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BBEIAEHME

OTHOCUTEIbHBIE CXEMBbI Mepeaadyr MHGopMaluu
U3BeCTHBI ¢ cepeauHbl 5S0-x rogoB XX B. [1-3]. Ux
LIMPOKO UCCIIeTOBAIU KaK JJIsl Y3KOIIOJOCHBIX, TaK U
JIJTSI ILIMPOKOIMOJIOCHBIX, B TOM YMCJIE IIIYMOBBIX U IITy-
MOMOIOOHBIX CUTHAJIOB. OCHOBHbBIE IOCTOMHCTBA OT-
HOCUTEJIbHBIX CXeM Tlepefayu — Mpexae BCEro mnpo-
CTOTa KOHCTPYKILIMMU CXeMbl pueMHUKOB. [ToaTomy
BITOJIHE €CTECTBEHHO, UTO OTHOCHUTEJIbHBIE CXEeMBbl
OIHUMMU U3 TIePBbIX ObLIU MPENTOKEHbBI U TEOpETHYE-
CKHU HCCJeNOBaHbl 1JIsI HOBOTO B TO BpeMsl Kjacca
IIUPOKOITOJIOCHBIX IITYMOITOJ00bIX CUTHAJIOB — Xa0-
TUYECKUX CcUTHaioB. OKa3ajoch, 4TO TIepBasl e
MpeaIoXeHHas: OTHOCUTEIbHAsI CXeMa Iepenayu C
KCIIOJIb30BAaHUEM XaOTHUYeCKUX curHajioB — DCSK
(Differential Chaotic Shift Keying) [4] umesna Hemio-
XU€ XapaKTepPUCTUKU IO MOMEXOYCTOMYMBOCTHU IO
CPaBHEHUIO C METOJaMU, TMPEIJTOKEHHBIMU K TOMY
BpPEMEHM Ha OCHOBE XaOTMYECKOU CHHXPOHU3AIUU
[5—11]. OnHako ¢ TIpaKTUYEeCKOI TOUKU 3PEHUS 0CO-
OEHHOCTb CXeMbI 3aKJII0UaIach B TOM, YTO OHA TPEOO-
Bajia MCNOJIb30BaHUS JIMHUI 3a1epXKeK, COIOCTaBU -
MBIX C [NIMTEJIBHOCTBIO MIEpeJaBaeMblX OUTOB, a 3TO,
MpPU aHAJIOTOBOI pealu3aluy CXEeMbl, TPUBOIUT K
JIUTMHE JIMHUI 3aJIEP>KKU B IECATKY U COTHU METPOB.

B [11—13] OB11a mpemnoxkeHa IpsIMoxaoTHIecKast
cXeMa OTHOCHUTE/IBbHOI mepegadyv WMH@opMaluu, B
KOTOPOI OTCYTCTBYIOT 3aI€PXKKHU GOJIBIION IINTEIb-
HocTU. BbU10 MpoBeaeHO MaTeMaTU4eCcKOe MOIE/IH -
pOBaHUE U IIOJIYYEHbI aHAJTUTUYECKIE OLIEHKH ITOME-
XOYCTOMYMBOCTU MPEIJIOKEHHOM CXeMbl. 3aTeM Ha
OCHOBE TIOJIYYeHHBIX Pe3yIbTaTOB B [ 14] OBLI0 TIpOBE-
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JIEHO CXEeMOTEXHUYECKOEe MOACIMPOBAHUE CXEMbI OT-
HOCUTEJIBbHOM Tlepeauu, B Mpolecce KOTOPOTo MoKa-
3aHa ee pabOTOCITIOCOOHOCTh C YUYETOM MCITOJIh30Ba-
HUSI MOJieJieli peabHbIX 3JIEKTPOHHBIX KOMIIOHEHTOB.

Lens maHHOI pabOThl — CO3daHUE MaKeTa CXEMBbI
MPSIMOXa0TUYECKON OTHOCUTENILHOI mepenadyn WH-
¢dopMaLIM Ha OCHOBE XaOTUYECKUX PAIMOUMITYJIBCOB
DC? (Direct Chaotic Differentially Coherent scheme) u
ee UCCIeNOBaHUe C LIeNblo MOJYYeHUsI 3KCIIepUMEH-
TaJIbHBIX PE3YJIETATOB, JOKA3BIBAIOIINX PA00TOCIOCO0-
HOCTh TPEMIOXKEHHOIO pelIeHNs] W OLIEHKU COOTBET-
CTBUSI €70 TEXHUUECKHUX XapaKTepUCTUK TEOPETUIECKUM
OLIEHKAM 1 TAHHBIM KOMITBIOTEPHOI'O MOIETUPOBAHMSI.

