B CIIEKTPAJIbHON 00JaCcTH, COTIIACHO KOTOPOMY TO-
CIIEZIOBATEIBHOCTh YOJIIIA MPEICTABIIETCS HaOOpOM CIIeK-
TPAIbHBIX JJMHAN B CUTHAJIE C OTIPENITICHHOM TIOCIIeIOBATE b=
HOCTBIO CIIEKTPAJIbHBIX HHTEPBAJIOB MexAy HUMH. M3 pe-
3yIbTATOB MOJAEIUPOBAHMS CIIEAyeT, UYTO JaHHAs CHUCTeMa
paboTocriocobHa IpU YacTOTHOM pa3[eleHUM COCEIHUX
CMEKTPATbHBIX JTMHUN HE MEHbIIIE, YeM TI0 ABYKPATHOMY KPH-
teputo Panes. B aTom ciiyyae oTHOIeHHe curHaji/moMexa ooe-
CIeUMBAET BBIOOP MOpOTa ISl aBTOMATHYECKOTO MPHHSITHUS
pelIeHus 0 3HAUSHUN PUHUMAEMOT0 OHTA.

Pe3ynbTaThl MOJCTUPOBAHUS MMOKA3aJIM, YTO TPU OITH-
MaJIbHOM BBIOOPE CIIEKTPOB aKYCTUUECKUX CUTHAIOB paccMa-
TpUBaeMasl CHUCTeMa ACHHXPOHHOW IMeperaud JaHHBIX Ha
YACTHOM IIpUMepe 0TOOpaHHOTO cemeiicTBa Youma ¢ 16 oT-
CUeTaMH MOXET XapaKTepU30BaAThCS CIEIYIOUMMU MOTEHIIH-
AJTbHBIMU TapaMeTpaMHM — [AMana3oH JIUH BOJH CBeTa
600—641 HM, MHTEPBAJIBI MEX/ly COCETHUMU CIIEKTPATIbHBIMU
JIMHUSIMU 3 HM, YMCIIO OJIHOBPEMEHHO OOCIIy>KUBAEMbIX a00-
HEHTOB (KaHasoB) 12, HauboJIbIIAsE CKOPOCTh NEpeAavH B pa-
6ouem pexume a0 6 ['out/c.
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