1. OTHOCHUTEJIbHAA CXEMA ITEPEJAYN
HA XAOTUYECKUX PAANOUMITYIIBCAX

CTpyKTypa TIpSIMOXaOTHYECKOM OTHOCHUTEIbHOI
cxeMbl Tniepenaun nH@opmaunu DC? mokazaHa Ha
puc. 1.

Iepenatuuk cxembl DC? cOCTOUT U3 TeHEpaTopa
XaOTUYECKOI0 CUrHaja (MCTOYHMK XaOTUYECKUX pa-
nuoumMitynbcoB, UXP), nenurens [, monynsitopa M,
BpPEMEHHOI1 3alepKK1 T U CymMMaTopa ), C BbIXOJa
KOTOPOTI'O CUTHAJI IOCTYMNAeT B KOMMYHUKAIIMOHHBIA
KaHaJl.

KoMMyHUMKaLIMOHHBII KaHal B pagudoaualia3oHe
OCYILIECTBJISIET CBSI3b MEXIY ITepeJaTuMKOM U IIpU-
€MHUKOM M MOXET OBITh peaju30BaH B BUIE JMOO
¢parMeHTa BBICOKOYACTOTHOTO KabeJsi, IMOO KOM-
OMHALIMM Mepenalolleii U IIpUeMHOIl aHTeHH, pas3e-
JIEHHBIX y4aCTKOM CBOOOIHOIO IIPOCTPAHCTBA.
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Puc. 1. Cxema niepenaun: MUXP — ICTOYHUK XaOTUYECKMX
paguoumiItysibcoB; [ — nenurtens; UIT — nHdopmalimoH-
Hasl TTOC/Ie0BaTeIbHOCTh; M — MOIYJISITOD; T — 3aAepXK-
Ka; Y, — cymmarop; Y — ycwniutens; MUY — manonryms-
it ycunurenb; I1 — nepeMHoxutesnb; 1 — uHTerpartop;
ITY — moporoBoe ycTpoiCTBO.

M CTOUHMK XaOTMYECKMX PadUuOUMITYJIBCOB (POp-
MUPYET UMITYJIbChI JJTUTENBHOCTBIO 7, TPOMEXYTKU
MEXIY UMITYJIbCAMU — 3AILMTHbBIE UHTEPBAJIbl UMEIOT
nnutenbHocTh T,. CymMmapHas IJUTEIbHOCTb WM-
nyJibca M 3alllATHOrO MHTEpBaja MpencTaBiseT CO-
00i1 WIMTENBbHOCTD NepeaaBaeMmoro oura 7. Kaxnbiit
MMITYJIbC IIOCTYIIAeT B AEJIMTE]Ib, II0C/IE KOTOPOIO I10-
majaeT B ABa KaHaja. B mepBoM KaHaJie OH MOIYJIM-
pyeTcss MH(GOPMALIMOHHBIM CUTHAJIOM IyTeéM YMHO-
KeHUs Ha T 1, a BO BTOpOM KaHaJle 3aepKUBaeTCsI Ha
BpeMsI KOPPEISIIINHA XaOTUYECKOTO CUTHAajIA T. YMHO-
KeHue Ha +1 cooTBeTCTBYeET Iepenaue “1”, yMHOXe-
HHe Ha —1 — mepemade “0”. Ilocie 3TOTO CUTHAIIBI
CYMMUPYIOTCSI, CYMMAapHBI CHUTHaJl yCUJIMBaeTCd,
MMOCTyIIaeT B aHTeHHY U uziydaetcs. [1pu aToM miu-
Ha U3Jy4aeMOro CyMMapHOTo uMIysbca paBHa 7, =
=T7T,+1.

ITpueMHUK cUCTEeMBbI BKJItOYaeT B ceOsl MaJlolly-
mamuii yenamtenbs MIIY, nenurens I, 3amepXKy T,
nepeMHoxurenb I1: mHTerpatop M m moporosoe
ycrpoiictBo ITY. I1puHATHI CUTHAT YCUIUBAETCS OO
HyzkHOTO ypoBHS B MIIY, nenmrcd 1momnonaaM u mo-
ragaeT B IBa KaHaja. B mepBoM KaHajle HUKaKUX
NeNCTBUI ¢ CUTHAJIOM He TPOU3BOIMUTCS, U OH IO-
CTyIaeT Ha mepeMHoXuTeNb. Bo Bropom KaHasie cur-
HaJl 3aJep>KMBAEeTCsl Ha BpeMsl T MOCJEe Yero Takxke
MOCTYyIaeT Ha TTepPeMHOXUTENb. OTMETUM, UTO JIJIU-
TEJIbHOCTb HMITYJIbCa, TOJyYeHHOro IyTeM Mepe-
MHOXEHUSI UMITYJIbCOB, MOCTYMUBIIMX Ha TIEPEMHO-
XUTeNb, paBHa 7,,. UMITyabc, MOMyYeHHBIH C BbIXOIA
MEPEeMHOXUTEISI, UHTErpupyeTcs. 3aTteM CUrHaj 1o-
CTYIaeT Ha IOPOrOBOE YCTPONCTBO C HYJIEBBIM MIOPO-
roM. Eciau mocTynuBIIMiA CUTHA OOJIbllIe HYSI, TO
MOPOTOBOE YCTPOMCTBO huKcupyeT npuem “1”, eciau
K€ OH MEHBIIIe HYJISI, TO PUKcupyercs rmpruem “0”.

PAANOTEXHUKA 1 BJIEKTPOHUKA

bonee nmoanpo6HO NpuHLMIT pabOThl CXeMbI U €€
XapaKTepUCTUKU onucaHsbl B [11—13].

2. ODKCITEPUMEHTAJIBHAA YCTAHOBKA

BDKcnepuMeHTalIbHAsI peain3alusl CXeMbl 1151 OT-
HOCUTeJIbHOM cBepXirpokononaocHoit (CIIIT) mmps-
MOXaOTUYECKOI TTepenay ImpeacTaBiIeHa Ha puc. 2.

MakeT mepegaTiMka B SKCIEPUMEHTE COOTBET-
CTBYET CXeMe MnepemaTynka Ha puc. 1. B kagecTBe pa-
0ouero auara3oHa 4acToT JJIsl 9KCIEPUMEHTOB ObLT
BbIOpaH y4yacTtoK criekrtpa 4actor 200...500 MIirg
(puc. 3a). [IpoBeneHUEe SKCIIEPUMEHTOB B 9TOM 4Ya-
CTOTHOM Auaria3oHe TMOoTpeboBaIo MCHOJIb30BaHUS
OPUTMHAJILHOTO ABYXTPaH3UCTOPHOIO WCTOYHMKA
XaoTUYEeCKNX pagmoumnyiabcoB [15]. Jdemurens I B
nepegaTyuke mMmeer padouyro mnosocy 1 I'Tu. Ilpu
MHBEPCHOM BKJIIOUYEHHMU TaKOE XE YCTPOMCTBO MC-
MOJIb30BAJIOCHh B IIPMEMHUKE B KAYECTBE CyMMaTopa.
B nmepematuyuke u NMpUEeMHUKE HEOOXOAMMO HUMETh
OIMHAKOBHIC 3aIEPKKHM (T) C BpeMEHEM 3arla3IbIBaHUS,
PaBHBIM WJIM MPEBBIIIAIOIIMM BPEMSI aBTOKOPPEIISILINU
nMItysibcoB, popmupyeMbix UXP. Ha puc. 36 npen-
CTaBJIcHAa aBTOKOPPESILMOHHASA (YHKIINS XaoTHU4e-
CKMX paIMOMMITYJILCOB UCTOUHMKA. M3 rpadmka BUgHO,
4yTO 3a BpeMms 4...5 HC aBTOKOppEISILIMOHHAS (pyHK-
LS CIlafaeT MPUMEPHO Ha MOPSIIOK OTHOCHUTEIBHO
MakcumymMa. st popmMupoBaHus 3aepKeK ¢ TAaKUM
3amnasablBaHUEM OBbLJT UCMHOJb30BaH KOAKCUAaJIbHbII
CBY-kabens nmmHoit 1 M. CKOpoCTh pacIipocTpaHe-
HUSI CUTHAaJIa B UCITOJIb3yeMoM Kabeie paBHa 0.7¢ (¢ —
CKOPOCTB CBETa B BaKyyMe). 3ala3ablBaHue B Kabese
cocTaBiseT T = 4.8 HC, YTO IPUMEPHO COOTBETCTBYET
BPEMEHM aBTOKOPPEJSIILIMU WCHOIb3yEeMbIX B IIpUe-
MoTIepeIaTIMKe XaOTUYSCKUX UMITYIbCOB.

Crenyouuit 3IeMEHT CXeMbl MiepeJaTinuKa — MO-
nynstop. Ero ¢gpyHKIMs 3akaiodaeTcss B MaHUIYJIsI-
1IMM 3HaKa BXOJIHOTO CUTHAJIa: HA BBIXOJIE MOMYJISITO-
pa HY>XHO MMETb CUTHaJl TOTO Xe 3Haka, 4To U Ha
BXoe Tpu nepenadye “1” U cUrHaj MPOTHUBOIIOIOX-
HOro BXOJHOMY CUTHAJIy 3HaKa IIpu nepemade “07.
MonynsiTop COCTOUT U3 ABYXIO3UILIMOHHOTO KJIIoua,
WHBEPTUPYIOIIIETO 3JIEeMEHTa U cymMmMaTopa. B kauecTse
WHBEPTUPYIOIIETO 3JIEMEeHTa ObUla MCMOJb30BaHa 3a-
JIep>KKa Ha BpeMsl crafaHusl aBTOKOPPEJSILIMOHHOMN
GYHKUIMY UCTOYHMKA 1O MUHMMYMa (cM. puc. 30). B
MepBOM MUHUMYMe 3HaK aBTOKOPPEJISILIMOHHOM (DyHK-
IMA OTpUlIATENIeH, a MO abCOIIOTHOMY 3HAYEHMIO
MeHbIIe MakcumyMa Ha 20...30%. TakuMm obpa3oM, Ha
BBIXOJ€ MHBEPTUPYIOIIETO 0J10Ka (hOPMUPYETCS Xao-
TUYECKUI UMITYJIbC, 3HaK 3HAUYEHUII KOTOPOTO IpO-
TUBOIIOJIOKEH 3HAKY 3HAYeHUI BXOMHOTO UMITYJIbCA.

CpaBHeHHE C HYJIEBBIM IIOPOrOM 3HAYEHUIT MaK-
cuMyMa U MUHUMYyMa aBTOKOPPEJISILIMOHHON (DyHK-
Uy OyIeT Bcerna JaBaTh IIPOTUBOMNOIOXKHBII PE3Yib-
TaT, 9YTO COOTBETCTBYET KPUTEPHUIO NETCKTHUPOBAHMUS
I/IH(I)OpMaLlI/IOHHbIX CHMMBOJIOB Ha IPUEMHUNKE CXEMbI
DC?. ComacHo rpaduky Ha puc. 36, MUHUMYM aBTO-
Ne 2
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Puc. 2. OkcnepuMeHTaIbHbIE YCTAaHOBKHU JIJISI OTHOCUTENIBHOM MPSIMOXaOTUYECKON nepenayn nHgopMaluuu rno KadbeabHOMY
KaHaiy (a) u o 3¢upy (0): / —MCTOUHUK MUTAHUS TIepenaTynka; 2 — 1JiaTa repenardyuka, Bkimovatomas MXP u MmukpokoH-
TpoJsuiep; 3 — 1JjiaTa nepegaTuvka, cogepxkaluas AeJIMTelb, MOLYJISITOP, TUHUIO 3a1ePXKKU U CyMMATOp; 4 — KabeJbHbII KaHal
CBSI3U; 5 — IUIaTa MpUEeMHMKA, coiepkallasi AeJUTelb U JIMHUIO 3a1ePXKKU; 6 — IEPEMHOXUTENb; 7 — UCTOYHUK ITUTAHUSI TTPU-
eMHuKa; § — ocuwuiorpad; 9 — aHTeHHa nepefaaTunka; /0 — anteHHa npueMHuka ¢ MY,

KOPPEISITMOHHON (DYHKITMU HAXOMUTCS TIPU 3aIepsKKe
OpUOIU3UTENBHO 1 HC. BTO COOTBETCTBYET 3aIla3ibiBa-
HUIO B pparmMeHTe Kadenst mmuHoi 0.23 M. UMeHHOo Ta-
Koit (pparMeHT Kabesiss U HUCIONb3yeTCs B MaKeTe B
KadyecTBe MHBEPTUPYIOILIETO CUTHAJI DJIEMEHTA.

Brixon reHepaTopa ObLT IOACOEIMHEH KO BXOMY
JIeJIUTES TIpY TTOMOIIU sma-pa3beMoB. Koakcuaib-
HbIe KabOeIu, BHIITOJIHSBIIIME POJIb 3aepXKKU Ha Bpe-
MsI aBTOKOPpPEJISILMM, a TaKXKe MHBEPTUPYIOIEi 3a-
JEepKKU, ObLJIM COCOWHEHBI C IJIaTOi, Ha KOTOpOii
pacrioyiaraauch ACIUTeNb, 3aJepXKa, CyMMaTop U
MOIYJISITOP.

XaoTtndeckyie paIrioMMITY/IbChl KAK HOCUTETA NH-
dopManM OTHOCATCS K CUTHAJIaM C pacIlIMpeHueM
CIIEKTpa. DTOT KJIACC CUTHAIOB XapaKTepU3yeTCs Ta-
KUMW XapaKTeEpUCTUKAaMU, KaK 0as3a curHaia B =
= 2AFATu ero nipouteccuur K= AFAT[1-3, 16]. BrI-
Ne 2
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0Op MIMTEIBHOCTU XaOTUYECKUX PAIUOUMITYJIBCOB
omnpenaensieTcsa cneluuKoil (PyHKIIMOHUPOBAHUS
cxembl nepegauyn DC2. Kak moxasan aHanu3 3TOi
cxembl [11—13], nepenaya nHgopMauuu B Hell ¢ Ma-
JIBIM YPOBHEM OLIIMOOK, AaXe B YCIOBUSIX OTCYTCTBUS
TETJIOBbIX IITYMOB, MOXET OBITh OCYIIIECTBIIEHA TOJIb-
KO IIPY JOCTAaTOYHO OOJBIIMX 0a3ax B MM mpoliec-
cuHTaxXx K XaoTUUYeCKUX paluoUMIIyIbcoB. Tak, Ha-
npumep, pu K < 30 BepoSITHOCTb OLLIMOKU HA OUT —
BER (Bit Error Ratio) He MoxeT 6bITb MeHblIe 1073 1
TobKO MpU K = 50 BBIXOOUT HAa ypOBEHb MeHblIe 1075,
DTO 03HAyaeT, yTo Mmpu mnojoce curHaima 300 MIii,
UCMONIL3YEMON B 3KCNEPUMEHTAILHON YCTaHOBKE,
MUHUMAJTbHAS JJIMHA XaOTUIECKUX PaIVOUMITYJIECOB,
TIpY KOTOPO#I 00eCTIeUMBAaCTCSI BEPOSITHOCTE OIITMOOK
He xyxe 107>, gokHa 6bITh He MeHee 165 He. Cym-
MapHasl JUTMTETLHOCTh UMITYyJbca 1, W 3allIUTHOTO

2023
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Puc. 3. XapakTepuCTUKH XaOTUIECKUX PATUOUMITYJIBCOB:
a — CHEeKTp MOULIHOCTU; O — aBTOKOppEJSLMOHHAas
GyHKLIS.

wHTepBana 71, MpencTaBiIsieT COOOM ITUTETBHOCTD
nepegaBaeMoro oura

Ty=T,+T.

ITpu CKBaXKHOCTU CJIeIOBAaHUS UMITYJILCOB (OTHOIIIE-
HUS IJIWHBI OUTA K JUIMHE UMITYJIbCa) paBHOM NBYM,
uMeeM IUTeabHOCTh Outa T = 330 HC U, COOTBET-
CTBEHHO, MaKCHMAaJIbHYIO CKOPOCTh Tepenauu C =
= 3.3 Mobwurt/c.

B sxcnepuMeHTabHOM yCTaHOBKE MUCTOYHUK Xa-
OTUYECKMX PATUOUMITYJIBCOB (POPMUPYET UMITYTHCHI
JUTATENBHOCTBIO T, = 2 MKC, UTO CyILLIECTBEHHO OOJIbLLIE
MUHUMAJIBHO AOMYCTUMON JuTenbHOCTU. IIpome-
KYTKU MEXIy UMITYJIbCaMU — 3alllUTHbIE WHTEPBAJIbL
HUMEIOT JIUTENbHOCTh T, = 4 MKC, UTO COOTBETCTBYET
CKBaxXHOCTH Tpu. CymMapHasi NIUMTEIbHOCTh WUM-
myjabca M 3alllUTHOTO MHTEpBajia MPEACTaBIsSET CO-
60i1 IUIUTENBHOCTD TiepenaBaeMoro oura T = 6 MKc.
CKOpOCTb Mepexadn CocTaBiIsIeT okojo 167 Kourt/c.
Takum oGpazom, mapaMeTpbl SKCIIEPUMEHTATIbHOIO
MakeTa 3aBelIOMO JieXaT B 00JIaCTh TEOPETUYECKU
pacCUMTaHHBIX TapaMeTpoB PabOTOCIIOCOOHOCTHU
MakeTa ¢ TOYKU 3PEeHUsT CTPYKTYpPhl CUTHAJIA.

B nepenatunke Kaxaplidi UMIyJbC, cHOPMUPO-
BaHHBIII ICTOYHUKOM, MOCTYMAaeT B AeauTesib [, mocie
KOTOpOTroO ToTnajaeT B ABa KaHaja. B nmepBom kaHase
OH MOIYyJIMpYyeTCcsl UH(OPMAIITUOHHBIM CUTHAJIOM My~

PAANOTEXHUKA 1 BJIEKTPOHUKA

TeM YMHOXEHHUs Ha =1, a BO BTOpOM KaHaJjie 3a/iep-
>KMBAeTCsl Ha BpeMs T = 5 HC. YMHoOXeHue Ha +1 co-
OTBETCTBYyeT Hepenade “1”, yMHOXeHUe Ha —1 — me-
pemage “0”. Ilocie »TOro CUTHaIBI CYMMUPYIOTCS,
CYMMapHbIii CUTHaJ YCWUJIMBA€TCS W MOCTYIaeT B
KOMMYHUKAaIMOHHBIN KaHaJl. [Tpy 3TOM IJIMHA U3JTy-
4aeMoro cymmapHoro umnyisca 7,, = T, + T 01u3ska
K 2 MKC.

CTpyKTypa MakeTa MpUueMHHUKA B 9KCIIEpUMEHTe
COOTBETCTBYET cxeMe IpueMHuKa Ha puc. 1. Ilepe-
MHOXUTEIb ObLI peain30BaH Ha IIMPOKOMNOJIOCHOM
MUKpOCXeMe MEPEMHOXEHUSI aHAJIOTOBBIX CUTHAJIOB
¢ paboueii monocoit yactot ot 0 mo 1 I'T'x. O6padoTka
CUTHaJjia ¢ BbIX0Ja IEPEMHOXUTES OCYIIECTRIISIIaCh
B JBa aTarna. Ha nepBoMm 3Tane Mnmpu oMol OCIUJI-
snorpada c mmonocoit yacrtor 500 MI mpousBoguTcs
nepBUYHasI 00paboTKa CUTrHasIa, T.¢. UICKJIIOUECHUE U3
Hero KoMrnoHeHT Beiie 500 MI1i, odpoBka u ¢op-
MH1pOBaHME TEKCTOBBIX (haiiioB, cogepxkalnx nH(op-
Maiuio (csv-daiiioB) M 3amMChIBAEMbIX Ha BHEIIHEE
YCTPOMCTBO 00pabOTKM curHajia (IepcoHaIbHbIN KOM-
neiotep). OTMETHUM, YTO BCS TTOJI€3HAasl Il JajibHeli-
mei 00padboTKM MHGOPMALIUS COIEPKUTCI MMEHHO
B 1toyioce 1o 500 MIu. Ha Bropom 3Tare B cpefe
Matlab ocy1iecTBISZIOCh MHTETpUPOBaHUE CUTHAJIA C
MOMOIIBI0O LHU(PpPoBOro GMILTPa HWXKHUX YacCTOT
(D®HY).

Ha co3manHOM MakeTe CUCTeMBI Iepenadyn ObUTI
MMPOBEICHBI IBE TPYIIIBI 9KCIIEpUMEHTOB. B mepBoit
rpyIine 3KCIepruMeHTOB B KauecTBe KaHalla repeaa-
yn ucnojb3oBaau CBY-kabenb, Bo BTOpoii mepenaya
TMAHHBIX MIPOU3BOIMIIACK TTO 2(DUPY.

3. OKCITEPUMEHTHI C KAHAJIOM
B BUAE BICOKOYACTOTHOI'O KABEJIA
" 110 DOUPY

DKCIIepUMEHTaJIbHasI YCTAaHOBKA C MCIIOJIb30Ba-
HHUEM BBICOKOYACTOTHOTO KabeJsisl B KaueCcTBe KaHaja
csa3u g nepegadu CIHIT mpssMoxaoTUdeckKoro
cUrHaJia Obljia TToKa3aHa Ha puc. 2a.

Cucrema paboTaja B HEIpepbIBHOM peXuMe, Iie-
penaBasi IOTOK UMMYJIbCOB IJUTEIbHOCTBIO 2 MKC U
CKBaXKHOCTBIO MEXIY UMITyJIbCaMUu, paBHOM 3 (CKO-
pocTh nepegaun 167 Kéut/c). Ha Bxome nmprueMHMKa
ObIT ncnonb3oBaH arteHtoaTop ¢ K= —10 gb. C yuetom
oc1abieHus aTTeHIoaTopa U MoTepb B IEPEMHOXUTETIE,
Ha €T0 BBIXOIE MOIY/Ib AMIUIMTYIbI MIMITYJILCOB COCTaB-
Jisi1a riopsinka 50 MB, uTo 1o nmpeaBapUTeIbHBIM OLISH -
KaM ObLJI0 JTOCTAaTOYHBIM JJIsSI YBEPEHHOTO IMpuema.
I[IpoBeneHHBIC yCHEUIHBIE KCIIEPUMEHTEI 10 TIepe-
naye nHpopmalmu ¢ ucroibzosannem CBY kabens,
B KayecTBe (hU3MUECKOTO KaHajla mnepenadu, Moj-
TBEPIMJIM 000CHOBAaHHOCTD 3TUX OIICHOK.

OKcnepUuMeHTalIbHAsl yCTAaHOBKA JJII 9KCIEpHU-
MEHTOB C MCMOJIb30BaHNEM 3(prpa B Ka4ecTBe KaHaIa
st iepemayy CIIIT mpsiMoxaoTmdyeckoro curHaia
ObLJIa TIpeaCcTaBlIeHA Ha puC. 20.

Ne 2
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Ne 2

B skcrniepuMeHTax 1mo repenade JaHHBIX 110 3QUpy
OecnpoBOAHBIN KaHal TIPEACTaBIIslI COOOM KOMOM-
HalMIo Mepeaarolleii U IIpueMHOIl aHTeHHEI, pas3jie-
JIEHHYIO IIPOCTPAHCTBEHHBIM IIPOMEKYTKOM pa3Me-
poMm ~1 M. Mcronp3oBaiMch aHTEHHBI HEOOJIBIINX
pasMmepos (20 X 20 cM), cortacoBaHHbBIE BO BCEM IHa-
na3oHe XxaoTu4eckKoro curHazia. Kaxnast u3 Hux nme-
Jna koaddunmeHT ocnabdieHus okojo 7 n1b. Koad-
¢uLMeHT ocnabjieHus 3a CYET paccesiHUsI BOJIHBI B
MPOCTPAHCTBE MPU UCIIOJIL30BAHUU MIACATBHBIX HE-
HamnpaBJIECHHbIX aHTEHH Ha MCIIOJb3YEMBbIX YacTOTax
cocrabisieT 22 ab. [ToaTomy ¢ yueToM ocnaGieHus
aHTEeHH CyMMapHble IToTepu Oyayt mopsinka 36 nb.
U151 KOMITeHcaly 3TUX MOTEPh Ha BXOIE IMMPUEMHUKA,
B COOTBETCTBUU CO CTPYKTYPHOM CXEMOI1 CUCTEMBI TIe-
pemadu, BMECTO aTTEHIOATOpa, MCIIOIb30BaBIIErOCsS B
9KCIepUMEHTaX ¢ KabesieM, Ha BXOJIe TIPUEMHOI YacTu
YCTAaHOBKHU MCITOJIL30BAJICSI MAaJIOLIYMSIIINKA yCUJIN -
tesib ¢ K= 20 nb. YuuTteiBas 1onoJgHUTENbHBIE TTOTE-
pu B 36 1B, 110 cpaBHEHHUIO ¢ IIEpegadyeii o KaHaay B
BUJIE PagrO4acTOTHOIO Kabesi, U JOIOJIHUTEIILHOE
ycunenue curHaia Ha 30 nb (MckimroueHue aTTeHIoa-
topa Ha 10 1b u BBenenue MIIY Ha 20 n1b), MoxxHO
OXMAATh IIOJIyYEHMSI COIOCTAaBUMbIX YPOBHEM CHT-
HaJla HeTIOCPEACTBEHHO HA BXOJE IPUEMHUKA.

B skcniepuMeHTax ¢ nepenaydeit [aHHbBIX 110 3UpPyY
B TlepenaTyrke hopMupoBatach MHMOPMAIIMOHHAS
nocienoBarenbHOCTh (MIT) 6uTOB, KOTOpast MOLYJIM-
poBajia CUrHaJ B IEPBOM KaHaje.

TunmuHble pe3ynbTaThl 3EKCIEPUMEHTOB TIpe-
CTaBJIeHbI Ha puC. 4, TIe Ha MpUMepe Nepenadyu rnocjie-
noBarenbHOCTU ABoMYHBIX cuMBOJIoB 1000101 100 mo-
KasaHa 3BOIOLMST (PparMeHTa CUTHaja Mpu mocie-
JIOBaTeIbHOM MPOXOXASHUM Touek cxeMbl. Ha puc. 4a
n3o0paxkeH ¢pparMeHT U3 UCXOOHBIX 10 MMMYJIBCOB,
chopMHpOBaHHBIX UCTOYHUKOM, Ha puc. 40 — uM-
MyJbChl HAa BBIXOJE CyMMaTopa fepenaTdyuka. Ypo-
BEHb CUTHAaJIa COCTaBIIsieT HeMHoOro Gonblire 2 B. Ha
puc. 4B TI0Ka3aH (pparMeHT MOTOKAa MMITYJILCOB ITOCTIe
nepemHoxurensa. [locienoBaTeIbHOCTL  UMIYJIBCOB
orubaroieit (puc. 4r) Ha Beixome MHY cootBeTcTBYET
JIBOUYHOM MOCIEI0BATEIbHOCT UH(MOPMAIIMOHHO-
ro CUTHaJla Ha BXOJAE 9KCIEpMMEHTaJbHOTO MaKeTa
CXeMBI TIepeiauu.

3AKJIFTOYEHHME

B xone mpoBeneHHBIX NCCIeIOBaHN OblIa pa3pa-
0oTaHa M M3roTOBJIEHA YCTAaHOBKA JJISI OTHOCUTEb-
Hoii CLHIT mpssmoxaoTuueckoii nepenaun. Ha atoii
YCTaHOBKE ObLIW BIEPBbIE MPOBENECHbBI SKCIIEPUMEH -
ThI IO Mepenaye HrudpoBoit nHHOPMaALIUY U TTOKa3a-
HBI MpaKTUYeCcKasl peaanu3yeMoCTb U paboTOCIIOCO0-
HOCTb IIpeAIoXeHHOoI B [ 11—13] cxembr DC? kak ripu
MCMOJIb30BAaHUM B KaUeCTBE KaHajla paiuo4yacTOTHO-
To KabeJis, Tak M IIpU Tiepenade 1mo 3pupy.

ABTOpHI 3asTBJISTIOT 00 OTCYTCTBUM KOHMIIMKTa
WHTEPECOB.
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